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OHKOreHOMMKA

What Causes Cancer?

Some viruses or hacteria

* 3/10Ka4yeCTBEHHble Onyxoin —
reHeTnyeckoe 3abosiesaHue

¢ MyTa LLMM B reHax Some chemicals Radiation
KOHTPOJINPYIOLLNX KNETOYHbIN sty
pOCT U perlapaLI,l/Iro |£I|H I'( Hormones

NATICNAL

{ANCER
INSTITUTE

WWw.cancer.gov
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http://www.cancer.gov/

Tunbl myTaunm
* ComaTnuyeckasn

— Bo3HuKaeTt de novo B [IHK KneToKk combl

— He nepepnaetcAa NOTOMKam

* [eHepaTMBHaA FEpMMHaTMB‘

— B [JHK nonoBbIX KNeToK

Oba tTnna

— MNepepaeTcA NOTOMKaM COMSTUHECKME

— YBennymBaeTca PUCK, HO COMaTUYeCcKume
MYTaLMM BCE PAaBHO HYXHbl ANA
BO3HMKHOBEHUA onyxonun (cancer family
syndrome)

— cuHapom Jin-®Gpaymeru, BRCA1/2 ana PMIK, ...

NMPOBJ/IEMA: otanyatb comaTtuyeckue mytauumu ot
repMmmMHaTUBHbIX NPU CEKBEHUPOBAHUM
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MPOBJ/IEMA: paboTtatb € pa3HbIMU CYOKNOHaMU ONYyXONU



B Regional Distribution of Mutations
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Opausepbl (driver mutations):

[lpanBepHbIe K naccammpcme N\yTaLI,MM

[1at0T NPenMyLLLECTBO B POCTE K/IETOK

HaxoasaTtcsa nog nonoxKntesnbHbiM oT6OpOM B npoLecce 3Bomou,mm paKOBbIX
KNeToK

Jlokanusytotca B ‘pakoBbiX’ reHax. Takux reHos ~300-500.

OueBngHo — He nobas mytTauumsi B TakoM reHe byoeTt gpanBepHoOU
[MponcxoaAT Ha paHHUX 3Tanax OHKoreHesa

B onyxonun B cpeaHem oT 2 A0 8 ApanBEPHbIX MyTaL MU

Maccaxxupbl (passenger mutations):

Bo3HuMKalOT BCheacrTeme MYTaTOPHOTIO (I)eHOTMI'Ia, He AaloT NpPpeEMMyLLECTBA B
CKOPOCTH POCTA

— 3a4yeMmM UcKaTb ApavBepHblie MyTaummn?
— Y100bI HA HUX BO3OEeUCTBOBATDb!

Mpobnema: He NtoboN reH-gpanBep MoXeT ObiTb MULLIEHBIO ANA
NeKapCTBa...



OHKOreHbl — MyTMPOBaBLLUXE NPOTOOHKOreHb!

* [lpOTOOHKOreHbl — B HOPMa/IbHbIX KJ1€TKaX CTUMYNNPYIOT KNeTOYHOe AesieHune

* MyTayuuum HapywarT 3aBMCUMOCTb aKTUBALUMN OHKOreHOB OT CUTHA/IOB,
HapywatoT 06paTHYIO CBA3b B PEryAALMU NN YBENNYMBAIOT BPEMSA
HaXOXAeHUA B aKTUBMPOBAHHOM COCTOAHUMN.

* YacTo 3TO TUPO3MH-KMHA3HbIE peLenTopbl AN PaKTOPOB POCTa,

* [lpumepsbl: EGFR, KRAS,ERBB2, MET, MYC

e AHanorma — HeucnpasHas neaanb rada B aBTomobune. 3acTaBnsieT KeTKy

HenpepbIBHO pacTu 1 aenu Profo-chcogens

/ X
DELETION OR
POINT MUTATION GENE CHROMOSOME
IN CODING AMPLIFICATION REARRANGEMENT
SEQUENCE

1 | b g
MexaHM3Mb|aKTV|BaL||VIVI ONA— s SO S S —an e  —— DNA

l | l | | |

— RNA
n pOTO_OH KOreHoB hyperactive normal protein greatly - W

protein made in overproduced nearby fusion to actively

normal amounts regulatory transcribed gene
DNA sequence greatly
causes normal overproduces

protein to be fusion protein;

overproduced or fusion

protein is
hyperactive



Onyxonesble cynpeccopbl

Gatekeepers (XxpaHUTENnU KneTtouyHoro umMKna)

— KOHTPOAMPYIOT KNETOUYHbIN POCT U AeNneHune, Q
OCTaHaB/AMBAA KNETOUYHbIN UMK, BbI3bIBAIOT (mt_,_n
anonTos3

— Mpumepsi: p53, RB1, APC, PTEN

Caretakers (reHbl obuiero KoHTpons)

of DNA

— CBA3aHbl ¢ penapaunen [AHK, nonomKa Beaet K
HAKOMNJIEHUIO MyTaLU Ui

— Mpumepbl: BRCA1, BRCA2, MLH1, MSH2, ...

Ob6a annena AoNXKHbl ObITb 3aTPOHYTHI.



MyTauum cynpeccopoB U OHKOreHoB

OAHOHYKNEOTUAHbIE aKTUBUPYIOLLIME 3aMEHb
BCTPEYaloTCA ropasao PEXKE yem
MHaKTUBMPYIOLLUE.

OTnnumne cynpeccopa OT OHKOreHa (npaswuno 20/20, Vogelstein et al, 2013):

* OHKoreH: 20% myTaumm AONKHbI BCTPEYaTbCA B OAHOW NO3ULUN,
Bbl3biBaA OANHAKOBYO aMUHOKMUCNOTHYIO 3aMeEHY.

e Cynpeccop: >20% myTaumm A0 KHbI ObITb MHAKTUBUPYIOLLIMMU

Loss-of-function mytauum Gain-of-function mytauum
(MHaKTMBMpYOLWME) (akTMBUMpYlOLWME)
* Truncating * YBennyeHne KonMmnHoOCTH
* MwucceHc-myTaumnu * 3aMeHbl
* [unepmeTUINpPOBAHME NPOMOTOpPA * N3meHeHMe perynauuu

e 3aMmeHbl




Rakue Tunbl PpaKoOBbIX reHOB
yallie ABNATCA MULLEHAMMU
NNeKapcCTB — cynpeccopbl Nnu
OHKOreHbl?

