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Part |. Motivation

What is machine learning?
What is personalized medicine?
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Machine learning

A def|n|t|0n by Tom MItChe” The Discipline of Machine Learning. (2006)

..."[A] machine learns with respect to a particular task 7,
performance metric P,
and type of experience &,

if the system reliably improves its performance P
at task 7,
following experience &£..."
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Machine learning

A def|n|t|on by Tom MItChe” The Discipline of Machine Learning. (2006)

..."[A] machine learns with respect to a particular task 7,
performance metric P,
and type of experience &,

if the system reliably improves its performance P
at task 7,
following experience &£..."

m Recommender systems, e.g. Netflix®
m Tailoring of ads and newsfeeds in social networks, e.g. Facebook®
m Web searches and ranking of pages, e.g. Google® search

m Spam filtering of e-mails, and many others
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Personalized Medicine

What is personalized medicine?

m Doctors recognize that every patient is unique — tailor treatment as
best they can

m Important discovery: Matching a blood transfusion to a blood type

m “...What if matching a cancer cure to our genetic code was just as easy, just as
standard?”

Barack Obama. obamawhitehouse.archives.gov/precision-medicine
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Personalized Medicine

What is personalized medicine?

m Doctors recognize that every patient is unique — tailor treatment as
best they can

m Important discovery: Matching a blood transfusion to a blood type

m “...What if matching a cancer cure to our genetic code was just as easy, just as
standard?”

Barack Obama. obamawhitehouse.archives.gov/precision-medicine

m Definition of personalized medicine: "...delivering the right treatments, at the right time,
every time to the right person.”

m Launch of the Precision Medicine Initiative (January, 2015)
m 41,000,000 participants

m biological samples, genetic data, lifestyle information linked to electronic health records

Science Magazine. doi:10.1126/science.aaa6436; “All of Us”. www.nih.gov/allofus-research-program
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Initiatives in Switzerland

Swiss Personalized Health Network (SPHN)

m Two phases:
m 2017-2018: Funding of infrastructure
m 2019-2020+: Funding of research
— | projects

Projects
[
Office (MO)

Mandares

m Two clusters: Lausanne-Geneva
and Zurich-Basel
Data Coordination i

: Coordnaion m Major goal: Medical informatics
o N [ systems in Swiss University
Data (ELSlag) . .

Hospitals must be interoperable

—>

Data

f
Clinical \ Data

SAMS Bulletin 01.2016. www.samw.ch/en/Projects/Personalized-Health.html

[ 24 . .
é — Establishment of standards for data production and storage

Swiss Institute of
Bioinformatics
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Part |l. Applications

Significant pattern mining
Other ongoing projects
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Significant pattern mining

Definition F. Linares-Lépez et al. KDD 2015

m The goal of significant pattern mining is to identify sets of items that occur statistically
significantly more often in one class than in the other.
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Significant pattern mining

Definition F. Linares-Lépez et al. KDD 2015

m The goal of significant pattern mining is to identify sets of items that occur statistically
significantly more often in one class than in the other.
Phenotype SNPs
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Llinares-Lépez, et al. Bioinformatics (2015)
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Significant pattern mining

Definition F. Linares-Lépez et al. KDD 2015

m The goal of significant pattern mining is to identify sets of items that occur statistically
significantly more often in one class than in the other.
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Llinares-Lépez, et al. Bioinformatics (2015)
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What is not significant pattern mining

Frequent itemset mining
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m Goal: Identify sets of products that are jointly bought by most customers
m Construct association rules of frequent itemsets
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Significant pattern mining

Key aspects

Transactions

]
Pattern P Pattern P 10101011 1101001

is present is not present [ )
= t101100011011111

c=1 a n—a I c 1<
C=0 x—a (h—m)—(x—2a) | n—m 10110001 0101001

X n—x n >.
@ 101101010010011

_ [ )
m Compute p-value based on a, x, n; and n C=0gp 011001101001011
m Use Fisher's Exact Test raA. Fisher, 1022 ‘ 010000120101000

“ pattern P A\"{gene, gene, gene,} = 1

m Must guarantee Family-wise Error Rate < « Papaxanthos et al. (2016) NIPS
m Correct for multiple hypothesis testing

m Exclude “untestable” hypotheses rE. Tarone, 1990
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Ongoing projects

