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HER2 amplification in breast cancer tissue

From:

TOP2A amplification and overexpression in
hepatocellular carcinoma tissues
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Cryo-EM structure of Her2 extracellular domain-Trastuzumab Fab-Pertuzumab

Fab complex

From

PDB ID: 60GE
Hao. Y., Yu, X., Bai. Y., McBride, HJ., Huang,
(2019) PLoS One 14: e0216095-e0216095

Using PyMOL Molecular Graphic Systern (Version
2.3.2) (Schrodinger, New York, NY, USA)
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(Structure and function of biomolecules and drug targets)
nAue UInQus:n

a = 4 = 1 U

audidiannulinlulan lidrazdu au dad i wie 9aunid fudesiigusrsdnvue

L
1% a «

uansnsfuiiedln Aduudusgneutusnanmhedesiiioninead iwadvesdsditinUsznouiuain
lutanadininnatevila 919du nsatinadsn (nucleic acids), lUsAu (proteins), A15lulainsa
(carbohydrates) uay afin (lipids) {ludu. Tuanainimmaridvszneviuiuiulaseadenisly
wad wazvhmihitlunszuiumsens 9 Adfasonsidinoguesad. miﬁ%ﬂﬁ%mwﬁawwé%
frsadinegldegnaigun ity Auegfunshuiiffiundveduanadinimmed. arufiaund
vosmvimifiveduanadinmannsaviliaelsama q Tdnnue mufdsausnsadainannms
Ww3gAulnveIgaag EAUNAMY.

Twanadinineng 9 agluwadgniinidrunlugadiiunilusfunviminduds

'
=

YuES (transporters) w3agnduasiziluneluwadlneujisennfouley (enzyme) Wusdise &

6 1 YU & = ! a ! = v a a s o v o
wulgdiduunnfdnduluanatinmlungulusfuuiondu. JUsiunnetnnieluwaddaining
Tunsguruniseing o dudugnadtuleelddeyaiugnssufigniiveglulassasavesnsafeandlsiu
19A38n n38 Adwe (deoxyribonucleic acid, DNA). dsliuisanuisanaidladn guss lassasdia
NFZUIMIITINMEN 9 waznsidinegreasadun Tusgivdayaniaiugnssulumiduetiues.,

gz Sefildfueglutlagtudinaiyressadlnefinalnnisyiaudiuandraiy
ool efifuansluanaidn (small molecule) U1suliaviliAnAuRinUnd viomnudsmeves
lasead1ensnilamdsn iy dsplatin. 1u1svlinduiuieuledogiednmizianzas wu enlungy
camptothecin Funazdadannsinauveaeuls topoisomerase | #afinnudrdaylunisasuuud
1OuLe (DNA replication). &1U19wlA 191 tamoxifen FudamsieuresihiusesTuuealnsiau
(estrogen receptor) ilwannsadudinisialyvenradusiitenisoosluuealnsiouls (Judu.
usnneiuasluanadnuda Ssflenguidulaanatiniwvunalug 1wy Herceptin Fa1du
woudvednuulalulaau (monoclonal antibody) samsaduiulaianaves HER2 (ERBB2) inlv
annsadudinisadyiulavenvadusseia HER2 vuRawadls [Wudu.

nfilananuiuas avnulainanudilalulassadaiiugiuiaznalnnisiauees
luanadinmeing q Negngluwaduaziiuwaduuainsailudanudilalunalnnsviaivesen
Feanansaldusenaunisiiansandenldeivansauls.
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(Nucleic acids are repository and transmitter of genetic information)

AsdiTiannudasauduvaiiieluaudeuyudld nsnfeandlsluianddn ude Aduie
(deoxyribonucleic acid, DNA) Tunsifiudeyaiugnssy Adueduonanagyimihfilunssuiuns
sheuvuteyamaitugnssy (ONA replication) annjugiunda dwhmiiidusunuulunszuiuns
nensWa (transcription) wiead1ansalsluinnasn w3e 01518we (ribonucleic acid, RNA) ?jq%gﬂ
illdlunsguiunisudasia (translation) erdslusiungluwadseludae

nsnilaradniduarslunqunediiirdlelnd (polynucleotide) nanfie Wunediwesves
Thealelns (nucleotides) ddlanalelndiuiidruussnoundndefuaudiy fo tiaamulna
(pentose sugar) Iulas3uaLUa (nitrogenous base) way niwedn (phosphate) (nMnUsznau
1A). hmamulnainuluindlelnsidewiafetu fo lslud (ibose) Fenuluensidue way 2-4
aondlsTua (2-deoxyribose) Fsnulufiduse.

lulnsitawa viofiSentudu q dnuaduidhesuiede Seanunsoudsldifuassngy
A9 WU (purine) wag twsllAW (pyrimidine). Luaiiiullaesuia laun azhtdu (adenine) wag Ml
(quanine) Feanunsanulgnaluiiduienazendiduie. d@rwvalwsinudauvinldun lelndu
(cytosine) ndlu (thymine) waz &31%a (uracil). walwsinuiinuluiduwe Toun leladu uas ndu
Tuvasiualwiiuiinuluedidue fe leladu uay g519a ((wUszneu 1B).

Tulassadrsvasinadlelnddu thanamulna gnidesesululasddfavadeuss
Wu-lnala@dn (N-glycosidic bond) LLEWL%@uﬁiaﬁJU%;‘JjWaﬁLWG}ﬁ’JEJWUﬁ%WEJ?IIWLEJaWIEJ%
(phosphoester bond) (nMwusznau 1A).

Purine or
pyrimidine
base

N-glycosidic bond

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

Adenine Guanine

NH> o] (0]
H3C
o Y ’ NH NH
Pyrimidines || /J\ ‘ /g | /J\
N No© N

Cytidine Thymine Uracil

s}



amusznau 1. lassa¥evesfeandlsluiiaglelnd uaz lsluiiedlelnd. (A) lassadniluves
fandlove  lnseamulnaluaniidwessdu lslua (ibose) uazlufibueanidu  2-feendlslua
(2-deoxyribose). AUAUITLANANAUTENINUINAFDTN (2) wansrddn (B) lassadsvesuanisu
wazln3difu. anusznaualaalusunsy Chem Draw (PerkinElmer Informatics) waz Adobe Illustrator.
- ' a = ¢ v v v & aa = ¢ a X @
nsieudevesiindlelndiiisiefudunedindlelndiintulaeiusseallaea
W03 (phosphodiester bond) senitenglansendanidiunis 3 vesdandlelndnis dunydan
Weamiiagfisiumiaf 5 veaiindlolnddaly (nwdsenau 2A) Fwzmuldiinistenseves 1
P~ Y] X o 9w aa =~ €Y aAa . . A v =
Indlelnatudnuael vinlianeveanediindlolnatuiifianie (directional) nd1ifie Uanemumils
aa o s A , =i a v =t N a
vodaenediindlolndaziingnedains (5-phosphate) luvasivarednaunisasiivglansenda
(3-OH).
a2 & v & a ] . =& a o v v ) a
Aduwemeluadillasiasiautuindedn (double helix) Fainanmsduliimeiuvedd
BueaRgIdDdEs. N33uAuvesRldueaesaa M iulTuegiuauT INIZI9129U8INI3
Aartusglelasiausgniravadgan lnsiuaezdilu (A) azduaiuualniu (7T) waziuaiiilu (G) zdug
Audlela@u (O). Aduweananeiaesaeiunduiulundegiisiifianisaduiu anti-paralle)
(mwUsEnau 2B, 20). AMNTLNIZIIITAeINTTUsETRIsuagauduiugud Ay vl wed
AuaudRvingdmsunmsvihuthiilunmsdanudeyaiugnssy msizanudimsianzasibinlidau
LUaveIlayaiugNITNAINITNQNEIENEAIINTUFTUINBE19YNABY.  UBNAINAIIUTINILLANLIVDN
nsiaiustlalasiuseniravadauudd Jadedidgdnegrmilantiesnwiadesnmvedasasng
\ndenAvesRduenfedunsiseniiiunin stacking interaction seninsgiuaiogfinfiululaseasng
NALIFUDIADW.
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mwdsznau 2. lassaiewadiandlalnd. (A) lassasvesaenedilindlolnalifiavig nafe Yaledu
vilsaziivynlaaimn (5-phosphate) Tuvaiivanednsnuvilsaziinglensonda (3-OH). (B) msduduves
waga sxfidunarliniiu Fegsdalunsdivesensidue) sufuseiustlelnsiousuiuassiusy Tuvmed
Miluiagleladuduiusmeiusylalasaudnuauiuse.  luanaveauanansmedauriinesaen lauwn
susudng Tulpsinuddiiu waveendiuduas Wuselelasauuansodulse. (O msdufuvesiidue
aofendulassaiandong lulnsidawavesidueusazanouanwhodinuasdvdos suddy, @
thmamulnauagvgrleainln wanafedmusiinesnon Wud a1sueuding woave¥addu wavesndioud
M. mmﬁ’nwwzLﬁnzﬁ]wmmsé’]’uﬁ’u%aaLSuLaammaLﬁﬁwé’wﬁ’uﬁuﬁua&jﬁ’ummﬁwL‘wwLﬁnmwmﬂ’mﬁm
fusglalnaiaussviavadan  Aduemeiiisosmeiinduiutuasiifemseduiy  (anti-parallel) Tu
lassashandend. amuszneualaglusunsy ChemDraw (PerkinElmer Informatics), The PyMOL
Molecular Graphics System, Version 2.5.0 (Schrodinger, LLC.), wag Adobe Illustrator.
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(Nucleic acid-targeting anti-cancer drugs)

gdnunzsmateviaiindueduluanadivineg fegragu cisplatin (Mwdsenau 3)
wazeyiusidy carboplatin waw oxaliplatin. erlunguidiodhdwadudnsgnnssdudenssuiunis
aquation yhlsiAnduluanaiilwoujizeuazannsaviufizoniululnsddavavesiiduiels © 2
UFRsedviltiAnaandemelulianavesfiduie (ONA adducts) Ingwudnenademediingu
u1nfigaldun 1,2-intrastrand d(GpG) crosslink Fa1fina1nn1svinU Ao Audiumts N7 vos
wahiuaesiumisiioginfuuuasfidue (awdsznau 38). Anudemeidmalilaseadis
vesdulefiauinUnf uazdnvanensruIumsaenuumdue siliwadliaansaifindiuiuld
unihardememariasldsumdonuen. uenanidvinaudemefiistutufiduediuni
niilagdonnsldshenssuiunstouusAiuenuunfvensad AawinmamisuhliiAnnsane
YBUBAGUUY apoptosis. iwaduzididadumadiaiyivlnedisindiiauni aeldsunanszny
mnanudsmelufidueiesnenguisnnineadund.

A HN, & aquation HN, (O

Pt Pt
HgN( g H3N( \6H2

amsznau 3. lassadrauaznalnniseangnaaes cisplatin. (A) Uffi381 aquation ¥l cisplatin fin
Julsanaiiladeufisen. (8) suuuumnudsmeludiduledinuindigaileld cisplatin laun 1,2-
intrastrand d(GpG) crosslink Fatina1nnsvinufisendusumis N7 vesivaiduassiumisiieginiuuy
aofifule. M9iAR intrastrand d(GpG) crosslink dvililassairunderduosiiduiesinnuiinundly @
mfnUnAdtnnensyuInmstesuuiisue leadliaansadudunuld. fdueuansiedi
gou warfduiiiAn intra-strand crosslink wansfednuviaozneu liun arsuoudvuy lulnsaudihdu
panBlauduns wazwaradudni (PDB: 3LPV).Y amuszneuiinlaelusunsy ChemDraw (PerkinElmer
Informatics), The PyMOL Molecular Graphics System, Version 2.5.0 (Schrodinger, LLC.), wag Adobe

Wustrator.



g1dnnguuilsnifdueduluanadminglduietlungs intercalator d9azaonunsn
dilululassaiandenduesidue Taounsnidlussrinadiua degswaselunguil WWudelunga
anthracycline 1% doxorubicin wagouius 1Judu (n1wdsznau 4 n1sduvesarslungy
intercalator d9ililassadrsvasiiduiofininufinund uazdavananisiiaiuvesioulesd DNA
topoisomerase ¥il#nsEUIUNTAR-AOE1BALOULD (cleavage and relegation) AnUNRA waztinnns
avasEneSue dmadudinissaiulnvenvadl @

1
— 120°
A Vo
)C
' C
G C
3
B &
Morpholino-
doxorubicin
G |
(U)
1
120°
R —
G
Morpholino-
doxorubicin O
g3 —
e/ 5 C

amUsznau 4. enduassslungy intercalator Juiufdualagdeaunsnidnluseninsgiva. (A)
Doxorubicin (PDB: 1D12),”” (B) 3-desamino-3-(2-methoxy-4-morpholinyl)-doxorubicin (PDB: 215D).¢
Adueuansiedtingou luanavessuansdedmuvinernon dud Asuoudindes lulasiaudinGu uay
ponauAun. N33uTes doxorubicn waveuuslAafidwua 5-1ETA-f3u-3 Wy 5-GpC-3.
nmusznaualaglusinsu The PyMOL Molecular Graphics System, Version 2.5.0 (Schrédinger, LLC.)
hag Adobe Illustrator.



TUshAurimiihilunszuaunisanayang 9 aeluwas

(Proteins are molecular workhorses of the cell)

nihfidAyedrimilsvosdoyaiugnssudiiivegluiibuie Aon1sifudunuuly
NT¥UIUNTABATHE (transcription) Liloadseidule Faazgninluldlunszuiunisuuasia
(translation) tilewamlUshusaly.

TWsAufindntuindinniilunszuaunisdrdanig q areluwaduinue endfivdu
ulwiifivimiifissuiasornelumad, ﬁ"gsuu?ia (transporters) Fimiditniansang 9 L%J’m‘%a
aaﬂmmsﬂaa AIsu (receptors) vuRadTIi vt TiSudaaananeuenead LLavmmawmm‘w
Fhiideeodyaateiunssuiunis signal transduction. TUsiufivhaiidisng 9 wanilanansa
Fulwanadhwnevessdungdsldiiu Wesnmssudinszuaunmsmaduaiiiddynislu
wadwanianunsadmaliiannisddimsadyiivinvenradlasiiaridnanluseluasdendely.
uonanniifldnanundailfusfudulnanaiimngauiesdudminsvessfunzifadn
Wsfuduimihiddndu q nmeluwaddnuinune e1fiau mi@mmim?ﬂlaulm AIUANNSLARIDDN
ype8u sadudunuaisemnsvseussigane 9 aeluad 1udu.

AuansavaslUsiungyimiilunssuiunisens q Aldndrnandrsduduiuegiu
Tnssadrsanuiifvestusiu Segninunlaedriureansnesiily (amino acid) undedutduans
wodwadrnulng (polypeptide). Imﬂa%’wﬁugmfﬂaammazﬁiuﬁwuluﬁﬁm’laﬂigﬂauG’hs
vyjozdilu (amino group) Myjlensenda (hydroxyl group) Waz Mjuvusdna (side chain) Ieuseong
fuprsueusan (nMmusznau 5A). nsaesfilufinulusssuwding 20 mﬁmﬁuﬁimaa?wﬁumu
illouiu ImmmmLmﬂmaﬂuwmLLﬁummammu (nMmUsznau 58). lassadramaaiifiunneiadiu
VDI UL mﬂwﬂiﬂaumiuLLmau%uﬂmmmmmmaﬂu Femuuansnsiieaiivinlddduves
nsneviluluaenedmulndfiuandstuanunsarhlfiAnlaseasaudfivedusiufiuandnatu in
Dulusuivimtifiang q fulusadld fagldifudel

nssandfuvesnsaesiludulusiuduinlaeufasereuaustu (condensation)
(nwUsznau 6). ﬂmagﬁiuwgﬂL%miaﬁ'uﬁwﬁuﬁmwﬂlmﬁ (peptide bond) Fe¥aduiuszielug
(amide bond) ImiuwiawﬂawmLwﬂlmﬁﬁu%ﬁwyj NH vaolud (amide -NH) flansavimiig
Judaliiusylalasiau (hydrogen bond donor) uazdivigjansuaia (carbonyl group, C=0) a11158)
vnthidugsuiuselalasiau (hydrogen bond acceptor) (MwUsznau 6). uselalasiaud
Aetuszrimgivnihidui e s suiusglelanaumaifuiiuguddglunsislassai

a

WFendl (secondary structures) YaelUsau.

q
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I

HsN—CH—C—0O~

(8]
5 [
HsN—CH—C—0

H

Glycine (Gly, G)

Serlne (Ser, S)

HsN—CH—C—0"

Asparagine (Asn, N)

'Side chain

Alanine (Ala, A)

o}
R |
HsN—CGH—C—0
GH—CH3
CHs

CH;
Isoleucine (lle, I)

Threonine (Thr, T)

o}
I

HsN—CH—C—0"

CH,
CH,
c=0

NH,

+
H,N

Proline (Pro, P)

Glutamine (Gin, Q)

o-amino acid
o]
I 5 \
C—0O~ HzN—CltchfO’
(|:H—CH3
CH;
Valine (Val, V)

7 [
HsN—CH—GC—0O

s Methionine (Met, M)

Nonpolar

Cystelne (Cys, C)

Polar

I
H‘-,I(l—(‘}ch—O'

GH,

Z
HN

Tryptophan (Trp, W)

HzN—CH—C—0"

|
CH,

| .

Haﬁ—‘Cch—O'

GH,

Phenylalanine (Phe, F)

Tyrosine (Tyr, Y)OH Aromatic
I I I
H3N—|CH—C—O_ Hsﬁ—(le—c—o‘ HSﬁI—lCH—C o
|cH2 Cl:Hz CH,
CH, CH,
| | NN
CH CH
[ | -
CH, NH
| [, HistldIne (His, H)
+NH3 |C:NH2

Lysine (Lys, K)

Arginine (Arg, R) NH2 Positively charged

i
HsN—CH—C—0O" HsN—CH—C—0~

|
sz CH,
(|]=O (|3H2 Glutamate (Glu, E)
o c|:=o
Aspartate (Asp, D) o

Negatively charged

adsenau 5. Tassadamaiaiivesnsnoziilusssud 20 viia. (A) Tassadsiiugiuvesnsnesdlufiny
TusssurAusgneusie m&'ax:ﬁiu (amino group) M;‘leﬁlfﬂiaﬂ%a (hydroxyl group) wag wijLﬁuuq%’N (side
chain, R group) Weseagfuasususan (Ca). nsmoziluiinulusssuying 20 siadinnuuanseiud
mjurusing. (8) lessadrswosnsnesdlufinulusssuriin 20 vda danguamasifmaniiveanguus
$19 Taseadramaaifiuans tuaniunisalunnda (protonation state) fisedu pH aeluiead.
amUsznaualaglusunsuy ChemDraw (PerkinElmer Informatics) tay Adobe Illustrator.



0 0
HsN—CH—C—O~ + HsN—CH—C—0~
Ry Fl*z'
H20

H-bond acceptor

|

0
. || Peptide bond ||
H3N—(l3H—C'—N CH—C—O"
Ry H Ry
|

H-bond donor

anUsznau 6. maianussndlndsendnensaaziilugasyiia. n1ssuiuveinsnesilunuuiize)
ADULALLTT (condensation) ﬂiﬂas:ﬁiuazgﬂL%'amiaﬁ’ué’wﬂ’uﬁxL‘wﬂi‘mﬁ (peptide bond) Fsdmduiusy
ol (amide bond)ImalmwiazmiwﬁumLwﬂlwﬁﬁ?u%ﬁmg NH vouelus (amide -H) fianunsavimtid
Jusliiusglalasiau (hydrogen bond donor) uazdivigmsuaila (carbonyl group) anunsavhiu
fsunuselalasiau (hydrogen bond acceptor). MMwiUsznaualaglusinsy ChemDraw (PerkinElmer

Informatics) Wag Adobe Illustrator.

Tnssarsveslusiuduannsoutsoanldiiudsed Tnslassaiaudasseduduingy
Mntusy vie Sunshizermaaiifunndnety. TassafrsszduusnvoslusAudelassaiieugugd
(primary structure) Savsnefisdifuvesnsnozilufindensorudumenodindlng (awusznau
7A). fuszildousensnosiiluivneiululassaiisguniifie Wuszmdlng (mwusznau 6) 3
faduiusy  Taaaust (covalent bond). stusslaausiiauudausann dulasadUsugd
vosmewodmUlndisdamuuiouse uazlignihaneldie 4 uenanasdiFaussufite wu anne
Adunsavidesns vioieulwiflungulusiiea (proteases) Ludu.

lnssadeszsudaludelassadnemingdl (secondary structure) Savynefdasiaiisany
Tvosanenedmdlndlurasdy 9 (local structure of polypeptide chain). Iﬂsqa%maaqﬁﬁlﬁwﬁu
esanitustlalasiauseuinany NH veaelud (amide -NH) Ssvimihiduiliiuselelnsiou
(hydrogen bond donor) kaguga1suaiia (carbonyl group, C=0) Fatmi i Juduiusy
slasiau (hydrogen bond acceptor). Iﬂiqa%ﬁmaaﬂuﬁﬁwuﬂa&J“Luiﬂiauléﬂl,fﬁmaa%ﬁqLﬂﬁmé’aﬂi\h
(Q-helix) warlasaadsaneiudi (B-strand) GsanunsnaniFesiuindulassadaudundnud (B-
sheet or B-pleated sheet) l¢i (nwUsznau 78).

Tnssaiesedufiaufelassaiwiond (tertiary structure) Ssvanedslassainaiiiingn
nsthustu (folding) vesaneweamulnaiudulaseadrsauiia (Mwusenau 70). nelulassadig

a a

aReqfidazilassadampeniidussdvsznaulivainate. Sunsiseidrdgiigaivinliianisdu
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[

Wuresatenedindlnatululassasenfond Ae dunsiseruuulalasinin (hydrophobic
interaction) WBNTINAUSILUY non-covalent au q 1wy Wuszlossin usslslasiau usdlalna
(dipole interaction) hagwssTuLABs11a (van der Waals interaction) Afldaudaslun1ssnun
i@fgsnnvedlaseaianAgniinag.

Tnssafnszduiadaduszduiigegnvesiusiu Aolasea¥ieansgl (quatemary
structure) Lﬁmmnmis’mé’hﬁ’umaqiﬂsaa%ﬁmaEJQﬁsummstaﬁLwUlwﬁmﬂﬂ’jmﬁqmﬁyulﬂ
(nwusznau D). ﬂ’l3Lﬁ®1ﬂiﬂa%ﬂﬂﬂ@igﬁiﬁﬂ%ﬁ]’lﬂLLi\iLLU‘U non-covalent ¥iangyila WY dUAS
Aseuuulealasinin Wuszlosedin uselalasiau usdlalna uwasusaunesia Wusu.

auanansalumshmihiivedusiunelueadiuinanlasadrsanudd. Tsiuung
silevimihiduluanaies nandeldlassaiwionilunmshau. lusasilusiuusindesding
srufivesanenedimulndunnimilsansiaazansnsaviuiild nandeldlassairsansgiluns
vhautues. Moraveddusiuililassaiiaangiilunisviieu wu Tusiu ps3 (mwusznau 7).
Tusiu ps53 fidloagluwadaswumnnluaniuglawes (dimen) dsiina cytostatic udlsianusanszdu
TiARnsaeveseaduy apoptosis 16" wiilleluianaves ps3 fufundu tetramer axfiast@idy
tumor suppressor LLazﬂiséjﬂﬁL%ﬁLﬁﬂmimﬂLL‘U‘U apoptosis a7

wenanlassadasdsziuvesusiuiildnaniuugs Wsivueiindeisunsasendu

a o

f5ndusonsvimingsndae wu Wsiuurseiindesnisiuseladalud (disulfide bonds) iieusie
sewinsnsnexdly cysteine aaadunia iledieinwlassairsaufiifigndes (Mwusznau ).
TWsfuuiladesduivansiuanaidnludnuess prosthetic group \ensvihmthdl (nmdsenau 9),
w3elusAuvisviindosdunisnsndanddniindu nucleoprotein complex ifion1svinniif
(nusznau 10) Judu.
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A  MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGPDEAPRMPEAA
PRVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAKSVTCTYSPALNKMFCQLAKT
CPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHERCSDSDGLAPPQHLIRVEGNLRVEYLDDRN
TFRHSVVVPYEPPEVGSDCTTIHYNYMCNSSCMGGMNRRPILTIITLEDSSGNLLGRNSFEVHVCACPGR
DRRTEEENLRKKGEPHHELPPGSTKRALSNNTSSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALEL
KDAQAGKEPGGSRAHS SHLKSKKGQSTSRHKKLMFKTEGPDSD

amUsznay 7. Tassa¥reveslusiuaunsauvsesnldiudssiv. (A) lassadreugugd (primary
structure) Aedndiuresnsneziluiinndeusoruseiussindlndiinduaenedmulng. (8) Tassais
yfvgi (secondary structure) Aolassaivanuiifvosaonedimdlndludiedu q Wy inderdadin (dne)
uazuHUNAMIUA (127) FaRntuainiusylelasiaussnitamsmdlng (Fuussdon). (© Tasaads
pRend (tertiary structure) 1AA9INN153AURY (folding) vesaewedmulndduulassadsaniia, way
(D) lassa$193m3qil (quaternary structure) Fufnanmsiuiuvesaevesmedmulndlutisunnniinis
anewfionsvhniig. Tassadsfiuansdelassadrsveslusiin ps3 Faflaut@du tumor suppressor protein
(PDB: 3758).% a1nusznauannlaelusunsy The PyMOL Molecular Graphics System, Version 2.5.0
(Schrédinger, LLC.) wag Adobe Illustrator.
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Ca.
Disulfide bonds @ carbon fc \7

4
Sulfur
g

o

awusznau 8. WusAuuseiiadesniswuseladalng (disulfide bonds) Wausrasenintensnaziily
cysteine @aeAunis Wlavre3nunlaseadeauiiafignde. lassainaves extracellular domain ¥es
human epidermal growth factor receptor 2 (HER2) faaniswusyladaludsiuuunnifiesnunlasiadns
audivigndesdsazaninsavihmehitls (PDB: 1NZ8).” amusznaunelaglusunsy The PyMOL Molecular
Graphics System, Version 2.5.0 (Schrodinger, LLC.) Wwag Adobe Illustrator.

s T A
/

Androstenedione

(substrate)

- W ww w

f;’ A
(

_

mwusznau 9. Wshuueiiadesduivaislaanadnludnwaz prosthetic group wiamsviwiing.
lassasrsveseuleiozlsunma (aromatase, CYP19A1) Mvihwuthilisauizennisivasu testosterone 1iu
estrogen Way androstenedione \Ju estrone. Lauleuaiasiiu'maﬁﬁaqmwyj prosthetic lan heme Tu

mMsvivissu§isen (PDB: 3EQM)."Y nmuszneunalaglusunga The PyMOL Molecular Graphics
System, Version 2.5.0 (Schrédinger, LLC.) wag Adobe Illustrator.
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Telomerase La-related
protein p65 ¢

Telomerase holoenzyme\
Teb1 subunit i

Telomerase holoenzyme
Teb3 subunit

W AN i Telomerase holoenzyme
Telomerase RNA \7 ol g [ Teb2 subunit

¢ » \
YTelomerase Telomere DNA
reverse transcriptase

-

Telomerase associated
protein p50

amUsznau 10. WWshuursviindasdunisnsafionddniinilu nucleoprotein complex wiiansvin
wiihdl. Tassadrsveveuledinlawalsa (telomerase) F9viutinfilunsarsuuuisuieusinudaiy
Taslulay (telomere). nsvimthitveseuleiinlawetsadgoanisnisiuiuveslusiunarssiia Ay
telomerase RNA U1 nucleoprotein complex Fsaganunsavineuls (PDB: 7LMA). MY awdsgneuialae
1Usunsu The PyMOL Molecular Graphics System, Version 2.5.0 (Schradinger, LLC.) Wag Adobe

[ustrator.
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gduussniilushiuduluanadvung

(Protein-targeting anti-cancer drugs)

pduuzSeiiilusiuduluanadmneddeiiduasluanadn (small-molecules) 7
Fudamsiauvedusiuiifiausndusonsieiyiuinvensadusie wuiddaeuled wazed
Huansluanalviey 1wu weufveAuuulalulaau (monoclonal antibodies) fituuazdudsnisyinnu
vesfSudyanauuiingad (receptors) Wudu. deluiilushedwoserduusdediiiusiudvane
waznalnnsinauuenaiueanly.

grdrunsidnareviaduiisudaeuledivimdilunssuaunisiisnlusenis
WSaivlnvenwaduzie ey eridusdudueuludeslsunna (aromatase inhibitors).
wulwsiozlsumafuouluflungulslnlasu Pa50 (cytochrome P450) fivimiiiissufAzennis
L‘U?ﬂlsu androstenedione LJu estrone LLazL‘U?i'EJu testosterone 1Ju estrogen ﬁﬂﬁ?um’iﬁu 5@
uleilozlsunng Seenunsadudenisialyvoswaduziiidosnisealnsauls. sridusadeds
woulwsiorlsuina Svefifuanslungu steroid indloufuduamninreufjiten Wy Exemestane
(nwUsznav 11) waz @137l steroid 1w Letrozole way Anastrozole 1dugiu.

Exemestane

A

amusznau 11. taulesiozlsanma (aromatase, CYP19AL). Wioduffu (A) duainsm androstenedione
(PDB: 3EQM) waz (B) Mduds Exemestane sdmduanslungu steroid (PDB: 3575)."Y amiusznauie
Inglusunsy The PyMOL Molecular Graphics System, Version 2.5.0 (Schrodinger, LLC.) wag Adobe

[lustrator.
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shiudueulmiBnnguilfidusiusSogauninats fo sdudueulllundulaiua
(Kinase inhibitors) da3sUfizensiiumyreamalriualusiudmnelagldesalugulnsroain
(adenosinetriphosphate, ATP) uduainse. 6T1961ﬂmaﬂ811uﬂdm§1§LLd Ribociclib way Palbociclib
Fuduindudueuluilawaisumeziu cyclin-dependent kinase 4/6 (CDK 4/6). toulal COK 4/6
v mdndylunsmuauiginsmaudsiivensad (cell division cycle), frdunstiudaonules]
Tunguilisannsadudsnmsaioiulavensadls

Riboc@c?&

V\ ; \/1\/\\\,_—) % L N

mwusznau 12. wuled cyclin-dependent kinase 6 (CDK6) laduiu (A) #ifud Ribociclib (PDB:
5L2T) waz (B) fadud Palbociclib  (PDB: 5L21)."2 fhenvhaesiauiuteulsfluuinadieuledldsuiu
oziluTulnsvloawln (adenosine triphosphate, ATP). Tnemusumzianzasiu COKA/6 vesfentuiu
MsTuLeIIIL piperazine Tulianauesen fuddunsnoziiluves CoKa/6 Alsmulueulmilawangy
3. mwuszneunelaglusunsy The PyMOL Molecular Graphics System, Version 2.5.0 (Schrodinger,
LLC.) wag Adobe Illustrator.
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Ao o I = P P < A & & '
wannelanwaziluasluanadnwds erdmunzssuaidaiduansluanalng
Wiy kauRvafLuulalulaay (monoclonal antibodies) N@11150TULALTULINSVINNLINVDIFISU

doyayrauuuiiaead (cell surface receptors) Mliigaalidlasudygranisiasayivle 3aildgnis

fudansasgyuangaduzsld Medrwaselunguilldun Trastuzumab wag Pertuzumab Fsduiiv
HER2/ERBB2 Tuustiafiunnsnaiy WeldevisaessiuiulunsSnuuziSasuiuuy HER2-positive

v lilananissneniinau.

HER2 (ERBB2) <
extracellular
domain

@ Pertuzumab heavy chain

() Pertuzumab light chain

HER2 residues contacted
by the antibodies

@ Trastuzumab heavy chain

Trastuzumab light chain

awusznau 13. 1as9a319 extracellular domain 989 human epidermal growth factor receptor 2
(HER2) Higndulaselunguusuveduuulululaay. Tassains extracellular domain %84 (HER2/ERBB2
figndulae Trastuzumab (1) wa Pertuzumab (). U3ames HER? AfuiuleuAvefuanwhedindes
(PDB: 60GE)."? shenihiaoswiinduiuusnaiuansetuves HER2 namie Trastuzumab SuUStady
o 4 Tuvausdi Pertuzumab duusnadulawm 2. amusznaunalaglusunsy The PyMOL Molecular
Graphics System, Version 2.5.0 (Schrédinger, LLC.) ez Adobe Illustrator.
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unf 2
NMSIUADS:HIN Oncoproteins lla: oAt drSuu=iSaisiuy

(Binding of Oncoproteins & Targeted Drugs for Breast Cancer)
1S55 WUSIIBYS

aufmTimeIneraansvinlinsiuilsausa (cancen Watuiilesainnisnans
g (mutations) TusTuy (genome) vouiadifoibe (somatic cells) Fulunaduiionnainiade
maugnssukariadeaindeuindousne 9. n1snanewus (mutations) tu Sieiifu driver-
mutations G?J!\‘i Lﬁﬂ%{uiu cancer-associated genes (oncogenes, tumor suppressor genes, DNA
repair genes), LLasﬁ v passenger-mutations. N13N AN aﬁuﬁ:mﬁm activating-mutations Tu
oncogenes WNEN1SHAR oncoproteins fvimihfiduindeuvuiunissuiiauzss (carcinogenesis)
Tialiugnaiusaly

ugi3asus (breast cancer) Wunifeiinulfuesiigasusuusnlugudsinlan uasdy
awnduiuusnvesnadedinmelsauzisduivdonlanie V) sanunideilunvesuziFaduy
(breast cancer genomes) lafinsafinikeunsiul A 20129 way a.e. 2015,° s ntallad
nsAnuieressenundudiunnn aftensiaunewaznsinuls, Wlensusnueziilae
wazmsnennsadlsafiudugdetu.

nssnulsauzsadunlugausn ¢ fudumsshuiiSoniuaiivida (chemotherapy)
Inwlden cytotoxic compounds, ﬁlﬁgﬂﬁwmsﬁu Tngo1foAaILsaveseNmMant lun1svinans
wadfiuusieE1939n157 Taglidesiadn enasfinalnniseenguiiduuls. annusdeaniseniid
nadaAsstiosasnin chemotherapy uaroangyisianzasdemaduzissldundetu 1ihngnsnis
fumensneusdsdusamal Tnefidhmnswaismeriiannsaduds oncoproteins wavaunse
nagounssussnniulnvessadusiild TufesUfuRns (preclinical studies), Ifinungiamuives
“nssnwnuuyai (targeted therapies)”. flausiin cytotoxic chemotherapy gaiunumaAgylu
ns¥nelsaugiSadnuy, uiladinnsly targeted drugs ﬁLﬁum'm%u, TaglasSuni1sNanauan
AuAmtlumelinres genome sequencing uaz N1siangueesvaslspuzisuiuy Tnaldnis
wWaguuladluseduluanauinas (molecular characterization of cancers). Msfisivadonlu
As$neninanuaneuiniy ié’lﬂumsgmqluﬁms@LLa%“ﬂmﬁﬁmmLLJJuET'm'mS?Jgu (precision
oncology), Tngrhmaidensie q iy wuSuldlimngauiugUisudazau.

unmnaifasiiununiy nsfinedilaseana (structural data) wes oncoproteins way
M58U (binding) AU targeted drugs finsldsnulunzidadug, Faezvilddilansieuues
oncoproteins Wag targeted drugs lﬁﬁ?jﬂ‘ﬁu. Ql%ulm%ﬁﬁayja (structural data) ﬁ]’mgm“i’f’a;ﬂa RCSB
PDB (https://www.rcsb.org/) Wazuan11a (molecular visualization) AMNUTENBUAIUTIENE A8
PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA). YlYU1BUD
PDB thil#iszyin data files flaglu the PDB archive iudayailildléviluiduasisae [cCo 1.0


https://www.rcsb.org/)%20และ
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Universal (CCO 1.0) Public Domain Dedication)]. Imwﬁﬁaulé’é’w@a original authors ¥®¢ PDB
structure data Nulgauee a1u9 PDB wuzuld.

Estrogen Receptor (ER)

Estrogen receptor (ER) Lﬂuam%ﬂé’wﬁﬂu nuclear transcription receptor
superfamily. ER ansnsagnnsedulvvinnulaeie ligands dulaun steroid hormones #19 9, ity
estrogen. Estrogen Lag estrogen receptor Aedastunansauiuns Moua cellular proliferation,
inhibition of apotosis, invasion Wa¢ angiogenesis. ER i 2 isoforms (ER-QL, Way ER—B). Iﬂﬁﬁgﬂ 2
isoforms wulgluilewdostesduaiiung (normal mammary gland) ﬁagjaaué’awﬁaL?JauzL%QLé’fﬁum
, uilamng ER-0L wihiufinuldludodonzsadu.

ER Usgnause 3 domains: 1 modulating N-terminal domain, 1 DNA-binding domain
kae 1 C-terminal ligand-binding domain. drufisenia modulating N-terminal domain (A/B or
AF-1 domain) funuwmlu ligand-independent transactivation function. @ C-terminus # 1
ligand-dependent transactivation domain (E/F or AF-2 domain) "?J!Qagjﬁuezsjjauﬁlu ligand binding
domain. AF-1 uaz AF-2 nzdfu transcription Idvaidudasereru uasaiugviu wasvhanluuuy
promoter- e cell-specific manner. AF-1 @mﬁaudwﬁwmw transactivation function a@aulugjlu
differentiated cells. Ligand-dependent nuclear transactivation \Aedesun1sil ER homodimer
U9y palindromic estrogen response element (ERE) sequence 98¢ DNA #isan1sluduiu DNA-
binding transcription factors 3‘14 9, W AP-1/c-Jun, c-Fos, ATF-2, Spl and Sp3, Lﬁlaﬁﬂﬁlﬁﬂ ERE-
independent signaling. N159UAU Ligand (19U estrogen) ﬂiséju‘lﬁl,ﬁmﬂﬂiLUﬁauLLﬂaﬂiugﬂwiﬂ
(conformational change) vinlwlunaineuwsonsau 9 AU 1AAN159U multiprotein coactivator
complexes lago1FULXXLL motifs U89 coactivator complexes g (@ awdsznau 1-3)

Zinc finger motif in DBD of ER

)
" P
\

D-box (CPATNQC)

PDB:1HCP Schwabe JW, et al. Structure. 1993;1(3):187-204.

AUsznau 1. 1As9a319999 Zinc finger motif Tu DNA binding domain (DBD) was ER
(PDB:1HCP)® Tassai1awand main-chain Tugukuy rainbow colored cartoon, A1u N-terminus @
¥y, C-terminus @ums, Zinc-atom lusU grey sphere. nwUsznauiIalag PyMOL Molecular
Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA)



pJ§ 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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nwusznau 2. 1as3a519989 DNA-binding domain 984 ER (ER-DBD) 3Ufu DNA (ER-response
element, ERE) (PDB: 1HCQ)® ER-DBD 14 Zinc-finger motif P-box fiedu ERE, wagld Zinc-finger
motif D-box Tun15918liiAn ER-dimerization. Aw 2A, 2B w@as ER-DBD Tuwuv rainbow colored
cartoon. A 2C uans ER-DBD Tuuuu surface, Tiaidu wmneeu wazinidy. awdseneunalag
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. JBC2001; 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.

the coactivator recruitment site

PDB : 1QKU
Gangloff, et al. JBC2001; 276: 15059-15065
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Agonists bound to ER-a LBD.

PDB:3ERD Shiau AK, et al.Cell 1998; 95: 927-937
PDB :1QKU Gangloff, et al. JBC2001; 276: 15059-15065.

PDB: 3ERT Shiau AK, et al.Cell 1998; 95: 927-937

nwuUsznau 3. 1as9a319984 ligand-binding domain (LBD) w4 ER-Q fiuananssuiu agonist
estradiol (PDB:1QKU),"® wuaz agonist diethylstilbestrol (DES) 3$2ufiu  coactivator
(PDB:3ERD),"” uazdufiu antagonist 40H-tmoxifen (PDB:3ERT).” A1n 3A LUSauiiieu estradiol
i agonist AU 4OH-tamoxifen 7du antagonist (selective estrogen receptor modulator,
SERM), mﬁgqaamamﬂugﬂ stick, oxygen atom IﬁLfJu?iLLm, nitrogen atom ?1‘1:4;’1@14, carbon atom
11 estradiol @w@as wilu 4OH-tamoxifen iludu13. 2w 3B-3E uans ER-LBD Tuguiuu rainbow
colored cartoon. A 3B wand dimer U84 ER-QL LBD 715Uy estradiol. A 3C uaz 3D wanein
Jleduffu aconists, conformation ¥84 Helix-12 %agﬂueﬁ"nmmﬁﬁlﬂiamﬂﬁ coactivator 1§l
coactivator recruitment site Id. a1 3E wansindedufu dOH-tamoxifen Fzfinisiadoudives
Helix-12 31U coactivator recognition groove 33¥l# coactivator vigulile. amuszneun
1ng PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA)
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Aromatase enzyme

Aromatase 10U cytochrome P450 monooxygenase (CYP19A1) ﬁL'ﬁ'ﬂUﬁﬁ%m
(catatyzes)WE)EJ'NLLiJ'usmumiLU?%EJu C19 androgens (androstenedione wag testosterone) luidu
C18 estrogens (estrone W@y estradiol, AUA1RU). Aromatase & heme i prosthetic ﬁﬁwﬁ’]ﬁ
\Ju cofactor (g AMmUsznau 4).

