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of Public Health Genomics
Dr. Khoury
MOU

Division of Cancer Control and Population
Sciences, National Cancer Institute

19

FDA Direct-to-Consumer
(DTC) 23andMe
DTC

common genetic variants

-27-



1. Tier

CDC

Tier
https://phgkb.cdc.gov/
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1 Food and Drug
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Administration FDA

for Medicare and Medicaid Services CMS;

3 US
Preventive Services Task Force American

College of Medical Genetics and Genomics

4
Tier 1 Tier 3 3
Tierl
Tier 2
Tier 3
1
Tier 1
Tier 1 Tier 1

Tier 2
Tier 2 Tier 3
Dotson WD, et al. 2014;95:394-402.

C.

Dr. Khoury

Lindor NM, et al. 2017;92:159-172
National Institutes
of Health DTC
Khoury MJ, et al. 2009;
11:559-67

"Can We have Our Genome and Eat It
Too?" http://blogs.cdc.gov/genomics/2013/10/31/

when-should-we/
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US Preventive Services Task
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117
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diagnostic medical devices and repealing 2017

4 2 3
Directive

98/79/EC and Commission Decision
2010/227/EU

EMA 2016 4 28 “ Guidance on
good pharmacogenomics practice”
NGS

EMA

EU URL

REGULATION OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL on in

vitro diagnostic medical devices

http://ec.europa.eu/growth/sectors/medical-

devices/regulatory-framework/revision_en

MHRA

Medicines and Healthcare products
Regulatory Agency
Directive 98/79/EC

EU

2016
MHRA Guidance on companion diagnostic 1VDs
Cancer
Research UK The Royal College of
Pathologists
ANSM

Agence nationale de sécurité du médicament
et des produits de santé

(Regulation)

FDA
products
809 21CFR809

IVD, invitro diagnostic
Title 21 Part

21CFR809 URL
https://www.gpo.gov/fdsys/granule/CFR-2011-
title21-vol8/CFR-2011-title21-vol8-part809

In Vitro Companion Diagnostic Devices

CLIA; Clinical Laboratory Improvement

Amendments

FDA URL

Guidance for Industry” In Vitro Companion

Diagnostic Devices" 2014 8 6

https://www.fda.gov/downloads/MedicalDevices/
DeviceRegulationandGuidance/GuidanceDocum
ents/lUCM262327.pdf

Draft Guidance for Industry "Principles for Co-

development of an In Vitro Companion
Diagnostic Device with a Therapeutic Product"

2016 7 15

FDA

companion diagnostics device 2017 4
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33 https://www.fda.gov/
MedicalDevices/ProductsandMedicalProcedures
/InVitroDiagnostics/ucm301431.htm

FDA NGS
2016 7

Draft Guidance for Stakeholders "Use of
Standards in FDA’ s Regulatory Oversight of
Next Generation Sequencing (NGS)-Based In
Vitro Diagnostics (IVDs) Used for Diagnosing
Germline Diseases" provides 2016 7 8

Draft Guidance for Stakeholders “ Use of
Public Human Genetic Variant Databases to
Support Clinical Validity for Next Generation
Sequencing (NGS)-Based In Vitro Diagnostics”

2016 7 8

FDA NGS
2016 10 19
rucaparib
BRCA1,2
Foudatiion Medicine The FoundationFocus
CDxBRCA

https://www.gpo.gov/fdsys/granule/CFR-2011-
title21-vol8/CFR-2011-title21-vol8-part809

LDT, Laboratory Developed Test
CLIA
FDA
2014 6
“ Framework for Regulatory Oversight of 7

Draft Guidance

Laboratory Developed Tests (LDTSs)”

ELSI

Consent to test tumors for cancer related gene

and protein abnormalities 6
i)
i)
iii)
oncologist
iv)
V) 4

Oncotype-DX 21
Genomic Health

NICE
National Institute for Health and Care
Excellence Diagnostics guidance [DG10] 2013
9 Oncotype Dx
Her-2
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NHS
EU
16-22
NGS
T-DM1 NICE
NICE

Cancer Drug Fund
CDF https://lwww.england.nhs.uk/cancer/cdf/

2011
2016 7
CDF
2017 5
CDF

https://www.england.nhs.uk/wp-
content/uploads/2017/04/updated-national-cdf-
list-v1-26.pdf

compassionate use
program

University of Cambridge Duncan Jordell

49-77
LDT
INCa 28
molecular genetics center
1SO15189
2016
INCa
2017 1 60
molecular genetic center
Oncotype Dx
MammaPrint NICE
NHS
RIHN  Referentiel des actes innovants hors
nomenclature INCa
NGS
molecular genetic center
25
oncogenetics laboratory
INCa
FDA
CLIA
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LDT FDA

NGS
NGS

FDA NGS CMS local

coverage determination LCD

EGFR ALK ROS1
NGS

https://www.cms.gov/medicare-coverage-
database/details/lcd-
details.aspx?LCDI1d=36143&Contrld=381&ver=
19&ContrVer=1&CntrctrSelected=381*1&Cntr
ctr=381&name=&DocType=Active&s=34&bc=A
0gAAAQAAAAAAAY%3d%3d&

compendia

NICE

CDF

FDA CMS 30

FDA

compendia

-41 -

500

NGS

INCa



- 42 -



28

2,000-2,500
LDT

28

NCC
MOU

-43-




Regulatory issues/ ELSI/

2,000-

2,500

actionable

2,000-2,500

30-50
200-
400

- 44 -



ETV6-
RUNX1
BCR-ABL1

IgH-MYC
NPM-ALK
MYCN
H3F3A
BRAF-
KIAA1549
PAX3-
FKHR
EWS-FLI1

SMARCB1

Japan Children’s Cancer

Group JCCG

Tests LDT

Laboratory Developed

1SO15189

CLIA

-45 -



70%

precision medicine

historical control

cancer

predisposition syndrome

Child Life Specialist

-46 -



-47 -



Tk 28 FEEESEMTEUEERESEHPEEESBR AR SESE
[BADT ) LEFRFUAHIEIEROILDOEAERIE BRI I AT 1

BADY ) L ERR AR LRI T 2R ALIRS

1. AT ) LEBREOZAE
1.1. IR R R E B RIIE R - 2R DEL)
1.2, WRELHEST
2 EAARE - BEE
2.1. fElpH e h3g
2.2 fEREFR GEEIEER)
2.3. fERIMEFR (RRFEIEIER)
3. WA JLEEOHLIEE (ERILaEz0NC)
4. {BFEN- ZRBFAR
5. NAY ) LWEBRDZESE - NABAUATIEE (BB EaEZ0I0)

(Somatic-germlinei®i%E% =13)

6. MRS DELD =

7 ANEEDES

{22 R - = AR BB O HE S K )

| @RE-EREREERg |

BEMBS FEE HMRERE EPEE
FARE NHEREEE RS- ERBKIEYKE
X8 A ZOREEAES RHAE 1% "
E
L R - EREEOE D R RUREO #iE @ || B
FERZ = - ERSFOFRMRDE S EMEDREBOEH =ES || &
ERET = > ERSBHRMESHEHEOHERRURED L w27 || &
THEE % > ERAGOREHRENETHOLANGFHERRSBE % 255 |8
@D
252® |8 a7z |
Mgl |5 maz || &
ggmm % | RE-ERURELESE a—%{é =
soxz 1B ( WL G- BRI LK E aev ||
e 5 HEAAT - ERNIE S KEE T 2R RIS Zub || A
a # RISE G- ERURIIE S A B AR AT ZNERAEREE RU 2% | £
oA NS EXEREE (R EREEER) w2z || &
N—— L WAR BRFERRIFA y ¥4
%
\ o

!ﬁ%liﬁi%ﬁlﬁb‘ﬂlﬁ Eﬁﬁlﬁi )‘c‘{!ﬂ-'f-é’ ﬁ%ﬁ%é’d)tﬁ)‘:@t&ﬁi ]

[(FRRAEDFEDHED] TLABE, REDEEDICBVTE, [T LAER L BADIT ) LIEIRIZECDHEVRIBAZYV) AIRE
1BEREELCLT,. ZOADBRELFIRCEULI ERE 12175t ZIET . BARICIE. BUERIEDIBRINT ) MRERER
%’E(ib&)c‘:btﬁfz@E%Iaiﬁ’iﬁﬁb\ﬁ #iziT\\ ROBMINEE. FHNRURETAZERCIRIIDZLEZED.
CITVWSIY LB E(F, ETEHIRERYERDNA F(CFE I 52 BYFIR - BRIBIRY . BRNCELDT /LR
(D‘AJ,%H]H’E(CEUEW?&HJH@EE) B IMESR. (RRICE R SIS AMEME (RENREARE) OF JLIEREIsT. | #2




g - 7 AEBISESBEMBNCEE DN, GermlineESomaticld A=< T ABHROBHNRISD
T BRERY ) LB ST — 9~ A

DS : BT IL-THOF-92-% [HER1H]

PREALAL . RERREESTRE

il - Hf ffl % 5 I TR, ZSE TR - CofhpREE
Hi ER7 7T S

RDB
(43#9DB)
RDB : AMEDHE®510DB H50B : BRY LW SDB
[BIPR7S 12 FIRZAA) [FEBIR60)

ME : BAMNVCFR. 0 HRORaw Data + RE2 N NE ME  REXNLEFRE -+ 2HE+ EEE
Foril-"Jl. GBIRA]RE) - PR AL : A-THPo02
NELsY : #ERESMTHRY

BUR 60 - POt LB RE R A - B 1 Ol [BEY JLABREST -9 -2 BRES] L TER
(H2BERE[BRERS ) MEIRIAT —IN— AR B E (LAEE4E 510/2016. p.6) &) #3

FHEMHRE AT (Germline Zmwmswoseokimm) DB FOER -ZHY

o1& A D&%
. BAOSEEM 7\

/\ - FPARIZOEERG. (—80) ik :
ano

; VFRLF AR g
VIECTDORWERNE P L MAE =

- REFIROELRNIV ST E
» Actionable/E(RMERETS TLEZRIRORIRE AN ERE

4S gy ONeWos

\/ | PRHARE (Somatic. KASBIE) DB FDIEIE - FIR

o N A DB
- HADOTFIE - HF ]
- BWAEEDRER
VIR (BRMRZERER)
- IVDEBESEDEE PR BRI ME v

SOI>- . ada—NL M -

+
n




DD 2D07T J LERE - BRMEEECBRMETh

o fE5I{Liak - Bl e kj RIS EEATIBRRIR
S
.%:,;::’:;ﬁ
b )
o JAAT—N-
P

SLERE B } DFIIEFv— X

BENE A

t 97750 ¥

o BERILEE |
12707354 ;

o {LFFhs- i
TR ANGELINA
) ﬁ?tgﬂ’g. EFFECT

RIZERE
o FIEERER

DAT J ANEBEXISREDOHST (1/31/2017)

1. B% :
o (KM (WAMERR) &) LSZIR

vV ONZANS DI (=2EOIDIC. EEEDIERTITV., TORRIEEEICREEINS
IEEACHIEAT) FEGECFRIEFITHOT

v ZBEGF) RV LOFERZWNRETD (BE—DEBERFHIVIFEDMRY MR M5
BILFREFZFZV) .
o LIEHIRR RIS ) L2l
v BBIRF/RIVA LIV AN -T2,
v BE—DBIFOIEEEHI#EIT 220,

2. ST
o S S 5 ) WS HRICE I
OfRAHEST 16.45 N 7.7TH AN (CAHE)
i I INES =
QST 4073 A 153 N (BE)
Q4EHE RS
5 NER 2885 A 8,000 A (FBA)

#6




AT J AEBEXIREDHSTORM : Somatic (1/31/2017)

1. HESTORHML :
o (AHlRRS") L2 BT B Z IR BRIE UTARATZIES T
v BRHAEGE - RIREANKOSN DI RELEL T, FEEDIKDADH OWTENENIHESTL, &,

A) KIBHA : GI-SCRUMDANEEE(C, LERDIER)ICEDE. [T /LK IOXREL. TOFERICEDE
EBEIDNNEBERDITREZHEET (NCCESEF5%E 1/26/2017) o

B) AiiM'A : LC-SCRUMODHIZEEIC. [F_E (NCCE#mES L 1/25/2017) o

C) FLH'A : Oncotype DXDFIZSZE(C, 15 ) AZH | OXSREZ#EETISD (Oncotype DXDIZE. fiTi&t#EN
{EZFEEOTIGTFRITHD. 7 FRIVAE  REAEEOEIR(EATNIRVCD)  (NCCHEATETESE) o

o ECEFEZLES A BT
Ve ORDERPEEL TIRIREZEAT T ICHEAANBREL TOMNRE L ZHEETTS ¢
D) 2 TONATED. {tFEEZHRLIDIERER (NB~AN) W LZEIDOIRERD | TOP-GEARD
wESE(HEET
2. ST
o RKAHMEEHEN 7 ARZMIXIERE 20T ) ASZHRIBIRICE DWTITONAERIMEI FBA ] - TEE DX SRE |

A) KEEHA =154,320 N/ 28,246 N | (20150NCCOtEtizanEAmABEL135,800 A EOSSTMEDBISLBEDE40%T, 54,3200)

B) BN A =17.773 A/ 48,510 N ] Grrsmsseemssstii AL, 2070%=7.7515EmT LRI MBIRITHA THO. SEEF AN -2 OEBHE)
C) FLNA=132,290 N/ 0N ] CoteonmmemTazon A, enichms>/ EHat- L RBtes%. ER+HER2- 67%. BHEH63%SEEHEDETI22004) o
A) +B) +C) =[164A AN/ 7.7HA]

o SISt

D) 2TONAIE=[4073 N15TTN] cotetoenimsanors o, e03540%t# #4752, TOPICS-1T4s%(actonable mutationiE) 417

AT ) ©AEBEXIREDOHSTORM : Germline (5/25/2017)

. BRIREE :
v 2KEBIEMEREL T VD FEIRBFOER LA - IRENA (HBOC) (SEBEL. U TOREZES :
A) VFEIREE =2 KBHIAD2% + FEAENAD2%
B) HBOC =2ZL.HAD5% + EINENAD10%
C) TN DIDFERERL REREEESET =2hA00.2%
D) BIEA I TEREETEZAN GISRUVEFIREEZER) =BEHEEOEED40%
E) EBROBEFHIRELZZIBASERIOGECIIO I 2Z293 A (BEATE)
HAZBECRIEL TV EGEEEDOESE (Rind) D35, BEFIIREZHEIZIEDHEST (/)
« KB A= (55R%87,797 + 1B/546,778) x 2% x 40%=1,077.A
« FEARNA=13,606 x 2% x 40% =109.A
« .NMA=82,773 (EERANASE) x5% x40% =1,655A
« SREEHA =9,384 x10% x40% =375 A
« BBEN'A =34,802 x10% x40% = 1,392 A
. ZOMOIDFRETIEEES (£HAD0.2%ERTE) =865,238 x0.2% x40% =692 A
« 5§51 =5,300.A
3. _LEE?M5,300 NIV LIFRIdD T ) A2 IORRE (. FIU T20%REERIESS. 0T, 5,300 AD5(H
(RIERBELAINEFEDZ UDVEEDAZERS) 0F921,000 NMEIEHEREBEOFIGE DY ) LAZRIONRE LR D,
4. FER®M5,300 A\ORFRIGE(CHFU T, MFEEOR(CHEGHI I 2NELELTVSEREIEEEV DR FE
fiES | W 2 LIZE(3EDIE33. 180T, £5821,000 A (2, [MMIFEOEERRBEEZIIOIDDY ) AL |
FREELT5,300A x 2=%911,000 AZHNX 1251593.20 AN EFEMRRSRES ) LAEZRIDITREEE RS,

5. ZM3.2HANDYT ) LZRIRREDSS, ZENMEESNT. ERUETFHOIIRERZE DL, FimED5,300
A& ZEFRBEZIERIBMEE 2 20550 1 %EEZX T, G51111,000 A EHEET, #8

—

N




Tk 28 FEEESEMTEUEERESEHPEEESBR AR SESE
[BADT ) LEFRFUAHIEIEROILDOEAERIE BRI I AT 1

BADY ) L ERR AR BRI T 2R ALIRS

1. BAY ) LAEBROSAE
1.1, AR R A TEHIAE RN R - 2RI DEL)
1.2. WYREHUHEST
2. &%
2.1 ERLaE
2.2 fE@pEFE (GEEIEERS)
2.3. ERETF (BRFEEAERS)
3. PAT ) LEEOHLAEE (ERI{LaEZH0N0)
4. {EFER - ZIXBIFRR
5. AT WEBRDZEESUE - \MBERAHIEE (ERN1EaEZF0I(C)

(Somatic-germlinei®i%E% =13)
6. iMmEIESDERESD

#9

AT J LAEERBAFRIBEDS XTI @sieon

1. AT JLAEEODADOELT, BEZ-XDOS50[EBM I TREKUATICHEETS :
e HODONAZBELZW
o ENPRIEONAZFHHURZL

2. FEEDSE5MERULEEE MREBEODENERINICESL WIS ) AR OB IEIRNTIR(C
ERIRIRIG(CADDDHZZENSE. BFHICEDIED.

3. MEREaBIDERFRRETTEHI FECOED :

O ZBEF/RIRUVWGS : BEXEDIERORM LT FTITRZEGF/RIOEAZRIAD. UHU
DI EE—BBDIEBNC DOV TIEWGCSZH AT RHMA I G AEIZR T 2D T, TN ERZHEE,

@ —RWFRR (PF) : OYN\ZAZEZHR (CoDx) FTIHEEORRERME. TN LZ2hAY JLER

WL ZBELF/\RNOHN T I LS—IIR (WGS) HENMTEDN. [CLDDEEITD.
® B0 RAGRER - BIIMERNO 7 ILREFCED H'AY ) AEBEILRZD RIS,

@ ZRBIFRR (SF) : [E2EDISHIC IHSDUsHatiEl - FHAT 2FTOSLRIERIDIERE FE R MERELT
LIRS RN R I DB EICHRET DT D. ZELTF/RILTIIBEMEER. WCSTEZDMMIER

MHERENZEUES.

® BLhI2 )T KTONAYT ) LAEBERLR(CBVT. BED HEEU TRASNOIEFIRICELDEIR

NI 1% ZFBNBEIICT D,
® AMBRK : FEROLSMERR (EAEHEEZSD) HMEIAANS !
A) BAPEEIE BRI, B RFEOEROEFIFE0OME
B) fAFREL TH DR FTITRIEDH DR ) —TE DR Z BB L E RIEE CER
C) ZHhT 7 LT OEHECLDHMERSE
@ F=AIN-2ER 1 ¥/ LAEROREER [ Loky. 28T/ \RIVETAEHIDIEIRO—ED. T4

N—RAEFREBZIRT . IZ T ARADQ XFBDHDFHRBEREZITI,

#10




AT ) AEREHEAFIBEOEZTDICRETDINREE « THAECDFERAT (D) (3/2012017)

3. [MEBUEAEIOERMmREAE () (FTEEOED !
O ZEBEF/\RILHPWGESH :
1. FIEARMICEZ B8, OCPHEMEGEREREINIFZABTEL T EEIREASIZE X TIESH,
@ —XRWMFR (PF) : OINZA>EZKE (CoDx) FTh. ENLL EDactionable mutation£ TZIRENITINTHAY ) LAEENLLZD TS,
1. HECFZDOHLE(ECoDXDHUNSTIL TSR,

2. RIRZELL TKnowledge BaseZi2f{I 5 EDEENE ; CoDXA LDT—HZRMHT B, BRARER (AER) NOEHFUINITIET DR
BICIMBRZED LR, EATRIERRARECRE. HIWNIENIEHUVEEETREL AN IEADT —IYEBNIUETHED.

3. CoDxA L DT —4%IR T HA DB, D13 EEXpert Panelh. BIZ(ETS ) AR E 2 BAHCUT, MRER235E. [V LAARE IOERRE ?
@ HODWT : RERE ESIMEBRAD T I KB THRAY ) AEBILSZ533.
1. IBECF—FBOMEEFSFENBCOEOANHEIEN RIE, BERDFHLERFTL TEHNDZLDEE - FIRCHIIDOREBZE LR TIERSBVIRIA,
2. EELZEOH AN SRR ERZ i TE3ME] (RBEELTOANTDR) BN, ENZREERE FE I BE(FIR EHEHIBIBENMR,
3. jAER - SLEEEB - EERHBEESOEFRN I MU OBEEIMER (LB IHADEZDORIREZ (E5D . UM/ INERHEDHATIIRED,
@ ZREIFRR (SF)
1. CoDxDHDHLEAT(E. EARBY(Cgermline FFATURVWEIAE,
6 £E-2EEFIAVERM
1. BADIBETE, —ZICEEH TABIEELL, FIEIRECHATRELTIVZ DL 4> 2 =ML TWB iR R 1T TEESD ?
2. MOERPEELT (ERERRENAZEEENLSR) x (EhA5) x GEEKEERET) REOEM4ERITIHER100FIZEN. HMADT ) AEED
PRI LRI DN REBF D OET )V BEELU TSNS TAEZBIEY ?
® AMBR : FELOLOSERE HAEHEEED) HEZSNS !
A) AP HE R B Rl B FEDEROEPIFOHE
B) FAZTEL CTHDRIEAITRIEDHDMEERT I — T OIRRERDER
1. FFFOCPOEMEEAERRZ Z DD THINE., OCPEEBUAFE>TVBSCRUM-JOI ) —T - B EKE (AMEDSEFIZE) Z5EALTEEIN.
2. [ARIC, AEMBFITIALSG. FDDAEKEEIE (?) | /NEIIEEPIIREEBRCEEE TR EIRERL TV DR fEEsIRE DL EFE.
C) PHT 7 LITHOBEICLBIHERS | EHOFE SR H%EE DD, ULhUITENFEHZHH FEBICHED DT ?
1. BRIFF R FRERBHIEBZENSE(CRS ? 1985F(CRERFEM RICHLU T TFEAERERBENINTHIEIN. FEESE (R HZ2EREL
T. BFRD RIS EL T ol BIR(CE B L. 1995 [RBRE IR TUR.
2. AT THEBBETIN?
@D FTAR-REGR
1. JMFONDEBEZIDZECETERATESN.
2. COFR—HEICTBEEHIABOTIE ? #11

CoDXCOIETYZANTEIILTUNDFEDH A « 7520 3V ARDActionable Alteration/\ DX i & ;28

® ELIMERDERD :
A) 13- ERMEERERTOREM : A2 GIEeE) (CREFEIZN JRMIVIRGOEE (EMEEERO5BS) PRS0,
B) SoERB : JAMSIUIRSEIBEETERININ FERAOEFHNFER,
C) SEIREFET : /NEPA - I NAF(CIO TR ERERZSOIERRIERZOEOMAERL TVS. SHEDIET SV RZSE(TEE,
D) BHEZE | BEOEFNEIBLLDC, IETARULDEERERD, RIBNARENELHEN DS,

o ESNE DK -

— J32AMLe programme AcSet>KENDNCI-MATCH. ASCO TAPURZ Dbasket trial(d. BISIMERZEEA L UTBRRETERD
PHEH TITOEEB . TNICEDZ 2 - BRIEDT -IBEHSN S,

— UM UPhase IITHD., ZAGREREICIERE I 3858 1 TERL,

— J52ADAcSeldEAR, CoDxMI T, BRANIEELF - fRiE.

— KE(Foff-label useldEBHSNTLBH, v UEBARIRIEZRENE L NCI-MATCHICXT T BFDADRY > A (d. NHIRMRIRIEERT
BITEP-NRF TEARTDEEZ TR DRI ERZ IFERIVEREREALE (T T, ZOROEBNEERNNELEDRFH THOED T, U
MCDISRFWMEEBTRCTZITIIA MOEELEBUERT R R EICLDIRRILTRENNIN

— BBE(IEGFRY"RasRECODXHHDBILFZN T SHTETNMSEHE B FZLDTELTRE I 25D L THI15 D =E
ZDVF, TOHEER NFMRIRTHR— N3, $I20DEBHEBINERBUIEN, FFBEDD RS, off-label useDEEESNSIRIBZ TIEE
F5he T TK-FDANBESU. ;BEREDES %X ZK-MATCHEWS S AT ANEAEEN TWD, BEE(IFTEORGERGT/A DR IRE
EEwdLEUILTHST | K-MATCHTDERERNZDF FRPRIEZR(CFEEMI<DOMNIAEA,

® 5 .

- SHEY ) AERORKAFRENEMTES (5L BILFREDEREZNHECARIRTESFE) MERIcaW T, BnFREDM
RIREBEOEBEEDBET Y (RESBENMERNEROIAERRE) BIEEUERRREREL CEISIMERZITD.

— A, BEFEORECLD, HIZE, BASRHIRE RN R 252\ D% EE (C L 2 RHAACRHI E DB ES#21R5T,

© JBERDIIMNI(FED ISR ERERIATTNAED
— BEEOBEICIMEREEDIC, ZME (LB TF/)\RI) OBEICIMEREME(LRD, MEZHEall comer P-IIOEEAREERE
U TiT3basket trialh', B'AT ) AEBHLSICHE,
— ZMbasket triallcEeligible CRVVERIREL S A NBIRTRIEE., T2 - BWEEE=I>Y.,
TSI DET— [P-IDH TAGREIE TR BESE A NI NIV — FEIREL X NI TR S 375 AR st e 12




Tk 28 FEEESEMTEUEERESEHPEEESBR AR SESE
[BADT ) LEFRFUAHIEIEROILDOEAERIE BRI I AT 1

BADT ) LEBIRFUAHIERICEI I dimmciRE

1. BAY ) LAEBROSAE
1.1, AR R A TEHIAE RN R - 2RI DEL)
1.2. XREHGHEST
2. &%
2.1 ERLaE
2.2 fERUEFE (GEEEER)
2.3. ERETF (BRFEEAERS)
3. PAT ) LEEOHLAEE (ERI{LaEZH0N0)
4. {EFN- RBFRR
5. AT WEBRDZEESUE - \MBERAHIEE (ERN1EaEZF0I(C)

(Somatic-germlinei®i%E% =13)

N
6. immEIREDEED #13

EIoMtREDES « REIPZaRKOTULNDD?

o ETEMENESHEINL ] ) “
@ ERFHNREORE | BE GrosET vsH) HSRE (wss) -@mE - YUSOIME- M. BEATL
@ BNEGCFZMAOPIER | FONENASEISE DR DESR TE-A RIREH, TTEER,
3 FEBIHAV LD OFTULE R EEDE. FFREOMMIEDY ?

A SBILFIRESRORYNT—Y

® HOVPKMKIAHFEEDZDONKIDL
@ &$%. Genotype-phenotype DB (FFimPERBIRBEEE)
© ERFEESSBRER IR \

o FPHEBEDIEIRR(L ?
® AR - & EEsurveillance
@ 15KIREZ AL F T - FIHFMSORIFE - 5

o ERNLAR BIRITOEOITTBAR ?
® BIZYRVICEU., BYIRFMrE - BiEE
O GRRESE - REREE. B EEN(CUIDEE
O BT ERlAZAE. SRS

o HIEEEILERAN ? ED&ERE(E ?
@ HAERIZINCL 2R HAGR L - B RAIEZ]

o [ME-HRRIZIEE ?

© EEIRBENT YUY N Aa)frsfﬁjdﬁﬁﬁ?%
@ %%/fﬁ(uu and/or ﬁBﬁ'{HL /J:bl:l 7’§ Eg%:tlﬁ I&gﬁ
@ BICIEIROTH - BEIERICE D GERIDRIZE

F=. ERNBEAANRZEDB
[EEH - REARIEER NN E

{TET SV RBROBHR - NTARAFR
[P ATFBEINR IOHDT5




WMAT ) AEBERBEATIDRREIREE | Germlined S5 GEHESED

4. MERUEFH IOERBRRERE (—8B) (FTECOED :

O ZBELF/RILDMWGSH : [EROEAIEL TR, FTREZELRF/ RV DVWTWGSICL D/ (RIVIMNER
TFOEEMITE, IE-BEEREOBEREDRRZITONLENHD.
B F/ (R DIZEDSFIFEGIEBBH LR D BEMES(COVTE, BEZIEO 1 XTFH
(FHFMAEFETHE) -2RFH (H-—"(522%F) ORMHEEH (RIREAZSD) BENRE,
FERERFEEOEIEMISRIRNERRESE (MFEF) 230.

@
®
@ WGSOiz&EE. [2EELTIETE - FHAT 3SFOEEFEZECF TR BRIRICHLKR T 2hDIRET L, ENZH
FAISFICBT 2tk B pRigke DB HE A B FEZEN SR,
O ERMHEZEOERIEV _EITOAHIFEEENEREE, Universal Tumor Screening/iE.
® Germline marker(c & 2/AEHEIRDESDIFNINADITIE (Li-Fraumenilcd 172 ETHRIGEEDONEE
HBOCICHIF2MITEIRBRECINZ T, PARPREERI - & F 1vIMA > NEERIOEIHZRE) NERRE,
@ AMEBR : BMEEOEANN#ZF ONAOMERLAEIDS J AEESIESE (RFR) HMwnE,
F—ANR-Z : BARAN—REM%E S genotype-phenotype (FRIFE - IRIBEBEREL2SD) 0T —INNE,
© EADERKRY ) LNEIREIRICEE T 2/ At E . IR DERIFHRN . Z2ULEBEHRINC
HTUTBEICARRZRUDAEDRRVESRD, BFCEYRF)EROEMHEEFDESCINE,
INBDAAND T REBHIBE, /NBIRBIEAI YT (CHNTE, 7T MBS R EEDRE.,
B ARICETDRSHGERIBEND DB FRF - LRV EFRADFZERLE., 15l DEENINE,
@ BEGEMHEEIC I 2ELFHREEMEROEMSF (F) (FTEC0@ED :

a. EHEEICRMNEE 1004 U FOBRBEEROERE (MIFEES0)

b. MOHEEETI04U FORBEHOERE (IFEESD)

c. FiHBEOMBEEMALUTT TS, MIFEOREEMAEOEZEN25% U

d. BOEHZRBEEIR RIOEERBIIE #15

(SEER) EnMEESHEREFHEOR : DABTORI—IL] JIL—T @seormsmm

0

B HRE R
RE . MEE mEmm wEA0 skes OSEEwpmes smoess B
(RFH) : migglc 1208 (AN ok OESEC g e BETRE
e 146 0 EHERFENAZE 158658 o
AR 18 7 0.39 1.16 S/ 0.079 3.7% R R RS U
N e 184
215 HERESAZE  oF_ )
By 51 22 0.43 2.83 0.132 6.2% 8 o BIGT2EED YT
o BT g R e NERD
e 144 o HERFENAZE 165 A
CiRbT 100 28 0.28 6.25 BYEE 0.434 20.6% LR BB U
o 199 . 1541158 .
DyAEbE 107 33 0.31 6.70 =EEe 0.336 15.9% EEPEEE N
. 9778
e 193 . OSSR S e WU I
Bl 72 34 0.47 751 e 0389 184%  pamitt BEBSAEEOREE B
B
" 3475
. 191 BV R 47
FiabT 28 6 0.21 8.40 0.439 20.8% ! Jriaeehs BLF2EED U
AWED BEISARE  mmosGrrEs DR
GIRbt 86 36 0.42 8.97 5 0.353 16.7% EERNAZR Eg{ggiﬁﬁﬂﬂ R»U
d . — - g A0 SETHEH] 5 - 52750l _
A e T
e 1,362 0 kA2 15758 N
Ftse JiED = . e e 007 gl EEERR  BANROBGHEEESZN OV
e 199 . MEMESADE 175
Wb 216 & UL/ e wre  06% S08%  mmmeml | EGHIES. mRrREsa 20
. 886 . 61158 .
Ak o7 25 0.26 14.00 ot 0.158 7.5% SrE_TEp—yy B
e 1,362 . R 184
Kl 551 215 0.39 30.61 o 0.225 10.7% ENTHARBFREN  perceres 2 msmime s 20

o BMREEDSSE., BIZEKRKBHNAICOVTOH:RE (ZOREXRZ2 11 A/1070 AEHETE) .
o SHNHAINIE VBBV EEERAEBIERDEET M OELL T OREs% (BRI .

ZEEOAO%ZTC. AOM105 ASHIDOEBEEFARBEORMATEE LR ZEEST. #16




D ADE

VAR AP

12'§ﬁ§J B,J D%M

BRR ()

ﬁlh!l

O RIRZEELTEIMETES
BB 53 hMEEsh CPRERY

Q@ NADBICHI> VT
I DIBEE - HERF O, TRPehEE
ERIEE

Q NAZEFIETBEENY
SIS DEMR (ERR-
IEEERD) DAMBERL

@ FFIHBHIADEIENI>
T BEIDERE R
ROV _E 2T 2EHINAR
+5

® WGSHEFHRICAIIT,
BAEBOEBERIHREDER
REUAHIEDFRY ND—I1BEE

- —EBDBLFHIRBEURBEROEBEENI )Y
T OHMRIRIEE.

BKRDHA R THHER [EI3OTVEH -5
SAP—IRFH (FRHEIIBRSE) MMRIRERS.

- NBELEFESORTEEELHIIT-RE, 23U
BEBEERZIFERVN, BNEHEEZZIITVS
AADOERNEEE,

- OJTHVERRES P

‘:*%U:Wéd)%u) MEELTO. B EEEDERT
BN I EEDS ) AERSLSRE. AO
1005 ABIED1HEREL EQDEBIERTIR(C 1 AP
LEEN.
S =LV DA U Rl W E2 T L 1= = e R ST S
-ZHEEOREEL T HAR ADgenotype-
phenotype-FF5EEDERMEDILT VAR E.

BB EEBEONAY ) LEENSE. [HAY ) LE
BiEE ] (RFR-#d) MHaV BT,
ERHEFBEOER S N5(E. Universal Tumor
screening (UTS) . genome firstFEDEX5H
ENZIRH TV,

-Germline®”' J LAEEL, B, IRIEOZIELF
JNRIVDBWGSICIBITI 21235, TDHE(HBF
B - ZREPT ROESFENEGEEIEECEEEST .

L TOEGHEREBIILKRUES.

-ERE(SEHESN TVBHA RS/ VZEICBWVT.
BIEFHERBENEEZIT IESNTUVWEIR
MRER(COVTIE, BEFHIREE. 20R1E
OEGHI UL, FEEZIEO—R-—
RFBEED 3 mzty NCRIRERET .
ARABLUHEERICEAL T— EDSEETEIET
%A FEEEREE NI SN SIS

BOZERIMNNEZEIRT 2,

'J&Brﬂlﬂ'fﬁb'j/t')/o E0;EAICLB0JT,

- NADBRIFNBIEHI I I REDT )
EROBREENR (V541> MaTAH &
R BT —AIN-2BEAH B2 SD)
NR(C T RETEHI TSI, FHk 12111
4REIE(CRE 9 2t R IBERIR AR DR,
ECHEEORA ERDD FXNZXLAIC
gg&ﬁﬁ%’(‘?\ HEEZMEOFHEBRRFED

Ro
[THAT ) LEESIEE |O2EHRNNIE.
-UTSOIRIRIER

-FTABH(C(S, BE2Z2 SO TOEBRSEL

EROEE MRS C R 205 - 585z M L.

