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Discussion

BRCA1/2 TESTING CRITERIA®E

Meeting one or more of these criteria warrants further personalized risk assessment, genetic counseling, and often genetic testing and management.

Testing of an individual without a cancer diagnosis should only be considered when an appropriate affected family member is unavailable for testing.

+ Individual from a family with a known deleterious BRCAT/BRCAZ

gene mutation

» Personal history of breast cancer® + one or more of the following:

r Diagnosed =45 y
¢ Diagnosed =50 v with:
o An additional breast cancer primary*<
¢ 21 close blood relatived with breast cancer at any age
o 21 close relative with pancreatic cancer
o 21 relative with prostate cancer (Gleason score 27)
o An unknown or limited family history2
» Diagnosed =60 y with:
o Triple negative breast cancer
¢ Diagnosed at any age with:

o 22 close blood relatives with breast cancer, pancreatic cancer,

or prostate cancer (Gleason score 27) at any age
¢ 21 close blood relatived with breast cancer diagnosed <50 y
o 21 close blood relative? with ovarian® carcinoma
¢ A close male blood relative? with breast cancer

& For an individual of ethnicity associated with higher mutation
frequency (eq, Ashkenazi Jewish) no additional family history

may be required®
+ Personal history of ovarian® carcinoma
+ Personal history of male breast cancer

+ Personal history of prostate cancer (Gleason
score 27) at any age with 21 close blood
relatived with ovarian carcinoma at any age or
breast cancer <50 y or two relatives with breast,
pancreatic, or prostate cancer (Gleason score 27)
at any age
+ Personal history of pancreatic cancer at any
age with 21 close blood relatived with ovarian
carcinoma at any age or breast cancer <50 y or
two relatives with breast, pancreatic cancer, or
prostate cancer (Gleason score =7) at any age
+ Personal history of pancreatic cancer and
Ashkenazi Jewish ancestry
* BRCA1/2 mutation detected by tumor profiling in
the absence of germline mutation analysis
« Family history only (significant limitations
of interpreting test results for an unaffected
individual should be discussed):
¥ First- or second-degree blood? relative meeting
any of the above criteria

¥ Third-degree blood? relative who has breast
cancer® and/or ovarian® carcinoma and who
has 22 close blood relativesd with breast cancer
(at least one with breast cancer =50 y) andior
ovarian® carcinoma
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Oncogenes and cell death - apoptosis

A variety of environmental stimuli can lead to the
activation of apoptosis or programmed cell
death. Cancers-characterized by { rates of

apoptosis. ® bok2
DNA damage, growth factor L
withdrawal + oncogene activation — iem  * 7™
heat shock Sig"la' ap"it““"“*
+/activation of death receptors — 3-'*+apopm
ctivation of caspase cascade F3

and cell death.
Cancers-not T cell proliferation- 4 rate of cell

death.

PASG -Proliferation-associated SNF2-like gene= SNF2 family of
proteins = DNA dependent ATPases involved in franscription,
recombination, and DNA repair (I activity of other genes by
methylation, or modifying histones.

SNF - sucrose non-fermenter




Pancreatic carcinomas point mutation

Human pancreatic carcinomas | e
mostly show a loss of part of chrm. oremmmeny I
18.

Point-mutations are supposed - in the
K-RAS and INK4A (proto-oncogenes),
P53 and DPC4 /SMADA4

(anfi-oncogenes).

re is a whole family of SMAD proteins,
ytoplasmic signaling proteins, all involved in signal
transduction of TGF-p (transforming growth factor B)
related pathways.

Main alteration - interplay with the cell

cycle.

All proteins (K-RAS, INK4a, p53 and TGF-p)
regulate directly orindirectly G1
progression, — to E2F dependent S phase
enftry.