Aromatase binding Androstenedione

PDB:3EQM Ghosh D et al. Nature 457, 219-223 (2009)
Aromatase binding Androstenedione
Ny
b
’ = ‘

&
94

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

\

> 4
PDB:3579 Ghosh D et al. J. Med. Chem. 2012, 55, 8464-8476
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Aromatase binding Exemestane

PDB:3S7S Ghosh D et al. J. Med. Chem. 2012, 55, 8464-8476

nwusznau 4. 1n59d319989 human aromatase cytochrome P450 (PDB: 3EQM,® 3579,
3575®) (rainbow colored cartoon, N-terminus = blue, C-terminus = red) ﬁagjiwﬁu cofactor
protoporphyrin IX (heme, Ul) lkag substrate androstenedione /inhibitor exemestane (8149) 119
D stick diagrams (oxygen = red, nitrogen = blue, iron = orange, carbon= white in heme, green
in androstenedione, cyan in exemestane). AW 4A-4C LAAY AILUUNUDY heme LAy
androstenedione ﬁ%wlwqjmmsﬁu (zoom in) Tuu3iiad androgen-specific active site. N 4D
LEMINITIVVDY  exemestane (steroidal aromatase inhibitor) AU aromatase fiugn androgen-
specific active site A3na1. AwUsENaUALlAL PyMOL Molecular Graphic System (Version 2.3.2)
(Schrodinger, New York, NY, USA)

Letrozole

N

»

t ’ :|> 1,2,4-triazole

CID 3902 PubChem

V4

Anastrozole:

k ’ :|> 1,2,4-triazole

CID 2187 PubChem
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awusznau 5. 1As9a319u89 non-steroidal aromatase inhibitors: letrozole (luaaw 5A),
anastrozole (lun1w 5B). snviaansiidnwarsiuaed 1,2,4-triazole functional group 8¢ Fadu sp2-
nitrogen containing heterocycle fanunsaluduiu heme I Sinaunisviauwes aromatase.
Amusznaualag PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York,
NY, USA)

gilundu aromatase inhibitors SusUfASuAfinsUAEULaY androgens TUiu
estrogens, Lﬁ‘aﬁlﬂuﬁmﬁﬂﬁi@ﬁ%’ﬂgﬁ'ﬂwmﬂizﬁﬁLaauLLﬁa (postmenopausal) dnalidsnsnanszau
Y94 residual estrogen levels adlulgannnin 90%. elungu aromatase inhibitors laianansagn
Wlgla (contraindication) Tugndsineununusedmou (premenopausal) fgdlailasunssuds
mMsvieuuesssld (ovarian suppression), wiszindle  aromatase inhibitors Ududansadng
estrogens MlHSEAUVDY estrogens anas ﬁ]‘”u Ugﬂsmmﬂaiiwm (compensatory phy5|olog|cat
responses) ﬂi“ﬁ]ﬂ%:ﬂﬂﬁ%ﬁﬂ FSH, LH snnd daaviibiinisnszdulusilundn estrogen Ty

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

W Cyclin-dependent kinase 4 (CDK4) uay Cyclin-dependent kinase 6 (CDK6) #1497
\Ju Serine/threonine-protein kinases, LLasﬁy’a@jﬁleéﬂmaﬁams%’uﬁ’u cyclin D iiewmileili
LA active conformation ¥83 CDK4/6. Cyclin D-CDK4/6 complexes ﬁﬂ%ﬁ’lﬁmuqm cell-cycle i
G1/S transition laglsen15¥UGATe1 Phosphorylation 1isms] phosphate iU retinoblastoma
protein (pRB). Phosphorylation w83 RB1 protein ¥ilidin1sienda909 transcription factor E2F
90NN RB/E2F complexes wazinaviliiAn transcription 983 E2F target genes Javiiliin cell-
cycle progression Fuipdeuru G1/S phase.

Cyclin-dependent kinases 4 waz 6 (CDK4/6) Lﬂuiﬂiﬁuﬁﬁ”mﬁﬂﬁMUﬂm cell-cycle
orogression Tuiwadnansvin, saumawaduziaduasin ER-positive fne. lunuisemeeadn, ns
14 CDK4/6 inhibitors (palbociclib, ribociclib, 9138 abemaciclibAls) 571U aromatase inhibitors Tu
first-line therapy %39 fulvestrant lu second-line therapy AMSUNLLS LA UL I UNINTEANE
A0 progression-free  Wag overall survival iéﬁ’fﬂuﬁﬂw premenopausal ey
postmenopausal kag annsaidaunanfiazdondulyi cytotoxic chemotherapy sanluld. 012

1ASIASILATNITIUAITEIING CDKE AU P16INKAA, viral cyclin wag CDK4/6 inhibitors
(palbociclib, ribociclib, 9139 abemaciclib) lawandlu awusenaus.



Crytal structure of
the CDK6-P16INK4A tumor suppressor complex

P16INK4A

Activation loop

Russo, A.A., etal.

6A LDLER:Y Nature 1998; 395; 237-243

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

(/

Activation loop

Schulze-Gahmen, U., Kim, S.H.
PDB: 1JOW Nat.Struct.Mol.Biol. 2002; 9: 177-181

Human CDK6-Viral cyclin in complex with Palbociclib

A oC-hdlin S

Activation loop

Lu, H., Schulze-Gahmen, U.
PDB: 2EUF J.Med.Chem.2006; 49: 3826-3831

26
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Crystal structure of human CDK6 and Ribociclib

‘ écfhrel])(

. £

Activation loop

Chen, P, etal,
PDB: 5L2T Mol. Cancer Ther. 2016; 15: 2273-2281

Crystal structure of human CDK6 and Abemaciclib

Activation loop

Chen, P, et al.
PDB: 5L2S Mol. Cancer Ther. 2016; 15: 2273-2281

Palbociclib

4'723’(
oSN

Lu, H., Schulze-Gahmen, U.
J.Med.Chem.2006; 49: 3826-3831

PDB: 2EUF
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Ribociclib

- —
-

/

P -
\ ..\
.

Chen, P, et al.
PDB: 5L2T Mol.Cancer Ther. 2016; 15: 2273-2281

Abemaciclib

>

Chen, P, et al.
PDB: 5L2S Mol.Cancer Ther. 2016; 15: 2273-2281

nMwUsznau 6. 1AT9E519uazn153UA25E1I1e CDK6 AU P16INKAA (PDB:1BI7),"? viral cyclin
(PDB1JOW)"® wag CDK4/6 inhibitors: palbociclib (PDB:2EUF),"*® ribociclib (PDB:5L2T),'"
waz abemaciclib (PDB:5L2S)" lunin 6A-E, CDK6 Lam9WUU cyan cartoon, lawizdiu OLC-helix
ey activation loop WaPILUU pink cartoon. Tunw 6A, P16INKAA Lankuy green cartoon. Tu
AN 6B tag 6C, viral cyclin LaMILUU magenta cartoon. Palbociclib, lunm 6C wag 6F, Wanuuu
stick, oxygen=red, nitrogen=blue, carbon=white. Ribociclib, Tunn 6D way 6G, WanIkUU stick
&MY carbon=magenta. Abemaciclib, Tunn 6F way 6H, WAALUU stick Wana carbon=green.
WIsulaunn 6A uaz 6B azudiuléin P16INKAA vi1ls% CDK6 il conformation #ilal active, Tuneizdi
cyclin vl CDK6 § active conformation Miludiuwes OC-helix waw activation loop. CDK4/6
inhibitors (palbociclib, ribociclib, wag abemaciclib) Jufiu CDK6 fiusin ATP-binding pocket.
amUsznaualag PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York,
NY, USA)
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PI3KCA

PI3K/Akt/mTOR signaling pathway 1Judunienisdeansnneluisadiddaydunis,
pathway ‘f‘:ﬁwﬁwﬁmauauaqﬁamiﬂisﬁuﬁ’m nutrients, hormones, Wag growth factors; aninii
fudafunumiiddyunlunisiiulauazuusiiveswadueiie. Phosphatidylinositol-3-kinases
(PI3Ks) LYu lipid kinases mzqauﬁaﬁﬁmmmmaaiumniw;jﬁ%m phosphorylation a8leu
phosphate (gamma phosphate group) a1n ATP lug hydroxyl group (-OH) Viagjuuﬁ%mﬂﬂ D3
994 inositol ring T1 phosphatidylinositol (Ptdlns). PI3K family @1u1sautseantalu 3 classes
(class I, II, 1) pudnwaieuad structures wag substrate specificities. luayue, Class 1A PI3Ks §aus
Taeanilu 2 subclasses IA uag 1B, mma‘”ﬂwmmaﬁmimmm activity. Class IA PI3K enzymes Ju
heterodimers Usgnaunae regulatory subunit (p85) ag catalytic subunit (p110). Class IA PI3K
catalytic subunit (p110) fla’;j 3 isoforms: p110Q, p110P wag p1100, %agﬂa%ﬁqmmn gene
PIK3CA, PIK3CB tia e PIK3CD, 91U@a160U. p110 isoforms R GED L ERROEREter p85 regulatory
isoforms %Qﬁagj 5 isoforms: p85QL (k@ ¥ splicing variants 984814 p550 and p50QL, WaRlAY
PIK3R1), p85P (anlae PIK3R2) and p55Y (Wanlae PIK3R3)."8 1Y wuin PIK3CA gene (Wam p110QL
isoform) 1¥u oncogene #ign mutated u3e amplified lépsunlusziadiuy wazlungisaduy
Yosuywd.? 2% Class IA PI3Ks 14 Ptdlns (4,5)P2 1u substrate uaslvinandndu Ptdins(3,4,5)P3
Lﬁﬂ‘ﬁuﬁ cell membrane %84 intact cells (in vivo).?>?? Ptdlns (3,4,5)P3 ﬁLﬁm%‘UL‘ﬁu binding site
THee Akt (PKB) wa¢ phosphoinositide dependent protein kinase 1 (PDPK1) u1tn1gfiu cell
membrane ¢ uazvinly Akt wag PDPKIlauneglnadafiu. PDPKI Feinnisaneleu phosphate
group LA Akt i threonine308 u activation loop, w§aanty mammalian target of rapamycin
complex 2 (MTORC2) ¥i1n19a18lo1U phosphate group T9Ln Akt 7i serinea73 lu carboxyl-

25:26) Akt ﬁgﬂ phosphorylated %4 threonine308 wag serined73 Wi

terminal hydrophobic motif.
Faiauldidud. Akt (PKB) 10U serine/theronine-specific protein kinase fwilafidunuinly
NABVVIUNITVDLLLAE 1T glucose metabolism, apoptosis, cell proliferation, transcription ey
cell migration. mTOR 1w serine/threonine protein kinase #1udafii1nd 1 fdade
phosphorylation signal 7ik1a197n PI3K wag Akt. mTOR aglunsznaved Phosphatidylinositol 3-
kinase-related kinases (PIKKs). mTOR thuanansaiinsdusiu proteins 1 9 MU 2 complexes
1§ MTORC1 and mTORC2, Safinthfimsvhauuansieiu. mTORCT dududhmnenseengns
(target) ¥® 9 rapamycin W@ rapamycin analogs. PTEN (phosphatase and tensin homologue)
.91 dual protein/lipid phosphatase #3373l specific affinity iU phosphate group ﬁagjslu
ALAUY D 3 U89 inositol ring, ﬁﬂﬁmmmmﬁau Ptdlns (3,4,5)P3, %QLﬁumamamm PI3Ks, TUdu
Ptdlns (4,5)P2.?” PTEN Fa18u tumor suppressor fid1#ay mm'ﬁmaaﬂqméﬁm PI3K/AKT/mTOR
signaling 1@,

nsasdyeunelueadiiumie PI3K-AKT-mTOR signaling pathway funumeaiuay
nsAulavesadly ER-positive breast cancers. WuinUszanau 30 §19 40% Ues ER-positive tumors
3 activating mutation Tu alpha isoform w4 PI3K (PIK3CA), %ﬁwulﬁlu tumor %38 cell-free plasma
DNA. Alpelisib, Ju alpha-selective PI3K inhibitor é'fwﬁ\‘i, TUselemianunsondia progression-free
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survival wleldfsaufu fulvestrant dwsu uz$efifl mutated PIK3CA watliilguselovilunzigedia
wild-type PIK3CA.%% 2% ¢ everolimus, Fa.9u mTOR inhibitor ﬁiwﬁd, Aoy progression-
free survival Wield59ufu endocrine therapy lugUae ER-positive breast cancer fvmelgsuns
Snwuuan.®Y

1A59a519799 PIK3CA (p110Q0) wagn1siusafiu p85a, ATP, uaz apelisib wanslu
awusenau 7.

PIK3CA (p110a) binding PIK3R1 (p85)

PIK3R1 (p85S)

Furet, et al. Bioorg.Med.Chem.Lett, 2013; 23: 3741-3748
Zhang, et al, Mol .Cell 2011; 41: 567

PIK3CA (p110a) S PIK3R1 (p85)

Furet, et al. Bioorg.Med.Chem.Lett, 2013; 23: 3741-3748

PDB: 4JPS align 2Y3A Zhang, et al. Mol.Cell 2011; 41: 567




PIK3CA (p110a) binding PIK3R1 (p85) and ATP

PDB: 4JPS align 2Y3A, 1E8X

F 56
Walker, et al. Mol.Cell 200; 6: 909

PIK3CA (p110a) binding PIK3R1 (p85) and ATP

‘."—’v
,,c%’*‘g’“

b o

Furet, et al. Bioorg.Med.Chem, Lett. 2013; 23: 3741-3748

PDB: 4JPS align 2Y3A, 1E8X

Furet, et al. Bioorg.Med.Chem.Lett, 2013; 23: 3741-3748

PDB: 4JPS align PAET Zhang, et al. Mol.Cell 2011; 41: 567
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PIK3CA (p110a) binding PIK3R1 (p85) and Alpelisib

Furet, et al. Bioorg.Med.Chem.Lett, 2013; 23: 3741-3748

PDB: 4JPS align PAET Zhang, et al. Mol.Cell 2011; 41; 567

PIK3CA (p110a) binding PIK3R1 (p85) and ATP

Furet, et al. Bioorg.Med.C \Lett. 2013; 23: 3741-3748

PDB: 4JPS align 2Y3A, 1E8X Zhang, et al. Mol.Cell 2011; 41: 567

Walker, et al. Mol.Cell 200; 6: 909

PIK3CA (p110a) binding PIK3R1 (p85) and Alpelisib

Furet, et al. Bioorg.Med.Chem.Lett, 2013; 23: 3741-3748

PDB: 4JPS align 2Y3A Zhang, et al. Mol.Cell 2011; 41: 567
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Alpelisib vs ATP

AR

) -
PDB: 4JPS %(
~
r‘
/

PDB: 1E8X

amUsenau 7. TAsea319vas PIK3CA (p1100) #isufiu PIK3R1 (p85) uas ATP #ia apelisib
(PDB: 4JPS,®Y 2Y3A,5? 1E8X®Y) aArw 7AB,C,E wamILUU cartoon Iﬁ?imuﬁisuiumw. 2 7D
way 7F wane surface 09 PIK3CA (p110Q0). W 7G wag 7H wand active binding site ﬁzﬂugﬂ
cartoon W@y surface. NN 71 waAe structure ¥ae apelisib wag ATP Tuguuuu stick. nmdsenau
1alag PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA)

HER2

Human epithelial growth factor receptor (HER/ErbB) family Usznaunae 4 receptors
(EGFR/HERL, HER2, HER3, uaz HERG). ile growth factor (ligand) Tu EGF family 14Uy receptor
(HER1, HER3, uaz HERA) aztuilenuiilef receptor ﬁ?uﬁgﬂmqm?{auiﬂmmﬁm (ligand-activated
state) i@ 1u1509UAU receptor §29uld (dimerization: homodimers, heterodimers, wagenail
3439 flaugiin HER2 Tiduiiu growth factor Ta 9 Tu EGF family, 3unss
lagunfives HER2 dAnuad1endeiugunseved ligand-activated — state aguas sduasuliiiin
dimerization Ingldfesld ligand."*
activity it nalfiin transphosphorylation fin15¢181eu phosphate 910 ATP fiduffu HER
fandla @dlUlun tyrosine-residue a4 HER receptor ﬁﬂéf’mﬁaﬁagﬂuﬁj dimer H . Haufi3n HER3
W impaired kinase; LL@iLﬁaQﬂ transphosphorylation 1ae HER receptor (ﬁf’g?]'u”l,ml,é’q, HER3
annsavimiiidu phosphotyrosine scaffold AfiUszANSaw, vinlsiin15nsedu downstream

higher-order oligomers Ale .

' 151 HER dimerization/oligomerization %14 HER kinase

signaling M15uusdle.*”
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1A59a519099  Extracellular domain (ECD) %8s HER family proteins uanslu
AnUsenau 8

HER3 (ERBB3) Extracellular Domain

tethered monomer
(autoinhibited)

PDB:1Mé6B Cho & Leahy. Science 2002; 297: 1330-1333

Inactive EGFR extracellular Domain

tethered monomer
(autoinhibited)

PDB:lNQL Ferguson KM et al. Mol.Cell 2003; 11: 507-517

HER4 (ERBB4) Extracellular Domain

tethered monomer
(autoinhibited)

o
G
A

W5

7,

-

PDB:2AHX Bouyain, S. et al, PNAS2005; 102: 15024-15029
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HER2 (ErbB2) Extracellular Domain

extended monomer

PDB:].NSZ Cho,H.S, et al, Nature 2003; 421: 756-760

HER2 (ErbB2) Extracellular Domain

extended monomer

PDB:INSZ Cho.H.S, et al, Nature 2003; 421: 756-760

Monomer of EGF-EGFR complex

extended monomer

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

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

EGF-induced EGFR dimerization leads to EGFR kinase activation

PDB:3NIJP

PDB:2M20

PDB:2GS6

anUsznau 8. 1AS9a319994 Extracellular domain (ECD) w84 HER family proteins. 2w 8A-
8C wa@ng tethered monomer (autoinhibited) ¥84 HER3 (PDB: 1M6B)*?. EGFR (PDB: 1NQL)*Y, wag
HERG (PDB: 2AHX).“? aw 8D, 8E wans extended monomer w83 HER2 (PDB: 1N82).%” a1 8F
waz 8G Wwam3 EGF-EGFR complex ﬁagﬂugu extended monomer Waz dimer a1uaIsu (PDB:
3NJP).“Y an 8H wans EGF-induced EGFR dimerization 11311 reorganization u transmembrane
way kinase domain activation (PDB: 3NJP,“® 2M20,%Y 2GS6“?) awUszneunalay PyMOL
Molecular Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA)



1A598519983 HER2 ECD wag binding site 989 Trastuzumab wag Pertuzumab anslu
awusenau 9.

ECD of human HER2

HER2 (ErbB2)

PDB:1N8Z

Cho, H.-S. 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

PDB:1N8Z aligned 3NJP

Cho, H.-5. et al, Nature 2
Lu, C., et al. Mol.CellBiol. 20

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

HER2 (ErbB2)
monomer

human epidermal g
protein 2

Fab of Trastuzumab

PDB:1N8Z

Cho, H.-S. 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, Proc. Natl. Acad. Sci. USA 1992; 89: 4285-9
Cho, H.-S. et al, Nature2003: 421: 756-760

Trastuzumab Fab showing
the CDR loop derived from Anti-HER2 mouse mAb

VH-CDR1: DTYIH
VH-CDR2: RIYPTNGYTRYADSVKG
VH-CDR3: WGGDGFYAMDY

omplementarity-determining re

PDB:1N8Z

Carter et al. Proc. Natl. Acad. Sci. USA 1992; 89: 4285-9
Cho, H.-S. et al, Nature2003: 421: 756-760

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

Fab of Pertuzumab

HER?2 (ErbB2)

N leg
/M Fab of
-

Trastuzumab

Hao, Y., Yu, X., Bai, Y., McBride, H.J., Huang, X. PLoS One 2019; 14: e0216095-20216095

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

HER?2 (ErbB2)

ST

v

e
e {55

Hao, Y, Yu, X., Bai, Y., McBride, H.J., Huang, X. PLoS One 2019; 14: 0216095-e0216095

PDB:60GE a|igned 1HZH Saphire, E., 0., et al. Science. 2001; 293 (5532):1155-9

anusznau 9. laseddneves HER2 ECD uag binding site U89 Trastuzumab Wag
Pertuzumab 0% 9A, 9B wans dimerization domain 984 HER2 (PDB: 1N8Z)*". a1 9C wans
Trastuzumabduiu domain IV 983 HER2 ECD (PDB: 1N8Z)®”. A1w 9D,9E wans complementarity
determining regions Ut Trastuzumab (PDB: 1N82)*” #1910 Anti-HER2 mouse mAb . A
9F, 9G Wana Trastuzumab Jufu HER2 ECD 1 domain IV, w¥euriufl Pertuzumab Uil domain I
(PDB: 60GE),“*? wazn151 full-length 1gG1 (PDB: 1HZH*") un Wudouag il nsvinauves
anti-HER2 mAb iﬁa‘éﬁﬁﬁu. nnusgnaunalag PyMOL Molecular Graphic System (Version 2.3.2)
(Schrodinger, New York, NY, USA)

Trastuzumab 104 humanized immunoglobulin  G1  (IgG1) antibody fifuitu
extracellular domain IV w83 HER2 receptor.®” Trastuzumab % cleavage ¥®9 HER2
extracellular domain, wenAves ligand-independent HER2-containing dimmers dwaliinnis
Wy downstream signaling  launsday, LLazﬂizéju antibody-dependent, cell-mediated
cytotoxicity (ADCC). &Y

Pertuzumab 10U recombinant humanized monoclonal antibody fiuiiu HER2 u
Ustiad extracellular domain Il (dimerization domain); domain ﬁﬁ’]ﬂuﬁ’m% homodimerization
¥99 HER2 W@z hetrodimerization 489 HER2 AU ligand-bound HER3 (ligand-dependent
dimerization with HER3).%? Pertuzumab %ﬂ%mwlﬁﬁgﬂ ligand-independent HER2 signaling, Wag
ligand-dependent HER3-mediated signaling 19 Tunauedl trastuzumab fufiu HER2 luudin
extracellular domain IV; domain J5nfud w3 homodimerization ¥4 HER2, @y
heterodimerization was HER2 U HER3 #8alifl lisand 118U, Trastuzumab Fedpwandlallviin
ligand-independent HER2 (kag HER3) signaling 9. Tudninmass, nsld combined anti-HER2
blockade ¢18 pertuzumab 211U trastuzumab Iﬁmamﬁﬂmﬁm’%mqméﬁu (synergistic effect) ¢
HER2-positive tumors.®?

Lapatinib Ju tyrosine kinase inhibitor ﬁﬁqwé&iaﬁ'& HER1 wag HER2. Lapatinib
Usgansnmneeddauazlasueunnlildsiuiu capecitabine dwsumssnwigUae HER2-positive
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advanced breast cancer Mlsalanisunasainiaglamisuefidl anthracycline 1 @3, taxane 1 6,

way trastuzumab uLa7.!

unasy

54)

AnuATmtlunsAneidelassaiisaznisviheuves oncoproteins TusgiSadu 16

Wngn s targeted therapy dmsuuzisudnuy wazilun1symnslug precision oncology
ien1sinudenanesiulUleudazAUBUL.
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avARgW§INuariumsivasundadvessluuluu=iSasiuy

(Genomics of Breast Cancers)
1S5m WUSIIBUS

ugi5asuy (breast cancen) Wunzisimulsvesignsusuusnlugudwilan wasidy
annmduiunsnuesadedinmelsausidugudainlandie @ luuszmelne, uziadumdu
uzSsfinuvasduduiian wosluavndusuiiawveimadeindelsauns Tufihefsaone
i, Ineduduusnlaunuziseiv, sudvaedlawnuzisien.? nsdedinvesirslsausisusiuy
dlugiinunainnisunsnszanevedlsaugise (metastatic disease). luszey 20 Uisiuan, 16
mmﬁ’nwﬁwazma?wﬁ’zyiul,mﬁﬂﬁi%’ﬁﬂmaaﬁiﬁ‘wm (molecular biology techniques), 1%
microarrays, next-generation sequencing, LLa¢ whole-exome sequencing. mmﬁnwﬁﬂmd’]ﬁlﬁ
Fliinddedanudlaluinineweaaduzdaddundedu, aunsafunuauinunifidudeuses
cancer genome 1@ (L% gene mutation, copy number aberrations, methylation W& ¢
translocations), wazyil¥a1u150AuNy biomarkers LA/ signaling pathways duilnavial
anunsanennsainssiiulsn wazmanisalnavesnsinuldessarmuasuiugunntu.®

Tuilagiu S fvemarsvuunniuiianansotunld dmsuinuiieusiadu i
Tulseszezusnauaz/mieszozunsnszany, mbiuwnddauadndudestimuduasludoyaiiioatos
AULUUMHLANTLERI88NTY (gene expression patterns) waznsiUasunlasesilug (genome) 1
Tufeunzidedusnda (primary tumors) waglufeuuziuduuiildunsnszatseanty (metastatic
tumors) wagdndudaadanuduiaslunisiundszendlddmivitaeg delunisdansanig
o fuRnsuaznsulanaves biomarkers MAgads, uazmsidenldernzanaonados.”

TuLaﬂJUﬁﬂ’aﬁy'u lspugiSuitunazgninudsoantaniy inusiveanendine,
(histopathological criteria: 8uUsznoUA28 grade, tumor size, haz lymph node involvement);
foyawartazgninndudiunilweinisdnsregduvedlsa [tumor, node, and metastasis (TNM)
staging system]. Ban3ntiu, M3AT19E33 immunohistochemistry (IHC) ilan protein expression
84 nuclear hormone receptors [estrogen receptor (ER), kag progesterone receptor (PR)], k&
human epithelial growth factor receptor2 (HER2)] Lﬁ@LLEJﬂLLEJS’J"]?,J%L%QL&]”]U@JSHE]%J:IUHQINEJQEJ
(clinical subtype) ¥iialwu 2zgnldidunuimsdmiunissnumuzisudunegragudl (targeted
therapy) sialu.

Tu¥ A6, 20002001 Perou wazamz lds1eaunan1sisedildinaia complementary
DNA microarrays 39vil#anun5031As1zei gene expression vosvana iy genes lamou q fu, 9u
anunsaasie iinlasanse nmsau (molecular profile/portrait) ¥89 gene expression UBIULL5ILAT
unusaziould, ka3t lsauziasuy (breast cancer) HulsauzSwianidsiifinuvainuane
(heterogeneous disease) TnsUsgnaudie ndudos 4 uatengu fdainuunnsieiu sy
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LWUULNUNSLARIDDNU98Y, N1saniduaedlsa-nensallsa (prognosis), Lazn15AaUAUDIRDNIT
§nw (responses to therapies).® lutiansie q 11 ﬂmﬁ%’a%gmﬁf TanansliiiuinugiSaduy
A10190LUINTU gene expression patterns Loty 6 intrinsic subtypes: luminal A, luminal B,
normal breast-like, HER2 enriched, Basal-like, ka¢ claudin-low.“™
TunaideuAufaniiveunaian1snsaa DNA sequencing 7inseyinuunanes
mawnuslunson 9 Au (massively parallel sequencing/next generation sequencing) ¥inlsladl
nanpruiteiidunededindnuludefouziaduuswiunaregdestu duililadisudoya
10 | fodoyaimanilldgninuniiase
SaufuIuiTeiidnuiniainudeulessening cene copy number aberration (CNA) fum37y

YuIAlNQUBe somatic mutations NneliAinugiSuanu.’

wUsUsul gene expression,®? Aduvhlifunmsiufiadududeunes somatic cenetic events 7
HunumdraglunenSiia (pathogenesis) voangiSau@IuL. Aaun The Cancer Genome Atlas
(TCGA) Network Tgl¥msfuniriseuuvesdsiuiomun (“omics” approach) sndnwfiniiivunntu
Inglaadreagrudeyavuinlgves exome sequencing (>500 exome sequences) $3ufuN15IdE Ty
mutation/copy number/mRNA lunsos & fiu (triad), 59uAUNI5MTI9 MicroRNA expression, DNA
methylation LiefnwY epigenetic regulation, LaEN1TMTI3 proteomic profiling A28 reverse

)1 [exomes lngUnAnanefia sequences NiRaaUARN exons V1N

phase protein arrays (RPPA
294 protein coding genes, WaE3IUNT exons V8L nonprotein coding elements L%U MicroRNA
wae (NCRNAL n1534A3129% genome w84 primary breast cancer agvaziBendnddlduanaufiunis
Wasuulasluseninanisiauinisvedlsauziss (clonal evolution) wagviilldAunuUszana 100
genes finelsa (disease-causing genes) LLazLﬂﬁgﬂ’liajﬁGiaLﬁ@ﬂmmu’l (passenger events), WefiiAn

We99InuIUNIsang qAvinliin mutation,” 1" Gansauaquadudeunueie (age-related

18 8z N151AA mutation TaeLdy

deterioration), AMUUANTBIVDI homologous recombination
%181 APOBEC (apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like).> 2 Ty
gmsﬁagamuﬁﬁaﬁaﬁmﬁlﬂLLayj, WU intrinsic subtype classification U89 breast canceriﬁ“ﬁjamuaﬁ
memmLﬁ?faﬁ,ﬂaﬁzijaaﬁﬁmm (molecular biology) LLazwqaﬂiimmLezjaéml,%ﬂu subtypes

21,22

14 9 wazdalvidoyanuaiuginia clinical and phenotypic classification.””?? §nwaugianizvod

intrinsic subtypes laanslilu arsaed 1.0 212529



A51991 1. SNWAULLIANITVBY intrinsic subtypes TungiSadnuy 43 212329

Clinical criteria

Histologic grade

IHC markers

Cytokeratins

Frequency

Prognosis

Genetic profile

DNAd

Mutations'"®

Protein

expression™®

Targeted
Treatment®”

New treatment
targets [o]]
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+ CK8/18+; 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;
High MYB;
RPPA reactive
subtypes

signaling;

High FOXM1 and
MYC;

RPPA reactive
subtypes

phosphoprotein
expression of
EGFR and HER2

DNA repair proteins,
PTEN and INPP4B
loss signature
(pAKT)

SERMSs (tamoxifen) and Als

HER?2 target

PARP-1 inhibitors

CDKA4/6 inhibitors therapy (BRCA1/2 mutation)

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

histone deacetylase inhibitors pathway PIBK/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

Tunsainliannnsadinsaa gene expression profile Lo intrinsic subtypes 17, 151917
NAWYIUAIY NI5MTIT immunohistochemistry (IHC) WWew ER, PR, Ki-67 wag HER2, $auAunsh in

situ hybridization of HER2 Tunsdifignifu.

25)

Aou1lAdiN151@WB31 progesterone receptor (PR)

expression lusefuU unamIosefiugs fimusmiu estrogen receptor (ER) anmnsagminaldiiu
‘Arinunauny’ (surrogate definition) vasuzisadunyila ‘Luminal A-like’ld; Tnsiauauuyinly
‘Luminal A-like’subtype 1 IHC §@9Wu ER+/PR>20%/Ki-67<14%/HER2-?Y n15¥nsefuans
Ki-67 wielfilusuiivesnmsutas (proliferation) firuddalusfenwuilsne.® nsld markers ta
PR uay Ki-67 Suudiosiinisniunuannim (quality control); win1s3n Ki-67 Tuilagiiuil &alaild
Wusesigruieaiuluszninsiosu fURniseng 4.4" % sreaziBenveanisly clinicopathological
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surrogate definition, F4ARBNINTIINNETARTNTTIAMUMINBULGRITU intrinsic subtypes T

lawanaldlu ansnan 2.2
(29)

A1574f 2. Intrinsic subtypes wae 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
HER?2 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

HER?2 negative

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

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

fenithy, Mﬂiajmﬁatﬁmuﬁgﬂﬁaﬂdw “triple-negative breast cancer (TNBC)”-
nanAensI9liNy protein expression U89 nuclear hormone receptors [estrogen receptor (ER),
way progesterone receptor (PR)], Wag human epithelial growth factor receptor2 (HER2)-A8s
mmmgﬂLLﬂﬂéaaa@ﬂlﬁaﬂImW genomic alterations, gene expression profiles, histology, L&y
immune markers.®"*> Taglul a.a. 2011, Lehmann uagaug 1aAnw gene expression profiles Tu
TNBC wagnuin TNBC anunsagnuuseantsiu 6 subtypes: Basal-like 1 (BL1), Basal-like 2 (BL2),
Immunomodulatory (IM), Mesenchymal-like (M), Mesenchymal stem-like (MSL), wag Luminal

" dounlul AA. 2016, Lehmann WazAME ASIENUNANITIFEN LY

androgen receptor (LAR).®!
histopathological quantification wag laser-capture microdissection LaIAUNUIT transcripts Tu

immunomodulatory (IM) ikag mesenchymal stem-like (MSL) subtypes Agunuinneuiy Ju
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NaN13IN  infiltrating lymphocytes Wag tumor-associated stromal cells, #UAI9U. Fathl,
Lehmann tayAuy §QI§U§UU§QLU§SN TNBC molecular subtypes 210 6 (TNBCtype) 1Uu 4
(TNBCtype-4) tumor-specific subtypes (BL1, BL2, M uag LAR) waglauansliidfiuin 4 subtypes
mé’lﬁ’ﬁﬁm’lwmﬂﬁhﬁﬂu diagnosis age, grade, local Way distant disease progression gy
histopathology. 62 mm%ﬂmuG]mmuiﬂwﬂmmmL%ﬂiﬂiﬁﬂuvl,iq triple-negative breast cancer
1Nt LLaumﬂmmmmumiwmﬂizﬂsmaumimmEmamiimsﬂ (prognostic wag predictive
value).®>%®

Tumnuidsnaniuuds fiddayegradeReninuiifeatu tumor genomic alterations
WAz gene expression profiles ﬁﬁﬂﬁﬁmmiLﬂﬁauuwmiwgwuﬂﬁs@LLaTuIiﬂmL%ﬂl,éfmmwmiﬂ. A
M339 genomic assays fisisnUeLara1u15atuldn51917 gene-expression profiles Léun
MammaPrint (Agendia, Amsterdam, the Netherlands),®” Oncotype DX (Genomic Health,
Redwood City, CA),“? Breast Cancer Index (Biotheranostics, San Diego, CA),*" EndoPredict
(Myriad Genetics, Salt Lake City, uT),“? Predictor Analysis of Microarray 50 (PAM50)
(NanoStringTechnologies, Seattle, WA).“ YNNI gene expression profile assays md’l‘ﬁ ("4
wandly m1319dt 3. Daeliviune recurrence risk nnninitdnuagnianddnuasne 3 inetange
el wazdaeliaiuisausu adjuvant therapy dmsulsaugiSadnuuaiin HR-positive/HER2-
Negative flagluszerdunn IfaziBonnsudubeiu

A19199 3. Gene Expression Signature assays fiaunsadtunldainiunisandulalunisine

wsiSuduuvin HR-positive/HER2-Negative seazusng (early stage HR-positive/HER2-

Negative breast cancers)®™*¥

Signature Number of

Target Patient Cohort/Clinical application Risk catego
(GEEIERE)) genes 9 PP gory
: » poor-prognosis
(9 Stage | or Il, lymph-node—negative or lymph-node—positive, ER+ or ER-
MammaPrint 70 . . : and good-
Estimates 10-year metastasis-free survival ;
prognosis
(40) 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
5and
Breast Cancer Stage |, Il, and lll, lymph-node-negative, ER+, treated with tamoxifen .
@1 2 genes . o ) Low and high risk
Index i Estimates metastatic risk and efficacy of prolonged hormonal therapy
ratio
Stage | or Il, ymph-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, ymph-node—negative or lymph-node—positive, ER+, . .
Low, intermediate
50 treated by hormonal therapy : .
. . : and high risk
Predicts 10-year metastasis-free survival

Tuuniefin130539 gene-expression profiling liiusyleviiagadmanlunisnensallsa
Lﬁai%’uﬂuummaﬁm%%ﬂﬁ@LLa%’ﬂmmﬁqLéhum::azl,lﬁﬂ6’] (early-stage breast cancer), UNuUIMN1S
M52991 tumor genomics TUNLLSUATIUNTLEZUNTNTLANY (metastatic breast cancer, mBC) Al#
WannlUagnasngs. mvdidaluaanailndqives PARP inhibitors lumsshuusdadunssey
WN3NT2a 871 deleterious germline BRCA1/2-mutation, ka¥ phosphoinositide 3-kinase (PI3K)
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inhibitor Tun155nwINzISAAUNTLBLUNSNTEA8NE PIK3CA-mutated hormone receptor  (HR)-
positive leiuanalsiifiuunuinues genomic testing iivaldidunuinislunisguanzidasuuszey

37, 38,45

WHINIEANe. ) Bandndy, dvdngiunisideunTuivliiiuanudidgues tumor genomics Tu

nsaUALBILaENSABRENITINYIAIY. 4 47
Genomic Landscape Y84 Metastatic Breast Cancer (mBC)

ANUNTITvewnAlulag next-generation sequencing nlwiinIdeanunsasjsdinyim
SNWLYDY genomic alterations fiAnlu metastatic breast cancer tumors (mBC) 161, Dufiveusu
futnsiasunasinu molecular changes @wnsaiiniuldnasaluszwinanissniulse. wuindl
AINULANANSIUAN1IZTVDY ER, PR WAy HER2 receptorsﬁLﬁ@%uwé’wmlé’%’u neoadjuvant

20 Laziiauunnaduillusendnegues primary kag metastatic lesions A3e

chemotherapy'
519 Tagildnsianuuansing (discordance rates) agjl 10% 59 30%.% AruuANAISI89 gene
expression $¥1314 primary kag metastatic tumors Aldsun1sBududensidedild predictor
Analysis of Microarray 50 assay (PAM50), Ingnu discordance rate agj‘ﬁ 36.9%.°% Tuiusadeniy
, genomic alterations 14 metastatic breast cancer waglu early-stage breast cancer AflA1y
LANFIAY, e?fammLmﬂ@iwﬁ?umamqumuﬁmﬁmaa driver genomic alterations Plaiwulu

54-57

primary disease suo1aldiiu potential treatment targets 10.5%7 @519 4. aqﬂm’mﬁmaﬂ

oncogenic driver genes finutes 9 Tu primary early-stage breast cancer 91n91W33e7ivilng The
Cancer Genome Atlas"® LUTsuLisuiulu metastatic breast cancer 31AN15398#19 9. (55, 57)
A1919% 4. azvieulifiuinluussa breast cancer subtypes Aeneutiu A genomic pathway
alterations ﬁgﬂwimﬁu@f’w. foluasussensfeninuives genomic mutations Ty metastatic

breast cancer MLuUm4 clinical subtypes.
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A15197 4. A7TUAYBY common oncogenic driver genes yinuly primary Wag metastatic
(13, 55, 57)

breast cancers

Primary Metastatic
The Cancer Genome Razavi et al.>” Angus et al.5?
Atlas™?