ROBFSHLRIENT> 0> ) AT B
RUTOIELE(C(F, 2 TOBEHEED

;:UI_L:_C gé*‘y |\'j 0*%ﬁb$ﬂ B j(iu%g-ﬁ 117
WGSES (CA1EE L ST 3% B

Tk 28 FEEESETEGEERESEHPEEESBRFSRIARSESE
[BADT ) LEBRFAHIEIRODOEAERIE BRI I AT 1

BADT ) LWEEIRFUAHIERICEI I dimmciRE

1. BAY ) LAEBROSAE
1.1, AR R ATEHIRE RN R - 2RI DEL)
1.2. WYREHUHST
2. &%
2.1 ERLaEE
2.2 fEREFE (GEDIEERS)
2.3. fERUEFRs (RRFEIEERE)
3. PAT ) LAEEOHL=ASE (ERI{LaEZH0N0)
4. {EFER - ZIRBIFRR
5. PAT ) LEBRDZESUE - \MBERAHIEE (ERN1EaEZH0I(C)

(Somatic-germlinei®i%E% =13)

6. MREIBSDFED #18




FOMEE GEnMEEEZSTRL)) ICRITDT J AEEBEDIRRERS
KEDIRIK : Tier Table Database, Office of Public Health Genomics, CDC

T ) MRE - FRIFEDBEIR - ARE LRI CEORE RSN TLDINIOVWTRFHIBIRER ., TEFT AN
(AR ERRIREIE (CLDRREA. BRERT A R51> RFERILE1—. FDAEERFR) (CLDDHE,

https://phgkb.cdc.gov/GAPPKB/topicStartPage.do

Tier 3 SEALBVCEDHERENS : BRARNZEME. BBECOVWTOIET YA EEICAR T2
Common disease : YUAIFRDSODORMRS—0I>3>0 /5 ) LS—9I3>70 /I ADEIGEFD
NIRRT

BN A -IIENA 1 BRCAZREUZIDRWEZEADZFRERNI> 1)) - BRCAKRE

Tier 2 ERAREISZYMEEHED. BRAECOVWTOIET Y APF+5
T ) DMREOZERU

Tier 1 EALHERSNS : ERNZZM. BRAECOVTOTRRIETSASD
) MREDZERU

o BEHYRIZIATHBEEIOGIRERFEMYZILUTWTH, IREBYURIFEEm _E(XBRER.

o TINERICHEDKEEDRHEIEM. TENNTAILLZERTI M ADRECDNT, BIESHART
SEBHESN TV,

o BIEURIORRICELBDITEIZSICOVTOIET > ABAT73,

Genet Med. 2009;11:559-67, Genet Med. 2010;12: 772—-784, Mayo Clin Proc. 2017;92:159-172,
https://blogs.cdc.gov/genomics/2011/11/03/can-we-have-our-genome/

BHAEICBWTE. ZERETCUAVDORRZIEDNRE #19

AFEEEEZXIRE LI [HERIETE] @

1. URIFRERNEUSEES NRECRITHIL TS REHTEROES (FIZ51K)
B CEE DL S HEEEITRE SRS N AL
BARANEREES. BABICT S ZOBHILE,

AT SR IBAAICEDE. MEHURIZ TR T DET INOIBERE, HEURI(CEICTFIEDIREN KD
ANTL\%,

2. VRIFRICEIFHDERTS
ORI TR REEFVRIICL BN EE

HIERENABRIZRVEDREZIRET T 2 FAFK T ZERNDOBRENRVEECLENTIRERF TGN
AITTEDPOTOVDEWIABITIR D Z4EIREL TRIE N M N B,

—73. PBrEE A3 L TR FIZE10ERBICHAICTEER T DHEEFIS%EV ORI ZNDENER THD.

2FD. 10FRBICHAICTER T DHERNIFRFERF T 1%, RERFT2% THoTH. FIFRFERIN20%. IRFRRE
1'40% THOTH. ABXFYRVFEU2ETH N BEFFECLDIAVEROEKREVNIELD.

Fle. 10FERBICHAICTER I ZHEZRN2%DANEL0%D A TIE. BROEFHHEMBIRENINETH S,
PHADEERBREBIERK(L, B1E61.8%. TIHE46%IEN, ZIAIRICHDZE. BHEEFBNIADI1.4%. T
AN ADB.6%HEK, AR A MRAREF1%KE,

QF B EDHFECISUTET IS

1) £FZENRE (—KFH)
EADVRADZFNBETITREBTDETO>OMNFICRZ ]88 EHIN. BADERIZVICENST, BB (CiE
FBRENEFELL,

TET S REHE - AT AR DZRENZ )

#20




FEEREZXIRE LIC [HEREFEh) @

EEZBIIERORRIAICEHEL TLWBRERNZ L., HREREBOURTMEVNSELDT, (TBIES %
URBWEWIBIRIEZ AR CEZ T D, Bl XX, BHADURITHMEWDSEVO T, IRIEFEEZRBVEVSDTIER
{ BIIERE, MMOERBUZRINOHELEET S,

2) ALZEFB- FHRER (—XTH)
o FBHIFFIREDARENLZHHRICURINE VWERZITRET DERN KR,
BRI NRN33% DT H1 T A EZ M EeE CRIEUITIZE OFIZR (.
- RIGEBHEEN30%NS520% N : 10 ARIFBDEINANTR (9N FHERVICHEELRTA)
- RIEBRBRHEENB%NS2%NHL 1 100 AZFDEINANTH (99 A (FHEREVTERERTA)
- REREMEEN0.3%N50.2%NEL 1 1000 ARFBEIANTRE (999 A (FHERAVICEEARTA)
LUieho T BrMEEOENICE T DR YRIBEORTEN B REL R DURTFHE S EDFRFENRDHEN D,
- GalET N OFARERICEDIIEFS I EF TP (5FERIDTERMER.67%A ENFIER)
*x ILATFBRIRN, FEANAPEEREOAFZZ FES,
3) &2 (ZIRFH)
FIFENKE RRBEHNEVERZEETE
- B REZRIaFERZURA LU TRE . FIOBGMICHRURVBHCIT T 2REANSDIREZE A K
AVEH IR Al (EEBIEWECERD., IRFZINEIEFTEDOMIGHEIEE) .
YZADEUTARZ F RS JURZ REIR DR TE .
4) BAERNRTFELISEDRTE

HUWNTH5E, RS FEOBRLLBIC. —RFH. DRFHES, £ERERELREELHLDTE)
TENRERDI0D, (THEDERT HEABFT 5L IBE., 491

S L BFEMEEEExIREUIC [HERIMEFES]

1. BEEEBUSO. BEFEMEBESCHU T, IRERTE VAT AZBREL
BFIRE (F/LZH) THRETIZEDRFELR,

2. UDUVBARAEFICHEIIBERDZIET VR (BioRR-£EEE /RIFERL., EE
BERBORIMR. BLUERRINERAE (ITHES) ) OFEN/BETHD. TNTEDIUE
BMEF B EREDIHDAFFFENKDEINTND.

3. SEROYRITFRICEICTFHHOMRFHFECET 3RS !

| HEHURIDT—FEZNICEDIIRTFHINKE , ZOBR, B—IRR(H I DFIEE -
AFIZTNT THL RRIERTRY SR a2 RG Sn D IE B OER s NSE (CRB 2 T B
% - ERRIEEEOERN KON S,

i. —RFHOEEZBENREG. BEFHNIRITEIMEET. EREEMTION L,

[ERARCBVTHAR A (SHER TERZRRBUCE DA TFIE]
http://ganjoho.jp/public/pre_scr/prevention/evidence based.html

li. —RFBHEFETFBLE SURVEE (BERERUVENBSIORIF(CLZERIL) %
TERICIAE,

iv. ZIRFBEOIREZ(E YRS UTAREZ T EDEIRB SRS AT AOIBREITOINE,

v. (TEVEBZILCSERHDON ATOY S LEFDREFEERCICEITTEEIRRIFEART
(Implementation Science) ZH#EEINE,

#22




Tk 28 FEEESEMTEUEERESEHPEEESBR AR SESE
[BADT ) LEFRFUAHIEIEROILDOEAERIE BRI I AT 1

D‘\/\Jo)bgjh EyﬁiﬁE'f/ \W%M‘%ﬁé(g F;@EM_é IJH:H/\\\tj:

1. BAY ) LAEBROSAE

1.1, Nl R EATEHIR R Y E R - ZEDE N
1.2. WYREHUHEST
2. &%

2.1 ERLaE
2.2 fE@pEFE (GEEIEERS)
2.3. ERETF (BRFEEAERS)
3. PAT ) LEEOHLAEE (ERI{LaEZH0N0)
4. {EFER - ZIXBIFRR
5. AT WEBRDZEESUE - \MBERAHIEE (ERN1EaEZF0I(C)

(Somatic-germlinei®i%E% =13)

6. immEIREDEED #23

DT ANEBEDEEEG. (AZF)

e [/ @ﬁ A g ) \ﬁ
) NEZITTIE ke IDINS :
-LDTRATE - F5E yJ7L > DB/ Al- ERERSE
-WGS. RNAseqZ A2 . d
SBER (. EeEEaR) ﬂ N o Il |
EATAER < |= q [
e
SEEER SREEARIR
SEELIZNY b‘hﬁ/bl’iz’?&ﬁ ‘E%*E%f <
- EEFDB/KBHER S =LivI AL V)
B
JE E /rl\'l a%m\m
EEEEE] \ ",\ é . i 3\5} > /
k3% Aa - i
45 o ® - BEBECOEE- %Bﬁa@
N (% A\
X E/ 202 S |-z
\ L (—RIAA ) IR TS

o L

— R VA S RS - — IR A LR

BHZ
i ) VI NERBES IO

Y RKMDPhase II Umbrella TrialzE1)




- s 78| e I

—;ﬂ -CoDx -Phase II/II1 FHAEET
2 =3
I s ~400 gﬁga\wb (BUERE)
}9@5 CoDx;flﬁszLﬁ”-‘—’%)%)
—iR sy "CODX -P 11/111 AL TRAERT
AT ) L -ZBIEF) R GESSMERD
B (B AR - FullT—4) umbrella trial&d)

-CoDx -P II/III SEREES JRELSANsite?
—R CZBIETF /R GERHMERD
SIS ~10 é:/\ljggg\fzﬂég)”’ umb\rella trial&d)

P1I

-CoDx P IT/111 SEBR4ES 'H@ZE‘E&UE{ J
= E 2 liredle J) ot RRuorella et AT — HRRTEI I
DAL ~2 (¥ JED A HELER) S BERHRE JREBL DX NJsite
E5=3 U= ‘WGS (E¢E®EX?) TS (RBTE#EF(CLD) - EEEFDB/KB site

-RNAseqZFomics e #25

DN ADERIMEEEDIZEHD. 330)73\/1/7/AE%IL.“LEE@*%%M
O =R ZRHLS(IEFEDOIEZINADH HFEDTAIAT—> (e.g/NBNA) OHIIEDEBEMEHHNED,
Q@ ZTIR-ZRIIEHIZIERE (BERER - STEEEE) EUTERUT. phase WITEEREN D] GEIRAEES .
— DAL — IR ALY ) LEBERLENSDEEZZIT AN,
G ZORR., BRREERZROZ[ T ) MRBHE |2 FRVEIIC, [HAY ) AEBESBE INEY)CZEE 1T
TENE, 28 - FiES. BEEEAS. BIEPEKNERIN3DTE,

@ JeEREPARPIEERIDFINLS(C. BEE N DFEMEEAERCoDx(d. ZNhigermlinet®@ B THHTH. 1REHI

#OA - AR D AZERLR ] - [ —IRPAT ) AEBHLSR OB EMTZIDLIICINETE D
R EBH. [HAT ) AEBSHEE INGERSEEITI. TOH T, [EMRICLZERIVIEIST INGE
EHIRrEN B BE - F|IE(E TOFEZITI. 2R - ZROEBELFEZEAFIFEZBN I 5 EHD.

6 —IR~ZRE LB, EZIREZTRAZIERSN, ZR%ZZ20. X THIRIEEEZZ T3 AL,
ZIRICBWVTCoDxh5HEED, :,A(L%Etb\bEﬂWGstuon‘t(zmm

® WetldINEEHNEZN, ZDIHZEXISO 15189(C LA HUR WV EXPEDE IR XTI SRIN- 12D, DryliZiE
(BIEIMER - SFESD) ADER - M IHEEN Tz 58,

@ INBHA-BDDAICITT BT DREBHINE, BICIMERDFEEL T, BRERHER (LB, ARE
FERARRERO NI STIBED RN,

INBIET7 Y M B SREEDRIE. B RICEDRIMGEHIRENDOE M, FF - TLORVEFRADFE
RE BIEHI U (CEERIOB BN WE.,

© J&RFELZZNJ(C(Zhistorical controlz Bk LS FENEZEERRKIBIRMRE SN, BIfidN 3. EH 0
TR L B (SO ERBEN, a5 EaEth ?

TN L. DB/KB(dannotationDiR#LE LT 1 AFRICHES .

@ EADERER Y NEEREWRICBE T AR MEFOLE TIIRUVD . BIRIRIRNIZ 2 U EBEMEEEINC T

FTEVSTUITIOIEEE(L AR ZRRUDANEDIFT




AT AC%@@}E% (B%)

OWINES =
&%UTIUZDB/ Al- EIFSEES

%unﬁ/\_ . v

IREFERAFIRSE
) L2z iR

-LDTHIFE -5t
-WGS. RNAseqs

FRBLIAN

RIS EBARIR
- BE/ZFIDB/KB R ,
STV UM/ |
RS : RIRHIAET
- L HEZETO
- Roe %;@i > AR PN
a%d , mAl
s M SAER (g EmEELg)
LEE HLATERR
i SEER

- Zht s HE BB AREER SN
(—RNWAY ) WEEHLES T (3ES
YL KDPhase 11 Basket TrialzZd)

7 p ) EREES BT

H.%

S
G
= w:&
- AR | ss SIMRE | amone BEAREURS | mone ZIREIFRE
i -CoDx -Phase II/I11 FAERTY
WAZE ~a00 -ZEEF/ R (BEARERS)
ILIJ__'— (b‘ﬁ/ffﬁﬁo)a}'
CoDxtHZH7T—4Dd)
(EEICHIZT) (ERICHIZT) B EE JEELSZ NJsite?*
ZE T/ -P II/III
AT (D AFBHEDF - FullT—4) (BrssMEROumbrella/
EEle 20 (hdrasEm) megg  Dasket tialSd)
BO)RIL S R
‘P1I
(LEEB(EHNZT) (EEICEL) (LE&RICHNZ ) (LE&RICHNZ )
AT J ‘WGS (GEE®EX ?) iR R B D JNEEE R USAIAT—2
g1 (RPTE#EE(CLD) -EER DB/KB sitet

*E B DERPRERERNAD BRI B E AN -2 T3 EBR . KA NRVERKRIBIRAD7ILZANBIEETHD L.
T BRERT ) NBIRIRE T —IN—-ARGEBZ(CH D - 3@, HAT ) LAEBEDZDHDUI7L > ADBZIEE, #28




AT J LWEEHS « MEHRUCHITDBEHMERSEFRHMDREE (BE)

® CoDxtUTONRINDA S — 1R E - IR - TOBRDRIREREE. NASBERZITIR TOERMEEIN, IRBRIELDITTHE

® [CoDx/VRIL IDBIGIMERR®. [3ECODXIEEFIOIPA IV RIV IDERE, Z0ROEE (FAFHEE-{RRINZE) 7&
WAT ) AEBHLRTIT ¢

Q FEEREEIREENEDEGEF NIV RIEE |OERRINEE

o, ge ——— 1. SEEIRIEAGEN S =R
(PAS ) LB (2E200FMRE ?) ] " BEEEOAS B A AADER) ORR

OMREBEHNORE : . BEEFEI ARARERMOAFNRT A

2

@ CoDx&EEH., BEABNMETLTUS, BFHETDRAHTHS, 3. BEFIYIRA > NAERICL AN EOFH

@ TATVRZOROBEICIMER (BRFREERSE) £EX. 3vAMULEOFEIDS. 4. PAIEDZIR
ERPRERERICAND LSRR HERENMRIEN TL\D . ERAHIFERBNE, 5. BRCEBEROATE

G MRBENALOIOIRECEL. SEEF/RIBBENELT S, 6. ERAIBNAOIABOISE

@ WEREN (&A% 7?) PAFEIRE 7. BREIADZHT

O ZELTI\RIVZETOZOEDABEMRIRINZELRDETFIEINZN, 8. EENADZHT
FEERNMERINHE0E CBBRE. 9. BEIMIEEIADEROEDRIR

® DB (BELIZNJ) ZFREE. 10, BEHIBEORBEFEMER

@ HAT ) LAEBRLSE. B AT ) AEBERESHLENSOIREZE(CH T,

TBEROBICIMERZRIZSNIIBE(C WEIMERZEMETES (B8R, ILAGER. TOMORRER. SHEERB. BEBPLERERL) .
XU FEmTBEN, LB, /5006 (F] : NCCHOZEOBR(E1,000061) CRIADE., 208l THRE10,00001,

(PAT ) LEEGRERLR (ZE2HFEE ?) )

OREZB O IRVERRET

O BEHSEERINTOS/\RILOBIEIMERTH N, MEBESHEEHNT—II>> > Emappingémutation call TvefE TIER.

@ bam/ vefI71 )L EZFED. ANNOVARYCOSMIC. CIVIC. ClinVar&nDBYyF >4 (RIRERBEDE &L 93> 2T L% BF. academic license? )
3 Molecular Tumor Board (A>3 > EZENSfull reviewE T, EEEIR) .

@ Molecular Pathologistlc & 2R EFERDIHITE | TREEZIERK. B

EERI10,00061D55. 4,00061%53189 3155, —H206I0HREE%/ERK.
X P I50BIEFDfocused panel THNIL, 20FIDIREEZ DL (FHFEDKERL ? #29

(=Z8HR) Umbrellas and Baskets

Tumor

- Drug A

= S S e S

Novel precision medicine trial designs [ S ——
m?slilglr: itzg:a: e ::\/ MUIEK;I‘HEI . Drug A

/ariety of tumars carryin: enetic profie
Umbrella trial Basket trial monx
1 type of cancer Multiple types of cancer
Different genetic mutations (s @ e) 1 common genetic mutation (®) 74’ Drug A
L J . o ' ™ Same tumor type
]
~ I — > Drug A
8 Umbrella trials 0 v —>DrugB
Mutltiple drugs targeting
Vanely’::(':!::sm;r;’\:sz ot @ Drug ¢
Test drug 1 Test drug 3 Yag ool snersions X Moleculr
Test dr ug 2 Test drug d E::rda‘:g':r:f‘z:‘; E phile Variety of tumor types
s, ¥ ——ones
. p?os'ﬁeg;t;e\ﬂewﬂ individual J
JAMA Oncology Patient Page, March 2017 —_——— @ . Dagt
Novel Precision Medicine Trial Designs: Umbrellas and Baskets ®
http://jamanetwork.com/journals/jamaoncology/fullarticle/2591161 e
Find molecular signature X
in patients with

= exceptional response .

—
Exceptional responder trials | . Dﬂ'Ig

Any cancer type and drug

Conduct clinical trials in
where a patient had the molecularly defined
an unusually robust patient population

Kummar S, et al. Application of molecular profiling in clinical #) @ D"&Wr et (P
. . ind mol uars:gnaure
trials for advanced metastatic cancers. JNCI, Feb 2015. st #30

Exceptional
response




(BEEN) REBOBHEES. ERLI DICIIFPIRDEES EDBEFENNE

Table 1: Basis of Actionability

Biomarker Criteria Definition of Biomarker Criteria
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Functional in driving the malignancy and | Biomarker is a direct target of one or more approved drugs, ALK
can be targeted by approved drug(s) and targeting it will interfere with malignant cell growth.

: AL . Biomarker 15 a direct target of one or more investigational
Functional i driving the malignancy and = = =

: — drugs, and targeting it will interfere with malignant cell | AKT1
can be targeted by investigational drug(s) srowth.

Direct component of an actionable |Biomarker may not be directly targeted by approved or
pathway that can be targeted by approved | investigational drugs, but instead is part of a pathway that | PTEN
and/or investigational drugs drives the malipnancy and can be directly targeted by drugs.

. . Biomarker itself may not be directly targeted by approved
Lﬂ;ﬂ{:a tgg?cgzn;:t Bgt:;lb actmn;?é; of investigational drugs, but influences the activity or FBXW7
gnmofi : 'onat?lgj - ¥ appr expression of other proteins that can be targeted by esther

gatt approved and/or investigational drugs.

Homologous to an  actionable . : o .

. 5 : Biomarker itself may not be a target for clinically available
biomarker that can be either directly or .
indirectly cted by approved and/or dru%séa btfgt may be homologous to biomarkers that are | GNAO1
mvestigational drugs targ| :

Can be targeted by drug(s) even if the | Biomarker may not be functionally important in the CD20
biomarker 15 not itself functional in|malignancy, vet can be expressed aberrantly or differentially D30
driving the malignancy in cancer cells and, hence, exploited for targeted delivery.

Vidwans SJ, et al. A framework for genomic biomarker actionability
and its use in clinical decision making. Oncoscience 1:614, 2014
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__ (=E&¥D) Draft Guidance for Stakeholders and FDA Staff

Use of Public Human Genetic Variant Databases to Support Clinical Validity for Next

Generation Sequencing (NGS)-Based In Vitro Diagnostics (July 8, 2016)

This draft gmidance document describes one part of FDA'’s effort to create a flexible and adaptive
regulatory approach to the oversight of next generation sequencing (NGS)-based tests as part of
the Precision Medicine Initiative (PMI). The goal of this effort is to help ensure patients receive
accurate and meaningful results, while promoting mmnovation in test development. This draft
guidance document describes how publicly accessible databases of human genetic variants can
serve as sources of valid scientific evidence to support the clinical validity of genotype-
phenotype relationships in FDA’s regulatory review of NGS-based tests.

Although the importance of genetic variant data aggregation 1s widely recognized, today much of

the data that would be useful fo support clinical validity of NGS-based tests 1s generally stored in
a manner in which it is not publicly accessible. Aggregation of clinical genotype-phenotype

associations and evaluation of the level of evidence underlying these associations under a well-
defined process will continue to promote more rapid translation of genetic information into
useful clinical evidence.

FDA believes that use of|publicly available decision matrices® for variant interpretation [that are
based on rigorous professional guidelines is central to assuring that assertions from genetic
variant databases constitute valid scientific evidence supporting the clinical validity of a test.

- - an . -~

For example, it is appropriate for an assertion to include descriptive language about a variant
such as responder, non-responder, pathogenic, benign. likely pathogenic, likely benign, variant
of unknown significance, etc. as long as such language is truthful, not misleading, and supported
by adequate evidence detailed within the genetic variant database. FDA believes that it is
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(ZZE&HR) ClinGen Actionability Working Groupl;dZ%SQM

Semi-quantitative Metric (SQM)

Category Levels Level of Evidence e =
Clin(aen

Severity 3 - sudden death NA

2 - possible death or major morbidity

1 - modeszt morbidity

0 - minimal or no morbidity
Likelihood of 3 - »40% chance A = substantial evidence
Disease

2 - 5-39% chance B = moderate evidence

1- 1-4% chance C = minimal evidence

0 - =1% chance or unknown D = poor evidence

E = expert contributed evidence
Efficacy of 3 - highly effective A = substantial evidence
Intervention 2 - moderately effective 3
o y E = moderate evidence

1 - minimally effective

0 - ineffective/no intervention € = minimal evidence

IN* — ineffective/no intervention D = poor or conflicling evidence

E = expert contributed evidence

Nature of 3 - low nisk/medically acceptable/ low intensity intervention MNA
Intervention o L .

2 - moderately acceptable/risk! intensive interventions Actionability Worklng Group Ewdence based Summaries

1 _ gleat&r I'iSkﬂESS a{:ceptabl&! sul:lsiantial irlienl\enlions ::p:umlzr::"?:mvide informatios gmemndn o n pairs that meet a clinical actionability threshold for pathologic " "r‘lls in the gene, and are

the evidence. An experl panel reviews the summaries and applies a semi-quar
jant iscovered incidental to another diagnostic =tigati

disorder under consideration. Clinical infervenfions are choss I: ed on their effectiveness for pre'

clinical burden, or improved clinical inap y adult

0 - high risk/poor accepiable/ intensive or no intervention
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75 R £t (228 Fidmolecular genetics centres N7FFEL . BIEFREFIRM
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(p.106-108)

#EI(=#1+50ncotypeDX, MammaPrint®
RIRIEERR (p.113-120)



KU = =i GBI

HR

1.%8F 3
2 ALE 35
3.KE 78
4.(5%E)EE 104

5. FMith 109



NADYT / LEERRSAEH OME
NADYT / LEERKAS (germline)
NADYT / LERREANE (somatic)
NGSEHDZEFRICRIT-RUEH F

KU = =i GBI



KU = =i GBI

1.0.REIZEFENADYT / LERRM AT OB E

AKEHIZHEITEY / LEERBEAR (germline)

2. & [EUKGTNé&regional genetic laboratories

S.EEUKGTNAVN—DREBEE—E

© 00 N

A4 REUKGTNIZE RSN TLVDIELFHEE (germline)

S5.EZEUKGTNAUN—DREZIZCE THEEFREDEMRIKR (germline)
B.EEJHIZHT+55 / LEEIREAH ELE (germline)
7. ZEUKGTNIZHB T B FREIR A

121 REICB TN F U ZHEOERGHEIF—LA
1.22.EENICEAAMF U RIZEREBDHASOAVN=_F U ZMEGERFEZR) D—
123 ZEHIZBITANADIAVINZA U EZEHERIK R
1.2.4.%[ECancer Drugs FundD#f &

1.3.&ZEIZHITHNCSEH D EZEFI RIZM TRV A

14 EBRAVEE 21— R (NEERA L BN ERERTE L 5—)

11
13
16
18
22
23
25

26

1.5. B RSRER (—EDZE k)

30

1.6.REIZHITAEKRABRTITOT S L

32



B PREBR

KU = =i GBI

[ZHBTEDADT / LEERRBEAT OBME

AIEHR 5] @ NHSMDH—E XELT. UK Genetic Testing Network (UKGTN) A%

(germline) EEE T IZHZREINT- 23Dregional genetic laboratories®D vk
D—9%fL. germline MBI FHEE (DALUNDEKEREEZEL) %
LTS,

AR ® NICEQERZEMFHBNH T, EXMDEAICIRL. AV/NZF 232

(somatic) BIEDFERNRDOONDIGE . TDRFEMANAFT o ABIZFEEH SN
%o

NGSZRL- o —HDRFENMEKTIE. ad hoclZ/ARILEEFERITAERSN TL

B—iryhi— B5EITHS

TR

® Cancer Research UK SMP2TIXIE/NAREIIANA B EZEE X RIZ. NGSTERHV=F—
b —4 U REERL TS,

® Genomics Englandh*E &3 %100,000 Genomes Projects TlE. WGSHEEII T
L5,

® kM ERNIELEENDERZBIELLTLAN., IR A TIIHAE - EXEHOAIEmA
KZLY, $FlZcancer somaticl2D U\ TI, BFITHERZRANL=FIIER L5400,
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1A1EBIZH T35/ LEBEIRERNZE (germline)

m RHEAR

B NHSTRHMSINDIELFREZRITHICIE., &2 E (General Practitioner: GP) h i5Regional
Genetic Centres (RGCs) FNEMZEA (BRRELEZT D) ADRBENKRHEND,

B IRE.UKGTNIZIE23DRGCsIZMAZ  ODEEHEMNZFEINTEY . B FRET-FRZL. &
REeHETHETOEGFEZMI—ERZRELTLS,

B FEUE-ICIEBREGEME. BahV 5 —AEBRESN TS,

B UKGTNIZEHFINT-RERUKCTNI I T H AN ORERFRETHY . FREDEMEZHE Testing

Criteria” M AN TLVA,

B EHRINTLIREXEEIT796H
(20165F12H6 B #E)
B “Oncology, Adult”h 2544
B “Oncology Paediatric’ A% 1444
®  “panel’h’18644

« Regional genetic laboratories TEESN %
FTARTHDHREMNUKGTNIZEZFIN TSN
[+ TIXAELY,

- BEOMIBOA TIRET HHEEIFUKGTNIC
BRI AWEFLELY,

o Ffz. N EIFFIIZ, somaticiEZFRED
EfESN TS EEZLND,

Find a Test Resources

ol

h by Disorder &

by Laboratory Online Directory Gene Dosslers  Testing Criterla  Other Databases = Supporting Genomics England

Find a test by disorder & gene

Search keywords

17-@bata Hydroxysteroid Dehydrogenase lll Deficiency - 1 gene dossier - 1 testing criteria
Specialty: Clinical Genetics, Endocrinology, Adull, Endocrinology, Paediatric, Gynaecology
3-Beta-Hydroxysteroid Dehydrogenase, Type Il, Deficiency Of - 1 gene dossier - 1 testing criteria
Specialty: Chemical Pathology. Clinical Genetics. Endocrinology. Adult. Endocrinclogy. Paediatric

46, XY Sax Reversal 1

Specialty: Clinical Genetics, Endocrinology, Adult, Endocringlogy, Paediatric, Gynaecology

46,XY Sex Reversal 3 - 1 gene dossier - 1 testin

Specialty: Clinical Genatics. Endocrinclogy, Adult

Aarskoo-Scott Svndrome - 1 genae dossier - 1 testing criteria

H ) UKGTN (http://ukgtn.nhs.uk/find-a-test/search-by-disorder-gene/)
6
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1.1.2.Z[EUKGTN¢Eregional genetic laboratories

UKGTNIE. BEFRENDEFLGT V2 RAZRMET 51=8 . EEregional genetic laboratories
(RGCsZ=ELHRERE) DXIEZToTLS,

Regional genetic laboratories|d. # FEGFHIREZIRHEELTHEY . T TN ELGLIEES FIZHT
LHEMREEMLTVS, ZAOREBEZEF. FEDEENFTICE TSI —ERZ2EMITIRHELTLS,
Regional genetic laboratoryh’, &M REBEL TWVEIMKEDBSEZ T S=RIZIEX. EFE IS
HENT-DNAZBEUGUKGTNAV N—REZE(CEMFT 5. INnE. FAOEEBEY—EXDEHRZHIBL
TWSRETERXUIRNLNEESND,

Regional genetic laboratoryh’, IR D EGCFREEZNHSEEFICEZEMNICIRB T A LEFET S5
B.REORFEME A, BRMERAMZFMI -0 0EREERZRET S,

BEEN. BEOMIBOATIRET H-HDEREBELZMFELIZIGEE . UKGTNICEFREEDIRH EKRO
NG, CPADY, CNHLDREICH T TR EHBMEDRIENMTHONEIEZERL TS,
Regional genetic laboratories TEEIN T\ F ELGMEGRFEN Y —E XL UKGTNI T H4
MIEFEIN TS, UKGTNI T T Ao FiiREEDEGREREZRFEIT HAENAIRETH D £
DML ECEFZHREICIZ . 20,000 LD IOT7 LA IRENEE L L TERESNA TS,

Regional genetic laboratories Tl&. & RXMGEE (D A) PREREEDELGFEELERL TLDA,
NBIFUKGTND E R TIHELY,

HiFT) The NHS Atlas of Variation in Diagnostic Services: November 2013
(http://ukgtn.nhs.uk/fileadmin/uploads/ukgtn/Documents/Resources/Library/Reports _Guidelines/Right _Care_Diagnostics_Atlas_2013.pdf)
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11.3. ZEEUKGTNAVN—DREE—F
B UKGTNAUIIN—THH23ORGCsEFDMMONEEHERT (5 513244REH)

Aberdeen RGC

Aberdeen Medical Genetics Laboratory

NHS Grampian

Belfast RGC

N Ireland Regional Genetics Labs

Belfast Health and Social Care Trust

Birmingham IMD

West Midlands Inherited Metabolic Disorders
Birmingham Children's Hospital NHS Foundation Trust
Birmingham RGC

West Midlands Regional Genetics Laboratory
Birmingham Women's Health Care NHS Trust
Bristol RGC

Bristol Genetics Laboratory

North Bristol NHS Trust

Cambridge RGC

East Anglian Medical Genetics Service
Cambridge University Hospitals NHS

Cardiff RGC

AWMGS (All Wales Medical Genetics Service)
NHS Wales

Dundee RGC

Dundee Molecular Genetics Laboratory

NHS Tayside

Edinburgh RGC

South East Scotland Genetic Laboratory Services
NHS Lothian

Exeter RGC

Exeter Molecular Genetics Laboratory

Royal Devon and Exeter Foundation Trust
Glasgow RGC

West of Scotland Genetic Services

NHS Greater Glasgow & Clyde

Leeds RGC

Yorkshire Regional Genetics Service

The Leeds Teaching Hospital NHS Trust
Leicester RGC

Leicestershire Genetics Centre

University Hospital of Leicester NHS Trust
Liverpool RGC

Merseyside and Cheshire Regional Molecular Genetics Laboratory
Liverpool Women's NHS Foundation Trust
London Institute of Cancer Research

TGL Clinical

The Institute of Cancer Research: Royal Cancer Hospital
London Institute of Neurology

London Institute of Neurology Neurogenetics Unit
University College London Hospitals NHS Foundation Trust

Cytogenetics
Molecular
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Molecular
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London King's Haemoglobinopathy

Department of Haematological Medicine

King's College Hospital NHS Foundation Trust

London North East RGC GOSH

North East Thames Regional Genetics Laboratory Service
Great Ormond Street Hospital NHS Trust

London North West RGC KGC

North West Thames Regional Genetics Laboratories
London North West Healthcare NHS Trust

London Retinoblastoma

Retinoblastoma Genetic Screening Unit

Barts Health NHS Trust

London South East RGC GSTT

South East Thames Regional Genetics Laboratory

Guy's and St Thomas NHS Foundation Trust

London South West RGC St Georges

The South West Thames Regional Genetics Service

St George's University Hospitals NHS Foundation Trust
London UCLH Biochemistry

London UCLH Hospitals Clinical Biochemistry

University College London Hospitals NHS Foundation Trust
London UCLH Haemoglobinopathy

Regional Haemoglobinopathy Genetic Centre

University College London Hospitals NHS Foundation Trust (HSL)
Manchester RGC

Manchester Regional Genetic Laboratory Services
Central Manchester University Hospitals NHS Foundation Trust
Newcastle Mitochondrial Laboratory

Newcastle Mitochondrial Diagnostic Laboratory

Newcastle upon Tyne Hospitals NHS Foundation Trust
Newcastle RGC

Northern Genetics Service

The Newcastle upon Tyne Hospitals

Nottingham RGC

East Midlands Regional Molecular Genetics Service
Nottingham University Hospitals NHS Trust

Oxford Haemoglobinopathy

Oxford Molecular Diagnostics Centre

Oxford University Hospital

Oxford RGC

The Oxford Genetics Laboratories

Oxford University Hospitals NHS Trust

Salisbury RGC

Wessex Regional Genetics Laboratory

Salisbury NHS Foundation Trust

Sheffield RGC

Sheffield Diagnostic Genetics Service (SDGS) Laboratory Genetics
Sheffield Children's NHS Foundation Trust
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1.1.4.ZEUKGTNIZZ SN TL\HEIZFRE (germline)

