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Dr. Kohno graduated from Kyoto University in 1989. He
received his PhD from Tokyo University. Since 1995, he has
studied lung cancer genetics and genomics at the National
Cancer Center. His main research finding involves RET fusion
in lung adenocarcinoma and its clinical translation. He is also a
Chief of Division of Translational Research, Exploratory
Oncology Research and Clinical Trial Center (EPOC), National
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Science Strategy, Center for Cancer Genomics and Advanced
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development of the NCC Oncopanel gene panel test, which is
currently implemented in daily oncology practice. His research
areas include genomics, genetics (polymorphisms), and
precision cancer medicine.

Specialty and Research Field of Interest
Precision genomic medicine
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Genomic Profiling Test to Detect Actionable Mutations/Alterations:
DNA Changes with an Expected (or Predicted) Impact on Response to Treatment .
Gene mutation & amplification Gene fusion EGFR
ABL1 CRKL IDHZ NF1 RAC2 ALK | M Utation Y
ACTNA CREBBP IGFIR NFE2L2/Nrf2  RAD51C AKT2 BRAF
AKT1 CTNNB 1GF2 NOTCH1 RAF1 BRAF
AKT2 cuLs IL7R NOTCH2 RB1 ERBB4
AKT3 DDR2 JAK1 NOTCH3 RET FGFR2
ALK JAK2 NRAS RHOA FGFR3
APC ENO1 JAK3 NRG1 ROS1 NRG1 EML4-ALK
ARAF EP300 KDMGA/UTX NTRK1 SETBPL NTRK1
ARID1A KEAP1 NTRK2 SETD2 NTRK2 Fusion KIF5B-RET
ARID2 ERBB3 KIT NTRK3 SMAD4 PDGFRA
AT™M ERBBA KRAS NTSC2 SMARCA4 o CD74-R0OS1
AXINL ESR1/ER MAP2K1/MEKL  PALB2 SMARCB1
AXL EZH2 MAP2K2/MEK2 PBRM1 SMO Y
BAP1 FBXW7 MAP2K4 PDGFRA STAT3
BARD1 FGFR1 MAP3K1 PDGFRB STK11/LKB1
BCL2L11 FGFR2 MAP3KA PIK3CA P53
BRAF FGFR3 MDM2 PIK3R1 T5C1
BRCA1 FGFR4 MDM4 PIK3R2 VHL
BRCA2 T3 MET POLD1 A | f .
CCND1 GNA11 MLH1 POLE
D274/PD-L1  GNAQ MTOR PRKCI m pim cation ([ ) ’ HE RZ/E RBB2
CDKa GNAS MsH2 PTCH1
CDKN2A HRAS MYC PTEN W, MYCN
CHEK2 IDHL MYCN RAC1
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Central Dogma

Exon

Promoter
Gene ——

Intron

Central dogma of molecular biology
The flow of genetic information within a biological system
is often described as "DNA makes RNA, and RNA makes protein”.
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Central Dogma
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Central dogma of molecular biology
The flow of genetic information within a biological system
is often described as "DNA makes RNA, and RNA makes protein”.
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Central Dogma

Coding
region/sequence
(CDS)

Noncoding region

> AAAAA Transcription

U
—\’ AAAAA Splicing
mRNA AAAAA

Coding
region/sequence Untranslated region
(CDS) (5'UTR and 3'UTR)
Central dogma of molecular biology

The flow of genetic information within a biological system
is often described as "DNA makes RNA, and RNA makes protein”.
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Central Dogma

Exon

Promoter
Gene N

> AAAAA Transcription

g
— /> AAAAA §plicing
MRNA  —EEE-> AAAAA
1% Amino acid

Protein BB S S S S S ST S0

N-terminus C-terminus

Central dogma of molecular biology
The flow of genetic information within a biological system
is often described as "DNA makes RNA, and RNA makes protein”.
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The RET Gene

% 3 40 _» (Mb)
RET Locus (10q11.2)

