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Medical Genomics: Drivers and Potential for
Disruptive Change

time

1998-2003 1- NIH reference ~5 years ~2.,000 ~$2-3 billion

Celera reference
2003-2009 ~10 additional ~6 months Dozens $300, BRHOOOY
2010-2011 103-104 4-6 weeks 3-4 $ 6,000 exome

$ 9,500 genome

2012-2014 105 2 weeks 2 $5, 0 810080

2015-2020 Millions Hours? <1 <$1,000
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Futuristic Paradigm for Cancer Care
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The Future i1s Now!

lones et al. Genome Biology 2010, 11:R82
http://genomebiclogy.com/2010/11/8/R82

m Genome Biology

RESEARCH Open Access

Evolution of an adenocarcinoma in response to
selection by targeted kinase inhibitors
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CaseHistory No. 1

78 y/lomale, ngprior H/O Ca presented with throaliscomfort
I Biopsy revealed papillargdenocarcinoma
Laser resection and lymph nodissection, 3/21 nodes positive
I 60 Gy adjuvant radiation theradministered
4 months latePETCT revealed numerous small bilateral pulmonasts
I No Rx protocol(rare tumor)immunohistochemistry indicated 2+ EGFR
Erlotinib (Tarcev®) started
I Lackof response and tumor progression
Diagnostic Whole Genome afdanscriptomé\nalyses

1. Aug 2007, PET-CT scan should
potential tumor in tongue and 2
local lymph nodes.

2. Nov 2007. Surgery followed by
4 months adjuvant radiation therapy.

3. July 2008, PET-CT scan found
numerous bilateral lung metastases.

4. Erlotinib was given but tumor grew.

5. Patient consented and full genomic
sequencing and analysis followed from
a lung fine needle aspirate. Peripheral
blood was taken for control analyses.

7. Disease recurred at primary site, 6. 28 days on sunitinib. Lung nodes
a neck skin nodule, and progressive shrunk. 3 more months of sunitinib
and new lung metastases. then 4 more months of sorafenib+
Steven Jones, CSH Personal i sulindac. Overall, there was 8 months
7 B. Genomic sequencing and analysis of disease stabilization.

Genomes, September, 2010 * of a skin nodule sample. \




Sequence Analyses of Tumor to Guide Therapy

A Genome sequencing and analysis:

I Comparing tumor genome sequence to peripheral blood
lymphocyte (normal, somatic) genome

I Mutation detection
A Transcriptomeanalysis:

I Digital gene expression profiling of tumor
A Search of DrugBank.ca

I Relate mutations and gene expression data to drugs with
known therapeutic targets and mechanisms of action

nNWhol e Genome Anal ysi
requires a variabldata packageof genomeor exome+/-
transcriptomalepending upon
clinical indication and diagnostic goals

Steven Jones, CSH Personal
Genomes, September, 2010



Sequence Analyses of Tumor to Guide Therapy

A Genome sequencing and analysis:

I Comparing tumor genome sequence to peripheral blood
lymphocyte (normal, somatic) genome

I Mutation detection
A Transcriptomeanalysis:

I Digital gene expression profiling of tumor
A Search of DrugBank.ca

I Relate mutations and gene expression data to drugs with
known therapeutic targets and mechanisms of action

nNWhol e Genome Ana

requires a variabldata packageof genomeor exome+/-
transcriptomalepending upon

clinical indication and diagnostic goals

Steven Jones, CSH Personal
Genomes, September, 2010



Pathology Report

g copy number gain CNV=4

‘ﬁ( copy number gain CNV=3
copy number loss CNV=1 (low LOH)
copy number loss CNV=1 (high LOH)

ﬂ significantly overexpressed
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2 mutated

Top 5% of expressed
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Bottom 50% of expressed
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Genomes, September, 2010
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lones et al. Genome Biology 2010, 11:R82
http://genomebiclogy.com/2010/11/8/R82

Genome Biology

RESEARCH Open Access

Evolution of an adenocarcinoma in response to
selection by targeted kinase inhibitors

Steven JM Jones'’, Janessa Laskin?, Yvonne Y Li', Obi L Griffith!, Jianghong An', Mikhail Bilenky',
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Conclusion:
newhol e genome characte
routine part of <cancer
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Potential Workforces for
Personalized Genomic Medicine

Medical Geneticists

Genetic Counselors

Current Practitioners
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GENOMIC MEDICINE INITIATIVE

Department of Pathology

’ﬂ' Beth Israel Deaconess

\ &® / Medical Center
.__7__/.
A TEACHING HOSFITAL OF HARVARD MEDICAL SCHOOL @

National Agenda
The Call to Action June 2010 Home
Banbury Summit on Genome-Era Pathology October 13-15, 2010 National Agenda
Curricula 2009-2011
The Future of Pathology in Personalized Medicine Boston, May 23-24, 2011
Faculty
Locatlon.........Harvard Medical School, Countway Library of Medicine, 10 Shattuck Gene-Disease
St., Boston, MA 02115 Directions & Maps
Participants... Summit Participants Associations
News

@ GenomicMedicinelnitiative.or:



BanburySummit on Genomé&ra Pathology




AJCP | SreciaL ArTICLE

A National Agenda for the Future of Pathology in
Personalized Medicine

Report of the Proceedings of a Meeting at the Banbury Conference
Center on Genome-Era Pathology, Precision Diagnostics, and
Preemptive Care: A Stakeholder Summit

Peter J. Tonellato, PhD,!? James M. Crawford, MD, PhD,> Mark S. Boguski, MD, PhD,!-?
and Jeffrey E. Saffitz, MD, PhD!