ER+ ER- TNBC ER+ HER2+ TNBC ER+ HER2+ | TNBC

IHER2- /HER2+ /HER2- /HER2-

(n= (n=75) (n= (n= (n= (n= (n (n=77) | (n=

330) 86) 679) 145) 81) =279) 58)
PIK3CA 43.9 30.7 10.5 38.6 37.9 13.6 45.9 45.5 19.0
TP53 20.6 54.7 79.1 29.7 55.2 90.1 315 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
MAP3K1 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
AKT1Anastrozole e 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 5.8 1.3 1.2 4.3 2.1 0.0 7.9 10.4 1.7
BRCABcCyCo - - - 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 1.5 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 11 Metastatic HR-Positive Breast Cancer (HR-positive mBC)

Overexpression U84 estrogen receptor g N15013¢ é]:u downstream signaling
pathway ﬁ?{mﬁaa \JudnwaugUsedndives hormone receptor (HR)-positive breast cancer. N5
Tdfunfleanguisinu estrogen (antiestrogen therapy) Tunuuldenvunuievde nanevumsiuiy &
Wunasgiuvesnissnwgausn (first-line setting) 13y HR-positive mBC. HR-positive breast

cancers TuTUTz8zUNTNTZ18 (Mmetastatic disease) i mutation Y84 estrogen receptor 1 gene,
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ESR1, iintuagetaau Aenulduszuna 20% lunvidevesunsnszane uinulddosnit 5% lu
uz1595202u5n. 9" ) ESR1 gene fiswad1usundn estrogen receptor, War mutation 7RI
ligand-binding domain ¥4 estrogen receptor dAnavinl mutant estrogen receptor @115091197U
Ioedlaglaifiotodunisnseiume estrogen 3wilinsesu downstream signaling lanaanvia, o8
1hingn13ie #on1sinuIRae endocrine-based therapies.*® PIK3CA mutations, finaliAan1s
N3eAU PI3K/AKT pathway, ¥nuigaltuiinunilunisaiunu cellular functions.®® PIK3CA
mutations gawulévisly primary uag metastatic lesions luaauailndifestu uazganuldlumn
subtypes luaaudfiunnsrefuly 12557 aqsdunuda PIK3CA mutation 1u primary waz
metastatic lesions tAnduluaruddlndifesiu aoandesfuunumues PIK3CA Tugusiidy
oncogenic driver gene dunile Tun13v1%iAa malignant transformation %ﬂgﬂwulﬁgﬁ weilu
primary tumors. PIK3CA mutation gnwulgitu subtypes 69 9 293uzL5u6uY TuAudiuang
fuly, Iy HR-positive breast cancer fia1nufigean oeffl 40% 03 tumors elulsnszaziang
(15,5557 Fandatiu, AKT1 waw PTEN Gsaglu PIBK/AKT pathway fifl mutations

nulalu HR-positive mBC ¢, L¥wiAgaiu PIK3CA, mutations iaillgnuulavsegeanlu HR-

LAYSZELLNTNTLINY.

positive mBC. usilsimilou PIK3CA mutation fifie AKT1 wag PTEN mutations gnwuldues 9 lu
uzSesrEzUNInIEAENN subtypes, Usii1 mutations mandenaldifnduslnguiunisinuuas
YUIUNITANAI1UVBILsA. 1T genomic alterations 3u 9 finulduesly HR-positive breast
cancer U CDH1, GATA3, KMT2C, MAP3K1, MAP2K4, NF1, uag ERBB2, fignfiansmninfidiusiy
Tugrusdu potential driver mutations, {unalnvesnisiosenissnun wie Wuiusdnennsallse

(5962 | {15997 mutations wiandnulsuintuluyziSeseesunsnszane, Sud

(prognostic markers).
gragniunlfdulenadlunisiann targeted therapy sulvaig dwiuduienguil. Mutations ve4
ERBB2 gene, dsflswadmiundn HER2 protein, ignwulsuindulu metastatic HR-positive breast

(

cancer Wiolfisuiu early-stage disease.®> " vinusafigaiu, NF1 loss-off function mutations, &

Naﬂizéju mitogen-activated protein kinase pathway activity LLazﬂﬁmqjiﬂﬁaaGiamﬁﬂw”l,(63) A

13, 55, 57

gnuulavaslu mBCs. " d iy TP53 mutations 1y fAignwuldlu HR-positive breast cancer

wanulaluauditesninfinuly subtypes du 9 wulauszauna 20% Tu early-stage disease uag

30% lu metastatic disease.*>>°"

Genomic Alterations 11 Metastatic HER2-Positive Breast Cancer (HER2-positive mBC)

HER2 protein gnndnlane ERBB2 gene, uay ERBB2 amplification 1udnuneUszdnda
289 HER2-positive breast cancer. AN Ayvas ERBB2 amplification Hufiseusuiusgeiuda
wazaunsaldifu predictive biomarker iievituneuseleviainn1s§nwidae HER2-directed
therapies Tunzi5aiunszezLIng (early stage) LarszozUNINTzY (MBC) M. UnLUiloan
ERBB2 amplification ﬁﬂd’l’m’lLLﬁ’J, ERBB2 hotspot mutations AAnTuldsae. Activating ERBB2
mutations @13130LIAN1INTEAU mitogen-activated protein kinase pathway uilnavitliiina cell
growth uag differentiation MnUnAKUTUTIU Y nsiirdeua ERBB2 hotspot mutations anl#lu
nsnnsquatiaetu Sifesseldfinisfnuifudy, Tnslawieilon15348159 dUstn ERBB2
(65) &

hotspot mutations wulaunfulunziSessesunsnseans WelleuivuziSessesusne.® Gns3den
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wanaliiiulinuseuna 50% V09 HER2-positive breast cancer Al expression Y83 hormone
receptors (ER, PR) mgluszaunng o fu, ?NLﬂuIU”Lé”jﬂﬂfjuﬁﬂw HR-Positive Breast Cancer wag
nqu U3y HER2-Positive Breast Cancer il genomic alterations ﬁgﬂi%iamﬁu, Ane15n1Lin
$2ufu Faagifiuldainnisinuitainuiues ERBB2, NF1, ESR1, PI3KCA, GATA3, kag ATM
mutations faflndlAssiulugtefaonay wasfsnniuly unsazesundnszans deifisuiy
uziSeszezuang. > > °0 P53 mutations gnwulelu HER2-positive breast cancer fiuszanas 55%
walu early-stage waz Tu metastatic disease.™ % 5" n1sunsnszareluiiaues (brain metastasis)
é’muﬁuﬂmmﬁﬂﬁzymaqﬂﬂwﬁﬁ HER2-positive mBC. {in13@n®1wui1 HER2-positive mBC brain
metastases § mutations AiuanaA1glUaIN primary tumor. Mutations mdﬁﬁﬁﬁ’]ﬁag 19uA BRAF,
FGFR2, EGFR, wag KIT.©"%® Mutations mdwﬁﬁiamagﬂiﬁé’ﬂﬁaﬁwmﬂu therapeutic targets &u
Tuie) dniushw brain metastasis Tu HER2-positive mBC.

Genomic Alterations Tu Metastatic Tripe-Negative Breast Cancer (Metastatic TNBC)

Triple-negative breast cancer (TNBC), L8 breast cancer subtype 7ifldnwaigUszss
Aonshadl expression VBN estrogen receptor, progesterone receptor, Wiy HER2 expression, Ju
subtype fifinensailsaugnin subtypes Bu 9. LLﬁdmglé’ﬁmiwﬁaLﬁm%aﬂﬁims’& immune
checkpoint blockade Tu metastatic TNBC, msnapenfintustranidsdls, uazdnsinissen
%immﬁﬂwﬂduﬁ/ﬁﬂﬂa(“) 115338714 genomic profiling Tu TNBC léwanslififiuingl genetic
alterations Mmaasmﬁl,ﬁm%uiu TNBC Iuﬂ’amﬁ'ﬁqaﬂ’jﬂu subtypes u 9. TP53 tumor suppressor
gene mutations gnnulaluiinndl 50% e metastatic TNBC tumors wagenvgaluiia 90% luung
51891U.%” TP53 mutations gnuulausely early-stage TNBC ¢y, wuusewnas 70% fs 80%."> 7
Targeted therapy ﬁawmmﬁluﬂu 1% TP53 protein navuvinauladuund Suduminudosnis
SunilsiidfryosreBaundailaidnde. uenmiloluan TP53 mutations find1iu1uds, mutations
3u 9 fnulaly metastatic TNBC léfunl PIK3CA, RB1, wag PTEN winuluaudiitesniives TP53
EJEJI’NiJ’m(B’ 55, 57)
Homologous recombination system 15§Uﬂaﬁuau1%1ugﬁuzﬁﬁﬁﬂsmwgﬂi{flﬂu

[ 1

therapeutic target Sumilsly TNBC. Homologous recombination fiauddegisunntunisudly
DNA double-strand breaks 1i8uunf 1ilol# DNA drssanimaulsle. Germline mutations 704
BRCAL/2, Faviiliin homologous recombination deficiency (HRD), gnnulaly 10% § 20% ot
TNBC, Wag somatic mutations 98¢ BRCA1/2 gnwulelu 3% fia 5% of TNBC.®” Tudlaqtiutdud
gousuRudn BRCAL/2 wild-type tumnors @1usauans HRD b Taeifunaiiiesnindl genetic nie
epigenetic mutations 81 9 T homologous recombination machinery, 39360313 BRCAness.””
i somatic mutations vianeufianansaviilsiiAn HRD 16, 1y BRCA1/2, RAD51, PALB2, ATR, CHKI,

WEE1, uag PLKL."""? Tag mutations waniignwulaliy mBC n subtypes wilupuddi o 9.
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Microsatellite Instability a2 Tumor Mutational Burden

wonMilean genomic alterations #1499 FiNA1IUTLED, N1ATIFEUNI tumor
microsatellite instability (MSI) §uiiatuainauunnsosly DNA mismatch repair fildigniild
Hutnnsgiunisguagitag metastatic solid tumors. ftaefifeuuzifed MSI Aldugvaofimanza
fUN155nw1éa8 immune checkpoint inhibitor, 141 pembrolizumab.™ A1snsaanisaddn wite
AU MSI Usgnausie n1995291A8 immunohistochemistry ag polymerase chain reaction
d115U 4 proteins U89 mismatch repair pathway: MSH2, MSH6, MLH1, and PMS2. MSI la5ugiudu
Iflegadslunzifaduy wilumnudidosninlunzifevindu 9. feguisnuideliseauin
anansansIawy MSl 16l 0.9% es primary TNBC.™ TudnnisnuideidnuiuidonziSeomnay
rzgﬂwiu The Cancer Genome Atlas Network wu3138 MSI 1w 1.53% v94 breast cancer 7N
subtypes.’
wenwTeaIn MSI finananuda, tumor mutational burden (TMB), e ¥ns1uansiavan
189 somatic coding mutations ftinduluuziSeusdarfou, Adrdeegludrsiaunielddy
predictive biomarker §1%5Un155nw1uLL53038 immune checkpoint inhibitor."® "™ TMB gnin
wazinauatdy $1121v89 mutations MAaTUlY 1,000,000 bases (megabase) 94 DNA. A5l
TMB Fiufisianntushy Taenged] Aazifunalinind tumor-specific mutant epitopes fannTu au
gniuslane ssuugiiauiu (immune system). NUITERANwIsTAUYEY TMB 581919 primary wae
metastatic breast cancers Adslrnafisianudaudaiu. finflanuidesisauinlu ngu HR-positive
breast cancer i TMB windulddhslu mBC dlawleuiu primary tumors, ustliinuanuuansnagudl

(55

Tu subtypes du 9.%% Tuvagndnnilsnuidesigauinlungy HR-positive breast cancer Wagngy

TNBC § TMB wiunntulu mBC Wawileuiiu early-stage disease.®® n1sfinwiieaiu TMB feeglu
szozAunifidy Saldldgniunldidudsedrluneufuos. ludUisusasautiu tumor genome 813l
A a 1 = Y . . . . . !
Aef dauvasundaslidiniieounu (genomic discrepancies/genomic evolution) Tusg1ing

G778 79 19 55%119 primary tumor Wag brain metastases, ¢ % &

81)

primary g metastatic tumors,
Tussminrouuarndsniinisaese mssn, wasuduineludeunzdafiont.

158 genomic evolution mufinanian dniseradunainain nsdhwitldnanedu
wsanadulsisinisdaiden tumor clones finunu Aeron1sinu ielisaduzifand duagsen
soluld. n3nsI9genomic testing sz q onvwnzavluuisaniunsal, wuinaiiflsasisu
Turazldnms$nvivisedas. Bandndy, msisevunnlngiinaniuugs I%Q’ﬂaﬂﬁﬁuauMWﬂLﬁaﬁuuﬂ
genomic incidence asnsalinmsinld, uinsisewaniidauuanssiulusiinvesnissnui
Avaelasy, FuviaLazIa1ivin biopsies, Wag sequencing methods. msﬁﬁﬁayja{]wﬁ’uﬁlﬁ'mﬁ’u
somatic mutation data ¥839 mBC ludUrsunazau arunsaldiluwuinislunisiden targeted
therapy Un9du, 1Wu PI3K inhibitors, wadateusuennalnuasnisiesld. aavine, TeyaiiAeaiu
tumor genomic alterations vesgUrsudaray Gallan1agurglunisidnsiuly molecular- wag

genetic-driven clinical trials 1@y, 1U3d8seauAatnAAeiU ESR1-mutated breast cancer.®28¥
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A1589ATIANDAUNT Genomic Alterations
A514 Tumor Tissue Testing

159578 sequencing titefum germline mutations anansaldiileideundnd ldulsals,
WAN1SAUTT somatic mutation Aasldiifeifensigasindu. anuiwilunaluladves next
generation sequencing (NGS) ¥INIA&1L19091A15A5I3 sequencing Vo4 genes I1UIUNIA 9 1A
ogsgnapaisiug Tunailiuu. 51 NGS platforms sgyansuuy dmiuinguszasdfiunnsnaiu, 1wy
whole-genome k¢ whole-exome sequencing, targeted genome profiling, transcriptome/RNA
sequencing, Wazdy 9 - Tut23du, N191m533 tumor genomic mutations A8 NGS Hunisnsaadi
vifueguey 9. 1150529 NGS Mvidesiigaifielduszneunisquaguae e targeted genome
profiling, %ﬂLfJUﬂ’li sequencing La‘wwmjm U89 oncogenes ﬁauiﬁ], laglanig oncogenes ﬁﬁ
targeted therapies 115035U. luagduiius¥mionyunazanrtunisfinuinaisunsliuin1snsia
oncogenic panel NGS testing. ﬁﬁa’&i’]waﬂLLMdﬂﬁiﬁU%ﬂﬁ@ﬁﬂ 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), k8¢ OmniSeq Advance (Roswell Park Cancer Institute, Buffalo,
NY). Tuilaqdu MSK-IMPACT uag FoundationOne assays IASUN1I55UTBIIIN AMENTIUAITATT
DINIHALEIVBIANTTOLNTNT (FDA), way Caris assay tu FDA l#4nl0u Breakthrough Device.
Oncogenes ﬁgﬂ@i%ﬂ@ﬂﬂ;@@ﬂ%ﬁ@ q Wity e1asfu oncogenes finuangluuzisainuia
funnils (disease site specific) wunuldiamelunzisaduuualinuluuziswinduae vionuld
il lunsSmaneaailn. $1uuves genes Tuusiay assay anvliwindu ma:ﬁé?m@i 20 Tauannnin
400. MSI Lag TMB testing ﬂmﬂmi’masﬂu NGS oncogene panels. Yig flaziden sequencmg
service, Li'mamwaamwdwuimw genes maﬂﬂ,auumﬂmw% genes mvmmiaﬁﬂu assay tu
q. Bendndu, ma?:umwmuminﬂummﬂamaawﬁéuaq sequencing ma.’mem sequencing
reports 3naglviA a5UngNwNY, ULIIAITATENEINGIN mutations 19 9 fintunigluusias gene
ﬁau%a*aﬁu anunselinansznudoninfiues gene tilimiloudu. drograwy, Tu PIK3CA gene
WU31HNINAI1 10 point mutations fuaneeiy; wilu mutations wiand fluna mutations, L4u
E542K, tiiuiilaSunisnsasdeundrindy eain-of-function mutations 7ifnansznuse tumor
biology, luvaug# mutations du 9 fualdu neutral Aoy wild-type, nTodsagulals

) Lﬁ?ﬂ?i@ﬁ”%ﬂﬂﬁﬂﬁ]&]@ﬂ?? targeted therapies ‘VIlIlJﬁ"’ﬂVlﬁﬂ']WIUiJ”LﬁGU’]\‘i“UUG]uu

(inconclusive).®
awﬂ%’lmlmwaiumuwwumau 9. unLNilea1n tumor somatic mutations ‘Vlﬂaﬂmu,m, tumor
sequencing 137 IIAINY pathogenic germline variants Taglalaminnisaluineu (incidental), R
annsndinansznusie negthsuazasouaiiliediann. fnfanuite Wesnusnsmamsany

®) | fl9ms219NU pathogenic

incidental pathogenic germline variant Tu tumor NGS a&ﬁi 2.3%.
germline variants A253n15USN91 medical genetics LazA138n1901923 potential germline testing

WiudulAknauInluasauasa.
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A51g Plasma testing (Liquid Biopsies)

Sequencing Taevialugnviilagld tumor tissue, %aﬁ%mﬁ”]ﬁ’maq'ﬁmwm?iaﬂumiﬁw
biopsy okl tissue wagn1sdeam tissue Tifleanesiants sequencing. MsALNUIINTAREE
tumor cells lu tissues vilviiin1sUanUaay cell-free tumor DNA (cfDNA) wgnssuaidon, 39l
fianumenenufiaziaiu sequencing 714 cfONA ﬁagﬂu plasma 11lgUselovd. Targeted NGS
sequencing woe plasma cfONA l§Sumsiaueradunisasiadioldmauny  tumor tissue
sequencing way unsasaasudiiediuaulilunisnsa. nmsldusslewd cfDNA sequencing
lasunsAnwegrsinailu metastatic non-small cell lung cancer. MsAN®1INE (prospective
study) WSBUiBy tissue sequencing fiu cfDNA sequencing laglusn1snsia cfDNA ¥e9
USuNLenvu (Guardant360; Guardant Heatth)1u;:iﬂaa17iﬂumﬁaﬂam (non-small cell lung cancer)
svpzunInszane Ahineldsunissnwanney linuauaenades (concordance rate) Tué’mwﬁqq
FSUNSAUM actionable mutations.®” a1ula (sensitivity) wee cfDNA sequencing ﬁ?ue'ﬁyuﬁu
U311aiv09 tumor DNA figniaseiingnszuaiden, Gsegnelddvisnaves vlinveuuise, Usunames
uzise, wasnssnuiilasu. Medinisaueunuzin fDNA sequencing @W%Qﬂﬁ?ﬂﬂ%Lﬁ@LLﬁﬁ@%’]L%IEN
tumor heterogeneity 16; lmg cfONA Tu plasma fidnenndiezifuwnaasius genomic
alterations ¥®9 tumors ﬁagﬂuﬁ’nmﬂwi’m 7 luvoigdl tissue sequencing sllanzdeyaves
tumor Tuu3as biopsy i, sqmmamﬁmé’u (screening kit) Liieldfum PIK3CA mutations
MEN15753397N plasma cfDNA lasuniseusiiann FDA Tldla. a1msialidny mutations 31013
M529M8 plasma, AAITAATUINTIERY tumor tissue wolU. N5y cfDNA sequencing AaslAsu
nsfinnsanthunld Weiideusiinnisnsia sequencing s n3vi tissue biopsy ﬁmmﬁmquﬁum
w‘%alaimwamﬁu@ﬂ’mimﬁ?u 9. D ANl sequencing techniques vilvauTe
#5299 key genomic alterations 1¢, feufivzidensndule d19579 sequencing, AISHNITARITAN
sgsseumpudsnewd daudndudedlddoya sequencing mnsaulunisguasnediaeniold way
foyatiuinadentsnausniluruiunisinwednls. fudirsaaildielunisama sequencing 16
AnAuNUEn, HanTeEMURpgUEINIiuvesine Afedldsunisionsandae. Bandniu, nsoydalif
14 targeted therapy ﬁﬂﬁﬂﬂiaqﬂmﬂ%’mmi’sﬂﬁ@ﬁuﬁaEJ (associated approved assays), 131A23 kS
ﬁﬁagaméwﬁiuﬂ'ﬁé’fmﬁﬁuﬂaﬁmﬁwﬁ@dwazLﬁaﬂi% assays suluusig. aaviy, Sndudedinisuszidu
ogsseUARU, Imdnguunnifesifiodla lunsihdeyaues genomic alterations filswulne
sequencing A EINTUNITINUNUAITI NG,

N3kUaNaN13M393  Genomic Mutations

fosanfiunasliuinis sequencing agvansuvis Mislaguidnianvuuazanitu
nsfin, sUkuUNITenuRanaawnnaeiull, nswWisuiisusazulanaves genomics 39919
11l9i30ed18. Genomic alterations é’ﬂmjf]ﬁhiLﬂﬁlﬁifﬂmfiaumawuiﬂaﬁ’a@ig, wagilanududou,
WUy mutation Sulmives oncogene M5inAusguds nioiduves gene Tmide. fldnan
11ud, Tuddfideswensewing neutral variants filifiaudfay e8n21n pathologic mutations
ﬁﬁm’mﬁ’ﬁmmmﬁﬁn. ?jqn'jqﬁgu, UANU actionable mutations (mutations i targeted drugs
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T¥5nwld) vanesuinsauiu Tnglifuuamaiidanuimsdenldosulmnoundenss. duiui
$ndudosd msdnsesediadussuuisatunnudifwes senomic mutations fildasaany. &
grudeyamsisusunilefitioivaslunisutanaves specific genomic alterations FelsiuA OncokB
(http://oncokb.ore),® FuduguteyavunlugMiAsatestuuziiainguaznisine Tnoidu
grutoyafiindngrun1sideatiuayy fnaoungquuay somatic mutations Lag structural
alterations Inglifaganansznuiliiertosisudlussduead, lussdugtae wasdeyaiioaiunis
$nw1 paonaufLuziinsuainwftae ldinann wenansiiueifieanlag AngnIsNITeIMNS
LazY1v09EnsFoLuTNT (FDA), wazAuuzid1ved National Comprehensive Cancer Network, 11
fiu. g1udeya OncokB dgndautndumuavgfaus gene, siinvosnisiUdsuuuas (alterations),
Yilaveueiss (cancer types), warn1saziuildusglovdliuigae weluns$hw, nsiteds, ns
wensaflsn. OncokB ldszuumsuisseduvemdnguiiewnunldlunisinw (therapeutic levels)
ponidu 4 ey (level 1-4), wdthanld Wieussenedn nsavtiudas mutations unlduselevtiiiu
predictive biomarkers d1u3uldvunenanisinuvesending q du fdeyandngiuegluszdvla.
wdngIusEAu 1 (level 1) munods biomarkers Aiflndngiuanutndefonniign, dalduaussen
actionable mutations #il§§un1seeusuan FDA 31 FDA-approved therapy ﬁﬁamé’mvﬁmjﬁu.
weniloan actionable mutations NaI1LED, OncokB §33nuta mutations AlFsun1sAnL
fuduudrinfinaliAnnsdnuniuegasmzde tarceted therapies suladunils lnsuvsoanidu 2
2 (level resistance 1-2) A1UALULT 0T DUBINENF 1. mé’ﬂgmmiﬁamszﬁu 1 (level
resistance 1) via1884 biomarkers fifindnguaanundeionniigalunisiuienisiesio FDA-
approved drugs, 8nfaa8g1918u RAS mutation TunziSednldluegszazunsnszaies (metastatic
colorectal cancers) ag EGFR T790M mutation TusziSeUansyaginsnsgaie (metastatic non—
small cell lung cancer). uDY Gumzﬁl,%uumm’mﬁ, OnckB lalarussenaliun 682 genes 7
ATl 5665 alterations fiwuly 124 cancer types, lngUsznounIY 43 genes Ua4 therapeutic level
1, 17 genes U8 therapeutic level 2, 26 genes U3 therapeutic level 3, 23 genes U84 therapeutic

@ Tyvirusatneanu,

level 4, uare 14 genes Y81 therapeutic level resistance 1/resistance 2.
AMZYIN91U Translational Research and Precision Medicine Working Group ¥4 European Society
for Medical Oncology (ESMO) lanauaszuunldn1sinnuinngves molecular alterations f
wanguniied wetluiAilassdmiunisdnseduduves genomic alterations wagn1sagtnuly
UsglewlungUay; lneisenszuuilin ESMO Scale for Clinical Actionability of Molecular Targets
(ESCAT) classification. ESCAT Ao iA1laseiigneenuuuniiiegisunndauustiaive Tiaiunse
wUanaved gene sequencing panel lAlag@1N109AR1AUAINUAIAY YD targets (gene
mutations/genomic alterations) Milfnea1nnazdunlduszevilviungae. seauanuideioves
wang1ulu ESCAT ynuuau seiudusing ¢ (ters) mudeyatiagiuveseniildsuniseydifiainesins
e 9 Nf1AuAIUANDY (regulatory approvals), naendu TeyalusziuyUie Lagdayavn
Vieamnaaed. seiutu | (Tier I) \WussAutuiioggantasuidin genetic target tuldsunisianlduse
Tovdlumisnrujufegidudsed Tasdduusiini155nw1e1sas (specific therapy
. a 1% 1 [ [ a gj (90) a

recommendation) Ngenadagluiuiun1sivigunuases gene 4u.%” a13199 5. uaninis
) ) A o ) . P P Y]

dnszuununangiuivenlglunissny (therapeutic levels) ¥84 OncokB LU3suLieufussuy
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99 ESCAT waganuduiusiuanmsgunisguadnuging. ssuuvesis OncokB wag ESCAT 14l%
wummsiiaenndoslulufianiaderfudiniunisuenues mutations wazlvduuginfidngn
§7U5933U (evidence-based clinical guidance). Wenaluindngiulmivsinguinan, enafuasili
Srusumts (ranking) ¥8d mutation %49 Tu OncokB waz ESCAT wWasululd. n1s#i Oncoks
(http://oncokb.org)® fidnwauzidu webbase ﬁﬂﬁamwamﬁmam%’a;&a’tmjqié’ﬂawam%ﬁﬂﬁdw
a5 6. euanssneBenes genomic alterations lunziaduuiildgninddulae ESCAT uay

OncokB (http://oncokb.org) e n.a. w.e. 2563).5 &

15197t 5. Therapeutic levels fitaualag OncokB wW3isuiieuiu ESCAT

OncoKB Therapeutic Levels of Evidence®

(3, 89, 90)

ESCAT®

Level 1: FDA-recognized biomarker predictive of response | Tier I-A: Prospective, randomized clinical trials with
to an FDA-approved drug in this indication clinically meaningful improvement of a survival end
§ point
%5 | Level 2A: Standard care biomarker predictive of response | Tier |-B: Prospective, non-randomized clinical trials with
E to an FDA-approved drug in this indication results in clinically meaningful benefit as defined by
c‘,)*% 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 II-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
:cg) Level 3B: Standard care or investigational biomarker | Tier 1I-B: Prospective clinical trial(s) with increased
g 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
% neither drug nor biomarker are standard of care. Tier 11-B: Similar predicted functional impact as an
g already studied tier | abnormality, but does not have
- associated supportive clinical data
Tier IV-A: Preclinical evidence in vitro or in vivo models




A151991 6. Genomic Alterations NiwuuagluuzSAAIUNTTEZENINTZANY wanuUSEULiBU

AunueanInelilussuuves OncokB wag ESCAT
ESCAT Ranking®"

Genomic Alteration

OncoKB Ranking®

(3, 89, 91)

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 II-A —

PTEN loss Level 4 Tier II-A =

AKT1 mutations Level 3A Tier II-B —

ERBB2 mutations Level 3A Tier II-B =

MDM2 N/A Tier l1I-A —

Somatic BRCA1/2 mutations N/A Tier llI-A —

ERBB3 mutations N/A Tier 111-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

ﬂﬂiﬂizqnmﬂ%’%’aga Genomic Alterations in Metastatic Breast (mBC)®
ERBB2 Amplification: Tier IA (ESCAT), Level 1 (OncoKB)
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HER2 protein Qﬂmamiﬂa ERBB2 gene. ERBB2 amplification U4%09n015091UU copy

number ¥84 ERBB2 gene ffindu. fausiin NGS a1unsansaamy ERBB2 amplification 18, usiluiae

U URLsdnAUMI ERBB2 amplification TaN1uN150153911 HER2 protein overexpression 3¢

immunohistochemistry (IHC) {Junan, uayms1amn ERBB2 amplification 1aems3p18 fluorescence

in situ hybridization lunsain19ms39a38 IHC linafinguiasolidaiau. n19M539WY ERBB2

amplification Us% (viune) 1azlauselaviainnisinwisiseniioongmsne HER2 protein lnemss
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(HER2-directed therapy #3a7i36n31 HER2-tarceted therapy). %oanssanliin Tyurendamans
M990 fluorescence in situ hybridization wag IHC e1adnudalaidululufmmaneiiy. vuide
Lﬁaﬁ’sﬁ‘]ﬁ WU fluorescence in situ hybridization 81amns2aldnyu amplification Tu 15.9% vos
tumors 7n53aWyU HER2 overexpression fe IHC fidnansialuz+.*? nalndu q vean1siia HER2
overexpression il aEJ' L% chromosome 17 aneupLoidy, FaoSurenisnud HER2 positivity
(overexpression) Iaglaidl ERBB2 amplification.®® vuidusyaunain (clinical trials) S1uauunn g
JuduunuImvoag1vuIunig q lungu HER2-directed therapies lun15¥nwigUaeidu
ERBB2/HER2-amplified breast cancer lu@aiunsaisig 9. n1stdd15vefivsznaudae
Trastuzumab, pertuzumab, LLag docetaxel SIUAY 3 YUY lﬁLLamiﬁLﬁuhmmamﬁm overall
survival liunntu wlesieusunislden trastuzumab $auifu docetaxel, ﬁﬂﬁﬁw%’umagsﬁ%’umi
vausuliidu fsuenumsgiuansusn (standard first-line therapy) d13u ERBB2/HER2-amplified
mBC."* *® HER2-directed therapies Sudu 9 lawn tyrosine kinase inhibitors lapatinib Wag
neratinib”*® pasnaueilungu antibody-drug conjugates 13U ado-trastuzumab emtansine uaz
fam-trastuzumab deruxtecan-nxki, Ssendavdsiliduenfloongndse HER? fea1andl FDA ayan

1ol g (09-101)
PIK3CA: Tier IA (ESCAT), Level 1 (OncoKB)

PIK3CA gene fisa nucleotide dwsunanlusiufiddodn Phosphatidylinositol 4,5-
bisphosphate 3-kinase catalytic subunit alpha isoform)."%? PIK3CA mutation i gain-of-
function mutation mmsmizéju downstream signaling cascades lanangldunng, 1oy
PI3K/AKT/mTOR pathway finseéfu cell survival uag proliferation.’® msideluvesfuanisnu
, U PIK3CA-mutated breast cancers, PI3K inhibitors Lﬁ@”li’flﬂumﬁaLﬁmﬁqméﬂmﬂmﬂ I HGRFHEER
N3¥AU estrogen receptor- dependent cellular signaling IﬁLﬁuﬁu@ﬂﬂﬂﬁﬁsﬁﬂﬁm nslY PI3K
inhibition 1AU fulvestrant (waanqwmﬂu antiestrogen) LmeqwﬁLasmﬂuswms (synerg|st|c in
vivo), Usidmsld PI3K inhibitors lu PIK3CA-mutated tumors gaevilsfanusaiersuynsiesse

104)

n3§nwIde antiestrogen 16,9 ¢T38 phase Il randomized SOLAR- fidnwanaslden

alpelisib 7t8u PI3K inhibitor fullesauiu fulvestrant Wisuisuiunsld fulvestrant ag1afen
Tugthedu HR-positive, HER2-negative mBC wAeld endocrine therapy wnauudiilsaiisy
(45, 105)

U, nuAdBilaTenuInslgen alpelisib $auu fulvestrant 10l progression-free survival

(PFS) fifndn lawieuiu nsle fulvestrant eghaidien, vl FDA aunwlld alpelisib Tu HR-

45, 105)

positive mBC g1 ToyamailagliiuaudAguenisnsian PI3KCA mutation TudUaed

§i HR-positive mBC filsaldriduragldsu first-line endocrine therapy. wenuiean alpelisib 7

(106, 107 &9 i iranilan

nanauuEa, 9l PI3K inhibitors fdu 9 ﬁﬁwé’aagﬂumsﬁwmLﬁaﬁﬂmﬂfﬁ’fﬁaa.
PI3KCA mutations talslanunsaléidu predictive biomarker Lfitaevhuienan1s3nWIveEIEIT 9
floonguslu PI3K/AKT/mTOR pathway Iemnén. TusmAds phase Il vasnslden PI3K inhibitor A7e
taselisib 211U fulvestrant 1u;§ﬂ38ﬁﬁmﬁuﬁmmﬁm HR-positive, HER2-negative disease WU
nsoanguisvesend laidufudihedl PIK3CA mutation v3alal 1% Foyandne 1 fu Aldgnaenu

9N NWITTITe FAKTION trial fidinwinisldfen AKT inhibitor 7138 capivasertib $3uffu fulvestrant
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Tugftefifl HR-positive mBC, Fanuiiinavilild PFS Fdu Tagliuduingiell PIK3CA mutation
wselel 19 Sandnu, snAsouuy retrospective analysis 7ifin1 PIKBCA mutation status 1w cfDNA
NNguEUILves BOLERO-2 trial, FeRnwIn1sld mTOR inhibitor 730 everolimus $ufU
aromatase inhibitor 7it® exemestane Wisuiisusunsldamasn (placebo) 39U exemestane
lugUae HR-positive, HER2-negative mBC, WU ARSI PFS 109910 everolimus VLZJ%UﬁU’iWEEﬂ’JEJﬁ

PIK3CA mutation wsaly.11?
MSI: Tier IC (ESCAT), Level 1 (OncoKB)

Pembrolizumab, 1¥u PD-1 antibody #anils, AldFunseyanelilidmiunziiein
AN 9 ﬁagﬂuswmwﬁmzma 7Tl microsatellite instability (MSI), Tngldsaumzidaduuszey
unsnszaedline. maayﬁyﬂmiuﬁfgm%ﬂd%ﬁu tumoragnostic approval @elduniseugymlag
Aflells cancer’s genetic way anwadzves molecular biology Wuwdn Tegldlardein wlaves
undy videdutuiinvesndeiu q wnetugle. mssydfuifinngiuanainnideluiiae
uz\5971l microsatellite instability (MSl-solid tumors) 1us1wau 149 au Aildunan 5 clinical trials
Tuuu uncontrolled, multicohort, multicenter, single-arm, Imaﬁﬂwﬁaﬂm@ﬂuﬂﬂaEJ@J%L%GE??I%’

I
CY

g, Twihewand, feuld 2 euilduuzdasiuy szesunsnizaty  wasysglnanissnwine
Pembrolizumab Ju partial response (SyezliameuaueIuy 7.6 ey way 15.9 aew).™ dald
| 13 wa & 4. . < % [ 1 (] a0
naNua, aURNTal (incidence) Y09 MSI Tunizisaiuuszesunsnszaty (mBC) agludnsiia
daieuiuluuziss solid tumors 8u 9. Nsld Pembrolizumab feldindunssnunfivena lvdn
grusesiulleldludUaenidu MSI mBC. eglsiniy, iesndsifuemanevuulndonldlugiae
UL SWFULTZETUNINTEANY, N13IRaIAUNITSNITIEeda i neundsegals Fwsmnzaudian &

AosinsAnwianAusialy.

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

NTRK1, NTRK2, wag NTRK3 genes #I5¥d nucleotides @wsunan Trk proteins, ﬁaﬁﬂu
A3eNa transmembrane tropomyosin receptor kinase (Trk), dUlAwA Trk-A, Trk-B, wag Trk-C,
AU, Fusion 484 NTRK gene insedfulyiil active Trk protein function deiilosnasaiian, ilua
T oncogenic driver Sunie. 1Y Larotrectinib, U TRK inhibitor fwils, l95uaysimann FDA T
T$nwilu NTRK fusion-positive cancers. ﬂ’l'iaﬂgﬁamiuﬁﬁﬁﬂg’m%’m 1U39% early-phase clinical
trial #figflreduau 55 auilidu NTRK fusion-positive cancers, Tngil 1 audunzidaduuszes
wngnszaney (mBC). Larotrectinib fleldlu NTRK fusion-positive cancers lidnsinisnevaues
1ne53 overall response rate (ORR) i 75%, (Partial Response 62%, Complete Response 13%),
wailugUag 1 678U NTRK fusion-positive mBC th lalldnaainnssne (Progressive Disease). 112
Entrectinib, TRK inhibitor 3néamils, filasuoygnlildlu NTRK fusion-positive cancers 6. N3
AT EveanUITy ALKA, STARTRK-1, and STARTRK-2 single-arm studies Tugfthuiifl NTRK
113

gene fusion lasausanUae 11% (6 aw) My mBC uaziinanismeuaues ORR 71 83%."% \Jufiu

dane, TuussmuziSusnuy subtypes 69 9, NTRK fusions wulduseiigalu secretory breast
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WY Han3ty, wuan NTRK 3015 fusion fu

fusion partners louannwane wazlinngues fusion MAnTuazinaneliinuzsa (oncogenic). N3

carcinoma ez mammary analog secretory carcinoma.

MTIANUAU §1udeyaLdu OncoKB Wioduduin fusion T 9 5§ oncogenic activity vislal Faduds
dirousndulald TRK inhibitors. Bendnty, N15MS9aMU hotspot mutations ves NTRK1 71 G595R
uaz NTRK3 i G623R, Segniaidu level resistance 2 lugnudeya OncokB, vsihillonadedenis
Srwndneen larotrectinib. 112 NTRK fusions T mBC iAnTulumnuddisn: i 1 sudsedilganulutae
12,214 517y mBC wuin 0.13% w83 tumors i NTRK gene fusions. ™ nmsazidenldeiesls
reundseensls Tu NTRK fusion-positive mBC §daaiinsfinwniiniusely.

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

Germline mutations ¥84 BRCAL #38 BRCA2 vi1#1An homologous recombination
deficiency (HRD). PARP enzymes flaaudidguassndud1iusuaviunisgeungs DNA single-
strand break. Tumors Al germline mutations 8unalitin HRD inliAsINean101#8 PARP

31119 G911, NMSHINNSIIUURY PARP enzymes nanasii

enzymes \Juagnssnnluteauuyy DNA.
Tiin136159A0gvas DNA single-strand breaks lailasunistounay slutgavinliin cell death
1ny synthetic lethality. 9139y phase Il OlympiAD trial la@nwn olaparib, MU PARP inhibitor
o = a PN Y] Y Ao o PN ¢ Vo = R A &

Aanily, Wiguigudunisldiaiundn 1 vuiu auiunndginuwiiden lunguiddis iy HER2-
negative mBC 9131 germline BRCA1/2 mutations. §Uaediulvgjvesanuidel (77%) wnelasuiai
Urdauuas (prior chemotherapy) dususnwnnzisamuussazunsnszane. nulsellauanalsidiu
i oAy v oA . . A £ | Ao o W A o Y] oA v
el ﬂqmﬂ,mm olaparib 4 progression free survival (PFS) lNNUUBL1UUYAALY Lmamammqwlm
WwIUUR (7.0 WhoU vs. 4.2 LABY; hazard ratio, 0.58; p < .001). A1 overall response rate (ORR)
Yoenquiils olaparib u 59.9% wWiawieuiiv 28.8% vewnguillsiaiivndn.*® lnsededeyanisie
i, olaparib 3alasun1soug1na1n FOA IlYdmTugUie HER2-negative mBC 713 germline
BRCAL/2 mutations lugusefitaelasuiaivrdauinsuuds lddnanifulunisdnuwinuu
neoadjuvant, adjuvant, #38lun1ssnwuziSessesunsnszane. 1t Tuvhusadeady, :13dy phase
Il EMBRACA trial l¢i@n®1 talazoparib, M.8u PARP inhibitor 8ndauils, lU3suifisuiunisldiadl
U1 1 wunu suiwnmdgsnwidon lunguitiendu mBC A% germline BRCAL/2 mutations. Tu
nquileen talazoparib, Uszanas 35% veeiUaelisu talazoparib Wugnvuuuwsndmsuuzissses
wnsnszae, ghedlvg weldsuendu 9 uua 1 v3e 2 vunudmsunssazesunsnseans. nay
av v LA . o X I Av o v oA oA ) Ay Yy Ao W
Lo talazoparib A1989 median PFS iiinusg1aiitsddglofisuiungunlainiividn (8.6
LB vs. 5.6 Wiau; hazard ratio, 0.54; p <.0001).”” lnge1dedeyani53deil, talazoparib 915y
n159UnY 191N FOA Tldd sy HER2-negative mBC 713 germline BRCA1/2 mutations, Ingliifas

19 grgidTeuiiisulagdeu (indirect comparison) 98481

Ailedn welasuivndaunauniely.
olaparib U talazoparib Usiewisgliusslesimieutu willsuuuunatnafosfiunneeiu 19
PARP inhibitors U1 n15nwieg1ayailn (targeted therapy) é’uwﬁﬂuﬂﬂw mBC i3l germline
BRCA1/2 mutations. UMUIM¥83 PARP inhibitors 15 U128 mBC 13 somatic BRCAL/2
mutations f1&seglutuni3ide. n1538e@Anwin1s14 PARP inhibitors Tungi$e5sla (ovarian

cancer) U931 lausgloviainnisinwimiloudu NalugUliend germline wag somatic BRCA
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mutations.*?*#? gsn311iu, M33enilsiidine niraparib, PARP inhibitor 8ndavile, TudUieuziss

$ela Wuandliiudn ordlsinanissnuld dlufiaefil cermline BRCAL/2 mutations uagdtaed
138 germline BRCA1/2 mutations wstdu HRD-positive tumors (HRD-positive $2uf1U somatic
BRCA mutation, #3® HRD-positive s21iU wild-type BRCA)."? finare91u3dy (ClinicalTrials.gov
identifiers: NCT03990896, NCT03286842, and NCT04053322) fifdefinwUseansa1nves PARP
inhibitors Tu mBC #ilaifl germline BRCA1/2 mutations. msatiuayulyigiaeadinsidisiunisise
wianilifieftazidlaunuanues PARP inhibitors Tuns¥nungitian mBC i HRD uag somatic BRCA

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

fivane activating ERBB2 mutations tasun1sAunuly mBC ¥n subtypes wazin
9y driver mutations Ty mBC. Mutations wiala19inTuil  extracellular domain,
transmembranedomain, %38 tyrosine kinase domains, ﬁﬂmémiﬂis@ju HERZ2 signaling

1261260 s@Enwlunaennnasiuesin UNe  kinase

pathways, Wii1azlifl ERBB2 amplification.'
domain mutations way extracellular mutations ﬁﬂi%é]:u HERZ2 signaling anafinsiiiuanyly
(sensitivity) si9 HER2-directed therapy.(lzé’ 120 fiyiane ERBB2 mutations 71 tyrosine kinase inhibitor
binding site, wu L7555, lumsanwlunasavnassiduiusiunsiese tyrosine kinase
inhibitor."?® luawidy phase Il trial fidnw neratinib, Fadu irreversible pan-HER tyrosine kinase
inhibitor, @113Un135A¥1 ERBB2-mutated, nonamplified mBC iuﬁﬂaaﬁ%’%’uﬂﬁ%’ﬂmmué’mma
g wuliusslevtinnemaingisng 369%.12 Tuiweadisasy, Tuauide phase I trial Bndumils
fifnw neratinib Tu ERBB2-mutated mBC lesaauiilvivssleoviinsnainiisnsn 31% (90% Cl,
13%-55%), 1neil complete response 1 AY, partial response 1 AY, Lag stable diseases 3 A, *?
11398 phase Il multihistology trial (SUMMIT) 1@#@nwn neratinib dmSuSnwusiSesing o Tuszey
WN3nszan8 (advanced solid tumors) 71l somatic ERBB2/3 mutations. mu"?%’aﬁlﬁswi’mﬂﬂw 25
audu mBC iy ERBB2 mutations uaglésneaiu ORR 7 329% (95% Cl, 15%-54%). Y Tutlaquu
, neratinib lasu n1seud®ain FOA ildianigly early-stage breast cancer 7Tl ERBB2/HER2
amplification. mstinsauayunuddosg 4 Afnwieuddnyues ERBB2 mutation lu mBC way

targeted therapy Fvnza.
ESR1 Mutation: Tier IIA (ESCAT), Level 3A (OncoKB)

fivany 9 activating ESR1 mutations gnwulalu mBC, ImaLawszu;:JﬂaaﬁLﬂﬂlﬁ%’U
antiestrogen therapy 1INBY, WUIMUN mutations N Lﬁuﬂ1§§8ﬁ6ﬂ1§§ﬂwﬁﬁaa endocrine
therapy."®? n9398 NaNTENUVBI N1IATIANU ESR1 mutation 91 plasma cfDNA lasunisdnwlu
2 phase Il clinical trials, ‘171%@ SOFEA uay PALOMA3. Tu SoFEA trial, fulvestrant wSaufudl
anastrozole #saliil anastrozole lﬁgmﬂ%mﬁauﬁu exemestane lun155nwn advanced, HR-
positive breast cancer."*? Qjﬂw‘ﬁ'ﬁ ESR1 mutations 73U fulvestrant & PFS fifinin ﬁﬂwﬁlﬁ%’u

exemestane (hazard ratio, 0.52; 95% Cl, 0.30 -0.92). ﬁgﬂwﬁ"ﬁ wild-type ESR1 # PFS TnalAeriu
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laihadldenainlafidedlumsided® lu PALOMA3 trial, #ifnwinisld palbociclib i
fulvestrant wWisuWieuiun1sly fulvestrant agaded TugUas HR-positive mBC, wudildfiaany
wAnA1ly PFS 5811919 ESRL wild-type wag ESR1- mutated mBCs.®” Tulgu, §3lifl targeted
therapies @ %5U ESR1-mutated mBC, Wi ESR1 status (ESR1-mutated) 919U a9NN5E tumor
resistance #8314 aromatase inhibitors. NMs§wTiaNzaudWSyU ESRL-mutated mBC Maaeg
TudumeunTIde. fimsuenlumle wdnw, sulaun MATERRNY novel nonsteroidal selective
estrogen receptor modulators, 1@ lasofoxifene LU3guiBUAY fulvestrant, dmsusne HR-
positive mBC #ifl ESR1 mutation (ClinicalTrials.gov identifier: NCT03781063).

