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“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.”
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Table 1| Genomic alterations as putative predictive biomarkers for cancer therapy
Cenes Pathways Aberration type Dizease examples I

PRCICA™, PIKIR1 [REF. 53],
PIKIR2, AKT1, AKT? and AKTS
(REFS 54 55]

PTENS

MTOR®, TSC1™ and T5C2
[REF. 58)

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

Fibroblast growth factor
recepior 1{FGFRI). FGFRZ,
FGFR3, FGFR4 [REF. 36)

Epidermal growth factor
recepior (EGFR)
EREB? FEF 61

SMO®E and PTCHI (REF &4)
MET®

JAK, JAKZ, JAKS [REF. 66, STATL,
STAT3

Dizcoidin domain-containing
receptor 2{DDRT)
Erythropoietin receptor (EPOR]}
Interleukin-T receptor (IL7R)
Cyolin-dependent kinazes
(COK=" COK+. COKE, CDRSL
COKNZA and cyclin D1 {CCND1)
ABL1
Retinoic acid receptor-a (RARA)
Aurors kinase A (AUREAS™

Androgen receptor (AR

FTIm
MET

Myeloproliferative leukasmia
(MPL)
MDM2 REF 71

K™
PDGFRA and PDGFRE

Anaplastic bmphome kinase
(ALKpRR™

RET

ROS51 (REF. 75)

NOTCH1 and NOTCHZ

Phosphoinositide
3-kinaze (PI3K}

PI3K
mTOR

RAS-MEK

FGFR

EREBZ

Hedgehog
MET

JAK-STAT

JAR-STAT
JAK=ETAT

ABL
RARa

Aurora kinases

Androgen

AT3
MET-HGF

THPO, JAK-STAT

MOMZ
KT
PDGFR

ALK

ROS1

MNoteh

Mutation ar
amplifioation
Deletion
Mutation
Mutetion,
rearrangement or
amplification

Mutation, emplification
or reanmrengement

Mutation, delstionor
amplification
Amplifioation or
mutation

Mutetion
Amplification or
mutation

Mutation or
rearrangement
Mutetion

Rearrangement
Mutetion
Amplification,
mutation, deletion or
reamrangement
Rearrangement
Rearrangement
Amplification
Mutetion, amplfication
orsplice variant
Mutetion or delstion
Mutation or
amplifioation
Mutation

Amplification
Mutation
Delation,

rearrangement or
amplification

Rearrangement or
mutation

Rearrangement or
mutation

e —

Rearrangemsnt or
mutation

Putative or proven drugs I

Breast, colorectel and
endometrial cancer

Mumerous sancers

Tuberous sclerosis and
Bladder cancer

Mumercus cencers, inchuding
melanoma and prostete cancer

Myelome, sarcoma and
bladder. breast, cvarian, lung,
Lung and gastrointestinal
cancer

Breast. bladder, gastric and lung

cancer
Bazal cell carcinoma
EBladder, gastric and renal

canoer

L=ukaemia and lymphome

Lung cancer

Leukaermia

Leukaemia

Sarcoma, colorectal cancer,
melanoma and ymphoma
Leukaemia

Leukaemia

Prostate oancer and breast
canoer

Prostate cancer

Leukaemia

Lung cancer and gastric canoer
Myeloproliferative neoplazms

Sercoma and edrenel carcinoma

GIST, mastooytosis, leukaemia
Haemetological cancer, GIST,

zarcomes and brain cancer
Lung cancer and neurshlastams
Lung sencer and thyroid cancer
Lerrrorasierd

cholangiocarcinoma
Leukaemia and breast cancer

= PI3Kinhibstors

= AKT inhibitors

= PI3Kinhibitors

* mTOR inhibstors
= RAF inhibitors

= MEK inhibitors
= PI3Kinhibstors

= FGFR inhibitars
= FGFR antibodies
= EGFR inhibitors
= EGFR antibodies

= ERBB2 inhibitors

= ERBBI antibodies

* Hedgehog inhibitor
* MET inhibitars

= MET artibodi=s

= JAK-STAT inhibitors
= 5TAT decoys

= Some tyrosine kinase
inhibitors

= JAK-5TAT inhibitors

= JAK-STAT inhibitors

= CDK inhibitors

= ABLinhibstors

= All-trans retinoic acid

= Aurora kinase inhibitors

= Androgen synthesiz inhibitors
= Androgen receptor inhibitors
= FLT3 inhibstors

= MET inhibitors

= JAK-STAT inhibitors
= MOM2 antegonist
= KIT inhibitors

= PDGFR inhibitors

= Al Kinhibitors

= RET inhibitors

= ROS1 inhibitors

= Motch signalling pathway
inhibitors
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MDS without RS RARS / RCMD-RS
(N = 155) N=73)
ZRSR2 (1.4%)

No mut (15.
Dup (2.7%)
No mut (56.1%) \
SF3B1 (6.5%) ‘-.\ SF3B1 (75.3%)
SF3A1 (1.3% ) N\,
PRPF40B (1.9%) “~
U2AF65 (0.6%) “~
SF1 (1.3%)
Dup (1.3%)
AML/MDS De novo AML
(N =62) (N=151)

SRSF2 (0.7%)
U2AF35 (1.3%) _ SF3B1 (2.6%)
PRPF40B (0.7%)
SF3A1 (0.7%)