LT CGGGARAGTIC 43606666
TGTGTGEARR ACTGCCAGGC ATICAGTGGC ATCARCGTCC AGIACAAGCT 43606718
GCATTCCICT GGTGCCARCT GCAGCACGCT AGGGGTGGTC ACCTCAGCCG 43606766
6. T TCCT! GRATG

CCIGCGGCG6 43606216 .
somcacer; seeione Tt enes s 2w Blue: Exon
CTCTAGGCAG GCCCAGGCCC AGCTGCTTGT ARCAGTGGAG GGGICATGEg 43606316
=oees  Black: Int
43607016 ack: Intron
43607066
143607116
143607166
43607216 L. ..
43607266 Ti pt & SPI g
poddibadd ranscription ICIN
catgatgtos 43607366
43607416

Seorsse RNA
Seoreie m

Aerosece s3c07566 AAAAA
SRt SR SEINEN oo cronceacis adeoneie

3060350015 OICOCOHA CAGGAGSTS ZOACTOAGS CAAGGAGATS  Fo6076Es

Sescoace Seorrie

43607766
43607816

: ‘ Translation

T 43808066 H
RET Protein

43608166

43608216
43608266
geagoGATCA CCAGEAACTT 43602315

CTCCACCTGC TCTCCCAGCA CCAAGACCTG CCCCGACGGC CACTGCGATG 43602366
TTGTGEAGAC CCARGACATC AACATTIGCC CICAGGACTG CCICCgtasg 43602416
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RET Protein Functions as a “Druggable” Protein Kinase
 J J 22 aaaaaa)

N-terminal C-terminal

ENROLLED SEPARATELY

Previous

: Previousl
Platinum-Based U c)l,
Patients with RET fusion— Chemothera ntreate
positive non-small-cell lun Py
(N=105) (N=39)

cancer ﬁ .

B 64%

Objective resp
(complete or partial 4 (67 patients) (33 patients)
response) 95% CI, 54 to 73 95% CI, 70 to 94

Safety Twelve of 531 patients in overall cohort (2%) discontinued
because of drug-related adverse events.
The median dura response was 17.5 mo.

RET bound to selpercatinib (7JU6) (Drilon et al, NEJM, 2020)
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Detecting Actionable Mutations/Alterations of Oncogenes:
DNA Changes with an Expected (or Predicted) Impact on the Response to Treatment

Gene mutation & amplification Gene fusion EGFR
ABL1 CRKL IDH2 NF1 RAC2 M utatlon *
ACTNA CREBBP IGFIR NFE2L2/Nrf2  RADS1C B R A F
AKT1 CTNNB 1GF2 NOTCH1 RAFL
AKT2 cus IL7R NOTCH2 RB1
AKT3 DDR2 JAK1 NOTCH3 RET
ALK EGFR JAK2 NRAS RHOA
APC ENO1 JAK3 NRG1 ROS1 EML4-ALK
ARAF EP300 KDM6A/UTX NTRK1 SETBP1
ARID1A ERBB2/HER2 KEAP1 NTRK2 SETD2 K I F 5 B_ R ET
ARID2 ERBB3 KIT NTRK3 SMAD4
ATM ERBB4 KRAS NT5C2 SMARCA4
AXINL ESR1/ER MAP2K1/MEK1  PALB2 SMARCBL CD74-ROS1
AXL EZH2 MAP2K2/MEK2 PBRM1 SMO
BAP1 FBXW7 MAP2K4 PDGFRA STAT3
BARD1 FGFR1 MAP3K1 PDGFRB STK11/LKB1
BCL2L11 FGFR2 MAP3K4 PIK3CA TP53
BRAF FGFR3 MDM2 PIK3R1 T5C1
BRCA1 FGFR4 MDM4 PIK3R2 VHL
BRCA2 T3 MET POLD1 A | f .
CCNDL GNALL MLH1 POLE
CDZTA[PD»[I GNAQ MTOR PRKCI m p I I cat I o n HERZ/ERBBZ
CDKA GNAS MSsH2 PTCHL
CDKN2A HRAS MYC PTEN MYCN
CHEK2 IDH1 MYCN RACL
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Detecting Actionable Mutations/Alterations of Oncogenes:

DNA Changes with an Expected (or Predicted) Impact on the Response to Treatment .
Gene mutation & amplification Gene fusion
. EGFR
ABL1 CRKL IDH2 NF1 RAC2 M Utatlon Y
ACTNA CREBBP IGFIR NFE2L2/Nri2 RADS51C B R A F
AKT1 CTNNB 16F2 NOTCH1 RAFL
AKT2 cus IL7R NOTCH2 RB1
AKT3 DDR2 JAK1 NOTCH3 RET
ALK JAK2 NRAS RHOA
APC ENO1 JAK3 NRG1 ROS1 EML4-ALK
ARAF EP300 KDMGA/UTX NTRK1 SETBPL
ARID1A KEAP1 NTRK2 SETD2 Fusion KIF5B-RET
ARID2 ERBB3 KIT NTRK3 SMAD4 .
ATM ERBB4 KRAS NT5C2 SMARCA4
AXINL ESR1/ER MAP2K1/MEKL  PALB2 SMARCB1 CD74-ROS1
AXL EZH2 MAP2K2/MEK2 PBRM1 SMO Y
BAP1 FBXW7 MAP2K4 PDGFRA STAT3
BARD1 FGFR1 MAP3K1 PDGFRB STK11/LKB1
BCL2L11 FGFR2 MAP3K4 PIK3CA P53
BRAF FGFR3 MDM2 PIK3R1 T5C1
BRCA1 FGFR4 MDM4 PIK3R2 VHL
BRCA2 A3 MET POLD1 A | f .
CCND1 GNAL1 MLH1 POLE
D274/PD-L1  GNAQ MTOR PRKCI m ph ication ([ ) ’ H ERZ/ ERBB2
CDK4 GNAS MSH2 PTCHL
CDKN2A HRAS MYC PTEN W, MYCN
CHEK2 IDH1 MYCN RACL
Occurring on either maternal or paternal allele
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Detecting Actionable Mutations/Alterations of Oncogenes:
DNA Changes with an Expected (or Predicted) Impact on the Response to Treatment
Gene mutation & amplification Gene fusion EGFR
ABL1 CRKL IDH2 NFL RAC2 Mutation
ACTNA CREBBP IGFIR NFE2L2/Nrf2  RAD51C B R A F
AKT1 CTNNB 1GF2 NOTCH1 RAFL
AKT2 cus IL7R NOTCH2 RB1
AKT3 DDR2 JAK1 NOTCH3 RET
ALK JAK2 NRAS RHOA
APC ENO1 JAK3 NRG1 ROS1 EML4-ALK
ARAF EP300 KDMGA/UTX NTRK1 SETBP1
ARID1A KEAP1 NTRK2 SETD2 F H KIF5B-RET
ARID2 ERBB3 KIT NTRK3 SMAD4 u s I o n
ATM ERBB4 KRAS NTSC2 SMARCA4
AXINL ESR1/ER MAP2K1/MEKL  PALB2 SMARCBL CD74-ROS1
AXL EZH2 MAP2K2/MEK2 PBRM1 SMO
BAP1 FBXW7 MAP2K4 PDGFRA STAT3
BARD1 FGFR1 MAP3K1 PDGFRB STK11/LKB1
BCL2L11 FGFR2 MAP3K4 PIK3CA P53
BRAF FGFR3 MDM2 PIK3R1 T5C1
BRCA1 FGFR4 MDM4 PIK3R2 VHL
BRCA2 T3 MET POLD1 A | f .
CCNDL GNALL MLH1 POLE
CD274/PD-L1 GNAQ MTOR PRKCI m p ification HE RZ/ ERBB2
CDKA GNAS MSH2 PTCHL
CDKN2A HRAS MYC PTEN MYCN
CHEK2 IDH1 MYCN RACL /
Wild-type allele Mutant allele
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Gene fusion (RET Fusion)