OHKOreHb.l.

JlomaTb He CTpoUTb



PaKkoBbl reHOM

: S oo Chemotherapy-
" : : Early clonal Benign Early invasive Late invasive .
Fertilized egg  Gestation Infancy Childhood  Adulthood expansion Remiote Aanser CAnoer r écezilrsrfaannée

Intrinsic :
5 B i and lifestyle exposures Mutator
utati
phenotype Chemotherapy
¢ Driver mutation
A Chemotherapy
resistance mutation 1=10 or more
driver mutations
10s~1,000s of mitoses 10s~100s of mitoses 10s~100,000 or more
depending on the organ depending on the cancer passenger mutations

MR Stratton et al. Nature 458, 719-724 (2009) doi:10.1038/nature07943
* [eHOMHaAa HecTabubHOCTb

* MyTaTOpPHbIN PEHOTUN — YBE/IMYEHMNE YACTOTbl TOYEYHbIX MyTaLU Ui
* N3meHeHUss KONMNHOCTM FreHOoB

* Ha no3gHen cTaaun: HapyLleHUs BO BCEM FreHOME.

* [MnepaKkcnpeccusa COTEH reHoB

* XpPOMOCOMHbIE NepPecTPonKn, YaCTUYHAA NOANNIOUANA



[1poeKT Cancer Genome

(ICGC — International Cancer Genome Consortium)

« WcxogHas 3agava: cobpatb ~500 nap onyxons/Hopma anga 50
pPasfiMyHbIX TUMOB pakKa;

« MakcnmanbHO NoAPOOHLIN MOSEKYNAPHLIN aHaNM3a Kaxaou
napbl ONyxonb/HopMa:
— [eHom
— TpaHckpuntTom
— MeTtunom
— KnunHunyeckne gaHHble

* OTKprTbIVI AOCTYI NOo4YT! KO BCEM AaHHbIM
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nternational Cancer Genome Consortium (ICGC) projects
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https://gdc.cancer.gov/

r.) Home | NCI Genomic Dat... * W&z = Eﬂ
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m N " S— CCG Web Site | Contact Us 1 GDC Apps

Genomic Data Commons Search this website

About the GDC About the Data Access Data Submit Data For Developers

The Next Generation Cancer Knowledge Network ficgess Data g\

. i The GDC Data Portal
Case Distribution by Disease Type The NCI's Genomic Data piEVities 5 plationn for ecienty

Commons (GDC) provides the querying and downloading high quality
and complete data. The GDC also
' ’ {

cancer research community with a

unified data repository that and a GDC API for programmatic

enables data sharing across access.

cancer genomic studies in support

- i g0 o More about Accessing Data
of precision medicine.

"'"-\- The GDC supports several cancer . -..L-.*
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»

provides a GDC Data Transfer Tool
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TCGA — The Cancer Genome Atlas
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Fffective Treatments



r') Welcome to The Genomic... * &Y

& ) (0 @ | https://gdc-portal.nci.nih.gov

& ‘ ‘ Q, search

@ Can’t find your data? Click here for more information.
NATIONAL CANCER INSTITUTE
GDC Data Portal

Harmonized Cancer Datasets

[EI Projects

Genomic Data Commons Data Portal

Get Started by Exploring:

- Data

| E | Projects

Perform Advanced Search Queries, such as:

Cases of kidney cancer diagnosed at the age of 20 and

182 Cases
below

CNV data of female brain cancer cases 459 Cases

Gene expression quantification data in TCGA-GBM project 166 Cases

PROJECTS

139
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r.) Project - TCGA-OV | GDC  x W3

@ b =
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FILES
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PaKoBbl TeHOM
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Non-synonymous mutations per tumor
(median +/- one quartile)
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PacnpeneneHune konnyectsa

g e censmarconin. HECMHOHUMMYHBIX MyTauun ans

pa3HbIX TUMOB ONyXxoneun

* BcpeaHem 33-66 reHoB byayT
HECTU HECUHOHUMMUYHbIE
comaTnyeckme myTtaumu. 113
HUX 95% - SNP.

* B TOXe Bpema pasHble
ONyX0/n MOTYT UMeTb bonblLue
MYTaLWUN YEM B CpeaHEM.

B Vogelstein et al. Science 2013;339:1546-1558



Hu3Kaa yactota mytaummn apanBepHbIX reHoB
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Dancey et al, Cell, 2012.



The Cancer Hyperbola
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Research Articles

The Cancer Genome Atlas Pan-Cancer
; analysis project

(AEAFFITT) Pan-cancer patterns of somatic copy
| number alteration

aviz Zac Steven Schumacher &t 5

LR}

Mutational landscape and significance
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Emerging landscape of oncogenic
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The landscape of viral expression and
host gene fusion and adaptation in
human cancer

Analysis of microRNA-target
interactions across diverse cancer
types

The mutational landscape of
phosphorylation signaling in cancer
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Metwork-based stratific ation of tumor
mutations
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http://cancergenome.nih.gov/publications

The NEW ENGLAND JOURMNAL af MEDICINE

| ORIGINAL ARTICLE

Comprehensive Molecular Characterizatior
of Papillary Renal-Cell Carcinoma

The Cancer Genome Atlas Research Network®

ABSTRACT

BACKGROUND

Papillary renal cell carcinoma, which accounts for 15 to 20% of renal-cell carci
mas, is a heterogeneous disease that consists of various Lypes of renal canc
including tumors with indolent, multifocal presencation and solitary temors w
an aggressive, highly lethal phenotype. Little is known about the genetic hasis
sporadic papillary renal-cell carcinoma, and no eftective forms of therapy for .
vanced discase exisi.