B Oncology, Adultdy/—hM&ER (2544)

Basal Cell Nevus Syndrome

Specialty: Oncology, Adult, Oncology, Paediatric

Cowden Disease

Specialty: Clinical Genetics, Oncology, Adult

Familial Adenomatous Polyposis 1

Specialty: Clinical Genetics, Oncology, Adult

Familial Adenomatous Polyposis, 2 - 1 testing criteria

Specialty: Clinical Genetics, Oncology, Adult

Familial Bowel Cancer including HNPCC phenotype or Polyposis 14 Gene
Panel - 1 gene dossier

Specialty: Clinical Genetics, Oncology, Adult

Familial Breast/Ovarian Cancer - 1 testing criteria

Specialty: Clinical Genetics, Gynaecology, Oncology, Adult

Familial Breast/Ovarian Cancer 13 Gene Panel (Option A) - 1 gene dossier - 1

testing criteria
Specialty: Clinical Genetics, Oncology, Adult

Familial Breast/Ovarian Cancer 13 Gene Panel (Option B) - 1 gene dossier - 1

testing criteria
Specialty: Clinical Genetics, Oncology, Adult

Familial Colorectal Cancer 10 Gene Panel - 1 gene dossier

Specialty: Clinical Genetics, Oncology, Adult

Familial Pancreatic Cancer 8 Gene Panel - 1 gene dossier

Specialty: Clinical Genetics, Oncology, Adult

Familial Pituitary Cancer, Parathyroid and Hypercalcemia 7 Gene Panel - 1
gene dossier

Specialty: Clinical Genetics, Oncology, Adult

Familial Renal Cancer 10 Gene Panel - 1 gene dossier

Specialty: Clinical Genetics, Oncology, Adult

Familial Renal Cancer 11 Gene Panel - 1 gene dossier - 1 testing criteria
Specialty: Clinical Genetics, Oncology, Adult

Familial Uterine Cancer 9 Gene Panel - 1 gene dossier

Specialty: Clinical Genetics, Oncology, Adult

Fanconi Anaemia 16 Gene Panel - 2 gene dossier - 1 testing criteria
Specialty: Clinical Genetics, Oncology, Adult, Oncology, Paediatric

Gastric Cancer, Hereditary Diffuse

Specialty: Oncology, Adult

GATAZ2 Deficiency - 1 gene dossier - 1 testing criteria

Specialty: Clinical Genetics, Haematology, Adult, Haematology, Paediatric,
Oncology, Adult, Oncology, Paediatric

Inherited Bone Marrow Failure Syndromes 44 Gene Panel - 1 gene dossier - 1
testing criteria

Specialty: Clinical Genetics, Haematology, Adult, Haematology, Paediatric,
Oncology, Adult, Oncology, Paediatric

Li-Fraumeni Syndrome 1 - 1 testing criteria

Specialty: Clinical Genetics, Oncology, Adult, Oncology, Paediatric
Mismatch Repair Cancer Syndrome

Specialty: Clinical Genetics, Oncology, Adult

Muir-Torre Syndrome

Specialty: Clinical Genetics, Oncology, Adult

Multiple Endocrine Neoplasia, Type |

Specialty: Endocrinology, Adult, Oncology, Adult

Peutz-Jeghers Syndrome

Specialty: Clinical Genetics, Oncology, Adult, Oncology, Paediatric

Renal Cell Carcinoma, Papillary, 1

Specialty: Nephrology, Adult, Oncology, Adult

Thyroid Carcinoma, Familial Medullary

Specialty: Endocrinology, Adult, Oncology, Adult

Hi ) UKGTN (http://ukgtn.nhs.uk/find-a-test/search-by-disorder-gene/)
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Bannayan-Riley-Ruvalcaba Syndrome

Specialty: Neurology, Paediatric, Oncology, Paediatric

Basal Cell Nevus Syndrome

Specialty: Oncology, Adult, Oncology, Paediatric

Bloom Syndrome (Cytogenetic Laboratory Test) - 1 testing criteria

Specialty: Clinical Genetics, Dermatology, Paediatric, Immunology, Paediatric,
Oncology, Paediatric

Fanconi Anaemia 16 Gene Panel - 2 gene dossier - 1 testing criteria
Specialty: Clinical Genetics, Oncology, Adult, Oncology, Paediatric

GATAZ2 Deficiency - 1 gene dossier - 1 testing criteria

Specialty: Clinical Genetics, Haematology, Adult, Haematology, Paediatric,
Oncology, Adult, Oncology, Paediatric

Inherited Bone Marrow Failure Syndromes 44 Gene Panel - 1 gene dossier - 1

testing criteria
Specialty: Clinical Genetics, Haematology, Adult, Haematology, Paediatric,

Oncology, Adult, Oncology, Paediatric

Li-Fraumeni Syndrome 1 - 1 testing criteria

Specialty: Clinical Genetics, Oncology, Adult, Oncology, Paediatric

Nijmegen Breakage Syndrome (Cytogenetic Laboratory Test) - 1 testing
criteria

Specialty: Clinical Genetics, Dermatology, Paediatric, Immunology, Paediatric,
Neurology, Paediatric, Oncology, Paediatric

Peutz-Jeghers Syndrome

Specialty: Clinical Genetics, Oncology, Adult, Oncology, Paediatric
Retinoblastoma - 1 testing criteria

Specialty: Clinical Genetics, Oncology, Paediatric, Ophthalmology, Paediatric
Rhabdoid Tumor Predisposition Syndrome 1 - 1 gene dossier - 1 testing
criteria

Specialty: Clinical Genetics, Oncology, Paediatric

Schwannomatosis & Rhabdoid Tumour 2 gene panel - 1 gene dossier - 1
testing criteria

Specialty: Clinical Genetics, Neurology, Adult, Neurology, Paediatric,
Oncology, Paediatric

10
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B Oncology, Paediatric®*/—r &8 (1444)

Wilms Tumor 1

Specialty: Clinical Genetics, Oncology, Paediatric
Wilms Tumor 2 - 1 gene dossier - 1 testing criteria
Specialty: Clinical Genetics, Oncology, Paediatric

Hi ) UKGTN (http://ukgtn.nhs.uk/find-a-test/search-by-disorder-gene/)
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1.1.5.ZEEUKGTNAVN—DREEICH T HEGEFREDERIRN (germline)

B 20114 A 52012FE3 B IZUKGTNAV N—DIRAE TERIN - B FHE (genetic
test) DI{E (DAL DEEREEZSD)

Table 1 Reported total molecular activity and reports that met the inclusion criteria for genetic and
other speciality requests, 2011/12 by laboratory
Laboratory Total Genetic speciality requests Other speciality requests
Key messages Reports issued Reportsthat  Reports issued Reports that Reports issued Reports that
. . for all molecular met inclusion  for all molecular  metinclusion  for all molecular  met inclusion
. 26 Iaboratorles Smeltted data On 152,866 reports activity criteria** activity criteria** activity criteria**
. . . . N N % N %ofall N % of met N % of all N % of met
® 88,890 test reported met the inclusion criteria for @ mo@ @ @ w0 w
a a, a
anaIySiS Birmingham 15,580 6327 41 4057 26 3,062 48 11,523 74 3265 52
0 Birmingham Biochem 1,269 613 48 184 14 112 18 1,085 86 501 32
® 61% of test reports ana|ysed were requested from Bristol 11,247 3716 33 1,036 9 64 17 10211 91 3092 83
Cambridge 5,164 3,508 68 nr - 1,159 33 nr - 2,349 67
Exeter 5,882 3,659 B2 1,474 25 G674 18 4,408 75 2,985 82
specialties outside of clinical genetics Erete e 8T 2% 8
Liverpool 6,329 3,323 53 906 14 732 22 5423 36 2,591 78
London GOSH 8,794 5,420 62 2,601 30 1,785 33 6,193 70 3,635 67
Excluded tests: London GSTT» 10,317 6,651~ 61 3,112 23 2,727~ 41 7,805 71 3,924 53
. London ION 2,528 1,189 47 126 5 25 2 2,402 95 1,164 98
1. Banklng reports/ DNA Storage London KGC 5,348 3241 61 - 1,210 37 nr - 2031 63
f London Retinoblastoma 183 120 66 85 46 72 60 98 54 48 40
2- TeStS CondUCted Or researCh purposes London St Georges 3,298 3,298 100 1,961 61 2,067 63 1,236 39 1,231 37
H H London UCLH Biochem 91 91 100 nr - 54 59 nr - 37 4
3. Molecular rapid aneuploidy tests . :
Manchester RGC 7,147 5,204 70 2,017 27 1,597 31 5,130 69 3,607 69
_ _ 1 Newcastle 14,457 7,631 53 3084 21 2,716 36 11,413 79 4915 64
4' A” non UK and non NHS prlvate referrals Nottingham 3,917 3,032 77 1,389 35 1,106 36 2,528 65 1,926 64
5. Somatic/ acquired molecular oncology tests (JAK2, KRAS, Oxford RGC 7291 635 87 3827 S0 3157 S0 364 0 38 %0
EGFR BRAF MPL FLT3 NPM1 SML ALL etc) nCI dng Salisbury RGC 7,929 4,746 60 3,450 44 2,369 50 4479 56 2,377 50
| udai Sheffield 8,484 3,907 46 1,916 23 1,459 37 6568 77 2445 63
) ) ) ) )
. Cardiff SAS Porphyria 157 131 &3 66 42 58 44 91 58 73 56
MSI studies for HNPCC Wales RGC - - - - - -
T . . Aberd 3,114 2,632 85 1,562 50 1,335 51 1552 50 1,297 49
6. Thrombophilia tests (Factor V Leiden, Prothrombin) oo | o7s 2197 o1 e 25 e 28 1es 1 1sm 72
1 Edinburgh 2,884 2,054 71 1,457 51 1,320 64 1,427 49 734 36
7' HaemOChromatOSIs teStS Glasgow 8,122 3,801 47 nr = 1,534 40 nr - 2,267 60
8. Haemophilia and Haemoglobinopathy (Sickle Cell and Belfast 5324 2985 56 1757 33 73 25 357 67 2282 75
H England 130,990 75,088 57 31,025 27%  28,79% 38 84,166 64% 46,298 62
Thalassaemla) teStS \I\T:I:Sn 157 131 &3 66 432 58 44 91 58 73 56
9. Testing as part of population screening programme (e.g CF Scotland 16395 10686 65 3,668 44* 4815 45 4605 28* 5869 55
H MNorthern Ireland 5,324 2,985 56 1,757 33 733 25 3,567 67 2,252 75
Newborn screening) ,
. . All UK laboratories 152,866 88,800 58 36,516  28* 34402 39 02,429 71* 54485 61
10- ArrayCGH and MLPA teStS for genomlc Imbalance/ ** These figures are taken from the total records in the ‘Genetic’ and ‘Non Genetic’ data collection sheets submitted to UKGTN. For 19 of the 26 labs,
m|cr0de|et|0ns these figures were the same as the “total number of reports that met the inclusion criteria’ record in the Totals' sheet.
nr = Not reported
* Numbers and percentages exclude labs that did not provide figures for all molecular activity disaggregated by speciality.
* - London G5TT -an error in the submitted data for reports that met the inclusion criteria was identified post data analysis. Correct data indicates the
number of eligible report is over estimated by 35%.

H Fr) UKGTN Molecular Genetic Test Activity Rates in the United Kingdom Report for 2011/2012 (http://ukgtn.nhs.uk/our-work/ukgtn-reportsguidelines/ukgtn-
molecular-genetic-test-activity-rates-in-the-united-kingdom/)
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1.1.6.EF(ZHT55 / LEFRZEAEFIEZE (germline)

B R[ERGCs[ZH+DHmedical geneticsIZDULVT, “2013/14 NHS STANDARD CONTRACT
FOR MEDICAL GENETICS(ALLAGES) " TIXUT D LIIZHRESN TS,

O BRRIBREFOEE B BEMERIL. Clinical Pathology Accreditation (CPA) ZE LA (T IE 54
LY,
XIRTE, 1ISO 15189M A E BFICRIT - 1THIM P THY . 2020FF£TIZET
DEEREERE TOREMNKOLNTLVD,

SKREZOLD. RIADRE - BERLITOVTIIHRETET
@ RBREHEREHEF-BFRL.E » HREBELL

B CiRE B IAE| B SHBESNDABFICONTIFIHARELL
® BEEEFHBREIROESE- B BKEEREME(Clinical Geneticists) R UNERN™ > t5— (Genetic
R Ie~ D s B ARSI E 4 Counsellors) IZ&>TEEESh 5.

B DAEBEFREY—EXL AAVEBGREMAOIVYILIV N EETEREINS,
> FHRIRHEANR-RIERNZE-IF/ SFIZDUWTIXBRAELGL

@ FoEAR—AWERHEE W SO RERENURRESOE. REA—ROBFRHIRTLE
REELAZITNIEAESZE0N, (Each Genetics Centre should maintain a computerised
family-based record system, incorporating disease-specific records).

% Paediatrics|. “the Specification for Children’s Services”|ZHES ZEESNTNVAH, BIEFREITHFIELI-ABIZIEE RSN TULVELY,

HiFT) 2013/14 NHS STANDARD CONTRACT FOR MEDICAL GENETICS (ALL AGES) (https://www.england.nhs.uk/commissioning/wp-
content/uploads/sites/12/2014/04/e01-med-gen.pdf)
CPA Transition to UKAS ISO 15189: 2012 Frequently Asked Questions (https://www.ukas.com/download/CPA/Transition%20t0%201S0%2015189 FAQs-
Sept14.pdf)
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1.1.7.&ZEUKGTNIZE (T B FREIR L AH

B RZEICETECFREDEMAH - EhB-REOFTME/FAFKNZIEITROEYTHS,
(NHS Genetic Services The UK Catalogue, June 2015)

Number per annum Number evaluated/developed
since 2004
Sk 23 40,000 >1,000
Regional Genetic Centres Clinical referrals Genetic disorders with new

evaluated tests

>3,700 >500

Specialist Genetic Clinics New tests evaluated (many
new panel tests are testing for
a number of different disorders)

>4,800 200,000 >450

Clinically relevant *— Genetic test results issued  Testing Criteria (clinical guidance
genes tested for testing)

>45

Next Generation Sequencing
panels for multi gene tests

ggg >30

Genomic Laboratories

%

HiFT)NHS Genetic Service The UK Catalogue
(http://ukgtn.nhs.uk/fileadmin/uploads/ukgtn/Documents/Resources/Library/Reports _Guidelines/NHS Genetic_Services The UK _Catalogue.pdf)
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1.1.7.&ZEUKGTNIZE (T B FREIR L AH

B 23DRGCsIEFNFNZLD
BEMARNLEEIF—LELTE
HLTLVS,

m HEYERGCsIZEITAH—
EXDRAZyIDEEEKITA
KD@EYTHD,

Typical professional staff numbers and qualifications
for a Genetic Centre serving a 3 million population

2,000

patients
referred-in
per year

80

Totals for UK (numbers rounded)

Genetic technologists
& scientists

2

Bioinformaticians

OODEECOSAEICTRACCCEErOCE5C HCPC-reg
T $§$09090 O e

Clinical geneticists 200 e Bestoray T

. . S Typical regional SeEame o

Technologists & scientists 1600 Bsc(lstor2:1) clinical genetic service

Genetic counsellors 300 3 m

Bioinformaticians 40 10 population 15

Administration/secretarial 400 Sndlgneade

GMC speciali

Genetic counsellors

CRB - tered
CCT in Clinic SevrrneseT iy st et
MSc Ger unselling
MRCP e I
MB. ChB BSc (BioSci/Nursing)

Administrators

Secretarial

Clerical

HiFT)NHS Genetic Service The UK Catalogue
(http://ukgtn.nhs.uk/fileadmin/uploads/ukgtn/Documents/Resources/Library/Reports _Guidelines/NHS Genetic_Services The UK _Catalogue.pdf)
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1.1.7.5%

%

UKGTNIZH TS5 EFRERE

B EEFREYEXZERTLIZFEMARDEE -JIFRIE. Undergraduate, Postgraduate,

Clinical practicezE L Tirt=n 5,

AR il

RUTH =5

Knowledge in action

Pre-registration
(Undergraduate)

Core concepts in
genetics/genomics

Organisation of
Education and Training
Undergraduate, postgraduate and

Post-registration
(Postgraduate)
Development of core
genetics/genomics
concepts and skills

Y
Fd

Clinical practice
(Workforce)
Competencies in
genetics/genomics
relevant to
specific roles

Course name

No. of UK academic institutions
offering course, (and level):

ongoing education & training in each Undergraduate Postgraduate
genetic profession is organised on a - -
national basis, following an overall Genetics 32 24
themed direction. ‘Molecular Biology’ 25 23
This is made possible through UK-run ‘Molecular Genetics’ 3 6
courses and conferences. Many of these | .,
are open to participants from outside Genomics - 6
the UK. ‘Bioinformatics’ - 22
For substantive courses: ‘Medical Genetics'/ - 5
See www.educationuk.org/global/ ‘Genetic Medicine’

‘Genetic Counselling’ - 2

TN
%
e 1

S

HiFT)NHS Genetic Service The UK Catalogue
(http://ukgtn.nhs.uk/fileadmin/uploads/ukgtn/Documents/Resources/Library/Reports _Guidelines/NHS Genetic_Services The UK _Catalogue.pdf)
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1.2A.ZEIZH TR/ ZA 2HMEOERGHEIAX—LA

B OV AUEHENMEZEIZESTOER Q014F11AKES)
B EEEEFMTEEMIEX. the National Institute for Health and Care Excellence (NICE) A7 TH

U.NICEQHAF o RIZKYEEMLZEFINAH SN -EERMIE. NHSIHRRIELTRET 5L
KHHMND, =1L NICEIZT R THOEEFMZETML TL S+ TIEELY,
OVNZFUZEBEEEDICHAREINEEREMAIETZ{DIHE . NICE Technology Appraisals
programme CEEich 5,

EFEHIZTDWLTIEL. NICEAAM T RADARIZKY., NHSFE=[Ethe Cancer Drugs Fund (CDF) A
T7o T4 TEIRY5%,

NHSTIE. REZEIIEMFEDHTEEIN TS, LE=N-T, FEOHPLNZITNIX, HEE
FEXERDIRFTERFFIZ, WIETAAVNZAVEERERIZTZO T4 T THIENARETH D, Fi-.
NICEHRDERERITRTEI7o T4 DEHF. /=AU BHFEICLERIN S EVSHER
LARETH S, LHOL.,. AV FH VU EMEBEE TR I7o T4V T DRZRELGTHIDELD D HIERIZIF—E
ML, EREGO TS,

COFDR R THAIEERZDAVIN=FVEZIHEIZDINNTE, COFIZKDT7o T4 T DR ELD
MEMIIER/RLHD.

FROAVNZFVERBEADIFUOTAVT DRELISH L EERDBEAZRET H16H, BE
TENAVNZF VMR EIC—RNGE I 7o T4 &3 52 EIILIELIEEH S, HIA L. A5/—<
BEEZNRELI-BRAFREDHITIE, BESX(IEET L3 DDHEBEELZHL. AEMRELY
SHEEDREHEFTHHTIVS, 2014FE1MAKRR)

Hi ) PERSONALISEDMEDICINE IN EUROPE — Enhancing Patient Access to Pharmaceutical Drug-Diagnostic Companion Products
(http://www.epemed.org/online/www/content2/104/107/910/pagecontent2/4339/791/ENG/EpemedWhitePaperNOV 14.pdf)
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1.2A.ZFHICHFHaAN=AZHENDEREIEAT—LA
B OV N AVESHRENMEEIZELATOLRAQ014E1MARA)

EE(CHITHaVN\_F U2 HEOFEE. EFHHEXF—LA . EESANICEAAFUR
THREINTWTE, X6

PHARMACEUTICAL DRUG (Rx) COMPANION DIAGNOSTIC (CDx) ENGLAND _a_ é - // \_ 7_"_/ H{ﬁ%
FTCNHSD D7 T425

NICE SHTRELZBMNZDULNTIE

S RN H B
« F1-_ NICETiHfiE é*LT_
ELTH. ZDHTEAE

MENDhFTIZEL=
o o O WEFEOR RN,

DEVELDPMENT %_—E’%:E E;T;"él:lﬁ:,\a)-yg

LRIZHRAHY . BE

LISTED 0)77421(:2:I|Z%75\&5

GHNGERRUGS i TN O BEEHNTLD,

s EESMNICEHAS VR

FUNDING FUNDING 3 U= ~ B AN
MANDATORY MANDATORY? THEING L‘iﬁ =)0
D CDF@??‘/F‘T%&@%’Q
CANCER DRUGS FUND T "“b '|$ 75\ %é 75\ : ‘// \

—T/ SERENZDRR
s, . (T LEBMEERAR IR

%)0

Hi ) PERSONALISEDMEDICINE IN EUROPE — Enhancing Patient Access to Pharmaceutical Drug-Diagnostic Companion Products
(http://www.epemed.org/online/www/content2/104/107/910/pagecontent2/4339/791/ENG/EpemedWhitePaperNOV 14.pdf)
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1.2.2.EENICEAAM TV RIZEEBEDH AV IN—A L2 HEGEEFEZEH)ND—&

B O /\ZF 22 ZE(L. NICE Technology Appraisal Program. E7=I&Diagnostics assessment
program TEHfich 5,
B NICE Technology Appraisal Program
B NICEMM1999EMNLRAIBLI-RADEFB T, EEXIMONHSE LUV EEIZRL . EERIMTOEREK
A RMY. ERXSROFTMEHRETINELIDERERET 5, TORBLIIEERTHS.
B EEROFEAICEL. OVASAVBHREOHERAAROLNDBE . TOERASH (T R
EEHEND,

NICED IO /=AU 2l ZEE GE{=F2 W) TR S Technology Appraisal Program (1)

Imatinib for the treatment of chronic myeloid leukemia (partially AL g
=N =y A Y . ini
TA70 updated by TA241 and TA251) (214 &3 5 Mmw Imatinib chromosome 20034108
(genetic marker)
Imatinib for the treatment of unresectable and/or metastatic gastro- - . -
TA86 intestinal stromal tumours HHEES Imatinib KIT (CD117) 2010%F11A
TA107 Trastuzumab for the adjuvant treatment of early-stage HER2-positive =L A4 -Trastuzumab HER2 (protein marker) 2002438
breast cancer
. . . Tt kg S e L -Bevacizumab .
TA118 Bevacizumab and cetuximab for metastatic colorectal cancer BB EEBERNA .Cetuximab EGFR (protein marker) 200741 A
TA176 Cetuximab for the first-line treatment of metastatic colorectal cancer ¥ tE#ERBEBIA »Cetuximab KRAS (genetic marker) 2009488
Gefitinib for the first-line treatment of locally advanced or metastatic ., .. _ s aafi EGFR TK mutations
TA192 non—small cell lung cancer SRR/ RRIERATA - Gefitinib (genetic marker) 201057
TA208 I;iitjfumab for the treatment of HER2-positive metastatic gastric SR EAA -Trastuzumab HER2 (protein marker) 20104115
Erlotinib for the first-line treatment of locally advanced or metastatic W N . . EGFR TK mutations
TA258 EGFR-TK mutation-positive non—small cell lung cancer SR/NRIRIERTANA Erlotinib (genetic marker) 2012577

HFf) Byron et al., Clin. Cancer Res., 2014
Guidance and advice list (https://www.nice.org.uk/guidance/published?type=ta) XYL (2017E2 4B &)
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1.2.2.EENICEAAM TV RIZEEBEDH AV IN—A L2 HEGEEFEZEH)ND—&

TA269

TA296

TA310

TA321

TA326

TA371

TA381

TA406

TA414

TA416

TA422

TA424

TA428

TA429

NICEDaV/I\=A L WEGEIEFE

Vemurafenib for treating locally advanced or metastatic BRAF V600 B EAE

mutation-positive malignant melanoma

Crizotinib for treating adults with previously
treated ALK-positive advanced non—small cell lung cancer

Afatinib for treating epidermal growth factor receptor mutation-
positive locally advanced or metastatic non-small-cell lung cancer

Dabrafenib for treating unresectable or metastatic BRAF V600
mutation-positive melanoma

Imatinib for the adjuvant treatment of
gastrointestinal stromal tumours

Trastuzumab emtansine for treating HER2-positive, unresectable
locally advanced or metastatic breast cancer after treatment with
trastuzumab and a taxane

Olaparib for maintenance treatment of relapsed, platinum-sensitive,

/MR MERT AN A
/MR TR AN A
*5/—%
BlaEERESR

ETHFE(TEBEILN
A

BRCA mutation-positive ovarian, fallopian tube and peritoneal cancer JI& ., BIEH LUVIEEM

after response to second-line or subsequent platinum-based
chemotherapy

Crizotinib for untreated anaplastic lymphoma kinase-positive
advanced non-small-cell lung cancer

Cobimetinib in combination with vemurafenib for treating

A

FE/NFRRBTERTIAS A
VIR REF = (TERFBED

unresectable or metastatic BRAF V600 mutation-positive melanoma *5/—<

Osimertinib for treating locally advanced or metastatic EGFR T790M SN ERA A A

mutation-positive non-small-cell lung cancer

Crizotinib for previously treated anaplastic lymphoma kinase-positive SN BB 4 i AS A

advanced non-small-cell lung cancer

Pertuzumab for the neoadjuvant treatment of HER2-positive breast
cancer

AN

Pembrolizumab for treating PD-L1-positive non-small-cell lung Cancer#ll\.‘fcﬂ]ﬁﬂ'l‘iﬂfﬁh‘“h

after chemotherapy

Ibrutinib for previously treated chronic lymphocytic leukaemia and
untreated chronic lymphocytic leukaemia with 17p deletion or TP53
mutation

Bt /MR M

*VVemurafenib

= Crizotinib

= Afatinib

-Dabrafenib

= Imatinib

*Trastuzumab

-Olaparib

= Crizotinib
- Cobimetinib
*Osimertinib
* Crizotinib
Pertuzumab

*Pembrolizumab

= |brutinib

) (&S Technology Appraisal Program(2)

BRAF V600 mutation

Anaplastic-lymphoma-
kinase (ALK)
(genetic marker)

EGFR-TK

BRAF V600 mutation

CD117

HER2

BRCA

Anaplastic-lymphoma-
kinase (ALK)

BRAF V600

EGFR T790M

Anaplastic-lymphoma-
kinase (ALK)

HER2

PD-L1

17 deletion E£7=I& TP53

mutation

2012412H

20134F9A

2014%4R

2014410A

2014%11A

2015%12R

2016%E1A

20164%6A

20164 10AH

2016410A4

2016412R4
2016%E12H

2017F1R

2017%1R

Hi ) Guidance and advice list (https://www.nice.org.uk/guidance/published?type=ta) &Y #ERK (201752 A48 K =)
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1.22.ZENICEFAM AU RICEEDH A IN—A U ZWEGEGFEZMH) D—

B NICE Diagnostics Assessment Program

B Diagnostics Assessment Program|&£20104F(ZFAIaS . BZETE i GEZFRE. TDMDin
vitrozZ T, BV AT LZEL) DERKRMAERY. ERAXIRZFTML. NHSTOF|HIZET 5
HAFTREHKITT 5,

NICEDE{=FZ -k 5Diagnostics Assessment Program

EGFR-TK mutation testing in adults with locally advanced or BRTETEE - TEHME L

pos metastatic non-small-cell lung cancer D JE/NERERA A SEERSUL IS SRS AR 2
Gene expression profiling and expanded immunohistochemistry tests e = Lo

DG10 for guiding adjuvant chemotherapy decisions in early breast cancer BEiZ.H A g 24283 gigfﬁ@g’%ﬁw 20134 9H
management: MammaPrint, Oncotype DX, IHC4 and Mammostrat

DG17 asg?ﬁlsrl]ré%frostate cancer: PROGENSA PCA3 assay and Prostate SRS A ISR A D LR PCA3 201546 B

HFf) Byron et al., Clin. Cancer Res., 2014
Guidance and advice list (https://www.nice.org.uk/guidance/published?type=dg) &Y 1’FEE(2017¢2)5] 138K =)
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1.22.ZENICEFAM AU RICEEDH A IN=A L WEGEGFEZH) D—

B The National Tariff Payment System 2016-17 and Molecular Diagnostics

B NHS EnglandIZ#& LN T,

DFENREICHTZI70 T4V DRBREED AT LRIZE TS

DA THY . NHSRTINLDRED BENDRBICIZESDENH o1, (THHL, Kk

DREHFIZHE N T, ChoDIRENEDKSICER

SNDDINFABETH 1=, )

® Independent cancer taskforceM A &HZHIY, 20165F4A &Y. UTDHEEBEDXZILWLHABAFEIZSH
<o SNIEX.FBFEDEDDEEICDLT, BE DR E XL (routine tariff payments) S oERSML .

NHS EnglandA®, NHS Standard Contract®

VTHEZXISELSELDTHS,
B NHS England&ithigiD &

2016/17 FE D hizffi & (local price) 5k EL &

— &L T, f&lE (hospital provider) [ZxtL. BIDSA

ftF—L (local area commissioning team) A, TNENDREITHL T,

SELTLS,

BEOHEZILLDoRN SN0 FFHEE

Table 6: Molecular diagnostic test

NRAS/KRAS Testing
Oncotype DX

| BRAF Testing

| KIT Testing

| ALK Testing (1)

| ALK Testing (2)

Test NICE Guidance

TA176
DG10
TA269 & 321
TA86 & 326
TA296
TA296

Hi ) The new commissioning and funding arrangements for six molecular genetic tests for cancer introduced by NHS England in April 2016
(http://www.abpi.org.uk/our-work/library/guidelines/documents/commissioning_of molecular_genetic_tests for_cancer.pdf)

2016/17 National Tariff Payment System: A consultation notice - Gov.uk

(https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/499594/2016-17 national_tariff_statutory consultation.pdf)
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1.23.ZEIZBFANADIVIN=AEEERIK;

B NHSTCERRIZaOV/NN—_ A EHmEEFERLE-EEH
(20144 . CANCER RESEARCH UKI[Z &3 ®E)

RERE:

® EnglandDNHSHEEZE(ZRL . 7 F1Z
HIZEDFERAMNAEELE3 DD AYA (lung,
bowel, melanoma) xR IZREDE
ﬁﬁ%&’&lﬁlﬂébﬁf:o

0 ENARBRBBHOFHZLEIZ. RED
EINTOWVEWABERBL -,

FAENRDRE:
® Lung cancer
v'  EGFR for gefitinib and erlotinib
v" ALK for crizotinib
® Bowel cancer
v"  KRAS and NRAS for cetuximab
® Melanoma
v BRAF for vemurafenib and
dabrafenib

Hi A7) CANCER RESEARCH UK (http://scienceblog.cancerresearchuk.org/2015/08/20/nhs-england-must-act-as-patients-miss-out-on-cancer-drug-tests/)

PATIENTS MISSING OUT
ON MOLECULAR DIAGNOSTIC TESTS

2014 DATA ON TESTING OF MELANOMA, LUNG AND BOWEL CANCERS IN ENGLAND

NUMBER
OF PATIENTS

BOWEL LUNG MELANOMA
35,600
MEEDED 1200
ATEST 10,900 23,100 1,500
19,600 =H
GOTA 500
TEST 4 900
16,000 MISSING
MISSED ouT
QUT ON
ATEST 43% OF BOWEL 13-20% OF LUNG

CANCER PATIENTS CANCER PATIENTS
COULD BENEFIT COULD BEMEFIT
FROM TARGETED FROM TARGETED

MEDICINE* MEDICIME*

4 ¥
3 P 5 0 0 2,100 1,400 Using the lower est. of 13%)
MISSEDOUT = 2 & & & & & & = & & & & @
OM TARGETED 1"*'*#
DRUGS THAT

wene  TIIRRED TROET T

Mumbers are ] ® & 8 @
estimates and have w 'H‘ T rH\ ’H‘
been rounded

*According to
NICE guidance
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1.2.4.3&ECancer Drugs Fund Dl &

Cancer Drugs Fund (CDF) [&. NICEIZF|FHZ# &I 9 . NHS England Tldiz it s h 7k
WAADEERITHL, BFNHETES5I770FTHS,
CDOFDXRELDEZE D) AL, NHS EnglandDwebR—I TRBSN TLNS, FiEE
FAFE DTS, NICEDHEEREZFICKY ., COFNHRETHIEERITIEILT S,
BEFTHIITILINAEMEN. COFICHLABEDLEMFICEHTHIIE T RERTL.
BEREZHRETS, BENEERETHLETELL,

CDFIZ2011FE4 B IZER. 2016 FE3 A £ THESi S, 95,000 AL LD EENEEEFZIT
1=

LHL. 27U R DORENHNE (BTN EERDEENTBEBETH--1-O. FTES
EBLT-. RS FTEEEIL. 2011/2012F 0D £200 millionMSIEAIL . 2015/20164F (21
£340 million&Z>=-H D D . CDOFD X H 1X2013/2014F LI . B T EEZEZHBIBLTHY.
2015/2016F13£466 millionMD ZH TH o=, (£126 million (37%) DEEi&E. )

% ZT.NHS England&ENICEA £ B CCDF D RI#FHZE{TLY. COFD R ELE B/ R h b ot
N5HEEZFAMEICLI-,

COFLLCDFDIL—LT—V1%,. 2016 F7H29B LUETEINTL S,

Hi Ffr) Cancer Drugs Fund (http://www.cancerresearchuk.org/about-cancer/cancers-in-general/cancer-questions/cancer-drugs-fund/)
Cancer Drugs Fund (https://www.england.nhs.uk/cancer/cdf/)

Appraisal and Funding of Cancer Drugs from July 2016 (including the new Cancer Drugs Fund)
(https://www.england.nhs.uk/wp-content/uploads/2013/04/cdf-sop.pdf)
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1.2.4.3[EFCancer Drugs Fund D#i &

B COFORRELGBEESDAME, TRDISIZABKESNA TS,
(20171 A12HE A D) XD —ER)

NHS

England

National Cancer Drugs Fund List

(Including list of NICE approved and baseline funded drugs/indications from 1st

April 2016 with criteria for use)

National Cancer Drugs Fund (CDF) List

A. National CDF List

verl.19 s s et should o e connaton ik ‘Apprassan i of Gancee g oms Al 201 fncling he new Eancer Gums ] new e o csferts tampavers kst publed o HES Shond on ik 266
12th .Ianua 2017 ‘www.england.nhs.uk/ocurwork/cancer/cdf

PO —— e cor

Trastion, ENefor Famdingaereed Ll eapeciod Bty

Transition Funding agreed Access  into Baseline

Drug (Okd by Scheme  Commissianing

Drug Criteria for use CDF)  manufacturer (Yes,No, (Date if known
Indication  (Agreed, Not

(YesorNo)  Rejected,

Pending)

Interim
Funding manufacturer
(Yes, No,

Not

Blueteq Form
ref:
currently
applicable
(Nca)) applicable
ICA))

currently
applicable
(Nca))

1. Application mate by and first cycle of systemic antl-cancer therapy t be
prescribed by a consultant specialist specifically trained and accredited in
the use of systemic anti-cancer therapy
|2. Low grade non-Hadgkin's lymphoma

[The first line treatment of low grade

BENI w20 | Bendamustine [lymphoma where all the following |3. Option for 1st-line chematherapy From 29:ul-16 Yes Agresd nca nca nca nea

criteria are 2. To be used within the treating Trust's governance framework, as
|Bendamustine is not licensed in this indication

Nate: Can be used in combination with Rituximab, which fs commissioned
by NHS England for this indication

L. Application made by and first cycle of systemic anti-cancar therapy to be
prescribed by a consultant specialist specifically trained and accredited in
the use af systemic anti-cancer therapy

2. Low grade non-Hadgkin's lymphoma

|3 Relapsed disease

The treatment of relapsed low grade |4, Unable to receive CHOP-R
BENG V2.1 | Bendamustine |lymphoma where all the following from 29-Jul-16 Yes Agreed nea nea nea nea
eriteria are met:
[8- o be used within the treating Trust's governance framework, a5
b, which & commissioned
by NHS England for this indication
1. Application made by and first cycle of systemic antl-cancer therapy to be
prescribed by a consultant specialist specifically trained and accredited in
| the use of systemic anti-cancer v
|The first line treatment of mas cell 2. Mantle cell non-Hodgkin's lymphoma
BEN2 v2.0 | Bendamustine |non-Hodgkin's lymphoma where allthe 3. 1st-line treatment in patients unsuitable for standard treatment Yes Agreed nca nea nea nea
|following criteria are met: [4. To be used within the treating Trust’s governance framework, as
Bendamustine s not licensed in this indication
Note: Can be used in combination with Rituximab, which is commissioned
by NHS England for this indication
|1, Application made by and first cycie of syste ancer therapy to be
prescribed by a consultant specialist specifically trained and accre
[The treatment of relapsed mutiple 1€ 52 of Systemic anti-cancer therapy
BENS V21 | Bendamustine [myeloma where ail the following criaria (= o e TEloma From 29-0ul16 Yes Agreed nea nea nea nea

3. Relapsed disease where all other treatments contraindicated or

|are met:
napprapriate
[ To be used within the treating Trust's governance framework, 35
fiendamustine s not licensed in this indication
wrl19 3otz

HiF) National Cancer Drugs Fund List (https://www.england.nhs.uk/cancer/cdf/cancer-drugs-fund-list/)
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1.3.ZEIZHTHNGSFEFTOZEFIAIZM (F1-HYHH

B Association of Clinical Genetic Science
(ACGS) IZLANGSHEMTIZEAT 5 MRS/ M
FET Do %acgs

. AC G S P ra Ctl ce g u Id el I nes fo r Ta rg eted N eXt Practice guidelines for Targeted Next Generation Sequencing
Analysis and Interpretation.