DPC- deleted in pancreatic cancer; SMAD —'Sma-2,, (Mothers Against
Decapentaplegic) in Caenorhabditis elegans + Drosophila mad protein
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Comprehensive BRACAnalysis®
BRCA1 and BRCA2 Analysis Result

Test Results and Interpretation

NO MUTATION DETECTED

Test Perdformed

BRCAT sequencing
5-gite rearrangement panel

BRCAZ sequencing

Result

Mo Mutation Detected
Mo Mutation Detected

Mo Mutation Detected

Interpratation
Mo Mutation Detected
Mo Mutation Daetected

Mo Mutation Datacted
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YOVEOOUA KANPOVOUIKNG
Too8IaBeoNC

®» [vooTd >50 cLVEPOUA KANPOVOUIKNG TTeodIaBeong via
KOPKIVO

®» TQ TTEQICOOTEQA KANPOVOUOLVTAI KOTA TOV ETTIKOATN
XAPAKTNPA
» [QuETIKES (germline) peTaAAaEeIg

®» De NOVO YAOUETIKES METAANQEEIC (v avixveLOVTAI OTOLG
YOVEIQ)

®» A0EAvoLV TNV TTPOSIABECN YIA TTEQICTOTEPLOLC TOL
EVOG KAPKIVOU.




Traditional Classification and
Treatment of NSCLC

Classification Treatment: “One-Size-Fits All” Approach

NSCLC

das one
disease
Platinum
l Doublet
Histology-Based Subtyping
Others
11%
Squamo Adenoca
34% 56%

1. Lietal. JClinOncol.2013;31(8):1039.
2. NSCLC: ESMO Clinical Recommendations. Ann Oncol.2007;18:(Supp 2):ii30-i31.




BRCA Deletion/Duplication Results:
NEEC TEXVIKEC

CONFIDENTIAL AMENDED REPORT
L EIRNAE TN

BRACAnalysis® Rearrangement Test
Full Gene BRCA1-BRCA2 Large Rearrangement Analysis Result

Test Results and Interpretation

POSITIVE FOR A DELETERIOUS MUTATION

Test Performed Result Interpretation
BRCAT full gane reamangemeant ’ Mo Mutation Detected Mo Mutation Detected

BRCAZ full gene rearrangement Exon 16 Rearrangement Deletarious
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MULTI-GENE TESTING

Overview of multi-gene testing

* The recent introduction of multi-gene testing for hereditary.®
patients and their families. Based on next-generation 2
associated with a specific family cancer phenotype

+ Patients who have a personal or family history su
genetic testing for that specific syndrome. Whey
may be more efficient and/or cost-effective.

* There may be a role for multi-gene testing in in ' BRCA1/2 te) for a single syndrome, but whose

rsonal or family history remains suggestive

+ As commercially available tests differ in the sp
he specific laboratory and test panel is importa AANAQ

* Multi-gene testing can include “intermediate per y ovidia

gree of cancer risk and there are no clear guideh.

ulti-gene tests are necessarily clinically actionable.

* As is the case with high-risk genes, it is possible that the .. rate-risk genes may not be entirely due to that gene
alone, but may be influenced by gene/gene or genelenvironmem .. .....rr=. I addition, certain mutations in a gene may pose higher or
lower risk than other mutations in that same gene. Therefore, it may be difficult to use a known mutation alone to assign risk for relatives.

* In many cases the information from testing for moderate penetrance genes does not change risk management compared to that based on
family history alone.

* Mutations in many breast cancer susceptibility genes involved in DNA repair may be associated with rare autosomal recessive conditions.

* There is an increased likelihood of finding variants of unknown significance when testing for mutations in multiple genes.

' i LESE i) Olie wi bl L] | JEINS e L LIE M= =R D= A R L= L] =1l RALE SE TU] L e- L LS
test counseling.

idly altered the clinical approach to testing atrisk
s simultaneously analyze a set of genes that are

e are most appropriately managed by

ayvwaoro cancer syndrome, then multi-gene testing

f variants and many other factors), choosing

hese genes, there are limited data on the
nutations. Not all genes included on available

References (GENE-5)




» The normal versions of genes in the first group (whose
protein products stimulate or enhance the division
and viability of cells Jare called proto-oncogenes.

» The mutated or otherwise damaged versions of these
genes are called oncogenes.

®» The genes in the second group (whose protein
products can directly or indirectly prevent cell division
or lead to cell death) are called tumour suppressors.




Oncogenes

» Genes associated with the stimulation of cell division.

» Cancers result from only one mutant allele of gene.




