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Why Pathologists? We have
access, we know testing
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- ] ; Prognosis
Physician sends Access to patient’s
sample to genome
Pathology
(blood/tissue) Just another

laboratory test

What we will cover today:

» Review current and
future molecular
testing:

July 2018

- Somatic analysis/
Diagnosis/Prognosis
- Cancer

- Risk Assessment

- Pathologists involved in
preventive medicine
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What we could test for? Same
Stuff
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http://www.bcm.edu/breastcenter/pathology/index.cfm?pmid

Diagnosis/Prognosis Timeline:
Cancer

7 Multi-gene assays
- Breast cancer

Gene chips/Next
generation sequencing
of tumors

+ Expression profiling
+ Exome

* Transcriptome

* Whole genome
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Multi-gene assays in breast cancer
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Look familiar?

Multi-gene assays to determine
risk score, need for additional
chemo
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Prognostic Value of a Combined Estrogen Receptor,
Progesterone Receptor, Ki-67, and Human Epidermal
Growth Factor Receptor 2 Immunohistochemical Score
and Comparison With the Genomic Health Recurrence
Score in Early Breast Cancer

Jack Cuzick, Mitch Dowsett, Silvia Pineda, Christopher Wale, Janine Salter, Emma Quinn, Lila Zabaglo,
Elizabeth Mallon, Andrew R. Green, Ian O. Ellis, Anthony Howell, Aman U. Buzdar, and John F. Forbes

+ Oncotype similar predictive value to combined four
immunohistochemical stains (ER,PR, HER2, Ki-67)
+ May offer standardization lacking in IHC

* Need to validate

KCH — Precision Medicine Talk  July 2018

- Prospective trials
Just another

laboratory test

Cuzick J, et al. J Clin Oncol. 2011;

Oég Molecular poriraits of
human breast tumours

Charles M. Perou* t, Therese Sgrie:, Michael B. Eisen*,

Matt van de Rijns, Stefanie S. Jeffreyl, Christian A. Rees*,
Jonathan R. Pollacks, Douglas T. Ross, Hilde Johnsen,

Lars A. Akslen, Bystein Auge:, Alexander Pergamenschikov*,
Cheryl Williams*, Shirley X. Zhus, Per E. Lenning**,

Anne-Lise Berresen-Dale:, Patrick 0. Brown{i{ & David Botstein*

ST T

* Analyzed 8,101
genes on chip
microarrays

* Reference= pooled
cell lines

* Breast cancer
subgroups
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Cancer Treatment: NGS in AML

Use of Whole-Genome Sequencing
to Diagnose a Cryptic Fusion Oncogene

John S. Welch, MD, PhD

Context Whole-genome sequencing is becoming increasingly available for research

Peter Westervelt, MD, PhD purposes, but it has not yet been routinely used for clinical diagnosis.
Li Ding, PhD Objective To determine whether whole-genome sequencing can identify cryptic,
David E. Larson. PhD actionable mutations in a clinically relevant time frame.
- Design, Setting, and Patient We were referred a difficult diagnostic case of acute
Jeffer)j M. Kleo, MD" PhD promyelocytic leukemia with no pathogenic X-RARA fusion identified by routine meta-
Shashikant Kulkarni, PhD phase cytogenetics or interphase fluorescence in situ hybridization (FISH). The case
John Wallis, PhD patient was enrolled in an institutional review board-approved protocol, with consent
. specifically tailored to the implications of whole-genome sequencing. The protocol uses
Ken Chen, PhD a "movable firewall” that maintains patient anonymity within the entire research team

KCH — Precision Medicine Talk  July 2018

Welch JS, et al. JAMA, 2011;305,

Case History

+ 39 year old female with
APML by morphology

+ Cytogenetics and RT-PCR
unable to detect PML-RAR
fusion

* Clinical question: Treat
with ATRA versus
allogeneic stem cell
transplant
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The Findings: Led to
appropriate treatment

* Analysis
- Paired-end NGS
* Findings
- Cytogenetically
cryptic event: novel
fusion

* Analysis took 7
weeks

* ATRA Treatment

+ Patient still alive 15 "

months later

Figure 4. Ins(17,15) and Resulting PML-RARA Fusion Identified by Whole-Genome Sequencing
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Cancer Treatment: NGS of Tumor

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

Steven JM Jones'”, Janessa Laskin®, Yvonne ¥ Li', Obi L Griffith', Jianghong An', Mikhail Bilenky',

