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unsnszangludsedegeing 4 Fadumaliiiindedin. manseminddnaniadudunieusmdnsily
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o w.e. 2506 Tagnsatiuayuved NTUNEsULardNIUgUAMUINTIRA YadanigeIini waza
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éfaqmiammmmmmmiﬁmﬁ’ukﬂmL%dL(ﬁmm TudunslasunUasued senome wAZNAILINISVBINTT
$nwnuusjali (targeted therapy) iitethanifudsglovilunisquasnu g uagmsideiiieadesly
puARRDbU.
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(Structure and function of biomolecules and drug targets)
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(Binding of Oncoproteins & Targeted Drugs for Breast Cancer)
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(Genomics of Breast Cancers)
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(Endocrine and Targeted therapies for ER-Positive, HER2-Negative Breast Cancer)
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(Structure and function of biomolecules and drug targets)
nAug UInQus:n

a

dsfidAnnnudalulan Lidnasdu au &0 fiv wie 9aundd fulfsisusadnuus
unnsnstudidln fduuduszneviumnanmiegesidoninead wadvesddiFindsenouiuain
lutanadininunatevila 919gu nsatinadsn (nucleic acids), TUsAu (proteins), A15lulainse
(carbohydrates) uay afin (lipids) {ludu. Tuanainimmanidvszneviuduiulassadennely
wad wazvhmihitlunszuiumsens 9 Adfasonsidineguesad. miﬁ%ﬂﬁ%mwﬁawwé%
frsatinegldesaiguamitiu fluegiunmevhmihiiiundveslinanatin madril. arufiaund
vosmvimihfiveduanadinmannsavilfAalsase 4 WWanine suvidlseuzidainannis
WwigAulnveIgaagEaUNAMY.

Twanadinimene 9 agluwadgniimdiunlugadiiunnadlusiufivimtnnduen

'
=

YUES (transporters) w3agndnasiziluneluwadlneujisennfouley (enzyme) Wudse &

6 1 YU & = ! = ! = 1Y a a ) v o
uladidguunnidndulianatinmlungulushuudondu. JUsiunnstinnsluwaddaiming
Tunsguruniseing o dudugnadvuleelddeyaiugnssuiigniiveglulassasimwensafeandlslu
19A38n n38 Adwe (deoxyribonucleic acid, DNA). dsliuisanuisanaidladn gus1s Iaseadng
NFZUINMIITINMEN 9 uaznsidinegreasadiu Tuegiudeyaniaiugnssulufbueiuies.

gz Sefildfueglutlagtussdinaiyressadlnefinalnnisyiaufiuandraiu
ool efifuansluianaidn (small molecule) UsuilaviiliAnewinnd videmandemeves
las9a$19n3naAdsn iy dsplatin. e1u1svlinduiuieuledognadninizianzas wu enlungy
camptothecin Funazdadanisinauveaeuls topoisomerase | #afinnudrdaylunisansuuud
1Oule (DNA replication). &1U19wlA 191 tamoxifen Fudansieuesiiugesluuealnsiau
(estrogen receptor) Wilwansadudinisiasyresvadusiiigeinseasluwealnsiouls Judu.
usnneiiuasluanadnuds Ssflenguildulaanatiniwvunalug 1wy Herceptin S8y
woudvednuulalulaau (monoclonal antibody) samsaduiulaianaves HER2 (ERBB2) il
annsadudinisaSyiulavenvadusseiia HER2 vuRawadls [Wudu.

ndilananuiuds ssiuladianudilalulassadeiugiuuaznalnnisviianuves
luanadinmeing q Negngluwaduaziiiwaduuaiunsailudganudilalunalnnsviaivesen
Feanansaldusenaunisiiansandenldeivansauls.
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(Nucleic acids are repository and transmitter of genetic information)

AsdidiannadadauduuaiiFellaufeyudld nsnfeendlsluianddn ude Aduie
(deoxyribonucleic acid, DNA) Tunsifiudeyaiugnssy Adueduonainagyimihflunssuiuns
fheuvuteyamaiugnssy (DNA replication) 99ngugiund dwvhmihdudunuulunszuiunis
neAsWa (transcription) wiead1ansalsluinnasn w3e 0158w (ribonucleic acid, RNA) ?jq%gﬂ
illdlunsguiunisudasia (translation) erdslusiungluwadseludae

nsnilimadnluanslungunedinnaalelvd (polynucleotide) nanafie Wunediwesves
Thnalelns (nucleotides) ddlanalelndiuiidruussnoundndefuaudiy fo tinamulna
(pentose sugar) Tulas3daLua (nitrogenous base) way ninealn (phosphate) (nMnUsznay
1A). hmamulnainuluiedlelnsideswiadetu fo slua (ibose) Fanuluensidue way 2-4
aondlsTua (2-deoxyribose) Fsnulufiduse.

lulnsddaa viofiSentudu q dnuaduidhesuiete Seanunsoudsldifuassngy
A9 WNI3U (purine) wag twsllAu (pyrimidine). Laiiiullasswila laun azhdu (adenine) wag My
(guanine) Feanunsanulanalufiiduienazensidute. d@wvalnsifudamedalawn lelady
(cytosine) ndlu (thymine) waz &3518a (uracil). walwsinuiinuluiduwe Toun leladu was ndu
Tuvasiualwiiauiinuluedidue fe leladu uay g51%a (MwUszneu 1B).

Tulassadravasinadlolnddu dnamulna gnideusedululnsdvavadetuse
Wu-lnala@dn (N-glycosidic bond) LLazL%awiaﬁumgwaaLv\lmé’wﬁuaw\laaIWLaama%
(phosphoester bond) (nMwusznau 1A).

Purine or
pyrimidine
0 base
A - —|F|’— N-glycosidic bond
o
H.N o]
N T N NH
0 s <ﬁ <f>\
( N'/ N N NH.
H H
Adenine Guanine
NH,, o] o

o . 4 Hal
Pyrimidines || )\ [ )\
M [#] N [#]
H H

Cytidine Thymine Uracil

=
Q



amusznau 1. lassa¥evesfeandlsluiiaglelnd uaz lsluiiedlelnd. (A) lassadniluves
fandlove  lnsemamulnaluaniidwesslu lslua (ibose) uazlufibueasidu 2-feendlslua
(2-deoxyribose). AUAUITLANANAUTZTIINUINAFDTN (2) wansrddn (B) lassadsvesuanisu
wazln3difu. anusznaualaglusunsy Chem Draw (PerkinElmer Informatics) waz Adobe Illustrator.
= ' a = ¢ v v v & aa = ¢ a X 9
nsieudevesindlelnditrdmiedudunediinilelndiintulaeiuseiealnlaes
W03 (phosphodiester bond) senitenglansendanidiunis 3 vesdandlalndnis dunydan
WeaaTiagfisiumiaf 5 veadindlolnddaly (nwdsenau 2A) Fwzmuldiinistenseves 1
P~ Y] X o 9w aa a § Y aAa . . A v =
Indlelnatudnuael vinlianevesnediindlolndtuiifianie (directional) nd1ifie Uatemumils
aa o s A , = a v =t N a
vodaenediindlolndaziingneains (5-phosphate) luvsivarednaunisasiivglansenda
(3-OH).
a a2 & v I a ] . =& a o v v ) a
Adueneluadillasiasnuduindeln (double helix) Fainannsuiimeiuvesd
BueaRgIdedEy. N133uAuYeIRldueaeaaimeiulluegiuaudInI91299989013
Aartusglelasiausgniravadgan lngiuaezdily (A) azduaiuiualniiu (T) waziuaiiilu (G) edug
Audlela@u (O). Aduweananeiaesaeiunduiulundegiasiifiansaduiu (anti-paralle)
(mMwUsEnau 2B, 20). AMNTLNIZIIITATeINTTUsERIRuagauuugud Ay vl wed
AaaudRvngdmsunmsvihmdafilunisiaiudeyaiugnssy wsgaudnizeigasilviliadu
\wavestayaiugnIsuaIusagnatenendniudIuliognignded. UaNIINAIUTIUNILLANLIVDN
nsiaiustlalasiuseniavadauuway Jadeddgdnegrmilandiesnviadssninvedaseasng
\ndenAvesRduenfAedunsiseniiiunidn stacking interaction seninsgiuaiogfniululaseasng
NALIUDIAW.



awdsznau 2. lassaieneddangdlalng. (A) lnssasiwesanenedinndlelvadiiania nanifie Yaneau
vilsaziivynleain (5-phosphate) Tuvaiivanednsnuvilsaziinglensenda (3-OH). (B) msduduves
waga sxfidunariniu Eeysidalunsdvesensiduie) Sufumeiustlalasaudniuaesiusy luvaei
Miluiagleladuduiusmeiusslalasaudinuauiuse.  luanaveavanansedauviinesnen laun
ansuaudivn lulasaudiiiu wareondiaufung Wuszlealanaunansiodulsy. (O matuturesiidule
morondulasahandsay lulasidavavesdiuewsiazaeuansiedinuazdndes auawu, dn
thmamulnauazvgrleain wansdedmuiinesnon Wud a1ueuding vieavle¥addy uazeandioud
e, mmﬁ’nwwzLﬁnmwaqmﬁuﬁ’umm&?ﬁuwaaamsJLﬁi’f’lﬁwﬁ’uﬁ?u%ua&ujﬁummﬁwL.www\nzwuammﬁm
fusglalnaiaussviavadan  Aduemeiiisosmeiinduiutuasiifemsaduiu  (anti-parallel) Tu
lassahandend. amuszneualaglsunsy ChemDraw (PerkinElmer Informatics), The PyMOL
Molecular Graphics System, Version 2.5.0 (Schrodinger, LLC.), wag Adobe Illustrator.



v 2 daa & I
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(Nucleic acid-targeting anti-cancer drugs)

gdnuuzsmateviaiinoueduluanadving fegradu cisplatin (Mwdsenau 3)
wazeyiusiay carboplatin waw oxaliplatin. erlunguidiodhdwadudsgnnssduienssuiunis
aquation yhlsiAnduluanailwioujizeuazannsaviufizoniululnsddavavesiidueld © 2
UFRsedviltiAnaandemelulianavosiiiuie (ONA adducts) Inswudenaudemediingu
u1nfigaldun 1,2-intrastrand d(GpG) crosslink FaLfina1nn1svinU Ao Audiumts N7 vos
wahiuaesumisiiogfnfuuuamefidue” (awdsznau 38). Anudemeidmalilasad
vesdulefiauinund uazdavenszuviunmstenuuiidue vinlieadliannsafindiuld
uniardememariozldunistenuss. uenanimnaudsmeifedusufidueduniy
niilagdonusuldshenssuiunstouusRuenuunfvensad AawinmamieuhlfiAnnisae
YBUBAGUUY apoptosis. iwaduzididaduwadiasyivlnedisindiiaund sgldsunansemu
mnanudsmelufidueiesnenguiinnineadund.

A HN Cl aquation HaN

2, &
Pt — Pt
HNT Vg HNT \SHQ

amsznau 3. lassadrauaznalnniseangnaaes cisplatin. (A) Uffi381 aquation ¥l cisplatin fin
Julsanadilideujisen. (8) suuuumnudsmeludiduledinuundigaileld cisplatin leun 1,2-
intrastrand d(GpG) crosslink Fatina1nnsvinufisendusumis N7 vesivaiduassiumisiieginiuuy
aofiBule. M9iAR intrastrand d(GpG) crosslink dililassairunderduesiiduteiinruiiaunily &
mAnUnAdtnIensrLIumstesuuidue Mlvieadliansadiinsiuald. Mdueuansiedi
gou warfduiliAn intra-strand crosslink wanwednuvinezney léun arsuoudsuy lulnnaudindu
panBlauduns wazwaradudini (PDB: 3LPV).Y aAmuszneuiinlaelusunsy ChemDraw (PerkinElmer
Informatics), The PyMOL Molecular Graphics System, Version 2.5.0 (Schrodinger, LLC.), wag Adobe
[lLustrator.



g1dnnguuilsndmdueiduluanatimanelduisnlungy intercalator d9azaoaunsn
dlululassaiandeeduesiidue tnouwsnidluserinagua degwaselunguil WWudelunda
anthracycline 1% doxorubicin wagouius Judu (n1wdsznau 4) n1sduvesarslungy
intercalator dyil#lassadrsvasiiduiofininufinund uazdavanenisvineuresoulss DNA
topoisomerase ¥ lnsEUIUNTAR-AOE1BALOULD (cleavage and relegation) AnUNRA waztinnns
avasEneSue dmadudinissaiulnvenyadl @

amUsznau 4. enduassslungy intercalator Juiufdualagdeaunsnidnluseninsgiva. (A)
Doxorubicin (PDB: 1D12),”” (B) 3-desamino-3-(2-methoxy-4-morpholinyl)-doxorubicin (PDB: 215D).¢
Adueuansfedtingou luanavessuansdednmuvinenon Idud arsueudindes lulasiaudintu uay
ponauAun. N33uTes doxorubicn waveuuslAafidwua 5-1ETA-f3u-3 Wy 5-GpC-3.
nmUsznaualaglusinsu The PyMOL Molecular Graphics System, Version 2.5.0 (Schrodinger, LLC.)
hag Adobe Illustrator.
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(Proteins are molecular workhorses of the cell)

nihfidAyedrimilavesdoyaiugnssudiivegludiduie Aensidudunuuly
NT¥UIUNTABATHE (transcription) Liloadseidule Faazgninluldlunszuiunisuuasia
(translation) tilenanlUshusaly.

TWsAufindntundinniilunszuaunisdrdaang q areluwadunue ey
ulwiifivimiifissuiasonnelumad, ﬁ"gsuu?ia (transporters) Fvmiiditnianseig 9 Lsihw%a
aaﬂmﬂmaa AIsu (receptors) vuiadivivthiisuduaaanaeuenad LLavmaqammmm
Fhiideedyaaeiunssuiunis signal transduction. TUsiufivhaiidisng 9 weaifanansa
Fulwanahmnevesedunsdsléiedu iesminnisdudnssuiunsmeduadiiddyanely
wadwanianunsadmaliiannisdedinnasyiulnvenadlafefiasldndnluseluazidendely.
uonannihifildnaundeilimusiuduluanaiimngauigdudminsvessduugs wéa
Wsfuduimihiiddndu q nmeluwaddnuinune e1fiau mi@mmim?ﬂlaulm AIUANNSLARSDDN
ype8u sadudunuaisemnvseussigane 9 aeluad 1usu.

Anuannsaveslushuagyiminilunssuiuniseng q Aldnanundrsfuduiuegs
Tnssassauiifveslusiu dagnivunlnedrfuresnsaeiilu (amino acid) funsedutduans
wodwadnulng (polypeptide). Imﬂa%’wﬁugmmaammazﬁiuﬁwﬂuﬁﬁmﬂaﬂizﬂauéhEJ
vyjozdilu (amino group) Myjlensenda (hydroxyl group) Waz Muvusta (side chain) Ieusoog
fuprsueusan (nMmusznau 5A). nsaesfilufinulusssuwdivg 20 mﬁmﬁ?uﬁimm%wﬁu%m
illouiu ImmmmLmﬂmaﬂuwmLLﬁummammu (nMmUsznau 58). lassadramaeiifiunneiadiu
VDI bYW mﬂwﬂiﬂavmiuLLmau%ummauumwLLmﬂmqnu Fepuuansnsieaiivinlidsuves
nsneviluluaenedinulnafiunndnatuanunsarilfanliaseadsaudfvedlusiufiuandnatu iin
Dulusuivimtifisng q fulusadld fagldifudel

nssandfuvesnsaesiludulusiuiuialnsuffserneuauedu (condensation)
(nwUsznau 6). ﬂmagﬁim3QﬂL%amaﬁué’wﬁuﬁszﬂiwﬁ (peptide bond) Fedaduiuszielug
(amide bond) ImiuwiawﬂawmLwﬂlmﬁﬁu%ﬁwyj NH vaulud (amide -NH) flansavimiig
Judaliiusylalasiau (hydrogen bond donor) uazdivigjasuaia (carbonyl group, C=0) a11158)
Fnthidugsuiuselalasiau (hydrogen bond acceptor) (MwUsznau 6). uselalasiaud
Aetuszrinmg v iduiliuaeshiuiuselelanaumaniiduiuguddlunafnlasaia

a

WFendl (secondary structures) YaelUsAu.
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A I

HsN—CH—C—O @-amino acid

H; side chain

B
i il i
HyN——CH=C— 0 fU:-l-—-tltH-(‘.—-—O' C—0-  HMN—CH—C—0"  HN—CH—C—0O  HN— TH—C—G' Har:l—TH- C—0"
H CHy CH—CH; CH CH, CH,
Glycine (Gly, G) Alanine (Ala, A) H:F“ (|:HJ
Fa
Vall Iy
Proline (Pro, P} Al (VoL U
il il il ;
HoN—CH—C—0 Hyll—CH—=C—0 HyN—CH—C—0 Phenylalanine (Phe, F) e Tryptaphan (Trp, W)
A ti
b | oo 9% Tyrosine (Tyr, Y) Aromatic
?H“'CHJ CHy CHg ﬁ' 'if ﬁ
CH; CHs g Methionine (Met, M) Hf—CH—C—0~ HyN—CH—C—0O HN—CH—C—0
i \ lle,
Leucine {Leu, L) Isoleucine (lle, 1) CH NOI‘ipol‘ (Imz |H;_ CHa
CH, CH,
| | NS
. | : . = | I S—hH
HaN—TH—c—ﬂ HyN—CH—C—0 HaN—CH—C—0 CHa e
Histidine (His, H
li'.‘H? CH—OH CH, “NH (l;=,'mz e (P8,
Lysi LK | =
oH CH, sH ysine (Lys, K) Arginine (arg, R) W= Positively charged
Serine (Ser, 5) Threonine (Thr, T) Cysteine (Cys, C)
o} [0}
; . ; ¢ I
H:,N—II:H—C—D' HyN—CH—C—0 H,N—-r:H—c—O' HyN—CH—C—0"
CHa CHa CH; ‘I:H?
G=0 CH, =0 CH,
| | | I Glutamate (Glu, E)
NH, c=0 0 'Icto
Asparagine (Asn, N) NH,  Glutamine (Gin, Q) Polar Aspartate (Asp, D) [ NEQE“V&W charged

amsznau 5. Tassadamaniivesnsaesilusssund 20 via. (A) lassaisiiugiuresnsnosiluding
lusssuvAusenaunie vyjeeiily (amino group) nylansanda (hydroxyl group) wag vuauate (side
chain, R group) Weuseagfuarsusudar (Ca). nsmoziluiinulusssuying 20 siadinnuuanseiud
myjuvnsdne. (B) lnssasrsosnsnozilufinulusssumfig 20 viin Sandumuauifimaaivosmyuaus
$19 Taseadramaaifinans tuaniunisalunnda (protonation state) fisedu pH aeluiead.
amUsznaualaglusunsuy ChemDraw (PerkinElmer Informatics) tay Adobe Illustrator.



ﬂ"J O
HyN—CH—C—0 + Harﬁ—(I:H-—c—o
Ry Ral
H.0
H-IJnri; acceplor
O
3 ” Peptide bond H
HSN—TH—C[—T (l:H—r:—o
Ry H
l 8
H-bond donor

anUsznau 6. maianussndlndsendnensaaziilugasyiia. n1ssuiuveinsnesilunuuiize)
ADULALLTT (condensation) ﬂiﬂas:ﬁiu%gﬂLﬁ?iauwiaﬁ’ué’wﬂ’uﬁzL‘W‘Ui‘mﬁ (peptide bond) Fsdmduiusy
ol (amide bond)ImalmwiazmiwﬁumLwﬂlwﬁﬁ?u%ﬁmg NH vouelus (amide -H) fianunsavimtid
Jusliiusglalasiau (hydrogen bond donor) uazdinga1suaila (carbonyl group) anunsavhiiiu
fsunuselalasiau (hydrogen bond acceptor). MMwiUsznaualaglusinsy ChemDraw (PerkinElmer

Informatics) Wag Adobe Illustrator.

