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HER2 amplification in breast cancer tissue
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TOPZA amplification and overexpression in
hepatocellular carcinomna tissues
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Cryo-EM structure of Her2 extracellular domain-Trastuzumab Fab-Pertuzumab

Fab complex

From
PDE ID: 60GE
Hao, Y., Yu, X., Bai. Y., McBride, H Huarne, X.

(2019) PLoS One 14: e0216095-20216095
Using PyMOL Molecular Graphic Systern (Version
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#ius (mutations) 1ugTusl (genome) vosieadiiioife (somatic cells) Faifunafuid ssunaindadong
fiugnssuuaztladsandaandonsine 4. msnaetusiananiangmsadusuiiaunfunnssluain
Wi fnaviliAndy weduzSsiudsegsinnd uasniiivlptudusouusis Snsvenefgnaiu way
unsnszangludsedongein 4 Sadumaliiiiededin. manseninifinaniadudiundesusmdnduly
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o w2506 Tngmisatiuayuved nTundsnuLazdninUgUAMLIIG Yesanizoluinn wazam
Sauileannuiunend, w110y reference genome sequence F1azdeliidlansnaneiusiing uly
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nssnenlsnuzsaguwsng T chemotherapy Tneldeniigndninndu cytotoxic compounds,
fldgritauntu Tnserdemnuanunsnvessuvani lumahaewadivisiegnesnds Taghidesdisi
g1ardinalnniseangriiduiuls. mnudesnseriifinadradsniosas wazoangriiazasiowaduziials
1B Tisngnisnisfumendnemsddusuamdn Tnefitmneuasnenfiannsnduds cancer-
specific molecular targets Wara1L1saNAdaUN1SEUSINsALTnve nwaduzSelalunsAnuisely
Wosuuanig, laurang wawives “n15inwinuuy wdn (targeted therapies)”. f1913131 cytotoxic
chemotherapy Saflunumitddaluntssnulsausds, ualafinisle targeted drugs Miunnnty, Tneldsu
nsuanauain aud1ndnlumaianes genome sequencing haz n1sdnngulsauziss lagldns
wWasuwlasluszavluanaiduinast (molecular characterization of cancers). Msfisvadeniunis$nwd
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yadensine q wadu susulslimnzantugiheusasau.
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(Structure and function of biomolecules and drug targets)
aue UInfjjus:=n

a aaa a ' & v & o a a a6 = v ~ ] o
a\‘]NSU'JWVlﬂSUu@ELUIaﬂ 13J31%L‘LJ‘L! AU @0 WY KBID ﬁ!au%iﬂ ﬂQLLNQZNEﬂiq\‘]aﬂ‘Umg
3 a

uanAnsiufiedln AduuiszneviunanmiedesiiBeninged wadvesddidinusznauduan
lutanadinmvategyida 819yu n3aldaAddn (nucleic acids), 1UsdY (proteins), A15lulainsn
(carbohydrates) uag &fin (lipids) {udu. lanadinmmardvszneufuiwiulassadenely
wad wavvhmiflunszuauniseng o ﬁﬁwﬁmﬁaﬂﬁﬁ%’maqsﬂaqwaa‘. msﬁ?aﬁ%’imwﬁawwé%
fse¥inegldognadigun ity Auegiunsviminfiiunfuesnanatanimmad. anufaund
vosmsvimhiivesluianadinmanusavinliAnlzesing 4 Wuinue nuviilseaugisedainanms
W3gLAvlnuessadotsinUnAnIY.

Twianadaninene 4 melugadgninndrunlueadiiunisusfuiivimdnidus

=

! = [ =3 aaa A a 3 < v !
YUAS (transporters) n3egnduasizidunglugadlaguiseniioulesd (enzyme) LOUAUSY &
wuleddwnnidaduluanadinnlunqulusfiududendu. WWstunnaianeluwaddaimgi
Tupszuiun1sana o dudugnasisulaglddeyaiugnssuigninueglulasiasavesnsaeandlsly
a aa = a & . . . o & = ' 2 1 1
17madn 38 ALYULe (deoxyribonucleic acid, DNA). Aetudsauisananilain U JGERGERN
NFFUIUNINNTINMENN 9 wazn1siiTInegvoswadu Fusgivteyaniaiugnssulufduwetiuies,

pduuifeildfueglutiagtudidininaiagvensadinednalnnisvhauiiuanssiy
oonld orilfuansluanaidn (small molecule) vaiiaviiliAnauiiaund videanudemeves
1As9as19nsaiandadn wWu dsplatin. g1uwdaduivieouledagiednnizianzas wu enlungy
camptothecin Funazdadesnmaiaureouled topoisomerase | siAuddglunisanewuud
Wule (DNA replication). 81uU19%ila 19U tamoxifen Fudamsviauwesdfusedluuedlnsiau
(estrogen receptor) Wilansadudinisiasyrevadusiiigeinisoodluwealasiauls (Jud.
uennefiiduarsluanaidnud dsfonguilifuluanatiniwvuialng 1wy Herceptin Faidu
woudvefnuulululaau (monoclonal antibody) dsasnsadusuluianaves HER2 (ERBB2) ¥inls
annsadudinmsasyivlnvossaduzdaiia HER2 vuiuwadls Hudu.

ndilanariuiuda aziulddnanudilalulassasaiugiunaznalnnisiauees
lanadinmene q Negagluwaduasiiuwadtuaiunsadiludnnudnlalunalnmsviiuvesen
Feanunsoldusenaunsiasadentdeniuunzauls.
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NIAUIAFNNTNRUIVILNULASAT1YNIAVDUANUTN I Carbopllatin

(Nucleic acids are repository and transmitter of genetic information)

AsfiTiannuiadauduundidsluaufeyudld nsadeandlslufiieddn vie fifuie
(deoxyribonucleic acid, DNA) lunisiiiudeyaiugnssy Aswedusnanagyiwhilunssuiunig
sreuvuteyamaiugnssu (DNA replication) aMn3ugsuuds Swimihiduduuuulunszuiuns
neAsIa (transcription) tlead1ensalsluiianddn u3e 81518ute (rbonucleic acid, RNA) F3azgn
iluldlunszurunswdasia (translation) Wiendnlusiumelusadseluse

nsninddnluanslunqunediaedlelnd (polynucleotide) nanifie \Wunedwesves
fanalelnd (nucleotides) dsilandlolndduiidussnoundneiuaudiuy fo uiaamulng
(pentose sugar) lulns3daLua (nitrogenous base) wag i Woann (phosphate) (n1WUsENaU
1A). hmaminafinuluiadlelnsiidesiadetu fio lslua Gibose) Fanuluorfidue uaz 2-3
sondlsTua (2-deoxyribose) FanulufiSuLe.

ulnsdfaa viofiFondudu q Twatuiidretuieia feamsouuddifuassngs
Ao Wa3u (purine) wag IW3HAY (pyrimidine). wanisullansvila laun azfdu (adenine) wag My
(quanine) 3 sanunsanulgnsluiiduenarordidue. druvalniifudawvidnldun lolndy
(cytosine) Inilu (thymine) wag y31%a (uracil). walnsdfudinulufiduwe Wud leledu wag ndu
Tuvazdiualwiifuimuluensiduie fe laladu wag g31@a (Mmusznau 18).

Tulassadsvesinndlolnddu dmamulna gnideudedululnsivavadaeuss
wu-lnaladan (N-glycosidic bond) LLazL‘*ﬁ"amm'aﬂ“Umgu'WaaLWmé’ww‘”uazﬂaaiw LOALNDS
(phosphoester bond) (nwUsgnau 1A).

Purine or
pyrimidine
base

N-glycosidic bond

H,N 0
B purines /me /Nﬁkw
<N N) <H N/\\NHZ
H

Adenine Guanine

NH, o o
H3C
o Y ’ NH NH
Pyrimidines | /J\ | /K | /J\
B P No° N

Cytidine Thymine Uracil

(0]



amwusznau 1. Tassadrvesieendlsiufandlolnd waz lsludaedlelnd. (A) lassadrwhluves
Thedlelng Tasthmamulnalueniduesdy Tslua (ibose) uarlufdueandy 2-Aeandlslua
(2-deoxyribose). Fumisfiumnseiuseninaimadesin (2) wanseddy (8) Tnswadwonuaiaiy
waglnifinu. nmuseneunalaglusunsy Chem Draw (PerkinElmer Informatics) wag Adobe Illustrator.

M3 eusovesianalelndiddeduduneadralolndindulneiusyrioalulooa
a3 (phosphodiester bond) szuinemyleasendadisnunys 3’ vesianalelnduils Fumysan
woawlndiogfisunysdl 5 vesdandlolnddnly (nmusznau 24) Feaziuldinnisideuseves
Thadlelnsludnuwasd vhlvanevemeainadlelnsduilians (directional) nanae Yanesumils
vesanenedtindlelnsazingweamn (5-phosphate) luvniziivanednsnuniaaziivglansenda
(3-OH).

Aweneluwadiilassasindundeag (double helix) FuAnanmsTudisetured
BueaeLienaeany. n3suiuvesiidueaesaaideiuiiued fuANSINILIE 8IS

[

=

nuselalasiausenitvagay lnsluassddu (A) axdugiuudlniiu (1) wasiuaiiilu (G) azdug
fuwalelndu ©. Auemefenimosmeiinfuifudundogiasiifiansaduiu @nt-paralle)
(nwUsznau 28, 20). mmmwamuf\]mqmiﬁmﬁzmwLua@a:uLﬂuﬁugmﬁﬁmﬁﬁﬂﬁﬁ@uwﬁ
anautfmzdniunsimihilunsdafvteyaiugnss mmegarudumzaizasivinliafy
LWUAYDI70YaN UGN ITNAINTNYNE18NAANTUETUIABENYNADY.  WBNAINAIIUTUNILANL VDS
nsiiaiuselalasiauseninuuanauua? HasudrfySnegmilafiviesnuiatesnnveddasiasne
\ndeaguesiidulefedunsieniliionin stacking interaction sewinsALuaegAndululaseaing
\nAeIRTaIROULe.



awusznav 2. lassaienediangdlalng. (A) lassasiwesanenediiadlelnadiianie nanifie Yaneau
vilsaziivgnleaun (5-phosphate) Tuvazdivanedndunilsaziinglensenda (3-0H). (B) nsduruves
wagen ovAtiunarlniu (MEegsdalunsdiveseniidue) Fudumeiustlalnsiauduiuassiuse luvaed
Miukagleleduduiumeiusylalasaudnuauiuse.  Juanavedvakansiednuviinesney laun
asuaudnn Tulpsieudiniu waveendiouduas Wuselelasauuansodulsy. (O) msdufuveaiidue
awlﬁa’slﬁ‘]uimqa%mﬂﬁmﬁj TulnsdalvavmduLAaraswaRIe AT AT AWADY  Auasy, du
thmaimilvauazmgrleainn wansiednuainesnon Wun mivoudn veave¥addy uazoondiaud
ued. AL UMIELEIeNsiuturesiiBueresmeiiidhefuiuiuegiumudunizianzasosmalin
siustlelasiauszrhavagan  Aduwemeoisassmeiinduiuduasiifameaduiy  (anti-paralel) Tu
lassaandend. andszneunalaglusunsy ChemDraw (PerkinElmer Informatics), The PyMOL
Molecular Graphics System, Version 2.5.0 (Schrodinger, LLC.), ke Adobe Illustrator.



v 2 daa & d
Enmuml,iwmLauLaL‘tJquLaqaL{]’mma
(Nucleic acid-targeting anti-cancer drugs)

gsnunzsmasvdaiinowedulanaidvung fegrau cisplatin (Mwdsenau 3)
uazoufusiTy carboplatin uag oxaliplatin. eflunduiliieiindwadudiazgnnasdusenssuiuns
aquation yhlAnTlanafihdeuiisenazanunsavhujisoriululasivavavesfiuels - 2
UfAserdvlAAnamdsmeluluianavesiidulo (ONA adducts) Inewuiianudevediindu
ma‘ﬁ'q@lvﬁ”uﬂ' 1,2-intrastrand d(GpG) crosslink GﬁqLﬁ@mﬂmﬁw"mﬁﬁ%ﬁuﬁw LIRS N7 U89
watiluaesumisiiegiatuvumefiue® (Mwusznau 38). anudsmeidmalilasad
vesfiuleiiauiinund uagdavnenszurunsienuuiidue lisadliannsofiuduuld
unhanadememaiiagldsunmsdenuen. uenanimnarudemediietutufisueduiniiu
nizdenuelifhonszuiunmsdonnsuiiduenuunivensad AsziRnnsmienhlmAnnisme
YDULAGKUU apoptosis. iwaduSBauradiiniauivinedinniifiaund axldunanseny
mnenudsmelufiuaiieminenguifinnniigadund,

A HN, L aquation HN, O

Pt Pt
HSN"’ ¢ |-|_.,N‘r \'5H2

amUsznau 3. Tassadrauaznalnniseangnives cisplatin. (A) UfA381 aquation vil¥ cisplatin 1in
JulsanadihdedfAsen. ) suuvuanmdemeludidueiinuindiqaiiiold csplatin leun 1,2-
intrastrand d(GpG) crosslink dufinannshufAserdusumis N7 vesuaiiuassiumisiieginiuuy
aefdule. N1siAA intrastrand d(GpG) crosslink ﬁﬁﬂﬂmaa%qLﬂﬁmejﬁuaaﬁLSuLaﬁmmﬁmﬂﬂmU N
auRnUnAdtnvnenssuiunsaewuuiidue ilnsadliansaiusuals. fidueuaniedi
gou wamilufiAn intra-strand crosslink uansednuainesnon tiud afuouduam lulasaudihdy
paNTLudLAY waznarAdudini (PDB: 3LPV)." amdszneuialaslusunsy ChemDraw (PerkinElmer
Informatics), The PyMOL Molecular Graphics System, Version 2.5.0 (Schrédinger, LLC.), wa g Adobe

[ustrator.



grdnnquvilefififiduedulianatmnegldunelungy intercalator Fsazasaunsn
dilululessadhandeaduesiidue Tnsunsndlussrinagua dregrsveselungudl Wudelungy
anthracycline 144 doxorubicin azouug tJudu (awUsznau 4) n1s3uvesasiungy
intercalator #¥l#lassassvesfiiuednnudaunf wazdnananisviaiuvesoules DNA
topoisomerase ¥1l#NTEUIUNTIAR-ABANEALOULD (cCleavage and relegation) AAUNA WazAnn1s
evesEsREwe dwmadudinisasyivlnvonsadly @

Morpholino-
& doxorubicin I
LU)
I
120°

Morpholino- | .
doxorubicin "3"-

amuszneu 4. endunssslungu intercalator Juiufduielasaeaunsnidnluszudnegiud. (A)
Doxorubicin (PDB: 1D12),”’ (B) 3'-desamino-3"-(2-methoxy-4-morpholinyl)-doxorubicin (PDB: 215D).¢
Fiduouansedihseu luanavesuansiednuvinosaeu I mdvoudndes lulasaudhidu wey
poNTauAuns. n133uTes doxorubicin uareyRuSiARTidIwULE 5-In3TAU-RaTu-3 Wy 5-GpC-3.
amUsznaunalaelusunsy The PyMOL Molecular Graphics System, Version 2.5.0 (Schrodinger, LLC.)
ey Adobe Illustrator.



TWshwimthnlunszuaunisdrfgyeng o meluwad
(Proteins are molecular workhorses of the cell)

wii17 Aot 1eni awesdoyaiugnssuiifvegludidue Aensiduduuuuly
N3¥UIUNNTABATHA (transcription) 1 ead19e19idute 4 azgninluldlunszuiunisudasia
(translation) iienanlusAusaly.

TWsAuiindnduuniviudilunszuiunisdrdmane 9 aeluwaduinuneg onfidu
wulmifvimthAiseufazennislusad, éhsuueid (transporters) Fvimiditnnanseng L%’m%
paNNIAd, iU (receptors) UuRwadvmThITudyaaenneueniead LLaummﬁmmmm
ynthitdsodygnadusihunszuaunis signal transduction. Tusfufivimiinfisng q manianansn
Fulwanadiwnevesedunsdsldnedu iesminnsdudinszuaunsmaduaiiiddyniely
wadmaniannsodsmaliiansdidimsasyivinvensadlas ez ldnaaluseluazideasioly.
uannwiiinldnaundeililusiudulianafivnzauiasdudmansvesediuugifaudn
TusAugwihmhitdwydu 9 melumaddnunning o1fiviu msaunsidsuln muaLnsLanseen
Y038u waLdufAvasomsrtoussnae 9 aeluwad [Wusu.

arwanasavaslsAuagyivtilunszuiunissng 4 Aldnanundreduiuiues fu
Tnssadsanufidveslusiu dsgnimunlasdrfuvesnsaesiilu (amino acid) fundeduiduae
wodnadnulng (polypeptide). Imqa%aﬁyugmmaqﬂimasﬁiuﬁlwuﬁluﬁﬁmwﬁﬂisﬂauﬁ’m
vyjozdily (amino group) niilansenda (hydroxyl group) kar vuvwILI4 (side chain) L%awiaagj
fupsuoudan (mwusenau 5A). nsaexiilufinulusssuming 20 viaduilasadieiugu
witouiu Tnedauusnisiuiivguausinaindu (awdsznau 58). Tassaismaadiuansediu
vowguvsdnedl vilinsneriluuiasindaudfiiunndetu fannuuandsiiosdiviligduves
nsmeziluluaenedmulndfunndnsiuannsaviiiAslassasanudfveslusiuiiunndnaiu (e
ulushudivimtifisng q fulueadld dweldidusely

nsswsafuresnsneziludulusiutuialnsu §Ae1neunuedy (condensation)
(nwUsznau 6). nanexiiluazgnieusedusmeriuszmylng (peptide bond) Fedaluiusyielus
(amide bond) Tngluusagniheveunlndiuasiivg -NH vaelus (amide -NH) fianunsaviudi
Jugaliiusylalasiau (hydrogen bond donor) wazdinyansuedia (carbonyl group, C=0) a13158
yud i duiaSuiuselelasiau (hydrogen bond acceptor) (nMwusznau 6). Wuszlalasiaud
Antusevienyivianihfidusliuasiiuiusylelasaumaiiduiiugruddylumafelasaia

a

NRend (secondary structures) Yolushu.

q



A O
Haﬁ_éH_M_of a-amino acid
RJ) side chain
B
(@] (0] o] (0]
Harﬁ—chU:—o* H;IQ—CHfﬂ—O’ l(l:—O* Haﬁ—chﬂ,—o
:|1 (|:H3 c|:H—CH3
Glycine (Gly, G) Alanine (Ala, A) Hz?\l C|:H3
Valine (Val, V)

I
HyN— GH—G—0O"

GH,

GH—GCHs

CH3
Leucine (Leu, L)

Serlne (Ser, S)

HsN—CH—C—0"
CH,

=8

z—o—o—

Hp

Asparagine (Asn, N)

Proline (Pro, P)
o]

s [
HsN—CH—GC—0O

N |
HsN—CH—C—0

GCH—CH; (‘)H2
GH» CHp
(|:H‘3 ‘S Methionine (Met, M)
Isoleucine (lle, | ‘
Ll CHa Nonpolar
(o] (o]

HsN—CH—C—0~
CH,
CHs SH
Threonine (Thr, T)

(o}
[

HgN—CH—C—0~

Cystelne (Cys, C)

CH,

CHy

C=—0

Glutamine (Gin, Q)

Skl Polar

(9] [0}

+ ‘

HaN—CH—C—0"

O
I

HyN—CH—C—0~

GH,
Z
HN

Tryptophan (Trp, W)

HaN— CH—C—0"

\
CH,
H

Phenylalanine (Phe, F)

Tyrosine (Tyr, Y)O Aromatic
i I

Haﬁ—(|;H—c—o‘ HBF.I——(le—C-—-O_ HSﬁI——ch—-C—-O_

ch2 cl:H2 CH,

CH; GH,

| | NN

CH, GH,

| | \\—NH

CH, NH

| | . Histidine (His, H)

+NH5 C—NH,

Lysine (Lys, K)

Arginine (Arg, R) NH2 Positively charged

I
HsN—CH—C—O" HsN—CH—C—0~

CH,
== H.
[|3 o ([3 2 Glutamate (Glu, E)
(&) E=6]
Aspartate (Asp, D) o

Negatively charged

anUsznau 5. laseadiamnaaiivainsnasilusssuyia 20 ¥ia. (A) lassaiieiugiuveinsnosiilunny
lusssuwAUsenoune yeeily (amino group) ylansenda (hydroxyl group) wag MULULITS (side

chain, R group) Wauseagiunsuausani (Co). Nsnazdlunnulusssuwiing 20 vlladiauwnnd1aiun
ket (B) laseasnavesnsnerdluninulusssuyiang 20 vila danquauaudinianiiveaviuuus
19 Tassas1amaaii v uane 1Ouaniun1salunni’ (protonation state) 7 s¥au pH Anelulead.

AnUsenaunalagluswnsy ChemDraw (PerkinElmer Informatics) wag Adobe Illustrator.



0 0
HsN—CH—C—0" + HsN—CH—C—0

9 :

H-bond acceptor

!

0
- “ Peptide bond H
HaN—CH—C——N—CH—C—O0"
Ry H RY
' |

H-bond donor

awusEnau 6. nsiianuszwdlndsendnensnesilugaswda. n1sswmiuvainseesiluiiuliizen
AoULALLTY (condensation) n3meriiluazgniBenseiusietuszindlng (peptide bond) Fadmdusiuse
wolud (amide bond) Ingluusazuheveuniindsuazing -NH veuolud (amide -H) fanusaviudia
Jusliiiusylalasiau (hydrogen bond donor) waxdingmsueila (carbonyl group) anunsavhmi iy
fsunusylalasiau (hydrogen bond acceptor). AMwUsznouaalaglusinsy ChemDraw (PerkinElmer

Informatics) way Adobe Illustrator.

Taseadaveslusiuduannsountseantdidudsedu Tnelassadaunagseduiufindy
MnWusE v3e SunsAzemmaaiifiuandisty. Tassadaszdunsnvesldsiufelaseaiisugugd
(primary structure) amsnefsdduvainsnesdlufiundousetuduaenedinulnd (Amusznau
7A). Wusyilideusensneziiluidneiululassaiisusugfide Wuszinulnd (awusznau 6) 3
fouustuse  Tenaust (covalent bond). Wustlaausiiaruudusenn fdulassainsgugd
vosmewodinulndldafinnundauss ualignvinansldine 4 uenanasiifauseUfiten wu an1e
Adunsavidedn vieeulullungulusiiea (proteases) s,

Tassadssziudaludelasiaiiamiegil (secondary structure) Gamnefdlassainsan
Tfvosenewedmulnslugasdu 9 (local structure of polypeptide chain). Imaa%’wmaﬂgﬁﬁtﬁm%u
ieaansiusylalasiauseninemy -NH veselud (amide -NH) §aviwihiidusaliiustlalasiau
(hydrogen bond donor) kagwy a15uaila (carbonyl group, C=0) § eyt d udfuwusey
1alasiau (hydrogen bond acceptor). Iﬂﬁﬂa%maagﬁﬁwwaaiuiﬂiauié’lmimﬂa%fwmﬁmé’av\h
(Q-helix) waglassadrsansiudn (B-strand) GsanunsnuniFesiuiailulassadousdundnud (-
sheet or B-pleated sheet) 1§ (nTwUsznau 78B).

Tnssadessdufianufolassainsniond (tertiary structure) Ssvanefalassaieiingn
nstuiy (folding) vesanenedmulnadudulasiadsawid (nwdsznau 70). melulasadna
pReqitarilasaimiogdidussdusznauldvainans. Sunsisenfiddgitandviiliannisiiay
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wuvesansnedimulndd udulassadrsnfond Ao Sunsiseruuulalasindn (hydrophobic
interaction) WBN2INTLIIUUU non-covalent B 9 1u Wusyloseidn Wuszlslasiau uwsdlalna
(dipole interaction) kagl3aTuLABS 21a (van der Waals interaction) i dd2ut18lunissnwn
wtgsnnvedlasEsnReginae.

Tnsaasesedunad aduseduiigeaavesiusiu Aelaseadneansnfl (quatermnary
structure) Lﬁ@fmﬂmaiam@hﬁ’uﬂuaﬂmaa%’wmﬁaqﬁsummEJW@ﬁLWU"LVlm‘mﬂﬂ’imﬁﬂawfﬂﬂ
(nmwusznau D). ﬂ’]iLﬁﬂiﬂiﬂﬁ%’]ﬂﬁ]ﬂigﬁiﬁﬂﬁumﬂLLix‘iLL‘U‘U non-covalent #angvila 13U SUAS
Aseuuulalasindn Wuszlessailin iuselalasiau usdlalna uasusadnesia WWusu,

anuanansntumsvatifiveslusiumeluadiuinanlassadrsanuds. Tsiuung
yiavimihiduluanaiies nandeldlassairendogilumsvhau. lusasilusiuunsindosding
sufvesaenedimdlndunnimilsaeiaazannsoviiild nanfelilassairsansgiluns
yhamdues. fegwedlusiuiildlassaiisangilunisviienu wu TUsu ps3 (awusznau 7).
Tusiu ps3 dileagluwadagnuinnluaniuglawes (dimen) sl cytostatic uslianusanszdu
THiAansmevessaduuy apoptosis 1.7 usislelaanaves p53 Juiudu tetramer szautfdu
tumor suppressor kagnseAUlaaLANN1IABL U apoptosis La."”

wananlassadroassiuveusiuiildnanuugds TWsiuueindadldunsisendu o
fdndusdenmsimihiidnde 1y Tusiuussiadesnsiussladalud (disulfide bonds) 1ioxsie
sewinansnexdly cysteine apssiumis tagiesnuilassadeaniifignies (nwdsznav ).
TusAuueiindesiufuanslinanaidnludnwae prosthetic group Wlomsviwihil (nmusznau 9),
w3olusfuunadadessunisnsadanddniindu nucleoprotein complex Ll on15¥imid
(mwusznau 10) Jusu.
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A  MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGPDEAPRMPEAA
PRVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAKSVTCTYSPALNKMFCQLAKT
CPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHERCSDSDGLAPPQHLIRVEGNLRVEYLDDRN
TFRHSVVVPYEPPEVGSDCTTIHYNYMCNSSCMGGMNRRPILTIITLEDSSGNLLGRNSFEVHVCACPGR
DRRTEEENLRKKGEPHHELPPGSTKRALSNNTSSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALEL
KDAQAGKEPGGSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD

amUsznau 7. Taseadrvaslusiuaiunsauyseanldifudszdu. (A) Tnssasragugd (primary
structure) fagfuvainsnesdilufivndeudotusetusyndlndidnduaenedmulng. B) lnaseasa
yfend (secondary structure) AelassaivanuiAvesaswodinulndludrsdu 4 1wy indeadan (d1e)
wasusunAMLUAT (1717) Fuintuaniusylelasauszninamhemulng (@uuszdni). (© Taseada
AReNH (tertiary structure) LARINN5T3WITY (folding) vosanenedmulnaiudulasadneends, uaz
(D) Tassa$r3ansndl (quaternary structure) Sainanmsduiuvesansvesmedmulndlugisannnyimil
aneiionsviming. Tnssadeiinansiolnsiadrsvedtusiu ps3 Falaudfily tumor suppressor protein
(PDB: 3758).®) a1nuUsznauannlaelusunsu The PyMOL Molecular Graphics System, Version 2.5.0
(Schrodinger, LLC.) wag Adobe Illustrator.
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.
o
Disulfide bonds carbon P fﬁ‘te’ )
(_4
Sulfur %
o

amysznau 8. TusAuvrsiiadesnisiussladald (disulfide bonds) Weusaszninnsaesiilu
cysteine daednunts ietaeinunlaseadeauiifigndes. Taseaiisves extracellular domain v
human epidermal growth factor receptor 2 (HER2) faaniswuseladaludsiuuuinifiesnulasadi
aufiAngnsiosTaazanansavimihils (PDB: 1NZ8).” nmsznounalaslusunsy The PyMOL Molecular
Graphics System, Version 2.5.0 (Schrodinger, LLC.) ez Adobe Illustrator.

)

Androstenedione
N

(substrate)

Yese

Heme

mwusznau 9. Wshuuneladesduivarstuanaidnludnuae prosthetic group wan1sviudii.
Tnssasrsvosoulesiozlsunmg (aromatase, CYP19A1) vihwuthiliseufisennisiuaeu testosterone 1iu
estrogen uay androstenedione LU estrone. Lauisuﬁaziimmaﬁéfmmimg prosthetic 1in heme Tu

nsvimthissudAzen (PDB: 3EaM). %Y amseneualaglusunsy The PyMOL Molecular Graphics
System, Version 2.5.0 (Schrodinger, LLC.) wag Adobe Illustrator.
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Telomerase La-related
protein p65

TeEomerase_holoenzyme\_/.’\,\ )
Teb1 subunit \ .

n e !! Telomerase holoenzyme
p \‘ Teb3 subunit
N ;

TN

{
%

Telomerase holoenzyme
Teb2 subunit

(’_, 4 )
VTelomerase Telomere DNA

reverse transcriptase

Telomerase associated
protein p50

aMwusznau 10. Wsfiuusvdadassunisniniianddniiadu nucleoprotein complex i an159n
wiidl. Tassasrsvenoulesiinlaweisa (telomerase) § w19 lunisasuuuisweusinalas
Taslalaw (telomere). nsvimtafiveseulsdinlaweisaidesnisnissuiuveddusiunaiesin fu
telomerase RNA U1 nucleoprotein complex 33azanunsasinauls (PDB: 7LMA). MY awdsznouanlag
1Usunsy The PyMOL Molecular Graphics System, Version 2.5.0 (Schrodinger, LLC.) ag Adobe

Wustrator.
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gaduussilustuduluegadmvang
(Protein-targeting anti-cancer drugs)

puuz Sl siuduluanadimneiivsdifuasTaanaidn (small-molecules) 7
Fudinsvhauredusiviiiarusidudenisesyiulnveseaduzide wushddaeulsl uavend
Huansluanalvg) 1wy weufveduuuTalulaau (monoclonal antibodies) fiunagdudsnisvineu
yasfSudyanauuiimad (receptors) Wudu. Aeluiilushegweserduusefiiiusiudivane
uaznalnnisvisulanasiusenly.

odunz s mareriadusadudwouledf vuindlunsyuiunisiisndusents
Wwiaiulnvengasuise ey eniidusadudseuledeslsung (aromatase inhibitors).
wulwioglsnumaduouluilungulalalasu PA50 (cytochrome P450) AiviwtidissufAzenis
W& &y androstenedione 11 estrone wazLUd s testosterone 1w estrogen et un1sguds
eulederlsuung seensodudinisiasyuesvaduzidaigosnisoalasiauld. enfiidusadeds
wulwioglsunna Sfsfiduanslungu steroid wiloududuamsnuosufisen 1ty Exemestane
(nmUsenau 11) way a157ilally steroid WU Letrozole way Anastrozole iJugu.

Exemestang

N

amUsznau 11. woulesieslsunng (aromatase, CYP19A1). iadufu (A) duainsn androstenedione
(PDB: 3EQM) uaz (B) fidfuda Exemestane Fednluanslungu steroid (PDB: 3575)."% amisznaura
Inglusinsu The PyMOL Molecular Graphics System, Version 2.5.0 (Schrodinger, LLC.) uag Adobe
ILustrator.
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dsufueuluiBnnauilfifueduuzdeiunivats fe fdudueulsflungulaua
(Kinase inhibitors) FaisaufATennsidsmyreamsliunlsfudmnelagldesAludulnsvoan
(adenosinetriphosphate, ATP) tuduainse. ﬁaadwwmﬂﬂuﬂdmﬁ’lﬁm Ribociclib wag Palbociclib
Fadusndudweulmllawais ety cyclin-dependent kinase 4/6 (CDK 4/6). toulal CDK 4/6
dftunumdrdalumsaauaufpinsnisutsiensad (cell division cycle), fadunséiudaoules]
lunguilfsanunsodudimassoiulaveasadls

F%'E;?uf.:]'*\

amusznau 12. wulasl cyclin-dependent kinase 6 (CDK6) ioduifu (A) fdfuda Ribociclib (PDB:
5L2T) waz (B) fadfuda Palbociclib  (PDB: 5L21)."2 ghenvidesisuiuteulsfluuinadiouledldduiv
ozludulvswesinm (adenosine triphosphate, ATP). Tngrusumsianzasiu COKA/6 vasfentui
MsdurenIumMY piperazine luluianavesen fuddunsaeziluves CoKa/6 Alimulueoulusilaeandgs

3u. nnUszneunelaglusunsy The PyMOL Molecular Graphics System, Version 2.5.0 (Schrodinger,
LLC.) hag Adobe Illustrator.
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Aa o & < v % < A & & '
wandngndanwaziluaisianadnudr ediuuzssussidaiiduastuanalag
Wi auRvafwuUlLlulAan (monoclonal antibodies) NE1U15ATULALSUGTINISVINNTNNVDIRISU

feyayrauuuiinead (cell surface receptors) viliwadlalasudyaianissyivln Fadiludns

fuganisiasyuongaduzisile dregrweselunguilldun Trastuzumab way Pertuzumab Faduiy
HER2/ERBB2 Tuustafiunnsnaiy wWeldevsaessiuiulunssnuiugiiadiuniuy HER2-positive

v lalananissnennayu.

HER2 (ERBB2) 1 [ 4
extracellular
domain

@ Pertuzumab heavy chain
( Pertuzumab light chain

HER?2 residues contacted
by the antibodies

@ Trastuzumab heavy chain

Trastuzumab light chain

awusznau 13. 1assadne extracellular domain ¥84 human epidermal growth factor receptor 2
(HER2) #igniulmselunguueudveduuulalulaay. Tasiains extracellular domain 989 (HER2/ERBB2
fignaulag Trastuzumab (¥uw) wag Pertuzumab (7). Usiuues HER2 Aduiuneufueuanfedindes
(PDB: 60GE)." fhehdeswiadufiuusnadunnsieiuves HER2 namie Trastuzumab fuudnady
Ty 4 Tuvaugdt Pertuzumab Fuudnadulawu 2. amusznaunalaglusunsy The PyMOL Molecular
Graphics System, Version 2.5.0 (Schrodinger, LLC.) wag Adobe Illustrator.
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nn 2
MMSIUADS:1ON Oncoproteins lia: eaRYAIU drSuuziSaimuy

(Binding of Oncoproteins & Targeted Drugs for Breast Cancer)
IS50 WUSDIBUS

ANUAINTINEINeAansyilinsiuInlsangise (cancen) 1NATuLiiaga1nn1snane
v € . ¥ ¢ & A . = <) = al [
Wug (mutations) Tudlua (genome) vauwanLilatiie (somatic cells) Falunaduiiioswnaindady
nanugnIsukardadeaindawindeusing 4. n1snatewus (mutations) Wu dvefivdu driver-
mutations 4 917 A9 Wly cancer-associated genes (oncogenes, tumor suppressor genes, DNA
repair genes), wagy Ly passenger-mutations. maﬂamw“uﬁ:saﬁ@ activating-mutations Tu
oncogenes 111gn13wA# oncoproteins NuThTuLAGRUYUIUNITALEALZLSS (carcinogenesis)
Tdfugnatusisly

<& v I & a v Qi v o Y a o [

ugiiasinuy (breast cancer) WuuzSannulavesgasuduusnlugmgamilan wasilu
awmnsuiussnuesnsdedinmelsaussduindganlandie.! nanunsidedlunveszisausuy
(breast cancer genomes) ladinsainimeunsiud a.a 20122 wag a.a 2015° wdsandulad
msfinwifisalleseenunludmiuinn Mufiensiawewazmssnwiivg, ensuwenueziiae
uazn1TNeINTallsATIL UG BT,

[ < g g:’/ < (% A o 1 a o w

nssnwlsauzsaiudlugausn q dudumssnwnisenineiduidn (chemotherapy)
Inglden cytotoxic compounds, Nlagniaudu lngeduainuaiuisavessnvanll lunisiaie
wadinuii9g19590157 Tnelddesadeln erazdinalnniseangmiiduiuls. mudesnisenis
nad1ufedioeaIndt chemotherapy wazeangsazassawadueselaungadu ladwngnisnis
AumensnwnzSsluwuamslug Tnefidmaneuaismnefiaansaduda oncoproteins waga1u15a
neaeunsfugaimsiulavesaaduzisle luiesfiiRinis (preclinical studies), lungwannves
“nsSnwwuugad (targeted therapies)”. figuiidn cytotoxic chemotherapy SsiiunuimeanAgylu
nsSnwlsangiS aduy, waladn1sld targeted drugs MLuNNTY, laglasun1sudnauann
AnuAmtlumelinres genome sequencing waz n1sdanqueaavadlsauzisusuy tngldnis

a % ) 6 . . aa A

LﬂaauLL‘Uaﬂuﬁm‘UIuLﬁqm‘dumm% (molecular characterization of cancers). M1sAdN1LaanlY
n1ssnefivainuatenindu Iidunisynidlugnisquasnwidauudugiuinau (precision
oncology), Ingtmaiensing o w1t inusuldlvimungauiuidieusazau.

uneHaziununy MsanesulasiEsa (structural data) ves oncoproteins uag
M3du (binding) AU targeted drugs #finsldsnulunziSadiuy, Fwevlidlanmsieuves
oncoproteins Way targeted drugs 1§gad, eulaldUaya (structural data) a1ng1udeya RCSB
PDB (https://www.rcsb.org/) uazuunam (molecular visualization) AMWUIZNOUAIUIIENE A28
PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA). uleung9s
PDB thul#szyin data files flaglu the PDB archive ihudeyafilildlévluiduasisney [CCO 1.0
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Universal (CCO 1.0) Public Domain Dedication)]. IﬂEJEEL?UEJuVLﬁéJN@Q original authors w89 PDB
structure data NNlEIUAY U9 PDB Luziill,

Estrogen Receptor (ER)

Estrogen receptor (ER) Duaudndundaly  nuclear transcription  receptor
superfamily. ER annsagnnszaulivinuldae lisands duldun steroid hormones #13 9, 1ty
estrogen. Estrogen Uag estrogen receptor Aetastunanaauiuns Tun cellular proliferation,
inhibition of apotosis, invasion kag angiogenesis. ER i 2 isoforms (ER-Q, way ER-B). Tnevia 2
isoforms wuldluidedesesnduaiiund (normal mammary gland) ﬁagiauﬁauLﬁaLﬁauzLéué’Tm
uslamy ER-oL sl dludedous Sadu,

ER Usznausie 3 domains: 1 modulating N-terminal domain, 1 DNA-binding domain
ez 1 C-terminal ligand-binding domain. d@ufiiSendn modulating N-terminal domain (A/B or
AF-1 domain) funumlu ligand-independent transactivation function. @ C-terminus & 1
ligand-dependent transactivation domain (E/F or AF-2 domain) %ﬂ@@jﬁu%ﬁmﬁu ligand binding
domain. AF-1 wag AF-2 nzdu transcription Idvadudasssoiy wasiasunvatu uasvhandluuuy
promoter- Uag cell-specific manner. AF-1 Quiilaudndunuim transactivation function aluegly
differentiated cells. Ligand-dependent nuclear transactivation Aedestunisil ER homodimer
lUduiu palindromic estrogen response element (ERE) sequence 483 DNA #i3an15luduriu DNA-
binding transcription factors ?JI‘LJ 9, Wil AP-1/c-Jun, c-Fos, ATF-2, Spl and Sp3, Lﬁaﬁﬂﬁlﬁm ERE-
independent signaling. N159UAU Ligand (U estrogen) ﬂizﬁﬂﬁlﬁﬂﬂﬁiLUéSuLLUaﬂiugﬂwiﬂ
(conformational change) vilwlunaiden visenion 9 AU LAANISIU multiprotein coactivator
complexes lago1AULXXLL motifs U89 coactivator complexes IR ( awdsznau 1-3)

Zinc finger motif in DBD of ER

COAC

D-box (CPATNQC)

P D B . lHCP Sehwabe JW, et al. Structure. 1993;1(3):187-204.

amusznau 1. 1as9a519989 Zinc finger motif lu DNA binding domain (DBD) wad ER
(PDB:1HCP)® 1A59@319Uans main-chain IUEULLUU rainbow colored cartoon, A1 N-terminus @
15%‘3‘14, C-terminus @was, Zinc-atom lugy grey sphere. amusenaunalag PyMOL Molecular
Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA)



pJiW PDB: 1HCQ

PDB: 1HCQ,

PDB: 1HCQ

DBD of Estrogen Receptor

ERE (15 base pair)

Schwabe JW, et al. Cell1993; 75: 567-578

20
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AnUsznau 2. 1596319999 DNA-binding domain @84 ER (ER-DBD) 3ufiu DNA (ER-response
element, ERE) (PDB: 1HCQ)® ER-DBD 14 Zinc-finger motif P-box tiedu ERE, uazld Zinc-finger
motif D-box tun1s¥aelymin ER-dimerization. 2w 2A, 2B k@ad ER-DBD Tuikuu rainbow colored
cartoon. AW 2C wand ER-DBD Tuwuy surface, TaLdu ey kagwn iy, nMwdsenauinniag
PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA)

Estradiol vs. 4-OH-Tamoxifene

PDB : 1QKU PDB:3ERT
Gangloff, et al. IBC2001; 276: 15059-15065. Shiau AK, et al.Cell 1998; 95: 927-937

Dimer of ER-a LBD bound to Estradiol.

PDB : 1QKU
Gangloff, et al. JBC2001; 276: 15059-15065.

Estradiol bound to ER-a LBD.

» the coactivator recruitment site

PDB : 1QKU

Gangloff, et al. JBC2001; 276: 15059-15065.
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Agonists bound to ER-a LBD.

PDB: 3ERT Shiau AK, et al.Cell 1998

Awdsznau 3. 1n59a319v84 ligand-binding domain (LBD) w84 ER-QL filanansaufiu agonist
estradiol (PDB:1QKU),® uay agonist diethylstilbestrol (DES) S9UAU  coactivator
(PDB:3ERD),"” uazduniu antagonist 4OH-tmoxifen (PDB:3ERT).” A1n 3A LUSauLiigu estradiol
wdu agonist U 4OH-tamoxifen Fwdu antagonist (selective estrogen receptor modulator,
SERM), mﬁ%amua@ﬂugﬂ stick, oxygen atom Tndudung, nitrogen atom 7?1‘13%‘3‘14, carbon atom
11 estradiol @wdod wilu 4OH-tamoxifen Tvludu1a. A 3B-3E uana ER-LBD Tuguiuu rainbow
colored cartoon. A 3B k@A dimer U843 ER-QL LBD 715ufiu estradiol. A 3C waz 3D wanyin
iloduiy agonists, conformation ¥89 Helix-12 azeglushumiisiilialonalyt coactivator 33
coactivator recruitment site 1o a1 3E LLﬁm’j’]Lﬁa{TUﬁJU 40OH-tamoxifen %ﬁmﬁmﬁauﬁ%a
Helix-12 11Un coactivator recognition groove 33¥il¥ coactivator vgulaile. amuseneug
1ne PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA)
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Aromatase enzyme

Aromatase U cytochrome P450 monooxygenase (CYP19A1) ﬁLiﬂ‘Uﬁﬁ%m
(catalyzes) ldoenauiugnlunswden C19 androgens (androstenedione wag testosterone) LUy
C18 estrogens (estrone Wwag estradiol, Auasu). Aromatase { heme 1Ju prosthetic v
\Ju cofactor (5 AMmUsznau 4).