Chromosome 10

30 0 ¢ 3 " 40 _* Mb
Locus/loci ~KIF5B ger (M)

Inversion

Fused Genomic DNA

Fused mRNA AAAAA

‘ Translation
KIF5B-RET -DO
Fusion Protein

“Constitutively Active Kinase”
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Next-Generation Sequencing (NGS) to Detect
Gene Fusion

Whole-genome sequencing

Determining the complete nucleotide sequence w
of genomic DNA - -

Whole exon sequencing %0 kiesg % 40 rer (M)
Determining the complete nucleotide sequence of

the exons present in a genome N’“}%/
RNA sequencing Genome DNA =2 -

Determining the complete nucleotide sequence of
RNAs present in a cell/tissue

Target(ed) sequencing

Determining the nucleotide sequence of the genes of
interest

mRNA ——>

Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en




<L

Discovery of RET and KIF5B Fusion using NGS

Seoul Natl Univ Foundation Med, USA

NCC, Japan
RNA Whole-genome Target
sequencing sequencing sequencing
Samples: 30 Samples: 1 Samples: 24

F s =

L 1
— — — DNA of
—mm RNA DNA "— (-] 150 genes
[ [—

KIF5B-RET fusion was discovered using three different NGS methods

(Kohno et al, Nat Med, 2012; Ju et al, Genome Res, 2012; Lipson et al, Nat Med, 2012)

2021/7/14
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RNA Sequencing Data Indicating KIF5B-RET Fusion

30 Chimera
paired end reads

RET

' RET ex 12

12 Junction reads

(Kohno et al, Nat Med, 2012)

ICRweb: https://www.icrweb.jp/icr_index.php?lang=en
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Sanger Sequencing Validates KIF5B-RET Fusion

mRNA = AAAAA3, 1 23 45 6789101

' Reverse
transcription
Forward primer
3 = 5 W
cDNA TITTTT
@

Reverse primer -

PCR €——> T »

Sanger Sequencing
KIF5B exon 15 RET exon 12

G G GAAARTA A T GAT GTAA A GGAGGAT C CAA AGT G666 AAT T

Mt i s N s atflanfion

(Kohno et al, Nat Med, 2012)
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Discovery of RET and KIF5B Fusion using NGS

NCC, Japan Seoul Natl Univ Foundation Med, USA
RNA Whole-genome Target
sequencing sequencing sequencing
Samples: 30 Samples: 1 Samples: 24
(e—
— ] —/ —3
— — — DNA of
—mmm RNA DNA "—mm [— | 150 genes
-] -] (-]

KIF5B-RET fusion was discovered using three different NGS methods

(Kohno et al, Nat Med, 2012; Ju et al, Genome Res, 2012; Lipson et al, Nat Med, 2012)




Whole-Genome Sequencing to Detect KIF5B-RET Fusion

PCR of genome DNA followed by Sanger sequencing

chr10: 32,351,306

2021/7/14

<L

chr10: 42,931,602
(+) strand

{-) strand
G AATATTT TiGTGCAGCTCCTT
KIF58 intron RET intron
fAon f f i
| Ao I(\ . il A
| ‘ k. i f fA no| 1 N i
| | / A IREAED, Nt [
J\ 1 AURER L1 O G (R
VAVRRTA' -‘.‘I.“-"‘.‘lﬂ RYR'RIAWVATRTAY |/
4__—.1'__4l_e-: A W A AV _'i___!_.';g_ AU

KIF5B-RET fusion

(Ju et al, Genome Res, 2012)

ICRweb: https://www.icrweb.jp/icr_index.php?lang=en
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Discovery of RET and KIF5B Fusion using NGS

@
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NCC, Japan Seoul Natl Univ Foundation Med, USA
RNA Whole-genome Target
sequencing sequencing sequencing
Samples: 30 Samples: 1 Samples: 24
- _— [ o )
— ] —/ —3
— — — DNA of
—mmm RNA DNA "—mm [o— | 150 genes
[ | -] (-]

