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DFCI Knowledge Systems Group, cBioCenter

Applied genomics software and data science group.

Building genomic software

to enable:
— cancer genomics research

— clinical application of genomic
data.

Part of the new cBioCenter @ DFCI (Head: Chris Sander)
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open source

Enterprise Genomics and Data Science @ DFCI

Data Mining
Platform
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Drive Genomic
Discoveries

Clinical Decision
Support Platform
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Improve
Patient Care

Data acquisition Data utilization



Highlighted projects

Data utilization Data acquisition
 cBioPortal « cBioOne
« MatchMiner « AACR GENIE

* Insight engine * Intel CCC



DANA-FARBER
CANCER INSTITUTE about

Founded in 1947 by
Sidney Farber

> 4,500 employees
> 450,000 patient visits / yr

900 clinical trials
— > 500 treatment trials

.' g » s N anB 1
Sidney Farber, MD, with a young patient

percent _research <- 0.5
percent_clinical <- 0.5



Enterprise genomics: PROFILE

« 15,927 patients sequenced DANA-FARBER/BRIGHAM AND WOMEN'S
 Targeted DNAseq B CANCER CENTER BJ
» 447 genes / regions targeted

Boston
+  CLIA-certified

Sequencing History

OncoPanel v1
OncoPanel v2
OncoPanel v3
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cBioPortal, Insight Engine, MatchMiner

DATA UTILIZATION



DANA-FARBER

CANCER INSTITUTE

Science Signaling ...
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The cBio Cancer Genomics Portal: An Open Platform for Exploring Multidimensional
Cancer Genomics Data
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‘==' CBio PO rtal http://cbioportal.org

B for Cancer Genomics
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for Cancer Genomics

THE UNIVERSITY OF TEXAS

GANGER  MDAnderson
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R package

1. The CDGS-R package currently only works with R Version 2.12 or higher.

2. Then install the cgds-R package from within R: install.packages('cgdsr')

Example usage

# Create CGDS object
mycgds = CGDS("http://www.cbioportal.org/public-portal/")

test(mycgds)

# Get list of cancer studies at server
getCancerStudies(mycgds)

# Get available case lists (collection of samples) for a given cancer study
mycancerstudy = getCancerStudies(mycgds) [2,1]
mycaselist = getCaseLists(mycgds,mycancerstudy)[1,1]

# Get available genetic profiles
mygeneticprofile = getGeneticProfiles(mycgds,mycancerstudy) [4,1]

# Get data slices for a specified list of genes, genetic profile and case list
getProfileData(mycgds,c('BRCA1', 'BRCA2'),mygeneticprofile,mycaselist)

# Get clinical data for the case list
myclinicaldata = getClinicalData(mycgds,mycaselist)

# documentation
help('cgdsr')
help('CGDS"')



New Architecture

cBioPortal Back-End

Persistence

N

& Future Options:

cassandra

My lJml W

KnowledgeBase

— —~ ¢ mongo

REST-Based
Web API

®

cBioPortal Front-End

@ React ((/'\) Redux

Reusable Web
Visualization Components

@ Cancer Genomics Ecosystem

Third-Party
Clients

Third-Party
Web Sites



Virtual Cohorts

Summary of Virtual Further Filtering via

A | Virtual Cohort Builder | CONOIt Characteristics Interactive Plots B cohort comparison
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-, DFCI Insight Engine

Mutation Hotspots

'@ Clinical Actionability
@ Trial Enrollment

Germline Analysis

!/
\/
http://linsight.dfci.harvard.edu

Patient Similarity
Profile + RHP Data

o Reproducible Network Analysis
De-identified Pipelines +
clinical data Jupyter Mutational Load
GENIE Data Notebooks

Weekly Updates Community Driven Future Profile Papers



Compute, data and code in same place

R Python
notebook notebook
R R Python Python
notebook notebook notebook | | notebook

~N S

Compute resource

o
»
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Data resource
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Feather: fast,
interoperable
binary data

frame storage



Remove barriers for data science

1) Create new notebook in language of choice

Z Jupyter

Files Running Clusters

Select items to perform actions on them.

v @& / luad_cnv
O.
& CNV_vs_SNV_Luad.ipynb
& Drivers_In_Luad.ipynb
& Minimal_Common_Drivers-Copy1.ipynb
& Minimal_Common_Drivers.ipynb
& T790M_mutations.ipynb
& Untitled.ipynb
3 driver.csv
0 Luad.png

0O Profile_Drivers

Logout
Upload [
Text File
Folder
Terminal
ing
Notebooks
ing
Julia 0.5.0
Python 2 Ing
Python 3 ing
R
ing
Running

2) Pull in data via programmatic interface

genomic_df = data.get genomic_ df()
clinical df = data.get clinical df()
cna_df = data.get cna_df()
cna_df=cna df.set_index('SAMPLE ID')

Samples

3) ... science?