Aromatase binding Androstenedione

PDB:3EQM Ghosh D et al. Nature 457, 219-223 (2008)

PDB:3 EQM Ghash D et al. Nature 457, 219-223 (2009)

Aromatase binding Androstenedione

L
\/, o

L L

\

v,
PDB:3579 Ghosh D et al. J. Med. Chem. 2012, 55, 84648476
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Aromatase binding Exemestane

-

J

sl £ &

r
PDB:3575 Ghosh D et al. J. Med. Chem. 2012, 55, 8464-8476

Awusznau 4. 1n59a519999 human aromatase cytochrome P450 (PDB: 3EQM,® 3579,%
3575?) (rainbow colored cartoon, N-terminus = blue, C-terminus = red) Via@jﬁ'mﬁu cofactor
protoporphyrin IX (heme, Ul) tag substrate androstenedione /inhibitor exemestane (a14) 1@
WJu stick diagrams (oxygen = red, nitrogen = blue, iron = orange, carbon= white in heme, green
in androstenedione, cyan in exemestane). AW 4A-4C WLAAY AILKUIUDY heme L@y
androstenedione ﬁmmsﬂmjmﬁu (zoom in) Tuusiias androgen-specific active site. AW 4D
LARINITTUTBT exemestane (steroidal aromatase inhibitor) iU aromatase AU3vied androgen-
specific active site A3na1. AMwdsznaualag PyMOL Molecular Graphic System (Version 2.3.2)
(Schrodinger, New York, NY, USA)

Letrozole

V4

} 1,2,4-triazole

CID 3902 PubChem

Anastrozole:

<

""'.-..,.

t.)}

1,2,4-triazole

CID 2187 PubChem
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anusznau 5. lasea319va9 non-steroidal aromatase inhibitors: letrozole (luaaw 5A),
anastrozole (AU 5B). saesiidnvuysnAeil 1,2,4-triazole functional group @¢ Fadu sp2-
nitrogen containing heterocycle fianunsaluduiu heme ¢ finamunisyieuwes aromatase.
amUsznaunlag PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York,
NY, USA)

gilungu aromatase inhibitors SudsufiSeuafinsiudeuntas androgens Uiy
estrogens, Lﬁai#’ﬂu;ﬁw@qﬁlﬁﬁ%jfwmmhzai’ﬂLﬁauLLé”a (postmenopausal) Analiaunsnanszau
w99 residual estrogen levels aslUlaunnnin 90%. miumju aromatase inhibitors lm'mmaagﬂ
Wl (contraindication) Tugvidgjsineununuszdnaou (premenopausal) figdlailasunsduds
msvieueesdald (ovarian suppression), wszdndle  aromatase inhibitors Tududannsadns
estrogens VlAIZAUTDY estrogens anad ﬁ]‘“:u Ugﬂsmmqaiimm (compensatory phy5|olog|cal
responses) nsAuliin1sMds FSH, LH 1N daavinbrinisnsedulvsalundn estrogen Ny

Cyclin-dependent kinase 4/6 (CDK4/6)

W Cyclin-dependent kinase 4 (CDK4) uay Cyclin-dependent kinase 6 (CDK6) 19
\Ju Serine/threonine-protein kinases, LLazﬁy’q@ﬁwmuléimmﬁamﬁuﬁu cyclin D wiawmieili
WM active conformation 84 CDK4/6. Cyclin D-CDK4/6 complexes ﬁmﬁﬂﬁmuam cell-cycle i
G1/S transition lneLsen15¥viNUfASE1 Phosphorylation W#isvy phosphate 1wifiu retinoblastoma
protein (pRB). Phosphorylation 484 RB1 protein ¥l#ln15en@I989 transcription factor E2F
29n91N RB/E2F complexes wardinaviliiAn transcription 183 E2F tarcet genes Javilviiin cell-
cycle progression Fuindeuru G1/S phase.

Cyclin-dependent kmases 4 uway 6 (CDKA/6) Lﬂuiﬂimuwnﬂmmmwm cell-cycle
progression luLsadaeutin, sunawaduzSuiuNyia ER- positive s2e. TusuATen1enatin, n13
19 CDK4/6 inhibitors (palbociclib, ribociclib, %58 abemaciclibAls) $9uRU aromatase inhibitors Tu
first-line therapy #se fulvestrant lu second-line therapy @wSUNLSUATUNSTELUNINTZANE
anungoudia progression-free  Uay overall survival lﬁﬁy’ﬂwgﬂw premenopausal ey
postmenopausal kaz annsaideunafiazdioadulyi cytotoxic chemotherapy sanluld.10?

1AS9E519UAEN1TIUAIIENINS CDK6 AU P16INKAA, viral cyclin ey CDKA/6 inhibitors
(palbociclib, ribociclib, %158 abemaciclib) louansly AMMwUsENaus.
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Crytal structure of
the CDK6-P16INK4A tumor suppressor complex

Activation loop

Y\l PDB: 1817

Crystal structure of
a complex of human CDK6 and a viral cyclin

PDB: 1JOW

Human CDK6-Viral cyclin

Activation loop

PDB: 2EUF
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Crystal structure of human CDK6 and Ribociclib

Activation loop

C

PDB: 5L2T Mol. Cancer Ther. 2016; 1

Crystal structure of human CDK6 and Abemaciclib

Activation loop

Chen, P, etal.
PDB: 5L25 Mol. Cancer Ther. 2016; 15: 2273-2281

Palbociclib

SR
<

PDB: 2EUF
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Ribociclib

PDB: 5L2T Ther, 2016; 15: 2273-2281

Abemaciclib

Chen, P, et al.

PDB: 5L25 Mol.Cancer Ther. 2016; 15: 22

AMNUZNBU 6. TASIE519LLaZNT5TUADIZII1e CDK6 Au P16INKAA (PDB:1BI7),*? viral cyclin
(PDB1JOW) wag CDKA4/6 inhibitors: palbociclib (PDB:2EUF),"® ribociclib (PDB:5L2T), "
waz abemaciclib (PDB:5L2S)" Tunin 6A-E, CDK6 LaAIWUU cyan cartoon, lawizdiu OLC-helix
uaz activation loop WaASLUU pink cartoon. TunIw 6A, P16INKAA LaRSLUU green cartoon. Tu
AN 6B ey 6C, viral cyclin Wanlkuu masgenta cartoon. Palbociclib, Tunn 6C way 6F, LanabuU
stick, oxygen=red, nitrogen=blue, carbon=white. Ribociclib, Tunn 6D way 6G, wangwuy stick
@MY carbon=magenta. Abemaciclib, Tunn 6E way 6H, wamakuUy stick wama carbon=green.
WIsulaunn 6A uaz 6B azfiuléin P16INKAA vinl3 CDK6 il conformation #ilal active, Tuneugd
cyclin ¥1l% CDK6 # active conformation wiluguwes OC-helix uaw activation loop. CDK4/6
inhibitors (palbociclib, ribociclib, Wag abemaciclib) JufiU CDK6 s ATP-binding pocket.
AmUsEnaunlag PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York,
NY, USA)
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PI3KCA

PI3K/Akt/mTOR signaling pathway vJusdumnianisd eansnneluisad i drdysunis,
pathway ﬁ/ﬁwﬁﬁﬁmauauamamiﬂszéjuﬁ’w nutrients, hormones, &g growth factors; Baninii
sudaflunumiiddyuinlunisfulasasuuaiivesnaaduzise. Phosphatidylinositol-3-kinases
(PI13Ks) t3u lipid kinases mzqawﬁaﬁﬁmmmmmiuﬂﬁl,s'wg'jﬁ'%m phosphorylation a18leau
phosphate (gamma phosphate group) 310 ATP 1Ug hydroxyl group (-OH) ﬁ@q'uuﬁ%mﬁfl D3
204 inositol ring Tu phosphatidylinositol (Ptdns). PI3K family @u1sauuseenlaidu 3 classes
(class I, II, Il mudnwaszves structures kag substrate specificities. lusywe, Class 1A PI3Ks daus
Ieimonilu 2 subclasses 1A uag B, nMuanwuza89N15AIVAN activity. Class IA PI3K enzymes 1y
heterodimers Usgnaunay regulatory subunit (p85) Wag catalytic subunit (p110). Class IA PI3K
catalytic subunit (p110) ﬁaq' 3 isoforms: p110Q, p110P way p1109, ‘?ﬂgﬂﬂ%’?ﬂmmﬂ gene
PIK3CA, PIK3CB tia¢ PIK3CD, anua1a u. p110 isoforms a1 vPaus U p85 regulatory
isoforms Gt?lﬂﬁaq' 5 isoforms: p85QL (ke ¥ splicing variants ¥943U p550 and p50Ql, NA LA

PIK3R1), p85B (wdnlae PIK3R2) and p55Y (Wanlme PIK3R3).® 1 wuin PIK3CA gene (Wam p110QL
isoform) 184 oncogene #ign mutated w3e amplified lissannlusziFadiuy wagluuziiedug
Yoyl ? 2% Class IA PI3Ks 14 Ptdlns (4,5)P2 10u substrate uaslinandsdu Ptdins(3,4,5)P3
ARTuT cell membrane ¥4 intact cells (in vivo).2> 2 Ptdins (3,4,5)P3 AnTudy binding site
Ts¥97's Akt (PKB) wae phosphoinositide dependent protein kinase 1 (PDPK1) 11tn1gA U cell
membrane l¢ wazvinli Akt uag PDPK1lau1eglnddanu. PDPK1 393i1n13818lou phosphate
group T9Aun Akt 7l threonine308 1 activation loop, Vé’ﬂf\]’mﬂjﬂu mammalian target of rapamycin
complex 2 (MTORC2) ¥i1n1350 1818u phosphate group 1‘1/1 un Akt 71 serined73 Tucarboxyl-
terminal hydrophobic motif.?> 28 Akt Vlfm phosphorylated 1/1\‘1 threonine308 uag serined73 La?
Feasvhaulidud. Akt (PKB) 10 serine/theronine-specific protein kinase Fand a7 funuanlu
NALUVIUNITVBUIAS 191 glucose metabolism, apoptosis, cell proliferation, transcription Way
cell migration. mTOR 11 U serine/threonine protein kinase s*3 %1 497 ¥1% U 19 & 94 ©
phosphorylation signal 7iruin91n PI3K wae Akt. mTOR aglunsznaves Phosphatidylinositol 3-
kinase-related kinases (PIKKs). mTOR Hugnunsofinsdusiai proteins 3 9 18U 2 complexes
oA mTORC1 and mTORC2, Fetlwrfimsvianuuansaii. mTORC1 ﬁ?w,ﬁw,ﬂmmamiaaﬂqmé
(target) ¥®9 rapamycin k@ e rapamycin analogs. PTEN (phosphatase and tensin homologue)
0w dual protein/lipid phosphatase Fand 97 specific affinity iU phosphate group ‘ﬁ‘a&’glm[,u
FIUYUS D 3 99 inositol ring, yilvannsawasy Ptdins (3,4,5)P3, Fodunananves PI3Ks, TUilu
Ptdlns (4,5)P2.%” PTEN §a10u tumor suppressor idAgy aﬁuﬂiaaaﬂqwéﬁﬂu PI3K/AKT/mTOR
signaling 1a.

msdqéﬁyiymmaiuLsnaa‘sJﬁuwwq PI3K-AKT-mTOR signaling pathway ﬁ‘UVlmVlmUﬂu
nsiRulnveanly ER-positive breast cancers. WuUszuImu 30 09 40% V04 ER-positive tumors
£ activating mutation Tu alpha isoform wa4 PI3K (PIK3CA), %ﬂwulmu tumor %358 cell-free plasma
DNA. Alpelisib, 11 alpha-selective PI3K inhibitor ﬁmﬁﬂ, Tuselovianunsauia progression-free
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survival ield5aufu fulvestrant dm3U wsiSafil mutated PIK3CA waldldiusslonilunzidena
wild-type PIK3CA. 2?2 g everolimus, iy mTOR inhibitor fudls, @w1sauiy progression-
free survival 1leld39ufu endocrine therapy luUle ER-positive breast cancer Awmeldsunns
Snwuudn. %0

1A598519799 PIK3CA (p110Q0) uazn15dusifiu p85a, ATP, uaz apelisib wanslu
awdsznau 7.

PIK3CA (p110a) binding PIK3R1 (p85)

PIK3R1 (p85)

PIK3CA (p110a) A PIK3R1 (p85)

Furet, et al. Bioorg

PDB: 4JPS align 2Y3A




PIK3CA (p110a) binding PIK3R1 (p85) and ATP

PDB: 4JPS align 2Y3A, 1E8X

PDB: 4JPS align 2Y3A, 1E8X

PIK3CA (p110a) binding PIK3R1 (p85) and Alpelisib

PDB: 4JPS align 2Y3A
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PIK3CA (p110a) binding PIK3R1 (p85) and Alpelisib

PDB: 4JPS align 2Y3A

PDB: 4JPS align 2Y3A, 1E8X

PIK3CA (p110a) binding PIK3R1 (p85) and Alpelisib

PDB: 4JPS align 2Y3A

32
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Alpelisib vs ATP

Alpelisib 21,-?. O
|

PDB: 4JPS

PDB: 1E8X

amUsenau 7. Tnsead1evas PIK3CA (p1100) #isufiu PIK3R1 (p85) uas ATP wia apelisib
(PDB: 4JPS,®Y 2Y3A,%? 1E8X®Y) arn 7AB,C,E WAAILUU cartoon Iﬁﬁmuﬁizﬂumw 2 7D
way 7F wang surface 09 PIKBCA (p11000). W 7G Wag 7H Wand active binding site ﬁﬂugﬂ
cartoon Wag surface. AN 71 kAR structure ¥es apelisib wag ATP Tuguwuu stick. nmusenay
1alag PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA)

HER2

Human epithelial growth factor receptor (HER/ErbB) family Usznaunie 4 receptors
(EGFR/HER1, HER2, HER3, wag HERA). v @ growth factor (ligand) Tu  EGF family 115U A
receptor (HER1, HER3, way HER4) aznil gavn ey receptor Suﬁgﬂmamgaulﬂmmﬁm (ligand-
activated state) ylwau1509URU receptor #29uld (dimerization: homodimers, heterodimers,
3439 §auala1 HER2 Tdunyu growth factor 1o ¢ Tu EGF

family, 3Unselagunfves HER2 daundiundanuunsaved ligand-activated — state guad 39
37, 38

Waze1dl higher-order oligomers filg.
duasuliiiia dimerization laglaiaasld ligand.®" *® A1 HER dimerization/oligomerization ¥
19 HER kinase activity Lﬁuﬁu, inalitin transphosphorylation fin15an8leu phosphate 970 ATP
fidufu HER fanila dalulviun tyrosine-residue 983 HER receptor ’ecj'ﬂﬁj‘iii‘ijﬂﬁ@%ﬂuﬁj dimer tu 9.
flauala1 HER3 \Ju impaired kinase; LLGfLﬁEJQﬂ transphosphorylation Ing HER receptor f78ulU
&2, HER3 @131150%i1mii91 181 phosphotyrosine scaffold 7 iUsz@nsam, vildnsnszdu
downstream signaling ﬁﬁqumﬂﬁ(”)
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1A598519199  Extracellular domain (ECD) %83 HER family proteins uanslu

AMnUsEnau 8

HER3 (ERBB3) Extracellular Domain

tethered monomer
(autoinhibited)

PDB:1M6B

Inactive EGFR extracellular Domain

tethered monomer
(autoinhibited)

PDB:1NQL

HER4 (ERBB4) Extracellular Domain

tethered monomer
(autoinhibited)

PDB:2AHX Bouyain, 5, et al, p

2003; 11: 507-517



35

HER2 (ErbB2) Extracellular Domain

extended monomer

PDB. INSZ Cho H.S5, et al, Natwre 2003; 471: 756-760

HER2 (ErbB2) Extracellular Domain

extended monomer

PDB:1N8Z ChoH.5, et al, Nature 2003; 421: 756.760

Monomer of EGF-EGFR complex

extended monomer

PDB:3NJP Lu, . et al. Mal. Cell. Biol 2010, 30: 5432-5443
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Dimerization of EGF-EGFR complex

PDB:3NJP Lu, C. et al. Mal. Cell. Biol 2010. 30: 5432-5443

EGF-induced EGFR dimerization leads to EGFR kinase activation

PDB:3NIJP

PDB:2M20

PDB:2GS6

nwusznau 8. 1Assad19ue4 Extracellular domain (ECD) ¥84 HER family proteins. A1 8A-
8C uan4 tethered monomer (autoinhibited) ¥89 HER3 (PDB: 1M6B)“?, EGFR (PDB: 1NQL)*Y, ua
HER4 (PDB: 2AHX).*? a1 8D, 8E wany extended monomer 984 HER2 (PDB: 1N8Z2).%” aw 8F
uaz 8G Wamy EGF-EGFR complex ﬁagﬂugﬂ extended monomer uag dimer auaisu (PDB:
3NJP).*? A 8H wemg EGF-induced EGFR dimerization ﬁﬁmqj reorganization Tu transmembrane
uag kinase domain activation (PDB: 3NJP,*® 2M20,%Y 2GS6*) amuseneunalag PyMOL
Molecular Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA)



1A59851989 HER2 ECD wag binding site U849 Trastuzumab wag Pertuzumab wanslu
aMwdsenau 9.

ECD of human HER2

HER2 (ErbB2)

PDB:1N8Z

Cho, H.-5. et al, Nature2003: 421: 756-760

Dimerization of ECD of human HER2
via Domain Il and IV is required for HER2 signaling

HER2 (ErbB2) dimer

Trastuzumab binds the ECD of human HER2 (Demain IV) and thus
preventing HER2 dimerization and signaling

HERZ (ErbB2)
monomer

Fab of Trastuzumab

PDB:1N8Z

Cho, H.-5. et al, Nature2003: 421 756-760
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ECD of human HER2 (domain IV)
complexed with Trastuzumab Fab via CDR loop

HER2 (ErbB2)

PDB:1N8Z

Carter et al, Pro

Trastuzumab Fab showing
the CDR loop derived from Anti-HERZ mouse mAb

VH-CDR1: DTYIH
VH-CDRZ: RIYPTNGYTRYADSVEG
VH-COR3: WEGDGFYAMDY

Carter et al, Proc. Ma

Cryo-EM structure of
Her2 extracellular domain-Trastuzumab Fab-Pertuzumab Fab complex

Fab of Pertuzumab

HER2 {ErbB2)

e
f}yr Fab of

Darmain | ' % JEaly Trastuzumab

H.I, Huang

PDB:60GE
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Pertuzumab-trastuzumab combination =
more comprehensive HER2 blockade

HERZ (ErbB2)

PDB:60GE aligned 1HZH

nwusznau 9. 1As9a519989 HER2 ECD wag binding site 489 Trastuzumab wag
Pertuzumab A% 9A, 9B ans dimerization domain ¥84 HER2 (PDB: 1N82)®". a1 9C uana
Trastuzumabduriu domain IV 983 HER2 ECD (PDB: 1N8Z)®". nw 9D,9E uana complementarity
determining regions UU Trastuzumab (PDB: 1N8Z)*" ﬁ?ulﬁmmﬂ Anti-HER2 mouse mAb . a1
9F, 9G wd@ng Trastuzumab 3unU HER2 ECD 7 domain IV, wSaufudl Pertuzumab $Uf domain |l
(PDB: 60GE),“? wazn151 full-length 1gG1 (PDB: 1HZH") w1 Wiudouasviliiu nMsviauaes
anti-HER2 mAb 1§8sTu. nmuszneuaalae PyMOL Molecular Graphic System (Version 2.3.2)
(Schrodinger, New York, NY, USA)

Trastuzumab 18U humanized immunoglobulin G1 (IgG1) antibody #iduiiu

) Trastuzumab 91 cleavage ¥®Y HER2

extracellular domain IV 983 HER2 receptor.’’
extracellular domain, wen@ves ligand-independent HER2-containing dimmers dsualiinnis
Wy downstream  signaling  launsday, LLazﬂizéju antibody-dependent, cell-mediated
cytotoxicity (ADCC).#&>Y

Pertuzumab 10U recombinant humanized monoclonal antibody fifuiu HER2 Tu
U3 extracellular domain Il (dimerization domain); domain H518udm3U homodimerization
Y99 HER2 uway hetrodimerization 483 HER2 AU ligand-bound HER3 (ligand-dependent
dimerization with HER3).®? Pertuzumab %ﬂﬁ@%?ﬂﬂlﬁﬁgﬂ lisand-independent HER2 signaling, Way
ligand-dependent HER3-mediated signaling 1¢. Tuwauedl trastuzumab Fuffu HER2 luudiind
extracellular domain IV; domain 55%%‘14’5’?7%% homodimerization 989 HER2, uag
heterodimerization w84 HER2 U HER3 7i§9lifl lisand 1§y, Trastuzumab Fednwandlalliin
licand-independent HER2 (Wag HER3) signaling 9. Tudmineaes, N3l combined anti-HER2
blockade 8 pertuzumab 21U trastuzumab&Lﬁmami%’ﬂmﬁlﬁ%mqwéﬁu (synergistic effect) #9
HER2-positive tumors.*?

Lapatinib U tyrosine kinase inhibitor ﬁﬁﬂ%é&iaﬁgﬂ HER1 way HER2. Lapatinib
Usgansnnnerdfiauaylasuounnlildsiniu capecitabine dwsunisinwidUae HER2-positive
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advanced breast cancer filsalamisunasaniagltmsue il anthracycline 1 #3, taxane 1 @3,

LAY trastuzumab Wwan.!

unasy

54)

ANUATImTluNsAnEITElATIEs1agn13Y9uYes oncoproteins Tungidadun 1o

) 1 [ o [ < v I 1 ..
WIFNITNAIUN targeted therapy dIMIULZLIAAUL LLaxLUuﬂ’mJuvmbLUq precision oncology

Wen1sSnuiaenndesiugUlsusasAuBdu.
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(Genomics of Breast Cancers)
IS50 WUSDIZuS

'
a o

ugiSadiuy (breast cancer) Wuniieiinuldvesiigasusuusnludndsinlan uasidy
fmmqé’uéﬁ’uLLiﬂGU’eNmsLﬁﬁ%’im’h813%35&1‘14@%@&%%ﬂ(?ha.“) Tuuszmelne, uzsadiuudu
uzSefinuvssduduiiany ussduavnduduiiamvesnmadedindelseunss lufthevsaoana
s, Ingdusuusnliunueisaiy, Sudvaeddunuzinen.? madedinvesUielsauzisasiu
drulungiinuiainnisunsnszateveslsauztss (metastatic disease). Tuszey 20 VAnuL, tadl
mmﬁ’nwﬁf’]aEJ'Nﬁ”]ﬁ’zy}iumﬂﬁﬂﬁlh’fﬁﬂma%%ﬁwEm (molecular biology techniques), L1
microarrays, next-generation sequencing, lLag whole-exome sequencing. mmﬁ’nwﬁ’]md’]ﬁlﬁ
lriniseiianudlaluinewe wwadusddldnndsiy, aunsafunuanuinunfnisudeuves
cancer genome L@ (L% U gene mutation, copy number aberrations, methylation W a
translocations), wagylianu15aduny biomarkers 74 837U signaling pathways 8ufinayili
ansanennsalnmssiulsn wazaansainavesnssnuldednemtuazudugunniu

Tuilagtu fssusmasruuanniuiiaunsotnld dwmsusnwifiasussadiun fa
Tulseszazusnauaz/mioszezuninsvans, mliuwmddguadniudesiimnuduinsludoyaiiioitoes
AULUULNUNITLENIDDNEU (gene expression patterns) warnsiUasuulasvedluy (genome) W
Tufounidauiuila (primary tumors) wazlufeunzifaduudilduninszaivesnly (metastatic
tumors) wazdndudeadnnuduagluniniuiusegndlddnyudUae velunsdensaams
Mo URN1sHazn1sHUaNare9 biomarkers Retes, narnsdenldenfiminzanaonades?

TusU§ Ay lspuziiaduuazgninuuseanldniy inasivesne1§inen
(histopathological criteria: 8uUsznBUAY grade, tumor size, Lag lymph node involvement);
%’aaﬂama’wﬁ%gmi’ﬂmLﬂud’awﬁwaﬂmsa’fmwzsﬁy’usuaﬂm [tumor, node, and metastasis (TNM)
staging systeml. §an3 vy, n1snsaanaeis immunohistochemistry (IHC) W#f @1 protein
expression Y84 nuclear hormone receptors [estrogen receptor (ER), Wag progesterone receptor
(PR)], waz human epithelial growth factor receptor2 (HER2)] L‘ﬁaLLEJﬂLLEJ%’h@J%L%ﬂLﬁ’]USJﬁgua%JWLu
naugae (clinical subtype) viinluu azgnléidunuimisdmsunissnwiusiiaduuegnewih
(targeted therapy) sioly.

Tul A.A. 20002001 Perou wazAmz Ls18aunan1sITedildmadia complementary
DNA microarrays §il#an115034A51¢% gene expression vaaviae i genes léndou 9 fu, 2
a111304579 LAlATISe NS (molecular profile/portrait) U84 gene expression YBINLLSUAT
unusiazfould, shlledin TsauziSasuy (breast cancen WWulsauziSedandsifanumanmane
(heterogeneous disease) lneUsznoudas nautos 4 natsnay fdaauuanaiatu sy
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WUULNUNITUAA9DNUDI8Y, N15ATuralsA-ne1nTallsa (prognosis), LaEN1SAOUAUDIRDNIT
$nw1 (responses to therapies). ™ luliatse 9 11 ﬂmzf“g{]’aéqm'f Tananalimiuinugisanuy
A70150LU I3 gene expression patterns Tatdu 6 intrinsic subtypes: luminal A, luminal B,
normal breast-like, HER2 enriched, Basal-like, wag claudin-low. "
Tunasou1ALA 1118 1A ANITASI9 DNA sequencing i nseviuunane
AU slunson o AU (massively parallel sequencing/next generation sequencing) Winls# Lal il
nanpuAdefivinadaiidnuluidod susSaduudnuais g fesdu funlildtisudoya
yualngjueq somatic mutations AneliiAnuzauium @1 Wedeyamarildgninuningzi
iamﬁumu’ja‘i’aﬁ'ﬁﬂmmmmL%"amimiwm"m gene copy number aberration (CNA) ﬁ’umm
wUsU53ulY gene expression,? Asuviliunimsinfiadududeunes somatic genetic events 7
Junumdraglunersnidde (pathogenesis) voaugiSaA1UL. #aun The Cancer Genome Atlas
(TCGA) Network Tel¥msfunir3seuuuesdsiuiionun (“omics” approach) sndnefiuiivunty
Tngliasegiudeyavuinligved exome sequencing (>500 exome sequences) $3iUN153d8ly
mutation/copy number/mRNA lunsou 9 fiu (triad), 53AUNISMSIA MicroRNA expression, DNA
methylation Wi af nwn epigenetic regulation, WaE¥N157T99 proteomic profiling A8 reverse
phase protein arrays (RPPA)."? [exomes TagUn@nunuiia sequences ﬁﬂaaUﬂqm exons TanuA
294 protein coding genes, LagTIUN T exons YBY nonprotein coding elements 1% U microRNA
30 (NCRNAL. 1133405129 genome w84 primary breast cancer agvazi8ondndslauanaiiunis
Wasuwlasluseninanisiaunisvedlsaugde (clonal evolution) LLauﬁﬂmﬁﬁuwwivmm 100
genes finolsa (disease-causing genes) LLavmmmmwmaLuaamum (passenger events), WadiAn

9, 13-17)

\esanvuaunsane qfivildiAn mutation, mmamammﬂma@mmuma (age-related

deterioration), ANNUANS®9Y8Y homologous recombination™® way n15LAA mutation TagLdy
%181 APOBEC (apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like).*>?” Ty
gm%yjamu‘iﬁaﬁaﬁmmﬂLLé”J, WU intrinsic subtype classification 484 breast cancer lidayad

wanANTeNleeTEnINtenTYInen (molecular biology) uazngRnssuvaasaduzisilu subtypes

(21, 22)

A9 9 wazdalvideyaniuduginin clinical and phenotypic classification. ANEULLANILVBY

intrinsic subtypes lauanslilu ansaei 1,03 242529



A15197 1. SNWALLANITVBY intrinsic subtypes TungiSadauy 13 2 2329

Clinical criteria

Histologic grade

IHC markers

Cytokeratins

Frequency

Prognosis

Genetic profile

DNA

Mutations™

Protein

expression?

Targeted
Treatment®”

New treatment
targets on
clinical trials

Molecular subtypes

46

Luminal A Luminal B HER2-enriched Basal-like (or TNBC) | Claudin-low (or
TNBC)

Low High High High High

ER+; PR+; HER2- ER+; PR+/-; HER2+/- ER-; PR-; HER2+ ER-; PR-; HER2- ER-; PR-; HER2-

CK8/18+ CK®8/18+; EGFR+/- CK5/6+/-; CK5/6+; EGFR+; CK5/6+/-; EGFR+/-
EGFR+/-; high VEGF
expression
50-60% 10-20% 15-20% 10-20% 12-14%
Good Intermediate/Poor Poor Poor Poor
ER-related genes ER-related genes and HER2-related CKs, P-cadherin, Low cell-cell

and low proliferation
[Low KiB7 (<14%)]

High proliferation
[High Ki67 (>14%)]

genes and high
proliferation

CAV1/2, CD44, KIT

junction genes (low
expression of
claudins) and high
immune response

genes
PIK3CA (49%); PIK3CA (32%); PIK3CA (42%); PIK3CA (7%); No data
TP53 (12%); TP53 (32%); TP53 (75%); TP53 (84%)

MAP3K1 (14%); MAP3K1 (5%) PIK3R1 (8%)

GATA (14%)

High estrogen Less estrogen High protein and High expression of No data

signaling; signaling; phosphoprotein DNA repair proteins,

High MYB; High FOXM1 and expression of PTEN and INPP4B

RPPA reactive MYC; EGFR and HER2 loss signature

subtypes RPPA reactive (pAKT)

subtypes

SERMs (tamoxifen) and Als HER?2 target PARP-1 inhibitors -

CDKA4/6 inhibitors therapy (BRCA1/2 mutation)

PIBK/AKT/mTOR pathway inhibitors, PISK/AKT/mTOR EGFR inhibitor, -

histone deacetylase inhibitors pathway PISK/AKT/mTOR
inhibitors, pathway inhibitors,

negative breast cancer; VEGF, vascular endothelial growth factor.

neratinib, HSP90

Al, hormonal aromatase inhibitor; CK, cytokines; EGFR, epidermal growth factor receptor; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2;

IHC immunohistochemistry; PARP-1, poly [ADP-ribose] polymerase 1; PR, progesterone receptor; SERMs, selective estrogen receptor modulators; TNBC, triple

Tunsdifilalanunsadmsia gene expression profile iien1 intrinsic subtypes ¢, 151913
VALTIUFIE N150I immunohistochemistry (IHC) W@ ER, PR, Ki-67 way HER2, $aufun1sld in
situ hybridization of HER2 lunsdifisndw.? dewlddinsiauesn progesterone receptor (PR)
expression Tusefuunanamesziugs finusanfu estrogen receptor (ER) annsagniianldidy

‘Eflenunaunu’ (surrogate definition) vasuziSauniuusia ‘Luminal A-like’l9; Tnatauauugitly
‘Luminal A-like’subtype 1 IHC # 99w ER+/PR>20%/Ki-67<14%/HER2-2 n15¥assiuves
Ki-67 viteldidusutiveanisutsia (proliferation) Slauddalusfienuiise. 2 nsld markers 1t
PR uae Ki-67 Sudusdiosdinsnununanim (quality control); usinsin ki-67 Tudlaqoudl dalaild
dusesgrudeiulusgninsiosujuRnisea .42 sreazideaveanisld clinicopathological
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=

surrogate definition, 4AABNIATIAINNLITARTNT IRAIURLNBIIUREIAY intrinsic subtypes
1y, lauanslily ansien 2.2

A15747 2. Intrinsic subtypes uaz clinicopathologic surrogate definition.?”

Intrinsic subtype Clinicopathologic surrogate definition

Luminal A ‘Luminal A-like’

all of:

ER and PR positive (PR cut-point of 220% ),
HER2 negative,

Ki-67 ‘low’ (<14%)

Recurrence risk ‘low’ based on multi-gene-expression assay (if available)

Luminal B ‘Luminal B-like (HER2 negative)’
ER positive

HER2 negative

and at least one of:

Ki-67 ‘high’ (>14%)

PR ‘negative or low’ (PR cut-point of <20%)

Recurrence risk ‘high’ based on multi-gene-expression assay (if available)
‘Luminal B-like (HER2 positive)’
ER positive

HER?2 over-expressed or amplified

Any Ki-67

Any PR
HER2 enriched ‘HER2 positive (non-luminal)’
(HER2 Overexpression) HER2 over-expressed or amplified

ER and PR absent

‘Basal-like’ ‘Triple negative (ductal)’
ER and PR absent
HER2 negative

(80% overlap between ‘triple-negative’ and intrinsic ‘basal-like’ subtype)

(ER=estrogen receptor, PR= progesterone receptor, HER2= human epithelial growth factor receptor2)

Saniti, Iuﬂia'jml,%uﬁmuﬁgﬂﬁaﬂiw “triple-negative breast cancer (TNBC)”-
NaAENTITLINY protein expression U89 nuclear hormone receptors [estrogen receptor (ER),
kaig progesterone receptor (PR)], ke human epithelial growth factor receptor2 (HER2)-A&s
mmmgmmﬂSaﬂaaﬂlﬁﬁﬂiﬂﬂ% genomic alterations, gene expression profiles, histology, Lag
immune markers.®*? Taglud a.a. 2011, Lehmann wazang LaAne gene expression profiles Tu
TNBC thagwua1 TNBC a’lmiﬂgmmﬁaaﬂiﬁﬂu 6 subtypes: Basal-like 1 (BL1), Basal-like 2 (BL2),
Immunomodulatory (IM), Mesenchymal-like (M), Mesenchymal stem-like (MSL), &g Luminal
androgen receptor (LAR).®Y sioaludl a.f. 2016, Lehmann uazAaly @ 8UNan ISR
histopathological quantification way laser-capture microdissection WaIAUNUIN transcripts Tu
immunomodulatory (IM) tag mesenchymal stem-like (MSL) subtypes gdunuanouty Hu
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WAL infiltrating  lymphocytes Wag tumor-associated stromal cells, #ua1AU. oty
Lehmann lagAy ﬁﬂ@fﬂ%’uﬂ'g%ﬂﬁlﬂu TNBC molecular subtypes 210 6 (TNBCtype) tdu 4
(TNBCtype-4) tumor-specific subtypes (BL1, BL2, M uay LAR) uwazlauansliliiuin 4 subtypes
wenilainnuumnsatuly diagnosis age, grade, local Wag distant disease progression Way
histopathology.*? mmﬁﬂ,mj€]md’lﬁlﬁﬁﬂﬁﬁm’mL%”]’Lﬁﬂiﬂum%q triple-negative breast cancer

(%
Y

1Ty wazdlnqAvauNINeINTallsAkaN1SINWIENan133N® (prognostic wag predictive
Value).(35_38)

Tumnugfananunuds iddayediedsfonnusiAsadu tumor genomic alterations
WAz gene expression profiles ﬁﬁﬂﬁlﬁmmsLﬂ?ﬂ'summmgmmi@LLaIuiiﬂusL%Mﬁmmzsmsﬂ. U
539 genomic assays 71 48191418 kaza1150807 L7599 gene-expression profiles b A
MammaPrint (Agendia, Amsterdam, the Netherlands),*® Oncotype DX (Genomic Health,
Redwood City, CA)49 Breast Cancer Index (Biotheranostics, San Diego, A, EndoPredict
(Myriad Genetics, Salt Lake City, UT),“? Predictor Analysis of Microarray 50 (PAM50)
(NanoStringTechnologies, Seattle, WA)."® 4an593 gene expression profile assays wmand (f
wandlu an9199 3.) Gaelvivinune recurrence risk liunnninfidnuarnandinuasne s ineraiunse
unels wazvaelanisausu adjuvant therapy dusulsaugisadunyila HR-positive/HER2-

Negative Mioglusseztuuin laasidunnsudingu.

A15799 3. Gene Expression Signature assays fiaunsadnunlagdmsunisanaulalunisine

wsiSuduuviin HR-positive/HER2-Negative ssazusng (early stage HR-positive/HER2-
)(39-44)

Negative breast cancers
Signature Number of
(Reference)

genes Target Patient Cohort/Clinical application Risk category

. " poor-prognosis
9 Stage | or II, lymph-node—negative or lymph-node—positive, ER+ or ER-
MammaPrint 70 : ; : and good-
Estimates 10-year metastasis-free survival

prognosis
o) Stage | or Il, lymph-node-negative, ER+, treated with tamoxifen Low, intermediate
OncotypeDX 21 ) : o
Estimates rates of distant recurrence at 10 years and high risk
5 and
Breast Cancer Stage |, II, and Ill, lymph-node-negative, ER+, treated with tamoxifen : .
@ 2 genes : o : Low and high risk
Index . Estimates metastatic risk and efficacy of prolonged hormonal therapy
ratio
Stage | or Il, lymph-node—negative or lymph-node—positive, ER+ and
EndoPredict®” 11 HER2-negative, treated with hormonal therapy only Low and high risk

Predicts local and metastatic relapse during hormonal therapy

Stage | or Il, lymph-node—negative or lymph-node—positive, ER+,
PAM50“Y 50 treated by hormonal therapy
Predicts 10-year metastasis-free survival

Low, intermediate
and high risk

TuueiEfin15ns39 gene-expression profiling liiuselawtiagadmanulunisneinsallse
Lﬁ@I{IjLﬂuLLU’J%’Nﬁ’M%’Uﬂ’]i@JLLﬁ%ﬂ‘lﬂ’mzL?NLéj’luuﬁzazLLiﬂﬂ (early-stage breast cancer), UNuMN13
#9399 tumor genomics TunzlSuA1UNSTTUNT NS2918 (Mmetastatic breast cancer, mBQ) Ala
WanlUegnesnga. mudgalutisianlndqives PARP inhibitors Tunssnwusidaudussey
WNSNSERNeRid deleterious germline BRCA1/2-mutation, k8¢ phosphoinositide 3-kinase (PI3K)
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inhibitor TN NYINLLS A 1ULTTIEUNT NTER187 4§ PIK3CA-mutated hormone receptor
(HR)-positive lanandlsiiviuunumaes senomic testing wialdidunuimilunisquanzisauiuy

37,38,45) S . Ve, S aw & Aa”Iy @ o
gINITUY, m/iaﬂgmmimﬂmﬂ‘uuw% VIL‘VIUV’YJ']N@'W’]QJ}EIJEN tumor

genomics TUNSADUAUDILAENSABABN1TSNWIRIY. ¥ *7

STUTLNINTLANe.

Genomic Landscape U84 Metastatic Breast Cancer (mBC)

ANUATImTveamAlulad next-generation sequencing Ylin3duanusagsfinwim
AnYaIzY8Y genomic alterations ﬁLﬁﬂiu metastatic breast cancer tumors (mBC) 141, L‘fJuﬁEJmﬁU
fudnmsidsuulasiiu molecular changes annsadatuldnassluszuinsnsaniulsa. wuini
ANLANA 19T UAN192 U8 ER, PR way HER2 receptors A ART undsanlasu neoadjuvant
®50) | ayfiennuunnenaguiluseninagues primary uay metastatic lesions #2g
5159 1y fi§nsiauunneng (discordance rates) 8¢ 10% 4 30%.°? ALUANAIIYDS gene

expression 5¥1114 primary Wag metastatic tumors N lasUN15IUSUA18N15IF87 14 Predictor

chemotherapy'

Analysis of Microarray 50 assay (PAM50), lagwu discordance rate ® E{‘VT 36.9%.°% Tuvuo
\i821'1, genomic alterations Tu metastatic breast cancer wazlu early-stage breast cancer fiil
ALLANAY, FIAUUANFINTUATEUAGUNISLANTUYDY driver genomic alterations #liinulu

54-57

primary disease guonaldidu potential treatment targets 19.°**"” a1519% 4. ﬁiq‘dmmﬁﬁuaﬂ

oncogenic driver genes finuvos 5 Tu primary early-stage breast cancer nTeivilas The
Cancer Genome Atlas'*®? 103y uLisunulu metastatic breast cancer 31An153380 149 9. ©>°7
A151991 4. aziauliiiudluussan breast cancer subtypes ﬁ@haﬁ’uﬁgu feadl genomic pathway
alterations ﬁqmi%’ﬁ’mﬁ’uﬁw. seluazusseeisniuives eenomic mutations Tu metastatic

breast cancer AWM clinical subtypes.
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o o . . = . .
137991 4. AIUAVIY common oncogenic driver genes AnuTu primary Was metastatic
(13, 55, 57)

breast cancers

Primary Metastatic
The Cancer Genome Atlas®™® Razavi et al.*® Angus et al.®?
Gene ER+ ER- TNBC ER+ HER2+ | TNBC ER+ HER2+ | TNBC
/HER2- /HER2+ /HER2- /HER2-
(n=330) | (n=75) (n=86) (n=679) | (n= (n=81) (n=279) | (n=77) | (n=
145) 58)
PIK3CA 439 30.7 10.5 38.6 37.9 13.6 459 45,5 19.0
TP53 20.6 54.7 79.1 29.7 55.2 90.1 31.5 58.4 79.3
GATA3 13.6 10.7 0.0 18.7 11.0 0.0 13.6 10.4 5.2
CDH1 9.1 2.7 1.2 18.3 11.7 1.2 12.2 3.9 8.6
ESR1 - - - 17.4 6.9 0.0 19.0 13.0 0.0
KMT2C - - - 10.9 5.5 2.5 10.8 11.7 10.3
\AGE e 10.9 2.7 0.0 9.1 2.8 0.0 7.9 7.8 1.7
ARID1A & - - 7.8 2.8 7.4 8.2 9.1 5.2
AKT1 3.3 1.3 1.2 7.1 0.0 2.5 7.2 3.9 1.7
PTEN 4.8 0.0 1.2 7.1 3.4 11.1 14.0 5.2 13.8
ERBB2? - - - 6.3 6.9 0.0 5.4 6.5 5.2
TBX3 3.3 0.0 1.2 6.2 4.1 0.0 7.5 2.6 0.0
FOXA1 - - - 5.6 5.5 0.0 6.1 7.8 3.5
NCOR1 3.9 1.3 1.2 5.3 2.8 4.9 6.1 6.5 6.9
NF1 3.3 1.3 2.3 5.2 11.0 6.2 11.1 9.1 8.6
MAP2K4 R 1.3 1.2 4.3 2.1 0.0 7.9 10.4 1.7
BRCA2 - - - 4.0 3.4 2.5 6.1 10.4 3.5
ATM - - - 3.7 4.8 3.7 6.1 6.5 3.5
CBFB 2.1 0.0 1.2 3.5 0.7 1.2 2.9 1.3 0.0
RUNX1 4.5 1.3 0.0 3.5 5.5 2.5 1.8 0.0 1.7
RB1 0.9 1.3 4.7 3.4 0.0 11.1 3.6 3.9 8.6
BRCA1 - - - 2.5 2.1 3.7 2.2 6.5 1.7
SF3B1 2.1 1.3 0.0 2.5 0.7 1.2 - - -
CTCF 3.3 1.3 1.2 2.4 0.0 0.0 - - -
PTPRD 2.4 2.7 2.3 1.9 4.1 4.9 - - -
CDKN1B [ 0.0 0.0 1.5 0.7 1.2 4.3 0.0 6.9
CHEK2 - - - 1.5 2.8 1.2 - - -
PALB2 - - - 1.3 0.7 2.5 - - -
GPS2 1.2 1.3 1.2 1.2 0.0 0.0 2.2 2.6 0.0
PIK3R1 2.7 5.3 1.2 1.2 2.8 7.4 - - -
NTRK1 - - - 0.9 0.7 1.2

NOTE. Data are presented as percentages.
Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer.
*Mutation only, excluding amplification.

Genomic Alterations Tu Metastatic HR-Positive Breast Cancer (HR-positive mBCQ)

Overexpression U84 estrogen receptor Lag N1INT¢ G]:ju downstream signaling
pathway 7iduiies \udnuazUsesdives hormone receptor (HR)-positive breast cancer. 113
Téfunfleangndenu estrogen (antiestrogen therapy) Tunuuldenvunuiende nanswumusiuiy &
Wunmsgiuvesnissnegausn (first-line setting) 115U HR-positive mBC. HR-positive breast
cancers Iu%mzﬂmwiﬂizma (metastatic disease) &l mutation U84 estrogen receptor 1 gene,
ESRL, winduegedimau Aewuldusyana 20% lungiSassozunsnszats uanulaiosnin 5% lu
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LS asreznsn. 47

JESR1 gene AsWad 1S UNG R estrogen receptor, Lag mutation 7 s
ligand-binding domain v84 estrogen receptor dlnavili mutant estrogen receptor @11130%119U
Iseslaglsifosendunisnszdusie estrogen 39il¥inszdu downstream signaling lémaaaiian, B
ﬁwmq'mﬁﬁya RON195N IR 28 endocrine-based therapies.®” PIK3CA mutations, Analitinnis
N5ge W PI3K/AKT pathway, ¥1u1g Al aundtunisaiuny cellular functions.®® PIK3CA
mutations gnaulévisly primary wag metastatic lesions luanudlndidseiu uazgnauldlunn
1295570 Aq9AUNUI 1 PIK3CA mutation Tu primary Lag
metastatic lesions 1AnT WluaudAlndiAeety aeandesiuunuinves PIK3CA lugrueiidu

oncogenic driver gene 8unil ¢ Tun1391iA A malignant transformation Fagnwulas sualuy

subtypes Tua1ud 7 uana19nuly

primary tumors. PIK3CA mutation gnnulslu subtypes A19 9 vesuziiaiuy Tupudfiunnsng
Auly, Inelu HR-positive breast cancer ﬁmmﬁqﬂq@ EJ&UJ"VII 40% U84 tumors ﬁﬂiuiiﬂ‘iwwﬁﬂﬂ
13,5557 Fandtiu, AKT1 wae PTEN Gsaglu PI3K/AKT pathway fifl mutations
finuldlu HR-positive mBC #as. ey PIK3CA, mutations anfigniuldvesgeaalu HR-
positive mBC. usifilsimilon PIK3CA mutation fifie AKT1 wag PTEN mutations gnwuléives 9 lu
mﬁwzamwiﬂizmanﬂ subtypes, UsT91 mutations waniionaldifntuslnguuiunsinelas

LAYITETLNINTEe.