Tnssarsveslusiuduannsoutsoonldiiudsed Tnslassaiaudasseduduingu
Mntusy vie sunsAzermaaiifiunndisty. lassafrsszdunsnveslusAudelassaiieugugd
(primary structure) Savsnefsdifuvesnsnozdluinndonsefuduamenedmulng (awusznay
7A). fuszildousensnozdludrdeiululassaiiaguniie wuszmulng (mwusznau 6) 3
foduiusy  Taaaus (covalent bond). stusslaiaudiiauudausann dulasadaUsugd
vosmewodmUlndisdamuuiouss uazlignihaneldie 4 uenanadiFaussufiten wu anne
Adunsavidesns vioieulwilungulusiiea (proteases) Ludu.

lnssadeszdiudaludelassadremingll (secondary structure) Bsvsnefdasiaiisany
Dfvesanewedmulnslugasdu 9 (local structure of polypeptide chain). Iﬂsqa%maaqﬁﬁlﬁﬂﬁu
esanitustlalasiauseuinany NH veaelud (amide -NH) Ssvimihidusaliiuselelasiou
(hydrogen bond donor) kagugA1suaiia (carbonyl group, C=0) Favnid il usifuiuse
glasiau (hydrogen bond acceptor). Iﬂ'ﬁaa%ﬁmaﬁﬂ”ﬁﬁwuﬁaaiuiﬂﬁaulé’l,t,dimqa%’mLﬂé‘mﬁav\h
(Q-helix) warlasaadisaneiud (B-strand) GsanunsnaniFesiuindulassadaudundnud (B-
sheet or B-pleated sheet) l¢i (nwUsznau 78).

Tnssaiessdufiaufelassaiwiond (tertiary structure) Ssvanefslassainaiiingn
nsthustu (folding) vesaneweamulnaiuiulassadransdd (mwusenau 70). nelulassadig

a a

aReqfidazilassadrampsnfiidussduszneuliviainans. sunsiseidAgiiganvinliianisdiou



10

[

WurasarenedinUlnatululassasenfond Ae dunsiseruuulalasiin (hydrophobic
interaction) WBNIINAUSILUY non-covalent au q 1wy Wuszlosain usslslasiau usdlalna
(dipole interaction) kagwssTuLABsI1a (van der Waals interaction) Afldrudaslun1s§nuyn
ifgsnInvedlaseaianAgniinag.

Tnssafnszduiadadussduiigegnvesiusiu Aolassadnsansnil (quatemary
structure) Lﬁmmnmis’mé’hﬁ’umaqiﬂsaa%ﬁmaEJQﬁsummstaﬁLwUlwﬁmﬂﬂ’jmﬁqmﬁyulﬂ
(nwusznau D). ﬂ’l3Lﬁ®1ﬂiﬂa%ﬂﬂﬂ@igﬁiﬁﬂ%ﬁ]’lﬂLLi\iLLU‘U non-covalent ¥angyila WY dUAS
Aseuuulalasinin Wuszlosedin uselalasiau usilalna uwasusaiunesia Wusu.

anuanansalumshmihiivedusiunelueadiuinanlassadrsanudd. Tsiuung
silevimihiduluanaies nanfeldlassaiwdonilunmshau. lusasilusiuusindesding
srufvesanenedimulndunnimisaneInzaunsavimthils nandeldlassairsonsniilunis
vhautues. odraveddusiuililassaiiaangiilunisviieu wu Tusiu ps3 (mmwusznau 7).
Tusiu ps53 fidloaglumadaswumnluaniuglawes (dimen) dsiina cytostatic udlsianusanszdu
TiAAnseeveeaduy apoptosis 16" wilileluianaves ps3 fufundu tetramer axfiast@idy
tumor suppressor LLazﬂiséjﬂﬁL%ﬁLﬁﬂmimﬂLL‘U‘U apoptosis a7

wenanlassadanidseiuvestusiuilananuiuds Tusiuuiindfisunsiserdu o

a o

f5ndusonsvimingsndae wu Wsiuurseiindesnisiuseladalud (disulfide bonds) Wieusie
sewinsnsnexdly cysteine aaadunia ledreinwlassairanufiffigndes (Mwusznau ).
TWsfuuiladesduivansiuanadnludnueass prosthetic group \ensvihmthdl (nmusenau 9),
w3elusiuvnsviindosdunisnsndanddniinfu nucleoprotein complex ifion1svinniif
(nusznau 10) Judu.
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A  MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGPDEAPRMPEAA
PRVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAKSVTCTYSPALNKMFCQLAKT
CPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHERCSDSDGLAPPQHLIRVEGNLRVEYLDDRN
TFRHSVVVPYEPPEVGSDCTTIHYNYMCNSSCMGGMNRRPILTIITLEDSSGNLLGRNSFEVHVCACPGR
DRRTEEENLRKKGEPHHELPPGSTKRALSNNTSSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALEL
KDAQAGKEPGGSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD

amUsznay 7. Tassa¥rsveslusiuaunsauvssentfidudszdu. (A) lassadreugugd (primary
structure) Aedndiuresnsneziluiinndeusoruseiussindlndiinduaenedmulng. (8) Tassais
yfvgi (secondary structure) Aolassadvanufifvosaenedindlndlutindu 1 1wy inderdadin (o)
wazuHuNENLUAN (191) FaRntuarniuselelasiussritonismylng (Fuussdn). (©) Tassads
nRend (tertiary structure) 1in9Inn13suy (folding) vasanenedmdlndludulasiaiisandd, uas
(D) Tasea3199939 (quatemary structure) Faiinanmsdufuvesansveswedmulndlugasunnniinis
anewfionsvhniig. Tassadsfiuansdelassadrsveslusiin ps3 Faflaut@du tumor suppressor protein
(PDB: 3758).% a1nusenauannlaelusunsy The PyMOL Molecular Graphics System, Version 2.5.0
(Schrédinger, LLC.) wag Adobe Illustrator.
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Disulfide bonds ¢ carbon 2

Sulfur - %
O

awusznau 8. WUsRuureviindasniswuseladalnd (disulfide bonds) WWaudaseninensaasily
cysteine daeAunis adreinunlaseadreauiliafigndes. lassainaues extracellular domain ¥es
human epidermal growth factor receptor 2 (HER2) fiaaniswuseladaludsruiuannifiednulasadie
audivigndesdsazaninsavihmehitls (PDB: 1NZ8).” amusznaunelaglusunsy The PyMOL Molecular
Graphics System, Version 2.5.0 (Schrodinger, LLC.) wag Adobe Illustrator.

mwusznau 9. Wshuueiiadesduivaislaanadnludnwaz prosthetic group wiamsviwiing.
lassasrsveseuleiozlsunng (aromatase, CYP19A1) Mvihuthilisaujizennisivaeu testosterone 1iu
estrogen Way androstenedione \Ju estrone. Laul%ﬁasiimmaﬁﬁaqmwg prosthetic lan heme Tu

nMsvimissu§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 f‘woloenzyme\ A .,\\l
Teb1 subunit g ? e

S

’!'i Telomerase holoenzyme
Teb3 subunit

Telomerase holoenzyme

Telomerase RNA ¥ Teb?2 subunit

YTelomerase Telomere DNA
reverse transcriptase

Telomerase associated
protein p50

amUsznau 10. WWsAuursviindasdunisnsafionddniinilu nucleoprotein complex wiansvin
wihdl. Tassadrsveveuledinlawalsd (telomerase) Feviutinfilunisarsuuuiiduousinadaiy
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)

puuzSeiiilusiuduluanadmneideiiduasiuanaidn (small-molecules) 7
Fudamsiauvedusiuiifiausudusonsiesyiulnvensadunde wuiddaeuled wazed
Huansluanalviey 1wu weufveAuuulalulaau (monoclonal antibodies) fituuazdudsnisyinnu
vasSudyanauuiingad (receptors) Wudu. deluiilushedwoserduusdediiiusiudvane
waznalnnsinauenaeiueanly.

grdrunsidonareviaduiisudaeuledivimdilunssuaunisiisnlusenis
WSaivlnvenwaduziie ey eridusdudueuludeslsunng (aromatase inhibitors).
wulwsiozlsumafuouluflungulslnlasu Pa50 (cytochrome P450) fivimiiiissufAzenis
L‘U?ﬂlsu androstenedione LJu estrone LLazL‘U?i'EJu testosterone 1Ju estrogen ﬁﬂﬁ?um’iﬁu 5@
ulailozlsunng Seanunsadudenisialyvenvadusseideinisoalasiauls. sridusadds
oulwsiorlsuina Svafifuanslungu steroid indloufuduamninesujiten Wy Exemestane
(nwUsznav 11) waz @137l steroid 1w Letrozole way Anastrozole 1dugiu.

Exemestane

A

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

[lustrator.
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shiudueulmiBnnguilfidusiunsSogauninats fo sudueulllundulaiua
(Kinase inhibitors) Fai3sufAe1nsiismymeamsliualusiudmnelnglderAlusulnsoans
(adenosinetriphosphate, ATP) uduainse. GTaasJ'wwaﬂEJﬂuﬂf,j:uﬁlﬁLLd Ribociclib way Palbociclib
Fuduiniudueuluilawaisumeziu cyclin-dependent kinase 4/6 (CDK 4/6). toulal COK 4/6
v mdndylunsmuauiginsmaudsiivensad (cell division cycle), frdunstiudaonules]
Tunquilisannsadudsnmsaioiulavensadls

mwusznau 12. wuled cyclin-dependent kinase 6 (CDK6) laduiu (A) #ifuds Ribociclib (PDB:
5L2T) waz (B) fadud Palbociclib  (PDB: 5L21)."2 fhenvhaesiauiuteulsfluuinadieuledldsuiu
oziluTulnsvloawln (adenosine triphosphate, ATP). Tnemusumzianzasiu COKA/6 vassaentuiu
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 o < a & & |
wanNeNLanwauziduasluanadned erduuzssuiaiiduansluanalng
Wiy kauRvafLuulalulaay (monoclonal antibodies) N@10150TULALTULINSVINNLINVDIFISU

[

doyayrauuuiiaoead (cell surface receptors) liwad lailasudyarunisasyivln Fadilugns
fudansasguengaduzsld Medrsvaselunguilléun Trastuzumab wag Pertuzumab Tsduiiv
HER2/ERBB2 Tuustinfiunnsnaiy wWeldevisaessiuiulunsSnunuziSaiuiuuy HER2-positive

v lilanan1ss N,

(13)

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
Taw 4 Tuvausdi Pertuzumab duusnadulawm 2. amUsznaunalaglusunsy The PyMOL Molecular
Graphics System, Version 2.5.0 (Schrodinger, LLC.) ez Adobe Illustrator.
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unf 2
NMSFUADS:HMIN Oncoproteins lla: eIt drSuu=iSaisiuy

(Binding of Oncoproteins & Targeted Drugs for Breast Cancer)
IS5% WUSDIBES

aufmTimeiIneraansvilinsiuilsausa (cancen Watuiilesainnisnans
g (mutations) TusTuy (genome) vouiadifoifio (somatic cells) Fudunaduiiennainiade
maugnssukariadeaindeuindousne 9. n1snanewus (mutations) tu Sieiilu driver-
mutations G?J!\‘i Lﬁﬂ%{uiu cancer-associated genes (oncogenes, tumor suppressor genes, DNA
repair genes), LLasﬁ Wu passenger-mutations. N13N AN aﬁuﬁ:mﬁm activating-mutations Tu
oncogenes WANEN1SHAR oncoproteins fvimhfiduindeuvuiunisiudiauzss (carcinogenesis)
Taliugnaiusaly

ugi3asus (breast cancen) Wunifeiinulfvesigasusuusnlugudsinlan uazdu
awnduiuusnvesnadedinmelsauzisduivdonlanie V) sanunideilunvesuzifaduy
(breast cancer genomes) lafinsafinnineunsiul a.a. 20129 way a.f. 2015,° s ntallad
nsAnwiefessenundudiunnn aftensiauewaznsinuls, Wlensusnueziiae
wazmsnennsadlsafiudugdetu.

nsshulsauzsadunlugausn ¢ fudumssnufiBenieiitada (chemotherapy)
Inwlden cytotoxic compounds, ﬁlﬁgﬂﬁwmsﬁu Tngo1foAaILsaveseNmMant lunisvinans
wadfiuusieg1939n137 Taglidesifiein enazdinalnniseenguiiduuls. annusdeaniseniid
nadaAsstiosasnin chemotherapy uaroangyisianzasemaduzissldundetu Tihangnsnis
fumensneusddusamall Tnefidhmnswsisneriiannsaduds oncoproteins wavaunse
nagounssussnaiulnvesadusiild TufesUfuRns (preclinical studies), Ifinuginmuives
“nssnwinuuyai (targeted therapies)”. flausiin cytotoxic chemotherapy gaiunumaAgylu
ns¥nelsaugiSadnuy, ualaiinnsly targeted drugs ﬁLﬁum'm%u, TaglasuniIsNanauan
AnuAmtlumelinres genome sequencing uaz N1siangueesveslsnuzisuiuy tngldnis
wWaguuladluseiuluanauinas (molecular characterization of cancers). Msfisivadonlu
As$neninanuaneuiniy ié’LﬂuﬂW5gwwq1U§ﬂws@LLa%’ﬂmﬁﬁm'mLLﬂuﬁm’mﬁﬁu (precision
oncology), Tngrhmaidensie q iy wuulglamngauiugUigudazau.

unmnuifasiiununiuy nsfinedilaseasna (structural data) wes oncoproteins way
M58U (binding) AU targeted drugs finsldsnulunzidadug, Faezvlddilansieuues
oncoproteins Wag targeted drugs lﬁﬁ?jﬂ‘ﬁu. Ql%ulm%ﬁﬁayja (structural data) ﬁ]’mgm“i’f’a;ﬂa RCSB
PDB (https://www.rcsb.org/) a9 (molecular visualization) nMWUsENBUAIUIIEY A8
PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA). YlYUIBUD
PDB thil#iszyin data files flaglu the PDB archive iudayaililéléviluiduasisae [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 AUalEIUAIY 0T PDB Lzl

Estrogen Receptor (ER)

Estrogen receptor (ER) Lﬂuam%ﬂé’wﬁﬂu nuclear transcription receptor
superfamily. ER anxnsagnnseAulvvinnulaeie ligands dulaun steroid hormones #19 9,
estrogen. Estrogen Lag estrogen receptor Aedastunansauiuns toua cellular proliferation,
inhibition of apotosis, invasion Wa¢ angiogenesis. ER i 2 isoforms (ER-QL, Way ER—B). Iﬂﬁﬁgﬂ 2
isoforms wulgluilewdostesduaiiung (normal mammary gland) ﬁagjiaué’amLﬂfat,?iamﬁqw’huu
, uilamng ER-0L wihiufinuldludodonzsadu.

ER Usgnausme 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) funumlu ligand-independent transactivation function. @ C-terminus # 1
ligand-dependent transactivation domain (E/F or AF-2 domain) "?J!Qagjﬁuezsjjauﬁlu ligand binding
domain. AF-1 uag AF-2 nzéfu transcription Idadudaseseru uanadunvity wasvhauluiuy
promoter- e cell-specific manner. AF-1 @mﬁaudwﬁwmw transactivation function d@aulugjlu
differentiated cells. Ligand-dependent nuclear transactivation \Aedeetun1sil ER homodimer
U9y palindromic estrogen response element (ERE) sequence 983 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) ﬂiz{;]:uiﬁLﬁﬂﬂ?iLUSSULLUﬁﬂUEUWN
(conformational change) vilwlunaineauwsonsau 9 AU 1AAN159U multiprotein coactivator
complexes lago1AULXXLL motifs U89 coactivator complexes g (@ awdsznay 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)® Tassai1anand main-chain Tugukuy rainbow colored cartoon, A1u N-terminus @
¥y, C-terminus Auma, 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
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nwusznau 2. 1assa319989 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 Tun1591eliiAn 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

nwusznau 3. 1as9a319984 ligand-binding domain (LBD) wa¢ ER-Q fiuananssuiu agonist
estradiol (PDB:1QKU),"® wuaz agonist diethylstilbestrol (DES) 3$2ufiu  coactivator
(PDB:3ERD),"” uazduniu 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 @wdad wilu 4OH-tamoxifen Tiludu13. 2w 3B-3E uans ER-LBD Tuguiuu rainbow
colored cartoon. A 3B wand dimer U84 ER-QL LBD 7i5ufiu estradiol. A 3C uaz 3D wanein
Jleduffu aconists, conformation ¥84 Helix-12 %agﬂueﬁ"nmmﬁﬁlﬂiamﬂﬁ coactivator 1§l
coactivator recruitment site I¢. a1 3E wansindedufu dOH-tamoxifen Fzfinisiadoudives
Helix-12 11U coactivator recognition groove 33¥l# coactivator vigulile. amuseneun
1ng PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York, NY, USA)
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Aromatase enzyme

Aromatase U cytochrome P450 monooxygenase (CYP19A1) 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 1u 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. 1n59d319%99 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 (819) 119
D stick diagrams (oxygen = red, nitrogen = blue, iron = orange, carbon= white in heme, green
in androstenedione, cyan in exemestane). AW 4A-4C WEAY AIUUUNUDY 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. AwUsENaUAlAL 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. 1As9d319ua9 non-steroidal aromatase inhibitors: letrozole (luaaw 5A),
anastrozole (lun1w 5B). sviaansiidnwarsinaed 1,2,d-triazole functional group 8¢ Fadu sp2-
nitrogen containing heterocycle fanunsaluduiu heme I finaunisviauwes aromatase.
Amusznaualag PyMOL Molecular Graphic System (Version 2.3.2) (Schrodinger, New York,
NY, USA)

gilundu aromatase inhibitors SusUfASeuAfinsUAEULaY androgens Ui
estrogens, Lﬁdﬁ@ﬁ@ﬁlﬁﬁ@i’am%izf&’wLﬁauLLé"s (postmenopausal) fnalid@snsnanszau
Y94 residual estrogen levels adlulgannnin 90%. elungu aromatase inhibitors laianansagn
Wlgla (contraindication) Tugndsineununuseddou (premenopausal) fgdlailasunssuds
Msvieuuesssly (ovarian suppression), wiszindle  aromatase inhibitors Ududansadng
estrogens MlIEAUVDY estrogens anas ﬁ]‘”u Ugﬂsmmﬂaiiwm (compensatory phy5|olog|cal
responses) ﬂi“muﬁlmmswaﬂ FSH, LH snnau 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 iiewmileaili
LA active conformation ¥83 CDK4/6. Cyclin D-CDK4/6 complexes ﬁﬂ%ﬁ’lﬁmuqm cell-cycle i
G1/S transition laglsen15¥UATe1 Phosphorylation 1ims] phosphate 1iffu retinoblastoma
protein (pRB). Phosphorylation 483 RB1 protein vilidin1siendave9 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 Tuiwadnansviln, sauawaduzaduasin ER-positive fne. lunuisenmenadn, ns
14 CDK4/6 inhibitors (palbociclib, ribociclib, 9138 abemaciclibAls) 571U aromatase inhibitors Tu
first-line therapy %39 fulvestrant lu second-line therapy AMSUNLLSLAULTE I UNINTEAN
A0 progression-free  Wag overall survival iéﬁ’fﬂuﬁﬂw premenopausal ey
postmenopausal kag annsaideunanfiazdenduly 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 taz 6C, viral cyclin LaMILUU magenta cartoon. Palbociclib, lunm 6C wag 6F, Wanuuy
stick, oxygen=red, nitrogen=blue, carbon=white. Ribociclib, Tunn 6D way 6G, WanIkUU stick
e@Md carbon=magenta. Abemaciclib, Tunn 6F way 6H, WEALUU stick wana carbon=green.
W3 ulaunn 6A uaz 6B azdiuléin P16INKAA vil% CDK6 il conformation #ilal active, Tuneizdi
cyclin ¥1l# CDK6 31 active conformation wiluguwes OC-helix uaz 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 tduLdunisnisdeansaieluiwadiiddgysunis,
pathway ‘f‘:ﬁwﬁwﬁmauauaqﬁamiﬂisﬁuﬁ’m nutrients, hormones, Wag growth factors; aninii
Sudafiunumdidfyunlunisiulauazuiafivesasadusiie. Phosphatidylinositol-3-kinases
(PI3Ks) LYu lipid kinases mzqauﬁaﬁﬁmmmmaaiumniw;jﬁ%m phosphorylation a18leu
phosphate (gamma phosphate group) a1n ATP lug hydroxyl group (-OH) Viagjuuﬁ%mﬂd D3
994 inositol ring 11 phosphatidylinositol (Ptdlns). PI3K family @1uisautseantamdu 3 classes
(class I, II, IIl) mudnwaieud structures wag substrate specificities. lusiyue, Class 1A PI3Ks §aus
Taeanilu 2 subclasses 1A uag 1B, mma‘”ﬂwmmmmimuau activity. Class IA PI3K enzymes Ju
heterodimers Usgnaunay 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, 91Ua160U. p110 isoforms R GEDE CRROEREtet p85 regulatory
isoforms %Qﬁagj 5 isoforms: p85QL (k@ splicing variants 984814 p550 and p50QL, WanlAY
PIK3R1), p85P (anlae PIK3R2) and p55Y (Wamlae PIK3R3)."8 1Y wuin PIK3CA gene (Wam p110QL
isoform) 1¥u oncogene #ign mutated 1138 amplified lévpsunlusziadiuy wazlungi5adug
Yosuywd.? 2% Class IA PI3Ks 14 Ptdlns (4,5)P2 1u substrate uaslinandndu 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 Fevinnisanglau phosphate
group LA Akt i threonine308 Tu activation loop, w§aantu mammalian target of rapamycin
complex 2 (MTORC2) vi1n19a18101U phosphate group T9Ln Akt 7i serinea73 lu carboxyl-

