faR — LT AMDERR
— 1B HRAET D [T —

E T NAREE2— W22
INAA A TAHI T4 RERFT
Nk &




Precision medicine

2015

« NETOHE

« A4

o FIYHR(E. AFHRO—L)
AN F—Ls

- TANEEMH

{ y
o~ . S

‘ g ¢ ¢
B ¢
L3

=

. k= " ; 2016 (from NHK)
- \ s bkl

400N

(from Obama White House Archives)

“To enable a new era of medicine through
research, technology, and policies that
empower patients, researchers, and
providers to work together toward
development of individualized care.”



* (Cancer genomics —

Cancer genomics

Identifying cancer-related genes

and mutations

v" ICGC - International Cancer
Genome Consortium

v TCGA — The Cancer Genome Atlas

v" Individual groups

MDS without RS RARS / RCMD-RS
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ZRSR2 (1.4%)
No mut (15.
/Dup (2.7%)
(
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U2AFB5 (1.1%) SF3AT (1.1% )
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Yoshida et al, 2011, Nature

Table 2 Validated somatic non-synonymous substitutions and small indels in coding regions of a liver cancer genome

Allele Amine acid Copy Mutant allele (%) in Mutant allele (%) in Expression

Gene Chr. Strand  Position change change number whole-genome sequencing whole-exome sequencing  ratio (T/N)  Functional
PLEKHGS 1 - 6,452,224 G=T Asp>Tyr N 49.0 277 1.86 Deleterious
KIAAIO26 1 + 15,294,007 C>A Ala>Glu N 457 nd 0.15 Tolerated
MYCLI1 1 - 40,139,080 T=G Phe>Cys N 545 nd 1.93 Tolerated
PDE4B 1 + 66,231,185 C=A Ala>Glu N 57.1 42.9 0.83 Tolerated
cLeel 1 - 109,284,236 A>G Tyr=Cys N 333 39.3 1.61 Deleterious
CNRIP1 2 - 68,397,833 C>T Thr>Met N 40.0 333 1.39 Deleterious
ANKRD36 2 + 97,181,397 A=G Lys>Glu N 17.8 nd 9.49 Tolerated
UBR3 2 + 170,511,073 A>C Glu=Asp N 57.1 nd 18.10 Tolerated
cuLs 2 - 225,070,790 G=A Ser>Asn N 42.9 52.8 12.80 Tolerated
COPS7B 2 + 232,369,129 A>G lle>Val N 44.4 41.5 1.82 Tolerated
RAF1 3 12,625,811 A>G Asn=Ser N 40.0 50.0 2.31 Tolerated
ITIH3 3 + 52,813,002 A=G Met>Val N 439 nd 1.25 Deleterious
ERC2 3 - 56,148,636 G>C Glu=Gln N 40.0 nd 1.33 Tolerated
TBC1D23 3 + 101,496,868 del AAG Deletion (E) N 14.8 nd 4.90 na
ATR 3 - 143,671,657 del AT Deletion (frame shift) N 20.0 nd 4.49 na
SLC7AL4 3 = 171,701,666 G>A Ser=Asn N 528 46.3 2.19 Deleterious
PCDH7 4 + 30,333,134 G=A Arg>His N 47.1 47.8 1.74 Tolerated
FAMI3A 4 - 89,872,188 AsT His>Leu N 52.0 47.4 0.85 Tolerated
MFSD8 4 - 129,090,435 AsT Met>Leu Loss 62.5 743 1.15 Tolerated
DMGDH 5 - 78,375,996 T=A Leu>Gin N 50.0 37.6 3.04 Tolerated
PCDHAI3 5 + 140,244,063 C>T Pro>Ser N 45.1 348 na Deleterious
CCDC99 5 + 168,960,950 T>G Ser>Arg N 371 39.4 13.30 Deleterious
GABBR1 6 29,706,345 C>T Thr>Met N 420 378 0.59 Tolerated
CSNKk2B 6 31,745,659 A=T Ser>Cys N 37.3 nd 1.41 Deleterious
MoCs1 6 - 40,003,210 G=T Ser>lle N 344 nd 1.54 Tolerated
GTPBP2 6 - 43,699,685 A>T Glu=Val N 58.0 56.3 1.36 Tolerated
KHDRBS2 6 - 62,662,692 G>T Arg=Leu N 34.1 nd 0.88 Deleterious
SLC29A4 7 + 5,303,324 A>T His=Leu N 438 nd 7.00 Deleterious
TMFAM1aR 7 - 18 RAT RAT o Pra~Ala N a1 R 2 102 Nalatarinie

Totoki et al, 2011, Nat Genet

Table 1 Significantly mutated genes and their mutation frequency in the validation set

CDS length  Coding Frequency
Gene Chr. Start End (bp) indel  Missense Nonsense Splice site  Total Pvalue gvalue in validation set
TP53 17 7,672,927 7,679,912 1,218 0 11 0 3 14 0 0 NA
ERRFI1 1 8,073,270 8,075,679 1,397 1 0 2 0 3 0.00020 0.0034 3.1% (2/65)
Zic3 X 136,648,851 136,652,229 1,412 0 3 0 0 3 0.00050 0.0041 3.3% (4/120)
CTNNBI1 3 41,265,560 41,280,833 2,398 0 3 0 0 3 0.0015 0.0071 NA
GXYLTI 12 42,481,588 42,538,448 1,351 0 3 0 0 3 0.0013 0.0071  0.8% (1/120)
0TOP1 4 4,190,530 4,228,591 1,859 1 2 0 0 3 0.0015 0.0071 0.8% (1/120)
ALB 4 74,270,045 74,286,015 1,882 3 0 0 0 3 0.0022 0.0089  3.3% (4/120)
ATM 11 108,098,352 108,236,235 9,415 1 4 0 0 5 0.0037 0.013 5.0% (6/120)
ZNF226 19 44,674,234 44,681,827 2,424 1 1 1 0 3 0.0043 0.014 3.3% (4/120)
usPz2s 21 17,102,713 17,250,794 3,260 1 2 0 0 3 0.0051 0.015 0% (0/120)
WWP1 8 87,386,280 87,479,122 2,857 2 1 0 0 3 0.0060 0.016 7.7% (5/65)
IGSF10 3 151,154,477 151,176,497 7,892 0 4 0 0 4 0.0091 0.023 3.3% (4/120)
ARIDIA 1 27,022,895 27,107,247 6,934 2 1 0 0 3 0.011 0.026 10% (12/120)
UBR3 2 170,684,018 170,938,353 5,819 0 3 0 0 3 0.018 0.041 0.8% (1/120)
BAZZB 2 160,176,776 160,335,230 6,643 0 3 0 0 3 0.024 0.050 1.6% (2/120)