1.6%) Dup (0.7%)

(4.8%) SF3A1
T (16%)
PRPF40B
(1.6%)
No mut (74.2%) No mut (93.4%)
\

Yoshida et al, 2011, Nature

No mut (45.5%) 8

Dup (3.4
SE:

1 (4.5%)

U2AF65 (1.1%) SF3AT (1.1% )

MPN
(N =53)

U2AF35 (1.9%) SRSF2 (1.9%)

No mut (90.6%)

~ ZRSR2 (1.9%)

PRPFA0B (1.9%)
SF1 (1.9%)

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

Allele Amino 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
PLEKHG5 1 - 6,452,224 G>T Asp>Tyr N 49.0 28T 1.86 Deleterious
KIAAI026 1 + 15,294,007 C>A Ala>Glu N 45.7 nd 0.15 Tolerated
MYCL1 1 - 40,139,080 T>G Phe>Cys N 54.5 nd 1.93 Tolerated
PDE4B 1 + 66,231,185 C>A Ala>Glu N 57.1 429 0.83 Tolerated
cLeel 3 - 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
cuL3 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 ASG Asn>Ser N 40.0 50.0 231 Tolerated
ITIH3 3 + 52,813,002 A>G Met>Val N 43.9 nd 125 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
SLC7A14 3 - 171,701,666 G>A Ser>Asn N 52.8 46.3 2.19 Deleterious
PCDH7 4 + 30,333,134 G>A Arg>His N 47.1 47.8 174 Tolerated
FAMI3A 4 - 89,872,188 A>T His>Leu N 52.0 474 0.85 Tolerated
MFSD8 4 - 129,090,435 A>T Met>Leu Loss 62.5 743 1. 1B Tolerated
DMGDH 5 - 78,375,996 T>A Leu>GlIn N 50.0 37.6 3.04 Tolerated
PCDHA13 L + 140,244,063 C>T Pro>Ser N 45.1 34.8 na Deleterious
ccDC99 3 + 168,960,950 T>G Ser>Arg N ard 39.4 13.30 Deleterious
GABBR1 6 - 29,706,345 C>T Thr>Met N 42.0 37.8 0.59 Tolerated
CSNK2B 6 31,745,659 A>T Ser>Cys N 373 nd 1.41 Deleterious
Mocs1 6 40,003,210 G>T Ser>lle N 34.4 nd 1.54 Tolerated
GTPBP2 6 - 43,699,685 AST 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 AST His>Leu N 43.8 nd 7.00 Deleterious
TMFMI1QAR 7 P 1R RR7 RR7 [aNey Pra~Ala N a1 2 R 2 1N Nalatarinne

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

Totoki et al, 2011, Nat Genet

CDS length  Coding Frequency
Gene Chr. Start End (bp) indel Missense Nonsense Splice site  Total Pvalue gvalue invalidation set
TP53 17 7,572,927 7,579,912 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)
ZICc3 X 136,648,851 136,652,229 1,412 0 3 0 0 3 0.00050  0.0041  3.3% (4/120)
CTNNB1 3 41,265,560 41,280,833 2,398 0 3 0 0 3 0.0015 0.0071 NA
GXYLT1 12 42,481,588 42,538,448 1,351 0 3 0 0 3 0.0013 0.0071 0.8% (1/120)
OTOP1 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)
usP25 21 17,102,713 17,250,794 3,260 1 2 0 0 g 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)
IGSFI0 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)
BAZ2B 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
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Cancer Isdriven by genetic change, and the advent of massively parallel se:
enabled systematic documentation of this varlation at the whole-genome
we report the Integrative analysls of 2,658 whole-cancer genomes and the:
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Table 1| Genomic alterations as putative predictive biomarkers for cancer therapy

Genes

PICICA™ PIKIR1 [REF 53),
PHCIRZ, AKT1. AKTZ and AKT3
[REFS 54,55]

PTEN

MTOR, TSC15 and TSC2
[REF 53]

RAS family (HRAS, NRAS, KRAS),
BRAP*® and MEK1

Fibroblast growth factor
receptor 1 (FGFRI), FGFRZ,
FIGFR3, FGFR4 (REF 36)

Epidermal growwth factor
receptor (EGFR)

ERBBZ [REF 61)

SMORS and PTCHI (REF £4)
MET

JAKL JAKZ, JARS [REF. 66], STATL,
STAT3

Dizcoidin domain-containing
recephbor 2{DDRY)

Erythropoietin receptor (EPOR)
Interleukin-T receptor (ILTR)

Cyclin-dependent kinases
(CDKs;* CDK4, CDKE, COKS).
COENZA and oyolin D1 (CCND1)

ABL1
Retinoic acid receptor-a (RARA)
Aurors kinese A (AURKA

Androgen recaptor (AR

FLT3™

MET

Mysloproliferative leuksemia
(MPL)

MDA [REF 71)

K

PDGFRA and PDGFRE

Anaplastic mphoma kinese
[ALKpaTm

RET

ROS1 (REE T5)

NOTCH2 and NOTCHZ2

Pathways
Phozphoinositide
I-kinaze (PI3K])