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

terminal hydrophobic motif.
Farviauldidiud. Akt (PKB) 10U serine/theronine-specific protein kinase fwilafidunuinly
NABVUIUNITVRLLAE 19U glucose metabolism, apoptosis, cell proliferation, transcription ey
cell migration. mTOR 1Ju serine/threonine protein kinase #1udafii1n g 1fdade
phosphorylation signal 7ik11a197n PI3K wag Akt. mTOR aglunsznaved Phosphatidylinositol 3-
kinase-related kinases (PIKKs). mTOR thuanansaiinsdusiu proteins u 9 MU 2 complexes
%Al MTORC1 and mTORC2, Safinthfimsvheuuansieiu. mTORCT dududhmnenseengns
(target) ¥® 9 rapamycin W@ rapamycin analogs. PTEN (phosphatase and tensin homologue)
.1 dual protein/lipid phosphatase #3373l specific affinity iU phosphate group ﬁagjslu
ALLAUY D 3 U89 inositol ring, ﬁﬂﬁmmmmﬁau Ptdlns (3,4,5)P3, %QLﬁumamamm PI3Ks, T
Ptdlns (4,5)P2.?” PTEN Fa18u tumor suppressor fid1#ay mm'ﬁmaaﬂqméﬁm PI3K/AKT/mTOR
signaling 1@,

nsasdyeunelueadiiumie PI3K-AKT-mTOR signaling pathway funumaiuay
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 leldfsaufu fulvestrant dwsu uz$afifl 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

1A59a319799 PIK3CA (p110Q0) wagn1siusafu 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. TAsead19vas PIK3CA (p1100) #isufiu PIK3R1 (p85) uas ATP #3a apelisib
(PDB: 4JPS,®Y 2Y3A,5? 1E8X®Y) arn 7AB,C,E wamdLUU cartoon Iﬁ?imuﬁisuiumw. 2 7D
way 7F wane surface 09 PIK3CA (p110Q0). AW 7G wag 7H wand active binding site ﬁzﬂugﬂ
cartoon W@ surface. NN 71 waAe structure ¥a4 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 HERA). ile growth factor (ligand) T EGF family 14Uy receptor
(HER1, HER3, uaz HERA) aztuilenuiilef receptor ﬁ?uﬁgﬂmqm?{auiﬂmmﬁm (ligand-activated
state) i l@1u1509UAU receptor §29uld (dimerization: homodimers, heterodimers, Lage1ail
3439 flaugiin HER2 Tiduiiu growth factor Ta 9 Tu EGF family, 3unss
lagunfives HER2 dadnuadendeiugunseves ligand-activated — state aguad Jedauasuliiiin
dimerization Inglddosld ligand.®"*® n1siAn HER dimerization/oligomerization ¥l HER kinase
activity it nalfiin transphosphorylation fin15¢181eu phosphate 910 ATP fiduffu HER
fandla daluliun tyrosine-residue a1 HER receptor ﬁﬂéf’mﬁaﬁagﬂuﬁj dimer H . Haufi3n HER3

higher-order oligomers Al

W impaired kinase; LL@iLﬁaQﬂ transphosphorylation Tae HER receptor A9 ulunaq, HER3
au1savimtiiiilu phosphotyrosine scaffold 18Uszan3aan, vialiiin1snszAu downstream
signaling M15uusdle.*”
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1A598519099  Extracellular domain (ECD) %8s HER family proteins uanslu
A nUsenau 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. 21w 8A-
8C wa@ng tethered monomer (autoinhibited) ¥84 HER3 (PDB: 1M6B)*?. EGFR (PDB: 1NQL)*", 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 a1ua1nu (PDB:
3NJP).“Y M 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)



1A598519989 HER2 ECD ag 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

38
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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 Y89 Trastuzumab Wag
Pertuzumab 0% 9A, 9B wand dimerization domain 984 HER2 (PDB: 1N8Z)*". a1w 9C wans
Trastuzumabduiu domain IV 983 HER2 ECD (PDB: 1N8Z)®”. A1 9D,9E wans complementarity
determining regions Ut Trastuzumab (PDB: 1N82)®” #1910 Anti-HER2 mouse mAb . A
9F, 9G wana Trastuzumab Juffu HER2 ECD 91 domain IV, w¥ewriufl Pertuzumab Uil domain I
(PDB: 60GE),“? uazn151 full-length 1gG1 (PDB: 1HZH*") w1 Wudiouazviloiiiu nsviauaes
anti-HER2 mAb iﬁa‘éﬁﬁﬁu. nnusgneunalng 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 fifuiiu 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 1g. Tunauedl trastuzumab fufiu HER2 luuSin
extracellular domain IV; domain J5nfud w3 homodimerization ¥es HER2, ey
heterodimerization wa4 HER2 fu HER3 #8alifl lisand 118U, Trastuzumab Fedpwandlalliin
ligand-independent HER2 (kag HER3) signaling 9. Tudninmaes, nsly combined anti-HER2
blockade ¢18 pertuzumab 211U trastuzumab Iﬁmamﬁﬂmﬁm’%mqméﬁu (synergistic effect) #19
HER2-positive tumors.®?

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

way trastuzumab ua7.¢

unasy

54)

AnuATmtlunsAneidelassaiiaagnisviheuves oncoproteins TusgiSadu 16

Wngn i targeted therapy dmsuuzisudnuy wazilun1symnslug precision oncology
ien1sinuiidenanesiugUlsudazAuBUL.
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unn 3
avARoWINBariumsivasundadvesdluuluu=iSasiuy

(Genomics of Breast Cancers)
1S5m WUSIIBUS

ugi5asu (breast cancer) Wunzisimuldvesiagndusuusnlugudwilan wasidy
annmduiuLsnuessdedindelsauzisduiudganlandie O luuszmalne, sziadumdu
uzSsfinuvasduduiian wosluavndusuiiawuueimadedindelsauns Tufihefaone
i, Ineduduusnlaunuziseiv, dudvaedlawnusaven.? nsdedinvesiirelsausiSusuy
dlugiinunainnisunsnszanevedlsaugise (metastatic disease). luszey 20 Uisiuan, 16
mmﬁ’nwﬁwazma?wﬁ’zyiul,mﬁﬂﬁi%’ﬁﬂmaaﬁiﬁ‘wm (molecular biology techniques), 12U
microarrays, next-generation sequencing, LLa¢ whole-exome sequencing. mmﬁnwﬁﬂmd’]ﬁlﬁ
Fliinidedanudlaluininewenaduzdaldundedu, ansafunuauinunifidudeuses
cancer genome 1@ (L% gene mutation, copy number aberrations, methylation W& ¢
translocations), wazvil¥a1u15afuny biomarkers fLAefU signaling pathways duiinavial
anunsanennsainssiiulsn wazmanisalnavesnsinuldedsarmuasuiugunntu.®

Tuilagiu S fvemasvuunniuiianansotunld dmsuinuiieusiadu i
Tulseszezusnauaz/mieszozunsnszae, mbiuwnddauadndudestimuduasludoyaiifeites
AULUUMHLANTLARI88NEY (gene expression patterns) waznsiUasunlasesdlua (genome) 4
Tufeunzidedusnda (primary tumors) waglufeuuziuduuiildunsnszarseanty (metastatic
tumors) wagdndudaadianuduiaslunisiandszendlddmiugvae Helunisdemsaania
o fuRnsuaznisutanaves biomarkers MAgades, wagmsidenltorfmnzanaonados.”

TuLaﬂJUﬁﬂ’aﬁy'u lsauziSadunvzgninuueanliniy inausivesne13ine,
(histopathological criteria: 8uUsznoUA28 grade, tumor size, hay lymph node involvement);
foyawartazgninnidudiunisasnisdassezduredlsa [tumor, node, and metastasis (TNM)
staging system]. Banintiu, M3AT19E3a immunohistochernistry (IHC) ilan protein expression
84 nuclear hormone receptors [estrogen receptor (ER), kg progesterone receptor (PR)], k&g
human epithelial growth factor receptor2 (HER2)] LﬁaLLsmsz’jmzﬁaLﬁwuuﬁ?uagluﬂdudaa
(clinical subtype) ¥iialwu 2zgnldidunuimsdmiunissnumuzisudunegragudl (targeted
therapy) sialu.

Tu¥ A6 20002001 Perou wazamz lis1eaunan1sideiiléinaiia complementary
DNA microarrays 39vil#anunsainsizii gene expression vosviana iy genes lamou q fu, au
anunsaasie iinlasanse N msau (molecular profile/portrait) ¥89 gene expression UBIULL5ILAT
unusaziould, ilila3in lsauziasuy (breast cancer) Hulsauziwianidsiifinuvainuane
(heterogeneous disease) TngUsgnaudie ndudos 4 uatengu fdainuunnsisiu sy
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LUULNUNSLEAIDDNUD98Y, N1satduvedlsn-neansallsa (prognosis), Larn1SMOUAUDIABNT
§nw (responses to therapies).® lutiansie q 11 ﬂmﬁ%’a%gmﬁf TanansliiiuinugSaduy
A1U190LUINTU gene expression patterns 1oty 6 intrinsic subtypes: luminal A, luminal B,
normal breast-like, HER2 enriched, Basal-like, ka¢ claudin-low.“™
Tunaideuaufaniveunaian1snsaa DNA sequencing 7inseyinuunanes
Aawnuslunson 9 Au (massively parallel sequencing/next generation sequencing) vinlsladl
nanpuiteiituneiedindnuludedonzssufundaunaegiestu deildldiguteya
10 | fodoyaimanildgninuniiase
Saufuuideiidnuinininuidenleasening cene copy number aberration (CNA) fum3y

YuIAlNQUBe somatic mutations NneliiAnugiSaanu.’

wUsUs9ul gene expression,®? Aduvhlifunmsiufiadududeunes somatic cenetic events 7
Hunumdranglunensida (pathogenesis) voangiSauAnul. faun The Cancer Genome Atlas
(TCGA) Network l¥msfuairisouuuesdsanionun (“omics” approach) sndnwfiniivunntu
Inglaadregudeyavuinlgves exome sequencing (>500 exome sequences) $3ufuN15IdE Ty
mutation/copy number/mRNA lunsos & fu (triad), $9uAUNI5MTI9 MicroRNA expression, DNA
methylation LiofnwY epigenetic regulation, LaEN1TATIA proteomic profiling A28 reverse

)" [exomes lngUnAnanedia sequences NiRaBUARN exons VIAnA

phase protein arrays (RPPA
284 protein coding genes, WaE3IUNT exons V8L nonprotein coding elements L%U MicroRNA
w3e (NcRNAL n1534A3129% genome w84 primary breast cancer agsastdendnd dlduanafiunis
Wasuuwladlusgninanisiauinisveslsausids (clonal evolution) wagyinlilddunuyssanas 100
genes finelsa (disease-causing genes) LLazLﬂﬁgﬂ’liajﬁGiaLﬁ@ﬂmmu’l (passenger events), WafiiAn
1esnnyurumsing qiialiiAn mutation,” 1" Fsaseunquaudenniueny (age-related

18 18z n151AA mutation laeLdy

deterioration), AMUUANTBIVDY homologous recombination
%181 APOBEC (apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like)." 2 Ty
gmsﬁagamuﬁﬁ&ﬁaﬂmwﬂﬂLLéﬁ, U1 intrinsic subtype classification 984 breast canceriﬁ“ﬁjamuaﬁ
memmLﬁ?faﬁ,ﬂaﬁzijaaﬁﬁmm (molecular biology) LLazwqaﬂiimmLezjaéml,%ﬂu subtypes

21,22

114 9 wazdalvidoyanuaiuginia clinical and phenotypic classification.””?? §nwaugianizved

intrinsic subtypes laanslilu arsaed 1.0 212529



A51991 1. SNWAULLIANITVBY intrinsic subtypes TungiSadauy 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

Tunsainliannnsadingaa gene expression profile Lo intrinsic subtypes 17, 151917
NAWYIUAIY N15MTIT immunohistochemistry (IHC) WWew ER, PR, Ki-67 wag HER2, $auAunsh in

situ hybridization of HER2 Tunsdifisnifu.

25)

Aou1lAdiN1SI@UBI1 progesterone receptor (PR)

expression luszfu unamIosediugs fimusmiu estrogen receptor (ER) anmnsagmiialdiiu
‘Arinunauny’ (surrogate definition) vasuzisadunyila ‘Luminal A-like’ld; Tnsiauauuyinly
‘Luminal A-like’subtype 1 IHC §o9Wu ER+/PR>209%/Ki-67<14%/HER2-?9 n15¥nsefuans
Ki-67 wielilusuiiveansutas (proliferation) firuddaludfenwilsne.® nsld markers ta
PR uay Ki-67 Suudiosdinisniunuannim (quality control); win1s3n Ki-67 Tuilagiuil &laild
Wusesigruieaiulussningieau fRniseng 4.2" % sreaziBenveanisly clinicopathological
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surrogate definition, F4AABNINTIINNETARTNTTAUMINBULREITU 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, Iumajmﬁmﬁmmﬁgﬂﬁmdw “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)-Ags
mmmgﬂLLﬂﬂéaaa@ﬂiﬁgﬂImW genomic alterations, gene expression profiles, histology, L&y
immune markers.®"** Taglul a.A. 2011, Lehmann uagaug 1A gene expression profiles Tu
TNBC uagnwuin TNBC aunsagnuuseantsiu 6 subtypes: Basal-like 1 (BL1), Basal-like 2 (BL2),
Immunomodulatory (IM), Mesenchymal-like (M), Mesenchymal stem-like (MSL), wag Luminal

" dounlul Ad. 2016, Lehmann WazAMe ASIENUNANITIFEN LY

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

immunomodulatory (IM) iag mesenchymal stem-like (MSL) subtypes Agunuinneuiy Ju
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NaN19IN  infiltrating lymphocytes Wag tumor-associated stromal cells, #IUAI9U. 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) waglauansliidiuin 4 subtypes
Lwé’lﬁ’ﬁﬁm’lwmﬂﬁhﬂﬁ'ﬂu diagnosis age, grade, local Way distant disease progression gy
histopathology. 62 mm%ﬂmuG]mmuiﬂwﬂmmmL%ﬂiﬂiﬁﬂuvl,iq triple-negative breast cancer
1N LLaumﬂmmmmumiWmﬂiaﬂiﬂLLavmimm*&JNamﬁﬂm (prognostic wag predictive
value).®>?®

Tumnuianauiuds fiddayed1adereninufiiedtu tumor genomic alterations
WAz gene expression profiles ﬁﬁﬂﬁﬁmmiLﬂﬁauuwmiwgﬂuﬂwsaLLaIuT,smwﬁqLéfmmzamsn. A
M339 genomic assays fissnUewara1u1satuldns9917 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 innniniidnuagnianddnuasne1dinetange
el wazdeliaiuisausu adjuvant therapy dmsulsaugiSadnuuaiin HR-positive/HER2-
Negative flogluszerdunn IfaziBonnsufubeiu

A19199 3. Gene Expression Signature assays fiaunsadtunldainsunisandulalunisdne

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

Negative breast cancers)®™*¥

Signature Number of

Target Patient Cohort/Clinical application Risk catego
(GEEERE)) 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

Tuuniefin130339 gene-expression profiling liiusyleviiagadmanlunisneinsallsa
Lﬁai%’uﬂuummaﬁm%%ﬂﬁ@LLa%’ﬂmmﬁqLéhum::azl,lﬁﬂ6’] (early-stage breast cancer), UNuUIMN1S
M52391 tumor genomics TUNLLSUATUNTLETUNTNTLANY (Metastatic breast cancer, mBC) Al#
WalUagneng. mvdidalugaanailndqives PARP inhibitors lumsshwusdaduussey
WN3INT2a 87 deleterious germline BRCA1/2-mutation, a8z phosphoinositide 3-kinase (PI3K)
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inhibitor Tun155nwINzISAAULTLBLUNSNTEA89H PIK3CA-mutated hormone receptor  (HR)-
positive leiuanaliiifiuunuinues genomic testing iivaldidunuinislunisguanzidasuuszey

37, 38,45

WHINIEANe. ) Bandndy, dvdngrunsideunTunvlmiuaudidgues tumor genomics Tu

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

ANUNTITvewnAlulag next-generation sequencing MnlWiinIdeanunsasjsfinyim
SNWLYDY genomic alterations fiAnlu metastatic breast cancer tumors (mBQ) 161, Dufiveusu
futnsiasunasinu molecular changes awnsaiiniuldnasaluszwinanissniulse. wuindl
AINULANANIUAN1IZTVDY ER, PR WAy HER2 receptorsﬁLﬁ@%uwé’wmlé’%’u neoadjuvant

20 Lariiauunnaduilluseninegues primary kag metastatic lesions A3e

chemotherapy'
519 Tagildnsinnananeng (discordance rates) agjl 10% 59 30%.% A2uuANA1SI89 gene
expression $¥%314 primary kag metastatic tumors Aldsun1sBududensifedild predictor
Analysis of Microarray 50 assay (PAM50), Ingnu discordance rate agj‘ﬁ 36.9%.°% Tuiusadeniy
, genomic alterations 1 metastatic breast cancer waglu early-stage breast cancer AflA1y
LANGIAY, e?fammLmﬂ@iwﬁ?umamqumuﬁmﬁmaa driver genomic alterations Plawulu

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 91n91W33ivilag The
Cancer Genome Atlas"? LUTsuLfisuiulu metastatic breast cancer 311N15398614 9. (55, 57)
A1919% 4. azvieulifiuinluussni 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

/HER2- /HER2+ /HER2- /HER2-

(n= (n=175) (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 N1513¢ é]:u downstream signaling
pathway ﬁ?{mﬁaa JudnwaugUsedndives hormone receptor (HR)-positive breast cancer. 19
THfunfleanguisinu estrogen (antiestrogen therapy) Tunuuldenvunuievde nanevumsiuiy &
Wunasgiuvesnissnwigaunsn (first-line setting) 143y HR-positive mBC. HR-positive breast

cancers TuTUTz8zUNTNTZ18 (metastatic disease) i mutation Y84 estrogen receptor 1 gene,
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ESR1, iintuagetaau Aenulduszuna 20% lunvdevesunsnszane uinulddosnit 5% lu
uz1595285u5n. 9" ) ESR1 gene fiswad1uSundn estrogen receptor, WAz mutation 7R
ligand-binding domain ¥4 estrogen receptor dnavinl mutant estrogen receptor @1150%1197U
Ioedlaglaifiotodunisnseiume estrogen 3wilinsesu downstream signaling lanaania, o8
1hingn13ie #on19inwIRae endocrine-based therapies.“® PIK3CA mutations, finaliAanas
N3eAU PI3K/AKT pathway, ¥nuigadnuiinunilunisaiunu cellular functions.®® PIK3CA
mutations ganulévisly primary uag metastatic lesions luaualndifestu uazgnnuldluyn
subtypes luaaudfiunnsrefuly 12557 aqsdunuda PIK3CA mutation 1u primary waz
metastatic lesions Anduluaruddlndifssiu aonndesfuunuimves PIK3CA Tugusiidy
oncogenic driver gene dunile Tun15v11%1An malignant transformation %ﬂgﬂwulﬁgﬁ weilu
primary tumors. PIK3CA mutation gnwulgitu subtypes 619 9 293uL5ui UL TuAudfiuangg
fuly, Inglu HR-positive breast cancer fin1ufigean aeffi 40% vos tumors Malulsnszozuing
15,55.57 Fandtu, AKTL waw PTEN Gsaglu PIBK/AKT pathway fifl mutations