Significantly mutated genes with more than two mutations are shown. Chr., chromosome.

Fujimoto et al, 2012, Nat Genet



Gene alterations and drugs

Table 1| Genomic alterations as putative predictive biomarkers for cancer therapy

Genes

PHCICA™, PIKIR1 (REF. 53),
PUCIRZ, AKT1. AKTZ and AKT3
[REFS 54,55

PTEN=

MTOR®™, TSC1 and TSC2
(REF. 59)

RAS family (HRAS, NRAS, KRAS),
BRAP™ and MEK1

Fibroblast growth factor
receptor 1 (FGFRI). FGFRZ,
FGFRI, FGFR4 [REF. 36)

Epidermal groowth factor
reoephor (EGFR)}
ERBBZ [FEF 1)

SMO# and PTCH [REF. 64)
MET®=

JAKL, JAKZ, JAKS [REF. 6], STATL,
5STAT3

Dizcoidin domain-containing
receptor 2 (DDRZ)
Erythropoietin receptor (EPOR)
Interleukin-T receptor [IL7R)}

Cyelin-dependent kinases
(CDKsF CDK+. CDKG, CDES).
CDEMZA and oyclin D1 (CCND1)

ABL1
Retinoic acid receptor-a (RARA)
Aurora kinese A (ALREA™

Androgen receptor (AR

AT3™
MET

Myeloproliferative leuksemia
(MPL)
MDMZ REF. 71)

K
PDGFRA and PDGFRE

Anaplastic hmphoma kinase
[ALEPITM

RET

ROS1 (REF: 75)

NOTCH1 and NOTCHZ

Pathways
Phosphoinositide
3-kinaze (PI3K}

PI3K
mlOR

RAS-MEK

FGFR.

EGFR
ERBBZ

Hedgehog
MET

JAE-STAT
RTK

JAE-STAT
JAK-STAT
CDK

ABL
RARa

Auvrora kinazes

Androgen

AT3
MET-HGF

THPO, JAK-STAT
MDM2

KT

FDGFR

ALK

RET

ROG1

Motch

Aberration type
Mutetion er
amplification
Delstion
Mutetion

Mutation,
rearrangement or
amplification

Mutation, emplification
‘or reanrangement

Mutation, delstion or
amplification
Amplification or
mutation

Mutation
Amplification or
mutation

Mutation or
reanmangement

Mutation

Rearrangemesnt
Mutation
Amplification,
mutation, deletion or
reanmangement

Rearrangement
Rearrangement
Amplification
Mutetion, amplification
orsplice variant
Mutation or delstion

Mutation or
amplification
Mutation

Amplification
Mutation

Del=tion,
rearrangement or
amplification

Rearrangement or
mutation

Rearrangement or
mutation

e —

Rearrangement or
mutation

Dizease examples

Breast, colorectal and
endometrial cancer

Mumerous sancers

Tuberous sclerosis and

Bladder cancer

Mumerous cencers, including
melanoma and prostate cancer

Myeloma, sarcoma and
bladder, breast, cvarian, lung,
endometrial and myeloid cancers

Lung and gastrointestinal
cancer

Breast. bladder, gastric and lung

cancer
Bazal cell carcinoma
Bladder, gastric and renal

canoer

L=ukaemia and lymphoms
Lung cencer

Leukasrmia
Leukaemia

Sarcoma, colorectal cancer,
melanoma and hmphoma

Leukaemia
Leukaemia

Prostate cancer and breast
canoer

Prostete cancer

Leukaemia
Lung cancer and gastric canoer

Myeloproliferative necplazms

Sercome and edrenel carcinoma
ST, mastocytosis, leuksemia
Heematologicel cancer, GIZT,

sarcoma and brain cancer

Lung cancer and neuroblastoma
Lung cencer and thyroid cancer
Lung sencer and

cholangiocaminoma

Leukasmia and breast cancer

I Putetive or proven drugs I

= PI3Kinhibstors
= AKT inhibitors
= PI3Kinhibitors
= mTOR inhibstors
= RAF inhibitors
* MEK inhibitors
= PI3Kinhibstors

= FGFR inhibitars
= FGFR antibodies

= EGFR inhibitors
= EGFR antibodies

= ERBB2 inhibitors

= ERBBZ antibodies

* Hedgehog inhibitor
* MET inhibitars

= MET antibodizs

= JAK-5TAT inhibitors
= 5TAT decoys

= Some tyrosine kinase

inhibitors
= JAK-STAT inhibitors
= JAK-STAT inhibitors
= CDK inhibitors

= ABLinhibitors
= All-trans retinoic acid

= Aurora kinase inhibitors

= Androgen synthesiz inhibitors
= Androgen receptor inhibitors

= FLT3 inhibstors
= MET inhibitors

= JAK-STAT inhibitors
= MOM2 entagonist
= KIT inhibitors

= PDGFR inhibitors

= Al Kinhibitors

= RET inhibitors

= ROS51 inhibstors

= Motch signalling pathway

inhibitors

e Gene alterations and

molecularly targeted drugs
(Reviewed by Simon et al, 2013)

* 93 molecularly targeted drugs

approved by FDA (2017)

* If one assay simply
detects these, ...