PI3K
mlOR

RAS-MEK

FGFR

EGFR
ERSB2Z

Hedgehog
MET

JAK-STAT
RTK

JAK-STAT
JAR-STAT
CDK

ABL
RARa

Aurora kinases

Androgen

AT3
MET-HGF

THPO, JAK-STAT
MD#MZ

KT

PDGFR

ALK

RET

ROS1

Noich

Aberration type

Mutation or
amplification

Del=tion
Mutation

Murtation,
rearrangement or
amplification
Mutation, amplification
or rearrangement

Mutetion, delstion or
amplification
Amplification ar
mutation

Mutation

Amplification or
mutation

Mutation r
rearrangement

Mutation

Rearrangement
Mutation

Amplification,
mutation, delstion or
rearrangement

Rearrangement
Rearrangemesnt
Amplification
Mutation, amplification
worsplice variant
Mutation or deletion

Mutetion ar
amplification

Mutation

Amplification
Mutation

Dialetion,
rearrangement or
amplification

Rearrangement or
mutation

Rearrangement or
mutation

Rearrangement

Rearrangement or
mutation

Dizeass examples I

Putative or proven drugs

Breast colorectal and
endometrial cancer

MNumerous cencers

Tuberous selerosis and

Bladder cancer

Mumerous cancers, including
melanoma and prostate cancer

Iyeloma, sarcoma and
bladder, breast, ovarian, lung,
endometrial snd id cancers

Lumg and gestrointestinal
cancer

Breast, bladder, gestric and lung
cancer

Basal call arcinoma

Bladder, gastric and renal

cancer

Leukasmis and bymphoma
Lung oancer

Leukaemia
Leukasrmia

Sercome, colorectal cancer,

melanoma and lymphoma

Lzukasmia
Leukasmia

Prostete cancer and breast
cancer

Prostate cancer

Leukasrmia
Lung cancer and gastric cancer

Myeloproliferative neoplasms

Sarooma and adrenal carcinoma
GiIST. mastooytosis, lsukesmia
Haematological cancer, GIST,

sarcoma and brain cancer

Lung cencer and neuroblastoma
Lung cancer and thyroid cancer
Lung sancer and

cholangiocarcinoma

Leuksemia and breast cancer

= PI3Kinhibitors
= AKT inhibitors
= PI3Kinhibstors
= mTOR inhibitors
= RAF inhibitors
= MEK inhibitars
= PI3K inhibitors

= FGFR inhibitors
= FGFR antibodiss

= EGFR inhibitors

= EGFR antibodies

= ERBB2 inhibitors

= ERBB2 antibodies

= Hedgehog inhibitor
= MET inhibitors

= MET antibodies

= JAK-STAT inhibitors
= 5TAT decays

= Some tyrosine kinase
inhibitors

= JAK-STAT inhibitors

= JAK-STAT inhibitors

= COK inhibitora

= ABLinhibitors

= All-trans retinoio scid

= Aurara kinase inhibitors

= Androgen synthesis inhibitors
= Androgen receptorinhibitors
= FLT3 inhibitors

= MET inhibitars

= JAR-STAT inhibitors
= MDM2 antagonist:
= KIT inhibitors

= PDGFR inhibitors

= ALK inhibitors

= RET inhibitors

= ROSL inhibstors

= Notch signalling pathway
inhibitors

2% L5 FAEME

« BEREFEREESFENEDIRL

(Reviewed by Simon et al, 2013)

o 93FEDNFIZERIZEN, KEFDA IZL-

THEFEINTLVS (2017)

* If one assay simply
detects these, ...




ek —O IR
— B LD R E S —

* TEIDIRET. ZRAZHADEEZRETED
— Multiplex PCR, mass spectrometry, FISH
VIEEDRETIE., —EERTFD. —EALEVVEVHECEE
- KRER—0T 0 —
VERRBEORE REE . MeEGLF.IE—HER
v #9100~ 300 D& I=F
v'Potential for research discovery

1 G byte / 2 hours

CATLAAULILULIULIT TULLAUUAATUALTUUUAALUUITUUUAAUUAUAUAAUATUOLOTUOUUI

RS —H T4 —

+
m | HRE 1(1.9...605344911.452;4<=<A<BB@??=@3;/9/,,0&0&,065455)+.4831**-%-(*2(-*
@PERI8:15:43

TCCCCCCCCCCCAAATGTTCACTAACTCTGAAACGTGGGTCTCTGACTGGCTCCCGTGCCAGCCAGTC
GACGCATGGTCTGTA
+

-0221111222(16.445,65569355766><079.00&,440++37,,+,**-%-211.411+03,,,,,+,411(..+-+4



TOPGEAR 7OY ¥ b+

ENAARREA—IZBITRERR—V IR (DA /LER)DTODII
« 20125 h b

Infrmd cnsnt

—

e

-------------

Clinical trial A
BRAF inhibitor

BRAF

——————————————

[ T ——— Ry————

—————————————

Clinica! trial B
PI13K inhibitor

--------------

N i e e

e

—————————————

Clinical trial C
PARP inhibitor

BRCA1

——————————————

N ——————— -



BB & NRELEF

Target capture lllumina MiSeq lllumina NextSeq
(Agilent SureSelect)