METHODS
We performed comprehensive molecular characterization of 161 primary papi
renal cell carcinomas, using whole-exome sequencing, copy-number analysis, 1
senger RNA and microR NA sequencing, DNA methylation analysis, and protec
analysis.

RESULTS
Type 1 and type 2 papillary renal-cell carcinomas were shown o be different ¢

Molecular Profiling Reveals Biologically
Subsets and Pathways

of Progression in Diffuse Glioma

lﬁ*wﬁ.urﬂull’ Barthel, - Tathiano M. Malta, " ‘*“—SM""“-R&I\’
Bradiey A. Stetano M. * Samreen Ay
mwu'“mm Protro Zoppok, s-p-nuq. Anun A Rao,” _m Androw D. Che
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“Tom Mikkelsen,' ' Ching C. \...““vuuu-svm’uu\“.—mn-. Danied J. Brat, "
mLLm".&m

” Soyuan Zheng.” Kennoth Hess,” Ganosh Rao,” Matthow Moyersc
Margarct Wronsch,  David Haussior,” Konnoth D. Ald

Boroukhim, " ** Leo Cooper, " Rchan Akban,”
Peter W. Laird, ™ David H. Gutmann,” TCGA
and Rool G.W. Verhaak ™"

Doha .0, bax 5425, Qutar
L

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JUNE 25, 2015

VOL.372 NO.26

Comprehensive, Integrative Genomic Analysis of Diffuse

Lower-Grade Gliomas

The Cancer Genome Atlas Research Network®

ABSTRACT

BACKGROUND
Diffuse Jow-grade and intermediare-grade gliomas (which rogerher make up the
lower-grade gliomas, World Health Organization grades IT and IIT) have highly
variable clinical behavior rhar is not adequarely predicred on the basis of histo-
logic class. Some are indolenr; orhers quickly progress o glioblastoma. The un-
certainty is compounded by inrerobserver variabiliry in hisrologic diagnosis. Mura-
tions in [DH, TP53, and ATRX and codelerion of chromosome arms 1p and 19q
(1pi19q codeletion) have been implicated as clinically relevant markers of lower-
grade gliomas.

METHODS
We performed genomewide analyses of 293 lower-grade gliomas from adults, in-
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Papillary thyroid carcinoma (PTC) is the most com-
mon type of thyroid cancer. Here, we describe the
genomic landscape of 496 PTCs. We observed a

low

(70%) of acti-
mmmammdmaw-qmlnm

togen-activated protein kinase (MAPK) signaling pattway,
Imlud\m point mutations of BRAF and the RAS genes (Cohen
et al, 2003; Kimura et al., 2003; Lemoine et al, 1988; Sudrez
etal, |m,aswdlaamabnahmmhﬂﬁ(cnmumal.

carcinomas) and extended the set of known PTC
d alterations to include EIF1AX, PPM1D, and

% ARTICLE

me

ara . .
Comprehensive genomic

1o other
1990) and NTRK1 tyrosine kinases (Plerotl et al., 1995). These

mutations are almos always mutually exclusive (Soares of ol
o © am effects.
associated

Epgniran et al,
o OPENS S

has PTEN,
frequencies

characterization of head and neck
squamous cell carcinomas

The: Caneer Genome Allas Network®

‘The Cancer Genome Atlas profiled 279 |
landscape of somatic genomic alter
dominated by helical domain mutatic
e B S

‘mutations
Tiql3/72 A m\-pufonlkaymm
ations in

Cancer Cell

™ The Somatic Genomic Landscape

HNSCEs affect 600,000 paticnts per year worh

lar abnormalities and its variable cli
pan of The Cancer Genome Atlas (TC

it ok oy 10, 10164, ol 2015.065.044

Technology. ty
Deper
Moo Orccogy: Dopurtment of Necragery. (xpurtmert of Vagugy Ureverty of . Hous
TX 77090,
Avvaterriarn, Puthokogy, . 1081 e Moty

molecular analysis
SUMMARY

Monte Alogre, Fiborso Preto S CEP: 14049 900, rard
NAPRER, Untversty of S P, Iibwseio Pretc
530 Pawiko 14049500, frars

Sarts Cruz, Santa Crus, CA 95084, USA

 Comntrichn, MA 02142, USA
HHOGEM ettt o Ricarche Genetiche *(3. Saators,  Campo Hesle, 13131 Aano o, Raly
Neurology. 3

carcinomas. Our results rev

ora LRW., o=

oy UEG)

ey

Vating mutations for pAtionts With UNFESOCabic dEGAse and/or

Iar taxonomy in which 74% of these
one of seven subtypes defined by s

Wo describe the landscape of genomic alterations in
cutaneous through DNA, RNA, and pro-
toin-based analysis of 333 primary and/or metastatic
melanomas from 331 patients. We establish a frame-
work for genomic classification into one of four sub-
types based on the pattem of the most provalent
significantly mutated genes: mutant BRAF, mutant
RAS mutant NFT, and Triple-WT twid-type). intogra-
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tumor protein p53 Go to gene:

This gene encodes a tumor suppressor protein containing transcriptional activation, DNA binding, and oligomerization domains. The encoded protein responds to diverse cellular stresses to regulate expression of target genes, thereby
inducing cell cycle arrest, apoptosis, senescence, DNA repair, or changes in metabolism. Mutations in this gene are associated with a variety of human cancers, including hereditary cancers such as Li-Fraumeni syndrome. Alternative
splicing of this gene and the use of alternate promoters result in multiple transcript variants and isoforms. Additional isoforms have also been shown to result from the use of alternate translation initiation codons.
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Figure notes

= Mouse over a mutation to see details.

- Missense green saturation indicates evolutionary conservation of the mutated positions.
+ Blue-white-red bars are log2 copy ratio distributions (-1 to +1) from Zack et al. (2013).

