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Overview
» Challenges in Cancer Informatics

 Disruptive Technologies

* NCI| Genomics Data Commons
» NCI Cloud Pilots

* NGS and adaptive trial design

- Building a national learning health system
for cancer clinical genomics
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The NCI has several large multi-technology projects underway. Two
of them, TCGA and TARGET, are well established resources with
rich information on tissue imaging, pathology imaging, radiological
imaging, somatic variation, genome structural rearrangements,
MIRNA sequencing, mMRNA sequencing, and protein expression
measurements. The talk will highlight some of the scientific findings
from TCGA and provide information about the creation of the
Genomics Data Commons by the NCI Center for Cancer Genomics,
as well as the role of the NCI Cloud Pilots in providing broad
community access to these very important information resources. A
discussion of the new molecular trials, MPACT and MATCH, that
incorporate biomarker evidence into the arm selection process for
the assignment of treatment will be given. These resources and
trials will provide additional evidence to enable the optimal treatment
of cancer. Also included is a discussion of the informatics design
and architectural decisions, information workflows and tools used by
these projects.
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Cancer relevance
» Challenges for Cancer Informatics
» Disruptive technologies

* Drivers for social benefit in cancer
research
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National Challenges in Cancer
Informatics

- Lowering barriers to data access,
analysis and modeling for cancer
research

* Integration of data and learning from
basic and clinical research with
cancer care that enable prediction
and improved outcomes
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We need:

Open Science (Open Access, Open Data,
Open Source) and Data Liquidity for the
cancer community

Interoperability through CDEs and Case
Report Forms mapped to standards

Semantic interoperability by exposing
existing knowledge through proper
integration of ontology

Sustainable models for informatics
Infrastructure, services, data
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Where we are

Disruptive technologies
Getting social

Open access to data
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Disruptive Technologies
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High throughput biology

Systems view - end of reductionism?
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Precision Oncology

* The era of precision medicine and precision
oncology is predicated on the integration of
research, care, and molecular medicine and
the availability of data for modeling, risk
analysis, and optimal care

How do we re-engineer
translational research policies
that will enable a true learning
healthcare system?
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Precision Oncology

* The era of precision medicine and precision
oncology is predicated on the integration of
research, care, and molecular medicine and
the availability of data for modeling, risk
analysis, and optimal care

How do we re-engineer
translational research policies
that will enable a true learning
healthcare system?
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Disruptive Technologies
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What about social media?

» Social media may be one avenue for
modifying behaviors that result in cancer

* Properly orchestrated, social media can
have dramatic impact on quality of life
for patients and survivors

» |t can reach into all segments of our
society, including underserved populations
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Public Health

* These three modifiable factors -
infectious disease, smoking, and poor
nutrition and lack of exercise contribute
to at least 50% of our current cancer
burden. And the cost from loss of quality of
life, pain and suffering is incalculable.
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Some NCI NGS activities

- TCGA, TARGET and ICGC

— Cancer Genomics Data Commons

— NCI Cloud Pilots

* Molecular Clinical Trials:
— MPACT, MATCH, Exceptional Responders
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Data are accumulating!

BY 2020 THE DIGITAL UNIVERSE WILL

DATA KEEPS GROWING AMOUNT TO

The volume of digital data worldwide is growing rapidly, as the
annual IDC Digital Universe study reveals. From 2005 to 2020,
the digital universe will grow by a factor of 300, from 130
exabytes to 40,000 exabytes, or 40 trillion gigabytes (more than
5,200 gigabytes for every man, woman, and child in 2020).
From now until 2020, the digital universe will about double
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The maijority of information in the digital universe, 68% in 2012, T'I'l le'
is created and consumed by consumers watching digital TV, n SN W

interacting with social media, sending camera phone images
and videos between devices and around the Internet, and so
on.

2020.