G e n e ratl O n S e q u e n CI n g An a IyS I S a n d Prepared and edited by Sian Ellard'?, Helen Lindsay’, Nick Camm®, Chris Watson®, Steve
. Abbs®, Yvonne Wallis®, Chris Mattocks®, Graham R Taylor” and Ruth Charlton®,
Interpretation.
( http //WWW aCQS .U k CO m/med Ia/77480 7/b Dq fOr ta rq eted neXt qe . East Anglian Medical Genetics Service, Addenbrooke's Hospital, Cambridge CB2 0QQ, UK
R R . . West Midlands Regional Genetics Laboratory, Birmingham Women's NHS Foundation Trust,
neration_sequencing_may 2014 _final.pdf) Birmingham, B15 2T, UK

. Wessex Regional Genetics Laboratory, Salisbury District Hospital, Salisbury, SP2 8BJ, UK
. Department of Pathology, University of Melbourne, Melbourne, VIC 3010, Australia

Department of Molecular Genetics, Royal Devon & Exeter Hospital, Exeter, EX2 5AD, UK.
. University of Exeter Medical School, Barrack Road, Exeter, EX2 5DW, UK.
. Yorkshire Regional DNA Laboratory, St James's University Hospital, Leeds LS9 7TF, UK.

e

~ o

Original guidelines ratified by the Clinical Genetics Molecular Genetics Society
(December 2012).

I ~ - ~ “~ N Guidelines updated by the A iation for Clinical Genetic Science (formally Clinical

—_ > l/ ~ — ~ Molecular Genetics Society and Association of Clinical Cytogenetics) approved May 2014.

B UKGTNEACGSERITOUZ A=)

1. INTRODUCTION Next generation sequencing, also described
— ~ O as “second generation” or “massively parallel”

‘ * I 7— ya ‘\J 7 aT_ l i L \ DNA sequencing is the most commonly has replaced Sanger sequencing as the
S— o used approach for mutation scanning and is primary methodology employed by

widely regarded as the gold standard. researchers to identify novel disease genes.

. Agreed practice guidelines for both the The ability to simultaneously analyse multiple
. J t U KG I N/ ‘s C G S W k h L] I d sequencing process and data analysis are or very large genes at a cheaper cost per base
OI n O r S O p . Owa r S important to achieve a high quality approach makes next generation sequencing an

with common quality standards across attractive solution for clinical diagnostic testing
L] . L] . different laboratories. These guidelines do to identify the disease-causing mutation (or
CI I n ICaI Genome Seq uenCI ng " Qual Ity not constitute an experimental protocol or  mutations) in patients with genetically
- troubleshooting guide, rather they aim to heterogeneous disorders. Targeted next

establish  consensus  standards  for generation sequencing describes a strategy
identifying and reporting mutations. where a specific set of genes related to the

SSU rance 0 eS S e ruary Different standards will be required for patient's phenotype are analysed within the

clinical ~ diagnostics than would be context of a genetic “test’. For practical

(http://ukgtn.nhs.uk/news-events/article/joint-ukgtn-acgs- DRl 060 A Mandes frs niosl  CORiin Y Ao b A W iees 5
. . . frequently being analysed, results will stand streamlined laboratory pipeline, described as
WorkShOp‘towardS'Cl|n|Ca|'qen0me'SequenC|nq-q Ua|ItV-aSsu rance- for the lifetime of the individual and may the “assay”. This approach minimizes the

have implications for relatives of the possibility of identifying highly penetrant

Of-teStS-1 Oth_februarv_201 5_1 66/) proband. mutations in genes unrelated to the patient's

phenotype.

SHARZAVDERKRDERE - ZDMDHA+Z4 > DEfFIRRETEA
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1.4.8KEIZBITANRADYT /) LEBIRAESH
MR AL (BiIEBEEME L A—)~ADAUF3EA—EERE ()

B ZEREEUKGTNIZETAgermline Bz FRRE)

UKGTNIZ. NHS approvedD#EEHEZRT.NHSOEREE Y —ERELTCEGFREFIRETS
MBER TH 5,

UKGTNEZETDREZEIL., HEIEKFRICHBREIN-REEZ THo=H . S8 DEREEICEHR
S TESES NHSHMIIHE - mEBEEFvILRIAEL TS EDTH S,

RGCTIX., 233 DR EZET700fFFEDHEBEZEBL TLNDELVOID, TRTDEERTI NTDE
BZERL TS ITTIXELY,

UKGTNIZ. BEEDSRTEMANDEBEDOHREETHNIL. UKGTNE T DD SHRIZHEEZERIET
EHIGE . BB L5 ®BNETRI-LTLS,
BRESHRTHBIZREERD T —4Z2ERELTWWAIEFEZIKULL., EEEITEBLTLS MY
HMBIELY,

REENMBICT—REEELTLSELTE, REDQuality ControlDE = M5, VIF7LU AT S
ODLDEETHIEEZLONS,

General Practitionerz 252 L . EGMEENFEHONDIGE(CIE. BE-EMREZZ(THIEITHEDS
M. ZOEREEFHILTOT—RZDETVNIONEIFTBHATH S, GermlineDEEIFRIZH T
WEWLWD TGO ERDN S,
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1.4.8KEIZBITANRADYT /) LEBIRAESH
MR AL (BiIEBEEME L 2—)ADAUF3EA—EER (2)

B 2% (100k Genomes Project)

Genomics England/m EE 9 %100k Genomes Project(100k GP) IZ# LU\ T, rare disease Tl &
FHIZFERZRLTULVS, Pilot study T3,500 AR RE T L7 /T—3> T 0/\1 7 (5#1) iR 4L .
Genomic Medicine Centre (GMC) HYauthorized 5% THaRZIRL TLV5,

— A T, cancerlZDWWTIE, AR T B (F-oSYLTULVELL, IFUBRBIFTR) DX LIZDNTEH
RESOTULVELY, (BEICHERZRLTULVEL,)

100k GPDT—A~R—X TlZ. rare diseaselZDULV\TlE., 130~150N BB BDOFERET I4ILET
IRELTLVA,

Cancerl[ZDWTIE. ED XL EREEDFEHRORIBEDFHREZINEL TLNSEH ., TORNAEIXAEH
THb,

Rare diseaselZDW\TId., Likm@EY . ZEEEEIZEE LA \phenotype L BEE T 515 (R FEE D 1E
HMEINEL TS, REMDEF LRI T, H<E TprimaryDfRB M DLV F-EFH THLVE100k
GPI[ZTUR)—TZE%N,

100k GPIZ&mLI=EF L. T /LT —3NEFHILTICETXTINTLTE, TIFEFICER
ELTETT B=HEVS&YIE. accountability (GRBAE{E) ZR1-91=6ThH 5.

Genomics England& (351, Farr Institute DERFRERER T —3N—RADH T, 7/ LIFHRBLINET S
ELoBELHBND,
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1.4.8KEIZBITANRADYT /) LEBIRAESH
MR AL (EiEBEEMRE L A—)ADAUF3E1—EE (3)

B Z2EERIMAEDORER

B RGCEGMCIKG~TEIMA—/N—TvT LTS,

X Regional Genetic Center (RGC: #ighi& izt 4—) .. A ZEE (GP) DN CREZSENCTREZIREYT
A DBRELEA—, 23R,

X Genomic Medicine Centre (GMC: 4/ LAEE > 42—)...Genomics EnglandEEDHE T o100k GP
[CHITHRENSR, 1355,

B RETIIREEHEEBEEZREICHITTLDS,

B GMCIE. BENXDEIOILHEEDITTHS, BEN 100k GPIZSMT 5&, GMCTIRIML . /N1 A
YT ILDIEERIZRIANZES SN, Sanger CenterTO—4 25 &b, RGCHAZDIBFEIZE]
B35 nE BERBRZICLR—MELTHRET DHHIC. BE—ERTFREICKYFERZconfimd 5
CEMEZLND, (CNIZTDLVTH. Tdkrare disease DN A EEDHTEHD, )

B REICBEITAOMERITEIL. ZELIIBHEICRANINTIVD, NGSE, TNEMTIIEZEZDTLHD
[SHRTELARILTIEERFN TLVRLY,
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1.4.8KEIZBITANRADYT /) LEBIRAESH
MR AL (BiIEBEEME L A—)ADAUF3E1—EE (4)

m ZDfh

Cancer somaticQEREIZDWTIX, BIsHhIo ) I DBV EFEREEKOSIBIZEESN TLNS A,
HIE LREENLGEODNETIT L—I —2TH D, GermlineZ S HEXMEETF D RIBEZTAED (L. 2D
BB (X KEL% S,

Rare diseaseMDiG& L. 3 TlprimaryDIERTHOTWNSEEFTHSH=6H. IFOLEHNEZELETN
[(FERSGNEEZOND, LML, (BIEETHL) AAEEDIFE . controléL TgermlineZ #71=
F=HIZIFAHDIINIL, IDEBIF A—DERENEEZOLND,

OVEUMATIHERDRENESICEY ., BB ERELTULS, (University College London,
Kings College LondonZ) GMCHOV KU AT T3~4DFREET B,

BATH., HORESHELCEREZFRSNDILOD . EIL - AIDRERERVIHNRZZITHIL
LARETH D, — AT, EETIEINHSD Y —ERZFZ(TLS5ETNIE. R T DHT GPDZEZENKD
Y (S8
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1.5.EFB(ZHITHANADY / LEEREEE

BINRERER (—EZEER ) (1)

B [RRREFOE%E
B UK National External Quality Assessment Service (UK NEQAS) A3 SO 15189 External
Quality Assessment (EQA) Zi2# L TLV5., LA LNEQASIZ(Z(XgermlineZxt R ELTLVS,
Molecular pathology by UK NEQAS
https://www.uknegas-molgen.org.uk/molecular-pathology
B Molecular pathology laboratorylZxt 3 2H A4V AN ANHESh TLVS,

Cree et al., J. Clin. Pathol 2014 “Guidance for laboratories performing molecular pathology for cancer
patients”

B ASLHF
B ZE[EFE®DOncologist/Z[E. Medical Oncologists (MO) &Clinical Oncologists (CO) A& 5,
MOlZbiological drugs:&E DA AZEMEEDEPAR T, 7HTI7 DoncologistsD90-95%EMOTH S,
COIFLFEEL MR ABEDEMR T, MFARABEEMRDANZL,
Genetics/genomics D & (. % horgan-specific courseD—EREL TIRESh TLNVS,
® Cancer GeneticsIIRIEMHEBNDEMARTHY . MO/ICOLIZAITH S,
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1.5.EFB(ZHITHANADY / LEEREEE

B RERER (—HZEERR) (2)

B SomaticE (T

Somatico—9I I [FWGS/WESTIA K., H<{E THad hoclZpanel T{ToTLV5,
lon Torrent 22 genes*>OncoMine (LAY 11E Thermo Fisher Scientific) it &%, UKEATS5HFRT
ToTLBELS, (T LE100,000 Genomes Project®#il ;2 T BGenomic Medicine Centres
TIE%ELY, )
ZNHDEMTTIX., germlineld R TULVELY,
BlZ (X, RIEHAICTHER2ZEEMN R Dh o155 E X, off-label useHNHE(Z1E S AN, actionable mutation
MEONI=EBEED1/3HERRARICEZFIND,
NHSH R 5 /=AU FEIIREMNTH D,
J7—XAT/ZHORX L, RETIEHFYBERKRICE 2L TULVELY,

FLHBHE. somaticODpanelf@#T FLLTDOWNT A D A TEESND
NHSDHY—ERXT T, av/S=F 2 MELTEM.
R ¥ENTIET HEERAEBRNTERE, (12 1L, Cancer Research UK Stratified Medicine Programme 2
M D The National Lung Matrix Trial)

B 8- RRRKROFTER., (REERRE. ZEELELSBE~NDEFELEELTRHELTLSD, =
INEADEBRBHAMALTNS,)
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1.6. REHIZHTHERKRARTOT S5 L

B Cancer Research UK Stratified Medicine Programme2 (CRUK SMP2)
B CRUKAHILELGYERET S NCGSERW=A— I o—7o 0 OFERELEICUERRRER,

CRUK Stratified Medicine — Part 2 (SMP2)
Partners with the National Lung MATRIX Trial to take the concept further to clinical trials...

* Leveraging Strategic Partnerships « To deliver a Nationwide clinical trial for lung cancer (UK — 45,000/yr)
PRE-SCREENING NGS SEQUENCING NATIONAL LUNG MATRIX TRIAL
22
RLs ®@® Biomarker A
22 :‘x '&‘ DlrugA
A
.I.: 2 :1- Biomarker B
“raxs DrugB
CEA?CERC A "‘ e ‘x :.: Biomarker C
RESEARCH s s : DrugC
&z' % &;- 22 Centralised NGS - o
&,—_‘; ,-_x (Tec'mo'o‘gy HUbS) Biomarker D
222%% DrugD
22 2
I‘l :x ‘a“ x"
ALY, g D
22212 :x :.l: 1‘:: ||um|na
32 22222 2 S:D:;:":“'“NGS el - aligne ®a® Biomarker F
.A‘.; Teae % Bespok tssu’i «d f;:m:«uq &g ALK) .;- DrugF
2x22 DNA extracted from excess diagno: :,v-FPEDwe sies
2
CANCER
w RESEARCH
12 Wb UK

HiFT) The CRUK Stratified Medicine Programme - CREATING A PARADIGM SHIFT IN TARGETED CANCER CLINICAL TRIALS
(http://ccb.ncri.org.uk/wp-content/uploads/2014/04/CRUK-Stratified-Medicine-Programme_Rowena-Sharpe1.pdf)
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1.6. KB ICHITHEKRRARTOT 5L

B Cancer Research UK Stratified Medicine Programme2 (CRUK SMP2)
B SR/ ABEERRIC. 28 BIEFD/NARIVIZEDRI)—ZU T EEE,

CRUK SMP2 takes advantage of current NHS pathology pathways to deliver
high quality targeted sequencing

Key Design Features llumina

« 2,000 NSCLC screened per year across >/0 NHS
Trusts (at diagnosis) AKT1 CDK2 HRAS PTEN

» Testing carried out during 15t line therapy, with ALK coe RS Rel
result embedded in EPR at progression BRAF CDKN2A MET RET

» Excess DNA from diagnostic biopsies is utilised for CCND1 EGFR NFL ROS1
testing. CCND2 FGFR2 NRAS STKIL

* Only 50ng of extracted DNA is required for testing. CCND3 FGPR3 NTRK1 TsC1

* Arepeat biopsy may be performed in the event of CCNEL HER? PIKZCA ToC?

a fail/ TKl as 1t line therapy

The 28-gene panel was designed for clinical utility

 all regions are relevant for trial entry The panel assesses small point mutations, copy number

variants, large structural rearrangements and wild type.

Monthly progress reports and in depth quarterly
audits allow improvements to be implemented.

g CANCER
g RESEARCH
. UK

13

HiFT) The CRUK Stratified Medicine Programme - CREATING A PARADIGM SHIFT IN TARGETED CANCER CLINICAL TRIALS
(http://ccb.ncri.org.uk/wp-content/uploads/2014/04/CRUK-Stratified-Medicine-Programme_Rowena-Sharpe1.pdf)

33



RIS == AT

1.6. REHIZHTHERKRARTOT S5 L

B Cancer Research UK Stratified Medicine Programme2 (CRUK SMP2)
B ROY—=UT DFEERIZKEL., EFXthe National Lung MATRIX Triall2& x5,

The National Lung MATRIX Trial

|s designed as a rolling early-phase “signal seeking” programme... —

AZ [ MEDI

PTEN loss/mutation Squamous

EGFR mut T790M Adeno / squamous

* Longitudinal circulating tumour DNA
analysis

Adeno / squamous

« 2"9line trialis a Phase lla, single arm, 2- ::e""f““m”s
stage Bayesian design (n=30 pts per o
arm), with ORR and PFS endpoints Saquarnous
AT "
* Mono-therapy (combinations possible Adeno  susmous —
with dose/schedule) deno
I I —— — Eg
protocol to allow drop-in/drop-out Aden  saiamovs
« Single National overarching protocol, sauanos — 21
gmg[e regulato ry SmeISSIOﬂ PI3K/AKT deregulation (AKT1 mutation) Adeno (squamous) COhOI"tS
=
e ]

.8

No actionable change

il CANCER
i RESEARCH
14 et UK

HiFT) The CRUK Stratified Medicine Programme - CREATING A PARADIGM SHIFT IN TARGETED CANCER CLINICAL TRIALS
(http://ccb.ncri.org.uk/wp-content/uploads/2014/04/CRUK-Stratified-Medicine-Programme_Rowena-Sharpe1.pdf)
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NADYT / LEERREEH ORE

NAD T/ LEEREAH (germline)
NADYT / LEEREASH (somatic)
NGSZRW=2— 7 vbS— U ADBEZ
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2. {LE

20 ALBIZHBITAINADYT / LEEIRBEAH OHRE 37
21 1ALBIZE B ADYT / LEEIREAF (germline) 38
21 2ALBEIZEFEDADYT / LEEDEIKR (germline) 41
21 3ALBEIZEFEBADYT / LEEIZEIAFHIEZE (germline) 46
22 A AMEIZHITRaAVNZA U ZHEODERAIEBAT—LA 49
222 ALEIZEITHNADY / LEEIREAH| (somatic) 51
22 3ALEIZHEITEDNADT / LEEIRERNR (somatic) 5

224 AMEIZEITHENADY / LEEDERIL R (somatic) 5

225 A6 EIZETEBNANY / LEFEIZEAEH E X (somatic) 58
2.3 ALEIZHITBANGSEARAWN=2—T Yo — U RMDBEZEREIZA IT-BRY A 60
2AALNEIZHITAERKRABRTOT S A 63
2588 A—ILBEIWVEHEFEER (INCa) 65
2.6.; 85 RRER (—EE R 72
27 ALNBEIZHIFTAKRREL - ADBEBZLEEEICHRIT-RYHEHS 74

2.8 ALEIZHEITEINABEBDNSAL—3F )L ) —F 77
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2.0.LBIZHEFEHBADT / LEREEAF DOBE

ZHEEHE e |Institut National Du Cancer(INCa) W 77> T4 9 45T, ILEE£ L THAFEIE
DEGFREZRELTLS,

A SE A AE R 51| o LEEIIT130DELEFHI LI THENFEET D, b
(germline) DHhHIE) T EZ2% . 25D FTfETE S Honcogenetics
laboratories [CTEIEFREZRI(THENTESD,

{K#AfE (somatic) @ {AEZEIZ28h Frdmolecular genetics centres M7ETEL . &

EFREZIRHELTLDS,

NGSH#E T ® 2016FETICINGSEM/\NRILBWV-REZ LEEITRTD

(targeted NGS) germline, somaticD R EMEERICEEE T L& B1EIC, ERERIC
BANEDHSNTINS,

WGS/WES ® Genomic medicine France 20250 T, £E/ZWGS/WES
BENEEIHEBLE BREBRZECT IN—RDEERIEFTES
ncTus,

ERERELER @ le programme AcSETIE, N\ RILEEFHETEEREL., 7T—X I ERKREAER &L Toff

label DIZRBBEADT I ERAEREL TS,
® T, BIEF/\RILICKANGSEMZESLEEARAEREL T, SHIVA, MOSCATO,
PROFILERZE N H 5,
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211 AMBIZEBFEBADY / LEEREESH (germline)

B Oncogenetics laboratorieshBIZhI )T 1KY A TN -germline D& {5 F1&
BEHIRHELTLNS,

B LAEE£LXTI139MDEEHI )T E. 25D oncogenetics laboratories HVER E 4L
TLv%, (20164)

m REAS:
B EEHIREDIRE (genetic predisposition)
B A% (PARP inhibitorsIZ &%)
B EAA-RRENA BEIVI U FEEEOREZFIDICENR

B 2003FEMN52014%E T, £FEFEDBEEESET T, 145,888MD R imHEFH (index cases) 8 LU
61,434 M5 F (relatives) M iEEEZ=Z(171=,

Hi Fir) Oncogénétique (http://www.e-cancer.fr/Professionnels-de-sante/L-organisation-de-I-offre-de-soins/Oncogenetique)
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211 AMBIZEBFEBADY / LEEREESH (germline)

139 genetic counseling sites in 94 cities o= me
201 6 - Lens
( \ Valenciennes
Amiens B
N — o b o
f‘ A t I) A ] =L t580) =2 [H f‘ Chechaurg Le Havre Charlevjlle Mézieres
n 810)35 &jjlj/ /gjjﬂ_’,nx I=]de~ \. ——
» - ~ I z Metz
rj‘ -‘zl)* 73@—“75 7"*6 ~ W Reims (3) i
jj ‘/ J I:Ix \ b d‘ o g Caen I
W Brest Saint-griene ) @ by pahcy (2:/. Strasbourg (3)
. = Troyes
\l Rennes (2) (2} “ " Colmar
Le Mans ontargis
LorentYannes - 5 Oileina
L am el ¢ Aunerre ® Mulhouse
y : A ] Belfort-Montbéliard
Saint-Nazaire 13 /
t—a (2) . Dijon gBecancon
Cholet Tours Bourges (2)
" Nantes 3 Neyers
(3) | Chalon-sur-Sadne
Niort Poitiers
iol : -les-
: . Magoh Thohon-les-Bains
La Rochelle
Clermont-Ferrand (2) Lyon (10) Annegy
A Em B Limoges
Angouléme I21g ) Chambéry
Saint-Etienne ®
Grenoble (2)
Bordeaux/ (2) Jaurillac
™\ Valence
Gap
Rodez )
Avigrion_
Nimes (2)m ™
A L Grasse Nice
Bayonné Toulouse (2 Montpellier (3 e O'r_e »Draguignan Ao - Mougins
Martigues: Aubagne
% arbes Béziers Marseille Toulon ¢4 Pestia
(5)
Corté
Perpignan
Bonifacio
Bobigny
m  Bondy (2) % -
Clichy ® L
Neuilly ;.Jr.ggn,_, W Paris (12) Pointe a Pitre Fort de France
Saint-Cloud M wg remlin Bicétre
Villejuif
Saint-Denis
Brils-sous-Forges Corbeil-Essonnes Sainte-Clotilde
Cayenne
@ Saint-Pierre
B Consultation principale ——» Relation entre consultation principale et avancée
Consultation avancée B—8 Association de consultations

HiFfr) Le dispositif national d'oncogénétique (http://www.e-cancer.fr/Professionnels-de-sante/L-organisation-de-l-offre-de-soins/Oncogenetique/Le-dispositif-national-
39 d-oncogenetique)
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%

[ZHBTBINADYT /L

B 25 laboratories for genetic testing (20164E)

Oncogenetics laboratories Tl FLAA - I
BMA (BRCA) LU U FiEIEE (MMR)

ZHRIDICEREZRRELTLS,

FheRCEITIRENBILEG S,

KU = =i GBI

= et

4kl (germline)

CHU de Rennes B

Centre Jean Perrin, Clermant-Ferrand B ]
[ ] = syndrome de Werner CHU-CLCC? de Lyon
cancers fréquents
L]
Institut Bergonie, Bordeaux B
@ ¢ + maladie de Cowden, syndrome de Gorlin

° ™ [ L1

CHU de Montpellier gtk
- a APHM
IUCT Oconpele, Toulouse ]
L] + maladie de Cowden Institut Paoli Calmettes, Marseille

L] o dkE + ac papillaire r
Gustave Roussy, Villejuif héreditaire, hy
L Ll Institut Curie
carcinome papillaire rénal héréditaire, mélanome ° 3

WA #® - adéno
syndrome de Peutz-J
Centre Oscar Lambret, Lille ® CHU de Lille
L ]

ux, hyperparathyroidisme

juvenile

+ maladie de Cowden, fyndrome de Li- v

syndrome de Peutz-Jeghers, syndrome de polyp

e énile
CHU de Rouen

CHU-CLGC" de Reims L ]
] L Centre Paul Strauss,
Centre Frangois Baclesse, Caen Strasbourg
- @ CHU de Nancym ol
L]

CHU de Strasbourg

B0 Centre Georges-Francois Leclerc;
Dijon
B CHU d'Angers =
]
CHU de Nantes
L]

CHU de Lyon
cancers non fréquents

drormie de Li-Fraumeni,

wdrome de polypose juvénile

[ APHP Hipitaux Universitaires Pitie-Salpétriere Charles-Foix (Fitié-Salpétriere)
L ] W + maladie de Cowden, syn

irome de polypose juvénile
| APHP Hopitaux Universitaires Paris Nord Val-de-Seine (Bichat)

nome, syndrome de Birt-Hogg-Dubé, syndrome de Gorlin, Xeroderma Pigmentosur

B Paris < s Ouest (Cochil

Lindau
angliome héréditaire

! Institut Jean Godinot ? Centre Léon Bérard

HiFfr) Le dispositif national d'oncogénétique (http://www.e-cancer.fr/Professionnels-de-sante/L-organisation-de-l-offre-de-soins/Oncogenetique/Le-dispositif-national-
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%

212 ALEBIZHIFTEINADT /L
B E{EAVE)T DEMIKR (20154F)

EEDERIR R (germline)

TR EDBIEHV )T EER

EHRDEBELEHIVEITDEBEHHE
BN T RAVFREETODEH

[ TABLEAU 1] » 2015 e Consultations d'oncogénétique e Etablissements
P Repartition des consultations realisees entre etablissements 4

Consultations en 2015 Etablissements ou associations d’établissements
v Institut Curie : 3 656 ¥ APHP lle-de-France Est : 2 231
¥ Montpellier CHU-CLCC : 3 442 ¥" Grenoble CHU - Chambéry CH : 2 166
¥ Angers CHU-CLCC : 2 754 ¥ Lille CLCC : 2 099

> 2 000 5. .

v Villejuif CLCC : 2 572 ¥ Toulouse |UCT Oncopole : 2 080
v Marseille CLCC : 2 477 v APHP i.e-de-?ra-\c_‘e Centre et Ouest : 2 055
+ Lille CHU : 2 327
v Rouen CHU : 1999 ¥ Dijon CHU-CLCC : 1 794
¥ MNancy CHU-CLCC : 1 959 + Caen CLCC : 1 767

1500 -2 000 vviyoncHu:1921 ¥ Rennes CHU-CLCC : 1 511
v Lyon CLCC - Valence CH : 1 833 v APHP Tle-de-France Nord : 1 510
¥ Clermont-Ferrand CLCC : 1 803 ¥" Nice CLCC : 1 501
v Bordeaux CLCC : 1 330 ¥ Reims CHU-CLCC : 1 271

1 000 - 1 500 ¥" Nantes CHU-CLCC : 1 320 ¥ Nantes Centre Catherine de Sienne : 1 120
¥ Niort CH - Poitiers CHU : 1 306 ¥ Tours CHU : 1040
+ Besancon CHU : 987 + Amiens CHU : 819
¥ Marseille CHU : 939 ¥ Strasbourg CLCC : 725

500 - 1 000 v strasbourg CHU - Colmar CH : 910 v Saint-Etienne CHU : 592
¥ Avignon Institut Sainte Catherine : 873 ¥ Limoges CHU : 591
v Brest CHU : 839 ¥ Toulon CH : 519
¥ Nimes CHU : 491 ¥ La Réunion CHU - Clinigue Sainte-Clotilde : 313
¥ Mulhouse CH : 396 ¥" Bordeaux CHU : 312
< 500 ¥ Reims Polyclinique de Courlancy : 381 ¥ APHP fle-de-France Sud : 195

¥ Fort de France CHU ; 341 ¥ Pointe a Pitre CHU : 113
¥ Vannes CH : 337 ¥ Le Havre CH : 101

[ FIGURE 5 ] » 2009-2015 e Consultations d’oncogénétique » Délais
» Nombre de cas index vus en consultation (toutes indications confondues) et délais medians d'obtention d'un
premier rendez-vous 4

28 000 o

24000 9
c
L
= 20000
2
5
3
g
[=]
5]
c 16000 9
o
5
B
5
L)
o
b=
w 12000 4
S
] 20 467
L
E 17 841
S 8000 1 1228
= 14000 14573

4000 A

0
2009 2010 201 2012 2013 2014 2015

s BIEHAVUEIVIDZZITITRTOEEDEET
26,14844-T. BERZ ThHoT1-,

« 2015%(Zindex case TIEIGHI )T DT RA UM
MBS HETHORRBIX12BRE (b LiE) TH-o1-,

o [EIFFIC, relativel X7/ (R R{E) THhOoE)V T
[+TUL =,

Hi ) Oncogénétique en 2015 - Consultations et laboratoires (http://www.e-cancer.fr/Professionnels-de-sante/L-organisation-de-I-offre-de-soins/Oncogenetique/Le-

dispositif-national-d-oncogenetique)
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21.2ALEIZHITHHRADT / LEEDERKR (germline)

B Oncogenetics laboratories TE et f= £ 7Zigermlinet& & (20154 )

[ TABLEAU 2 ] » 2015  Laboratoires d'oncogénétique » Prédispositions >‘< CI+ . B%ll‘i@
PREDISPOSITIONS GENES cl+ APP + " )
GENES Mom du (des) gene(s) directement lié(s) a la prédisposition mentionnee et ayant donneé lieu a la in X
rédaction d'un compte rendu diagnostique en 2015 €DC73 13 8 d
i e AT S HYPERPARATHYROIDISME ex cases
a Cas index identifies en 2015 comme porteurs d'une altération genetique du (des) géne(s) mentionne(s) CASR 8 0
+
(MP ou RGT) APP+ M= ‘i o)
Apparentes identifies en 2015 comme porteurs d'une altération génetique du (des) gene(s) mentionne(s) PTEN 18 19 b ﬁ
APP + parentes ide 25 en 2015 = porteurs d'une alterat = e du (de 1e(s) mer e(s MALADIE DE COWDEN
pica ’ : relatives
: 2 10% 19
PREDISPOSITIONS GENES Cl+ APP + MALADIE DE FANCONI FANC - o
BRCA1 B47 1181
- ) o CDKNZA 16 22
SYNDROME SEIN5-OVAIRES BRCAZ 729 092
. i o e alde) MITF 7 0
(comprenant les cancers de |'ovaire isoles) PALBZ 24 4 MELANOME MALIN FAMILIAL
RADST 10 7 BAP1 3 3
CDK4 1 0
MLHT 85 179
! NF1 443 85
MSHZ 153 264
NF2 40 1"
MSH6E 79 118
NEUROFIBROMATOSES LZTR1 30 0
PMS2 49 54
] ) SMARCBT 8 0
EPCAM 5 [
SPRED1 7 1
AUTRES * 6 5
RETINOBLASTOME RB1 30 13
APC 85 163
SYNDROME DE BIRT-HOGG-DUBE FLCN 55 34
29
MUTYH \ |
5¢ 9 7 "
SYNDROME DE BLOOM BLM
{on 10
CDH1 17 13
SYNDROME DE CARNEY PRKAR1TA 6 8
MENT 7 1
B NEOPLASIES ENDOCRINIENNES RET 38 89 SYNURDME. DE GORLIN fica? 2s 12
CDKN1B 2 0 SYNDROME DE LI-FRAUMENI TP53 40 32
()  MALADIE DE VON ¢ LINDAU VHL 59 37 SYNDROME DE PEUTZ-JEGHERS STK11 17 7
SDH 98 110 - BMPR1A 8 4
SYNDROME DE POLYPOSE JUVENILE
TMEM127 2 3 SMAD4 3 7
o Y MAX 1 2 28 o®
EpAC] 1 XERODERMA PIGMENTOSUM XP
EPAST 1 3o gl
ADENOMES HYPOPHYSAIRES FAMILIAUX AlP 1 7
3310 3842
ATAE T ARGIECTASIE ATH 10 " B Cas index ou apparentés porteurs de mutations bi-alléliques
2 5 -
MONO ¢ 25 index ou apparentés porteurs d’une mutation mone-allélique
CARCINOME PAPILLAIRE RENAL HEREDITAIRE FH 10 18 Z
Hyperméthylation constitutionnelle du promoteur du géne MLHT notamment

Hi ) Oncogénétique en 2015 - Consultations et laboratoires (http://www.e-cancer.fr/Professionnels-de-sante/L-organisation-de-I-offre-de-soins/Oncogenetique/Le-
dispositif-national-d-oncogenetique)
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[CHBITBIDNADT /L

HUACH=REEG

=B DERIKR (germline)

B Oncogenetics laboratories Bl Mindex case M E i #1 (2015%)

414
906
245
1641 495
55
15771 118N
o S g @
o o 2 S
v = - b
= 2 = E]
8 ¥ & £
£ g
v i
a8 o
o
T
o
<<