Key Words: Mext-genaration sequencing; Whole genome analysis; Personalized medicine; Pathology

DOl 10.1208/AJCPIGDMNIWEBAGACI

Am J Clin Pathol 2011: 135:668672



Banbury Center Meeting on Genometra Pathology

Oct 1315, 2010: 27 stakeholdersfrogy oy 6 acad e me, €

A Industry (PMC, Aetna, Medco, et al.) and
A Pathology professional organizations (CAP, AMP, ASCP, USCAP)
Action Plan: Seveni B| u e piobprofects with 2-20 month

timelines

1. Establish nationwide program for residency training by July 2012

2. Compile and analyze current genetic, newborn and molecular pathology
tests and create a WGA Adrepl aceme

3. Establish a prototype nclinical g
disease area by Decemiaérll

4. Identify and validate operational models WGA

5. Formulate the regulatory guidelines to conduct WGAdesteditation

6. Define the concept of the -@é&r@ri mar
medicine

7. Address reimbursement issues

*E D. Greeet al. Charting a course for genomic medicine
from base pairs to bedsideNature470, 204-213(2011)



BLUE DOT PROJECT #1

Training Residents in Genomics (T.R.I1.G)
Co-chairs: R. Haspel(BIDMC) and Debra Leonard (Weill Cornell)

UNITED STATES & CANADIAN \

| ACADEMY OF PATHOLOGY

LEADING PATHOLOGY EDUCATIONAL EXCELLENCE

National Societ? of r’ ﬁ
Genetic &8 SNCHPEG
Counselors < |

Education in Genetics

\ Association of Pathology Chairs /




Case History No. 2

A 60 yearold man with a long history of alcohol and tobacco
abuse presents with difficulty breathing and heart palpitations

A Physical examination revealed palpable right supraclavicular
lymph nodes; a biopsy revealed metastatic squamous cell
carcinoma originating in the esophagus

A Standard cytotoxic chemotherapy was initiated

A The tumor genome was sequenced along with the genome of
t he patient 6s peripheral bl «

A Following analysis of the data, cytotoxic chemotherapy was
discontinued and the patient was startednagtinib (and

prayer)



Evangelical Christian usedi T hLanguage of
G o dto Diagnose and Treat Atheist's Cancer
Christopher Hitchens Francis Collins, M.D., Ph.D.

www.medpagetoday.conBlogs/25732



http://www.medpagetoday.com/Blogs/25732

N
medpage
™ TODAY

Will every patient be an "N-of-1" when it comes to
cancer?

By: Michele R. Berman, MD | September 30, 2011

"Is my cancer different?"

More and more patients may be asking their doctors this question. Are you ready to give them the best
answer?

Last week, MPT Washington correspondent Emily Walker published
a nice piece on the "unimagined progress"” in research cancer over
the past four decades. In her story, based on the 2011 American
Association for Cancer Research (AACR) Cancer Progress Report,
she writes about the genetic etiology of cancer and the hundreds of
genes related to its cause and biological behaviors. Walker also
notes the dozens of new therapies — targeted at specific molecular
defects — which hold the potential to transform some cancers into
manageable, chronic illnesses.

The process by which pathologists diagnose the specific cellular
defects that may be "driving" a patient's tumor is called molecular
subtyping (or profiling), which occurs following routine histo-
pathologic diagnosis. Advanced diagnostic technologies derived
from genomics are enabling pathologic descriptions of
unprecedented detail and precision. For example, did you know that
about 4% of multiple myeloma tumor genomes harbor a mutation
that is typically associated with malignant melanoma?

In a singular case that we reported on last April, author and journalist

Christopher Hitchens (pictured right) had the genome of his metastatic esophageal carcinoma "decoded" with the
help of National Institutes of Health Director Francis Collins, MD, PhD. The results suggested that Hitchens might
benefit from a targeted cancer drug, Gleevec (imatinib), normally only used (and only FDA-approved) to treat
chronic myelogenous leukemia and gastrointestinal stromal tumor. We don't know the results of Mr. Hitchens' “N-
of-1" therapy, but his case and similar ones portend a time when cancer is no longer defined by the organ system
in which it arises but rather by the underlying mutations in the cells that cause various molecular pathways to go
awry. How close are we to routinely individualizing a patient's therapy based on the unigue set of mutations
found at the time of diagnosis or recurrence?



Implications for future practice and
businessnodels

V The disruptive emergence gbrecision
diagnosticswill shift the emphasis from
evidencebased medicine toprecision
medicine

V Precision diagnostics will lead tanoney
back guarantees on the efficacy of certain
therapeutics