Why clinical sequencing?

* Detection of different mutations in just one assay
— Multiplex PCR, mass spectrometry, FISH

v'Mostly, single type and one to several mutations
— Next-generation sequencing
v'Point mutations, fusions, amplifications, deletions

v'All exons of ~100 genes (in our case)
v'Potential for research discovery

1 G byte / 2 hours

NeXt-generation sequencer @PERI8:15:42

GGCTCATCAAGCTCGCTGCTTCCAGGAATGACTGGGAAGGTGGGAAGGAGAGAAGATGCGTGGGT
TCTTCA

+
;(1.9...605344911.452;4<=<A<BB@??=@3;/9/,,0&08&,065455)+.4831**-%-(*2(-*
@PERI8:15:43
TCCCCCCCCCCCAAATGTTCACTAACTCTGAAACGTGGGTCTCTGACTGGCTCCCGTGCCAGCCAGTC
GACGCATGGTCTGTA

+
-0221111222(16.445,65569355766><079.008&,440++37,,+,**-%-211.411+03,,,,,+,411(..+-+4



TOPGEAR Project

Cancer clinical sequencing in National Cancer Center Tokyo Japan
« Since 2012
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ABL1
ACTN4
AKT1
AKT2
AKT3
ALK

APC
ARAF
ARID1A
ARID2
ATM
AXIN1
AXL
BAP1
BARD1
BCL2L11/BIM
BRAF
BRCA1
BRCA2
CCND1
CD274/PD-11
CDK4
CDKN2A
CHEK2

Platform, target genes

Target capture
(Agilent SureSelect)

—

lllumina MiSeq

lllumina NextSeq

CRKL
CREBBP
CTNNB1/b-catenin
cuL3
DDR2
EGFR
ENO1
EP300
ERBB2/HER2
ERBB3
ERBB4
ESR1/ER
EZH2
FBXW?7
FGFR1
FGFR2
FGFR3
FGFR4
FLT3
GNA11
GNAQ
GNAS
HRAS
IDH1

IDH2

IGF1R

IGF2

IL7R

JAK1

JAK2

JAK3
KDM6A/UTX
KEAP1

KIT

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

MET

MLH1

MTOR

MSH2

MYC

MYCN

NF1
NFE2L2/Nrf2
NOTCH1
NOTCH2
NOTCH3
NRAS
NRG1
NTRK1
NTRK2
NTRK3
NT5C2
PALB2
PBRM1
PDGFRA
PDGFRB
PIK3CA
PIK3R1
PIK3R2
POLD1
POLE
PRKCI
PTCH1
PTEN
RAC1

114 mutation (whole exon) ¢ amplification

RAC2
RAD51C
RAF1/CRAF
RB1

RET

RHOA

ROS1
SETBP1
SETD2
SMAD4
SMARCA4/BRG1
SMARCB1
SMO

STAT3
STK11/LKB1
TP53

TSC1

VHL

12 fusion genes

ALK
AKT2
BRAF
ERBB4
FGFR2
FGFR3
NRG1
NTRK1
NTRK2
PDGFRA
RET
ROS1

NCC oncopanel ver. 4




Data from next-generation sequencer

@PERI8:9:45
CCCTCAGCTACGGGGGGGGGGTGGCTTCTTCCTGTTCACCTGGTGGTGGCGGCTGTGACGCTCCTGCT
GCTGCGCAGCCCCAGAACGGCCGGAGCCATCCCACGCGCTACCGTACCGGCGACATCGATCCAATGATA
CGCGGCTGAGCACA

+

/0(,..0***0000000000%02-..(15030111/322-**0%- (03/24)++-22/+++230000. +++,2111---Y***(**.1, 1 /*+(-
**2++*+**/1,0(O..0.4%+++4223+++4*.).***+*024%++2+**+,*

@PERI8:13:44
GGAGGACCGTCGCTTGGTGCACCGCGACCTGGCAGCCAGGAACGGTACTGGTGAAAACACCGCAGCAT
GTCAAGATCACAGATTTGGGCTGGCCAAACTCGCGTTGGGTAGCGAAGAGACCGAAGACGTCGCGCCAG
TCG

+

0,.:3683:0+-..+3(+-54707;<89(..69744122+1.44/6:;9;2=:<== . .
661:6967+++577%++2++* /02,45, 444/4.13)/413. 01y © BIQ data with errors
@PERI8:15:42
GGCTCATCAAGCTCGCTGCTTCCAGGAATGACTGGGAAGGTGGGAAGGAGAGAAGATGCGTGGGTTCTT
CA

+ .
(1.9...605344911.452:4<=<A<BB@??=@3:/9/,,080&,0654 * FastQ in 5GB per case

@PERI8:15:43 « We use a cluster machine with 4 X
TCCCCCCCCCCCAAATGTTCACTAACTCTGAAACGTGG e 20-core 2.4 GHz CPUS
ACGCATGGTCTGTA '

+ « 128 GB memory

-0221111222(16.445,65569355766><079.00&,440++37,,+, 150 TB storage
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Detection of DNA alterations

cisCall
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ES ATGCATGTA

X2

IEEMBENIDODTHED XA S ATGAATGTA
SNV/indel

DNA I DB 2 XENIEZ 2217 ' ATGCATI CATIGTA
CNA

E'JO)i‘“aEfi%bVOm,\TLiFi;M’j’ ATGCAT TAACTGCAG
usion

(Mg, THAADTLLOIY - ATFA | PoF -T2 T FEZ, 2017)
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Sample » Target
enrichment