Mortality prediction through machine learning (UK Biobank)

Goal

Machine learning

IQ;Q:I Predict the death risk of a patient in the near/mid

@ ~ j& future based on current health status data and
&2 genotypic data
Medical data “ 9 Dietary
Mortality K information

m Integration of different sources of data (~ 150,000 patients)
Genomic data Family history m Questionnaires: e.g. average weekly beer intake, happiness

,§§>' ° [ ] 1 level, work/job satisfaction
’l m Medical data: hospital admission/diagnoses
m Genomic data: genotype calls

m Death register: date of death, primary cause
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Ongoing projects

Septic shock prediction (Universitatsspital Basel)

Goal
1
Predict the occurrence of septic shock based Admission(s) ~ Laboratory  Sepsis o
. , . to the ER tests diagnosis . 9

on patients’ laboratory tests and previous R T »Predlpt.

. sepsis
diagnoses Time episode

No “magic” biomarker exists to predict early stages of the disease

Mortality can reach up to 70% — early diagnosis has direct impact on life expectancy

Data collected for patients since 2008.
Total of ~ 1,800 laboratory tests conducted in successive hospital admissions

Patients’ outcomes are known
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Part Ill. Challenges

Ever-increasing amount of data
Need for more complex tools to analyze the data
Insufficient data sharing
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Decaying cost of sequencing/genotyping (in US$)

Damian Roqueiro |

Machine Learning for Personalized Medicine

Cost per Raw Megabase of DNA Sequence

Moore's Law

National Human Genome
Research Institute

genome.govisequencingcosts.

——
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

WORLDWEBFORUM 2017 | January 25, 2017 | 13 / 17



Decaying cost of sequencing/genotyping (in US$)

Cost of sequencing one human genome

= 2003: $500-1,000 million

m Human Genome Project (estimated)
m 2006: $20-25 million
m 2016: less than $1,000

Cost of genotyping (array)

m ~$100 per sample

m HumanOmniExpress-24 BeadChips
m 713,014 markers

Damian Roqueiro | Machine Learning for Personalized Medicine

Cost per Raw Megabase of DNA Sequence

Moore's Law

National Human Genome
Research Institute

genome.govisequencingcosts.

——
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

K.A. Wetterstrand. DNA Sequencing Costs. Available at:
www.genome.gov/sequencingcostsdata. Accessed January 2017
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Plethora of data

ngh throughput teChnOlogleS (to name a few...)

m Measure expression levels of mRNA, rRNA, tRNA, and
other non-coding RNA

m |dentify genomic locations of DNA-binding proteins
m Measure abundance of metabolites

m Determine the 3-dimensional structure of chromosome in
the nucleus

lllumina NextSeq 500, datasheet

Machine learning challenge

m Design better tools for data analysis
m Integration of patients’ clinical information and omics data

m Design models for early disease diagnoses and predictors of response to treatment
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Insufficient data sharing

Editorial in the New England Journal of Medicine

m “Research parasites” WE popT GEHERATE
. . . DT, WE DOO T
m Not involved in the study design CBULECT DATA, WE

m Potentially steal from research productivity envisioned by
data gatherers, or
m Disprove conclusions of the study

Longo, D.L., Drazen, J.M. Data Sharing. N Engl J Med 2016; 374(3): 276-7

Cartoon by Pécub. SIB.
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Summary

Part | - Motivation

m Personalized medicine initiatives in the US and Switzerland

Part Il - Application

Significant pattern mining.
Application I: Intervals of consecutive point mutations with pattern — search space in O(d?)

Application II: Subsets of point mutations — search space in O(29)

Use testability to discard hypotheses and prune search space

Part Il - Challenges

m Large amounts of omics data produced at unprecedented scale. Yet, insufficient data sharing
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Thank You

Machine Learning and Computational Biology Lab

m Karsten Borgwardt
m Dean Bodenham
m Lukas Folkman

m Elisabetta Ghisu

= Udo Gieraths

m Thomas Gumbsch
= Anja Gumpinger

m Xiao He

m Katharina Heinrich Sy Xy 2

m Felipe Llinares Lépez {4 | O _ i

m Laetitia Papaxanthos o f | & - [ eMicBResearch

® Matteo Togninalli 3 @AGKBorgwardt

m Caroline Weis
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