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Definitions

Clinical computational biology:  Precision cancer medicine:
the development and The use of “pan-omic”
application of computational technology to inform
algorithms to analyze and patient care and

interpret ‘omic data from translational studies

patient samples
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Precision oncology: A paradigm shift

Past > Present

Non-specific
chemotherapy

Cancer >

Present - Future

Test for tumor-specific

Cancer genetic targets that can Targeted therapy

be “drugged”
EGFR > erlotinib
BCR-ABL > imatinib
ALK > crizotinib
HER2 > trastuzumab
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Precision oncology: A paradigm shift

Past
Dacarbazine

Present

BRAFV600E
Vemurafenib

Wagle, Emery, et. al JCO 2011

15™ ANNUAL
Microsoft Research Faculty Summit 2014



510 question: Can prospective
knowledge of all alterations in a

tumor genome impact patient care?




Clinical interpretation needs

Clinical

. Clinical Data
Sequencing

Genomics Data | Representation

Pipeline Interpretation for Clinicians

Development

Next-Generation Sequencing Pipeline

- =0 DANA-FARBER : BRIGHAM AND
ity scores | 4=l += Alteration & DaNATARBER BEBROAD B Rl
| oo CGEC Cancer Genome Report

+ Patient Information

+ Sequencing Metrics

Actionable Alterations

+ Somatic Mutations and Indels
FIREHOSE . i
m fagpe Ksding Anpivits Al + Somatic Copy Number Alterations
Broad's Cancer Genome _ .
f— P
: Linked pathway + Analysis and References
Mutations || Indels || Purity || Copy-number || Rearrangements || Pathagens
ploidy usion-genes
| Annotation + Reports. |
muTect Indelocator ABSOLUTE  SegSeq dRanger PathSeq

Van Allen, et al ASCO oral abstract (2012)
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"Big (genomic) data” in oncology

Data points

per patient
Exomes
Genomes

Transcriptomes 100.000
$10M

Moore's Law

Targeted

X | Sequencing

$100K

M
t

| | : . . y
||||I“""“"I||” National Human History and Physical SNaPSho
$10K ||||| ||||| Genome Research Labs, Imaging OncoMap 4\%{\
Institute Patr;ology >

genome.gov/sequencingcosts

$1K

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Source: NHGRI
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PHIAL

Precision Heuristics for Interpreting
the Alteration Landscape

“’ > o —
"May it be a light to you in dark places, when all
other lights go out."

'Galadriel, in Tolkien, The Fellowship of the Ring
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PHIAL

PHIAL

Mutations

Insertion/
deletions

Copy number
alterations

Rearrangements

..ACC...
..TAG...

.. TCG...
...AACCC...

Subclassifications per level

Missense mutations

Investigate
biological
relevance

Synonymous
variants

in TARGET?

Gene
in TARGET?

Gene + alteration
in CGC/COSMIC?

Gene + alteration
—

Alteration

Gene
In linked pathway?

Gene
In cancer pathway?

Gene
In cancer module?

Gene
in COSMIC?

Unknown variant

Linked pathways

@ Actionable Unlinked

—Cﬁ}

Copy number directionality
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Gain or loss

>

Gain or loss

Action

Linked Wild-type

Therapeutic target

N\

Linked pathway

Van Allen, Wagle et al. Nature Medicine 2014




Impact on clinical decision-making

a

KRAS o

ATM e TK11

Lung Adenocarcinoma

KRAS Al46V Artic Cel

Rare activating
alteration A Synthetic Lethal Interaction between K-Ras
Oncogenes and Cdk4 Unveils a Therapeutic

)  Not detected a Strategy for Non-small Cell Lung Carcinoma

Marta Puyol,"67 Alberto Martin,' 68 Pierre Dubus,* Francisca Mulero,? Pilar Pizcueta,® Gulfaraz Khan,® Carmen Guerra,'

W| t h d e p I Oye d David Santamaria, and Mariano Barbacid'*

"Molecular Oncology Programme

2Biotechnology Programme

rofl | | n 3Experimental Therapeutics Programme
Centro Nacional de Investigaciones Oncolégicas (CNIO), E-28029 Madrid, Spain
“EA2406 University of Badeaux 2, F-33076 Bordeaux, France

t e C h n o | O g I e S :Jli i ;1“ M and Faculty of Medicine and Health Sciences, United Arab Emirates University,

SThese authors contributed equally to this work
M 7Present address: Koch Institute for Integrative Cancer Research at MIT, 77 Massachusetts Avenue, E17-227, Cambridge, MA 02139, USA
(at th at tI m e) #Present address: Instituto de Investigaciones Biomédicas “Alberto Sols,” CSIC, Arturo Duperier 4, 28029 Madrid, Spain
“Correspondence: mbarbacid@cnio.es
DOI 10.1016/}.c¢r.2010.05.025
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Impact on clinical decision-making

........
o P

Metastatic| | eew e PI3K inhibitor
advanced AKT inhibitor
prostate Tumor-only MTOR inhibitor
cancer variants
patient
_ Responds to cisplatin!
PHIAL
| PARP inhibitor
Inherited - Platinum chemotherapy
(“germline”) |
variant