YUIUNITanaIuveslsa. @My genomic alterations 81 9 finuldyeslu HR-positive breast
cancer 1 CDH1, GATA3, KMT2C, MAP3K1, MAP2K4, NF1, uag ERBB2, igniiansaunindaiusiu
Tugnuzilu potential driver mutations, {unalnvesnsfenanissnen wse WWusustimeinseallsa

5962 {19997 mutations warinulaunduluuziSassozuninszany, duds

(prognostic markers).
a1agnihldidulonialunisiiun targeted therapy Julmie dmsugUaenguil. Mutations veq
ERBB2 gene, Tailsiadmsundn HER2 protein, fignnulsunndulu metastatic HR-positive breast

6557 yiyp e, NF1 loss-off function mutations, 3

cancer lawieuiu early-stage disease.
HANT¥AU mitogen-activated protein kinase pathway activity LLﬁ%ﬁ’]@J’]T{jﬂ’]iﬁg{@ﬁaﬂ’]‘i%lﬂ‘ls}’],(“) A
gnwulavesluy mBCs."* %> *” dwsu TP53 mutations u fignnulalu HR-positive breast cancer
winulglupnudfidesninfinuly subtypes 81 q wuldussuna 20% u early-stage disease waz

30% hu metastatic disease.'® > >

Genomic Alterations Tu Metastatic HER2-Positive Breast Cancer (HER2-positive mBC)

HER2 protein gnuanlag ERBB2 gene, waz ERBB2 amplification 1udnuwaizUszansm
484 HER2-positive breast cancer. Aud R ayved ERBB2 amplification 1{ufieusuiuegeiugy
wazausaldidu predictive biomarker 1t e¥1ueUsEloviann1s¥nwIdae HER2-directed
therapies TuuziSadunszazusne (early stage) LarszazUNINT¥aN8 (MBC) A8, UBNLUTLDIN
ERBB2 amplification ﬁﬂd’]’suﬂLLﬁ’J, ERBB2 hotspot mutations ﬁlﬁﬂ%ﬂﬁ@f’;&l. Activating ERBB2
mutations mmimﬁﬂmiﬂizﬁu mitogen-activated protein kinase pathway suiluavinliina cell
growth uay differentiation AnUnAUTUTLU. Y nsirdeya ERBB2 hotspot mutations sl#lu
nsnspuaddaeiiy Sifesseliiinisdnyvudiui, Insawisden1s3deisq duada EreB2
hotspot mutations wuldunniulunzisesrezunsnszas Woflsutuuzidesezusng © Snsitei
wansliiur1UssuI 50% 09 HER2-positive breast cancer gl expression ¥8Y hormone
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receptors (ER, PR) aglusgausng o fy, ﬁﬂLﬂuiﬂlﬁﬁﬁﬂduﬁgﬂw HR-Positive Breast Cancer Way
ﬂ’q'wiﬂ'w HER2-Positive Breast Cancer 4 genomic alterations Vldligjﬂiﬁﬁji'wﬂvu, Ane15nLiia
S0 1.9 Feaviiuldannisi nua1aua vee ERBB2, NF1, ESRL, PI3KCA, GATA3, wag ATM
mutations faruilndifestuludtasiiaesndy wasifunnniulu unSaresundnizats iWeifisuiy
uziSeszezuang.> > °” P53 mutations gnwulglu HER2-positive breast cancer fiUszanns 55%

(13,55, 57) Aq5umsnszane lufiauad (brain metastasis)

V]gﬂu early-stage uay lu metastatic disease.
é’aﬂaLﬂuﬁaquﬁwﬁ’aujﬁuawgﬂ’asJﬁﬁ HER2-positive mBC. in15An®IWU31 HER2-positive mBC brain
metastases i mutations fiwans19lUa1n primary tumor. Mutations ma'ﬂi'fﬁﬁﬁﬁmu loun BRAF,
FGFR2, EGFR, way KIT.©" %) Mutations mm‘ﬁ/ﬁiamagﬂI%Lﬁaﬁmeﬂu therapeutic targets §u

1‘1/13]‘] duiusne brain metastasis Tu HER2-positive mBC.
Genomic Alterations Tu Metastatic Tripe-Negative Breast Cancer (Metastatic TNBC)

Triple-negative breast cancer (TNBC), 1{Ju breast cancer subtype #ifidnuaguseanda
AonIslaldl expression Ya estrogen receptor, progesterone receptor, Loy HER2 expression, Ju
subtype 7ifine1nsallsAngnin subtypes 8 9. LLﬁdwﬂoﬁ’ﬁmiauﬁﬁLﬁaﬁmﬁim% immune
checkpoint blockade Tu metastatic TNBC, Mshesnfintustamanidsdlild. uazdnsinissen
%imaqﬁﬂwﬂdmﬁé’qlajﬁ.(%’ 115398714 genomic profiling Tu TNBC leuandlwiiuing eenetic
alterations vangogeiiAntuly TNBC iuﬂamﬁﬁqaﬂ’jﬂu subtypes 31 9. TP53 tumor suppressor
gene mutations gnnulaluannn 50% ¥es metastatic TNBC tumors uazanagsludia 90% luuia
578971U.%% TP53 mutations gnnulauaslu early-stage TNBC fag, wudsvanas 70% g 80%.> "
Targeted therapy ﬁ'mmmﬁuﬂ % TP53 protein navuyaulaiduun® dudunnuseanis
SunilafiddyeseBundwilaidnsa. venwileluain TP53 mutations fina1iuuds, mutations
3u 9 7inuldlu metastatic TNBC Léun PIK3CA, RB1, wae PTEN winuluminudfitesniives TP53
asj»lqlnﬂ.(li 55, 57)

Homologous recombination system lﬁﬁ’ummaulﬂugmzﬁﬁﬁ’ﬂaquﬂiﬁz’flﬂu
therapeutic target Sundlslu TNBC, Homologous recombination faudrAtyegsunlunsuAle
DNA double-strand breaks Tiduund it ol DNA sssanmidnlile. Germline mutations 1o
BRCA1/2, FarlAn homologous recombination deficiency (HRD), Qﬂwulé’ﬂ,u 10% £19 20% Vo4
TNBC, #aig somatic mutations ¥4 BRCAL/2 ganulaly 3% &9 5% of TNBC.®” Iuﬁmﬂ’ulﬂuﬁ
ouSUAWI1 BRCAL/2 wild-type tumors @1unsauans HRD 1¢ tnefunaifiesand cenetic nie
epigenetic mutations 84 9 T homologous recombination machinery, 33380313 BRCAness.™
i somatic mutations anedufiansnsaviliiAn HRD 16, 1y BRCA1/2, RAD51, PALB2, ATR, CHKI,

WEE1, uag PLKL.""™ 1ag mutations marignnulaluy mBC 9 subtypes wiluanudi o 9.
Microsatellite Instability a2 Tumor Mutational Burden

UONLUL921A genomic alterations M4 9 M1 NATINILED, NITATIVA UK tumor
microsatellite instability (MSI) 8uAnfuainAuunnsesly DNA mismatch repair Alagninunld
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\unnnsgrunisguadtag metastatic solid tumors. fUaefifounziisll MSI ALdugUhefimanzay
Fun15¥nBIRa8 immune checkpoint inhibitor, 14U pembrolizumab.™ n1sasianiaaddin e
AUNT MSI Usznaunae N15n533tA8 immunohistochemistry ag polymerase chain reaction
d@1115U 4 proteins 499 mismatch repair pathway: MSH2, MSH6, MLH1, and PMS2. MSI la'5u
fuduindiegasalunzifasduy ulunudidesninluuzideiingu 4. feguisenadefilaseanui
anansansrany MS! 16Ty 0.9% ves primary TNBC.™ TudnvilsemiddefidnuituionzSavasndy
N:‘L]’JEJIu The Cancer Genome Atlas Network wu7 18 MSI Tu 1.53% @89 breast cancer 7NN
subtypes."

WoNATIEan MSI finaauuds, tumor mutational burden (TMB), Fe¥nsrunustavun
394 somatic coding mutations 7 1An4 ulunziSsusas oy, ﬁ‘fﬁa"’qaq'lu%haﬂ’&uuuﬁ'aisﬁlﬂu
predictive biomarker §1%5Un1355N¥1UL5 9838 immune checkpoint inhibitor.” " TMB gnn
wavvnaueidu s1uauves mutations MAnT uly 1,000,000 bases (megabase) v DNA. N33
TMB Avitumnduiu Tnengud] Nuvzdunaliing tumor-specific mutant epitopes iy au
gniuslacie seuugliAudu (immune system). NUATEARNWIsEAUTEY TMB S3W319 primary wae
metastatic breast cancers Agslinafifaadandaiu. fnisnuidosenuinlu ngu HR-positive
breast cancer il TMB tinguldthaly mBC wWafisuiy primary tumors, ualaimuanuLansnaul
1 subtypes Bu .59 1umm°ﬁ§ﬂuﬁqawu3%’8mmm’i’fluﬂa'u HR- positive breast cancer LAz
TNBC §1 TMB wisiann@ulu mBC lawfiauiu early-stage disease.*® nmsdnwiigaiu TMB faaglu
szezAuainide daldlagnihunlddudssalunwujus. Iuﬁgmmmavﬂuuu tumor genome mfﬂ"l,:u
aeft fA1uUE suwUaslymioudy (cenomic discrepancies/senomic evolution) Tusen3 19

77879 73191319 primary tumor g brain metastases,®” &

primary ag metastatic tumors,
Tuseminstounasndanniinisaese 35w, wazusiurneludounzSafiontu &

1381 genomic evolution mufinaaun drwundsonadunaunain mssnwiildnaieidu
usenasruliinnsdmaEen tumor clones Ainumiu Aesien1ssne Lﬁ@IﬁL%aﬁmL%qmmifuaa'iam
soluld. n1smsI9genomic testing Lﬂui‘vav 9 913mgaNluuIsdnIUNISal, LGUuVlL’Ja’mIiﬂﬂ’]LiU
Turaigldnisswivisede. Beniniy, misevwalvafinaiuud Imﬂwmmumﬂmaﬂum
genomic incidence anansalinmsauls, usn1sisemanisanuuanssiulusidneanisinuwd
Auaelasy, ALMUILAZ ATV biopsies, Wag sequencing methods. miﬁ%’agaﬂmﬁ’uﬁlﬁ'mﬁu
somatic mutation data ¥84 mBC luUasusazau auisaldidusuinislunisiden tarceted
therapy U994, LU PI3K inhibitors, wavfitheUsuennalnuesnsneenls, gaving, {J’a;ﬂaﬁﬁmﬁ’u
tumor genomic alterations vae Uneusiazau delvloniagUiglun1sidnsinlu molecular- wag

genetic-driven clinical trials 19U, “1U3d8sEAUAaENAALIAU ESR1-mutated breast cancer.®?8¥

N15d9MSINBAUKI Genomic Alterations
A514 Tumor Tissue Testing

N13M5I9 sequencing LiiaAuM germline mutations a@ansaldiliodaunanidsldilulsale,
LHNITAUNT somatic mutation AaldLdl ot auztsavindy. aun v lumealulagvee next
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generation sequencing (NGS) ¥l @11150%11159 929 sequencing U049 genes 91UIUNIN 9 1A
ogsgnApauaiugn Tunailiuu. 51 NGS platforms gyansuuy dmiuinguszasdiiunnsieiy, wu
whole-genome e ¢ whole-exome sequencing, targeted genome profiling, transcriptome/RNA
sequencing, waduy 9 .Iui’jﬁ]ﬁ;ﬁ’u, N19M993 tumor genomic mutations e NGS 1un1smsaadi
vifuegUos 9. 115052 NGS fivitesfigaiiteldusznounisquariae Ae targeted genome
profiling, GTfQLfJUﬂWi sequencing LQWWﬂa;aJ U89 oncogenes ‘ﬁlauslﬁ], lnglanig oncogenes 17{53
targeted therapies 1150950, lutagUuiusdnenvuiazandun1sfinwivaiownsliu3nismsin
oncogenic panel NGS testing. m”aasfmlaqLma'aﬁlslﬁ’u%ﬁmm oncogene sequencing LU
Foundation One (Foundation Medicine, Cambridge, MA), Oncomine (Thermo Fisher Scientific,
Waltham, MA), CANCERPLEX (KEW, Cambridge, MA), Caris Molecular Intelligence (Caris Life
Science, Irving, TX), Tempus (Tempus Labs, Chicago, IL), MSK-IMPACT (Memorial Sloan Kettering
Cancer Center, New York, NY), uaz OmniSeq Advance (Roswell Park Cancer Institute, Buffalo,
NY). Tud290% MSKIMPACT wag FoundationOne assays 1AsUN195U50991N AENITUNITANS
DINITHAY mmaaamaamsm (FDA), whay CarIS assay uu FDA ladalsdu Breakthrough Device.
Oncogenes mmm’mimawmwma 9 waty oy oncogenes finutanizlunzisa1nug
Fuvvs (disease site specific) wunuldanelunzidaduuuslinuluuzidwinduas vonuld
il lunsSmaneqwiin. $1umves genes Tuusiay assay onaldvindy maﬁ@?uwi 20 Tuauunnni
400. MSI Llag TMB testing ﬂ:ufm ﬂimaﬂu NGS oncogene panels. VY flagidon sequencmg
service, Li’]ﬂ’)i@]i’)ﬁ]ﬂ@ULW@Iﬁﬂmﬁlﬁ]’m genes wauiauumsﬂmwwa genes mwmm%ﬂ,u assay Ty
9. fangniu, mium'lmummmﬂumﬂmamaawsmaa sequencing Ay Tuéumw sequencing
reports N3l 85UNBNNIY, WALIAITNTENTINTIN mutations 14 9 AinTumeluusias sene
ﬁau%mﬁu anunsalinansznudeninfives cene taldwmilousu. fregraty, Tu PIK3CA gene
Wu31du1An3n 10 point mutations Aupneneiu; wely mutations WEnH U mutations, L4
E542K, windudildunisnsaaeuudaindu eain-of-function mutations fidinansznuse tumor
biology, luvaueg# mutations 81 q fwardu neutral Aoy wild-type, 15 o aagulalé
(inconclusive).® 151A75m58MiinIA88n11 targeted therapies fiuszansanlunziaueeiaiiy
onaldlyldnalunziSswing u 9. WONLULBAIA tumor somatic mutations finanauuda, tumor
sequencing 137 333NWU pathogenic germline variants Inglylaminnisadunneu (incidental), R
annsniinansenudie Havasuazasouaildosiann. fulswide Iinsnusnmmmsany
incidental pathogenic germline variant Tu tumor NGS E)gJJ"ﬁ 2.3%.9) | on52amu pathogenic
germline variants A53n15USN91 medical genetics kagA138nN19019I3 potential germline testing
dindnliunaundnluaseunsa,

A1514 Plasma testing (Liquid Biopsies)

Sequencing TneThludnyileeld tumor tissue, %ﬁﬁ%ﬂi’ﬁm&ﬁmmL?*iaﬂumivﬁ
biopsy Wielild tissue wazn13dean tissue Tfieaneasents sequencing. MIALUNUIINTAEE?
tumor cells Tu tissues vilvidn1suanUaay cell-free tumor DNA (cfDNA) Wingnseuaidan, 3vilv
finnumenenuiiay i sequencing 74 cfONA Viagjﬁlu plasma 1lgUselewid. Targeted NGS
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sequencing woe plasma cfONA l§Sumsihaueriadunsnsaadieldvauny  tumor tissue
sequencing way \unsasrasudedinaulilunisnsia. nslduselewd fONA sequencing
lasunsfnuingehnailu metastatic non-small cell lung cancer. nN13ANWIINE (prospective
study) WUSBUBY tissue sequencing iU cfDNA sequencing neldu3nismsia cfDNA ¥e9
USENLONYU (Guardant360; Guardant Health)Tuﬁﬂjﬂﬁtﬁumﬁwam (non-small cell lung cancer)
szozuninszane Aliegldiunsdnvianneu Téwunnuaenndes (concordance rate) lusmsnfigs
dmSunsdum actionable mutations.®” Awla (sensitivity) 189 cfDNA sequencing Hadufu
U31104999 tumor DNA Tignidesiingnszuaiden, Tsegnelddvinaves vlinveanzids, Usunames
upidy, warmssnwilasu. WWinnsaueuugin fDNA sequencing m%gnﬂmﬂ%tﬁauﬁﬁmmL’%@N
tumor heterogeneity ¢, lng cONA lu plasma fénenndiesiduunassiusy genomic
alterations ¥®9 tumors ﬁagj’tw‘hl,mﬁwm q luvauedl tissue sequencing wllanzdayaves
turnor luu3iins biopsy it ﬂ;mmamﬁaﬂé’u (screening kit) wieldum PIK3CA mutations
MEN13757997N plasma cfDNA lasuniseysifiann FDA Tuldls. dimsaaliny mutations 91013
M599728 plasma, NAISHANTAUINTIAY tumor tissue fiolU. N5 cfDNA sequencing AISHASU
nsansanianld Weideustinasmsan sequencing us N9 tissue biopsy ﬁmmﬁmqqﬁulﬂ
M’%@l@imwauﬁ’uéﬂ’miwﬁ?ﬂ; 9. DN AuATImnly sequencing techniques vilvause
539 key genomic alterations ¢, feufivzidendndula dwsia sequencing, AsiinIsRansan
agnseuneuidsnawdl danudnludedddeya sequencing msaulunisguasnuigileniold uas
foyauinasensnausnluruiunisinwogndls. fudHimeanailddelunisna sequencing 16
anAuNULE, HansEnUReg UL IMIRuTRNte Adadldsunsfiansande. Bindn, niseydAly
1% targeted therapy ﬁﬂﬁmial‘gﬁmﬁwﬁq@m’mﬁ@iﬁuﬁw (associated approved assays), L31A23kG
sﬁa:gamaﬁﬁiumﬁméwﬁ’ummé’ﬁzydwzLﬁafﬂfﬁ assays duluusig. gaving, S1dusaadinisuszifiu
agnsauARUd, Anangiuannteeiiiedla lunisidileyaves genomic alterations Flemulng
sequencing U EIMTUNITINUNUAITI N,

N15LLUanNan19m323 Genomic Mutations

fea1ndunaslsiuinis sequencing ag nansuuts vislagussyonsulazanitu
Msfinw, Jukuunssenuraietauandeiuly, nsiseufisunaziuanares genomics 39919
19i19\309478. Genomic alterations é’uiwzjﬂﬁlajLﬂaija"fﬂmdauawwﬂmm]’al,ﬁzg, wavdANuTuYau,
\Wunsmy mutation 8ulmives oncogene fi3dndusguds nierluves gene Tmaishe. faldna
11ud, SudAfidesuensening neutral variants #ilifiauddey eena1n pathologic mutations
fifmnuddaymanadn. Sandnty, uneiiiny actionable mutations (mutations #iil targeted drugs
T5nwld) nanesuingausu Tngldfluuameidaauinsdenldorsulmdeundeetisls. fufuds
sududead msdeseegiaduszuuieafuanuddaues senomic mutations 7ildmsaanuy. i
grudoyaasnsusuvilsiviemaslunisulanayes specific genomic alterations #lsiud OncokB
(http://oncokb.ore),® Faidugudeyavuinlng A vatestuugifsinenwaznisinw lneiu
gruteyadi indng1un1sisoatiuayy 7 AaeuAquusas somatic mutations WA structural
alterations Ingl¥faganansenuiisitesdauslusedumad, lussduvae wasdeyaisatunis
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$nw paoaaufluztnsguainudUae Aldunan enansmiueiiiesnlag auznssunse s
LAZEIDIANSFBINTNT (FDA), waza1uuz1ves National Comprehensive Cancer Network, viu
fiu. g1udeya OncokB dgninutafunuaamsdous gene, viinrasnisiUdsuutas (alterations),
Yilnraeuzi5 (cancer types), wagnisazthulduseloviliuwngUae Walunnssnw, Meitade, M
wensallsa. OncokB ldszuunmsutssziuvemangruiiediunldlunisinw (therapeutic levels)
gonlu 4 ey (level 1-4), udnihanld Woussenedn nsaviuaas mutations unldUselovtiifu
predictive biomarkers duuldviungnanisinwvesensins q du Seyandngrusglusedula,
MaNgIUTLAU 1 (level 1) mu18fs biomarkers Afnanguamndodenndign, dsldunivsann
actionable mutations 7l¢5un1seansuain FDA 315 FDA-approved therapy ﬁaamﬁmﬁ’n‘jﬁu.
uenuiloa1n actionable mutations finanau1a7, OncokB F3dALUS mutations Ala5UNTAN®N
SudundrinfinaliAnnsiuniuegissunzse tarceted therapies sulasunils Insuvseendu 2
38RV (level resistance 1-2) MuAMNUWT ofl aveandngu. ndng1unh e85z U 1 (level
resistance 1) 184 biomarkers Aidvdngiuaindofiouniigalunisiuienisiese FDA-
approved drugs, 8nfl88 1919 RAS mutation Tuuzis sanldlue svezunsnseans (metastatic
colorectal cancers) Way EGFR T790M mutation TusziSslonssazunsnszane (metastatic non-
srall cell lung cancen). 9 a vausfidouunauil, onckB Walwaussensliun 682 genes 7
\Andl 5665 alterations finulu 124 cancer types, lngUsznaume 43 genes U84 therapeutic level
1, 17 genes U893 therapeutic level 2, 26 genes U843 therapeutic level 3, 23 genes U84 therapeutic
level 4, ey 14 genes U813 therapeutic level resistance 1/resistance 28Ty upaf 89In Y,
AMEYIN9IU Translational Research and Precision Medicine Working Group 984 European Society
for Medical Oncology (ESMO) VL@W"LJ’WLauaizuumﬂ’fmifﬁ'mwmmwyfum molecular alterations A3
ningruiiiieg aidudlassdmiunisdaseduiues genomic alterations wagnisagiild
UseloviungUae; Tnei3enseuUian ESMO Scale for Clinical Actionability of Molecular Targets
(ESCAT) classification. ESCAT Ae iinlasafignosnuuuntiiiedisunmddunziieine) Tiamse
WUANAavDY gene sequencing panel LA lAgEIUITATARIA UAIINE1A QYUY targets (gene
mutations/genomic alterations) e miiazthalduszevilyiungiae. szivanuindeioves
Mé’ﬂmuiu ESCAT nnuvadu sesutusig 9 (tiers) mm'famaﬂ%ﬁwummﬁlé’%’umiauﬁamﬂaqﬁm
A9 9 wmﬂumumaa (regulatory approvals), AROAIY Toyaluszauy Uiy Lagdayavin
Hompans. seaudu | (Tier I LUuivmwuwaaaqamLLavmmw genetic target uulmumsmmlwiv
lovilunisnsdfudaeg i dudsedn Taedaruusdinass mmw 1271339 (specific therapy
recommendation) maa@ﬂaaaqiﬂﬂmumima guuUAIY09 gene 1% A1519dl 5. wandnis
Faspuumumdngruitothunldlunisinu (therapeutic levels) w94 OncokB W3suiisuiuszuy
99 ESCAT WagAuduiusiuanmsng un1sguadnuniiae. ssuurosia OncokB wag ESCAT 14lv
Wi aenadedlulufianiafertudmiunisuenuey mutations warliAuug i dndn
§1u5843U (evidence-based clinical guidance). ilenanluiindngrulmivsinguinun, eratiuavinla
SrRuUUMIe (ranking) ¥ mutation laq lu OncokB wag ESCAT wWasulUld. n157 Oncoks
(http://oncokb.org)® fianwagilu webbase v‘iﬂﬁmmsaLﬁuLawﬁayjaimiﬂlﬁﬂaauazu*ﬁﬁﬂﬁdw.
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M19199 6. lauanssetouas genomic alterations Tunzisauiuunlagnindidulag ESCATY uaz

OncoKB (httpy//oncokb.org) Wia n.a. w.a. 2563).5 %

M1579% 5. Therapeutic levels fitaualag OncokB wWisuifieuiu ESCAT® 8 %0

OncoKB Therapeutic Levels of Evidence®

Level 1: FDA-recognized biomarker predictive of response

to an FDA-approved drug in this indication

ESCAT® ‘

Tier I-A: Prospective, randomized clinical trials with

clinically meaningful improvement of a survival end

§ point
‘5 | Level 2A: Standard care biomarker predictive of response | Tier I-B: Prospective, non-randomized clinical trials with
E to an FDA-approved drug in this indication results in clinically meaningful benefit as defined by
(‘,)5 ESMO MCBS 1.1
Level 2B: Standard care biomarker predictive of response | Tier |-C: Clinical trials across tumor types or basket
to an FDA-approved drug in another indication clinical trials show clinical benefit across tumor types
Level 3A: Compelling clinical evidence supports predictive | Tier |lI-A: Retrospective studies with clinically
of response to a drug in this indication, but neither drug nor | meaningful benefit
g biomarker are standard of care
:t:% Level 3B: Standard care or investigational biomarker | Tier II-B: Prospective clinical trial(s) with increased
qg predictive of response to an FDA-approved or | responsiveness, but no data currently available on
- investigational drug in another indication, but neither drug | survival end points
nor biomarker are standard of care
Level 4: Compelling biological evidence supports the | Tier llI-A: Clinical benefit (as tiers | and Il above) but in
- biomarker as being predictive of response to a drug, but | a different tumor type
E(j neither drug nor biomarker are standard of care. Tier 1lI-B: Similar predicted functional impact as an
g already studied tier | abnormality, but does not have
T

associated supportive clinical data

Tier IV-A: Preclinical evidence in vitro or in vivo models




A151991 6. Genomic Alterations AinuussluuziSaudIULTZULININTZAY wanaUTeuLiau

Genomic Alteration

OncoKB Ranking®”

auntananInaeliluszuuves OncokB wag ESCAT® 8%V
ESCAT Ranking®”

FDA-Approved Therapies in mBC

ERBB2 amplification Level 1 Tier I-A Various®
Germline BRCA1/2 mutations Level 2 Tier I-A Olaparib, talazoparib
PIK3CA mutations Level 1 Tier I-A Alpelisib
Microsatellite instability Level 1 Tier I-C Pembrolizumab
NTRK translocations Level 1 Tier I-C Larotrectinib, entrecitinib
ESR1 mutations Level 3A Tier [I-A

PTEN loss Level 4 Tier I-A =

AKT1 mutations Level 3A Tier II-B

ERBB2 mutations Level 3A Tier 1I-B =

MDM2 N/A Tier I1I-A —

Somatic BRCA1/2 mutations N/A Tier [I-A —

ERBB3 mutations N/A Tier I11-B —

ARID1A/B Level 4 (for ARID1A) Tier IV-A —
ATR/ATM/PALB2 Level 4 Tier IV-A —

CDH1 N/A Tier IV-A

IGF1R N/A Tier IV-A —

INPP4B loss N/A Tier IV-A

MAP2K4/MAP3K1 N/A Tier IV-A —

MT4 N/A Tier IV-A

MYC N/A Tier IV-A —

NF1 Level 4 Tier IV-A

PIK3R1 N/A Tier IV-A —
RUNX1/CBFB N/A Tier IV-A —

SF3B1 N/A Tier IV-A

TP53 N/A Tier IV-A —

Abbreviations: ESCAT, European Society for Medical Oncology Scale for Clinical Actionability of Molecular Targets; FDA, U.S. Food and Drug Administration;

mBC, metastatic breast cancer; N/A, not applicable. “Trastuzumab, pertuzumab, lapatinib, neratinib, ado-trastuzumab emtansine, and fam-trastuzumab

deruxtecan -nxki are approved in ERBB2-amplified mBC in different settings

m’sU’ssqn@ﬂ%’%’aga Genomic Alterations in Metastatic Breast (mBC)®

ERBB2 Ampilification: Tier IA (ESCAT), Level 1 (OncoKB)
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HER2 protein §nnanlag ERBB2 gene. ERBB2 amplification U9 1401581313 copy
number v89 ERBB2 gene LN, D9ui31 NGS @unsans1anwu ERBB2 amplification 19, walutw
U URLTnAuMI ERBB2 amplification 1 1un150 333941 HER2 protein overexpression ¢3¢

immunohistochemistry (IHC) 1Junan, uazms1aym ERBB2 amplification lnensesie fluorescence

in situ hybridization Tunsgin1snsian e IHC lnai AquiAsolydniau. n19m379wy ERBB2

amplification U3% (viune) I1azlauszledainnissnesigeisangnsne HER2 protein lnemss
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(HER2-directed therapy n3o7ii3un31 HER2-targeted therapy). S4emissvantsin Tuursadananis
n59am78 fluorescence in situ hybridization way IHC o1adaudelaidululufiamafeaiu. muide
Lﬁlaﬁmﬂf WU fluorescence in situ hybridization 81amsaalinu amplification Tu 15.9% Vo9
tumors 71n57aWU HER2 overexpression #a8 IHC fifinansialuz+.®? nalndu 9 vesnisiin HER2
overexpression 4 9¢, L¥ U chromosome 17 aneuploidy, § 995 uren1swudl HER2 positivity
(overexpression) Iaglaisl ERBB2 amplification.®” :1uideszauadiln (clinical trials) S1uauunn g
FuduunuImuess1vuIuag 9 lungyu HER2-directed therapies Tun155nw1g Uo7 19
ERBB2/HER2-amplified breast cancer luan1un1saia 19 9. n15ldssveni Usenoud e
Trastuzumab, pertuzumab, Wag docetaxel $uAUW 3 YUY Tuansliiiuinaunsaiiy overall
survival ldunndu wWiswisuiunislden trastuzumab 20U docetaxel, ﬁﬂﬁﬁw%’umamﬁ%’umi
gousulmlu fMsueunsgIuagswsn (standard first-line therapy) d15U ERBB2/HER2-amplified
mBC.%* % HER2-directed therapies 848 4 9 Lo wA tyrosine kinase inhibitors lapatinib wa
neratinib®®*® maamuaﬂumjm antibody-drug conjugates LU ado-trastuzumab emtansine tag
fam-trastuzumab deruxtecan-nxki, See1davdsiliugfleanguise HER2 fadiaafl FDA aynn

Iﬁi%’l’é’.@%lOl)
PIK3CA: Tier IA (ESCAT), Level 1 (OncoKB)

PIK3CA gene fi5Wa nucleotide dmsunasiusiudifided Phosphatidylinositol 4,5-
bisphosphate 3-kinase catalytic subunit alpha isoform).%? PIK3CA mutation fdu gain-of-
function mutation mmmﬂiséju downstream signaling cascades lavia1eidunis, LUu
PI3K/AKT/mTOR pathway finsz#u cell survival wag proliferation."*” ma*s%lwaNgummawmw
, Tu PIK3CA-mutated breast cancers, PI3K inhibitors Lﬁ@iﬁﬁlﬂummmeuqmmuﬂa’m WANEILA
ﬂiumu estrogen receptor- dependent cellular signaling ”memuammuaamm nsld PI3K
inhibition 3aAU fulvestrant (Vlaaﬂimmﬂu antiestrogen) LLaUquﬁLaiuﬂuiuiﬁﬂﬂ’lsJ (Synerg|st|c in
vivo), Ua11msle PI3K inhibitors 11 PIK3CA-mutated tumors taevilifansnsatenvugnsmosise
n3§nwde antiestrogen 19.9%9 1§ifl1u3% phase Il randomized SOLAR- fidnwanaslden
alpelisib 78 PI3K inhibitor fufasaniu fulvestrant Wisuifisufiunisld fulvestrant aeafies
Iuﬁﬂ’mﬁlﬂu HR-positive, HER2-negative mBC 7iwelld endocrine therapy nfeuudailsafisy
19519 49 3Filldseainnislden alpelisib s21U fulvestrant 1al¥ progression-free survival
(PFS) #ifndn dlewfloutiu nsld fulvestrant eghaiien, viild FDA au 1wty alpelisi Tu HR-

(4,109 gy manilav i iiuaud 1Ay YeIN1NTIavT PI3KCA mutation TugUaed

positive mBC 9.
31 HR-positive mBC fsaldmSuvnlésu first-line endocrine therapy. usnnieaN alpelisib i
naud, sl PI3K inhibitors fdu 9 fimdseglunsimuniitewanldse. 1% 90 Puiiaulad
PI3KCA mutations tulslanunsal#iu oredictive biomarker o8y UNENANTNWIVBEIA
floonguslu PI3K/AKT/mTOR pathway Iemnen. TusmAde phase Il vasn slden PI3K inhibitor 7o
taselisib 901U fulvestrant Tuﬁﬁﬂﬁaﬁﬁmzﬁﬂﬁmmﬁﬂ HR-positive, HER2-negative disease WuU11
nseongvisveend lidufuinginedl PIK3CA mutation wiell % dagandne q fu Aldgnsesu

9N NUITTITe FAKTION trial fiinennslden AKT inhibitor 7ide capivasertib $2uAU fulvestrant
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Tugftefifl HR-positive mBC, Gawuiinarilild PFS Aty Tagliuiuingine PIK3CA mutation
wsalsl 1 Bandnu, snAseuuy retrospective analysis 7ifinw1 PIK3CA mutation status lu cfDNA
NNguKUILVes BOLERO-2 trial, FeRnwimsld mTOR inhibitor 710 everolimus $aufu
aromatase inhibitor 71d® exemestane Wisuifisuiunsldemasn (placebo) 37U exemestane
Tugfthe HR-positive, HER2-negative mBC, wutiwadisia PFS iilasa1n everolimus laifuifuingtaed
PIK3CA mutation %5ebi.*?

MSI: Tier IC (ESCAT), Level 1 (OncoKB)

Pembrolizumab, 18 PD-1 antibody §anils, ﬁlé’%’umsayaﬁﬂﬂ%ﬁm%’umL%qsuﬁm
AN 9 ﬁa&ﬂuizamwiﬂizma 7Tl microsatellite instability (MSI), Ingldisnuzidudiunsses
unsnszenlinae. maagapmﬁuﬁgaﬁmd%ﬂu tumoragnostic approval Aatluniseug nlag
Alalle cancer’s genetic Way dnwaugwas molecular biology Wundn laglilarilain viinves
uade viedutuiinvesundeiu q w9netugle. mIsydRduiinngiumnannidelugie
uz1$9918 microsatellite instability (MSl-solid tumors) 1Juguiu 149 A #1970 5 clinical trials
Tuwuu uncontrolled, multicohort, multicenter, single-arm, IﬂaﬁgﬂwﬁjﬂwwjﬂuéﬂaEJmL%:\‘iﬁﬂﬁ

(%
o 1

g, lugthewend, feuld 2 euliduuzdadiug ssozunsnszate uaziisginanissnwieig
Pembrolizumab 10 partial response (S¥eziiaInauaupIuIUu 7.6 ey way 15.9 Wweu).™ dsls
e, aURnsel (incidence) w3 MSI Tunziiusuussazuninszats (mBC) ogludnsnien
A o 1Y) & . al ] . a v @ ) Ao A W
Wiawflsuiulunetss solid tumors 8w 9. N3ld Pembrolizumab fialddndunissnwnimena Inan
grusessudlaldluduaendu MSI mBC. egslsinny, ilosaindssusmatevuulbndenldluge
U FUFUNTZEZUNINTTAY, MIIaIRUNISTNBeeIfilig neundweddls Svasnuneauiign &9
AoslinsAnwiiudusialy.

NTRK Fusion: Tier IC (ESCAT), Level 1 (OncoKB)

NTRK1, NTRK2, wag NTRK3 genes {l5¥a nucleotides @5unan Trk proteins, ﬁasﬂu
m3zNa transmembrane tropomyosin receptor kinase (Trk), dulaun Trk-A, Trk-B, uag Trk-C,
AUAIRU. Fusion U89 NTRK gene ﬁﬂizéﬂﬁﬁ active Trk protein function Aolloswmanaiial, ina
Tdu oncogenic driver Sunile 11 Larotrectinib, 1{u TRK inhibitor fandls, losueud@an FOA v
195nwlu NTRK fusion-positive cancers. miaigﬂalfduﬁﬁimgmmﬂ U39 early-phase clinical
trial ﬁﬁt{{ﬂwaﬁ’wmu 55 aufiiu NTRK fusion-positive cancers, Toed 1 audunziSuduuszes
wninsEans (mBO). Larotrectinib wieldlu NTRK fusion-positive cancers lidmsinisnevaues
1ne921 overall response rate (ORR) 7 75%, (Partial Response 62%, Complete Response 13%),
usilugfae 1 5187y NTRK fusion-positive mBC 1y lalldtaginnssnu (Progressive Disease) 12
Entrectinib, TRK inhibitor 3neamnils, Alssuayalilglu NTRK fusion-positive cancers fag. N3
SIATILNVDNUINY ALKA, STARTRK-1, and STARTRK-2 single-arm studies Iuﬁﬂw‘ﬁ'ﬁ NTRK
gene fusion #5305 11% (6 Au) M mBC uaziinanisnouauss ORR 71 83%.%12 Huit
danm, Tuussauziasiu subtypes #119 ¢, NTRK fusions Wuiéjﬂaaﬁléjﬂiu secretory breast
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119 Fana11u, WU NTRK 115 fusion fu

carcinoma Wa¥ mammary analog secretory carcinoma.
fusion partners l#vannuans uazlinndwes fusion MAnTuardnanelmAnuzis (oncogenic). M3
MTIANUAY §1udeyaLiu OncoKB Wiodududn fusion 1 9 3 oncogenic activity vislsl Fududs
dreusnaulald TRK inhibitors. Ban3niiy, NSRS hotspot mutations vas NTRKL 71 G595R
waz NTRK3 7 G623R, ?quﬂ%’mﬁu level resistance 2 Tug1utoya Oncok, Usnilonanesionis

12 NTRK fusions 114 mBC sAnduluanudng; 1 1 isenladnululle

(115

Snwmaeen larotrectinib.
12,214 s19u mBC wuin 0.13% 83 tumors & NTRK gene fusions.
nounasgels Tu NTRK fusion-positive mBC §amasiin1s@nuiiisifusely.

) Asazdenldenesls

BRCA1/2: Germline Tier IA, Somatic Tier llIA (ESCAT), Level 2 (OncoKB)

Germline mutations 499 BRCA1 %138 BRCA2 v111l#LAan homologous recombination
deficiency (HRD). PARP enzymes fiainud1Agyuagsududinsuauiunisgdouuas DNA single-
strand break. Tumors 7 51 germline mutations 8un ol A HRD ¥ 1% & 047 an 91/ e PARP
enzymes Juagasnnlugouuas DNACH 110
T#fin13e1sadoguas DNA single-strand breaks lsild3unstenusy dslufigniilifiin cell death
1y synthetic lethality. 991U34% phase Il OlympiAD trial la@nu1 olaparib, fdu PARP inhibitor
fanila, Wisuisudunsifiadvnda 1 vuiu amunmdnuiden TungudUasfidu HER2-
negative mBC 713l germline BRCAL/2 mutations. ﬁﬂaadauimﬁmaamu%’aﬁ (77%) \nelasuiadl
t1iinuuda (prior chemotherapy) d1msusnuusiSadmuussosunsnszate. udded Wuandiiiu

) A9tI, NNSHINNNSYINIUTES PARP enzymes NaWayii

el mjmﬁléﬁm olaparib i progression free survival (PFS) Lﬁmsﬁuaﬂwaﬁﬁaﬁwﬁm LﬁaLﬁSUﬁUﬂﬁjuﬁlﬁ
WWHUIUR (7.0 LU vs. 4.2 1A9W; hazard ratio, 0.58; p < .001). A1 overall response rate (ORR)
yosnguills olaparib 1{u 59.9% Weifleuiu 28.8% vesnguilldieiivnn ®® Inserfedeyaniide
i, olaparib Jaldsunisouqnan FDA TWlddmsus Uie HER2-negative mBC 7§ germline
BRCA1/2 mutations Tugf U289 tagld sutaf Urdanineunds lud1azidulunissnwinuy

U lyviue ey, 911338 phase

neoadjuvant, adjuvant, #38lun155nwzISIsEEEUNSATEANE.
Il EMBRACA trial la#@nw1 talazoparib, 71 PARP inhibitor 8ndandls, WSsuiisuiunisldiail
U 1 vuru aaiuwndiinunden Tunguiefidu mBC 7 germline BRCA1/2 mutations. Tu
nguiléien talazoparib, Uszanas 35% Y095 UelA5U talazoparib Wuenawuusndmsuusisezey
wnInseany, fiiedlng weld3ugndu 9 1ud 1 vie 2 unudmiuuzSesseruningzany. nau
filden talazoparib fA1v99 median PFS Lﬁ'mﬁuaéwaﬁﬁ’aﬁﬁmlﬁaLﬁauﬁ’mfcjuﬁié’mﬁﬂwﬁﬂ (8.6
LA9U vs. 5.6 Liiow; hazard ratio, 0.54; p <.0001).%" Immﬁaﬁayjamﬁ%’aﬁ/, talazoparib 39lA5U
N139UYIHMN FDA Inladnsu HER2-negative mBC it germline BRCA1/2 mutations, lag/liides
Al nglasueividaunneunsoly 1
olaparib f{ talazoparib Usinewiaglviuselemimiiouty ualisuuvunadrafeafiunnsieiu
PARP inhibitors 1y n13nw1eg19wUn (targeted therapy) éjuwjﬂuﬁijﬂw mBC 73] germline
BRCA1/2 mutations. UNUIM¥8 4 PARP inhibitors &1%5us U 28 mBC # & somatic BRCAL/2

mutations fdvegludun1539s. N1353987 Anwn15d PARP inhibitors Tunzi5a35le (ovarian

" nsilSeuiiisulagdeu (indirect comparison) U881
119)

cancer) U331 lausylevidannnisinuwimdeudu vislu Uiefdl germline uag somatic BRCA
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120122 Gangiy, N1539enienAnwn niraparib, PARP inhibitor 8n¢ianils, Tuguieusiss

$3lo Ifuandliifiudn enillsinantssnunle sidlugtaefidl germline BRCAL/2 mutations waggtaed
13i1l germline BRCA1/2 mutations witdu HRD-positive tumors (HRD-positive SR U somatic

mutations.

BRCA mutation, %38 HRD-positive 591U wild-type BRCA)."?? fina18911398 (ClinicalTrials.gov
identifiers: NCT03990896, NCT03286842, and NCT04053322) fifndafinw1uszdnsamues PARP
inhibitors Tu mBC filsifl germline BRCA1/2 mutations. msatiuayulsigiasasinsidisounisidy
wianiliiefiazdlaunumaas PARP inhibitors Tuns¥nungitias mBC Afl HRD uay somatic BRCA

mutations.
ERBB2 Mutation: Tier 1IB (ESCAT), Level 3A (OncoKB)

fivane activating ERBB2 mutations ba5un1sAunuly mBC ¥n subtypes wazin
auilu  driver mutations Tu mBC. Mutations waie19ieTun  extracellular domain,
transmembranedomain, %39 tyrosine kinase domains, ﬁﬁmgjmiﬂizéju HER2 signaling

124-126)

pathways, Wi1aglifl ERBB2 amplification. NsANYIluNaOANABDIUIIN YN kinase

domain mutations Wag extracellular mutations finseAu HER2 signaling @1ain1sifiaAl

126.127) flyrang ERBB2 mutations 71 tyrosine kinase inhibitor

(sensitivity) sio HER2-directed therapy.
binding site, LWu L7558, ¢Sunsanurlunasanaaesindusiusiunsaense tyrosine kinase
inhibitor."?® luaWidy phase Il trial fidne neratinib, Fadu ireversible pan-HER tyrosine kinase
inhibitor, d113uUn155n®1 ERBB2-mutated, nonamplified mBC Iuﬁﬂ’mﬁlﬁ%’umi%’ﬂmmLLﬁ’mmEJ
YU wunlrslevtinenddniisns 36%.12 luvhuessionty, Tumnuise phase Il trial Sneumni
fidnen neratinib Tu ERBB2-mutated mBC liseauiiliusslovtimnenadindisns 31% (90% Cl,
13%-55%), lneidl complete response 1 A, partial response 1 Al, Lag stable diseases 3 au. "
U338 phase Il multihistology trial (SUMMIT) la@nwn neratinib dwsusnwugiSanng o Tussey
Wnsn32918 (advanced solid tumors) il somatic ERBB2/3 mutations. miﬁﬁﬂﬁiﬁiwmwﬁﬂw 25
auiidu mBC My ERBB2 mutations waglés189m ORR 1 32% (95% CI, 15%-549%)."* Tuilagiiu
, neratinib 1asu miauﬁamﬂ FDA Tldlanizlu early-stage breast cancer 7ii ERBB2/HER2
amplification. AITHNTATUALLIIWITEA 9 fidnwnudfyres ERBB2 mutation T mBC way

targeted therapy Pvianzay.
ESR1 Mutation: Tier IlIA (ESCAT), Level 3A (OncoKB)

fivans 9 activating ESR1 mutations gamulsly mBC, Tnsiamzlugitheiaglasy
antiestrogen therapy u1A8U, WUIMUNW mutations kg \fisinsaesonsnwdae endocrine
therapy."*? n19398 NaNTENUVBY N13ATIANU ESR1 mutation 210 plasma cfDNA la5unsAneilu
2 phase Il clinical trials, 7178 SoFEA uaz PALOMA3. Tu SoFEA trial, fulvestrant w¥aufius
anastrozole 38l anastrozole lagniUseuiisuiu exemestane Tun13$nwn advanced, HR-
positive breast cancer.*? éﬂwﬁlﬁ ESR1 mutations 75U fulvestrant & PFS fifinin Qﬂwﬁlﬁ%

exemestane (hazard ratio, 0.52; 95% Cl, 0.30 —0.92). Qjﬂﬁﬁlﬁlﬁ wild-type ESR1 # PFS TnalAeriu
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lﬁdwﬂ%m%ﬁﬂmﬁﬁagJJTumﬁé’fmf.(“) Tu PALOMA3 trial, #idnwinisle palbociclib  $aufU
fulvestrant wWisuieuiun1sly fulvestrant agnaied TugUag HR-positive mBC, wudnlifiany
wansingly PFS 581319 ESR1 wild-type waz ESR1- mutated mBCs.® Tullyuu, 9lifl targeted
therapies @%5U ESR1-mutated mBC, w# ESR1 status (ESR1-mutated) gnavstassil tumor
resistance fansld aromatase inhibitors. AMs§neNTunzaudmsyU ESR1-mutated mBC Masag
Tudumeunsise. fnsthetlvle wdnw, Suldud ©uddefidnu novel nonsteroidal selective
estrogen receptor modulators, 1@ lasofoxifene LUSsuLiBufy fulvestrant, d1msusnwyn HR-
positive mBC #ifl ESR1 mutation (ClinicalTrials.gov identifier: NCT03781063).