Caen CLCC

[ FIGURE 8 ] » 2015 e Laboratoires d’oncogénétique e Etablissements

Nantes CHU

P Répartition des cas index testés entre laboratoires ¢

Autres cas index testés

Cas index testés dans un contexte de suspicion de syndrome de Lynch

M Cas index testés dans un contexte de suspicion de syndrome seins-ovaires ou de cancer de l'ovaire isolé

12301 6161 5418 999

APHP Pitié-Salpétriére

1012

Lyon CHU-CLCC cancers fréquents

Rouen CHU

Lille CLCC

Nancy CHU

169

115

-
]

Montpellier CHU

930

Lyon CHU cancers non fréquents

26
69

-~
iy
-

Toulouse IUCT Oncopole

77

92

3
A

Clermont-Ferrand CLCC

499 125
622
46
500
337
213 19 3
22
2 35 2 3 2 5 2 5 =
] o =] o ] o o o o
2 x 2 ) g < g 3 g
3 2 T 5 = 2 @ I 3
o) ] =} [ B c o o
h=} = o o << w )
= w o
s = © E =1
- 7] v
«n (3

APHP Paris Nord Val-de-Seine

¢ FL15
c KRB ZDMDBRE

o KB UFEERFEDT-
OIZEINT-RE

« FHE IHAA-TIELA
I ENAERD
=HIZEESNT-IRE

Hi ) Oncogénétique en 2015 - Consultations et laboratoires (http://www.e-cancer.fr/Professionnels-de-sante/L-organisation-de-I-offre-de-soins/Oncogenetique/Le-
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21.2ALEIZHITHHRADT / LEEDERKR (germline)

B Oncogenetics laboratoriesIINGSHEA SN TULVD, 2015F DRKRIZLL T D@EY,
B 17ORESHRNZE B TEEZELTNGSEFIALT-,
B SOBREBEIHRIAFKERBERTINGSEEEZETIRATSLSIE 1=,
B 3DRESRTEARBTHS,
O
O

20154 (2B E = T1-index cases 24,706 M55, 73%(17,91244) BANGSIZ7 Ut AL T=,

A -BENAIZONTIE, 204FE N7 DODRETRHANCSEEEZR CTHAL TS, 2K
DEFEIEL. 2014F 16,0694 H 52015F D7,158FIZEMLT=z, (TFR)

3 2()14&\ 201 5E0)$L7§§/U - B [ TABLEAU 3 ] » 2014-2015 e Laboratoires d’oncogénétique e Tests génétiques et délais
%bﬁ&o)lndex Case':j% H—é » Nombre de ces index testés et‘dfélais de réponse de la parF des laboratoires ayant utilisé le NGS en routine
NGS*IJFE@EO)%F@’;&&~ clln‘1que tout aju long des annees 2014 et 2015 ¢ - |
{ﬁa%b§& 63:_—60) H%FEﬁ (5@) Cas 1nd:;(n;izt;sed;?ssfvz?:::xte de Délais dis;e;:;::) résultat

2014 2015 2014 2015
Caen CLCC 1443 Ve 1616 8 N 5
Nantes CHU 1154 A 1 541 47 N 40
Institut Curie 1183 = 1230 10 A 15
APHP La Pitie-Salpétriere 929 ey 999 20 N 17
Nancy CHU 572 A 951 59 N 52
Bordeaux CLCC 442 Ve 516 32 = 30
Dijon CLCC 346 N 305 45 = 45

Hi ) Oncogénétique en 2015 - Consultations et laboratoires (http://www.e-cancer.fr/Professionnels-de-sante/L-organisation-de-I-offre-de-soins/Oncogenetique/Le-
dispositif-national-d-oncogenetique)
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21.2ALEIZHITHHRADT / LEEDERKR (germline)

B 20145 (2750 R e X TEMS - oncogenetics consultation|Z&bEEhH )T,
25 oncogenetics laboratories|Z L DB FREEBEDEF M EIFESIN-FIT D

oncogenetics consultation 56,897
oncogenetics laboratories index cases 20,845
(carrier) (2,863)
related cases 9,005
(carrier) (3,661)

B 2003- 2014FED12ERTITVARE T THESIN XY T DO

index and related cases, carrying a mutation predisposing hereditary to cancer 49,518
BRCA mutation 20,737
MMR or EPCAM mutations 7,405
APC mutation 2,565
bi-allelic mutations in the MUTYH gene (2009-) 509

HiFfr) Le dispositif national d'oncogénétique (http://www.e-cancer.fr/Professionnels-de-sante/L-organisation-de-l-offre-de-soins/Oncogenetique/Le-dispositif-national-
45 d-oncogenetique)
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21.34MBIZBITE2NRADY / LEERIZEHAFIEZE (germline)

B EEBMICEICgermlineDERFEEZTXRIZ. EEEEE “Régles de bonnes pratiques
en génétique constitutionnelle a des fins médicales (Hors diagnostic prénatal)’ h (R 7€

SnTLh%,

@ BRRREFOELE _

@ BERREHBT-BRL.ET =
BEICHRET HIAHELE

BEIZFHRERIEDESE- 0
R~ DR B IR B2 u

T—EIN—RIBEKFHIEE =

E& BB ANDBIGHFEOREEIEIDNATA U H—T ) UMK K S {E
AN#AZEEETHREZEX. T XTDbiology laboratories| 23K & 5 5 EREE
SHE(CANR . thish R 2B (Agences Régionales de Santé: ARS) DEEA[ %
ZFEIFNIETEBEN,

TR TOEERKREYFREE (les laboratoires de biologie médicale (LBM) )
[X.2020FFE TIZ,. BT 2T NTOEENZHLVT, ISO 15189(2#Hlg 5
e, ILEDERTE (accreditation) #R8 THSHCOFRACH LR DN TLVS,

BREHRZRIIT &L, Agence de la biomédecinemM bR AR BTN
BB, BRIISEZ LITEHFINE FNITESE,

EROMBRL, BaISnBICKYERSh., BRTFREDOSHTELVLA
DA D P TRESNEFRICE OV TITHND,
BIEFREZUATIEICODVTHEESN TS,

BREAZROFA., BEMATR - ZREAMEANOHIGIZTOVWTHRESATINS,

ST

K PaediatricsIZ DU\ TI&, $FITERINTLVELY,

HiFT) Regles de bonnes pratiques en génétique constitutionnelle a des fins médicales (Hors diagnostic prénatal)
( http://www.has-sante.fr/portail/upload/docs/application/pdf/2013-02/regles_de_bonne_pratique_en_genetique_constitutionnelle_a_des_fins_medicales.pdf )

Actualités de la section Santé humaine (https://www.cofrac.fr/fr/activites/sante.php)
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21.34MBIZBITE2NRADY / LEERIZEHAFIEZE (germline)

B LAEICETHSREBERZDRE REANDGRARGIEE (BFENY- ZROFRERLZED)
B EETFREZNS I SHFE (prescripteur)

EIZEP9E (médecin généticien)
EIEF Y] 4 EER (médecin qualifié en génétique) [T EBL TWVREIZH I E5—
(conseiller en génétique)

BIZEMTEVERMT. BRRE(ERE. ABREE) BLURKEDEARTERZLTHY. BE
RN TE=5E (BRIKEEIETF—L (équipe de génétique clinique) EEELA T IEAES4ELY)

B RERID:RHA

BRI, B LT DEGAIEZRAML TULSEERM (praticien) [I2&> T, EAEERD TR
SN, KADFHEEREF-LTERRENTELLIICLAITNITGSELY,

IR EINBEREFFHIZCOVLDTRENTLNS,

XEIZXDRIEITECFREDAICEHT. ABEZHAML., HAH DN DOTERYELATEEL
ETiThhiziThiEiEsin,

RERBONBZEIZDLVTRINTILS,

HiFT) Regles de bonnes pratiques en génétique constitutionnelle a des fins médicales (Hors diagnostic prénatal)

( http://www.has-sante.fr/portail/upload/docs/application/pdf/2013-02/regles_de_bonne_pratique_en_genetique_constitutionnelle_a_des_fins_medicales.pdf )
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21.34MBIZBITE2NRADY / LEERIZEHAFIEZE (germline)

B AEICBITHREBERIZEDEBE -REANDFBAARGIEE (BRI -ZROAEFGZET)
B BRERDSHA
B EEFREOERIIREENCEEEREEICIEAONAIRETELGL MALE-EISIEALN
BRETH5,
B FEROBHRICEENDIRZFHNARIZDODVNTREINTLVS,

B EENAR-ZREFARADXTE

B AAINELUNDEBICET S, BEFELLGOVRERRENEONAAREMIZ DT, EEIEIE
BN ZEREFREINGITNEGLHEN, BFIE. ChoDREERZMNAINEMTERLEITH
Ay (AW

B FEREVAERBMEMNEEE D/ \) 7k (Variant ayant une conséquence clinique connue) 1A%, L
AN BEEIZBEENGVMERICOWVWTIR BRI T RBEEEO-FHMFE
FHELOHEGHEELNEZEEINIEES. BANFGELTULIWNIE, ZOHBRIREEZDLR—F
TEREINS,

B REEDODLR—HMIBENEIRNZTARITOVTREINTLS,

HiFT) Regles de bonnes pratiques en génétique constitutionnelle a des fins médicales (Hors diagnostic prénatal)
( http://www.has-sante.fr/portail/upload/docs/application/pdf/2013-02/regles_de_bonne_pratique_en_genetique_constitutionnelle_a_des_fins_medicales.pdf )
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22 ALEIZHBFHAVNFUZHEOERAASHEIAX—LA

B OVNZAUEHENMEERICESZTOER(2014FE 11 AR S)

B —ROEERIEEBESARIVMNIKYIERETEFMEND,

B OVUNZFUZHREFEEREMM - EREMEME &= (CNEDIMTS) A&, £EERREREEE
& (UNCAM) Ml =519 5,

B NAREEBOIAV/NZFUEEREIZONTIE, EEMICINCaD FETHHOLNTEY. 28Mmolecular
genetics centres|Z TRt TLVS, INCalF B4 & (Ministry of Health) R VR EMNST7
FE#/{TW5, EERORFERBICRET DA/ F U ZHBRBEDRBEETEEEL TS,

B fREZFHE[Emolecular genetics centresIZi& Az £ 9 SHZETINCahb{EiZZ =175, Molecular
genetics centres(. INCaM L EIEI77UREZ(TTULNS,

B O, LWOMDBRREEIZDOVTIE. BIDT7oTAV T RAEX—LHOFET D,

B OVUNZFUZHMEBELEETIEERDHMEML TS O, INCaBN T RTHDAV/INNZF VDK

ReXETHELX. EEETRANELDEH DN TS, TN, INCalZLEHXIEZEED
T7oTAVT AF—LICBITT HIENREARBE LG O>TLD,

Hi ) PERSONALISEDMEDICINE IN EUROPE — Enhancing Patient Access to Pharmaceutical Drug-Diagnostic Companion Products
(http://www.epemed.org/online/www/content2/104/107/910/pagecontent2/4339/791/ENG/EpemedWhitePaperNOV14.pdf) ;
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22AALBICHTAaAVNZ AU ZHEOEABHEXT—LA
B OV AVSHRENMEZIZESTOLR (201411 BB S)

WEIZBITEaAVN\=F U2 HEDFM. EREHEF—LA -
s EEREOAIIN=ZFE

PHARMACEUTICAL DRUG (Rx) COMPANION DIAGNOSTIC (CDx) FRANCE EDENZTNIZEWTRIE
EEDAEZHHET 5A
ONII.\NJEC&EJGY j\: Ab\%éb\s Eq:{ﬁjol:l
TRUSEAE Y T AABREIZT N TEY
EVALUATES IMPROVEMENT ":’:EDISSLE dﬁﬁgﬁs MEBEBDEAEREOT
OF MEDICAL BENEFIT SYNCHRONISATION? EAERIN TN,
INCREASE CLINICIAN
MAJOR/ MINOR NONE AWARENESS

o MNASEITIL. INCah &
BEODZMETIEAA~AD

MODERATE l ‘
EUROPEAN PRICE PRICING NEGOTIATION INTERNAL #\_ "V“} j% ﬁg 5%' L/ -t ll \ é o
(INTERNATIONAL BETWEEN CEPS AND REFERENCE - w7 -~

REFERENCE Rx MANUFACTURER PRICING s LANLZOXELETEWL

PRICING) )
svoLscan LDTHY. BEORIRE
CREATES CODE S — BARATLADFZT b\*ﬁ
PFIICE ) =
SEEKS TO PROVIDE TEST SN TLVS,
AT THE TIME OF DRUG
REIMBURSEMENT DECIDED TARIFF
BY MINISTRY OF HEALTH cc“”mm

LAUNCH
STATUTORY HEALTH INSURANCE

TRANSITION? |L TEMPORARY ONLY |

Hi ) PERSONALISEDMEDICINE IN EUROPE — Enhancing Patient Access to Pharmaceutical Drug-Diagnostic Companion Products
(http://www.epemed.org/online/www/content2/104/107/910/pagecontent2/4339/791/ENG/EpemedWhitePaperNOV14.pdf) ;

50



222 LBz TAINADS / LEFIRMESF (somatic)

B molecular genetics centresh, somaticDi&{=
FREZIRELTLS,

B IREAA:
B W/ TRl RE

B @R OERKE (A ImP. FALREES)

IZREDHLT . HoPHEERICEMEDBIME.
BERNAZHRICEO-0FREEIRM

B 28 regional centres

BB OHET, KERRESLUAAELS—
ICFIRT ABERDREELREL TS,

B REFERIVEMFEELHNERICHS

B 20144IZ[&. 70,000 AD A A EFE H111,500
DR FFRREERITT=,
|

2016 FFE TITT ANTOREZEILISO 1518952
REZEIF T H2EMKOHLN TS,

KU = =i GBI

28 molecular genetics centres

Les 28 plateformes de génétique moléculaire des cancers

O

Hi ) Plateformes de génétique moléculaire : missions et localisation (http://www.e-cancer.fr/Professionnels-de-sante/Les-therapies-ciblees/Les-plateformes-de

genetique-moleculaire-des-cancers/Missions-et-localisation-des-plateformes)
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223 MEIZBFEI3NADST / LEEIEHAZR (somatic)

B molecular genetics centres TRt TLYH60MD somatic BIZFREND—E (2017FE1 AR R)
B DFENEOMRETFANT S/N\14A<—h—

Prescription du trastuzumab dans le cancer du sein métastatique et en
adjuvant dans le cancer du sein précoce

Cancer du sein Amplification de HER2 Prescription du pertuzumab en association avec trastuzumab et docetaxel
dans le cancer du sein métastatique
Prescription du lapatinib dans le cancer du sein métastatique

Cancer gastrique Amplification de HER2 Prescription du trastuzumab dans le cancer gastrique métastatique
Mutations de KRAS Prescription du panitumumab et du cetuximab dans les cancers colorectaux

Cancer colorectal métastatique Mutations de NRAS ne présentant pas de mutation de KRAS ou NRAS
Mutations de BRAF

. Mutation de KIT Prescription d’imatinib

GIST (Gastro-Intestinal Stromal Tumor) - tion de PDGFRA Prescription d’imatinib
Mutations ’'EGFR Prescription du gefitinib, d’erlotinib, d’afatinib ou d’osimeritinib
Translocations d’ALK Prescription de crizotinib ou de céritinib
Translocation de ROS1 Prescription de crizotinib

Cancer du poumon Mutations de KRAS

Mutations de BRAF
Mutations de PI3KCA
Mutations de HER2

Mutations de BRAF Prescription de vemurafenib , de dabrafenib, de cobimetinib ou de trametinib
Mélanome Mutations de KIT
Mutations de NRAS
Glioblastome Méthylation de MGMT Sensibilité au temozolomide
- o . Translocation de BCR-ABL au Prescription d’imatinib ou de nilotinib en 1re ligue de traitement.
Leucémie myéloide chronique (LMC) / diagnostic
Leucémie aigué lymphoblastique (LAL) Détection de BCR-ABL pour le suivi Résistance a I'imatinib/prescription de dasatinib, de bosutinib ou de ponatinib
de la maladie résiduelle en 2e ou 3e ligne.
Mutation d’ABL
Délétion 17p

Leucémie lymphoide chronique Prescription d’idelalisib

Mutation de TP53

HiFfr) Liste des tests de génétique somatique réalisés par les plateformes de génétique moléculaire des cancers
(http://lesdonnees.e-cancer.fr/Themes/Soins/Les-tests-de-genetique-somatique/Les-tests-de-genetique-somatique/Liste-des-tests-de-genetique-somatique-
52 realises-par-les-plateformes-de-genetique-moleculaire-des-cancers)
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B molecular genetics centres TRt TLYH60MD somatic BIZFREND—E (2017FE1 AR R)
B ZEMTOEREAART o/NAAT—hH—

- . ... Mutation JAK2 V617F . C e, .
Suspicion de syndrome myéloprolifératif Quantification JAK2 Diagnostic différentiel
Instabilité des microsatellites
Syndrome de Lynch Méthylation du promoteur de MLH1  Suspicion de forme héréditaire de cancer

Mutation de BRAF

B ERERRAEY. WRERFH., EMFRINTA—F—Z@OZZENT 6/ \ 1+ < —h—

Hémopathies Carvotype Aide au diagnostic/
P YOYP classification en sous-types

Anomalies chromosomiques Aide au diagnostic/

Lymphomes non hodgkiniens spécifiques
Quantification cycline D1 classification en sous-types
Amplification de MDM2/CDK4 Aide au diagnostic/
Sarcomes . . e
Translocations diverses classification en sous-types
Gliomes Codélétion 1p/19q Aide au diagnostic/
Mutations IDH 1 et 2 classification en sous-types
Lymphomes non hodgkiniens Clonalité B/T CUEEORH IS

lymphoprolifération réactionnelle

HiFfr) Liste des tests de génétique somatique réalisés par les plateformes de génétique moléculaire des cancers
(http://lesdonnees.e-cancer.fr/Themes/Soins/Les-tests-de-genetique-somatique/Les-tests-de-genetique-somatique/Liste-des-tests-de-genetique-somatique-
realises-par-les-plateformes-de-genetique-moleculaire-des-cancers)
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[ZHBTBINADYT /L
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LA (somatic)

B molecular genetics centres TRt TLYH60MD somatic BIZFREND—E (2017FE1 AR R)
B BEOREAHICELLIFRTFAT—H—

Leucémie lymphoide chronique (LLC)

Myélome multiple

Leucémies aigués myéloblastiques (LAM) Mutations de FLT3, NPM et CEBPA

Neuroblastome

Anomalies chromosomiques
Mutation IgVH
Anomalies chromosomiques

amplification de MYCN

B BREREREOIAO—TYvIT—H—

LAL/LAM

LAL

Participe a I'orientation du traitement

Participe a I'orientation du traitement

Participe a I'orientation du traitement

Participe a l'orientation du traitement

Quantification de transcrits de fusion

Quantification d’anomalies
chromosomiques
Quantification WT1

Suivi de la maladie

Quantification du réarrangement des

genes du TCR ou des Ig
Clonalité B/T

Allogreffe de moelle pour les hémopathies Chimérisme postgreffe

Suivi de la maladie résiduelle

Suivi de la prise de greffe et du rejet

HiFfr) Liste des tests de génétique somatique réalisés par les plateformes de génétique moléculaire des cancers
(http://lesdonnees.e-cancer.fr/Themes/Soins/Les-tests-de-genetique-somatique/Les-tests-de-genetique-somatique/Liste-des-tests-de-genetique-somatique-
realises-par-les-plateformes-de-genetique-moleculaire-des-cancers)
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223 MEIZBFEI3NADST / LEEIEHAZR (somatic)

B molecular genetics centres TR SN TULVSHERE (20144 )

[ Tableau 16 ] Récapitulatif des tests réalisés par les plateformes de génétique moléculaire des cancers

Localisation tumorale Biomarqueur Thérapies ciblées associées

Cancer du sein Amplification HERZ2 trastuzumab, lapatinib
Cancer de I'estomac Amplification HERZ trastuzumab
Cancer colorectal Mutations RAS panitumumab, cetuximab
Mutations de BRAF
GIST Mutations KIT et PDGFRA imatinib
Syndrome de Lynch [HNPCC) TEST MSI
Méthylation MLH1
Mélanome Mutations de BRAF vemurefenib, dabrafenib, trametinib
Mutations de KIT et NRAS
Cancer du poumon Mutations EGFR gefitinib, erlotinib, afatinib
Translocation ALK crizotinib

Translocation ROS1
Mutations KRAS, BRAF, HERZ2, PI3KCA

Sarcomes Anomalies chromosomiques
Amplification MDM2/CDK4
Tumeurs céréhrales Amplification MYCN

Codélétion 1p/19q
Mutations IDH 1 et 2
Méthylation de MGMT

Leucémie myeloide chronique (LmC) Détection et quantifications de BCR-ABL imatinib, dasatinib, nilotinib, bosutinib,
Mutations ABL ponatinib
Anomalies chromosomiques
Leucémie aigué lymphoblastique [LAL) / Anomalies chromosomiques
Leucémie aigué myéloide [LAM) Mutations FLT3, NPM, CEBPA
Quantification WT1
Leucémie aigué lymphoblastique (LAL) Clonalité B/T
Quantification IGH - TCR
Leucémie lymphoide chronique (LLC) Anomalies chromosomiques
Mutations IgVH et TP53
Syndrome lymphoprolifératif (SMP) Mutations JAK2, MPL, CALR et ASXL1
Quantification JAK2
Syndrome myélodysplasigue [SMD) Anomalies chromosomiques
Myélome multiple Anomalies chromosomiques
Lymphomes non hodgkiniens Anomalies chromosomiques
Quantification cycline D1
Clonalité B/T
Hémopathies Chimérisme post-greffe

Source: INCa 2015

HiFr) LES CANCERS EN FRANCE /Edition 2015 (http://www.e-cancer.fr/Expertises-et-publications/Catalogue-des-publications/Les-cancers-en-France-Edition-2015)
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224 ALMBIZHFEIBNADT / LEEDERIR R (somatic)
B molecular genetics centres TIRIESN TL\SIERE D E I (20144FF T)

[ Tableau 17 | Nombre de tests selon la localisation cancéreuse en relation avec les thérapies ciblées
depuis 2007
Nombre de personnes 2007 2008 m 2010 2011 2012 2013 2014
cancéreuse
Leucémie myéloide Détection BCR-ABL 6171 6 235 6 569 6 497 6 559 6 750 7 505
chronique/leucémie  hors caryotype
aigué lymphoide standard
Quantification 6 700 7410 8 196 11014 13 757 13 841 14 050 14 489
BCR-ABL (19717%) (20 751*) (22 128*] [23849*) (28 607*) [29765*] [(32396*] (35470%)
Mutations ABL 856 888 950 861 836 861 785
GIST** Mutations cKIT 701 831 829 982 944 925 1105 1189
Mutations PDGFRA 701 784 770 891 880 860 1005 1004
Cancer du sein Amplification HER 2 5416 6748 7798 8 545 8 853 8924 8 866
Cancer de I'estomac = Amplification HER 2 / 65 330 443 648 709 809
Cancer colorectal Mutations KRAS 1100 10012 17 246 16 581 17 003 18 568 19 347 22011
Cancer du poumon Mutations EGFR 1269 2 667 16 834 20750 22 359 23 336 24 558
Translocation d’ALK 4543 13 891 18 861 21183
Translocation ROS1 5414
Mélanome Mutation du BRAF 651 3479 4629 5026 5534
* Nombre de tests.
** QIST: tumeurs stromales gastro-intestinales.
Source: Activité des plateformes hospitalieres de généetique moléculaire 2007 a 2014. Traitement: INCa 2014

HiF) LES CANCERS EN FRANCE /Edition 2015 (http://www.e-cancer.fr/Expertises-et-publications/Catalogue-des-publications/Les-cancers-en-France-Edition-2015)
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224 MEIZBFEINADT / LEEDERK R (somatic)

B molecular genetics centresTEESN =R FRENEDNRZ FRITH/ N\ T—H—&
EDOERMEFMHEDEE (20144F)

TABLEAU 4 Nombre de recherches de marqueurs prédictifs de la réponse a une thérapie ciblée,
réalisés par les plateformes en 2014
NOMBRE DE PATIENTS POURCENTAGE DE THERAPIES CIBLEES
EATHOLOGE SOMBROUEUE TESTES TESTS POSITIFS® » ASSOCIEES
Amplification Tsstlickiman
Cancer du sein 3 P 8 866 18,4 % Pertuzumab
d'HER2 5 =
Lapatinib
Cancer de I'estomac Ampifcation 814 18,2 % Trastuzumab
d’HER2 P
Mutations de
22011 44,2 %
KRAS ’ Panitumumab
Cancer colorectal : )
Mutations de 18 085 47% Cetuximab
NRAS s
Mutations de KIT 1189 61,6 %
GIST MGTatiors da 1 004 1745 Imatinib
PDGFRA e
Gefitinib
Mutations o Erlotinib
d’'EGFR 24558 10,5% Afatinib
Osimertinib
Cancer du poumon - —
Translocation 21183 39% Crizotinib
d’ALK e Ceritinib
Translocation de 5414 1,3 % Crizotinib
ROS1 s
; Mutation de o Vemurafenib Dabrafenib
Meélanome BRAF V600 2534 34,8 % Cobimetinib Trametinib
. ) Imatinib
Détection de o o
o BCR-ABL 7453 16,6 % Da.sa1€|n.|b
Leucémies Nilotinib
Mutations d’ABL 785 21,5 % Bosutinib
Ponatinib
HiFlr) Les thérapies ciblées dans le traitement du cancer en 2015 - Etat des lieux et enjeux (http://www.e-cancer.fr/Expertises-et-publications/Catalogue-des-

publications/Les-therapies-ciblees-dans-le-traitement-du-cancer-en-2015-Etat-des-lieux-et-enjeux)
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225 6B TAINADST / LEFIRHAF E 2 (somatic)

B INCald. P FREZERTIFHOREDOUNS - HBRBEDAEELTRH LT IR TSITARAA
FSAUDFEITICEBLTLNS,

B Chinld, 20208 FTIZEFIESINABISO15189D HAEE(ZET HM =B TER SN TS,

B {AEFRE &% (Comité francais d‘accréditation: COFRAC) DL E 17 —hNSBIEHAKSAUTH
Y. REZEL. somaticBIzFEEDREL (accreditation) #Z (T 51=HIZ. ChoDHARSA 2 %|ESF
THEDLELH D,

INCalZkHBREDRBRED:=-ODITIRTSIVTARBARS14>

Modéle de compte rendu de génétique moléculaire NGS DFEEREDOLR—FETILINGSED)

Séquencage de nouvelle génération d'un panel de génes pour  NGSZFRU =BG F/\RJILIZ&Dsomatic genetics T FED
l'analyse en génétique somatique : validation de méthode NYTF—3>

(mars 2016)

Validation de méthode en génétique somatique somatic genetics fEHTFED/N)T— 3>

Modéle de compte rendu de génétiqgue moléculaire DFEEEREOLER—FETIL

Conservation et utilisation des échantillons tumoraux en AAUEESTILDOREEFIA

cancerologie

Charte des plateformes hospitaliéres de génétique moleculaire S FEGCHREMREOHRE

Bonnes pratiques pour la recherche a visee theranostique de B AIZE T SHsomatic mutationD 2 -8RI T AHED
mutations somatiques dans les tumeurs solides GIRTSOT4RX

HiFT) Le programme d’assurance qualité des plateformes (http://www.e-cancer.fr/Professionnels-de-sante/Les-therapies-ciblees/Les-plateformes-de-genetique-
moleculaire-des-cancers/Le-programme-d-assurance-qualite-des-plateformes)
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2.2.5 6B ITEHADGT J LEFFIR A FH|E 2 (somatic)
B INCalZkd. . BEORBRIED-ODTIRTSHOTFAATARSA2 (—ER)

POUR LANALYSE
EN GENETIQUE
SOMATIQUE

[Validation de la méthode

NGSEFEL\T:%{?%’ \0*“’!2‘;6 somatic genetics b ISO 15189(%. 5F{fi >
somatic genetics 4T FiA0) BHFED /N T—2a 04 RERMLIZH0
N)T—33> <H5B,
b © GURTSHFARAAR
54 IEZCOFRACH S
B 5EEHAMETA
z Validation de méthodes ~ 'C‘W)LL BREEIL.
pour la recherche de mutations *ﬁﬁ
DE NOUVELLE inéti G D3 ,E
€én genetique somatique (accreditation) #1§%
% GEN ERATION DOCUMENT DESF[NE:AUX LABORATOIRES DE BIOLOGIE MOLECULAIRE POUR — - - > + N
g ACCOMPAGNER LA DEMARCHE DE VALIDATION DES TECHNIQUES D’ANALYSE T*&) 'h‘ ;*Lbo)jj /r|~
| D'UN PANEL SAVITHSBEN
1 DE GENES 5,

STITUT INsTITUT
g O\IJ'PIIONAL NaTIoNAL
m pu CANCER e-cancer.fr puCANCER

HiFT) Le programme d’assurance qualité des plateformes (http://www.e-cancer.fr/Professionnels-de-sante/Les-therapies-ciblees/Les-plateformes-de-genetique-
59 moleculaire-des-cancers/Le-programme-d-assurance-qualite-des-plateformes)
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B INCalZXk5dZIED+HE. molecular genetics centres, oncogenetics laboratoriesTNGS#
FAW=3—T 9o —r O ADBEZBEANDEENEDHLN TS,

QJH%HR”J Targeted NGS in routine practice

pu CANCER

Pilot phase launched in 2013 with 11
molecular genetic centres :
v'develop the necessary skills to use this new,

technology
Monitoring led by INCa : Rolling out started
v'increase the sharing of experiences in 2015 in all the
v'Draft guidelines molecular centres This objective
should be
5 referent teams in bioinformatics : } Progressive shift achieved by

v'Validate & release existing data analysis from the standard the end of
pipelines, or develop better ones

approach towards 2016

v'support wet labs and their “embedded” targeted NGS for all
bioinformaticians through network animation
and training /

patients

Economic impact of NGS evaluated at the
same time

i FT) Rolling out personalised medicine for cancer in France (https://ec.europa.eu/research/conferences/2016/permed2016/pdf/presentations/f _nowak.pdf)
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2.3 MEIZHIFANGSERWN=2—S b or— O AN B EZSEEEICRIT-RYEH

B JHEADI—T I — O ADEBATEBEHICESH SN TS, (2015FFFR)

INSTITUT
NATIONAL

pu CANCER

State of targeted NGS implementation

28 molecular genetics centres

M Validation phase

Focus on Hematology

B NGS in routine practice since 2014

MW NGS in routine practice since 2015

25 oncogenetics laboratories

= Deployment in 2015

=>» Objective: use NGS techniques
for all samples in 2016

=2017FEREDE NIRRT

HAT) INCai it B (B RERMEFAREELY)

Copyright (C) Mitsubishi Research Institute, Inc.
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2.3 ALEIZHFEINGSZEAWN=2—7T I —r O ADBEZBREEICR T -ERY A

— H ; 3 S
. 2 01 5&' lj mOIeCUIar enetIC Centres i < InsTiTuT - |istes de génes minimales & analyser dans le cadre d'un usage & visée
~— ATIONA
~ > wCancer  diagnostique du NGS
AR £5810,655 . I A 35 e
/ Vi N l V4 "N géne Exons | de Molécule associée | utilité clinique
[AKTL 3 NM_001014431.1 [AKT inibitors essais clinigues
~ 2
N Y ALK 23424425 NM_004304.1 [crizotinib, ALK inhibitors [AcSE, cssais dingues
\ v |‘—l| ( — 'EAF 11415 NM_004333.4 dabrafenib [AMM
y q: X -0 EGFR 18+19+20+21 NM_005228.3 [anti EGFR. [AMM
ERBB2 (HER2) 0 NM_004448.2 ltrastuzumab, neratinib essais cliniques
ERBB4 452K et R393W NM_005235.2 [Afatinib essais cliniques
- . FGFR2 252, N549_ K659 NM_000141.4 FGFR inhibitors essais cliniques
4 48 3 7
B LaboratoryzX &9 571=% INCa’G‘%ﬂ%ﬁké N kel TS
— > Y ' HRAS 24344 NM_005343.2 inhibiteurs de MEK essais cliniques
KIT 849+11413+17+18 NM_000222.2 imatinib AMM
» | 2:3:4 NM_033360.2 [panitumumab et cetuximab MM
— % ) l/ \ \ K @ MAPZKL (MEKL) s . NM_002755.3 inhibiteurs de MEK essais cliniques
; +14 (dec.204263en5 &
MET c.3082+20 en 34) 4 20 il crizatini Acse
. . " panitumumab, MEK inhibitors,
7] - N / \ \ NRAS 2434 NM-D02624.3 BRAF inhibitors ré-AMM, essais dinigues
q: ~ A a:r- PDGFRA 12414418 NH_006206.4 imatinib A
[PIK3CA 9 +20 NM_D06218.2 PI3K inhibitors |essais cliniques
5 F 5 N — b
O IL.\ ; : oS l? 7= = j IE Utitisation clinique
de pé T = therapeutique
— ‘ — L \ géne Exons / hotspots iy
K ;b /] N lo) ASXLT AML, MDS, MPN, CMML NM_015338.5 12 D+P
CBL [AML, MDS, MPN, CMML NIM_005188.2 5+ D+F
CEBPA AML NM_004364.3 Full D+P
DNMT3A [AML, MDS ALL? NM_175629.1 Ful D:F
ETVS AML NM_001987.4 Ful D
ﬁ - zé L * ) l/ 0) 'j: E EzHz MPN, MDS NM_004456.4 Full D+P
%Hﬁ |§ ‘ *IJ m éh—c \ é / \ A FEXW7 ALL NM_033632.2 [9+10+11 D
DA1 AML, MDS NM_005896.2 g DiP
DH2 [AML,_MDS NM_002168.2 3 D+P
Kz AML, MPI,_MDS NW_004572.3 17414 D+P+T
KIT Mast cell Neoplasm, MPN, AML__|NM_000222.2 5+10+11+17 D+P+T
RAS AML, MDS, CMMLALL M_033360.2 +3 D
PL HPH, MDS M_005373.2 0 D
OTCHL AL M_017617. 6+27+28+34 D
ML AMLMDS M_002520. 2 D+P
RAS [AML, MDS,_JCMMLALL M_002524. 243 D
PTEN ALLAML M_000314.4 547 D
| G AML,_JCHMML NM_002834.3 3+13 D
RUNX1 [AML, MDS, CMMLALL NM_001754.4 full sauf 1 et 2 D+P.
SF3BL [AML, MDS, MPN, CMML NM_012433.2 13+14+15+16 D+P
SRSF2 [AML, MDS, CMML NM_003016.4 1 D+P
TET2 AML, MDS, MPN, CMML NM_001127206.1 Ful D+P
= [AML, MDS, MPN, CMMLALL NM_000546.4 Full sauf exonl D+P
U2AFL [AML, MDS, CHMML NM_001025203.1 35 6 e
Panel lymphomes et SMP
Génes utilisation clinique
Consensus %, D= diagnostic
Exons / hotspots o
Lymphomes et| / P=pronostic
LLC/SLP T = therapeutique
[ATM ciL M_000051. Full P
BIRC3 CLL sMzL M_001165 473643 P
BRAF DLECL, HCL M_004333. 5 T
CARDI1 DLECL M_032415.4 [44546+7+8+9 T
CD79A DLBCL M_001783.3 T
CD798 DLBCL NM_001039933.1 5 T
EzH2 DLBCL NM_004456.4 17 T
FEXWT CLL sMzL NM_033632.2 9410411 P
MYDES WM, DLBCL, SMZL, CLL NM_001172567.1 344+5 DIPIT
NOTCHL CLL, MCL, DLBCL,SMZL NM_017617.3 34 P
NOTCH2 SMZL, DLBCL NM_024408.3 26+27+28+34 P
SF3B1 ciL NM_012433.2 14+15+16+17+18 P
THFATPS MCL, WM, DLBCL NM_006290.2 full P
TPs3 [cLL, DLBCL NM_000546.4 [full sauf exont P/T
Version 1.1 - février 2016