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

LAYIZETLNINTLINY.

positive mBC. usiilsimilou PIK3CA mutation fifie AKT1 wag PTEN mutations gnwuldues 9 lu
uziSesvzUNInIEANN subtypes, Usii1 mutations mandenaldifndulpeuiunisinuuas
YUIUNITANAIUVBILsA. §1mTU genomic alterations 3u 9 finulduesly HR-positive breast
cancer U CDH1, GATA3, KMT2C, MAP3K1, MAP2K4, NF1, uag ERBB2, fignfiansauinfidiusiu
Tugrusdu potential driver mutations, {unalnvesnisiosenissnun wie Wuiusdnensallse

(6962 | {15997 mutations wiandnulsuintuluyziSeszesunsnszane, Sud

(prognostic markers).
aragniunlfidulenadlunisiamn targeted therapy sulvaig drwiuduienguil. Mutations ve4
ERBB2 gene, dsflswadmiundn HER2 protein, ignwulduinaulu metastatic HR-positive breast

(

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

Naﬂizéju mitogen-activated protein kinase pathway activity LLazﬂﬁmqjiﬂWiaaﬁiami%ﬂwﬁ,(“) A

13, 55, 57

gnuulavaslu mBCs. ) dwiu TP53 mutations 1y fAignwuldlu HR-positive breast cancer

wanulaluaudfitesninfinulu 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 gnndnlae ERBB2 gene, uay ERBB2 amplification udnuaeUszdnda
289 HER2-positive breast cancer. AN Ayvas ERBB2 amplification ufiseusuiusgeiuda
wazaunsaldilu predictive biomarker iievituneuseleviainn1s§nwidae HER2-directed
therapies Tunzi5aiunszzILIne (early stage) LazIzozUNINTZY (MBC) M. UanLuiloan
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 AnUnAUTUTIU Y nsiirdeua ERBB2 hotspot mutations anl#ly
nsnnsquatiaetu Sifesseldiinisfnuviiudy, Tnslawieiion15348159 dUstn ERBB2
(65) &

hotspot mutations wuldunnfulunziSessegunsnseans Weleuiuuziseszezusne.® dnsiden



52

wanaliiiulinUseunad 50% V09 HER2-positive breast cancer Al expression Y83 hormone
receptors (ER, PR) mgluszaunng o fu, ﬁaLﬂulﬂiﬁiﬁﬂduﬂﬂw HR-Positive Breast Cancer wag
nqui U3y HER2-Positive Breast Cancer il genomic alterations ﬁgﬂi%iamﬁu, Ane15n1Lin
$2ufu Faagiiuldainnisinuitainuiues ERBB2, NF1, ESR1, PI3KCA, GATA3, kag ATM
mutations faflndlAssiuluithefaonay wasifmnniuly undszesundnsyans deifisuiy
uziSeszezuang. > > °0 P53 mutations gnwulelu HER2-positive breast cancer fiuszanas 55%
walu early-stage waz Tu metastatic disease.™ % 5" n1sunsnszareluiiaues (brain metastasis)
é’amﬁuﬁ@mﬁwﬁmaqéﬂwﬁﬁ HER2-positive mBC. {in13@n®1wui1 HER2-positive mBC brain
metastases i mutations Aiuana1glUaIN primary tumor. Mutations mdﬁﬁﬁﬁ’]ﬁag 19uA BRAF,
FGFR2, EGFR, wag KIT.©"%® Mutations mdwﬁﬁiamagﬂiﬁﬁaﬁwmL‘flu therapeutic targets 6u
Tuie) dndushw brain metastasis Tu HER2-positive mBC.

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

Triple-negative breast cancer (TNBC), i breast cancer subtype ifldnwaizUsesne
Aonshadl expression VBN estrogen receptor, progesterone receptor, Wiy HER2 expression, Ju
subtype fiflnensailsauenin subtypes Bu 9. LLﬁdmglé’ﬁmiwﬁaLﬁm%aﬂﬁims’& immune
checkpoint blockade Tu metastatic TNBC, msmeenfinduetanidsdls, uazdnsinissen
%immﬁﬂwﬂduﬁ/ﬁﬂﬂa(“) 115338714 genomic profiling Tu TNBC lewanslififiuingl genetic
alterations Mmaasmﬁl,ﬁm%uiu TNBC Iumﬁﬁﬁqm’iﬂu subtypes u 9. TP53 tumor suppressor
gene mutations gnnulaluiinnil 50% s metastatic TNBC tumors wagenvgaluiia 90% luung
51891U.%” TP53 mutations gnuulauselu early-stage TNBC ¢y, wuuseunas 70% fs 80%."> 7
Targeted therapy ﬁawmmﬁluﬂu 1% TP53 protein navuvinauladuund Suduminudosnis
SunilsiidfryosreBaundailaidusa. uenwmilolusn TP53 mutations find1Iu1uds, mutations
3u 9 fnulaly metastatic TNBC léfunl PIK3CA, RB1, wag PTEN winuluaudiitesniives TP53
asjnlqlnﬂ(ll 55, 57)
Homologous recombination system 15§Uﬂaﬁuau1%1ugﬁuzﬁﬁﬁﬂaﬂﬁwgﬂifﬁLﬂu

[ 1

therapeutic target Sumilsly TNBC. Homologous recombination fiaauddegisunntunisudly
DNA double-strand breaks 1i8udnf ol DNA drssanimaulsle. Germline mutations o4
BRCAL/2, Faviiliin homologous recombination deficiency (HRD), gnnullu 10% & 20% ot
TNBC, Wag somatic mutations 98¢ BRCA1/2 gnwulelu 3% fia 5% of TNBC.®” Tudlagtiutdud
gousuRudn BRCAL/2 wild-type tumnors @1usauans HRD b Taeifunaiiiesnindl genetic nie
epigenetic mutations 81 9 T homologous recombination machinery, 34360313 BRCAness.””
il somatic mutations vianeufianansavitlsiiAn HRD 16, 1y BRCA1/2, RAD51, PALB2, ATR, CHKI,

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

wonwMilean genomic alterations #1499 FiNA1IUILED, N1ATIFEUNI tumor
microsatellite instability (MSI) Suiiatuannauunnsosly DNA mismatch repair filéigniinald
Hutnnsgiunisguagitag metastatic solid tumors. ftaefifeuuzifed M Aldugvaofimanza
fUN155n®1éa8 immune checkpoint inhibitor, 141 pembrolizumab.™ A1snsaanisaddn wite
AUNI MSI Usgnauaie n1905291A8 immunohistochemistry ag polymerase chain reaction
d115U 4 proteins U89 mismatch repair pathway: MSH2, MSH6, MLH1, and PMS2. MSI la5ugiudu
Iflegadslunzifaduy wilumnudidesninlunzifevindu 9. feguisnuideliseauin
anunsnnsaany Ml 16l 0.9% es primary TNBC.™ TudnnisnuideidnuiuionziSeomnas
rzgﬂwiu The Cancer Genome Atlas Network wu313 MSI 1w 1.53% v94 breast cancer 7N
subtypes.’
uenwTeaIn MSI finamanuda, tumor mutational burden (TMB), Be¥ns1uansianan
189 somatic coding mutations ftinduluuziSeusdarfou, Adrdeegludrsiaunielddy
predictive biomarker §1%5Un155nw1uLL53038 immune checkpoint inhibitor."® "™ TMB gnin
wazdnauatdy $1121v89 mutations MARTUlY 1,000,000 bases (megabase) 94 DNA. n154
TMB Fiufisanntushy Taenged Aurazidunalinind tumor-specific mutant epitopes fannTu au
gniuslanne szuugiiauiu (immune system). NUITeRANwIsTAUYEY TMB 581319 primary wae
metastatic breast cancers Agslvnatiianutaudaiu. fnflanuidesisauinlu ngu HR-positive
breast cancer i TMB windulddhslu mBC dlawleuiu primary tumors, usilinuanuuansnagudl

(55

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

TNBC § TMB wiunnulu mBC Walileuiiu early-stage disease.® n1sfinwiieaiu TMB feaglu
szozAunifidy Saldldgniunldidudsedluneufon. ludUisusasautiu tumor genome 813l
A a 1 = Y . . . . . !
Aef dauvasundaslidiniieunu (genomic discrepancies/genomic evolution) Tusg1ing

G778 79 19 55m119 primary tumor lag brain metastases, ¢ ¢ &

81)

primary Wag metastatic tumors,
Tussminrouuasndsniinisaese mssn, wasuduineludeunzdadiont.

158 genomic evolution mufinaniun dnniserafunainain nsdhwitldnanedu
wsanadulsifinisdaiden tumor clones finuniu Aoron1sinu ielisaduzifand duagsen
soluld. n3nsI9genomic testing sz q onwnzadluuisaniunisal, wuinaiilsasisy
Turazldnms$nvivisedne. Bandndy, msisevunnlngiinaniuugs I%Q’ﬂaﬂﬁﬁuauMWﬂLﬁaﬁuuﬂ
genomic incidence ansalinmsinld, uinsisewaniidauunnssiulusiinvesnisnui
Avaelasy, Fuvauara17ivin biopsies, Wag sequencing methods. msﬁﬁﬁayjaﬁwﬁ’uﬁlﬁ'mﬁ’u
somatic mutation data ¥83 mBC ludUrsunazau aruisaldiluwuinislunisiden targeted
therapy Unedu, 1@y PI3K inhibitors, wadteUsuennalnuasnisiesld. aavine, Teyaiifeaiu
tumor genomic alterations vesgUrudaray Gallantaguiglunisidnsiuly molecular- wag

genetic-driven clinical trials 19y, $1U398seduAatinAneiu ESR1-mutated breast cancer.®2%¥
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A1589ATIANDAUNT Genomic Alterations
A514 Tumor Tissue Testing

159578 sequencing tiefum germline mutations anunsaldiileideundnd lidulsals,
WHN1SAUNT somatic mutation Aasldiifeifenyidasindu. anudvilunaluladves next
generation sequencing (NGS) YINlA&1L19091A15M5I3 sequencing Vo4 genes I1UIUNIA 9 1A
ogsgnapaisiug Tunailiiuu. 51 NGS platforms sgyansuuy dmiuinguszasdfiuansnaiu, 1wy
whole-genome k¢ whole-exome sequencing, targeted genome profiling, transcriptome/RNA
sequencing, Wazdy 9 - Tut23du, N191M933 tumor genomic mutations A9e NGS Hunisnsaadi
vifueguey 9. 1150529 NGS Mvidesiigaifielduszneunisquarguae fe targeted genome
profiling, %ﬂLfJUﬂ’li sequencing La‘wwmjm Y83 oncogenes ﬁauiﬁ], laglanig oncogenes ﬁﬁ
targeted therapies 115035U. TudagUuilus¥mienyunazanduns@nwmaiewniliuinisnsia
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 ASUN1I55UTBIIIN AMENTIUAITATT
DINIHALEIVBIANTTOLNTNT (FDA), way Caris assay tu FDA 164l 0y Breakthrough Device.
Oncogenes ﬁgﬂmwiﬂmmmwsm q Wit 819y oncogenes finuangluuziiiainuia
funnila (disease site specific) wunuldiamelunzisaduuunlinuluuziswinduae vionuld
il lunsdmateaaile. $1uuves genes Tuusiay assay anvliwindu maﬁé?m@i 20 Tauannnin
400. MSI ag TMB testing ﬂmﬂmi’masﬂu NGS oncogene panels. Y flaziden sequencmg
service, Li'mamwaamwdwuimw genes maﬂﬂ,auumﬂmw% genes mvmmiaﬁﬂu assay tu
q. Bendndu, ﬂ’)illﬂ’mﬂJiuiJﬂiu’J\‘ii‘lJﬂ’]‘iLLUaNﬁﬁ‘WﬁGUEN sequencing ma."mem sequencing
reports 1Al @5UENIIY, ULIIAITATENENGIN mutations #19 9 fintunigluusias gene
ﬁau%a*aﬁu anunselinansznudoningiaes gene tilimioutu. frograwy, Tu PIK3CA gene
WU31HNINAI1 10 point mutations fuanseiy; wilu mutations wand fluna mutations, L4u
E542K, tiiuiildSunisnsasdeundrindy eain-of-function mutations 7ifnansznuse tumor
biology, luvaug# mutations du 9 fuaLdu neutral Aoty wild-type, nTodsagulals

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

(inconclusive).®
awﬂ%’lmlmwaiumuwwumau 9. unLNia9In tumor somatic mutations ‘Vlﬂaﬂmu,m, tumor
sequencing 137 IIAINY pathogenic germline variants Taglalaminnisaluineu (incidental), R
annsndinansznusie Megthsuazasouaiiliediann. fnfanuite Wesnusnsmamsany

®) | f9ms219NU pathogenic

incidental pathogenic germline variant Tu tumor NGS a&ﬁi 2.3%.
germline variants A253n15USN91 medical genetics LazA138n1901973 potential germline testing

WudulAknauInlunsaunsa.
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A51g Plasma testing (Liquid Biopsies)

Sequencing Taevialugnyiilagld tumor tissue, %aﬁ%mﬁ’wﬁ’masﬂiﬁmmﬁaﬂumiﬁw
biopsy okl tissue wagn1sdaam tissue Tifleanesiants sequencing. MsALNUIINTAREE
tumor cells lu tissues vilviiin1sUanUaay cell-free tumor DNA (cfDNA) wgnseuaidon, 3avinlu
fianumenenufiaziiu sequencing 714 cfONA ﬁagﬂu plasma 11lgUselovd. Targeted NGS
sequencing wos plasma cfONA l§umsiaueradunisasiadioldmauny tumor tissue
sequencing way unmsasaasudiedineulilunisnsa. nmsldusslew cfDNA sequencing
lasunsAnwegrsinailu metastatic non-small cell lung cancer. MsAN®1INE (prospective
study) WSBUWiBy tissue sequencing fiu cfDNA sequencing laglusn1snsia cfDNA 989
USuNLenau (Guardant360; Guardant Heatth)Iuﬂﬂwﬁﬁumﬁwam (non-small cell lung cancer)
svpzunInszane Ahireldunissnwanney linusuaenades (concordance rate) Tué’mwﬁgq
FSUNSAUM actionable mutations.®” a1ula (sensitivity) wes cfDNA sequencing ﬁ?ue'ﬁyuﬁu
U31nasv09 tumor DNA figniaseiingnszuaiden, dsegnelddvisnaves vlinveuuise, Usunames
uzise, wasnssnuiilasu. Mfinisaueunuzin fDNA sequencing mfﬂgﬂﬁmﬂ%ﬁﬁauﬁﬁ@mL%q
tumor heterogeneity 16; lme cfONA Tu plasma fidnenndiezifuwnaasius genomic
alterations ¥®9 tumors ﬁagﬂuﬁ’nmﬂwi’m 7 luvoigdl tissue sequencing llanzdeyaves
tumor Tuu3as biopsy i, sqmmamﬁymé’u (screening kit) iieldfumn PIK3CA mutations
MEN13753397N plasma cfDNA lasuniseusliann FDA Tldla. a1msialidny mutations 31nns
M529M8 plasma, AAITAAITUINTIERY tumor tissue wolU. N15lY cfDNA sequencing AaslAsu
nsfiansanthunld eiidetsinmisnsia sequencing us n3vi tissue biopsy ﬁmmﬁmquﬁum
M‘%@l@immzamﬁuﬁﬂ’msmﬁu 9. D ANl sequencing techniques vinlvauTe
#5299 key genomic alterations 1¢, neufivzidensndule @19 579 sequencing, AISHNSARITAN
sgsseumpudsnewd dnudndusedlddoya sequencing mnsaulunisguasnendiaeniold way
foyatiuinadentsnaunluruiunisinwednls. fudiisaaildinelunisama sequencing 16
AnANUEN, HanTEMURDgUEIINIiuvesine Afedldsunsiansandae. Bsndniu, nsoydalif
14 targeted therapy ﬁﬂﬁﬂﬂiaqﬂmﬂ%’mmi’mﬁ@ﬁuﬁaEJ (associated approved assays), L31A23 M
ﬁﬁagaLﬁéwﬁiuﬂwﬁmﬁﬁummé{’ﬁtg'j']%l,ﬁaﬂsl%’ assays suluusig. aaviy, Sndudedinisuszidiu
ogsseUARU, Imdnguunnifosiiiodla lunsihdeyaues genomic alterations filswulne
sequencing A EINTUNITINUNUAITI NG,

A1suUanNan13m523 Genomic Mutations

Hosanfiunaslifuinis sequencing agvansuvis Mislaguidnianvuuazanitu
nsfin, sUkuUNMITenuRaietauanieiuly, nswssuiisusazulanaves genomics 39919
13l9i30ed18. Genomic alterations é’ﬂmjf]ﬁhiLﬂﬁﬁ%’ﬂmfiaua’mmimaﬁ’a@@, wagilanududou,
WuAINU mutation 8ulmaives oncogene M5inAusguds ioidures gene Imidhe. fldnan
11ud, Tuddfidesuwensewing neutral variants filifiaudday e8na1n pathologic mutations
ﬁﬁm’mﬁ’ﬁmmmﬁﬁn. ?jqn’jqﬁgu, UAANU actionable mutations (mutations i targeted drugs
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T5nwld) vanesuinsauiu Tnglifuuamaiidanuimsdenldosulnneundegals. duiui
$ududead mslemeesinluszuufenfunnuddyues genomic mutations fildnsiany. &
grudeyamsisusunileiitiemdslunisuanaves specific genomic alterations #eléiuA OncokB
(http://oncokb.ore),® Fudugudeyavunlugfifsatestuuziiainguaznisinw lnoidu
grudoyafiindngrun1sideatiuayy fnaounquusas somatic mutations Lag structural
alterations Inglifaganansznuilifsdostudluseduiad, lusedugtae wasdeyaiieaiunis
$nw1 naonaufLuziinsuainwftae ldinann wenansifugifiesniag AngnIsuNITeIMN
Lazy1v09EnsFoLuTNT (FDA), wazAuuzid1ued National Comprehensive Cancer Network, 1w
fiu. g1udeya OncokB dgndautandunuiamyiaus gene, siinvosnisiUdsuuuas (alterations),
yilaveueisa (cancer types), wazn1saziuldussleviliungiae welunsdnwn, nsiteds, M
wensaflsn. OncokB ldszuumsuisseduvemdnguiiewnnnldlunisinw (therapeutic levels)
pondu 4 ey (level 1-4), wdhanld Wieussenedn nsavtiudas mutations unldUseleviiifu
predictive biomarkers d1u3uldvunenanisinuivesensing 4 du fdeyandngruegluszdule.
wdngIusEAu 1 (level 1) munods biomarkers Aiflndngiuanuindefonniian, dalduaussen
actionable mutations 7il§§un1seeusuan FDA 31 FDA-approved therapy ﬁﬁamé’mvﬁmjﬁu.
wenMiloan actionable mutations NaI1LED, OncokB §33Auta mutations AlFun1sAnw
fuduudrinfinaliiAnnsdumuegasinese tarceted therapies suladunils lnsuvsoanidu 2
2 (level resistance 1-2) AuALULT 0 0UDINENF 1. mé’ﬂgmmiﬁamszﬁu 1 (level
resistance 1) via1884 biomarkers fifundnguaanudeionniigalunisiuienisiesio FOA-
approved drugs, 8nfa981918u RAS mutation TunziSednldlugszazunsnszaie (metastatic
colorectal cancers) ag EGFR T790M mutation TusziSeUansyaginsnsgaie (metastatic non—
small cell lung cancer). AuDY Gumzﬁl,%uumm’mﬁ, OnckB lalarussensliun 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 U84 therapeutic level 3, 23 genes U84 therapeutic