1000
eooé
sooé
400%

200

0

merged df = genomic_df.join(clinical df, on="Tumor Sample Barcode")

Frequency of Driver Mutations by Gene

44@7,




MatchMiner

MatchMiner: Open Source Clinical Trial Matching Platform

4

c

=N\

Genomic Alterations

il

Clinical Data

—

Structured Clinical
Trial Information

Clinical Trial
Status Information

7

—~
~—
~.
—~ -
- -
-~ -

'

Oncologist Mode
|dentify matching trials for spe0|f c patient.

/ Trial @

\\ Trial @ || Trial

!

Clinical Trial Investigator Mode

Identify matching patients for a specific clinical trial.
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Patient View — Trial Matches

Be"‘d" v 5] SIGN OUT
DANA-FARBER HOME FAQ DASHBOARD CLINICALTRIALS  MATCHING ¥ e van der Veen

i Clinical Trial Investigator
CANCER INSTITUTE
" Oncologist & REPORT BUG

/ MATCHMINER / DASHBOARD / PATIENT RECORD

PATIENT TRIAL MATCHES ONCOPANEL
Smith[Fake], Raquel Clinical trial matches
MRN MB-0657 MatchMiner has identified 5 potential precision medicine clinical trial matches based on genomic profiling results
[B>'attf| of 27 Jan 1958 obtained from OncoPanel.
i TRIAL All trials within MatchMiner have been expertly curated to capture genomic and basic clinical eligibility details, and
g:'r:;rry g{f;z; R MATCHES matches have been computed based on the patient's genomic profile, tumor type, age, and sex. '
WS Carcinoma As these criteria represent only a subset of all trial eligibility criteria, additional investigation and screening should be
Biopsy Site  Breast conducted to determine final eligibility.
_I?_;(:);;sy Site  Unspecified Results
Sample ID BRCA- . Disease Coordinating .
mgro,?s;;lc.sp Genomic match  Protocol # e Center DFCI Trial Status
Report Date 11 Feb 2013 TASELISIB+FULVESTRANT VS PLACEBO+FULVESTRANT FOR BRCA DF/HCC Denayraber
PIK3CA p.H1047R B c OPEN TO
Variant-Level Protocol No: 15153 Tl ey ACCRUAL
FILTERS Match Principal Investigator: Krop, lan E Cancer Institute
Tier 4 P oS
v Gene (Mutant) pikacA | wtPik3cA Adults | Locally Advanced
PIK3CA (4
O “@ m m FULVESTRANT | PLACEBO § TASELISIB w
v Gene (Wildtype)
[] WT KRAS (1) LETROZOLE +/- BYL719 OR BUPARSILIB FOR HER2-NEGATIVE BREAST CANCER DF/HCC Dana-Farber
PIK3CA p.H1047R Breast T OPEN TO
[] WT PIK3CA (3) Gene-Level Match Protocol No: 14-202 ‘ ACCRUAL
Tier 4 Principal Investigator: Mayer, Erica L Cancer Institute
[] WT TP53 (1) : ’
~ Tumor Type PIK3CA § wtPIK3CA Adult \ Untreated Locally Advanced
] Al Solid Tumors (2) BUPARLISIB [l BYL719 [l LETROZOLE || Phase Il IS8
[] Breast (2)
. ) + .
0 2310)Iorectal Adenocarcinoma PIK3CA p.H1047R GDC-0032 + DOCETAXEL OR PACLITAXEL FOR BREAST S mu I ate d Data OPEN TO
Gene-Level Match Protocol No: 13-123 ACCRUAL
Invasive Breast Carcinoma Tier 4 Principal Investigator: Krop, lan E
I:‘ (2)



Trial centric — Create filter

= GENOMIC FILTER EDITOR

Edit genomic filter - ERBB2 Mut

> GENOMICS CLINICAL GENERAL

Genomic attributes Patient Matches

¢ Gene Matches 195

ERBB2X ABL1, EGFR etc

Clinical 4985
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= Exon Number 0 1000 2000 3000 4000
Patient count
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Clinical Trial Markup Language

_ Clinical Trial Details
nct_id: NCT@2097225

nct_purpose: This phase I trial studies the side effects ...
phase: I
protocol_id: 6534
protocol_no: 14-186
protocol_target_accrual: 32
protocol_type: Treatment
short_title: AT13387 W/ DABRAFENIB + TRAMETINIB IN BRAF-MUTANT MELANCMA
status: Open to Accrual
treatment_list: S Wi * .
step: Eligibility Criteria
~ arm:
match:
-~ and:
- and:
- or:
~ genomic:
hugo_symbol: BRAF
protein_change: p.V6@0E
variant_category: Mutation
~ genomic:
hugo_symbol: BRAF
protein_change: p.V600K
variant_category: Mutation
~ genomic:
hugo_symbol: KRAS
wildtype: true
~ genomic:
hugo_symbol: NRAS
wildtype: true e E A
i Clinical Criteria
age_numerical: '>=18'
oncotree_primary_diagnosis: _SOLID_