Synonymous mutation ™ Splice-site mutation
Missense mutation Nonsense mutation
In-frame insertion Frameshift insertion
In-frame deletion Frameshift deletion

rP4@ O
49

TP53 is highly significantly mutated in
Owarian cancer Lung squamous cell carcinoma Head and neck cancer

oV LUSC HNSC

Breast cancer

BRCA

Combined cohort

PanCan

Bladder cancer

BLCA

Colorectal cancer

CRC

Esophageal adenocarcinoma

ESO

Lung adenocarcincma

LUAD

300 patients (95%) 149 patients (84%) 258 patients (67%) 92 patients (65%) 122 patients (52%) 51 patients (52%) 207 patients (51%) 1720 patients (36%) 281 patients (32%)
Glioblastoma multiforme Endometrial cancer Diffuse large B-cell lymphoma Melanoma Chronic lymphocytic leukemia Acute myeloid leukemia Multiple myeloma Kidney clear cell carcinoma
84 patients (29%) 70 patients (28%) 13 patients (22%) 21 patients (18%) 17 patients (11%) 16 patients (8%) 15 patients (7%) 13 patients (3%)

TP53 is significantly mutated in
Prostate cancer

PRAD

5 patients (4%)

TP53 is near significance in
(~ Carcinoid Medulloblastoma

CARC | MED

\_ 3 patients (6%) ) |_ 3 patients (3%)




Fﬂ]]b COSMIC Catalogue Of Somatic Mutations In Cancer

e http://www.sanger.ac.uk/genetics/CGP/cosmic/

* [lononHAeTcA BPYYHYIO U3 AnTepaTypbl. [IpOeKT cTapToBan B
2004 c paHHbIX 0 4 reHax - HRAS, KRAS2, NRAS n BRAF.

e Cancer Gene Census - cnucok reHoB (487), B KOTOPbIX
NOKa3aHbl MyTaLWUKU, aCCOLMMNPOBAHHbIE C PAKOM.

e (CBfA3aH c www.cancerrxgene.org - Genomics of Drug
Sensitivity in Cancer - KakK myTauuA B reHe meHAeT
YYBCTBUTE/IbHOCTb K Z1IEKAPCTBY

e Cell Line Project — 3K30Mbl PaKOBbIX KNETOYHbIX TMHUN

g cosmic =
Catalogue of somatic mutat ancer
Search COSMIC v64 COSMIC
All cancers arise as a result of the aquisition of a series of fixed DNA sequence abnormalities,
By Gene Secarch Gene name, Mutation, Pubmed 1D, Tissue, Sample .. COSMIC Release v64
By Samole ([ Go ] COSMIC v64 Includes 2 new fusion genes, CIC-DUX4 and ACTB-GLI1 together with 13 new genome wide
3. BRAF, VEAGE, 18772890, lung, COLO-829 systematic screens. ...[Mare] @
Search by Ti Statisti
G 682654
847698 8945
666666 7584
3

((((((((((((((((((((((((
Screens Biomart


http://www.sanger.ac.uk/genetics/CGP/cosmic/
http://www.cancerrxgene.org/
http://www.cancerrxgene.org/
http://www.cancerrxgene.org/
http://www.cancerrxgene.org/
http://www.cancerrxgene.org/

Kak coutb ‘pakoBbin camonet’

Abraham Wald’s
aircrafts

Bullet hits

Return to the airfield

| N
Military expertise
Bullet
hole-free
zones

Fatality ?

¥ Hits in the bullet
No data hole-free zones

2 PR | ONE

Bringing Down Cancer Aircraft: Searching for
Essential Hypomutated Proteins in Skin
Melanoma

Mikhail Pyatnitskiy'2**, Dmitriy Karpov™*, Ekaterina Poverennaya’, Andrey Lisitsa’,
Sergei Moshkovskii'?

scow, Russia, 2 ZAO Personal

gov Russian National Research
Engelhardt Institute of Molecular

Cancer cells

a. .
Survival R ""‘_f?
Genome
sequencing Extensively
mutated
proteins Poorly
mutated
proteins

Cell death

A lot of mutations
l in the poorly
No data mutated proteins

Nwem eeHbl, Komopble 8 paKe MymupoBdHbl pexce Yem 8 HOpMe.
9mo yAa38UMble MOYKU 8 PAKOBOM 2eHOME



1 94
Q' @ QD {Q
v R S T SRR ST SR RS SRR IESERE i R mozw L i ™ % . K i vmgzégzﬁ

Substituons Substitutions

pe Amino acid
e # Plam | s . e P53 tetramen
I
Congle SURAL AL NN DALV (1L RE L LT IR
i Complex
= TAYF

I N . A, o Ty

oHKoreH, KRAS cynpeccop, p53



RaKkne 3a4a4mM MOXKeT peLllaTb

OHKOIMreHOMMUKaA

[TOUCK HOBbIX
‘DaKoBbIX’ reHOoB

BblaeneHue
MOJIEKYNIAPHbIX

NoATUNOB ONYXONEWN

NHAWBUAYANbHbIN
noabop onTMmasibHOM

Tepanum

No Relapse

Don’t Treat

-— .
ber Lot
. Nrols ¥
- -~
5 W

Low risk — reduce
treatment

High risk — treat
aggresively

John Bartlett



Bbl,ﬂ,El‘IeHlAe MONERKYNAPHbBIX NOATHUMOB
HER2-enriched

Basal-like

Breast
Luminal A and B

Normal

'"II""IIH

{ V¢ ,—-\ -
M C.-J ‘-—-v o -—'-l-yl‘"‘
(R .';] A

H W

1.0

04 06 08

0.2

0.0

Intrinsic Subtypes
Perou et al., Nature 2000
Sorlie et al., PNAS 2001
Sorlie et al., PNAS 2003
Nielsen et al., CCR 2004
Cheang et al., CCR 2008
Parker et al., JCO, Feb 2009
Cheang et al., JNCI 2009
Prat et al., BCR 2010
Nielsen et al., CCR 2010
Cheang et al., CCR 2012

m—— Basal-like
Claudin—low
Herz2—-enriched
L uminal A
Luminal B Log Rank p=1.9e-07
I I I I
100 150 200

Months

50



BbiaeneHne monekynapHbIX NoATUNOB

500

100 %

—
o
L9

Mutation rate (mutations per 10° bases)