Variant-calling system for clinical sequence
— cisCall (Kato et al, Genome Medicine, 2018) —

FFPE
Low tumor
purity

TargetSeq
SureSelect
HaloPlex —— e
multi-PCR

» Sequencer »

lon PGM

lon Proton
[llumina MiSeq
[llumina HiSeq

Bioinformatics

system

» Mutations

cisCall (clinical sequencing Caller)

FFPE sequence data

I I I I
cisMuton cisFusion cisCton cisknown
~ L ~ L ~ L - L
SNV/indel Fusion CNA Known complex

variants




Principle of the detection method
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cisMuton Ver5: SNV/indel calling

Prep filters: mapping-quality and base-quality filters

Variant extraction: Fisher’s exact test
— P-value, proportion ratio (~odds ratio), FG count

Noise filter set 1
— Misalignment filter
Strand-bias filter

MQO filter
Read-end-call filter
Surrounded-by-dust filter

Noise filter set 2
— Second Fisher filter

» Erroneous-read filter and trimming filter

Noise filter set 3
— VAF-lees filter

Within-long homopolymer filter

Abnormal-BQ-drop filter (for lon indels only)

Misalignment filter Strand-bias filter

B 1>
L 11> C 1
[N [
MQO filter Read-end-call filter

Trim filter

¢ I |

(Kato et al, Genome Medicine, 2018)

Within-long homopolymer filter

.
[ B

- | .
O=T >

Surrounded-by-dust filter

LT TIT>
C i >

(G
Crr

VAF-lees filter

w =

Main features

Elaborated multi-layer filters
Takes every chance to use non-parametric techniques for abrupt FFPE errors
Takes every chance to calculate internal control values (e.g., error rates) from

observed data for parameter values for flexibility to various clinical settings




Principle of the detection method

BIEF1 BIEF2
ME&EEF: CCCCACGTCGATGGGE
L
IJ)—K: ACGTCGAT

¢ EEFUHLTT S/ A NTES

CCCCACGT
|11

ACGTCGAT

« BEFIIXMLTET I/ AVRTES:

ACGTCGAT



cisFusion Ver5: fusion gene calling

—Sequenced read: ACGTCGAT|:> Gene sequence database

* Local alignment, left * Local alignment, right
ACGTCGAT ACGTEEAT

e ﬂ
Genel: ACGT|AAAA

| J

\ 4

2map step Fusion of Genel + EEHel2

at position 4 and Position's

Synthesize a hypothetical fusion from aligned reads

Hypothetical fusion ACGTEGAT
ﬁ Global/local alignment

Sequenced read GTCGAT
Sequenced read ACGTEE

VF step

* To save reads not initially mapped due to too short an end

R1 R2
@ Local alignment @
Paired-end step Genel ' Gene2 (Kato et al, Genome

Medicine, 2018)

Fusion of Genel + Gene2

17



Principle of the detection method
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cisCton Ver5: CNA calling

1. Bin definition
— Definition of the minimum unit for segmentation
— Typically, the middle points of bed-defined regions

¥

2. GC-content correction

3. Segmentation
— CBS-based algorithm
— Non-parametric type of statistic for FFPE

4. Stitching segments
— Naive CBS takes long computation time
— Split chromosomes into windows

— Then, stitch segments using the algorithm for the
edge-effect correction in CBS

5. Abortion of abnormal segments

— For FFPE fluctuations: nullify segments with high
fluctuations around the segment median of logR

\ 4
6. Amplification/deletion decision
— The baseline regions
+ Excl. known germline CNVs and somatic CNAs
« Mappability of one
— Bootstrapping technique for statistical significance

(Kato et al, Genome
Medicine, 2018)

19




cisCall outputs
SNV/indel

[ Chr, Position, Ref, Obs Unmatch, Match, Germline

Bhr [~1stan '~ Frd = ] ~ = = = = -
1 11190595 11180595 C T 204 999 5497738 442 1897
1 65311423 65311423 T o} 72 13 5084034 238 1489
1 110549659 110549659 G A 123 999 5162791 215 1935
1 115256605 115256605 G o} 102 Inf 44 05941 202 2038
1 154142069 154142069 C T 125 Inf R4 ARGA4 ana o100
1 156851142 156851142 G A 66 Inf .
2 111906348 111906348 A E 7 CNA, fusion genes
3 37070437 37070437 G A 52
3 52675907 52675907 A C 105 Inf [Chr |~ Gene * Unmatched.Log ¥ | Unmatched Ca ~ |
4 1795720 1795720 C T 106 Inf
T - e . 15 IGFI R 0848472253 Neutral
4 55005489 55095490 AG - 66 16 AXINI -0.015863448 Neutral
: ggggg: gg ggggg:gg: g ;l 16 CREBBP 0124616533 Neutral
4 55000865 55009865 — GAC 73 16 PALB2 -0.328081211 Neutral
3 :g} gg:gg gg} gg:ggg ; _6’; 17 TP53 -0852884734 Neutral
4 55102425 55102425T G 80 17 MAPZK4 0305506658 Neutral
4 55102559 55102559 T A 58 17 NF1 0123329601 Neutral
4 55124591 55124591 A G 50 e
Es150078 551900760 S o 17 ERBB2 2.00398977ﬂ Amplification
4 55130154 55130154 G A 79 17 STAT3 -0451814449 Neutral
4 55133726 55133726 T G 65
4 55133836 55133936 C T 83 17 BRCAI ~0.31211305 Neutral
4 55133959 55133959 C T 78 17 RADS1C -0595058397 Neutral
18 SMAD4 0152026636 Neutral
19 STK11 0066583685 Neutral
19 KEAP1 -0.314038266 Neutral
[Gene1 |~ |Genet Breakpoint ¥ Gene2 ¥ Gene2:Breakmoint ¥ Unmatct ¥
RET chri0:43611109down KIF5B chrl 0:32314854down | 1]
ERBB4 chr2:212495032:down BCL2L11 chr2:111901780:up 0
SLC34A2 chrd:25679697:up AKT3 chrl 243865356 down 0
NOTCH! chr9:139398332:up ESRP1 chr8:95702774 down 0
SLC34A2 chrd:25679046:up BCL2L11 chr2:111884121 :up 0
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The system flow

