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Precizni medicina

* Precizni medicina je pristup k pacientovi, ktery umoznuje Iékari vybrat
léCbu, ktera na zakladé genetického znak( pacientovi nemoci bude s
nejvétsi pravdépodobnosti fungovat.
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* Pacienti s nadory, které maji stejné genetické zmény dostanou Iéky
cilené na danou zménu, nezavisle na typu nadoru
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A PALB2
A ATM - Platir? &F&S NIPARP inhibitor
A CHEK1/2
A FANCA/C
A NTRKZ1/3 TRK inhibitor
A ALK ALK inhibitor
A ROS1 ROS inhibitor
A BRAF BRAF inhibitor
A FGFR1/4 FGFR inhibitor
A ERBB2 HER2 inhibitor
A TOP2A antracykliny
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(WNT, AKT, MET) A STK11
A AKT1/2/3 mTORJ/AKT inhibitor
A TSC12

A RET inhibitor
Pishvaian. Clin Cancer Res. 2018;24:5018. A RET
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BRAF
0.3%

ROS1 B
0.9% |
RET \\
1.9%
HERZ2 ALK KRAS
19% 34% 94%
Kohno Cancer Science 2013

EGFR 14%

EGFR ex20ins 3%
EGFR+PIK3CA 1%

ERBB2 2%
ERBB2 ex20ins 4%

KRAS 14%
KRAS+PIK3CA 1%

others 37%

FGFR1amp 1%

ERBB2 amp 2% BRAF+PIK3CA 0.3%
MET amp 2%

MET skip 2% RAF1 0.3%
skip 2% .
NTRK3 fusion 0.05% NRASOI o
NRG1 fusion 0.2% HRAS 0.5%
3% 3% 3% 1% \ MAP2K1“. PIK3CA 1%
1%

Miyamoto ESMO 2019

BRAF 4%




HER2

~ Trastuzumab emtansine 2
~ Afatinib ?
~ Dacomitinib 2
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R é B f;ici, 1 °_ « Criotinib?
Dé o SN';UZ—a—LJNLQy le O O € c(abozantinib?
EGFR Sensitizing > Ceritinib*
: S‘:ﬁtf“_i:: -~ Lorlatinib 2 MET 3%
i S
A';aoﬁ;:'b“ ~ Brigatinib 2 > 1 Mutation 3%
Osimertinib ¢ EGER HER2 2%
~ Necitumumab * Other 4%
- Rociletinib 3 ROSL.2%
BRAF 2%
/ RET 2%

NTRKI 1%

PIK3CA 1%

Unknown MEK1 <1%

Oncogenic Driver
Detected
31%

MEK1 PIK3CA
Key ——
2. Dlased 3 -Phase Iil ~ Trametinib 2 ~ L¥Y30234142
» Selumetinib ? ~ PQR309*
2 - Phase |l 4 - Approved > Cobimetinib ?

Journal of Thoracic Oncology 2016

ROS1
Crizotinib ¢
Cabozantinib ?
Ceritinib 2
Lorlatinib ?
DS-6051b !
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BRAF
Vemurafenib 2
» Dabrafenib 2

\

RET
Cabozantinib ?
Alectinib 2
Apatinib ?
Vandetanib 2
Ponatinib ?
Lenvatinib ?
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NTRK1
Entrectinib ?
LOX0-101 2
Cabozantinib ?
DS-6051b !
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RAS mutation *
PIK3CA/PTEN mutation 45%

PIK3CA/PTEN mutation

Kinase inhibitor

Gene fusio”
MET inhibitor P 3
. \3) o
Anti-HER2 Tx ' oO\E? oX \ Wild type
WS 0
Anti-PD-1/PD-L1 “0“_\160 Anti-EGFR therapies
RAF

BRAF V600E
BRAF inhibitor + anti-EGFR * MEK inhibitor

Dienstmann. ASCO Ed Book. 2018.



