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Tumorogenéza

Aktivdcia invdzie a metastdz je jednym zo zdkladnych znakov tumorogenézy

Priblizne 20 % Umrti mozno pripisat pokrocilym metastatickym ochoreniam
pripisat’ p y y

Je dolezité identifikovat genomické rozdiely medzi metastatickymi a primdrnymi
nddormi a zhodnotit' ich vplyv na vyvoj ochoreniaq, rezistenciu na liecbu

Toto poznanie moéze pomoct pri vytvoreni UCinnejsich lieCebnych rezimov
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Co ,,trdpi“ genetika

Co je primdrny nddor a ako sa lisi od metastatického nddoru na genomickej Grovni?

Aké sU hlavné molekuldrne zmeny, ktoré su typické pre metastatické nddory v porovnani s primdrnymi?

Existuju rozdiely v expresii génov v zdvislosti lokalizdcie metastaze

Ako moézu mutdcie v niektorych ,,driver génoch” ovplyvnit metastaticky potencidl nddoru?

PreCo niektoré typy nddorov vykazujo vyrazné zmeny v molekuldrnom profile pocas prechodu do
metastatického stadia, zatial ¢o iné nie?

SU zmeny spdsobené samotnym metastatickym procesom, sU0 stochastické alebo s0 vysledkom
protinddorovej liecby?

Ako ovplyvnuji exozdmy proces metastdzovania?




Genome data Mdme data?

Article

Pan-cancer whole-genome comparison of
primary and metastatic solid tumours

hitpss/idol.org/101038/E41586-023-06054z  Francisco Martinez-iménez'™, All Movasat!™, Sascha Remy Brunner™, Luan Nguyen™*~,
Peter Priestley®, Edwin Cuppen' ™ & Arne Van Hoeck'

recelvad: 28 June 2022

Accepted: 5 April 2023
Published online: 10 May 2023

Metastatic cancer remalns an almost Inevitably lethal disease' *, A better understanding
of disease progression and response to theraples therefore remains of utmost
Importance. Here we characterize the genomic differences between early-stage

® | Check for updates untreated primary tumours and late-stage treated metastatic tumours using a
harmonized pan-cancer analysis (or reanalysis) of two unpalired primary* and
mietastatlc cohorts of 7, 108 whole-genome-sequenced tumours. Metastatlc tumours
In general have alower Intratumour heterogenelty and a conserved karyotype,
displaving only amadest Increase In mutatlons, although frequencles of structural
varlants are elevated overall. Furthermore, highly varlable tumour-specific
contributions of mutatlonal footprints of endogenous (forexample, SBS1 and
APOBEC) and exogenous mutational processes(for example, platinum treatment)

are present. The majority of cancer types had either moderate genomic differences
(for example, lung adenocarcinoma) or highly consistent genomic portraits (for
example, ovarlan serous carclnoma) when comparing early-stage and late-stage
disease. Breast, prostate, thyrold and kidney renal clear cell carcinomas and pancreatic
neuroendocrine tumours are clear exceptions to the rule, displaylng an extensive
transformation of thelr genomic landscape In advanced stages. EXposure to treatment
further scars the tumour genome and Introduces an evolutlonary bottleneck that
selects for knowntherapy-resistant drivers In approximately half of treated patlents.
Our data showcase the potentlal of pan-cancer whole-genome analysis to Identify
distinctive features of late-stage tumours and provide a valuable resource to further
Investigate the blological basls of cancer and resistance to theraples.

Open access

Stock Images, Photos, Vectors, Video, and Music | Shutterstock
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WGS

Stddia Edwin Cuppen a kol. 2023

Celogendmovd analyza - genomické rozdiely medzi lieCenymi metastatickymi nddormi v pokrocilom stddiv a
nelieCenymi primdrnymi nddormi v pociato¢nom stadiu

Harmonizovany WGS dataset 7108 nddorovych vzoriek zo 71 typov nddorov, vrdtane viac nez 4700
metastatickych vzoriek z databdzy Hartwig Medical Foundation (Hartwig) a viac nez 2300 nelieCenych
primdrnych vzoriek z konzorcia Pan-Cancer Analysis of Whole Genomes (PCAWG)

Vybranych 5365 vzoriek (3451 metastatickych a 1914 primdrnych) z 23 typov nddorov zo 14 tkaniv, aby
sa preskumali genomické rozdiely medzi metastatickymi a primdrnymi nddormi