. INTERACTIVE: IDC Report: The Digital Universe in
Explore the IDC report, watch videos, and more.
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From the Second Machine Age

FIGURE 3.3 The Many Dimensions of Moore’s Law
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From: The Second Machine Age: Work, Progress, and Prosperity in a Time of Brilliant
Technologies by Erik Brynjolfsson & Andrew McAfee
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Molecular data is Big Data

* Brief trip down memory lane

* Sequencing and the Human Genome
Project
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Physical Maps
Cover 98% of
Human Genome
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GenBank High Throughput
Genome Sequence (HTGS)
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February 12, 2001

15 Febrisary 2001

nature

www.nature.com "
l Pages 1145-1434 $9

Nucléar fission
Five-diniefisiondl

andscapes

Theview fromander 48
the Arcticice »

Career prospects
Sequience creates rlety
opportunitics




HGP outcomes
» S5.6B investment in 2010 dollars

» S800B economic development

* Enabled many basic discoveries, clinical
therapies and diagnhostics, and applied
technologies
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Assays and Data Types
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Next Gen Sequencing technologies

NGS data

DNA-seq RNA-seq ChIP-seq
Variant and Copy - N
Number Variatio Expression Protein-DNA
(CNV) . < interaction
Fusion
Methyl-seq . Variant \

[ Methylcytosine and J

hydroxymethylcytosine Variants: insertions, deletions (indel) SNPs
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Methyl-seq

DNAdoublestrand

Denaturation

DNA conversion

PCR

Li and Tollefsbol, Methods Mol Biol. 2011;
791: 11-21. doi: 10.1007/978-1-61779-316-5 2
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Methyl-seq

Original DNA double strand
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Interpretation of sequencing data
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Li and Tollefsbol, Methods Mol Biol. 2011;
791: 11-21. doi: 10.1007/978-1-61779-316-5 2
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RNA-seq

Isolate Total RNA

Fragmentation

and/or Isolation

In this case, isolation via Poly(T)
coated magnetic beads

Poly(A) RNA molecules
bind to the Poly(T)
magnetic beads

Courtesy of Vincent Montoya
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RNA-seq

Magnetically isolate
and wash beads

AAAAA

Fragment and/or Reverse Transcribe

TTTT T

Fragmentation (if not done already),
size selection, and sequence

lllumina Solexa, Roche 454, or ABI SOLID
Graphic shown here is |llumina

Courtesy of Vincent Montoya
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ChiP-seq

nucleus

Shear DNA strands
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ChiP-seq , —
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cell lysate \ ’ )

Add bead-attached antibodies
to immunoprecipitate
target protein
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ChiP-seq
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TCGA history

» About three years post-HGP
* Initiated in 2005

» Collaboration of NHGRI and NCI to
examine GBM, Lung and Ovarian cancer
using genomic techniques in 2006.

- Expanded to 20+ tumor types.
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TCGA drivers

» Providing high quality reference sets for
20+ tissue types

* Providing a platform for systems biology
and hypothesis generation

* Providing a test bed for understanding the
real world implications of consent and data
access policies on genomic and clinical
data.
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Highly Recurrent TERT Promoter
Mutations in Human Melanoma
kil TERT Promoter Mutations in Familial
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Focus on TCGA

« TCGA consortium slides

* Thanks to Lou Staudt and Jean Claude
Zenklusen
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The Cancer Genome Atlas @
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The Mutational Burden of Human Cancer
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ARTICLE "

doi:10.1038/naturel2222

Comprehensive molecular characterization
of clear cell renal cell carcinoma

The Cancer Genome Atlas Research Network*
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Frequent Activation of the PI(3)K Pathway in
Clear Cell Renal Carcinoma

PI1(3)K aberratlons (28% of cases)
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ARTICLE

do0i:10.1038/naturel2113

Integrated genomic characterization of
endometrial carcinoma

The Cancer Genome Atlas Research Network*
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Molecular Subgroups Refine Histological Diagnosis
Of Endometrial Carcinoma
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Molecular Diagnosis of Endometrial Cancer May
Influence Choice of Therapy
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NCI Cancer Genomics Data Commons

International
Cancer Genome
Consortium

TARGET

Therapeutically Applicable Research
to Generate Effective Treatments

Genomic +
clinical data

NCI Genomics
Data Commons
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NCI Cancer Genomics Data Commons

International
Cancer Genome
Consortium

“QTARGET

Therapeutically Applicable Research
to Generate Effective Treatments

Genomic +
clinical data

NCI Genomics

~ Cancer Data Commons
information

donor
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Utility of a Cancer Knowledge Base

Cancer
information =
donor
|dentify Define gxfc:;:rwR Comp clinical trial
low-fregquency determinants of response cohorts-sharing
cancer drivers to therapy Targeted genetic lesions
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Driver for the Cloud Pilots
* An inflection point for TCGA is looming
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NCI Cloud Pilots

* Funding for up to 3 cloud pilots - 24
month pilots that are meant to inform the
Cancer Genomics Data Commons
— Explore models for cancer genomics APls