KIF5B-RET fusion was discovered using three different NGS methods

(Kohno et al, Nat Med, 2012; Ju et al, Genome Res, 2012; Lipson et al, Nat Med, 2012)
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Target Capture Sequencing
mmm'm % ESu_rehSeIel:ls
G0000000000C |~ Gapture Process
DNA L=
sample ApAM
o008 0. + rqer + mw Probe hybridization with the nucleotide sequence
Q0000 000G | - etz | Of the genes of interest
0
m m m \\_ STREPTAVIDIN COATED MAGNETIC BEADS
90005 o000 000¢ + T M Q
o000C 90000 -
0000G Mw% O Purification of the DNA that had hybridized with the
e w& probes
0000C Sondcaprira
s i) = NGS (KIF5B-RET fusion discovery)
Dl 3
http://www.chem-agilent.com/contents.php?id=1001184 (Lipson et al, Nat Med, 2012)
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Detecting Actionable Mutations/Alterations:
DNA Changes with an Expected (or Predicted) Impact on the Response to Treatment .
Gene mutation & amplification Gene fusion EGFR
ABL1 CRKL IDH2 NF1 RAC2 (ALK | M utation *
ACTNG CREBBP IGFIR NFE2L2/Nrf2  RAD51C AKT2 BRAF
AKT1 CTNNB 1GF2 NOTCH1 RAFL BRAF
AKT2 cus IL7R NOTCH2 RB1 ERBBA
AKT3 DDR2 JAK1 NOTCH3 RET FGFR2
ALK JAK2 NRAS RHOA FGFR3
APC ENO1 AK3 NRG1 ROS1 NRG1 EML4-ALK
ARAF EP300 KDMGA/UTX NTRK1 SETBP1 NTRK1
ARID1A KEAP1 NTRK2 SETD2 NTRK2 Fusion KIF5B-RET
ARID2 ERBB3 KIT NTRK3 SMADA PDGFRA Slio
ATM ERBEA KRAS NTSC2 SMARCA4 CD74-ROS1
AXIN1 ESR1/ER MAP2K1/MEK1 PALB2 SMARCB1
AXL EZH2 MAPZK2/MEK2  PBRM1 SMO
BAP1 FBXW7T MAP2K4 PDGFRA STAT3
BARD1 FGFR1 MAP3K1 PDGFRB STK11/LKB1
BCL2L11 FGFR2 MAP3K4 PIK3CA P53
BRAF FGFR3 MDM2 PIK3R1 TsC1
BRCA1 FGFR4 MDM4 PIK3R2 VHL
BRCA2 T3 MET POLD1 | A | f t_ ‘
CCNDL GNALL MLH1 POLE
CD274/PD-L1 GNAQ MTOR PRKCI m p Imcation HE RZ/ ERBB2
CDKA GNAS MSH2 PTCHL
CDKN2A HRAS MYC PTEN MYCN
CHEK2 IDH1 MYCN RACL
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Reference

human genome sequence
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Gene Amplification (Copy Number Gain)

Mutation

]— Sequencing depth

EGFR
BRAF

CoOCe XD

L OCe X OC* (DO

R — s e 1 | | - EML4-ALK
P g gl i sl [ umornorma ati | KIF5B-RET
S i 1 o O | o 5 Fusion B
|| S [ ) CD74-ROS1
Sequence read ~
— i
e m— Sequencing
I depth ‘ Amp||f|cat|on ‘ HER2/ERBB2

MYCN

@
(es®

ICRweb: https://www.icrweb.jp/icr_index.php?lang=en

ABL1
ACTNA
AKT1
AKT2
AKT3
ALK
APC
ARAF
ARID1A
ARID2
ATM
AXINL
AXL
BAPL
BARD1
BCL2L11
BRAF
BRCA1
BRCA2
CCND1
€D274/PD-11
CcDKa
COKN2A
CHEK2