Approved genomic-guided therapies

ABL1 fusion/ mut
ALK fusion/ mut
BRAF V600 mut
BRCA1/2 mut

EGFR mut

ERBB2 ampl
FGFR2/3 fusions/ mut
FLT3 mut

IDH1/2 mut

KIT mut

KRAS/NRAS wt

MET ampl/ exo14 skip
NTRK1/2/3 fusion
PDGFRA/PDGFB fusion
PIK3CA mut

ROS1 fusion

TSC1/2 mut

Leukemia

Lung

Melanona, Lung, Thyroid, CRC
Ovary, Breast

Lung

Breast, Gastric, CRC
Bladder

Leukemia

Leukemia

GIST

CRC

Lung, Renal

All solid tumors
Leukemia, Sarcoma
Breast

Lung

Brain

Imatinib, Dasatinib, Nilotinib, Bosutinib, Ponatinib
Crizotinib, Ceritinib, Alectinib, Lorlatinib, Brigatinib
Vemurafenib, Dabrafenib, Encorafenib, Trametinib, Cobimetinib, Binimetinib
Olaparib, Niraparib, Rucaparib, Talazoparib

Gefitinib, Erlotinib, Afatinib, Dacomitinib, Osimetrinib
Trastuzumab, Pertuzumab, T-DM1, Lapatinib, Neratinib
Erdafitinib

Midostaurin, Gilteritinib

Ivosidenib, Enasidenib

Imatinib, Sunitinib, Regorafenib, Sorafenib

Cetuximab, Panitumumab

Crizotinib, Cabozantinib

Larotrectinib, entrectinib

Imatinib, Dasatinib

Alpelisib

Crizotinib

Everolimus

Dienstmann ESMO 2019
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DNA Gene List: Entire Coding Sequence for the Detection of Base Substitutions, Insertion/Deletions, and Copy Number Alterations

ABL1 ABL2 ACVRIB AKTI AKTZ AKT3 ALK AMERI (FAM1238)  APC AR
ARAF ARFRP1 ARIDIA ARID1B ARID2 ASXL1 ATM ATR ATRX AURKA
AURKB AXINI AXL BAPI BARD1 BCL2 BCL2L1 BCL2L2 BCLE BCOR
BCORL1 BLM BRAF BRCA1 BRCA2 BRD4 BRIP1 BTG1 BTK C110rf30 (EMS
CARD11 CBFB cBL CCND1 CCND2 CCND3 CCNE1 D274 CD79A CD798
cDC73 CDH1 CDK12 CDK4 CDK6 CDK8 CDKN1A CDKN18 CDKN2A CDKN2B
CDKN2C CEBPA CHD2 CHD4 CHEK1 CHEK2 cic CREBBP CRKL CRLF2
CSFIR CTCF CTNNAZ CTNNBI cuLs cvip DAXX DDR2 DICERT DNMT3A
DOT1L EGFR EP300 EPHA3 EPHAS EPHA7 EPHBI ERBB2 ERBB3 ERBB4
ERG ERRFI1 ESR1 EZH2 FAMAEC FANCA FANCC FANCD2 FANCE FANCF
FANCG FANCL FAS FAT1 FBXW7 FGF10 FGF14 FGF19 FGF23 FGF3
FGF4 FGF6 FGFR1 FGFR2 FGFR3 FGFR4 FH FLEN FLTI FLT3
FLT4 Foxt2 FOXP1 FRS2 FUBP1 GABRAE GATA1 GATAZ GATA3 GATA4
GATA6 GID4 (C1701f39) GLI1 GNA11 GNA13 GNAQ GNAS GPR124 GRIN2A GRM3
GSK38B H3F3A HGF HNF1A HRAS HSD3B1 HSP90AA1 IDH1 IDH2 IGFIR
IGF2 IKBKE IKZF1 IL7R INHBA INPP4B IRF2 IRF4 IRS2 JAKT
JAK2 JAK3 JUN KAT6A (MYST3)  KDMSA KDM5C KDMEA KDR KEAP1 KEL
KIT KLHLE KMT2A (MLL) KMT2C (MLL3) KMT2D (MLL2) KRAS LMO1 LRP1B LYN LZTR1