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

Oncogenic PTEN mutations, fi¥il# PTEN ldaunsvinauldmuund, W111gn1nsedu
downstream signaling Y89 AKT/mTOR pathway, Aol#iin1swasUasves cellular functions. Tu
37U7398 phase Il randomized trial (PAKT trial) fiFnwinisld capivasertib (AZD5363), LU AKT
inhibitor fa1ls, $ufU paclitaxel W3suifisuiu 1514 paclitaxel aguiies dmiuinugiag
metastatic TNBC #iliineldsunissneiunneu. luswdse PAKT tral, n15l4 capivasertib $aufu
paclitaxel, dletuTeuifisunu paclitaxel 88149LA87, Toinatiiy PFS ldogr9dmiaulu
PIK3CA/AKT1/PTEN-altered tumors (hazard ratio, 0.30; PFS, 9.3 L@@ vs. 3.7 LAau) Lﬁal,ﬁ&l‘uffu
intent-to-treat population (hazard ratio, 0.74; PFS, 5.9 WAeU vs. 4.2 Liau) 3 L“f]uﬁﬁ’lﬁﬂmm,
ATeilseldnanslfidiudn mutations sing 9 floglu PIK3CA/AKTL/PTEN pathway lailéidu
mutually exclusive, na1afie amsaiin wday 9 Auld. 2 Tueudde phase Il trial (LOTUS trial) 9
Anwin15ld ipatasertib, AKT inhibitor 8ndanils, $aufiu paclitaxel {ukUUBITLIULIA (first-line
setting), W3iguiiguiiu Msldevaen (placebo) S paclitaxel, lugtae locally advanced %39
metastatic TNBC. Ipatasertib $9ufiu paclitaxel Inawfiu PFS leagnadaianly PIK3CA/AKT/PTEN-
altered tumors (hazard ratio, 0.44; PFS, 9.0 tA®U vs. 4.9 tABU) Lﬁa VABUNU intent-to-treat
population (hazard ratio, 0.60; PFS, 6.2 4#iou vs. 4.9 ieu). " fiesninnisideuniasing o u
PIK3CA/AKT1/PTEN pathway @s1satin wiou o dula, ﬁﬂﬁ%ﬁﬁﬂmmﬁiamﬁ%’mﬁmLama&j R
Asasuulassulafiintuly pathway 4 filwarelfifinuzide (oncogenic) launan wazns
Wasuuada 9 wEntu pouAWBdse targeted therapy lawiniunsslal.

AKT1 Mutations: Tier 1IB (ESCAT), Level 3A (OncoKB)

Aaldnanaunan, n191% capivasertib (AZD5363) 217y paclitaxel Tunafly
PIK3CA/AKT1/PTEN-altered metastatic TNBC."*¥ Capivasertib §4gn@nw1lu advanced solid
tumors il AKT1 E17K activating mutations. mu’iﬁa‘ﬁlﬁi%mméjﬂw 20 AU HR-positive mBC
U Q’ﬂwﬁ@umﬁwﬁﬂgu 9, drudlngaglasunissnwiniuaivais suru. a1 median PFS
v 5.5 1iau (95% Cl, 2.9 months —6.9 months) iuﬁﬂw HR-positive mBC.*¥ 1u3deni1saddin
fifnwn AKT inhibitors 8u 1 waznsiuldsauiuendy q Masaiiiueg. Ipatasertib, AKT inhibitor
#anile, 70U paclitaxel AaagnAnwrlug Ui PIK3CA/AKT1/PTEN-altered advanced breast
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cancer (ClinicalTrials.gov identifier: NCT03337724). 8n31u3duld@nen ipatasertib $2uf U
palbociclib wag fulvestrant LW3suLisuAun1sld placebo 21U palbociclib way fulvestrant Tu
dU38 HR-positive, HER2-negative mBC Aif1dea1tfiuey (IPATunityl50; ClinicalTrials.gov
identifierNCT04060862). Tuwnizdl Toyan153¥eiivatu n1sld AKT inhibitors d1v¥u mBC #id
genetic lesions nglu PI3K/AKT/mTOR pathway i fhindedouds. nmsdhsan clinical trials
fifnuUszAvBamvass A dnsldsunsinsanlaediae,

Other ESCAT Tier lll and IV Genetic Alterations

MDM2 amplifications wa¥ ERBB3 mutations §ndnaglu tier Il genomic mutations
d1m3u mBG; tier Il mutations tJuldvis nsdifferfigninanldfutasundewiadu A mutations
tu 9 udr WUselews] wie nsdl mutations Sy 9 Wielu genes flogsmnsznalieafiu tier | genes
widwndeyandngunnadinatuayuiagndndu tier 177V MDM2 unsvhaiuves p53 was
1n15WU MDM2 gene amplification Tuusgsnu 50% v84 liposarcomas. 1511 MDM2 inhibitors
W@nwlu liposarcoma Maseglu early-phase clinical trials."*” ERBB3 d5%a nucleotide dwisu
WAn HER3 protein; A ud1AYyy83 ERBB3 mutations uazkanauauasnansly inhibitors el
n1339usioby. ESCAT tier IV genomic alterations flagiudnuauun, F9371 genes fioravhliiAn
HRD, 15 ATR/ATM/PALB2. UNUINY84 genes inaniluntstinunldguaguasdsegluduniside

Wity
unagy

mmiﬁ‘&nﬁ’u tumor genomic alterations i8¢ gene expression profiles Tu primary breast cancer
Iﬁﬁﬂﬁlﬁmmmiﬁmﬁu intrinsic subtypes 0IMZISAAUY %ﬂﬁ’]@i’]ﬁﬂ’ﬁﬁwuqﬁﬂmﬁﬁlﬂﬂ gene
expression profiling flanunsauseiiu recurrent risk Fldlvuseleviogradmanlunisneinsallse
LLaﬂGi’fLﬁaiJ%’UmiaLLa%’ﬂ‘wmzL%qLﬁ’mmwmiﬂ 9 ludeusiazau (early-stage breast cancer) 19
B9, n13eudfAlHlY alpelisib uaz PARP inhibitors dwi3usnw mBC #ifl PIK3CA mutations was
germline BRCA1/2 mutations, i3easnuaiau, lawduliiuiaanudiAgees nislddeyasn mBC
genomics 1UsEnaunsidentdensnumliungoe. Qﬂ’;aﬁﬁmimnwu MSI and NTRK fusions il
Hﬂiwﬂﬂﬁﬁmiaymwlﬁﬂumu tumoragnostic approval 58¢5u. luuaigdl oncogene sequencing
assays Jusnmsloiuan, msdenlduaznisuana ndudpslianuseinseds. Duiwousuiuin sy
gvuuLIn Y fignliinungtag mBC imdngrunsidevnanain phase Il atfuayueguds, 1150579
tumor genomics ?’Nmagﬂiﬁﬁunmﬁmmsam WotheTuuamalunssnen. Salunindy, Selddaay
Feehdlsfie drduimanzauvesnsldinuen Tunsdliias mBC & actionable mutations nanesu.
anvie, laidanil SenAdedldvhlmifuninsiuues genomic landscape Tu mBC Faralvidiaag
arudlaluTyine1ves mBC wasilameliidiu potential therapeutic targets Tl 9 fisududos
Igsuns@nu3desiisniis. 3 eenomic targets wmaé’uﬁﬁiamagﬂﬁmuwialﬂiéf Lﬁaqmﬂﬁwé’ﬂgm
719 9 atuayuinaa. 191938 uaw3dy biomarker-and genomic-driven clinical trials Aa5lASy
Msatuayulownga,
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(subtypes) Afanuuandslumisiiinlie, nsnausnasnanIssne, LLazNam:wmiagTﬂw.“'
2 m3l% Gene expression assays RINITOAWAN intrinsic breast cancer subtypes Idpeausine
iﬁaﬁq@;<3-5> 08i191578,01139 3296428 immunohistochemistry (IHC) LA A% hormone receptors
[estrogen receptor (ER) L8 progesterone receptor (PR)], Ki-67, L8 human epidermal growth
factor receptor 2 (HER2) VL@TQﬂﬁmW’L%’LummﬁﬁmﬁaLflumimaﬁmmmu (clinicopathologic
surrogate definition) §1%31321) breast cancer subtypes lugﬂaﬂmﬁuﬁ’mu.(ﬁ) fulnajvod
;jmijaﬁvlﬁ%’umﬁﬁadfﬂdﬂLfluml,%aLGTmaJ 1 unz1397 %a hormone receptor-disease, #38
luminal-like subtypes, lasanaudu vHe Luminal A-like (ER—positive L8z PR—positive, HER2-
negative, Ki-67—low) #38 78 @ Luminal B-like ﬁLflu Luminal B-like/HER2-negative: ER—
positive, HER2-negative, Waza&19%aaidn 1 8819 A8 Ki-67—high %38 PR-negative 138 low;
was71d% Luminal B—like/HER2-positive: ER—positive, HER2-positive. LHad31nda214
parnwaelusznindesd fiinsmenniinen, des Ki-67 Aiddrdoud 20% wly lésums
WATaIL D high Ki-67, LL@iQL%mm@maﬂuvl@“l%@h cut point NHOEN3 (1% Ki-67 71 14)
W38 TNANITATIIVEY multigene-expression assay TIHAARKLY, T10523 16 IwiwaLAsINY,

v 1 1

d1v89 PR Nasnin 20% lagnld tadnidu d1vad low progesterone receptor wazgninatilu

N§¥ Luminal B subtypes).®

VIS uNTRaans19828 IHC wdh wuill ER-positive uaz HER2-negative (ER-
positive/HER2-negative; %ETOE]’]ﬂf: luu“nmmf:azﬁmazmﬁaquﬂ ER-positive breast cancers)
LﬂumﬁaL@Tmmﬁ@ﬁwm_iaﬂﬁq@, laowulaludszanulu 65% maamﬁmﬁmulugﬂwﬁmq
“aonin 50 O uazwu'le 75% Iuﬁﬂwﬁmqmﬂﬂ’jmm Estrogen receptor (ER) \Juganfnaumnits
1% nuclear transcription receptor superfamily. ER mmmgnm:@u‘lﬁﬁﬂmﬂﬁﬁaﬂ steroid
hormones, 3% estrogen. Estrogen LLaz estrogen receptor (ER) Lﬁm"fa\‘lﬁ'lmmﬂ“nmuﬂ"ﬁ e
cellular proliferation, inhibition of apoptosis, invasion LAz angiogenesis. ER i 2 isoforms (ER-Q,

uaz ER-P). lasns 2 isoforms wu'laluihaibadaudiuunlnd (normal mammary gland) fNat)

U

% & A & v ] @ oA A A & v v
JURDULWALYDNLLIILATUY, WalaN1e ER-Q LV]']%%V]WUVL@;‘L%LuaLﬂauzLix‘]L@]']%sJ. vL@]LiJuL’Jm&J’]

anndn 30 Dudft ER-positive breast cancer leidudratananvasuzisanldnisinmadneg
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e (targeted drug approaches) wa leNad. nandals ER-Ql-positive expression 1w
biomarker ﬁa%m”mumaamﬂﬁaﬂw hormonal therapy (estrogen-focused therapies). Hormonal
therapy 131 ER-positive tumors navinliiinmsaii estrogen wualuiatowss, suginsrinau
299 ER signaling, s9navinlwinsasasives ER, wionelwifiamaiaouslasly ER-regulated

signaling %30 proliferation pathways.
ANBULNWNLIDINYIUATNWENTINVDI ER-Positive Tumors

w159 uaefia ER-positive AHANNRAINHANY. NziTamaHEAuLaneansruln
J2auUvad ER expression, PR expression (%ogﬂm’z@juﬁw ER), histologic grade, JEAUVBINT
W96 (368 Ki-67 labeling index), WULLHWIaS gene expression, AREAIRTRALAZAINNAYD
genomic alterations LAA37%. anwMza19 9 ws1Hdnudonlossunuiiu wazianldld
Uszlogdlunisinsunuins liudgaold @13199 1).® uz15978w low-grade (well-
differentiated) tumors & ER a2 PR expression ‘ﬁgoﬂd’], wsefisasmsutsaaniasnin, Tuwms
‘ﬁ intermediate- LLaZ high-grade tumors 9138lvzALVaY ER “ﬁl@:i’m’i’l waza19 s PR expression,
LLa:ﬁé'@mmsm_ia@T’;ﬁgaﬂ'ﬁ’].(9) fanlngvasnziSoeuuriia ER-positive tumors tilw ductal
histologic subtype (ductal carcinoma); 814 15AANY, ﬁa%j 15% 7115w lobular subtype (lobular
carcinoma), %dLﬁmﬁ'a\‘iﬁ’Uﬂ’li‘hiﬁ expression U84 cell-adhesion protein E-cadherin, ALY RIEY
nyaneliuag cell cohesion i iaasuziSadulaluuuy “una5enite” [“single-file”
pattern]. Histologic subtypes ﬁ"L&iﬁaU"l@Twuﬁ'u, W% cribriform WaY tubular carcinomas, JanN+ oL
Usednaafilaidounasias fa § ER expression luszauga, 1w low grade, uazdl prognosis @
311" 13zu1™ 8 to 10% Va9 ER-positive/HER2-negative breast cancers Lﬁ@%ul,ﬁadﬁl’m
W”u'gﬂssuimﬁ germline mutations Tu hereditary cancer genes; 1% CHEK2 gene (‘W‘UVI,GT 1%
10911128) uaz genes AALITBIL homologous recombination, L% BRCAT (2%), BRCA2 (2%),
ATM (0.5-1%), wae PALB2 (0.5-1%).""" ANNTNTY (prevalence) Va4 hereditary mutations Tu
ER-positive breast cancers ﬁmgag@lum\jugﬂaﬂﬁawqﬁaﬂﬂdw 40 T (wu'letszunm 15%) uas
amoaaimwimﬁaﬂﬂw%auﬁ'umqﬁmﬂifu (Wulszanmh 10% 1uﬂ§jw§ﬂwﬁaﬁqﬁt:mqa 40 149 60
T uazwudszunm 5% Iuﬂﬁj&l‘ﬁla’]ﬂqu’]ﬂﬂ’j"l 70 D). 1u;§ﬁﬁ germline mutations U84 BRCA1 &%
slmymaomﬁaﬁﬁm‘fmﬂmiﬁ@ triple-negative 14% expression 184119 ER, PR, uaz HER2, U4
‘Lu;jﬁ'ﬁ germline mutations 789 BRCA2, PALB2, CHEK2, uazuaz ATM iu saulnajvasuzss
L unitfinduidusfie ER-positive/HER2-neg, Lﬂuv’ﬁmﬁmﬁumﬁaL@Tﬂuuiuzgﬂwﬁﬂﬂ
(sporadic cases).!"* ' mﬁlﬁé’m%’u%’nm’mu%aLﬁwuué'mﬁaamnw”u’gmsuﬁagjsl,mw:mﬂ
(early-stage hereditary breast cancers) A L laandialian mﬁ‘lﬁﬁ’m%‘uu:L%Lﬁmulu;@m
Al iutdsanuuzsaidruuna'ly (sporadic cancers), mﬁdL@Tmua‘"mﬁaomnw”uﬁqmw

(hereditary breast cancers) RINNID LATUNNTINENGR e breast-conserving surgery W< radiation
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therapy, LL@QﬂQU%ﬂW JAU ﬁLﬂuu:ﬁqLﬁmué'mﬁaamnw”ugmsu Bonfassnunday
mastectomy (if’s&lﬁ'll contralateral mastectomy @T’m) Lmu‘ﬁ'auﬁaﬂl% breast conservation Lﬁa
Toar ui5smAedulnaiidusueufisas (second breast cancer).(™

N13§339 genomic sequencing Lae RNA expression profiling V83 genes ‘ﬁlﬁuwmﬂ
ﬁ’]ﬂ”tylu tumor pathogenesis WaZ prognosis "L@TLﬁu%é'ﬂgmaﬁuaguﬁuﬂ'u’h pathobiologic
heterogeneity 183 ER-positive tumors HANURNAUSAL grade, proliferation, ez patterns Va3
gene expression ((51’15’1017; 1).(8' 15, 16) ER-positive cancers ﬁlLi‘ju genomic luminal A, s'i?ql,ﬂu lower-
risk signatures, RUWBENL strongly ER-positive, PR-positive, lower grade, proliferation ‘ﬁlﬁaﬂ, Wae
ﬁwmﬂifiﬁ.a; luminal B, GﬁdLﬂu higher-risk signatures, FUNWINU expression ﬁa@mmaa ER, PR,
%%amadﬁ?ﬁ ER uaz PR, higher grade, uaz proliferation ‘ﬁmﬂﬂ’j’], waziwennsoiilug dlanma

8,17,18)

lsafSunnnnin (@159 1) ANI§373 genomic assays, LTWNIIATIAGIY 21-gene

recurrence score, 70-gene assay, L8z 50-gene intrinsic subtype, fum litnlinanaaansadlnada

Dululufiemadoiny laldvinue anudesnlsnazinsy (recurrence risk) U89 ER-positive

(19-21

tumors, LAlWANNFAARBI8ENIRAIN gNUMTLTzIIUNINeN5INen. 120 msdseiliuvmonens

Anen ludw grade, ER uaz PR status, was proliferation N11szidnee Ki-67 labeling &13130

(22)

. { 9o ) o 4 oy ,
dndumsasiaialtnauwny genomic assays "l@ﬂmmuwm, WAA cut points/thresholds

(7

fmil Ki-67 deldlagnusulwidusnasgw@snnn, " uszmadszidliu tumor grade Adadaymn

Tuvwaat@ein. @
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A137191 1. ﬂ'J'lNﬁNﬁ'%ﬁ%z‘iﬁ'i’ld Tumor Subtypes, Pathological Features, Genomic
Biomarkers, WRZHAANS Lt 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 +4++ ++ to +++ +10 ++
PR expression ++ to +++ 0to +++ 0to ++
Ki-67 proliferation index (%) <10 10to 20 >20
21-Gene recurrence scoret <11 11 to 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

NERHIG N (Prognostic Factors)

m‘iﬁ'nTagamaa anatomical stage (tumor size LLaT nodal status) NWINLTANY tumor

grade I8¢ genomic signatures %7 oldzinnsanenInilsnved ER-positive breast cancers 1o
A A' J (24-28) 3 Aql' ai = niclot . A 1 £%

NCLDUAUIUIL. Na®LWBINNYWIALAN NUANBIUSVBY luminal A LLR::%JSJT’]’]?LLW?T‘I‘J%]’NJL‘U’]
' 4 o =  Aa a v P P o a o . a o A
AONUILAND Lﬂumgmumml,amuamq@ ﬂISﬂﬁ]tﬂ’]LiUﬂﬂU&l’]lVi&l (recurrence). NINTILAUN
a X . . L ) . . .
W39 wl anatomical stage LAY biologic risk factors 0% grade, proliferation, ER expression, LLag
genomic signatures ANALANANNLFIVBINTANSUNAUN LAY (recurrence). TaduLFIVD 4
metastatic recurrence NiduiJ2981&89U09 local W regional recurrence (ﬂﬂﬂ%ﬁdﬂ’]‘iﬂ’ﬁﬂhﬁ'@
wazTIEInm) 6.2 daunnSslugndivieunnadszdndeunangoundn 40 U inaezdl

% A o ' A A ' A . . A 4 A A o
JeauUVUdd ER nwasnin, 4 tumor grade N§INII, 4 genomic signatures 1iLEN21, LUBLNYUNY
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AounnSslugngaivnualszdudounionyuinndr. ansmzinanil, 300U higher stage Uz
L% ana L= dIQI 1 o Y L dl = 1 o =1 v
1asun1safiaay wazn1INIIMgIvinwlasalyl, LﬂumL%@maﬂﬂaﬁmm'mw"l,mzl,idl,muulu
;jfﬂaslmqﬁasﬁaﬁwmnsmﬂsﬂﬁvl,&iﬁ.(g’ 18.32) 9991289 recurrence Va9 ER-positive cancers 8611
dautnsasnmduwiainatst, uazuziSsananusunauin vy lanislusi9ruzIa NI wIBRaN e
1 v a &/ { = ana L= 1 v
. atinetas 50% a9 recurrences LAATWN 5 TA18RRINITIRIRDINTUNLLTILG WY, LAZAT

53.34) 199 ROIRINTU early

Ausuaienasan 10 Tldudy Adududsnwolder 1flas 9.
a &/ L Aaa Qs o Qs a &/ Q

recurrence (Lﬂ@]"nusl,u 51 NYRVIINNNITINIRY) WRERIWIL late recurrence (LNAVUBARIINN 5

1 ngnasnivifiaay) Janwmetnilownuidudiulng laun higher nodal waz tumor stage,

higher grade, LLaZ adverse genomic assays.“& 34-36)

NMIINBUAITNNRAINIINIAA (Adjuvant Treatment)

N3NV Adjuvant Endocrine Therapy (Estrogen-focused therapies)

MISNEUFSNRR I Ik AaNz S uNIzEsNIn  dgenfioangnaaunIsrnmusa
estrogen WI07:9UNIRING estrogen (L%‘Uﬂ%";&l’i’] adjuvant endocrine therapy) e 5 19
10 years Lﬂuil’]@]ig’luﬂ’ﬁ%/mﬂ’]ﬁLLWﬂEﬂﬁLL%zﬂ’]LLﬂzﬂﬁﬁﬁlﬁLLﬁgﬂ’JULﬁaUYJﬂﬂu‘ﬁlLﬂ% A
wuzila ER-positive tatlasnin nsuwinizansluatiziu g (metastatic disease), n3fisy
Lawwﬁl (local-regional recurrence), LLazmiLﬁ(ﬂﬁ&lzl,%\‘iﬁLﬁ’mmﬁﬁu@limT’m (contralateral
tumors).®” Endocrine therapy §uszanTnwlunziSaduuaiia luminal A waz luminal B.®® a5
snwnduszezmun 5 3 @an tamoxifen, Guillugndanitefioangniuuy selective estrogen
receptor modulator (SERM), ldiuanasgiusainisguainm, Toe'ldnarisly Awidaibiaunue
Uszdifan (premenopausal) uazEniainnuaiszdae (postmenopausal), MlAzu0aale
‘Yiﬂ distant LLaZ local-regional recurrence 16 10 §19 30% Lflia ER expression agﬂmm”uﬂmﬂma
wazaq recurrence 'l& 40 719 50% Lila ER expression agluszaugs, laslinanisduasasndian
nyaltuldudy (carryover effects) laan1s daiswlal 0 LL;TLumjam:ﬁaﬁﬁmmLﬁ'mﬁaﬂﬂfh
AOWULLTIVWIALRNNTT 1 cm, LLa:"Lﬁﬁmsl,l,wiﬂizmmﬁ']gmiawﬁﬁmﬁaa M3 adjuvant endocrine
therapy Aluanssnendiadu.  Tamoxifen fl?ugﬂ metabolized l@e8 hepatic enzyme CYP2DS,
W@ genotypic variation M CYP2D6 lildfinansenudatszlaominasnissnuele tamoxifen,
vl eunsiinlwasam genotypic variation s CYP2D6.40
JaUvad  ER  expression dutlsuimdnfitwuainazifedszlomiannmals
endocrine therapy %38 k. QﬂmﬁﬁaumﬁoL@‘Tﬂuwmnvl,&iwuw% ER waz PR llavszlomiann
MBI adjuvant endocrine treatment.®” wuindszanm 1% maomﬁmﬁmuﬁgﬂﬁ‘@’jnﬂu
ER-negative Wl 4 PR-positive, anafiasanan § ER expression a%islmzéi'uﬁ@;nﬂ'jw:wuvlﬁmﬂ
NNIATI9678 IHC; mﬁdﬂ@;uﬁﬁwamﬁﬂmﬁagjizmw nﬁju'ﬁ'ﬁwg\i ER-positive, PR-positive Las

ﬂéj&lﬁﬁ ER-negative, PR-negative.*” uz1591duufd ER expression luszaudiann (@523 IHC
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.. A o
staining WULINES 1 119 10% V89 tumor cells), Fawy lasszunms 2 f19 3% Va9 hormone receptor—
positive cancers, 819848 MIRaUaKIGa endocrine treatment @19, WINEIURBIVRINLSS
L A & da . . A o 0o o oy
NYVILYITUUNL  genomic  signatures  iduanwmziszdnadIvay ER-positive cancers, uaz
. o oo A A . , o o A A [ )

endocrine treatment lvitszlomitldianaiiiiall ER expression agjluszaudn ¢ illaifisuiungs
713 ER expression 1%3:@1”‘]_@]7\1.(37' 42:44)

A = g v o | @ . . Y

Waish 9 4, leadnsinenlunad g wanlglu adjuvant endocrine treatment @3, 81l
N§a aromatase inhibitors gugUisenednisifuuuias androgens luiiln estrogens, tald
lugndganldidngionuadszdndauwudy (postmenopausal) fikaliaanInanszalzal residual
estrogen levels a4 ldxu1nnin 90%. U’ﬂ,uﬂ@:u aromatase inhibitors "L&iam’lmgﬂﬁ’]ml"ﬁwlﬁ
(contraindication) lugwijaibiaunualszi1idian (premenopausal) AfFalaildsunsdudans
YNaued3a kel (ovarian suppression), LWIzIia aromatase inhibitors lUgUHINNTEIN
estrogens ¥ 1W3zalway estrogens aaas a¢d 1UfA381M1985359N8N (compensatory physiological

v v Q; g 1 v, U v 1 a AI g

responses) NIz ullin13Was FSH, LH anndu ssnalilinianazduldsilinGa estrogen iadin,
MIMEEN aromatase inhibitor E1YNTDAAANNLREIVBINIALSY (risk of recurrence) ldunni
m3ldu tamoxifen wiw 5 U, asiudulwagives fnds postmenopausal AIFAINIIMILT
aromatase inhibitor treatment N9luuuUy 15810 aromatase inhibitor A9WELIN (upfront strategy)

n3aSultnasannlals tamoxifen NduwIa1un 2 9 3 Tuaa (“switch” strategy).

Munvdlends

L « o & 4 P 2 o & A \ A Aa
ATIINUINT WNLLTIATWNIZULIWN (stage) | K30 1A "Ii\‘lLﬂui:ﬂz“ﬂu‘ﬂ‘wuuaﬂﬂﬁjﬂluﬂizmﬂ‘ﬂ&l
M3 screening mammography aglll,ﬂuﬂiz'ﬁﬁ MITNBNY aromatase inhibitors WUszlawin
A £ % A a A [ 'Y o . ) A '
LW?JTuluizﬂﬂﬁquﬂa'N WalUIyUneuUNUNIIINBIAE  tamoxifen DHNLA LT, I@UWU’J’]
aromatase inhibitors R13130aa recurrence 84111080 3% wazaa mortality a9ldladn 2% Aaan

& 2, T ¥, { a & 4 o, i i
10 1. M3INBGEY aromatase inhibitors lﬁﬂiziumﬁﬁgawamuluﬂitﬁﬁlﬁu;dﬂaﬂﬁﬁmﬁmﬁm

(46)

A 4 & , A i . A o & @ A
NUINVH (mluLL\‘J stage 1138 pathobiologic features), waztilalgsnnuzSaaunsiia lobular

(47

cancers.”? myugngszazIamMITnEANaIn 5 O 1w 10 T (extended strategy) @

(49’ 50) = A VLq/ A X A
S NRINIINVANIVUEIREIVDN recurrence LALANNUYB, tUD

tamoxifen®® %3a aromatase inhibitor
~ o @ o X Aa A A £ %
NYUNUNIIINBINILITHUSLIRNT 5 'ﬂ QU’JUY]&I@’J’]&JL&&JWI&I’]T]T%&’M‘EU late recurrence,
A A = \ ¥ ¥ A A o & Ao a A
LWBINNAIMUULLINLANINIEAYULVIADUUIULARNDY  KIDNDUNSLINUANBTUENNDTINTNNELEY (adverse
biologic features), ‘L'WﬂxLﬂ%;ﬂ?ﬁﬂiﬂﬂ“ﬁﬂﬁgdqmﬂnmﬂmamm‘naa endocrine therapy; s
ASY, MIVLIYIAINITINENA2E aromatase inhibitor aan llus907 8 8907 10 vinazlwdselmd

52)

289NN b e b At wnang. 6! msaaaulaa mUL’amms%'m:naaﬂvlﬂﬁfumﬂﬁgﬂa G

. A ~ X ! A A . a X o a4y A

FIuLRaN Imwmﬂwuaﬂamm ANAINULEBIVDY recurrence NANAINALLAATUNLRAILN 5, WA
2 = d' v A ¢§/ 7 =3 % dl (53)

Nﬂ"ln\?LﬂUGW%@Lﬂ@T%LLﬂ?ﬁ]%ﬂGﬁ%‘EH% ((5]'\51\‘]7] 2).

MISNH1G28 chemotherapy ¥inl#iAia premature ovarian failure ledas ¢, lagiany

L% A d'd 3 1 ‘3 = ] d' [ . U a nﬂ.
ludngandangaud 40 Dol lun13dnwsieng 9 Niiu retrospective analyses, Hrdjafiidu



79

ER-positive breast cancer wazlaiddszinfaunatanlasuiaiinga (chemotherapy-induced
P i Aa . wd e a o A a & &
amenorrhea) fiwannsatlsa (prognosis) nandgngsasidzdudauaudnd, dediin Uszlot
, =] v a o o A \ a =]
FIBAUIVDY chemotherapy IMQWQGaUﬂau%uﬂﬂizaﬁL@au #1320191NN1TN chemotherapy 14
oFLwthL.VL.o (54)1 =) ' A‘]‘j . . 19/4:; ' o &
WA LAY L L Y1911, lun13@ne16ne ¢ Nt prospective studies LEAILALAKIT NITHU L
AT U D959 b (ovarian suppression) @7 BANT LT gonadotropin-releasing hormone (GnRH)
agonist therapy RINIDAAANNLREIVDY recurrence bo LilalE35IuAL tamoxifen h38 aromatase
inhibitor, lasianzilialtlugndsanyfiesnii 4o 3 uazdfil higher-stage cancer #3ail tumor
biologic features nug (luminal B, lower ER expression, LLas higher grade Wag Ki-67 proliferation
index).® * iwidanulugndaivnnadszinden, lufndaivdounuadszidenn lasy
ovarian suppression, aromatase inhibitors 87198AANLAEIVBY recurrence +AANIN tamoxifen.
lunsasenudnw, lungugwdanisl  ER-positive tumors ifiweninilsandunn o dratrsau
stage |, low-grade tumors 71181614 chemotherapy n131% ovarian suppression s7u@28 la
drelombiwnasnesnalumsaansiiisy, Waifisununisld tamoxifen WiadaenLed. 0%
dwdudsndimofiidoaluniseziulalu an1uzaas menopause lugwdaf a3y adjuvant
therapy, LW31231 GnRH agonists u14a 331 laudsziunsiausesialaliadsluauysal
(incomplete ovarian suppression), lasianizlugnisagiasnlailadsuiadinge, uaziwszin
Angeaniniinnadszindeunasldsuiafitng@ (chemotherapy-induced amenorrhea) L1281
gaun s9lenadnmsuanauanyinnulnaladan.® dlduilaluinssligarinulaunnniatas
a 1 A 1 1 1 °’ ) A v
Waala (nandaldunlainselageinaulaluwuy premenopausal %38 postmenopausal), MTME
ovarian suppression @28 GnRH agonist therapy %38 ovarian ablation @28 surgical oophorectomy
& x> a X X v o ! . . (Y
ntaalidulaindwin dileldidrgani2znd postmenopausal endocrine function U&7 #3aA73
N sanvinbiRenls tamoxifen-based treatment Wi aromatase inhibitor therapy.
ANTLT adjuvant endocrine therapy fnadndtasdlarainnatoasnd, natuawsdu
v a t-ﬂl 2{’ o a uq// 1 tﬂl 1 d! Aa o o = 2 a A:i
HaTLAENIT059, lasdiaudlywinnules § Sansenudiadszdnis, ldauisnatnafesnng
X ' a . . o 1% 0% a A
vL@uailsﬂﬂLL@h;uLLN(ﬁ’li']\‘lﬂ 2). Tamoxifen LLa aromatase inhibitors lﬂgﬂl,mumaawamammw
\ o A \ v a ! @ o < ., v a
@9 Saanaiinadamafandadulaiiazldondaluu. snig iliAa menopausal vasomotor
I . =) .
symptoms 1% hot flashes LLae night sweats, UNATUNIWBNITUDW sleep LA fatigue. ﬂ’lﬁ@u,alu
Wi nonhormonal management Usznaualiunisieen oxybutynin, gabapentin, antidepressants
\ . A i A ' A ' i . @
\I4 venlafaxine 38 citalopram, @9l lUfiNasia tamoxifen metabolism, WasA1SITE1UEY
o . o A a_ 4 a4 @ [ ' (59) Fqu
WAl (hypnosis), A8AIUNITLIL lifestyle tNanANLRBIFINNINIZAWAINTIAINE.Y N3l
tamoxifen liathafinsiifialdvas (rare risks) uddraty laun azfubaylnsinagn uaz deep-
vein thrombosis, 14wt aromatase inhibitors &INANIANNNINABEINNTANITZUY genitourinary
WAz NIEQNUATTa, L% U1ade uaz nIzann. HaTI9LABIGEIY 9, lasianie hot flashes Was

arthralgias, TIunuansduAdaguiIuazanBENIFIANLATHEAY, LuaungrandnIay
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(60, 61) lvo 2 KN A o o a4 a X .
n1a %ﬂ']ﬂiﬂ‘]e}’]l,mz\jlﬂ’m LNYINUNRIVUINLALINDIILNAVULRE

lidaiioslunissnmn.
V1AM INEINTAL TN b antinwialidtheiionnidesasld. srlungy aromatase
inhibitors 371%7% 3 @Taﬁvlﬁ‘fuagrymslﬂﬁvlﬁuﬁ anastrozole, letrozole, L8 s exemestane i
UseAnTniwLyin 9 ﬁuLLazﬁgﬂLLuummTwLﬁmﬁmﬁauﬁu. adnglana, ;Em’ljaﬁw aromatase
inhibitor @Tmﬁal,l,ﬁ';Lﬁ@ﬁmaﬁwuﬁmﬁmm (unacceptable side-effect profile), M3tUaswLIHeN
\{lu aromatase inhibitor 8naaMHe® niawauwdn tamoxifen vanidugsmnanzan; luamed
n1veantIaInng, ATlEen duloxetine, #38N1H9LTN (acupuncture) 819U ANDINT IUITY
musculoskeletal ‘Lo ®? Lfiﬂl%ﬁ'?&]ﬁﬁ.l adjuvant endocrine therapy, bisphosphonates LB zoledronic
acid ﬁumussmwﬁzymm:@ﬂwgu (osteoporosis) Iugﬂmmﬁaw‘ﬁuw L8Z819TIHAAAINNLEL
2YDINTINIU (risk of recurrence) 1%;&“‘1&@\1 postmenopausal LLaziu;‘ifﬁvL@T{U GnRH agonists.© %4
mslenfisziunisrineuaessaly (ovarian suppression) inlwaanlnaizasennisiguiiiesann
endocrine therapy ﬁﬂ’n&l?mﬁd“fu, Tasianiy hot flashes LLa< night sweats, bone health, Lag

sexual health.©5 ©°

) nnsla topical estrogens 81UNI0LUIILNIDINIIVRY vaginal atrophy waz¥in A
. . X ' ° 9 L) A v & o &

sexual functioning @4 LL@]a’lﬁ]Vl’lI%ﬁﬂ’ﬁ@@‘dﬁN estrogens ngﬂixuaiam"l,maﬂuastumi

T1a3717.©7 Q’ﬂ'sUmaﬂumm’m’hﬁmmLﬂ%'mﬁ'a’;alumiﬁw”mﬁula ﬁﬂﬁﬁqmmw%%uﬂm

6869 N30 329N19@1%neuropsychiatric

WRIINNNTLENS endocrine therapy LR chemotherapy.(
testing lugthodulngdnandudnd, uazlddaslunsznuanumuisalufanssudsziriu.
8INMINATLABIAS 9 lasviald dnazusiimaaaslanatdinld.® lunsdindselosinng
o P \ o o & v a ] D a A ey v @ &
snwfielinnin, uwndsududastiansamszning WTILABINHY 28U nuwadszlopin

a J =
21 NAVWBITINNITIINLN.
N133N¥1A28 Adjuvant Chemotherapy

At latfeIny tumor heterogeneity LazN13i RNA expression—-based genomic
assays IlfiNasziiiuanuifnazas recurrence lanszguliiinavunauunyeziiin unumues
adjuvant chemotherapy 11 ER-positive breast cancer. VeI Y meta-analyses %30
traditional biomarker studies 7 bAUTTENBAIANBMUVDI tumors NInTudasls chemotherapy,

P @ A ' o & = <
\iia9anmsldchemotherapy quaslawilwszlmiuniuziSalunnizazduvaslsa (stages) uaznn
P \ =a ) As & A o v o ¢ \ i
TuALaL (subtypes). E’]Eﬂx‘]"bﬂ@, mmmﬂﬁmaﬂmmmﬂummauwuﬁizws’m ER expression,
grade, Uaz degree of proliferation (A1319N 1) vlﬁﬁ’lmg%m‘iwvwm genomic tools N¥lAa18158
STYVDULUALNUINTEY adjuvant chemotherapy ladninudnan.'® msdnmuLL prospective,
randomized trials lauaadliiAnin n31en chemotherapy NN E3WAL endocrine therapy
(luwuy sequential) lailadlidszlond lungurthondsionuadszdndounsl node-negative, ER-
positive tumors A4 low-risk genomic signatures, 9 launfiavad 21-gene recurrence score