PTEN Mutation: Tier IIA (ESCAT), Level 4 (OncoKB)

Oncogenic PTEN mutations, 791#% PTEN ldaunsviauldaiuund, U1d1dn1snseeu
downstream signaling ¥89 AKT/mTOR pathway, Aeliin15.U8 sUasves cellular functions. Tu
11748 phase Il randomized trial (PAKT trial) 7 Ainw1n151% capivasertib (AZD5363), 1{lu AKT
inhibitor §avils, saufu paclitaxel WWisuwisuiu 1514 paclitaxel agaufien dmsudnud Ul
metastatic TNBC 7 bitagldSunissneunnen. lusuide PAKT tral, n1514 capivasertib $aufu
paclitaxel, 1 91US 8 UL B U U paclitaxel 8/ 1947 87, T nali o PFS Laag 199 aiauly
PIK3CA/AKT1/PTEN-altered tumors (hazard ratio, 0.30; PFS, 9.3 tA®U vs. 3.7 LADw) detisuiu
intent-to-treat population (hazard ratio, 0.74; PFS, 5.9 L@ au vs. 4.2 taou)."*¥ 19 U Undang,
Aol Selduanddiifinud mutations s1e 9 fiogu PIK3CA/AKT1/PTEN pathway 13119y
mutually exclusive, na1afie awisasin wiay 9 Auld 2 Tuaudde phase Il trial (LOTUS trial) 7
Anwn15ld ipatasertib, AKT inhibitor 8ndanils, $aufiu paclitaxel W uwuvevUILLIA (first-line
setting), Wiguiigufiu Msldemnaen (placebo) S paclitaxel, luguqe locally advanced w38
metastatic TNBC. Ipatasertib 531U paclitaxel liinauin PFS Ieoenadmanly PIK3CA/AKT/PTEN-
altered tumors (hazard ratio, 0.44; PFS, 9.0 i &1 vs. 4.9 LA ou) L1l 017 8 U intent-to-treat
population (hazard ratio, 0.60; PFS, 6.2 4o vs. 4.9 iiieu). " iflesrinnsiwdeunlasig o lu
PIK3CA/AKT1/PTEN pathway au19aLAn ‘W%f’em q fule, ﬁﬂﬁé’aﬁﬁﬂmuﬁﬁamﬁ%’aLﬁwﬁmasi D
msLﬁJasmuﬂaaau’lmmﬂmuiu pathway § 7idnanolfiinuzise (oncogenic) ) lounan wagnis
Wasuwlaseing 9 wantu neuauese targeted therapy Twihiundoll,

AKT1 Mutations: Tier IIB (ESCAT), Level 3A (OncoKB)

aala nanauiuaa, n1514 capivasertib (AZD5363) $2un U paclitaxel T uad lu
PIK3CA/AKT1/PTEN-altered metastatic TNBC."*¥ Capivasertib §'49 nf nw1lu advanced solid
tumors 71l AKT1 E17K activating mutations. Qﬁuﬁﬁaﬁlﬁﬂm’mﬁﬂw 20 AUl HR-positive mBC
AU Q’ﬂaaﬁﬂumﬁwﬁmﬁu 9, dnlugiglasunissnwiniuaInaie s Yuiu. A1 median PFS
wJu 5.5 WWau (95% I, 2.9 months ~6.9 months) ludUae HR-positive mBC.* 31u3denisnadn
fifinen AKT inhibitors 81 9 waznsiuldsaufuedu o aeniiued. Ipatasertib, AKT inhibitor
Fanils, $9ufU paclitaxel AaegnAnu1tugUae PIK3CA/AKT1/PTEN-altered advanced breast
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cancer (ClinicalTrials.gov identifier: NCT03337724). 8 n41u7T 3 8la @ nw ipatasertib ¥ 23U
palbociclib wag fulvestrant 1UTauLiBUAUNITLY placebo $amAU palbociclib way fulvestrant Tu
W U738 HR-positive, HER2-negative mBC fi & 4a4T uog (IPATunity150; ClinicalTrials.gov
identifierNCT04060862). Tuumuy il dayan153d8iinatu n5l4 AKT inhibitors @115y mBC 7l
genetic lesions melu PIBK/AKT/mTOR pathway fhmiinfhindedouds. msidnsau clinical trials
ﬁﬁﬂmﬂizam%mwmmmmaﬁﬂfﬂ’;ﬂﬁ%’mWiﬂmimﬂmﬁﬂ’m.

Other ESCAT Tier lll and IV Genetic Alterations

MDM2 amplifications waz ERBB3 mutations gn3 o lu tier lll genomic mutations
d115U mBC; tier IIl mutations tTulgers ﬂiﬁﬁmﬁgﬂﬁmﬂ%ﬁurzgﬂwmL%Wﬁ@%‘lu 715 mutations
thu 7 wd Wsslewd vi3e nadl mutations tu 9 \Anlu genes flogdrunsenaifisadu tier | genes
widnadeyandngunmeeddnatuayudgniadu tier 10V MDM2 viun1sviaiuves p53 uag
1n19WU MDM2 gene amplification Tuuszunad 50% 9949 liposarcomas. 15141 MDM2 inhibitors
11Anwlu liposarcoma ﬁﬁé’qagﬂu early-phase clinical trials.**” ERBB3 #9%a nucleotide d115u
WA® HER3 protein; A1udNAYY8s ERBB3 mutations waznanauauesman1siy inhibitors §3694il
n13539emelyU. ESCAT tier IV genomic alterations flagiiduguauwn, F9591 genes fionvvhliiiAn
HRD, 19 ATR/ATM/PALB2. Unumuas genes waniilunisinunldquaduasdiogludunisise
iy,

unasy

mmiﬁmﬁu tumor genomic alterations e gene expression profiles Tu primary breast cancer
IewilAAnANuSAEIRY intrinsic subtypes vesmziFadinuy duhangnsiaungansiam gene
expression profiling fianansauseiiu recurrent risk dsldlvussloviognsdmaulunisnennsallse
uazldifleusunisquasnuuziiadnunszozusn o Tuftheusiazau (early-stage breast cancer) 15
fatu. n15outRlWlY alpelisib wa PARP inhibitors dwsuinun mBC fifl PIK3CA mutations waw
germline BRCA1/2 mutations, 3ednuaau, aduliiuianudifgues nislddeyaann mBC
genomics 1Usznaunsdentdeninuiliuagias. guieiinisnsaany MSI and NTRK fusions Afl
gl idinsoyaelildluluy tumoragnostic approval s843u. Tuuueil oncogene sequencing
assays fU3nsliuds, madenlduavnisulana sndudesdinusednse . Wuflveusuiui dsu
g1vuuuIne fignli¥nwdihne mBC indngrunsidenisnddn phase Il atfuayueguds, MsnTaa
tumor genomics ﬁqmigﬂlﬁi’ﬂunmﬁmmzam iethetuumslunsdne, Selunintiy, Slidaau
eenslsiio dwuiimnzauvesnisldiuen Tunsdlfias mBC i actionable mutations vane§u.
qaving, deggd fmaseilailidunmsauees genomic landscape Tu mBC %qdaiﬁﬁmmif
anadlaludinerves mBC uazdawelidiu potential therapeutic targets sl 9 Ais1dusieq
Iesunsnunideifisiis. I genomic targets vansdufiflloniagnitanndeluly esanivéng u
#1199 atfuayuina. N353 waw3y biomarker-and genomic-driven clinical trials A33lAsU
nsaduayulownza.
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(Endocrine and Targeted therapies for ER-Positive, HER2-Negative Breast Cancer)
IS50 WUSDIBUS

vzisodudulsaniefifanaunainnatounn dsznauaae UREHEHE PRLREED
(subtypes) NEANuLanaslumMIsinlye, MIinausnasdanmssNE, wazwansznudanile.
2 m3lT Gene expression assays R1N1T0A®AN intrinsic breast cancer subtypes baaE1aLNREN
Vlﬁﬁﬁqw(s’s) azi’m"liﬁﬁ,msmwﬁw immunohistochemistry (IHC) Lﬁia%’l hormone receptors
[estrogen receptor (ER) Wae progesterone receptor (PR)], Ki-67, Lta¢ human epidermal growth
factor receptor 2 (HER2) "L@TgﬂﬁwmlﬂumoﬂﬁﬁﬂLﬁalﬂummﬁwmmu (clinicopathologic
surrogate definition) #1% 31321 breast cancer subtypes Iuﬁé’ﬂﬁﬂmﬁuﬁﬁuu.@ faulngves
;‘Tmﬁoﬁvl@i”%'umﬁﬁ'«aﬁfﬂdﬁLﬂuuu%aL@Tﬁuu 1 uuz1597%a hormone receptor—disease, %38
luminal-like subtypes, lasa1atdu sie Luminal A-like (ER—positive LLaz PR—positive, HER2-
negative, Ki-67—low) %38 THa Luminal B-like 'ﬁl tJ% Luminal B-like/HER2-negative: ER—
positive, HER2-negative, Laza&19%08d8n 1 0819 Ao Ki-67—high n38 PR-negative %38 low;
was710% Luminal B-like/HER2-positive: ER—positive, HER2-positive. 158431 N8 a2
parnwanoluszninaiaad fUamnmanen5ine, dves Ki-67 fiflerasud 20% Jwl lésums
Waryw1 3L high Ki-67, LL@QL%U’J“H’]EQUNG]%VL@UL%'@]"] cut point fiasndn (11w Ki-67 71 14)
ﬂ%ﬂi"ﬁ’maﬂﬁ@ﬂ%‘nad multigene-expression assay ﬁagm”m?u%, ﬁ”]@li’mvl,ﬁ; luﬁﬁuadLamﬁu,
d109 PR fitasnin 20% ldnnld dedndu 109 low progesterone receptor uaznnanalu

n§a Luminal B subtypes).®

wziSudunriiafidansradis IHC u§r wuil ER-positive uaz HER2-negative (ER-
positive/HER2-negative; WaIanit sLuUVlmwf:%L%ﬂﬂaahmsw]ﬁ ER-positive breast cancers)
LﬂumﬁaL@Tﬂumﬁ@ﬁwuﬁayﬁq@, laonulaludszanaly 65% maamﬁuﬁmﬂugﬂwﬁmq
waunin 50 I uazwu'le 75% Iuﬁﬂ’mﬁmqmﬂﬂ’h.m Estrogen receptor (ER) (uganfnaumnits
1% nuclear transcription receptor superfamily. ER mmmgﬂmwjﬂﬁﬁwmﬂﬁﬁaﬂ steroid
hormones, LT% estrogen. Estrogen LLag estrogen receptor (ER) Lﬁm"ﬁadﬁﬁmmﬂ"umumi laun
cellular proliferation, inhibition of apoptosis, invasion W& angiogenesis. ER i 2 isoforms (ER-QL,
uaz ER-B). Taons 2 isoforms wu'ldlwileifodanidmufiun® (normal mammary gland) ﬁ'ay;
soudauftatfianziadu, udlanne ER-a wirindinyulelwilofouzSadme. T

annd1 30 Juaafi ER-positive breast cancer laiudatnimanvasuzisanldnisinmanigs
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wnune (targeted drug approaches) WadleWad. na1nfAald ER-Ol-positive expression 1w
biomarker ﬁé’]ﬂ”fymaamﬂﬁaﬂ‘l"ﬁ hormonal therapy (estrogen-focused therapies). Hormonal
therapy &% ER-positive tumors SNavinl#in13a319 estrogen nua'lditasas, gu 3TN
289 ER signaling, sswavnl#inissaisaiaas ER, nianaldiiamsidsuulaslu ER-regulated

signaling %30 proliferation pathways.
ANBUENWNLDINYIUATNWENTIANVDI ER-Positive Tumors

U159l N Tia ER-positive ATAMURAINRANY. VziSIREN AN NLANEITle
J2AUVaY ER expression, PR expression (G'fidgﬂﬂi:@juﬁ’m ER), histologic grade, TEAUVBINT
IR (’T@ﬁ’m Ki-67 labeling index), LWUULLHNWUBY gene expression, maa@ﬁ]u"ﬁﬁmmzm’mﬁ"nm
genomic alterations 7iLAA3I4. aNBMEg § 1warfidauidonlosaunuinm uazianluls
Uszlogdlunisnsunuwinsliunfilaeld @15199 1).® wz15971% low-grade (well-
differentiated) tumors 4 ER W&z PR expression ﬁgaﬂ’h, wasfisarmautiafitonnin, Tnums
71 intermediate- W8z high-grade tumors a13d3zaLv89 ER fdnin uazenaluf PR expression,
LLa:ﬁé"@mmiLLﬁm”aﬁlgaﬂdw.(9) fulnnvasnziSadwusia ER-positive tumors 1 ductal
histologic subtype (ductal carcinoma); ashd"l,iﬁmu, ﬁagl; 15% ‘ﬁlL‘flu lobular subtype (lobular
carcinoma), %GLﬁﬂﬂTadﬁ'UﬂﬁVL&iﬁ expression U4 cell-adhesion protein E-cadherin, VRIS EY
nszameluas cell cohesion uarvinliaasussodulaluuuy “unaiseanile” [“single-file”
pattern]. Histologic subtypes Alainasl@wnrin, 1Hu cribriform ua tubular carcinomas, 8N
Uszinefiliiaonulaas fa § ER expression luszaugo, 1ilu low grade, uazdl prognosis &
311019 13010 8 to 10% a3 ER-positive/HER2-negative breast cancers AaduLitasann
qugﬂiiﬂ@ﬂﬁ germline mutations Tu hereditary cancer genes; 1% CHEK2 gene (WUVL@T 1%
28951)8) Uaz genes AABITaINL homologous recombination, 1% BRCAT (2%), BRCA2 (2%),
ATM (0.5-1%), L8z PALB2 (0.5-1%)."" @a1umnea (prevalence) 184 hereditary mutations Tu
ER-positive breast cancers df1gigalungduyia yﬁ'mﬂqﬁam’j'} 40 I (wu'lddszunow 15%) uas
ammaﬂwwiaﬁaﬂﬂw%auﬁumgjﬁlmnfu (Wudszun 10% lunéjugﬂwﬁmqizmw 40 919 60
U waswutlvzunm 5% Mmjuﬁmqmﬂﬂ’h 70 D). 1u;§ﬁﬁ germline mutations Va4 BRCA1 &%
Slmymaamﬁoﬁﬁwﬁymﬂwﬁﬁ@ triple-negative 49131 expression o419 ER, PR, uas HER2, wd
lugiifl germline mutations 489 BRCA2, PALB2, CHEK2, unzuaz ATM 14 drulngjuasuzise
L uufiAedwdwsfia ER-positive/HER2-neg, duwisuideinuuziiadiuulugila TRX
(sporadic cases).(? ¥ giilEdwsuTn BNz d U é’mﬁaamnw”m;ﬂsmﬁagluiwzmﬂ
(early-stage hereditary breast cancers) ﬁvl,sjvl@ﬁmﬂ@mvlﬂmﬂmﬁl‘*ﬁﬁm%’umﬁuéfmuluﬁﬂaU
'l i rutdsanuusiSaiduarialy (sporadic cancers), &m%aL@Tﬂuwé“w,ﬁaw’mw”ugmw

(hereditary breast cancers) &INNID LATUANTINENGRE breast-conserving surgery W< radiation
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therapy, LAKUI8%aY AL ﬁLﬂumL%aL@Tﬁuwé'uLﬁaamnW”uqmw Banfiazinuieae
mastectomy (‘i’umvu contralateral mastectomy ) &) Lmu‘ﬁ'ﬁmﬁaﬂ‘l% breast conservation L‘ﬁia
Toar uziSeffadulnaidususufisas (second breast cancer).™

N136073739 genomic sequencing Laz RNA expression profiling 183 genes “ﬁlﬁlmm“n
E%’]ﬂvtuﬂu tumor pathogenesis LAE prognosis VL@TLﬂuﬂé‘ﬂgmaﬁfuawuﬁmeﬂ pathobiologic
heterogeneity 183 ER-positive tumors JANUFUWBINL grade, proliferation, Wae patterns U84

i, { . . 4
6.15.16) ER-positive cancers NI genomic luminal A, @3t lower-

gene expression (GI’]‘S"IG‘]?; 1).
risk signatures, RUNWTNL strongly ER-positive, PR-positive, lower grade, proliferation ﬁlﬁaﬂ, (113}
ﬁwmﬂitﬁﬁ'a; luminal B, %GLflu higher-risk signatures, RUNUENL expression "ﬁla@m“na{i ER, PR,
w3098919 ER Uuas PR, higher grade, Wwa proliferation fisnnnin, uaziwennsoinlid Sloma

81718 11371379 genomic assays, LUIWNITATIAAIL 21-gene

lsafSunnnin (@1s51en 1)
recurrence score, 70-gene assay, Laz 50-gene intrinsic subtype, Juw Iiulinanaanasaslnada
uldlufienmadeiny Waldvinue anuidesnlsnazinsy (recurrence risk) 289 ER-positive

(1921) AU A UNIINEND

tumors, LAlRANNFEANRBIENIRAIN GNUMTUTTAUNINENTINeN.
Snen lusu grade, ER was PR status, uaz proliferation Mitsziuds Ki-67 labeling 813130
ihandumiasraialdnaunu genomic assays leluszaunits,? uedn cut pointsithresholds
fniu Ki-67 deldlagnusuliidumnasgiwdsniiv, " uazmydsziliu tumor grade Afaddaym

Tuviuaadginu. @
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A137191 1. ﬂaﬂuﬁuﬁ%§szwi1d Tumor Subtypes, Pathological Features, Genomic

Biomarkers, UATHAANS L1 Early-Stage, Hormone Receptor—Positive, HER2-Negative

Breast Cancer.® "*"%*

Spectrum between
Variable Luminal A Subtype Luminal B Subtype

Luminal A and Luminal B

Pathological grade 1 (low); 2 (intermediate); 3 (high);
well differentiated moderately differentiated poorly differentiated
ER expression +++ ++ to +++ +10 ++
PR expression ++ to +++ 0to +++ Oto ++
Ki-67 proliferation index (%) <10 10 to 20 >20
21-Gene recurrence scoret <11 11to 25 >25
(OncotypeDX)
Other genomic signaturest Lower Lower to higher Higher
Recurrence risk Lower Lower to higher Higher
Effect of endocrine therapy +4++ ++ to +++ ++ to +++
(regardless of stage)
Effect of chemotherapy (may 0 Oto+ +++
depend on stage)
* Intrinsic subtypes luminal A and luminal B are at opposite ends of a spectrum of relationships among histologic grade,

estrogen receptor (ER) and progesterone receptor (PR) expression, measures of tumor proliferation, genomic signatures,
and treatment effects. These relationships, which are not necessarily direct or linear, suggest that the likely benefit of adjuvant
endocrine and chemotherapeutic treatment depends on the tumor subtype. The number of plus signs indicates the relative
degrees of ER and PR expression and treatment effect.

T The 21-gene recurrence score ranges from 0 to 100, with higher scores indicating a greater chemotherapeutic benefit and
lower scores indicating a lower risk of recurrence in the absence of chemotherapy.

1 Other genomic signatures include the 70-gene signature (MammaPrint), the Breast Cancer Index, EndoPredict, and the
Genomic Grade Index

NEEHIGHEE (Prognostic Factors)

miﬁﬁ“ﬁ/aﬁa“llad anatomical stage (tumor size WL nodal status) NANLTINY tumor
grade L% genomic signatures %7 aliansansinsoilsnvad ER-positive breast cancers 1ot
a A' ;&’ (24-28) v :S'l/ d' =3 d'd o . 1A 1 v
LU HIVL. NABLWAIANNUVUIALRN NUANFTUSVDI luminal A LLﬂﬂ&l&lﬂ’]iLLWiﬂiz’iﬂﬂL‘m
1 3’ A 1 nid ni v ni A o a L [l A [ ni
AN ILARND Lﬂuﬂqmumﬁmamuamq@ ﬂIﬁﬂ’ﬂZﬂ’]Li‘UﬂaﬂﬂJﬂ‘ﬁﬂJ (recurrence). N1TNITALUN
A X . . . ; : . .
Wadulu anatomical stage Wae biologic risk factors o4 grade, proliferation, ER expression, Wag
genomic signatures ANALANAINLFLIVBINTASUNAUN AN (recurrence). Tad8LFusv 4
metastatic recurrence Ntduil2981F89U09 local LAz regional recurrence (N1 HNAINIINITHIA
waTIEINW) 4102 daunziSslugndsivneunuadszdndeunargiasnin 40 U ainazd
o A o ! A A ' A . . A 4 . A A [
3¢0UVBY ER niayni, d tumor grade Y]tgdﬂ’)’], d genomic signatures NLLENI, LULNYUNY

A o

AounzSslugndsivnuadszdudonnanguinnit. ansauzind, 2R higher stage iz

)
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X% -v-% e dlof - o Y | 0’ dl a 1 o =3 v
1aTun19afasy wazn1Ins9 Mgarinaulasdaly, Lﬂumm@maﬂ‘ﬂaﬁmmmﬂwmumuﬂu

9.18.32) g@91289 recurrence Va9 ER-positive cancers e n

Aengiasdsdnenyniliaf lad.
1 U A:i [ 3 o a o 1 v [ d'
daudninsidunamansd, uazuziSsonaiusunauanlnd ldnelugisszosafneoniwunane
] v a J { a aa s 1 IS (=3 v
1. agn9kos 50% wa4 recurrences LaduN 5 Tn1anain1sitaasinduwiziSaaiug, wazn1s
Ausumenasain 10 Tludr Adudussfinuldey ilas 9. Jadu7u9d %3 early
a £ [ Aa [ ° % a £ %)
recurrence (L1adul% 5 T MaRaIINNIIRIRY) UWAZEINIL late recurrence (LIATUHRRIAN 5
U nonain1yifieas) danwmeinlaunwduaanlna laun higher nodal waz tumor stage,

higher grade, Llaz adverse genomic assays.('® 3%

NIINBUAINNRAINIINIAA (Adjuvant Treatment)

NIINBIAY Adjuvant Endocrine Therapy (Estrogen-focused therapies)

M3 NSRS IM TN AN UUTZOEUIN S8 TIoNgNERIWNINITHY B9
estrogen NnI072IUNIIRINY estrogen (L%‘imi’m’i’} adjuvant endocrine therapy) wawin 5 fie
10 years (uinasgrumsinmiiuwnglauuzinuaz foaliuagioiaunneniidn uzdad
wUTHA ER-positive Lﬁaﬂaaﬁ'u mmwiﬂszamvl,ﬂafm:ﬁu § (metastatic disease), NIy
Wzl (local-regional recurrence), uazmMI ARSI IUNAIUATITY  (contralateral
tumors).®” Endocrine therapy Jtlsz@nTawluaziSaduuriia luminal A uag luminal B.® ng
snwnduszaziaawin 5 3 dae tamoxifen, Duiduendanitsfiaangnuuy selective estrogen
receptor modulator (SERM), ldiiluanasziuseinisguainm, Taolenaralu Andaitriaunag
Uszdifan (premenopausal) uazHwijainnualszdniaan (postmenopausal), Mlrzunoaale
“(l:i‘i distant LLaZ local-regional recurrence 16 10 ©19 30% Lfia ER expression agluizﬁuﬂﬂuﬂaﬂd
wazaq recurrence 'l& 40 719 50% Lila ER expression adluszaugs, laslinanisduasesndian
wyaltunldudy (carryover effects) ldan1s Daiwlal 0 LLﬁ’LuﬂmeﬁaﬁﬁmmL?}mﬁamﬂdw
ADWUZLTIVWIALANNTN 1 cm, LLaz"L&iﬁmmws'mzmm*’iﬁ;j@iam{wmﬁaa M3l adjuvant endocrine
therapy Alwnanssnendiadn. © Tamoxifen ‘ifugﬂ metabolized @@ hepatic enzyme CYP2D6,
W@ genotypic variation b CYP2D6 lulafinansznudavszlomivainssneneas tamoxifen,
i el leunzrinlsiasam genotypic variation T CYP2D6.40

JeaU189 ER  expression  idutfasniAnfimwuainnfalslomiainmsls
endocrine therapy %381, gi:ﬂaﬂ‘ﬁﬁauuu%aL@Tﬂuummvl,sjwuwgd ER waz PR llavszlomiann
MIN®1e2e adjuvant endocrine treatment.®” wuintszanm 1% maamﬁaﬁmuﬁgﬂ%@dmﬂu
ER-negative U@ 4 PR-positive, onafiasanan § ER expression agﬂuﬁ:@”ﬁﬁ@ﬁ’m'ﬁwzwuvﬁmﬂ
NNT01379978 IHC; mﬁanéuﬁlﬁwamﬁ'ﬂmﬁag’ﬁ?z‘mha ﬂéjwﬁﬁ‘}’i‘i ER-positive, PR-positive L&z
ﬂﬁqiwﬁlﬁ ER-negative, PR-negative.“" NxL%‘GL@T’mNﬁﬁ ER expression 1u§'$6‘i‘u<§%’lmﬂ (937339 IHC

- 4 v
staining WULNE9 1 019 10% a4 tumor cells), Fawu'leszanme 2 £19 3% Va9 hormone receptor—
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positive cancers, 813894 NIABLEUBIAE endocrine treatment ba1n9, wNIEIUtaBVRINLTI
L A & Ada . . A o > "
NYNUILYINUUNL  genomic signatures Tiiduanwmziszdnaivas ER-positive cancers, U8z
endocrine treatment 1#iszlozitlatasaaiiafl ER expression agluszaud 9 laifisunungw
7131 ER expression luizﬁugd.m’ 42-44)
A = & A o ' Y . . 'Y
Wals 9 %, ladnssinenlnaig whanlslu adjuvant endocrine treatment @ae. el
N§a aromatase inhibitors sugslisenednaifunuilas androgens luifln estrogens, Liald
lwindenladidrgionuadszdndouud (postmenopausal) dnalimunInanszdlad residual
estrogen levels a41Uldunnnd 90%. enlungy aromatase inhibitors lisaunsagnianlsle
(contraindication) lugwijaibriaunuatszddan (premenopausal) Agalaildsumydudams
YU i3 b (ovarian suppression), W1zl aromatase inhibitors L EUEINNTFIN
estrogens 1#3zaL289 estrogens aaad 9zl UAi3811198333M81 (compensatory physiological
v v, 0; é/ 1 v, v o 1 a AI é/
responses) NIzgulAiin1IWas FSH, LH anndu sanaldlinianzguliialinga estrogen indn.
I aromatase inhibitor ENYNTDAAANLREIVBINIALSL (risk of recurrence) l@unnin
mildn tamoxifen wiu 5 I, davtusulwnjvas Hwidy postmenopausal AIINANIOMLE
aromatase inhibitor treatment N3luuuy 13314 aromatase inhibitor AJLAKIN (upfront strategy)
wiaiulanatanldled tamoxifen sniduiaauiu 2 fia 3 Jua (“switch” strategy).* lunvdldnds
o &  w & A A G < A | A Aa
avanuindunniadiunizozdun (stage) | wia IIA Suduszoziunnutesngaludzinani
M3 screening mammography atiiluilazdn MIInwIEIn aromatase inhibitors Twuszlomin
a & 1% A = A o @ o i ) a !
WWadwluszauthunans  WalSeufsunumIsneNels  tamoxifen  8814L@8D;  lagwudn
aromatase inhibitors :13130a0 recurrence 84 bl68n 3% wazaa mortality a9tUla8n 2% e
> kg . _ (Y { a X 4 @ § }
10 §. m3inmdae aromatase inhibitors TWiszlozingadniulunsdinlglugiondanuies
d' &’ uq: ] A . . (46) di s = U a
NUNVH (ﬂdiuLLd stage %138 pathobiologic features), waztlaliInsuzSaeuusiia lobular

@0 mpgneszazna M Ins e n 5 O 1w 10 T (extended strategy) @

cancers.
. . . s { v a X 4

tamoxifen® %38 aromatase inhibitors“® ° ARNNNTAAAANNLFLIVES recurrence LALANT, LD
= >3 [ [ U d'd d' ni &/ o ot

Weunumsinmaeszezaan 5 0. dhenlanudnuniudvwiu  late  recurrence,
HadNINANZITIULNINIZNUITNGaNINLAREY WIDNaWNTIUANBUMENINTINTNALE  (adverse
biologic features), Li,’mzLﬂugﬁﬂsﬂmﬂﬁqoq@mﬂmwmm’;mmaa endocrine therapy; 284 b3
AN, MIFVLLIRNMIINENGE aromatase inhibitor 8an LUlus19T01 8 HadlN 10 sirazlwszlast

219NN AL Lanatwna1e.6t %2

MInaFula mslnmms%'ﬂmaaﬂ"l,ﬂﬁumﬂﬁﬁﬂa G
\ A A X \ A A ' a & o A
sawdan lasinslvdoyazas A1ANIEDIT8I recurrence ianadnaziiniunonaadli 5, uaz
v { YV a &, v L= H
HataAeef ldiiadunaauielagiu (@19en 2).59
M33N®I628 chemotherapy ¥inl#ifia premature ovarian failure ledag ¢, lagiany

v A Ada & ' X = ' A . v a A
Tugwdsnfonyasud 40 Dauly. Tunséinsds 9 Midu retrospective analyses, {niafiidn

ER-positive breast cancer uaz laifiUszd1idaunatannlasuiaitinga (chemotherapy-induced
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] 2
val

A . Aa ~ o A a 1 A, &
amenorrhea) finensoilsa (prognosis) Vl(ﬂmﬂaﬂmﬂwﬂixﬁm(ﬂaumuﬂﬂ@l, Yagi1 Uszlowy
, A v A o o A ' A a
FIBNUIVBY chemotherapy Mgmynﬂﬂau%mﬂizﬁnmau ©#13:VU1IINNIIN chemotherapy 14
Narin L33 b laivinan.® Tunsdnunens 9 Ml prospective studies uaaslilAnin nM3aues
AT UV D959 b (ovarian suppression) I8nNTLT gonadotropin-releasing hormone (GnRH)
agonist therapy RININAAANNLELIVDY recurrence b9 L8 T30 AY tamoxifen #38 aromatase
inhibitor, lasiawnzillaltlugwisangniaundt 40 O uasgfidl higher-stage cancer #3afl tumor
biologic features nug (luminal B, lower ER expression, LLas higher grade a8z Ki-67 proliferation
index).®> %9 iguLdanulugnigsivnuadszinden, ludndsioneunualszdaennldiu
ovarian suppression, aromatase inhibitors 8138AANNLRLIVBI recurrence la@n31 tamoxifen.
lunsassnudna, lunguindsnil  ER-positive tumors Niiwennilsafidunn 9 dat1aian
stage |, low-grade tumors 7181614 chemotherapy n131% ovarian suppression 73638 Lo
UrzlomiiAnatnssinalunsaan1sdiisy, Walfisununisle tamoxifen [Ne90en9LH 87,5597

v & a Ao A A < v a AN vo .
dwdudsnrimofiidoaluniveziulalu aniuzvas menopause lugwd47 a3y adjuvant
therapy, 131271 GnRH agonists U19aTIAMN lduATziun1Iiupesialelfadeldauysal
(incomplete ovarian suppression), lasianizlugnisagiasn lildsuadnnga, uaziwszi
Angandnisunadszddennaslaiuiafitnga (chemotherapy-induced amenorrhea) L8
gann 9 kianalinmsuainauuineulndladn.®® drlaiuilaluinselageviauldunniatas
=) 1 =) ] ] 1 a 1 @ o A v
Wieala (nanfeldwilainsslugsvinawlaluuwuy premenopausal %38 postmenopausal), MG
ovarian suppression @28 GnRH agonist therapy %38 ovarian ablation ¢3¢ surgical oophorectomy

' x> a X . O] [ { . . [
ngauliiulaiiudui geldidgan1ienil postmenopausal endocrine function U&7 #3873
wsanvn lidanld tamoxifen-based treatment Wnui aromatase inhibitor therapy.
AN3LE adjuvant endocrine therapy SHat19tAabawarnwatsasng, natuawidu
o a A& o P \ A . A Aa o @ =X v A A

HaT9LAEINLSasY, lasdiawuadyminwutes q Sonsenudiadsediin, ldauiawatnafasnny
ldvapannuayuusa@13199 2). Tamoxifen uaz aromatase inhibitors TH3LuLLVEINATIAADIN
@9 Seanaiinadamafandadulairazldondalnwu. e1visg ¥iliia menopausal vasomotor
symptoms LT% hot flashes LAz night sweats, TNATUNIBNITHEY sleep Lae fatigue. ﬂ’]i@LLalu
LYY nonhormonal management Usznaudianseen oxybutynin, gabapentin, antidepressants
\I% venlafaxine 138 citalopram, @9 13112z lUlnadia tamoxifen metabolism, WazA1I T UK
o . o . A A a a d v @ ' (59) FLW
Wau (hypnosis), AR0AIRNTLIL lifestyle tNaWANIABITINNINITAUDINTAINETD.Y N3ld
tamoxifen lkathaLfssfiAialdan (rare risks) udday ldun uziabaylnisuagn uaz deep-
vein thrombosis, luutuef aromatase inhibitors &4HaNuNNINGaa1MTA9lUIZUL genitourinary
uwaz nizgnuasde, 1w Urata uaz nizgne. nadaLAnedns 9, lasiawiz hot flashes waz
arthralgias, TIUNUEANZIANNTBYULAILALIIUENIFIANLATHEA, LTuEURgHANFINITLANN

VL.. P FL g (60,61) Sl,ng ‘]_Id .svﬂ A o v a A a & o
UADLWBILBNIITINB. NIILHRAN Sﬂ‘]ﬂ"]LLﬂE Y INYINUNIVINELALINDINAVULRS



80

AATININFINNTOUTTMIM T L antiuwialidthedainsdasasld. enlungu aromatase
inhibitors 311471 3 A7 ﬁ"léf%fuakuymlﬂ% laun anastrozole, letrozole, L8 exemestane Y
UseANTNIWLYn 9 ﬁ'ml,a:ﬁgﬂl,muwa"ﬁwLﬁmﬁmﬁauﬁ'u. ad9lana, ;jm’ﬁaﬁsl"ﬁ aromatase
inhibitor ﬁ?ﬂﬁdLLé’ﬁLﬁ@ﬁwa“fﬂuﬁmﬁﬁ;umo (unacceptable side-effect profile), m‘lel?liﬂuLflum
\flu aromatase inhibitor 8na2% s nIa1Uauwdu tamoxifen vnazidusfiwanzaw; luamed
ANsaant1IaIN1Y, NNTLT8N duloxetine, #38N1IHILTY (acupuncture) 813TIVAABINTT bILL
musculoskeletal 'l 1{alg30m0 adjuvant endocrine therapy, bisphosphonates L% zoledronic
acid 128033 TnINITANWIL (osteoporosis) TurtlpaziTaiduy L88NATILAAANALTL
PDINNINLIU (risk of recurrence) lugﬂtﬁ\‘i postmenopausal LLazslu;gﬁ"L@T%’u GnRH agonists.© &
nslienissiumavhaueassila (ovarian suppression) i lwaaulnajzasermsiiguiiasan
endocrine therapy ﬁﬂmw‘gmnd"fu, laslanne hot flashes Waz night sweats, bone health, L8z
sexual health.®> % a5l topical estrogens R1413NUITILNIBINITIVBY vaginal atrophy wasyinlw
sexual functioning 54/% wianarilifinnsgadu estrogens 1gnizualafalaianiasidunis
F203712.6" Athouieunesnwhiianueivannalunisfadaiula ildlguandiaudas
‘1&5@%’17’17’1’151‘5’%30 endocrine therapy W8 chemotherapy.©® ¢ mi(ﬂi’m‘ﬂ’mﬁ’mneuropsychiatric
testing lugthogiulngdnazidudnd, uazlddeslunsznuanuaaininlufanssudszdiiu.
o nINaTIaLALIENg 9 laeriald dnezussimsasadonaiinly ® lunsdidsloming
snuftheladunnin, uwwndddudasnansanszning wa%uﬁmﬁ@ﬂamﬁa Aunalselomid

=) ‘;’ Q
21 AAIUINMITINTN.
N133n¥1A128 Adjuvant Chemotherapy

AN 1aLA8InY tumor heterogeneity uazn1353 RNA expression—based genomic
assays MWlfiNasziiiuanuidnivas recurrence lenzgulidinsvinauundsziiiv unumes
. ° o " a o VA &
adjuvant chemotherapy 81931 ER-positive breast cancer. Neuansaae bl meta-analyses 138
traditional biomarker studies 7 baUTTENBDIANHMLVEI tumors NInTudasls chemotherapy,

A % A ' v 6 1 =3 &
\iiaaanmisldchemotherapy quatlawilvdselmiunuzisalunnizazduvailia (stages) uaznn
a | A % As £ 4 [ v o ¢ \ .
TuALag (subtypes). BEJ’]\‘ivLiﬂ@, mmLmﬂa‘ﬂaﬂmmmnumwauwum:mw ER expression,

. . =1 v o ' o . A o Y
grade, ez degree of proliferation (1131910 1) Vl,@]mmqmiwwm genomic tools N ldauT

(18) M3EN®ILLL prospective,

IYVIVLVAUNUINYBY adjuvant chemotherapy la@ninuanau.
randomized trials lauaadliiAinin nsuen chemotherapy N E5I0AY endocrine therapy
(luwuy sequential) lailaldselomsl lunzju;jﬂwmﬁai’wmﬂizﬁ%ﬁauﬁﬁ node-negative, ER-
positive tumors ‘ﬁlﬁ low-risk genomic signatures, %ﬂﬁuﬁﬁ@i’mad 21-gene recurrence score
WinAu 25 w3a hasnin (S 25) lunsmasiadae 21-Gene Assay (OncotypeDX), #3aid1dn “low”

risk lunsiifiasrany 70-gene assay (MammaPrint).?> 7*72 1y 21-Gene Assay (OncotypeDX),
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]
= '

recurrence score 13331N 0 £19 100, ¢ scores ngInin Ui ldseTamlaas chemotherapy
Aindn  wazen scores Tiaundn 19T SenuFnves recurrence  tapusiitazlile
chemotherapy. bu¥inuadLdaans, chemotherapy li'ldaaanuiFsuas recurrence luﬂéjugﬂ’m
nijvionuadsrsuiensil ER-positive breast cancers uwasluziisuwslufideaiundonin
wInanias (1- 3 positive lymph nodes, N1 status) Wazdl low-risk genomic profile (1 Jfn

recurrence score < 25).7% 74

MIAT9698 Genomic assays £4818130 TIawensailsalunga
U a v 1 o = A v a v 1 v " Y o AR K A
dihandsisreuwnuadszdndon, Sarwdndsangiasndy 40 O dag, laslidesdrilatainiinmg
wwInIzapNidaniniaInialid. " n13ien chemotherapy LwaTANlETINAY endocrine
therapy (luiuy sequential) snanIntsaaanudsslaluszaulwunans lungurthondaivnion
o A A o & A . . . LA . o
nualseifoun Aauwzi5ef low-risk genomic profiles uazand lifinmsunsnizanelydidew
$unded (NO status)”” wIadinmsnszangluidudwiudnios (1- 3 positive lymph nodes, N1
status).  lungduifthowdaivdeunuatszdudaniindndanud, nmifl chemotherapy sIHALWE
AMALFEIV4 recurrence 8089 e 813danadulngiiias3nan N3N chemotherapy Tfinada
9ly ilAselalaisunsarauldmudnd wanfaanznualszindawnnis (chemotherapy-
. A & ' ' { { < ° v a [ °
induced menopause),”® G317 FaulnnrasanuduinaasdlUiuaravihldifalaaaanmav
1391 lai¥in9u (ovarian suppression). lunnasenutnu, adjuvant chemotherapy AlEdNTUNN
Uiznaudiy taxanes uaz alkylators, uaz lwihoffanuifuigs high-risk cases, ALY

A da

anthracyclines #ag, iumsnsisudu dmsy Andaniteunziiaamalngannnd 1 cm,
node-positive disease, ﬁ%aﬂ%aadﬂitﬁ , ﬁﬁaumﬁaﬁﬁﬂwmwaa higher-risk genomic features
(3%, 61 recurrence score of >25).7" n5l4 chemotherapy lidasfinnuddudasls lu;‘?ﬂ’mﬁl
ER-positive tumors ﬁliiﬂagﬂu izﬂz“ﬂgu@iﬂﬁq@ (muﬁmﬁumﬂuﬁﬂmwaﬂﬁau <1 cm LA node-
negative) %%alumjmjﬂwﬁﬁmqmn 9 (>75 1), 1fl89971n91 chemotherapy lisazlanansnd

NRBENININ @8 risk reduction %38 survival (AN31971 3 wag 4).
NMIINBUEINNOWRHIAR (Neoadjuvant Therapy)

MITNEMILEINanlasUMIHIGa [A158N31 neoadjuvant (preoperative) therapy]

[} 3 ] g v o €d'd A ‘3’ v R a a Yy a o [ £ ]
sanntslimaidalanaaninaiuduld Bsfisuldlunsdlfisddauuniaduusmalng,
insuwiniznedhgdeniiniesuds, nialunamesnsdl. ER-positive tumors anamausuadda
neoadjuvant chemotherapy, LEN TR UaWaINLT % pathological complete response (pCR) Wb WU

X A o ] &  w A . A & Ada i a
VL@IHQEJ; LN@LLUGUQHQGVL‘]J WU lu&l:lﬁdm’m&l“ﬁu@] luminal B A38¥2L33N4 genomic score E‘EGG] E\

a g Yo qq: 1 { & v a . ~ { . cl>
pCR tAadulatissassnnnninnnuluuzSaduusiia luminal A w3auz15904 genomic score ¢

o =

9.7% 7 luafia, neoadjuvant endocrine therapy aninanlgianwz lugnigsndangun niagwnds

2

ﬁvl&immza&lﬁ'umivl@ﬁ’Uchemotherapy. Haris] neoadjuvant endocrine therapy Juawueng

on 6 Liaw vl#ld clinical response ludamfigs wazvldmansnmaddaidualuuuy
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. 2o & X A & A o« @ v
breast-conserving surgery lddTalugthefunndinoRansanliluaauusnidududaslediv
e 9 < o ' <A A « & )
MIHAALGUUBANTIILAN (mastectomy), 8en915AE MIRauawasNdwuuy CPR % wu'ld
%#08.6% 8 n133n¥1628 neoadjuvant endocrine therapy 1u;§ﬂ’mﬁﬁ lower-grade, luminal A-like
cancers 813130 MBAIINNIABLEUBY (clinical response rates) NLNALALINL BATINTABLFHEIN

Lﬁ@lu;jﬂwﬁvlﬁfumﬁﬂmﬁw neoadjuvant chemotherapy.®? &)

mIfaLeangidmi
neoadjuvant treatment maﬂ%’ulﬁmmzauLﬂquﬂﬂavlﬂ I@mmﬁ'ﬁﬁagamad genomic risk
scores 116N core biopsies; tumors 71§ low recurrence scores InazAaUEWAdlAGda
neoadjuvant endocrine therapy, luuasei tumors 5 higher scores 11 dludaslasunsshsneae

(79, 84, 85) ¥ L E.da da a_ o LE.a ,
NABUZLINNUNITADURIUDING ﬂaﬂaumnmmﬂquaoama

neoadjuvant chemotherapy.
11N (substantial down-staging) #1813k neoadjuvant endocrine treatment waziiia l@3UNT
@ (Y = A @ & o a . . = A A
H1ee Nauwuzliangninaaaananiedd strongly ER-positive Uaz low Ki-67 levels; uzi3anguibil
wennIailsaluszezennaunn, wiinaldlasuiafitngae.
AsUszliu ansazn1Iwensinenadfin (laold tumor grade, size, Was nodal
status) LRZANBUENIITIAN (biologic features) 83 tumor (Gﬁﬂ multigene assays) 814170
i liNetTun13ine adjuvant therapy Tinunzaunulugiinndgudazaunil ER-positive
breast cancer (@131971 3, @15191 4). MIANT=AU U stage nIaTRNBMULNIITIAIN (biologic
A A X @ A oA A A & o o
features) AguL8sdu Luaryrandanin IauiieIved recurrence Aunduudineelésuy
adjuvant treatments. mﬁaﬁagﬂu Lower-stage 714 low-risk biologic features tud1tdudasled
chemotherapy; nM133ne lAnaLdunwelalald adjuvant treatment Wuiianun 5 O lasls
. A . AdaA o i & A o
tamoxifen #78 aromatase inhibitor. NTNU IZAUVDY anatomical stage FIVH WIDANBWIUSNTY
a A &J a 4 n:? v . . A o % n&'
TINNATHUIINNNDY, fuszluwiunnduarnnInsle adjuvant endocrine therapy NLUNT U,
l@urnvle aromatase inhibitor WA tamoxifen liasasu@wsn, ¥3an1sldaromatase faun3a
ATNARI tamoxifen, N13VYIYLINIVBN adjuvant endocrine therapy Tduannin s f], wazn1TLT
. i = . | & A o Ada
ovarian suppression. MINUNzLSILWINTzAe I dantininies (Nodal status) uawfinauinlu
MILITANLFLIVBS recurrence Lan b lduanin dasliiadtha wAnnMeuedLiY. &MU
E‘Tﬂ’J gL 1 stage 1 or 2, ER-positive breast cancers, ﬂ’]ifﬁaﬁmﬁﬂ’sﬁ'u stage, grade, n1si
wia laid lymphovascular invasion, IL82 genomic score 17 o lAunn LTLLaz;;ITﬂ’JEJ GRERRIAFIPFAEVT
Urelomivasafialdadiududg:, 2 27 dldddayasunsndafulauifonldiadingg
o X \ \ { v v A .