G ickynj NT S LINBE OA 1 6 Z

enomickynf N1 Sy} INSBOAI YN S @ 1

Torr e TeTTET oo o v o= oo TerRz=T T
NOTCH2 NOTCH3 NPMI NRAS NSD1 NTRK1 NTRK2 NTRK3 NUP93 PAK3
PALB2 PARKZ2 PAX5 PBRM1 PDCDILG2 PDGFRA PDGFRB PDK1 PIK3C28 PIK3CA
PIK3CB PIK3CG PIK3R1 PIK3R2 PLCG2 PMS2 POLDI POLE PPP2R1A PRDM1
PREX2 PRKARIA PRKCI PRKDC PRSSS PTCH1 PTEN PTPN11 Qk! RAC1
RADS50 RADS51 RAF1 RANBP2 RARA RBI RBM10 RET RICTOR RNF43
ROS1 RPTOR RUNX1 RUNX1T1 SDHA SDHB SDHC SDHD SETD2 SF381
SLT2 SMAD2 SMAD3 SMAD4 SMARCA4 SMARCB1 smo sncap socs1 sox10
s0x2 s0x9 SPEN sPOP SPTAL SRC STAG2 STAT3 STAT4 STK11
SUFU SYK TAF1 7BX3 TERC (promoteronty)  TET2 TGFBR2 TNFAIP3 TNFRSF14
ToP1 TOPZA P53 7sc1 75C2 TSHR U2AF1 VEGFA VHL wisP3
wT1 XPO1 ZB782 ZNF217 ZNF703
DNA Gene List: For the Detection of Select Rearrangements
ALK BCL2 BCR BRAF BRCA1 BRCAZ BRD4 EGFR ETVI ETV4
ETVS ETV6E FGFR1 FGFR2 FGFR3 KT MSH2 mys myc NOTCH2
NTRK1 NTRK2 PDGFRA RAF1 RARA RET ROS1 TMPRSS2

Additional Assays: For the Detection of Select Cancer Biomarkers
Microsatellite status
Tumor Mutation Burden
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Precizni medicina

* Precizni medicina je pristup k pacientovi, ktery umoznuje |ékari vybrat
|éCbu, ktera na zakladé genetického znakl pacientovi nemoci bude s
nejvétsi pravdépodobnosti fungovat.

@

* Pacienti s nadory, které maji stejné genetické zmény dostanou léky
cilené na danou zménu, nezavisle na typu nadoru



Precizni vs. personalizovana
medicina

Personalizovana medicina
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10 Y M BRCA1/2
A PALB2
A ATM - Platinum/PARP inhibitor
A CHEK1/2
A FANCA/C
A NTRKZ1/3 TRK inhibitor
A ALK ALK inhibitor
A ROS1 ROS inhibitor
A BRAF BRAF inhibitor
A FGFR1/4 FGFR inhibitor
A ERBB2 HER2 inhibitor
A TOP2A Anthracyclity

~
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(WNT, AKT, MET) A STK11
A AKT1/2/3t mTOR/AKT inhibitor
A TSC12 o
Pishvaian. Clin Cancer Res. 2018;24:5018. A RET RET inhibitor



Precizni medicina

* Precizni medicina je pristup k pacientovi, ktery umoznuje Iékari vybrat
léCbu, ktera na zakladé genetického znak( pacientovi nemoci bude s
nejvétsi pravdépodobnosti fungovat.
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* Pacienti s nadory, které maji stejné genetické zmény dostanou Iéky
cilené na danou zménu, nezavisle na typu nadoru
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Bhattacharjee A, et al. Proc Natl Acad Sci U S A. 2001;98:13790-13795.
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DNA Gene List: Entire Coding Sequence for the Detection of Base Substitutions, Insertion/Deletions, and Copy Number Alterations