Oncogenes
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There Is a Need for a More Precise
Treatment Approach Based on
Molecular Features in NSCLC

Traditional “One-Size-Fits All” Precision Medicine Approach
Approach Treatment strategy based on
All patients with the same diagnosis patient’s unique genetic profile

Genetic Profile A
Targeted Therapy

Gt = >
' |

Genetic Profile B
Standard Therapy

* Biologic diversity provides opportunities for exploitation of interpatient tumour
heterogeneity by ungrouping a population into molecularly defined subsets in
which mutations and/or abnormal gene expressions drive cancer cell growth
and survival and can serve as drug targets!

» Treatment decisions made based on tumour phenotype and genomic profile
hold the promise to maximize efficacy and minimize toxicity'

Image adapted from http://www.personalizedmedicinecoalition.org/Userfiles/PMC-Corporate/file/pmc_age_of_pmc_factsheet.pdf
1. Lietal.J Clin Oncol.2013;31(8):1039.



Revolution in Cancer Molecular Diagnosis
Involves High-Throughput Technology

1. Histomorphologic Diagnosis:

Clinical & Histology-Based Therapy
{Compound-Based Therapy):
—*  Use clinicopathologic factors to select
available drugs for an individual patient

2. Molecular Diagnosis:

Macro- or
Archival FFPE Archival cancer microdissection Extract tumor
tumor specimens specimens of tumors nucleic acids:

= . =
> >
: \*— DNA and RNA

Representative technologies:

v

Current Personalized Medicine (Target-Based Therapy V1.0): « Sanger DNA sequencing or
Use single gene-based molecular tests to select specific pyroseguencing
drugs for an individual patient = RT-PCR

= FISH
l =[HC

Evolving Personalized Medicine (Target-Based Therapy V2.0): P‘PUCIE?LZZ e';(’éil?;sh:sfmmn el

Use multiplexed molecular tests with increased sensitivity + PCR-based Mass Array SNP Sequenom
and outputs for the therapeutically effective selection of
available drugs for an individual patient Initial High-Throughput Technologies:
= SNP/CNY DMNA microarray
l » RNA microarray

= Epigeneti dificati
Future Personalized Medicine (Patient-Based Therapy): pigenete modimeations

Use an integrated genomic profile from high-throughput MNext-Generation Sequencing:
next-generation sequencing to tailor targeted treatment for » Whole genome or exome capture
an individual patient sequencing (DNA)

» Whole or targeted transcriptome
sequencing (RNA)
» Epigenetic profiling

Liet al. J Clin Oncol.2013;31(8):1039.



The Importance of Validation in
Bilomarker Development

» Mutations are abundant in cancer cells

» “Driver” mutations are defined as mutations involved in
development or progression of a tumour

» Constitute the minority of mutations

» A subset of drivers (such as EGFR or ALK) and their
component cellular pathways may be “actionable” (i.e.
have significant diagnostic, prognostic, or therapeutic
implications in subsets of cancer patients and for specific
therapies

» Most mutations do not appear to play a role in cancer
progression

» “Passenger” mutations are indicative of a high mutation rate
resulting from carcinogens and DNA instability

Dancey et al. Cell. 2012;148:409.




» Kras mutated and constifutively active In
~40% of colon cancers

» | arge effort has gone into whole
genome sequencing of tumors and
comparison to hon-tumor DNA from
same patient

» \What are main resultse
» several hundred oncogenes
®» several hundred tumor suppressor genes

®» organized in at least tens of pathways




AIEICOLTIKOTNTA TV YOVISIWV
& oLXVOTNTA OTOV TTANBLOUO

High-penetrance, rare cancer
predisposition genes
(Relative risk =2 5.0)

P53
APC
CDH1 BRCA1 BRCA2

MLH1 MSH2
PTEN
STK117

High Penetrance

[+ 4}
N CDKN2A Moderate-risk alleles
t.:.;) MSHE {Relative risk 2 1.5 and < 5.0)
:tqz’ PMS2
(v} Genome-wide association studies
% ATM CYPIA? Low-penetrance, high-frequency
> APC (11307K) CHEK? risk alleles®
5 , :
S BRIPT PALB2 (Relative risk < 1.5)
L BLM (BLM*™) P
a. GSTM1 JAK2' 8q24iocus Gidain
KITLG'
CHRNA3 CHRNAS
CHRNB4 FGFR2

