Komplexni genova analyza a vysetrovani
klicovych ridicich mutaci v

oneumoonkologii

Pavel Dundr

Ustav patologie 1. LF UK a VFN v Praze
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Prediktivni testovani v CR

11 laboratofi
univerzitni nemocnice (7)

privatni laboratore (4)

Ne kazda laborator vysetruje celé spektrum
prediktor(

BRCA (5 laboratori
EGFR (10 laboratofi)
ALK (10 laboratori
ROS1 (10 laboratofri)

Biopticka laborato¥, Plzeri (HER2, RAS, EGFR, ALK, BRAF, BRCA1/2)

Fingerlandiv ustav patologie, Hradec Kralové (HER2, RAS, EGFR, ALK, BRAF, BRCA1/2)

Referenéni laboratof LF UP, Olomouc (HER2, RAS, EGFR, ALK, BRAF)

Patologicko-anatomické odd., MOU Brno (HER2, RAS, EGFR, ALK, BRAF, BRCA1/2)

Ustav patol. a molek. mediciny, 2. LF UK a FN Motol, Praha (HER2, RAS, EGFR, ALK, BRAF, BRCA1/2*)
Ustav patologie, 1. LF UK a VFN, Praha (HER2, RAS, EGFR, ALK, BRAF, BRCA1/2)

Odd. patologie, Thomayerova nemocnice, Praha (RAS, EGFR, ALK, BRAF)

Aeskulab Patologie (HER2)

FN Brno (HER2, RAS, EGFR, ALK, BRAF)

Laboratofe Agel, Novy Ji¢in (HER2, RAS, ALK, EGFR, BRAF, BRCA1/2)

CGB Ostrava (HER2, RAS, ALK, EGFR, BRAF)



Soucasnhé doporuceni
ASCO/CAP/IASCL/AMP guidelines (2018)
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Adenoarcinom (c¢i jeho komponenta)

Molecular Testing Guideline for the Selection of Patients With N es kva m 62 n i, N SC LC
Jakykoliv NSCLC s klinickymi rysy susp. z driver mutace

Lung Cancer for Treatment With Targeted Tyrosine Kinase
Inhibitors: American Society of Clinical Oncology
Endorsement of the College of American Pathologists/
International Association for the Study of Lung Cancer/
Association for Molecular Pathology Clinical Practice
Guideline Update

Gregory P. Kalemkerian, Navneet Narula, Erin B. Kennedy, William A. Biermann, Jessica Donington, Natasha B.
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Soucasna situace v CR

EGFR " Liquid biopsy — mozna (je uhrada) pokud:
- bioptické vzorky — reflexni testovani neni mozné testovani ze tkané

- resekaty — na vyzadani resitence na |é¢bu EGFR TKI (T790M)
ALK ctDNA (ne CTC!)

- reflexni testovani 2018 - provedeno 171 testu

PD-L1 = Liquid biopsy — neni mozna (neni thrada)

- reflexni testovani v dobé diagndzy CTC
- na vyzadani kdykoliv (chystané frekvencni casny relaps

omezeni 4 x rocné) : (. ‘1 .
monitorovani odpovedi na [écbu
ROS1

- reflexni testovani (od 12/2019)

minimalni rezidualni choroba

Neni Uhrada pro BRAF, KRAS, MET, RET, HER2 testovani (!)



Soucasna situace v CR — Uhrada testovani

= ALK IHC (1525 CZK / 56 €) = Molekularni testovani jednoho genu (EGFR)
= ALK FISH (8955 CZK / 344 €) - Uhrada neni vazana na metodu, ale na vysledek
- 5288 CZK (203 €)

= ROS1 IHC (491 CzZK /19 €)

= NGS
= ROS1 FISH (8955 CZK / 344 €)

- 24848 CZK (955 €)
= PD-L1 IHC (1993 CzZK / 77 €) - Pouze aZz bude 5 nebo vice molekularnich markeru

- v soucCasné dobé nelze vykazovat pro prediktivni
testovani

Uhrada prediktivniho testovani

pro hospitalizované pacienty jako soucast DRG 5 )
- od rijna 2019 Ize ve vybranych centrech (8 center)

pouzit u solidnich nadorl pro diagnostické ucely v
indikaci patologem ¢i onkologem (MDT)

u ambulantnich pacientt pausalni dhrada spolu
s dalSimi ambulantnimi procedurami

Probiha diskuse s platci o vyjmuti z DRG / pausal




Soucasné mutace EGFR a ALK

= Presna data chybi = Kazdy pacient u definovanych typd
= Nejvétsi soubor: reanalyza 421 EGFR+ NSCLC pri bioptickém vysetreni
NSCLC malého vzorku soucasné vysetreni:
- 10 ALK+ (2.4 %) - EGFR
- 3 ROS1+ (0.7 %) - ALK
- PD-L1
- ROS1

Mutace EGFR a aberace ALK nejsou vzajemne se vylucujici!