@® Non-silent

@ Silent 0.1 HYpem‘lutated

MiH1 a1 [IDI][I- (OO (s

MLH3 um 5 88 §

MSHZ umm mm

MSH3 == M 1N LB BT B |
MSHE uER BR EEe | R E | (®  ® mm
PMS2 ' ® ]

POLE unmsmEm (111 [ | [ | [ |

Epigenstic Frameshift Missense/nonsense
D silencing ® rutation ® mutation

Nen-hypermutated

Tumour site | |

| i I II|I |II I I|IIIIIIHII\ I|I |I [N R
MS! status | I NI I\Ii I I Py LM R

CIMP status — [HIIN] IVIAFAL: | IIIIIIIIIII M IIII\I'II II L HE T IIH Iil | [ | [l

MLH1 silencing 111NN I

TCGA Nature 2012

Hypermutated tumours

Mutation frequency (%)

81%

Non-hypermutated tumours

=

=]

©
=
)
<

ef*‘"f‘

0.5%

d”

PN N
L

%@-e%
*f;r@.?%

’I—r
%-11%

S

) o
ﬁ"q’qo o



AHaNN3 Ha YPOBHE CUTHA/IbHbIX KAaCKaaoB

CurHanbHble KacKaapbl

Drier et al, 2013

O6pas3uybl

Mesenchymal ~ Normal Classical

noaTun rnmobiacTtombl

Neural

o
B | |Death, DNA Repair

; .;‘i'v: IEZ xia (F'Ylmodu""  signaling

Fraction surviving_‘ |

Bl v .
. > P
- Tl - h
ik : .
4
? A AN P
:
: -,‘
o
‘ ¥ '
3
)

Cell death
Cell cycle

../“»-

G protein, PIK3 signaling

Alpha synuclein

xia, An I ensis
Cgegol?n and signaling

EMT

Hypoxia, Angiogensis
Death

Phospholipase A2

Immune

CXCR3 Pathway

k/lc_)e“cliium

0 40 80 120 160 200
Months

’ 4 Oxidative phosphorylatior

raction surviving

ow
kﬁedium o
High

Q

00

s
8
5
8
:



PARADIGM: Integrated Pathway Analysis for
Cancer
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www.personalgenome. Universal cancer Panels and tissue specific
com panel for NSCLC (LungSelect)

www.ambrygen.com/

specific cancer panels (ColoNext; OvaNext;
PancNext; PGLNext; RenalNext)

www.genedx.com
panels (for breast, ovarian, colorectal,

pancreatic, endometria cancers and Familial

Cutaneous Malignant Melanoma)
www.neogenomics.co Tissue specific cancer panels (for NSCLC;

m/ Melanoma; Colorectal Cancer)

http://www.carislifesci Universal cancer panel

ences.eu/solid-tumours

https://www.myriad.co Tissue specific cancer panels (breast and
m/ ovarian cancer)

www.questdiagnostics. Universal cancer panel
com

http://gps.wustl.edu/

Universal cancer panels

Universal cancer panels (solid tumors) + tissue

Universal cancer panels + tissue specific cancer

Methods®

Panels

Full exome + panel (120 cancer genes)

Kits and cancer panels + exome and (mtDNA)
genome

Full exome (WES, NGS) + panels

Panels + IHC, FISH, Flow Cytometry, RT-PCR

Panels + IHC; CISH; FISH; RT-PCR; Sanger
Sequencing, Pyro Sequencing; Fragment
Analysis

Panel for BRCA1, BRCA2

Panel

Panel

https://www.aruplab.c Tissue specific cancer panels for gastrointestinal Panel + IHC, FISH, and PCR

om cancer
www.oncodna.com/ Universal cancer panels (solid tumors)

www.genomoncology.c Universal cancer panels (solid tumors)

om/

Panels (OncoDEEP DX - 65 genes, with wide
coverage of the KRAS, BRAF, EGFR; OncoDEEP
Clinical - more than 400 genes; Plus Package -
multi-platform approach to complete the
characterization of the tumor, including FISH,
PCR, ICH)

Bioinformatic service

Description

Analysis of solid and Hematologic tumors—detection and
interpretation of all class of genomic alterations (including base
substitutions, InDels, CNAs, rearrangements and fusion genes)
Detection and interpretation of SNVs,InDels,CNAs and
rearrangements

Detection and interpretation of gene SNVs, InDels, CNAs large
rearrangements for specific types of cancer.

Detection of SNVs, InDels. Deletion testing of mtDNA, detection
of mtNDA SNVs.

Detection of SNVs, InDels, CNAs, rearrangements, fusions

Detection and interpretation of SNVs, CNAs, InDels, fusions and
level of expression of protein biomarkers in solid tumors for
therapeutic decision support and clinical trials matching.
Detection of gene mutations

Detection of SNVs and InDels;

Detection of SNVs and InDels

Screening, risk prediction, diagnosis, prognosis, monitoring,
pharmacogenomics, and therapeutic triage of malignancies.
Detection of SNVs, InDels, chromosomal alterations and level of
expression of oncomarkers.

Detection and interpretation of SNVs, InDels, CNAs,
translocations, microsatellite instability, DNA methylation,
presence and activation of specific proteins. Integration of all
the data, analysis of molecular networks, findings of the latest
publications and generation of a comprehensive and intuitive
report.

Interpretation of NGS data (SNVs, InDels, CNAs, translocations
and other structural variants) and translate the specific
molecular profile of each patient’s tumor genome into an
actionable clinical report.