@ Tyvirupatneanu,

level 4, Lae 14 genes ¥ therapeutic level resistance 1/resistance 2.
AMZYIN91U Translational Research and Precision Medicine Working Group %84 European Society
for Medical Oncology (ESMO) leintauaszuuitldnisdanuianajues molecular alterations Ay
nanguniied weiluiAnlassdmiunisdnseduduves genomic alterations wagn1saztuldy
UsglewilungUay; lneisenszuuilin ESMO Scale for Clinical Actionability of Molecular Targets
(ESCAT) classification. ESCAT Ao idlassiignesniuuniiiedisunndauuziiainet tiaunse
wUanaves gene sequencing panel lalaga1u1sadnaiAuAITud 1Ay e targets (gene
mutations/genomic alterations) ilfnea1nnazinlduszevilviungae. seauanuideiaves
wang Wi ESCAT ynuuandu sedutusng ¢ (tiers) anudeyatagiuvesennildsuniseudfainesdns
g 9 InnfuAluAuey (regulatory approvals), naanau TeyaluszaudUie uavdeyaan
Vieanaaed. seiutu | (Tier I) \WussAutuiioggantasusdin genetic target tulasunisianlduse
Tovdlumisnvujufediludszdn lasdAuuzdinisdnuifitangas (specific therapy
. a 1% WL [ [ a gj (90) a

recommendation) Nd@aAAABIALUNUNUNITLUASULUAITDY gene UU."Y 119199 5. LAAINIT
) Y] A o ) . ~ ~ Y]

Fnszuumunangiuiietunlglun1sine (therapeutic levels) ¥89 OncoKB 1U3guigufiusEUY



57

93 ESCAT waganuduiusiuanmsgunisguadnuging. ssuuvesis OncokB wag ESCAT 14l%
wummsiiaenadoslulufianiaderfudmiunisuenues mutations wazlvduuginfidndn
§7U3993U (evidence-based clinical guidance). enaluindngulmivsinguinan, enafuasili
Srusumts (ranking) ¥ed mutation %49 Tu OncokB way ESCAT wWasululd. n1s#l Oncoks
(http://oncokb.org)®” fidnwaiziiiu webbase viilviausafsnindoyalvsiqlfsswazidnfolfie.
a5 6. euanssneBenes genomic alterations Tunziasuuiildgninddulae ESCAT uay
ONcoKB (http://oncokb.org) il n.a. w.a. 2563).% 8

15197t 5. Therapeutic levels fitaualag OncokB wWisuiieuiu 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 lll-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 finuussluuziSAAIUNTZOZLNINTZIY wanaUSauLiau

AunueianInelilussuuves 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 lI-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%09n015091U2U copy

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

UfURLsdnAuMI ERBB2 amplification TaN1uN150153911 HER2 protein overexpression A3

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

in situ hybridization Tunsain19m339a38 IHC linafinguiaselidaiau. n19M539WY ERBB2

amplification U3 (viune) 1azlauseleatainnissnuisiueifieangnssie HER2 protein lngmss
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(HER2-directed therapy #37i38n31 HER2-tarceted therapy). %oanssanliin Tyurendamans
m57998 fluorescence in situ hybridization wag IHC e1adnudelaidululufrmafeatu. auide
Lﬁaﬁ’mﬁ WU fluorescence in situ hybridization 81ams2aldnyu amplification Tu 15.9% vo9
tumors 71n53aWyU HER2 overexpression fe IHC fidnansialuz+.*? nalndu q vean1siin HER2
overexpression il aEJ' L% chromosome 17 aneupLoidy, FaoSureniswud HER2 positivity
(overexpression) Iaglaisl ERBB2 amplification.®® vuidusyaunain (clinical trials) S1uauunn g
JuduunuInvoas1vuIunie q lungu HER2-directed therapies lun15¥nw Ui
ERBB2/HER2-amplified breast cancer luaa1unisaisnig 9. n1s5ldd15vefivsznaudae
Trastuzumab, pertuzumab, LLag docetaxel SIUAY 3 YUY lﬁLLamiﬁLﬁuhmmamﬁm overall
survival lunntu lesieusunislden trastuzumab $auifu docetaxel, ﬁﬂﬁﬁw%’umaaiﬁ%’umi
vausuliidu Msueunsgiuansusn (standard first-line therapy) d1w5u ERBB2/HER2-amplified
mBC."* *® HER2-directed therapies Sudu 9 laun tyrosine kinase inhibitors lapatinib Wag
neratinib”*® pasnauelungu antibody-drug conjugates LU ado-trastuzumab emtansine uaz
fam-trastuzumab deruxtecan-nxki, Ssendavdsiliduenfloongndse HER?2 fa1andl FDA ayan

1ol gr (©9-101)
PIK3CA: Tier IA (ESCAT), Level 1 (OncoKB)

PIK3CA gene fisWa nucleotide dmsunanusiufiddedn Phosphatidylinositol 4,5-
bisphosphate 3-kinase catalytic subunit alpha isoform)."%? PIK3CA mutation i gain-of-
function mutation mmsmizéju downstream signaling cascades lanangldunng, 1au
PI3K/AKT/mTOR pathway finseéfu cell survival uag proliferation.’® msideluvesufuanisnu
, U PIK3CA-mutated breast cancers, PI3K inhibitors Lﬁ@”li’flﬂumﬁaLﬁmﬁqméﬂmﬂmﬂ I HGRFEER
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 gaevilsfanusasersuymsiesde

104)

M3§nwIde antiestrogen 16,9 ¢T38 phase Il randomized SOLAR- fidnwanaslden

alpelisib 7t8u PI3K inhibitor fuilesauiu fulvestrant Wisuisuiunsly fulvestrant ag1afen
Tuthedu HR-positive, HER2-negative mBC wAeld endocrine therapy wnauudiilsaiizy
(45, 105)

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

(PFS) fifndn lawteuiu msle fulvestrant eghaidien, vl FDA aunwlld alpelisib Tu HR-

45, 105)

positive mBC g1 ToyamallagliiuaudAguensnsian PI3KCA mutation TudUaed

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

(106, 107 &9 i iranilan

nanauEa, 98l PI3K inhibitors fdu 9 ﬁﬁwé’aagﬂumsﬁwmLﬁaﬁﬂmﬂfﬁ’fﬁaa.
PI3KCA mutations alslanansaléidu predictive biomarker Lfiataevhuignan1s3nWIveEIEIT 9
floonguslu PI3K/AKT/mTOR pathway Iemnén. TusmAds phase Il vasmslden PI3K inhibitor 77e
taselisib 211U fulvestrant 1u;§ﬂ38ﬁﬁmﬁuﬁmmﬁm HR-positive, HER2-negative disease WU
nsoanguisvesend laidufudihed PIK3CA mutation v3alal 1% Foyandne 1 fu Aldgnaenuy

970 NWITTITe FAKTION trial fidinwinaslden AKT inhibitor 7138 capivasertib $3uffu fulvestrant
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Tugftefifl HR-positive mBC, Fanuiiinavlild PFS Fdu Tagliituduingiaedl PIK3CA mutation
wselel 19 Sandnu, snAsouuy retrospective analysis 7ifin1 PIKBCA mutation status 1w cfDNA
NNguEUILves BOLERO-2 trial, FeRnwIn1sld mTOR inhibitor 730 everolimus iU
aromatase inhibitor 7it® exemestane W3suiisusunsldamasn (placebo) 39U exemestane
lugUae HR-positive, HER2-negative mBC, WU HaRs® 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 ﬁagﬂuswmwimsma 7Tl microsatellite instability (MSI), TngldsaunziSaduuszey
unsnszaedline. ﬂﬁiayﬁyﬂmﬂiuﬁgﬂﬁaﬂ’j’nﬂu tumoragnostic approval @elduniseugymlag
Aflells cancer’s genetic way anwadrwes molecular biology tWunan Teglileisin viinves
unde videdutuiinvesundeiu q wnetuidle. msoydfuilinnguinannidelugiae
uz\5971l microsatellite instability (MSl-solid tumors) 1us1wau 149 au Aildunaan 5 clinical trials
Tuuu uncontrolled, multicohort, multicenter, single-arm, Imaﬁﬂwﬁaﬂm@ﬂuﬂﬂaEJ@J%L%Gﬁﬂﬁ

(%
CY

g, Twihewand, feuld 2 euilduuzdasiuy szesunsnizany  wasyisginanissnwie
Pembrolizumab Ju partial response (SyezliameuauaIuy 7.6 ey way 15.9 aew).™ dald
| 1% wa & 4. . < 4 [ 1 (] a0
naNuA, aURNTal (incidence) Y09 MSI Tunzisaiuuszesunsnszaty (mBC) agludnsiia
dawiieuiuluuziss solid tumors 8u 9. Nsld Pembrolizumab felddndunssnuinfivewa Sudn
grusesiulleldludUaeidu MSI mBC. eglsiiniy, Wiesndsfuemanesvunulndonldlugioe
UL SWFULTEETUNINTEANY, N13TRaIAUNITSNITaseda il neundsegals Fwmnzaudian &

AosnsAnwiansusialy.

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

NTRK1, NTRK2, wag NTRK3 genes #I5¥d nucleotides @wsunan Trk proteins, ﬁaﬁﬂu
M3eNa transmembrane tropomyosin receptor kinase (Trk), dUlAWN Trk-A, Trk-B, wag Trk-C,
AU, Fusion 484 NTRK gene insedfulyiil active Trk protein function deiilosnasaiian, ilua
T oncogenic driver Sunile 11 Larotrectinib, W TRK inhibitor famils, l95uaysiaann FDA T
T$nwilu NTRK fusion-positive cancers. ﬂ’l'iaﬂgﬁamiuﬁﬁﬁﬂg’m%’m 1U39% early-phase clinical
trial AfiEfUred1uIu 55 auilidu NTRK fusion-positive cancers, Tagil 1 auduzidaduuszes
WSy (mBC). Larotrectinib fleldlu NTRK fusion-positive cancers lidnsinisnevaues
1ne578 overall response rate (ORR) i 75%, (Partial Response 62%, Complete Response 13%),
wailugUag 1 678U NTRK fusion-positive mBC th lalldnaainnssne (Progressive Disease).11?
Entrectinib, TRK inhibitor 3néamils, filasuoygnlildlu NTRK fusion-positive cancers 68, N3
AT IEveaUITy ALKA, STARTRK-1, and STARTRK-2 single-arm studies Tugftheiiil NTRK
113

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

dane, TuussmuziSusuy subtypes 69 9, NTRK fusions wuldussiigalu secretory breast
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W Hangty, wuan NTRK 3015 fusion fiu

fusion partners louannwane wazlinngues fusion MAnTuazinaneliinueisa (oncogenic). M3

carcinoma ez mammary analog secretory carcinoma.

ATIANUAY §1uteyaLdU OncoKB Wioduduin fusion T 9 5§ oncogenic activity vislal Faududs
dirousnaulald TRK inhibitors. Bendnty, N15MS9aMU hotspot mutations ves NTRK1 71 G595R
uaz NTRK3 i G623R, Segniaidu level resistance 2 lugudeya OncokB, Usiiilonanedenis
Srndneen larotrectinib. 112 NTRK fusions T mBC iAnTulumnuddisn: i 1 sudsedilgdnulutae
12,214 sy mBC wudn 0.13% w83 tumors i NTRK gene fusions.* msasidenldeiesls
reundseensls Tu NTRK fusion-positive mBC §diaaiinsfinwnfisfiusely.

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

Germline mutations Y84 BRCAL %38 BRCA2 vil4LAn homologous recombination
deficiency (HRD). PARP enzymes flaaudiduassndud1insuaviunisgeaungy DNA single-
strand break. Tumors Al germline mutations 8unalitin HRD vinliAsINesn10 /8 PARP

31119 G, NMSHINNSIIUURY PARP enzymes nanasii

enzymes \Juagnssnnlugauusy DNA.
Tiin136159A0gvas DNA single-strand breaks #lailasunstounay dsluigavinliiin cell death
1ny synthetic lethality. 9139y phase Il OlympiAD trial la@nwn olaparib, MU PARP inhibitor
o = a = o Y A o o N ¢ Vo 2 R A &

Aanily, Wisuieudunisldadundn 1 vutu auunndginwiiden lungu Uredu HER2-
negative mBC 9131 germline BRCA1/2 mutations. §Uaediulvgjvesanuidel (77%) wnelasuiai
Urdanuas (prior chemotherapy) dususnwnzisamuussozunsnszane. nulsellauanalsidiu
i oAy vy oA . . a £ | Ao o w A o Y] oAy v
el ﬂqmﬂ,mm olaparib 4 progression free survival (PFS) INNUUBE1UUYAALY Lmamammqwlm
WwIUUR (7.0 WhoU vs. 4.2 LABY; hazard ratio, 0.58; p < .001). A1 overall response rate (ORR)
Yoenguills olaparib u 59.9% wiawieuiiv 28.8% vewngquillsiaiivnun.*® lnsededeyaniside
i, olaparib 3aldsun1soug1na1n FOA IlddmTugUie HER2-negative mBC 713 germline
BRCAL/2 mutations lufUsefitaelasuiaivrdauinsuuds lddnazidulunisdnuwinuy
neoadjuvant, adjuvant, #38lun1ssnwuziSessesunsnszane. 1 Tuvhusadeaiy, $13dy phase
Il EMBRACA trial l¢i@nw1 talazoparib, M.8u PARP inhibitor 8ndauils, lU3suLfisuiunsldiadl
U1 1 wunu suiwnndgsnwidon lunguitiendu mBC A% germline BRCAL/2 mutations. Tu
nquilaen talazoparib, Uszanas 35% v095Uaeli5u talazoparib Wugvuuusndmsuuzisesyes
wnsnszae, Jhwdlng weldsuendu 9 uua 1 v3e 2 vunudmSunssasesunsnseans. nay
av v LA . o X I D w o w A o ) | A Yy Ao w
ke talazoparib §iA1989 median PFS iiinuag1elituddgilaiisuiunguinlaaiivnda (8.6
LB vs. 5.6 Wiau; hazard ratio, 0.54; p <.0001).”” lngea1dedeyani53deil, talazoparib 915y
n159UY1Ma1N FOA Wlddmsu HER2-negative mBC 713 germline BRCA1/2 mutations, Ingliifas

19 grgidTeuiiisulagdeu (indirect comparison) 98481

(119)

Aiedn wnelasunivndaunneunselsl.
olaparib f{u talazoparib Usigviagliusslomimilonsu wifizuuuunadrafssiiunndrsiu.
PARP inhibitors 101 n15nwieg13yailn (targeted therapy) é’uwﬁﬂuﬂﬂw mBC i3l germline
BRCA1/2 mutations. UMUIM¥8s PARP inhibitors 4145 U128 mBC 13 somatic BRCAL/2
mutations f1&seglutuni3ide. n1538e@Anwin1s14 PARP inhibitors Tunigi$e5sla (ovarian
cancer) U3¥91 IéUselogidannnisinunitoutu delugiedil cermline wag somatic BRCA
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120422 gy, M3Ienileiidinen niraparib, PARP inhibitor 8nsavile, TugUaeuziss

mutations.
$ela Wuandliiudn ordllsinanissnuild Kilufinedid cermline BRCAL/2 mutations uaghtaed
138 germline BRCA1/2 mutations wstdu HRD-positive tumors (HRD-positive $2ufU somatic
BRCA mutation, #3® HRD-positive s21fU wild-type BRCA)."? finare91u3dy (ClinicalTrials.gov
identifiers: NCT03990896, NCT03286842, and NCT04053322) fifdefinuUseansn1nves PARP
inhibitors Tu mBC #laifl germline BRCA1/2 mutations. Aasatuayulviiiisasinsidrsiuniside
wianilifieftazidlaunuimues PARP inhibitors Tuns¥nungitias mBC i HRD uag somatic BRCA

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

fvane activating ERBB2 mutations tasun1sAunuly mBC ¥n subtypes wazin
azly  driver mutations T mBC. Mutations wiaia1ainTuil  extracellular domain,
transmembranedomain, %38 tyrosine kinase domains, ﬁﬂmémiﬂis@ju HER2 signaling

1261260 s@Enwlunaennnasiusin ue  kinase

pathways, Wii19zlifl ERBB2 amplification.
domain mutations way extracellular mutations ﬁﬂi%é]:u HERZ2 signaling anafinsiiuanuly
(sensitivity) si9 HER2-directed therapy.(lzé’ 120 fiyiane ERBB2 mutations 71 tyrosine kinase inhibitor
binding site, W L7555, l¥umsanwlunasavnassiduiusiunsiese tyrosine kinase
inhibitor."?® luawidy phase Il trial fidnw neratinib, Fadu irreversible pan-HER tyrosine kinase
inhibitor, @113Un1351Y1 ERBB2-mutated, nonamplified mBC iuﬁﬂaaﬁ%’%’um'u?%’ﬂmmué’wmﬂ
g wulisslevtimneainisng 36%.02 Tuiweadisasy, Tuauide phase I trial Bndumils
fidnw 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, *?
1398 phase Il multihistology trial (SUMMIT) 1@@nwn neratinib dmSuSnwusiSesing o Tuszey
WN3nszane (advanced solid tumors) 71l somatic ERBB2/3 mutations. mu"?%’aﬁlﬁswi’mﬂﬂw 25
audu mBC iy ERBB2 mutations uaglésnee1u ORR 7 32% (95% Cl, 15%-54%). Y Tutlaquu
, neratinib lasu n1seud®ain FOA Tildianigly early-stage breast cancer 7Tl ERBB2/HER2
amplification. mstinsafuayunuiddosg 9 Afnwieuddnyues ERBB2 mutation lu mBC way

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

fivaney 9 activating ESR1 mutations gnwulalu mBC, ImaLawszu;:JﬂaaﬁLﬂﬂlﬁ%’U
antiestrogen therapy 1INBY, WUIMUN mutations N Lﬁumsga@iams%’ﬂmé’w endocrine
therapy.™®? n9398 NaNTENUVBI N1IATIANU ESR1 mutation 910 plasma cfDNA lasunsdnwlu
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 éﬂasﬁléﬁu

exemestane (hazard ratio, 0.52; 95% Cl, 0.30 -0.92). ﬁgﬂwﬁ"ﬁ wild-type ESR1 #1 PFS TnalAeriu
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laihadldenainlafidedlumsided® lu PALOMA3 trial, #idnwinisld palbociclib i
fulvestrant wWisuWieuiun1sly fulvestrant egaded TugUae HR-positive mBC, wudnldfiaay
wanA1ly PFS 5811919 ESRL wild-type wag ESR1- mutated mBCs.®? Tulguu, §3lifl targeted
therapies @ %3U ESR1-mutated mBC, Wi ESR1 status (ESR1-mutated) 919U E9NN5E tumor
resistance #8314 aromatase inhibitors. NMs§nwTiNzaudWSyU ESRL-mutated mBC Maaeg
TutumeunTIde. fimsuenlmi wdnw, sulaun MATETRNE novel nonsteroidal selective
estrogen receptor modulators, 1@ lasofoxifene LU3guUBUAY fulvestrant, d1msusnw HR-
positive mBC #ifl ESR1 mutation (ClinicalTrials.gov identifier: NCT03781063).

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

Oncogenic PTEN mutations, f¥inl# 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 #a1ils, $2ufU paclitaxel U3 uLiauiu n15l4 paclitaxel ag1afien dmiuinuigiag
metastatic TNBC #iliineldsunissneiunneu. Tuswdse PAKT trial, 1514 capivasertib $aufu
paclitaxel, dletuTeuifisunu paclitaxel 8819LA 87, Tnatiiy PFS ldodredmianlu
PIK3CA/AKT1/PTEN-altered tumors (hazard ratio, 0.30; PFS, 9.3 L@au vs. 3.7 LAau) Lﬁal,ﬁ&l‘uffu
intent-to-treat population (hazard ratio, 0.74; PFS, 5.9 WAOU vs. 4.2 Liiaw) 3 L“f]uﬁﬁ’lﬁﬂmm,
ATeilseldnanlfidiudn mutations sine 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 {WukUUEITLIULIA (first-line
setting), Wiguiiguiu Msldevaen (placebo) S paclitaxel, lugtae locally advanced %39
metastatic TNBC. Ipatasertib $9ufiu paclitaxel Iinawfiu PFS leagnadmanlu 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). " fiesninnisdsuniasig o u
PIK3CA/AKT1/PTEN pathway @s1satin wieu o duls, ﬁﬂﬁ%ﬁﬁﬂmmﬁiamﬁ%’mﬁmLama&j R
AsUasuulassulafiintuly pathway 4 filwarelfifiauzide (oncogenic) lauinan wazns
Wasuuada 9 Nt pouAWBIse targeted therapy lawiniunsslal.