NUDTI0 NUDT 1Y

b Common

Population Frequency

Stadler Z K et al. JCO 2010,28:4255-4267

©2010 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY




KapKivoc TOL JAOoTOL KAl WOBNKWYV

Taéivopnon

KANPOVOMIKOG




[T0COOTO KANPOVOUIKOTNTAG;

15%-20%
5%—10% 5%—10%
APKIVOC NAOTOUL Kapkivoc moBnKwv
2TTOPASIKOGC
B Oikoyevng

B K\npovopuikog



KANOOVOUIKO GOVOOOUO
UAOTOL KAl WOBNKWYV

» ~90% TOL KANPOVOUIKOL (OONKIKOL KAPKIVOL

®» 30-70% TOL KANPOVOUIKOUL KAPKIVOL TOL UACTOL
®» ALENUEVO KIVOLVO EUPAVIONC KAPKIVOL TTPOCTATN
» YrreOOvLva yovidia : BRCAT, BRCA2

® Y OXVA TOITTAG APVNTIKOI KAPKIVOI TOL JAOTOU




[ovibia oxeTI(OUEVA UE TOV
KOPKIVO UAOTOL & WOBNKWV

Gene

Associated syndrome

Major associated abnormalities

BRCAI

BRCA2

TP53

CDHI
STK11

Mismatch repair genes
(MSH2, MLH1, MSHe6,
PMS2, EPCAM)

Hereditary breast cancer and ovarian cancer

Hereditary breast cancer and ovarian cancer

Li-Fraumeni

Cowden/PTEN hamartoma

Hereditary diffuse gastric cancer

Peutz-Jeghers

Lynch (hereditary nonpolyposis colon cancer)

Breast, ovarian, fallopian tube, male breast,
pancreas, prostate cancers

Breast, ovarian, fallopian tube, male breast,
pancreas, prostate cancers

Breast cancer, soft tissue and bone sarcomas,
leukemia, brain cancer, adrenocortical cancer,
choroid plexus cancer, bronchoalveolar lung
cancer

Hamartomas, papillomas of the lips and mucous
membranes, acral skin keratoses, trichillemmomas
of skin, macrocephaly, breast cancer, endometrial
cancer, non-medullary thyroid cancer, colon
cancer, renal cell cancer

Lobular breast cancer, diffuse gastric cancer

Hamartomatous gastrointestinal tract polyps;
characteristic mucocutaneous pigmentation;
cancers of the breast, small bowel, stomach,
colorectal, pancreas, lung, endometrium

and ovary; sex cord tumor

Colon, endometrial, ovarian, stomach cancers
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BRCA voviéia

BRCAI1 (17g21) 19941
BRCA2 (13q12) 19952

®» Y LXVOTNTA:

= 1/500-1/800 (0.2%) oto 3¢ 3} Y& 2f {( (& K
YEVIKO TTANBLOUO :

-

» 1/50 (2%) oTn (LAN 3
aokevadlv 1
;

3 14 15 16 17
i
9

®» AIQPOPETIKEC
UETOAAQEEIC evToTTiCOVTAl
o€ SIAPOPETIKOVLGS
TANBLOPOLC




MeTOANOEN-BRCA yovidia

» OYKOKATAOTAATIKGO YOVIdIa
®» FUTTAEKOVTAI OTN PLBUICN TOL KLTTAPIKOL KLKAOUL
® FummAékovTal oTnyv emdiopBwon Tov DNA