16,678 yazlugihodulng, sunnnanidsanisled adjuvant chemotherapy 16, 49 adjuvant
chemotherapy lrdslombianzuzisni higher-risk genomic signatures.

ER-positive tumors i higher stage (ﬂa"nﬁaﬁ extensive nodal involvement, stage

A & | o ~ A A A v

Il cancers, ®IaNIRIDEN) I@ﬂmvlﬂumwl,amwgamﬂwa N&uA2TLAIL chemotherapy, lag
laidasfitainnavas genomic testing LJuiruls. UNUINVEI chemotherapy 14 biologically

favorable, higher-stage cancers 83l lasun1sdine, uaidulylendt agnedinge nafaziduldlu
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seauthuna1a.®? dihoniifaunzi3eiing ER-positive uaz HER2-positive (Wu'ldlu 10% 289

Ahpuziaduananug)” auadvldiu HER2-directed therapies $9uML chemotherapy U&10a

a8 adjuvant endocrine treatments.

Wauninuavasnniudualugme  (99%) 1w ER-posiive. midadulalu

nazuauminsluunadualugme sndenannisdadulaswdoinulugnds, ud tamoxifen

vl mﬁgﬂLLu:ﬁﬂ%"’L‘*ﬁéwwﬁ'M:SaL@Tﬂum aa@"‘mﬂ.(go)

P> 1% a Ao o o A [y & A .
M199N 2. Naﬂ’l\‘lLﬂEl\‘mﬁ’lﬂmua%t%a\‘m’mﬂ’li‘mﬂ"ﬂ%&lzL‘SG‘B%G\ ER-Positive

Agent/Regimen

Mechanisms

Common Toxicities
(>10%)?

(53)

Uncommon Toxicities (<10%)?

Endocrine Therapy

Tamoxifen

- Selective estrogen receptor
modulator (SERM)

- Hot flashes (42.9%)

- Uterine cancer (0%- 2.7% increase
compared with no-tamoxifen control;
risk increases with age

- Thromboembolic disease (2.5%
increase compared with letrozole
control)

Aromatase inhibitor
(letrozole,
anastrozole,

or exemestane)

- Inhibit conversion of
androgens to estrogen

- Arthralgias or myalgias
(commonly joint
stiffness/discomfort)

(34.7%; 3.3% grade 3 and above)

- Osteoporosis-related bone fracture
(2.7% increase compared with
tamoxifen control; risk increases with
age)

Cytotoxic Chemotherapy

Docetaxel/
cyclophosphamide

- Docetaxel: disrupts mitosis
by inhibiting microtubule
function

- Cyclophosphamide:
alkylating agent, disrupts DNA
replication

- Asthenia (>75%; 3% grade 3 and
above)

- Edema (34%)

- Myalgias (33%)

- Myelosuppression (anemia: 5% -
6%, neutropenia: 62%,
thrombocytopenia: 1%)

- Febrile neutropenia (8%)

Adriamycin/
cyclophosphamide
(AC)

- Adriamycin: disrupts DNA
replication through multiple
mechanisms

- Cyclophosphamide:
alkylating agent, disrupts DNA
replication

- Asthenia (>75%; 4% grade 3 and
above)

- Nausea (82%)

- Myelosuppression (anemia: 8%,
neutropenia: 58%,
thrombocytopenia: 1%)

- Leukemia, adriamycin-related (0.2%)
- Cardiac mortality, eg, adriamycin-
related
(rate ratio 1.61 compared with no
anthracycline; risk increases with age
and cardiac risk factors)
- Febrile neutropenia (2.5%)

Adriamycin/
cyclophosphamide/
paclitaxel (AC-T)

As above for AC plus:

- Paclitaxel: disrupts mitosis
by

inhibiting microtubule
function

As above for AC plus:

Sensory neuropathy (15% grade
1)

* 3%-4% grade 2 and above

- As above for AC, with slightly higher
risk

of febrile neutropenia
- Febrile neutropenia (3%-4%)

2Grading refers to Common Terminology Criteria for Adverse Events, where toxicity is graded on a scale of 1 (least severe) to 5 (most
severe). This is not an exhaustive list of toxicities but rather a list of the most common or the most serious toxicities encountered in

clinical practice.

®Trials in which no patients received growth factor support to increase neutrophil counts.

M13197 3. HAIIWIVUUUL Prospective NAN®1 Genomic Risk Scores LNan13AAFW I

\Ranly Chemotherapy Tw Early-Stage, Hormone Receptor-Positive, HER2-Negative Breast

Cancer®”



21-Gene Assay
(OncotypeDX)
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70-Gene Assay

(MammaPrint)
TAILORX"™ | TAILORX"” TAILORx"" TAILORx™" WGSG RxPONDER" MINDACT"? MINDACT"™
PlanB®”
Total 1619 6711 6711 1389 348 5,083 TBD 1550 1550
patients, No.
Score Low Intermediate Intermediate High Low Low-intermediate High Clinical Clinical
category” (S10) (11-25) (11-25) (2 26) (S11) (S 25) (2 26) high risk/ high risk/
MammaPrint MammaPrint
low risk low risk
Long-term 96.8% 9-y 94.5% 9-y 95.0% 9-y 86.8% 9-y 98.4% 3-y Postmenopause: Not yet 94.4% 5-y 95.9% 5-y
outcome Distant Distant Distant Distant Disease- 5-year IDFS 91.6% reported Distant Distant
recurrence- recurrence- recurrence- recurrence- free survival vs. 91.9% recurrence-free recurrence-free
free interval free interval free interval free interval (95% Cl, (95% CI 0.78-1.22) survival (95% survival (95%
(0.7 SE) (+ 0.5 SE)° (0.5 SE)° (£1.7 SE) 97.0%-99.8% Premenopause Cl,92.3% - Cl, 94.0%-
:5-year IDFS 94.2% 95.9%) 97.2%)
vs. 89.0%
(95% CI 0.38-0.76)
Chemo Rx No No (by Yes (by Yes No Randomized® Yes No Yes
receipt of randomization) randomization) (by (by
Incl.uded randomization) randomization)
patients
Nodal status NO NO NO NO NO-N1 N1 N1 NO-N1 NO-N1
of Included
patients

Abbreviations: HR, hormone receptor; MINDACT, Microarray in Node-Negative and 1 to 3 Positive Lymph Node Disease May Avoid Chemotherapy; N1, 1-3 positive lymph nodes; RxPONDER, Rx

for Positive Node, Endocrine Responsive Breast Cancer; TAILORX, Trial Assigning Individualized Options for Treatment; TBD, to be determined; WGSG, West German Study Group

“In these prospective studies, genomic biomarkers were used to stratify patients into low risk, intermediate risk, or high risk. None of the low-risk patients received chemotherapy, while all of the

high-risk patients received chemotherapy. Those who were at intermediate risk were randomized to chemotherapy or no chemotherapy. Of note, all patients were HR+/ERBB2 = except in the

MINDACT study, where 9.5% of patients had other breast cancer subtypes. All HR+ patients received adjuvant endocrine therapy.

“Scale from 0 to 100, with 0 being the best prognosis and 100 being the worst prognosis.

°In TAILORYX, there was no significant benefit for chemotherapy with scores_25 in the overall treatment population. However, there was some suggestion of chemotherapy benefit for women_50

years old with scores 21-25, possibly caused by chemotherapy-mediated ovarian suppression, which should be discussed with patients.

¢ Chemotherapy vs no chemotherapy.
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GI']‘S']\‘]‘Y] 4. ﬂ’]‘ii)ﬂLLSIJ\‘lﬂ’J']&ILaﬂdﬂ'lElﬁﬂ‘]slﬁl:“‘ﬂ’]dﬂ%l']ﬁ')ﬂtl’]ﬂa%ﬂ iLae RNA ExpreSS|on—
based Genomlc Assays Lwa‘lﬂ%mi@maﬂ.maaﬂ Adjuvant Treatment m‘niuw‘wmd‘nmﬂ
50 W3anaund1 Min Early-Stage, Hormone Receptor-Positive, HER2- Negatlve Breast
Cancer®”

Clinicopathological Features RNA Expression—based Genomic Assays

Low Risk: T < 2.0 cm, node-negative, grade 1 NA

No benefit from the addition T < 1.0 cm, node-negative, grade 2

of chemotherapy to ET T<0.5cm, node-negative, grade 3

Other node-negative Oncotype Recurrence Score <15

T =2.1-3.0 cm, node-negative, grade 1 | MammaPrint Low Score
T =1.1-2.0 cm, node-negative, grade 2
T = 0.6-1.0 cm, node-negative, grade 3

High Risk: Node-negative Oncotype Recurrence Score >15*
Addition of chemotherapy to

1-3 positive hodes Any Oncotype Recurrence Score or

ET is recommended MammaPrint Score**

24 positive nodes Assay is not recommended

Abbreviations: ET, endocrine therapy; HR, hormone receptor; T, tumor size; N, lymph node; NA, not applicable.

*For patients with negative nodes and Oncotype Recurrence Score > 25, benefit from the addition of chemotherapy to endocrine therapy unequivocal;
for patients with negative nodes and Recurrence Score 16-25, benefit from the addition of chemotherapy to endocrine therapy unclear if the result of
chemotherapy-induced ovarian suppression.

**For patients with 1-3 positive nodes and Oncotype Recurrence Score < 25 or MammaPrint Low Score, benefit from the addition of chemotherapy to
endocrine therapy unclear if the result of chemotherapy-induced ovarian suppression.

Note: If multiparameter gene assay is not available, endocrine therapy without chemotherapy may be chosen when all clinicopathologic features are
favorable: pT1pNO grade 1-2 tumor with both estrogen receptor and progesterone receptor positive in at least 50% cells and Ki-67 < 20% and age >
40.

n3fe (Resistance) @a Endocrine Therapies

ﬁﬂmﬁmmqﬁaﬁbﬁ'ﬁmuﬁﬂﬁ \fiansfasansineaas endocrine therapies UaAa
FINALAN tumor recurrence %38 progression i‘fu. Haris] antiestrogens, I@ULQW'}:mlumj&l
aromatase inhibitors, MR AausINaawasL1za9 (selective pressure) ‘ﬁlﬁﬂﬁlﬁ@ acquired
mutations 14 ligand-binding domain ¥8J estrogen receptor (ER), %dwuvl,@”l,uﬂizmm 50% Va4
recurrent ¥38 progressing ER-positive cancers.®>* Mutations shamdu gain-of-function fifa
14 ER gene (ESR1) 7l ER vhowladafiasdlaslsidosands estrogen binding, nalfifia
mylasuutlaslu ER-based transcription, wazguwuinumslavsslomintosasannmssnen
618 aromatase inhibitors ﬁﬁwé’al"ﬁagj, uingalduszlomiannnsshwndle  selective ER
degraders (SERDs).®* %) Genomic alterations Anuls metastatic ER-positive cancers funnind

4 4 y
wulw primary tumors, 4493574 acquired mutations 11 HER2, AKT1, Waz genes 8% ¢ 6287 %)

(99)

futasuad recurrent cancers AmIwwldwas ER expression. mMsinad epigenetic

reprogramming UaJd ER transcription, up-regulation 983 FOXA1, cyclin D, c-myc, WasN13
wasuutaslu expression 2849 receptor tyrosine kinases a31508aYUsEANTAWVBINITNEN L

antiestrogens La&ILRIN signaling pathways AN T8INY cell proliferation L&z metastasis."%”
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n151% Endocrine Therapy 81%3U Metastatic Cancer
Metastatic ER-positive breast cancer ﬁmiLLamaan“naﬂ‘sﬂﬁ%mn%mﬂ; AR
recurrence WU ldliae ¢ VL@TLLrimz@mLazvlmngn, donilnael, ﬂammnﬁaﬁuﬂa@, FINGE
Aants. mauwInszludiauasuazludunas (central nervous system metastasis) lui1n
ER-positive breast cancers Wy lavaanin AwuluuziSadnusfiadn 9. uziSaawusia
lobular cancers §nkw3nIza18'1189 serosal surfaces, inlwiAa pleural effusions, abdominal
carcinomatosis, ¢ gastrointestinal tract infiltration. I@ﬂﬂv’svlﬂslu;gﬂw ER-positive breast cancers
Alanagluizazuninizany, N3Ny endocrine therapy Luauauwan (1°4line therapy) fia
VL@TdWLﬂumi@LLa*}'ﬂmﬁLﬂummwgm, Lwﬂu;jﬂamzﬂ:LLwim:myﬁﬁmmsmn 9 uazdl visceral
.. o I % @ ' & ' A % < & o @ [%
crisis $110udaald chemotherapy nauasudusn. nsianldenazlsnuduivifihoianld
adjuvant endocrine treatment azl3anfauusinialal (@15199 5).¢ udazwwingnlddaiiias

< A . a £ v R A A & L w , , @
AUNILNI4 tumor progression LAATK KRIFITNTURW T w1 VUIWLRAL: K1l BEIBINDNNIY
AT IN LRI R U U WA DL R T U IAUNRIBNTENIN B WNLLTIAARANI I A UR D
' . . v R A ¥ A o w [N Y a e

(refractory) & endocrine-based therapies LLa’Jﬁ]\‘lNﬂ’lﬂ“ﬁmuU’lmﬂﬁLLﬂE‘LI’JEJ. AARTNIENAUANG
Uszdiaan (premenopausal) ndu ER-positive cancer 328 NINTZINY A25 193U ovarian
suppression, TIF1N1TONNEAITINNTIAATAA 6. NNINBIAI8N1TIEE aromatase inhibitor %38
. ~ = : o ot AR oAy o
tamoxifen fitszlovilunisniuquuiiarzazuninizany uazmansndiwnlsanaivld lugnle
weldorfuuds, lasawizdianldltuasldngaldidunaiwiuainndn 1 Dreunsin,
Fulvestrant, sndanitslungsu SERD N9unu ER ud1vhlAER 'himmmﬁwmuvl@i”l,tazawm”'agﬂ
Hatuld, JUszansainlunistneuzSinliaausuaddan1ITneI628 tamoxifen w3a

101)

aromatase inhibitor,' LLa:ﬂ'\iﬁﬂizﬁ?ﬂﬁmw‘lugﬂwﬁﬁ ESR1 mutations #28.9% nnslasauny

aromatase inhibitor, fulvestrant 813LWNAAIINITIANTIN, laULaNIZaLNd ﬁalu;jﬁ"[sj GG

adjuvant endocrine therapy u1rniaw.'%?
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715197 5. N131% Endocrine Treatment L& Targeted Therapy &1 ER-Positive,

Metastatic Breast Cancer.®*
Variable Endocrine Treatmentt Targeted
Therapy
Early-Stage Disease Untreated or Treated Early-Stage Disease Treated with Adjuvant Aromatase Inhibitor,
with Adjuvant Tamoxifen with or without Tamoxifen
1°4line therapy Aromatase inhibitor Fulvestrant CDKA4/6
inhibitor
2"-line therapy | Fulvestrant Tamoxifen, aromatase inhibitor, or fulvestrant Alpelisib
(if PIK3CA
mutation is

present) or

everolimus

3™line therapy | Chemotherapy or any one of the following Tamoxifen, aromatase inhibitor, or fulvestrant (with targeted
and beyond (with targeted therapy if not already given): therapy if not already given) or chemotherapyt
tamoxifen, aromatase inhibitor, or fulvestrantf

* For patients with visceral crisis from metastatic breast cancer, initial treatment with chemotherapy is an option, with endocrine-based treatments
initiated after a therapeutic response to the chemotherapy has been observed.

T Premenopausal women with metastatic breast cancer should undergo ovarian suppression, followed by the same treatment approach that is used
for postmenopausal women.

T In selected cases — typically, indolent tumors with minimal visceral disease — ongoing endocrine therapy, including progestins (e.g., megestrol or
medroxyprogesterone) or estrogens, reintroduction of antiestrogens, or withdrawal of estrogen therapy may be effective.

3L Targeted Therapies &1%150 Metastatic Cancer

Cyclin-dependent kinases 4 W8z 6 (CDK4/6) Lﬂuiﬂsﬁuﬁ'ﬁmﬁﬁﬁmuqu cell-
cycle progression lutradnansufia, s2unsimaduziSsduuTfiio ER-positive 28, 1usnuise
N19Aafn, N30T CDK4/6 inhibitors (palbociclib, ribociclib, 138 abemaciclib) 3811 aromatase
inhibitors 14 first-line therapy %38 fulvestrant 1% second-line therapy FIRTUNLTIL AT BN TZ O
LWINIZANY mmim‘ﬁl&l progression-free g overall survival VL@Tﬂgoslu;‘JTﬂ'm premenopausal LLag
postmenopausal L&z §11130LRawIANazdaat5ule cytotoxic chemotherapy aan'lyle (103100
AN3L% endocrine therapy 3381 U CDK4/6 inhibition §Usz&nTA1wivinAun15+4 chemotherapy
\fial41du first-line treatment §nsuNzISIszpzunInazany uaztiialdidu neoadjuvant treatment
28 (1% 190 A58 agn@an13 N8 CDKA/6 inhibition Wuinindulasdl RB1 loss wia
genomic changes b growth factor ka2 cell regulatory pathways o 9.1%) 31u39an19aahn
pyalnnjnanpauiianes nsld CDK4/6 inhibitors 3941 endocrine therapy Lt aLilu adjuvant
treatment ijfﬂ’s ¢ high-risk, early-stage breast cancer lwwafinanaranuly laduianig
\@83n%. N13LE abemaciclib $38AU endocrine therapy aﬁm‘ma@mwlﬁﬂwad recurrence L4
2% MIAAAY (follow-up) w1ws 1 fi9 2 T Iugﬂwmﬁuﬁmwﬁﬁ high-risk NAN3n321819A
fonNUnADILED, lawila mﬁaunﬂﬂuﬂlmm’ﬁbﬂﬁ{u adjuvant chemotherapy fia%.5%
adjuvant endocrine therapy."® a&i1915Aa14, 9WIIBHNUBILAEBINK WUITNNTLT palbociclib

19 AR AaINIIWIEY

S7UAY endocrine therapy N &1N1TDRAAINNLELIVEI recurrence a1,
' d‘y A ‘3 a = ao A A v o A o ) a ' ) 2
L%ﬂ’]ululﬂaq‘ﬂu’]u"ﬂuﬂﬂ BRSNIIFANBINRITUILAW €] VIARKEY “]ﬂ%sﬁdﬂ’]aﬂ@nl,%uag "i]ZT']E]FLﬂ

g13130 sryvauivadszlosiuas CDK4/6 inhibitors dan13d1ifiulia (natural history) vad
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ER-positive, early-stage breast cancer 'lé". CDK4/6 inhibitor treatment 1% H a1 918 891 A gy
\ialafiau1167 (neutropenia), 84324, sautnde, uazlunsdiniu 9 ass fdlansniay
(pneumonitis) 'l¢\.

M3l targeted therapies 8% 9 LRNLAY mmsmﬁ'umsmuquiiﬂ 14 refractory,
ER-positive breast cancers LLa:SJ”ﬂQﬂGL“fﬁ’mﬁ/U sequential lines U84 endocrine treatment WRIN
MM3INBIGIY CDK4/6 inhibitors L&D, MISIFQIWALIWTA8KHIUNG phosphatidylinositol 3-
kinase—AKT—-mammalian target of rapamycin (PI3BK-AKT-mTOR) ﬁuwuqﬂﬂiuquﬂﬁiLaUI@lmad
WIARL% ER-positive breast cancers. WuiNUszunmh 30 99 40% a9 ER-positive tumors i
activating mutation Tu alpha isoform 183 PI3K (PIK3CA), %quvleﬂu tumor %38 cell-free DNA.
Alpelisib, v alpha-selective PI3K inhibitor ﬁ’;%ﬁd, lﬁﬂsz‘[mﬁmmimﬁ'u progression-free
survival 1lalg37uniy fulvestrant §1%3L wz159NE mutated PIK3CA watlalle s ToaniluwziSof
wild-type PIK3CA.(11:112) gq everolimus, ﬁfiduﬂu mTOR inhibitor @v’mﬁd, /U1 L‘ﬁlu progression-
free survival Lfial"ﬁi’mﬁ‘u endocrine therapy lugﬂw ER-positive breast cancer ﬁl,mlvl@qf%’umi
$nEE. 1™ 1 alpelisib Uz everolimus a1aNIaYIRIAG Aufidiwils, a9329, Teausinena
g9 (hyperglycemia), LLazLﬁqué”mau. 1u;§ﬂawzﬁdiwmwimzmumaswﬁkm‘hl,ﬁuvl,ﬂaam
71 ¢ (indolent), N34 antiestrogen therapies ﬂé’umsl‘*ﬁé‘ﬂ%é’aﬁnﬂﬁmﬂl"ﬁl,l,amq@wvﬂvlﬂu,ﬁ’; %38
M35t low-dose estrogen 138 progestins mansnlitslomile (@1319f 5). WWartouwsSels
ABURUEIAS endocrine treatment W&, N3 palliative chemotherapy mmmﬁlﬁ’ﬂiﬂmﬁmgﬂ’m
ldadetaam, uazdihondssulnglasumsinsmaisse (multiple lines) luuunlgauad
iafiazdl (single agents), aNd1@auUnwll (sequential), W capecitabine, taxanes WaY
microtubule inhibitors G28w 9, alkylators, ¥38 antimetabolites, #38 anthracyclines."™

81 poly(adenosine diphosphate-ribose) polymerase (PARP) inhibitors, aulann
olaparib L8 talazoparib, LL@iam”’Jifulﬁ'ﬂiziimﬁﬁgd lagli clinical response rates 1durnnin
60% luﬁ;lj'ﬂ 18 ER-positive breast cancers ﬁ Y germline BRCA1, BRCA2, w38 PALB2
mutations."'%117) El’ﬁ;ulmd 9 ‘ﬁlLﬁldﬁ’uwu, LT% next-generation SERDs, AKT inhibitors, Waze
au 9, lalwaunislad 9 win1sinsdisuziFadwuIT o UNINTZ1 8. Sacituzumab
govitecan, % st anti-Trop-2—specific antibody—drug conjugate, T response rate ‘ﬁ 30% v
Q’ﬂfsmm,%aL@T'mmzmuws'ni:ma franla3sun133n 1828 endocrine waz chemotherapy

N8

Ao AR . ey o @ o a ' A
3TBIIYNAN BT immunotherapy Tu ER-positive breast cancer Madathuag. LU
WisuifsunuuziSadwushiadu 9, ER-positive breast cancers, lagiawizlu luminal A
cancers, danwueNil mutation luraunziSitasni (smaller tumor mutation burden), Hvzauvad

tumor-infiltrating lymphocytes N¥aenii, szau expression U84 programmed death 1 LLae ligand
2898% (PD-1 and PD-L1) Nka8n3n, wazdl DNA mismatch repair deficiency N1ha8n31 an iy e
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' y X oo~ & v o v 1Y & o 1Y .
@19 9 wanh dun 9 Aawnsaltviiuieledn azlddszlaiannnssnsieae checkpoint

inhibitor—basedimmunotherapy.'® 12

u‘na‘gﬂ

& o I A < o ' o o ~
szsaLmuuLﬂuﬁtymmmsmqmﬂmiaﬂl%mmaﬂa. nanlagsy, mmgm’mwﬂw
& { % a o A . ' o an % 1

WNduNeInuIIInevasnzSaeuuaia ER-positive I0ALNNIATI9 %R0 lRal 9, snuu

' o A & = o o a @ a A A
Ind 9, uazanutlanuindwineInunad A e9u8dn15INEN waznTinTesdalunng
UTe LA UNATIIL AL ILAR I, ﬁﬂﬁmmmwnﬂuﬂa@ﬁu gu1Indsunisinuliazaaaaas
mmmuﬁugﬂmu@iamu Lﬁaﬁﬂﬁgﬂ’;ﬂﬁ%’uwamaams%’nmﬁﬁﬁqaém%’umﬁaLﬁmmﬁ@

. A a @ A
ER-positive Gﬁduﬂmu‘ﬁmﬂ‘ﬂmULL&&WUVL@UQEJ‘Y@@.
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amplification L & 238 overexpression U 84 human epidermal growth factor receptor 2 (HERZ;
ErbB2/neu) (130N 931 HER2-positive BC) wu'ldlszanm 20-25% vasuziiannoiaiduamn
fla3I8n%. HER2-positive BC ﬁmi@ﬁ’%ﬁﬂiﬂﬁgmm uwinszldisy 5o lwdwensallsed
1ai@.@® miw”@ummaomﬁﬂmﬁ&juﬂﬂﬂ{Ta HER2 (il5unfiw3n HER2 directed therapies W38
HER2 targeted therapies) larial#iian1s Lﬂ5ﬂmmaaﬂ‘%ﬂmylumwfmmLiﬁlﬁ) WA
NITUIUMIQUATNS @aa@ﬁ]uwamaamﬁﬂmﬁvl,@ﬁﬁwfulmjﬂaﬂﬁl,ﬂu HER2-positive BC. 1w
JLYLLIN 5 fl‘ﬁlr;i’mm, Inansan EJ’]“?]'Lﬂu HER?2 targeted agents, PPN, tyrosine kinase inhibitors
(TKI) 619 9, "L@T%'Uﬂﬁagw”ﬁlﬁwﬁm%'u HER2-positive BC. Unauitaziiunsnuninendns 9
ldsunsanaialilddnsy metastatic HER2-positive BC, sMuispddgfitisadas, uaznns

danloluwnrlfuga. -

HER2-positive breast cancer

HER2 (ERBB2) L% oncogene ‘ﬁagﬂu long arm of chromosome 17.® " HER2
oncogene Y coding sequence fIRTUNERN HER2 [erbB-2 (neu)] oncoprotein %dLﬂuam%ﬂ@”’mﬁa
‘ﬁlagﬂungamad human epidermal growth factor receptor (HER) family, auilsznauldée
epidermal growth factor receptor (EGFR)/HER1, HER2, HERS3, w8z HER4; lag) HER2 oncoprotein
ﬁ%ﬁ’l‘ﬁlmuqu cell growth, survival differentiation, L&z migration.(G'S) HER2 extracellular domain
(EcD) 'lddin33u ligand la 9 ﬁfﬁ'ﬂﬁuayjuﬁu (known ligand), LLazQﬂﬂszﬁu"L@T@Twmﬁu ECD
maaam%nlu HER family lendu homo 138 heterodimers (HER2-HER2, HER2-HER1, HERZ2-
HER3, HER2-HER4).€ " ms1iadl HER ECD dimers anfilnavinlsifia phosphorylation w4
tyrosine residues luusinm cytoplasmic tails %dﬁ’llﬁ'ﬂmmﬂu docking sites (“Yi’]Lﬁm_l”) o
proteins ﬁLﬁmfadmﬁT‘u LL&T’JﬁNﬂﬂS:Gj’u phosphatidyl inositol triphosphate kinase (PI3K) LLas
mitogen-activated protein kinase (MAPK) signaling pathways, AR cell cycle progression L2
proliferation.® 7 lunziSaduy, anuladndves HER2 ﬁwuﬂaﬂﬁq@"lﬁuri overexpression Lag

amplification, TIFNNITNATIVAAIE  immunohistochemistry (IHC) Waz fluorescence in-situ
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hybridization (FISH), @u&1au.© '@ drfignuwas “HER2 positivity” Vl,ei”ﬁmiﬂ%'uﬂﬁ;ﬂumal,amﬁ
B%aIN Wﬁmmfmw‘}‘@qumﬂﬁu, Walndanuwingnannidu uaztroldvnlwlssansanwms
$hwnddn. ﬁWLLuzﬁﬂﬁlﬁagluﬂagﬂma ASCO/College of American Pathologists guidelines 'l
321 141 HER2+ tumors Aoun5efiasany 3+ MunIaTia IHC, fadnsdanfiafnIuidusanis
YILTAR (complete circumferential membrane staining), AATTUTALI (Lﬁuvl,@‘ffmﬁmﬁwmﬂ%
LauS low-power objective), Lazwu 1@ lsuNNNT1 10% wad tumor cells; lunIHUINNTATIINY in
situ_hybridization, §1fleny positive lun3dias1aday single-probe Aofiladsuas HER2 copy
number LYiNNL a8191kas 6.0 signals/cell (6), #Ia NIHATIAGY dual-probe HER2/CEP17
(chromosome enumeration probe 17) ratio lYNAL 2.0 w3aw i (>2) Tesdeadsvas HER2
copy number LYINAU 4.0 signals/cell #3au1nNnIN (>4). 6AWU dual-probe HER2/CEP17 ratio
winrutasnin 2.0, uaeLadsuas HER2 copy number YTy 6.0 signals/cell wiaannin, n3diit
AersRasanindn HER2 overexpressing.® luns@iin13aia IHC w3o FISH lfWarfs
(equivocal), ldfnnunenenuiazwanlginadia quantitative RT-PCR, %38 droplet digital PCR
iwolile alternative HER2 tests fidaaualud, fenuseaadoiduatvganunaninmacig

IHC uaz FISH, uaz quenldine (cost effectiveness).! "'

HER2-targeted therapies

Trastuzumab L 1 % recombinant IgG1 kappa, humanized monoclonal antibody ﬁl
81313090 HER2 ECD 'l@at19131229 (anti-HER2 mab).”" "® ' Trastuzumab SUT extracellular
domain IV 284 HER2 finailasin activation vas HER2."® Ssniiw, na'lndu 9 Aldsunis
Wiauariaasunodszansnw a9 Trastuzumab lefun n3eues intracellular signaling pathways
§19 9, ﬂ’]iLﬁﬂJﬂ’liamﬂﬁ’mad HER2, LLazmiﬂizé;fu immune response e antibody-dependent
cellular cytotoxicity (ADCC)."® Trastuzumab "L@T%’umiakm”@‘ﬂﬁlﬂmgﬂaU@fum .7 1998 LAz la
\J HER2 directed therapy 7 LLSﬂﬁ"l@T%’Uﬂg&Tﬁlﬁ'L“ﬁ%’ﬂm HER2-positive BC.29 @audtiuan, 1
lunga anti-HER2 mabs 8nwanedafi ladiunivausi@ laun pertuzumab S910% anti-HER2 mab

| @1, 22)

o 2 { [ . { . .
ananis NEN1I0IU HER2 extracellular domain | wazeNLdw antibody-drug conjugates

@) |8 fam-trastuzumab deruxtecan.®” LiaL31 ¢ %

(ADCs) L7 ado-trastuzumab emtansine
Margetuximab, ©915lu Fc-engineered anti-HER2 mAb, AlaTun1Tayad; 693Uy HER2 ECD
@i widsany Trastuzumab wazadInayinl#il antiproliferative effects lanane 9n. Margetuximab
\J% anti-HER2 mAb ﬁgﬂﬁmmaﬂuu‘%nm Fc-portion ¥ lA&1u13030UAY stimulatory receptor
FCYR IlIA (CD16A) vaidin WazNIz6 U CD16-mediated cytotoxicity.®* ** enlunga small molecule
TKis Linanuwanian1sinwrdmivgilae HER2-positive BC visluszos early stage w3a
advanced stage. Afatinib tJusn@awitefitdu irreversible inhibitor 8 EGFR, HER2, was HER4 i

oo wa = Aa . L. = P2 . Aa
ldsunreyad@lnltlunzistaand EGFR mutations.?” Afatinib 1Jun#slu TKis nguusn g 7d
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myisoluuzi5aduy uaza1wisy phase 1-2 trials tinafsaziuanunisle ualwadaan
W38 phase 3 trials WU 3 TUs@n5A1W. 23 Lapatinib, neratinib, pyrotinib, Wae tucatinib
L small molecule TKis ﬁlﬁ’waﬂ’ﬁ%’ﬂw’lﬁmumufsﬁ‘ﬂ phase 3 trials ﬁ"ﬁ’llu HER2-positive
BC.%%%) TKis wisnit Iduaasliifiwinduszansan vislu mslidugnvumasn (monotherapy)
wialtunuiadtnga, uassaunu HER2 directed agents e84 9 lulsaszazunsnszany. 623
M333p619 9 lausasliiAuingi s FlsatnSuvmeiilten trastuzumab a12ldUszlomiann
n151%81 HER2 directed TKI Tanfn3a'lsiil trastuzumab $75628.%>3 Usza@nsainitana
deswnannalnnisaangninuanarani las TKI lusangns? HER2 kinase domain ¥inl# TKI
nTuenalnens § vesnisdades trastuzumab ‘e

Trastuzumab ilalfiduesnwuiwios (monotherapy) fdszdnsawion udmsld
snueftnia swsassuRndszinsmwldadnsunn, 59l Taorialy trastuzumab 390
1259010 chemotherapy.®® 3 ol trastuzumab 'lUauisiasilsamisy, myhendu 9 ﬁgﬂ
a1 anti-HER2 drugs ﬁ“ﬁmwagﬁﬁiﬂﬂﬁmﬁ, L% pertuzumab, trastuzumab-emtansine
(T-DM1), uaz lapatinib, anldsnsurigthe AvliEiaeld median overall survival (OS) ag'ﬁ'
Uszanas 5 3, uazllagilszanas 30%-40% maogﬂw{ﬁﬁ%ﬁ@agﬁ 8 1.¢8)

ﬁaLL&Td']"L@TﬁMWwﬁnﬁﬁﬂumi‘%‘ﬂmgﬂ’szl metastatic HER2-positive BC 'luunnuan,

v oo a . .

HINFING DI UATNAIUIANRALDENY. BNAIDLIILTH, S1AUVBINTINBIGI881 HER2-targeted

]
[l o

therapies Niflag/luifagtiuu Adslifiddulanaunatadnslsiazimanzaulitadnga, daou
ldq, o

I o . @ x> ' [ . ' .

HUYBNLIN ;dll’mm o laTusRaE1nIy adjuvant treatment %%a"l,&l, relapse-free interval ¥4
Y = A v . ' v A a v =)

Aas swwdele, szlominldiuan metastatic treatment iauntiiih funndasidssla,
a 3 ai v A J C7R Y ] Aa aid U

USunmuziSenldifadulugie, anureusesdiiouaziansznudagmnindia, ennilduaz

eI lukaazlszing. gaving, gaianusnduatrninlunswaun predictive biomarkers

fusultluuziSasunaia HER2-positive 328LUNINTZANL.
G15ULNPWIBUIN (FIRST-LINE TREATMENT OPTIONS)
Pertuzumab, Trastuzumab, Ltaz Chemotherapy

MIlFd1sueNNUsznauee trastuzumab WaE pertuzumab WazeLANTNLA 1 YU
alEidu diuenwsuan (1%4ine) dmiuinsgiesiulngNidu metastatic HER2-positive
. Qs A { Qs Qs .

BC. Pertuzumab LT% monoclonal antibody AIRHINAUNY HER2 extracellular domain I, fualy
HU89N13 dimerization 184 HER2 Nu HER receptors A% 9. Wald pertuzumab 200U
a o va o G & . . A 3 A' J (21 22 39)

trastuzumab NNE\]YI"Ii‘HNﬂ’]‘Ntx‘]UUU ¢/3 signaling ﬂﬂiﬂﬂﬂ@uu"lﬂﬂ’ﬁx‘]“ﬂ’l"l{i HIDW.
Pertuzumab le3unsaus@lilEle 1hasannan1339bues CLEOPATRA trial.“#? y1u3dnikiu
phase Il trial MdSouisudszanianuasn sl trastuzumab was docetaxel 3L pertuzumab

%38 trastuzumab L&z docetaxel SIUNL GAIRABN (placebo) lugﬂmﬁﬁgum"ummlﬁﬂ (first-line
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treatment) lugla831124 808 auiLiu metastatic HER2-Positive BC. LI ufAudsina, S1iies
10% vo9r1h sl yisoileeldsy (neo)adjuvant treatment ses trastuzumab luwmeiiduuzise
J282U3N (early disease) WA, LLa:Qﬂ’mﬂqwaﬁﬁ T uM A pile doadizrsanatg
ﬁauﬁqﬂ 12 Laauiwdwmiguq@“nm (neo)adjuvant trastuzumab treatment WaZNNIIRARBNLIY

LWINTEANY (metastasis).

NANN3I98U89 CLEOPATRA trial "L@TLLamlﬁtﬁud'm&jugﬂaﬂﬁvlﬁ'ﬁ'u pertuzumab 573
@28 4 progression-free survival (PFS) Lﬁuifuaﬂwaﬁﬁmﬁﬁﬂ@ Lfial,ﬁﬂuﬁ'umjmjﬂmﬁvlﬁ placebo
(median 18.7 vs 12.4 months, hazard ratio [HR] 0.68; 95% ClI, 0.58 to 0.80).“?) Overall Response
Rate (ORR) luﬂéjwﬁ"lﬁ placebo ¥inAL 69.3%, WWIsuIAgURL 80.2% 1uﬂ§jwﬁ"lﬁ pertuzumab
520642 | Hudingana, ﬂﬁjuﬁlvlﬁ pertuzumab 34628 § complete response \Aadwln 5.5%
vadRhg. mwéi'amﬂmia@mugi:ﬂwvl,a.lﬂizmm 100 LRAau, ﬂ@;u‘ﬁ"l@ﬁ” pertuzumab 8@ U
overall survival (OS) Lﬁuifuamaﬁﬁﬂﬁm@ LﬁaLﬂ%'ﬂmﬁmurTumjuﬁVl,@T placebo (HR, 0.69; P <
.001); ﬂ&juﬁ"lﬁ pertuzumab {f1 median OS v 57.1 LAaw Wisuifisuny 40.8 iGaulunga
placebo; 8@31 8-year landmark OS NNy 37% 1umju pertuzumab L8z 23% lumjw placebo,
WaE 16% maaﬂﬁjw‘ﬁ'"lﬁ pertuzumab LUSsLLABUNY 10% maaﬂﬁju‘ﬁ'"lﬁ placebo 9 lufilsaR150.4
G, MIRANNNITNIIUBES HER2 ¢g anti-HER2 mab 2 wwi% (dual blockade) swldur
trastuzumab LA pertuzumab ﬁdvlﬁﬂ"uﬂ’lsakkﬁamﬂ US Food and Drug Administration (FDA) LLag
European Medicines Agency (EMA) Tl first-line therapy fwiugih s dunziSodnuunio
HER2-positive 3x8zbWINTEN HAIUALTNIWY (de novo metastatic HER2-positive BC) ﬁa@fﬂ’s %1
uuzissuuniia HER2-positive Alsaleinisudu MERAINNLdnEa anti-HER2 adjuvant
treatment VL'}JLLé’aaamﬁaﬂﬁq@ 12 Ao,

faddmauduly  CLEOPATRA tial fianslianwaule.  dususn, 1w
CLEOPATRA trial 1% docetaxel 1il% chemotherapy backbone; (v’fdl,l,@iifum, gLt anaan
9 ﬁiﬁgnﬁnmluﬂsmﬁuﬁﬁw, \T% paclitaxel, nab-paclitaxel, #38 vinorelbine, uaswuINlAnNa
InfiAsanu; T, mmdwﬁﬁagﬂumjw microtubule-targeted antimitotic cytotoxic drugs \ugnd
lesunsansulwlele @ ) suaufiaes, saulng Wszunm 90%) maoﬁﬂmﬂﬁmﬁimmﬁﬁm
lu CLEOPATRA trial laitaela@su (neo)adjuvant treatment @28 trastuzumab lummzﬁlﬂumﬁa

w4 2 genglafiann, UssBninmwassdsuenawind Usngin

I8N (early disease) 11M@
VL&i"L@T@TaﬂaoluQﬁmﬂ"L@T%’u (neo)adjuvant treatment @28 trastuzumab 1w, Wizl early
relapse LAduRaW.41 42 %) Filganadasny wan15398lu PHEREXA trial, 449 pertuzumab an
1337w trastuzumab waz capecitabine lugtlnuziTezozuninizany magldsunssnnee
trastuzumab-based therapy  1ua2.4" ufimstiudinlin vl,ajﬁﬁagalﬁmﬁuuwmmaa
pertuzumab luQﬂamﬁLﬂy"L@T{u adjuvant treatment ¢28 pertuzumab %32 T-DM1 ¥1Aau. M3kE

pertuzumab 33uML trastuzumab uaz chemotherapy A7 lasuNIRaTaNluddulngnlsald
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o A o [ . & 1Y IS ' 1Y 2]
MFuMenaInald 81 anti-HER2 therapy asgarine iunaannndy 12 wewldudd.® Gnwile
Usziundan Aa 1w CLEOPATRA trial ﬁfuvl,a\i"l,h”aktfywlﬁf maintenance endocrine therapy.
o & . Al e & a A A v | = @y A
AU, UNLINT8Y endocrine therapy lunsmitdadusen lifidoya. atelsfionw, ludthefidu
= PN { . ' % . A @ o Y
V2159790 NN HER2-positive $3UAL hormone receptor (HR)-positive @4latszloaminnssnnaas

first-line chemotherapy UMY anti-HER2 therapy Wa7, w”uﬁﬁmmwaﬁﬁ]ﬂf endocrine therapy

UMY anti-HER2 therapy Lwatﬂu malntenance therapy ‘ﬁadﬁ]’m%ﬂﬂ chemotherapy Touan.@®

gavig, lu;dﬂanhvlhu complete remission LAAZWLED, szﬂzt’smhmmzaﬂumﬂ% maintenance
anti-HER2 therapy Saiilufsflififaya. nsnga anti-HER2 therapy 213ldsumsAasanlu
wnzludthouenowig, laswwzlunsdifaansonavanldonlnadled edlsafisunduan
Taalan @)

naidn.

HER2 Blockade wa& Endocrine Therapy

NawUzLIAbUTH HER2-positve BC ‘ﬁﬁ expression Va4 hoyrmone receptor (HER2-
positive/HR-positive BC) wu'laszanm 50% 84 HER2-positive BC 1i9wua.“” msll HER2-
positive 3INNLU  HR-positive FUWUEIUNNIAadanIInENeY  endocrine therapy SRR Rty
ﬁgawwuﬁ (cross-talk) 321319 HER2- uas HR-signaling pathways, UaN138UHI HER2 pathway
91332 hﬂhwﬂwﬂaum@tauauama endocrine therapy 'la.®" ® TANDEM w2 eLECTRA trials
Lﬂuaadmi’mmmﬂs] Vlmnaauamlm’m@\mm’s ualawuin msld trastuzumab  AuAU
aromatase inhibitor (Al), L‘ﬂ‘im_lmtlllﬂll Mkt aromatase inhibitor (Al) 2eaLQen, Iuwﬂm
metastatlc HER2-positive/HR-positive BC sansouin PFS ialduuy firstline treatment VL@ 3.