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

Aealdnanaunan, n191% capivasertib (AZD5363) 211y paclitaxel Tuafly
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, drdlngiaslasunissheruinaivans ) vuiu. a1 median PFS
v 5.5 1iau (95% Cl, 2.9 months —6.9 months) iuﬁﬂw HR-positive mBC.*¥ 1u3denisaadin
fifinwn AKT inhibitors 8u 9 waznsiuldsaufuendy q Masaiiiueg. Ipatasertib, AKT inhibitor
#anile, 20U paclitaxel AaagnAnuyrlugUle PIK3CA/AKT1/PTEN-altered advanced breast
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cancer (ClinicalTrials.gov identifier: NCT03337724). 8n91u3duld@nsn ipatasertib $2uf U
palbociclib wag fulvestrant LWSsuLinuAun1slad placebo 21U palbociclib way fulvestrant Tu
dU38 HR-positive, HER2-negative mBC Aif1dea1tfiuey (IPATunity150; ClinicalTrials.gov
identifierNCT04060862). Tuwnizd Toyan153¥eiivaiu n1sld AKT inhibitors d1v¥u mBC #id
genetic lesions ngli PI3K/AKT/mTOR pathway i fhidedouds. nsdhsan clinical trials
fifnuUszAvBamuassvandnsldsunsinsalaediae,

Other ESCAT Tier lll and IV Genetic Alterations

MDM2 amplifications wa¥ ERBB3 mutations §ndnagly tier Il genomic mutations
d1m3u mBG; tier Il mutations tJuldvis nsdifefignihanldfugiisusSeiadu Aif mutations
T 9 ud WUselews] wie nsdl mutations Sy 9 Wielu genes flogsmnsznalieafiu tier | genes
widwndeyandngunnadinatuayuigndndu tier 1°°Y MDM2 unsvhaiuves p53 was
1n15WU MDM2 gene amplification Tuusganu 50% v94 liposarcomas. 1511 MDM2 inhibitors
W@nwlu liposarcoma Maseglu early-phase clinical trials."*” ERBB3 d5%a nucleotide dwisu
WAn HER3 protein; A ud1AYy83 ERBB3 mutations uazkanauauasnansly inhibitors el
n1339usioby. ESCAT tier IV genomic alterations fagiludnuauuin, F9371 genes fioravhliiAn
HRD, 19 ATR/ATM/PALB2. UNUIMY84 genes inanillunistinunldguaguassseglutuniside

Wity
unagy

mmiﬁ‘&nﬁ’u tumor genomic alterations I8¢ gene expression profiles Tu primary breast cancer
Iﬁﬁﬂﬁlﬁmmmiﬁmﬁu intrinsic subtypes 0IuZISAAUY %ﬂﬁ’]@i’]ﬁﬂ’ﬁﬁwuqﬁﬂmﬁﬁlﬂﬂ gene
expression profiling flanunsausesiu recurrent risk Fldliuseleviognadmanlunisneinsallse
LL@ﬂ%’Lﬁ@U%’UmiQLLa%’ﬂ‘wmzL%qLéfmmzsmiﬂ 9 ludeusiazau (early-stage breast cancer) 19
B9, n13eudfAlHlY alpelisib uaz PARP inhibitors dwi3usnw mBC #ifl PIK3CA mutations was
germline BRCA1/2 mutations, i3easnuaiau, lawduliiuiaaudiAgees nslddeyasn mBC
genomics 1UsEnaunsidentdensnumlviuigoe. Qﬂ’;aﬁﬁmimwwu MSI and NTRK fusions il
Hﬂiwﬂﬂﬁﬁmiaymwlﬁﬂumu tumoragnostic approval 58¢5u. luuaigdl oncogene sequencing
assays fJusnsloiuan, msdenlduaznsuana ndudeslianuseainse . Duiwousuiuin sy
gvuuLIn g fignliinundtng mBC imdngrunsidevnanain phase Il atfuayueguds, 1150579
tumor genomics ?’Nmagﬂiﬁﬁunmﬁmmsam WotheTuuamalunssnen. Sdlunindy, Selddmay
Feehdlsfie drduimanzauvesnsldsinuen Tunsdliias mBC & actionable mutations nanesu.
anvie, ledanil SenAfedldvhlifuninsiuues genomic landscape Tu mBC Faralvidiarag
arudlaluTyine1ves mBC wasilameliidiu potential therapeutic targets Tl 9 fisududos
Igsuns@nu3eriisndin. 3 eenomic tareets wmaé’uﬁﬁiamagﬂﬁmuwialﬂiéf Lﬁaqmﬂﬁwé’ﬂgm
#1199 atduayuina. 191938 uaw3dy biomarker-and genomic-driven clinical trials Aa5lASU
Msatuayuilownga,
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2 m35l% Gene expression assays RINTOAWAN intrinsic breast cancer subtypes ldpeausne
iﬁaﬁq@;<3-5> 08i191578,01139 3296428 immunohistochemistry (IHC) LW A% hormone receptors
[estrogen receptor (ER) < progesterone receptor (PR)], Ki-67, L8 human epidermal growth
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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%aai8n 1 8819 A8 Ki-67—high %38 PR-negative 138 low;
was71d% Luminal B—like/HER2-positive: ER—positive, HER2-positive. L5 ad31nda214
parnwaelusznindesd fiinsmeneniinen, dwes Ki-67 Addraue 20% Jwly ldsums
WATaIL D% high Ki-67, LL@iQL%mmrymaﬂu"l@“l%m cut point NHOEN3 (1% Ki-67 71 14)
W38 TNANITATIIVEYI multigene-expression assay TIHAARWKLY, T10523 16 IuiwaLfsINY,

v 1 1

d1va9 PR Nasnin 20% lagnld tadudu d1vad low progesterone receptor wazgninatilu

N§¥ Luminal B subtypes).®

VIS uNTRaans19828 IHC wsh wuill ER-positive uaz HER2-negative (ER-
positive/HER2-negative; %ETOE]’]ﬂf: Aluummuf:ﬁ]u‘%'ﬂﬂasmazuq’h ER-positive breast cancers)
LﬂumﬁaL@Tmmﬁ@ﬁwm_iaﬂﬁq@, laowulaludszanulu 65% maamﬁmﬁmulugﬂwﬁmq
“ounin 50 O uazwu'le 75% Iuﬁﬂwﬁmqmﬂﬂ’jmm Estrogen receptor (ER) \Juganfnaumnits
1% nuclear transcription receptor superfamily. ER mmmgﬂﬂ‘iziﬂﬁﬁ’lmﬁlﬁﬁ’sLl steroid
hormones, 3% estrogen. Estrogen LLaz estrogen receptor (ER) Lﬁm"fa\‘lﬁ'lmmﬂ“nmuﬂ"ﬁ e
cellular proliferation, inhibition of apoptosis, invasion LLaz 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, WaLlaW1e ER-Q LV]']%%V]WUVL@;‘L%LuaLﬂauzLix‘]L@]']%sJ. vL@]LiJuL’Jm&J’]
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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 navinliiinmsai estrogen wualuatowa, suginsrinau
299 ER signaling, s9navnlwinsasasives ER, wionelwifiamaidouslasly ER-regulated

signaling %30 proliferation pathways.
ANBULNWNLIDINYIUATNWENTINVDI ER-Positive Tumors

w59 uasfia ER-posiive AHANNMAINHANY. NziSamaHALananaruln
J2auUvad ER expression, PR expression (%ogﬂm’z@juﬁw ER), histologic grade, JEAUVBINT
W96 (368 Ki-67 labeling index), WULLHWYaS gene expression, AREAIRTRALAZAINNAYD
genomic alterations 7LAA37%. anwmza1s 9 ws1idnudonlossunuiiu wazienldld
Uszlogdlunisinsunuins liudgaold @13199 1).® uz15978w low-grade (well-
differentiated) tumors & ER a2 PR expression ‘ﬁgoﬂd’], waefisasmsutsaaniasnin, Tupms
‘ﬁ intermediate- LLaZ high-grade tumors p138vzALVaY ER “ﬁl@:i’m’i’l waza19 sl PR expression,
LLa:ﬁé'@mmsm_ia@T’;ﬁgaﬂ'ﬁ’].(9) fanlngvasnziSoeuuriia ER-positive tumors tilw ductal
histologic subtype (ductal carcinoma); 8¢14 15AANY, ﬁa%j 15% 7115w lobular subtype (lobular
carcinoma), %dLﬁmﬁ'a\‘iﬁ’Uﬂ’li‘hiﬁ expression U84 cell-adhesion protein E-cadherin, ALY RIEY
nyanelUuag cell cohesion uiavnliaasuziSadulaluuuy “wnnsoenite” [“single-file”
pattern]. Histologic subtypes ﬁ"L&iﬁaU"l@Twuﬁ'u, W% cribriform WaY tubular carcinomas, JanNw+ 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%
0911128) uaz genes AALITBITL 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
a@aoama@imﬁaavlﬂw%“auﬁ'umslqﬁmﬂ"ﬁu (Wulszanmh 10% 1uﬂ§jw§ﬂwﬁmqﬁr:mw 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 144 expression 184119 ER, PR, uaz HER2, U4
‘Lu;jﬁ'ﬁ germline mutations 789 BRCA2, PALB2, CHEK2, uazuaz ATM iu saulnajvasuzss
Lduuitinduidusfie ER-positive/HER2-neg, Lﬂuv’ﬁmﬁmﬁumﬁaL@Tﬂuuiuzgﬂwﬁﬂﬂ
(sporadic cases)." ¥ gfilEdnsuTn BNz A U é’mﬁaamnw‘”nqmmﬁagjsl,m:ﬂ:mn
(early-stage hereditary breast cancers) A i laandialian mﬁ‘lﬁﬁ’m%‘uu:L%Lﬁmulu;@m
Hir'ly. irutdsanuuzisaidrwuna'ly (sporadic cancers), mﬁaL@Tmué'mﬁmmnw”ugﬂﬁw

(hereditary breast cancers) RINNID LATUNNTINENGR e breast-conserving surgery W< radiation
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therapy, LL@QﬂQU%ﬂW JAW ﬁLﬂuu:ﬁqLﬁmué'mﬁaamnw”ugmsu Bonfassnunaay
mastectomy (if’s&lﬁ'll contralateral mastectomy @T’m) Lmu‘ﬁ'auﬁaﬂl% breast conservation Lﬁa
Toar ui5smAedulnaiidusueufiaas (second breast cancer).(™

N13§339 genomic sequencing Lae RNA expression profiling U843 genes ‘ﬁlﬁuwmﬂ
ﬁ’]ﬂ”tylu tumor pathogenesis AT prognosis "L@TLﬁu%é'ﬂgmaﬁuaguﬁuﬂ'u’h pathobiologic

heterogeneity 183 ER-positive tumors HANURNANUSAL grade, proliferation, ez patterns Va3

(

. i . d . . =
gene expression (Gl’li’lﬂ‘ﬁ 1). 8,15,16) ER-positive cancers dw genomic luminal A, Fa1dw lower-

risk signatures, RUWBENL strongly ER-positive, PR-positive, lower grade, proliferation Nvoe, uas
{ A o o o {
ﬁ‘wmﬂitﬁﬁa; luminal B, G911 higher-risk signatures, FUNWINU expression NAARIVDI ER, PR,

W38UaINI ER WAz PR, higher grade, Waz proliferation Nu1nn7n, wazinennyain bid dlans
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recurrence score, 70-gene assay, L8z 50-gene intrinsic subtype, fumlitnlinanaaansadlnada

Dululufiemadeiny laldvinue anudesnlsnazinsy (recurrence risk) Uad ER-positive
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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) NWINLTINY tumor

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

NCLDUAUIUIL. Na®LWBIDNNYWIALAN NUANBWIUSVBY 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 ul anatomical stage LA biologic risk factors L% grade, proliferation, ER expression, LLag
genomic signatures ANALANANNLFIVBINTANSUNAUN LAY (recurrence). Tad8LFaIVD4
metastatic recurrence Niduila381&89209 local W regional recurrence (ﬂﬂﬂ%ﬁdﬂ’]‘iﬂ’ﬁﬂhﬁ'@
wazTIEInm) ¢ aunnSslugndivieunuadszdndeunangoundn 40 U inaezdl

% A o ' A A ' A . . A 4 A A o
JeauUVUdd ER nwasnin, 4 tumor grade N§INII, 4 genomic signatures 1iL&N21, LUaLNYUNUY
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AounnSslugngaivnualszdudounionyuinnin. ansuzinanil, 300U higher stage Utz
L% ana L= dlq/ 1 o Y L dl = 1 o =1 v

1asun1safiaay wazn1INIIMgIvinwlasalyl, LﬂumL%@maﬂﬂaﬁmm'mw"l,mzl,idl,muulu

;jfﬂaymqﬁaﬂﬁoﬁwmﬂim%ﬂﬁ"bjﬁ.(g’ 18.32) 9991289 recurrence Va9 ER-positive cancers 8611

dautnsasnduwainasl, uazuzissananusunauin vy lanislusi9ruzIa NI wIBRane

] v a &/ dl g ana g 1 <l = U

. asn9ttas 50% w84 recurrences LNAYWN 5 TNURFINTIRIRLINTUNLLTIEUY, hAZAT

Ausuaienasan 10 Tldudr Adududenwulder ilas 9. Jaduifosdniy early
a &/ L= aa Q o Q a &/ >

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

1 ngnasniyifiaay) 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)

MISNEUFSURSIMIAaNz S uIIzEzLIN  SnefisangniauwnsrNuuas
estrogen WI07:3UNIRING estrogen (L%‘Uﬂ%";@J’i’] adjuvant endocrine therapy) Wuwaww 5 19
10 years Lflummgmmi%'ﬂmﬁuw"nﬂﬁLLuzﬁﬂLLa:ﬂﬁﬁiﬁngﬂamﬁaunﬂﬂwﬁmu A
wuzila ER-positive tatlasrin nsuwinizansluatiziu g (metastatic disease), n3fisy
Lawwﬁl (local-regional recurrence), LLazmiLﬁ(ﬂﬁmﬁaﬁlﬁﬁuwﬁ’m@ﬂ“ﬁﬁu (contralateral
tumors).®” Endocrine therapy §uszanTniwlunziSadnunsia luminal A waz luminal B.%® ans
snwnduszazmun 5 3 @an tamoxifen, Guillugndanitefioangniuuy selective estrogen
receptor modulator (SERM), ldiuanasgiusainisguainm, Toe'ldnarisly Andainriaunug
Uszdifan (premenopausal) uazEniainnuaiszdae (postmenopausal), MlAzuaale
‘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
wyaltunldudy (carryover effects) lagn1s daiswlal 0 LL;TLumjam:ﬁaﬁﬁmmLﬁ'mﬁaﬂﬂfh
AOWULLTIVWIALRNNTT 1 cm, LLazvl,liﬁmmwiﬂi:mﬂLﬁTﬂg&@iawﬁﬂLuﬁaa AT adjuvant endocrine
therapy Awuanssnendiadu. © Tamoxifen fl?ugﬂ metabolized l@e¢ hepatic enzyme CYP2DS,
W@ genotypic variation M CYP2D6 lildfinantenudeszlaominasnissnuels tamoxifen,
varinaslaletunsiinlwasaam genotypic variation 1w CYP2D6.40

JaUvad  ER  expression dutlduimdnfitwuainazifedszlomiannmaly
endocrine therapy %38 k. QﬂmﬁﬁaumﬁoL@‘Tﬂuwmnvl,&iwuw% ER uaz PR llavszlomiann
NNINIG28 adjuvant endocrine treatment.®” wudndszunm 1% maomﬁmﬁmuﬁgﬂﬁ‘@’jnﬂu
ER-negative Wl 4 PR-positive, anafiasanan § ER expression a%islmzéi'uﬁ@;nﬂ'jw:wuvlﬁmﬂ
NNIATI9628 IHC; u:ﬁdﬂ@;uﬁiﬁwamﬁﬂmﬁag’i:vnfw ﬂ@;NﬁﬁVﬁ‘l ER-positive, PR-positive Las

ﬂéj&lﬁﬁ ER-negative, PR-negative.*” uz1591duufd ER expression luszaudiaunn (9523 IHC
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.. A o
staining WULINES 1 019 10% V89 tumor cells), Fawy lasszunms 2 f19 3% vad hormone receptor—
positive cancers, 819848 MIRaUAKIGa endocrine treatment @19, WINEIURBVRINLLSS
L A & da . . A o > iy
NYVILTITUUNG  genomic  signatures  iduanwmziszd1aIvay ER-positive cancers, uaz
. Y oo A A . , o o A A [ )

endocrine treatment lvitszlomitldvianaiiiioll ER expression agjluszauda ¢ 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 gugeUisenednafunuilas androgens luifln estrogens, tald
lugndganldidngionuadszdndauwudy (postmenopausal) fikaliaanInanszalzas residual
estrogen levels a4 ldu1nnin 90%. U’ﬂ,uﬂ@:u aromatase inhibitors "L&iam’lmgﬂﬁ’]ml"ﬁwlﬁ
(contraindication) lugwijaibiaunuatszddan (premenopausal) A3 laildsunsdudans
YNaued3alal  (ovarian suppression), LWIzIia aromatase inhibitors lUgUHINNTEIN
estrogens ¥ lW3zALLaY estrogens aaay 9l 1JA381M1983353N81 (compensatory physiological

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

responses) NIz ulAlin13Was FSH, LH anndu ssnalilinianazdulisilinGa estrogen iadin,
I aromatase inhibitor ENYNTDAAANNLREIVBINIALSY (risk of recurrence) ldunnin
m3ldu tamoxifen wiw 5 U, asiudulwgives fndd postmenopausal AIIRANIIMILT
aromatase inhibitor treatment N9luuuUy 158 1T aromatase inhibitor A9WLIN (upfront strategy)

n3aSultnasannlals tamoxifen N uduwIa 1 un 2 9 3 Tuda (“switch” strategy).