—_—

114 mutation (whole exon) * amplification 12 fusion genes
ABL1 CRKL IDH2 NF1 RAC2 ALK
ACTN4 CREBBP IGF1R NFE2L2/Nrf2 RAD51C AKT2
AKT1 CTNNB1/b-catenin IGF2 NOTCH1 RAF1/CRAF BRAF
AKT2 CuUL3 IL7R NOTCH2 RB1 ERBB4
AKT3 DDR2 JAK1 NOTCH3 RET FGFR2
ALK EGFR JAK2 NRAS RHOA FGFR3
APC ENO1 JAK3 NRG1 ROS1 NRG1
ARAF EP300 KDMG6A/UTX NTRK1 SETBP1 NTRK1
ARID1A ERBB2/HER2 KEAP1 NTRK2 SETD2 NTRK2
ARID2 ERBB3 KIT NTRK3 SMAD4 PDGFRA
ATM ERBB4 KRAS NT5C2 SMARCA4/BRG1 RET
AXIN1 ESR1/ER MAP2K1/MEK1 PALB2 SMARCB1 ROS1
AXL EZH2 MAP2K2/MEK2 PBRM1 SMO
BAP1 FBXW?7 MAP2K4 PDGFRA STAT3
BARD1 FGFR1 MAP3K1 PDGFRB STK11/LKB1
BCL2L11/BIM FGFR2 MAP3K4 PIK3CA TP53
BRAF FGFR3 MDM2 PIK3R1 TSC1
BRCA1l FGFR4 MDM4 PIK3R2 VHL
BRCA2 FLT3 MET POLD1
CCND1 GNA1l MLH1 POLE
CD274/PD-L1 GNAQ MTOR PRKCI °
CDK4 GNAS MSH2 PTCH1 2'— > ;1'7
CDKN2A HRAS MYC PTEN NCC / : / \ \)L Ver 4

CHEK2 IDH1 MYCN RAC1




R —IT o —I50DT—A

@PERI8:9:45
CCCTCAGCTACGGGGGGGGGGTGGCTTCTTCCTGTTCACCTGGTGGTGGCGGCTGTGACGCTCCTGCT
GCTGCGCAGCCCCAGAACGGCCGGAGCCATCCCACGCGCTACCGTACCGGCGACATCGATCCAATGATA
CGCGGCTGAGCACA

+

/0(,..0***0000000000%02-..(15030111/322-**%-,(03/24 )++-22/+++230000.+++.2111----%*** (**-1,1/*+-(-
**2++*+7%[1,0(0..0.4%+++4223+++4* ). ***+*024 % ++2+**+ *

@PERI8:13:44
GGAGGACCGTCGCTTGGTGCACCGCGACCTGGCAGCCAGGAACGGTACTGGTGAAAACACCGCAGCAT
GTCAAGATCACAGATTTGGGCTGGCCAAACTCGCGTTGGGTAGCGAAGAGACCGAAGACGTCGCGCCAG
TCG

+

0,.:3683:0+-..+3(+-54707:<89(..69744122+1.44/6:;9;2=:<=
B61:6967+4+577%++2++* 1.02.45,444/4 13y413.0y1)+ * BIg data with errors
@PERI8:15:42
GGCTCATCAAGCTCGCTGCTTCCAGGAATGACTGGGAAGGTGGGAAGGAGAGAAGATGCGTGGGTTCTT
CA

+

(1.9...605344911.452;4<=<A<BB@7??=@3./9/,,0&0&,0654 * FastQ in 5GB per case

@PERI8:15:43  \We use a cluster machine with 4 X
TCCCCCCCCCCCAAATGTTCACTAACTCTGAAACGTGC . )

ACGOATGOTOTOTA 20-core 2.4 GHz CPUs

4 « 128 GB memory

-0221111222(16.445,65569355766><079.00&,440++37, +, « 150 TB storage
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FRIR—O IR
HlT5

INAA A TAITA
DANIBD TR

(s, TERFHAAERIEERE].
EEIEFEZ, 2016)

%] 1

F 417 - 4R (FFPE) BLH

R —DT Y —

L |

R

S—HIY—hD0 |

F—%

SHEENT / LEES

>01]224589802:69455873-69469242 Homo
sapiens chromosome 11, GRCh37.p13
Primary Assembly
CACACGGACTACAGGGCAGTTTTGTTGAAGT TGCAAAG
AGCAGCGAGCAGCAGAGTCCGCACGCTCCGGCGAGGHG

v

@PERIB:9:45
CCCTCAGCTACGGGGGLGGGGTGLCTTCTTCCTGT TCACCTGGTGCTGGCCGCT
GTGACGCTCCTGCTGCTGCGCAGCCCCAGAACGGCCGGAGCCATCCCACGCGLET
ACCGTACCGGCGACATCGATCCAATGATACGCGGCTGAGCACA
+
/0(, ..0***0000000000%02~. . (15030111/322-*
(03/24) ++=22/+++230000. +++. 2111———— e (“ —l,l/*+-(—

*244+5 455 1,000, 0. 4%4+++4223 44445 ) L FF 2 024% 44247 F4, ¢

@PERI8:13:44

AGCGAGAGCCGAGCGCGGACCCAGCCAGGACCCACAGL
TGGAACACCAGCTCCTGTGCTCCGAAGTGGAAACCATC
CGACCGGGTGCTGCGGGCCATGCTGAAGGCGGAGGAGA
GTGCAGAAGGAGGTCCTGCCGTCCATGCGGAAGATCGT
GGCGGCTCTCTTAAGACTTCCCTGCAACTTGTTGCCCA

NERT—FR—2R

T4 Ak

KERH

A 4

T/ T—3v

CER) 1T

»