Variant-calling system (cisCall)

L

1. Variant info.

2. Experimental info. card
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3. Patient info. card
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4. Pathological info. card
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Patient information
A8 H®  @H AH Afa * |Input into Excel from EMR
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plideg Pathological information
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RIPNESR BEIEE HER2 IHC
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Auto-recommendation system
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* Based on NCC knowledge base, which electronically stores
judgements made by Tumor Board at TOPGEAR Project 1

* Automatically output sentences of recommendations for drug
candidates according to detected variants and clinical information



cisinter
Clinical Sequencing Information Integration Reporting system
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Th
Expert-panel report ese reports are

automatically generated.

Expert Panel {5 & 000 OO OO [CExpert Panel A : Sequenced-variant report

]
TOP-GEAR & % : IS5 COCOLTHER - 4otk TOPICS-1 Sequencing Report
[GiE=:IEe IR OIS F TICDCTHE 4 - #REP00050.1 '2014/02/25
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» MYC 88 : PIM FHEFNZ DWW TR0 H 5,

+ CCND1 #4iF : CDK4/6 PAEAIAEMIZEN 5,

BEER
[3&8 |gaslric cancer

Expert Panel i > DER ) ) ) - }(;D::.sfngt :x:;:;'f?dﬂ
+TP53 8 : COSMIC 7 —# X— AT E O RGEN b v | HIERKLERTH 5 WTHEENR SV, COSMICBHEE COSMI06EE
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Latest version of Expert Panel Report

#HYERMLAR—F

L7#R—KID: REP000O01.1 Expert Panel B
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Somatic gene aberration:

- Registered in the COMIC
- Truncating mutations
in tumor suppressor genes.
- Amplification (Homozygous deletion)
- Gene fusion

Germline mutation:
12 genes: APC, BRCA1, BRCA2, MLH1,

MSH2, PTEN, RB1, RET, STK11, TP53,

TSC1, VHL

- "Pathogenic” or ” Likely pathogenic”
in the ClinVar

- Truncating mutation

Tumor mutation burden:



TMB (tumor mutation burden) is recently included
in our report for immune checkpoint therapy

Chemotherapy

©

= /

>

S

=]

,,, ( \
—

c

[

o

S

Ay A

Y \
Time N

I Chemotherapy B Combination with genomically
I Genomically targeted therapy targeted agent and immune
Bl immune checkpoint therapy checkpoint therapy

(Sharma et al, 2015, Cell)



Technology transfer
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The system flow

Variant-calling system (cisCall)
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cisVids system — ClInical Sequencing VIsual Data-Summarization system

Database for called variants and clinical information

Dashboard #1 - statistics
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Dashboard #2
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Patient list
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Gene-based information

B — T AERERI AT

___________ / Link to COSMIC
NOTCHI '}

A UniProtkB
|

Link to UniProt Gene function

Function: Functions as a recaptor for membrane-bound ligands Jagged1, Jag d De to regu |-fate determination. Upon ligand activation through the rele tch intracellular in (NICD) it forms a transcriptional
activator complex with RBPJ/RBPSUH and activates genes of the enhancer of split locus, Alfects the implementation of differentiation, proliferation and apopiuiic programs. Involved in angiogeriesis; negatively regulates endothelial cell
proliferation and migration and angiogenic sprouting. Involved in the maturation of both CD4+ and CD8+ cells in the thymus. Important for follicular differentiation and possibly cell fate selection within the follicle. During cerebellar
development, functions as a receptor for neuronal DNER. and is involved in the differentiation of Bergmann glia. Represses neuronal and myogenic differentiation. May play an essential role in postimplantation development, probably in
some aspect of cell specification and/or differentiation. May be involved in mesoderm development, somite formation and neurogenesis. May enhance HIF1A function by sequestering HIFLAN away from HIF1A. Required for the THBS4
function in regulating protective astrogenesis from the subventricular zone (SVZ) niche after injury. Tnvolved in determination of left/right symmetry by modulating the balance between motile and immuotile (sensory) cilia at the left-

right organiser (LRO).
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Connection with Hospital
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Information flow in Hospital

Primary doctor
For EMR —— For clin seq lab
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Clinical sequence
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cisMedi —
Clinical Sequencing Medical Information system

* For the expert panel (tumor board) - especially for simplified expert panel
* To electronically finalize reports and pass the information into EMR

®
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hlled metal-activated metalloenzyme.
Aactivity. The relative activation strength profile of metal
ivity appears in the following rank of order Mg 2+
Ni 2+ , Sm 3+ , Tb 3+
@ ed by enolases, the alpha-proton from a carbon adjacent to a
ptracted, and PGA is conversed to enolate anion intermediate.
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mutations in different sort of tumors,
tumor3 showing mismatch repair defects in microsatellites
thyroid papillary cancer .
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[Germinal]<br> No germinal mutations described.<br>[Somatic)«<br> BRAF presents somatic

predominantly in malignant melanoma, sporadic colorectal
(MSI), low-grade
80% of these mutations correspond to the hotspot
transversion mutation T178%A that causes the amino acidic substitution VE00E. The other 20%
accounts for a wide wvariable range of missense mutations and all of them reside in t
of the G-loop in the exon 11 or in the activation segment in exon 15 near the V&00.
mutation VE00E confers transformant activitv to the cells because it mimics the vhosphorvlation
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TOP-GEAR 1 A ERICEHFIN-EM EBRH SN -EBEFREE