Yaron S Butterfield’, Timothee Cezard', Eric Chuah', Richard Corbett’, Anthony P Fejes’, Malachi Griffith,

John Yee®, Mantgomery Martin®, Michael Mayo', Nataliya Melnyk®, Ryan D Morin', Trevor J Pugh', Tesa Severson',
Sohrab P Shah®*, Margaret Sutclifie’, Angela Tam', Jefferson Tery®, Nina Thiessen', Thomas Thomson?,

Richard Varhol', Thomas Zeng', Yongjun Zhao', Richard A Moore', David G Huntsman’, Inanc Birol', Martin Hirst',

Robert A Holt', Marco A Marra

Jones SJM, et al. Genome Biol. 2010
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Case History

+ 78 year old male

* Poorly differentiated
papillary
adenocarcinoma of
tongue

* Metastatic to lymph
nodes

+ Failed chemotherapy

* Decision to use next-
generation
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Methods and Results

* Analysis
> Whole genome
* Transcriptome

July 2018

* Findings
» Upregulation of RET
oncogene

- Downregulation of
PTEN
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No expr obs

Mo expr obs

Mo expr obs

1 month pre-anti-RET

Anti-RET added

1 month on anti-Ret

No expr obs

Mo expr obs

’ PIP,
GES |
* PIPy

Flo expr oba
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Why Pathologists? We have
access, we know testing

Personalized

Pathologists g

Treatment

\ \\\\‘ Plan

Would like to Access to tumor
identify tumor, genome
know prognosis,

treatment options

Why pathologists?

“However, to fully use this potentially
transformative technology to make
informed clinical decisions, standards
will have to be developed that allow for
CLIA-CAP certification of whole-
genome sequencing and for direct
reporting of relevant results to treating
physicians.”

Welch JS, et al. JAMA, 2011;

Medicine Talk  July 2018

KCH — Precision

Medicine Talk  July 2018
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What we will cover today:

» Review current and
future molecular
testing:

July 2018

- Somatic analysis/
Diagnosis/Prognosis
- Cancer

» Risk Assessment

- Pathologists involved in
preventive medicine
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What we could test for —
Something New

» Risk prediction _

- Pathologists involved T

in preventive Y
medicine

- Predict risk of disease

- Predict drug response
(pharmacogenomics)

July 2018

KCH - Precision Medicine Talk

» Germline
- Heritable genomic
targets
- Does not change Just another
during ietime laboratory test
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Risk Prediction: Timeline

Factor V Leiden [ Real Time Assay |
é Single gene

.* Multigene assays

SNSRI
i

» Direct-to-consumer

* Next generation
sequencing

/ AL
{ Coronary
‘arterydlsease -
PN

N
‘Obesity "~
]

\‘ Osteoarthritis

Alsmadi OA, et al. BMC Genomics 2003 4:21 /

Medications

Og Health Conditions

Your estimated lifetime risk

Click anywhere on the colored boxes below to access in-depth infarmation about each health
condition, your genetic predispositions, what you can do, your specific genetic markers, and
much more.

= Print this page

You can also click on the Medications tab above to see how certain medicines affect you. This
new Navigenics feature provides personalized genetic information to help you understand which drugs work
best for you, starting with your responses to 12 medications.

Overview: Your estimated lifetime risk

0-1% >1-10% >10- 25% >25-50%
Muitiple Alzheimer's
sclerosis disease
You: 0.83% You: 9%
Avg: 0.77% Avg: 17%
more © more O
Brain
aneurysm
You: 0.66% Avg: 5%
Avg: 0.90%
more © more © more ©
Crohn's Lung cancer Atrial
disease You: 6% fibrillation
You: 0.37% Mg % You: 19%
Ava: 0.54% a Ava: 23%
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Hereditary Risk Prediction:
How is risk calculated?

* Analysis of SNPs (up
to a million)

- Genome wide
association studies
(GWAS)

» Case-control studies
- Odds ratios

* Using odds ratios to
determine individual
patient risk

Just another test: Case-

control study

* Adequate selection
criteria for cases/
controls

« # of patients =
reasonable ORs (<=1.3)

+ Assays appropriate
- Enough variation
- Proper controls

+ Statistics appropriate
* Detect known variants
* Reproducible results

- Different populations
- Different samples

* Pathophysiologic basis

Click to LOOK INSIDE!

o s o =
At excellent baok for beghners and eccaiiosal practitisners
et ence!

Bioinformatics

Ipdated to cover
multiple new
genomes and
A R,efe‘;sn ce databases
or
Rest of Us!'