Mao Y, Wu S. Onco Targets Ther. 2017;10:3399-3404



CR — vysledky testovani EGFR
ear i, pothe o) Postve (%) nsicent

1712 178 10,40% 117
- 1714 172 10,04% 93
10
- 1872 220 11,75% 52
9
- 1950 260 13,33% 66 i
|
- 1839 236 12,83% 66 7
9087 1066 11,73% 394 (4,1%) -
5
... Biopsysamples(2018) | Liquid biopsy (2018) .,
No. |Positive| % |Insuffic.| Total | No. |Positive| % 3 |
137 20 |1460%| 3 140 8 2 [25,00% ,
................................................................................................................................................................................ —
7 28 |11,57% ) 4 | 246 | 11 6 .| 2%4355%
....... 204 | .42 12059% | 17 | 221 f 49 | .16  132,65% L B RRERREEDDD—_EEDEDDDDg.,
....... 183 22 13'22%’ 123196 13 z 121793’ 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
114 1 1053% ( .2 [ 116 | 19 .8 .| 42,11% N
....... 335 | 34 |1015%| 2 | 337 | 35 | 12 |34,29% oo mrone
82 22 |12683% | 6 | . 88 . 4 0 | 0,00%
292 1 17 1.282% | . 9..1.301 f ER 4 .| 4444%
A2 20 11633% | 2 | 123 ) A 6 ..18571%
129 15 |11,63%| 8 137 10 5 | 50,00%
1839 | 236 [12,83%| 66 | 1905 | 171 62 | 36,26%




Vlysledky testovani - PD-L1
© sudyfroject  No.ofpatients Antibody  <1% (%) 1-49% (%) 250% (%)

| KEYNOTE-010 | 2222 22¢3 33,6 37,9 28,5
| KEYNOTE-001 | 824 22¢3 39,2 37,6 23,2
| KEYNOTE-042 | 3019 22¢3 34,5 35 30,5
| KEYNOTE-189 387 223 32,8 33,1 34,1
| KEYNOTE-407 | 271 22¢3 35 38 27
| checkMate568 | 252 28-8 45,2 27,8 27
HellmannMD . 1739 28-8 31,6 35,1 33,3
40 | ETOPstudy | 2008 28-8 56,6 26,8 16,6
813 22C3, SP263 48 23 29
1398 22C3 41,6 37,5 20,1
1586 E1L3N 66,7 17,9 15,4
791 22C3 37 32,7 30,3
o | EXPRESSstudy | 2368 22¢3 48 30 22
|| WesternAustralia__| 22C3
_—_____
Naie pracovidté 264 22¢3 43,2 28,4 28,4
€R-souhrn oo 1075 22C3, 28-8 50,6 27,4 22

*Souhrnna data z 9/10 laboratofi testujici PD-L1



Nove geny (1)

BRAF MET HER2

= Podle ASCO guideline (2018) by mélo = Aberace u 13% adenokarcinomi (TCGA) = Mutace (2-4 % adenokarcinom?)
byt testovani provedeno u vSech N o
pokro¢ilych adenokarcinom - amplifikace (1-5% NSCLC) = NejCasteji inzerce v exonu 20
= Somatické mutace ve 2-4% NSCLC (10% - ,skipping” mutace exonu 14 (3% NSCLC) = druhy nejcastéjSi mechanismus rezistence
adenoca dle TCGA) o na lécbu EGFR TKI)
. : y * fidici mutace
* Nejbézné;jsi V60OE (asi 1-2% = Ambplifikace 2-20%
adenokarcinom) = Mechanismus rezistence na |é¢bu EGFR TKI P °
X v.ys yol o - _ = Qverexprese 6-30%
= Castéjsi u kuraku = studie Vize (tepotinib) P °
= Dabrafenib / trametinib * Fidici mutace
B 100 De-novo MET. f,:::""”f‘?:::
% 0.50 | ‘_é M Confirmed partial response
& e = Sametrn
o e -: g::i:n:esponse start
o % mog B e e A T N

[=——ve00E ——— Otner | Time on Treatment (months)

Gautschi O, et al. ) Thorac Oncol. 2015;10(10):1451-7
Halliday PR, et al. Curr Oncol Rep. 2019;21(3):21.

Drilon A, et al. ) Thorac Oncol. 2017;12(1):15-26.

Pike P, et al. ASCO 2019, IL, Chicago Li BT, et al. J Clin Oncol. 2018; 36(24):2532-2537.



Nove geny (2

KRAS

STK11

= Somatické mutace KRAS = Fuze of NTRK (1, 2, 3) = 17% adenokarcinomd (TCGA)

- entrectinib _ o )
- larotrectinib = Asi 12% pacientu s mutaci KRAS

- asi 25-30% adenokarcinomu

- asi3%SCcC* = <19% NSCLC = Prognosticky nepfiznivé

= Mutace KRAS G12C v priblizné 13% = Predikuje Spatnou odpovéd na

NscLer @ O imunoterapii (spolu s mutacemi KEAP1)
| | | Feson
= AMG 510 (klinické studie faze ) ) Lo L =

Trk antagonist
(eg, ANA-12, cyclotraxin B, etc)