R EER

T—H3~R—21t

L= |

T 20T—p b LR —F
]

FRIR - HIH7

A

Lin—kA~D e

15



T2A*rXk

X2 a
DNASF
iR A=y (W
DNASDF
—HIRENT-
DNA 52 (B3I GACTACAG] ITACAGGGG
(J—F) CACACGGA

GTTTTGTT

ECIZHETEOERET D |:>:
L =T oA A+ l

1
I
1
4

T T4 A PO, a. AR S &
WT=DNA 75 1% (—f%IZ \i/ﬁbﬁu%
T) WihfbEdin, ERICE LR IIZESD
T@ﬂéhﬁﬁﬁﬂﬂNA SN — T
2END, WA b S U LERF#RE kK- 7-

DNAGFNY —F U AZINTWAHDT,

CTOFETIXV —FDF ) 5 EOLLEILS D>
7RV, EDD, EHES ) AEdFIE U — R
%ﬂ@Aﬂmii@%@%w@LT\%%*
I HNMNEBEZRDDLDON, TI7A4A A FTH
bHo TI7A X FOgd Hiflize HiklE, Hf)
2, KBEUES ) KRR DR E U — RO vk a
A A S S — 3L TS 0 E R, —
EpnETE, S5V —RE—-XFHT 5
LClRERIC—BEA R, F-—ERETNE

vy DKL TV, T OFIETIERhERN

BAOT, WEIEEERERT LT XL,

gy /LR |CACACGGACTACAGGCGACGTCTTGTT

(k. TRENAERIEERE].
EEIEFEEZ, 2016)



TERH
— K RLTDONAZE(ET)DIEFE—

X2 IE= ATGCATGTA

BEYMENIDODTHED AT ATGAATGTA
SNV/indel

DNA BEHDH % XEHIEX B XA T ERRCIo N C AT IChRE
CNA

R DEIEFH < oOL\’CLiFi X147  ATGCAT TAACTGCAG
usion

(g, 7oF T T FEF, 2017)
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DNAERBZRHE 5704 S LcisCall ZhiF

\»:

(Kato et al, 2018, Genome Med.) Genome Medicine

HEZETHEHLNS
YA SR D FFPESR 4

‘ | A computational tool to detect DNA s
alterations tailored to formalin-fixed

paraffin-embedded samples in cancer
clinical sequencin

R —o T H—

Mamoru Kato'"®, Hiromi Nakamura®, Momoko N 3gai, Takashi Kubo?, Asmaa Elzawahry', Yasushi Totoki?
Yuko Tanabe®, Eisaku Furukawa', Joe

amoto’, Hiromi Sakamoto”, Shingo Matsumoto®, Kuniko Sunami’,

Yasuhito Arai’, Yutaka Suzuki®, Teruhiko Yoshida®, K atsuya Tsuchihara®, Kenji T amura®, Noboru Yamamoto®,
Hitoshi Ichikaw 1:, lakashi Kohno” and Tatsuhiro Shibata®®
. STR
T S

cisCall - Ny
(Qljnical « BIEERLF

[e] sz
o , « OAE—#HEE
((?(SCE?(IZEZT%:/-\ZGCTCGCTGC'ITCCAGGAATGACTGGGAAGGTGGGAAGGAGAGAAGA § e q U e n CI n g % :E: t
IGCGTGGGTTCTTCA ° E I] 0) )
Caller) 4

+(1.9...605344911.452;4<=<A<BB@??=@3;/9/,,08.0&,065455)+.4831**-%-(*2(- -
* . BHTEE
@PERI8:15:43 ® CISMUtOI‘I

TCCCCCCCCCCCAAATGTTCACTAACTCTGAAACGTGGGTCTCTGACTGGCTCCCGTG

CCAGCCAGTCGACGCATGGTCTGTA L4 CiSFUSiOn

+
-0221111222(16.445,65569355766><079.00&,440++37, +,**-%-

211.411403,,, +411(. +-+4 b CiSCtOH
) » cisKnown
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B —IEETE
B4R S D GICCCGG
FSA ARSI —K 7] GICACG
_ AACCCC
Zaes /L&A | AAAACCCCGGGGTTTT....
IEEfE R ED i ACC((:ZCEgG

FSAA NS —F T

ATCCCC

—




cisMuton Ver5 (old): SNV/indel calling

» Prep filters: mapping-quality and base-quality filters ~ Misalignment filter Strand-bias filter Within-long homopolymer filter
— - I D, i
« Variant extraction: Fisher’s exact test C I =
— P-value, proportion ratio (~odds ratio), FG count - — =1 |
r  E— S
* Noise filter set 1 MQO filter Read-end-call filter Surrounded-by-dust filter
— Misalignment filter — ——
— Strand-bias filter 1 C I —
— Within-long homopolymer filter (G E— CE— G
— MQO filter — . I —
— Read-end-call filter Abnormal-BQ-drop filter Mismatch filter VAF-lees filter
— Surrounded-by-dust filter — .
— Abnormal-BQ-drop filter (for lon indels only) —(—
G Trim filter : Il |-
* Noise filter set 2 e — 1 E— ¥ Lo | ‘
— Second Fisher filter wph /bl L
» Erroneous-read filter and trimming filter ’J _L iy