FRLE ¢Thps at damenier.canr

Pearson TA, Manolio TA. JAMA 2008; 2

July 2018
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Just another test: Selection

+ Lung cancer risk

Table 1. Distribution of Cases and Controls According to Match-

ing Factors.

+ “Old School Study” Facron

Cases CONTROLS

— Cases and controls ®
were matched based A& 61 61
i 45-54 23.2 234
on age, smoking status,  $> wa e
race and month of 6574 2 201
blood collection Sex ' '
Male 68.7 68.4
13 H M. Ci moking history in 1974
- “Genomic Study”: Never smoked. 9.1 9.2
F ly smoked 252 255
- Cases and ContrOIS mlx;ssmoh:s (no. of cigarettes per day)
0-14 9.1 a7
were frequency 15-24 303 352
25-34 16.2 9.7
matched by sex, age >35 01 107
center, referral (or of Mgn;; of study participation wa 157
residence) area and Octaber 354 83
November 26.2 26.0

period of recruitment

=Age on Ociober |, 1974,

Menkes MS, et al. NEJM 1986;315:125|
Hung RJ, et al. Nature Genetics. 2008

A word about statistics...

+ 20 tests, “significant”

if p=0.05
» (.95)N = chance all tests
“not significant” .
- 1- (.95)N = chance one 3
test “significant *

+ 1-(.95)°= 64%
- Bonferroni correction p
=0.0025

0.9+

0.8

07

0.6+

0.5+

044

0.3

0.2

0.1

=1 False positives

T T T T T T T T T T T T T
2 4 6 & 10 12 14 16 18 20 32 74 26 2B 30 32 34 35 38 40
No. of Subgroups Tested

* Need to adjust for
number of tests run

- For 1 million SNP
GWAS p < 0.00000005

Just another
laboratory test

Lagakos SW. NEJM 2006

KCH — Precision Medicine Talk  July 2018
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Why Pathologists? We have
access, we know testing

Personal
Risk
Prediction

Would like to

Access to patient’s

determine patient
risk for disease

chip results

Not so simple!!

DTC: A simplistic calculation

DIRECT-TO-CONSUMER METHOD FOR CALCULATING DISEASE RISK

X

Average
population
disease risk
(e.g 10%)

- = K Y Relative
4! nown risk risk
= markers
= (e.g.15)
A 4
TAFS

Get geni)types ._"Unknown :
from saliva genetic
., factors

15%
Absolute ’
disease risk

Post-test probability

\ Pre-test probability

How about family history? Environment?

Ng PC, et al. Nature. 2009;

July 2018
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0-1% >1-10% >10 - 25%

You: 21%
Avg: 26

Atrial
fibrillation
You: 19%
Ava: 23%

Overview: Your estimated lifetime risk

Just another laboratory test

“Avg"” (average risk for

your ethnic groq'p =

g;:—test probability):

* OR from SNP is 0.75
**%25% decreased
ﬁsk****

* “You” (post-test

prgglzabllity): 8% x 0.75

>25 - 50%

Absolute decreased
risk: = 2%

* Same OR if 80% vs.
60%

Absolute decreased
risk: 20%

+ Germline

+ Heritable genomic
targets

+ Does not change
during lifetime
* Pathology Clues
* Multicentricity
+ Histological features

» Perilesional tissue
reaction

What we could test for -
Integrated approach

* Familial tumor syndromes
are good models due to:

» Synchronic and metachronic
tumors

* Range of precursor lesions
and established neoplasms
are frequent

* Germline RET mutation
(multiple endocrine
neoplasia 2) has high
penetrance and shows
AMH-PCC and CCH-MTC
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Molecular Genetics in CCH & AMH
Patients

12
10 -
8 .
| M Female
6 N Male
4 ,
2 |
0 a
MTC MTC & PCC CCH & PCC CCH
Clonality Assays -
Cell and Tissue Comparisons
ch" 1 ch" 2 Tlssue 1 Tlssue 2
S e e mmmm
COMMON DIFFERENT COMMON
PROGENITOR  PROGENITORS  PROGENITOR 7 DIFFERENT PROGENITORS ~ COMNON PROGENITOR

July 2018
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Clonality in Preinvasive Lesions

Early Monoclonal Expansions in MEN-2A

AR Allele Pattern in MEN-2A Results

P(AR pattern in fissue) = 1/3

1=No of lesions compared

No of AR Allele (informative patients) =2

C CCH C CCH

C  AMH Nodules

C CCH

Al f’ﬁ:§
2[R 3=
2iH=1210"

c‘* ‘clﬁ C *C* x=No of patients
] *=CC.H p(concordant AR pattern)=2 [(1/3)']*
H 4R \! | .
Pwr J il N oy A / -
8 pads,

Journal of Pathology
J Pathol 2000; 192: 221-228.