BRCA2 K3326*
nonsense

Five potential therapies for a patient who
exhausted standard-of-care options! Van Allen, et al, Prostate Cancer Pros. Dis., 2014
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PHIAL applied to diverse cancer

TP53 ®
® SYK

Leiomyosarcoma with
Myxoid Features

RB1 e

Pleiomorphic
Liposarcoma

20

15™ ANNUAL

TP53 @

Leiomyosarcoma

CDK4e® o KIT

PDGFRA »

Glioblastoma*
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CRKL
® TP53

Urothelial
Carcinoma

BRAFSrEN o

o MAP2K1
GNAS e ® ERBB4

Melanoma

PIK3CA e
e TP53

Osteosarcoma*

CDKN2A o
® CDKN2B

SMARCBT1 e
@

® MTOR

Malignant Peripheral
Nerve Sheath
Tumor*

EGFRe

® TP53

Lung
Adenocarcinoma

CDKN2A e® CDKN2B
TP53 @
® FGFR2

Squamous Cell
Carcinoma of
Unknown Primary

MRE11A

Gastric
Adenocarcinoma

MDM2

£7 Vs 5GFA NFKBIA

Follicular
Dendritic Cell
Sarcoma

types

Mesenchymal
Chondrosarcoma

AR e

e TP53
ARe

Prostate Cancer
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The challenge of representation

Microsoft phone interview (~2002):

"Describe how you might make a mouse from
scratch?

Eli: “I would start with a white-ish color,
shaped around the palm of my hands..”

Did not get call back for second interview
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The challenge of representation
True stories from oncology clinic (12/9/2013):

Patient's genomic testing reveals PIK3CA®4X mutation

Specific inhibitors of this gene and pathway (“PI3K inhibitors”) are in
clinical trials

“Why might you suggest PI3K inhibitor?” - Doc
“There is an activating PIK3CA mutation.” - Eli
“Oh, is PIK3CA part of the PI3K pathway?” — Doc

15™ ANNUAL
Microsoft Research Faculty Summit 2014



The state of clinical informatics

dhye




8 00 §CCEC Cancer Genome Rep % e

[ ] [ ]
&« C | https://www.broadinstitute.org/collaboration /canseq/CANSEQU01-010002 7-TP-NB-SM-3057P-SM-305 70/CANSEQU0O1-010... “:
| g a EXPAND ALL COLLAPSE ALL SET FIXED WIDTH PRINT
° BRIGHAM AND
E DANA-FARBER % BROAD Egu WOMEN'S HOSPITAI

er‘oml( S CANCER INSTITUTE INSTITUTE
g CGEC Cancer Genome Report
re O rt + Clinical Information
p Sequencing Metrics

Actionable Highlights

+

+

+

Somatic Analysis

+

Germline Analysis

+

Integrative Analysis

References

+
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Reveals IGV screenshot

s, insertion/deletions, and copy number alterations acros

) i '.t a ‘ - Somatic Analysis
This section investigates somatic mutati .
g : _ | Links to focused
Links to able and Details o .
ClinicalTrials.gov

° .
M u ta t I O n AS S e S S O r nable findings with details, softed by actionability score |
results
Gene Alteration Variant Coverage Allelic_fraction UniProt_Region ,

KRAS 12D Missense Mutation B4 0.44 GTP.

STK11 p.S6gfs Frame Shift Ins 38 0.63 Protein kinase.

r‘ e p O r‘t EZH2 p.Sz2771 Missense Mutation 228 0.17 Interaction with DNMT1, DNMT3A and DNMT3aB.

Makla £ ©

Curated data

matic Curation Team results for selected alterations

4/25/13 9:05 4/25/13 14:17 4/21/13 11:26
Gene KRAS STE1n1 EZHz
Alteration  p.Gi12D p-S6ofs p.S2271

CANSEQU01-0100027 CANSEQU01-0100027 gﬂfﬂi??m L

. » Lung

Lung adenocarcinoma Lung adenocarcinoma Adenocarcinoma
Primary S S . . .
Curator Nikhil Wagle Nikhil Wagle Marios Giannakis
?:;:];;21101115 Good coverage at KRAS and allelic fraction of 44% Allelic fraction is 63% suggestive of LOIL

Reference table used

OMIM

-7 Gancer Germline Risk Alleles

Cancer risk alleles are based on a compilation of Cancer Gene Census germline genes (build 3-15-2012) plus additional cancer risk genes
determined by the CGEC germline group.

Table 12. SNPs sorted by ESP-6500 total allele frequencies. Only those with 1% or less are shown here. d b S N P
Gene Alteration Variant_Classification Chromosome Start_position Allele_change Genotype dbSNP_RS MIEIE_FNW
ERCC5 p.Ki1172T Missense_Mutation 13 103528207 A->C Heterozygous 0%|0%|0% ;ﬁ;ﬁgﬁ;ﬁim ©
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51g guestion: Can prospective
knowledge of all alterations in a

tumor genome impact patient care?

With the right computational
approaches, we can study this on
growing numbers of patients



What are we missing?

A lot. Open/eager for collaboration
‘Clinical” computational eliezer@broadinstitute.org

oncology is in its infancy evanallen@partners.org
Much room for

improvement
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