1.x historicky vytvoreny kompletny WGS dataset pre primdrne a metastatické nddory pouzitim jednotne
spracovaného postupu

Pan-cancer whole-genome comparison of primary and metastatic solid tumours | Nature
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Molecular Signature

Zvysena klonalita v metastatickych nadoroch

NiZSia intratumorova heterogenita v metastatickych nadoroch

Konzervovany karyotyp s miernym narastom mutacii

Metastatické nddory stitnej zlazy, prostaty a clear cell renal ca vykazovali
vyrazné dodatoéné zmeny karyotypu v porovnani s primdrnymi nddormi

Avsak, frekvencia struktirovych variantov je v metastatickych nddoroch vyrazne
zvysena

Variabilné mutacné profily

R6zne nddory akumulujo mutdcie odlisne na zdklade svojho typu a histérie liecby

Stock Images, Photos, Vectors, Video, and Music | Shutterstock
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Molecular Signature

TMB nie je nevyhnutne indikdtorom stavu progresie nddoru

Mutacné spektrd su vyrazne formované mutaénymi procesmi,
ktoré boli uz aktivhe pred a pocas vyvoja primdrneho
nadoru.

3 driver gény (TP53, CDKN2A a TERT) naprie¢ viacerymi
typmi nddorov, ¢o naznaduje, ze zmeny v tychto génoch
mozu podporovat invazivnost tym, ze zasahuji do
tumorogenézy napriec réznymi druhmi nddorov.

Zmeny v géne TP53 boli casto relevantné pri viacerych
rezistencidch na liecbu, ¢o naznacuje, Ze takéto varianty
mozu byt potencidlnymi prediktivnymi markermi

Metastatické nadory vykazovali vysokd genomicko
instabilitu

5 typov nadorov (prostata, Sstitna Zlaza, prsnik,
neuroendokrinné ca pankreasu, renal cell karcinémy)
vykazovalo intenzivhu transformaciu profilu v
pokrocilych stadiach
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Molecular Signature

Ci viak metastatické nadory predstavujy jedineénd skupinu
primdrnych nddorov, ktoré nakoniec progredoovali (teda
primdrne nddory boli "narodené byt zlé“)

— ———— e — —— = —————— —— — — e —— e —— — e ————

alebo <¢i existuju stochastické spustace metastatického
ochorenia v relativne indolentnych primdarnych nddoroch,

Stale nie je jasné!

Na Uplné zodpovedanie tejto otdzky by boli potrebné
vadsie pan-cancer subory pdrovanych biopsii od rovnakého
pacienta

Genomické zmeny nedokdzu Uplne vysvetlit vznik metastdz

a ndaslednu rezistenciu

Bude ddlezité vyuzit informdcie z mikroprostredia nddoru a
d’aldich "omics" $tadii
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Exozédmy a ,,pre - metastatic niche”

Priprava vzdialenych tkaniv na ,,prichod" metastatickych buniek - premetastatickd niche

Uprava extraceluldrnej matrix: uvolnovanie enzymov, ako st metaloproteindzy (MMPs), ktoré degraduji extraceluldrnu
matrix a pripravuju tak miesto pre invdziv metastatickych buniek

Prenos molekdl, ktoré aktivuju signdlne drdhy potrebné na prezitie nddorovych buniek v nepriaznivom prostredi

Ovplyvnujo bunky v cielovom tkanive tak, Ze ich preprogramuji na podporu rastu metastdz

Stimuluju rekrutdciu imunosupresivnych buniek, ako s0 myeloidné supresorové bunky alebo makrofdgy typu M2, ktoré
podporuju rast nddoru

Obsahuju proangiogénne faktory, ktoré stimuluju tvorbu ciev zdsobujicich nddor kyslikom a zivinami

Prendsaju molekuly, ktoré prispievaju k odolnosti nddorovych buniek voci chemoterapii

miRNA, ovplyviujiu expresiu génov spojenych s apoptdzou, Co umoznuje nddorovym bunkdm rezistenciu proti liecbe

Nddorové bunky, ktoré ,prezijt chemoterapiv®, mézu uvolnovat exozédmy obsahujice molekuly rezistencie, ktoré potom
absorbuju ostatné nddorové bunky.