— Explore cloud models for data+analysis

» Announced this week: The Institute for
Systems Biology, The Broad Institute, and
Seven Bridges will be the initial consortium
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NCI Cloud Pilots

- A way to move computation to the data

» Sustainable models for providing access
to data

» Reproducible pipelines for QA, variant
calling, knowledge sharing

» Define genomics/phenomics APIs for
discovering new variants contributing to
cancer, enhancing response, modulating
risk
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Relationship of the Cancer Genomics
Data Commons and NCI Cloud Pilots
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NCI Cloud
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Cancer Genomics Cloud Pilots

Cloud Pilot Consortium

-

Pre-loaded Data
Secure Computational Capacity

Pre-loaded Data
Secure Computational Capacity,

TN —

NCI Genomic Data Commons

Pre-loaded Data
Secure Computational Capacity
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Supplementary Issue: Classification, Predictive Modelling, and Statistical Analysis of Cancer Data (A)

Review of Current Methods, Applications, and Data Management for the
Bioinformatics Analysis of Whole Exome Sequencing

Riyue Bao'*, Lei Huang'*, Jorge Andrade'*, Wei Tan?*, Warren A. Kibbe3, Hongmei Jiang*$
and Gang Feng3$

'Center for Research Informatics, The University of Chicago, Chicago, IL, USA. 2IBM Thomas J. Watson Research Center, Yorktown Heights,
New York, USA. 3Biomedical Informatics Center (NUBIC), Clinical and Translational Sciences Institute (NUCATS), Northwestern University,
Chicago, IL, USA. “Department of Statistics, Northwestern University, Evanston, IL, USA. *These authors contributed equally to this work.

SCo-corresponding authors.

CITATION: Bao et al. Review of Current Methods, Applications, and Data Management for
the Bioinformatics Analysis of Whole Exome Sequencing. Cancer Informatics 2014:13(s2)

67—-82 doi: 10.4137/CIn.s13779.
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WES
workflow

figure 1. A general framework of WES
data analysis. Five major steps are
shown: raw reads QC, preprocessing,
alignment, post-processing, and
variant analysis (variant calling,
annotation, and prioritization).
Notes: FASTQ, BAM, variant call
format (VCF), and TAB (tab-delimited)
refer to the standard file format of
raw data, alignment, variant calls, and
annotated variants, respectively. A
selection of tools supporting each
analysis step is shown in italic.
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Raw reads
FASTQ
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Raw reads Qc
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Preprocessing
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Processed reads
FASTQ

)

v

Map to reference genome
BWA Bowtie2 Novoalign GMAP

v

Read alignment
BAM

)

v

Post-alignment processing:
1) Remove read duplicates
Picard SAMtools DupRecover

v

Dedupped read alignment
BAM

)

v

Post-alignment processing:
2) InDel realignment
GATK-InDelRealigner SRMA

v

InDel-realigned read alignment
BAM

)

v

v

Recalibrated read alignment
BAM

v

Variant calling
GATK SAMtools Freebayes Atlas2
Strelka virmid SomaticSniper

Post-alignment processing:

GATK-BaseRecalibrator ReQON

3) Base quality score recalibration

v
Variant calls (SNPs and InDels)
VCF
[
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Germline Somatic
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[ I
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Bowtie2
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Figure 4. Counts of variants detected by four callers with alignment
generated by three aligners as shown in Venn diagram of (A) SNVs

and (B) indels.
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RNAseq: fusion analysis workflow

Data pre-processing

Raw Reads

QC (FastQC)

QC (RSeQ()

Align to reference genome
(Mapsplice, STAR, Novoalign)

National Cancer |

Gene fusion

Fusion detection

Defuse

Tophat-Fusion

Snowshoes-FTD

ChimeraScan

ChimerDB

(A knowledgebase for fusion sequences)

HNIELS

(A database of chimeric transcripts and
RNAseq data)
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RNAseq: variant analysis workflow

Data pre-processing Variant Detection

Raw Reads Call SNVs and INDELs

Somatic Mutation
QC (FastQC) Tumor with matched normal
(Bambino, MuTect)

Align to reference genome
(Mapsplice, STAR, Novoalign)

Variant Filtration

Remove Duplicates (Picard)

Indel Realighment (GATK)

Functional Annotation

Base Recalibration (GATK) (ANNOVAR)
| = 0%,
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TARGET Wilms Tumor (WT) Project

CBS algorithm

~ GISTIC Il for
R software copy number
Package for - LOH and Copy
methylation number
orofiling | neutral LOH
p //,/’ 1\\\\
: Correlations:
Bambino and / TARGET | Methylation, gene
Mu tech for | | WT expression,

“mutation and
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Integrated analysis
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Institute of Medicine Report

Sept 10, 2013
Delivering High-Quality Cancer Care: Charting

a New Course for System in Crisis

. Understanding the outcomes of individual cancer patients as
well as groups of similar patients

Capturing data from real-world settings that researchers
can then analyze to generate new knowledge

A “Learning” healthcare IT system that learns routinely and
iteratively by analyzing captured data, generating evidence,
and implementing new insights into subsequent care.