Patients (n=131)

Detected alterations
= Breast
= Gastric
= Ovarian 1.93 mutations / patient
Lung 0.50 (26%) truncating mutations
« Cholangio Z:> 0.76 (39%) COSMIC mutations
= Uterine 0.29 amplifications / patient
= Colon 1 fusion / 131 patients
= Sarcoma
= Other

(Tanabe et al, Mol. Cancer, 2016)



Breakdown of actionable alterations

Altered genes

Activating mutations (COSMIC DB-registered):

PIK3CA
AKT1
ERBB2
PDGFRB
DDR2
ERBB3
FGFR2
MAP2K1

Inactivating mutations (3’ truncation):

BRCA2
CDKN2A
BRCA1
NF1
PTCH1
T5C1

Amplifications:
CCND1
ERBB2
EGFR
MDM?2
FGFR1

Patients

15

P PR ERPNNDN

9

NN W W PHS

Candidate drugs

PI3K inhibitor, AKT inhibitor
AKT inhibitor

HER?2 inhibitor

PDGFR inhibitor

DDR2 inhibitor

ERBB inhibitor

FGFR inhibitor

MEK inhibitor

PARP inhibitor
CDK4/6 inhibitor
PARP inhibitor
MEK inhibitor
Hedgehog inhibitor
mMTOR inhibitor

CDK4/6 inhibitor

HER2 inhibitor, HER2 antibody
EGFR inhibitor, EGFR antibody

MDMZ2 inhibitor

FGFR inhibitor, FGFR antibody

21 in 59 of 131 (45%) patients

Trials in NCC?

Yes
Yes
No
No
No
No
Yes
No

Yes
Yes
Yes
No
No
No

Yes
No
No
Yes
Yes

(Tanabe et al, Mol. Cancer, 2016)



Entry into clinical trials of phase |

Patients with actionable alteration: 59/131 (45%)

Potentially matched patients: 31/131 (24%)

Entry to phase 1 trials: 28/131 (21%)

Entry to matched phase 1 trials: 11/131 (8%)

BRCA1/2 4 cases PARP inhibitor

PIK3CA 3 cases PI3K inhibitor, AKT inhibitor
AKT1 1 case AKT inhibitor

FGFR2 1 case FGFR inhibitor

Objective response: 3/9 (33%)



Top-Gear 2
Tumor type distribution of 509 analyzed cases

Melanoma, 3, 1%
Thyroid, 3, 1%

Others, 26, 5%

Neurobrastoma, 4, 1%

Renal Cell, 5, 1%
Mesothelioma, 5, 1%
Esophageal, 5, 1%
Embryonal Tumor, 5, 1%
Cervical, 5, 1%
Hepatic, 7, 1%
Endometrial, 7, 1%

Small Bowel, 8, 2%

Soft Tissue Sarcoma, 130, 25%

AN

4

Sarcoma, 147, 29%

Salivary, 12, 2%

Gastric, 13, 3%
Thymic, 14, 3%

Skin, Non-Melanoma, 14, 3% Bone Sarcoma, 17, 3%

Biliary, 15, 3%

Glioma, 17, 3%

Non-Small Cell Lung, 54,...
Bladder, 17, 3% J

Colorectal, 19, 4% _
Ovarian, 27, 5%
Cancer of Unknown reast. 25 504

Primary, 21, 4% pancreatic, 23, 5%3 Sh 29 970

Age: median, 53 y.o.
(range, 2-86 y.0.)
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862 gene aberrations reported as pathogenic in Expert Panel Reports
[> 1.69 gene aberrations / case



Actionable gene aberrations in first 187 cases

109 (58.2%) cases harbored at least one actionable (1A to 3A) gene aberration

Tumor type (Number) Actionable gene aberration + (%)
Total (187) il s ERMNSINENNEEEEE  3 2 58
Carcinoma (145) W@ & EEUEIIENEEEE 2 u 67
Sarcoma (42) 1 4 8 33
Non-small cell lung cancer (26) =g 0 5 HETTTIITE 2 2 81
Ovarian cancer (12) G 75
Pancreatic cancer (10) 2 80
Colorectal cancer (9) 4 56
Biliary cancer (8) 1 88
Breast cancer (8) 88
Bladder cancer (7) 1 2 29
Gastric cancer (6) 2 50
Thymic carcer (6) 2 1 33
Tumors of unknown primary site (5) 1 1 60
Salivary carcinoma (5) 3 20
Small bowel cancer (4) 100
Embryonal tumor (3) 1 67
Esophageal carcinoma (3) 1 33
Glioma (3) 100
Head and neck carcinoma (3) 0
Renal cell carcinoma (3) 1 67

Others (24) 1 NN 2 2 63

0% 10%  20% 30%  40%  50% 60% 70% 80% 90% 100%

m1A 1B m2A m2B m3A 3B 4 m None
(14) (9) (8) (34)  (44) (25 (22) (31)