WinAu 25 w3a hasnin (S 25) lunstasiasie 21-Gene Assay (OncotypeDX), #i3add 1 “low”
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risk JWNIHANATI19638 70-gene assay (MammaPrint).?* %72 1y 21-Gene Assay (OncotypeDX),
recurrence score L3430 0 914 100, fi scores ﬁgﬁ(dﬂ’i’] 19531z lddselomiuas chemotherapy
Al g 1 { v 1 1 Y 1 { v v ] v
WiLd%  uRzAn  scores Mawndn U9 AenuiEesvas  recurrence  wasuiinagldle
chemotherapy. M¥inuadtdinu, chemotherapy hilaananuLiesvad recurrence Iuﬂﬁjugﬂ’m
P o A Aa . A = ] A . ¥ A I
wilvinualsziifannd ER-positive breast cancers uaziiuziSeuwslundautiunaoadu
wIwLAN®Be (1- 3 positive lymph nodes, N1 status) Wazdl low-risk genomic profile (17 Jfin
recurrence score < 25).7% 7™ 1130313628 Genomic assays HI81NNIN ﬁavwmnsm%mlunsjw
U a o 1 o =) é U a v 1 v " v o R A oA
Athongiviewnualszdndon, Smugndsongiasnii 0 3 dae, laslidasdieisiniing
wWInszeINNaaniraednIa .’ asiien chemotherapy RaAN k38R L endocrine
therapy (luwuy sequential) snanIntioaaanadsslaluszaulwmwnans lungudihondsivrion
o A A o & a . . . A ' o
nualseiifann AouuziSll low-risk genomic profiles wazendldfinsunwsnszanelddsdan
$urdes (NO status)™” wiadnmsnszangluidudwindnsies (1- 3 positive lymph nodes, N1
status).  lunguithendgsivieunuadszdndounnaiuiuad, n13n chemotherapy diWalidl
AMALAIV8Y recurrence aAa ld 81adainasIulngiiiiasnnain N3N chemotherapy Tufinadia
9l1 iliselaladaunsarieuldaudnd wanfesneruadseindann1as (chemotherapy-
. 4 A, ' ' { { & o v a v o
induced menopause),”™ T91sTin rulnaasnnuFaINaaaslwwanaildifalaaraniari
139 144i¥i 9% (ovarian suppression). Tun19a39nutw, adjuvant chemotherapy Alg@sueNf
Uznaudis taxanes uaz alkylators, uaz lwgihoffianaifnigs high-risk cases, Al

'
a A

anthracyclines g, (Iuminmisudu dnsy AndandiounzSismalngannnit 1 cm,
node-positive disease, ﬁ%ﬂﬁdaadﬂ‘ifﬁ , ﬁﬁaumﬁaﬁ&’ﬂwmwaa higher-risk genomic features
(3%, AN recurrence score of >25).7” n3l4 chemotherapy Misaafinnudndudasls luﬁgﬂ’mﬁl
ER-positive tumors ‘ﬁlkﬂaglu s:ﬂwgu@"hﬁq@ (VALFUHAUENA19BINDYU <1 cm Uaz node-
negative) %%alumju%ﬂwﬁﬁmqmn § (>75 1), 1{la9371n91 chemotherapy Mz luaansnd

NRBENIUNN §8 risk reduction ¥38 survival (13191 3 wag 4).
MIINBUFEINNDWHIAR (Neoadjuvant Therapy)

MINEMBEIAU IFIUMIHNGA [A158N71 neoadjuvant (preoperative) therapy]

\ Y @ o o eda a X v 2 a A v Ao & v .
sanInslimaiidaldnaanindnuduld SafioulslunsdidihofifeunziSudunamalng,
insuwinznedhgdaninniand, wialunisesnsdl. ER-positive tumors a1amauauadda
neoadjuvant chemotherapy, WENTABUEWEINLD pathological complete response (pCR) Wik WU

I A v \ & @ A i A & Aa i =
VL@IHQU; LNQLLUGUaUanLﬂ WU SL%UZLSGL@]'T%?JTH@ luminal B A3842L33Nd genomic score E;N‘;] d

a & X < Al & @ P . A & AaA . °
pCR Lﬂ@muvl@l‘l_laUﬂ‘iﬂ&l’]ﬂﬂ’ﬂﬂwulumlﬁdL@]’mmju@] luminal A AIBYLINNA genomic score a1

A A

9.7 7 1yadia, neoadjuvant endocrine therapy anvanldianiz lugndnderyann niagnds

v

ﬁvl,limmzawﬁbmﬂﬁ%ﬁchemotherapy. Harit] neoadjuvant endocrine therapy Wuhawuagig
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oy 6 eou lALS clinical response ludamfigs uazliamansnnmssdaidusluuuy
. vV o I U d' 6 a 1 o % U
breast-conserving surgery laduialudthefiunndiaoiarsanliluaeuusniidududasleasy
MINAALGBIBBNTIILAN (mastectomy), 8en915AE MIRauawasMduuuy CPR uw wu'le
%o8.6% 8 r93nwiaas neoadjuvant endocrine therapy 1u;§ﬂwﬁﬁ lower-grade, luminal A-like
cancers 813130 MBAIINNIABLEREY (clinical response rates) NNALALIAL BATINITABLABBIN

Lﬁ@lugﬂwﬁ%‘ffumﬁﬂmﬁw neoadjuvant chemotherapy.® &

UREGGICE LU P HER T
neoadjuvant treatment anvUulAlmInzmdunayaaall laverdudayavas genomic risk
scores 711@an core biopsies: tumors 715 low recurrence scores ¥NazAaUEWAIlAGda
neoadjuvant endocrine therapy, it tumors 714 higher scores s iudasldsunssnsaas

(79, 84, 85) .2 i Eda Aa A o LS. ,
NaBULLINNUNITINDURUDING ﬂaﬂauma'dmmelquaaama

neoadjuvant chemotherapy.
AN (substantial down-staging) e28M3lE neoadjuvant endocrine treatment uaztiielesuns
N16I® ﬁ”aumﬁdﬁgﬂﬂhﬁ@aaﬂmﬁﬂ'ﬂﬁ strongly ER-positive Lz low Ki-67 levels; &J:L%dmj;\lﬁﬁ
wensoilsaluszozeniiann, widalilasiednga. @
ANTUseLln ansaendwetinenadin (lasld tumor grade, size, Was nodal
status) LREANEIENIITININ (biologic features) w84y tumor (@T’JEJ multigene assays) 813117310
Wl e 5un135n 11 adjuvant therapy 1ﬁmmzamﬁ'u1u;§ﬂwmﬁaLL@iazﬂu‘ﬁﬁ ER-positive
breast cancer (Gl’li’l\‘l‘ﬁ 3, Gl’li'l\‘l‘ﬁ 4). mnﬁm:@“ﬂu stage nIaNANWWHENIITININ (biologic
features) ‘ﬁ?%LLNﬁG“ﬁ% dudmanmionit anuiiuives recurrence Munduusinazlesu
adjuvant treatments. &J:L%G‘ﬁlagﬂu Lower-stage 713 low-risk biologic features ‘laid11Judaald
chemotherapy: n53nwn linatduisnwelaiiald adjuvant treatment twinanuww 5 11 Tagld
tamoxifen %38 aromatase inhibitor. ﬂifﬁ‘ﬁﬁ J2@UVBY anatomical stage gdifu WIDANWHZNII
%m'}wﬁgmlﬁamnﬁu, fis=lominnnduannsnisled adjuvant endocrine therapy Fidiuduwin,
leurnnslad aromatase inhibitor LW tamoxifen vl]JLﬂf;l@%dLL@iLﬁﬂ, wIan3kTaromatase fiawn3e
@ANNNAI tamoxifen, NIVYILLIRIVD adjuvant endocrine therapy ldu1nnin 5 f, WATANT LT
ovarian suppression. MINUNzL5IUNInTzan e ldaninnias (Nodal status) tiuaniiAaunlu
msUsdaNuELInas recurrence uaslilduanin daslafinga uwinnaovedihe. d M
lﬂlﬂ’s LlﬁlLflu stage 1 or 2, ER-positive breast cancers, m‘:ﬁ"ﬁ&yjmﬁmﬁu stage, grade, HREEY
w3a laid lymphovascular invasion, L& genomic score g8l RUunN LTLL&:EJT?J’J&J F1N1TDU LA
Urzlomivasadindaldadrouninugr 1 2 27 dliidagamunnaadulaiienliadinga
16,678 uazlugihodulng, FUNTOnANLEE9N191T adjuvant chemotherapy e, 94 adjuvant
chemotherapy %zlﬁﬂ‘iﬂﬂ“ﬁﬁLﬁW’]z&lzL%dﬁﬁ higher-risk genomic signatures.
ER-positive tumors ﬁﬁ higher stage (ﬂﬁi’nﬁaﬁ extensive nodal involvement, stage

Il cancers, ®3andgadating) lasni lUTanuRuIngInInne NaNaIs ey chemotherapy, lag
3 y

laidaafflainnaues genomic testing LUulTuls. UNUINVBI chemotherapy 1 biologically
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favorable, higher-stage cancers 8l ldsunsdnm, udidululanii atnedinga wafaznduldlu

seauthunane.® giheniifeunzi5sdns ER-positive uaz HER2-positive (wu'ldlu 10% a3

Ahpuzuduuninue)” auadvldit HER2-directed therapies 3387 chemotherapy U&10a

ael adjuvant endocrine treatments.

Nouninuazasuzisudualugae  (99%) 1w ER-positve. nidafulalu

naznunsins s iudualude ondonannisdadulagudoinulugnigs, ud tamoxifen

RN mﬁg}nLLuzﬁ’fLﬁ'L%ﬁm%’umﬁaL@Tﬁuwaa;ﬁ’m.

P> L a Ao o o A s < a e
M990 2. Na?.l'l\'iLﬂEI\'WIﬂ'lﬂiyﬂ%t%ﬂdﬁ)'lﬂﬂ'ﬁiﬂﬂ"lsluﬂzL?\'i‘li%ﬂ ER-Positive

Agent/Regimen

Mechanisms

(90)

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%)

aGrading 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.

bTrials in which no patients received growth factor support to increase neutrophil counts.
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A19190 3. WAVIWIDBLUY Prospective NANH1 Genomic Risk Scores LWaN1IAATH D

1Ranly Chemotherapy Tw Early-Stage, Hormone Receptor—Positive, HER2-Negative Breast

Cancer®”
21-Gene Assay 70-Gene Assay
(OncotypeDX) (MammaPrint)
TAILORX™™ | TAILORx"" TAILORX"™" TAILORX"™" WGSG RxPONDER™ RxPONDER"”  IVINGYYS & MINDACT"
PlanB®”
Total 1619 6711 6711 1389 348 5,083 TBD 1650 1650
patients, No.
Score Low Intermediate Intermediate High Low Low-intermediate High Clinical Clinical
category” (£10) (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 96.9% 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% C10.38-0.76)

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; TAILORYX, 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 TAILORX, 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'I?’I\‘WI 4. msammamwLammﬂams}m.,mawsnm‘nmﬂaun iLaz RNA Expresswn—
based Genomlc Assays Lwa’l%‘l%mmﬂau’lmaan Adjuvant Treatment mmuwmaﬂmﬂ

50 Wlanauni1 Mmin Early-Stage, Hormone Receptor-Positive, HER2- Negatlve Breast
(01)

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<1.0cm, 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 nodes 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.

nsha (Resistance) @8 Endocrine Therapies

ﬁmmmm@;ﬂﬁmﬁﬁdmﬁﬂﬁ [ianshaden1sinsnde endocrine therapies U2
RINALAN tumor recurrence %38 progression ifu. nariki antiestrogens, I@]UL%W’lzﬂ’lluﬂéju
aromatase inhibitors, MR AausInaauasnaazas (selective pressure) ‘ﬁlﬁﬂﬁLﬁ@ acquired
mutations 1t ligand-binding domain v&4J estrogen receptor (ER), %awuvlﬂﬂuﬂi:mm 50% V3
recurrent 13 progressing ER-positive cancers.®>*" Mutations mﬁ@ﬁﬂu gain-of-function ‘ﬁLﬁ@
1% ER gene (ESR1) vl ER vnowldaaiiiaslalas lidasande estrogen binding, naliifa
maapuutasly ER-based transcription, uazduwninumylauselamifitosasanmasnen
¢18 aromatase inhibitors ﬁﬁﬂé’dl"ﬁag, wingalddszloaiannmssnsndls  selective ER
degraders (SERDs).® % Genomic alterations ‘ﬁlwulu metastatic ER-positive cancers ﬁ&l’m’j’]ﬁl
wuls primary tumors, 9333 acquired mutations i HER2, AKT1, Uas genes A% 5 g7 %
futaswad recurrent cancers AmImwlUwas ER  expression.®® msifiadl  epigenetic
reprogramming Va3 ER transcription, up-regulation 483 FOXA1, cyclin D, c-myc, LWazN13
wWasuulasly expression Va4 receptor tyrosine kinases R1UNTNRAUTZENTNINVBINTINBIGE

antiestrogens Laz&IL8I) signaling pathways ALNEITaINY cell proliferation LLag metastasis.'®
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n151% Endocrine Therapy 81%3U Metastatic Cancer

Metastatic ER-positive breast cancer ﬁmmamaanmaﬂmiﬁ%mn%msJ; AR
d‘ U v 1 ' ?,’ = d' v >3
recurrence finuldtas o lduinszgnuazlanszgn, dewiinies, Yeauaziiadulea, dy, uaz
Aamtbs. nauwinszaneludiauasuazludUunas (central nervous system metastasis) lugtas
ER-positive breast cancers %y ladasnin AnuluuziSaduusiadu 9. vziSaduusia
lobular cancers ainuwsnszane'lUds serosal surfaces, i lAiia pleural effusions, abdominal
carcinomatosis, L8z gastrointestinal tract infiltration. I@Uﬁ11ﬂ1u§ﬂlﬂ ER-positive breast cancers
nlinagluizazuninizaty, mysns e endocrine therapy LiuauduuIn (15-ine therapy) fia
lddunsguasnsfiduanangis, uwdlugihoszozuninszaefidernisuin 9 uazdl visceral
e ° IS [ % ' & ' 1% < X o UX] [
crisis $11Tudasld chemotherapy rauasudusn. nadanlderazlinuiunuigihoianld
adjuvant endocrine treatment azl3anfauudinialal (m1519h 5).% pudazswwingnlddaiiios
< A . a &£ v R A A ) R ) Y
auN3zNI4 tumor progression 1iadin usrdsdnadsuwdusuwiulng; fihedulngdna:
lasvonuusinatvawindatitasdudraunuannsznineuuziSunaanzliaavausd
(refractory) @ endocrine-based therapies u§13siinslgiadialdundie. ngibnounua
Uszdnnan (premenopausal) A0 ER-positive cancer 3282 UNINTEINY A27L63U ovarian
. = Y a [ o v v . "
suppression, TIRINITALANDAIINTTIOATIA b, NMINBIGI8NNTITEN aromatase inhibitor #38
. = = ' o v <Y o v o
tamoxifen fitszlavilunisnivquuniiarzazuninizang usraunanianlidnassld lugn'ld
woldoriuiud, lasawzdasldlfuazlangaliiduiaaiwinuinndt 1 Siaunin,
') ) . {o o v o [Y ' ° o @

Fulvestrant, tn@antslunga SERD 13Uy ER udthlAER ldamunsarinulduszaaisdign
Bane 'y, fdsz@ntainlunisineusSenlunauaueddan1ssne1as tamoxifen 138

(9

aromatase inhibitor,!"°" LLazﬂ'\iﬁﬂizﬁﬂfﬂﬁWIupﬁ'ﬂ’mﬁﬁ ESR1 mutations #28.% avvlgsauny

aromatase inhibitor, fulvestrant 819LWNAAIINITIAATAA I@ﬂqu:amaﬁﬂugﬁhimﬂvlsﬁ'u

adjuvant endocrine therapy nan. 1%
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A19197 5. nslg Endocrine Treatment LLae Targeted Therapy CRUERY 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°“line therapy | Aromatase inhibitor Fulvestrant CDK4/6
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 fulvestrantt

* 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.

1 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.

msly Targeted Therapies &1%130 Metastatic Cancer

Cyclin-dependent kinases 4 Uaz 6 (CDK4/6) Liluldsdudivinninfiatugu cell-
cycle progression lulaadnasafia, TINrILTasuzL5IEUNTEe ER-positive 611, 14anuise
N9AAAN, N131E CDK4/6 inhibitors (palbociclib, ribociclib, 138 abemaciclib) S38AL aromatase
inhibitors 144 first-line therapy %38 fulvestrant 14 second-line therapy fIRTV LTI BT
LWINTZANY mmmw‘\fu progression-free LLa< overall survival "l@’fﬁdslmjﬂ’m premenopausal L
postmenopausal e mmmLﬁaummﬁ%ﬁauéulﬁ cytotoxic chemotherapy aan hula. (103100
ANTLT endocrine therapy $38A U CDK4/6 inhibition §13z&nTA1wWirinALUN1TLE chemotherapy
falgiin firstline treatment §WsUNZI59328zUuNIN32018 wazidialfiin neoadjuvant treatment
28 (1% 107) qn58agnean13 N8 CDK4/6 inhibition Wuinindulasfl RB1 loss wiad
genomic changes 11 growth factor W&z cell regulatory pathways 5% 9.1%) 3733 n19aatn
e lnainaaufidnsn vl CDK4/6 inhibitors $38AL endocrine therapy 11w adjuvant
treatment lu;&vﬂ’m high-risk, early-stage breast cancer "L@”Lﬁmaﬁl,mﬂ@haﬁ'uvlﬂ laduiianis
\@83n%. A1TLE abemaciclib $3NAL endocrine therapy mmsna@mﬁmﬁimmaa recurrence hi
329 M3Aaa (follow-up) win 1 fig 2 1 1u;§ﬂwmﬁawﬁuwﬁﬁ high-risk MHN13NT2a18L4
fouiinaasudd, I@ﬁg}”ﬂ’;mﬁaunmulumu%ﬁﬂﬁ%’u adjuvant chemotherapy nawL5u
adjuvant endocrine therapy.'® ag19'l5AaN, ITUITBIUBILELINK WUIIATTHE palbociclib
39011 endocrine therapy ligu3naana uLEsI209 recurrence o119 nsfaanusnisy
wsnfilunafiwuduin wasn1sinsnauisuan 9 finsy sjﬁ'u%aﬁ']é'wmﬁuag azpaeld
810130 s:qmammmﬂiziwﬁmaa CDK4/6 inhibitors 6ian13é1Liulsa (natural history) U84



88

ER-positive, early-stage breast cancer 6. CDK4/6 inhibitor treatment 14 a‘ﬁ’ldl,ﬁsldﬁl,ﬁmﬁ"]_l
\ialafau1260 (neutropenia), 84374, sautnde, uazlunsdiniu ass Afdaasniay
(pneumonitis) 4.

m3ld targeted therapies 84 ¢ RN a’IﬂJ’]iﬂL‘ﬁlﬂJﬂ’liﬂ’JUQNIiﬂ 1w refractory,
ER-positive breast cancers LLﬂz&Tﬂgﬂl“ﬁi’;&lﬁu sequential lines V84 endocrine treatment WRIN
MTINENGIL CDK4/6 inhibitors LA7. ﬂ’]iﬁ%ﬂﬁl’gfﬂﬂ%ﬂ’]UluLsﬁaﬁﬂhuﬂ’m phosphatidylinositol 3-
kinase—AKT—mammalian target of rapamycin (PI3K-AKT-mTOR) ﬁuwmwmuqums@uimao
LTRR L% ER-positive breast cancers. WuanUvzu1ns 30 19 40% a3 ER-positive tumors i
activating mutation 1w alpha isoform 284 PI3K (PIK3CA), Gewu'lalu tumor %38 cell-free DNA.
Alpelisib, v alpha-selective PI3K inhibitor ﬁ’mﬁd, Iﬁﬂiﬂﬂ“ﬁﬁa’lmimﬁu progression-free
survival 1falE5huny fulvestrant §1%150 w5978 mutated PIK3CA weildleUssTomflunsiSed
wild-type PIK3CA."" 12 ¢1q everolimus, GﬁdLﬂu mTOR inhibitor @T’mﬁd, mmim‘ﬁlu progression-
free survival Lfialfs'nm”u endocrine therapy 1%;@’;51 ER-positive breast cancer ﬁLmle@T{llﬂ’]i
$nEaud. 11 g1 alpelisib uaz everolimus gaNTYn WA ARARIME, a9329, seeutnana
g9 (hyperglycemia), LLa:Lﬁayé'nmu. Gl,ugi:ﬂ'swu%&swmwim:myuwaswmﬁisaoﬁﬁLﬁuvlﬂasiwa
71 ¢ (indolent), N34 antiestrogen therapies ﬂé'uml%ﬁﬂ%éiﬁmﬂﬁmﬂl"ﬁLLaz%qﬂw”ﬂ"LﬂLLﬁa %30
M3 low-dose estrogen %38 progestins NTa lAUT=lomile (m’li’ld‘ﬁ 5). Watauuzsela
ADURUDIGA endocrine treatment LLﬁ”J, sl palliative chemotherapy mmmlﬁﬂiﬂ“ﬁﬁuﬁé’ﬂ’m
Idadwtoian, uazdihondsdulngldsumsinsmaiage (multiple lines) luupulgeiad
Jafiazdl (single agents), aud1@unull (sequential), LI capecitabine, taxanes WY
microtubule inhibitors shﬁ'u ¢, alkylators, 738 antimetabolites, 738 anthracyclines.(”‘”

g1 poly(adenosine diphosphate—ribose) polymerase (PARP) inhibitors, aulawn
olaparib W8z talazoparib, LL@iazﬁ"Jifuslﬁ'ﬂS:IU%ﬁﬁgd lasl# clinical response rates lauinnin
60% slu@:l'l’a ¢} ER-positive breast cancers ﬁlﬁ germline BRCA1, BRCA2, “5a PALB2
mutations.('"5117) mi;uslmj 9 ﬁLﬁaﬁuwu, L7 next-generation SERDs, AKT inhibitors, LLag
au 9, ldlwanunislng 9 winsinsdiisuziTadiunszozuninizans. Sacituzumab
govitecan, Sﬁa SiE anti-Trop-2—specific antibody—drug conjugate, 1o response rate ﬁl 30% va3
A uuslTId BTz ZUNIN TN Aaslasun13snEIeae endocrine Wz chemotherapy
20828 grusTaRansn immunotherapy 114 ER-positive breast cancer ﬁ’]ﬁﬁ@i%ﬁuag. o
WisufisunuuziSadiunaiiadu 9, ER-positive breast cancers, lagianazlu luminal A
cancers, ﬁﬁﬂﬂmzﬁﬁ mutation lwianuziSikasnin (smaller tumor mutation burden), F5zauva9
tumor-infiltrating lymphocytes "ﬁiﬁaﬂﬂiﬁ, =AU expression U84 programmed death 1 Lae ligand

2893% (PD-1 and PD-L1) fiiasnin, uazd DNA mismatch repair deficiency M%08n31 anwme
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@19 9 manh sdun 9 Axunsaldinwieladn azledszlasiainnisinuals checkpoint

inhibitor-basedimmunotherapy."* 12

u‘na‘gﬂ

sziinduududymamimgeiirlanidanuaula. nanlassn, auianudilan
-4 { o a I % a .. ' o aa o '
WNIWNLINUEIAN 128 I5 LM uNTha ER-positive TINALNTATIIRaulnAd 9, snuuwu
' o ~ & A @ o a o P A A
Ind 9, uazaudnlanu NI wiNeINURNATIABIVEINNTINET waznsdinTasdalunng
UL U UNATIILALILRA T, ﬁﬂﬁ’mmmwwﬂuﬂm;ﬁu fu1InUsuNIITNE A Faaaa 0
Wanzaunuihoudazan Lﬁaﬁﬂﬁgﬂazlvl,@ﬁ'uNmJadmﬁ'ﬂmﬁﬁﬁq@émfumﬁdLﬁmmﬁ@

L v A
ER-positive Tefianunannatsuazwyldtasnga.
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uni 5
ms$nuuulaithdnsuuziSumuustin HER2-Positive S:e=IWSNs:=91e

(Targeted therapies for metastatic HER2-Positive Breast Cancer)
1S5, WUSDIBuS
drYya AUMIONISOVINY

U2L59Lea (breast cancer) Lﬂuu:ﬁaﬁwﬂﬁﬂaU‘ﬁq@ﬁu@”uLLiﬂiugmﬁoﬁ’ﬂaﬂ
uaztduaingduduusnussmadsdiadiolsaussslugndsrinlandas. O uzSaduusiand
amplification Laz/MmIa overexpression 4 84 human epidermal growth factor receptor 2 (HERZ2;
ErbB2/neu) (15unsw 931 HER2-positive BC) wu'ldssanms 20-25% paus T nTiad NN
19@3I0nN%. HER2-positive BC ﬁmsﬁmﬁukﬂﬁgmm wwsnszngldish Sevldinensailsed
1ai@.@® msw"’wmmaamﬁﬂmﬁxjoLﬂ']"l,ﬂﬂ'a HER2 (Mi3unfiuin HER2 directed therapies %38
HER? targeted therapies) larial#iAanns LiJ5smuﬂam%%lmyflummfmmL°iT’11ﬁ1 WA
NIZUIBNTAUAINE @1aamuwamaomﬁﬂmﬁ"lﬁl,ﬁ@%ﬂmjﬂaUﬁLﬂu HER2-positive BC. 114
ez 5 Ifiruan, dnanoaaeniiln HER? targeted agents, 3339 tyrosine kinase inhibitors

[

(TKI) 619 9, laTun1sausi@lilednit HER2-positive BC. unanaitazidunisnuniuee

'
o [ =

ﬁ"l,@ﬁ'umiakl,u”alﬂ%ﬁm%'u metastatic HER2-positive BC, 414338810 NtN81T09, Wasn1s

o

anlslunrdjua.@
HER2-positive breast cancer

HER2 (ERBB2) .il% oncogene ‘ﬁagﬂu long arm of chromosome 17.% 7 HER2
oncogene & coding sequence §MSLUNAA HER2 [erbB-2 (neu)] oncoprotein F9tuaunTnaanis
ﬁaglungamaa human epidermal growth factor receptor (HER) family, sudyznavlddae
epidermal growth factor receptor (EGFR)/HER1, HER2, HERS3, W.az HER4; lag HER2 oncoprotein
ﬁ‘ﬂﬁ’]‘ﬁlmuqu cell growth, survival differentiation, LLaz migration.(e's) HER2 extracellular domain
(EcD) 'lddin33u ligand la 9 ﬁfﬁ‘i‘ﬂﬁ'uagjuﬁa (known ligand), LLazgﬂﬂ‘i:Gun"l@Tﬁ’mmiﬁ'u ECD
2Yasau1Bnln HER family VL@TLﬂu homo %3a heterodimers (HER2-HER2, HER2-HER1, HER2-
HER3, HER2-HER4).® " n1s1iadl HER ECD dimers tanfiinavinlfifia phosphorylation 104
tyrosine residues luuSiamh cytoplasmic tails @arinlinaneiin docking sites (“vinitwy”) 1w
proteins ﬁLﬁm?Tadmaﬁ_l LLET’JﬁNaﬂ‘S‘;Gju phosphatidyl inositol triphosphate kinase (PI3K) Liag
mitogen-activated protein kinase (MAPK) signaling pathways, MIAG cell cycle progression LR
proliferation.® 7 lunziSaduy, anuladndves HER2 ﬁwuﬁaﬂﬁq@"l@”lm overexpression L&

amplification, TIFNWINATID LA A28 immunohistochemistry (IHC) as fluorescence in-situ
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hybridization (FISH), aus1au.® 9 dfignuvas “HER2 positivity” Vlﬁﬁmsﬂ%'uﬂgalumanmﬁ
BN lﬁﬁmmﬁ'@wu{@qumnﬁu, Walwdanuwaingranndu uaztelivinlvlszinsnwms
e @‘i’]LL%zﬁ’]ﬁl‘ﬁb%ﬂuﬁﬁ]Qﬁuma ASCO/College of American Pathologists guidelines ‘o
5:14vli"’jﬁ HER2+ tumors fauzi59fin31any 3+ daun3asia IHC, Aedimidanfiadasuidusowng
YDILTAR (complete circumferential membrane staining), FARLTNTALIW (Lﬁuvl@i”ﬁ'mwﬁmmﬂ%
LawS low-power objective), Wazwu la luu1nnNT1 10% was tumor cells; lunTHUBINNTATIANE in
situ_hybridization, fnilena positive TWNIHATIINIY single-probe Aofidladuuas HER2 copy
number WiNNL 8:191ia8 6.0 signals/cell (>6), 38 NIHATIAGY dual-probe HER2/CEP17
(chromosome enumeration probe 17) ratio LYiNNU 2.0 ¥3881N31 (=2) Tagfidadovas HER2
copy number L¥INNU 4.0 signals/cell ®3041NN31 (4). S1WU dual-probe HER2/CEP17 ratio
winuasnin 2.0, uddadsuas HER2 copy number YL 6.0 signalsicell w3aannin, nydii
AaasRasaniniu HER2 overexpressing.? lunydifiminma IHC wia FISH luaria
(equivocal), lafanuwsngafiaswamldinadia quantitative RT-PCR, w38 droplet digital PCR
iolile alternative HER2 tests fidanauaingn, flanuseandeduotvginunaninTIace

IHC waz FISH, Las @j’mhl‘ﬁ’ii’m (cost effectiveness).!"")

HER2-targeted therapies

Trastuzumab L1 % recombinant IgG1 kappa, humanized monoclonal antibody "7'1'
81315090 HER2 ECD 'l@88191391299 (anti-HER2 mab).7 "® ) Trastuzumab sU7 extracellular
domain IV 289 HER2 inatlasis activation 209 HER2.(® Sanisiu, nalndu 9 Alasuns
WiauaLiantunelseAnEaIw vos Trastuzumab léA nnsEUS intracellular signaling pathways
64 9, MIANNIRANEAIV09 HER2, WAZNNINILEG U immune response @2 antibody-dependent
cellular cytotoxicity (ADCC)."®) Trastuzumab laTun1sausialvlslugi HasuR f.6. 1998 wazle
\IJ1 HER2 directed therapy @7 LLiﬂﬁ"L@T‘%'uakm”ﬁlﬂﬁ‘ﬂm HER2-positive BC.2% a3uatiuan, ¢
lungda anti-HER2 mabs 8nwansdafilasun1saya@ ldun pertuzumab G910 anti-HER2 mab

21.22) yazenidu antibody-drug conjugates

ﬁﬂ@‘ﬁ%ﬁd ‘ﬁmm‘mﬁﬁ_} HER2 extracellular domain II,(
(ADCs) LT% ado-trastuzumab emtansine® Wae fam-trastuzumab deruxtecan.®* Lfllal,g’; 9 f:
Margetuximab, @954 Fc-engineered anti-HER2 mAb, AlaTuniranaid; §3 3URL HER2 ECD
|@igwdaIny Trastuzumab uasasnavinliil antiproliferative effects lanane 9. Margetuximab
1 anti-HER2 mAb ﬁgﬂ@“’@] wUasluusiane Fe-portion ¥ilA&1u1T03UAY stimulatory receptor
FCYR IlIA (CD16A) ereidin WAzNIZ6u CD16-mediated cytotoxicity.®> ** enlungu small molecule
TKis 1udnuuninen13inwdmiudas HER2-positive BC v9luszos early stage w3a
advanced stage. Afatinib tugn@anitafitu irreversible inhibitor a8 EGFR, HER2, uas HER4 i

ldsunreyd@liltlunziiadaanill EGFR mutations.?” Afatinib 1Junitslu TKis nguuin g d
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mMyAlunziSaduy waziuiae phase 1-2 trials Iinaniaziduanuniale wedluaidaun

(28-31) Lapatinib, neratinib, pyrotinib, L8z tucatinib

3338 phase 3 trials wuinliddse@nsaaw.
v small molecule TKis ﬁlﬁmmﬁﬂ Hﬂﬁﬁludﬁuaﬁﬂ phase 3 trials ﬁlﬁ’llu HER2-positive
BC.%23 TKis thanit Iauaaslwifuinduszinsam viluw msldiduenvumdsn (monotherapy)
wioldTnnueitnga, waziauny HER? directed agents @284 9 Tulsaszazuninszany 2%
MIIVAN vLﬁLLﬁ@GIﬁLﬁ%’i’]EJTﬂ’JUﬁﬁiiﬂﬁ%%ﬂ“ﬂmzﬁifﬂ’l trastuzumab a13'ledszlowsiann
n151Fu1 HER2 directed TKI lagin3a'lud trastuzumab 37u628.%%3 Jszanniniians
ilasanannalnniseengniiuandieniu lag TKI lWeangnifn HER2 kinase domain ¥inl# TKI
LTuenalngne § vasnInedas trastuzumab %

Trastuzumab 1Halgiduenvuuidos (monotherapy) SUszanSawias wansled
swnafthla swsassuinlseansnnldagnaann, Serlw lagraly trastuzumab 29N
1£570R0 chemotherapy.©® 3 ilald trastuzumab lWauistasilsasisy, maiedu ﬁgﬂ
IaLdw anti-HER2 drugs ﬁi@ﬁummgﬂﬁhﬂﬂﬁuﬁl LT pertuzumab, trastuzumab-emtansine
(T-DM1), uaz lapatinib, ml‘ﬁ’{ﬂﬂ:}’luﬁrﬁﬂ’w ﬁﬁﬂﬁg}”ﬂaﬂ@? median overall survival (OS) agljﬁl
Uszanm 5 1, uazilagilszanns 30%-40% maapjﬂaﬂﬁaﬁ%’imgjﬁ 8 1.8

fauanlaianuiinilunissne K128 metastatic HER2-positive BC Tunusa,
Saf N d IR uaIRAW B NWaNDaENY. BNEaENITY, SALTEINTINENAI88N HER2-targeted

Y o ot

. Aa ] o & & 1 o 1 = 3 da‘l o
therapies ‘magluﬂaquuuu ﬂmvl,wg’nm@ lmﬂau%aaamﬂmw:mmmul%wa@wq@, faau

¥¥ o DX v ' ° o . ' .

tauiud fihoasldTusunaid iy adjuvant treatment w3a'lal, relapse-free interval 284
X a A va . ) v & a @ a

Athe swwiesle, Ualondnldiuain metastatic treatment fauniing funntauiiosla,
a =1 ni v A 3 U C7 1 Aa nid v

UsnnauzSanldifadulugdiig, anurevvasdihouaziansznudaqunindia, ;nilduas

navaseluudazlszing. gaviie, Saflanududuatrsunluniswaun predictive biomarkers

fnsulolunsiSudunsiia HER2-positive JEaIzUWINTANe.

ANTULIVHIWLSIN (FIRST-LINE TREATMENT OPTIONS)
Pertuzumab, Trastuzumab, Ltaz Chemotherapy

ASMEANTUENNUIENa U8 trastuzumab WA pertuzumab LazeLANTNUe 1 BUn

alfidu drsusvwuuan (1°4ine) dmiuinengihodiulngiidu metastatic HER2-positive
= . [ & { o - .

BC. Pertuzumab t1J% monoclonal antibody AR HINIUNL HER2 extracellular domain 11, fua'ly

HU89IN1T dimerization Y89 HER2 NU HER receptors A28 % 9. vald pertuzumab TIUNY

= o va o s & . . A 3 A J (21 22 39)
trastuzumab nainl¥fin133:30dULY signaling finsauaguuInninevansbedn '?
Pertuzumab "L@T%’umiaw“aslﬂ"’lmwlﬁ 134899 NHNANNTILUAY CLEOPATRA trial.“%*?) gquiau il

phase Il trial AdSoufisulszAnSawaadnslet trastuzumab wae docetaxel ML pertuzumab

%38 trastuzumab W&z docetaxel SAUNY L1BaaN (placebo) Iugmzﬁﬁummmuum (first-line
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treatment) lug{tl 831121 808 auiidu metastatic HER2-Positive BC. 1 wfndsina, Siies
10% va3gih slums3seiaeldsy (neojadjuvant treatment s trastuzumab Tumeiduyzi5s
J282U3N (early disease) WLAA, LLa:gTﬂwﬂ@;miaﬂf: IS eitle dosfitrsaanang
ﬁaﬂﬁﬁg@ 12 Laauizwj’mmiﬁyuﬁ;mmad (neo)adjuvant trastuzumab treatment LaznsIRARB NS

LWINIZANY (metastasis).

NAN13338289 CLEOPATRA trial "l@TLLam’LﬁLﬁm’mﬁngﬂayﬁvL@T%“U pertuzumab 374
@8 & progression-free survival (PFS) Lﬁuﬁuaﬂ’mﬁﬁm‘hﬂ”ﬁy Lﬁimﬁﬂuﬁunﬁjw@ﬂ’mﬁw placebo
(median 18.7 vs 12.4 months, hazard ratio [HR] 0.68; 95% Cl, 0.58 to 0.80).“?) Overall Response
Rate (ORR) lunguild placebo iy 69.3%, wSsuifinuriu 80.2% lunguiled pertuzumab
N2 Lﬂuﬁmﬁ’dm@l, ﬂ@:w‘ﬁlvl,ﬁ pertuzumab 333628 § complete response \Aadwlu 5.5%
pa91ln. MenatanmIdaaudthelddszanm 100 W@, mjuﬁvlﬁ pertuzumab 3368 4
overall survival (0S) nduagnafvivdeny ieuSoufivuiunguild placebo (HR, 0.69; P <
.001); ﬂéjwﬁvl,ﬁ pertuzumab fié median OS 1AL 57.1 Waaw LWiBuLiBuAy 40.8 ifaulungw
placebo; 86191 8-year landmark OS L¥inAU 37% 1uﬂ§3:11 pertuzumab W8z 23% 1uﬂ§jw placebo,
Waz 16% maamﬁuﬁvlﬁ pertuzumab LUSELLABUAY 10% maomjuﬁ"ld’ placebo §9luflsarin5u.4?
Ftis, MIYNNNINUIEs HER2 ¢he ant-HER2 mab 2 ww% (dual blockade) awldur
trastuzumab R8s pertuzumab ﬁe\‘ivl,ﬁ%‘llmsakbﬁaﬁ]’m US Food and Drug Administration (FDA) L8
European Medicines Agency (EMA) Tlidu first-line therapy E??’]%%"l_l;ﬁ'ﬂ’a UﬁLﬂ%&lzﬁdL@T’m&mﬁ@
HER2-positive T UTUNIN T YA IUALINNY (de novo metastatic HER2-positive BC) ﬁ%ﬂ%ﬂ’)&l‘ﬁl
uusSoduuniia HER2-positive A3 leiSuiu MuwaINlanya anti-HER2 adjuvant
treatment "Lﬂl,l,zi’aazhaﬁaﬂﬁq@ 12 1Han.

faddmauduls  CLEOPATRA tial  fiadslianwanle.  dususn, I
CLEOPATRA trial 1ul% docetaxel 1ilu chemotherapy backbone; @g\‘lLL@iifum, sLafitnasaan
9 ﬁvl,ﬁgﬂﬁﬂmsluﬂs:lﬁuﬁﬁw, Wi paclitaxel, nab-paclitaxel, 38 vinorelbine, WazWUINlANE
Indifnariu; aamin, mm@i’ﬁtﬁa%ﬂuﬂ@;u microtubule-targeted antimitotic cytotoxic drugs tHuenTi
Iesumsnansulildle “ * suaufiaes, saulng (Uszuim 90%) maa;\«fﬂmﬁ"[ﬁﬁﬁ’mmﬁﬁ'ﬂ
14 CLEOPATRA trial lajtas @3y (neo)adjuvant treatment @28 trastuzumab luﬂlmzﬁtﬂu&lzﬁd
J282U3N (early disease) unriaw.*" *? agnglsfana, UszanSnmaasdnusnawni Usngin
qﬂqﬁﬁaﬂadlugﬁmﬂﬁ'{u (neo)adjuvant treatment @78 trastuzumab anfiaw, widInazdl early
relapse (AaTuAANL. 41 42 % Rsflgaandasny namyIsuls PHEREXA trial, 99 pertuzumab an
lE590nY trastuzumab W&z capecitabine sl,u;q&]”ﬂaw:ﬁaswmws’m:my Mmaslasunmysnenes
trastuzumab-based therapy 424" 1 Jufinasriudinlin Vl,aiﬁﬁagmﬁmﬁuuwmmaa
pertuzumab luﬂ'ﬂ’mﬁmﬂﬁ% adjuvant treatment Al pertuzumab %38 T-DM1 anfiaw. N3kt

pertuzumab 334ML trastuzumab uaz chemotherapy A3 lasuNM IR AN ludthoswlngilsald
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FUSUMEARRINIT LG 81 anti-HER2 therapy ﬂ%q@ﬁw wnaannnin 12 wewldud.© Snunits
ﬂi:Lﬁuﬁﬁ’m”mu fa 1w CLEOPATRA trial ifuleivlﬁagty’mlﬂﬁ maintenance endocrine therapy.
314, UNLINVOY endocrine therapy Mﬂsrﬁf‘:{fuﬂuﬁaﬁvlajﬁiaga. a8 bsAan, lurjﬂwﬁ'lﬂu
ml,%\‘mﬁ@‘ﬁlﬁ HER2-positive 378N hormone receptor (HR)-positive %\‘lvlﬁﬂ‘iﬂﬂﬁﬁmi{ﬂw’lﬁw
first-line chemotherapy UMY anti-HER2 therapy Ua7, u”uﬁﬁmgmaﬁaﬂﬁ endocrine therapy
IUNY anti-HER2 therapy Lﬁmﬂu maintenance therapy m\‘i/\‘lﬁ]’m%w chemotherapy Touan.“®
garie, ‘luﬁﬂwﬁvl,ﬁﬁ complete remission LAaTWLE, Seozaannunzanlunsld maintenance
anti-HER2 therapy J&Lﬂuﬁaﬁvlaiﬁiaga. MIAYA anti-HER2 therapy a1 l@sun1Iwasanlu
mwwz’tug&fﬂ’mmaimmfu, Tagtawrzlunsdifisansanauan e lndle Weflsamisunauan

Tnsidn.@®
HER2 Blockade wa& Endocrine Therapy

NOWUZLTILE WU THA HER2-positve BC ‘ﬁﬁ expression Va4 hoyrmone receptor (HER2-
positive/HR- positive BC) wu'latszunmm 50% 189 HER2-positive BC NInua.“? N3l HER2-
positive 34N HR-positive FUNUEAUNTAaRaNTINEIN@IY  endocrine therapy ©0) wydd
ﬂgam‘wuﬁ (cross-talk) 3¢%319 HER2- 1laz HR-signaling pathways, Lag 13889 HER2 pathway
mﬁmmﬂﬁwﬂwﬂaum@euauama endocrine therapy 'l6.®" ° TANDEM uas eLECTRA trials
Lﬂuammﬁ’«amljﬂe] ‘ﬂmmﬁauamumﬂumﬂm’s uazlawuin msle trastuzumab  SauAU
aromatase inhibitor (Al), Lﬂiﬂumf;llm‘i_l Harit] aromatase inhibitor (Al) aenaLaen, El,um_l’m
metastatic HER2-positive/HR-positive BC mmmmu PFS L@Jaslﬂil,l,llll first-line treatment vL(ﬂ 3,
5) 15z luminTalauda overall survival (0S) 69llads89maana.