Small molecule tyrosine

Duration of Treatment by Tumor Types and [ ! - 1M - Miwm o |,
e ., an pathways entrectinib, etc)
Responses (n=29) ! ! ! Integration of STK11/LKB1 and KEAP1 onco-genotypes identifies a
Duration on Treatment (as of 4 April 2019) 338 2 Sl
=% . St N - TR s [ ot sumive,protfraion, nvasion,snd anplogensis | subgroup of non-squamous NSC_LC with poor clinical outcomes
":: — — o — CRC/Other Stable Disease (n=14): 7.3 - 24.0 weeks Wlth PCP Chemo-lmmunothera py
: = .
[ ——————— —» - — .
¥ ———————— = A FistResponse s MGH | MSKCC | Total | Frequency, % (95% CI) E % = [y ]
.3: — —* . PR: § S % £ w0 | Smas ancjor xearr=inses | 10.6m
s . e NSCLC screened | 1804 | 3068 | 4872 2 3 5 150 3 2o (sswaLis3an
g ——————— [ PSR W Disease Progression 9 3 3 -~ STKI1"TKEAPI*T g 50
2 ; =T S m NTRKI fusion 2 4 6 0.12 (0.05-0.27) s = e 3
5 . S ® %
— . — , , ‘ NTRK? fusion 0 1 1 0.02 (0.005-0.11) £ &=
0 s 10 15 20 25 30 35 a0 s S o4
s oot [ NTRKS3 fusion 2 2 4 0.08 (0.02-0.21) %

e ZUANCQ ER.-
Fakih M, et al. Abstract #3003, ASCO 2019, IL, Chicago

*Cancer Genome Atlas Research Network. Nature. 2012; 489(7417):519-25. Liu D, et al. Ther Clin Risk Manag 14:1247-1252, 2018
**Biernacka A, et al. Cancer Genet. 2016; 209(5):195-8.

Skoulidis F, et al. ASCO 2019, IL, Chicago
Aredo JV, et al. Lung Cancer. 2019;133:144-150.



Noveé geny

PIK3CA

= Mutace u pfriblizné 7% adenokarcinom{
(TCGA)

= Pravdépodobné prognosticky
nepfiznivy faktor

= Probihaiji klinické zkousky

5 LUNG

7 CANCER
?MUTATION =)
>

CONSORTIUM

Mg Faerts s . et Porate (haracver

PIK3CA

Identifier: NCT01297491 - ClinicalTrials.gov Study Information
This clinical trial is designed for patients whose tumors have a genetic change, or mutation, in the PIK3CA gene, which inappropriately allows cells
to continue to grow and divide in an uncontrolled fashion

Title
Safety and Efficacy of BKM120 in Patients With Metastatic Non-small Cell Lung Cancer

Eligibility
Patients with non-small cell lung cancer who have been previously treated with one or more therapies, and have a PIK3CA mutation in their tumor,
are eligible for this study.

Treatment

The trial Is in 2 parts. In the 1t part of the trial, all study participants will receive BKM210. In the 2nd part of the study, participants will be
randomly assigned by a computer into one of two groups. One group will receive BKM120, the other will receive chemotherapy. There will be twice
as many people in the BKM120 group as in the chemotherapy group. If you receive chemotherapy, you will receive docetaxel if you have squamous
cancer, and either pemetrexed (Alimta®) or docetaxel if you have adenocarcinoma or large cell cancer.

About BKM120

BKM120 is an inhibitor of phosphatidylinositol 3-kinases (PI3K). There are multiple PI3 kinases involved in telling cells when to grow and divide
BKM120 prevents PI3K proteins from using the cell's energy stores for fuel. This causes a “block” to the activity of PI3K proteins, which are
inappropriately "turned on” when certain genes, like PIK3CA, are mutated

Zhao J, et al. Oncol Lett. 2019;17(3):3233-3240.

RET

= Alterace u 1-2 % of NSCLC
- prestavby

- mutace == =c i

Features of RET-Rearranged
Lung Cancers.

+1-2% ofunselectedNSCLC

M “Mosttumors are ing sdenocarcincmas
“Youngerpatients, <60 years id
[ ] LI B R ETTO_OO 1 +Novar smokers of minimal smoking history
“Themajorty of cases are mubsally exclusive.
wih other lung ancer
) “RET upstueam fusion partner examples:

~ KIF58.CCD6. EML4, TRIM33
T X Ca— *RET-reammangements are detactedy:
= LOX0O-292 .y s ey
s +Anchored multplex polymerase chain
e . (—— eaction RilAsequencing
| gl +Fluorescencein-situ hybridization

“immunohistechemistry thus farhasnot
[ Gesnimod

Cancer Discov. 2019 Sep 25. doi: 10.1158/2159-8290.CD-NB2019-112. [Epub ahead of print]

First RET Inhibitor on Path to FDA Approval.

[No authors listed]

Abstract

Investigators in the LIBRETTO-001 phase /Il trial presented new data on the experimental RET inhibitor
selpercatinib at the 2019 World Conference on Lung Cancer. The agent produced robust responses in

patients with RET-altered non-small cell lung cancer who had already received multiple therapies, raising
hopes that it will soon receive FDA approval.

©2019 American Association for Cancer Research.

PMID: 31554640 DOI: 10.1158/2159-8290.CD-NB2019-112

Sabari JK, et al. Oncoscience. 2017;4(3-4):23-24.

PTEN

= Mutace v priblizné 15% SCC a 3%
adenokarcinomd

= Ztrata exprese PTEN (> 40% NSCLC)

= Epigenetické modifikace

= QOdolnost proti TKI a imunoterapii
= Potencidlni terapeuticky vyznam -

reaktivace PTEN

B =) ®

eiron %-

S vica

L] ernyucn (T TN T T B D ) D

oCR4
‘ ) ®

e

Mutations

ceRNA

s~ BRI rsss

PTENPL mANA

Gkountakos A, et al. Cancers (Basel). 2019;11(8).