“Learning IT System”

IOM Report on Cancer Care

. Search Prior Knowledge: Enable clinicians to use
previous patients’ experiences to guide future care.

Care Team Collaboration: Facilitate a
coordinated cancer care workforce & mechanisms for
easily sharing information with each other.

. Cancer Research: Improve the evidence base for quality
cancer care by utilizing all of the data captured during real-
world clinical encounters and integrating it with data captured
from other sources.




What's next?

8@ Searching
8 Mining

B Prediction



Can searching
prior knowledge
help future
patients?
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Can we make a Cinematch
for cancer patients?

NETELIX

Z Rate the movies you've seen. & oo t({

OO COCUMENTARY SUCOEITIONS (3%4) s miiia
- Delastyeem: | Pager Ung e Yitd Parrots ' Loeoe e
) ) WILD PARROTS BEREETENIE Smactest Gues 1)
oasoy 1 poasoy Fscaws uil T Pall ot

Netflix’s Cinematch software analyzes each customer’s film-viewing habits and
recommends other movies.
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Patients like me

» Patients with diagnoses,
symptoms and labs like yours are
eligible for these trials...

» Patient-centered resources...

National Cancer Informatics Program ’ NC | 5P,



If we can forecast
the weather, can
we forecast
cancer?
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Where Is the weather movmg’?




Animating the Weather
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What about the future?
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Present 5 Hours into Future




What changed?

B Equations
B Satellite data

B Computers

MOUENAL 0
COMPUTATIONAL
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The ongins of computer weather prediction and
chimate modeling
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SOLVING CANCER

YOU CAN'T CURE WHAT YOU
. DON'T UNDERSTAND -
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Modeling Tumor Growth

Mathematical model: proliferation
of cells with the potential for
Invasion and metastasis

rate of change
of glioma cell

concentration net dispersal  pet proliferation ~ loss due
—_— of gliomacells  of gljoma cells  to therapy

d r—— A

© =VDovo+ 0 - R

. oTGh a0, WNTGA

Swanson et al., British Journal of Cancer, 2007: 1-7.



Personalized Tumor Model

Imaging used to seed the model

Imaging View
T1-Gd MRI T2 MRI

T1.Gd MRI
threshold of
detacbon

threshold of
detaction

T, 1
G, S,
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Personalized Tumor Model

Days: 299

Future
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Radiation Treatment Effects

rate of change
of glioma cell

concentration net dispersal net proliferation loss due
, of glioma cells of glioma cells (O therapy
ac - ~> ~ i ——
5 = V-(Dx)Vc) + pC — R, t)c ,
New term defines
0, fort ¢ therapy Ce" killing
Re, d(x.n) = [ 1 — S(a,d(x,t)), fort € therapy.

S(a,d(x,t)) = e *BED,

™_L-Q model used to

BED = nd (1 +$) describe cell killing
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Rapid Learning Systems

Population Patient-level data are aggregated to achieve population-based change,
and results are applied to care of individual patients.

Decision
Support

Clinical trials, comparative
effectiveness research, molecular

and biologic data Information-rich,
patient-focused
data
Evaluation of
outcomes
Predict
outcomes
. Data
Transformation of aggregation,
subsequent care evidence

delivery generation




Precision Oncology

* The era of precision medicine and precision
oncology is predicated on the integration of
research, care, and molecular medicine and
the availability of data for modeling, risk
analysis, and optimal care

How do we re-engineer
translational research policies
that will enable a true learning
healthcare system?
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The future

 Elastic computing ‘clouds’

 Social networks

- Big Data analytics Semantic and
synoptic data

* Precision medicine

* Measuring health Intervening

 Practicing protective medicine before health is
compromised

Learning systems that enable learning
from every cancer patient
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Thank you

Warren A. Kibbe
warren.kibbe@nih.gov
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