Patients who received gene aberration-matched therapies

Rare

No. Cancer type cancer Actionable gene aberration Drug Drug type

1 Ovarian cancer 37 y KRAS mutation Pan-RAF inhibitor Investigational drug
2 Colorectal cancer 69 KRAS mutation Pan-RAF inhibitor Investigational drug
3 Colorectal cancer 44 BRAF mutation Pan-RAF inhibitor Investigational drug
4  Pancreatic cancer 47 KRAS mutation Pan-RAF inhibitor Investigational drug
5 Pancreatic cancer 58 KRAS mutation ERK inhibitor Investigational drug
6 Esophageal carcinoma 61 FGFR2 amplification FGFR2 inhibitor Investigational drug
7 Soft tissue sarcoma 28 y MDM2 amplification HDMZ2 inhibitor Investigational drug
8 Soft tissue sarcoma 54 y MDM2 amplification HDMZ2 inhibitor Investigational drug
9 Non-small cell lung cancer 67 Tumor mutation burden high  Immunocheckpoint inhibitor Investigational drug
10 Non-small cell lung cancer 42 Tumor mutation burden high  Immunocheckpoint inhibitor Investigational drug
11 Non-small cell lung cancer 67 RET fusion Alectinib Investigational drug
12 Breast cancer 35 HER2 amplification HER2 ADC Investigational drug
13 Bilirary cancer 68 HER2 amplification HER2 ADC Investigational drug
14 Tumors of unknown primary site 65 y PIK3CA mutation TORC1/2 inhibitor Investigational drug
15 Apocrine adenocarcinoma 70 y FGFR2 fusion FGFR inhibitor Investigational drug
16 Inflammatory myofibroblastic tumor 51 y ALK fusion Alectinib Off-label use

17 Mastocytoma 39 y KIT mutation Imatinib Off-label use

18 Non-Small cell lung cancer 36 RET fusion Lenvatinib Off-label use

19 Histiocytic sarcoma 18 y MAP2K1 mutation Trametinib Off-label use

20 Non-small cell lung cancer 46 ALK fusion Alectinib Approved drug

21 Non-small cell lung cancer 51 EGFR mutation (exon 20ins) Afatinib Approved drug

22 Non-small cell lung cancer 54 EGFR mutation (exon 19 del)  Afatinib Approved drug

23 Non-small cell lung cancer 64 EGFR mutation (exon 19 del)  Gefitinib Approved drug

24 Non-small cell lung cancer 35 ROSL1 fusion Crizotinib Approved drug

25 Melanoma 60 y Tumor mutation burden high  Nivolmab Approved drug

|:> 25/187 (13.7%) cases received gene aberration-matched therapies



Milestones
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Big data on cancer

* |CGC pan-caner project
* ICGC ARGO

ternationa * 88 project teams ¢ 50 cancer types < 25,000 tumor genomes

ncer Genome
Consortium

Hon-Hodgkin Lymphoma
Mexico 14 India =<

Oral Cancer

m Cancer Genome Projects Committees and Working Groups Pol

United States

Chronic Lymphocytic Chronic Myeloid eiibm el Pancreatic Cancer Pancreatic Cancer
Leukemia Disorders United State ralia 7] Canada ]
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China[] U Stat

ary Tract Cancer Biliary Tract Cancer
Singa ]
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Blood Cancer Blood Cancer

ate Ca ate Ca
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Blood Cancer Blood Cancer Blood Cancer

. . Prostate
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Bone Cancer Brain Cancer - = ~
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a[C] n . n n China [~ | European Uni ce United Stat

e Renal Cancer i Soft tissue cancer
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Breast Cancer Breast Cancer Malignant Lymphoma Melanoma

United Stat Germany == Brazil [&]

Thyroid Cancer il Thyroid Cancer ‘
China| ] Saudi Arabia []

Chinal | European Union / United France []
Kingdom [ B3

Find more marker genes/variants using these data



DB and VUS (variant of unknown significance
 Patients with actionable alterations: 59/131 (45%) in TOPGEAR-1...

B VUs

* DB: population frequencies of VUSs — clues to VUSs
* Ethnicity difference

RS — T AERBRS AT A Llnk to COSMIC

iNOTCHI }

1S ————
Newogeniclocuseatch homdogorten | ink to UniProt Gene function

Function: Functions as a receptor for membrane-bound ligar: ate d(-(rmwnat(\n Upon ligand activation th 1 (NICD) it forms a transcriptional
activator complex with RBP)/RBPSUH and activates genes of the enfiancer of spiil focus. Affects U and apopiviic prograrss. Tnvoived in angiogenesis; negatively regulates endothelial cel
proliferation and migration and angiogenic sprouting. Involved in the maturation of both CD4-+ and CD8+ cells in llve thymus. Important for follcular differentiation and possibly cellfate selection within the folicle. During cerebellar
development, functions as a receptor for neuronal DNER and is involved in the differentiation of Bergmann glia. Represses neuronal and myogenic differentiation. May play an essential role in postimplantation development, probably in
some aspect of cell specification and/or differentiation. May be involved in mesoderm development, somite formation and neurogenesis. May enhance HIF1A function by sequestering HIF1AN away from HIF1A. Required for the THBS4
function in regulating protective astrogenesis from the subventricular zone (SVZ) niche after injury. Involved in determination of left/right symmetry by modulating the balance between motile and immotile (sensory) cilia at the left
right organiser (LRO).
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To find associations with clinical
features such as drug response

* Lack of systematic and continuous patient follow-up
* As hypothesis generation for prospective studies
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Treatment 1

a Standard chemotherapy and b
HSCT after relapse
1.0 1 Non-relapse death 1.0
. elapse death
Patient 1 0.8 - 0.8
- - » - Alive after relapse
= verall survival =
29-year-old = 0.6 1 AlveincR1 5 961
female £ i
t(8;21) S 04 2 0.4
o a
NRD 0.02 0.03 003 003 0.03
ELN favorable 02 4PRD 002 008 011 013 015 02
AAR 017 021 022 021 021
0.0 T T T T ! 0.0
0 1 2 3 4 5
Time from CR (years)
; 1.0 1 1.0 4
Patient 2
0.8 0.8
49-year-old
>
Q0
o] []
NPM1 o <
! © 0.4
DNMT3A, £ 04 &
IDH1 NRD 0.03 004 004 005 005
021PRD 0.13 033 041 046 049 02
ELN favorable AAR 026 021 018 0.15 014
AloHSCTINCR2 g X 0.0