®» O HETOAANQEEIC TOLG ETTITPETTOLY TNV CLOCWPEELON
AANQV HETAANQEEWY KAl TN TTOOAYWYN TNG
KAPKIVOYEVEONG

®» ADTOOWMPATIKO ETTIKOATNTIKO TTOOTLTTO JETAAAAENG




MeTaANaceic oTa yovidia BRCAT & BRCA?2
£ENYOLV LOVO £VA TTOOOOTO TWYV TTEQITITWOEWV
LAOTOL/WOBNKWYV

‘//

‘/.O

McClellan J, King MC. Cell 2010

Walsh T, King MC. Cancer Cell
2007




KANOOVOUIKO IOTOPIKO:
KapKivOC yaoToL KAl WOBNKWYV
OTO 1610 YEVEAQAOYIKO SEVTOO

e &

0 BR, 42 OV, 42 45
d. 42
; J
BR, 45 45 43 40 38 36

d.47 Met BR, 43




A10SIKAOIA YEVETIKNG
OLUPOLAELTIKNG

» AfIoOAOYNON OTOXWV & TTPOCSOKIWV TLUPROLAELOUEVOL

» AfloAOynon KIvELVOL: AWN OIKOYEVEIOKOL ICTOPIKOL &
(PLOIKN £€ETAON

» Aapopodlayvwon

» 0{NTNON KANPOVOUIKOL CLVSPOUOL ( KIVOLVOG
KAPKIVOL, OTPATNYIKES MEIONG KIVESLVOU )

®» EmMAOYEC YOVISIOKOUL EAEYXOUL (OpEAN, KivOLVOI,
TTEQIOPICUOI)

®» [OVISIOKOC EAEYXOC

® JOVEXION TTAPAKOAOLONONC




[TANPOPOPIEC ATOUIKOU
AVAUVNOTIKOL

HAIKia

ATOUIKO QVAUVNOTIKO KOAONBWV/KAKONBWYV OYKWV
Meilova voonuata

NoonAeiec

Xelpovpyeia

Biowieg

AVATTOPAYWYIKO IOCTOPIKO
[MOOCLUTTTWPATIKOI EAEYXOI VIO KAPKIVO
[MePIBAANNOVTIKEG EKOETEIC

EOvikoTnTC




ANWnN OIKOYEVEIAKOL
IOTOPIKOL

®  ATTQPQiTNTN N ANWN OIKOYEVEIAKOL IOTOPIKOL TRV TRIWY TEAELTAIWV
YEVEQV

®  JOUTTANPRON EPWTNUATOAOYIOL OXETIKA HE TNV KATAYWYI), PLOIKEG
5pa0TNPIOTNTES

®»  AIGTPOPIKEG OLVNOEIES, TO IATPIKO ICTOPIKO TOL ACBEVOLG
® [IANEN KAIVIKO-TTABoAOYIKG Seboueva

» 11.X. Dopeigc BRCAT gugavidovy apvNnTIKOLG LTTOSOXEIG OICTPOYOVWV

» v Popeic BRCA2 gugpavifouy BeTIKOLG LTTOSOXEIG OICTPOYOV WV

= HmaBoyovog yetTaAAagn ptropei va kAnpovouneei €€’ icov armo Tov
TTATEQA KAl TN pNTEPA

» Ol appeveg popeic oto BRCAT cuvnBws sev avamtdocoovy TN VOO O

= Ol yuvaikeg Ppopeig peTaAAagewy 010 BRCAT avammvocoouy TN vOoo
TTOAD VWPITEQLA ATTO TIG pOoPEIC oTO BRCA2




YTOATNYIKN YOVISIAKOU
EAEYXOL

» O yoVISIOKOG EAEYXOG .—J ® ®
TTOETTEl VA YiVEl OTO 61y pod] 50y
ATOMO TTOUL €ival TTIO DCIS, 58 rCa 40y

' : Stage | BRCA 60
mMOAvo va PePEl

HETAANaEN !
= 5N EPUPAVIOE KAPKIV O

paoToL A/Kal Carol  Beth S
WOBNKWV 3Ty 35y
» £UPAVIOE TOV KAPKIV: g:gz ggyy

pacoToL f/Kal
WOONKWY OTN

MIKOOTEPN NAIKIC To mo KataAAnAo aropo Sev &ival

= QUPOTEPOTTAELEN mavra siae&oipo !
eKSNAON




MaBNUATIKA HOVTEAD
[MBavoTNTa POPEIAC UETAANAEEWVY

» Av mOavotnTta popeiac > 10% TOTE TTOAYUATOTTOIEITA
YOVISIAKOG EAEYXOC

» BRCAPRO 1Mo aflommoTo

®» YTTapXoLV SIAPOPA UOVTEAD




[1o¢ dievepyeital © FovISIaKOC
ENEYXOC;