Noise filter set 3
— VAF-lees filter (Kato et al, Genome Medicine, 2018)

* 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

adi D




MEEIGF

. EETFISRLTT S AU TEL

n o CCCCACGT
BEinF1 BinF2 RN
BESEET . CCCCACCTOORTGEGE ACGTCGAT
gt
')—F: ACGTCGAT « BEF2HMLTETSAAVRTETS

111
ACGTCGAT




cisFusion Ver5 (old): fusion gene calling

—Sequenced read: ACGTCGAT:> Gene sequence database

* Local alignment, left * Local alignment, right

ACGTCGAT ACGTOEATN

& ﬂ
Genel: ACGT|AAAA

L J

\

2map step Fusion of Genel + BERE2
at position 4 and FOSHGHNS

_ b 4

Synthesize a hypothetical fusion from aligned reads

Hypothetical fusion ACGTEEAR
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

22
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cisCton Ver5 (old): 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

Amﬁ;ication/deletion decision
— The baseline regions
* Excl. known germline CNVs and somatic CNAs
* Mappability of one
— Bootstrapping technique for statistical significance

22

(Kato et al, Genome
Medicine, 2018)

24




cisCall H 77

SNV/indel
[ Chr, Position, Ref, O% Unmatch, Match, Germline
Bhr [~ start ~ Fnd v Ref ~|Obs | Unmatc > Unmatct [ Unmatct » Unmatct » Unmatct ~

1 11180595 11190585 C T 204 999 5497738 442 1897

1 65311423 65311423 T C 72 13 5084034 238 1489

1 110549659 110549659 G A 123 999 5162791 215 1935

1 115256605 115256605 G c 102 Inf 44 05941 202 2038

1 154142069 154142069 C 0 125 Inf R4 ARAD4 ona 210

1 156851142 156851142 G A 66 Inf :

2 111906348 111906348 A G 7 CNA, fusion genes

3 37070437 37070437 G A 52

3 52675007 52675907 A (6} 105 Inf IO hr ¥ Gene ¥ Unmatched.Log ¥ | Unmatched.Ca ~ ]

4 1795720 1795720 C T 106 Inf

T : 5 15 IGF1 R 0.848472253 Neutral

4 55095489 55095490 AG - 66 16 AXIN1 -0.015863448 Neutral

: gggﬁg: gg ggggg: ggi g ; 16 CREBBFP 0124616533 Neutral

: gg: gg:gg 55’:: gg:ggé ; g; 17 TP53 -0852884734 Neutral

4 55102425 55102425 T G 80 17 MAPZK4 0.305506658 Neutral

4 55102558 55102559 T A 58 17 NF1 0123329601 Neutral

4 55124591 55124591 A G 50 -

1900 IE e (S00TaET o o 17 ERBB2 2.0039397?2[ Amplification

4 55130154 55130154 G A 79 17 STAT3 -0451814449 Neutral

4 55133726 55133726 T © 65

4 55133936 55133936 C T 83 17 BRCA ~031211305 Neutral

4 55133959 55133959 C i 78 17 RADS1C -0595058397 Neutral
18 SMAD4 0152026636 Neutral
19 STK11 0.066583685 Neutral
19 KEAP1 —0.314038266 Neutral

|Gene1 v Genel :Breakpoint ¥ Gene2 | ¥ GeneZ2:Breakmoint ¥ Unmatct

RET
EREB4
SLC34A2
NOTCH1
SLC34A2

chrl043611109.down KIF5B chrl 0:32314854down [ 1]

chr2:212455032.down BCL2L11 chr2:111901780:up
chrd: 25679697 up AKT3 chrl 243865356 down
chr9:139398332:up ESRP1 chr8:95702774 down
chrd 25679046 :up BCLZ2L11 chr2111884121 . up

=) [@B(=) (e



cutadapt BWA BWA-SW

FastQ

cisCall+
Pipeline
Ver5 (old)

Remove adaptors Alignment Alignment

GATK: ContEst Picard
=
C '
Q S CG contents On target rate Insert size :
|
|
cisCall :
Depth, dup/map rates I
|
L N N N _§ § § § | N N N N S e e N -I

(Kato,
Precision
Medicine,

/ NTS, 2018)

IndelRealigner HaplotypeCaller SelectVariants Germline SNP/indel 26

TMB

For normal sample

GATK: GATK: GATK:
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BAAR—X (cisVids)

2

TEBHTO5 S5 L(cisCall)

L _

1. REEFEHRT

2. RERIFHRAH—F

T=T7ITATER BAEm UUECOARE
S—OTURIER FAEHMER Qubitifl EDNAE (ug)
P—YTURER FHEHAR oPCRAIZEDNAR (ug)
U—YTURIEHR FEHER DNARE (qPCR/Qubittt)

—YTURER BIEFR SR
—YTURER BIEFR HE
S—OTURER BIETER EFDNAR (ug)
S—OTURER BIERR S—oToY—
S—OTURER BIERR S—VIV9—35VA
=YL AR BIERER V—FT—%48

3. BEIFWA—F

i LRIE NA  BRE
BENH RBHEANA XERER
N |matEm EEENA R
3 BER ZRITENA  FENSHER
BER KRR NA BERDH
B AR NA  EREISEL
BT RRER NA  RBRIEICA A DAMER
Bl LRIE NA S