ABL1 ABL2 ACVRIB AKTI AKTZ AKT3 ALK AMERI (FAM1238)  APC AR
ARAF ARFRP1 ARIDIA ARID1B ARID2 ASXL1 ATM ATR ATRX AURKA
AURKB AXINI AXL BAPI BARD1 BCL2 BCL2L1 BCL2L2 BCLE BCOR
BCORL1 BLM BRAF BRCA1 BRCA2 BRD4 BRIP1 BTG1 BTK C110rf30 (EMS
CARD11 CBFB cBL CCND1 CCND2 CCND3 CCNE1 D274 CD79A CD798
cDC73 CDH1 CDK12 CDK4 CDK6 CDK8 CDKN1A CDKN18 CDKN2A CDKN2B
CDKN2C CEBPA CHD2 CHD4 CHEK1 CHEK2 cic CREBBP CRKL CRLF2
CSFIR CTCF CTNNAZ CTNNBI cuLs cvip DAXX DDR2 DICERT DNMT3A
DOT1L EGFR EP300 EPHA3 EPHAS EPHA7 EPHBI ERBB2 ERBB3 ERBB4
ERG ERRFI1 ESR1 EZH2 FAMAEC FANCA FANCC FANCD2 FANCE FANCF
FANCG FANCL FAS FAT1 FBXW7 FGF10 FGF14 FGF19 FGF23 FGF3
FGF4 FGF6 FGFR1 FGFR2 FGFR3 FGFR4 FH FLEN FLTI FLT3
FLT4 Foxt2 FOXP1 FRS2 FUBP1 GABRAE GATA1 GATAZ GATA3 GATA4
GATA6 GID4 (C1701f39) GLI1 GNA11 GNA13 GNAQ GNAS GPR124 GRIN2A GRM3
GSK38B H3F3A HGF HNF1A HRAS HSD3B1 HSP90AA1 IDH1 IDH2 IGFIR
IGF2 IKBKE IKZF1 IL7R INHBA INPP4B IRF2 IRF4 IRS2 JAKT
JAK2 JAK3 JUN KAT6A (MYST3)  KDMSA KDM5C KDMEA KDR KEAP1 KEL
KIT KLHLE KMT2A (MLL) KMT2C (MLL3) KMT2D (MLL2) KRAS LMO1 LRP1B LYN LZTR1
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NOTCH2 NOTCH3 NPMI NRAS NSD1 NTRK1 NTRK2 NTRK3 NUP93 PAK3
PALB2 PARKZ2 PAX5 PBRM1 PDCDILG2 PDGFRA PDGFRB PDK1 PIK3C28 PIK3CA
PIK3CB PIK3CG PIK3R1 PIK3R2 PLCG2 PMS2 POLDI POLE PPP2R1A PRDM1
PREX2 PRKARIA PRKCI PRKDC PRSSS PTCH1 PTEN PTPN11 Qk! RAC1
RADS50 RADS51 RAF1 RANBP2 RARA RBI RBM10 RET RICTOR RNF43
ROS1 RPTOR RUNX1 RUNX1T1 SDHA SDHB SDHC SDHD SETD2 SF381
SLT2 SMAD2 SMAD3 SMAD4 SMARCA4 SMARCB1 smo sncap socs1 sox10
s0x2 s0x9 SPEN sPOP SPTAL SRC STAG2 STAT3 STAT4 STK11
SUFU SYK TAF1 7BX3 TERC (promoteronty)  TET2 TGFBR2 TNFAIP3 TNFRSF14
ToP1 TOPZA P53 7sc1 75C2 TSHR U2AF1 VEGFA VHL wisP3
wT1 XPO1 ZB782 ZNF217 ZNF703
DNA Gene List: For the Detection of Select Rearrangements
ALK BCL2 BCR BRAF BRCA1 BRCAZ BRD4 EGFR ETVI ETV4
ETVS ETV6E FGFR1 FGFR2 FGFR3 KT MSH2 mys myc NOTCH2
NTRK1 NTRK2 PDGFRA RAF1 RARA RET ROS1 TMPRSS2