Useloaivasnsld HER2 targeted drugs 2 w4 (dual HER2 blockade) $78AL N5
lfendocrine therapy A La3UMTI38628.5% % 14t phase | PERTAIN trial Vl@TﬁmidmmdcTﬂw 258
A panid 2 ﬂml ﬂamv 129 au; ﬂammnvl,m‘u first-line trastuzumab 374NU pertuzumab Uae
aromatase |nh|b|tor 1.6, ﬂamaaavl,mu trastuzumab $2UNU aromatase inhibitor 1 @7, Uszant
2lu3 maawﬂwlmma ﬂau"l,mu induction taxane-based chemotherapy ﬂaum\llﬂi aromatase
inhibitor, Lﬂuvlﬂmummrﬂau‘[wamwmwma M7k laugaslwiAuin ﬂau‘ﬂvlrﬂ dual
blockade & PFS fidn (median 18.9 \Aaw WIsueuny 15.8 1@au, HR, 0.65; P = .007).%%
mmﬁuu NwIephase Il ALTERNATIVE trial vLmeimJLLmNﬂm 355 At Vl&JIiﬂﬂ’]Li‘Ll‘ﬂa\‘ﬁ]’m
& endocrine therapy LRz trastuzumab, Ttlasu aromatase inhibitor 394NU lapatinib W&z
trastuzumab %30 arorpatase inhibitor 24N anti-HER2 agent 1 AN (VL@TLLﬁ, lapatinib %30
trastuzumab). N laurasliiiudszloamiaes dual HER2 blockade; lagwuin median PFS
WJu 11 1han ‘Lunauw”l.m dual HER2 blockade (lapatinib Wag trastuzumab) W3suifisuny 5.6
\ian sluﬂamvl,@] trastuzumab (HR, 0.62; P = .006). AN median PFS Iuﬂam"l@ lapatinib t¥inAL
8.3 L@au( ®) Uuwumu"nawauammu M3 dual HER2 blockade $78AU endocrine therapy
mﬂmumswmsmﬂmﬂu AIINBLLL first-line Iumﬂaw"l,mumiwmsm'mmmmuumm
vl,&lmmwmm%evlmu chemotherapy WAZ/H3IB uﬂimmmaoeﬂummuuaﬂ ¢ (low tumor burden)
Lﬁuﬂim lJ bone metastasis LWEJ\‘i 1 mmeLﬂu@m.
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AUV INNED9 (SECOND-LINE TREATMENT OPTIONS)
T-DM1

‘lug}“ﬂasjmuslmyjﬁﬁimﬁ%%mrm%u waannlasunsshenday drsteawuesn 7
o trastuzumab INAL chemotherapy %30 pertuzumab JIUNU trastuzumab Wag chemotherapy,
MITNENTIE T-DM1 WRESUUIULAD (monotherapy) AATTIATUANTRAIN T ML DUA 3TN
‘ﬁaad 5%@%“’1@5;@’1% (standard second-line therapy). T-DM1 1)) antibody drug conjugate (ADC)
y’mﬁdﬁvlﬁﬁ’w trastuzumab ﬁllﬂu anti-HER2 mab L%ﬂ&lI&ldL‘ff’]ﬂvu DM1 (derivative of maytansine)
AflgnT cytotoxic activity lagmsaangnigusansvineuas microtubule, Snarinlwen T-DM1 an
ﬁmﬁgjmsflmﬁmﬂﬁashdLﬁn:ﬁmmwwlmmaé{ﬁﬁ HER2-overexpression.?  lagfiaaidaud
\&fie7 (stable linker) n3e¥nmingition DM1 9AAY trastuzumab; 1a8ed 3.5 molecules 189 DM
@@ 1 molecule V84 trastuzumab. 91338 EMILIA phase Il trial ladszidusz@nTainuazany
Uaoanewas T-DM1, W3suiiiaununssnenens lapatinib 393871 capecitabine 941il% standard
second-line regimen ‘lwnm:‘lfu, Iul’fgﬂ’w 991 aufiilu metastatic HER2-positive BC. g&?ﬂwﬁad
lddlsafusunasaniunmsinsuzisesssuninizanediy  trastuzumab  SannAuluasza
taxane, w3olsarnsumelwlitin 6 (HaunasNLESIERNTINENME adjuvant trastuzumab
fWIUNZI595z0zUsN (early-stage disease). M33Nwee T-DM1 TWnatin PFS uaz 0S leagng
Sripdndyn1eadia. f1 median PFS 1w 9.6 iew lunguild T-DM1 wSsuifinury 6.4 o lu
mjuﬁ”l,oﬁ” lapatinib S9N capecitabine (HR, 0.65; P < .001), a2 ¢1 median OS LI 29.9 LAan
luﬂéjw‘ﬁ'vl,ﬁ T-DM1 WSsufisuny 25.9 Lian Iuﬂéjwﬁ'"l,ﬁ lapatinib S7AU capecitabine (HR, 0.75;
P < .001).%>5) gasnminauawad (Objective Response Rate, ORR) ’Luntejmﬁ'vl,ﬁ T-DM1 group
(44%) ﬁmgoﬂdﬂumjuﬁvlﬁ lapatinib-capecitabine  (31%).¢" é’m’mnmﬁ@mmﬁaLﬁm‘ﬁgmm
[grade = 3 adverse events (AEs)] uazmatnaifasivldaosanuuwiasiag wuldasninlunga
fle T-DM1.@

Uselpaivas T-DM1 lunsldidudisuonvwiudiany (third-line setting) b3
msfnee. Tuu3s TH3RESA phase Ill trial, n133n®16ae T-DM1 1y PFS waz 0OS lewnn
i olSuufinuny MIsnEN@e trastuzumab Uas chemotherapy fildananunisaaauwlaves
uwwnd (physician's choice) lugtlduwin 602 aufitdn HER2-positive BC 71lesun13snmneas
anti-HER2 therapy #1ua7 2 21%, L@wA trastuzumab wae lapatinib.®® @1 Median PFS 1w 6.2
LA slumqiwﬁvl,ﬁ T-DM1 w3suifisuny 3.3 (diaw lunga trastuzumab uaz chemotherapy (HR,
0.53; P < .001); 61 Median OS 1fw 22.7 1@au 1WIsuiisuny 15.8 1l@aw (HR, 0.68; P < .001).59
laa1Aunan1yI98289 EMILIA waz TH3RESA trials, T-DM1 ldsunmvaysd@lildlas FDA uaz
EMA lud a.¢. 2013.
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fyafigrdynassuiinslinnusulalunsdinisiseiieddu T-DM1. dusuusn,
EMILIA uaz TH3RESA trials Vlﬁgﬂe‘hl,ﬁumﬁﬁ'ﬂuﬁwnmﬂ'auﬁ pertuzumab gn¥anlEluuuy
masnspwuesn. aghslsfiany, |68 observational studies Aiugasliiuit T-DM1 sansnaan
qw%ﬂﬁlu@ﬂ’sﬂﬁ%ﬁﬂﬂ%’ﬂﬂ’]ﬁﬂmﬁm pertuzumab-trastuzumab-chemotherapy 314&2.%% guay
g4, Dauddnludeguiudslaidl predictive biomarker Alesunmsamesaufuinadisnsudiuudd,
sm”uﬁgwao HER2 protein (3+ 1W3suLfinuny 2+) w38 ERBB2 mRNA expression, %38017 balfl
HER2 intratumor heterogeneity, a1ataulaunindaiiangtndmiunisls T-DM1 el
duauay, T-DM1 Atasgnirundnslunslfidusiinsauiuusn 1u MARIANNE phase III
trial. lunn533 04, ﬂéwﬁvl,oﬁ’%'u T-DM1 579A0 w38 lusuny pertuzumab fien PFS lai'lawenin
waflidninednefividdny Werfsuiunguildsy trastuzumab Sawfuluaszns taxane (14.1

\Aaw 1iBun 13.7 1@aw; HR, 0.91; P = .31).%% % adalnd, sueagiu Salufidaya vaans

AR

728Nfn®1 T-DM1 monotherapy %38 T-DM1 324NU pertuzumab 1U38ULABUNY trastuzumab,
pertuzumab, LLawﬂunga taxane (ﬁgﬂ’ﬂv@’i’uﬂu standard 1% —line treatment luﬁﬁ]ilﬂ/u). @Tﬂfl?u
, T-DM1 39ld5un139alay National Comprehensive Cancer Network I#du first-line treatment
Sunita, LL;QT’;"H]:"L;J"L@TL‘}“]W?W%’Umﬁgmﬁamﬂué’umn, ue ESO-ESMO ABCS laildpansufiaslw
\Iu first-line treatment, u@anatianld T-DM1 Lawwzgﬂw‘ﬁ'vlﬁ%'u NINTHIDENTOLADL LA
1 ldmanzauiy mMasnesdusnesgu@sldun, trastuzumab, pertuzumab, wazenluaszna
taxane), @aamupﬁﬁﬁhmaﬂwmnLf"ﬁlmﬁ'uwaf'ﬁw,ﬁmluﬁ’m HUTI9THUTI (alopecia) NI8 HAGD
2UUUI28IN (neurotoxicity).®” T-DM1 mmmgmfmmlﬁﬂumﬁ'ﬂm’mmmnn (first-line
treatment) luﬂifﬁﬁlﬁiiﬂﬁ’lﬁu 152 (early relapse) #ad anti-HER2 (neo)adjuvant therapy (< 6-12
\aaw). adnalsnanw, lugih s l3AfI50152 wasanlasunIsNENaIe trastuzumab Tag'lsleld
pertuzumab 374, N1TINBIAILN1T LT pertuzumab SINA U trastuzumab LAz 81 docetaxel

(CLEOPATRA regimen) A13b@3unsNasanshan e snnnin T-DM1.49

A1SULINIYRAIDINNIIINEIAI8 TRASTUZUMAB, PERTUZUMAB, Waz T-DM1 1a"

TuiTaqaiu, 59 148UUINIINNTINEN  (therapeutic  algorithm) nTauiMIEe
M o o a X s % % @
metastatic HER2-positive BC 1 e 113AR509%Aa9n LU ITNENGIEY  trastuzumab,

pertuzumab, uaz T-DM1 3uda. lrad, ilddunlna 9 waneea lasunseusi@lildlusniunisal

(2
=

% WAZA2ThesUNNINANTINTNANLT, DIwan, s‘]’a"l)&ifim’ssazﬁ'@ﬁm”uﬁau%é’oazhd"l,ﬁwﬂﬁwaﬁ
Nga. a9 nIsaaulALRaN TN 1M AawdNITUTa% uazdaswTananssaifie, Tsa
szdneneng 9 vaIgihg, NATLABIIINMTINENAAUWIN, TrnanlIaiisy, durtkved

metastasis, AMUTALY aapjﬂ’; g, LLRSIAN.
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Tucatinib

Tucatinib LIuen tyrosine kinase inhibitor (TKI) 3%a3uLsen1 ﬁaanqw%%”mﬁa kinase
domain w89 HER2 léaesianzasunn wazsuds HERT Iieainias, snwaitwionaidn
aiwuaIUuuuveINatafes.® 91uide phase Il trial HER2CLIMB l@@nunslE tucatinib
IUNY trastuzumab WLag capecitabine 1%;&”11’; gINUIN 612 At ﬁlLﬂu metastatic HER2-positive BC
Aeelasunssheneae trastuzumab, pertuzumab, uay T-DM1.69 ;jﬂmﬁﬁmﬁmwim:mmvlﬂ
SIENIEAN TN AN S DL smLi”u;jﬁﬁaovlﬁ‘?umﬁﬂmmwwz‘ﬁ' IuAuzSenunsang
FNBIALNNNUA (1% WNGa WIB T9FIN®N). TaAdTEING, Tumsisvit Qﬂaynﬂﬂuﬁaﬂﬁ%’umi
7323 brain magnetic resonance imaging VL’S’LﬂuﬁagaLﬁaa@Tu Wahiumise. Qﬂ’mgmﬁmﬂu
2 gl 141630 tucatinib 38 placebo, Taons 2 mjmi”mvlﬁ%'u trastuzumab LAz capecitabine 323
s, lwnuisoil, 47.5% 289511284 brain metastases fIuALsNISNTNWIY. wisoillduses
IiAudsednEnwas tucatinib, lasd1vad median PFS YAy 7.8 tdan luﬂﬂ;&lﬁlvl,(ﬁ tucatinib
Wisuifisuiy 5.6 1dew lunguiilduimaan (placebo) (HR, 0.54; P < .001).% laraanrmly 2
3, dwes 0S ﬁgﬂm@msrﬁ WinAL 44.9% ’Luﬂéjwﬁvl,ﬁ%'u tucatinib WRZLWINNL 26.6% luﬂajuﬁ"l@ﬁ'u
placebo, Uazf18d median OS L¥INNU 21.9 L@ak Waz 17.4 1@an, ANs1aL (HR, 0.66; P = .005).
slumimpjﬁﬁiaUIiﬂﬁmmmi’mm@"Lﬁ, ORR iU 40.6% Iunzjwﬁvlﬁa?u tucatinib Waz 22.8%
1uﬂ§jwﬁvl,ﬁ§'u placebo.® 1um§m§ﬁ'ﬁ vuiSsunsnszanelddsavas, dwes PFS ﬁgﬂm@mirﬁ
o a0 1 3 wihnu 24.9% 1uﬂ§jwﬁvlﬁ§'u tucatinib LazL¥iNNL 0% Mﬂéjuﬁvlﬁ%'u placebo, ANV
median PFS ¥inNU 7.6 t@awd3autnauny 5.4 months (HR, 0.48; P < .001), Wazfuad median
OS NNy 18.1 L@aw WIsuiisuny 12.0 1ean, Mus1au (HR, 0.58; P = .005). WU41 8@31N13
AOURWDITaINSINuWINsza1e lUsIsNas (Intracranial ORR) 1uﬂ§juﬁ"l,ﬁ§'u tucatinib ﬁmﬁgo
N (47.3% Wnuifisuit 20.0%).% fisanatiebs de ﬂ’m?a@%%‘ﬁLﬁm"fuﬁlun@;uﬁvl,@i”%'u
tucatinib  FUWUFAL MsdigmunIndie fenin LLa:@ﬁiaamwagvl,@i”muﬂiﬁ.(67) NATNILABIEIU
Tl "La\igu,u,sa (low grade); ﬁaaiaaﬁgmm (grade 3 diarrhea) Was msRNd U4 transaminases
Tunszumdan, Aowiwulives, uafnunadnadsamaniildvesnin Slum\juﬁ'"l,ﬁ tucatinib 323
oo Jud a.¢. 2020, FDA uaz EMA vl@i”m;oﬁamﬂ‘ftucatinib 24N trastuzumab WaE capecitabine
fniuinmgile HER2-positive BC ﬁI‘mqﬂmmumé’@"L&i"l@T wia aglusznzuninizay, 1iu
gﬁﬁhﬂﬁﬁmﬁdu,ws'ﬂszmslvl,ﬂﬁauaaﬁ’m, I(ﬂﬂgﬂ’sUL%dﬁﬁLﬂﬂvLﬁ‘;Uﬂ’]‘i%’ﬂﬂ’]ﬁ’Jﬁ anti-HER2—
based therapy ¥1ud2. FDA ldzyli1n tucatinib ousallflu ;‘Tﬂmﬁmﬂmumﬁﬂmﬁw
anti-HER2-based regimens a1u818:19%a8 1 yuuinly (1) S IRTLULLTITZUZUNINTZRNY,
Tuwmeii EMA ezl tucatinib o193 1wl ;‘J]”ﬂwﬁt.ﬂmhumﬁ'ﬂmﬁw anti-HER2—
based regimens ¥uaregeey 2 wuiwll 2) dwsuuziSITozuNInTNg. mﬂﬁagaﬁ'

o o o

NANUEL, tucatinib 39rasgninluAns3dn lu phase Il trial A1lE tucatinib S3uAL T-DM1
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Wisuifisuny T-DM1 aghadien lumsldidudrsusnawuiisas (ClinicalTrials.gov identifier:
NCT03975647).

Trastuzumab deruxtecan (DS-8201a)

< . . a P23 {
Trastuzumab deruxtecan (DS-8201a) L1l antibody-drug conjugate (ADC) AR WIN
v o A . . . { N
Usznaueiy trastuzumab, @ILTaN (linker), e deruxtecan (derivative of exatecan) ﬁaaﬂm’lﬁ
v topoisomerase | inhibitor it cytotoxic drug (payload); lagiadeadl 8 molecules Va3
deruxtecan 618 1 molecule Va4 trastuzumab.® 83N, Trastuzumab deruxtecan (DS-8201a)
v A a% . ) A o a Y A . @ A .
(38nT cytotoxic da tumor cells Nafd1udns lavlidasauladnd HER2 expresion drunialal,
& ] a ] 8 v \ = a :
18991091 deruxtecan Nignuaaddauanansndus1u cell membrane ldatinsdnoas 39luiinada
cells 99LA8d (bystander effect).®® 143Mu338 single-arm, DESTINY-Breast01 phase I trial 716
@nwn Trastuzumab deruxtecan (DS-8201a) Iul’fgﬂ’m 184 aufLiu metastatic HER2-positive BC
flélapsun1sinmdae trastuzumab uaz T-DM1.Y Uszanms 66% vasgiomnad ianldsy
pertuzumab U&7, UaT f1 median VBITIWIBANTINBNLAL LRI WINAL 6 (range 2-27 lines).
Ao ldausadniians3duld 8 brain metastases Aigladldsunisinw wiadu brain
metastases TIULEAIBINTITUAD. ORR LYINNU 61.4% (6.5% WD complete responses) ae PFS
WU 19.4 16w, 61 OS 7 gnaensal 1w 85% Nian 12 Weaw uaz 74% 7 18 1aaw. ¢

median OS NE W ILDIAK WAL 24.6 taan. "

wataissdulngaglunmaingienuld
(tolerable); asha"l,iﬁmu, wuInddaaanigusia interstitial lung disease Lﬁ@lifulu 15.2% 193 183
dthe, daulngidu grades 1-2, uanyuussemdumgliidedia wuldlu 2.7% 204¢1128.7” 1Jaq
snuaUTfia interstitial lung disease filAnduitl siudasdasldiumyifasauazsnmniisin,
warNILNIZIIAUA (active surveillance) JANNEIATYNIN. I@Umﬁ'siagammf:, FDA 'lal#ns
agﬁlauumid(ﬂ"m (accelerated approval) WA Trastuzumab deruxtecan (DS-8201a) 1w 1 . .
2019 &% ;j’ﬂw'ﬁ'lﬂu unresectable %38 metastatic HER2-positive BC lLagrnuns3nsnee
anti-HER2-based regimens ¥Ua28819%08 2 1w1% (>2) §MSUNLSIT02UNINTZaNY. Bniifned
vlﬁ?lm’liﬁﬂ‘ls}’uﬁwlﬁuaﬂ’mﬁaUlu 2 randomized phase Il trials ﬁﬁﬂﬂ’] DS-8201a LU3suiiiay
fiu M3l capecitabine 30N trastuzumab %38 lapatinib Twn3slEiduenawuiiany (3-line
setting) (ClinicalTrials.gov identifier: NCT03523585) wazttSeuisuny T-DM1 Tunnslgiduen
muﬁuﬁam (2"-line setting (ClinicalTrials.gov identifier: NCT03529110). Namaomﬁﬁ?ﬂﬂ%aao

. g ' ° [ val @ A o«
phase Il trials #ztaoliaunInszyladiuiaisldmilusaula.
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Neratinib

Neratinib (% tyrosine kinase inhibitor (TKI) TfiasU1en AgUSINNTYiawDes
HER1, HER2, and HER4 laatnang (irreversible inhibitor). 13798 NALA phase Il trial e
#AnEMTME neratinib $70NY capecitabine W3BULABUAL N1 lapatinib $78NU capecitabine 14
;jﬂw 621 ﬂu‘ﬁllﬂu metastatic HER2-positive BC ﬁmﬂﬂi’mmi{ﬂw’]ﬁ’w anti-HER2 treatments
athattes 2 3w, lasiugiis CNS metastases Alafenns wiefennsasi (1850 wiaselala
5 local treatment file).® iilaifisuniu HER2CLIMB, 1w NALA phase Il trial la'ledmwualidos
€373 screening #1 CNS metastases @g\‘lLL@iLLiﬂnﬂi’m wazli NALA trial wuinUszanos 16% 289
HUh8wWy CNS metastasis douausn. SiRes 41.7% uaz 54.3% va91 e ld3n pertuzumab
waz T-DM1, audnaw. lunwsan, myld neratinib su13a1As PES (A1 mean PFS i 8.8 o

a

Wisuisuny 6.6 w@aw; HR, 0.76; P = .006) ud liaansaiia 0S laadsdivedamyneada

Do

(24.0 \Qow WiBLIBUNY 22.2 1@aw; HR, 0.88; P = 210). &miLAE CNS metastasis 7l
I1duaad3u local treatment, Wulumg:uﬁlvl,ﬁ neratinib (22.8%) ﬁfaﬂﬂ’iﬂuﬂéwﬁlvm lapatinib
(29.2%) atIN%UEIATY, 11937 neratinib ﬁwmaanaﬂumiqﬂmmm CNS metastasis. 1u;§ﬂau
Afsoulsafianindald (measurable disease), linuindanuuandriadnaiviay ludas
MINBURHES (ORR) izmwmimﬁvl,ﬁ neratinib (32.8%) U3suifiguny mju‘ﬁ"[ﬁlapatinib (26.7%).
ludnunatnafes, ﬁaes’adﬁgmm (grade 3 diarrhea) wulumjmﬁ'vlﬁ neratinib agnin ﬂéjuﬁ"L@T
lapatinib (24.4% LUSauiAisuny 12.5%) waidnfimsiinua lAldendesnuriassielusauusn vas
MIINWIGLE neratinib. ‘[mmﬁbﬁagama’wﬁy, 1udl a.a1. 2020, FDA liauai@lle neratinib 323y
capecitabine a%m%'u;jﬂwﬁl,flu metastatic HER2-positive BC Atasrun33nu1@28 anti-HER2—

based regimens NULRIDEINIHDE 2 YUIW (= 2) FINITUUZLTITTUZUNTNTZANE.

Margetuximab-cmkb

Margetuximab L1 Fc-engineered anti-HER2 mAb @131, ﬁgﬂ aaudatniann
trastuzumab, 8131303UAL HER2 ECD domain IV lelguifeaAy trastuzumab wasadnarinlni
antiproliferative effects vl@%’ﬂﬁ’]&lﬁ]ﬁ%. LﬁiaLﬁﬂuﬁﬁJ trastuzumab, Margetuximab 1w anti-HER2
mAb ﬁgﬂ@“’mmaﬂu amino acid sequence ﬁlll%nm immunoglobulin 1 (IgG1) Fc region AU IA
CALRR I TN L T IR KT ON (higher affinity) AU variants ‘ﬁgaaaa (158V [high binding] L8z 158F [low
binding]) T84 stimulatory receptor FCYR IIIA (CD16A) uazdu laatn9naiu g (lower affinity) nu
inhibitory receptor FCYR 11B (CD328B) 1 NK cells; n3aaudasisuityan3afiazLfiy antibody-
dependent cellular cytotoxicity (ADCC).?** 174738 SOPHIA phase Ill trial ldaaidangile 536
AufiLdls metastatic HER2-positive BC Ai1130A5UAN N WA 991 NHIBANTINENG2Y anti-HER2
treatments AUA8ENIRBY 2 YUn, LazAlad@ITUEN 1 89 3 VUIH (WUTINANTLT pertuzumab

d8) Swiuinswziizezuninizng; lumaidoigisgnihanguudadu 2 ndulwldiuns
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$n®1e28 margetuximab (266 A%) %38 trastuzumab (270 Aw), La gaInguaInldaiy
chemotherapy 3131628. A1 median PFS maomjm&”ﬂ';mﬁ"l,éﬁ'umﬁ'ﬂmﬁm margetuximab @nin
paIngui1a o7 leiSy trastuzumab, (5.8 Leaw WoURY 4.9 Liaw, HR, 0.76; P = .03); uagalal
wuind 0S dwndw T interim analysis a39usn. ladnsdsziiudnonwuas CD16A genotype
lun1sldidu predictor inunedszdnFaiwaes margetuximab, wuindsz@nTainwved
margetuximab L% % LA T® Mﬂﬂﬁulugﬂ’s 875 CD16A genotypes awiIznaualy 158F allele
(median PFS 6.9 tA8UNU 5.1 Ll@aw, HR, 0.68; 95% Cl, 0.52-0.90; P= 0.005). WaT19LALI2N

s a o Wl v A a &L yﬂ & 1 a (26, 71
NIINBININBIUS NN LINY %I’d AN 2 ﬂ@‘&lﬂ’]iiﬂﬂzﬂ.

) Margetuximab l@3un13auaidan
FDA 1 a.@1. 2020 #1%3U18 metastatic HER2-positive BC MIlASNIUNNTIN©®1618 anti-HER2
treatments ¥LAIDLNI%OE 2 AUW, laudat1dtay 1 °11mugﬂlﬁﬁ’m%@%’ﬂmuu%ﬁw:

LNINIZINL.
Pyrotinib

Pyrotinib 1T irreversible, pan-HER receptor TKI THhasulvzn1w. $1%338 phase |l
PHOEBE trial vL@Tﬂ”@Lﬁaﬂ;jﬂwﬁhmu 267 aufiilu metastatic HER2-positive BC TLA8RWT
NG trastuzumab WAE taxanes WaZ/®38 anthracyclines JUE7, Qﬂw"l,@i”gﬂﬂﬁmziml,ﬁmﬂu
2 nqulilaun13inmean pyrotinib 39uML capecitabine 138 lapatinib 334U capecitabine. "%
lunwsw, 42.5% uay 34.8% maaﬁﬂwlumjuﬁ'lﬁ%’u pyrotinib W& lapatinib, 1384ANE1AL, b4l
welasuaithga nsbunSiTeozuninIzang, 41.8% Uz 49.2% Laglasuenanuad 1 1w,
waz 15.7% uaz 15.9% tagldsuenuuas 2 vwin. afienaivi interim analysis @1ufleanownmn
13, wuiren median PFS 1u 125 Lﬁﬂﬂ%ﬂé&lﬁ%’ﬂmﬁm pyrotinib 32NN capecitabine
WIsuneuny 6.8 Lﬁauluﬂéjwﬁﬁ'ﬂmﬁw lapatinib 3984NU capecitabine (HR, 0.39; P < .001). ¢
289 ORR 1w 67.2% sl,uﬂaiu"ﬁl%'ﬂmﬁm pyrotinib  1W3suAisuny 51.5% El,uﬂzjuﬁ%'ﬂmﬁ'M
lapatinib. Naiﬁuﬁmﬁ;mm (grade 3 AEs) ﬁwuvlﬁﬂaﬂﬁﬁg@ﬁa o329, Danuldvasnda Tunga
fisnwean pyrotinib (30.6% AiBUAL 8.3%), Wwaz hand-foot syndrome, sﬁawu"lﬁﬂ%aaamju i
WANG1INYU (16.4% WiBun 15.2%).72 Pyrotinib £9ldld3un13ausi@ann US FDA udldsuns
agaﬁimﬁﬁ%ﬂm (conditional approval) lwlglalusssmsglszmauin dmiunislasiuny
capecitabine 33Nty metastatic HER2-positive BC e INEeaedtniadn

yenavaig anthracycline %38 taxane WA,
Lapatinib INNY Capecitabine

MITNHGENTIE lapatinib SINNU capecitabine Lag laIun1sIad1auIndudsuen
pnunged Mduviangw dewnazdl T-DM1 1lE5n1.7) Lapatinib 1w reversible TKI wfia

5ulsemu fisangniae HER2 and HERA. 1ud a.¢. 2007, M3l lapatinib 3381Y capecitabine
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TWnam3shsnfianin m3ld capecitabine tRpgagaien lufthe locally advanced #3a
metastatic HER2-positive BC ﬁLﬂﬂﬂh%ﬂ’]‘ﬁﬂH’] ﬁaﬂﬁdﬁaﬂ sznaueng anthracycline 1 V44,
taxane 1 VW1, WA trastuzumab. @1 median time to progression L¥inNU 8.4 Lﬁauluﬂ@;&l lapatinib
3I0NL capecitabine LWIBULAiBUAL 4.4 1daw lungy capecitabine (HR, 0.49; P < .001); Uazloit
fﬁﬁ@‘*ﬁ?ﬂ@zlvl,aivl@'fﬁmsl,ﬁu%mawaiT'mLﬁmﬁguLLso.‘73) 84 ORR 1AL 22% lunga lapatinib
3I0AL capecitabine UAZLYINAL 14% lunga capecitabine. HaVBIN53auitlevinlet FDA uaz EMA
a‘lql,ﬁa vt lapatinib 8% capecitabine éﬁﬂ%ﬂ?ﬂﬂ’lé’ﬂ’m locally advanced %38 metastatic
HER2-positive BC ﬁIﬁﬂvL@Tﬁ’lL%Uﬁéldﬂ’ﬁ%’ﬂH’lﬁ’m anthracycline 1 %%, taxane 1 IW W, LA

trastuzumab.
Lapatinib 1as Trastuzumab

TunsaiAlsaleinsuanids soedlasunsinudis trastuzumab-based therapy,
M3 lapatinib WAL trastuzumab ﬁLﬂuLLmmamﬁnmﬁwﬁaﬁﬁmqNa El,u;gﬂ'mﬁ'gﬂ
Ranvoneatdenud. 91u3sy phase Il EGF104900 lduaaslwifin fmsfinduaas PFS (HR,
0.74; P = .011) uaz OS (HR, 0.74; P = .026) lun13LT lapatinib S70AY trastuzumab 1W3suifiay
AU NS lapatinib TUIWLAEN Iugﬂwa‘hmu 291 A% MADRNUNNTINEGAE trastuzumab-
containing regimens JUL§IMALUU (A1 median S1wIndsusnTesls Wiy 3).79 aghglsf
an, ludgdu Selaiddayavestszlomiainnsly lapatinib $9unL trastuzumab Iugﬂwﬁ'my

NIWNITINEIA2E pertuzumab a2 T-DM1 A1Ua7.
N13L80NA1AUNT NN EN (Choosing the Right Sequence)

a5 9 ﬂﬁﬁmmgﬁﬁlﬁ’l"ﬁ’ tucatinib, trastuzumab deruxtecan (DS-8201a), neratinib,
WA margetuximab 1131 metastatic HER2-positive BC 39vi1lvn1saasulaidanldaialuu
Aownasasnels Tauenuinidu. duussinaess National Comprehensive Cancer Network ‘L&
Sa816UVay N30 tucatinib 2R trastuzumab wae capecitabine 1WIIwANTUB1VUIRA 3,
Tupniedl duusiinaas ESO-ESMO ABC5 lefuusiininns mslddisuen 3 @9 (tucatinib $2umy
trastuzumab LL8< capecitabine) WAL trastuzumab deruxtecan (DS-8201a) WulwIN19ng
snenmdulule welaldunsiin neratinib %38 margetuximab.“® 9 Tapandeszauaiuidaie
VYBINANTIN, (@13197 1), %89 1514 tucatinib 32uAU trastuzumab uaz capecitabine A73 163U
mysasaulmidudsuenaniud 3. fowsn tucatinib-based combination mmmgﬂﬁﬂml“ﬂﬂu
wuumssnEuwnd 2 16 we tucatinib-based combination a3t @iﬁ'umﬁgnlﬁmé’qmn@ﬂw
W3l T-DM1 anuda ldlagnianldrian, stﬁzdwvlsjﬁﬁagaLﬁmﬁ'uﬂizﬁﬂ%mwmaa T-DM1
lquﬂwﬁmymumﬁ'ﬂmﬁw tucatinib 3U&7; lummzﬁgﬂwnﬂﬂﬂmmifﬁb HER2CLIMB, i
Anwfinany tucatinib, @50 T-DM1 11ud2.® dunsihasnsafdasniin 2 dszns de (1) lu
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(5, 48, 64)

advanced (metastatic) HER2-positive breast cancer.

Frequency Combination OS Benefit ‘ ESMO-MCBS
Trastuzumab IVor SC | 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-DMA1 \Y, Every 3 weeks — Yes (6.8 months) 4
Tucatinib Oral Daily Trastuzumab and capecitabine Yes (4.5 months) 3
Trastuzumab deruxtecan \Y 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; 1V, intravenous; OS, overall survival; SC, subcutaneous; T-DM1,

trastuzumab-emtansine.
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msSnumuulaidhdnsuu:iSuisnuustin HER2-Positive s:zez1isn

(Targeted therapies for early-stage HER2-Positive Breast Cancer)
1S5, WUSIIBYS

ugSudunyiaidl amplification Waz/139 overexpression 984 human epidermal
growth factor receptor 2 (HER2; ErbB2/neu) (Sondu 9 11 HER2-positive BC) wulduszunad 20~
25% vosuzsmnydasnuunnedasauiu. ReuftaziiniaiAntuves HER2-targeted therapies, HER2-
positive BC dwennsallsafiguussiian, dnsiisuvedsandsannsindnldednasing, uasiisnsged
L2 a1sAuny HER2 oncogene WagnSWRILIUDS
HER2-targeted therapy tuFossmiinaulaynnizeanda. lu a.a. 1989, Slamon wazany™ lédung

WU HER2 gene amplification duusetslnd¥nniu HER2 protein overexpression Waz HER2

Ismazwnsnszaneludaotonenglulazauss.

gene amplification duusiunsiuiulsafilaif. Slamon uazane lﬁﬁaamyagmﬁdﬁ HER2 1Ju
gene fiAedasfuruiunisvemeniiuia (pathogenesis) lunwwiinvemziaduuuasyaly, &
Fulenaflasiannmssnsuulmniiuiuly duiusaonades fudhvarihinewewase. wwni
iﬁﬁﬂmﬁmiﬁﬁuu’maﬂ trastuzumab, 9.5u humanized monoclonal antibody (mab) fisuiu HER2
extracellular domain (ECD) IV, ¥lsiiin HER2 downregulation wazannisuusivaavaduzse. Tu
A.A. 1998, trastuzumab etTuen targeted therapy fusnamsuldsnw solid tumors ﬁlﬁ%’uaqﬂa
970 U.S. Food and Drug Administration (FDA) Tl4s23riU chemotherapy Iumﬁﬂmrzgﬂ’mﬁﬁ]u
uziSuiuuia HER2-positive Seegunsnszansg, msayﬁﬁﬁmﬁ’awaﬂws%’aﬁlﬁLLa@fLﬁLﬁudw g
Snwidsnananansa WindhmInevaues, Winszernansauailse, uasyilidnsnsmeanas
19 209%.9 Tuawienn, eilungu HER2-targeted therapies Bnuanesanlasuniseusialinldly
metastatic HER2-positive BC, suldiun pertuzumab @iy anti-HER2 mab Bndnils fiawisadu
HER2 ECD Il, tyrosine kinase inhibitors (TKIs) 3 au1u (lapatinib, neratinib Wag tucatinib), way
antibody-drug conjugates 2 ¥u1u (T-DM1 uag trastuzumab deruxtecan). unadasfunis
numug e o AlFFunseuiEllddmiu unfaduuvia HER2-positive ﬁasﬂuswmm (early-
stage HER2-positive BC), 11uddeiiisdas, uaziummemstanldlunsujin ®

n3W HER2-targeted therapies wialdiliu (Neo)Adjuvant Treatment
[Escalation in the (Neo)Adjuvant Setting]

ANATIMEIveINIs Sy tisuziSusuuYila HER2-Positive szazunsnszany Lay
mangnsiauvesnsinwgUaslussezusnae. Tu a.e. 2005, trastuzumab lasuniseydalild
579U chemotherapy tiiesdu adjuvant treatment dm3uUae operable HER2-positive BC, 1ny
Wunaannsiasensiuees 2 waanuide.© euideves National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-31 trial laUsgifiuUssd@nsninveinisly doxorubicin hay
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cyclophosphamide LLaammma paclitaxel s2uAUA5LY 130lalld trastuzumab [Wuszezian 19,
Tnei3u trastuzumab GNLL@] dose L3n99 paclitaxel. 1U398v83 North Central Cancer Treatment
Group trial N9831 l¢idalsinguiiae 2 nauiildsunisnwnduifioadiufuly NSABP  B-31 trial
$e, udrdedinguitaefiFuld trastuzumab udmniasadunsld chemotherapy Tudade. Lilew
faedildfunsinuuduifisntuanisaesnuifoniiinseisantu, nuiinisld trastuzumab
2ufU paclitaxel Aendanniadaiunisld doxorubicin uaz cyclophosphamide 1Uuda (AC-TH
regimen) anansauiiy disease-free survival (DFS) 19, A1 absolute difference @4 DFS iy 12%
fiaan 37, wazanunsaan risk of death leiindy 37%. ©7 doxn, 91u3ds HERA, ildsadum
szeaTiunzaneensld trastuzumab, wuiinsld adjuvant trastuzumab WWuaiuiu 19
TneSunendsannslisu locoregional therapy La¢ neoadjuvant %39 adjuvant chemotherapy
/@59uda finaanunsauiia DFS, A1 absolute difference w89 DFS winfiu 8.4%, uaglinuyselawiid
Wsnnauegnaiideddyniendmnasaiunsld trastuzumab Wunaiuu 2 3.9 lunshuaiim
fsuaiiaiianzausunsldsaniu trastuzumab, 11398 BCIRG 006 trial fildnaaaumiasisy
g1 anthracycline/taxane-based regimen (AC-TH) a ¥ taxane/platinum-based regimen (TCH),
wudiaaesinueniial trastuzumab Sauegiae Tikald 5-year DFS way overall survival fifsnnmn
n3l4 chemotherapy ag141A87. mui%’mﬂﬂﬁgﬂaaﬂLLUU‘LﬁLU%&JULﬁ&JU%mN AC-TH regimen iU
TCH regimen, wi Tunguillé3u AC-TH fdmaufaiavves breast cancer events Aifasnindntion
wavdl cardiac uag leukemia events 11nn3uantes.”

nUseleviiiinuly metastatic HER2-positive BC, 391l neoadjuvant trials Aifin
131981 anti-HER2 drugs 2 ¥uu (dual HER2-targeting) (Escalation Strategy) Tun1ssnwgUagneu
nsnsn laglald lapatinib (NeoALTTO,"? CALGB 40601,"" NSABP B-41"?) w38 pertuzumab
(NeoSphere, "> 1¥ TRYPHAENA'®) sauffu chemotherapy uae trastuzumab. lusisomanilald
pathological complete response (pCR) 1u fusuiiunadns (endpoint) ¥e3an15398 1iesan pCR
iy intermediate biomarker fanfisiianunsaviiune DFS fintuls. sniddemeanilguansdindusng
pCR ﬁqvﬁu Slefinsld anti-HER2 drug wwudl 2 Whswse waginaviild FDA TinsousfAuuy
159074 (accelerated approval) u pertuzumab @msunslaidu neoadjuvant treatment Tu p.¢.
2013.