Munvdlends

L = o & A P 2 o & A \ A Aa
ATIINLINT WNLLTIATWNIZULIWN (stage) | K38 1A "Ii\‘lLﬂui:ﬂz“ﬂu‘ﬂ‘wuuaﬂﬂﬁjﬂluﬂizmﬂ‘ﬂ&l
M3 screening mammography aglll,ﬂuﬂizf-ﬁﬂ MITNBNY aromatase inhibitors Uszlawin
A £ % A a A [ 'Y o . ) A '
LW?JTuluizﬂﬂﬁquﬂa'N WalUIyUNeUNUNIIINBIAIE  tamoxifen DHNLA LT, I@UWU’J’]
aromatase inhibitors 8131300 recurrence &4 1U1a8n 3% wazaa mortality a9ldladn 2% Aaan

o 1Y . o [y { A X { @ { {
10 1. M3INBG2Y aromatase inhibitors lﬁﬂiziu%ﬁﬁgameﬂumﬂmﬁugmﬂﬁﬁmﬂmﬁm

(46)

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

(47

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

(49’ 50) = A VLq/ A X A
S NRINIIDNVANINVEIREIVDN recurrence LALANNUWB, LD

tamoxifen®® %3a aromatase inhibitor
~ o o o X Aa A A £ %
NYUNUNIIINBINILISHUSLIRNT 5 ﬂ QU’JUY]&I@’J’]&JL&&JWI&I’]T]T%&’M‘EU late recurrence,
A A = \ ¥ ¥ A A o & Ao P A
LWBIINNAIMUVUSLINLNINIEANYULVIADNWILNRANDY  KRIDNDUNSLINURN B TUSNNINDINTNNLLE (adverse
biologic features), ﬂﬁ%zLﬂugﬁﬂiﬂﬂ‘ﬁﬂﬁgdEg@ﬁ)’mm‘i“llmﬂna’maa endocrine therapy; s
ASY, MIVLIWIAINIIINENALE aromatase inhibitor aan M luz1907 8 8907 10 sinazlwdselmd

52)

289NN bl b At wnang. 6! mw‘i’aﬁﬂwmm’ammsﬁ'ﬂmaan"l,ﬂffumﬂﬁgﬂmvlﬁﬁ

. A a X ! A A . a X o oy 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

£ A d'd aq: 1 ‘3 = ] d' [ . U a nﬂ.
ludngandangaud 40 Dol lun13dnwsieng 9 Niiu retrospective analyses, Hrdjafiidu
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ER-positive breast cancer wazliddszinfaunatanlasuiaitnta (chemotherapy-induced
a i Aa . wd o a o A a 1 &L &
amenorrhea) Wanyaflsn (prognosis) Ndindngndiasiitszdndeuainund, et Uszlowid
, =] v a o o A . a =]
FIBAUIVDY chemotherapy eryawnau%mﬂizmmau #1320191NN1IN chemotherapy 14
oFLwthL.VL.o (54)1 =) ' A‘]‘j . . 19/4:; ' o &
NATIN AT 1 L1915 Tunn9fnundnd o Nt prospective studies W9 LALAKIN NTELET
AT U D959 b (ovarian suppression) @7 BANT LT gonadotropin-releasing hormone (GnRH)
agonist therapy RINIDAAANNLREIVDY recurrence bo LilalE35IuAL tamoxifen h38 aromatase
inhibitor, lasianzilialtlugndsanyfitesnii 40 3 uazdfil higher-stage cancer #3ail tumor
biologic features nug (luminal B, lower ER expression, LLas higher grade Wag Ki-67 proliferation
index).® * iwidoanulugndaivnnadzdudon, lufndivdounuadszidennlasy
ovarian suppression, aromatase inhibitors 87198AAINLABIVAY recurrence +AANIT tamoxifen.
lunsasenudiw, lungugwdafisl  ER-positive tumors ifiweninilsandunn o dratsau
stage |, low-grade tumors 71141614 chemotherapy n131% ovarian suppression s7u@28 la
drzlomiiAnagnisnalunsannisniisy, Walfisununsld tamoxifen Wie9aEn 91682655
dwdudindimofiidoaluniseziulalu an1uzaas menopause lugwdaf a3y adjuvant
therapy, LW31231 GnRH agonists u14a 331 laudsziunsiauvessslaliadeldany sl
(incomplete ovarian suppression), lasiawizlugnisagiasnlalasuiadige, uaziwszin
Angeaninnnadszindeunasldsuiafitng@ (chemotherapy-induced amenorrhea) L1428
gann 9 lanainsiuainavanrinnulndladn.®® s lawitlaluinssligsriraulaunniates
a 1 A [ ] 1 a [ o A v
Woala (nandalduilainsilagivinaulaluwuy premenopausal %38 postmenopausal), MTME
ovarian suppression @28 GnRH agonist therapy %38 ovarian ablation @28 surgical oophorectomy
& x> aA X ., X v o { . . [
naaliduladindwin ge’ldidrgan1znil postmenopausal endocrine function U&7 #3aA73
N sanvinbiRenld tamoxifen-based treatment Wi aromatase inhibitor therapy.
ANTLT adjuvant endocrine therapy fnadndtasdlarainnatoasnd, natuawsdu
2 = cit?l’ o a uq// 1 tﬂl 1 d! Aa o o = 2 = A:i
HaTLAENI309, lasdiaudlywinnules q Sansenudliadszdnis, ldauiswatnaifesnng
X% ' a . . . [ o a A
VL@uaﬂanLm;uLLsa(m'ﬁ'mﬂ 2). Tamoxifen W&z aromatase inhibitors lﬂgﬂl,mwaawamammw
\ o A \ v A ! @ o & o v a
@9 Saanaiinadamafandadulaiiazldindlnu. omsg vildifia menopausal vasomotor
I . =) .
symptoms 1% hot flashes LLae night sweats, UNATUNIWBNITUDW sleep LA fatigue. ﬂ’lﬁ@u,alu
W11 nonhormonal management Usznaualunisieen oxybutynin, gabapentin, antidepressants
\ . A i A ' A ' i . @
\I4 venlafaxine 38 citalopram, @9l lUfiNasia tamoxifen metabolism, WasASITEIwEY
o . o A a_ 4 a4 @ [ ' (59) Fqu
WAl (hypnosis), A8aAIUNTTUTL lifestyle INONANLABIRINNINIZAUDINTAINET. ) N3l
tamoxifen liathafinsiifialdvas (rare risks) uddraty laun azfubaylnsinagn uaz deep-
vein thrombosis, 14Ut aromatase inhibitors &INANININNINABEINNTANIATZUY genitourinary
WAz NIEQNUATTa, L% U1ade uaz NIzanN. WAt 9LABIGEIY 9, lagianie hot flashes Was

arthralgias, TrunuansdudaguiuazanwenIFIaNLATHgNg, uaunguandnitay
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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 INEINTALTINMBIT I antinwialidtheiionidesasld. srlungy aromatase
inhibitors 371%7% 3 @Taﬁvlﬁ‘fuagrymslﬂﬁvlﬁuﬁ anastrozole, letrozole, LLRs exemestane i
UseAnTniwirin 9 ﬁuLLazﬁgﬂLLuummTwLﬁmﬁmﬁauﬁu. adnglana, ;Em’ljaﬁw aromatase
inhibitor @Tmﬁal,l,ﬁ';Lﬁ@ﬁmaﬁwuﬁmﬁmm (unacceptable side-effect profile), M3tUanwLIHeN
\{lu aromatase inhibitor 8naaMHe® niawauwdn tamoxifen vandugsmwanzan; luamed
n1veantIaINNg, ATlEen duloxetine, #38N13HILTN (acupuncture) 8719 UANDINNT I UTED
musculoskeletal ‘Lo ®? Lfiﬂl%ﬁ'?&]ﬁﬁ.l adjuvant endocrine therapy, bisphosphonates LB zoledronic
acid ﬁumussmwﬁzymm:@ﬂwgu (osteoporosis) Iugﬂmmﬁaw‘ﬁuw L82819TIHAAAINNLFL
2YDINTINIY (risk of recurrence) 1%;&“‘1&@\1 postmenopausal LLaziu;jﬁvL@Tfu GnRH agonists.© %4
mslenfisziunsrineuaessala (ovarian suppression) inlwaanlnajzasanisiguiiiesan
endocrine therapy ﬁﬂ’n&l?mﬁd“fu, Tasianiy hot flashes LLa< night sweats, bone health, Laz

sexual health.®5 ©°

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

sexual functioning @44 LL@E}W%ﬂﬁﬁﬂ’]ig@%M estrogens ngﬂixuaiam"l,maﬂuastumi

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

6869 N30 329N19@1neuropsychiatric

WRIINNNTLENS endocrine therapy LLae chemotherapy.(
testing lugthodulngdnazdulnd, uazlddaslunsznuanumuisalufansudszdriu.
8IMINATLABIA9 9 lasriald dnazusiimaaadlanaidiwld . lunsdindselosinng
o P \ o o & v A ] D a A ey Y &l
snsdiebinin, uwndsududastiansamszning WT9LABINH U813 nuwadszlopun

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

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

A o A R & = &
\iia9anmslichemotherapy quaslawilwszlmiuniuziSalunnizazduvasln (stages) uaznn
P \ =a ) As & A o v o ¢ \ i
TuALaL (subtypes). E’]Eﬂx‘]‘lﬁﬂ@, ﬂ'l']ﬁJL“lnl"inﬂﬂ‘]NLﬂﬂﬁﬂﬂﬂﬁquﬁ&lw%ﬁizﬁﬂqd ER expression,
grade, Uaz degree of proliferation (13191 1) vlﬁﬁ’lmg%m‘iwvwm genomic tools N lAaa1In
STUVDULUALNUINGEY adjuvant chemotherapy ladninudnan.'® msdnmuUL prospective,
randomized trials lauaadliiAnin n31Len chemotherapy NN E30AL endocrine therapy
(luwuy sequential) laildlidszlond lungurthondsionuadszdndounsl node-negative, ER-
positive tumors A4 low-risk genomic signatures, 9 launfiavad 21-gene recurrence score

WinAu 25 w3e hasnii (S 25) lunstasiasie 21-Gene Assay (OncotypeDX), #i3add1dn “low”
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risk IWNIHANATI19638 70-gene assay (MammaPrint).?% %72 1y 21-Gene Assay (OncotypeDX),
recurrence score L3430 0 114 100, fi scores ﬁgﬁ(dﬂ’i’] 19531z lddselomiuas chemotherapy
Al g 1 { v 1 1 Y 1 { v v ] v
WiLd%  uRzAn  scores Maundn U4 AenuiEesves  recurrence  wasusinagldle
chemotherapy. Mvinuadtdinu, chemotherapy hilaananuiieuad 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 (1T Jfn
recurrence score < 25).7% ™ 1130373678 Genomic assays HI81NNIN ﬁavwmnsm%mlunsjw
U a o 1 o =) é U a v 1 v " v o R A oA
Athongiviewnualszdndon, Smugndsangiasnii 40 3 dg, laglidasdieisiniing
wWInszAeINNaaniraednIa .’ asiien chemotherapy RaNN k38R L endocrine
therapy (luwuy sequential) snanIntioaaanadssldluszaulwmnans lungudihend sibron
o A A o & a . . . A ' o
nualseiifann AeuuziSll low-risk genomic profiles wazendldfinsunwsnszanelddsdan
$urded (NO status)™ wiadnmsnszangluidudwindnsies (1- 3 positive lymph nodes, N1
status).  lunguthendgsivieunuadszdnfaunnaiuiuds, N3l chemotherapy siWalidl
AMALAIV8Y recurrence 8Aa ld 81adainasIulngjiiiasnnan N3N chemotherapy Tufinada
9l1 ilwselaldaunsarieuldaudnd wanfesneruadseindann1is (chemotherapy-
. 4 A, ' ' { { & o v a v o
induced menopause),”™ G940 drulnaesnnuFaINaaasldwwanaildifalaaaniar
139 148i¥i 9% (ovarian suppression). Tun19a39nutw, adjuvant chemotherapy Alg@nsueN?
Uznaudis taxanes uaz alkylators, uaz luihoffinnaidnegs high-risk cases, Al

'
a A

anthracyclines g, (Juminsisudu dnsy AndandiounzSismalngannnit 1 cm,
node-positive disease, ﬁ%ﬂﬁdaadﬂ‘ifﬁ , ﬁﬁaumﬁaﬁ&’ﬂwmwaa higher-risk genomic features
(1%, AN recurrence score of >25).7” n5l4 chemotherapy Misasfinnudndudasls luﬁgﬂ’mﬁl
ER-positive tumors ‘ﬁlkﬂaglu s:ﬂwgu@"hﬁq@ (VALFUHNAUENA19BINDU <1 cm Uaz node-
negative) %%alumjugﬂwﬁﬁmqmﬂ § (>75 1), 1{la9371n71 chemotherapy Mz luaansnd

NRBENIUNN §8 risk reduction ¥38 survival (13199 3 wag 4).
MIINBUEINNDWHIAR (Neoadjuvant Therapy)

MINEMBEIAa R IFIUMIHNGA [A158N31 neoadjuvant (preoperative) therapy]

\ Y @ Y o eda a X v R a A Ao & v '
sanntslimaiidaldnaanindnuduld Ssfioulslunsdifihofifaunniudunsmalng,
insuwinznedhgdaninniad, wialunsesnsdl. ER-positive tumors a1amausuadda
neoadjuvant chemotherapy, WENTAOUEWEINLD pathological complete response (pCR) Wb WU

I A v \ & @ A i A & Aa i =
VL@IHQU; LNQLLUGUaUanLﬂ WU SL%UZLSGL@]'T%?JTH@ luminal B A3842L33N4 genomic score E;N‘;] d

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

A A

9.7 7 1yadia, neoadjuvant endocrine therapy anvanlfianiz lugndnderyann niagnds

[

ﬁvl,limmzawﬁbmﬂﬁ%ﬂchemotherapy. Harit] neoadjuvant endocrine therapy Wuhawuagng
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oy 6 eiou lALlS clinical response ludamfigs uazliamansnnmsrdaidusluuuy
. Vo (3 U d' 6 a 1 o [ v s
breast-conserving surgery ladialudihsfiunndinoiasanliluaauusnidududaslaiy
MINAALGBUBBNTIILAN (mastectomy), 8en915AE MIReuawasMiduuuy CPR uw wu'le
%08.6% 8 ar93nwiaas neoadjuvant endocrine therapy 1u;§ﬂwﬁﬁ lower-grade, luminal A-like
cancers 813130 MBAIINNIABLEREY (clinical response rates) NlNALALIAL BATINITABLABEIN

Lﬁ@lugﬂwﬁ%‘ffumﬁﬂmﬁw neoadjuvant chemotherapy.® &%

UREGGICE LI P HER T
neoadjuvant treatment an3UulAiminzmudunoyaaall laverdudayavas genomic risk
scores 711N core biopsies: tumors 715 low recurrence scores ¥nazAaUEWAlAGE
neoadjuvant endocrine therapy, it tumors 714 higher scores s iudasldsunssnsaas

(79, 84, 85) % i Eda Aa A o s ,
NaBULLINNUNITINDURUDING ﬂaﬂauma'dmmelquaaama

neoadjuvant chemotherapy.
AN (substantial down-staging) e28M7lE neoadjuvant endocrine treatment uaztiieledsunns
N16I® ﬁ”aumﬁdﬁgﬂﬂhﬁ@aaﬂmﬁﬂ'ﬂﬁ strongly ER-positive Lz low Ki-67 levels; &J:L%dmjuﬁﬁ
wensoilsaluszozeniiann, widalilasiednga. @
ANTUseLl s ansaenIwensinenadfin (lasld tumor grade, size, Was nodal
status) LREANHIENIITININ (biologic features) W84y tumor (@T’JEJ multigene assays) 813117310
Wl e5un135n 11 adjuvant therapy 1ﬁmm:amﬁ'u1u;§ﬂwmﬁaLL@iazﬂuﬁﬁ 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 anuiduives recurrence Munduusinazlesu
adjuvant treatments. &J:L%G‘ﬁlagﬂu Lower-stage 713 low-risk biologic features ‘l3id11Judaeld
chemotherapy: n53nwn linatduisnwelaiiald adjuvant treatment tuinanuwiw 5 1 Tagld
tamoxifen %38 aromatase inhibitor. ﬂifﬁ‘ﬁﬁ J2@UVBY anatomical stage gdifu WIDANWHZNII
%mwwﬁ;mmmﬂfu, fis=lominnnduannsnisled adjuvant endocrine therapy Fidiuduin,
leunnnsld aromatase inhibitor LW tamoxifen vl]JLﬂf;l@%dLL@iLﬁﬂ, wIan3kTaromatase fawn3e
@ANNNAY tamoxifen, NIVYILLIRIVDY adjuvant endocrine therapy ldurnnin 5 f, LATANT LT
ovarian suppression. MINUNzL5IUNInTzan e ldaninnias (Nodal status) tiueniiAaunlu
msUsdanuEsInas recurrence uasliilduanit daslafinga uwinnaovedihe. d M
lﬂlﬂ’s LlﬁlLflu stage 1 or 2, ER-positive breast cancers, ﬂ’]‘if"ﬁaylmﬁmﬁ‘u stage, grade, HREEY
w3a laid lymphovascular invasion, LL8< genomic score g8l R UnN LTLL&:EJT?J’J&J F1N1TDU LA
Urzlomivasadindaldadroudug (@ 2 27 dliiidayamurindadulaiionlfiafitie
16,678 uazlugihegulng, FUNTOnANLEE9N191T adjuvant chemotherapy léf, 949 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) lasnd lUTaNnuRuINgInInne NaNAI3asL chemotherapy, lag
y y

laidaafflainnaues genomic testing LUulTuls. UNUINVBI chemotherapy 1 biologically



83

favorable, higher-stage cancers 8l ldsunsdnm, udidululanit athedinga wafaznduldlu

seauthunane.® giheniifeunziisdns ER-positive uaz HER2-positive (wu'ldlu 10% a9

Ahpuzuduaninue)” auadvldiu HER2-directed therapies 3387 chemotherapy U&10a

ae adjuvant endocrine treatments.

Nouninuazasuziiudualugae  (99%) 1w ER-posive. midafulalu

nazmunsins s iudualude ondonannisdadulawdoinulugwnds, ud tamoxifen

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

> L a Ao o o A s < a e
M990 2. Na?.l'l\‘]LﬂEI\‘]YIﬂ’lﬂiyﬁ%L%ﬂﬁ%'lﬂﬂ'ﬁ‘iﬂﬂ"lsl%NZLi\ﬂi%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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A1519N 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 TAILORKX, 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 ma’lf‘lummﬂau’lmaan Adjuvant Treatment mmuwmaﬂmﬂ

50 W3anaund1 Miln 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

ﬁ%mﬂmm@;ﬁmﬁﬁﬁmuﬁﬂﬁ IAnnshaden13in®nde endocrine therapies U2
RINALAN tumor recurrence %38 progression ifu. nariki antiestrogens, I@]UL%W’lzﬂ’lluﬂéju
aromatase inhibitors, A 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 vnowldaafiaslalaslidasande estrogen binding, naliiia
maapuutasly ER-based transcription, uazduwninumylauselamifitosasanmasnen
¢18 aromatase inhibitors ﬁﬁﬂé’dl"ﬁag, uingalduszloaiannmssnsdls  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 @ag. 07 %
futaswad recurrent cancers AmIsmwlUwas ER  expression.®® msifiadl  epigenetic
reprogramming V83 ER transcription, up-regulation 483 FOXA1, cyclin D, c-myc, LWazN13
wWasuulasl expression Va4 receptor tyrosine kinases R1UNTNAAUTZENTNINVBINTINBIG2E

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 ﬁmmamaanmaaisaiﬁ%mn%msJ; AR
d‘ U v 1 ' ?,’ = d' v >3
recurrence finuldtas o lduinszgnuazlanszgn, dewiinies, Yeauaziiaduiea, dy, uaz
Aantbs. nauwinszaneludsauasuazludUunas (central nervous system metastasis) lug1as
ER-positive breast cancers sy ladasnin AnvluuziSaduursiadn 9. vziSaduusia
lobular cancers Ainuwsnszane'luegs serosal surfaces, i lAiia pleural effusions, abdominal
carcinomatosis, LAz gastrointestinal tract infiltration. I@Uﬁ11ﬂ1ugﬂlﬂ ER-positive breast cancers
nlinagluizazuninizaty, mysnm e endocrine therapy LiuauduuIn (15-ine therapy) fia
lddunsguasnsiduanangis, udlugihoszezuninszaefidernisuin 9 uazdl visceral
e ° IS [ % ' & ' 1% < X o X [
crisis $11Tuda1l4 chemotherapy rauasudusn. nmaidanldorazlinuiunuigihoianld
adjuvant endocrine treatment azl3anfauudinialal (m1519h 5).% pudazswwingnlddaiiios
< A . a X v R A A ) R ) Y
auN3zNI4 tumor progression 1iadin usrdsdnndsuwdusuwulng; fihedulngdna:
lasuonuusinatvawindatitasdudraunuannszninaunziSufagnzlinauauad
(refractory) 8 endocrine-based therapies u§13siin3lfiadtvaldungie. fudaivneunua
Uszinnan (premenopausal) Al ER-positive cancer 3282 UNINTEINY A27L63U ovarian
. = Y a [ o Y v . s
suppression, TIRINITALANEAIINITIOATIA b6, NMINBIGI8NNTITEN aromatase inhibitor h38
. ~ I ' ° vl & [ A o
tamoxifen fitlszlovilunisniuquuiierzazuninizang uszanansnthanldanasale lugnle
woldoriuiudd, lasawzdasldlfuazlangaliiduiaaiwiueinndt 1 Siaunin,
'Y ) . {o o v o [Y ' ° o @

Fulvestrant, 1n@antslunga SERD 13Uy ER udhlAER ldaunsarinulduszaaisdign
Banely, fdsz@ntainlunisineiusSenluae Uauaddani1ITN 81618 tamoxifen W38

(9

aromatase inhibitor,!"°" LLazﬂ'\iﬁﬂizﬁﬂfﬂﬁWIup&'ﬂ’mﬁﬁ ESR1 mutations 8.9 anvlgsauny

aromatase inhibitor, fulvestrant 8719LWNAAIINIIIAATIA, I@ﬂqu:asiwaﬁﬂugﬁ"l,&imﬂvlsﬁ'u

adjuvant endocrine therapy nan. 1%
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A19197 5. nIlg Endocrine Treatment LLae Targeted Therapy R 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.