NGS — nase pracoviste

AKT1
AKT3
ARID1A
ARID2
ATM
B2M
BAP1
BARD1
BRAF
BRCA1
BRCA2
BRIP1
CCND2
CCND3
CDH1

AKT1
ARID1A
BRAF
BRCA1

CDK4
CDKN2A
CTNNB1
CYP19A1
DDR2
EGFR
ELK1
ERBB2
ERBB3
ERBB4
ERCC3
ESR1
ESR2
FAM175A
FBXW?7

BRCA2
DDR2
EGFR
ERBB2

FGFR2
FH
FOXL2
GNA11
GNAQ
GNAS
GRB2
H3F3A
H3F3B
H3F3C
HDAC2
HIST1H3B
HNF1A
HNF1B
HRAS

ESR1
FOXL2
HRAS
KRAS

IDH1
IDH2
JAK1
JAK2
KDR
KIT
KRAS
MAP2K
MAP2K
MAP2K
MAPK1
MAPK3
MDM2
MDM4
MET

MITF
MLH1
MLH3
MRE11A
MSH?2
MSH6
mTOR

1 MYC

2 NBN

4 NF1
NOTCH1
NRAS
PALB2
PDGFRA
PIK3CA

MAP2K1
MET
NRAS
PIK3CA

PIK3R1
PMS2
POLE
PoOLQ
POT1
PPM1D
PPP6C
PTEN
RB1
SF3B1
SMAD4
SMARCA4
SMARCB1
TP53

POLE
PTEN
SMADA4
TP53

Pouzivané knihovny (,in-house”):
NVyzkumna“ knihovna 1
89 genl (hotspoty)
257 kbp
12 vzorkud v béhu (MiSeq)
pokryti ~300x

,Diagnosticka” knihovna
20 genu (hotspoty)
56 kbp
12-16 vzorkd v béhu (MiSeq)
pokryti 500-1000x



NGS — nase pracoviste

ABL1
ABL2
AKT1
AKT2
AKT3
ALK
APC
AR
ARAF
ARID1A
ARID1B
ARID2
ATM
ATR
ATRX
AURKA
AURKB
B2M
BAP1
BARD1
BCL2
BCL2L1
BCL2L2
BCL6
BLM
BRAF
BRCA1
BRCA2
BRD4
BRIP1
BTK

EMSY
CCDC6
CCND1
CCND2
CCND3
CCNE1
PDL1
CD79A
CD798B
CDH1
CDK12
CDK4
CDK6
CDK8
CDKN1A
CDKN1B
CDKN2A
CDKN2B
CDKN2C
CLTC
CREBBP
CTNNA1
CTNNB1
CYP19A1
DAXX
DDR2
DICER1
DNMT3A
DPYD
EGFR
ELK1

MAP3K1
MAPK1
MAPK3
MCL1
MDM2
MDM4
MED12
MEN1
MET
MITF
MLH1
MLH3
MPL
MRE11A
MSH2
MSH6
mTOR
MUTYH
MYC
MYCL1
MYCN
NACC2
NBN
NCOA4
NF1
NF2
NFKBIA
NKX2-1

MAP2K1 NOTCH1
MAP2K2 NOTCH2

EML4 FGFR2 CHEK1
EPHA3  FGFR3 CHEK2
EPHAS  FGFR4 IDH1
EPHA7 FH IDH2
EPHB1  FOXL2 IGFIR
ERBB2  FOXP1 IGF2
ERBB3  GATAl IKZF1
ERBB4  GATA2 IRF2
ERCC3  GATA3 IRF4
ERG GATA4  IRS2
ESR1 GATA6  JAK1
ESR2 GNAl11l JAK2
EZH2 GNA13 JAK3
FAM175A GNAQ  JUN
FAMA46C GNAS KAT6A
FANCA  GRB2 KDMS5A
FANCC  GRIN2A KDMS5C
FANCD2 GRM3 KDM6A
FANCE GSK3B  KDR
FANCF  H3F3A  KEAP1
FANCG H3F3B  KIF5B
FANCL H3F3C  KIT
FBXW7 HDAC2 KMT2A
FGF10 HGF KMT2C
FGF14 HIST1H3B KMT2D
FGF19 HMGA2 KRAS
FGF23 HNF1A  LYN
FGF3 HNF1B  LZTR1
FGF4 HRAS

FGF6 CHD2

FGFR1 CHD4

MAP2K4 NOTCH3

NPM1 RAD50  SUFU
NRAS RAD51  SYK
NTRK1  RAF1 TAF1
NTRK2  RARA TBX3
NTRK3  RB1 TERT p.
PAK3 RET TET2
PALB2 RICTOR TGFBR2
PAX5 RIT1 TOP1
PDGFRA ROS1 TOP2A
PDGFRB RUNX1 TP53
PDK1 RUNX1T1 TPM3
PIK3C2B SDHA TSC1
PIK3CA SDHB TSC2
PIK3CB  SDHC U2AF1
PIK3CG SDHD UGT1A1
PIK3R1  SF3B1 VEGFA
PIK3R2 SMAD2 VHL
PMS2 SMAD3  WISP3
POLD1 SMAD4 WT1
POLE SMARCA4 XPO1
POLQ SMARCB1 ZBTB2
POT1 SMO ZNF217
PPM1D SOX10  ZNF703
PPP2R1A SOX2