PnanudnsavesnsTiisueiifl pertuzumab  sausnelunislduuy  necadjuvant
WAz metastatic treatment, pertuzumab ﬁﬂlﬁgﬂﬂmﬂ‘é’ﬁwﬁu trastuzumab Wag adjuvant
chemotherapy Tus11338 APHINITY trial.t? Tu91133eE, A1wee invasive DFS (IDFS) rate #itnan 3 ¥
Wty 92% Iurzgﬂ’mﬁﬁ node-positive disease 7MU  pertuzumab $3uAU  adjuvant
chemotherapy Way trastuzumab, WIsuWiBUiU 90.2% Iuﬁﬁlﬁ%mmaﬂ (placebo) Fmiu
adjuvant chemotherapy wag trastuzumab (hazard ratio, HR, 0.81). Usﬂmﬂﬁﬁﬁaﬁ’]ﬁmmmﬁa
(p = .02) uazsssoglumsianeiiingt 6 U ner1ves invasive DFS (IDFS) rate #inan 6 T winfu
87.9% Mﬁgﬂwﬁﬁ node-positive disease 7Il#3U pertuzumab wWisuifisufu 83.4% Iwgﬁléﬁum
#aon (placebo), viliilel absolute risk reduction Wiy 4.5% iuﬁﬂ’sﬁlﬁﬁ node-positive. N353 iDFS
sl wuldetily HER2-positive BC #ifl hormone receptor (HR)-positive Wwag HR-negative. N1
fuuNsaaRves overall survival Selafldinisseauananeudsed, whmuilsnunsdedsn
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Mlrendlunguiienle pertuzumab Tumsiiasenim 6 U7 TugUiefil node-negative lailel
Uselewiann pertuzumab.
n1511 lapatinib 119597 adjuvant trastuzumab Tuswidy ALTTO trial Idlvnadns

AT, Fawenansantunsal pertuzumab."® A1 DFS hazard ratio winAu 0.84 @sldfamisadale

(% '

Aaliananil (prespecified statistical endpoints), Waze lapatinib dURUSAU Y1995199NUY, WY,

D

wazfiwnoAu. D maven1sly adjuvant lapatinib Juditnfiants, asth neratinib, @adu
imeversible TKI fleangvisie HERL, HER2, uag HERA, wl#ifunauu 1 ¥ lneduvdminasanis
149 chemotherapy uag adjuvant trastuzumab 1a2 ﬁﬁiﬁﬁﬂ’]ﬂﬁﬁ%@q 2-year iDFS rate 910
91.6% TULdu 93.99% Tu ExteNET trial 12 Usslomiidadiulalunsinsevidinan 5 U, Inefidvea 5
year iDFS rate Wiy 87.7% Tunguitldomasn (placebo) wWisuiieuiy 90.29% lunguitlden
neratinib.?” Tu subgroup analysis, A1 hazard ratio ¥4 IDFS Wiy 0.60 uaziliudrAgyneans Tu
{the HER2-positive BC #ifl HR-positive, LW3suifleufu 0.95 lugfihe HER2-positive BC il
HR-negative. ¥ayaves overall survival data NI galdoyalalinniieans. Tu practice
ouidelines e 9 lduuzthlifinrsanld adjuvant neratinb widinasedunsld adjuvant
trastuzumablu&ﬁﬂmﬁﬁ node-positive HER2-positive BC 7id high risk of recurrence; lu European
approval lﬁizmﬁu@uiﬂﬂ% neratinib taw1z HER2-positive BC #ifl HR-positive. galsifiveya
Renfuuszloviuesen neratinib Tugtheiiagldu pertuzumab wag/ve T-DM1 11udn.®

A53NEeIN1euaIniild Neoadjuvant Treatment (Postneocadjuvant Salvage Therapy)

ns¥nwiduninsgiulu early-stage HER2-positive BC léasuain nsldensnun
waeN15616iA (adjuvant setting) ungnisldensnuinawsidin (neoadjuvant setting). ﬁqLLﬁlﬂﬁsﬂ'ayJaﬁ
Usdaselenilunistestulsaiizu wie nssendiniu aannsld neoadjuvant approach, usins
THensnwneunisidafislonaves breast-conserving therapy, anarusiiuiiasdosi axilary
dissection, wagviiliileniafivzUseidiu patholosic response Tuvauziianiivinniseinsia (definitive
surgery). Lmeaﬁlé’ﬁﬂﬁmmmUizLﬁummLﬁaaiﬁﬂiaUﬂanMWﬂ%u wazyilidnsusun1ssam
(salvage therapy) Tu Qﬁﬁiaaiiﬂmﬁaag} (residual disease) wioLdulsafinaron1ssnun
(refractory disease).

ﬁ]’lﬂsﬁamuaﬁi’l E:\Tﬂ’mﬁﬁ residual disease %a39nlASU neoadjuvant therapy thai
wensaflsafiugnin Q{Jwﬁl@f pathological complete response (pCR) 8813UALAY, MUY
KATHERINE trial Téferanumsisesn msifiumudy (Escalation Strategy) ¥84 salvage therapy
emsth adjuvant T-DM1 anldumuiinissnwiduinasgivegudr (Msld trastuzumab 1u
nawu 1 ¥) szaunselinadnsdinuviell @ lumidded, 3-year iDFs lgflaninduedadl
Toddey faen1sld T-DM1, A1 hazard ratio a4 iDFS Wity 0.50 WewSeuiieufu trastuzumab.
wadwsirtutinuldlunnnduden Javiilfnsld T-DM1 1y salvage therapy Iénansifunispuasu
Husnnsgiu dwsuiiias HER2-positive BC 71l residual disease newdsnisld neoadjuvant
therapy.
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naudnsalunssne) metastatic HER2-positive BC fAskunIssnenuwg, Savh
TWilnwidesng o fifdfinw tucatinib uag trastuzumab deruxtecan Iuﬂﬁﬁﬁﬁiaﬂiﬁﬂmaaag
(residual disease). F&afinrsfiansan Ao tﬁﬂwﬁlﬂu HER2-positive BC 31 brain metastases Tugnsn
fige, wagmsld T-DM1 Tusw3de KATHERINE trial ffinatdesiu brain metastases Iifivadntion
Wit @) Ystiimatlestiu CNS metastases dafiuarudesnisfigiliussaua (unmet need). 970
foyalu HER2CLIMB trial #idnwilugitas metastatic HER2-positive BC léwudn tucatinio &
UsyAvsamoangudlalu ONS, 2 feduntstlesiu brain metastasis aidudsiigniiléifiu endpoint
Tunsussfiuedde COMPASS-RD, Fadusuiduves National Cancer Institute National Clinical
Trials Network trial Aifdsiuiunsey Gsagnaaeunisu tucatinib wildsiudy T-OM1 Tunsdl
Ju high-risk residual disease.

AsUSuAMUtNTuYRINsSAE lRUNEEN (Tailoring Therapy Intensity)

freuumenisinenlutlagiuildenaiivatssa (polychemotherapy), $aufunisil
anti-HER2-targeting regimens Til4aie 3 YW WagA1049 3-year IDFS Tutlagdu 1nlng 90% e
2 ffuduidaauinidsiinissnuiiunniuly (overtreating) suAgtnevatss au My early-
stage HER2-positive BC. n13idonngudasvesgfiroiinunzandunisinuiiiduduy (reatment
escalation) §ududsivinne. dnvmgniendinuaznen3Inea (clinicopathologic features) 43
Anuddysenisnensallsalunzsisadunydnges 619 9 (subtypes), wazdaunsayisdnng
Q’ﬂwLﬁawvﬁuummqmﬁﬂm. Tu APHINITY trial,"® 1541 adjuvant pertuzumab T4l
Ustloviamedineiiflsanssarodidominimvdesiisnug. HR status Afiawddayde, wardrine
ATuaimnves HR-positive/HER2-positive wag HR-negative/HER2-positive BC Alananafudaiay,
faudinsesesidnaates APHINITY trial wuiildussleniilndideiu delungidaduuei HR-
positive/HER2-positive ag HR-negative/HER2-positive (N153LAS1ER19sn UeIn tauseleas
RMENENTT HR-negative)."® Tu ExteNET trial Usindselowiives msld neratinib Wunauiu 1 3
(4luDiaes) auaiaainnisld trastuzumab w1 9 (4ludusn) Tisgloviamslunguiidy
HR-positive/HER2-positive. " 2¥ Lﬁaamﬂéﬁlﬂéjgﬂmmmiaﬁﬁdau, fudslilagnszyliludaus
yosienanseysiinisldeves FDA, udunmdidnuioradentd neratinib wmzdtaefifinimidssg
snfidu HR-positive/HER2-positive BC.”

wanwitiean  nslddnuagnimendinuasng1dinerunusuanududureinsinm
Feitlananuugs, saditTanedainensie o (biomarkers) Amasgnsiusimesinlunulsedl uaz
griwszilug iy druvilweanuidoniseddniliofiozsium genomic predictors Azt

19.20) g3 dAgy e PIK3CA mutations

MueANaN5UeINTInY. Meogay, Tu ExteNET trial,
Alasuanuaula, iesan neratinib 1y irreversible TK] ﬁ@@ﬂq%éﬁi@ HER1, HER2, way HER4, 34
waffuga PI3K/Akt signaling pathway. Fuile (tissue specimens) 270 42% ﬁuaq;:iﬁlfé’f'ﬁ'amm%’mf
lﬁgﬂ"jmiwﬁm 2 hotspot mutations Tu exon 9 Wag 1 hotspot mutation Tu exon 20 uaglatinig
41379 fluorescence in situ hybridization WA PIK3CA amplification. Usgleauiuss neratinib
fisnnnin placebo wandlidiulu PIK3CA-altered tumors lédaaunda Tu PIK3CA wild-type tumors;

agalsfinny, N1sVeEeUME interaction test hiwullsdAy. Aetudeyavesnwidell Fedaly
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aﬁuauuiﬁl%’ 11361599 PIK3CA alterations iugmmﬂu predictive biomarker Wieviunens
AOUAUDITBY neratinib.?

nsAglalil biomarkers AL luazANLBmsIATY et l9Usuns$nenle
donndasiuauEssweInIsiISU (risk of recurrence) wazlenafiaziinisnevausinanissnw
(likelihood of treatment response), n5$nwunAuly (overtreatment) Safspadudaiiingy
wazidudsiiunndasionlald Tunsdildnsneregradudu (treatment escalation) d1mSunzise
seozusn. Suduanudidgediainiinisfionsanis nathufsseinisinwinezdisiogesis
e 1uﬁﬁ1§1’%’umi%’ﬂméh&Jmm&u’ﬂﬂﬁmamﬂimas}wlﬁmmm (curative intent), Fanatnafies
muuﬁammu mamiqamﬂwmaauﬂiummammu Wag sumuﬂmmwmmsuawﬂmimwaa
Benniiu nataReasionsidu (financial toxicity) Amsidudsiiansliaud iy dednsuusiie
Tl quazirsuefifioanaiusuiulsegneuiu lun1snwiwuuidudy (treatment escalation
strategies), LLa3ms‘lﬁmm33ﬂmszi’ﬂmwﬂ%mﬁﬁmmgaLLazUszimﬁﬁ’ﬂ (high cost and low
clinical benefit). n1sWaukazeud@lildvas biosimilar therapies lAsun15A1ANIeIN Y89
iﬂmmmﬁgﬂm; wiransznuluranireniniu Sslildfinsussifiuesnundusiuiuiitaou,

nsusuAMNITNdUYRIN1sS N lidaeas (De-Escalation Strategies)

wWudrfulumsinwfiisusdaduniidu early-stage HR-positive, Han133nwiin
Fuly ﬂﬂaaﬁlﬂu early-stage HER2-positive (Lﬁaamﬂﬁ?’l%’umiui‘]ﬂﬁ;ﬂ’uﬁﬂszﬁwﬁmwﬁaﬂdﬂuaﬁm)
i lFiAnnuaulafiiindy lunisinwiauduldldfievanainududuresnisdne
(de-escalation strategies). N15@N 1L A827U de-escalation fnaznszvialdenn, tesann
noninferiority trials foan15§ 591N 153 981 duduaunin wasdid1ldi1ege, wazvon 9 ads,
therapeutic guidelines wag/%3e clinical practice linasunquitiedigninesn wieie Judiu
YJaelu randomized clinical trials 1iae, Lﬁuéjﬂwﬁ' HER2-positive BC fifounzSuInEn was
FalailFunsnszaedngrominmiesiisnud (node-negative). sulunrmnsafefiunmduazduaed
anultiundesfierlinssiofodulu de-escalating strategies TuLﬁaﬂﬁ'ﬁ%’ﬂmﬂmﬁuﬁwa%’walﬁmﬁaa
warUrenumanatifeslas, Aslunsal anti-HER2 drugs, LU trastuzumab, pertuzumab, %38
T-DM1.

133 APT trial léAnwniUing HER2-positive BC Aflfouszi3svunmdn (<3cm) uazds
lzijﬁLLWi'mzmaL%ﬂgj@iauﬁfﬂLwﬁmﬁ%ﬂLL%’ (small, node-negative, HER2-positive BC). ATy
uncontrolled, single-group, multicenter, investigator-initiated study. mu%ﬁaﬁlﬁaﬂmaﬂimﬁuﬁﬂ
HUae early-stage HER2-positive BC a1113alasun1sinwnnag paclitaxel wag trastuzumab iy
ool Tnedatilnle iDFS fldugnin 92%. HR381ATI89UANY04 3-year IDFS Wiy 98.7%, lag
Tuduaugiae 406 AU fifiss 2 AUfiT distant metastatic disease.®” ‘1'71'Lam 7 U, DFS i1y 93%,
Tnodifivs 4 auiidl distant recurrences wag overall survival 1MnAu 95%.% 9139y APT trial 1@

ﬂ’e]&[,‘wLﬂﬂﬂ’]iLﬂaﬁJuLLUaﬂ‘Hﬂ’]iﬂLL@Q‘U’JEJ, ‘lm%(ﬂ’ﬁ‘UEJ’WI&J‘U?SHVIﬁﬂWWV]iJNaﬁJ’NLﬂEJ\W]‘L!E]EJﬂ’J’] d1miu

¥
v aAa Yy

141w low-clinical risk tumors (daulngjvesiUaglunsideiififounsiieuuin <2 cm uag node-
negative). 11U398 randomized phase Il ATEMPT trial l@@nwin1sld T-DM1 1luian 1 U Tudiae
Mu stage | HER2-positive BC.%? Tuadded, fUae 383 auldsunissnwidie T-DM1 (1131n 3:1



122

randomization design), WuU11A18Y 3-year DFS AU 97.7%, fiLiie 2 AU distant recurrences;
ogalsfiny, 17% vesffiheldvganisinwidlesnnuathadsswes T-DM1, Wisuifisuiy 6% ves
AUrely parallel arm Flasunis$nwdne paclitaxel wae trastuzumab (APT regimen). Adjuvant
T-DM1 #1 neuropathy #®¥n131, neutropenia Woun31, L@ infusion reactions YaeN31, Ll
thrombocytopenia 11AN77, 4 alanine transaminase Lﬁu%u, wag bilirubin increases L‘Wu%{u. ﬂ&jﬁ
a5y T-DM1 laAeedl asymptomatic decline Tu left ventricular ejection fraction (1.3% vs. 6.1%)
wazlinu congestive heart failure Lae. fatiy AU7e stage | HER2-BC anunsalasuni1ssnuisie
paclitaxel uag trastuzumab, w3eitdenld T-DML. ag14lsAn, demrsTuiinlife Wa APT Lay
ATEMPT trial AnwnlugUaefidl TINO tumors tHudaulua) (APT trial) %38 1@mz TINO tumors
Wity (ATEMPT trial), 3slaannsairsuevisaessud Wldlunduiieiifianudeageni
(higher-risk subsets).

lu HER2-positive BC ﬁﬁﬁammﬂmyj %39 node-positive, WU treatment de-
escalation fiUszauaudnsa Idunannsiunild neoadjuvant treatment, Fidsmantaunge
msende. Tunshesey nadndvesdde CALGB 40601, Fudu phase Il trial ol
neoadjuvant paclitaxel S3UAU trastuzumab, lapatinib, M%@ﬂ;léﬂﬁaﬂaihﬂ, 43% Guaw:iﬂaaﬁﬁamwmé
Snhdnduseddiunisinda mastectomy Wity lénaesdudiiaunse (candidates) iy
breast-conservation lan181a331n1A5U neoadjuvant treatment; N15H1%A breast conservation &
dnsmnudnsengis 80%.4” nsldneoadjuvant therapy lodeanleniaves nodal involvernent
launnnan 10% Iurzgﬁlﬂu clinically node-negative disease warléudsu Uszanas 50% 89 node-
positive disease TUilu node-negative disease, ¥lsilaifaarinnisuidin axillary dissection.?® s
¥ sentinel lymphadenectomy Tuannamsaliifudedivime wazazwiuduiismednsaunnia
2 nodes wagld dual tracer uageald clipping fae.®

Snvilamnumenenureanisld  treatment de-escalation  Awdesiu  swewiian
(duration) ¥84n15l% HER2-targeted adjuvant therapy. lunu3de PERSEPHONE, fieunndn
4,000 AulAsU adjuvant trastuzumab Wuszegian 6 WWeu vise 1 T, Imaﬁmaé’wﬂé’ﬁw 4-year DFS

@) Fanantiy, Tunqu

Wiy 89.4% wWisuiieuiu 89.8%, 39UT3q noninferiority endpoints lgsals.
Nvﬂ,ﬂ adjuvant trastuzumab (Juszeziaan 6 ey umU’sstmmuwam'mmsmmmm mwmuuaa
mmwuiunamwlm 1 1 U Inetdosniney 5%, LLauiJN‘lhEJVIG]EN%EJ@ﬂ’ﬁiﬂHWNLLG]LLiﬂ6] losniie
semila Aflduautosndn. 11W3Ty PHARE trial lansasaeuauyfgiudeaiu luduasuinii 3,300 au
wilenaanSTisnetu: Awes hazard ratio dwsu DFS # 7.5 U wiafu 1.28, ugndn noninferiority

BU uag SOLD,%? ladseiliunisienuiu 9 duanat wisunu T

cutoff.®” ¢Adedu 9, wWu Short-HER
1w 1 9, Aldnadnsidaudsiu. Mslins1eiuuy meta-analysis 7ildisausamgihemndt 11,000
AU 9N randomized trials WU DFS hazard ratio Wiy 1.28 (95% Cl, 1.09 to 1.36), aduayu n13
Tenfisvozinan 1 9, Sush wasievlanulfesdumnnnty 2 wiuas hazard ratio Wity 1.15 Tu
ngu HR-positive/HER2-positive BC.%Y Tuilagii, Sslidpnuingtasnulmumslasunssnuild
adjuvant trastuzumab Tusuutssegnaidundt 1 9, fasid luiiilsadile viedfivusenis

Snwnlaladd, mstvenlunuussezdu ndwilrlanausslevidlvaeanisld trastuzumab 1 3.
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AsWaILN biomarkers wialdiune pathological complete response (pCR) waz DFS

lAfiAune1811eE 19N UAISALMT genomic predictors ¥4 pathological complete
response (pCR) tileldTihnsanaududurasnissne (treatment de-escalation) dmsunsidly
neoadjuvant treatment. 1W3%H CHER-LOB, 3sléuantindl pCR rates ﬁgﬂu’m%ﬂuﬂﬁiﬁ%
lapatinib 39uAY trastuzumab W@y chemotherapy, Wazfawuin pCR rate qamm%ﬂu PIK3CA wild-
type tumors, Tuvefinsnu PIK3CA mutation mmsaﬁmﬂ%mQ’ﬂ’mﬁﬁi@mﬁﬁ%m fagly
Usglelann dual anti-HER2 inhibition.”” Tun13asgviuuy pooled analysis vasEtheiiaudi
1,000 AWAiNNaIn 5 prospective trials ¥as lapatinib WAz trastuzumab lHEuSWIN PIK3CA
mutations dusiugiu sl pCR ludnsflantosas, Wulddnauinnlunguiliu HR-positive/HER2-
positive BC; aeslsin, lalanunsolddeasuifeiunasie relapse 1130 survival >
HR-positive/HER2-positive BC Hngfinssuiiunns19amn  HR-negative/HER2-positive
BC, Luilens U9 pCR rates ﬁﬁmdwaﬂwﬁﬁaﬁwﬁm Tnglaiiendaiu regimen 65y, audusiug
Foulesszning pCR sia outcome fAantiosas, uwaviinazliussleviifidesas lumsshwisie
augmented anti-HER2 therapy, IneiivaaniIutg. HR-positive/HER2-positive BC 7 low level of
HER2 amplification Inens2awu HER2 fluorescence in situ hybridization (FISH) ratio ﬁlﬁléf’sﬁmm
(>2 to <5), v3eilil ESR1 levels Tuszduge Aldsuussloviiidenas Tun1sinuse adjuvant
trastuzumab.*® 5\‘1LLﬁ’j’I{J’@%aL%ﬁ?‘ﬁ@’]ﬁ]ﬂﬂﬁﬂ@ﬂﬂﬁﬁﬁ]ﬂ%ﬂ’]ﬁlﬂw’]LLUUVIN?JI‘L! Iuijﬂaaﬁﬁ HR-
positive/HER2-positive BC, usituilagiy, Sﬁaé’uﬁwgwuﬁé’ﬂﬂéﬁumimaﬁaugué’u.
fanuiithauladnsunisfie Tunzidafiflann HER? signaling 881931n (HER2 oncogene
addicted) azanunsasunissnudiesiifuefldfieditate eueld. lunmsy, Seuddesuin
Enq Adnwnsldiame biologic regsimens Taglildiaiididasiudae wu pCR Aatulusnsiites
i1 fimulunsldieiivringiudae. Tusuise NeoSphere, fieuldagngunilediuiu 107 au Aldsu
lW1E trastuzumab 3UAU pertuzumab (HP) laglalalafivndn; ﬂﬁjmﬁﬁ pCR rate Wi 17%.1?
Tua1u3ds TBCRC 006, wu pCR Tu 27% wvoagUie 64 Au (21% Tu HR-positive/HER2-positive way
36% HR-negative/HER2-positive) 818391015k neoadjuvant lapatinib $31AU trastuzumab.®”
Tusuide TBCRC 023 trial, 1319 extended dual anti-HER2 blockade (32111U endocrine therapy
Tunsdl HR-positive) Wuiian 24 damiliungUae 61 au wWisuiieuiu 12 dUailiungdae 33
AL @131504fiy pCR rate Igundudu 2 i, waz 3 wi Iumjmﬁﬁ estrogen receptor-positive,
LLﬂdﬁmu%amaﬂﬁUﬁqﬁq primary endpoint 283n154fi1 pCR rate LU 450%.%% %) g1u3de
PAMELA trial T4 lapatinib 39U trastuzumab i wngUag 150 aufiilu HER2-positive BC,
wu pCR Tu 319% (18% lunguilil HR-positive, 33% lunaudisl HR-negative).
Ustinduninuaieindidiutiesves HER2-positive BC fimauauassie anti-HER? therapy éfau n1s
Snundildldipiivndngingae Aenafisaneunds. egrslsiany, gelaifivoyadin pCR Aalunsdmani
thingwennsallsafidann wuiwdlunsadldiedivdasiuse.
audlalumaud1edunianneudds KRISTINE, fidne necadjuvant treatment
Aaen151g T-DM1 590U pertuzumab (T-DM1 + P) 41U 6 cycles LUSsuLfisuiu docetaxel,

W9UUARSINAL,

carboplatin, trastuzumab, wag pertuzumab (TCHP) 91U21 6 cycles. 1839101, Tud299871994
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adjuvant treatment, ﬁﬂamﬂﬁjuﬁﬁﬂiﬁ% HER2-directed regimen (T-DM1 + P; #38 HP) LauLfy
potlesauasu 1 U. T-DM1 + P Tinaneenin TCHP regimen lnadl pCR rates 7 44% 1W3guliteuniu
56% wazdl progression rates Tlugn39gendn Tlugisves neoadjuvant phase. ! ag13lsfiny, A1

(%
=]

94 3-year IDFS HutAu 95% lussasangulunyfild pcR“? doyaiatuayunuitedidsas
#uA13 National Cancer Institute trial EA 1181, COMPASS-pCR,“? §992052980 ULUINI9U01
de-escalated approach a18n151% neoadjuvant docetaxel, trastuzumab, ag pertuzumab A1
80 1 Juosnsld adjuvant trastuzumab wag pertuzumab Tnglailsiaivitnadnlugdls
PCR LA

Al luAINe109 HER2-positive BC 112 nAnunena ulunisfine) RNA wag
DNA profiling. HER2-positive BC tiluninuasaudausznausae biolosic intrinsic subtypes #ing 9,
I@aﬁaﬂwﬁyjﬂizﬂauﬁw HERZ2-enriched, Luminal A, &g Luminal B subtypes. Intrinsic subtypes
WEE  NsEMUsonaveInITInwY. ATy CALGB 4060110 NOAH“Y NSABP B-41%° uas
NeoALTTO,"” wud1 fnves pCR rates 1w HER2-enriched subtype gendnlu Luminal subtype,
vesadsfiganin 2 wh, Taglituty neoadjuvant regimen ilésu. oendlsfnia, Tusmidde CALGB
40601, ngu HER2-enriched subtype Aflanuduiusodnslnd@niu DFS Fugninge. anudauds
(discordance) ﬁﬂiﬂﬂgiﬁl,ﬁurduﬁ \Ana1ninlu HER2-enriched tumors 1 residual disease
w&191n1#5U neoadjuvant treatment finennsaflsafiugninesnawn.®” :uise PAMELA trial 1éildf
intrinsic subtypes w84 HER2-positive BC Lﬁaﬁwmmwéﬂaaiwaiﬂﬁﬂzié’ﬂiziwﬁmﬂmﬂ%’ dual
anti-HER2 therapy approach lnglsidasldiaiivavn. lummidded, ;:I‘L'Jwﬁﬁ HER2-positive BC stage
I-IIA 195U lapatinib 593U trastuzumab wag endocrine therapy 91 tumor § HR-positive. Tu
AT, 67% UGNVt fiftounzi5eidu HER2-enriched subtype, Wu pCR Antu Ty 41% ves
AUengu HER2-enriched subtype tUSsuiiguriu lu 10% wvesgUlengyd luminal A, luminal B,
basal-like, W38 normal-like intrinsic subtypes.“? sAdeilifushegssunislunsld molecular
approach @ m3uU de-escalation Mmen1sUsziiulentavenisle pCR Inglufagld chemotherapy.
oegdlshnu, daliifidoyain wuamauutiadlinadflussozenivielal.

wanmlean intrinsic subtype Aléna13114&7, N15ANBABIRY tumor-infiltrating
lymphocytes uag RNA-based immune activation signature Tailaweliiiiu anuduiuslnenss
38WIN activated immune cells TuuSiaad peritumoral environment AU pCR rates ﬁgd‘ﬁu, Wy
A58 DFS @At ulu HER2-positive BC. §1n1511 meta-analysis 11m329@0UAL S UTUSTENINg
baseline tumor-infiltrating lymphocytes wag pCR iuﬁﬂ’mﬁlﬁ HER2-positive BC 7ildunisdnun
18 neoadjuvant chemotherapy $auAU anti-HER2 UU1ULAEA (trastuzumab %3 lapatinib) #3e
anti-HER2 2 9u1us2ufu (trastuzumab wag lapatinib). Tu combined analysis 5ﬁﬁﬂwmmfh
1,200 AURN 5 mswamﬁmaﬂwaﬂmmsmmium’mmwvw WUI1 tumor-infiltrating lymphocytes
amwuﬁammuamﬂmﬂu pCR 1awil odds ratio Wiy 2.46, Tnelaiguiu neoadJuvant regimen 7
150,99 giddemaniivedi, luiueadieaful anatomic risk grihanldusslend iile de-escalate
therapy T4 APT trial, biologic risk fiuszfiulag intrinsic subtype Waig activated immune cells,
nasnau biomarkers u 9 #78, Av1agnianliduiniesileliie de-escalate treatment Tug#idl

anatomically higher-risk tumors.
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unasuuaziianisluauinn

n1514 Anti-HER2 therapy #f7u chemotherapy Wudiuuszneuiidrfgyves
(neo)adjuvant treatment &115U ﬁﬂwﬁllﬂu HER2-positive BC. Neoadjuvant systemic therapy
uuuaniefinasgniiunldlu stage Il wio Il HER2-positive BC (151971 1) Litotfiamnaidenyos
SULUUMIHIAR, Ussiiudsgandnimues systemic treatment, Léifidoyalfeadiu prognosis, waz
Ufun1s¥nuliaenndesiu veulunues residual disease indoag. n1514 combination
chemotherapy ﬁ‘dizﬂauﬁw anthracycline 1 9uNY, Wag taxane 1 YUIU, FIUAU trastuzumab
(AC-TH regimen) (wagle pertuzumab §1 node positive #3508 high risk ﬁ]’mL‘Mﬁlgu) 130
nonanthracycline regimens 74 docetaxel ua carboplatin 99UAY trastuzumab (TCH regimen)
Adussuefiuzaud gy stace Il w3o Il HER2-positive BC wialy adjuvant %38 neoadjuvant
settings. @1115U anatomic stage 1 (TINO) HER2-positive BC n1sltipaclitaxel $2uAU trastuzumab
Afumadonluwuu de-escalated option 7.

Ihivansnuidenidne nsld adjuvant trastuzumab-based therapy luszeziand
Youndn 12 \iou dwdu early-stage, HER2-positive BC. sddomaniilauansdn nslinsshvm
12 \fiou @unsaan recurrence risk ldanidntos dodleusunisldelusseznanfidunin (- vie
6-iitow). fatiu, maguaduduinasgiu Aemsld trastuzumab-based treatment LHunamu 12
Fou, luvasienfufiduiivensuiui Tunsldenuu 12 Woulu Uselowiiintundsndu 6
Woulsnluud dldundn.

NNUYIBIA18Y anti-HER2 therapy @1%35U adjuvant treatment #18A1519 neratinib
ASundanlald trastuzumab Wunan 1 YSeudeswds e1aviwan Ten1@ues tumor recurrence.
n3l9 neratinib Iuéﬁﬁ node-positive, HR-positive/HER2-positive BC, I@EJLQWWB;Eﬁﬁ > 4 node-
positive, TIHIUNNSSNEFIE trastuzumab-based therapy 1ud, Adumadandunil, galsifivoya
ANTIT8URY NS neratinib iusﬁ'ﬁmmmmﬁﬂmﬁw pertuzumab-based therapy %39 %#a421n
Shwndne T-DM1 Tunsdifidl residual disease.

Mrzgﬁﬁ residual invasive HER2-positive BC ##&a9a1nlasu neoadjuvant systemic
therapy, n3l4 adjuvant T-DM1 therapy @an3nan risk of recurrence laognsunn, Ined absolute
benefit w04 risk reduction gl 8% -12%. vuituguvesdoyaviani, n1sld T-DM1 dwuffiaeiid
residual invasive cancer NM8¥AIAINNISIY neoadjuvant therapy @28 trastuzumab-based
regimens, laeil #38ldll pertuzumab, ﬁL‘ﬂu?ﬂﬁQmLuzﬂﬂﬁmzﬁ’l. ﬁﬂ’mﬁlﬁﬁ

pCR ¢8n1sly anti-HER2-based therapy A1slesuU adjuvant trastuzumab %30
trastuzumab 53U pertuzumab  aufkagldsunTly neoadjuvant regimen Suihdulumna
Fuuzilutiagty; ogalsinn, Adiiulemafiasimsfnuidesoludiotunnududureans
Snulianasned (de-escalation).

Tuewian, wuInnIsdfivanududuvesnisinw (escalation strategies) T early-
stage HER2-positive BC 819iin1snaaauenlungy augmented anti-HER2 drugs, 1 tucatinib wa
trastuzumab deruxtecan, wavenlud 9, Wu CDKA/6 inhibitors tdusu. ﬁﬁaﬁﬂuqﬁgmﬁﬁﬁ@ R
nsniulugdeiidsdutlymuaznennsallsaldd wu n1stastu CNS metastases.
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AMNN8ILTULLINIG de-escalation AEANWIMIUNUIN N9 9 V89 tumors LaguNuImN
Y99 microenvironment, WWulABINUATITUTELEURN circulating biomarkers, lWeagyinuig pCR

waL DFS N1 A28NNS e WALI08.

Tugae 30 Yvesmsideuwasauinminlunwuius leasu HER2-positive BC 910013
Julsenfinensalugfian naneidueglungulsanifineinsalfige, lnefinsiusulaznisaeiniu
TudnsnAeutnem. agalsiniy, N5y anti-HER2 regimens $51A WA, AUIAUY, Wazdudou

JusenFasnruaulalutegiu Ysumsshwladanududulugdndudeslssu

vosmsinwlugimiazhlaalagldeusides.

LATANANULIUTU

A1997 1. LLu’JV]’Nm’i@JLLa%JﬂU’I early-stage HER2-Positive Breast Cancer lngld Escalation Wag

De-escalation Strateg

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 IlI Neoadjuvant Rx pCR Complete 1-year H —
CT3N1 polychemotherapy +P
T e +H+P Residual — T-DM1 X 14 cycles
cT(any) N2-3
disease
Stage II-1l surgery first Neoadjuvant Rx pT2-3NO — Polychemotherapy
recommended; + 1-year H
if surgery performed first, N+ ER+ — Polychemotherapy
then adjuvant Rx +1-year H+ 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)
SNYI INBINOWS

uziSuAuy Triple Negative (TNBC) IHunuzidafid estrogen receptor (ER)/
progesterone receptor (PR) wag HER2 Juau 31nn15»s9se immunohistochemical stain waz/
vide ISH HER2 @ daudu uziSadunfiinensallsafiugninussaduasiia ER+ w30 HER2 + lng
Tufthefduusndaduy TNBC svozusn Tlonavesnanduiliudifigendy savisdnsinissending
mnusafuniia ER+ 9138 HER-2 + agnedian  1ilesa1n TNBC luifl ER/ PR vie HER2 ¥ilw
ms¥nuwdnvesthemaife chemotherapy dsfaudfitheasldumsdnuiaiunsuauysaiud
$en anthracycline-taxane u&atan flhedmunisigadinisnduiduiiniglu 3-5 9 uasilugns
Fedinluian™ ? fae TNBC flenuduiudiumsi germline BRCA mutationls¥esas 9-159 waw
fauvainvaiglu molecular landscape lagainn1s@ne gene expression profiling YBIULLTUA
Wi wud1 TNBC d@wlueg) T intrinsic subtype ¥in basal-like subtype®® @slunsfinwniiuidiulag
Lehman uaz Burstein®® anunsndndungueosladnuasnguiifimuuansafusislund behavior
gadlsn  sulufesnsmevauewienisiny  wasdidununsidsusdasiifiuunliuinenaandy
actionable targets ?fmzulﬂﬁq immune signature Y99uLl59 WAz tumor microenvironment ‘ﬁl

Wldnis¥nwicmie immunotherapy Tu TNBC
Principle of neoadjuvant systemic treatment in breast cancer

Neoadjuvant "3 Pre-operative systemic treatment AENISIANISSNEIAIBEINBUNNT
Y 9 & Y] ¢ o a a A < o g Yy & Ao | a i
HdintenouusiSeeen tnudngusvasdvdnlusfnpaiieaidunisyinluneuuzisadvuinivgifiundd
Jendnlaauysel (inoperable breast cancer) lfluuawdnas (downsizing) Wievilwanuisansn
sonliviun way/m3e WieviliiUisaiusadidawuuinuinyisiuulile (oreast conservation

(9’ 10) c‘{’ 19./ 1 1w < "L o < 1 [ Q’Jl .
) UDNAINU NITLNYINBUNITNIGA LUUNITNAABUAIULIVDIULLIINDANTINYIUY i (in

surgery
vivo sensitivity) 3sluszeznds lainsldnisnevaussmossenalunmsinuideiiiofnid ongiidl
wualduagidu active drug Lﬁ@ﬁﬁ@jﬂﬁﬁ%’& randomized trial &%y fegnwweinsisodnuney
Aanan iy 1-sPY24 12 | Pudu

N3l neoadjuvant chemotherapy dewseuiieutunisli post-operative adjuvant
chemotherapy Winalun1ssnunssazeniiliuansaiy  Meta-analysis 1o Early Breast Cancer
Trialist’s Collaborative Group (EBCTCG) 53U321n15AN®1 randomized controlled trial 10
mMsAnuUTeuLieu neoadjuvant chemotherapy AU adjuvant chemotherapy HagI1841UNANTT

fapu 15 U nwuilddanuusnstslunisiia distant recurrence, breast cancer mortality Wwag
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all-cause mortality? distiu Tutlaqtu Fafluwilduiagiansannisly neoadjuvant chemotherapy
W Insangluseniveuadveanisv adjuvant chemotherapy aguaa

AMNANALYYaY Pathologic complete response Tuuziaduu

uziSadunLAay subtype n1snouauaIRonIsIi neoadjuvant systemic treatment
laimiouiu wuingvag TNBC uag HER2+ Insnevausswuuaysal foluifisesTsmmderialuiin
Uy (ALY in S|tu carcinoma) LL@“IW]E)@JUWLMaaﬂmiﬂLLi (pathologic complete response (pCR))
mammumuwwa&m’l luminal ER+ tumor 9819%ALaU suauaa]’m CTNeoBC Pooled analysis i
AATgideyagUisuinnid 10000 $1¢ Iae Cortazar kagane wull La pCR Seuar 18 vodfUae
Wevua mnuenausinveuziudiul wu pCR fosay 7-16 Tu ER+/HER2 - wavdesas 18 lu
ER+/HER2+ #iléane chemotherapy, pCR qﬁwﬁu fouay 30 Tu ER+/HER2+ #il4 trastuzumab
s7uffu chemotherapy, lunsdives HER2 +/ ER+ filfiamg chemotherapy M pCR $a8ay 30 us
kg chemotherapy/ trastuzumab agld pCR fsSeag 50 @UTNBC 16 pCR Sonay 3319

foyaa1nn13ANY1 neoadjuvant treatment aten15Any1 Ustlufieniafedfudi
ﬁﬂwﬁié{ Pathologic complete response %ﬁm’iﬂé’fULﬂuq’ffﬁﬁﬁaaﬂﬂﬂmjmﬁgﬁmﬁa residual
tumor way pCR tHudadudfnyfifianuduiusiu long term outcome Tagianizdnsyu HER-2
enriched waz TNBC 17 T pooled analysis 9198 wuindmsu TNBC 7ilé pCR i hazard ratio
U89 event-free survival 0.24 (95% Cl 0.18-0.33), HR overall survival 0.16 (95%C| 0.11-0.25) ﬁﬂﬁ"u
pCR F93ndnu surrogate marker #1115U long-term outcome wazgnldilu endpoint fidfnyves
neoadjuvant trials nsAnwIvsluszeEndIwes TNBC miwmma'mmﬂumimuamqmimuaum
WUU pCR 1NNT1 UAYBIRNITONMITUAY zevasansgaEnINeausunsld pCR 1y endpoint oy
Tun1519 accelerated approval aaselusninil pCR mjwui’amuwamaLﬂmmamﬂm wagvinli
nsmuenduluieausIndannty

faugii1 TNBC azmouauaslafsie chemotherapy lngianigsagnsen anthracycline
uag taxane 399l pCR I6¥eag 30-40 ulusedilaild pCR fausifouarguasunsdau Adinadl

@ 1519 Fadlugduuafn

manaduilugifgaduiu Usngnisalfsnaienda triple negative paradox
lunsidennisinen necadjuvant 1 tailor auRmaNTRveNTadUZSWINTY Aowtafleslile pCR
71g9n311n1514 chemotherapy @n3e1 anthracycline uas taxane Jadalunnnsgruiu faliy 393
o [ v o v . 1 P [l = a v Y a
AuInduiidesiemudila genomic background AS1I989 TNBC Litedaelunisfnyidelviiin

Uselevilgagn
Molecular heterogeneity of triple negative tumor

971 DNA microarray-based gene expression profiling (GEP) wui1 d@ulugjues TNBC
9zdl profile ﬁagﬂumjmm basal-like molecular subtype agslsinu 71 TNBC uaz Basal-like
tumor Hullldmileufufiies wuindesay 5075 ves TNBC sy Basal like tumor wazlumis
nduiu Tusnedifl GEP Whléfu basal-like Sovay 75-80 wloffay IHC 9slu triple negative 1% %

basal-like tumor Wuazd expression ¥e4 marker U84 basal epithelial cell lan Cytokeratin 5, 14,
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17 LLau EGFR dulugjazdl p53 mutation waz Rb loss 39862 wn'f[:wm Liﬂﬂamm protlfera’uon

(%
)=

rate WWQUGUWQQN UNINNU EJQ@JV‘]'J'T@Jﬂ@JWUﬁﬂU BRCA1 mutation WQEWN BRCA1 LUUEJUWLﬂEJ']EUENﬂ'U
DNA repair &udwaliiil genetic instability 32U aneuploidy, chromosomal changes,
translocations uaz losses SsnaanTAdnaildilUguumensinm fagldnansely