5) 15z lumiifiTatande overall survival (0S) 89laladssamaanan.

Uszloaivasnsle HER2 targeted drugs 2 w1 (dual HER2 blockade) S78AU N3
lfendocrine therapy A Le3UNT338628.0% %) 144 phase | PERTAIN trial Vl,@i”ﬁmia'mtlidﬁﬂw 258
A aantdn 2 ﬂa&l ﬂmJa” 129 AU ﬂa&lLLiﬂvlmu first-line trastuzumab 32NN pertuzumab e
aromatase |nh|b|tor 16, ﬂau‘haaavl,mu trastuzumab IUNU aromatase inhibitor 1 @72, Uszunth
2lu3 maowﬂwlutma ﬂauvlmll induction taxane-based chemotherapy ﬂautiﬂ“lj aromatase
inhibitor, Lﬂuvlﬂm&lmmﬂaulﬁmadttwvlUN@LLa myienh  lauaasliidiuin ﬂa&mvl@ dual
blockade & PFS fian (median 18.9 LAaw LWIsuiisuny 15.8 L@aw, HR, 0.65; P =.007).%°
mm’mu NwIeiphase Il ALTERNATIVE trial Vl,mm'ﬁmlu,mwﬂ’m 355 A idlsafiSunasann
& endocrine therapy LLae trastuzumab, Twlasu aromatase inhibitor 33NV lapatinib LR
trastuzumab %38 arorpatase inhibitor $34NU anti-HER2 agent 1 R (VL@TLLﬂ', lapatinib %30
trastuzumab). NwIsehlauraslmiiudszlomiaas dual HER2 blockade; lagwuin median PFS
Ju 11 1@an Iuﬂaw"l,@ dual HER2 blockade (lapatinib W&z trastuzumab) LU3suLINiguNy 5.6
\Aan 1uﬂau'ﬂvl,@ trastuzumab (HR, 0.62; P = .008). i1 median PFS luﬂamvl,@ lapatinib t¥inAy
8.3 L(ﬂau( ®) uuwummaamammmu M3 dual HER2 blockade $34AL endocrine therapy
ﬂ’JivL@]‘i‘lJﬂ’IiW’i]’ﬁnnl“ﬁLﬂ% MIINBWUY first-line luwﬂaEmvl,mumiwa’ﬁrmammmutta’n’]
Taivwanzauiazlasy chemotherapy WRZ/NID uﬂimmtua\‘taﬂummuuaﬂ ¢ (low tumor burden)
LUNTh U bone metastasis LB 1 durndLduan.



102

AU IUNE DI (SECOND-LINE TREATMENT OPTIONS)
T-DM1

1up§ﬂaudaulmyﬁﬁiiﬂﬁﬁﬁumwfu waanlesumsineneay dseuwweIn 7
1 trastuzumab TINAL chemotherapy %38 pertuzumab 70N trastuzumab WA chemotherapy,
MITNBGIE T-DM1 LR 89aUA87 (monotherapy) a5 asum IR Tanlgidumssnsamu
ﬁaaa é’mﬂummg’m (standard second-line therapy). T-DM1 $1)} antibody drug conjugate (ADC)
Gﬁﬂﬁdﬁvl,@m’] trastuzumab 'ﬁlLﬂu anti-HER2 mab L%ﬂﬂﬂ%“ﬁ'ﬂﬁ"i.l DM1 (derivative of maytansine)
‘ﬁlﬁm’lﬁfcytotoxic activity I@Uﬂ’]‘saaﬂrmﬁ?_lvu{ﬁimiﬁwmmaa microtubule, finavilhen T-DM1 an
11'1L°1‘T’1§jmﬂlumaﬂﬁamomzmmwwzlumaﬁﬁﬁ HER2-overexpression.??  lagfiaaidoud
\&ie7 (stable linker) N3e¥nminfitian DM1 91AY trastuzumab; 1aaedl 3.5 molecules 189 DM1
60 1 molecule 284 trastuzumab. 914338 EMILIA phase Ill trial layUssiiusz@nTawuazainy
Usaasibues T-DM1, WSsuifisunumssnenaas lapatinib 39umY capecitabine @9tilu standard
second-line regimen Tumieiin, 1%;3’1']38 991 Aufitiln metastatic HER2-positive BC. Hieday
lddlsaiisunasnniumsinmaniiszozuninizansdis  trastuzumab  Swnueluaszna
taxane, w3alsamBumeluliin 6 @aunasaniaaawmMIINEN@Is adjuvant trastuzumab
fsUNIS93T TSN (early-stage disease). MIsNEN@In T-DM1 TWnatin PFS uaz 0S 'lanng
Jvpdaneaia. a1 median PFS 1w 9.6 1@at IuﬂéjuﬁVLﬁT-DM1 wWisuifisuny 6.4 1haw lu
ﬂa;uﬁ"l,é]” lapatinib $947L capecitabine (HR, 0.65; P < .001), a2 ¢ median OS LI 29.9 LAaw
slumjwﬁ"l,@‘f T-DM1 1W3auifisuny 25.9 Laan luﬂaiuﬁ"lﬁlapatinib S34NY capecitabine (HR, 0.75;
P < .001).%>%) gamnsaauanad (Objective Response Rate, ORR) luna;u"?‘i"l,@i” T-DM1 group
(44%) ﬁ@hgdﬂdﬂuﬂéjwﬁvlﬁ lapatinib-capecitabine (31%).¢" 5'mﬁmsl,ﬁ@wmﬁdLﬁm‘ﬁ';mm
[grade = 3 adverse events (AEs)] uasnathafsiivhldasanumaasg Wuiﬁﬁamﬂdwluﬂﬁju
fle T-DM1.@

Uselgarives T-DM1 lunisliiiudsuonwwudisny  (third-line setting) 71630
menwee. 1wuise THI3RESA phase Ill trial, M33nw1eie T-DM1 1An PFS was 0S 'laann
i auSoufisuny mssnunee trastuzumab Wwaz chemotherapy fildanaunsansulavas
uwwnd (physician's choice) lugtlduan 602 aufitilu HER2-positive BC AlasumIsnnaas
anti-HER2 therapy Wa1 2 V1%, L@WA trastuzumab wae lapatinib.®® @1 Median PFS tilu 6.2
GRS Iuﬂﬁjwﬁ'"lﬁ T-DM1 w3suifisuny 3.3 (iiew lunga trastuzumab uaz chemotherapy (HR,
0.53; P < .001); ¢i1 Median OS 1{u 22.7 1@au 1WIsuiisuny 15.8 1l@aw (HR, 0.68; P < .001).59
lana1Aunan1yI9889 EMILIA Uaz TH3RESA trials, T-DM1 led3unvaud@lvltlas FDA uas
EMA 1ud a.61. 2013.
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ﬁﬁ;@ﬁﬁ%m"'ﬁy%mUé’uﬁmﬂﬁmwaulaﬂumtﬁmﬁﬁ'alﬁﬁmﬁh T-DM1. 8uaULIN,
EMILIA uaz TH3RESA trials lagnaifiuniaia; yluT9aanawd pertuzumab anihanlgluuny
mysnevwnean. aghslsfiony, 168 observational studies Aiugasl#ifinit T-DM1 sansasan
ﬂﬂﬁvleﬂmjﬂa o lABIUNIIININTE pertuzumab-trastuzumab-chemotherapy 31L&, 86y
sa9, Hausldnludlagudylad predictive biomarker AlasumsaTiasaududuaiensutiuug,
i:@“’ﬂﬁqwaa HER2 protein (3+ (W38 UIAinuny 2+) 138 ERBB2 mRNA expression, %3817 L4l
HER2 intratumor heterogeneity, a13%7almansndaiiangisdmiunild T-DM1 i e
auaumw, T-DM1 Atasgniandnslunisldidusiinsauiunan 1u MARIANNE phase I
trial. lun533 04, ﬂéjuﬁ"lﬁ%'u T-DM1 $34A1 %38 38 pertuzumab dd1 PFS lailauegnin
waflidndnagnediivandn Waouiungulésy trastuzumab AU luaszna taxane (14.1
\haw 1BuAy 13.7 1faw; HR, 0.91; P = .31).%* % ag1s13Ad, vaueagiiu dildddaya veans
%vﬂ‘ﬁlﬁmﬂ’l T-DM1 monotherapy %38 T-DM1 S840y pertuzumab WIgULg Ny trastuzumab,
pertuzumab, LLazmlunga taxane (ﬁgﬂﬁl@]’i%ﬂu standard 1*' —line treatment Iuﬁﬁ]ﬁ;ﬂ'u). @vdfl?u
, T-DM1 39lésun139alas National Comprehensive Cancer Network T# T first-line treatment
SUNILY, LL&TdWﬁ]:VLsJVL@TLﬂm‘h{umﬁgmﬁamﬂué‘umﬂ, we ESO-ESMO ABC5 lailewansuiiazl
\IJu first-line treatment, u@aatianls T-DM1 LWzl o7 la5y NMIRMNTNBL1ITELADLLE
i1 ldwmangauny ms%'ﬂmﬁLﬂummgm(é'u"l@ﬁm, trastuzumab, pertuzumab, UazeluATZNA
taxane), maamugﬁl’ﬁﬁ'\naaﬂ'Nmmﬁmﬁ'wafiNLﬁmluﬁm HN3297ULTI (alopecia) K38 HAGD
32uudIEaIN (neurotoxicity).®” T-DM1 sansngniunlfidunissnsauiuusn (firstline
treatment) luﬂitﬁﬁﬁiiﬂﬁﬁL'%UL%Q (early relapse) #ad anti-HER2 (neo)adjuvant therapy (< 6-12
\Aaw). a1 bsRen, Elupiﬂwﬁimﬁﬁﬁm%a RRIN LAIUNNTINIG8 trastuzumab lag'ldlals
pertuzumab 324, A1ISNBIGILNT LT pertuzumab 70NV trastuzumab Waz a1 docetaxel

(CLEOPATRA regimen) a33 lesunmsnasanhanls uannin T-DM1.49)
A15ULINIURAIINNITINEIA28 TRASTUZUMAB, PERTUZUMAB, Lag T-DM1 1an

lutTagiin, d9ldfuuinimsinm  (therapeutic algorithm) AgaLaRdEMILLE
. g { v o a g Q s = U
metastatic HER2-positive BC b RL3AMISU441aI0 l@TUNNITINBIGIE  trastuzumab,

pertuzumab, uaz T-DM1 ¥1uda. lrad, Aladulmi 9 wanwe lasunseui@lwleluaniunisol

(2
=l

% wazaTlasuniynasansinan ey, Denaian, ﬂ'avl,ajjiwmﬁzﬁ'@ﬁm”uﬁawé’aasha"lﬁaa:lﬁwaﬁ

[
9

nga. dattu niaaFulaidanldundilnu deuddudon wazdasRansanansuzuagihe, lan
szdnaaeny g vasRihg, NAT9LAEIIINMTINENAANIN, Trananlsamisy, durkives

metastasis, m’m"namaagﬂa 8, LRSI,
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Tucatinib

Tucatinib LT1eN tyrosine kinase inhibitor (TKI) 3%a3ulven1 ﬁaanqw%?ﬁ.lﬂ% kinase
domain 89 HER2 léfagngianzasann ussdugy HER1 eifesidniton, snwasiguiionaiu
MiwuaIUuuDYaINaTN9LAB9.%) 311U338 phase Il trial HER2CLIMB la@nunnslas tucatinib
TIUNL trastuzumab Wa capecitabine 1%;&’1']’.1 HINUIN 612 At ﬁlLflu metastatic HER2-positive BC
Maslasunssnee trastuzumab, pertuzumab, was T-DM1.69 ;‘Tﬂaﬂﬁﬁmﬁal,l,wimzmyvlﬂ
SN TN TINM T Bt le smL’Tuﬁgﬁﬁaﬂﬁ%‘umﬁ'ﬂmLawwzﬁ' IWurnsSoRunsang
FNBIBLNNUNA (1% WIGA WIB FIFIN®N). TaAITEING, Tuns3suil ;jﬂmnn@uﬁm"lﬁ%’umi
#1333 brain magnetic resonance imaging Vl,ﬁﬂwﬂ’agmﬁaaﬁu Hohiumise. Hihogngudu
2 gl 1%163U tucatinib %38 placebo, Taems 2 ﬂéwﬁauvlﬁ%'u trastuzumab LLas capecitabine 324
de. I uaseit, 47.5% 209511204 brain metastases MIUALINBUTNINWIY. WIS luaa
IiAudsednEnnas tucatinib, lasd1vad median PFS ¥inAU 7.8 1aan 1umjuﬁvlﬁ tucatinib
Wisuisuny 5.6 Lean luﬂﬁjuﬁ"lﬁﬂﬁﬂaaﬂ (placebo) (HR, 0.54; P < .001).%% ifiariannly 2
4, dnwag 0S ﬁgﬂm@m‘ﬁﬁ WiNNL 44.9% luﬂﬁjuﬁ'"lﬁ%'u tucatinib WaLYINNL 26.6% luﬂﬁiuﬁ"lﬁ%'u
placebo, Lazf11ad median OS L¥iNNL 21.9 @Bk WAz 17.4 Laak, ANa1aU (HR, 0.66; P = .005).
luussmQﬁﬁiamiiﬂﬁmmmfmm@"lﬁ, ORR L¥iNAU 40.6% Iuﬂﬁjwﬁ"lﬁ%“u tucatinib Way 22.8%
luﬂﬁiuﬁ"l,ﬁ'ﬁ'u placebo.®® qussmﬁﬁﬁ uziSauwinszane lugiauas, dwad PFS ﬁgﬂm@mstﬁ
o e 1 3 winnu 24.9% lumjuﬁvl,éﬁ'u tucatinib LazLYiNAL 0% lumjuﬁvl,@ﬁ'u placebo, ANU8Y
median PFS ¥inNU 7.6 1@awd3euiieuny 5.4 months (HR, 0.48; P < .001), Wazf1283 median
OS NNy 18.1 L@ WIsuiisuny 12.0 1han, MNE1aL (HR, 0.58; P = .005). WU71 8@T1N3
AouanasTaINzSInuninszanelgiames (Intracranial ORR) lumjuﬁvl,éﬁ'u tucatinib ﬁmﬁ'ga
N (47.3% Wituifisuiy 20.0%).% fisanediibs de miiaﬂ‘ﬁ'ﬁmﬁLﬂ"u%ﬂumjuﬁvlﬁ%'u
tucatinib  FWWUSHU MilgmnInGia fanin wazdnsaanInag lawund.® wadhadesdiu
Tl Vl,&igul,l,‘ia (low grade); ﬁaai’mﬁ;mm (grade 3 diarrhea) Waz MsRNAIUYeY transaminases
Tunszumidan, Sowiwulives, uafnunadradsamaniilatasni Iuﬂ@:wﬁ"lﬁ tucatinib 373
ae. Tud a.¢. 2020, FDA w8y EMA vlﬁm#f@mﬂftucatinib NN trastuzumab LRz capecitabine
fniuinmeile HER2-positive BC ﬁiiﬂqﬂmmumé'@hivlﬁ” wio agluIzuTunIngzANy, 3
p‘\TﬂayﬁﬁmﬁoLLwinszmmvl,iJﬁawao@T"m, I@m&”ﬂ’;mmmﬁmuvl,éﬁ'uﬂwﬁ'ﬂmﬁw anti-HER2—
based therapy ¥1ud2. FDA ldzy1391 tucatinib foratlnlelu Qﬂwﬁ,mmuﬂ"ﬁ%’ﬂmﬁw
anti-HER2-based regimens a1Ua20:7191%a8 1 vty (>1) SIRTUULLTITZUZUNINIZANY,
Tuwmesi EMA ezl tucatinib g lwlelu @ﬂwﬁmmhumﬁ'ﬂmﬁw anti-HER2—
based regimens ¥uarageley 2 wuiwll 2) dwsunziSisounInTzg. ﬁnﬂﬁagaﬁ'

°o_ ¥ o

NaIWLEY, tucatinib Farhasnniilddnside lu phase Il trial 71T tucatinib 323rL T-DM1
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Wisuifisuny T-DM1 eghadien lumsldidudsusnawuiges (ClinicalTrials.gov identifier:
NCT03975647).

Trastuzumab deruxtecan (DS-8201a)

Trastuzumab deruxtecan (DS-8201a) v antibody-drug conjugate (ADC) ﬁa%ﬁaﬁl
13enaueng trastuzumab, @T’JL%@&I (linker), wae deruxtecan (derivative of exatecan) ﬁ'aaﬂqwﬁg
1w topoisomerase | inhibitor ﬁ’mﬁ’lﬁﬂu cytotoxic drug (payload); I@Umﬁlﬂﬁ 8 molecules VU84
deruxtecan 8 1 molecule 84 trastuzumab.®? flldﬂ’j’nfu, Trastuzumab deruxtecan (DS-8201a)
f35qn3 cytotoxic @ tumor cells ﬁ'agj“ﬁwﬁm lag lddasawlaind HER2 expresion @a8%3a b,
{18991 deruxtecan ﬁgnﬂa@ﬂéaﬂmmm%umu cell membrane laagnsdnuas 39liinade
cells T19LAL (bystander effect).®® luwuise single-arm, DESTINY-Breast01 phase |l trial ‘ﬁlvl,ﬁ
finwn Trastuzumab deruxtecan (DS-8201a) luﬂjﬂ’m 184 ﬂu‘ﬁlLﬂu metastatic HER2-positive BC
AleaasumssnEnaIe trastuzumab uaz T-DM1.® Uszanms 66% maapj’ﬂmmmﬁ ae lasy
pertuzumab UER, Uaz 1 median TasEIWINMTINENTLAg U WD 6 (range 2-27 lines).
ihelisansndiiiansddpld 18 brain metastases fgsldlasunissnen walu brain
metastases ﬁLLﬁ@dﬂ'}ﬂ’]iLLﬁ’J. ORR ¥iNNU 61.4% (6.5% Wu complete responses) ae PFS
WAL 19.4 Liau. @1 0S 7 anamamsal 1w 85% 181 12 Liau uaz 74% 7 18 Liow. M
median 0S figwinuilasdu iy 24.6 1iau. wataifssdulnnaglunmeinghonuld
(tolerable): agislsAany, wuindtaasniausdia interstitial lung disease (Aadwls 15.2% 183 U4
Athe, daulngidu grades 1-2, LL@iﬁgumwmﬂumeﬂﬁﬁﬂﬁ@ wu'ldilu 2.7% p045128.7 aa
STLEUBA interstitial lung disease MiAaduit sududasdasldiumsitssuassnmisiag,
UAZMILENIZIIAAT (active surveillance) AausEIALIUN. ‘[@Umﬁmiagammf:, FDA lal#ns
agﬁ@uumidmu (accelerated approval) WA Trastuzumab deruxtecan (DS-8201a) 1w 1 a. a.
2019 #1943 Qﬂ’mﬁlﬂu unresectable Wia metastatic HER2-positive BC filAgHI%M3N®68
anti-HER2—based regimens NNU&108719%88 2 110 >2) §1WIULLTITTILUNINTZNE. BNIANST
lasunsnsiRaLiuadnataslu 2 randomized phase il trials fifin® DS-8201a Wisuifiny
iy M3MEen capecitabine 323RL trastuzumab w38 lapatinib TumslEidugrwwudiany (3™line
setting) (ClinicalTrials.gov identifier: NCT03523585) waztSeuisuny T-DM1 Tunnslgiduen
YU FD9 (2"-line setting (ClinicalTrials.gov identifier: NCT03529110). HATBIMTITHNIFDS

X L ey vad v B .
phase Ill trials #azgaovihldmansnszyldduuinsldmilugiaula.
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Neratinib

Neratinib 1TJ%£1 tyrosine kinase inhibitor (TKI) THa 305z Aigussnmsrinnuaas
HER1, HER2, and HER4 leatneny (irreversible inhibitor). N133398 NALA phase Il trial 1o
A3l neratinib 3737 capecitabine 1W3sUIAisUAL AL lapatinib S7uNY capecitabine 14
Qﬂm 621 ﬂuﬁlLflu metastatic HER2-positive BC YdllLﬂmi’mm‘ﬁ'ﬂﬂ’lﬁl’m anti-HER2 treatments
atnavias 2 1w, lasiugi s CNS metastases Alifarms niaflonnsasf (lesu wiedslale
5 local treatment Ale).®9 (il HER2CLIMB, i NALA phase 11l trial ld'ldnsualveas
§373 screening #1 CNS metastases @l%LLGiLLSﬂY!ﬂi’]EJ uazlu NALA trial wuindszanos 16% 289
Hihawy CNS metastasis audusn. SIRe9 41.7% uas 54.3% maagﬁl’ﬂwl,ﬂﬂvlﬁ%'u pertuzumab
waz T-DM1, muse. luniwsas, myld neratinib s141301A% PES (A1 mean PFS 1w 8.8 1iiau
\Winnifiuny 6.6 Wau; HR, 0.76; P = .006) udlimunsaufia 0s Idedsfiindaymsda
(24.0 1fan Wisufisuny 222 10aw; HR, 0.88; P = 210). &M3UK18 CNS metastasis 7
3Tuead30 local treatment, wulunéjuﬁvlﬁ neratinib (22.8%) ﬁaﬂniﬂunéjuﬁvlﬁ lapatinib
(29.2%) 089NUBEINTY, L93 neratinib T2 w:aanmlumsqﬂmmaa CNS metastasis. lu@fﬂ’m
fifiseulsafiaansniald (measurable disease), linnindianunandrsansivian ludan
MINBUEUS (ORR) ‘zzm’mﬂﬁiuﬁ"l,ﬁ neratinib (32.8%) \3suifisuny ﬂ@;mﬁ"l,@i”lapatinib (26.7%).
Tuduuaznafes, ﬁaaimﬁ‘gmlﬁd (grade 3 diarrhea) wulumjuﬁvlﬁ neratinib Uagnin mjuﬁ'"l,ﬁ
lapatinib (24.4% WSsufisuny 12.5%) waidninminua ldleondasnuriasisluseuusn vas
IINBIGE neratinib. I@ﬂmﬁ'ﬂﬁaﬂammﬁ, 1uil a.q1. 2020, FDA ldiayai@liild neratinib 3L
capecitabine E‘i’m{mﬂ“ﬂ’mﬁﬂu metastatic HER2-positive BC MABRNUNTINENGAE anti-HER2—

based regimens NLAIBENIRBY 2 VWU (2 2) NIV TITZOLUNINTZANG.

Margetuximab-cmkb

Margetuximab 1% Fc-engineered anti-HER2 mAb 625N, 7 anaauLUaINIIIN
trastuzumab, 8131TNIUAY HER2 ECD domain IV l@l3ul@ds1ny trastuzumab wasadnainlnd
antiproliferative effects lanane G]ﬁ'u. Lfial,ﬁzlllﬁ'u trastuzumab, Margetuximab 1% anti-HER2
mAb ﬁgﬂ@”@uﬂmlu amino acid sequence ﬁlug‘nm immunoglobulin 1 (IgG1) Fc region AU I
S ALRR TN L TR RYTRION (higher affinity) AU variants Vﬁ‘laax‘i (158V [high binding] W8z 158F [low
binding]) ¥ 84 stimulatory receptor FCYR IIIA (CD16A) wazduldasanany 9 (lower affinity) nu
inhibitory receptor FGYR IIB (CD328B) 14 NK cells; nsaauiasisuiiysnisiaziiiy antibody-
dependent cellular cytotoxicity (ADCC).?* 29 y743381 SOPHIA phase Il trial ”L@Tﬂ”mﬁanqma 536
Aufitdln metastatic HER2-positive BC fAf1150R15U8N NI WAAIIINHIBANTINENTIE anti-HER2
treatments ALA8E191BE 2 VU, WazA lAGITUEN 1 59 3 VUK (WUIWNSLE pertuzumab

fg) SMnIuinswzizezuninizng; lunmaldoidihognihanguudadu 2 ﬂﬁiﬂﬁl@ﬁums
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$nw1@28 margetuximab (266 A%) %38 trastuzumab (270 A%), la et FOINGUAIULATY
chemotherapy $I8@78. @1 median PFS °11aamjuﬁﬂwﬁiﬁ%mﬁnmﬁw margetuximab @n31
vaIngugi o7lesU trastuzumab, (5.8 Liaw \iauny 4.9 Liau, HR, 0.76; P = .03); uaslsl
wund 0S @unndn T interim analysis a39usn. leéinsu a1 dudnon wues CD16A genotype
Tun1slaidu predictor inu1aUse®NTATWY 89 margetuximab, WU3I1UTeRNTA 1NV D
margetuximab LA u @@ u’mi‘fuslmil’ﬂa §7id CD16A genotypes awivenauaae 158F allele
(median PFS 6.9 LflaUNU 5.1 L@aw, HR, 0.68; 95% CI, 0.52-0.90; P= 0.005). HaT19LALIN

g = WFL v A o FL y‘]_l] & ' . (26, 71
NMITNWINANWIUSENALAEINT %[{d AU 2 ﬂﬁj]&lﬂ"liiﬂflfl"].

) Margetuximab laTun1sausiaann
FDA 1 f.¢1. 2020 &% 3UR1]28 metastatic HER2-positive BC ilAHI%NNTINENGY anti-HER2
treatments NILAIDL1IUAY 2 YUY, lasdatInay 1 mumgnl%ﬁm%’u%’nmmﬁaizUz

LWNINIZRNL.
Pyrotinib

Pyrotinib 1 irreversible, pan-HER receptor TKI FRATUUIZNU. WI8 phase Il
PHOEBE trial ldaaidangilnduin 267 aufitdn metastatic HER2-positive BC flAUHIWNNT
INWIG18 trastuzumab Lz taxanes Wa/M38 anthracyclines AMUa7, Qﬂaﬂﬁgnﬁwm@mﬂuﬂu
2 ﬂéﬂ%ﬂﬁ’%ﬂﬂ’ﬁ%ﬁﬂ’]ﬁ’m pyrotinib SIUNL capecitabine %38 lapatinib 334NU capecitabine. 24
lunwTIn, 42.5% uaz 34.8% maagﬂwlumjuﬁw{u pyrotinib Waz lapatinib, 1389aNs1aL, 1
we lasuanNTa SRTUNSISITEUZUNINIZANY, 41.8% WAz 49.2% LA laTUENNILED 1 YU,
Wa 15.7% uaz 15.9% taglasugnunuds 2 awn. Wiafierasih interim analysis aafildanawnm
17 wui1dn median PFS Ju 12.5 Lﬁauluﬂsjuﬁ%“ﬂmﬁw pyrotinib SINAL  capecitabine
WIsuiisuny 6.8 Lﬁauslumjlwﬁ%'ﬂmﬁm lapatinib $34NU capecitabine (HR, 0.39; P < .001). ¢
289 ORR Liw 67.2% 1umjwﬁ'§'nmﬁw pyrotinib 13 UABUNY 51.5% luﬂijwﬁ‘}'nwwﬁaﬂ
lapatinib. NaiﬂaLﬁm‘ﬁéuLLia (grade 3 AEs) ﬁwuiﬁﬂaﬂﬁq@ﬁa Has329, Bewu'ldvssnin Tunga
fisnmey pyrotinib (30.6% iLURL 8.3%), was hand-foot syndrome, %awﬂﬁvﬁaaamjm s
ULANEINY (16.4% iBuAL 15.2%).7% Pyrotinib £9laldsun1sausidann US FDA udldiums
agw"’ﬁ‘[mﬁﬁiauvlm (conditional approval) 14l ldlusnmsmsgUsznauin swmsumslsiiuny
capecitabine lum 33N Kl metastatic HER2-positive BC fegrunsshsdaadititen

U32naual anthracycline %38 taxane AUA3.
Lapatinib NN Capecitabine

MITNBGIBATHE lapatinib SI3UAL capecitabine Lag lasunsaasnauintdudrsue
wungad Niduwiangiw dewnazd T-DM1 1ilE5nwn. " Lapatinib 1w reversible TKI wfia

$ulsznu fleengnise HER2 and HER1. 1 .a. 2007, 3l lapatinib 328mU capecitabine
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TWnam3snsnfianin m3ld capecitabine (RpgagaLien lugfihe locally advanced w3a
metastatic HER2-positive BC ﬁLﬂﬂr}i’mm‘ﬁﬂﬂ’l ﬁasi’mffaﬂl Usznauais anthracycline 1 W%,
taxane 1 VW1, WAE trastuzumab. §i1 median time to progression L¥inNy 8.4 Laausluﬂﬁqiu lapatinib
$I0MU capecitabine LWTBULAiBUAL 4.4 1Aaw lungy capecitabine (HR, 0.49; P < .001); Uazlomil

dy a g 1 va al g td a dl (73)
%Lﬂ@]‘IJ%I@] ﬂvLNVL@NﬂqiLWNTuT BINRYILA UGWE%LL?G.

89 ORR 111U 22% lunga lapatinib
20U capecitabine WAzl 14% lunga capecitabine. HaTIMTIs it levinlst FDA uas EMA
auaid n13ld lapatinib waz capecitabine §m3uInsie  locally advanced %I metastatic
HER2-positive BC miﬂvl,ﬁﬁﬁﬁimé'\mﬁi‘}'ﬂmﬁw anthracycline 1 2414, taxane 1 YW, LA

trastuzumab.
Lapatinib a Trastuzumab

Tunydinlseleiisuannids vaeRldsunssnmels trastuzumab-based therapy,
M3 lapatinib INAL  trastuzumab ﬁLﬂuLmeqmﬁ'ﬂmé"u%ﬁa‘ﬁﬁmqwa luﬁﬂauﬁgn
RsonAaLdenuas. 91wise phase Ill EGF104900 lefuaaslifin SmsiRnduves PFS (HR,
0.74: P = .011) uaz OS (HR, 0.74; P = .026) lun13L% lapatinib $70NY trastuzumab tW38uLfiay
AU M3lE  lapatinib YWILEL? lugﬂ'sm‘hmu 291 A MASHIWMISNENGIY trastuzumab-
containing regimens ¥MU&IRA1BIWIH (A1 median Swangrsunagle iy 3).79 agnelsh
any, ludgtn d3lifideyavesdseluziainnsld lapatinib 32umy trastuzumab Iugﬂ’mﬁmﬂ
NIWNITINENAIE pertuzumab ez T-DM1 W1Ua7.

N13LRaNa1AUNT ITUTLANNLEN (Choosing the Right Sequence)

a5 9 f'?lﬁﬁmiagm”mﬂ“ﬁ tucatinib, trastuzumab deruxtecan (DS-8201a), neratinib,
WAL margetuximab §1%3U metastatic HER2-positive BC 33vi1lwn1saadulatdanltonaqlnu
Aounasadnels fanusnundu. duustiiuas National Comprehensive Cancer Network b6
sa819uv09 N171T tucatinib $90AY trastuzumab was capecitabine 11 wANSUBNVWIUT 3,
Tuwmedi duuziinuas ESO-ESMO ABCS5 lefiuztininng mslednsuen 3 é9 (tucatinib $amL
trastuzumab LLaZ capecitabine) WazN3 M trastuzumab deruxtecan (DS-8201a) LD WU wINIINT
snenfidulyle walaildunsiin neratinib %38 margetuximab.“® % Tagandaszaunnuuiiidode
YDINANTIN, (@719 1),6 489 m31e tucatinib $20AL trastuzumab was capecitabine a3 L3
masasaulmudsusnvund 3. feudin tucatinib-based combination mmmgﬂﬁmﬂ*’ﬁlﬂu
wuuMIshenawui 2 16 we tucatinib-based combination a313% @‘iﬁ'umﬁgﬂl"ﬁ%é'ammjﬂm
{1 3lE T-DM1 anuas ldlsgnsianldrien, me:iﬂajﬁﬁaﬂaLﬁmﬂ”uﬂi:?’m%mwmao T-DM1
slu;jﬂwﬁmmmumﬁﬂmﬁw tucatinib MU&7; SLumm:ﬁgﬂwnﬂﬂﬂm’mﬁﬁTﬂ HER2CLIMB, i
AnwLfinany tucatinib, 650 T-DM1 a1udh.® dunsiihasnandtesniin 2 dsznis da (1) lu
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] 2
A =1 1

{1l 891 LA first-line regimen waalsaniisy 4 active brain metastasis 13810173, TasnLiniag
LA IWIN tucatinib-based therapy aaNInaangniadlu CNS, uaz (2) Ahefnlsalaiigy
mulugranaesnit 12 1@eu (<12 1Haw) wadanlaiaSaaunsld adjuvant treatment NN T-
DM1.® 7338614 9 NdaskIuIRIITMITINGI8 Aan21N39N37 tucatinib daslEsruny
trastuzumab LAY capecitabine, Tuamen T-DM1 Qﬂl‘fLﬂ%UW%’]%Lﬁﬂ’J, tucatinib-based therapy
fnadn9tdusninndn T-DM1, Lazn1suinisednginiedisduandrann. Lhoany
trastuzumab deruxtecan (DS-8201a), Fndudsveulag confirmatory phase Il trials Nazs8
A Gt a a gl' U ) o ai A ai o @ s
Buduszdninmwsasnitlunslfidudivmamnuians nie awuiian. ardodoyaludagiu,
tde14lE, trastuzumab deruxtecan (DS-8201a) a13dTadslglugiudmulngiiiunisinm
@128 tucatinib-based combination 31U&2. LAYINU neratinib %38 pyrotinib, UNLINVBILNIFE
& o v o o A A A v, @ . . va =
lusnrunisoidagiu dadudou iedan srfinunzaunazldgny capecitabine ladazidu
tucatinib (AATaYAHAIIUITH) UAZN1IWIAN capecitabine WlEInmEn liithazidudendnige.
Bandniu, nazassiizasr lidndudessziareds. gavie, nauidovasun margetuximab

quvlﬁdwﬂszﬁwﬁmwﬁvl,sjmﬂﬁfn, UNUINVBILNHI 189 LTt

®13197 1. 819w anti-HER2 therapies ﬁlé’%’umsa%u"amn EMA uaz/v3a FDA Tilzin

advanced (metastatic) HER2-positive breast cancer.® ***)
Drug ‘ Route Frequency Combination ‘ OS Benefit ESMO-MCBS
Trastuzumab IVorSC | Weekly or every 3 Pertuzumab, lapatinib, tucatinib, and Yes (5.2 months) —
weeks chemotherapy

Pertuzumab \% Every 3 weeks Trastuzumab and chemotherapy Yes (15.7 months 4
T-DM1 \Y2 Every 3 weeks — Yes (6.8 months) 4
Tucatinib Oral Daily Trastuzumab and capecitabine Yes (4.5 months) 3
Trastuzumab deruxtecan \% Every 3 weeks — No 2
(DS-8201a)

Lapatinib Oral Daily Trastuzumab Yes (4.5 months) 4
Lapatinib Oral Daily Capecitabine No 3
Neratinib Oral Daily Capecitabine No 2
Margetuximab-cmkb \% Every 3 weeks Chemotherapy No —
Pertuzumab \% Every 3 weeks Trastuzumab and endocrine therapy No —
Lapatinib Oral Daily Trastuzumab and endocrine therapy No —

Abbreviations: EMA, European Medicines Agency; ESMO-MCBS, European Society for Medical Oncology-Magnitude of Clinical Benefit Scale; FDA, US
Food and Drug Administration; HER2, human epidermal growth factor receptor 2; IV, intravenous; OS, overall survival; SC, subcutaneous; T-DM1,

trastuzumab-emtansine.
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NN Molecular Biomarkers

A ~

Tunansdiniuan, Inansnwissldugadliiinii Jaunainnanen1idiing
@‘hsdaglum alunziSeviia HER2-positive. 2881 ILT W, In13F9NqQWUdn NN HR-
negative/HER2-positive tumors AaLguaIAad1%lnajuay anti-HER2 therapies lau1nnin nau
HR-positive/HER2-positive tumors, aanwulu CLEOPATRA, EMILIA, %58 EGF104900 trials. 2>
40.43,60.74) sy nawuLgnit A lesumItusulumssnendasenlna g 1w lu 3 TKIs (tucatinib,
neratinib, LR pyrotinib), uazlu margetuximab ﬁLLa@ﬂﬁ'Lﬁu’hﬂéj&l HR-negative/HER2-positive
tumors ABLAEWBIABNITINEN LANINANT.PS 34 7570 Ly iquasasanudng, TaYavad trastuzumab
deruxtecan (DS-8201a) 19831 snitlwilszlomilednsnonis 131 HR expression azudluiguls, 4
aa@ﬂﬁaaﬁ'umiﬁwud’]yﬁﬁ§a1ﬁ5@3ﬁmauauadﬁgalu HER2-low breast cancer tumors, 1431813
\Junauad deruxtecan (payload) ¥1nN3TNavad HER2 blockade.”” 7® ﬁmﬁ’j’mammﬁﬂ'ﬁmag
Tuszay mi@ﬁiauqﬁgm (hypothesis generating), J% laazriauanuraInAaIeNIeGIAIwnAe e
uz15978ia HER2-positive uazanalslesun1sinsIsuiRuLdy aumansnandszgndlilumg
aaanle. Bslunintiu, luiTaqiiu, 4 predictive biomarkers nanseaiaIgnAn©sIdL, 15w PD-L1
expression ﬁl@’lﬁﬁ]ﬁﬁﬂ IHC TunslEvinuadszlowiann immune checkpoint inhibitors, PAM50
intrinsic subtypes #13uvinunsdszlosiiann CDKA4/6 inhibitors Wa e endocrine therapy, ERBB2
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A.A. 1998, trastuzumab laLTuen targeted therapy dusnamsuldsnsn solid tumors ‘ﬁiéﬁuayﬁa
970 U.S. Food and Drug Administration (FDA) Til459AU chemotherapy Iumﬁﬂw’lﬁﬂ’sﬁlﬁﬂu
uzSadnuuslin HERZ-positive svazuningzans, nseuiiftondonamsideflduandiisiuin ns
SNWFINaEINTE LRNSHTINTRBUELDN, Lﬁmwmmmimmﬂm, kALYl INISANEANAY
15 20%.“ Tunaisewn, elungu HER2-targeted therapies 8nwanesnlisuniseud@bildlu
metastatic HER2-positive BC, Suldun pertuzumab &udu anti-HER2 mab Sndawils flanusadu
HER2 ECD I, tyrosine kinase inhibitors (TKIs) 3 au1u (lapatinib, neratinib Wag tucatinib), wag
antibody-drug conjugates 2 vu1u (T-DM1 uag trastuzumab deruxtecan). Ui/lmmﬁ%lﬂumi
nuMUEEa o AlFsunseusiRlilidmiy updaduviin HER2-positive ﬁasﬂuizazmﬂ (early-
stage HER2-positive BC), MmATeIRsTes, wazhwInaNsulglunsufue.

sle HER2-targeted therapies wial#idu (Neo)Adjuvant Treatment
[Escalation in the (Neo)Adjuvant Setting]

ANuAIMTeINIsS NIl Ulsuzis usunyiia HER2-Positive svazunsnszane lay
manndnsiamvesnsinwidUislussezusnag. Tu a.e. 2005, trastuzumab tosunseud@lnld
$9UAU chemotherapy ey adjuvant treatment f%’m%’wliﬂw operable HER2-positive BC, 1y
Wunaann1siesigisinees 2 kaeuide.© s»1uideves National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-31 trial la UseiTuUsed@yns n1wvean151y doxorubicin ay
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cyclophosphamide Laamufae paclitaxel Sauiun1sld wisldldy trastuzumab Wuseeziian 17,
Taei3u trastuzumab Faus dose W3nNUD4Y paclitaxel. 114398989 North Central Cancer Treatment
Group trial N9831 l¢idalvifingui{Uae 2 nquitldsunissnuduiderfudulu NSABP  B-31 trial
Mg, LLé”;é’ﬂﬁﬂd@JQ’ﬂ’;&JﬁL’%ﬂ% trastuzumab &sanLaSaaunsle chemotherapy luuainae. o
E‘J’:ﬂ’lﬁlﬁiéj%Uﬂﬁ%}ﬂ‘lﬁLGUI‘LJLaEJ’JfTUQ’]ﬂ‘ﬁQﬁ@NWU%ffEJZJ’ﬁLﬂﬁ%ﬁi"mﬁu, NWUIIN5LY trastuzumab
Saufu paclitaxel nendaanniasadunisld doxorubicin waz cyclophosphamide lUwda (AC-TH
regimen) a113a1fiy disease-free survival (DFS) I, A1 absolute difference %a4 DFS winffu 12%
#1781 3 U, uavaiunsaan risk of death Ivindu 37%. © 7 sown, Ui+ HERA, ﬁllé’gaé’um
szezaTimunzauveInsly trastuzumab, wuinnasld adjuvant trastuzumab Wunaiuiu 1 Y
TneSunendsainnislasu locoregional therapy Wwag neoadjuvant 38 adjuvant chemotherapy
\@59udn finaanunsawfiu DFS, a1 absolute difference w83 DFS Wiy 8.4%, wavlinuuselowiid
WinannIuegheditodfymendanadadunsld trastuzumab Wunaiuu 2 9.9 lumsduaiim
ffuLaiivdafiangaufunisldausu trastuzumab, 9138 BCIRG 006 trial Aldmaaeuasisu
g1 anthracycline/taxane-based regimen (AC-TH) 8 ¥ taxane/platinum-based regimen (TCH),
nud1iaaeesis Uil trastuzumab $auegd1e 1Wuald 5-year DFS way overall survival 71
1nnd1n1514 chemotherapy ag1aLfien. 1uddeildldgnoonuuuliiuiouifioussning ACTH
regimen AU TCH regimen, L6 iuﬂzﬂ;mmﬁ% AC-TH fisauausdauves breast cancer events 7
Upsniudnties wazll cardiac wag leukemia events 11AnILantes.”

nUselevifinuly metastatic HER2-positive BC, 3991119l neoadjuvant trials fidnw
n15M4en anti-HER2 drugs 2 ¥uu (dual HER2-targeting) (Escalation Strategy) Tun1ssnwgUaenau
nsnsin Taelald lapatinib (NeoALTTO,"Y CALGB 40601,"" NSABP B-41"?) %38 pertuzumab
(NeoSphere, > ¥ TRYPHAENA"®) s2ufiu chemotherapy Wag trastuzumab. Tusnidsemanislald
pathological complete response (pCR) 11 Musgifiunaans (endpoint) 209115398 losan pCR
h intermediate biomarker fanfisiianunsaviune DFS fintuls. siddemaniflauansdiisiusng
PCR gty Wofinsld anti-HER2 drug aunwdl 2 Whiiude wasiinavils FDA Tnseud@uuy
13907 (accelerated approval) kA pertuzumab dmSunsliidu necadjuvant treatment Tu ..
2013.

