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From Big Data to Molecular Insight and Improved Medicine

Gunnar Rätsch
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Imprecision Medicine

Source: Schork, Nature, 2015Sym
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Phenotypes Depend on Molecular Traits, Lifestyle and Environment

Source: Beger et al., Metabolomics, 2016
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Example: Pharmacogenomics

Source: Admerahealth.com
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Example: Rare Diseases (1) 

Source: Petrovsky et al., Molecular Case Studies, 2015
News Blog, Columbia University, 2015

● 20-month-old girl with rare neurodegenerative 
disease
○ Abnormal gait
○ Arm weakness
○ Vision problems
○ Excessive drooling

● Initially misdiagnosed

● Exome sequencing led to correct diagnosis: 
Brown-Vialetto-Van Laere Syndrome 2
○ Cause: Defective cellular vitamin B transport
○ Treatment: Vitamin B supplements
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Example: Rare Diseases (2)

Source: Petrovsky et al., Molecular Case Studies, 2015
News Blog, Columbia University, 2015

● Increased lifetime risk of developing breast 
or ovarian with pathogenic BRCA mutation

● Men with pathogenic BRCA mutations are 
also at risk for prostate cancer

● Drug treatment: PARP inhibitors show 
effectiveness for BRCA1/2 patients

Familial 
Breast 
Cancer

No Familial 
Breast 
Cancer

General
Population 

Pathogenic variants in BRCA1/2 have well 
known medical implications
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Example: Genetics Testing for Cancer Treatments & Basket Trials

Source: Stallard et al., MSKCC Blog, 2015

Mutation X in 
Tumor DNA

Patients with 
tumor mutation X

Treatment with drugs that are 
effective against tumors with 

mutation X
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Need & Urgency
Obtain new insights
▪ Which medication against which mutation in cancer
▪ Medications for rare diseases

⇨ Often needs data of thousands of patients to 
    identify commonalities and statistical relationships
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Research with Patient Data

General Consent, Privacy, Ethics
● General and research consents
● Privacy of patients 
● Ethics approvals

What Computer Science can contribute
▪ Secure data infrastructure
▪ Deidentification of patient data for research
▪ Encryption methods, computing methods with 

encrypted data
▪ Methodology for data analytics
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Optimistic estimates predict that by 2022, internationally,
○ ≈20 mid- to large-scale healthcare systems will sequence all individuals with rare diseases or cancer
○ ≈15% of developed world population will be sequenced

 15% of about 1 billion people: 150M people 

 ≈28 Exabyte of raw sequence data 
        (≈Google-scale)

1 Exabyte ≈ 1’000 Petabyte ≈ 1’000’000 Terabyte 

Source: Ewan Birney (European Bioinformatics Instit

Gunnar Rätsch 9

Need for Large-scale Clinical Genomics
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Phenotypes Depend on Molecular Traits, Lifestyle and Environment

Source: Beger et al., Metabolomics, 2016
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Patient Data Yesterday, Today, Tomorrow

5.10.2017

 

Data yesterday
“Data” tomorrow

Data today
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Clinical Studies Today are Needed yet Inefficient 

Source: Center: Tron, 1982, rest: Google images 
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▪ High performance data access and computing
▪ Efficient data structures & scalable computing
▪ Advanced computational models 

▪ Data Science training for medical personnel

▪ Efficient search and information retrieval

▪ Exploration of complex data by visualization

Gunnar Rätsch 13

Data Science Challenges at Medical Centers 

Source: UCSC Genome browser (BRCA2 gene)

Source: Google.ch
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Challenge 1: Develop novel data science approaches for medical data

Gunnar Rätsch 14

Data Science Research Challenges

Challenge 2: Provide tools for the community 

Challenge 3: Solve important biomedical problems through collaborations

Challenge 4: Create an environment which allows us to work on the above

Source: Center: Google icons search 
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Effort 1: Swiss Personalized Health Network & Data Coordination Center

Source: Report of SPHN Data Expert Group, March 2017Source: Courtesy of Torsten Schwede
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Change picture: Select picture – right click – change picture

Effort 2: Research Collaboration Between ETH & University Hospital Bern

25.01.2017Lino Guzzella, Präsident ETH Zürich16PD Dr. med. Tobias Merz
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Early Warning System for Intensive Care Patients

organ function parameters circulation

treatment parameters circulation

organ function parameters pulmonary

treatment parameters pulmonary

treatment parameters infection

organ function parameters neuro

treatment parameters neuro

organ function parameters renal  

treatment parameters renal
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● Research collaboration started fall 2016, obtained data in January
○ 2 months discussions, 2 months legal agreement, <2 months analysis

● Data from ≈54’000 patients 
○ 189 vital signs and lab test values
○ 267 medication event values

● 500GB of raw data (3.5 billion measurements)

Gunnar Rätsch 18

● Various medical endpoints, e.g.:
○ circulatory shock (see right),
○ renal failure,
○ respiratory system failure

● Can detect 80% of circulatory shocks 4 hours in advance* 

● Top features: glucose level, blood pressure, lactate levels, RAS score 

H
ea

rt
ra

te
G

lu
co

se
D

ru
gs

La
ct

at
e
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Effort 3: Joint Analysis of Cancer Clinical Notes and Somatic Mutations

Source: MSKCC Clinical Notes (2004-2014)
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Reduction to Sentences

Source: MSKCC Clinical Notes (2004-2014)

sentences
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Reduction to Sentences

Similar sentences have similar words -> cluster sentences 
Patient can be summarized as set of sentence clusters
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Routine Molecular Diagnostics of Tumors at MSKCC
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Association Study: Clinical Notes vs. Somatic Mutations
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Association Study: Clinical Notes vs. Somatic Mutations
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Association Study: Clinical Notes vs. Somatic Mutations

Gunnar Rätsch 255.10.2017
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Comprehensive Patient Models for “Computational Medicine”

Mobile Health

Drugs

Genomic Data

Pathology 
Images

Health Records

Distill Data Embed Data Connect Data Clinical Trial Design Precision Medicine

x := ψ (    ,    ,    ,    ,    )

     = argmax  p(survival | x,     ) 

p(phenotype | x, t) 

Visualize
Data Predict Clinical 

Phentoypes

Predict Treatment
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Summary

● Group works at interface of data science and biomedicine
● Research on clinical and molecular data is needed 

○ Understand molecular effects on disease and treatments
● Many scientific, technical, ethical and societal challenge around research with patient data

● Genomic, text & lab data require sophisticated analysis techniques to distill relevant information
● Data Science can provide integrative models for accurate predictions and to gain new insights
● Needs relatively big (patient) datasets usable for research 

○ Need for large research cohort with clinical and molecular data

● Collaboration with physicians needed to translate into new science and better healthcare
● Data Science technologies need to get closer to the patient data
● SPHN Data Coordination Center will make collaborations easier
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Thanks to my team!
Basic group statistics
Role  4 Postdocs
  10 Graduate students
 1 Scientific coordinator

1 Administrative assistant
 1 Student Assistant

Gender  5 Female
  12 Male

Origin  3 USA
 2 Germany
 2 Switzerland
 1 Canada/Cyprus
  1 China
 1 Germany/Korea
  1 Hungary/Serbia
  1 Iran
  1 Ireland
  1 Italy
  1 Poland
  1 Russia
  1 Spain
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