®»  ATTAN ANWnN QigaTtog
» J¢ efeibikevpeva epyaocTnEIa MEVETIKNG

®» Me €16IKO £€WTEPIKO TTOIOTIKO EAEYXO

» FEjval diamoTevpeEva




MEBOSOC

®» H yeVETIKN AVAALON TNG AAANAOLXIAC TWV PATEWY TWV
yovibicov BRCAT kal BRCA2 (DNA sequencing): n
EYKLPOTEPN PEOBOSOC YIa VA avIXVELOOLYV Ol UETAANAEEIC
TTOL OXeTICOVTAI PE TNV KANPOVOUIKN TT0081a0e0N
EUPAVIONC KAPKIVOL TOL PJACTOL KAl QOBNKWV

» 99 % evaicONoia

» MEBOSOC YIA TOV EVTIOTTIOHO HEYOAWV YEVETIKGWV
avadiatacewV (eEANEIPEWY, avadITTAACIACUWV) TTOL
atrevepyoTttolovy Ta yovidia BRCAT kal BRCA2




Existing and emerging

seguencing technologies.

Sanger sequencing Massively parallel Emerging sequencing
sequencing technologies
Amount of input DNA High: micro- to Moderate: Low:
nanogram nanogram Q picogram L

Library amplification
method

Bacterial cloning

SSREED

PCR amplification, added
sequences

No amplification of
template

Sequencing reaction

Dideoxy chain termination

Sequencing-by-synthesis
Sequencing-by-ligation

Sequencing-by-synthesis
Sequencing-by-degradation

Capture of signal

Fluorescence-based imaging

Sequential steps of imaging
(fluorescence or light) and
washing

Direct inspection of the
DMA molecule

<

o

i A
Time (ms)

Read length

Moderate (800-1,000 bp)

Short {50-500 bp)

Long (1,000-10,000 bp)

Resolution of signal

Averaged across many copies
of DNA

Averaged across many
copies of DNA

Single-molecule resolution

Raw read accuracy

High

Moderate

Low

Cost per bp sequenced

High

Low

Very low




[OVISIOKOC EAEYXOC
[Tov;

» HAIKIO -KATW TV 50 £TCOV.
®» TOITTAG ApVvNTIKOG KAEKIVOG TOL JACTOL
» OIKOYEVEIAKO IOTOPIKO

®» KAPKIVOL OBNKWYV

®» QVTPIKOL KAPKIVOL HaoTOL
®» (POLAN TV Aokevalv

®» AVO oLYYEVEIC 1oL BABUOL PE KAPKIVO HACTOL




[OVISIOKOC EAEYXOC
[1ov;

®» [JOANQTTIAQ TTPWTOTTAON VEOTTAOOUATA OTO I810 ATOUO

®» [TOANATIAEG SIQYVWOEIC KOKONBEIAG, CLUPATES UE
OLYKEKQIUEVA CLVEPOUA (TT.X. MAOTOL & WOBNKWY N
TTAXEOC EVTEQLOL & evOOUNTPIOL)

®» AIQYVOOEIC O TTOMNATIAEG YEVIEG



[OVISIOKOC EAEYXOC
Nari;

» AvayvpEIon TOL KANPOVOUIKOU KAPKIVOUL
®» [Jpwiun S1IAyvwon TOL KAPKIVOL
» EVTATIKN TTAPAKoOAOLONON

®» [TooPLAAEN (XNUEIOTTPOPLAAEN - XEIPOLPYIKN)



MYRIAD@

Cancer risk reduction (%)

20

100

fl

NCCN recommended Medical Management Reduces Cancer Risks

Oral Contraceptive

Tamoxifen Mastectomy

Oophorectomy

As much as

® Ovarian Cancer

m Breast Cancer

Asmuch as
53%

Al keast

As much as
68%

As much as




ATTOTEAECUATA YOVISIAKOU
EAEYXOL

®» FOpeon peTaAaéng —> OETIKO
®  Acv avixveveTal HETAOANAEN —> APNHTIKO
® FOPEON YEVETIKNG AAAAYNC AYVWOTNG ONUACiag