Gene mutation & amplification

CRKL
CREBBP
CTNNB
cuL3
DDR2
ENO1
EP300
ERBB3
ERBB4
ESR1/ER
EZH2
FBXW7
FGFR1
FGFR2
FGFR3
FGFR4
FLT3
GNA11
GNAQ
GNAS
HRAS
IDH1

IDH2

IGF1IR

IGF2

IL7R

JAK1

JAK2

JAK3
KDM6A/UTX
KEAP1

KIT

KRAS
MAP2K1/MEK1
MAP2K2/MEK2
MAP2K4
MAP3K1
MAP3K4
MDM2
MDM4

MET

MLH1

MTOR

MSsH2

MYC

MYCN

NF1
NFE2L2/Nrf2
NOTCH1
NOTCH2
NOTCH3
NRAS
NRG1
NTRK1
NTRK2
NTRK3
NT5C2
PALB2
PBRM1
PDGFRA
PDGFRB

RAC2
RADS1C
RAF1

RB1

RET
RHOA
ROS1
SETBP1
SETD2
SMAD4
SMARCA4
SMARCB1
SMO
STAT3
STK11/LKB1
P53
T5C1

VHL

Detecting Actionable Mutations/Alterations:
DNA Changes with an Expected (or Predicted) Impact on the Response to Treatment

Gene fusion

AKT2
BRAF
ERBB4
FGFR2
FGFR3
NRG1
NTRK1
INTRK2
PDGFRA

Fusion

Amplification
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EGFR
BRAF

EML4-ALK
KIF5B-RET
CD74-ROS1

HER2/ERBB2
MYCN

(o8 1 H(=™ X HC* (D
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Central Dogma
Exon 1 Exon 2 Exon 3
A W
DNA 5'UTR Intron Intron 3'UTR
mRNA _ —AAAAAA
Amino acid
e (- (LO000000000- 0
B8 N-terminus C-terminus
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Gene Mutation

DNA 5'UTR Intron intron 3'UTR

3UTR  —AAAAAA

e (- DOOO000MO000 O
Amino acid Amino acid change
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EGFR L858R Mutation (“Hotspot” Missense Mutation)

.II s

Nucleotide change Amino acid change
c.2573T>G =3 1 | 858R
Exon 19 Exon 20 Exon 21 Exon 22
EGFR - - -~
AN
mRNA °ceoco cooeo

N\

851 852 853 854 855 856 857 858 859 860 861 862

ccrr roten [ - OOOOO0O@O000 -

Amino acid change Codon 858
L (Leucine)— R (Arginine)
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Nonsense Mutation (Truncating BRCA1 Mutation)

Nucleotide change Amino acid change
c.188T>A —_ pLG63X

Exon 2 Exon 3 Exon 4 Exon 5

e e e
BRCAT - === cooe

mRNA ceceo csoo

\
sron iy ODO0000@

Amino acid STOP
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Type of Mutations

TGGGC TGGCCA

¥
TGGGCGGGCCA

Single nucleotide variant: SNV
Amino acid change: Nonsynonymous SNV/mutation

No amino acid change: Synonymous SNV/mutation

(Silent SNV/mutation)

Insertion

TGGGC TGGCCA

¥
TGGGC TAACGG

Insertion of nucleotide(s)

Duplication

TGGGC TGGCCA

3
TGGGC TGCT GG

Duplication of same nucleotide(s)

Deletion

TGGGC TGGCCA

¥
TGGGC T CCAAC

Loss of nucleotide(s)

Insertion/Deletion: Indel

Secondary use of any contents of this site for commercial purposes is prohibited.
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How to Describe Mutations

ATGGGCTGGCC
¥
ATGGGCGGGCC

c.7T>G

Insertion

c.’_

ATGGGC TGGCC
¥

ATGGGC T AACG

8insAAC

Duplication

c.o_

ATGGGCTGGCC

$
ATGGGC T GCT G

7dupGCT

Deletion

ATGGGC TGGCC

4
ATGGGC T CCAA

c.8 9delGG

Secondary use of any contents of this site for commercial purposes is prohibited.
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Nucleotide change