Je mozné ich "naprogramovat™ na prenos terapeutickych latok, ako su lieky, miRNA alebo siRNA, priamo do nddorovych
buniek alebo do inych buniek mikroprostredia, ¢im by mohli zvrdtit podporu rastu nddoru alebo zlepsit odpoved na
liecbu




NCCN/ ESMO/ ASCO testovanie biomarkerov

metastaticky karcindm prsnika

Printed by Regina. Lohajova Behulova on 7/23/2024 7:18:17 AM. For personal use only. Nol approved for distribution. Copyright @ 2024 National Comprehensive Cancer Metwork, Inc., All Rights Reserved.
National i i i NCCN Guidelines Index
comprehensive NCCN Guidelines Version 4.2024 _Suideines lndex
Ao ancer Invasive Breast Cancer Discussion
Network
TARGETED THERAPIES AND ASSOCIATED BIOMARKER TESTING
FOR RECURRENT UNRESECTABLE (LOCAL OR REGIONAL) OR STAGE IV (M1) DISEASE
Biomarkers Associated with FDA-Approved Therapies
Breast Cancer Biomarker Detection FDA-Approved Agents NCCN Category |NCCN Category
Subtype of Evidence of Preference
- o . . Preferred second-
:E'szci ?\Igg{iv W ﬁa‘lﬁgﬁ.‘;‘amwaﬂng EISUS{:I Ee%lgt(iﬁ?{lﬁﬂd O tmor Bague & Alpelisib + fulvestrant® Category 1 or subsequent-line
therapy
Preferred second-
-4 4 M 13 ké s PIK3CA or AKT1 ; : :
Karcindm prsnika je ,,archetypom molecular profiling Riposivel oy acivating mutaions or NS, (Bood ot umor tssue - Gapivaseriy+ fuestran Category - or subsequentine
y ° ° \V4 V 4 ° ° V 4 patientsy
vzhladom k rozhodnutiuv o liecbe a vyvoja cielenych | —— s
1- o HE' 2-negativeZ ESR1 mutation NGS, PCR (Tumor tissue or blood) Elacestrant® Category 2A regimen
eraplii . _
p Any g;ﬂlg?nﬁgggf or Germline sequencing %?apzﬂé:grib Category 1 Preferred
: Larotrectinib@@
. FISH, NGS, PCR (Tumor tissue or = . a3 bb
An NTRK fusion Entrectinib Category 2A
4 blood) Repotrectinibbb 9o
_ Pembrolizumab®¢-dd Useful in certain
. ] . ] An}r MSI-H/dMMR |HC, NGS, PCR, [TUTTIDT tISSUE) Dostar"mab-gxlyee Category 2A circumstances
G enomic p rOfl I N g umozZnu | e pe rsond I Izovdne I lece b ne Any TMB-H (210 mut/Mb)  NGS (Tumor tissue or blood) Pembrolizumab®c-dd Category 2A
. , . , . ] v . , or Any RET-fusion NGS (Tumor tissue or blood) S«aI[:n:-:rc::atinil:)ﬁ Category 2A
rozhodnutia a urychlenie vyvoja d'alSich cielenych terapii
EMERGING BIOMARKERS TO IDENTIFY NOVEL THERAPIES FOR PATIENTS WITH STAGE
IV (M1) DISEASE
Breast Cancer Emerging Detection | Potential Targeted NCCN Category | NCCN Category of
Subtype Biomarkers Therapyh? | of Evidence Preference
ER+/HER2- HER2 activating NGS99 Neratinib + fulvestrant! | Category 2B Useful in certain
ER-/HER2- mutations Neratinib + trastuzumab/ circumstances
fulvestrantl * If ER+/HER2-, in
patients who have
already received
CDK4/6 inhibitor
therapy.
Any Somatic BRCA1/2 | NGS99 Olaparib** Category 2B Useful in certain
mutations | circumstances
Any Germline PALB2 Germline Olaparibkk Category 2B Useful in certain
sequencing circumstances
https://www.nccn.org/login?ReturnURL=https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
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Indikdcie testovania

Patients with TNBC tumours

PD-L1 by IHC, gBRCAm [ESCAT
[-A] (b) (PALB2 assessment
optional [ESCAT II-A]) (b),
HER2-low by IHC/ISH

v
Reassess biomarkers ER, PgR,
HER2 (a)
All patients Patients with ER+/HER2-
tumours
| v
PIK3CA mutation status [ESCAT
I-A] (b) gBRCAm [ESCAT I-A] (b)
(PALB2 assessment optional
[ESCAT li-A]) (b), HER2-low by
IHC/ISH
Y

available: MSI [ESCAT I-C], TMB,

Assessments only where
corresponding therapies are

NTRK [ESCAT I-C] (b)