Pnaudnsavesnsliisueniifl pertuzumab  saushelunislduuy  necadjuvant
WAz metastatic treatment, pertuzumab 33lagnununldsandu  trastuzumab ey adjuvant
chemotherapy Tus11338 APHINITY trial.® TustAded, A1ves invasive DFS (iDFS) rate itian 3 T
Wiy 92% 1uﬁ§ﬂ38ﬁﬁ node-positive  disease lgsu pertuzumab AU adjuvant
chemotherapy Wag trastuzumab, LW3sUBUAU 90.2% iuﬁgﬁiéﬁumwaaﬂ (placebo) FmAU
adjuvant chemotherapy Wag trastuzumab (hazard ratio, HR, 0.81). ﬂizimjﬂﬁ’ﬁﬁsﬁﬂﬁiymﬁaﬁ@
(p = .02) uazssseglumsilaTyifig 6 U lner1ves invasive DFS (IDFS) rate fiaan 6 T Wity
87.9% Iuﬁgﬂwﬁﬁ node-positive disease 75U pertuzumab Wisuilsuiu 83.4% Iuﬁ:\fﬁléj‘%lum
waen (placebo), vilild absolute risk reduction Wiy 4.5% luﬂﬂ’gaﬁﬁ node-positive. N33 iIDFS
fiaduil wulsily HER2-positive BC 77 hormone receptor (HR)-positive iLag HR-negative. 119
ANIUNNEDRAYDY overall survival é’aiﬁié’ﬁﬂwaswsmummamuﬁf{j’a‘f‘:, WIINUHRUIUNSLELTIN
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ffouninlunguiithefld pertuzumab Tunsiasgifing 6 U7 Tugihedisl node-negative lailst
Uselewidann pertuzumab.

n15U" lapatinib 111959 adjuvant trastuzumab Tuswidy ALTTO trial Tdlinadns
finay, feunnssannlunsd pertuzumab.®® #1 DFS hazard ratio Wiy 0.84 3sladdermnsadnilé

[ '

Aala29mtn (prespecified statistical endpoints), Wazen lapatinib UNUSAU 19ITWANINTUY, WU,

D

wazfiwronu. D maveIn1sly adjuvant lapatinib Hudithfianss, msih neratinib, Fady
irreversible TKI ﬁaaﬂqwéﬁia HER1, HER2, waz HERA, unldidunaruiu 1 9 TnesSundainasanis
14 chemotherapy uaz adjuvant trastuzumab uda vilwiinnsifuduwes 2-year IDFS rate 210
91.6% LT 93.9% Tu ExteNET trial 2 Usslomitdadiulalunsinsevidina 5 U, Tnefldwea 5-
year iDFS rate Wiy 87.7% Tunguilldismasn (placebo) wWisuiiouiu 90.2% Tunguitléen
neratinib.”” Tu subgroup analysis, A1 hazard ratio 984 iIDFS WU 0.60 wazidldudAgynisana Tu
fthe HER2-positive BC 7l HR-positive, 1W3suifieufu 0.95 Tugfihe HER2-positive BC #idl
HR-negative. Yo3auas overall survival data a1nn193detl delifoyaliannifisane. Tu practice
guidelines 19 9 lauugilwnaisanld adjuvant neratinib wdnadaaunsly adjuvant
trastuzumabiu@:ﬂwﬁﬁ node-positive HER2-positive BC it high risk of recurrence; 11 European
approval lﬁﬁquﬁmamﬂﬂ% neratinib w1z HER2-positive BC il HR-positive. falsifiveya
WRenduusgloviivesen neratinib Tufthefingldsy pertuzumab waz/v3e T-DM1 11udn.®

mﬁ%'ﬂ‘lenmawﬁamﬂﬁlﬁ Neoadjuvant Treatment (Postneoadjuvant Salvage Therapy)

ns¥nuiduninsgiulu early-stage HER2-positive BC lonuasuan nsldeninu
#aeN15616R (adjuvant setting) 1ngn1sldensnwinewusinfin (necadjuvant setting). 5\1LLﬁ1ﬁﬁﬁﬁaﬂgaﬁ
Usieusrlenilunstestulsaiisu vide n1ssendiniiu aannsld neoadjuvant approach, usins
Tdensnunneunisindafisloniaves breast-conserving therapy, ananusnduiiasdosi axillary
dissection, wagyililentafivzusyiiu pathologic response luvniziiandiviinsuada (definitive
surgery). Lmeaﬁié’fﬁﬂﬁmmmUizL:ﬁummLﬁaﬂlﬁmamqmmﬂﬁﬁu wagvlnsin1susun1ssne
(salvage therapy) Tu {7 fiseslsandnay (residual disease) w3 aiiulsafifasanissnu
(refractory disease).

mﬂ%a‘gjaﬁ’iﬁ ﬁﬂ’;ﬂﬁﬁ residual disease #891AlA5U neoadjuvant therapy T
wennsaflsafiugnin Q’ﬂwﬁlé’ pathological complete response (pCR) 0819%ALAY, 91UIW
KATHERINE trial l@@eanuns3dedn msuiiunnudy (Escalation Strategy) vos salvage therapy
shemsth adjuvant T-DM1 anldumuiinissnwiduinasgiuegudy (Msld trastuzumab 1u
ey 1Y) azawnsnlinadnsintuvdell? Tuaudded, 3-year iDFS I§SAuTueead
Toddey faenisld T-DM1, A1 hazard ratio 984 IDFS wirfu 0.50 wiewSeufiaufiu trastuzumab.
wadwsirzutinuldlunnngugos Javinlinngld T-DM1 1y salvage therapy Iénansifunispuasu
Husnnsgiu dwsugitas HER2-positive BC #1643 residual disease nevidanisld neoadjuvant
therapy.
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nANuENsaluN1sSAw1 metastatic HER2-positive BC TABNIUNNTSNLLED, T9vi
Wilnwidesne q Aifidsdine tucatinib uag trastuzumab deruxtecan Tumﬂﬁﬁﬁadﬁﬂmaaag
(residual disease). §afiA15Ai9150N Fi Qﬂwﬁlﬂu HER2-positive BC 31 brain metastases Tusnsn
ﬁqq, wazn1sty T-DM1 Tuuidde KATHERINE trial Aflnataeiu brain metastases latiteasantios
ity @) dstiimatlesiu CNS metastases dafiuarudasnisfigilaussana (unmet need). 970
Yoyalu HER2CLIMB trial ﬁ?’iﬂwﬂuéﬂw metastatic HER2-positive BC lawuin tucatinib &
Uszﬁw%mwaaﬂqw'élmu CNS, @ Fatunnstiesiu brain metastasis asLﬁuﬁaﬁQﬂﬁﬂﬁﬁLﬂu endpoint
TunsUseiiuauide COMPASS-RD, Jafiueuideves National Cancer Institute National Clinical
Trials Network trial Aifdsiniunsey Ssagnageunisii tucatinib wldsaudu T-DM1 Tunsdli
Wy high-risk residual disease.

nsUsuAMMTNTUYRINIsInE RUNZEaN (Tailoring Therapy Intensity)

éf’mLmeamﬁ%’ﬂwﬂuﬂﬁ]@ﬂ’um%’mLﬂﬁﬁmw"h (polychemotherapy), 321 UN153
anti-HER2-targeting regimens 11l4014 3 YU wagA1v09 3-year iDFS Tudagdu 1W1lnd 90% wa
D suduivauinidsiinissnuniininiuly (overtreating) TikAgUaevats s au fdu early-
stage HER2-positive BC. n151dennaugasvearUief imuizauiunissnwiidudy (treatment
escalation) §adud s fivinie. dnwaeniandinuasne13inen (clinicopatholosic features) &4l
AnudrgmanIsneInsallsalunzisadunyingos 619 9 (subtypes), wazdsanuisatisdnngy
f}iﬂ’JEJLﬁEJFL%Lﬂ ULUINIINTIT5 AW, Tu APHINITY trial, ' n1511 adjuvant pertuzumab unld T
‘UﬁﬂaﬁnﬁmwwQ’ﬂaaﬁﬁimﬂismsLsi’fwiamﬁwmﬁaaﬁ%’ﬂLL%. HR status AflAudAAI8, wasdiInen
duaivnues HR-positive/HER2-positive Waz HR-negative/HER2-positive BC Alanaafudaiay,
faudHinsinsesiangaues APHINITY trial nuiildusslesdiflndidestiu diluusSaduueda HR-
positive/HER2-positive Lag HR-negative/HER2-positive (N1531AS1z9919u5n U911 lausylowil
W@NEnguitEl HR-negative)™® Tu ExteNET trial Ysinuseloviiues nsld neratinib ihunamnu 17
(4luTia09) vdua3a91nmsld trastuzumab w1 3 (dludusn) Tdselevdiamzlunguiiidu
HR-positive/HER2-positive.™® 2 iilaanndsillalldgnaianisallino, sudlildgnasyliludeus
vostenanseysifinisldenves FDA, usunmdsnwieadonld neratinib lowzgUiefifanuids sgs
anfdu HR-positive/HER2-positive BC.”
wanwiloan  nslganvaznIRaTnLar NENEINEIUIUSUANULTNTUTINITINE
Saildnamuuds, fuitTamaiiineis q (biomarkers) Atdsgnsrusuediaduiulsesh uas
griwseilugusidy duvilweanuifonsnddniilefiozsfium genomic predictors fiageae
VTﬁmaﬂ’amﬁﬂL%maami%’ﬂm firoenaay, Tu ExteNET trial, 19, 20) mmﬁwﬁ’maﬂ PIK3CA mutations
ﬂlmummmﬂa o997 neratinib L‘du |rreverS|bLe TKI waaﬂqwﬁma HER1, HER2, wag HER4, mu
NaEJ‘UEN PI3K/Akt signaling pathway. GU‘LlLL!E) (tissue specimens) 1N 42% mammmmmwm%u
1eignImsneyiv 2 hotspot mutations Tu exon 9 wag 1 hotspot mutation Tu exon 20 waglaiinig
47579 fluorescence in situ hybridization Wiofum PIK3CA amplification. Uszlevilued neratinib
fsnnnin placebo wandliiiulu PIK3CA-altered tumors lédmaundn Tu PIK3CA wild-type tumors;
p819lsinN, MIVe@eUME interaction test ldnwudpdndAey. ﬁﬂﬁ?u%’agmawu%ﬁaﬁ Fadialyl
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advayulild nsns99 PIK3CA alterations lugnuwilu predictive biomarker Liteviunenis
MOUAUDITD neratinib.
Ao i, aa P Aok A o Y o Y] v

n39898 biomarkers AlAulnazANNENTINATY LaUNTTUTUNTT ALY
A0AAAINUAIULABITINITANSU (risk of recurrence) kazlon1a@NaziN1TMDUAUDIFBNITTAT
(likelihood of treatment response), N155nwNuINLAULY (overtreatment) 3sdsnaidudeniAintu
waztludsiunndasionlald lunsdlnldnssnwregnaduduy (treatment escalation) @ususgiSs
szazusn. Juduanudidyed19uniaasiasan i Kat1uAeeIn1sTN¥Iiaza1sIeg eI
g1uu Tuinldsunissnwdeanuaddalimenlsaegiuanuia (curative intent), Faradnafes
‘:1' & ° | & a o X & aNa X IV
Agunsanand e1vmssegidunatedullugUiemant wazsuniuaunndinvesiUleliugas.
Benitiu wadrafesson1sdu (financial toxicity) AmasiludsiaslianudAg Welnisuugien
Ty quazansuefn denvaruruiulsenouiu Tun1S5nEILUULT LT (treatment escalation
strategies), karA3biANTEdAsE Talunsldeniidisiagawazyselevilen (high cost and low
clinical benefit). nsWmuIwazoydAlildvas biosimilar therapies la3un13AIANTII w978l
FIANAITQNAY; WikansenuluandenIniu Falailatinisusziiueanundusuiundaiau.

nsUsuAMINTuYaIn1sSne litiouas (De-Escalation Strategies)

wueiulunsnwifisusSaduniiu early-stage HR-positive, Han153nwITA
Fulu Q’ﬂ’aaﬁtﬂu early-stage HER2-positive (Lﬁaqmﬂﬁi’ﬂ%’umﬁluflaQﬁuﬁﬂizﬁw%mwﬁﬁﬂdﬂuaﬁm)
IavinlfiAnnuaulad i 04 u Tuns@nwaudululdiazananududuvesnisdauw
(de-escalation strategies). N15@ N8 LA 82U de-escalation snaznszvilden, 1 03910
noninferiority trials §/99n158191330n153 8 0 uduaunin wasdenldaege, uazvos 9 ads
therapeutic guidelines Laz/n3e clinical practice leinasunguiiieiigndneen wiedegidudy
"oelu randomized clinical trials 1398, L‘zj'urélﬂ’wﬁ HER2-positive BC AiflApunsdavuindn was
Falulldunsnsznoiirgroutinmaediinug (node-negative). sutfuauaiafefiunnduassiod
anultiudeafiarlinsefiedesuly de-escalating strategies ‘Lmﬁama%’nmﬂaqﬁuﬁma%’mﬁ&mﬁaa
wazy Urenusienadraufealad, delunsdl anti-HER2 drugs, LU trastuzumab, pertuzumab, 138
T-DM1.

933y APT trial 1#@nwfllae HER2-positive BC Alfounzifavaidn (<3cm) uazds
ldldunsnszanedrgeeminmiesiisnus (small, node-negative, HER2-positive BO). s1uddiliu
uncontrolled, single-group, multicenter, investigator-initiated study. mATeiiFeimsUssduin
AUaY early-stage HER2-positive BC anunsalasunisinwinig paclitaxel wag trastuzumab ity
Igvidelal Tnodadilild iDFS filaiugnin 92%. AI8l95189UANY0 3-year IDFS Wi 98.7%, lng
Tuduauihe 406 e fifivs 2 Auddl distant metastatic disease.?” fiaan 7 ¥, DFS wiifu 93%,
Tneflifies 4 aufifl distant recurrences wag overall survival Wiy 959%.2% 91u3da APT trial ¢
roliAnnsiAsuuadunsquagte, laliisuendisiussansamdisinadradesiidesndn dmsu

[
a a

14T low-clinical risk tumors (@ulngvesurelun1sidediifeounzisevuin <2 cm uag node-
negative). 114338 randomized phase Il ATEMPT trial la@nw1n1sld T-DM1 WWuiaan 1 Y Tugfiae
Mdu stage | HER2-positive BC.%? Tuauddedl, §Uae 383 aulasunissnwisie T-DM1 (11310 3:1
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randomization design), WUIANVBY 3-year DFS WINAU 97.7%, dLiie 2 ﬂu‘ﬁlﬁ distant recurrences;
og1lsfinnu, 17% vesi{theldmganisinuiiesnnuatradsses T-DMI, Wisuifisuiu 6% ves
AUaelu parallel arm Alasun13§nede paclitaxel wa trastuzumab (APT regimen). Adjuvant
T-DM1 & neuropathy @881, neutropenia o812, Way infusion reactions Houn17, Wil
thrombocytopenia 111AN77, 4 alanine transaminase Lﬁlwﬁu, wag bilirubin increases Lﬁ'u%ﬁu. ﬂﬁjﬁ
1asu T-DM1 laiAeeil asymptomatic decline Tu left ventricular ejection fraction (1.3% vs. 6.1%)
warlainy congestive heart failure Lag. sfaiu HU78 stage | HER2-BC @1u15alasun1ssnuisaeg
paclitaxel uag trastuzumab, #3oldanld T-DM1. 0819157 R, Tonastuninlife Wi APT Lay
ATEMPT trial @nwnlugUaedi 8l TINO tumors tJudulng) (APT trial) #30 Lawiz TINO tumors
Winiu (ATEMPT trial), 3dliansnsavnsrfuenisasvunud Widlungudiaefiianudssgandi
(higher-risk subsets).

Tu HER2-positive BC #ififfouvunnlng e node-positive, WU treatment de-
escalation fiUszauaudnsa Teunann1siunild neoadjuvant treatment, dsdsuang1snme
MsEde. Tumsieses nadnsueswide CALGB 40601, dafu phase Il trial w5l
neoadjuvant paclitaxel $2ufU trastuzumab, lapatinib, WeneEosegng, 43% maqﬁﬂwﬁﬁammmﬁ
Snhandudedldsunisinda mastectomy Wiy Idnansufuditanunsa (candidates) ¥y
breast-conservation nn18uasanlasu neoadjuvant treatment; A1SHIRA breast conservation &
dnsanudnsaegie 80%.2” nsldneoadjuvant therapy léteanloniaves nodal involvement
launnnin 10% 114[2:\7‘17!'@14 clinically node-negative disease wazluBey Ussauna 50% vae node-
positive disease TUiu node-negative disease, ¥lsilaifnainniswidin axillary dissection.?® ans
¥ sentinel lymphadenectomy Tuaniansalifudeiivinme wazaswluduiisamedinsraannnia
2 nodes wagld dual tracer uage1ald clipping fae.

Snmilsrnumetenuveanisld  treatment de-escalation Awadesu  szezian
(duration) ¥@4n15l¥ HER2-targeted adjuvant therapy. tunu3de PERSEPHONE, #Uleuinnin
4,000 AUlA5U adjuvant trastuzumab Wuseziian 6 Weu wise 1 U, Inelinaanslaen d-year DFS
Wity 89.4% WasuiTiBuiy 89.8%, 3su33q noninferiority endpoints 7ilFalY 2 Banndhy, Tungy
47le! adjuvant trastuzumab Wusyezinan 6 Weu Tftheiinenusatnafssizuuss f5wiules
ndrfnulunguiiild o1 1 T Taetosndieg 5%, wariifihefidomegamssnudausining iesandiy
soila NfiTwutosndn. 11W3dy PHARE trial lansavaeuauyfgiuieaiu ludUaeuindi 3,300 au
WA lANadWSTsnetU: Awes hazard ratio d WSy DFS 7 7.5 ¥ winifu 1.28, w8nin noninferiority
cutoff. 22 ¢iidedu 9, 19U Short-HER®Y wag SOLD,*? lauseifiunslvenuiu 9 &Uani ieuiu T
1w 1 9, Alduadnsadaudsiu. Malngzsiuuy meta-analysis AildsauTmgthonnd1 11,000
AU 917 randomized trials WU DFS hazard ratio iy 1.28 (95% Cl, 1.09 to 1.36), @luayu 113
Weniiszazinan 1 U, feusiin wasevhlanuldvestuunnnit 2 wihuag hazard ratio wintu 1.15 Tu
ngu HR-positive/HER2-positive BC.%? Tutlaqy, elidaauidihoaulnuasliiunssnuild
adjuvant trastuzumab Tuwuutsssezaiidundt 1 9, S Tuffillsamila viedinusents
Sl mslenlunuusyosduy A lilanauselevddmlngvesnisid trastuzumab 1 3.
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AW biomarkers Waldvinune pathological complete response (pCR) wag DFS

Tadianunenguegaunnlun1sAum genomic predictors U84 pathological complete
response (pCR) ieldtnsanauiutuwesnssne (treatment de-escalation) dwiunsldly
neoadjuvant treatment. 9134y CHER-LOB, @dlduansind pCR rates figeanntulugiilazy
lapatinib $21AU trastuzumab tag chemotherapy, lagdanuin pCR rate quﬂﬁﬁuiu PIK3CA wild-
type tumors, luvauedinisnu PIK3CA mutation mmamﬁﬂmﬁmﬂﬂaaﬁﬁ‘[amaﬁasJaq fiaglel
Usglevian dual anti-HER2 inhibition.*” Tun153As121iMuY pooled analysis ¥oeRUaeiaud
1,000 AWAiNNaIn 5 prospective trials W89 lapatinib Az trastuzumab lEuSWI1 PIK3CA
mutations dustusiu st pCR lusnsflantesas, Wulddpausnnlunguidu HR-positive/HER2-
positive BC; a813lsAnng, laimmsalﬁﬁﬁaaqﬂLﬁaaﬁumada relapse 30 survival.”

HR-positive/HER2-positive  BC ﬁwqﬁmiuﬁummqmﬂ HR-negative/HER2-positive
BC, iuildnsnves pCR rates fisnninegnafiifoddey InelaiAedestu regimen Aila5y, audumus
\Foaleasyning pCR 78 outcome Nantawas, wavsinaylguselomifitosas Tunssnwde
augmented anti-HER2 therapy, Tnefdaeniutia. HR-positive/HER2-positive BC 71l low level of
HER2 amplification lnem31any HER2 fluorescence in situ hybridization (FISH) ratio ﬁiajvlﬁﬁqjﬂma
(>2 to <5), W3eflil ESR1 levels Tuseaugs Alasuusslenifivosas Tunssnwdie adjuvant
trastuzumab®®  Fausfhdeyamdrtoavsddomarialdnisinuuumedy  Tuftaedl  HR-
positive/HER2-positive BC, wsituiagly, Toduiuguilsililasunsasaeuduii,

fanuiiviauladnsunisie TuuziSefiflenn HER2 signaling #819u1n (HER2 oncogene
addicted) azansnsasun1ssnwdeiifueilifiiedvade livdeld. lunins, feuidewuin
\&nq Aidnensldiane biolosic regimens Tnglaldiniivaasiudae wu pCR iedulusnsfides
ni1 nulunsldasividasaudae. Tuaide NeoSphere, ﬁﬂulsﬂ’agjmjwﬁﬁmu 107 au Ale5U
LWz trastuzumab $2uAU pertuzumab (HP) Taglailaiadivads; ﬂa;mﬁﬁ pCR rate Wiy 179%.1%
TuauAde TBCRC 006, wu pCR Tu 27% vo3dU3e 64 AU (21% lu HR-positive/HER2-positive kay
36% HR-negative/HER2-positive) N81aIa1NA151Y neoadjuvant lapatinib $21AU trastuzumab.®”
Tusuide TBCRC 023 trial, n1514 extended dual anti-HER2 blockade (321U endocrine therapy
Tunsdl HR-positive) Uuiian 24 damiliundUae 61 au wWieudieuiu 12 dailiunddae 33
AW @unsaLiiy pCR rate ldundwdu 2 i, waz 3 i Tunquilil estrogen receptor-positive,
LL@TJ'qu?ﬁ’aﬁ”im'iﬁmﬁqﬁq primary endpoint 98301547 1 pCR rate U 45%.%8 % 91135y
PAMELA trial 1981 lapatinib s2uffu trastuzumab Wity wAEUE 150 aufvlu HER2-positive BC,
"y pCR Tu 319% (18% lunguiifl HR-positive, 33% 1uﬂﬁmﬁﬁ HR-negative).* \fiaunAnsauriy,
Usindumnuaivindiduiiosuas HER2-positive BC finausauaisio anti-HER2 therapy léfau n1s
Snunitlilfiafivdngaudne Aeraissweuds. sgrdlsfn, delsiddeyadn pcr Aldlunsdhmant
thingwennsallsaifann wuiwdlunsafilfiadvidasuse,

ar1ud 1 Taludaud 19 1191119109358 KRISTINE, 7 # nw1 neoadjuvant
treatment 2811517 T-DM1 59uAU pertuzumab (T-DM1 + P) 37u7u 6 cycles 1UTsuLlauiu
docetaxel, carboplatin, trastuzumab, k& ¢ pertuzumab (TCHP) I1UIU 6 cycles. Mavﬂmmfu,
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Tuanaatves adjuvant treatment, ﬁaaaaﬂa;mﬁé’alﬁ%’u HER2-directed regimen (T-DM1 + P; %39
HP) WulAusaifiosauasu 1 U. T-DM1L + P liinadesndn TCHP regsimen 1nedl pCR rates 71 44%
WIBULNBUAY 56% tagdl progression rates Iué’mqﬁ'qaﬂd’l Tua19999 neoadjuvant phase.“V
og1alsfinnu, A184 3-year IDFS Wuifiu 95% luvisasandalunydild pcR“ doyatdavvayu
U3 T8 &9z T uns National Cancer Institute trial EA 1181, COMPASS-pCR“? & 993
MIIVADULUINIIVDY de-escalated approach A18n151% neoadjuvant docetaxel, trastuzumab,
wag pertuzumab auAedn 1 Yveenisly adjuvant trastuzumab way pertuzumab lagliliiail
thafisdslugild pCr ud.

AU lluTINe1ee HER2-positive BC 113 nAune e ulun1sfinegn RNA wag
DNA profiling. HER2-positive BC Thulumueswdalsenausie biologic intrinsic subtypes #14 1),
Tnedrulnegusenoume HER2-enriched, Luminal A, tag Luminal B subtypes. Intrinsic subtypes
wianll nsenuslenaresn1ainyl. Wids CALGB 40601,"" NOAHY NSABP B-41, uas
NeoALTTO,“ wui1 A1wes pCR rates i HER2-enriched subtype qaﬂdﬂu Luminal subtype,
ﬂaﬂﬂ%ﬂﬁ'qm’j’l 2 W, Tog/laiauiu neoadjuvant regimen Alesu. aehalshnmy, Tuaise CALGB
40601, ngsl HER2-enriched subtype Aflanuduiudetdlnddniu DFS Fugninge. anuTauds
(discordance) fiusinglishuduil \Ainndtlu HER2-enriched tumors il residual disease
W& nl§5U neoadjuvant treatment fnennsallsafingninegnaunn.” 91u3dy PAMELA trial l6l4
intrinsic subtypes ¥84 HER2-positive BC Lﬁaﬁ’]madw@ﬂainaiﬂ‘ﬁ'%lﬁﬂiﬂwﬁmﬂmﬂfﬁ dual
anti-HER2 therapy approach laglinasldiaiivate. Tusnidedl, éﬂw‘ﬁlﬁ HER2-positive BC stage
I-IA - 1ASU lapatinib 21U trastuzumab Wag endocrine therapy 91 tumor & HR-positive. Tu
nuised, 67% UGNVt fifounsiSeiifu HER2-enriched subtype, Wu pCR Antu Tu 41% 28
AUengu HER2-enriched subtype wWSeuiiieuriu lu 10% vesdtengy luminal A, luminal B,
basal-like, %39 normal-like intrinsic subtypes.”’ MATeidusegesuniidunsld molecular
approach @ m3U de-escalation Mmen1suseidiuleniavesnisla pCR lngludadly chemotherapy.
agalsfinny, delaifivoyain LUt lainlusyezeviolal.

UNLAIlDa1N intrinsic subtype ﬁié’ﬂa'nml,t,é’a, AsAnu ALY tumor-infiltrating
lymphocytes wag RNA-based immune activation signature toUatuelimsiu anuduiuslngns
5$1314 activated immune cells Tuu3 el peritumoral environment U pCR rates quaﬁu, ey
A3 DFS 7174 wlu HER2-positive BC. 01511 meta-analysis 1159980 UALEUNLS 5¥M3 19
baseline tumor-infiltrating lymphocytes wag pCR Iu&g’:ﬂwﬁﬁ HER2-positive BC 7ild§unissnun
18 neoadjuvant chemotherapy 21U anti-HER2 YunuLAen (trastuzumab %3 lapatinib) #39
anti-HER2 2 9u1us AU (trastuzumab Lag lapatinib). 11 combined analysis ﬁyﬁﬁijﬂ’wmmdﬁ
1,200 AUAN 5 mﬁ%’]’aﬁL%’wa&ﬂwé’mﬂmsﬁmiﬁmﬁmeﬁ, WU tumor-infiltrating lymphocytes
Fuitusedhefitodidaiu pCR Ineil odds ratio winiu 2.46, TaglaiTuiu necadjuvant regimen 7
165099 eniAfomaniltsdh, luhueaferdul anatomic risk gniharlddsslewd ifle de-escalate
therapy Tu APT trial, biologic risk Aiuszidulag intrinsic subtype e activated immune cells,
naenIL biomarkers 3u 9 #, fonagniunliduiniesileiiie de-escalate treatment lugiil

anatomically higher-risk tumors.
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unasuuaziianigluauinn

n1519" Anti-HER2 therapy A'f'u chemotherapy +1 wauUsEnout d1A yves
(neo)adjuvant treatment #1115 ﬁj}’ﬂw‘ﬁ'lﬁﬁu HER2-positive BC. Neoadjuvant systemic therapy
\Duuuamnsiinasgniunldlu stage Il 3o Il HER2-positive BC (A371971 1) il oufiuniaidenves
sUMUUMSHIEA, UszifiudsgAnsnmues systemic treatment, IffidoyalAeaiu prognosis, waz
UTun19ineldonAd 990y 90ULINVY residual disease ﬁ'méﬂaagj. n151% combination
chemotherapy 71Us2noufa8 anthracycline 1 Y1, WAy taxane 1 UL, $IUAY trastuzumab
(AC-TH regimen) (a1 pertuzumab 6’1 node positive #5 8l high risk 210 Lﬁqéﬂ'u) N30
nonanthracycline regimens fild docetaxel uae carboplatin 3941V trastuzumab (TCH regimen)
A usdueniiusaudmndu stage Il e Il HER2-positive BC fialu adjuvant w3 neoadjuvant
settings. @115V anatomic stage 1 (T1NO) HER2-positive BC n1sltipaclitaxel $211U trastuzumab
Afumadenluuuy de-escalated option 7.

IivaneenAdefidne nsld adjuvant trastuzumab-based therapy lTuszeziiand
ounin 12 ieu d 1wy early-stage, HER2-positive BC. 1uiddamaniilduansin nislinnssnvuy
12 \ifou @saan recurrence risk laAnidntios daieufiumsideluszeznaniidunia (- vie
6-Fow). e, naguadulunnsgiu Aensld trastuzumab-based treatment Lutiaunu 12
wou, luvasidieafufiifuiivensutui lumsldounu 12 Weuty Uslenifntundansiiu 6
woulsnluuar dldunddn,

NNSUYILLIANVBY anti-HER2 therapy @115U adjuvant treatment A28n151% neratinib
Fisundsnléld trastuzumab \Wunan 1 Y5sudesuds o1atiean Ten1@wes tumor recurrence.
n151% neratinib Iuﬂﬁﬁ node-positive, HR-positive/HER2-positive BC, I@ULQW’]gr}:\!’ﬁﬁ > 4 node-
positive, fEunNTNYEe trastuzumab-based therapy 31L&7, Adumadensunis. galyifiveya
M9soves M3l neratinib Tugiavsunssnue pertuzumab-based therapy e #&s1n
$hwdne T-DM1 Tunsdifidl residual disease.

1uﬁ‘ﬁlﬁ residual invasive HER2-positive BC #8331nlA5U neoadjuvant systemic
therapy, N5l4 adjuvant T-DM1 therapy @13150a9 risk of recurrence laeg1aunn, laedl absolute
benefit 494 risk reduction g 8% ~12%. vuiugruvesdeyavard, msld T-DM1 dwiugtaed
residual invasive cancer NM8¥AIAINATIY neoadjuvant therapy ®78 trastuzumab-based
regimens, Inadl w3oliil pertuzumab, ﬁLfJuﬁﬁﬁQﬂLLuzﬁﬂﬁﬂizﬁm ﬁﬂaaﬁiﬁﬁ

pCR NS anti-HER2-based therapy A25lA5U adjuvant trastuzumab #3®
trastuzumab  $3UAU pertuzumab  auTagldsunTly neoadjuvant regimen Suihduluma
Fuupiilutagty; egslsin, Asdidulomaiiasdinisfnuiseseluileusuanududuresnis
Snwnlvianasnen (de-escalation).

Tuewan, wuInnisdfivanududuvesnisinuw (escalation strategies) Tu  early-
stage HER2-positive BC 819iin15naaauelungy augmented anti-HER2 drugs, 14U tucatinib wae
trastuzumab deruxtecan, Wageilvisie, 1y CDK4/6 inhibitors idudu. vhdeidungyuaddy Aens
whluSdaidadudagmuaznensallsalid wu n1stlostu CNS metastases.
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AUNE18 0 TULLINIS de-escalation AEANWIMIUNUIN AN § VB9 tumors Lagunun

294 microenvironment, WuAgIRUNsIEUsElEwUaN circulating biomarkers, 1Weagyinuy pCR

LAY DFS M1AUNN A8 8 WALa8.

Tugaa 30 Yvesnisideuazauirvilunvufus lauasu HER2-positive BC 910013
Julsandnensaluenan nareidusglunqulsaniinensalfivign, nednisiisuwaznismieiniu
Tudnsfreudiaii. agnslsiany, nsld anti-HER2 regimens 51Aunesnn, Aunaiuny, wazdudou

Jasensesnnuaulaludagiu Ysunmsshwlidianududuluddndudoslasu

Yoin135nlugimiasiilaslngldeustos.

LALANANULIUUUY

M990 1. LLm‘vmmi@LLa%Jﬂm early-stage HER2-Positive Breast Cancer gl Escalation wag

De-escalation StrategiesG)

Clinical Stage

Initial Treatment

Pathologic Stage

De-escalation Strategy

Escalation Strategy

Recommendation

Stage | Surgery PT1aNO No systemic therapy =
cT1NO pT1b-cNO 12 weeks Tp + H to 1 year —
Polychemotherapy =
+ shorter duration
(6 months) H
Stage Il Neoadjuvant Rx pCR Complete 1-year H —
cT2-3NO polychemotherapy (+ P if given)
cT0-2N1 +H (+ Pif node+) Residual — T-DM1 X 14 cycles
disease
Stage Il Neoadjuvant Rx pCR Complete 1-year H —
cT3N1 polychemotherapy +P
bl (g +H+P Residual - T-DM1 X 14 cycles
cT(any) N2-3 I
Stage II-1ll surgery first | Neoadjuvant Rx pT2-3NO — Polychemotherapy
recommended; + 1-year H
if surgery performed first, N+ ER+ — Polychemotherapy
then adjuvant Rx +1-yearH + P
or followed by N for 1 year
N+ ER- — Polychemotherapy
+H+P

Abbreviations: C, carboplatin; ER, estrogen receptor; H, trastuzumab; N, neratinib; P, pertuzumab; polychemotherapy, anthracycline/taxane or taxane

based with at least two cytotoxic drugs; pCR, pathologic complete response; Rx, treatment; Tc, docetaxel; T-DM1, trastuzumab emtansine; Tp,

paclitaxel.
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(Neoadjuvant therapy in Triple Negative Breast Cancer)
SNYM INBINOWS

uviSauduy  Triple Negative (TNBC) IhuAuzi S estrogen receptor (ER)/
progesterone receptor (PR) ag HER2 Wuau 31nnsnsI3me immunohistochemical stain wag/
Ve ISH HER2 @ daudu uvidadunfiinensallsafiugninusidaduuia ER+ 3o HER2 + Tng
Tufthefduuzdasuy TNBC seozusn Tlonavesnanduludifigendn muisdnanissendind
aniuziSadnuuein ER+ w30 HER-2 + aghedmian  1iesann TNBC lifl ER/ PR w30 HER2 ¥l
ns¥numdnvesiiewanife chemotherapy Bsfuiifiheagldsunssnuiaiunsuauysaiud:
fe anthracycline-taxane uéaftn flheduniaissdnimndududinielu 3-5 9 uasilugns
Fedinluitan ¥ fae TNBC fianudusiusiunisil germline BRCA mutationls¥esas 9-159 uag
fimnumainuanslu molecular landscape Tngannns@ne1 gene expression profiling Yoaugi3aen
Wi wu31 TNBC dwilvie) § intrinsic subtype ¥iin basal-like subtype®® &dlunisfinwndfiniinlng
Lehman uag Burstein®® amunsadnidundueenlédnuaenguiiiienuunnsetusisluud behavior
gedlsn  sulufsnsmevauesionisinw  uasdidununisidsuudasiifiuualiiienndy
actionable targets Gﬁﬂiaiﬂ,ﬂﬁﬂ immune signature Y99uzl59 Wa¥ tumor microenvironment ﬁ
wludnis¥nwadie immunotherapy Tu TNBC

Principle of neoadjuvant systemic treatment in breast cancer

Neoadjuvant 730 Pre-operative systemic treatment AoNSLANISSAWIAIEEIADUNNS
mLefeunSseen TasingusrasdndnlusindeifioidunisilifouuziSeiifivualngjifundi
wrdnldiauysal (inoperable breast cancer) lifluunaiéinas (downsizing) wievilfanunsanag
oonldnun uaz/v3e wevielwiUrsanunsardauuuiusnudiualile (breast conservation
surgery)® 1 uana1nd nslienneumswidn WunisnegeuaalwewziSwenissnwdu q (in
vivo sensitivity) Fdluszezuds leiinnsldnisnevauesiosdinanlunmsineiisediedmdenaiia
wwltuasdu active drug Lile11gn1539e randomized trial 15i32%u fregraveanisidednuas
Aanan i -SPY2h 12 Pudu

N3l neoadjuvant chemotherapy dlewseuiieuiunisTy post-operative adjuvant
chemotherapy Winalunsinunsvezemfiliuansnaty  Meta-analysis Tne Early Breast Cancer
Trialist’s Collaborative Group (EBCTCG) 37U3N15AN®Y randomized controlled trial 10
msfniiFoudiou neoadjuvant chemotherapy AU adjuvant chemotherapy Lags18IIUNANTT
fasudl 15 U wudlifiaonuuansnslunisifin distant recurrence, breast cancer mortality wae
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all- -cause mortality® faiu Iuﬁﬂﬂﬁu Jeuunlinnaziansannislyd neoadjuvant chemotherapy

1%

wnvu Inerawzluseiiddeustvosnsli adjuvant chemotherapy AEUA
ﬂ’muﬁﬁﬁmﬂaﬂ Pathologic complete response TunziSaduy

TS UAULLAAY subtype Jn1SMRUAURIRDATTI neoadjuvant systemic treatment
filsiwloutu wuingUae TNBC uay HER2+ nnsnevaussuuvanysel Aeliflseelsmndensludn
uy (8nL3 i situ carcinoma) wazluseniindedldsnus (pathologic complete response (PCR)
segnadvind mmw luminal ER+ tumor 88199 nLau mauamﬂ CTNeoBC Pooled analysis 7
Ar1gsitayarUien1nndn 10000 518 tae Cortazar kagAmie Wuin ba pCR Sauaz 18 vaeiUae
Hanun mnwenauedavesusiiaduy wu pCR Sevaz 7-16 Tu ER+/HER2 - wardesas 18 lu
ER+/HER2+ filéianne chemotherapy, pCR QQ%uLﬁu Youay 30 Tu ER+/HER2+ il¢ trastuzumab
39U chemotherapy, Tunsalves HER2 +/ ER+ filsanie chemotherapy e pCR Sowag 30 ue
mnldis chemotherapy/ trastuzumab aglé pCR fs3oeaz 50 @UTNBC 1 pCR Sovay 3319

faya91nn13An1 neoadjuvant treatment anen1sfiny1 Yadlufianiadsadtuiy
Bjjﬂ?&lﬁ‘llﬁ Pathologic complete response %ﬁmsﬂé’uLﬂu%;wﬁﬁaaﬂdma;uﬁ'é’ﬂmﬁa residual
tumor wag pCR (Hutaduddniifiainuduiusiu long term outcome Tngtanizdmsu HER-2
enriched waz TNBC " 1y pooled analysis 91901 WUId 115U TNBC ilet pCR & hazard ratio
P84 event-free survival 0.24 (95% Cl 0.18-0.33), HR overall survival 0.16 (95%Cl 0.11-0.25) ﬁﬂﬁ?u
PCR F99n3118u surrogate marker d13U long-term outcome wazgnldidu endpoint GAEREE
neoadjuvant trials nsAnwIdelussuznawes TNBC '«Ni‘wmwmmmﬂumimemwmimauauaa
WUU pCR 11T LaZBIAN13IMTLATEVBIENSFaIENAEaNsUNSlY pCR WU endpoint ek
Tun1519 accelerated approval vossnlnuningd pCR mawummwawmmmamiﬂ,m wazvinlv
A duluseaus Nty

fi9u391 TNBC agmauauadlafsie chemotherapy Ingianizsiognsen anthracycline
Lae taxane devinlsiil pCR Ie¥ouay 30-40 usluseflails’ pCR fausiAeuazyuasunsdiu Adansd]

21518 Jathluguunfin

nsnaudugigatuiu Usingnisaldsnaaiienda triple negative paradox
Tun1sidenn1ssnen neoadjuvant 7 tailor muAnaNURveRTaRNISWINTY Wenisnazliila pCR
718903171514 chemotherapy gmse1 anthracycline wag taxane dsdniduninsgiudn fdadu 3ad
o < a [ v . 1 A 1 = a v Y a
Anudnduiisewinanudila genomic background A3139was TNBC tiedaglun1sAinuidelviin

Useloviigaan
Molecular heterogeneity of triple negative tumor

9711 DNA microarray-based gene expression profiling (GEP) wu11 @uluejues TNBC
928l profile ﬁaaﬂumﬁmaa basal-like molecular subtype pg1alsin ‘171’;\‘1 TNBC gy Basal-like
tumor  tllléivioutuiiiies wuirderas 50-75 ves TNBC ey Basal-like tumor wazluma
ndufu lusefid GEP Whldfu basal-like Sovay 75-80 wloffay IHC 9zlu triple negative % 20
basal-like tumor ﬁ?u%ﬁ expression U84 marker 984 basal epithelial cell lawna Cytokeratin 5, 14,
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17 uag EGFR d@uluajagdl p53 mutation wag Rb loss 51168 %aﬁﬂﬁmﬁqmjuﬁﬁ proliferation
rate firouinsgs uonani Sellaudiniusify BRCAL mutation feds BRCAL ifuBuiiRendesty
DNA repair dudswaliill genetic instability 39U aneuploidy, chromosomal changes,
translocations ua losses TsnmantARnanilfinluguumnsinm fagldnarioly

uoN31n classification M intrinsic subtype A8 PAM50 a2 Lehmann wagagy 16
n13@nY1 molecular landscape 984 triple negative breast cancer #e GEP s wagnu
ansadanguvesuzisalalu 6 nquauwuuLRUNsuanIanYaIusne) laud basal-like 2 nqu Ao
BL-1 uag BL-2, immunomodulatory subtype (IM), mesenchymal stem-like subtype (MSL),
mesenchymal subtype (M),uaz luminal androgen receptor (LAR)® %ﬂmﬁﬂﬂ’sjmad Lehmann
i wuiansanmmnsiin pcR Tauiugininnisld PAMS0 Tnesresunsiia pCR qaﬁqmlu BL-
1 (Gowaz 5207 asioan TniTenguiedtunudt subtype MSL wag IM Uhazinainnsdidl tumor
~associated stromal cells Ti mesenchymal subtype wag tumor infiltrating lymphocytes (TILs)
Tu BL 1nnnan 39ladinag refined idsua 4 subtypes luaanseun laun BL-1, BL-2, M wag LAR"®
Fauenuileanaruuansislunisiin pCR wé 84l pattern gasmndudiug histopathology way
molecular aberration #isnsfuludneae

Tugranfeddiu dn3dednngu Tdangu TNBC 11 RNA waz DNA profiling aaniiu
4 subtype WU lauA BL immune suppressed (BLIS) , BL lymphocyte activated (BLIA),
Mesenchymal waz LAR® Fsazifiuléin ¥4 2 classification W89 Burnstein wag Lehmann 1 Sl
srluimdlouiuiiies wininnuedieadsiuegtne Usuendt TNBC fianuvainvatedudeu uax
awﬁﬂﬂgimsﬁﬂmmﬁiéﬁmaaﬂLLUU‘LﬁLSﬂ’ﬁUﬂﬁLﬂﬁﬂuLLUaa%aqLwiaz subtype 1 o léTy

§ WU Lehmann classification 1 ngy BL-1 g enriched sheBufiiedesiu DNA
damage response Way cell-cycle regulation $auAuil TP53 mutations 15&3&, 11 gain/ampilifications
93 MYC, CDK6 %39 CCNE1uaxdl deletions %89 BRCA2, PTEN, MDM2 kax RB1 nguilil response
#o chemotherapy laas lngtaniziuengy platinum d@msu BL-2 subtype sefifuiifeadostu
growth factor signaling Wag metabolic pathway activity LW EGFR tag MET Wua1il response 619
chemotherapy 14iftin @ mesenchymal subtype & gene profiles Fdetasiucell motility,
differentiation waz epithelial mesenchymal transition (EMT) wazfawu enrichment Tuduf
Aendosiu angiogenesis- Wag stem cell-associated genes, 37uAU low claudin expression Lag
PIK3CA/PTEN/AKT dysregulation fia81998¢ TNBC il mesenchymal Ao metaplastic carcinoma
Wudu Iu%mzﬁ LAR & pattern ¥84 luminal tissue expression (e.g., high levels of FOXA1, GATAS3,
SPEDF, and XBP1), s3nu elevated mRNA and protein levels of AR ﬂ?juﬁﬁﬂmuﬂéjwﬂﬁﬂ
Luminal A-B tumor %84 intrinsic subtype na@1A® & mutations Ue9 PIK3CA (55%), KMT2C (19%),
CDH1 (13%), NF1 (13%), and AKT1 (13%) i response #@ chemnotherapy laifitin @ @ufitnaula
11 T188x108AUY Mesenchymal taz LAR subtype 999 Lehmann ﬁju WAllauAUYOe Burstein 11n
duBn 2 nquie BLIS uaz BLIA Suazuand1sluths Tnevnudu BLIS wudndl downregulation of B
cell, T cell uag natural killer cell immune-regulating pathways taz cytokine pathways Wagil

low expression U8 molecule #i control antigen presentation, immune cell differentiation
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Tuvusd BUA 1 upregulation 489 Immune regulation pathways ‘ﬁm‘U@&l B cell, T cell, wag
natural killer cell functions, wag activation of STAT transcription ﬂfjuﬁﬁ prognosis AUT1A ©
DauginagdimsAnwdedniia molecular heterogeneity vas TNBC oy U9 nsunun
UszgnilinsnddnAdsasdidedin ogslsfinu deyailsan MilmAsuunaalunsidonldondmiu
TNBC ldunnau lainasifunnslden anti-andogen +/- CDK4/6 inhibitors %13 PIK3CA inhibitors 1
nauidu LAR msldenlungu immune checkpoint inhibitor Tunguidu BLIA nsld PARP
inhibitors Iuﬂzﬂ:mﬁﬁ DNA repair deficiency fi9n9An91n BRCA mutation %38 HRD aulufanisld
antibody-drug-conjugate #® surface molecule 131 Trop-2 #se LIV1 (Jusu

Neoadjuvant treatment Tu triple negative breast cancer

793189710 meta-analysis 71 uanslsfiudngUae TNBC 7 18 pCR ndsa1nld 3u
neoadjuvant chemotherapy fin1snennsailsadifuin nanafe flentameainvialsalduinis
Yoz 90 wAvnwae residual tumor vzillenadilsnasnduidugnliddesay 3040 Vil
neoadjuvant chemotherapy 9atd un1adanlugy wﬂq'mﬁyuaﬂ WM 931001911 adjuvant
chemotherapy MenaIN1sHIAn  Iaeegnsunsgu i doxorubicin/ cyclophosphamide (AC)
AIUAIY taxane %uﬂuqmmﬁ'ﬁﬁﬂ’ayjah adjuvant setting 71@1u13508n breast cancer-related
mortality laUszanas 1 Tu 3 wasdeldidu neoadjuvant therapy a@unsalsf pCR 1§ Sosaz 30-
4411529 Gomivpdl Faflenameneufiagianinisli necadjuvant therapy flannsnuiudngnig
fin pCR Irfgetulagondedayania molecular 189 TNBC Tnsaianirinasthlgdnanissendniia
funinagii