Genomic Criteria



MatchMiner usage stats

138 Trials, 675 register oncologists, 125 clinical trial investigators

Search Terms (Ju

EGFR

()]
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demetri
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(pik3ca)
0 (pik3ca,All solid tumors)

Jun 25 Jul 2 Jul 9 Jul 16 Jul 24

N N N N DN W W »~

(pik3ca,All solid tumors,Open to Accrual)



Trial complexity of 138 curated trials
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Genomic criteria overview
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DATA ACQUISITION



& cBioOne
@@ . 1 - N
cBioPortal “as a service

m for individual investigators
m for disease centers

Profile Data

Other

Genomic Data ‘= BIOPorl'.al
O forCancerGenomlcs

Clinical Data

Validate, Private to Group
Secure Live Link File Server Merge +
De_'dentify Shared @ DFCI

7 Pls /| Groups Now Active



AACR GENIE: First Data Release!

N Clinical Sequencing
DFCI
eRee Synapse
JHU .
MDA >_ e Data mapped to common 5% CB|OPO|"tal
MSK ontology and harmonized n| r Cancer Genomi
NKI — e Limited PHI removed
— e Data governance,
UHN provenance, & versioning in a
VICC secure, HIPAA-compliant o .
— environment. Institution-only Consortium-only
access access
@ 6 months 6 months
quarterly data uploads
& <8 =

= [|r\ genomic and clinical data linked

clinical data required to Ceonsortium/ sp.onso;-only.acqess
clinical queries are posed answer the question are months to time of publication
based on registry content manually abstracted




GENIE Landscape
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Intel Collaborative Cancer Cloud

Central

Function

Workflow
orchestration

Cloud
For Public Data

EX=)
Cerhrococococo oo p

Local e,
Compute o

BTN Shared Compute
AN Data
3
1 Y
\\ Security with 7
S Reliance Point 7’
3
N
3
\
8
S
S

Local
Compute

CCC is an open platform, enabling community best practice precision

medicine analytics
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Unique Aspect of Intel CCC: Secure joint computation

Millionaire’s Dilemma

Person A

AACR GENIE:
Direct sharing of
data between 8

cancer centers, but
data is withheld for
~ 1vyear.

Intel CCC
Data is not shared
directly, but made

available to joint
analyses.

Person B is the richest!

Secure
Broker

Person C

Each person submits their
net worth to a trusted secure
Person B broker.



Motivation: Mutation Hotspots

* Mutation Hotspot
—a specific amino acid position that is mutated more

frequently than expected by chance.
—likely indicative of oncogenic activity.

PIK3CA H1047L/Q/RIY
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Example Mutation Hotspots in PIK3CA (Pan-Cancer)



Motivation: Long Tail of Mutation

700 -

600 -

200

Total somatic mutations

100

Hotspots

“85% of all hotspots identified were mutated in less than 5% of tumors”

\KRAS G12
_ BRAF V600

well studied, known
consequences

Occasionally studied,
mostly unknown
IDH1 R132 consequences

/<PIK3CA H1047
PIK3CA E545

~TP53 R273
NRAS Q61

o QO:‘\ & %
SRS P N
o2 S

///////\.

Can be i

otspot mutations

“Identifying recurrent mutations in cancer reveals widespread lineage diversity and mutational specificity”. Chang et al. 2016

dentified within a single cancer type or via pan-cancer analysis.



Gene Overlap of Private Data Sets

DFCI

All Three Centers
AKT1
ERBB2
KRAS
MET
NF1
PIK3CA
PIK3R1
PTEN
RB1
TP53

OICR

DFCI/OHSU

AKT2
AKT3
ALK
BRAF
CDK4
CDKN2A
DDR2
EGFR
FGFR1
FGFR3
GNA11
GNAQ
GNAS
HRAS
KDR
KIT
MAP2K1
NRAS
NTRK2
NTRK3
NOTCH1
RET
STK11
TSC1
TSC2
VHL

DFCI/OICR

ARID1A
BRCA1
BRCA2
CBLB
CDH1
CDKN1B
EPHAS
GATA3
MAP2K4
MAP3K1
MYB
RUNX1
SF3B1
STAG1
TLR4



Full Gene Set Overlap

Present at all Centers
AKT1

ERBB2

KRAS

NF1

PIK3CA

PIK3R1

PTEN

RB1

TP53
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