PPP6C  SOX9

PRKAR1A SPEN

PRKCI SPTA1

PRKDC  SRC

PTEN STAT3

PTCH1  STAT4

QK STK11

Pouzivané knihovny (,,in-house”):

NVyzkumna“ knihovna 2
271 genl
1016 kbp
12 vzorkd v béhu (NextSeq Mid-Output kit; 2x75bp)
pokryti ~300x

Mutacni load (TMB)
MSI
Prestavby gen( (z DNA)



ABRAXAS2
ACVR1
ACVR1B
ACVR2A
ADGRA2
AIP
AJUBA
AKT1
AKT2
AKT3

ALK
ALOX12B
AMER1
ANKRD11
ANKRD26
APC
APEX1
AR

ARAF
ARFRP1
ARHGAP35
ARID1IA
ARID1B
ARID2
ARID5B
ASXL1
ASXL2
ATM
ATMIN
ATR
ATRIP
ATRX
AURKA
AURKB
AXIN1
AXIN2
AXL

B2M
B4GALT3
BABAM1
BABAM2
BAP1

CCND3
CCNE1

CD22

CD274 (PD-L1)
CD276

CcD70

CWF19L2
CXCR4
CYLD
CYP17A1
CYP19A1
DAXX
DCLRE1C
DCUN1D1
DDB2
DDR1
DDR2
DDXx41
DHFR
DHX15
DICER1
DIS3
bmc1
DNAJB1
DNAJC21
DNMT1
DNMT3A
DNMT3B
DOTIL

EML4
EP300
EPCAM
EPHA3
EPHAS
EPHA7
EPHB1
EPHB4
EPHB6
EPHX1
EPPK1
ERBB2
ERBB3
ERBB4
ERCC1
ERCC2
ERCC3
ERCC4
ERCCS
ERCC6

ERRFI1
ESR1
ESR2
ETS1
ETV1
ETV4
ETVS
ETV6
EWSR1
EXO1
EXT1
EXT2
EYA2
EZH2
F11R
FAAP24
FAM175A
FAMA46C
FAN1
FANCA
FANCB
FANCC
FANCD2
FANCE
FANCF
FANCG
FANCI
FANCL
FANCM

FAT1
FBXW7
FGF1
FGF10
FGF12
FGF14
FGF19
FGF2
FGF23
FGF3
FGF4
FGF5
FGF6
FGF7
FGF8
FGF9
FGFR1
FGFR2
FGFR3
FGFR4

FLCN
FLI1
FLT1
FLT3
FLT4
FOXA1
FOXA2
FOXL2

FOX01
FOXP1
FRS2
FUBP1
FYN
GABRA6
GADDA45A
GATAL
GATA2
GATA3
GATA4
GATA6
GEN1
GID4
GLI1
GNA11
GNA13
GNAQ
GNAS
GPC3
GPS2
GRB2
GRB7
GREM1
GRIN2A
GRM3
GSK3B
H3F3A
H3F3B
H3F3C
HDAC1
HDAC2
HELQ
HGF
HIST1H1C
HIST1H2BD
HISTIH3A
HIST1H3B
HIST1H3C
HISTIH3D
HISTIH3E
HIST1H3F
HIST1H3G
HIST1H3H
HIST1H3I
HIST1H3)
HIST2H3A
HIST2H3C
HIST2H3D
HIST3H3
HLA-A
HLA-B
HLA-C
HMGA2
HNF1A
HNF1B
HNRNPK
HOXB13
HRAS
HSD3B1
HSP90AA1L
HUS1
CHD2
CHD4
CHEK1
CHEK2
ICOSLG
D3

IDH1
IDH2
IFNGR1
IGF1
IGFIR
IGF2
IKBKE
IKZF1
IL10

IL7R
INHA
INHBA

INPP4A
INPP4B
INSR
IRF2
IRF4
IRS1
IRS2
JAK1
JAK2
JAK3
JAM2
JAM3
JUN
KATS
KATBA
KCNJ5
KDM5A
KDM5C
KDM6A
KDR
KEAP1
KEL
KIF5B
KIT

KLF4
KLHL6
KMT2A
KMT2B
KMT2C
KMT2D
KRAS
LAMP1
LATS1
LATS2
LIFR
LiG1
LIG3
LIG4
LMO1
LRIGL
LRP1B
LRRK2
LTK

LYN
LZTR1
MAF
MAGI2
MALT1
MAP2K1
MAP2K2
MAP2K4
MAP3K1
MAP3K13
MAP3K14
MAP3K4
MAPK1
MAPK3
MAPK8IP1
MAX
mcL1
MCPH1
mMDC1
MDM2
MDM4
MECOM
MED12
MEF2B
MEN1
MERTK
MET
MGA
MGMT
MITF
MKNK1
MLH1
MLH3
MLLT3
MMP8
MPL
MRE11A