Kotelnikova et al, Oncotarget, 2016


http://h/
http://www.foundationmedicine.com/
http://www.foundationmedicine.com/
http://h/
http://www.personalgenome.com/
http://www.personalgenome.com/
http://h/
http://www.ambrygen.com/
http://www.ambrygen.com/tests/colonext
http://www.ambrygen.com/tests/ovanext
http://h/
http://www.genedx.com/
http://h/
http://www.neogenomics.com/
http://www.neogenomics.com/
http://h/
http://h/
http://h/
http://h/
http://h/
http://h/
http://h/
http://www.questdiagnostics.com/
http://www.questdiagnostics.com/
http://h/
http://h/
http://h/
http://h/
http://www.oncodna.com/
http://h/
http://www.genomoncology.com/
http://www.genomoncology.com/

ONCOLOGY CONSULT
AND CONSENT

WEEK 4-6

GENERATION OF
GENOMICS REPORT

Ob6Lwan cxema

SAMPLE ACQUISITION
PATHOLOGY ASSESSMENT
LIBRARY CONSTRUCTION
QUALITY CONTROL

WEEK 0

WEEK 4-6

MULTIDISCIPLINARY CLINICAL
GENOMICS TUMOR BOARD

Somatic mutations
Germline variants

0000000

) , Translocations
Somatic mutations CNV
LOH
PANEL SEQUENCING
WGS/WTS SEQUENCING SEQUENCING RESULTS
WEEK 2 WEEK 3
o
L ®
AR AR
ONCOLOGIST DISCUSSES
RESULTS WITH PATIENT

Laskin et al, 2015



NUMBER OF VARIANTS

“Yucrana” 6monHcpopmaruka

Common
Variants

/. AnrOpMTMbI BblpaBHl4BaHl/1ﬂ LITeHMl\;I \ Noobviouseffecr i

on protein

— KapTnpoBaHWE Ha reHOM
* [lonck myTtaumim

Iterative Biological
interpretation

3529 36paIMOUN L ALINNIONI

— onpegeneHue SNV, ungenos, CNV, ... eonne e
* (CpaBHeHMe C HopN\aanoﬁ TKaHbIO
\ — OTAeNneHue comaTUu4yeckux ot I'epMMHaTMBHbIX/
ﬂ KOHTpO/1b KauecTBa \
AHHOTaAUMA M NpUopUTU3aUmA — yAa/sieHne HeKoAMPYIOLWUX N HeEJOCTOBEPHbIX Bap-TOB

* [lOMCK M3BECTHbIX BApUaHTOB
— TCGA, COSMIC, dbSNP, 1KG, ESP6500, EXAC,...

° HDEACKEBaHVIe BUAHMA Ha 6enokK

\ — MOMUCK APaMNBEPHbIX M MATOFEHHbIX MyTaL UM /
KnuHuuyeckana uHTepnperaumsa
(o Obuwme 6a3bl AaHHbIX MO (I)apMaKOFEHOMMKe\ OTyer C
— DrugBank, PharmGKB, DGI, ... peKxomMeHp.
* OHKo-cneunanmsnMpoBaHHble basbl 3HaHNM ‘ Tepanuemn
— MyCancerGenome, Targeted Cancer Care, ... e
* JlaHHble anTepaTypbl

\ — Pubmed, Google Scholar /

www.lifescisoft.com/ingenuity-variant-analysis.html Dienstman et al 2014




[MpenckasaHne pyHKLMOHANbHOMW
3HAYMMOCTU MyTaL NN

He Bce aMMHOKMCNIOTHbIE 3aMeHbl OAMHAKOBO NATOrMEHHbI
MyTauma B KOHCEPBATUBHbIX Y4acTKax “BpeaHee”

[TpU3HaKu:

— HYK/IeoTUAHaA/aMUHOKNCIOTHAs KOHCEePBATUBHOCTb
— PU3NKO-XMMMYECKME CBONCTBA aMUHOKUCNOT
MeToabl:

— [lpAamasn oueHkKa

— MawunHHoe obyyeHune (pacno3HaBaHWe 0bpa30B) — HYXKHaA
oby4atowlana BbIOOpPKa

PolyPhen2, MutationAssessor, SIFT, LRT, ...



[Mpobnema
MeToabl HacTo AAOT NpOoTUBOPEYaLl e pe3ynbTaTbl

SNP ID LogRE MAPP Massessor PPH2 SIFT
ENSP00000310670 deleterious
ENSP00000348797 |:EEEEIE deleterious

ENSP00000220166 deleterious deleterious deleterious
ENSP00000361021 deleterious deleterious deleterious
ENSP00000348797 |EECEHGIIE deleterious

YTo aenatb? YcTpanBaTb KOHCUANYM

e dbNSFP, https://sites.google.com/site/jpopgen/dbNSFP
pe3ynbTaTbhl 9 NPeACcKa3anokK + 2 MHTErPUPYHOLLMX CKOPa

* CONDEL, http://bg.upf.edu/condel/home
Nuterpupyert SIFT, Polyphen2, MAPP, LogR Pfam E-value n MutationAssessor.
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NAaTOreHHOCTb # APaNBEepPHOCTb

* HeKoppeKTHO Mcnonb30BaTb METOAbl NpeAcKa3aHmA
GYHKUMOHANbHOM 3HAYMMOCTU MyTaLUMUN ANS
NOUCKa ApanBepoOB,

* MOHO 0TGUNbTPOBATb MyTaLLMM KOTOPbIE BPSA NN
NOBAUAIOT HA CTPYKTYpPY benka

* [Mpobnema: HeT xopolwwunx (bonbLinx) Habopos
NaHHbIX ANs TecTupoBaHua driver/passenger.



KanHmnyeckaa Knaccupmkaums
BbIAB/IAEMbIX FEHETUYECKUX HAPYLIEHNM

TERM DEFINITION

Actionable Identification of a potential
target or risk factor that
affects the treatment plan

Informative Identification of an interesting feature
that may not have prognostic or
therapeutic relevance at this time

Data of Identification of biological feature

Uncertain or abnormality of unknown

Significance significance; may have potential
clinical or biological relevance
but is not established

EXAMPLE

Established target-drug relationships such as EGFR activating
mutations in lung cancer or BRAF VE0OOE mutations in melanoma.

Established germline risks such as detection of a BRCA mutation.

Identification of a primary for primary unknown cancers
or amendment of a diagnosis.

Mutations with an associated available clinical trial, such as in Pi3K.

Pathway abnormalities that are potentially targetable but no clinical
trials are open or available.

Detection of a somatic p5S3 mutation.

Germiline variants of uncertain or unknown significance.