ESR1 (in ER+/HER2- tumours)
[ESCAT II-A] (b), somatic BRCA

Optional assessments with
potential to guide treatment:

mutations [ESCAT II-A] (b),
HER2-low status by IHC

Indikdcie germinativne — ambulancia 062 genetik

periférna krv

gBRCA

gPALB2

Somatické — 062 BRCA1/2; ostatné 062/019, v zavislosti od

biomarkeru a ZP

Nédorové tkanivo DNA /RNA /ctDNA

BRCA

PIK3CA

MSI high

TMB

HRD ¢

NTRK

ESR1

ESMO Living Guidelines | ESMO




Protein' Estrogen receptor 1
E S R ] Gene name' ESR1 (ER-alpha, Era, ESR, NR3A1)

Protein class' Cancer-related genes

Disease related genes
FDA approved drug targets

Odporica sa rutinné testovanie pri relapse alebo progresii pocas endokrinnej terapie (s

poddvanim alebo bez poddvania CDK4 /6 inhibitora) u pacientov s ER-pozitivnym, e
HER2-negativnym metastatickym karcindmom prsnika Tanscrpton factor
Protein evidence Evidence at protein level (all genes)

' Number of trans::riplsi 10

Vzorka krvi alebo tkaniva ziskaného pri progresii Proininaactons  Iteratng with 57 proteins

Mutdcie ESR1 sa vyvijaju v dosledku selekéného tlaku pocas liecby a zvycaijne nie suU
detegovatelné v primdrnom nddore

ESR1 subklondlne

DNMIL
BLCAP HAX1

Testovanie ciDNA z krvi je preferované vd'aka vyssej citlivosti (?? - | horez
AKAP13  s1p4 SENPS
/
\\ '{ / CEEBPB KMT2D
Pozor na testy hot spot cow g A
py ~ ED
—

V pripade wt test tkanivo

~ ~ ~— PAGRT1

—-
NSD3 “ ARID5A™ /7
/F'FHHJIITE \ASF1A ~ RBFOX2
PGR

Zavisi od metody!

BRCAT NN\ N sTarsa
(]
c3

7 \ \ MYL6E \CACULL
WES1 ZNF366 \

/ - TRIM24 \ HELLER

MED1 \

ASCLA4 \ S

I \ NRIPT N\
SH PPP1CC
TRPS1 \ \ PHB2
\ DCAF13

Odporidca sa NGS

LATS1

Pacienti, ktorych nador alebo testy c¢tDNA vykazujo ESR1T wt —pri d'alSe| progresii PNRC2
retestovanie — CO POVIEME ZP???

https://www.proteinatlas.org/ENSG00000091831-ESR1/summary/gene
SUCASNOST A BUDUCNOST LIECBY MBC NA SLyVENSKU




TROP2

Triple negativny metastaticky karcindm Linker for SN-38
, e Hydrolyzable linker for
prsni kCI payload release  —
* High drug-to-antibody
ratio (7.6:1)

Vysokd Uroven expresie *
y
SN-38 payload
34— . mﬁ;[git:;}:ite of Topo |

IHC?

e SN-38 more potent
than parent compound,
irinotecan

Humanized anti-Trop-2
antibody

» Directed toward Trop-2,

an epithelial antigen
expressed on many
solid cancers

qPCR?

Sacituzumab Govitecan for Metastatic Triple-Negative Breast Cancer - NClI
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LETTER Corrected: Author Correction

https://doi.org/10.1038/s41586-019-1056-z

Genomic characterization of metastatic breast
cancers

Francois Bertuccil®, Charlotte K. Y. Ng23242 Anne Patsouris*>?°, Nathalie Droin®7-8, Salvatore Piscuoglio®?,

Nadine Carbuccial, Jean Charles Soria®!V, Alicia Tran Dien!!, Yahia Adnani!!, Maud Kamal'?, Séverine Garnier!,
Guillaume Meurice!!, Marta Jimenez!?, Semih Dogan'4, Benjamin Verret!'¥, Max Chaffanet!, Thomas Bachelot'®,

Mario Campone*®, Claudia Lefeuvre!®, Herve Bonnefoi'’, Florence Dalenc'®, Alexandra Jacquet'?, Maria R. De Filippo?,
Naveen Babbar'?, Daniel Birnbaum!, Thomas Filleron'®?¢, Christophe Le Tourneau?-?:?>-26 & Fabrice Andrg®!14.23.26%

617 metastatickych nadorov prsnika.