Exon 2

——

Exon 3

(_X_)

Frameshift Mutation (Truncating TP53 Mutation)

Amino acid change

Exon 5

N W

Exon 4

(—A—\

TP53 - - -~

©cooo

s
.

mRNA

TP53

protein
Amino acid

Secondary use of any contents of this site for commercial purposes is prohibited.
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N\

STOP

32
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Nucleotide change

c.3082+1G>T

Splicing Aberration Mutation (MET Exon 14 Skipping Mutation)

Amino acid change

Amino acid

Secondary use of any contents of this site for commercial purposes is prohibited.

Exon 12 Exon 13 Exon 14 Exon 15
MET ---- ag gt ag o
mRNA
il Eeesaeen | | [ | B

Amino acids encoded by the exon 14 sequence are lacking.

T
0000
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Somatic Mutation

(S RTVVIRVIIVIIN (s
Sequence read : : :
4
I =
I = = =
I — Tumor DNA i . .
I E— - Nucleotide substitution
™ - = . - -
- = ~_ present in tumor DNA =
Reference . B -
human genome sequence — S
White blood cell DNA N :
= Absent from blood cell DNA
Visualized by IGV (Integrative Genomics Viewer)
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Germline BRCA1 Mutation in Breast Cancer

BRCA1
Exon10: ¢.3289_3290 delGA, E797fs*3

s wasmes i i — T il

\ = 5

Tumor DNA N _

Frameshift mutation
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Blood DNA
N Frameshift mutation
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Somatic Mutation & Germline Mutation

Sporadic tumor

0
Somatic q l “
Mutation
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Hereditary tumor

Germline ® *“
)

Mutation .
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Driver Mutation/Gene

Driver mutation (< Passenger mutation)
Gene alterations driving tumor development

Oncogene examples Tumor suppressor gene
examples
EGFR . BRCA1/2 Somatic & germline
Accelerator HER2 Mostly, somatic APC Deleterious mutations

Activating mutations
BRAF (Hot spot mutations)
ALK Fusion RB Truncating mutations

ROS1 Amplification (copy gain)  NF1 Deletion (copy loss)

TP53 (=Inactivating mutations)

(=Loss-of-function mutations)
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Targets of molecular targeted therapy
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Targeting Addiction/Vulnerability of Cancer Cell

“Oncogene addition”

EGFR mutation
(activating mutation)

~{:}oo

Nuclei

Action: Molecular targeted therapy using EGFR inhibitors
2-7
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Finding and Targeting Addiction/Vulnerability of Cancer Cell

“Oncogene addition”

MET exon 14 skipping
(activating mutation)

= T8 0

Nuclei

Action: Molecular targeted therapy using MET inhibitors
2-7
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Finding and Targeting Addiction/Vulnerability of Cancer Cell

ALK fusion
(activating alteration)