Mutation or pathways that seem important but are unclear.
For example: MTAP / BAD / BAX / MUC1 / PRCKA

Abnormality not defined as cancer-related in literature or databases
(such as in COSMIC).

Laskin et al, 2015



RAVMHUYECKU 3HaYUMBble MyTauunu

( actionable mutations)

* Kputepuwm:
1. MpepckasbiBaeT YyBCTBUTE/IbHOCTb / PE3UCTEHTHOCTb K Tepanum

2. BnuaeTt Ha GYHKUMIO paKOBOrO reHa U ABASETCS MULLIEHbIO KaKoro-
nmbo nekapcTsa.

3. ,ﬂ,l/laI'HOCTVNECKaFI NN NPOrHOCTUYECKaA UEHHOCTb

4. Bnuaet Ha ocobeHHOCTM meTabonmama nam noboyHbIX 3pPeKToB
NneKapctea (06bIYHO reHepaTUBHbIE MyTaLU )

* [lo PA3HbIM OUEHKAM: ~120 reHOB (pasHbie ypoBHM AOCTOBEPHOCTH)

* ba3bl AaHHbIX: £ s g

v' MyCancerGenome oo wosase
Personalized Cancer Therapy -
PGMD HET e
PharmGKB

AN NI
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\3\" MY CANCER GENOME

Learn About Cancer Mutations Search Clinical Trials

Find a Cancer Mutation

Select disease to view information about that
disease and trials for that disease

4

Melanoma

Select gene to view its significance within that
disease and related clinical trials

4k

BRAF

Select gene mutation to see its significance
within that disease and related clinical trials

4k

BRAF c.1799T>A (V60OOE)

~50,000 visits/>170,000 pageviews/
119 countries/52 US territories
in 1 year (only 8500 oncologists in US)
Now ~1000 visits/week



MY CANCER GENOME
BRAF V600E (c.1799T>A) mutation in Melanoma

» Melanoma Overview

v

¥  CTNNB1
¥ GNA11
BRAF V600E mutation
Treatment Drug Class Line of # ptsin
Agent Treatment study
vemurafenib  Mutated BRAF 1stto 32/
(PLX4032) TKIA >3rd
vemurafenib  Mutated BRAF 15t 337
(PLX4032) TKIA
dacarbazine Cytotoxic 1st 338
chemotherapy

BRAF

BRAF c.1788_1798GT>AG
(VBDOR)

BRAF c.1798_1T99GT>AA
(VBOOK)

BRAF ¢.1799T>A (V600E)

BRAF c.1798_1800TG=>AA
(VBOOE)

BRAF c.1798G=>A (VEOOM)
BRAF ¢.1789T>G (VG00G)

BRAF c.1799_1800TG=AT
(VB0OD)

What is BRAF?

BRAF in Melanoma

BRAF VE00E mutation

Glinical Trials

BRAF c¢.1799T>A (V600E) mutation in Melanoma

BRAF VG00E mutation

Properties

Location of mutation

Frequency of BRAF VE00E

Impilications for Targeted Therapeutics

Response to BRAF inhibitors

Response to MEK inhibitors

Response PFS (months) OS

Rate
81%

48%

5%

> 7 months
(estimated)

5.3

1.6

Kinase domain (exon 15)

~B5-90% of BRAF mutant melanoma

Confers increased sensitivity™

Uneertain at this time®

Level of
(months) evidence

Not
reached

-1

84% at |
6 mos

64% at |
6 mos

Reference

(Elaherty,
2010)

(Chapman,
2011

(Chapman,
2011

AZDE244 versus temozolomide, 5 of 42 melanoma patients with BRAF VBODE mutation had confirmed partial
responses (12% objective response rate) (Dummer, 2008).

BRAF VE00E mutation

Treatment
Agent

vemurafenib
(PLX4032)

vemurafenib
(PLX4032)

dacarbazine

Drug Class
Mutated BRAF
TKIA

Mutated BRAF
TKI™

Cytotoxic
chemotherapy

Line of
Treatment

1stto
=3rd

1st

1st

#ptsin  HResponse PFS(months) 0OS Level of Reference

study Rate (months)  evidence

3z2n B1% =7 months Not II-1 (Flaherty

(estimated) reached 20100

3ar 48% 53 84% at || (Chapman
& mos 2011

338 5% 1.6 64% at | Chapman
6 mos 2011)



KAMHMNYECKN 3HaYNMble MyTauunu
( actionable mutations)

A B Number of samples
068

* Rubio-Perez et al: 4082 reHoma.
TonbKo 6% NnaumeHToB UMerT

MYTaLMKN ABNAIOLLMECH
NoKa3aHMem ana oaobpeHHOoro
neyeHunn; 40% naumMeHToB MOryT :
NOJIYy4NTb NONb3Y €C/IU - \
MCNO/Ib30BaTb
peno3nuyuMoHupoBaHue | e
CyLLeCTBYOLWMX siekapcTs; 73% Rubio-Perez et al, Cancer Cell. 2015
eC/IN YYUTbIBATb JIEKAapCTBa B
KIMHUYECKUX UCTbITaHUAX.

* Jones et al: 815 reHomoB. Y 75%
nauueHToB 0b6HapyXKMBatoTCs i- -
KAMHUYECKM BaXKHble myTaumun. Ho o
CMNIbHO 3aBUCUT OT TUMNA pakKa.

Jones et al, Sci Transl Med. 2015 Apr 15

boabwol nomeHyuan 018 2eHOMHO-UHgpopmuposaHHoU mepanuu!



Laskin et al, Cold Spring Harb Mol Case Stud, 2015

3 COLD SPRING HARBOR ) ) X
CSH I | PRECISION MEDICINE IN PRACTICE
Molecular Case Studies

Lessons learned from the application \

of whole-genome analysis to the

; g PATHOLOGY GENOMICS &
’:;enac‘tg:sent of patients with advanced TRANSCRIPTOMICS

Janessa laskin,' Steven .Jcnes,2 Samuel .ll\par'k:ic:,3 Stephen Chia,' Carolyn Cl'l'rlg,2
Rebecca D&yall,‘ Peter Eirew,” Alexandra Fok,? Karen Gelmon, ' Cheryl Ho,'
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Stephen Yip,' and Marco A. Marra®’

ANALYSIS AND REPORTING

TR J 0ol 11
VP % )
3\‘-‘.\!% T a1

Sequenced/Analyzed

WGS + RNASeq
Bpema : 50-80 aHewn

Informative

Actionable m Too ill to receive
further treatment

Treated with POG ‘informed’
systemic therapy

25 Approved therapy
8 Off-label therapy
1 Clinical trial

Clinical / radiographic
improvement

*H8

18% success rat



3aBTpa: nepcoHanbHaa oHKonorma 3.0!