Devat driver génov (TP53 , ESR1, GATA3, KMT2C, NCOR1, AKTIT,
NF1, RIC8BA a RB1) bolo castejsSie mutovanych v metastatickych
nddoroch prsnika HR+ /HER2 - 381)

RB1 slabd odpoved na CDK4

Mutdcie v TP53, RB1 a NF1 spojené s nepriaznivou prognézou

APOEBC adktivacia - mediator sekundarnej rezistencie na
endokrinnt liecbu

Metastatické TN vykazovali zvysenie frekvencie somatickych
bialelickych loss-of-function mutdcii v génoch spojenych s
homologickou rekombindciou opravy DNA, HRD fenotyp, POLE,

Stock Images, Photos, Vectors, Video, and Music | Shutterstock
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Co vieme /nevieme

Menej specifickych genomickych zmien, smerujicim k metastdzam, nez sa ocakdvalo

A 4

To naznacuje niekol’ko vzajomne sa nevylucujocich moznosti

Vacsina primdrnych nddorov méze mat metastaticky potencial bez potreby dalSich zmien
gendmu /transkriptému

Zmeny v bunke pocas procesu metastdz moézu byt primdrne epigenetické

Metastdzy moézu byt dosledkom velkého poctu zmien s malymi individudlnymi OCinkami

Kazdy pacient mda jedinecni konsteldciu genetickych a epigenetickych zmien, ktoré transformovali zdravé
tkanivo na malignitu

Sme v pociatocnych stddidch prijimania a pochopenia tejto komplexnosti
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MPS /NGS

Komplexné genomické profilovanie

Identifikacia driver mutacii

NGS pomdha identifikovat mutdcie, ktoré st zodpovedné za inicidciu a
progresiu ochorenia

> ) |\ Al 4
féé*" ' 'S T g W Woaus, 7/ 4 4
P e ! o f*f | ‘. . . . .
Ny L/ g RN T L RS 2 Detekcia mechanizmov rezistencie
& ~ &y . ‘\.\ 0\ o / W s
£ S “a Ty ! ";' “
' S - '. ~ h..* ¢H\ Y 'I| i / "4;; o -~ *‘:
¥ on s~ ¥ Nyl o227 - Analyzou DNA /RNA tumoru méZzeme odhalit mechanizmy rezistencie
- i — < '1’;' J..r.? ’f:. e = g W ° A\ ° n Ve, 7 ° n ° ’ ’ Y4 °
— "'_- S e oI 2% I na terapie, Co je dolezité pre prispdsobenie ndslednych linii terapie
- = =8 - === T Pt
mm 1] - _- R - . & S __-E:__.___:_ -
. .. 71 ST N . o ) o
: W™ W Sy ~
=" s R T TR A Monitorovanie progresie ochorenia
- @0\ SNV @
- .r: ‘i# #* , f f ] Il 1 ‘.l'-'\ " ‘H Y 4 ° v v ' 4 ° Y 4 ° °
b 0% e® @ 0 &, trmni R\ x: Analyza (ctDNA) v krvi, umoznuju neinvazivne monitorovanie
..' ‘ ° Y 4 ° A4 ° ° oo ° A4
' o° % T \ \:1,; b % genetickych zmien pocas progresie ochorenia alebo v reakcii na liecbu
AN \
o ¢, o M ey (v
\ . » % - "

* Personalizované liecebné stratégie

Podrobné genomické informdcie ziskané z NGS moézu usmernit’ vyber
cielenej terapie

Stock Images, Photos, Vectors, Video, and Music | Shutterstock
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Co potrebuje vediet genetik pred analyzou

Aké biomarkery (gény /alterécie) treba testovat
Rozsah - desiatky /stovky /CES

Aky je ¢asovy rdmec oCakdvania vysledku

Biologicky materidl (kvalita, kvantita)

Primdrny, met, biopsia, FFPE

Lvolené metddy

Single genes, MPS

Stock Images, Photos, Vectors, Video, and Music | Shutterstock
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Dakujem za pozornost