HiFfr) Le programme Biomarqueurs émergents (http://www.e-cancer.fr/Professionnels-de-sante/Les-therapies-ciblees/Les-tests-moleculaires/Le-programme-
Biomarqueurs-emergents)

Plateformes de génétique moléculaire : missions et localisation ( http://www.e-cancer.fr/Professionnels-de-sante/Les-therapies-ciblees/Les-plateformes-de-
62 genetique-moleculaire-des-cancers/Missions-et-localisation-des-plateformes )
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B Le programme AcSé

B INCaXxEIZKkBEEERMEITOS S .LLe programme AcSé (Accés sécurisé a des thérapies
ciblées innovantes) A28 Mmolecular genetics centres|ZT2013EMNLERINTL VS,

B REBEIDENEEDGVDAZHRIC, BET HN\AAI—D—ZRN | D FEHIEDEGIME
RZEaBROREEHEZTI,

B phasell BRRGEEREL TEICHEREADT IV ERAZRMALTIND,

AcSe CrizotinibDEEETH 1> AcSe Crizotinib® Screening programme

INSTITUT . P— ﬁl:\unrm Screening programme
Q Nerionas AcSe Crizotinib
U EANCER. At Roe ALK ALK MET ROS1 ALK MET
typ Transloc. | Amp. Amp. | Transloc. | Mut. Mut.
. Colorectal cancer X X X
Screening for AcSe AcSe CeNPC AMM X X
Crizotinib Breast cancer X
ALK, MET, Cholangiocarcinoma X
ROS Clinical trial Ovatian cancor 3
10,000 to 18,000 patients | 470 patients ‘ Kidney cancer X X X
14,000 to 25,000 tests ‘ P Liver cancer = x
[ UM | -
g sponsor R :_w:d :ancer . x X
28 molecular — | loblastoma A
genetics centres Up to 250 Neuroblastoma X X
Investigating sites Gastric cancer X
Myofibroblastic
. X
inflammatory Tumor
AcSe crizotinib is opened for enrollement since july 2013 Rhabdomyosarcoma X
Large cell anaplastic "
lymphoma

Hi Ffr) Plataformas genomicas en Oncologia The French organization
(http://www.fundacioneco.es/wp-content/uploads/2014/06/04 _JY PlataformasgenomicasenOncologia.pdf)
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24 LEHIZH+AEBEKRABRTOT S L

B SHIVAtrial SHIVA triall=8 1 2EB 2 F 7O 771 B D RA LS

B HoIHHBHEDILABRBZRIC. BE
ﬁj\?f‘ﬁﬂ’]7 A7) T IZE DO F = o)
extraction |— —fl :

ERERBREEREDRETLLERT 5. i == -
%ﬁ’ﬁ'&?‘/’;‘l I{e1Z & S Proof-of-concept i IR I 1 \ | ]
phase ]I ﬁ_t"%ﬁo Week 1 Week 2 Week 3 Week 4 Week 5

Figure 1. Timelines for the establishment of the tumour molecular profile in the SHIVA trial. IHC =immunohistochemistry; MBB = Molecular

B YT7ILEA LIZIEB Dgenetic mapF &l Lt
AIREDN, F-ETNHA BB DEMAREICHK
IDOMNEREIET AL HINET B, BEEOT—LERBETILTYX L

B NGSf##(XInstitut CuriehE . ik 1 st b e

B 2014%(2, 1002 DEEERNRELT: T e
T4—DETAREITADFERMAFHSN |

n or amplification | Everalimus 10mg gd PO
Everalimus 10mg gd PO

RAPTOR, RICTOR
L \ é o PTEN Homozygous deletion or heterozygous deletion + inactivating mutation or | Everolimus 10mg gd PO
heterozygous deletion +IHC cor 1
S H IVA tri al wm% STK1 Homazygous deletion or heterozygous deletion + inactivating mutation Everalimus 10 mg gd PO
INPP4B Hemezygous deletion Everolimus 10mg qd PO
Preiil:n:::; :?Jer:?rm Ecmn}:';\fgjza;?:rﬁzi - moﬁng;f:z‘g?aﬂumnﬂw B@F Activating mutation or an‘pinrilcaluon \-’emiJrafen.b 960 mg bid PO
@ @ PDGFRAB, FLT3 Activating mutation or amplification Sorafenib 400 mg bid PO
X f= = e EGFR Activating mutation or amplificati Erotinib 150 mg qd PO
Al — L] il @? 5?: ERBB2/HER2 Activating mutation or amplificati Lapatinib 1000mg qd PO + Trastuzumab 8mgkg ' IV
L':J followed by 6makg ™' IV q3w
SRC Activating mutation or amplification Dasatinib 70mg bid PO
EPHAZ, LCK, YES1 Amplification Dasatinib 70mg bid PO
e SOy HA tecie, Ré"'““”"‘n o gg;:?g}bﬁ ER, PR Protein expression > 10% Tamasifen 20mg qd PO (or letoecle 25mg qd PO
génétiques pertinentes cor atior)

AR Protein expression >10% Abirater

=HER

HiFT) SHIVA: A NEW ERA IN PRECISION MEDICINE (http://www.institut-curie.org/news/shiva-new-era-precision-medicine-005366)
Tourneau et al., Br. J. Cancer 2014
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2.5 0FBIZBTAHINADST / LEEIZEES

Dr. Frédériqgue NOWAK (INCa) ~DA—JLEWEHEHEER (1)

B [RRREFOEE
® {LE®molecular genetic centresTld. ISO15189M BN EIFILEN B,
B INCaTIl&, 2015FEBF A THDISO15189 M FIKRIZDLNT ., SAEZ1ToT-,
B EEHLARIISERRFR)
®  60molecular genetic centres T30Maccredited testsh ETE
= 11®molecular genetic centresh i, 52 R B Z1LE D A BRI THSHCOFRACIZIRH
B IM&EMNA(ROISERRFR)
®m  8(Mmolecular genetic centres T55Maccredited testsh FE1E
®  14®Mmolecular genetic centreshM 5731 EZCOFRACIZIRH
B 2016 FEDREHKRIZONTH, PYIT T—hENEFETH D,
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Dr. Frédériqgue NOWAK (INCa) ~DA— /LW EHEHEE (2)

B |SO15189&INCati 151> DR

ISO15189525EI%. FHliT Ot RZRLTLVS,

SomaticEGFREIZETBINCaDHARZM (&, COFRACDLE 27 —MNSHBIT A HAKSA4>
TH5H, LI=h>T, FEDsomaticEEFREDZRINZZ(TH=HIZIE. REEIXINSDAAF
SAFIBSFL TSI EEXTIT HENH D,

B SomaticiBIEFREIZET DINCaDH 1 K51~ (http://www.e-cancer.fr/Professionnels-de-sante/Les-

therapies-ciblees/Les-plateformes-de-genetique-moleculaire-des-cancers/Le-programme-d-assurance-
qualite-des-plateformes)

BREDFEN)T—2avICBATEHASAUICIF LTDLDLNH S, (EFZURLIA)

W Séquencage de nouvelle génération d'un panel de génes pour I'analyse en génétique somatique :
validation de méthode (mars 2016)

W Validation de méthode en génétique somatique

- BIERD BB REEIZEL TIX. Association Francaise d‘Assurance Qualité en Anatomie
Pathologie (AFAQAP) ({LEIZH (T AR EEEHZ S LUVHEZDOERIED=HDHE) DHARS
AN H5,

AFAQAPDIRAD B REEICBAT HH AT 1Y
(https://www.afaqap.fr/sites/default/files/rbpacp v2 annexe 7 1.pdf)
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[ZHBTBINADT /L

= it

AR ]

Dr. Frédériqgue NOWAK (INCa) ~D A— /LW & H R (3)

B BRERBRZTEM-BRL. E8EICHET SFHELE
B [SO15189F2F DB A DHF TCOFRACHRLI=, TTDH
B PR &£ Y1242 & (medical biology test) ITROHNBAENDE
[CRT 5—RIRELH D,
® GUIDE TECHNIQUE D'ACCREDITATION EN BIOLOGIE
MEDICALE (https://www.cofrac.fr/documentation/SH-GTA-01)

Germline BIZFREIZCDULT, AADEGCHSFHOEE(IZE

THRFDPT, FERENUT I LEEREBEIEEREY
=& (medical biologist) Té%hY. “Agence de la

biomédecine” MEARZWMETHIDLENHSHERESN TS,

SomaticiEIZFREICDOWVWT., BENADIGE. BB TIL

(TREBFEICKYBELIRYFEONLIBLELH D, L, £
HDINCaHH ARSIV THRESN TS,

B {LAETIL, Aix-Marseille KRZD1DDELRIETELHV T
S—#BHL TS, 10FFIZERIIEIN ., BE16-208 NV FEE
LTS, LT=A> T, {LAEIZIE180-200& D2 ESEETHDY
5 —hUWBETEIZEY, 5B50%IENAEMTH S,
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Dr. Frédériqgue NOWAK (INCa) ~DA— /LW EHh R (4)

B RENEORE  REA~OHBRRE

B Germline B FREIZOVTIK, BADEGHH-DREICEATHRHFDP T, 12T+ —Lk-
AVEUAAERFHIESN TS,

B EENLREZE DEGCHMEENROONIGE. BEEXZTDLEREITIEARITNIEGZSALY,
BEDECHESE %%ﬂbéht%ﬁi)‘zl \—(X. germline B FREEZZITANENEEIRTES,

EaPRgermline B FIREIZH ITAIBRUFTRAND XIS DNWTERE LT YR TSI9TARAAARS
AVIZET HIRHXENH D,

W Arrété du 27 mai 2013 définissant les regles de bonnes pratiques applicables a I‘examen des

caractéristiques génétiques d’'une personne a des fins médicales

(https://www.legifrance.gouv.fr/affichTexte.do:jsessionid=1FE239804CE9D044F74086022701EFE2.tpdil
a09v 2?cidTexte=JORFTEXT000027513617&dateTexte=20130607)

SomaticBIEFREICDOWTIE. AV TA— LK a2V ROEBIEAD )T 1E LY,

B NGSEHIZDODWTIE. R—ILIZOY—L—oo 0 ER—IVT J L — 20 14, BEDNA
LIEBEDNADHAZEFIRET 516, germlinetR B THAHEHALEIN TS,
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Dr. Frédériqgue NOWAK (INCa) ~D A— /LW EH R (5)

B SRS AL OREERCESCERIEH - T— AR — R AL

B NGSZARW:=A2A— vbi—4 U R (&, BT, somaticiE{EFREZE I 528 Mmolecular
genetic centres&. germlineiB (- FIREZE 9 525D oncogenetics laboratories TEE SN TLY
HEZATHS,

B BERA—ILIOY—LIR—IT I L—o T IWEDEREE“Genomic Medicine
France 2025” D##H A DR TEESN D, 2016FE128(ZIF. RAI2DDNARIL—TYrS—4
G ToIRN I — LT ETELERIRETA-OOTO NS Ao,

B Médecine France génomique 2025 (http://social-sante.gouv.fr/systeme-de-sante-et-medico-
social/recherche-et-innovation/france-genomique)

B EEFREHERICETS. ANEBVDLEADOT—ER—X(IFEELLELY, “Genomic medicine
France 2025" DA DR THREIND . EELGBED—DELLENEZIAOND, FETOE
AEBETIIAT. RERBRICEDCAEDHIMEAREBRICDERIIEEZTHS,
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Dr. Frédériqgue NOWAK (INCa) ~D A— /LW & H R (6)

B ZOMmRRIER)

Find H LUREKEDgermlline Bz FREIZ%RSE AIEMinistry of HealthIZ kYRR TH/ A —h
T3,

I, “MIGAC™ LEIEN BV AT LEEL T, BENYL LYY DI DRHLTEEST
H->TLVS,

BREZEIL. “Reférentiel des actes innovants hors nomenclature (RIHN) "EREEN A FH LWLV R T
LZFBELT, PEZZITEH-TLS,

Ministry of Health[Z45 E DEEBICRFR T HEFHTHIEED) AL EERL. BRECLOHEZTTED
TW5, REBEZE. EEERITIRA-OIZ. ABRITEBNOT7 =27 IILLR—FEEAT 5,

SomaticiEIzFRELRIHNIZEKY D7 T4 a3 TS,

REIEBICHT 2 —ANAIVRAELVNVRIVERBD=ODFME. 2HRRTH/NA—SN TS,
Oncotype DX& &UMammaPrintl&. RIHNIZ&YTZ7oTaodshTHY . BEEDERBRILL
LYo

INRBNAZHRELI=T /LERDERE. RADNALRIRDRAF—LICEY 2HRETH/N—S
nTLs,
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Dr. Frédériqgue NOWAK (INCa) ~DA— /L& HEEER (7)

B T (ERREER)

le programme AcSéTlL., BEFTz—X TERRABREL TEMABEADT I AN ARETH D,
A7OToz I+ BRI, ?n?b\b%lld)off Iabelﬁﬁﬁé’ﬁﬂﬁﬁl BB HETHD,

IRTE . le programme AcSéTIL. Acsé Crizotinib, AcSé VemurafenibZ L TAcSé eSMART (/MR
AXR) DIDDERRHABRN A —TU THB,
B Essais cliniques : lancement du programme AcSé-ESMART, dédié aux enfants (http://www.e-

cancer.fr/Actualites-et-evenements/Actualites/Essais-clinigues-lancement-du-programme-AcSe-
ESMART-dedie-aux-enfants)

FHONAEFEEXRELI=AcSE Nivolumab$ L TUAcSé Pembrolizumabm 2017 E(ZH =124 —
TUNICHEBFETH D,

FDMIzH. KIEGEEF/SRILIZEANGSR ) —= zﬁ‘éad;ﬁ PREAER I XIERFET S
(51 : SHIVA, MOSCATO, PROFILER) h’, A FEFRIEEMNZEOHON-EF (X, Bz —XDE;
FREAERICEGRSINDID. TIRBRDEERICKDBEEXZITS,

Off-label D5 [FILAE TIXHEE SN TLVELY,
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2.6 {ABIZHBITENADT / LERREAEF

B RERER (—HZEHRR) (1)

B Germline:&{zFEHT

GermlineZErDIHEZIZE R T H1=HIZ[FAgence de la biomédecineD S L ANBHETH S,
BREZE(L., ISO15189N R EZ (THBLENH D,
RIREEZRSINBDIEDown’'s syndrome*>Cystic FibrosisZEND—E DEEDH TH 5.

INCalFEFHHGIRE®, AENLOZEADBITEREDREICSHLTIRNEEERTHREDH D,

Germlinel&25®Moncogenetics laboratoriesh &5 h. EEHE COFFHE Al gEMEIZxT L THLVEREH
RSN TULV =,

750 ADgermlineiB i FEZEDMREIL. (EEBEICI - O REZIRMETETIELCFNELSHS
ETHHELD, “No equality in France”

Institute CurieTl&. & E3,000 N DEHERD EE (2,000 A Dindex case) DT N T (HEIE 1
BIETH-TH)ITHLT. B— DT —V70—TEELEF/\RILEHZITOTLVS, SureSelect|Z
£ BH61ELFD/ A\~ JLZENext Seq 500 THEML . BRIKIBEH - FEEFLLEDIZ. AEDEHEIZLYH
HEMEHROONT-FTT DEEFDAEIT(ILZ) T LTT—2ZERIL. ZEIZCAWS, Zh L
NOEBELFT—RIHAEBMICFIHINS,
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2.6 ALEIZETENADT / LEFRR AT
BIVRERR (—HEHRE) (2)

B SomaticE (T

B 28h Frdmolecular genetics centres|XINCaD T o vhT74+—LTHAB M. INCalZZFDHEFSZ
2ELTLVSELD,

B ERPREER

O %%(:J:éiﬁ%ﬁ@i%é~ T—ANETEEDERBIZH>TLEI RN, THTITFTELTIEDLUTT
B LAEIZBITSEMTFERBODEESITELTIE, 1) EERGEST 526, 2)Ministry of Health, 3)
Institut Curie®D 12/ REARE (FF&) (SHIVA trial, Proof-of-concept phase I ;XE&E D5 E)
EM”HITonsd,
B INCaFELe programme AcSéh'. £15281FT MDMolecular Genetics CenterCE-THY ., BE
[FT7—X TERRREBREL TEIGH DD FIRFEREADT VX ZAREIZL TS, MRIFAE(IZ &
% &crizotinib, vemurafenib. nivolumab. pembrolizumabZi &,
B EEAAMLEIIZIEX. HEDRDEER T BProof-of —conceptBBETIETHTITNREETITOIED
EZADBHDENS, CNIZIK, LTOERANH S,
CDERETIE. 7/ LER T —REERT —REMETIOILENHY . TNIEIERBETOAEEAIEETHD.
¥ICHAT / LBITEETHREEDESNBEREN., BRICITHREEM LR,
TEICEEDETIVI-RYIRITHEL>TLED,
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B Genomic Medicine France 2025

B 201554 A178HIZ{LE &M 5Aviesan (Alliance pour les sciences de la vie et la santé: £ E 4
i -EEMEEDR) L, RKIRBES TV T D2 EERANDEAIZEAT HREHE1TOILD
RELHT=,

B AviesanDEHLE LTOMHE - ANIILRTTHE, BT. EEXERZECRIHEDODKE. ZHRLGEMRIC
J:éa_"é."é'iﬁ 75\2015¢5J51ﬁcﬁﬁﬁ1ﬁéh'fb\éoEE%E DFIZIF4DDIT—F2 55 )W —T

HESN., ERTLIEMRNEEITABRMTREEZITOTLS,
Ariis (Alliance pour la recherche et I'lnnovation des Industries de Santé)
CNAM (Conservatoire national des arts et métiers: 1L E E 3L T =[c)
HAS (Haute autorité de santé: {AE S ZH{RE#AE)

CGl
Toulouse Ecole d’économie (by—)L—X#2Fr)

Hi A7) GENOMIC MEDICINE FRANCE 2025 (http://social-sante.gouv.fr/IMG/pdf/genomic_medicine_france 2025.pdf)
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B Genomic Medicine France 2025
H HHY
B ALEMNMOELUARIZY / LEESFICHEWTEBEIZHESIEEZBIHET S,
B ZOEOHIZ.BENRELET—22HEITHETILVEEATS, ZIZEZH-BEOWURICEYZLDANEESF

ZTHEEBIET .
B EEMIIZIEZ.ILEROTARTOIA-FVIEE -common diseaseDEEMNYT / LEEIZT VLA GEEL S
HETHS,

B 2020 ELU2025F D BEHI
B 2020FFTIC, LT OEBRISHIGARER, 1220 3—IZF N8B IS -O— TV VT RRNDEBRER TS
HERMEEET D,

o FHKEE RIE20,000N " FDEELELVZTDREK, THHE HFDRIAT60,000 AN/ LIZHE,
o  NABEBENAFLITEEMENERINANAZEET S, THHL, $50,000 N FEDEEFEE175,0007 / L, (TIV—LELUFMUR
G Th—L—r o ZADBEEILgenome-equivalentsF B it &L TRLT=, )

B 2020FLIBE(X., Y [Fcommon diseases~DXIRIEKRIZEKY ., BIEHE LV EBFHOMA TR ERRNEFF
SND, 2025FFTIILEEND BEEZEHDO REHD=——XIZH IS AIGEE LD ENBETH S,
B 7oLavIoy
B EETIE. UTD3IDNBEMNBEFRINTILNS,
® Target 1 B FZED-ODOEBEEHET D,

® Target 2: BfTIR E M LMBHLGRBADELE, VAT LDERMARELAREENMILDET D,
® Target3: ERDSMEENGELDET B0, FTEDEANICBLTHRELGRHELTIE=FIVIBLVEEY—ILEHRET D,

Hi A7) GENOMIC MEDICINE FRANCE 2025 (http://social-sante.gouv.fr/IMG/pdf/genomic_medicine_france 2025.pdf)
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B Genomic Medicine France 2025

HE— AN E RS EEEICE

KU = =i GBI

Gy i UF:i

7/ LEROAENGZERER (BE - EMNREE

Genomic Medicine France 20255 B & [ -
e oo 2o 15T F—H—L, EEIENENDET) FRT TSIt
a2 @ﬁ’ﬁ%’é%ﬁ’ﬁ?‘é (LA IEZED—ER)
Generic pathway: ordering, pre-testing, testing, biologic interpretation, report 2020¢$'CI 12D ultra- hlgh throughput
I' Order screening Bz MoiE bRy —DU%EET D,
. e )  central analysis service (collecteur analyseur
nierview ’
patient/doctor e —— e de données, CAD) ZHZEL . FHERMNOD
e el Metadatabase TR RRATAVT S %, T—3EMILER
Help with e IREHDY—ILERAET D, .
decision-making t « Reference Center for Innovation, Assessment
t and Transfer(Centre de référence,
B o syt d’innovation, d’expertise et de transfert,
iological validation = =A == o)
CReflX)ZEREL . ZREBNDREITKRHL
NAEMBHES FVIFEHREMEERT B,
ultra-high-throughput screening CAD CReflIX
Measure 1 Measure 2 Measure 10, CRefIX
( 1 ( Intercon tio: )
Sample Transfer of the Variant [~ :‘ llh;ll_lp S @ Standardized Indu
transfer Call File (VCF) S procec m,; of '):m(i(lzu:eg
Transfer of the A arinatation and proces and deployment
P Umm?\;‘f:]” v /_’ HE:d variant validation 5 ' g
T procedures —— Methods, tools
and processes A L’ f::e:cr\';ic_es (ciir!icu;. Action
, industrials, Ndiricis el dnictiial st ralts
it ) || T

Hi A7) GENOMIC MEDICINE FRANCE 2025 (http://social-sante.gouv.fr/IMG/pdf/genomic_medicine_france 2025.pdf)
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B Integrated Cancer Research Site (SIRIC)

B INCatFBET HELSIATDMARHE T, NAMBEEIZEITS
FOURAL—2a LY —FE IR 5160 BEF-HF- 4
RREERET IR TOMEITOTSLEEERT S LB
ELTLVS,

B INCa. Ministry of Health, Aviesan™5 277> 7425 LTS,
EARDERIISFRT6,40051—AF RAA TS,

B ZMLTWADI(F. LTD8HRE, (TRT L% HEA)

SIRIC Curie : site de I'Institut Curie (Paris) ;
LYRIC : site de Lyon ;

BRIO (Bordeaux Recherche Intégrée Oncologie): site de
Bordeaux ;

ONCOLILLE : site de Lille ;

SIRIC Marseille : site de Marseille ;

SIRIC Montpellier Cancer : site de Montpellier ;
SOCRATE : site de I'Institut Gustave Roussy (Villejuif) ;

CARPEM(CAncer Research for PErsonalized Medicine) : site
de I'AP-HP regroupant les hépitaux universitaires suivants :
Hopital Européen Georges Pompidou, Hopital Cochin/Hbtel-
Dieu et le département d'hématologie de I'ndpital Necke

B SIRIC2DETEIANH B ELND,

Hi Ffr) Les SIRIC (http://www.e-cancer.fr/Professionnels-de-la-recherche/Recherche-translationnelle/Les-SIRIC)
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molecular pathologyD B EHEAH) Fa15 L

MD AndersonlZ#1+%BRCA-1,2 SEIZH & DELNABE
NCI-MATCH® & A4k R

ASCO TAPURDERIKIR %
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3.2. *EFDAﬁHIL lﬁﬁ@lﬂ"ﬁ%n/
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3.1 KECMSIZLANGSERALEEFEZHORIRES

B Medicare Program

B Medicareld., KECMSHIRIET 5. S#rE GSFELU L) PEEDENANEIILERINS#EE
R&EITOITSLTHD

B Medicare$ & U'Medicare administrative contractors (MAC) [Z&kY . National Coverage
Determinations (NCDs) & UfLocal Coverage Determinations (LCDs) AVRESN S, NCDsE KU
LCDsl&. REETHN—SNEIFEDEHREIREL. U—EXDNESEMTRHEMENHLIMNIZDONT
RET B

B NCDIFERLANILOGSTHY. T XTDFIs, Carriers, MACSINCDHARSA VIS BHELH
%, LCDIZ. MACLRIILDEFHETHY . ZETHAIMACOEENTODHAEDHAIRSA UM ERAIN
Do

B MACIE. NCDAZLMEEOBELNHAHIEGFICZLCDEED S,

B CPT code

B ERUEFENFFIAVMOLR—FTHVSERITA (FlT. MAR. RE. KEE JOFHE - EE

H—ER) XEDIE#X£I—KTH S, American Medical Association (AMA) BNMERKL TN, TART
DEEKEE. XILWE. BERIICPTa—FZAWS,

B CPTcodeh®Hhsdtld. RIREZDHESZEHETHAHN., CPT codehHBNILEHERIZ{RIREZRS

NAHDITTIEZLY,

i FlT) Medicare Program - General Information (https://www.cms.gov/Medicare/Medicare-General-Information/MedicareGenlInfo/index.html)
National and Local Coverage Determinations (https://www.aace.com/files/cms-nlcd-for-common-endocrine-procedures-2012.pdf)
What is CPT®? (https://www.aapc.com/resources/medical-coding/cpt.aspx)

Billing Codes And Reimbursement For Genomic Testing — What's The Current Status ?March 6, 2016 (https://oelemento.wordpress.com/2016/03/06/billing-codes-

and-reimbursement-for-genomic-testing-whats-the-current-status/)
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31 KECMSIZEANGSEAH LV -EBIFZHDORIFRIE R

B Z&{=FERH#H (genomic sequencing procedures and other molecular multianalyte
assays) ECMS D& Z g

B CPT codetMtESN-ZEEFHRITO—EL TOERMSETRDKIIIE>TLNS,

81410

81411

81412

81415
81416

81417

81420
81425
81426

81427

81430

81431

LB FRETECMSDE ZE M (20164F) (1)

Aortic dysfunction or dilation (eg, Marfan syndrome, Loeys Dietz syndrome, Ehler Danlos syndrome type 1V, arterial tortuosity syndrome); genomic sequence analysis
panel, must include sequencing of at least 9 genes, including FBN1, TGFBR1, TGFBR2, COL3A1, MYH11, ACTA2, SLC2A10, SMAD3, and MYLK

Aortic dysfunction or dilation (eg, Marfan syndrome, Loeys Dietz syndrome, Ehler Danlos syndrome type IV, arterial tortuosity syndrome); duplication/deletion analysis
panel, must include analyses for TGFBR1, TGFBR2, MYH11, and COL3A1

Ashkenazi Jewish associated disorders (eg, Bloom syndrome, Canavan disease, cystic fibrosis, familial dysautonomia, Fanconi anemia group C, Gaucher disease,
Tay-Sachs disease), genomic sequence analysis panel, must include sequencing of at least 9 genes, including ASPA, BLM, CFTR, FANCC, GBA, HEXA, IKBKAP,
MCOLN1, and SMPD1

Exome (eg, unexplained constitutional or heritable disorder or syndrome); sequence analysis

Exome (eg, unexplained constitutional or heritable disorder or syndrome); sequence analysis, each comparator exome (eg, parents, siblings) (List separately in
addition to code for primary procedure)

Exome (eg, unexplained constitutional or heritable disorder or syndrome); re-evaluation of previously obtained exome sequence (eg, updated knowledge or unrelated
condition/syndrome)

Fetal chromosomal aneuploidy (eg, trisomy 21, monosomy X) genomic sequence analysis panel, circulating cell-free fetal DNA in maternal blood, must include
analysis of chromosomes 13, 18, and 21

Genome (eg, unexplained constitutional or heritable disorder or syndrome); sequence analysis

Genome (eg, unexplained constitutional or heritable disorder or syndrome); sequence analysis, each comparator genome (eg, parents, siblings) (List separately in
addition to code for primary procedure)

Genome (eg, unexplained constitutional or heritable disorder or syndrome); re-evaluation of previously obtained genome sequence (eg, updated knowledge or
unrelated condition/syndrome)

Hearing loss (eg, nonsyndromic hearing loss, Usher syndrome, Pendred syndrome); genomic sequence analysis panel, must include sequencing of at least 60
genes, including CDH23, CLRN1, GJB2, GPR98, MTRNR1, MYO7A, MYO15A, PCDH15, OTOF, SLC26A4, TMC1, TMPRSS3, USH1C, USH1G, USH2A, and WFS1

Hearing loss (eg, nonsyndromic hearing loss, Usher syndrome, Pendred syndrome); duplication/deletion analysis panel, must include copy number analyses for
STRC and DFNB1 deletions in GJB2 and GJB6 genes

Hi FlT) Clinical Diagnostic Laboratory Fee Schedule 2016 (http://chfs.ky.gov/NR/rdonlyres/B7561EB5-C136-4722-A3F4-
BF9CCOAF 1E94/0/ClinicalDiagnosticLaboratoryFeeSchedule2016web.pdf)

Billing Codes And Reimbursement For Genomic Testing — What’'s The Current Status ? March 6, 2016
(https://oelemento.wordpress.com/2016/03/06/billing-codes-and-reimbursement-for-genomic-testing-whats-the-current-status/)
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81432
81433

81434

81435

81436

81437

81438

81440

81442

81445

81450

B FREHTECMSDIE R g

%IEIGFAEHT LCMS D{EHE (i (20164F) (2)

Hereditary breast cancer-related disorders (eg, hereditary breast cancer, hereditary ovarian cancer, hereditary endometrial cancer); genomic sequence analysis
panel, must include sequencing of at least 14 genes, including ATM, BRCA1, BRCA2, BRIP1, CDH1, MLH1, MSH2, MSH6, NBN, PALB2, PTEN, RAD51C, STK11,
and TP53

Hereditary breast cancer-related disorders (eg, hereditary breast cancer, hereditary ovarian cancer, hereditary endometrial cancer); duplication/deletion analysis
panel, must include analyses for BRCA1, BRCA2, MLH1, MSH2, and STK11

Hereditary retinal disorders (eg, retinitis pigmentosa, Leber congenital amaurosis, cone-rod dystrophy), genomic sequence analysis panel, must include sequencing
of at least 15 genes, including ABCA4, CNGA1, CRB1, EYS, PDEG6A, PDE6B, PRPF31, PRPH2, RDH12, RHO, RP1, RP2, RPE65, RPGR, and USH2A

Hereditary colon cancer disorders (eg, Lynch syndrome, PTEN hamartoma syndrome, Cowden syndrome, familial adenomatosis polyposis); genomic sequence
analysis panel, must include sequencing of at least 10 genes, including APC, BMPR1A, CDH1, MLH1, MSH2, MSH6, MUTYH, PTEN, SMAD4, and STK11

Hereditary colon cancer disorders (eg, Lynch syndrome, PTEN hamartoma syndrome, Cowden syndrome, familial adenomatosis polyposis); duplication/deletion
analysis panel, must include analysis of at least 5 genes, including MLH1, MSH2, EPCAM, SMAD4, and STK11

Hereditary neuroendocrine tumor disorders (eg, medullary thyroid carcinoma, parathyroid carcinoma, malignant pheochromocytoma or paraganglioma); genomic
sequence analysis panel, must include sequencing of at least 6 genes, including MAX, SDHB, SDHC, SDHD, TMEM127, and VHL

Hereditary neuroendocrine tumor disorders (eg, medullary thyroid carcinoma, parathyroid carcinoma, malignant pheochromocytoma or paraganglioma);
duplication/deletion analysis panel, must include analyses for SDHB, SDHC, SDHD, and VHL

Nuclear encoded mitochondrial genes (eg, neurologic or myopathic phenotypes), genomic sequence panel, must include analysis of at least 100 genes, including
BCS1L, C100rf2, COQ2, COX10, DGUOK, MPV17, OPA1, PDSS2, POLG, POLG2, RRM2B, SCO1, SCO2, SLC25A4, SUCLA2, SUCLG1, TAZ, TK2, and TYMP

Noonan spectrum disorders (eg, Noonan syndrome, cardio-facio-cutaneous syndrome, Costello syndrome, LEOPARD syndrome, Noonan-like syndrome), genomic
sequence analysis panel, must include sequencing of at least 12 genes, including BRAF, CBL, HRAS, KRAS, MAP2K1, MAP2K2, NRAS, PTPN11, RAF1, RIT1,
SHOC2, and SOS1

Targeted genomic sequence analysis panel, solid organ neoplasm, DNA analysis, and RNA analysis when performed, 5-50 genes (eg, ALK, BRAF, CDKN2A, EGFR,
ERBB2, KIT, KRAS, NRAS, MET, PDGFRA, PDGFRB, PGR, PIK3CA, PTEN, RET), interrogation for sequence variants and copy number variants or
rearrangements, if performed

Targeted genomic sequence analysis panel, hematolymphoid neoplasm or disorder, DNA analysis, and RNA analysis when performed, 5-50 genes (eg, BRAF,
CEBPA, DNMT3A, EZH2, FLT3, IDH1, IDH2, JAK2, KRAS, KIT, MLL, NRAS, NPM1, NOTCH1), interrogation for sequence variants, and copy nhumber variants or
rearrangements, or isoform expression or mMRNA expression levels, if performed

796.75

796.75

597.91

648.40

Hi FlT) Clinical Diagnostic Laboratory Fee Schedule 2016 (http://chfs.ky.gov/NR/rdonlyres/B7561EB5-C136-4722-A3F4-
BF9CCOAF 1E94/0/ClinicalDiagnosticLaboratoryFeeSchedule2016web.pdf)

Billing Codes And Reimbursement For Genomic Testing — What’'s The Current Status ? March 6, 2016
(https://oelemento.wordpress.com/2016/03/06/billing-codes-and-reimbursement-for-genomic-testing-whats-the-current-status/)

82



KU = =i GBI

3.1 KECMSIZLANGSERALEEFEZHORIRES

81455

81460

81465

81470

81471

B FREHTECMSDIE R g
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Targeted genomic sequence analysis panel, solid organ or hematolymphoid neoplasm, DNA analysis, and RNA analysis when performed, 51 or greater genes (eg,
ALK, BRAF, CDKN2A, CEBPA, DNMT3A, EGFR, ERBB2, EZH2, FLT3, IDH1, IDH2, JAK2, KIT, KRAS, MLL, NPM1, NRAS, MET, NOTCH1, PDGFRA, PDGFRB,
PGR, PIK3CA, PTEN, RET), interrogation for sequence variants and copy number variants or rearrangements, if performed