0 1 2 3 4
Time from CR (years)

5

Remission Relapse
Actual status/treatment: s ——

Treatment 2

Allogeneic HSCT in CR1

h——

NRD 0.03 0.05 0.05 0.05 0.06

4{PRD 0.01 0.05 0.06 0.08 0.08

AAR 0.06 0.07 0.07 0.07 0.06

0 1 2 3 4 5
Time from CR (years)

NRD 0.05 0.08 0.09 0.09 0.10

4{PRD 0.08 0.19 023 026 027

AAR 0.09 0.06 0.05 0.03 0.03
X

0 1 2 3 4 5
Time from CR (years)

Patient alive during/after
Patient death after relapse

x Allogeneic HSCT

(Gerstung et al, 2017, Nat Genet)

1,540 acute myeloid
leukemia

111-gene target
sequencing

Allogeneic hematopoietic
stem cell transplant
(HSCT)

* High treatment-related

mortality

* Decrease relapse though

Used all 111 genes as
variables

Treatment is also variable

Treatment is decided
based on predicted
survival curves



Interpretation by Al
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* IBM Watson (from IBM)
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Actionable
. D/P Approved for Lung Carcil [/ igational for Lung Carcinoma Approved for Other Cancers, Off Label
Alterations
Posie P Olapanib(AZD-2281)
DQDQRHZ D Dasafinib Regorafenib

Molecular Profile Analysis

Gene

Driver Score 0.701

RB1 Mutation Score 0.701

5888T

S888T
Evidence [Brennan_MUT], [Lawrence_MUT], [Vogelstein_ MUT], [CGC_MUT]
Driver Score 0.65
Mutation Score 0.65
R2336P rs28897743
Evidence Vogelstein_MUT], [CGC_MUT]
Driver Score 0.26
Mutation Score 0.26

Evidence

Evidence

Description

Vogelstein_ONCOGENE

The gene was classified as an oncogene by Vogelstein et al. Science. 2013 Mar 29;339(6127).

Vogelstein_TSG

The gene was classified as a tumor suppressor gene by Vogelstein et al. Science. 2013 Mar 29;339(6127).

Vogelstein_MUT

The gene is a frequently mutated cancer gene according to Vogelstein et al. Science. 2013 Mar 29;339(6127).

Vogelstein_AMP

The gene was characterized as a cancer gene that is activated by amplification by Vogelstein et al. Science. 2013 Mar
29;339(6127).

Vogelstein_DEL

The gene was characterized as a gene whose deletion promotes cancer by Vogelstein et al. Science. 2013 Mar 29;339(6127).

Lawrence_MUT

The gene is a frequently mutated cancer gene according to Lawrence et al. Nature. 2014 Jan 23;505(7484):495-501.

CGC_AMP

The gene was characterized as a cancer gene that is activated by amplification by the COSMIC Gene Census

(http://cancer.sanger.ac.uk/cosmic/census).

CGC_MUT

The gene is a frequently mutated cancer gene according to the COSMIC Gene Census
(http://cancer.sanger.ac.uk/cosmic/census).

Barretina_AMP

The gene was characterized as a cancer gene that is activated by amplification by Barretina et al. Nature. 2012 Mar

28:483(7391):603-7.
67




Summary 1

* The next-generation sequencer (NGS) revolutionized cancer
genomics, leading to medical application called clinical
sequencing

* Clinical sequencing or genome medicine is one form of
precision medicine

e Essence of clinical sequencing is multi-gene test for a repertoire
of molecularly targeted drugs

* Recently, immune checkpoint therapy such as Nivolumab
(Opdivo) is included in the repertoire

* National Cancer Center Tokyo Japan has started a clinical
sequencing project — TOPGEAR Project — since 2012

* Bioinformatics is needed to process NGS data as well as clinical
and medical information in clinical sequencing



Summary 2

Alignment (mapping) is the first step to process NGS data

Alteration calling (detection) is the next step:
» Call single nucleotide variations (SNVs) and indels
» Call gene fusions
» Call copy number alterations (CNAs)

(I;FPE samples, ordinarily used in hospitals, cause peculiar errors in NGS
ata

» Different from errors in frozen samples used in research

» We developed alteration-calling software, cisCall, specialized for FFPE samples
(Kato et al, 2018, Genome Medicine)

Bioinformatics helps interpretation by adding annotations
» A reporting program, cisinter, integrates called variants, clinical and experimental
information, and possible interpretations
Interpretation 1: Variant significance (driver)
» Good databases such as COSMIC are needed, but Japan does not have
» We made a database system, cisVids, which will help accumulating data for the
Japanese population
Interpretation 2: Drug application
» We use our knowledge-base made by NCC oncologists and genomics scientists
» Information in clinical trials is not connected



Summary 3

Expert panel (tumor board) will need to be labor-saving
* We made a primitive system, cisMedi

Lab system of clinical sequencing should be integrated into HIS (hospital
information system), such as in Lab of Diagnostic Radiography

Clinical sequencing has been more advanced than expected:

Technology transfer and out-sourcing (NCC Onco-panel System)
* In-house system will be simplified

Core-satellite hospital framework & C-CAT
* Nation-level database
e Connection to clinical trials
* Follow-up collection of clinical information
* Drug response and prognosis
* Retrospective analysis

Advanced Medical Care

Future
* National Insurance
* Theoretical precision medicine, Al
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