MSH2
MSH3
MSHS
MSH6
MSR1
MST1
MST1R
MTAP
MTDH
mTOR
MUs81
MUTYH

PHOX2B
PIK3C2B
PIK3C2G
PIK3C3
PIK3CA
PIK3CB
PIK3CD
PIK3CG
PIK3R1
PIK3R2
PIK3R3
PIM1
PLA2G2A
PLCG2
PLK2
PMAIP1
PMS1
PMS2
PNRC1
POLB
POLD1
POLE
poLQ
POT1
PPARA
PPARD
PPARG
PPM1D
PPP2R1A
PPP2R2A
PPP6C
PRDM1
PREX2
PRF1
PRKAR1IA
PRKCI
PRKDC
PRKN
PRSS8
PRX
PTEN
PTCH1
PTPN11
PTPRD
PTPRO
PTPRS
PTPRT
PTTG2
QKl
RAB35
RAC1
RAD1
RAD17
RAD18
RAD21
RAD23B
RAD50
RAD51
RAD51AP1
RAD51B
RAD51C
RAD51D
RAD52
RAD54B
RAD54L
RAD9A
RAF1
RANBP2

RFC1
RFC2

RFC4
RHBDF2
RHEB
RHOA
RICTOR
RIT1
RNF146
RNF168
RNF43
RNF8
ROS1
RPAL
RPL22
RPLS
RPS6KA4
RPS6KB1
RPS6KB2
RPTOR
RUNX1

SPEN
SPOP
SPTA1
SRC
SRSF2
STAG1
STAG2
STAT3
STAT4
STATSA
STATSB
STK11
STK40
SUFU
suz12
SYK
TAF1
TAZ
TBL1XR1
TBX3
TCF3
TCF7L2
TCL1A

TNFAIP3
TNFRSF14
TOP1
TOP2A
TOPBP1
TP53
TP53BP1
TP63
TPM3
TRAF2

XPO1
XRCC1

NGS — nase pracoviste

Pouzivané knihovny (,in-house®):

,Vyzkumna“ knihovna 3
714 genu
2,235 Mbp

16 vzorku v béhu (NextSeq High- Output Kit;
2X75bp)

pokryti ~500x

Mutacni load (TMB)
MSI
Prestavby genu (z DNA)



NGS — nase pracoviste (komercni panely

= FusionPlex Lung (RNA) = AVENIO expanded kit (DNA)
- 14 gen( - 77 genU
- EGFR, ALK, BRAF, ROS1 - STK11, KEAP1, PIK3CA, PTEN

- KRAS, MET, RET = chybi HER2, NTRK2, NTRK3
- NTRK1, NTRK2, NTRK3

- FGFR1, FGFR2, FGFR3, NRG3  — s

Sample sizs 4mLof plasma Tumaround time 5 days from extraction 1o resuhs
fDNA input 10-50ng
V4 Assay targets
| Ch bl H E R2 Gene Seq Target SNV Indel’ Fuslon” CNV" Gene Seq Target SNV Indel' Fusion” CNV"
ABLT Selected Ragions . JAK3 Selected Regions -
AKTT Selectad Regions - KDR Selected Regions -
AKT2 Selected Regions - KEAPT Al Coding Flegions
ALK Selected Regions . - - T Selected Regions . -
Al Selected Regions - - RAS Al Coding Regions___+
h Al Al Coding Fegions - WAPZKT Selected Regions -
FUSIOn Plex Lung ARCHER ) ARAF Selected Regions - _MAPZKZ Selected Regions -
BRAF Selected Regions - - MET Al Coding Regions = - -
ERCAT Al Coding Fegions - LHT Al Coding Regins ___+
BRCAZ Al Coding Fegjons - = Al Codng Regions ___+
. Key fusion detection - excellent small panel for focused interrogation of CCNDU All Coding Regions d _MSHE Al Coding Regions =
Rision tardets CCND2 Al Coding Fegions - TOR Selected Regions -
) . CCND3 Al Coding Fegions - 2 Al Coding Regions___+
. 3 variants and relevant mutations - captt 4 All Coding Regions 5 _NFE2L2 Selected Regions -
von14 2 t il as prominent mutations @ Al Coding Regjons - RA Selectad Regions -
X 3 Selected Ragions - TRK1 Selected Regions - -
v NeA Al Coding Fegions - 1LG2___AlCodngRegions __+
. Sample versatility - wide sample tyy npatibility ling FFPE R electad Regions . RA elected Regions -
. Streamlined, lyophilized workflow 2 -on t nd r — - = = — L. =
| ax | oaar | e 3amiined, lyophilized v oW - al me ar t DDRz elected Regions - KaCA elected Regions - -
| i | rror OPYD fected Regions - KaR1 elected Regions -
FGFRL FGFR2 FGFRY ; = 3 EGFR Coding Fegions - - - Pvis2 ICoding Regions =
| s | wer | w1 Specifications & Performance ERBB2 AlCodngRegons - - - PTCHI Selected Regions___+
2 e o ESR1 Al Coding Fegions - PTEN Al Codng Regions___+ -
| wmea | rmea ) ool EZH2 Selected Ragions - AFT Selected Regions -
Number of GSP2s 163 FEXW7 Al Coding Fegions - B1 Al Coding Regions___+
| RET l ROS1 x = —r FR1 electad Regions . ET Selectad Regions - -
Input requirement =10ng FRz cloctod Regions 3 c Fas Selected Regions 2
Recommenc f reads 500K FRa elected Regions - - 051 Selected Regions - -
. splicing or exon-skipping T o7 m elected Regions - SMADS Al Coding Regions___~
byt & Y & LT3 elected Regions . SMO All Coding Regions -
Ta elocted Regions . STKIT AlCoding Fegions___+
Hands-on time 2.5 howrs As elected Aagions . 55 ‘Al Codng Regbns
Total time 9 hours A1) elected Ragions - RT Promoter _Selectad Regions -
AQ elected Regions - C1 elected Regions - -
AS elected Regions . c2 elected Regions -
H elocied Regions . GTIAT™ electd Regions -
IDHZ Selectad Regions - VHL ICoding Regions =

JAKZ Selected Regions p




Implementace komplexniho molekularniho
profilovani do klinické praxe (?)