DOI: 10.1002/1096-9896(2000)9999: 9999 < :: AID-PATH679 - 3.0.CO.2-B

Original Paper

Clonal patterns in phaeochromocytomas and MEN-2A
adrenal medullary hyperplasias: histological and kinetic

correlates’

Salvador |. Diaz-Cano'*, Manue de Miguel®, Alfredo Blanes", Robert Tastjian?, Hugo Galera® and
Hubert 2

Abstract

“The relationship amoag histological features, cell Kineticx, and clonality has not been studied in
adrenal medullary hyperplasias (AMHs) and phacochromocytomas (PCCs). Thirty-four PCCs
(23 sporadic and 11 MEN-2A (multiple endocrine neoplasia type 2A)-related tumours, the latter
associated with AMH) from females were included in this study. Representative samples were
histologically evaluated and microdissected o extract DNA and evaluate the methylation pattern
of the androgen receptor alleles. At least two tissue samples (from the peripheral and internal
zones in each tumour) were analysed with appropriste tissue controls run in every case. The same
arcas were sclected for MIB-1 staining and in situ end labelling (ISEL). Malignant PCCs were
defined by histologically confirmed distant metastases. All monoclonal AMH nodules from the
same patient showed the same X-chromosome inactivated. Six sporadic PCCs revealed liver
metastases (malignant PCC) and eight additional sporadic PCCs showed periadrenal infiliration
(locally invasive PCC). All informative PCCs were monoclonal, except for five locally imasive
PCCs and one benign PCC that revealed polyclonal pattems. Those cases ako showed a
fibroblastic stromal reaction with prominent blood vessels, focal smooth muscle differentiation,
and significantly higher MIB-1 (126.8-29.9) and ISEL (50.9.+ 128) indices. Concordant X-
chromosome inactivation in nodules from a given patient suggests that MEN-2A AMH is a
multifocal monoclonal condition. A subgroup of PCCs characterized by balanced methylation of
androgen receptor alleles, high cellalar turnover, and stromal proliferation akso shows locally
invasive features. Copyright 2000 John Wiley & Sons, Ld.

Keywords: adrenal medullary by MEN-2A; Xechs
i apoptosis: stromal reaction
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TSG Microsatellite Pattern in

MEN-2A CCH

b

-

-
-
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L o T L

°

Left Lobe Control Right Lobe LeftLobe Control Right Lobe

: T o

: ax

12345 12345 12345

12345 12345 12345

1&2 =1TP53,3=RB1,4=WT1,5=NFI1

Microsatellite Patterns in MEN2

C-cell Hyperplasias

WT1§
= LOHISNP

EROH
RB1 #9

TP53 #

0% 20% 40% 60% 80% 100%

§ = Discordant LOH patterns in both lobes.

1 = Concordant LOH patterns in both lobes.

91 = Discordant SNP patterns in both lobes with
concordant TP53 LOH patterns in 2 cases.

Adrenal Medullary Hyperplasias

NF1§

WT1 #
= LOH/SNP

RB1 # B ROH

TP53 #

|
0% 20% 40% 60% 80% 100%

§ = Discordant LOH patterns in nodules from 2
patients (67%).

1 = Concordant LOH patterns in nodules from 3
patients (42%), but in different TSG in each
patient
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Inflammation and Cancer

FULL PAPER
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Mutational Processes — Cancer

as Genomic Disease
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Mutational Signatures in Cancer
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Mutational Signatures by
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Summary

+ Genomic-era technologies involve
+ Typical roles of pathologists

+ Cancer diagnosis/prognosis/guide
treatment

* New roles for pathologists
- Predict disease risk
- Predict drug response
+ Conceptual basis
- Role of inflammation and grading

» Tumor progression and
microenvironment

- Cancer as genomic disease

» Just another test
+ Issues with case-control studies

+ lssues of pre- and post-test
probability
Accurately assessing pre-test probability

+ Need to validate

Roychowdhury S, et al. Sci Transl Med. 2011; 3: 111ra121
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Analysis

Sequencing
tumor board

Validation

Results
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