Nat Rev Clin Oncol. 2014

MaKcmmanbHO nogpobHas S

MOJIEKYNAPHAA KAapTMHA

onyxonu / e R et \

OMMKCHbIe TeXHONOTrnun g — -

OnpepneneHne CUrHaANbHbIX e '*‘4-
/( - ’ TCGGTA g

KacKafoB ‘ApaiBepos % rcceac Il [J

Blomarkers Scans

OHKOreHesa \

[lpoaABUHYTblE MaTeMaTUYECKUue f H

aNropuUTMbl 419 aHan3a e J Network analysis

AaHHbIX _i % H m

Onopa Ha cywecTsytouue | Patient

MOJIEKYNAPHbIE AaHHble \

(Hanpumep, exceptional responders)
MOHWUTOPUHI NU3SMEHEHUW B
opraHname nauymneHTa
(paboTaeTt n Tepanua?)

Bopbba c reteporeHHOCTbIO Haubonee uHgpopmamueHsiii u
onyxosu agpgpekmusHbili Nooxoo!

"-.= ;
Invitro  In vivo In silico Treated cell



[Mpobnembl n TPYAHOCTU

[eTeporeHHOCTb ONyX0/1eN, 3arpsi3HEHNE HOPMaAIbHbIMMU
KNeTKaMMU (KIMHUYECKM 3HAYMMble MyTaLMM MOTYT ObITb TONbKO
B 5% npouteHunin).

OTHOCUTE/IbHO Masioe KOJIMYeCTBO IeKapcTB/MuLLeHel
CToMMoCTb aHanm3a

PasHoobpa3une Tmnos aaHHbIX: SNV, CNV, akcnpeccus,
fusions, cnnancuHr, anureHeTnKa, NPOTEOMMUKa, ....

MHOKeCTBO TEXHO/I0TMIK, 6a3 AaHHbIX, NPOrPaMMHOrO
obecnevyeHusa. HM Ha KaKom Wware HeT obLWenPU3HaHHOro
CTaHAapTa.

BbicOKMe TpeboBaHMA K aKcnepTam



Y3Koe mecTo — aHanuns3 Pe3y/ibTaTOB

MonyyeHue AaHHBIX

- o ’ T ‘ 3_
3 l T, S cac® \v Me,
'

) - Ly
FGAVTMETTA M’n . ¢‘41
% CCAGAY CpeantMSTIA o e
17A . aNGCCy O s car A CCA Millions of raw sequence
240 Pl o AP AN reads are produced for a
.-\'. ”'":_-:" e ‘-“.‘ ."4,. (I N '_v.\'-" o ",.:‘:",1."01 ,.,-.:::;‘-;‘. patent tumor
- '~c. ..‘,.,."—:- >4 ‘:.'.:'“' ~— ~‘- _'"/ ; o —~— "W’\‘ - _c"

‘-}'.----“"".,.-1 — S e e Sequences are

ObpaboTka u e AR o = :
= : aligned to the
NOUCK MyTauun m m = . m reference genome and

predcted

=i EESE == = =3 | tumor-specific events
D&

X=
KOHTpO/b KaYecTea u gx ] O a Deta are reviewed and
dunbTpauma 7 BXH validation experiments
: e %(“ A= performed to identify high
= ) =X5= quality events
.

-8
- > .0::.. § » ...: -
. e e
AHHOTaUWA U NpeacKasaHue i w Events are annotated and scored in an
OYHKUMOHANBHOW 3HAYUMOCTH > e effort to predict events of functional
o..o. essee s!gn'ﬂma
o L 1)

AHaNU3 U MHTEPNpPETaLMA,

W= prioritize, and summarize functionally
CO34aHWe UTOroBOrO OTHETa T

X significant events in the context of
published kterature, clinical trials, and a
muititude of knowledge bases

Pathologsts and oncologists evaluate the
significance of potentially clinically
actionable events and incorporate their
research into patient care

MpUMEHEHWE B KAUHUKE

A genome analyst attempts to interpret,

Good et al, Genome
Biol. 2014



Work in progress...

ABOUT 6,000
CANCER PATIENTS
WILL BE
SCREENED WITH A
TUMOR BIOPSY

THE BIOPSIED
TUMOR TISSUE
WILL UNDERGO
GENE . .
S\ hat is the

IF A PATIENT’S TUMOR HAS A GENETIC ABNORMALITY THAT MATCHES ONE TARGETED BY A DRUG TAPU R
USED IN THE TRIAL, THE PATIENT WILL BE ELIGIBLE TO JOIN THE TREATMENT PORTION OF NCI-MATC

TAPUR STANDS FOR

TARGETED AGENT and
PROFILING UTILIZATION

clinical trial?
W B | REGISTRY study
X X X X =
/ THIS TRIAL wuu\
COLLECT DATA onhow | 7
patients with advanced |
N C I IVI ATC H cancer respond to drugs not PHARMACEUTICAL
yet approved for that cancer COMPANIES ARE
type by the U.S. Food PARTICIPATING,
\. and Drug Administration providing 17
\ (FDA) y targeted drugs.

TAPUR
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h. .+ Molecular Case Studies

Lessons learned from the application
of whole-genome analysis to the
treatment of patients with advanced

cancers
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“There is no longer a question of whether
cancer genome sequencing should or can be
done. It is a question of who should do it, on
whom, at what time points, on which specimens
and with what tools.”

Laskin et al, Cold Spring Harb Mol Case Stud, 2015
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