= Molekularni ,screening” u pacientd s = Nalezeni terapeuticky ovlivnitelné aberace ne
pokrocilymi nadory vzdy spini ocekavané (nedostatecna odpovéd
= Vyhodnoceni vyznamu nalezenych mutaci na lécbu)

- interpretace = Nutny konsenzus odbornych spole¢nosti a
- prakticky vyznam navaznost testovani na lécbu

= Snaha o klasifikovanani genetickych alteraci
(LOE — levels of evidence)



https://www.zincmapsrocheglobal.com/Jobs/JobView.aspx?Job.Id=157075

Dalsi potencia
aberace

né terapeuticky ovlivnitelné

= Snaha o klasifikovanani genetickych alteraci
(LOE — levels of evidence)

- OncoKB http://oncokb.org/
- https://smart-cancer- OnCKB

navigator.github.io/home 636

- ESMO Scale for Clinical Actionability of
molecular Targets (ESCAT)

oncvﬂj\ KB Levels of Evidence  Actionable Genes  Cancer Genes  Data Access  About Toam  News Torms.

4780 44 89

25 Genes 13Genes = 29Genes = 20Genes = 5Genes

Chakravarty D, et al. JCO Precis Oncol. 2017;2017. doi: 10.1200/P0.17.00011.


http://oncokb.org/
https://smart-cancer-navigator.github.io/home

ESMO Scale for Clinical Actionability of

molecular Targets (ESCAT)

A prospektivni, randomizované, survival endpoint
IB prospektivni, jednoramenné, specificky nadorovy typ, klinicky benefit (ESMO MCBS1.1)
IC prospektivni, viceCetné histologické typy, klinicky benefit (ESMO MCBS1.1)

A retrospektivni analyzy prospektivnich studii
1IB prospektivni studie, prokazana odpovéd (OR), bez jednoznacnych dat na outcome

A jiny typ nadoru
[IIB  aberace genu ve tridé |

IVA  preklinicka datain vivo ain vitro modely
IVB  preklinicka datain silico analyzy

= Klasifikace do 5 trid

= VWhodnoceni klinického
vyznamu

Condorelli R, et al. Ann Oncol. 2019;30(3):365-373.



Levels of Evidence

Level 1
FDA-approved
8 Genes

Actionable Genes

Level 2
Standard care

0G

[ 8§ actionable genes

Cancer Genes Data Access

e

Clinical evidence

Non-Small Cell Lung Cancer

About Team News

Terms

Level 4

Biological evidence
0 Genes

Showing 24 biomarker-drug associations (8 genes, 2 tumor types, 1 level of evidence)

Level

© © © © ©6 0 ©6 00606 © 0 0000 06060606 060 06 0 o0 o

-

Gene

ALK

ALK

ALK

ALK

ALK

BRAF

EGFR

EGFR

EGFR

EGFR

EGFR

EGFR

EGFR

EGFR

EGFR

NTRK1

NTRK1

NTRK2

NTRK2

NTRK3

NTRK3

Other
Biomarkers

ROS1

ROS1

= Alterations

Fusions

Fusions

Fusions

Oncogenic Mutations
Oncogenic Mutations
VE00E

Exon 19 deletion, L858R
Exon 19 deletion, L858R
Exon 19 deletion, L858R
Exon 19 deletion, L858R
S7681

G719

L861Q

T790M

Exon 19 deletion, L858R

Fusions
Fusions
Fusions
Fusions
Fusions

Fusions

Microsatellite Instability-High

Fusions

Fusions

Tumor Type

Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancer

All Solid Tumors
All Solid Tumors
All Solid Tumors
All Solid Tumors
All Solid Tumors

All Solid Tumors

All Solid Tumors

Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancer

el R1

Standard care

L

15 drugs

Crizotinib
Ceritinib
Alectinib
Lorlatinib

Brigatinib

Trametinib + Dabrafenib

Gefitinib

Afatinib

Osimertinib

Dacomitinib

Afatinib

Afatinib

Afatinib

Osimertinib

Erlotinib

Larotrectinib

Entrectinib

Larotrectinib

Entrectinib

Larotrectinib

Entrectinib

Pembrolizumab

Crizotinib

Entrectinib

& Account ~ @

Clinical evidence

Reset filters

Drugs

= Level 1 (FDA approved)

- 8 genl
- 15 1ékd



FDA-approved

4 actionable genes

Showing 6 biomarker-drug associations (4 genes, 1 tumor type, 1 level of evidence)

Leyey.