Additional Assays: For the Detection of Select Cancer Biomarkers
Microsatellite status
Tumor Mutation Burden
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DNA- vs RNA-Based NGS Approaches!2!
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DNA-based NGS RNA-based NGS

v Potential for multiplexed assessment for multiple different
fusion targets

= Detected fusions may or may not be expressed

= Requires tiling through intronic regions

0 Fusion positions inferred based on reads through genomic DNA v/ Ffion positions are directly demonstrated

v Potential for multiplexed assessment for multiple
different fusion targets

V' Detection of exprwed transcripts

v Read directly through expressed transcripts
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Precision medicine (also called personalized
medicine) aims to prevent, diagnose, and treat
disease based on an individual's specific

biological, genomic, environmental,
and disease characteristics'?

W ‘e, 4

In the context of cancer,
precision medicine usually refers to the
use of therapeutic interventions that are
expected to benefit a subset of patients

whose cancer shows specific
molecular or cellular features, such as’

. Protein expression
Genomic i
i patterns

alterations

Studies suggest that
30% to 49% of patients
with cancer who
undergo genomic
profiling have an

actionable alteration that
can be paired with an
approved or
investigational therapy3#




BRAF
QS%

ROS1
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RET
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34% 9.4%

Kohno Cancer Science 2013

NSCLC

EGFR 14%

EGFR ex20ins 3%
EGFR+PIK3CA 1%

ERBB2 2%
ERBB2 ex20ins 4%

KRAS 14%
KRAS+PIK3CA 1%

others 37%

FGFR1amp 1%
ERBB2 amp 2%

MET amp 2%
MET skip 2%
NTRK3 fusion 0.05%

NRG1 fusion 0.2% /ALK /RET/ROS1AKT1
3% 3% 3% 1%

BRAF 4%
BRAF+PIK3CA 0.3%
RAF1 0.3%
NRAS 1%
HRAS 0.5%
MAP2K1 ~_PIK3CA 1%

1%

Miyamoto ESMO 2019



Frequent alterations in adenocarcinomas

# Unknown
B KRAS
n EGFR
m NRAS
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DNA-based NGS RNA-based NGS

v Potential for multipleved assessment for multple iffent ' Potentialfor multiplexed assessment for multple

fusion targets diferent fusion targets
= Detected fusions may or may not be expressed / Detectionof exprwed transeripts
= Requires tiing through intronic regons V' Read directly through expressed transcrpts

= Fusion positons inferred based on reads through genomic ONA ¥ Fuion postonsare dirctly demonstrted



Approved genomic-guided therapies

ABL1 fusion/ mut Leukemia Imatinib, Dasatinib, Nilotinib, Bosutinib, Ponatinib

ALK fusion/ mut Lung Crizotinib, Ceritinib, Alectinib, Lorlatinib, Brigatinib
BRAF V600 mut Melanona, Lung, Thyroid, CRC Vemurafenib, Dabrafenib, Encorafenib, Trametinib, Cobimetinib, Binimetinib
BRCA1/2 mut Ovary, Breast Olaparib, Niraparib, Rucaparib, Talazoparib

EGFR mut Lung Gefitinib, Erlotinib, Afatinib, Dacomitinib, Osimetrinib
ERBB2 ampl Breast, Gastric, CRC Trastuzumab, Pertuzumab, T-DM1, Lapatinib, Neratinib
FGFR2/3 fusions/ mut Bladder Erdafitinib

FLT3 mut Leukemia Midostaurin, Gilteritinib

IDH1/2 mut Leukemia Ivosidenib, Enasidenib

KIT mut GIST Imatinib, Sunitinib, Regorafenib, Sorafenib
KRAS/NRAS wt CRC Cetuximab, Panitumumab

