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Mopiakn Tavtonoinon tou Kapkivou

Multidisciplinary Approach to Diagnosis @

Information | _ ! '
* Chnical examination _ ,

* Beeast imaging
* Tumour size ,
* Menopause status S

* Age at dugnosis —{, '
* Family Nstocy : .

MUK




Edbappoyn HOPLOKWV TEXVIKWV OE LOTOAOYLKA UALKQ

e Real-time Polymerase Chain Reaction (real time-PCR)
* Fluorescent in situ hybridization (FISH) - Chromogen in situ hybridization (CISH)
* Next generation sequencing (NGS)



Real time-PCR

v' 'ETOLHOL EKKLVNTEC

e Auvvatotnta noAAanAactacpou piog aAuoidag VOUKAEIKWY o0¢EwV OALYOVOUKAEOTIS LGV
* Ofppavon — anodiataén eAikwv — ntwon Oeppokpaciog — aAnAouxtwv (primers)
ouv8eon primers pe DNA-otoxo — Oéppovon oto onHeio Tou n v’ 'Eva piypa tpidwodopikwv
DNA pol va epdavilel BéAtiotn eviupkn Spactnprotnta — beoguvoukAeotidiwv (dATP,
oUvOeaon VOUKAEIKWV aAuoidwv dCTP, dGTP, dTTP)
v' Mo BeppoavOektikr) DNA
TOAULEPALON

* Pros: amAn, yprnyopn, oXeTka xapunAou kootoug Stadikacia, 0Lk, EUKOAN
QVLXVEUON YOVLOLOKWY TIPOIOVTWY

* Cons: evioyuon plag CUYKEKPLUEVNC YEVETIKAG B€ong, mpoUTtoBeTeL yovidLa-
OTOXOUC LE YVWOTH OAAA N aAAOLWUEVN Soun

Real-Time (R quantitative) : tautoxpovn (real time) pétpnon TN ocUYKEVTPWONG Tou rapayopevou DNA, mapExovtag £ToL
TIANPOdOPLEC OXETLKA UE TNV APXLKA TTOCOTNTA TOU HEAETWHEVOU YOVIOLOKOU TUMOTOC



Fluorescent in situ hybridization (FISH)

e XUvbéeon (uBpldlopog) onpaocuévwv (fluorescently
labeled) aviyveutwv pe ouykekplpévee DNA
TLEPLOXEC EVOLAPEPOVTOC

 Meyadlo MEYEOOC TWV  XPNOLUOMOLOUUEVWV
avVIXVELTWV (Ttn¢ Ta&nc twv 100-200 kb)

 ‘Ymapén OSOMIKWV N APLOUNTIKWYV YXPWHOCWULKWV
OVWHAALWV

 Aev givan gvaiocOntn ywa tnv aviyvevon HOPLOKWV
Slatapayxwv tng Ta&ng peyEouc katw twv 20 kb (my.
TPOTIOTIOL|OELG LENOVWHEVWV VOUKAEOTLSIWV)

* Edapuoletar oe ocvpuBatikd moOOAOYKO LOTO -
npoBAnuatikn epoppoyn o€ ootitn LOTO



Napadeiypata epappoyng FISH otnv oykoAoyikn

LotonoOoAoyla
TOMoC popLaKNG SLataPaxnC TUMOC VEOTTAQGLOTOG

oAlyobevdpoyloiwpa 1p-, 199-
oupoBnALlako Kapkivwua +3,7,17; 9p-
Awaypadéc yovidiwv KopKivog Tivelpoval +7p, 89, 5p, 6
TIPOOTATIKO adEVOKAPKiVWHAL 8p-, 8q+
HNViyylwpo NF2 (22q-)
adevokapkivwpa paotol HER2/neu
Evioxuon yovisiwv veupofBAdoTwua N-myc
pHueAoBAACTWHOL MYCN, c-myc
adEVOKAPKIVWUO OTOUAXOU HER2/neu
odpkwpa Ewing/PNET EWS/FLI1, EWS-BA
OuUVOBLaKO CAPKWHA SYT-SSX, SYT-BA
AepdolldLako Asppwpa IGH/BCL2
AEpudwpa Burkitt Myc-IGH, MYC-BA
AwapetaBeon Aépdwpa pavdva IGH-CCND1
XpOvia LUEAOYEVAC Asuyatpia BCR-ABL
KU eALSLKO pafdopuvocapkwpa PAX3-FKHR, FKHR-BA

AUtocAapKkwua MDM?2, CDK4



Xpwpoyovoc in situ uBpLdiopoc (CISH)

H dtadopa anod tnv péBodo FISH sivar ot n CISH
okoAoUOel tn pebodoAoyia tnG avoooictoxnUeiog
yla Thv aviyxveuvon tov npoiovtoc tng aviidpaonc
UBpLOLOpOU, OnNAadn TNV MEAETN XPWHOYOVOU
onpoatoc o€ eninedo pwtovikoU ULKPOOGKOTIiOU.