Action: Molecular targeted therapy using ALK inhibitors

2-7
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“Oncogene addition”
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Genomic Profiling to Identify “Actionable” Mutations in Each Case
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https://www.thermofisher.com/content/dam/LifeTech/Documents/PDFs/lon-Torrent-sequencing-in-Oncology.pdf
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Genomic Profiling to Identify “Actionable” Mutations in Each Case
Legend: @ Copy gain @ Hotspot Gene fusion =o-O-OH) .
CDKN2A PIK3CA 53
Bladder | e o coos o |T8| oo o. . o @ 00 Qe o
Breast ARG g ERBBZ Y ® . * e z e o 0 .
Colorectal . = 8R gy ® e e & e e @ a0 o L ]
Endometrial - . .. 6 o+ Qe w e e e @ .
Esophageal * e ® |6 e oee ® ° co . o ® e
Gastric |- & @ ¢80 & - o soguente e L ® o o0 o+ s 0@ e ) L]
GIST . e Ul e . . o
Glioblastoma . e (..JJ y @ 9 e @ e ! .
Head and Neck .« s 8.. | e0e we ™ . o @ e @ o0 o PIEN
Kidney ® o |e 3 ® .
Liver « e o9 e l@® . o @ . e o .
Melanoma e ce .o ° . @ o o0 o ° éRASo e @ ®
Mesothelioma @ o Q@ . .
NSCLC | &%e o o fo| @ oo © o o o MRENRELROSL | O IER,
Osteosarcoma . *
Qvarian ce @ e Ques 0| o hao e o. . e .o YC._‘ Qe 00 o ® ™
Pancreas .. o P . . ‘ . e
Prostate . o . oo o . . . ® e o
Basal Cell . ° . o9 RB1 °
SCLC e o e | o0 oo o e o @ E .
Sarcoma | e . e ® N * o |aT . . ° . . ! .
Testicular . X ' . = 1 [ ]
Thyroid . e ° . L . ) e . RET *
https://www.thermofisher.com/content/dam/LifeTech/Documents/PDFs/lon-Torrent-sequencing-in-Oncology.pdf
Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en

Finding and Targeting Addiction/Vulnerability of Cancer Cells

“Homologous recombination deficiency (HRD)”

/ Single-strand break

Double-strand break \

\_

DNA
y replication y
A
. Deleterious Homologous
Repair \ BRCA1/2 x e ioh
by PARP1 mutation repair by BRCA1/2
Intact DNA

)
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57 Action: Molecular targeted therapy using PARP inhibitors
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Genome Profiling to Identify Cases with “HRD” Phenotype

Indicators of HRD phenotype

* Deleterious mutations in BRCA1/2 genes

* Deleterious mutations in other HR genes (e.g., PALB2)
* High LOH score = No. of LOH

* High HRD score = No. of LOH + TAIl + LST

LOH: Loss of heterozygosity TAI: Telomeric allelic imbalance LST: Large-scale transition
Normal Tumor Normal Tumor Normal Tumor
] | | | | I | ] | Al EE BER 1 ] |
(_
-—

@ﬁjv Copy neutral wr\leutral

(Reviewed in de Brok et al, JCO Prec Oncol, 2017)
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Finding and Targeting Addiction/Vulnerability of Cancer Cells

“Mutator phenotype”
e DNA I
_GTeTGT — G ___'eplication_ yerer g _
— CACACA — C — 50 Z CACACACA — A —
Proofreading x II:\’II(I)VILIE Mismatch
by POLE deficiency (rﬁﬁnal'{)
- GTGTGTGT —— T
— CACACACA A—
. L L Tumor mutational
Microsatellite instability (MSI) burden (TMB)-high
Many “neoantigens” produced by mutations
\ —_ /)

1
Action: Immune checkpoint blockade therapy
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Genome Profiling to Identify Cases with “Mutator” Phenotype

Indicators of HRD phenotype

* Deficient mismatch repair (dMMR)

* Deleterious mutations in POLE & other proofreading DNA polymerases
* Microsatellite instability (MSI)

* Tumor mutational burden-high (TMB-high)

tumor tumor .
mutation
ALAA ALAA
N AN

MHC A

TCR

| PD-L1/ A { | Anti-PD-1 \ ,‘
PD-L2 o Sl antibody —8]
¥ PD-1 w "PD-1

Poor Good
response response
(Reviewed in Eso et al, J Gastroenterol, 2020)
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Genome Profiling to Identify “Actionable” Mutations in Each Case
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VUS: Variants of Unknown Significance
Functional annotation of VUS will facilitate genomic medicine for cancer by prioritizing actionable mutations
Hotspot mutation Hotspot mutation
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S 1 & 2
E Likely oncogenic ~ Y791F | R833C/H | MB4BV/I || I852M (n=11,007%)
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CLD: cadherin-like domain; CRD: cysteine-rich domain (Kohno et al, Carcinogenesis, 2020)
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