Whole mitochondrial genome (eg, Leigh syndrome, mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes [MELAS], myoclonic epilepsy with
ragged-red fibers [MERFF], neuropathy, ataxia, and retinitis pigmentosa [NARP], Leber hereditary optic neuropathy [LHON]), genomic sequence, must include
sequence analysis of entire mitochondrial genome with heteroplasmy detection

Whole mitochondrial genome large deletion analysis panel (eg, Kearns-Sayre syndrome, chronic progressive external ophthalmoplegia), including heteroplasmy
detection, if performed

X-linked intellectual disability (XLID) (eg, syndromic and non-syndromic XLID); genomic sequence analysis panel, must include sequencing of at least 60 genes,
including ARX, ATRX, CDKL5, FGD1, FMR1, HUWE1, IL1RAPL, KDM5C, L1CAM, MECP2, MED12, MID1, OCRL, RPS6KA3, and SLC16A2

X-linked intellectual disability (XLID) (eg, syndromic and non-syndromic XLID); duplication/deletion gene analysis, must include analysis of at least 60 genes,
including ARX, ATRX, CDKL5, FGD1, FMR1, HUWE1, IL1RAPL, KDM5C, L1CAM, MECP2, MED12, MID1, OCRL, RPS6KA3, and SLC16A2

Hi FlT) Clinical Diagnostic Laboratory Fee Schedule 2016 (http://chfs.ky.gov/NR/rdonlyres/B7561EB5-C136-4722-A3F4-
BF9CCOAF 1E94/0/ClinicalDiagnosticLaboratoryFeeSchedule2016web.pdf)

Billing Codes And Reimbursement For Genomic Testing — What’'s The Current Status ? March 6, 2016
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M  Single/two-gene sequencing assay
@ Multi-gene expression assay
B Multi-gene genomic assay
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B Medicare Coverage DatabaselZZ SN TS, LCON R D 2B FHETAE (201752 & )

TARGETED GENOMIC SEQUENCE ANALYSIS
PANEL, SOLID ORGAN NEOPLASM, DNA
ANALYSIS, AND RNA ANALYSIS WHEN
PERFORMED, 5-50 GENES (EG, ALK, BRAF,
04/01/2016 81445 CDKNZ2A, EGFR, ERBB2, KIT, KRAS, NRAS, MET,
PDGFRA, PDGFRB, PGR, PIK3CA, PTEN, RET),
INTERROGATION FOR SEQUENCE VARIANTS
AND COPY NUMBER VARIANTS OR
REARRANGEMENTS, IF PERFORMED
TARGETED GENOMIC SEQUENCE ANALYSIS
PANEL, HEMATOLYMPHOID NEOPLASM OR
DISORDER, DNA ANALYSIS, AND RNA ANALYSIS
Genomic Sequence Analysis Panels in the \éV:I?I)EF"\IAPEE)E:\:/I?EXAI?E[;H525|2L('3I'§NIE)?-|(1E%I-?2R§,ZK2
L36926 T)Ar\mfment of Acute Myelogenous Leukemia 02/01/2017 81450 KRAS, KIT, MLL, NRAS, NPM1, NOTCH1),
(AML) INTERROGATION FOR SEQUENCE VARIANTS,
AND COPY NUMBER VARIANTS OR
REARRANGEMENTS, OR ISOFORM EXPRESSION
OR MRNA EXPRESSION LEVELS, IF PERFORMED

Genomic Sequence Analysis Panels in the
Treatment of Non-Small Cell Lung Cancer

L36376

« HIHOERMNS, CMSTRIRERSN TS S
B FH#EHTIL. CPT code 81435, 81436,
81445, 814504 D> TH 1=,

«  LFRECMST—HR—X@REMHRELY. 81445,
81450(ELCDTHA LML, &Y D81435,
81436IENCDEHEEIND, (EFER

HiFlT) Medicare Coverage Database (https://www.cms.gov/medicare-coverage-database/search/advanced-search.aspx)
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Rubraca

Pembrolizumab

TAGRISSO™
(osimertinib)

Tarceva®
(erlotinib)

VENCLEXTA®
(venetoclax)

imatinib mesylate

imatinib mesylate

Tagrisso®
(osimertinib)

KEYTRUDA®
(pembrolizumab)

Iressa
(gefitinib)

Xalkori
(crizotinib)

Erbitux
(cetuximab);
Vectibix
(panitumumab)

FoundationFocus
209115CDxBRCA Assay

PD-L1 IHC 22C3 pharmDx
BLA125514

(S008 and S012)

cobas® EGFR Mutation Test
208065v2

cobas® EGFR Mutation Test
21743v2

VYSIS CLL FISH PROBE KIT
208573

KIT D816V Mutation Detection

by PCR for Gleevec Eligibility
NDA 21-335in Aggressive Systemic

Mastocytosis (ASM)

PDGFRB FISH for Gleevec

Eligibility in Myelodysplastic
NDA 21-335Syndrome/Myeloproliferative

Disease (MDS/MPD)

cobas® EGFR Mutation Test

v2
NDA 208065

PD-L1 IHC 22C3 pharmDx
BLA 125514/s-5

therascreen® EGFR RGQ

NDA 206995" CR Kit

VENTANA ALK (D5F3) CDx
NDA 202570Assay

The cobas® KRAS Mutation
BLA 125084;Test
BLA 125147

P160018

P150013/S001

P150044

P150047

P150041

H140006

H140005

P120019 S007

P150013

P120022 S001

P140025

P140023

ZEEDYRAN) (2017F2888KR)

Foundation Medicine, The FoundationFocus™ CDxBRCA is a next generation sequencing based in vitro diagnostic device for

Inc.

Dako North America,

Inc.

Roche Molecular
Systems, Inc.

Roche Molecular
Systems, Inc.

ABBOTT
MOLECULAR, INC

ARUP Laboratories,
Inc.

ARUP Laboratories,
Inc.

Roche Molecular
Systems, Inc.

Dako, North America,

Inc.

Qiagen Manchester,

Ltd.
Ventana Medical
Systems, Inc.

Roche Molecular
Systems, Inc.

qualitative detection of BRCA1 and BRCA2 alterations in formalin-fixed paraffin-embedded (FFPE) ovarian
tumor tissue.

PD-L1 IHC 22C3 pharmDx is a qualitative immunohistochemical assay using Monoclonal Mouse Anti-PD-L1,
Clone 22C3 intended for use in the detection of PD-L1 protein in formalin-fixed, paraffin-embedded (FFPE)
non-small cell lung cancer (NSCLC) tissue using EnVision FLEX visualization system on Autostainer Link 48.

The cobas® EGFR Mutation Test v2 is a real-time PCR test for the qualitative detection of defined mutations
of the epidermal growth factor receptor (EGFR) gene in non-small cell lung cancer (NSCLC) patients.

The cobas® EGFR Mutation Test v2 is a real-time PCR test for the qualitative detection of defined mutations
of the epidermal growth factor receptor (EGFR) gene in non-small cell lung cancer (NSCLC) patients.

The Vysis CLL FISH Probe Kit is a test to detect deletion of the LSI TP53 probe target via fluorescence in situ
hybridization (FISH) in peripheral blood specimens from patients with B-cell chronic lymphocytic leukemia
(CLL).

KIT D816V Mutation Detection by PCR for Gleevec Eligibility in Aggressive Systemic Mastocytosis (ASM)
(referred to as the "KIT D816V assay") is an in vitro diagnostic test intended for qualitative polymerase chain
reaction (PCR) detection of KIT D816V mutational status from fresh bone marrow samples of patients with
aggressive systemic mastocytosis.

The PDGFRB FISH for Gleevec Eligibility in Myelodysplastic Syndrome/ Myeloproliferative Disease
(MDS/MPD) is an in vitro diagnostic test intended for the qualitative detection of PDGFRB gene
rearrangement from fresh bone marrow samples of patients with MDS/MPD with a high index of suspicion
based on karyotyping showing a 5q31~33 anomaly.

The cobas® EGFR Mutation Test v2 is a real-time PCR test for the qualitative detection of defined mutations
of the epidermal growth factor receptor (EGFR) gene in DNA derived from formalin-fixed paraffin-embedded
tumor tissue (FFPET) from non-small cell lung cancer (NSCLC) patients.

PD-L1 IHC 22C3 pharmDx is a qualitative immunohistochemical assay using Monoclonal Mouse Anti-PD-L1,
Clone 22C3 intended for use in the detection of PD-L1 protein in formalin-fixed, paraffin-embedded (FFPE)
non-small cell lung cancer (NSCLC) tissue using EnVision FLEX visualization system on Autostainer Link 48.

The therascreen® EGFR RGQ PCR Kit is a real-time PCR test for the qualitative detection of exon 19
deletions and exon 21 (L858R) substitution mutations of the epidermal growth factor receptor (EGFR) gene in
DNA derived from formalin-fixed paraffin-embedded (FFPE) non-small cell lung cancer (NSCLC) tumor tissue.

VENTANA ALK (D5F3) CDx Assay is intended for the qualitative detection of the anaplastic lymphoma kinase
(ALK) protein in formalin-fixed, paraffin-embedded (FFPE) non-small cell lung carcinoma (NSCLC) tissue
stained with a BenchMark XT automated staining instrument.

The cobas® KRAS Mutation Test, for use with the cobas® 4800 System, is a real-time PCR test for the
detection of seven somatic mutations in codons 12 and 13 of the KRAS gene in DNA derived from formalin-
fixed paraffin-embedded human colorectal cancer (CRC) tumor tissue.

HiFfT) List of Cleared or Approved Companion Diagnostic Devices (In Vitro and Imaging Tools)
(http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm301431.htm)
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Lynparza™ BRACAnalysis CDx™ Myriad Genetic BRACAnalysis CDx™ is an in vitro diagnostic device intended for the qualitative detection and classification of

(olaparib) NDA 206162 P140020 Laboratories, Inc. variants in the protein coding regions and intron/exon boundaries of the BRCA1 and BRCA2 genes using
genomic DNA obtained from whole blood specimens collected in EDTA.

Erbitux therascreen KRAS RGQ PCR Qiagen Manchester, The therascreen KRAS RGQ PCR Kit is a real-time qualitative PCR assay used on the Rotor-Gene Q MDx

(cetuximab); BLA 125084;Kit P110030 Ltd. instrument for the detection of seven somatic mutations in the human KRAS oncogene, using DNA extracted

Vectibix BLA 125147 P110027 from formalin-fixed paraffin-embedded (FFPE), colorectal cancer (CRC) tissue.

(panitumumab)

Erbitux DAKO EGFR PharmDx Kit Dako North America, The EGFR pharmDx™ assay is a qualitative immunohistochemical (IHC) kit system to identify epidermal

(cetuximab); BLA 125084: Inc. growth factor receptor (EGFR) expression in normal and neoplastic tissues routinely-fixed for histological

Vectibix BLA 125147 P0300445001-5002 evaluation EGFR pharmDx specifically detects the EGFR (HER1) protein in EGFR-expressing cells.

(panitumumab)

Gilotrif NDA 201292therascreen EGFR RGQ PCR Qiagen Manchester, The therascreen EGFR RGQ PCR Kit is a real-time PCR test for the qualitative detection of exon 19 deletions
(afatinib) Kit 120022 Ltd. and exon 21 (L858R) substitution mutations of the epidermal growth factor receptor (EGFR) gene in DNA
P120022 derived from formalin-fixed paraffin-embedded (FFPE) non-small cell lung cancer (NSCLC) tumor tissue.

Gleevec/Glivec NDA 021335;DAKO C-KIT PharmDx Dako North America, The c-Kit pharmDX assay is a qualitative immunohistochemical (IHC) kit system used on the Dako

(imatinib mesylate) NDA 021588 P040011S001-S002 Inc. Autostainer, for the identification of c-kit protein/CD 117 antigen (c-kit protein) expression in normal and
neoplastic formalin-fixed paraffin-embedded tissues for histological evaluation.

Herceptin BLA 103792INFORM HER-2/NEU Ventana Medical The Inform Her-2/Neu gene detection system is a fluorescence in situ hybridization (FISH) DNA probe assay

(trastuzumab) PO40004S001 Systems, Inc. that determines the qualitative presence of Her-2/Neu gene amplification on formalin-fixed, paraffin embedded

human breast tissue as an aid to stratify breast cancer patients according to risk for recurrence or disease-
related death.

Herceptin BLA 103792PATHVYSION HER-2 DNA Abbott Molecular Inc. The PathVysion HER-2 DNA Probe Kit (PathVysion Kit) is designed to detect amplification of the HER-2/neu
(trastuzumab) Probe Kit P980024S001-S012 gene via fluorescence in situ hybridization (FISH) in formalin-fixed, paraffin-embedded human breast cancer
tissue specimens.
Herceptin BLA 103792PATHWAY ANTI-HER-2/NEU Ventana Medical Ventana Medical Systems’ PATHWAY Her2 (clone CB11) is a mouse monoclonal antibody intended for
(trastuzumab) (4B5) Rabbit Monoclonal Systems, Inc. laboratory use for the semi-quantitative detection of c-erbB-2 antigen in sections of formalin-fixed, paraffin-
Primary Antibody P9900815001-5028 embedded normal and neoplastic tissue on a Ventana automated immunohistochemistry slide staining device.
Herceptin BLA 103792INSITE HER-2/NEU KIT Biogenex InSite Her-2/neu Mouse Monoclonal Antibody (Clone C1B11) kit is intended for In Vitro Diagnostic use in
(trastuzumab) Laboratories, Inc. Immunohistochemistry (IHC) assays to semi-quantitatively localize by light microscopy the over-expression of
P040030 Her-2/neu (i.e., c-erbB-2) in formalin-fixed, paraffin-embedded normal and neoplastic tissue sections.
Herceptin BLA 103792SPOT-LIGHT HER2 CISH Kit Life Technologies, = The SPOT-Light HER2 CISH Kit is intended to quantitatively determine HER2 gene amplification in formalin-
(trastuzumab) P050040S001-S003 Inc. fixed, paraffin-embedded (FFPE) breast carcinoma tissue sections using Chromogenic In Situ Hybridization
(CISH) and brightfield microscopy.
Herceptin BLA 103792Bond Oracle Her2 IHC System Leica Biosystems The Bond Oracle Her2 IHC system is a semi-quantitative immunohistochemical (IHC) assay to determine Her2
(trastuzumab) P0900155001 (human epidermal growth factor receptor 2) oncoprotein status in formalin-fixed, paraffin-embedded breast

cancer tissue processed for histological evaluation following automated staining on the bond-max slide
staining instrument.

MIRBIS L. EEBZEHERT, HiFfT) List of (.)Ieared.or Approved Compan.ion Diagnostic Dev.ices .(In Vitrq and Imaging Tools)
(http://lwww.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm301431.htm)
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Herceptin
(trastuzumab)

Herceptin
(trastuzumab)

Herceptin
(trastuzumab);
Perjeta
(pertuzumab);
Kadcyla(ado-
trastuzumab
emtansine)

Herceptin
(trastuzumab);
Perjeta
(pertuzumab);
Kadcyla
(ado-trastuzumab
emtansine)

Mekinist
(tramatenib);
Tafinlar
(dabrafenib)

Tarceva
(erlotinib)

Xalkori
(crizotinib)

Zelboraf
(vemurafenib)

BLA 103792HER2 CISH PharmDx Kit

P100024S001-
S005
BLA 103792INFORM HER2 DUAL ISH P100027S001-
DNA Probe Cocktail S017
BLA 103792;HERCEPTEST
BLA 125409
P980018S001-
S018
BLA 103792;HER2 FISH PharmDx Kit
BLA 125409
P040005S001-
S010
NDA 204114;THxID™ BRAF Kit
NDA 202806
P120014

NDA 021743cobas EGFR Mutation Test

P120019S001-
S004
NDA 202570VYSIS ALK Break Apart
FISH Probe Kit P110012S001-
S003
NDA 202429COBAS 4800 BRAF V600
Mutation Test gé}gozw

Dako Denmark
A/S

Ventana Medical

Systems, Inc.

Dako Denmark
A/S

Dako Denmark
A/S

bioMérieux Inc.

Roche Molecular

Systems, Inc.

Abbott Molecular

Inc.

Roche Molecular

Systems, Inc.

HER2 CISH PharmDx kit is intended for dual-color chromogenic visualization of signals
achieved with directly labeled in situ hybridization probes targeting the HER2 gene and
centromeric region of chromosome 17.

The INFORM HER2 Dual ISH DNA Probe Cocktail is intended for use in determining HER2
gene status by enumeration of the ratio of the HER2 gene to Chromosome 17.

HercepTest is a semi-quantitative immunocytochemical assay to determine HER2 protein
overexpression in breast cancer tissues routinely processed for histological evaluation and
formalin-fixed, paraffin-embedded cancer tissue from patients with metastatic gastric or
gastroesophageal junction adenocarcinoma.

HER2 IQFISH pharmDx is a direct fluorescence in situ hybridization (FISH) assay designed to
quantitatively determine HER2 gene amplification in formalin-fixed, paraffin-embedded (FFPE)
breast cancer tissue specimens and FFPE specimens from patients with metastatic gastric or
gastroesophageal junction adenocarcinoma.

The THxID BRAF kit is an In Vitro Diagnostic device intended for the qualitative detection of the
BRAF V600E and V600K mutations in DNA samples extracted from formalin-fixed paraffin-
embedded (FFPE) human melanoma tissue.

The cobas® EGFR Mutation Test is a real-time PCR test for the qualitative detection of exon 19
deletions and exon 21 (L858R) substitution mutations of the epidermal growth factor receptor
(EGFR) gene in DNA derived from formalin-fixed paraffin-embedded (FFPET) human non-small
cell lung cancer (NSCLC) tumor tissue.

The Vysis ALK Break Apart FISH Probe Kit is a qualitative test to detect rearrangements
involving the ALK gene via fluorescence in situ hybridization (FISH) in formalin-fixed, paraffin-
embedded (FFPE) non-small cell lung cancer (NSCLC) tissue specimens to aid in identifying
patients eligible for treatment with Xalkori (crizotinib).

The Cobas 4800 BRAF V600 Mutation Test is an in vitro diagnostic device intended for the
qualitative detection of the BRAF V600E mutation in DNA extracted from formalin-fixed,
paraffin-embedded human melanoma tissue.

HiFfT) List of Cleared or Approved Companion Diagnostic Devices (In Vitro and Imaging Tools)

(http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm301431.htm)
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B Association for Molecular Pathology (AMP) DEE SN AR LI-2014FEDLR—F

“Molecular Pathology Curriculum for Medical Laboratory Scientists (Taylor et al., J. Mol. Diagn. 2014) ”(:C):é&s *El (ZHIT
%molecular pathology IZE T 2 E&-HBH) TS LIFLUTDREYTHS,

B FERBAEZRIZHLITIL. nondegreed, noncertified, nonlicensed ME MNP FFHIZ IR EEZEN

T HELARETIE DA (ERERE) . B E E [Emedical laboratory scientist(MLS)/ clinical
laboratory scientist (CLS) FE71=[Ztechnologist in molecular biology (MB) £ DA E %2 T 1-E % 1F
CIEMIZH D, CNODREZZITHICIE. BE. FL-ELILANILOHEENKROLND,

FRIRICE T2 FEMBRBEEZERTIEMRDEABIZONT, ELDHETOTSLIERINT
LWBH, hF 15 LDBAFELIRE T,

Molecular diagnostic training Zig{t 94 5&(F. TOHEETRI T LZIE H{ET 57, National
Accrediting Agency for Clinical Laboratory Sciences (NAACLS) M 2L (accreditation) ZER1FL
1T IEE 540y, NAACLSIEmolecular diagnostics training programs Ot -+ hH)Fa135 A
[CBET A MM BHELTLNS,

NAACLS-accredited training program % 2% 3L f=molecular diagnostics laboratory scientist 1.
EFE 1= DR T Bcertification/ licensure ZREGTES, (RIESHA)

SEEN)F2SLICEAL T NAACLSIZE AT AR ZAUIEHEHELDD . AFEGRE LGN EITH S,

HiFfr) Molecular Pathology Curriculum for Medical Laboratory Scientists A Report of the Association for Molecular Pathology Training and Education Committee,

Taylor et al., J. Mol. Diagn. 2014
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Table 1  Sources for Certifying Examination Content: URLs for Examination Guidelines of Major Certifying Agencies in the United States
Sponsoring Publication

Certification agency URL date

MLS ASCP http://www.ascp.org/PDF/BOC-PDFs/Guidelines/ExaminationContent October 2009
GuidelineMLS. aspx

(G ASCP http://www.ascp.org/PDF/BOC-PDFs/Guidelines/ExaminationContent March 2011
GuidlineCG.aspx

BB ASCP http://www.ascp.org/PDF/BOC-PDFs/Guidelines/ExaminationContent October 2009
GuidelineBB.aspx

C..5C ASCP http://www.ascp.org/PDF/BOC-PDFs/Guidelines/ExaminationContent October 2009
GuidelineC.aspx

H, SH ASCP http://www.ascp.org/PDF/BOC-PDFs/Guidelines/ExaminationContent October 2009
GuidelineH.aspx

M, SM ASCP http://www.ascp.org/PDF/BOC-PDFs/Guidelines/ExaminationContent May 2012
GuidelineM.aspx

CT, SCT ASCP http://www.ascp.org/PDF/BOC-PDFs/Guidelines/ExaminationContent October 2009
GuidelineCT.aspx

MB ASCP http://www.ascp.org/PDF/BOC-PDFs/Guidelines/Examination-Content- August 2011
Guideline-MB-New.aspx

MT, BCLD AAB http://www.aab.org/aab/MT.asphttp://www.aab.org/aab/ NA
Certifications_Qualifications.asp

MT, MLT American http://www.americanmedtech.org/files/MTMLT%Z20Content%200utline.pdf January 2014

Medical
Technologists
BB, technologist in blood banking; BCLD, bioanalyst clinical laboratory director; C, technologist in chemistry; CG, technologist in cytogenetics; CT,
technologist in cytotechnology; H, technologist in hematology; M, technologist in microbiology; MLT, medical laboratory technician; NA, not available; SC,
specialist in chemistry; SCT, specialist in cytotechnology; SH, specialist in hematology; SM, specialist in microbiology.

S

HiFfr) Molecular Pathology Curriculum for Medical Laboratory Scientists A Report of the Association for Molecular Pathology Training and Education Committee,
Taylor et al., J. Mol. Diagn. 2014
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Table 4 AMP Recommendations for Molecular Diagnostics Curriculum
MLS/CLS technologist, DMS technologist, bachelor’s DMS technologist, master’s
Variable bachelor's degree degree degree

Nucleic acid chemistry

Basic molecular theory

Genetics/inheritance

Infectious disease

Genetic disease

Hematology/oncology

Human identity

Basic laboratory mathematics

Electrophoresis

Nucleic acid isolation

Traditional PCR

RT-PCR

Real-time PCR

Restriction digest

Southern blot analysis

Multiplex/nested PCR

Capillary electrophoresis

Sanger sequencing

HRM

FISH

Microarray

Complex sequencing (ie,
pyrosequencing and NGS)

Contamination control

Instrument maintenance

Reagent storage

Proficiency testing

Specimen collection/handling

Familiarity with concepts of assay
validation and assay development

Demonstrable skills in literature search

and technical writing

Conceptual awareness

Deeper and more specific
conceptual knowledge

Deeper and more specific
conceptual knowledge

Knowledge of molecular
pathology

Deeper and more specific
knowledge of molecular
pathology

Deeper and more specific
knowledge of molecular
pathology

Laboratory training

Conceptual understanding

Laboratory training (including
PCR primer design)

Conceptual understanding

Laboratory training (including
PCR primer design)

Conceptual understanding

Quality assurance
(conceptual
understanding)

Quality assurance (laboratory
training)

Quality assurance (laboratory
training)

Test application, analysis,
and evaluation

Test application, analysis, and
evaluation

Test application, analysis, and
evaluation (demanstrable
skills)

Familiarity with concepts of requlatory Laboratory management

requirements, productivity, cost
management, and personnel
management

Laboratory management

Laboratory management
(application of these
concepts)

NGS, next-generation sequencing.

HiFfr) Molecular Pathology Curriculum for Medical Laboratory Scientists A Report of the Association for Molecular Pathology Training and Education Committee,
Taylor et al., J. Mol. Diagn. 2014
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3.4.MD Anderson[Z#(TABRCA-1,2 ZMRZEF(ZHEDELNAE

B Nellie B. Connally Breast Center

MD AndersonATC. EL.BNADEZET-AE-740—T7vT&EET 5,
RKERAZRKIZADENAELZ—THY. FHE40,000 ADEFICHIEL TS,
NADRERDHLKEICHL T EEFREENV LIV TZREBLTLS,
High Risk Screening and Genetics Clinic

B [+ 4—R0OHigh Risk Screening and Genetics ClinicTlE. BRCA-1, 20D & FRESE%

EelL TV,
B [EEf (Clinician) (£64 T. NERIEMD24 . MS44 (5534 14CGC) TH S,
>¢MD: Doctor of Medicine, MS: Master of Surgery, CGC: Certified Genetic Counselor

....................
MDAnderson myMDAnderson | @ Locations | M Contact Us | Appointments = Q, search m

Center

=X DEEE B TREEZZT
-BEH FEAH

Nellie B. Connally,Breast Center

R o ADDAE t Speak with a Health Information Specialist
SO SR REOSITERS Call 1-877-632-6789

HiFfr) Nellie B. Connally Breast Center (https://www.mdanderson.org/patients-family/diagnosis-treatment/care-centers-clinics/breast-center.html)
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B Clinical Cancer Genetics Program
B MD AndersonWEET 5. ERXWGEHNAVIRIEEFETHEAANEETDRIEICRL., EEF
BRELESVRINAY—RASUREDA—T41— T 5TAT 5L,
B EFRAIIEE = =EEN (physician) EBEIEAD VS —D\B1E5,
B Medical Director 244 . Physician and Faculty 84 . Genetic Counselor 134 . Program

Staff 7&M0S ML THY. ZOF(ZIENellie B. Connally Breast Center® EEf - & {5H
r7>‘|25—:é)'§$*bfb\%)o

I&HKB&E;‘SS()H nyMDAnderson | @ Locations | M ContactUs | Appointments = | Q Saarch
‘Ganeer Center ' e m

- FOR PHYSICIANS - RESEARCH -

S>TOJSLDEEE - Y—EREZ(T-EBEH _
< 7 N Clinical Cancer Genetics

Brogram

B &ZE%E A (MD Anderson Cancer Center®FAQ&LY)

B —5—UBRECH &SN, $350- 54,0006 ET B, BIENI L 5— M BEIHE
BEEFREERD . A —F —F SHISRERAICOVTEELELAES. BETFRE
DBAENN—LTVBRBRRLEH D,

Hi FT) Clinical Cancer Genetics Program (https://www.mdanderson.org/research/departments-labs-institutes/programs-centers/clinical-cancer-genetics.html)
Frequently Asked Questions (https://www.mdanderson.org/prevention-screening/family-history/fags.html)
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NCI-MATCHMD:EFF

NATIONAL CANCER INSTITUTE
NCI-MATCH CLINICAL TRIAL

THIS PRECISION MEDICINE TRIAL NCI-MATCH* IS FOR ADULTS WITH:
EXPLORES TREATING PATIENTS solid tumors [including rare tum

BASED ON THE MOLECULAR
PROFILES OF THEIR TUMORS

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

THE BIOPSIED
TUMOR TISSUE
WILL UNDERGO

GENE
GENE SEQUENCING WILL LOOK FOR CHANGES IN 143 GENES {EPraPnn

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

é%%%ééa\

NDT ALL PATIENTS WILL
i% ::.H i

HAVE TUMORS WITH AN

ABNORMALITY THAT
MATCHES A DRUG BEING
TESTED
nalysis for Therapy Choic

PATIENTS WITH TUMORS
THAT SHARE THE SAME
GENETIC ABNDRMALITY,
REGARDLESS OF TUMOR
TYPE, WILL RECEIVE THE
DRUG THAT TARGETS
THAT ABNORMALITY

www.cancer.gov/nci-match
T {: o 8 ANCER

A
A 3
i

Eiwd 5. hABRBDT /LEHEFL.E
i’é?ﬁ%?’éphasﬂ uur_ﬁitn%ﬁo

RIS == AT

*ENCIEECOG-ACRIN Cancer Research Group75‘“ji

B(ZHEDUV

RS

73N

B 1431 E1aF. 4,000 ED/N\Y T U REETIXIRELTINS,

NCI MATCH SCHEMA

Stable
Disease,
Complete or
partial
response
(CR+PR)!

Continue on
study agent
until
progression

Actionable
mutation |/
detected

Genetic
sequencing— Study

agent

Progressive

PD

disease >

(PD}*

Check for additional
actionable mutations?

Yes

1CR, PR, SD, and PD as defined by RECIST
2Rebiopsy; if additional mutations, offer new
targeted therapy

No

v

No additional
actionable
mutations, or
withdraw consent

HiFfr) NCI-MATCH Clinical Trial (https://www.cancer.gov/multimedia/infographics/nci-match/nci-match-clinical-trial-

infographic)

Abrams et al., (2014) Am. Soc. Clin. Oncol. Educ. Book 71-76.
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B 2015F 11 AR a DO EMIK; B 201611 AR D EIK;

NCI-MATCH Accrual Summary NCI-MATCH Overall Accrual as of 11/27/2016
Activated 08/12/15; Paused 11/11/15: 92 Days
Patient cases registered for screening 795 6000 — * Of the 3149 patients
with tumor samples
Cases with samples submitted 739 (N=6000)
Cases where labs were able to complete tumor 645 87% . 2589 patients had
testing (N=739) 5000 received their test
. . . . results
Cases with mutation matching 1 of 10 available 56 9%
treatment arms (N=645) , - 468 had a gene
4000 abnormality matching
Patients matching specific eligibility criteria for, 33 5% an available treatment
and assigned to, a treatment arm (N=645) and proceeded to be
: : further evaluated for
Patients who entered 7 of 10 available treatment 16 _2.5% 3000 the specific eligibility
arms (N=645) for the arm to which
they matched
2000 - 305 patients had
enrolled for treatment
o * NOTE: These are

strictly numbers as of a
point in time and
cannot be used to
calculate overall rates

HiFT) Executive Summary: Interim Analysis of the NCI-MATCH Trial (https://dctd.cancer.gov/majorinitiatives/NCI-MATCH_Interim_Analysis_Executive_Summary.pdf)
NCI-MATCH / EAY 131 (http://ecog-acrin.org/nci-match-eay131)
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B NCI-MATCHMYactionablet 9 A EEFEES LUMIGT SEZRE M (2016 FES5AKFR)

QO 0O o >
N —~
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EGFR mut
HER2 mut
MET amp
MET ex 14 sk
EGFR T790M
ALK transloc
ROS1 transloc
BRAF V600
PIK3CA mut
PTEN mut
PTEN loss

HER 2 amp

BRAF nonV600
NF1 mut
GNAQ/GNA11
SMO/PTCHA1
NF2 loss

cKIT mut
FGFR1/2/3
DDR2 mut
AKT1 mut
NRAS mut
CCND1,2,3 amp
dMMR

Afatinib
Afatinib
Crizotinib
Crizotinib
AZD9291
Crizotinib
Crizotinib
Dabrafenib+trametinib
Taselisib
GSK2636771
GSK2636771

Ado-trastuzumab
emtansine

Trametinib
Trametinib
Trametinib
Vismodegib
Defactinib
Sunitinib
AZD 4547
Dasatinib
AZD 5363
Binimetinib
Palbociclib
Nivolumab

Reh

H Fr) NCI-MATCH (https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/nci-match)
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NCI-MATCHERI#RIZ, /NREBFEITH L, REBFAFIIHEETDOEMAEENFET D
BILFEEZEITOINENEEETD=H.DNAS =LV T #EiEd 5, EEMRE
FIATIREIZT D=6 NCINEB DR FELELEHEL TS,
HDABEDZERFINIZFEAELZ, ETHADNRIZHL., D FIZRABEDEESTIZ
95,

HETHSEINT=YT /LT —2(E,. DNRBADBGEHEBOME)Y—RXELTERS
nb,

NCIMT7>K$ BChildren’s Oncology grouphEEF 5FETHAN ., SHE DR T
HY. FIBDIA LT —TILOEBERIIRETHD, 2017EDHERFIEZT BHEELT
AV

H A7) NCI-COG Pediatric MATCH (https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/pediatric-match)
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B BIENZTHASIL GAEBREAIEML el e o gt ek
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PATIENTS WITH CANCER WHO: have an advanced solid tumar, are no longer are healthy enough
multiple myeloma, or non- benefitting from to participate

Hodgkin lymphoma with a standard treatment
genomic variation that can be

targeted with a study drug

HOW V) WORNK
A patient's The The A par- The The study’s ASCO
R N CI-MATC H ASCO TAPU Rt-—t) ‘ —_ ~ Ii 0) 75\ AJ treating patient Molecular ticipating patient Data publishes
] S L Inon physician has decides Tumor Board—  pharmaceuti- is followed and Safety study findings
—_ RN E —_ / \ i results of a to enroll a group of cal company for standard Monitoring Board  in peer-
% ' -L‘-J' L -t 17- / A'l‘ *&% :b & ' \ %* E’] % 0) JE Fl:\ 91\ genomic profile in TAPUR experts provides the toxicity and reviews results reviewed
- of the patient's and gives convened approved study  efficacy and determines Journals te
1§ % E % HET é h ase2 Eﬁ 70 D 7 A —c‘ % é tumor, and informed by ASCO— drug at no cost  outcomes, whether a inform clinical
p j.ll 7 determines that consent. concurs with to the patient. and data are treatment is practice
a study drug the proposed collected for  promising fora and future
may benefit treatment or analysis, particular cancer  research,
the patient. recommends and genomic

« NCI-MATCHIZ. &M oEEL-ERBARZ40H T
HREZEDONT IAITERL, 143:&15F4,000/\1) 0.2
TobDT/ LBINEREYS S, AESMICH=2T,
BE-REREBOERERITEL, sl Pt R

CANCER COMMUNITY. PHARMACEUTICAL REGULATORS.
H _tri i They get access INVESTIGATORS. They learn about new  COMPANIES. They get  They get data
i (httpS.//WWW.CanCGr.gOV/abOUt Cancer/treatment/CIInlcal trIaIS/nCI to targeted drugs They receive assis- uses for targeted data on use of drugs about adverse
1= matched to the genetic tance Interpreting cancer drugs for for possible new events and other
su pported/nCI matCh) profiles of their genomic test results patients who have cancer Indications outcomes.
tumors. and identifying appro-  exhausted current already being used in
priate treatments. options. clinical practice.

« —7A.ASCO TAPURIZ. 705 S LRATY /LG
[FEHINTELT . BENMASADHTE>TINS e e i ™
. — patient representatives, clinical oncologists, statisticlans, and genomics speclalists.
BIFRERRZFIRET S,

HiFT) TAPUR (http://www.asco.org/sites/www.asco.org/files/ac_2015-09 tapur-info.png)
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b

A

X Match
Patient meets non- . .
SR confirmed in
drug specific eligibility
ti e protocol
criteria for study

/
!