Xpwpatiky onpavon He dwyofyevivn, PBrotivn-
otpentafidivn i SwopvoPBevitdivn, Swadikaocio
TOPOMOLA HME QT TOU oKOAouOsitaLr otnv
OlVOCOLOTOXNHEL.
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MeAétn tn¢ evioyvong tou yovidiov HER2 o€ kUttapa
QOEVOKAPKIVWUATOC TOU UAOTOU (UE MPACIVO XPWHUO
ol adpoioeic tn¢ oykonpwrteivne HER2 Kat pe KOKKLVO
Xpwua To xpwuoocwua 17)
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Genome Sequencing

Whole genome
MFDIDIDITDIDI
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Fragments [T o I mm
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Coverage: All genes and non-coding DNA
Acuracy: | ow

Time: Longest turnaround lime

Cost: Mast expensive

Depth: >30X

Next-generation seqencing (NGS)

H tautoxpovn Kot eVpeia aAAnAoUxLon MOAAATTAWY YOVLSLOKWV OTOXWV HE VP NAN akpifela

Next Generation Sequencing

Fragments ?ﬂl’? ‘g@
Reads :_-_ :::::
>50-100x -— —

Coverage: Entire exome (20-25k genes)
Acuracy: Good

Time: Long turmaround time

Cost: Cost-effective

Depth: >50-100X

®
Targeted Gene Panel

Gene1 Gene2 --- Gene N
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Coverage: 10-500 genes

Acuracy: High

Time: Rapid turnaround time (few days)
Cost: Most cost-effective

Depth: =300X




MNapadeiypota oykoyovidiwv Kol OyKOKOTOOTAATIKWVY yovidla

Oykoyovidia OyKOKOTAOTAATLKA yovidLa

HER/neu BRCA1, BRCA1l
KRAS p53
NRAS pRb
BRAF T Sowiiviaton-i % PTEN
MET GENES| ™9™ vy-Srmsacmeemn | pagp
AKT1 These are all A PC
CTNNB1 7% RaR INK4

s ' .Ra
Protein kinases or proteins
that activate protein kinases

Proteins that

affect apoptosis
o 9- : OProteins that

control cell cycle

F‘f‘) e.g., Cyclin D1
AGRRK

Figure 16-20 Cell and Molecular Biology, 4/e (© 2005 John Wiley & Sons)



Napadeiypota

£PAPHOYWV HOPLOKWV TEXVIKWV
otnV KAWLKN mpaén tnc oykoAoyiog




Kapkivoc Mvevpova

a Early stage b Metastatic
FGFR1 or FGFR2 0.7% RIT10.2%

HRAS 1.2%
NRAS 1.2%
MAP2K1 0.7%

ERBB2 amplification 2.7%
MET amplification 2.5% &
RET fusion 2.3%

ROS1 fusion 1.9%

FGFR1 or
FGFR2 2.6%

RIT1 1.6%

HRAS 0.5%
NRAS 0.5%
MAP2K1 2.2%

ERBB2
amplification 1.6%

ALK fusion 4.4%

MET amplification MET splice 3.0%
1.7%

RET fusion 0.3%
ROS1 fusion 0.9%
ALK fusion 0.8%

ERBB2 3.8%

NF1 truncation 1.9%

MET L
splice 1.4% 1.8% i 010

Data from TCGA (Sanchez-Vega et al.*”®, Ellrott et al.*”? and
Hoadley et al.**®), Imielinski et al.%* and Kadara et al.*** (n = 741)

Data from MSK-IMPACT (Jordan et al.*®) and
FoundationOne (Frampton et al.**) panels (n = 5262)

Skoulidis F, Heymach JV. Co-occurring genomic alterations in non-small-cell lung cancer biology and therapy. Nat Rev Cancer. 2019;19(9):495-509.



Kapkivoc Mveupova

Mati avalNTOUE TIC CUYKEKPLUEVEC YEVETIKEC AAAOYEC OTOV KOPKIVO TOU MVEVHOVQ;

Gefitinib S
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Crizotinib “

Ceritinib z l

L
Alectinib &= Entrectinib s mm 4

Larotrectinibs w » »”
Brigatinib

Ensartinib

Lorlatinib



Kapkivo¢ Maoctou

Normal breast cancer cell Abnormal HER2+ breast cancer cell

Avalntnon vnepékdppaonc vtodoxsa HER2 f | "‘ v
o ’ ’ ’ Signal : : .}'
Avoooictoxnpetia Kat rni evéeiéewv FISH/CISH | - - -
| Nucleus / ( \,
| ~N=—y

Normal amount of HER2 receptors Too many HER2 receptors send

send signals telling cells to grow more signals, causing cells

and divide.” to grow too quickly.’

Avalntnon petaAAa&ewyv avitiotaonc otov oppovoBeparmneio (ESR1, PIK3CA)

Enti evdeiéewv yovidLakog EAeyX0oG yia KANPOVOULKO KOLPKLVO Lo.oToU



Kapkivoc Maotou — Novidlakeg umtoypadEc

NGS tests pe panel yovidiwv nouv
yivovtal oto LoTOAOYLKO UALKO
TOU OYKOU Kall £XOUV
TMIPOYVWOTLKN Kot TTPOBAETTTIKA
aia yia tn xopnnynon adjuvant
XNHELoOepameiog

EARLY HR+/HER2- BC PATIENTS

....................