MET ampl/ exo14 skip Lung, Renal Crizotinib, Cabozantinib

NTRK1/2/3 fusion All solid tumors Larotrectinib, entrectinib

PDGFRA/PDGFB fusion Leukemia, Sarcoma Imatinib, Dasatinib

PIK3CA mut Breast Alpelisib

ROS1 fusion Lung Crizotinib

TSC1/2 mut Brain Everolimus

Dienstmann ESMO 2019
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RAS mutation *
PIK3CA/PTEN mutation 45%

PIK3CA/PTEN mutation

Kinase inhibitor

Gene fusio”
MET inhibitor P 3
. \3) o
Anti-HER2 Tx ' oO\E? oX \ Wild type
WS 0
Anti-PD-1/PD-L1 “0“_\160 Anti-EGFR therapies
RAF

BRAF V600E
BRAF inhibitor + anti-EGFR * MEK inhibitor

Dienstmann. ASCO Ed Book. 2018.
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Stage I Stage IXI Stage IIX Stage IV
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BRAF BRAF
KRAS KRAS cxcL2 EGFR KRAS
SCN1A cxcLs PIK3CA SCN1A
TPS3 TPS3 DAAM2 PTGS1 TPS3
cpaa CLDN2 DKK3 PTGS2 CLDN2
CcyP1B1 IGF1 PTPRC CcYP1B1
CLDN2 PTGS1 KRAS SRC PTGS1
cypPiB1 PTGS2 MMP1 TCF12 PTGS2
TCF12 SCN1A TYMS TCF12
TYMS TPS3 VEGFA TYMS
cpaa XRCC1
CLDN2 CYP1B1

Critical Reviews in Oncology / Hematology 118 (2017)



Vyvoj prognosticko-prediktivni genomiky CRC

Byvaly standard Soucasny standard Aktualizovany standard
— HER2 MS| PIK3CA miRNA
AKT TP53 EGFR CTNNB1

PTEN EREG AREG

Budouci standard?
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Genotype-Directed Therapy

Heterogeneity in patients ¢------------- e Tt e aou
with adenocarcinoma ; : U] ALK
of the lung according ;' ! ~5%
to driver oncogenes | . KRAS

~15% in Asians
~30% in Caucasians

EGFR
~40% in Asians
~15% in Caucasians

HER2
3%

ft

~1% ~1% ~1%

)
NRAS PIK3CA || MET
~1%

~1%
0,0.0.0

<5%

B ROS1 nREr iBRAF
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Pishvaian. Clin Cancer Res. 2018;24:5018.
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(WNT, AKT, MET)
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TRK inhibitor
ALK inhibitor
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Estimated Frequency of NTRK Fusions Across Tumor Types

NTRK Fusion Frequency

< 5% of patients 5% - 25% of patients > 75% of patients
CNS Lung Q Congenital mesoblastic & Mammary analogue
O Astrocytoma O Adenocarcinoma nephroma secretory carcinoma
QO Brain low-grade glioma O Large cell : : (MASC) of the salivary
O Glioblastoma neuroendocrine Q Papillary thyroid cancer gland
Gl Other O Pontine glioma Q Secretory breast
Q CRC O Acute myeloid leukemia Q Spitz tumors LU
Q Cholangiocarcinoma QO Breast cancer Q Infantile fibrosarcoma
Q GIST O Melanoma
Q Pancreatic cancer Q Sarcoma

Head and Neck
O Squamous cell
carcinoma
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Estimated Frequency of NTRK Fusions Across Tumor Types

NTRK Fusion Frequency
< 5% of patients

CNS Lung
Q Astrocytomal?! @ Adenocarcinomal?’]
Q Brain low-grade gliomal?! Q@ Large cell neuroendocrinel®
Q Glioblastomal®!

Other
Gl @ Acute myeloid leukemial®!
Q CRcl24 Q Breast-invasive carcinomal!?)
@ Cholangiocarcinomal®! & Melanomal?
Q Pancreatic cancer!® Q Sarcomal?

Head and Neck
Q Squamous cell carcinomal?!
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Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts
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Training Residents
In Genomics
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Molekularni heterogenita
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