Maolecular Tumor
Board concurs with
physician treatment

}

remaining eligib

v

Physician verifies

ility

criteria, obtains pre-
study tests and

Targeted Agent and Profiling
Utilization Registry (TAPUR) Study
Schema

protocol

h

not available in protocal

initiates treatment
Physician reviews Potential drug ,"; /" Patient consents to
genomic test available in I\ treatment within
results program \‘\\ - program oy
" % L 4
- . f \ Physician submits case
vl g / N summary and test Re-evaluate
/ A results to Molecular every 8 weeks
: ; 4 Match not
Mo actionable Actionable ; £ // Tumeor Board
: k confirmed in -
variant detected variant detected T T
% protocol L e
il -
\ h 4 & ~k
',
Y Molecular Tumor Complete response,
L Board does nat partial responsa, or Progression —
concur with stable disease — stop treatment
Mo drug physician continue treatment
h 4 smial treatment plan
program
o —
Tr:jz_atmelnt at physician | e R
|sc.re.t|_nln, reassess g - v
eligibility if drug ¥ -
becomes available or Malecular Tumor R
new genomic test < Board recommends Malecular Tumaor Board ?3.55_’2.55
performed treatment with recommends clinical trial eligibility
alternative drug or off-label treatment
available in the

Physician verifies
remaining eligibility
criteria, obtains pre-

study tests and

initiates treatment

H ) TAPUR (https://www.nationalacademies.org/hmd/~/media/Files/Activity%20Files/Disease/NCPF/2014-NOV-10/Schilsky.pdf)
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Group 1 (VEGFR)

Participants receive axitinib - dosage, frequency and duration per label VEGFR mutation, amplification or overexpression)

Group 2 (Bcr-abl, SRC, LYN, LCK)
Participants receive bosutinib- dosage, frequency and duration per label Ber-abl, SRC, LYN, LCK mutations

Group 3 (ALK, ROS1, MET)
Participants receive crizotinib - dosage, frequency and duration per label ALK, ROS1, MET mutations

Group 4 (CDKN2A/p16, CDK4, CDKG6)

Participants receive palbociclib - dosage, frequency and duration per label CDKN2A/p16 loss, CDK4, CDK6 amplifications

Group 5 (CSF1R, PDGFR, VEGFR)
Participants receive sunitinib - dosage, frequency and duration per label CSF1R, PDGFR, VEGFR mutations

Group 6 (MTOR, TSC)

Participants receive temsirolimus - dosage, frequency and duration per label mMTOR, TSC mutations

Group 7 (EGFR)

Participants receive erlotinib - dosage, frequency and duration per label EGFR mutations

Group 8 (ERBB2)

Participants receive trastuzumab and pertuzumab - dosage, frequency and duration per label (ERBB2 amplifications)
Group 9 (BRAFV600E)

Participants receive vemurafenib and cobimetinib - dosage, frequency and duration per label BRAFV600E mutations

Group 10 (PTCH1)
Participants receive vismodegib - dosage, frequency and duration per label PTCH1 deletion or inactivating mutations

Group 11 (KRAS, NRAS and BRAF)
Participants receive cetuximab - dosage, frequency and duration per label KRAS, NRAS and BRAF wildtype

Group 12 (Ber-abl, SRC, KIT, PDGFRB, EPHA2, FYN, LCK, YES1)

Participants receive dasatinib- dosage, frequency and duration per label Ber-abl, SRC, KIT, PDGFRB, EPHA2, FYN, LCK, YES1 mutations

Group 13 (RET,VEGFR1/2/3,KIT,PDGFRB,RAF-1,BRAF

Participants receive regorafenib- dosage, frequency and duration per label RET, VEGFR1, VEGFR2, VEGFRS, KIT, PDGFRB, RAF-1, BRAF

mutations/amplifications

Group 14 (BRCA1/BRCA2; ATM)

Participants receive olaparib- dosage, frequency and duration per label Germline or somatic BRCA1/BRCA2 inactivating mutations; ATM mutations

or deletions

Group 15 (POLE/POLD1)
Participants receive pembrolizumab- dosage, frequency and duration per label

KU = =i GBI

Drug: Axitinib drug
Other Name: Inlyta

Drug: Bosutinib drug
Other Name: Bosulif

Drug: Crizotinib drug
Other Name: Xalkori

Drug: Palbociclib drug
Other Name: Ibrance
Drug: Sunitinib drug
Other Name: Sutent

Drug: Temsirolimus drug
Other Name: Torisel

Drug: Erlotinib drug
Other Name: Tarceva

Drug: Trastuzumab and Pertuzumab drug
Other Name: Herceptin and Perjeta

Drug: Vemurafenib and Cobimetinib drug
Other Name: Zelboraf and Cotellic

Drug: Vismodegib drug

Other Name: Erivedge

Drug: Cetuximab drug
Other Name: Erbitux

Drug: Dasatinib drug
Other Name: Sprycel

Drug: Regorafenib drug
Other Name: Stivarga

Drug: Olaparib drug
Other Name: Lynparza

Drug: Pembrolizumab drug
Other Name: Keytruda

Hi Fir) ClinicalTrials.gov (https://clinicaltrials.gov/ct2/show/NCT02693535?term=NCT+02693535&rank=1)
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MEA AL (RREMERKXE) A 2E2—R (1)

B EERAVVES—

KETIE, BEH I E—NEIZLEEMBO—DELTHRHON TS, BBREEHEEL, BiGk
REBIZDVLWTIEEMKLYEFLWMGELH S, BE-FMBRBERIRZRODBEICNT HEHA(FZALOND
RIEANDZE . REDOA) b -TA)y DR EFHE. DL AFLZE)ZHEHELTEY. DEmTD
7 ORIEREDAEIZDODVNTHEREATLS,

BIZhOt5—DERIL. American Board of Genetic Counseling(ABGC) [C&YERESNT=K
FIRIELRIETITHON TS, BIEAhV ES—DEEZTIET H5=HDHEBE L. ABGCHERDT-
irzlZfRoN b,

BN ES—0OMIZ, IEE TIEGenetic Nurse ELVSERHNTE, BEMNKZRZLARILDZ
B %= I11-1&(ZCertified Genetic Nurse (CGN) *>Advanced Practice Nurse in Genetics (APNG)
BEDEREBT. BEN IV ES—ERILCIIICEBEDAD LI TN TESLSITHS,
SomaticD AN ABIZFREIZELTIE., germlineDEBIZFEENR DM o>-HEIZ. ERDEK.
FREEORAREZITI=ODEINEFRERIICHERT S,
MADI)=hIVo— o REETgermlineDEGFEENKERINI-IGEICIE. EMIXESET.
XIS XBIEH I —[2EE ST ELTES, LN ADBRCAEIEFZE EHgermlineHrsomatichH
EWVST=BRVEBEHI U ES—DEFTIZELH B, KETIX. BADY)ZHILL—H VR T
germlineDEENE RSN DENEIT5NIEELEHLNTLVS,
BIRFREZZITAEBISHLTIE. RERICEEDHAIERN AN IGEICHY =LA EREH]
&1, EFICIE. BRERNCRELZELTE. REICEEDHAERINEHIGEICTKREDIRE
ZHREITHENEIE. ABELI=-ADS0%IEETHDS,
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MEA AL (RREMERKXE)ADI2E 1R (2)

B RRNREFOEE

BREZFOLODREILRSAUMIDLNTIL, CLIA-CAPOBREERIN OIS LORIZEENT
LV5, analytical validityZ 18R 9 57=-IC. AV &E T & QT DN EHEEDER. EHFX VT
L—a w752 & ARL—23 D TArIILVEEH B ELETH D,

BRI RERIEICEALT. BEOMABRETHNIL., HFMERATICIZE R T SO BRI
(XEBHE, DADRK GREETI F) [2DWTIE, HETHRERTHY .. mERFEICEALTHAFR
FAVIEETIEEFEF>TLWELMRRTH S, BIER TREZHRITTLNSESAIEHLIMELNELY,
Foundation Medicine|ZiEARKIZDWNWTIE, BEREEN—ILEHHIEDD . FEWLVEDTHS,
Foundation MedicineD &L, EEICHRADBETRENTETHLDIE10%HETH 5,
KETHE., EFREL. AREDL. BRI BZAHRETHEOMNTHEICRAIEND, FEERFI
AR ELTULNSIEE . CLIA-CAPEEEE T TOREBEEmRA RO -ND, IREMDRETIX. C
DEOIGREBEZEICEAT ARG REBRZERKRIRIG TR AL TIXLIFELY,
ERFHBREFRICEALT, ZWICOVWTIHHREENTILELAY  AEICODVWTIXESERARELRE
DEREREMNFILELZSTIT,

RIBIZDULNTIE, BB EI% %% i &9 Banatomical pathology (AP) &. PCR%E Mmolecular

biologyZ Hilx& 9 Sclinical pathology (CP) EAVY . ENENHEI—RANEFET 5, APECPD
MAZIETSHIALNEL. FADADIGEELH D,
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F(CHITABNADYT / LEBRREBFH

MEA AL (RREMERKXE)~ADI2E21—HE (3)

B EGFRERBRICEOERKABRIOIS A
® NCI-MATCH

1 ) LB DS R E S &I 5 LR IC RIS A8 B AVEIREET % . Phase2 studyTé %, 2015411 5125
BLI- R DRE . REFERLTASERAHSETICI~20 Bbe, BEULICHEEET 5L
AEBILT=, ZD1=th. REEREBOL, AHERIEL.

NCI-MATCHIE, 4/ LT — 5% IRES BTt KEMIE- FHTFIFERDLIZEEESN TS, TOYS LD
CREZERL. BAL IO 5 LNRET S, NC-MATCHTERT 27 —4Ic13. REREQBRE T
D TIHVVEL, BRI KBHEERAREEML . DT —UEYTAERIILEY. HEDREHEN B
BOERIET A LA E I TH B,

B ASCO TAPUR

BEETIEABRENMEEINGO—ERIRE - FAEE (TS IEEFL TcommunityEFEIEN ) X RIZEHKE T
Bbasket trial (DNAFEIZEST B EDEGCFEEZFE DEEELRRELI-EBRAE) TH5, th A DK T
IEBIN TS, BEEFREDERIIRF—LIZEEN TGV, RERIZSMT H=HIZX@AIENDA
ETREBEFRZE>TULVNIEKLY, BF(X. HlZ IEFoundation Medicine’zE DEREZ BRI TZIT5,

n REEH

KETIK, EFORBEEREBIBIZ/NMRICHSEHEANTETIVS, HlZ X, Foundation MedicineD iR &
X, BETHNIE—ME50~60FMHEET S, Foundation MedicineB BN . EZEDFEPNIZHLTRHREER
LTS, FEALEDEEDERAHEIIEOICLESHI., ZLTEHAEELLS,
Foundation MedicineDE SR RETILTIE. REHBRD T I HERKITFTLHETIRAZFEDLLTLS,
BIZIE. HEINATEDEEZEDSE, HER2ZEGFEEBG NI % M EVST-IEELGERIRBELEBEDT—2I
BEMKITESDTREMEDNDH LD THS,
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4.1. A—)LELEHEFER (Samsung Genome Institute) 106
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Dr. Woong-Yang Park (Samsung Genome Institute) ~®D *—/LRELVEHEHEE (1)

B RERNREFOEE

DUZAN—T o T RIREZET TRE T BIZIE. 2275 iEHH S Ministry of Food and
Drug Safety (MFDS) TERIN-EE L. EEEFRZAWLNDSIENTED,
RUOHEZRZEE R Y —E X THIFHY 5155 . MFDSIXKorean Institute of Genetic Testing
EvaluationZf=I&Korea Laboratory Accreditation Scheme (ISO15189) M 23 (accreditation) %
— DT HEDRDLND,

MFDSHY . BEBEFFMDH ARSI ENFTRTHIEEZFTEIL TS,

B BREGRZHE-FIRL, T0EICHRET DARHIEE

DVZAN—o 0T —ERTE BEiINT R TOTOEREZEBLAGTNIEEST ., BRERR
Z& B (medical laboratory technician) D &57%H B D EFRNPNCSHEBREIRMELLITNIEGS
B LB AT A TAITAVRBIEEEBRREENERTSILELARETH D,

BREBRICHEEZHEOAICDOVT BEEFEDR—NIELD, FEFE RRFILHELZF)
M REDTOERERBRLUR—MIEREZRD,

RE.EERAVES—HIER>EL,

t=12L . Korean Society of Pathologyh'. BAAY / LSEEICH (T AR EBEFEDIEITOT S LEEH
1IrLTLVD,
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Dr. Woong-Yang Park (Samsung Genome Institute) ~®D *—/LRELVEHEHEE (2)

B REAROEBE - RIENOHRBAGHIEEBEN- ZROFAERCEED)

REBREZETOEEKY—EXTHE. BEFREICAVIA—LE- O EUREROONGEWN £EDY/
LT —RFRELIMEE L, BEICRL. FREWTY /AT =2V IICHRTTELNER 5,
NIE NAF N DIZHEAERFTFRITAZEEIFEAERIBZTH S,

BRM- Z XA RORKZLIZDONTIE. ACMGH A FSAUZIESFLTLVS,

BREMRDEE -REANDGRAITIAEDEHRF. ERERICEVELGD, FIZIE, BRENAE
BEBVEGKRBDEODEEY) =V DERKFEEE X, BEAV I TELT, EROH
BAZIRIH TES, T BEERMER. ARFTELHE T EEDAAVELFRERBREEA D,

B RSN LDREREICESCERIRE - T AN — RIS SRR

=B (Bl EEAREE. NERIE)DNEEDEGCFEEREDEREZHINT 5,

20173 A 1B &Y. NGSENIXEERER TRIREEIND, (FEALEDEEKEZTIE. NGSHEET
EREDOL/ZAEL T ERITIREET B, Ministry of HealthZAAS XV EGEHEEEDREFS
&H1=H%. DTC-common diseases* 77— A5 /ZHR[ZDWTIE EBHSNTULVELY,

Ministry of HealthhY, 12 B IZEBEGEFREDHARSAEARIZHERL-, L. EEHERSIZE
I AHRGZE—REET AN =5 ThHo1=,

BEFREZRICEATS. AMEWLEADOT—EIR—X([IFELLEN, EEBRICBLNTEEZ
HSTFEELLELY, FEAEDT—2IE. BEEHEREFIEINAVICRYBC EEREADT—FR—XT
REINTLS,
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Dr. Woong-Yang Park (Samsung Genome Institute) ~D *—/LRLVEHEHEE (3)

B ZDih
B Germline Bz FHREL. BRKRFEBFEFATERESNTLND,

BEODECFEREEERR. 2HERRIRTHN—NTS, BEPREDELGHNEZEZRY
) == 3 BBIEHAVE) T REETHNA—SN TV,

Germline Bz FREIZEIKFHEEIL. AHEERRIERTH/N—INTLVELY,
LERED . BHABEZAWN=S /L R—ZADEKRHEEN2017EICHIB T ETHS,
OncotypeDX# &UMammaPrintl&. AMEBRRKETH/ A—h TLVELY,

INERDNAZRRELET / LEBEDERIE. 2017E3A N AHEBRRRTHN—ENEFETH
Do
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o FHEICBITHELGHI ET—DHE -REFIE
® HEIZHIF5H0ncotype DX, MammaPrintD{RIREZIR R =
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511.Z5EBIZBTSEELEHV U E—DHEB - REFIE 111
5.1.2. 2EGCRBDEIHVT—% &%k 112
5.2.1.ZFEIZH+50ncotype DX, MammaPrint®D {REE{EZ KR 113

5.2.2.EENICEIZ#1F%0ncotype DX, MammaPrintZF D& AxI R o iR 114
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Certified Genetic Counselor

Accreditation Council for
Genetic Counseling (ACGC) [Z&k
UEEEINT=-37D KF[FIELE
BTEIEHYES— (Genetic
Counselor: GC) &IN5,
(20171 ARE)

The American Board of Genetic
Counseling (ABGC) "EE3 5
ERRERIZEKR T NIL, Certified
Genetic Counselor(CGC) D&
59 Do

CGCI34,000 & KL ELVD, (2017
F1R{RHE)

m
511.5BICBFHEBECHIV ET—DHEB-REFE

Genetic Counsellor

Genetic Counsellor Registration
Board (GCRB) IZ&kYEREIMNT=3
DD KZRRIE L FREE (Cardiff,
Manchester, Glasgow) [CTERK
MNITHN TS, (2017FE1AR
)

GCRBMEEHIET—D & &R
#{To TV,

GCRBIZ[E. 2002 ENZFS
nTLS, (2017F1AHR%E)

KU = =i GBI

Conseiller en Génétique

12D KFHAE L FRTE (Aix-
Marseille Université Master
Pathologie humaine Spécialité
Conseil en génétique et
Médecine prédictive) [ZTER A
THhnTLs,

BiZhO o5 —I2h5=HI121F
LEDEBELEREBEET THEN
25 JlTbonTHY. Ezhoot
S—DEWELED,

2004 F 2B A IREY . 8BFERIT
1228 DBEIEH I 53— E
LTL3,

(BRER B D IEAREA, )

HiFfr) How Do | Train To Become a Certified Genetic Counselor? (http://www.abgc.net/Certification/become_a_genetic_counselor.asp)
ABOUT GENETIC COUNSELORS (http://www.nsgc.org/page/whoaregcs)

ACCREDITATION OF COURSES (http://www.gcrb.org.uk/accreditation-of-courses/)

PROSPECTIVE REGISTRANTS (http://www.gcrb.org.uk/prospective-registrants/)

CHECK THE REGISTER (http://www.gcrb.org.uk/check-the-register/)

Master Pathologie humaine Spécialité Conseil en génétique et Médecine prédictive (http://formations.univ-amu.frfME5APH-SPAPH5G.html)
Cordier et al., I Community Genet 2016 7(1):51-55
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5.1.2.EFEGCRBDETHVET—EER
B EEGCRBTIZ. THRIQOSIZEFZKN-EETLHOET—D—EZARLTLVS,

. professional™

( ) v standards
~— authority

GCR B accredited register

Genetic Counsellor
Registration Board

REGISTER OF GENETIC COUNSELLORS

This is a live Register and is only proof of registration status on the date accessed at

vww.GCRB.org.uk CHECK THE REGISTER

Have effective registration with no restrictions and cautions, with registration fees
having been paid and registration is up to date

Are on our register but have restrictions on their practice or a caution order.

>< Have been suspended or removed from our register and are not currently allowed to
practise as a GCRB Registered Genetic Counsellor.

An explanation of “Status of Registration” can be found in the Glossary of Terms at the end of this document

Year of most recent
FIRST Reg Status of Registration fon:
SURNAME i Practice Location Spvo Mo
NAME No. (Registered, Lapsed, Suspended) raining
(valid for 3 years)
Yemar of mout recent
FIRST g Starun of Registratian i -off manter
AFFLECK Josephine 100 Current Gloucester, Bristol 2015 vz NAME o [Registersd, Ligiad, Suspesed) o training
Ivalid for 3 yearsh
autnanpen enan | 30 Curmen anchiner
AHMED Mushtaq 111 Current Leeds 2012
ASHCROFT Rathrym 149 Lerdh
artann wegra |2 o
GCRB Register Version 15 1 s e | 3om o6
BALEY Miwren ol Current Candit?t
BARNES Koty 0o X | Lepsrd 1015 ale
mARRT Amonds L X1 | Lapsed 1ory nla
BARTLETT o m w1
e sarah et am
BECKETT Willlam e
agechaFT " Gt Nemingharm
LK Rocke! " o Renewn! dented 1016 Manchestes
GCRB Register Version 15 2

H ) CHECK THE REGISTER (http://www.gcrb.org.uk/check-the-register/)
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5.2.1.&EIZ#& 17 50ncotype DX, MammaPrint® {RER{E Z K]
B Oncotype DX, MammaPrint®D £ &&= K%

Oncotype DX:
Genomic Health#t
CRE)

MammaPerint:
Agendiatt (5>
)

#94,000F LEEF HESNTLY @
BH . MedicareB L UEHD E
ELRRESAIRIETH/N—L

TWh%,

Genomic Health#tIZ kB &, XK
ETREIZIMALTLNSADH
0% N TS D TH/N—h

TWhBHELYD, !

Medicare TH/N\—&NTLV5%,2 @
TRTHDEHAZEETLIRIES

#1EH5. TDHE.
TERBEEHLHD, 3

—alZE R

HiFT) 1 Oncotype DX Test (http://www.breastcancer.org/symptoms/testing/types/oncotype_dx)
2 INFORMATION ABOUT INSURANCE COVERAGE (IN THE US)(http://www.agendia.com/healthcare-professionals/managed-care/insurance-coverage/)
3 MammaPrint Test (http://www.breastcancer.org/symptoms/testing/types/mammaprint)
4 Gene expression profiling and expanded immunohistochemistry tests for guiding adjuvant chemotherapy decisions in early breast cancer management:
MammaPrint, Oncotype DX, IHC4 and Mammostrat (https://www.nice.org.uk/guidance/dg10)
5INCa~nDA—)LEWEDHEFERF LU Le référentiel des actes innovants hors nomenclature de biologie et d’anatomocytopathologie (RIHN)
(http://social-sante.gouv.fr/systeme-de-sante-et-medico-social/recherche-et-innovation/rihn)

113

NICEIZ k5 EE L iTEE
{ifi (NICE Diagnostics
Assessment Program,
DG10) D THI AL H
TINTHY NHSH—
EXTiRtENS,

NICEIZ & B EF X M7 ET

Tl FIALHEES
NTLVEL 4

BREE~DFERIHN
[C&YDT7oTa0TE
ncws, EENDEH
=B oA R

BREEANDFTERIHN
[C&KYT7PoTaT&
ncTths, BEENDEH
=Fi=[ oA AW
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5.2.2. & ENICE(Z#(T50ncotype DX, MammaPrintZE D& Ax R o R

B ZFM#SE (Recommendations)
B Oncotype DX

B Oncotype DXIE. L TFOEHEH-IHE. TR UZEK(ER) B, 2/ \Eifg
% (LN) 2%, HER2[ZE D B EAZL A A BEITHLTT D2\ U MEE (TR B E2E
B EITOIDNEIEHIN T HZMELL THEERSINS
m BECPEEORKRUEAHIETEIN TS

B  Oncotype DXIC&K>THRLNANADEYZHFHFRICEET HFHMAY. WD ZBF R D%
MY ALEEEDL S DFIEDENTELS

B EEEMN NICEARETHEYRDICLI=A>T. Oncotype DXENHSHEBIZIRHEL TLVS

B NICE[X. NHSIZH UL TOncotype DXERDELHEHT—AUNEEITOIELTHREL TLY
)

B MammaPrint, IHC4, Mammostrat

B MammaPrint, IHC4, MammostratZERGE. LNFEE . HER2[EE D B EAZL A EE

2L T EEEEZ OGNSR T IMLDIET O RZREL. BEMEFEEZED
EREZTFRTESAOINELZHIMTA-OD. IERNFERICEVLTOAEREND

B BRRAIAAERSLIUVERAMUNRICEALTHRENTHS=H. CNODIRED—REIE
AITHEINEL

HiFlT) Gene expression profiling and expanded immunohistochemistry tests for guiding adjuvant chemotherapy decisions in early breast cancer management:
MammaPrint, Oncotype DX, IHC4 and Mammostrat (https://www.nice.org.uk/guidance/dg10)
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5.2.2. & ENICE(Z#(T50ncotype DX, MammaPrintZE D& Ax R o R

B EEFHRBEIOI7M)TBLURERBIEFEIT. ALAADYITZALTHELSIUBH
AIDFHEIZALL NS, fiTH] - ITREIEFEEZITONE I DHIETZBIITHBRHRE TS
=HIZALGNS,

B EEGRTFRRIOTFAIVT
B OncotypeDX

B RT-PCRIZE->THMAMBBHR D2 BEFOREBETET 5, Hi-lXT—2 [ HLF T &
SWiEh. ERBIEM DN M E - (LN (U / SEsE ISR T) T AEFST1Y
BEET>CNETRTOEBOEMEOBEDOALEMET TS, COREL. AHAITEE
L=BH#XO7(RS)ZZIYHT. low(RS<18), intermediate (18 =RS=30), high(RS=31) D
3DNDYRIHTI)—IZ5H%E9 5, ER. PR. HER2DIK;RIZCDODWTHEHE T 5. BEICIL., H&E
ENRECEE T IREE ML ALYV AR ST aBL R IKERN S,

B MammaPrint

B A7 LAEIZEDVTEY. 7T0ERFORBEETOT7MILEALD, LNIZHESL LG
(D NEERFE G MBLUT) T M DEB YA XMNcmMUT DT R TOERH DT HEITXTLT
FROZEHELTHEDONS, COREIL. BHZAADZERBRIRAIZFML. E&EZlow risk
(good prognosis) &high risk (poor prognosis) D225 %9 4%, MammaPrint(&. FDAD GIn
Vitro Diagnostic Multivariate Index Assay&L TERRISN TS, IREICZIE. BEBMNKEFES-
gﬁﬂ;i‘/@’éﬁﬁ'd'é*ﬁﬁﬁffﬁ%LT:%J?#@@@P& FERILTI B E/NT T4 EEBLT:

KEZAWS,

HiFlT) Gene expression profiling and expanded immunohistochemistry tests for guiding adjuvant chemotherapy decisions in early breast cancer management:
MammaPrint, Oncotype DX, IHC4 and Mammostrat (https://www.nice.org.uk/guidance/dg10)
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B REMAEIEERUNNVERIRITOI7A(41)05)
m |[HC4

B — ARG ERRRIEAT R (i, FEEiKRE. EE YA X-EBEUHESE)(IMA. 40032/ V& (ER,
PR, HER2, Ki-67) DR IIBEZATET 5, ZITVALEZRAVCGRREBERERDIROVRa7ETET
5. IHCAREDT=OIZIX. ER, PR, Ki-6 7D E =5l N EL1L S, IHCAEZEFHED-6d DA
USAVETEMA R P THD, BEIZILZNHSIZET IS TWWAO—HILDOBREETERESh
RV VEE - INT T4V BEBLI-REAZFA NS,

B Mammostrat

B 5D REMBEFE<Y—H—(SLC7A5, HTFIC, P53, NDRG1, CEACAMS5) ZFAWLT., BEZ)

AVBEICHFEL. BEROHHZBTHEHRZRET 5. ChoDT—h—IFEWNIHIZL TS
A, HRIEIE ORIV ED ZRARARDREBZEEFTMEL TL S DT TIEEL, ARSNTULSE L)
BEEMICEITHEE rﬁﬂn’é%t(-ﬁIEéhT—'}’)L:I DX LZRWNT,. BREOMEXHIGRIE
9 5, BEEIDDURIATI)—IZ734$E9 %, Prognostic index=0I[Zlow risk.
prognostic index >0/ 2 =0.7(% moderate-risk. prognostic index>0.7[Xhigh risk & 25
HEIND, BEICH. HEENRKRETEET SREETHERLIRILIVEE/NZ T B3
LAz ALS,

HiFlT) Gene expression profiling and expanded immunohistochemistry tests for guiding adjuvant chemotherapy decisions in early breast cancer management:
MammaPrint, Oncotype DX, IHC4 and Mammostrat (https://www.nice.org.uk/guidance/dg10)
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5.2.2. 2 [ENICEIZ#1T450ncotype DX, MammaPrintZFEDERAX IR S HTiER

B ETEHER  BRRE9A A4 (clinical effectiveness)

B Oncotype DX

® Oncotype DXIE. BRED DR H 4. BRRMZ LM, BRERNEREICET ST 320N E5->THEY . KA
FOADHRTREANRMIIETUVRZHALTWNSEEZ NS, IRBAE. TH10 BEOAOEFHAICEL
T.HAREZBIKIZE TS, LML, ZLOARIT/NRIELGRARESHAETHY . EETERSN-HRIED
7Ly, “External Assessment Group”(d. ERFREIE AEICRET 50 LGAIET U RDINENNETHSHELT
AV
B MammaPrint
B MammaPrintiZB 9 2 ED FEAE TN REELZRAMETHY ., EEDODAOEALFR Y —TH 5. FRERID
ZHELOAFRRELTWVEWARLH D, SHIT, RETERSNFHAEILLEL, Ff=. MammaPrintiZB4 5T E
TOREHBERAEZAWNIGESICEDVTEY. . RILUVEE NSTBEBLEREICZCOIET VX
HEATELNEFRENTH S, “External Assessment Group”ld. EEFRAIZ 14, BERMA BRI 5
BIEAANRMIIET UV ADIENLETHLHELTILVS,
m |HC4
B IHCAIZEHT AIETUORILERIRMIZ LM (FEFAEE) ICBERoN TS E | “External Assessment Group”l&
AL TULS, BRERMIZ UMD IE T U RICEL TIXLLEMO/NR N TH AN, DR SHEEEERM AT
[CEALTELLAIETUORDPRENDBETHDHEL TS,

B Mammostrat

B AR Y CERMAEREICET RS0 IET U ADRENDETH D E“External Assessment
Group”[FEHElL TLYS,

HiFlT) Gene expression profiling and expanded immunohistochemistry tests for guiding adjuvant chemotherapy decisions in early breast cancer management:
MammaPrint, Oncotype DX, IHC4 and Mammostrat (https://www.nice.org.uk/guidance/dg10)
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5.2.2. 2 [ENICEIZ#1T450ncotype DX, MammaPrintZFEDERAX IR S HTiER

B ERH&ER : #2%F5Ef (economic analysis)

B XEICHBTE4DODEEDEAXNNREZTFMT 5=OICHGEFET ILAEFENT=,
ER+, LN-, HER2-D B HiZLANA BB T, MR TSR U T DR MEEFET UL
@‘T%thtor*ﬂw ST, ERADITRTOEENREETZ(THERELZ, T
GIL—TaHTIE. EFD>E. NPIROAT7MN3.4L L GEfREB R XY hlintermediate T
HAHEDREBIBIZELLTRHULDLONS) DEXHEDH N EEEZITHERELT =,

B ERERMI7 9 RAL (clinical outcomes)

B BRRETIOMLETFET A=ODETIVEHATZ ETILH,. I RXRTORENTIURYUE
FBreRTAHERTELz. TRV VEEBEMFEITEMDIEEEEDBEIZS (THEILNADT
DN LEZIAL—230F 50 REEBRTETILZAWL -, ALDPAVBED 7O LIL., £
BRAETIM. BRERELUVE . ILEEZDFEEZER.ELZEL . EROEREIRE
AT Ialb—iarvant=,

® Z M (cost)

B RBREER MammaPrint(££2,675. Oncotype DXIE£2,580. IHC4IE£100~£200 (F&FETIL
TIX£150) . Mammostratid£1,120~£1,620 (#FFET L TIE£1,135)

B REE(IXVNIUVEESLIMEEEE)

B eEEEICEELER. REMNGEEERICRIERA (EHMEEESERO-RFHES
4)

N OEEERHE. BRI STIIVLTTOEBICEEL-EA

HiFlT) Gene expression profiling and expanded immunohistochemistry tests for guiding adjuvant chemotherapy decisions in early breast cancer management:
MammaPrint, Oncotype DX, IHC4 and Mammostrat (https://www.nice.org.uk/guidance/dg10)
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5.2.2. ZENICEIZF[T50ncotype DX, MammaPrint%@EFﬁ?ﬁiﬁ%ﬁ#ﬁﬁ%

B FTEl#ER  #27%5F{f (economic analysis)
B Oncotype DX and IHC4
B ETIILFOIANABRBEEICREZITOEGESE

# A xt 30 R 2 A iR (cost-effectiveness acceptability curve)
Mo, HEEDZERELLEL, IHCADE AXShBEMNKELHH
EMIZIX100% TH>T=, —A. Oncotype DXDE AR HNEH
S AHEEL12.4% TH>T=, ICERDRAXHFEEE
£20,000/QALYELT=35E)

B ETFILHOEAINAVEEZFEDIBNPIROT7MN34LE

DEHICOAREZTo=5E

ERMNREZSFHENS, HEKOZELLEL. HC4ADEH
RN RKELLLHEEMNIZXIZ100% THoT=. —A.
Oncotype DXMD & RAxt sh RN S <L 5 EE(L91.6% THo1=,
(ICERD & KHFEMEFL20,000/QALY ELT-HE)

=i x('f Oncotype DXDHEE N REERADRELEIR
~L1=, “External Assessment Group’h%. ZDIRRIEE &,
Oncotype DXMNFEZFAEELTHEDTHY . BEENMEEEE

NoBoNATAIEFRLEWNEWNSIREDLESHLI-FER.
ETILHEDEEDSENPINSALULDEEIHEDLEE
To1=15& LB L. Oncotype DXMDICERIE£22,600/QALY &
BT Ty g i

ETILRDENABRELEICTREBERZIT-BED
o pIES

Table 1 Per-patient costs, QALYs and ICERs in the primary economic analysis
(Oncotype DX and IHC4 compared with current practice)®

Mean cost (£) | Mean QALYs | ICER - compared with current practice

Oncotype DX £9094 13.54 £26,940°
IHC4 £6340 13.49 Dominant
Current practice |£651%9 13.44

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year.

*The analysis assumed the tests are used for all women with ER+, LN-, HER2- early breast
cancer in England. Predictive benefit was based on Paik et al. (2006) and is based on the list
price of Oncotype DX.

" Rounding error contributes to the difference from expected value.

ETILHDEINAEEZEDSIBNPIRAT7H3.4LUED
EEHIZCOABRBEEZT>-EEDERXSE

Table 2 Per patient costs, QALYs and ICERs in the primary economic analysis
(Oncotype DX and IHC4 compared with current practice)®

‘ Mean cost (£) ‘ Mean QALYs | ICER - compared with current practice

| £9007"

Oncotype DX ‘ElD.‘?ll | 13.06
IHC4 ‘£8318 | 12.97 Dominant
Current practice ‘£8816 | 12.83

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year.
*The analysis assumed the tests are used for women with ER+, LN-, HER2- early breast
cancer and an NPl score above 3.4 in England. Predictive benefit was based on Paik et al.
(2006) and is based on the list price of Oncotype DX.

" Rounding error contributes to the difference from expected value,

HiFlT) Gene expression profiling and expanded immunohistochemistry tests for guiding adjuvant chemotherapy decisions in early breast cancer management:
MammaPrint, Oncotype DX, IHC4 and Mammostrat (https://www.nice.org.uk/guidance/dg10)
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B FEE R  #2%5FH (economic analysis)
B Mammostrat

B ETILHFOEAISNAVEBEBEEICREFITO-EE

o HEEDOZLEIXTEHEMRLT,699. FHQALY 12.86. MammostratikF 5 & FAL9,040. FHQALY 12.91&%-1=,
Mammostrat®ICERIZ. £26,598/QALY L5 fis =, LAL. CODICITERLGFHEEMLFIRNH S, ERXMIESZ
REEN S, MammostratD & A S B A E LA EIL36.0% THoT-, ICERDZKEFREEL20,000/QALY ELT-15
AN

&)

B ETILTEDEIAABRBEDIENPINIAL LD EBIZOHFHLLEZEZITo-IEE

o REOZLEFTEHERL717. FHQALY12.34, MammostratlZFE 9 E FHL10,985. QALY 12.29&7% -1,
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HiFlT) Gene expression profiling and expanded immunohistochemistry tests for guiding adjuvant chemotherapy decisions in early breast cancer management:
MammaPrint, Oncotype DX, IHC4 and Mammostrat (https://www.nice.org.uk/guidance/dg10)

120