.................
....................
...................

....................

100 BC pts 65 HR+/HER2- BC pts candidate to HT 50 HR+/HER2- BC patients
20% HER2+ BC 5% 24 node positive potentially candidate CT + HT
15% TN BC 2-3% too frail for CT (5 years or more)




Kapkivoc NMaxeoc eviepou

Right-sided Left-sided

Anti-PD1 MSI-H

Bev + Triplet CT BRAF MT 15575 HER2-targeted agents

TKRAS MT PTKRAS WT
M AREG/EREG

Bevacizumab + CT

Anti-EGFRs + CT




Kapkivoc woOnkwv

Evéeikvutoun o EAey)O¢ yLa

Homologous Recombination

Deficiency (HRD) pe NGS panel

* 48% - 50% HRD+ (nepinov to 50%
e&’avtwv gival BRCA (+) )

* 50-52% HRD (-)

Z€ OLUTEC TLG TLEPLUITTWOELG
gvéeikvutal n xopriynon
PARP inhibitor




MeAavwpo

heRl MAPK Signaling Is Constitutively Activated, with Nearly Half of
All Melanomas Harboring V600 Mutations in BRAF

Growth factor/receptorupregulatio
HGF, PDGFR, |

Dy
11 )|




Mopiakn Tavtonoinon — Genomic Studies

Cases by Major Primary Site

e The Cancer Genome Atlas
(TCGA)

* The International Cancer
Genome Consortium (ICGC)




Yypn Boyia



Yypn Boyia

bud

e Circulating Tumor Cells
(CTCs)

e cell-free DNA (cfDNA) -
circulating tumor DNA
(ctDNA)

* cell-free RNA (mRNA and
microRNASs)

e Extracellular vesicles
(exosomes)

P, Screening and early
| s’ detection of cancer
@ () '

Secretion

' thetapeutlc
decision-making

i i

Real-time

Necrosiss

Primary Tumor

& resistance

Apoptosis

Yang et al. Ann Oncol. 2018



Yypn Bloyia — poplakn tavtonoinon

—— Copy number
|| alterations

Rearrangements

5 Methylation
)/ changes

4 Exosomal DNA

S /

Wan et al. Nat Rev Cancer. 2017



Yypn Bodia

Quantitative analysis
# Dizease staging
* Response monitoring
* Prognostication

e l :
Serial liguid biopsies .
(SN0 N | N N

Cancer detection: Molecular Detection Monitori Monitori
—*  screening or profiling or of residual onitoring I““ Imm?ut'
earlier diagnosizs ~ prognostication disease response e
NI N
@ Clone 1 N n N ::H
i) Clone 2
®Clones | /\

= Genomic analysis
Tq_, * Mutation profiling
s * Treatment selection
@ * Monitoring clonal
i ! evolution

Time ! ' !

ISurgery {or other) IJ | Treatment 1 Treatment 2 |

\L Treatment selection —//

Wan et al. Nat Rev Cancer. 2017



ETEPOYEVELO TOU KOPKIVOU

a Spatial heterogeneity b Temporal heterogeneity

First-line == Second-line == Third-line

Dagogo-Jack I, Shaw AT. Tumour heterogeneity and resistance to cancer therapies. Nat Rev Clin Oncol. 2018 Feb;15(2):81-94.



ETEPOYEVELQ TOU KOPKIVOU

A Biopsy Sites
Q wng @
() metastases
M2a
Q
Chest-wall
M2b metastasis
Perinephric \
10cm metastasis
M1

B Regional Distribution of Mutations
Ubiquitous Shared primary Shared metastasis
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Gerlinger M et al. (2012) N Engl J Med.



YUMTTEPACLOTO

* H poplakn Tautonoinon Twv VEOMAQOHATWY EiVal AVATOOTOCTO
TUAMO TG oUYXPOVNG OYKOAOYIOG

* MapéxXeLl SLAYVWOTIKEC, TTPOYVWOTLKEG, MPOPAENTIKEC MTANPOPOPLEC

e Amapaitntn n yvwon Twv HoPLAKWV TEXVIKWV

* AVOYKOLOTNTO N CUVEXNG EVNUEPWON OE Eva SLopKwC EEEALGOOMEVO
nedio



> EAAHNIKH AHMOKPATIA “Vays%  ['TAGOAOTIKH KAINIKH KA OMQONYMO EPTAZTHPIO
. ,
R E0vwion kaX Kecuasarpramoy IATPIKHE EXOAHE EKMA, T™NA «H ZQTHPIA»
% Movemotpiov Adnvov
\PYOEN TO I AIEYOYNTHE: KAGHTHTHE K.N. EYPIFOE, MD., PhD, FCCP

Euxaplotw moAv yia KEEP
Tnv npoooxn oog! CALM

AND

LOV
ONCOLOGY