Lo/ || martnmn mmin 1 Lo
AN ARIEE 1 ARBIAR
BEfE ARIEE 1 ARETH
RERE ARIE 1 K
EEIEE AR 1 B8
REGR AREBR 1 BEHR
AN AR | mr@s

4. FREBIFHRO—F

REEH ARER ARRS
RIEEE HRESR KA

R SRR RIE
RIEEE FHRER A8E
R SRR B E (%)
RIEEE FHRER ERR

REER HREER EGFR ER

70954

(cisInter)

DX EREINT=
T—HER—X(R)

BIEFRE LD FHRENE

BEFMEE #1

=0T RUR—

IHR/ =R - UR— b

HAE faeyall]
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£EIEF
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EEE R
EHEHE
EEEHR
EEEIHHE
EEEHE
EEEHR
EHERH
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BRI
15
R
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o EER
o
BRFIEE

@A mA A i o — ?jj OB 75\
NA BEID ABCO0O1 7 17)1/-( )l/
NA TOP-GEARES 5002 — =
NA EBILES blbt)blyiﬁﬁa
NA HELE AE
NA  B2fEE
NA XBEIEB
NA  TERI
NA  [EIEERISIFEE
NA \Y
A A IE'T #&ﬁ ~
NA A5z \H ANfé Apxa o8 HB ANl
BEMWE muma BED ABCO01 BENEE WBIFEE £ED ABCOO1
I RIBESR BRIESR RIBD RIBESE WAIER BEEFEEZID
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RIZNESE MEHEIR HOAES
RPN BEHER EEERE%
AP MRHEE JEMRR
RIPNR WENE EGFRER == S ) > 1= — K
HIPESR MENIR EGFR ZEE %Eﬁ ( ~ OI/Z) |ﬁ$ﬁjj I\
RIBIER EEMWR ALKIHC
BN BEWE HER? IHC Sl A -
I WEMW HERZISH V—DIU2EER  BRIEE BEFRETID
RITIEIE WEWEIR HER2 ISH 5 +)L kY v=H1 2154 AR ERBEFID NA
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cisinter

Clinical Sequencing Information Integration Reporting system

Patient info.

| £| Expert Panel
Z7- IE)

N\ J\

L
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Expert-panel report

Expert Panel $#&5& Expert Panel A :
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RN O O DM mY 58 OF O Ozoft ()

Expert Panel h 5 DER
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‘Sequenced-variant report

|
TOPICS-1 Sequencing Report

#REP00050.1 '2014/02/25

B EHER
[Zwa [gastric cancer
RS = | g

- TP53 ZZHR : COSMIC 7 —H# R—A|LEZFOBERH Y, BERKERTH S aREMERF,

T DR L,

-BRCAI AR : AMERTHY, BEXAERLFZX 5N D5, PARP EAIIHEMICHA S

2. HEEiZ Pl EMZEKR L, AMMRRIEROWMESERD D BELFEER ST, BEH

IR ITAHRR,

« MYC 3§ : PIM HEAIZ>WTHRHO&MIR S 5,

- CCND1 #4iF : CDK4/6 fRER A ERMIZEN 5,

Expert Panel 15> D&ER

< TP53 Z8 : COSMIC 7 — % R— R IZZHOBEN b V) | BAEKKER Th 5 TS,
G 2 IRBIE L L,

- BRCA1 AR : M AR TH Y, HiEXRKERLEEZ b5, PARP LEANIHMICH S
2, YBEIC PLEMSE A L, R RIIZER O ATREMEN & Y | ISR FIRES ST, s
ARAMRITAR R,

« MYC 841§ : PIM BREANC W TRFORMA S 5,

- CCND1 #4ifii : CDKA4/6 FLERIDMEMICE N D,

|cDsZ exon7:c.C742T

(7= /mzl p.R248W
COSMICE#ZES COSM10656
COSMICE &%k 679

Ll COSMIC_Status Confirmed somatic variant
[3[EETR EGFR

ERES amplification

WENE (RO REES ) 7:55,086,960-55,273,320

7 IE— Bk (IE U — RELE ) 510

BETLIIAE -

CDSZEL

T3 /BEL

COSMICE&ZE S

COSMICE &
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Expert PanelH

H EESH
B EFHREER
IRIAFRR EREUE FRRX 5 FEZ MR (%)
RIS Ffi REL ) 40%
H ATRENR
B RN
QubitiBl EDNAZ (ug) DNA&: & (qPCR/Qubitkk)
13.80 0.27
B FH#laRETERRR
EIZTH EETLIVEE CDSZ 1t T/ COSMIC ID
TP53 53.1 (343/646) exon7:c.T724C p.C242R COSM11738
B {F#faRE T RER R
BIzFE |[EEFaE—#tEEEE)—FELE)
B FH#HlRETEER(RRS) MamiR
| a=7e [mEaE
B &EHER IR T R R
EIZFH EETLILEAE CDSZ1E TI/BEZEE ClinVar ID
BRCA1  [72.7 (579/796) exon10:c.2767_2770del p.923 924>1 RCV000047966
SNV InDel a&t
TEER 5
EEHK ZEEECK) EEH EEE EEHK EEE
IFXYVY |nonsyn 1 2.91&/Mb o o | 2,98/ Mb
syn 0 0
XXV 7 2.01&/Mb 0 0 7 2.01E/Mb
=, RS =