I. Role of platinum agents wae biological rationale

Germline BRCA1/2 mutation wulsilu ¥esag 15-20 wesrtias TNBC &3 BRCA 1/2 1y
gene fiflunuvlunisgeuusy double strand break w83 DNA (DSB repain émenalnues
homologous recombination (HR) Fadu error-free DSB repair WazyiNlAL genomic stability nnelu
wad® n1sil germline BRCA mutation vilAAAN1E Homologous recombination deficiency
(HRD) wona1nii M3iinnae Somatic mutation ve1 BRCA 1/2 138 epigenetic changes TiAgatos
ffu Homologous recombination machinery 1@ RAD51, PALB2, ATR, CHK1, WEE1 fio1avilsiiin
Homologous recombination deficiency Lt Fi3un31 “BRCAness”

g1nay platinum a1u1399uiu DNA 978 covalent bonding wagiiin DNA-platinum
adducts ¥ intra-strand uae inter-strand crosslinks Favilshiin single strand break ILa¢ double
strand break mzdnanifetedunsuilugenalnves homologous recombination %3 non-
homologous end-joining Inefl BRCA gene Sunuimddalunssuiunisianans wadidl BRCA
mutation 3sliianansadeunys damage MiAnTulduaziludnsmevoasadludian fedu fe
rationale fanan Fsfinsmnaeumsliinauilu necadjuvant setting lun153desia phase 2 ua
phase 3 fsagUlu m319d 1
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a1574fi 1 Platinum-based neoadjuvant clinical trials phase 2-3

Trial hase ‘ N Regimen pCR ‘ P value ‘
GeparSixto * 2 296 P-liposomal Dox - Bev 36.9 0.005
P-Cb-liposomal Dox - Bev 53.2 (ypTONO)
CALGB 40603 2 443 P—> ddAC(+ Bev) 44 0.0018
2x2 P-Cb—> ddAC(+ Bev) 60
GEICAM 2006-03%" 2 94 EC2> D 30 0.61
(basal-like) EC—> D-Cb 35
WSG-ADAT-TN® 2 324 Nab-Pac-Gem 28.7 0.002
Nab-Pac-Cb 459
UMIN000003355%” 2 75 P—> CEF 26.3 0.003
P-Cb—> CEF 61.2
Zhang®™” 2 91 E-P 18.6 0.024
Cb-Pac 432
BrighTNess®” 3 634 P>AC 31 0.001
P-Cb-V =AC 53
P-Cb =AC 58
GeparOcto 2 3 403 ddE=> P 2C 485 0.584
P-Cb- liposomal Dox 51.7

1R8NNI ELUNU’JEJ high risk TNBC gt neoadjuvant chemotherapy 7if carboplatin
39117V taxane Wag anthracycline- contalnlng regimen 9 pCR wawu nINa umummlm
carboplatin IﬂaLawwv’[,umiﬂﬂwmﬂammumuuimu cyclophosphamide Lﬂuaaﬂﬂivﬂau 18 pCR
ALLN mJ UINT 08T 22-39 115U non- carboplatin WJuseway 53-60 LaJ il platinum FUAY
nsAnwduluglu phase 2 agslsinm miﬂﬂmmamlmlmaﬂqummawqwmmmemﬁ,u
11 survival outcome l3i719¢10u disease-free survival n39 overall survival w9 i L U
carboplatin isusunguaiuau Sifies 2 MsAnwuiniufidsenudand s s GeparSixto uax
CALGB 40603 Tu CALGB 40603 3-year DFS ¥a3nguillé carboplatin ag#ifovas 76.5 figuiu
71.6 Tuﬂq'mm’mﬂuﬁlim'ﬁ carboplatin (HR 0.84, 95% confidence interval (Cl) 0.58-1.22, p 0.36)
Way 3-year OS Sowag 81.9 IisunvU 84.6 mua1aU (HR 1.5, 95% Cl 0.74-1.79, p 0.53)%% &1
GeparSixto $1841U 3-year DFS ﬁqqsﬁuﬂizmm%aas 10 "Lundmﬁﬁ carboplatin (HR, 0.55; 95% Cl,
0.32-0.95; P=.03)% GLuﬁumzﬁ' BrishTNess galulasnearu survival outcome

Poggio WazAMy AU Meta-analysis 989 platinum-based neoadjuvant
chemotherapy TngfiAsnzsinasn 9 RCT wuinaunsauiin pCR lé¥osay 15 (absolute increase
910 Sowaz 37 \Ju 52) Tnglaifaruuansiiclu EFS waz 0s® wenmfloninnis@nwiiladauds &
ﬁmsﬁﬂmé‘nwmamuﬁﬁwé’qﬁwLﬁuagﬁ’q phase 2 uaz 3 ﬁgqﬁl,ﬁaﬂgaﬂuwmmm platinum taz/
%38 taxane faly

agalsfinu fawdinasiiia Platinum 1Wluluansen neoadjuvant chemotherapy azidiu
pCR wiluvauziieaiu nathafisaninnssnwnauguiu lnganig hematologic toxicity laenu
grade 3/ 4 neutropenia 9388y 53 Wiguiu 37.8 Iuﬂﬁjmmﬁ carboplatin tag il carboplatin
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AU (OR 3.19, 95% CI 1.55-6.54, p 0.002), WU grade 3/ 4 anemia Jevaz 10.8 Tunguills
carboplatin Lisuriu $osaz 0.4 lunguiiliifl carboplatin (OR 15; 95% Cl, 4.86 -46.3 ; P < 0.001)*”

BRCA waz Homologous recombination deficiency status Afun1saauauassa Platinum-
based chemotherapy

1{losan BRCA mutation fianuiAsidestu defect lu DNA damage repair uay

platinum 11l%Aa DNA double strand break @3#ese1#y BRCA 1/2 mediated homologous
. . =2 & A 1 [ 1d . . 1 [y
recombination Fadunuraulainazainsald ¢BRCA WU potential predictor fan1snouaUIiy

' Waz GeparSixto®® Aladn1ssesuransfinely

platinum lauseli ieenis@ny) BrighTNess®!
faefil gBRCA Befidnautoray 14.5 uay 17.2 vesitheviavn nudidu wuhlnesiuuds gl
9BRCA mutation wigld NAC #e platinum-based a¢ld pCR figstuludndufiunnningiiil gBRCA
(91971 2) InedifUr0i5l gBRCA a5dl pCR #1g9n3n non-gBRCA laiinaxlsl platinum videlsifinu uaz
Amilawdinisly carboplatin il TNBC 717 gBRCA lallél pCR Lﬁwﬁumﬂﬁfﬂmwﬂmﬁﬁmmjm DNA
damaging agent agjéj’sﬂuqmmméf% 19 cyclophosphamide %38 anthracycline sﬁqmﬂﬁﬁauﬂaiu
1319 2 aziiuinngy gBRCA i pCR figafiadoray 40-66 lainagldentu arm Tnufmy usieenslsh
My Uoyalu metastatic settinglun1s@nw TNT naulvinansaiudiy ﬂa'nﬁamjmﬁﬁ oBRCA il
\Wisuiflsunisrevauedse carboplatin iy docetaxel wuiauldiisl gBRCA wield carboplatin

¢31 response oway 68 Wieuiy 33.3 lunguiilsl docetaxel (p 0,003)°” TuvaueAiaul {7l gBRCA
mutation lifiruuansnavenisneuauedsyning carboplatin 130 docetaxel Fefanshifidnodune

TwmglanisnevauesFawanseiuly metastatic uay early stage setting

A15797 2 Pathologic complete response 14 BRCA mutational status teg HRD score Tu
TNBC

Rx arm pCR in BRCA wt (N) pCR in gBRCA (N) pCR in HRD-low pCR in HRD-high
(N) (N)

GeparSixto Cbarm 55% (66/120) 65.4% (17/26) 29.6% (7/27) 63.5% (46/74)

Non-Cb arm 36.4%(44/121) 66.7% (16/24) 20% (6/30) 33.9% (21/62)

p=0.004 P=0.92 P=0.54 P=0.001

BrighTNess | V+Cb arm 53% (42/270) 57% (26/46)

Cbarm 59% (80/136) 50% (12/24) NA NA

Non-Cb arm 29% (40/136) 41% (9/22)
PrECOG Cb+ Gem+ 33% (20/61) 56% (9/16) 20% (3/15) 66% (33/50)
0105 Iniparib
GeparOLA Olaparib 56% (13/23) 57.7% (15/26) NA NA

arm 40% (6/15) 83% (10/12)

Cb arm

Wt: wild-type, mt: mutant, HRD: homologous recombination deficiency, Cb: carboplatin, V: veliparib, Gem: gem mcitabine, OLA:

olaparib (adapted from Garufi et aI(BS))
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wBNA1N germline BRCA mutation status filgsunis explore WeraAINIsIEUALSY
#o platinum u&3  homologous recombination deficiency status (HRD) fiduBniadendadil
nsanw Tun15398 GeparSixto 10d exploratory analysis Lﬁa@ﬁaﬁmﬁmﬁuéﬁQﬂﬁwa JCEGRMRPR
I HRD status Ieludesas 61 vestheiidrsiunsisds (193 11e) lnefimun HRD Aol HRD
score > 42 Way/v3e I BRCA mutation Tu tumor #3denuingthesesay 70 (136 u 193518) 4
homologous recombination deficiency LLazwudﬂﬂEjuﬁ,ﬁﬁ hish HRD score Wilol#i¥u carboplatin
52U paclitaxel-liposomal doxorubicin ¢ pCR WinTuann Sevay 33.9 (no carboplatin) Wusee
av 63.5 (I carboplatin) luvauzfigtaefifu low HRD score pCR ifintufisndniionainfosay 20
29,6 Telli et al 91897 pooled analysis vosdoyalugtae TNBC 7l HRD fidsamanuide
phase 2 31U 165 37 i3y neoadjuvant platinum-based regimen WU’hﬁEﬂ’JEJ%E]EJaz 63 1Ju
homologous recombination deficient (14 definition 2196114) %ﬂﬂa"uﬁﬁ pCR N84 Sowaz 44
e $esay 8 7 14T HRD (p< 0.001) "

Sy doyadneiu Usdi1 HRD status enaaiiu marker fitaeninagias TNBCTDR
15U3318J%‘1J€ﬂﬂneoadjuvant treatment Ay DNA damaging treatment L%y platinum 19 usagals
Amu N1391599 HRD status Tuilagtu deliildldogrsunswaneiin Jseradudediinvesnisuszyndld
N19AaHA @2 germline BRCA mutation tu Tallgselewidfisannnsly neoadjuvant carboplatin
whlsdn  wasfimsmouaussfisie DNA damaging agents Bulufiu Qﬂaaﬁlé’ﬂiﬂmﬁmﬂ
neoadjuvant platinum ﬂé’ULfJuﬂzjmﬁLfJu BRCA wildtype 1110171

Il. Role of PARP inhibitor

Poly ADP-ribose polymerases enzymes (PARP) 0 un aq'm nuclear enzyme 7 %9y
maintain genomic stability Teadineiifiunumadfaléun PARP-1 Ssanunsaduiu damaged
DNA lagiany single strand break (SSB) waw induced 1ifin recruitment 89 DNA repair protein
1914 DNA polymerase, DNA ligase lll, wag X-ray cross-complementing protein 1 (XRCC1) Wi
uiila SSB lesions T M5l PARP inhibitor asvhliAnns trap PARP U DNA 713 SSB wawvilailsl
anansngouugy SSB 1 duhlug stalling ves replication fork way DSB luflgn Fsluiwadiil BRCA
vauUn@agdiauanns homologous recombination fiwdly DSB 16 (gﬂﬁ 3) Falyiaunsavilely
\aa7isl BRCA mutation #38a19% HRD wavsidendesiuldnalnues non-homologous
end joining Fas8u error-prone system ﬁﬁﬂﬂgj genomic instability i n158UST PARP fagen
Tuwadsnaniwildiinnismeveseadiy LLazL%ﬂUﬁﬂgmiaﬁf’h synthetic lethality'™” uag
1hlug concept ¥83n1533881 PARP inhibitors Tusiz13s715] BRCA mutation @s37aifis TNBC 7151 HRD
laungeme

PARP inhibitors fiunuimlun1ssnwusi s unszerunsnszatedisl cermline BRCA
mutation 719 TNBC wae ER+HER2-91nNaN1sAne @ aee olaparib, talazoparib Wag veliparib Wu21
PFS gn1unufusauiasnsintsnevauasdesndaulunguiilasu PARP inhibitors iileifiaufiu s
Prdadni e Fafu PARP inhibitors 3ai{u potential strategy 7i1naulalu neoadjuvant
setting 71 9zataTun193nIRLs AU Tai oLty pCR Tu TNBC wagsnevguives synthetic
lethality 4198 ns@nwidanlngj3dld PARP-inhibitor $2uifu carboplatin faasulu ansnedl 3
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A15199 3 PARP-inhibitors -based neoadjuvant clinical trials phase 2-3 in TNBC
Phase N TNBC PARP inhibitors

Treatment pCR P value

(n total) TNBC
I-SPY 1Y 2 116 Veliparib P-V-Cb = AC 51%* NR
P> AC 26%*
BrighTNess(S” 3 634 Veliparib A: V-Cb-P QAC 53% 0.36 (A vs B)
B: Cb-P DAC 58% <0.001 (A vs
C:P DAC 31% )
GeparOLA“Y 2 77 Olaparib P-O = EC 56% NR
(106 HRD) P-Cb = EC 59.3% (non-
comparative)
TALAY) 2 15 Talazoparib Talazoparib 45% NA
(20 gBRCA) (no chemoRXx)
NEOTALA®?Y 2 61 gBRCA Talazoparib Talazoparib 49.2% NA
(no chemoRXx) (ITT)

*Estimated probability rate

PNNsAnw 1FSPYI Fadunisfneuuy phase 2 nedeusn veliparib S
carboplatin+ paclitaxel kIR AC WUl posterior probability Seeaz 88 fglrailunis
390 phase 3 1neil estimated pCR $ovay 517 athlugnsdnun BrightTNess 8431 nguauAuy
paclitaxel > AC d@unguneaedl 2 ngu A paclitaxel-carboplatin > AC wag Veliparib-
paclitaxel-carboplatin =AC wamiﬁﬂmwuimdwmmﬂgﬂ 2 nau lgl pCR7wendn paclitaxel>
AC®Y Fouay 53-58 1lnuiy fevar 31 (Asn9dl 3) sgdlsfioy qualleudn pCR Adiudulusis 2 ngu
nnaos thasfunaves carboplatin 11nndn veliparib iflosain pcR luts 2 naulndiAesiuuin (See
a¥ 53 (VCOP) ilgufiu 58 (CbP) Aaufinaglaild design siflewFauifisundumanossia 2 ngufa
fodu enananlédn BrighTNess lalanansefuduuselemives neoadjuvant veliparib Aield
unselected TNBC 1@ Tumnanduiu unisBuduunumues carboplatin lugUse TNBC @
nat1aAssueansiny Tunguiild carboplatin W 2 ﬂamvawumqﬂaummm Taefinsidia
veliparib lailgfinathafesdisnsluannguiifiud carboplatin = AC

N135ANY1 GeparOLA Ju phase 2, randomized, non-comparative trial sz
Olaparib wag carboplatin Tu UgLSAEUNAT HER2 negative taz HRD (lein 3 tBRCA1/2 mutation
%39 gBRCA 1/2 mutation wag/%3e high HRD score (Myriad myCh0|ce HRD ) Fudlunns enriched
mmamw%mﬂiﬂmumﬂ platinum wag PARP inhihitors miﬂﬂmumamﬂmaq veliparib asefidu
n139 effect ¥4 PARP inhibitor wmewﬂﬂluam taxane 2 AC lnglala combined fiu carboplatin
nan13An®INUI T total population 7iste ER+ve waz TNBC pCR wle’ﬂuﬂau olapanb aamaaa“
55.1 (95%C1 44.5 -65.3, p 0,99 ) Falaifitfuddoymeada Luaamﬂmﬁwamammmuma exclude
pCR rate fitfounindeuas 55% e one-group chi2-test*® Wazdmiu secondary endpoint WU
liflnrmusndnsly pCR semienauitldl olaparib we carboplatin d@uluauldiiil tumor vide
gBRCA 1/2 mutation fwwiltiufiaglépcR ﬁgﬂﬂdﬁﬂicjmﬁ'lﬂu wildtype lainazglaen carboplatin %39
olaparib walifidudAgyn1eana LLazmﬂ@LawwiwﬁLﬁu TNBC @slunnsinuniisl TNBC 78 A a1
106 Au Anuwwaltufieiufa 413 gBRCA mutation 9dl pCR @in31 wildtype BRCA  aegnslsfinny
exploratory analysis LﬁaammLmﬂ@hwaamﬁmauauaﬂu subgroup hianunsaagulainen olaparib
3o carboplatin liinafwansnaduluniaads Lﬁaqmﬂﬁwmuﬁﬂwﬁﬁaa way A1 90% Cl find1eunn
fatf Tutlagiiudoyaes necadjuvant olaparib Fsdislaiannsauugthlildlugtaedid HRD 16
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Talazoparib \Ju PARP inhibitor ’Sﬂﬁ?ﬁlﬁﬂmamﬁa strong PARP-trapping Tun1sAne
Lﬁaﬁéfﬂuﬁﬁﬂw 20 518 il germline BRCA 1 /2 mutation wu3inslif single agent talazoparib 1
e 6 wieu tngliill chemotherapy anunsavilvisl pCR lagatia Sevar 537 wagdslaing expand
msAnwiudnly nsAnede NEOTALA WJunis@inen phase 2 e single agent talazoparib Tu
neoadjuvant setting Tuﬁﬂwﬁﬁ germline BRCA 1 /2 mutation LU LLGiﬁ‘]”lu’JuﬁﬂwLﬁu%{uLﬁu
61 518 (@ 120 T1efneusld) udiieann recruitment lﬂ‘ij’lﬂ’J’Wlﬂ?i LLau{]mmmﬂ sponsor 39
login1sanuiiunside wag oAl ASCO 20219 ms@inwnil axdndn positive wn
posterior probability 984 true pathologic CR rate unnINsesay 45 agujﬁ 0.80 WANTISANEY WU
fi pCR %ewaz 49.2 lu intentionto-treat population Fudusnaviinaulaidesindu
chemotherapy-free regimen wazlndlAsstunadilaann neoadjuvant chemotherapy p819l5 Ry
nseneil lm'mama@ué’uamagmﬁ&gﬂﬂﬁ {losanen posterior probability 7ildviiiu 0.55 Tu
evaluable population taz 0.75 Tu ITT population ualuuzineiu Mdu proof of concept trial
fiusii1 PARP inhibitor \ueniifiununlu BRCA mutation

TunduewataAss N5 PARP inhibitor Tu neoadjuvant setting @swaliitin
hematologic toxicity lige lainazillu erade 3-4 neutropenia finulgde¥osay 70 anemia Sovax
30 Faovanfutediinlunisguasethe usegslsfmudeyand Snsfessedoua mature uaz
Annunaszevendelunou uazddliuuzilWldlunsufoailluuned

a9t 4 GeparOLA trial: pCR rate 984 total trial population Wae subgroup LennU

treatment arm

Population/ Treatment Both treatment arms OLA+pac = EC Cb+Pac = EC
combined, N (%, 90% ClI) N (%, 90% ClI)
N %

Overall N= 106 N= 69 N= 37 0.99
pCR 56 (52.8%) 38 (55.1%, 44.5-65.3) 18 (48.6%; 34.3-63.2)
tBRCA1/2 mutated N= 55 N =235 N= 20
pCR 33 (60%) 21 (60%; 44.7-74.0) 12 (60%; 39.4-78.3)
tBRCA1/2 wild type N= 46 N= 30 N= 16
pCR 21 (45.7%) 15 (50%; 33.9-66.1) 6 (37.5%; 17.8-60.9)
gBRCA1/2 mutated N=59 N =41 N=18
pCR 37 (62.7%; 51.2-73.2) 25 (61%; 46.9-73.8) 12 (66.7%; 44.6-84.4)
gBRCA1/2 wildtype N= 46 N= 27 N=19
pCR 19 (41.3%; 29.0-54.5) 13 (48.1%; 31.3-65.3) 6 (31.6%; 14.7-53.0)
TNBC gBRCA1/2 mutated N= 38 N= 26 N=12
pCR 25 (65.8%; 51.2-78.4) 15 (57.7%; 39.8-74.2) 10 (83.3%; 56.2-97.0)
TNBC BRCA wildtype N= 38 N=23 N= 15
pCR 19 (50%; 35.7-64.3) 13 (56.5%; 37.5-74.2) 6 (40%; 19.1-64.0)

(Adapted ann Fasching et al, Ann Oncol. 2021(46))
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BRCA wag HRD nUN1TAIALAINISABUAUDIHD PARP Inhibitor

AILUENNITNIINE B mutation ¥o9 BRCA gene waz/m3 90173 HRD Yzl
predictive biomarkers Aiiluns3nwidie PARP inhibitors Tun1s@nunsneqfildnanunuddnedu A
Igfinsiinsiilousumnuduiussenan 1owalu 15SPY I, BrighTNess wa GeparOLA  I-SPYII
fidmnuauldiisl gBRCA mutation tee (veliparib arm 12 518, Yesaz17; nguAIuAN 2 118, Seuaz
5) usinuin veliparib/ carboplatin fAuduRiusiu pcR - lus1efifl gBRCA mutation Wlewfiauiu
wildtype (Soeay 75 Wiguiu Seva29 ; OR 7.25, p 0.006X)* dulunguaiuny osaniishuau
Auld gBRCA mutation eowann FskiaunsavinisiuTeuifisu pCR fu wildtype 16

Tu BrighTNess dauld ¢BRCA mutation Usvanaudosay 15 (93 519) wslumsdnuni
wudTlunguiisl BRCA mutation ms¥nwniiivielaidl veliparib laflduusiu pCR agrafifoddry
Meana? uanduualtadnnisil ¢BRCA mutation agld pCR qﬁmﬁaiﬁ carboplatin +/- veliparib
S0V taxane = AC (15741 2)

HRD status tHuiadeiidu combination 891158 BRCA mutation 523U BRCAness i
919924An91n defect T DNA damage response pathway duquenwileain BRCA lunisanw
phase 2 PrECOG &4l iniparib (Lu{]ﬁ]ﬁ;ﬂ’m%a’iﬂaﬂﬁﬁm direct PARP inhibitor) 594U gemcitabine-
carboplatin lufftia TNBC w3 BRCA mutation Tunsfinwiififihe BRCA mutation $osay 24 (
19 919) Waziln139539 HRD-LOH status $3ume {§398WU71 N30 BRCA mutation uuiliudusiug
ffu pCR Tigatiu Wawfisufugtaeiiu wildtype BRCA wonannil wudnftaediil BRCA wildtype 7
HRD-LOH score #iga asifunguiifl pCR igedu®

wazvean fifeyaan GeparOLA 14 entry criteria ugUlhedisl HRD 33 defined e
n153 BRCA mutation flgﬂ germline Wag somatic tumor %38 & HRD score > 42 (Myriad myChoice®
HRD) fisldnanluudluiafoves olaparib n1sAnwinudn HRD status figain BRCA mutation i

EN

1198104 germline ¥30 somatic mutation fimauduiusiu pCR ﬁﬁﬁﬂuﬁmaﬁ'uﬁié’ carboplatin
%39 olaparib (M157971 2 uaz 4)

ﬂd’nimaqﬂ n158 germline BRCA mutation tJu predictive biomarkers 493015161
pCR dlo¥nunse neoadjuvant PARP inhibitor + carboplatin IﬂamimauauaaﬁLﬁméﬁumwmmﬂ
carboplatin t§umndn @ugUae wildtype BRCA dugsldfindnguinlddselovdannisld PAr
inhibitors 8ALiuIMIANUSAUTU HRD-LOH uél streneth of evidence lalunnwafiazululdlumsg
matintutagdu

lll. Immune checkpoint inhibitors

Tneyhlu uziSasuusingnuesindu immunologically quiescent iilesann overall 3
tumor mutational burden (TMB) #in wadagdumuin subtype 7y HER2+ve waz TNBC 9zdu
um%uﬁmmdmﬁﬂu immunologically active 11nn91 subtype Bu 9 NToya TMB ﬁqa PPty
Ay tumor infiltrating lymphocytes %39 TiLs Igunnly TNBC & TiLs ‘f‘: Jonu surrogate
markers 484 immune activation® Tu TNBC 14 high TILs Wu313l survival advantages (HR = 0.82;
95% Cl, 0.76-0.88 for DFS; HR = 0.79; 95% Cl, 0.71-0.87 for OS) fidfayAe TiLs wilouazidu
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parameter fivsuandenisneuauesdinge neoadjuvant treatment i’J:LIﬁyJQ TILs density Tu residual
turnor W& neoadjuvant chemotherapy WustaeammnssonTinfintuldiufus? Uoyasan
TGCA wuilu TNBC 81 PD-L1 mRNA expression figaninuzifadnusaiindus (N=716, p< 0.001)"
warnsfl PD-L1 Saflanuduiiusiusiuam cytotoxic T lymphocytes infiltration Wiewfleufiunzisd
PD-L1 negative 3ndne) fatu TNBC Faunamidunduiimsagldvsslominnmssnudeelungy
immune checkpoint inhibitors (IC1) &3 ICI laii19zdu anti CTLA-G, Anti-PD1 %o Anti-PD-L1 9%
fudaunumaes immune checkpoints wiani uazyinlsk TILs anansn exert cytotoxicity Téaehafiud
uavdmalsususadunsdlaluian

Tuns@nwszezusnly TNBC WUIINIIABUAUDIR® monotherapy ¢ME  Immune
checkpoint inhibitor (ICl) Tu metastatic TNBC azldatn®® wsnwuind synergy sewing ICI way
chemotherapy wazi1lugaudnsalunissnen TNBC #ae combination v84 pembrolizumab uax
atezolizumab #fiu chemotherapy tdugnawuusnly KN355°Y uag Impassion 130°% sugidu
dw3ulu neoadjuvant setting in15ANw1v04 ICI AIUARYU chemotherapy fdagulilu a5797i 5

miﬁﬂmmﬁwjﬁqm Loiwn KN522 1Ju phase 3 trial usnlu neoadjuvant setting Tug{Uae
1174 5189 lngvadeunaves  pembrolizumab  ilel#samenchemotherapy  lungumunsie
paclitaxel-carboplatin muA28 AC waznain1inaglasu pembrolizumab auasu 1 Y co- primary
endpoint U84113ANYIAD pCR WAy event-free survival (EFS) SN pembrolizumab
annsouin peR Ieeehafitudfny (absolute increase $osay 13) dau EFS MiAgs1aaumas median
follow up time 15 ifieu wudilunlthiinguiild pembrolizumab a¥dl EFS fivileniinguenunu
wid G eTddoyn1aada (HR 0.63, 95 Cl 0.43-0.93, p 0.089 983 >0.000051 7y pre-specified
boundary for significance luwaiwiin)®® eenslsia Tunshesgianantull - 2564 i (nterim
analysis A¥s714) 7 median follow up time 39 iew WuALWANGBS EFS fena il HR 0.63
TngA1 p value = 0.00031 (95% confidence interval [Cl] = 0.48-0.82) 1ny 3-year event-free
survival rate Tungy pembrolizumab/chemotherapy @gjﬁ%@ﬂaz 84.5 Wieuiu 76.8 Iuﬂzju‘ﬁlvl,@f
chemotherapy alone &7 sy nsAnwiias positive luvi 2 primary endpoints AldReLs

A191911 5 Neoadjuvant Immunotherapy in TNBC

Chemotherapy Regimen Immune checkpoint PCR (%) with ICI vs EFS HR
inhibitor without ICI (95%Cl)
I-SPY 11 2 250 T AC Pembrolizumab 60% Vs 22% NA
KN-522 ©° 3 1174 Cb-T = AC Pembrolizumab 65% vs 51% 0.63
(p< 0.001) (0.43-0.93), NS
Impassion 031 3 333 Nab-Pac=> ddAC Atezolizumab 58% vs 41% 0.76
(p 0.004) (0.40-1.44)
NeoTRIPaPDL1®! 3 280 | cb-Nab-Pac Atezolizumab 44% vs 41% NR
(p 0.66)
GeparNeuvo®” 2 174 | Nab-Pac=> ddEC Durvalumab 53.4% vs 44.2% NA
(ypTONO)
(p 0.287)

62)

Adapted from Hyder et al.
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Atezolizurnab 18w ICI ndfifinns@nen phase 3 lu neoadjuvant setting T Impassion
031 14 atezolizumab ?jfsfu Nab-paclitaxel = ddAC Tuauedi NeoTRIPaPDLL 14 Nab-paclitaxel-
carboplatin Wity (anthracycline-free regimen) usiazdl AC Tndinssingn dwiu Impassion 031
co-primary endpoint Ju pCR lu intention-to-treat population way pCR Tu PD-L1+ Tuaqued
Y99 NeoTRIPaPDL1 primary endpoint \Ju EFS at 5 years d@u pCR \Ju secondary endpoint

Impassion 031 W11 atezolizumab TN pCR Tu ITT population nToay 41
Wudovay 58 (p 0.0044) uay lu PD-1 + A co- prlmary endpoint pCR Al uduieatuan
Yovaz 49 1Ju 69 urdtldfitedfayn19adn (p 0.021 Fannnin 0.0184 M significance boundary
i) subsroup v81 PD-L1 negative fils pCR mgwumﬂmﬂm atezolizumab LRIt Faa
Alaideuaonadectu KN522 lumanduifu mansAnun NeoTRIPaPDLL pCR #il§annns add
atezolizumab $2uAU paclitaxel-carboplatin ndulaiuan@199In chemotherapy Liee819LRY2
(pCR $ovay 44 (atezolizumab) Wisuriuseeaz 41 (chemotherapy alone), p 0.66)*” Aadueves
waTluansaTuTas atezolizumab luiks 2 Msdnwnfioradululdae chemotherapy backbone 4
T NeoTRIPaPDL1 talsi] anthracycline wag cyclophosphamide Tutasnousidn wasgrslsiniy
pCR U secondary endpoint 484 NeoTRIPaPDL1 @1 primary endpoint EFS v §lal mature
Fieawedl avdiseinay ey

fi8n 1 nsfnudild 10 feun1skagn 1éun GeparNeuvo 3 phase 2, randomized
trial WIsuIByU durvalumab ﬁiﬁ@:ﬁu Nab-paclitaxel = EC 38 chemotherapy Lg40e19LAE7
Iglu design wsn 8n1519% durvalumab/ placebo Lies@feInoY 2 FUnmidasy chemotherapy
$2uiU durvalumab /placebo winievdauulenidingas window period il Tng fiffihe 117 1
10 176 Teildsueludnuasidluudr pcR iy primary endpoint unsinundl svuadu
ypTONO 3392 strict niTlun1sfinwidu 9 wanmsnwimuinguiild durvalumab @ pCR $esay
53.4 \ieuiu 44.2 Tunguiidu chemotherapy Wilssagnafien (p 0.287) uivngiawiznguiilssy
window period single agent durvalumab #28( 117 518) WU’iﬁﬂchmﬁjﬁ pCR ﬁqm’jﬂaé’mﬁﬁaﬁ’lﬁm
fio $oray 61 Wieuiu 41.4, p 0.035) Jedaludmesviedidaau Wululdinenrzietostu tumor
characteristic ¥esUelu 2 HaansAnw nanfenauitldenlu window period fiszzvadsaiigs
ndenavhlifiuntsnevauedldfivy wiea19azinann immunological interaction sazl@nannly
Witenaly

uannUszansn e IC Tu pCR uda Tud1uwas longer term outcome Ao EFS Tu
KN522 fifi951891 wuinnisi neoadjuvant pembrolizumab 533U chemotherapy a@nunsasiiy
EFS agnafifadfaynnadfdeiilinanuuds luvaefives Impassion 031 fisneeuuwiliiu EFS 4
ﬁéﬁyuiuﬂdu combination ICI-chemotherapy s dslal i Tod Ayniead aluvasi 1fosarnnis
follow-up fidlereus1edy wazsuau events You Sadufiurdunuesmanis update URHGRER
Impassion 031 Fazlulufimmadiontu KN-522 wiell Sennldnauiiont strateey Burasdud
gousulunssnulaluouing

Fosriindrfyuas nsld strategy IC1 iAo immune-related events ﬁLﬁW\]’lﬂEﬂﬂﬁjmﬁ/lﬂj
Tagidu hypothyroidism (wulsl $psay 15 Wieuiu 5.7 Tu placebo arm) hypoadrenalism #3e
hypophysitis Liesa1nifuns3nuilu curative setting Famnefanainafesionaaznsznugtaeuuy
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YYIRY) ) ° ' . <& v = v a 1% s
07133l¢ Astuvinuan1sshwdalug survival outcome anvauilludpuiandiienigaslausyleviunn
Mgn 1w nauAidl LN+ (absolute pCR gain Soway 20.6 Liguiu 6.3 Tu LN-ve Tu KN522) 1Jusu

faudhdeyatresiuasduanuimmiilunssnw TNBC e IC win1sinanudnsdu

o = a Yy g oo o Aoy 1o = ' o %

wazdayannalinisideuudaseld uenani Snsdidaundldiidmeusninn wu mingdaels

pCR Falipudndunsedyi post-op ICI meaudls 1 Unseld lusiefid residual tumor nsl

adjuvant ICl aganaLlduu outcome lanaalil SudsunUmMUes adjuvant capecitabine 119g@11150)
incorporate 1 luukuN15Snwd ICI Ieognals Wudu

Biomarkers AUN1SANALANNITADUEUBIAD neoadjuvant immune checkpoint inhibitor

75l KN522 wae Impassion 031 wud1 a1l PD-LL + nsnevauestenissnemuuy
PCR fifdnguil PD-L1 negative lains¥nwnduasiiu chemotherapy egnafeavidodauiu 11 f
a3 (prognosticator) wild?l PD-L1 negative Agsld pCR mn%mﬁaﬁﬂaaﬁlﬁ%’u ICl Wisuiunis
TWichemotherapy \fiesegnadien (o PD-L11lY predictive biomarker 483 IC1) fafinulu KN522
subgroup 1 PD-L1 CPS<1 fiflansluseloviiannnisly pembrolizumab filiinsainnguil PD-L1
CPS>1 (absolute gain U84 pCR S88/8¥18.3 (PD-L1 neg) Winuiu Seeay 14.2 Tu PD-L1 +) %!ﬁazga
5LLmﬂﬁ1ﬁ%1ﬂﬁWU1u metastatic setting ﬁ@JLwﬁau PD-L1 azilu predictor Y9IN1INDUAUDIADNIG
Snweng IC) ﬁ%@uﬂaﬁlwui? tumor immune microenviroment dauAnA9AUlY early stage Way
advanced disease Tngiilu MBC W‘U’j’]ﬁ depletion ¥84 effector immune cells / stromal TIL e
WiguAu paired primary tumors)©® LLaymmmau’n early breast cancers 3¢ immunologically inert
198N Metastatic tumor mm'«aaﬁmaﬂiuawﬁmwmm IC1 717 wa m"l,m:uwuﬁﬂu PD-L1 expre55|on
1niinlalu early breast cancer uonanil mauaﬂaaﬂﬂaaﬂL%uLﬂaaﬂquﬂﬂiﬂﬂww GeparNeuvo
lmmi%mammiawm biomarkers Aeudseezite PD-L1 wag TiLs fiwudnnisil PD-L1 (Ventana
SP263 antibody) laii19¢lu tumor cells wdslu immune cells #19AiEl pCR ARnINguAliE PD-L1
winsmeuauawio durvalumab gliidsiuluis 2 nduduiy swasBenvesnisnouausdluusiay
nsAnwwenay PD-L1 Asagulu AN5197 6

A15197 6 Pathologic complete response #8 immune checkpoint inhibitors wanaIy
PD-L1 status Tu TNBC

Treatment arm PD-L1

positive rate

KN-5220% Pembro-chemo 83.7%* 68.9 % 45.4 %
Chemo alone 81.3% 54.9 % 30.3%

Impassion 031 Atezo-chemo 47 %** 69 % 48 %
Chemo alone 45 % 49 % (NS) 34 %

GeparNeuvo®’ Durva-chemo 88.5 % *** 58 % 44.4 %
Chemo alone 86.2 % 50.7% 18.2 %

*|HC 22C3 pharmDx, ** Ventana SP142,*** Ventana SP263 antibody, NS= non-significant

4onN21n PD-L1 A7 potential biomarkers 8 n@1&1%SU immunotherapy TungiS
LWULAB stromal TILs (sTILs) GeparNeuvo La3LAS13AUNUIMYBY STIL LagNUI19EAU baseline
STIL anansamauan pCR I Bs sTIL g Tonald pCR axgenu Tnglitufurdaveseniildsu Ty
ns@nwUssEduYes sTIL Wy s Aefeway 1-10, Urunans Mdunferas 11-59 uag unni Sevay
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59 §i1g) usieenalsfiniu baseline sTIL lailéidu predictor w84 pCR sloen durvalumab daduly
lufiemmadgiiutoyaves PD-LT wudrdlawdiUeluns@nuiaedl PD-L1 aedla Jogay 85 usnduil
STIL+ ieauddosay 14 Wiy (fddaruwes PD-LL + Ty GeparNeuvo Aedfoufindlu immune
cells 38 tumor cells Ails) wonanddmuitlusewinanissne sxdinsfindues intratumoral
TIL (1) Tusia 2 ngunissnw warlungaudild durvalumab nsuiisdumes ML usssrinenisinen &
AuFuW LS U pCR 7 avqedudae deauayudn durvalumab 13150 modulate immune
microenvironment Imaﬂizﬁfuiﬁ lymphocytes migrate 310 stroma W anlu tumor wagidu
indicator ¥94N13MOUAUBMD durvalumab

snuiulagnluvazd Gl biomarker AdaaulunisaamInIsnevaussie ICI T
PD-L1 ua sTIL WWunilou prognostic factor fiuaniisnismevaussienissnunintuuslyanunsald
dudadmdonnguaulddazlivszlovianeld uidosandueadanu sl uazasdd
mﬁﬁﬂmLﬁmﬁmﬁﬁ%ﬁuasﬁﬂm’m Tuewranenafinisdsustadliauiu Saasdosfinauna
nMsAnwitarees q neessenuiuesnusekl

IV. gngudue

Lﬁaqmﬂ TNBC fianuvainuaiglu molecular landscape é’fﬂﬁlé’ﬂanLLé’ﬂuﬁzﬁNﬁu
Jodu area #ifsing explore mmmm‘dﬂm‘uaﬂ TNBC auﬂuaﬂmuammiawm homotogous
recombination defect/ DNA repair defect uazi3oq |mmunolog|c manipulation ﬁziwamamuuwm
ﬂﬂﬂlmauyim fhegresuumnansidely TNBC A8anu molecular heterogeneity 1¥u PIK3/
AKT/mTOR pathway Fadundidlu pathway finuinfianuRaundlsueslu TNBC wane subtype 19
11 mesenchymal %38 luminal androgen subtypes Husu ﬁmiﬁﬂmaﬂumjm AKT inhibitors 1a1g
#lu advanced TNBC way nwuiniluszaninmidielisauduen chemotherapy W ipatasertib®
ey  capivasertib wazBudnsanuily neoadjuvant setting #1uA®  FAIRLANE  trial
(ClinicalTrials.gov: NCT02301988) Fadu randomized phase 2 trial il ipatasertib @:ﬁu weekly
paclitaxel faunsHdn FenuindidAnuuansiewes pCR ﬁqq%{uﬁﬂﬁaamhjﬁﬁaﬁﬁm uana Nt
f33in15@ne alpelisib Tuawldisl PIK3CA mutation w3e PTEN loss $aufiu chemotherapy #%©
Tunguiifu LAR fins@nwien enzalutaminde uag paclitaxel 1usu a1319#t 7 agusoens clinical
trial phase 2-3 iMdriiun1segdmIu neoadjuvant treatment Tu TNBC 910 clinicaltrials.gov
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A1574971 7 Selected active clinical trials of novel agents as a neoadjuvant treatment in

TNBC

Study/ clinical trial ID Phase

Immune checkpoint inhibitor +/- other drug class

Agents

Details

GeparDouze/NSABP B-59 3 Atezolizumab Atezolizumab/placebo+ NAC
NCT04676997 2 Camrelizumab Camrelizumab + NAC
NCT04243616 2 Cemiplimab Cemiplimab + NAC
NCT04373031 2 1. Pembrolizumab Pembrolizumab +/- IRX2 +NAC
2. IRX2 (primary cell-derived biologic: multiple
cytokines)
NCT04914390 2 1. Tislelizumab Tislelizumab + Anlotinib + NAC
2. Anlotinib (Multi TKI (VEGFR, PDGFR, c-kit))
NCT04331067 1/2 1. Nivolumab
2. Cabiralizumab (CSF1R-MADb)
NCT04418154 2 Toripalimab Toripalimab + NAC
NCT04095689 2 1. 1L12 gene therapy Pembrolizumab + IL12 gene therapy + Docetaxel
2. L-NMMA (pan-nitric oxide synthase inhibitor) > Pembrolizumab + L-NMMA + Docetaxel
3. Pembrolizumab
NCT04230109 2 1. Pembrolizumab Sacituzumab Govitecan +/- Pembrolizumab
2 Sacituzumab Govitecan
NCT02957968 2 1. Pembrolizumab DEcitabine = Pembrolizumab = NAC
2. Decitabine (HDACI)
NCT03356860 1b/2 Durvalumab NAC +/- Durvalumab
NEOPACT 2 Pembrolizumab Pembrolizumab + NAC + Pedfilgrastim
Phaon1 2 Atezolizumab Mono Atezolizumab Window = Atezo + NAC vs

Atezolizumab +NAC alone

DNA Repair pathway inhibitors

2. Olaparib
3. Durvalumab

NCT03150576 Olaparib Olaparib (2 different schedules) + carboplatin-wPac
vs Cb-wPac

NCT02032277 3 Veliparib Veliparib+carboplatin vs
Cb + pac = AC vsPac=> AC

PHOENIX DDR/Anti-PD-L1 Trial 2 1. AZD6738 (ATRI) Standard NAC vs monotherapy of 1-3

PIBK/AKT/mTOR pathways inhibitors

NCT04216472 2

Alpelisib

Alpelisib + Nab-paclitaxel after NAC anthracycline
in PIK3CA or PTEN loss

Miscellaneous

NCT04582955 Chidamide (HDAC inhibitors) Chidamide + NAC

FRV-002 2 FROL vaccine Low dose FRQ vaccine vs high dose FRQO vaccine
+/- cyclophosphamide

NCT02593175 2 Panitumumab Panitumumab + NAC

NCT02876107 2 Panitumumab NAC +/- Panitumumab

NCT03979508 2 Abemaciclib Abemaciclib after standard NAC with residual lesion
> surgery vs surgery

NCT02689427 2 Enzalutamide Enzaulatmide + paclitaxel in AR+TNBC

NAC = neoadjuvant chemotherapy, TKI= tyrosine kinase inhibitor, CFS1R = colony stimulating factor receptor, ATRi = Ataxia Telangiectasia and Rad3 related inhibitor,

FROL= folate receptor, AR = androgen receptor

Al

9

Y

Neoadjuvant therapy dnlsindunasgiunissnwigUas TNBC szezusniltndnld n1s
17 pathologic complete response ‘Uwaﬂﬁa‘wmﬂmﬁiﬂﬁﬁﬁm%’uﬁﬂwnduﬁ wazfadudomsly
mMswauiddydnde egelsiau Sildoyaliiisanefazfuduiinisld pcr azilug
survival benefit luszogenafeudindayaid ssduasdvaguiufag n1sil TNBC & molecular
heterogeneity yinlkwIn1en1sidanldendinnunainvateaiulundy wazludagdudalud
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predictive marker 7 unique Tunisnnaunuidannissnwidenanalinug dreiiuduld aanen

chemotherapy am'ﬁmm anthracycline Kag taxane mmﬂumm%m ﬂ’lﬂfﬁ immune checkpoint
inhibitor Tu unselected population 8199% fununi Taaud umﬂmmsawmuﬂiwiwuiu
survival I aufuniseensuaudeses immune-related events fia1aan135le wﬂmﬂumima
thagajslulu subtype-based iitelvils pCR ﬁqqsﬁu sapumeneluns deescalate M33nw
JUaeild pCR Lilean overtreatment uazA13 escalate M3dnwlusieilaild pCR Afinudrdny

| a ) = a ¢ . a o & o o o ° |
WA eI Y §3an1571A5189 biomarkers Tun153deman eradunguadidyii sz lug

individualized therapy ﬁﬁ“ﬁﬂuﬁqm
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