18NN classification A3 intrinsic subtype A8 PAM50 a3 Lehmann wazaeig 19
vn13@n®1 molecular landscape 984 triple negative breast cancer ¢e GEP i wagwu
anunsdanguueszissliiiu 6 nguauwUULNUNSLARIaNYBsBuA1Y Taun basal-like 2 ngu fio
BL-1 wag BL-2, immunomodulatory subtype (IM), mesenchymal stem-like subtype (MSL),
mesenchymal subtype (M),ua¥ luminal androgen receptor (LAR)® %Qﬂﬁﬁmﬂémm Lehmann
u Wummmmmmmmimm pCR lausiugnannisld PAM50 Tagsieeaunsiin pCR awaﬁﬂu BL-
1 $onay 522 Fasian UNITeNquLALINUNUI subtype MSL wag IM 11984Ana N7l tumor
~associated stromal cells T mesenchymal subtype tag tumor infiltrating lymphocytes (TILs)
Tu BL 11nn1 39ladinag refined widauaA 4 subtypes Tuniasioan laun BL-1, BL-2, M wag LAR"®
Fauenwidlonnanuuans1dlunisiin pCR wén 8 pattern vasmsnduidugn histopathology wag
molecular aberration #isnsfuludnaie

Tursafeaiu dn3dednngu ladnngu TNBC m1u RNA waz DNA profiling eaniiu
4 subtype WulREaiu lauA BL immune suppressed (BLIS) , BL lymphocyte activated (BLIA),
Mesenchymal way LAR® Favzadiulean ‘171’5\‘1 2 classification U84 Burnstein e Lehmann ﬁ?u faug
srldmiouiuiifes uinfinuadiendsiuegine Usuendt TNBC dauvannvatedudeu uaw
awﬁﬂﬂﬁmiﬁﬂmmﬁlﬂmUaamwuiﬁlﬂ’hﬁ’un’]iLUﬁUuLLanmLMaz subtype 1 9 l¥FTu

§m3U Lehmann classification 1 nax BL-1 22 enriched feBufiieadestu DNA
damage response Way cell-cycle regulation 521U TP53 mutations 15@]&, i1 gain/amplifications
989 MYC, CDK6 %58 CCNE1wagdl deletions ¥&9 BRCA2, PTEN, MDM2 #as RB1 ﬂfjuf:ﬁ response
Mo chemotherapy laas lagianiziuengy platinum &Sy BL-2 subtype sefifuiiendostu
growth factor signaling Wag metabolic pathway activity LU EGFR ay MET Wu31ll response #9
chemotherapy liftin @3 mesenchymal subtype i gene profiles fiifieadasiucell motility,
differentiation way epithelial mesenchymal transition (EMT) wagdawu enrichment TuBudi
\Aedeatiu angiogenesis- way stem cell-associated genes, $3ufU low claudin expression uag
PIK3CA/PTEN/AKT dysregulation fiaag19u8s TNBC %iln mesenchymal @8 metaplastic carcinoma
Dudy Tuvaueit LAR & pattern 4949 luminal tissue expression (e.g., high levels of FOXA1, GATA3,
SPEDF, and XBP1), $auffu elevated mRNA and protein levels of AR nduifiiuadnends
Luminal A-B tumor 981 intrinsic subtype na12fe & mutations U049 PIK3CA (55%), KMT2C (19%),
CDH1 (13%), NF1 (13%), and AKT1 (13%) & response si8 chemotherapy lifin @2 {Hufiiauls
11 Twadunuas Mesenchymal uaw LAR subtype w0 Lehmann 1 wiiloufures Burstein ann
drudn 2 nduRte BLIS uaz BLIA tuszuansslutihe Tnevnnidu BLIS wuindl downregulation of B
cell, T cell wag natural killer cell immune-regulating pathways Wag cytokine pathways awil

low expression U483 molecule 7 control antigen presentation, immune cell differentiation
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Tuvauedl BLIA § upregulation ¥®83 Immune regulation pathways ﬁm‘uqu B cell, T cell, wag
natural killer cell functions, Wag activation of STAT transcription ﬂfjmﬁﬁ prognosis Aaut19A @
Daudnagtimsfnwednila molecular heterogeneity vad TNBC oy Uagdu n15udnun
UsggnalivnanainAdsnsdidednin egslsfinnu deyaildun AviiliAauuanlunsdenldodmiu
TNBC Idanna laidnasifunnslden anti-andogen +/- CDK4/6 inhibitors 1138 PIK3CA inhibitors T
nauidu LAR msldelungy immune checkpoint inhibitor Tunguidu BLIA n1sld PARP
inhibitors sl‘umjuﬁﬁ DNA repair deficiency 79194in91n BRCA mutation %38 HRD aulugensld
antibody-drug-conjugate #1® surface molecule 1@ Trop-2 %30 LIV1 Hudu

Neoadjuvant treatment Tu triple negative breast cancer

Yo1891n meta-analysis fiuanslviiiuinguae TNBC Ald pCR ndsa1nla 3y
neoadjuvant chemotherapy dn1swensailsafifuin naafe flentamevinvialsalduinds
¥o8ar 90 wAnMInwae residual tumor azillonafilsraznduifusnlddcdesay 30-40 vils
neoadjuvant chemotherapy é’fmLﬂumqLﬁaﬂiuﬂﬂasma;uﬁuaﬂmﬁaammﬂﬁ adjuvant
chemotherapy MenaINISHIAR  Iagegnsuinsgu laki doxorubicin/ cyclophosphamide (AC)
AINAE taxane %ﬂL“fJuammﬁﬁsﬁamiu adjuvant setting 11@111508a0 breast cancer-related
mortality laUszae 1 Tu 3 ey malmﬂu neoadjuvant therapy @1u15al% pCR 1a 5 088y 30-
4414 1523 ﬁ’hsmmu Saflaunenenuiiariauinishi neoadjuvant therapy flanunsasidnsinas
fin pCR Tiigetulagendedayania molecular 493 TNBC lasmanTaitaziilugsnsnissondniia

Jundagdu
I. Role of platinum agents &g biological rationale

Germline BRCA1/2 mutation wuldlu fosay 15-20 vesfihhe TNBC 39 BRCA 1/2 1Tu
gene fiumumlunisgeuuen double strand break wes DNA (DSB repair) #nenalnues
homologous recombination (HR) Fadu error-free DSB repair Wag¥inlid genomic stability nelu
waa?® 158 germline BRCA mutation viliiAinn1ig Homologous recombination deficiency
(HRD) wana1nil Msilanaz Somatic mutation veq BRCA 1/2 13e epigenetic changes iAgdos
ffu Homologous recombination machinery 11 RAD51, PALB2, ATR, CHK1, WEEL Ap1aviluiin
Homologous recombination deficiency éigufiu filenin “BRCAness”

81ngu platinum @111503UfU DNA A38 covalent bonding wagifin DNA-platinum
adducts W intra-strand wa inter-strand crosslinks FsilvAn single strand break &g double
strand break nmysanannigesendonisuilugienalnues homologous recombination 158 non-
homologous end-joining TAei BRCA gene funumdrdalunssuiunisfingnd wadiifl BRCA
mutation slsiannsadenusy damage MAnTuldazinlugnsnmevensadluiian ey de
rationale AIN&17 ?Nﬁmimaaum'ﬂ%’mmjuﬁiu neoadjuvant setting Tun15398v phase 2 was
phase 3 dsagUlu msnei 1
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ms’mﬁ 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 PAC 31 0.001
P-Cb-V =AC 53
P-Cb AC 58
GeparOcto 3 403 ddE=> P 2C 485 0.584
P-Cb- liposomal Dox 51.7

1AgAINTIN Tuw‘d?&l high risk TNBC 7ilgr neoadjuvant chemotherapy 7if carboplatin
39UAU taxane way anthracycline- contalnlng regimen ¥ i pPCR mawu mmammumwlm
carboplatin ImaL@W'}giumwmnmmqumuquuulm cyclophosphamide (Jussauszneu lng pCR
anfinduaindosas 22-39 413U non-carboplatin tudeway 53-60 wiledl platinum saudae
nsAnwd@uIuaidu phase 2 aegelsianu m'u?ﬁﬂ‘mméwﬁlﬁiﬁaaﬂLLUUMLﬁaﬁQaﬁmmemﬂ@hﬂ‘u
A1 survival outcome lai11a¥18u disease-free survival #58 overall survival maan@juﬁlﬁ%’u
carboplatin isufunguenuay ifies 2 nsAnwuiiufifisenudngn 16w GeparSixto uaz
CALGB 40603 Tu CALGB 40603 3-year DFS woenguilldl carboplatin agjii¥eay 76.5 iy
71.6 1umjmmuamﬁ1ﬂﬁ carboplatin (HR 0.84, 95% confidence interval (Cl) 0.58-1.22, p 0.36)
wag 3-year OS Sovay 81.9 Wsuiu 84.6 mua1nu (HR 1.5, 95% Cl 0.74-1.79, p 0.53)*% dqu
GeparSixto 516971 3-year DFS ﬁqﬁuﬂizmm%aaz 10 iunejmﬁﬁ carboplatin (HR, 0.55; 95% Cl,
0.32-0.95; P=.03)*¥ Tuaqueil BrighTNess §3llléisnas1u survival outcome

Poggio uazAME ATI891U  Meta-analysis 989 platinum-based neoadjuvant
chemotherapy Tagdinsngsinaain 9 RCT wuinamnsadfin pCR lé¥ouay 15 (absolute increase
970 Sovay 37 19w 52) Taelifanuunnsidly EFS wag 05%° uenwfloannsAnuniildaanuds &
ﬁmiﬁﬂm%ﬂwmmmﬁﬁ'}é’aﬁfnﬁuagjﬂgq phase 2 Way 3 ﬁQﬁLﬁaﬁgﬁ]ﬂummmaq platinum tag/
%39 taxane saly

agalsfinnu fawdinsiiia Platinum wWlulugssen neoadjuvant chemotherapy agiiial
pCR wiluvauzifeniu nadrafsannmssnuigauguiu lnganie hematologic toxicity agwy
grade 3/ 4 neutropenia lasosay 53 Wisuiu 37.8 Tunquile carboplatin uag il carboplatin
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muaInu (OR 3.19, 95% Cl 1.55-6.54, p 0.002), WU grade 3/ 4 anemia 5ovaz 10.8 ‘Lunq‘uﬁ'iéi
carboplatin 1igufiu Saag 0.4 Tunguitlaidl carboplatin (OR 15; 95% Cl, 4.86 -46.3 ; P < 0.001)

BRCA waz Homologous recombination deficiency status nun1saauauassa Platinum-

based chemotherapy

19N BRCA mutation flaufesdestu defect Tu DNA damage repair uae
platinum 11%Aa DNA double strand break Fafot01fy BRCA 1/2 mediated homologous
recombination 3afudiunaulainazausald eBRCA Wi potential predictor donismouaLefy
platinum eudelyl Sufiesnsfing BrishTNess®? wag GeparSixto® Aildfinsseunanisineily
faniiil gBRCA Saildmdnuteray 14.5 uag 17.2 vesfithevinun suddu wuilnesiuudy Gl
gBRCA mutation el NAC e platinum-based a2lé pCR ﬁga%ﬂuﬁmdauﬁmmdﬂﬁﬁﬁ gBRCA
(A9197 2) Ineigfl2e715] gBRCA 9281 pCR #1ganin non-gBRCA liiinaglel platinum videlsifinnu uaz
awilouinsld carboplatin Wisilu TNBC 11l gBRCA lafléf pCR Lﬂu%{umﬂﬂﬂmwﬂmﬁﬁmﬂdu DNA
damaging agent agﬁaﬂiugmimméﬁu 191 cyclophosphamide %39 anthracycline Gﬁﬂmﬂ%}amuaiu
P59 2 aziiuinngy gBRCA 1 pCR figefiafosay 40-66 liidnaglsionlu arm Tvufnw usegnalsh
m Feyalu metastatic settinglumsdnw TNT ndulvinanssfuinu nandenguiidl gBRCA iile
\Wisuiisun1snevaussse carboplatin ieufiu docetaxel wunAuldifl 6BRCA Wlolé carboplatin
9gdl response 398y 68 LUy 33.3 Iuﬂdmﬁlﬁ docetaxel (p 0,003)®” T iiauldalid gBRCA
mutation LifAnuuana1IeINIsReUaLeIsEINe carboplatin 158 docetaxel FadsmsliifidnoSuie

dwLﬁ@lﬂﬂﬂimauauaaﬁaLLmﬂﬁmﬁ'uTu metastatic Wae early stage setting

a5l 2 Pathologic complete response %13 BRCA mutational status &z 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 Cb arm 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)

Cb arm 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)

Cbarm

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

olaparib (adapted from Garufi et al™)
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UBNIN germline BRCA mutation status lgsuns explore \fioAAwINIREUALeY
#e platinum &3 homologous recombination deficiency status (HRD) fdudniadewdedi
nsAnw Tun1s3d8 GeparSixto 10dl exploratory analysis Lﬁa@ﬂ’mué’uﬁuééﬁﬂén JGEGRFNGED
29 HRD status Wludesas 61 vesfthefidrsiunsids (193 1e) lnefimun HRD Aeil HRD
score > 42 uay/viso § BRCA mutation Ty tumor §adenuingiiesesay 70 (136 Tu 193518) d
homologous recombination deficiency LLﬁzWUiﬂﬂduﬁﬁﬁ hish HRD score Wloléi¥u carboplatin
52U paclitaxel-liposomal doxorubicin ¢ pCR Wisguann Zevay 33.9 (o carboplatin) tJufee
az 63.5 (1§ carboplatin) luvnigAghaeidu low HRD score pCR Wsduiteadndesaindesay 20
19u29.6%” Telli et al 91991 pooled analysis vostoyalugtas TNBC #fl HRD fidhsmauide
phase 2 §1u3u 165 318 7I§5U neoadjuvant platinum-based regimen wugthesevas 63 1
homologous recombination deficient (14 definition 41961) %Qﬂdmﬁﬁ pCR 91nE108 Sovay 44
Jleufiu Sevay 8 91 il HRD (p< 0.001)

Feifu Foyadieiu Ustin HRD status enaazilu marker fitrgmawiitas TNBCTBNT
Iausgleytiannneoadjuvant treatment sn8 DNA damaging treatment 1 platinum ¢ usognsls
An1u N159579 HRD status Tudlagiu dalildldegaunsvanaiin Jsoradudodrinvesnisuszandld
N19AaTA @7 germline BRCA mutation T Bailgdselevdidinannnisty neoadjuvant carboplatin
wihlsin  wazfinsmouaussiidsie DNA damaging agents duwguiiy Qﬂwﬁlﬁﬂid%ﬁmﬂ
neoadjuvant platinum ﬂﬁULﬂUﬂdmﬁLﬁu BRCA wildtype 111071

Il. Role of PARP inhibitor

Poly ADP-ribose polymerases enzymes (PARP) L‘ﬂumjm nuclear enzyme figae
maintain genomic stability Teaadlneffidunuinddayléun PARP-1 Svaunsadufu damaged
DNA lagiany single strand break (SSB) way induced 1#iAia recruitment w99 DNA repair protein
1214 DNA polymerase, DNA ligase Ill, kg X-ray cross-complementing protein 1 (XRCC1) Wiown
uitly SSB lesions 1 nsl# PARP inhibitor 929hliAnn1s trap PARP Ul DNA 713 SSB wazvhlsill
anansagonuen SSB ¢ duhlug stalling ves replication fork uaz DSB Tuilan ddluiwadiil BRCA
Feuunfiasfiauiunis homologous recombination fiwdly DSB 16 (;J‘Uﬁ'?i 3) ldanunsavilaly
\waadidl BRCA mutation #58017% HRD wazdrdeudssluldnalnues non-homologous
end joining ¥y error-prone system ﬁﬁﬂlﬂ&j genomic instability iy n1s8uda PARP #een

@D Ay

TuwadsnanIolhinnsaevesadiy LLazL'%stJsmgmizﬁﬁdﬂ synthetic lethality
thlug concept 99971533881 PARP inhibitors Tusizi3ef1il BRCA mutation %s373i5s TNBC 71 HRD
Teuseag

PARP inhibitors Sunuivlunissnunuzisadnuussezunsnssanefifl sermline BRCA
mutation 1 TNBC waz ER+HER2-91nnan1sinundaeen olaparib, talazoparib uag veliparib wui
PFS gn1unuiusiaissnmanevauesestit ulunguilldsu PARP inhibitors Wilawfisuiy e
UaadaLdea 299 feifu PARP inhibitors 31§ potential strategy fitnaulaly neoadjuvant
setting azantaiunisnuidesnaivivaiiiein pCR lu TNBC wazfenguives synthetic

lethality 9198 ns@nundnidvgi3sld PARP-inhibitor $2/U carboplatin dsagulu a1s1eit 3
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ms’mﬁ 3 PARP-inhibitors -based neoadjuvant clinical trials phase 2-3 in TNBC

Phase N TNBC PARP inhibitors Treatment P value
(n total)

ey @ 116 Veliparib P-V-Cb = AC 51%* NR
P> AC 26%*
BrighTNess"” 3 634 Veliparib A: V-Cb-P D AC 53% 0.36 (A vs B)
B: Cb-P D AC 58% <0.001 (A vs
C:P 2AC 31% C)
GeparOLA™? 2 77 Olaparib P-0 2 EC 56% NR
(106 HRD) P-Cb = EC 59.3% (non-
comparative)
TALA® 2 15 Talazoparib Talazoparib 45% NA
(20 gBRCA) (no chemoRx)
NEOTALA“? 2 61 gBRCA Talazoparib Talazoparib 49.2% NA
(no chemoRXx) (ITT)

*Estimated probability rate

Pnmsfnw FSPYIl Fadunisfinwiwuu phase 2 wadeus veliparb  $aufiu
carboplatin+ paclitaxel waammmay AC wuinll posterior probability Sewaz 88 fgldnailunns
e phase 3 lngdl estimated pCR Joway 51Y Juhludnis@nw BrightTNess Badl nguaruAuy
paclitaxel > AC d@wungunaaedl 2 ngu Ao paclitaxel-carboplatin > AC way Veliparib-
paclitaxel-carboplatin =AC wamﬁnmwudmaﬁ'mmamﬁq 2 nqu pCR7wanIn paclitaxel>
AC®" $peay 53-58 Llwuiu fevay 31 (M3l 3) ednlsfiniy quiioudn pCR Mifisduluia 2 nu
neaes Wasfunaves carboplatin 3nnnin veliparib tiesan pCR Tuis 2 naulnalfgariuuin (Soe
aw 53 (VCbP) iiufiu 58 (CbP) Aausiinarlaily design sifle3auifisungumanasia 2 ndufay
fou e1ananléin BrichTNess llanunsafuduusslovives neoadjuvant veliparib Al
unselected TNBC 19 Tumenduiu JunsBuduunumees carboplatin lugiae TNBC dau
wathaAeswasnsine Tunduilld carboplatin 1 2 nguargeiuningueiuey  Tnefiniaidiy
veliparib lail#finatrafsafidndluannguiiud carboplatin = AC

ANSANYN GeparOLA WJu phase 2, randomized, non-comparative trial ﬁﬂimﬁu
Olaparib wag carboplatin Tu UBEAEUNTT HER2 negative wag HRD (laA & tBRCA1/2 mutation
%39 gBRCA 1/2 mutation wag/%#3e high HRD score (Myriad myCh0|ce HRD ) Fudunns enriched
wauwulmﬂiﬂ,wuﬁm platinum wag PARP inhihitors nsAnEReInYes veliparib asefidu
N139 effect Y89 PARP inhibitor mwmmhﬂuam taxane > AC Inglalld combined fiu carboplatm
Nan13An®INU1 Tu total population fifihe ER+ve way TNBC pCR wlfé’ﬂ,uﬂau olapanb asmaaav
55.1 (95%C| 44.5 -65.3, p 0,99 ) mlmmuﬂmﬂmmmm Luaqmﬂmiaﬁ]Emammmmul,wa exclude
pCR rate fidfouninfovay 55% fe one-group chi2-test*® Lagdm3u secondary endpoint #u1
lifinruanisluy pCR semrienguitlél olaparib w3e carboplatin @uluauldiisl tumor vide
gBRCA 1/2 mutation fuwwaltiufiaglépCR ﬁqaﬂ’jﬂﬂdmﬁmu wildtype liid1azglaen carboplatin %38
olaparib walifitud1Agyn19ads LLazmﬂQLawwmaﬁLﬁu TNBC @sluntsinuniisl TNBC 78 Au 970
106 A AnuswIldufeItuAe G138 gBRCA mutation 9dl pCR @901 wildtype BRCA  ogslsinny
exploratory analysis Lﬁa@mmLLmGiNSU'eNmimauauaq’Lu subgroup lanunsaaguledngn olaparib
v3o carboplatin Tnaunnsefulumeada iesanduaudinedides uaz A1 90% CI find1enn
fatd Tutlagiudeyaes necadjuvant olaparib 3s8slaiannsauugthlildlugtanfisl HRD 16
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Talazoparib tJu PARP inhibitor gﬂﬁ’gﬁﬁﬂmauﬁa strong PARP-trapping Tun1s@nw
Lﬁaﬂﬁﬂuﬁﬂw 20 578 il germline BRCA 1 /2 mutation Wui1n151¥ single agent talazoparib Ju
e 6 wieu lnglaidl chemotherapy ansaviliidl pCR laasdis fosas 537 wagdalaiinig expand
msAnwiudnly nsfnede NEOTALA Wunisfine phase 2 #¢ single agent talazoparib T
neoadjuvant setting Iw’iﬂwﬁﬁ germline BRCA 1 /2 mutation LUy Lwiai”lmuﬁﬂamﬁﬁuﬂu
61 518 (@1 120 Trefiaunnld) witdeann recruitment ledninfiaas LL’ﬁu{jﬂJ‘Vi’m’m sponsor a9
logAn1saniiunside uae senunadesiiily ASCO 202149 ﬂ']'iﬂms}’lu 9z9MI1 positive 9N
posterior probability 98¢ true pathologic CR rate unnINsevay 45 aqm 0.80 WANISANEY WU
i pCR %ewaz 49.2 lu intentiontotreat population Fudusnaviraulaiesindu
chemotherapy-free regimen warlndideadunaiilaain neoadjuvant chemotherapy pgnalsAinTa
nsAnel hjamﬁaﬁué’uamuagmﬁé}gﬂﬂﬁ \flosa1ne posterior probability Aléwinfu 0.55 lu
evaluable population taz 0.75 Tu ITT population ualuvuziReIiu Mmdu proof of concept trial
7ius®31 PARP inhibitor \Jueniifiunuavilu BRCA mutation

Tudvowmatnades N5l PARP inhibitor Tu neoadjuvant setting @dwalvilin
hematologic toxicity lﬁq\i laiinanduy grade 3-4 neutropenia finulgfedovas 70 anemia Sovaz
30 Feorvanfudediinlunisquasgtne useeslsfnudeyaiil Ssnsfessodoya mature waz
Anunasvezendolunou uazdiliuushlilflunsufoatlvluoned

a4l 4 GeparOLA trial: pCR rate w894 total trial population k&g subgroup wann1u

treatment arm

Population/ Treatment Both treatment arms OLA+pac - EC Cb+Pac = EC
combined, N (%, 90% CI) N (%, 90% CI)
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 =35 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 a1n Fasching et al, Ann Oncol. 2021“%)
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BRCA waz HRD AUNISAIALAINISAaUEaUDIRD PARP Inhibitor

AIENANNIINIING B mutation Yo3 BRCA gene wag/139019% HRD unazilu
predictive biomarkers #ifluns$nwidie PARP inhibitors Tun1s@nunsneqfildnaunuddnedu A
IEinsinseiiiobudunnuduiusienans touwdly 1-SPY Il BrichTNess wae GeparOLA  -SPYII
fidmuuauldiisl gBRCA mutation ee (veliparib arm 12 518, Yovaz17; nguAIuAY 2 118, Souaz
5) usinudn veliparib/ carboplatin Siaauduiussiu pcR Tus1efifl gBRCA mutation wlawfieudiu
wildtype (Fowag 75 \lguiu Yovaz29 ; OR 7.25, p 0.006X)* dailunguaiugy iilesainiidiuu
AuUlY gBRCA mutation Hessnn Aslianusavinisidseuiisu pCR Ay wildtype e

Tu BrighTNess dauld gBRCA mutation Uszanaifosas 15 (93 518) ustlunisanuni
wuinlunguiill BRCA mutation ms§nwniivielsidl veliparib luflduiusiu pCR ografidodndry
maann Y uanduwilduinnisil ¢BRCA mutation agla pCR qa%mﬁaiﬁ carboplatin +/- veliparib
$7UfU taxane > AC (AN51971 2)

HRD status tJuiadefidiu combination 4831155 BRCA mutation 523U BRCAness 7
919924An21n defect T DNA damage response pathway duquenuiieatn BRCA lunisdnu
phase 2 PreCOG Fald iniparib duﬁaqﬁuﬁaiﬂﬂﬁlﬂu direct PARP inhibitor) $33f1U gemcitabine-
carboplatin Tugasy TNBC %38 BRCA mutation Iuﬂﬁiﬁﬂwﬂﬁﬁﬂﬂaa BRCA mutation $owaz 24 (
19 $18) wArin139539 HRD-LOH status 3y §33enudn n13i BRCA mutation Siwilduduiug
U pCR figetiu Waifisufugtaeiiiu wildtype BRCA wonanni wudifthediil BRCA wildtype i
HRD-LOH score ﬁqq tdungudill pCR ﬁqasﬁu(“”

wagynggn iveyaa1n GeparOLA 7l entry criteria L“f]urzgﬂwﬁﬁ HRD @3 defined 1o
n153 BRCA mutation ﬁgﬂ germline Wag somatic tumor 38 & HRD score > 42 (Myriad myChoice®
HRD) sisldnanaluudsluidaves olaparib nsAnwniinuin HRD status Vi@mn BRCA mutation L
F19¢.9u germline %38 somatic mutation fauduiusiu pCR ﬁa%ﬂuﬁgﬂﬂﬁjmmﬁ carboplatin
Ve olaparib (15197 2 way 4)

ﬂa'ﬂ’ﬂ%aw n1538 germline BRCA mutation WJu predictive biomarkers ¥84n15l6
pCR 1ila¥nw1die neoadjuvant PARP inhibitor + carboplatin Tnensmovauesilintutiaznen
carboplatin 1Jundn d@2ugUas wildtype BRCA ﬁ?ué’thﬁwé’ﬂgm’jﬂﬁﬂsﬂasuﬁmﬂm'ﬂ%’ PARP
inhibitors 8ALiUIIMINNUITINAU HRD-LOH uél strength of evidence lalunnwefiaziinluldlunisg
matintutagtu

lll. Immune checkpoint inhibitors

Tneyhlu uzidashuusingnuesindu immunologically quiescent iflaaan overall §
tumor mutational burden (TMB) #1 widagUumuin subtype 7wy HER2+ve uaz TNBC 9zlu
mzﬁuéfmmmjuﬁlﬁu immunologically active 11nn31 subtype 31 9 1nvoya TMB ‘ﬁqjﬁ FUAY
Msfiwu tumor infiltrating lymphocytes %39 TILs Igunnly TNBC & TiLs ‘ﬁ Jadu surrogate
markers 484 immune activation® Tu TNBC #iil high TiLs wu3nil survival advantages (HR = 0.82;
95% Cl, 0.76-0.88 for DFS; HR = 0.79; 95% Cl, 0.71-0.87 for OS) fidndiyite TiLs wilouaziiu
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parameter fivsuandensnevaussdinge neoadjuvant treatment iﬁmﬁgﬂ TiLs density Tu residual
turnor W& neoadjuvant chemotherapy Wusitasammnissendininauldiguiuc? Toyaan
TGCA wuilu TNBC 31 PD-L1 mRNA expression figaninuzisasusmiindus (N=716, p< 0.001)*
waznsil PD-L1 Seflmnuduiusiusiuan cytotoxic T lymphocytes infiltration Wiewfleufiunzised
PD-L1 negative 8néae) deu TNBC Fsunsmdunduilnsaslivsslsminnnsdnmdeelungy
immune checkpoint inhibitors (IC1) 34 ICI laii19zadu anti CTLA-G, Anti-PD1 e Anti-PD-L1 9%
fudfaunumues immune checkpoints wenil uazvinlsk TiLs anansa exert cytotoxicity Tépehafiud
uazdsnalisusaradunioldlufian

luns@nwszozusnly TNBC WUIINITRBUEUDIRS monotherapy @28  Immune
checkpoint inhibitor (ICl) Tu metastatic TNBC azldftn®® wanwuind synergy s¥wing IC1 uag
chemotherapy uazilugmudnsalunissnun TNBC sive combination 483 pembrolizumab wag

* Lag Impassion 130°% auaIAu

atezolizumab @:ﬁu chemotherapy Wugvuuusnlu KN3550
dmiulu neoadjuvant setting In135@Nw1ves ICI AIUANY chemotherapy faagulilu A15797 5
miﬁﬂmﬁimﬁqm 1A KN522 18u phase 3 trial wsnlu neoadjuvant setting lugUae
1174 518 lagvadeunaves  pembrolizumab  iilglWsamegichemotherapy  lungumiunsfe
paclitaxel-carboplatin a8 AC wagnawinfanaglasu pembrolizumab aunAsu 1 U co- primary
endpoint vesns@nwAe pCR way event-free survival (EFS) nmsdneniinudn pembrolizumab
annsouiin peR Ieeghefitudfy (absolute increase $osaw 13) dau EFS MilAss1891umas median
follow up time 15 1oy wuirdiuudliufinguitlé pembrolizumab axdl EFS Mwmiloninnguaiuny
wigdlifefoddnead@ (HR 0.63, 95 C1 0.43-0.93, p 0.089 &3 >0.000051 iy pre-specified

9 geelsnd Tunsesgianantul 2564 4 (interim

boundary for significance Iu‘tlmzﬁ?u)(
analysis A5714) 7 median follow up time 39 W WuAMULANANDY EFS fand 3 HR 0.63
1neA1 p value = 0.00031 (95% confidence interval [Cl] = 0.48-0.82) 1ng 3-year event-free
survival rate Tuﬂaq'm pembrolizumab/chemotherapy ag}ﬁ%@aaz 84.5 \WiyuAy 76.8 ’Lumjuﬁl@f

chemotherapy alone ©” fstiu nsAnwids positive Tusis 2 primary endpoints 7lanald

A1519% 5 Neoadjuvant Immunotherapy in TNBC

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

Adapted from Hyder et al.®?
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Atezolizumab {u IC1 Bndifinnsfing phase 3 11 neoadjuvant setting T Impassion
031 W atezolizumab ffiu Nab-paclitaxel = ddAC Tuauedi NeoTRIPaPDL1 14 Nab-paclitaxel-
carboplatin winthu (anthracycline-free regimen) wsiazdl AC Towdenswisn dmsu Impassion 031
co-primary endpoint Ju pCR Tu intention-to-treat population way pCR lu PD-L1+ 1%&4317{
Y99 NeoTRIPaPDL1 primary endpoint DU EFS at 5 years d@u pCR Ju secondary endpoint

Impassion 031 WuU11 atezolizumab A0 pCR T ITT poputation nTosay 41
Juseway 58 (p 0.0044) wag Tu PD-1 + ‘I/IL‘LJ‘L! co- prlmary endpoint pCR ﬂmeuLsdummﬂumﬂ
Souay 49 \Ju 69 uageluiidudAgyneana (p 0.021 Fawnnin 0.0184 My significance boundary
7idal3) subsroup ve1 PD-L1 negative fils pCR ‘mqwumﬂmﬂm atezolizumab wuieiu®® &
Fgitinnuaenndasiu KN522 Tumanduify man1sAnw1 NeoTRIPaPDL1 pCR #léa1nms add

atezolizumab $2uAU paclitaxel-carboplatin nauliuan@199In chemotherapy Ligsag19LFY?
(60)

“Ziﬂ We

(pCR Sowaz 44 (atezolizumab) isuiusasas 41 (chemotherapy alone), p 0.66)*” A1asuIBUDS
NaTiuAnANsiuYes atezolizumab luvk 2 nsanwiienaduldlgfe chemotherapy backbone 71l
Ty NeoTRIPaPDL1 tulslil anthracycline uay cyclophosphamide Tugianaunidin uwsegalsini
pCR U secondary endpoint 984 NeoTRIPaPDL1 @31 primary endpoint EFS thy &9kl mature
fiosnedl aglaseinarsneay

{50 1 nMs@nwdild 1C1 feunsiinda un GeparNeuvo @y phase 2, randomized
trial 1W3pusy durvalumab ﬁiﬁ@;ﬁu Nab-paclitaxel = EC #38 chemotherapy Lg48E19LA8)
Tnellu desien wsn fn1sT¥ durvalumab/ placebo Wiessufieanen 2 §Unvsasy chemotherapy
20U durvalumab /placebo udmemdausulienidntag window period 41U Tne fifdae 117 578
10 174 seildSuenludnuasiliuds pcR My primary endpoint Tunisinwndl svuady
ypTONO 893% strict niTlun1sAnudu ) wanmsnwinuiinguilld durvalumab @ pCR Sesaz
53.4 [Wiyuiu 44.2 Iunﬁjmﬁlﬂu chemotherapy Wg9814A7 (p 0.287) Lwimﬂ@t,awwmjuﬁlﬁ%’u
window period single agent durvalumab ¢e( 117 $18) WU’iWﬂdﬂJﬁﬁ pCR ﬁqmﬁm&iwﬁﬁaﬁﬁﬁm
fio Sowaz 61 wieufu 41.4, p 0.035) Fedaludidesureidaan WWululdirersasiendesiu tumor
characteristic ¥asthelu 2 Faen1sdnw nanAenauitldenlu window period fiszazvaslsaiigs
nidsenavliifiuntsnovaussléfity wiee199ziine1n immunological interaction @y l@naniluy
Widesoly

wananUszdnsainess IC Tu pCR waa Tua1uwes longer term outcome Ao EFS Tu
KN522 fiftesneenu wuinnisT neoadjuvant pembrolizumab 391U chemotherapy anunsaudiy
EFS Iaeafituddynisadfdaiilinanniuda luvaeiives Impassion 031 S51eauuualiiy EFS 7
ﬁ%uiumjm combination ICI-chemotherapy g sluififoddaynisadnluvasd esainnas
follow-up AdsAoudndy wazsuau events toe Faduiiirduniueswanis update RHGRIEK
impassion 031 F1aglulufimmadentu KN-522 el Sumnldnauienty strategy Huhasdui
gousulunssnulalusuian

Fosrfindryras nsld strategy ICI 0 immune-related events ﬁLﬁmmﬂmﬂajuﬂf lai
1agdu hypothyroidism (wuld Seway 15 Wisuiu 5.7 Tu placebo arm) hypoadrenalism %30
hypophysitis tiesrmdunissnuilu curative setting %qwmsﬁﬂmaﬁé’mLﬁmﬁma%ﬂswwﬁﬂ'gwﬂu
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0123l Ssdumnuanisnuthlug survival outcome anmasdudoadondihefipayldusslosiiunn
flgn 19U nguiiEl LN+ (absolute pCR gain ¥owaz 20.6 Wisuiu 6.3 Tu LN-ve Tu KN522) 18udu

faudrdeyatneuasduaruimndilunisiom TNBC #e 10 winishnnudansdy
wazdayaoiafinsdsuutawiold uenant Sinsdidnwigilddsmoudnnn wu wingaeld
oCR Faflausndudideddy postop IC soauds 1 TnSeld lusedid residual tumor sty
adjuvant ICI 9saeLUasw outcome lavdelyl sadsunuinaes adjuvant capecitabine 119%@11150
incorporate aihukauNsSnwAid 10 Teegnals Wusy

Biomarkers AUNISAIAAINISADUEAUBNB neoadjuvant immune checkpoint inhibitor

Wy KN522 uae Impassion 031 Wui1 N158 PD-L1 + Hn19019UaUDIHBNITINEILUY
PCR Fifdnguil PD-L1 negative larinis¥nwnduazidu chemotherapy agnaifeaviesauiiu ICI f
a3l (prognosticator) wiALld? PD-L1 negative A8l pCR mmﬁmﬁ'aﬁﬂwmﬁ%’u ICl Wiguiunis
Tvichemotherapy tigsag1aiea (Ae PD-L1lule predictive biomarker 484 ICI ) Faiinulu KN522
subgroup 71 PD-L1 CPS<1 Aflaaslduseloviiannisl pembrolizumab filisnsainnguil PD-L1
CPS>1 (absolute gain U8 pCR Soeaz18.3 (PD-L1 neg) iWisuiu Soay 14.2 Tu PD-L1 +) s?iqsi’faga
f’ljlmﬂﬁmmr]ﬁwﬂu metastatic setting ﬁ@mﬁau PD-L1 azilu predictor Y8IN1TNDUAUDINDNIT
Snwnay ICH ﬁﬁi’f@%aﬁwudﬁ tumor immune microenviroment finuuanananuly early stage wag
advanced disease tngfilu MBC wundl depletion U84 effector immune cells / stromal TIL e
Wiguriu paired primary tumors)® LLazamﬁaudﬁ early breast cancers a¥ immunologically inert
198N Metastatic tumor %amf\]a%maﬂi“ﬁw%mwmm ICI 77 uae alidusiusiu PD-L1 expression
1ninlalu early breast cancer wonanil GuﬁmaﬂaamamLszjummﬂuiumiﬁﬂm GeparNeuvo &4
lml,ﬂswkuaualﬁawm biomarkers Aeudaiarie PD-L1 uaw TiLs Awuinnisi PD-L1 (Ventana
SP263 antibody) 1119zlu tumor cells #3olu immune cells RN pCR ﬂ/lmm’mqmﬂ,uu PD-L1
win1smauauedfia durvalumab @hjsmﬁ’uiuﬁgq 2 nRuuiy eazdenvainIsneuauesluusag
nsAnwena1u PD-L1 Asaguly A51971 6

a9l 6 Pathologic complete response %8 immune checkpoint inhibitors wanaY
PD-L1 status Tu TNBC

Treatment arm PD-L1
positive rate

KN-522°° 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

9NN PD-L1 WA2 potential biomarkers 8n62d115U immunotherapy Tunzi59
LAULAD stromal TILs (sTILs) GeparNeuvo 1a3LATIERUNUIMUDY STIL WaznuINszau baseline
STIL anansaeaa pCR 14 B sTIL g¢ Tonald pCR axgenu Tnglitutueinvasndildsu© Ty
nsAnwLUsEiues sTIL W ¢ fefosar 1-10, Utunans Idunfesas 11-59 way 1nnin Sevay
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59 di1ge) usiegndlsiimu baseline sTIL lailidu predictor wea pCR sleyn durvalumab Faduly
lufiemagafiudeyaves PD-L1 wuddewdiUiglunis@nwiasgdl PD-L1 gedis Seuay 85 usindudl
STIL+ iosuaSevay 14 wihilu (Frsrinaanuves PDLL + Ty GeparNeuvo Aeffoufndly immune
cells w3a tumor cells Alg) yonandfmuinluszninenisdne axfinmsiiiutuves intratumoral
TIL (TIL) Tuvia 2 nduns¥ne warlungudild durvalumab nadfismunes ML Tusswrianssng 3
AuFNRUS AU pCR flargedudie Feaifuayudn durvalumab a1u130 modulate immune
microenvironmentImaﬂizéjuiﬁ lymphocytes migrate 910 stroma Vi1 Ty tumor wazldu
indicator ¥94N1590UAUWD durvalumab

asiuleiluvasd 8948 biomarker Afataulunisaaminismevausssia ICI Vi
PD-L1 uaw sTIL Wunilou prognostic factor flueniisnismevaussienissnunintuusliaunsald
Jusrdmdennguauldfiagliuselovianelsd uiidesannidussdaiuifidslv wazasdd
msfnwifisniduiuegdnuin lusuianeafinsildsundasliiduiu Jansfosinmuna
nsfnuiinagAes 9 neessenuiusenindely

IV. gngudue

Lﬁaqmﬂ TNBC dimuvainuaiglu mo lecular landscape ﬁ’aﬁlé’ﬂdnml,t,ﬁﬂwdaaé’u
Fodu area Aifafinis explore m’mmﬂﬂmm TNBC auquaﬂmuammiawm homologous
recombination defect/ DNA repair defect Way 509 |mmunolog|c manipulation %ﬂﬁuaua%mumaﬂ
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a157471 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 172 1. Nivolumab
2. Cabiralizumab (CSF1R-MAb)
NCT04418154 2 Toripalimab Toripalimab + NAC
NCT04095689 2 1. 1L12 gene therapy Pembrolizumab + IL12 gene therapy + Docetaxel
2. L-NMMA (pan-nitric oxide synthase inhibitor) 9 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 + Pegdfilgrastim
Phaon1 2 Atezolizumab Mono Atezolizumab Window = Atezo + NAC vs
Atezolizumab +NAC alone
DNA Repair pathway inhibitors
NCT03150576 Olaparib Olaparib (2 different schedules) + carboplatin-wPac
vs Cb-wPac
NCT02032277 3 Veliparib Veliparib+carboplatin vs
Cb + pac - AC vs Pac=> AC
PHOENIX DDR/Anti-PD-L1 Trial 2 1. AZDB738 (ATRI) Standard NAC vs monotherapy of 1-3
2. Olaparib
3. Durvalumab
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 FRQL vaccine
+/- cyclophosphamide
NCT02593175 2 Panitumumab Panitumumab + NAC
NCT02876107 2 Panitumumab NAC +/- Panitumumab
NCT03979508 2 Abemaciclib Abemaciclib after standard NAC with residual lesion
2> 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
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