Expert Panelh s DER,

. TP53 p.C242R:COSMICT —AR—RIZZ KD HHFEMNHY . MEERKERE THAHAREENE LY MIET HIEH
E- A D

BRCA1 frameshift ZZR&: #EERKEL-0 I HMBRIIZERTHL, BEHEHMIR~DZ

© PARPEEEHIAMEMICE A D,

BEHET D,

1BHh 15 2 R BRE

$REEERKH:2016/04/13 FEBH A

BE/N—T 3y

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,

MSH?2, PTEN, RB1, RET, STK11, TP53,

TSC1, VHL

- "Pathogenic” or ” Likely pathogenic
in the ClinVar

- Truncating mutation

14

Tumor mutation burden
ZEAM
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Chemotherapy

Percent survival
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Time \_/

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

(Sharma et al, 2015, Cell)
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TOP-GEAR t%E SE—HAICEEx SN T-fEHI &
BHINh-EEGCTFES

EBEH (n=131)

Lty
RS T-DNA BE

= Breast
= Gastric
= Ovarian 1.93 mutations / patient

Lung 0.50 (26%) truncating mutations

, 0.76 (39%) COSMIC mutations

= Cholangio
= Uterine 0.29 amplifications / patient
= Colon 1 fusion / 131 patients
= Sarcoma
= Other

Tanabe et ol Mokcular Cancer (2016) 1573
DOI 10,1186/512943-016-05532 Molecular Cancer
LETTER TO THE EDITOR Open Access

@ s

Comprehensive screening of target
molecules by next-generation sequencing
in patients with malignant solid tumors: ~ (Tanabe et al, Mol. Cancer, 2016)
guiding entry into phase | clinical trials

Yuko Tanabe'#”, Hitoshi Ichikawa®*, Takashi Kohno?, Hiroshi Yoshida®®, Takashi Kubo®, Mamoru Kato®,
Satoru Iwasa', Atsushi Ochiai™®, Noboru Yamamoto', Yasuhiro Fujiwara® and Kenji Tamura'*""
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Activating mutations (COSMIC DB-registered):

PIK3CA
AKT1
ERBB2
PDGFRB
DDR2
ERBB3
FGFR2
MAP2K1

Inactivating mutations (3’ truncation):

BRCAZ2
CDKNZ2A
BRCA1
NF1
PTCH1
TSC1

Amplifications:
CCND1
ERBB2
EGFR
MDM?2
FGFR1

15

P PR RPNNDN

9

NN W W PH

GRS

PI3K inhibitor, AKT inhibitor
AKT inhibitor

HER2 inhibitor

PDGFR inhibitor

DDR2 inhibitor

ERBB inhibitor

FGFR inhibitor

MEK inhibitor

PARP inhibitor
CDK4/6 inhibitor
PARP inhibitor
MEK inhibitor
Hedgehog inhibitor
MTOR inhibitor

CDK4/6 inhibitor
HER2 inhibitor, HER2 antibody
EGFR inhibitor, EGFR antibody
MDM2 inhibitor
FGFR inhibitor, FGFR antibody

>1in 59 of 131 (45%) patients

NCC TOEGPRELER?

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)
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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%)

(Tanabe et al, Mol. Cancer, 2016)
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Evaluating Clinical Genome
Sequence Analysis by Watson for
Genomics

Kota Itahashi', Shunsuke Kondo '*, Takashi Kubo®, Yutaka Fujiwara', Mamoru Kato*,
Hitoshi Ichikawa*®, Takahlka Koyama ¢, Reitaro Tokumasu". Jia Xu®, Claudia S. Huelrner‘.
Vanessa V. Michelini®, Laxmi Parida®, Takashi Kohno*° and Noboru Yamamoto

ZENFEHNEOSNZELT,. BXIILAMEL
/5! DEMREOD—EEIL., 94.5%

2. RESNDBFED—

* IBM Watson (from 1BM)

e Watson (£, DxT EIZHDT
RTAHPubMed 7T RS9k
2500 AL EZFTERATIL 225
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+ FSAN—BEFHIURF -
EHEDIREZT D, 16

* EEfﬁwﬁ?Eé‘hz}IT%%_ﬁb Experts(104)
M H D

FIGURE 7 | Concordance of proposed targeted drugs between the experts
and Watson System against gene alterations determined as pathogenic by
both method including 206 mutations, 38 amplifications, and 4 fusions
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A new type of precision medicine
utilizing multiple variables (via Al in the future)?

Treatment 1 Treatment2 o 1 540 acute myeloid
a Stan?—?é%?aﬁ?é?rﬁééii and b Allogeneic HSCT in CR1 | e U ke m i a
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=
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e 5]

2> Overall survival 2 .
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female S e § SequenCIng
(8;21) S 0.4 - S 0.4
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0 1 2 3 4 5 0 1 2 3 4 5
Time from CR (years) Time from CR (years)

* Treatment is also
variable
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49-year-ld o * The standard, or
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owwTsa, £ O 20+ T T R hematopoietic stem cell
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o 1 2 3 4 5 0 1Timefr°mcé;q(yea%s)é * Treatment |S dEC|ded

Time from CR (years)

Actual status/treatment: we%tiem alive during/after b a S e d O n p re d I Cte d

o Patient death after relapse

x Allogeneic HSCT survival curves
(Gerstung et al, 2017, Nat Genet) 59
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