(2]

Gene

EGFR

ERBB2

MET

MET

RET

RET

Actionable Genes Cancer Genes

Level 2
Standard care
4 Genes

Data Access

About Team News Terms

Level 3 Level 4
Clinical evidence Biological evidence
0 0 Genes

Non-Small Cell Lung Cancer

. Alterations

A763_Y764insFQEA

Oncogenic Mutations

Amplification

D1010mut, Exon 14 Deletion, Exon
14 splice mutation, Y1003mut

Fusions

Fusions

Tumor Type

Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancer

& Account »

Level R1

Standard care Clinical evidence

0 Genes

7 drugs

Reset filters

Drugs

Erlotinib, Afatinib, Gefitinib

Ado-Trastuzumab Emtansine

Crizotinib

Crizotinib

Cabozantinib

Vandetanib

©

Level 2 (standard care)
- 4 geny
- 7 1éka



0 nce KB Levels of Evidence

Actionable Genes Cancer Genes

Data Access About Team

& Account v @

Leve

FDA-approved

7 actionable genes

Showing 15 biomarker-drug associations (7 genes, 1 tumor type, 1 level of evidence)

Level “ Gene
(2] ARAF
(2] EGFR
(3] EGFR
o EGFR
(3] EGFR
(2] EGFR
(3] EGFR
(3] EGFR
(3] ERBB2
(3] KRAS
(3] MAP2K1
(3] MET
(2] MET
(2] RET
(2] RET

-

Level 2
Standard care

0 Genes

Level 3 Level 4
Clinical evidence

Non-Small Cell Lung Cancer

Alterations

Oncogenic Mutations
E709_T710delinsD
E709K

L833V

L861R

Kinase Domain Duplication
Exon 20 insertion
Exon 19 insertion
Oncogenic Mutations
G12C

Oncogenic Mutations

D1010mut, Exon 14 Deletion, Exon
14 splice mutation, Y1003mut

D1010mut, Exon 14 Deletion, Exon
14 splice mutation, Y1003mut

Fusions

Fusions

Tumor Type

Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer
Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancer

Biological evidence
7 Genes 0 Genes

Level R1
Standard care

0 Genes

13 drugs

Drugs

Sorafenib
Gefitinib, Afatinib, Erlotinib
Afatinib, Gefitinib, Erlotinib
Gefitinib, Afatinib, Erlotinib
Afatinib, Erlotinib, Gefitinib
Afatinib, Erlotinib, Gefitinib
Poziotinib
Erlotinib, Gefitinib, Afatinib
Neratinib
AMG-510

Cobimetinib, Trametinib

Capmatinib

Cabozantinib

LOX0-292

BLU-667

Clinical evidence

Reset filters

= Level 3 (clinical evidence)
- 7 genl
- 13 1ékd



Levels of Evidence Actionable Genes Cancer Genes Data Access  About Team News Terms

& Account ~ @

Level 1 Level 2 Level 3 Level 4 Level R1
FDA-approved Standard care Clinical evidence Biological evidence Standard care Clinical evidence
0 Genes 0 Genes 0 Genes 13 Genes 0 Genes

13 actionable genes Non-Small Cell Lung Cancer 24 drugs
Showing 17 biomarker-drug associations (13 genes, 2 tumor types, 1 level of evidence) Reset filters
Level = Gene -~ Alterations Tumor Type Drugs
(4 ATM Oncogenic Mutations All Solid Tumors Olaparib
<] BRAF L597 All Solid Tumors PLX8394
0o BRAF K601 Al Solid Tumors PLX8304
<] BRAF G464, G469A, G469R, G469V All Solid Tumors PLX8394
(4] CDK12 Truncating Mutations All Solid Tumors Pembrolizumab, Cemiplimab. Nivolumab
<] CDKN2A Oncogenic Mutations All Solid Tumors Palbociclib, Abemaciclib, Ribociclib
o o
©  EGFR D761Y Non-Small Cell Lung Cancer Osimertinib " Level 4 (b iol ogiCa |
©  EGFR A750P Non-Small Cell Lung Cancer Gefitinib, Erlotinib, Afatinib evidence )
(<] EGFR L747P Non-Small Cell Lung Cancer Erlotinib, Gefitinib, Afatinib 1 3 e n G
(4] FGFR1 Oncogenic Mutations All Solid Tumors BGJ398, Debio1347, AZD4547. Erdafitinib g
V4 o
(<) FGFR2 Oncogenic Mutations All Solid Tumors AZD4547, BGJ398, Debio1347, Erdafitinib - 24 |e kU
(4] FGFR3 Oncogenic Mutations All Solid Tumors Erdafitinib, Debio1347, BGJ398, AZD4547
(4] KRAS Oncogenic Mutations All Solid Tumors Trametinib, Binimetinib, Cobimetinib
(<] MET Fusions All Solid Tumors Crizotinib
(4] MTOR Oncogenic Mutations All Solid Tumors Temsirolimus, Everolimus
(4] NF1 Oncogenic Mutations All Solid Tumors Cobimetinib, Trametinib
(4] PTEN Oncogenic Mutations All Solid Tumors GSK2636771, AZD8186



= Roz$irené molekuldrni testovani u = Extenzivni testovani (stovky genu):

NSCLC je zadouci a opodstatnéné - klasifikace molekuldrnich aberaci (LOE — levels of
evidence)

= Nejlepsi pfistup - testovani NGS - klinicky vyznam muze byt obtizné hodnotitelny
= Sporné body: - ESMO Scale for Clinical Actionability of molecular

testovani DNA vs. RNA Targets (ESCAT)

cena (komercni kity)
Uhrady * TMB

dostatek tkané pro testovani - nadale nedoresené problémy (vCetné cut-offs,
velikosti panell, nadorové heterogenity,

bioinformatické algoritmy atd.)

- v soucasné dobé se nejedna o prediktivni marker
vhodny (mozny) ke klinickému vyuziti