M3y Targeted Therapies &1%150 Metastatic Cancer

Cyclin-dependent kinases 4 Uaz 6 (CDK4/6) Liluldsdufivinninfiaauqu cell-
cycle progression lulaadnasafia, TINrILTasuzL5IEUNTEe ER-positive 6118, 14annise
N9AAAN, N3l 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 mmmLﬁaunmﬁﬁ]zﬁau?ulﬁ cytotoxic chemotherapy aan hule. (103100
ANTLT endocrine therapy $38AL CDK4/6 inhibition §13z&nTA1wWirinALUNNTLE chemotherapy
falgiiln firstline treatment §WsUNzI593z8zUuNIN3Z018 wazidialfiin neoadjuvant treatment
28 (1% 107) 58 agnsan13 N8 CDK4/6 inhibition Wuiniindulasfl RB1 loss wiad
genomic changes 11 growth factor W&z cell regulatory pathways 8% 9.1%) j1u33un19aain
e lninansauiidnsn sl CDK4/6 inhibitors $38RL endocrine therapy 1t adjuvant
treatment lu;&vﬂ’m high-risk, early-stage breast cancer "L@”Lﬁmaﬁl,mﬂ@haﬁ'uvlﬂ laduiianis
\@83n%. AT abemaciclib $3NAL endocrine therapy mminaﬂmﬂmgm“u 84 recurrence '+
3239 M3Aaay (follow-up) w1n 1 fig 2 1 1u;§ﬂwmﬁawﬁuwﬁﬁ high-risk MHN13NT2a18L4
fouiinaasudd, I@ﬁg}”ﬂ’;mﬁaunmulumu%ﬁﬂﬁ%’u adjuvant chemotherapy nawL5u
adjuvant endocrine therapy.'® ag19'l5Aa1N, ITUITBIUBILELINK WUIINATTHE palbociclib
39011 endocrine therapy laigu3naana uLEs9209 recurrence o119 nsfaanusnisy
wsnfilunafiwuduin uazmsinsnanuissin 9 finsy sjﬁ'u%aﬁ']é'wmﬁuag azpaeld
810130 izqmamwﬂsﬂwﬁmaq CDK4/6 inhibitors 6ian13@1Lfiulsa (natural history) U89
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ER-positive, early-stage breast cancer |6. CDK4/6 inhibitor treatment 14 a‘ﬁ’ldLﬁﬂdﬁLﬁm Ay
\dalafau1a67 (neutropenia), 84374, sautnde, uazlunsdiniu ass Afdaasniay
(pneumonitis) 4.

m3ld targeted therapies 84 ¢ RN mmimﬂ'umsmuqmiiﬂ w4 refractory,
ER-positive breast cancers LLﬂz&Tﬂgﬂl“ﬁi’;&lﬁu sequential lines V84 endocrine treatment WRIN
MIINEGIL CDK4/6 inhibitors LA7. ﬂ’]iﬁ%ﬂﬁl’gfﬂﬂ%ﬂ’]UluLsﬁaﬁﬂhuﬂ’m phosphatidylinositol 3-
kinase—AKT—mammalian target of rapamycin (PI3K-AKT-mTOR) ﬁuwmwmuqmmﬁuimao
LIRS L% ER-positive breast cancers. WuanUszu1ns 30 19 40% a9 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 w2598 mutated PIK3CA weildleUsslomflunsiSed
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, seeunana
§9 (hyperglycemia), LLa:Lﬁayé'nmu. luﬁi’ﬂ’sUN&L%GS:UZLL‘Wiﬂi:ﬁ]’]El]J’]Gi’]EJ“?iIiﬂ@ﬁ’]LﬁuvLﬂaﬂN
71 ¢ (indolent), N34 antiestrogen therapies ﬂé'uml%ﬁﬂ%éiﬁmﬂﬁmﬂl"ﬁLLaz%qﬂw”ﬂ"LﬂLLﬁa %30
M3 low-dose estrogen %38 progestins N1TalAUT=lodile (m’li’ld‘ﬁ 5). Watauuzssla
ADURUDIGA endocrine treatment LLﬁ"J, sl palliative chemotherapy mmmlﬁﬂiﬂ“ﬁﬁuﬁé’ﬂ’m
Idadwtoian, uazgihondsdulngldsumsinsmaiage (multiple lines) luunulgeiad
Jafiazdl (single agents), aud1@unull (sequential), LI capecitabine, taxanes WY
microtubule inhibitors shﬁ'u ¢, alkylators, 738 antimetabolites, 7380 anthracyclines.(”‘”

81 poly(adenosine diphosphate—ribose) polymerase (PARP) inhibitors, aulann
olaparib W8z talazoparib, LL@iazﬁ"Jifuslﬁ'ﬂS:IU%ﬁﬁgd lasl# clinical response rates laannnin
60% slu@:l'l’a ¢ ER-positive breast cancers ﬁlﬁ germline BRCA1, BRCA2, “3a PALB2
mutations.('"5117) mi;uslmj 9 ﬁLﬁaﬁuwu, L7 next-generation SERDs, AKT inhibitors, LLagz s
au 9, ldlwanunislng 9 winsinsdiisuziTadiunTzozuninizans . Sacituzumab
govitecan, Sﬁa VD w anti-Trop-2—specific antibody—drug conjugate, 1o response rate ﬁl 30% va3
AU 80 TILd BTz UZLNIN TN Aaslasun13snEIeae endocrine Wz chemotherapy
20828 grusTaidansn immunotherapy 114 ER-positive breast cancer ﬁ’]ﬁﬁ@i%ﬁuag. o
WisufisunuuziSoid unaiiadu 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%o8n31 anwme
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@19 9 manh sdun 9 Axunsaldinwieladn azledszlosiainnisinuals checkpoint

inhibitor-basedimmunotherapy."* 12

u‘na‘gﬂ

sziinduadudymamimgeiimlanidanuaula. nanlassn, anuianudilag
-4 { o a I % a .. ' o Y- '
WNIWNLINUEIAN 128 Iu5 LM uNTha ER-positive TINALNTATIIRaulnAd 9, snuuwu
' o ~ & A @ o a o P A A
Ind 9, uazaudnlafnuIndwiNeINURNATIABIVEINNTINET waznsdinTasdalunng
UL U UHNATIILALILRA T, ﬁﬂﬁ’mmmwwﬂuﬂﬁ]ﬁ;ﬁu R1u1I0UsuUnIInE v RaAAA DS
Wanzaunuihoudazan Lﬁaﬁﬂﬁgﬂaﬂvl@ﬁ'uNmJadmﬁ'ﬂmﬁﬁﬁq@émfumﬁdLﬁmmﬁ@

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

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

UzL59LeUa (breast cancer) Lﬂuu:ﬁaﬁwﬂﬁﬂaU‘ﬁq@ﬁu@”uLLiﬂiugmﬁoﬁ’ﬂaﬂ
uaztduaingduduusnussmadsdiadiolsaussslugndsrinlandas. O uzsaduusiand
amplification Laz/MmIa overexpression U 84 human epidermal growth factor receptor 2 (HERZ2;
ErbB2/neu) (15unsw 931 HER2-positive BC) wu'ldssanm 20-25% V00T NTRALE U N
@3N %. HER2-positive BC ﬁmsﬁmﬁukﬂﬁgmm wwsnszngldish Sevildineansallsen
1ai@.@® msw"’wmmaamﬁﬂmﬁxjoLﬂ']"l,ﬂﬂ'a HER2 (Mi3unfiuin HER2 directed therapies %38
HER? targeted therapies) larial#iianns LﬂﬁU%LLﬂaamgﬂ%nﬂumwfmwLiﬂm WA
NIZUIBNTAUAINE @1aamuwamaomﬁﬂmﬁ"lﬁl,ﬁ@%ﬂmjﬂaUﬁLﬂu HER2-positive BC. 114
ez 5 Iiruan, dnanoaaeniiln HER? targeted agents, 3339 tyrosine kinase inhibitors

[

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

'
o > =

ﬁ"l,@ﬁ'umiakl,u”alﬂ%ﬁm%'u metastatic HER2-positive BC, 414338810 NtN81109, Wasn1s

o

anlslunrdjua.@
HER2-positive breast cancer

HER2 (ERBB2) .il# oncogene ‘ﬁagﬂu long arm of chromosome 17.% 7 HER2
oncogene & coding sequence §MIUNAA HER2 [erbB-2 (neu)] oncoprotein F9LIuaunTnaaniis
ﬁagﬂungamaa human epidermal growth factor receptor (HER) family, autlsznavlUdae
epidermal growth factor receptor (EGFR)/HER1, HER2, HERS, W.az HER4; lag HER2 oncoprotein
ﬁ‘ﬂﬁ’]‘ﬁlmuqu cell growth, survival differentiation, LLaz migration.(e's) HER2 extracellular domain
(EcD) 'ldfin33u ligand la 9 ﬁfﬁ‘i‘ﬂﬁ'uagjuﬁa (known ligand), LLazgﬂﬂ‘i:Gun"l@Tﬁ’mmiﬁ'u ECD
2Ya9au1Bnln HER family VL@TLﬂu homo %3a heterodimers (HER2-HER2, HER2-HER1, HER2-
HER3, HER2-HER4).® " n1s1iadl HER ECD dimers tanfidnavinlfifia phosphorylation 104
tyrosine residues luuSiamh cytoplasmic tails @arinlinaneiin docking sites (“vinitwy”) 1w
proteins ﬁLﬁm?Tadmaﬁ_l LLET’JﬁNaﬂ‘S‘;GEu phosphatidyl inositol triphosphate kinase (PI3K) Liag
mitogen-activated protein kinase (MAPK) signaling pathways, MIAG cell cycle progression LR
proliferation.® 7 lunziSaduw, anuladndves HER2 ﬁwuﬁaﬂﬁqﬁvlﬁuﬁ overexpression L&

amplification, TIFWINATID LA A28 immunohistochemistry (IHC) 8 fluorescence in-situ
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hybridization (FISH), au&1au.® 19 dfignuvas “HER2 positivity” VL@Tﬁﬂ'mJ%'uﬂgﬂumanmﬁ
BN Wﬁmm%’mwﬁ}'ﬂqumﬂfu, Walidanuwaingranndu uaztelivinlvlszinsnwms
TR @‘i’]LL%zﬁ’]ﬁl‘ﬁb%ﬂuﬁﬁ]Qﬁuma ASCO/College of American Pathologists guidelines ‘¢
5:14‘vli"’jﬁ HER2+ tumors fauzi59fin31any 3+ daun3asia IHC, AafimidanfiadaTuidusanng
YDILTAR (complete circumferential membrane staining), FARLTNTALIW (Lﬁuvl@i”ﬁ'mwﬁmmﬂ%
LawS low-power objective), Wazwu la luu1nNT1 10% was tumor cells; IunTHUBINNTATIINY in
situ_hybridization, fnilena positive TWNIHATIIAIE single-probe Aofdladuuas 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 ®3011NNI1 (4). H1WU dual-probe HER2/CEP17 ratio
winuasnin 2.0, uddiadsuas HER2 copy number LY 6.0 signalsicell w3aannin, nydii
AaasRasaniniu HER2 overexpressing.? lunydifiminma IHC wia FISH liuarmia
(equivocal), lafanuwsngaiiaswamldinadia quantitative RT-PCR, w38 droplet digital PCR
iolitle alternative HER2 tests fidanauaingn, flanuseandeduotvginunanInTIace

IHC uaz 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@8819191299 (anti-HER2 mab).7 "® ' Trastuzumab sU7 extracellular
domain IV 289 HER2 iwatlasis activation 289 HER2.(® Ssni1tis, nalndu ¢ Alasuns
WiauaLiantunoseAnEnw vos Trastuzumab @A nsEUsS intracellular signaling pathways
64 9, MIANNIRANEEIV09 HER2, WAZNNINILGU immune response @28 antibody-dependent
cellular cytotoxicity (ADCC)."® Trastuzumab laTun1sausi@lvlslugi Hasud f.6. 1998 wazle
\IJ1 HER2 directed therapy @7 LLSﬂﬁ"L@T%’uakLﬁlﬁlﬁ'ﬂm HER2-positive BC.2% a3uaitiuan, ¢
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, @915u Fc-engineered anti-HER2 mAb, AlaTuniranald; §13 3UfU HER2 ECD
|@igwdsny Trastuzumab wazasnavinliil antiproliferative effects lanane 9. Margetuximab
1 anti-HER2 mAb ﬁgﬂ@“’@] wUasluusiane Fe-portion ¥ilA&1u1T03UAL stimulatory receptor
FCYR IlIA (CD16A) el WazNIz6 U CD16-mediated cytotoxicity.®® ** nlungu small molecule
TKis tIudnuuIn19n13snw1dmiudas HER2-positive BC v9luszos early stage wia
advanced stage. Afatinib tugnaanitafitu irreversible inhibitor 8 EGFR, HER2, uas HER4 i

ldsunreyd@liltlunzisadaafill EGFR mutations.?” Afatinib 1Junitslu TKis ngauin g d
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My lunziSuduy waziNwiIde phase 1-2 trials Iinaniaziduanuniale wedluaidaun

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

U338 phase 3 trials wuinliddse@nsaaw.
v small molecule TKis ﬁlﬁwaﬂ’li‘;ﬂiﬂ’lﬁmumuaﬁﬁl phase 3 trials ﬁlﬁ’llu HER2-positive
BC.%23 TKis thanit Iauaaslwifuinduszinsam vialuw msldidugnvuwdsn (monotherapy)
wioldsannueitnga, uaziauny HER? directed agents @284 9 Tulsaszazuninszany 2%
MIIVAN vLﬁLLﬁ@GIﬁLﬁ%’i’]EJTﬂ’JUﬁﬁiiﬂﬁ%%ﬂ“ﬂmzﬁifﬂ’l trastuzumab a13'ledszlowiiann
n151Fu1 HER2 directed TKI lagfin3a'lufl trastuzumab 37u628.%%3 Jszanniniians
ilasanannalnniseengniiuandieni lag TKI lueangnifn HER2 kinase domain ¥inl# TKI
LTuenalngne § vasn1Ihedas trastuzumab %

Trastuzumab 1Jalgiduenvuuidos (monotherapy) SUszanSawias wansled
sunadthta sansassuivdzaninmldagnsann, Serlw lagraly trastuzumab 29N
1257010 chemotherapy.©® 3 ilald trastuzumab Waufistasilsasisy, maiedu ﬁgﬂ
IaLdu 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, uazilagilszan 30%-40% maapjﬂaﬂﬁaﬁ%’imgjﬁ 8 1.8

fauanlaianuiinilunissne K128 metastatic HER2-positive BC Tunusa,
SafRIfd IR ua I NAW B NWaNDaENY. BNEaENITY, SALEINTINENGI8EN 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 . ' .

#auiud dihoasldTusunaidmin adjuvant treatment w3a'lal, relapse-free interval 284
X a & aN v . ) v A a @ a

Ahe sawwissle, Ualondnldiuain metastatic treatment fauwiing funntaniiosle,
a =1 ni v A 3 U C7 1 Aa nid v

UsnnauzSanldifadulugdiig, anurevvasdihouaziansznudaqunindia, ;nilfuas

navaseluudazlszing. gaviie, Sallanududuatrsunluniswamun predictive biomarkers

fnsulalunziSudunsiio HER2-positive SEazUwINTaNg.

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

ASMEANTUENNUIENa U8 trastuzumab WA pertuzumab LazeLANTNUe 1 BUn

alBidu drsusvwuuan (1°%4ine) dmiuinsgisaiulngifiidu metastatic HER2-positive
= . [ & { o - .

BC. Pertuzumab 1% monoclonal antibody AR HINIUNL HER2 extracellular domain 11, fua'ly

HUg9IN1T dimerization Y89 HER2 NU HER receptors A28 % 9. vald pertuzumab TIUNY

A o A s s & . . A v a & (21 22 39)
trastuzumab nainl¥fin133:Juduay signaling finsauaguuinninewansbsdn '?
Pertuzumab "L@T%’umiaw“aslﬂ"’lmwlﬁ L340 99NNHNANNTILUAY CLEOPATRA trial.“%*?) gquiauiiiin

phase Il trial AdSoufisulszAnSa waadnsld trastuzumab uae docetaxel $uAL pertuzumab

%38 trastuzumab W&z docetaxel SAUNY L1BaaN (placebo) Iugmzﬁﬁummmuum (first-line
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treatment) lug{tl 831471 808 auiidu metastatic HER2-Positive BC. 1 wfndsina, Siies
10% va3gih slums3saiaeldsy (neojadjuvant treatment s trastuzumab Tumeiduyzi5s
J282U3N (early disease) WLAA, LLa:gTﬂwﬂ@;miaﬂf: ISt le dosfitrsaanang
ﬁaﬂﬁﬁg@ 12 Laauizwj’mmiﬁyuﬁ;mmad (neo)adjuvant trastuzumab treatment LaznsIRARB NS

LWINIZANY (metastasis).

NANN3338289 CLEOPATRA trial "l@TLLam’LﬁLﬁm’mﬁngﬂayﬁvL@T%“U pertuzumab 374
@8 & progression-free survival (PFS) Lﬁuﬁuaﬂ’mﬁﬁm‘hﬂ”ﬁy LﬁaLﬁUUﬁUﬂ@;wﬂ'ﬂ’wﬁvﬁ 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% lunguils pertuzumab
uap.“4? Lﬂuﬁmﬁ’dm@l, ﬂ@:w‘ﬁlvlﬁ pertuzumab 333628 § complete response \Aadwlu 5.5%
pa91ln. MenatanmIdaaudthelddszanm 100 W@, mjuﬁvlﬁ pertuzumab 3368 4
overall survival (0S) tnduagnafvivdndny euSoufvuiunguild placebo (HR, 0.69; P <
.001); ﬂéjwﬁvl,ﬁ pertuzumab fié median OS 1YL 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 LUSELLABUNAD 10% maomjuﬁ"ld’ placebo &9luflsarin5u.4Y
Ftis, MIYNNNIANUIEs HER2 ¢he anti-HER2 mab 2 ww% (dual blockade) auldur
trastuzumab LLas 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 TN T YA IUALINNY (de novo metastatic HER2-positive BC) ﬁ%agﬂﬁﬂﬁ
uusSoduuniia HER2-positive A3 leiSuas MuwaINnlanya anti-HER2 adjuvant
treatment "Lﬂl,l,zi’aazhaﬁaﬂﬁq@ 12 LHan.

faddmauduls  CLEOPATRA tial  fiadslianwanle.  dusiusn, I
CLEOPATRA trial 1ul% docetaxel 1ilu chemotherapy backbone; @g\‘lLL@iifum, sLafitnasaan
9 ﬁvl,ﬁgﬂﬁﬂmsluﬂs:lﬁuﬁﬁw, Wi paclitaxel, nab-paclitaxel, 38 vinorelbine, WazWUINlAHE
Indifnariu; aamin, mm@i’ﬁtﬁa%ﬂuﬂ@;u microtubule-targeted antimitotic cytotoxic drugs tugnTi
Iesumspansululdle @ * suauiiaes, saulng (Uszum 90%) maa;\«fﬂmﬁ"[ﬁﬁﬁ’mmﬁﬁ'ﬂ
14 CLEOPATRA trial lajtas @30 (neo)adjuvant treatment @28 trastuzumab luﬂlmzﬁtﬂu&lzﬁd
J282UIN (early disease) anniaw.*" *? atnglstana, Uszannwaasdnusnawni Usngin
qﬂqﬁﬁaﬂadlugﬁmﬂﬁ'{u (neo)adjuvant treatment @18 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 Mmaslasumysnenes
trastuzumab-based therapy w24 i Jufinasiudinlin Vl,aiﬁﬁagmﬁmﬁuuwmmaa
pertuzumab luﬂ'ﬂ’mﬁmﬂﬁ% adjuvant treatment Al pertuzumab %38 T-DM1 nfiaw. N3kt

pertuzumab 334ML trastuzumab uaz chemotherapy A3 lasuNIRTaNludthwswlngilsald
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FUSUMUARRINT LG 81 anti-HER?2 therapy ﬂ%q@ﬁw Dwaaannnin 12 eewldud.© Snnits
ﬂi:Lﬁuﬁﬁ’m”mu fa 1w CLEOPATRA trial ifuleivlﬁagty’mlﬂﬁ maintenance endocrine therapy.
314, UNLINVOY endocrine therapy Mﬂsrﬁf‘:{fuﬂuﬁaﬁvlajﬁiaga. a8 bsAa, lurjﬂw‘ﬁ'ﬂu
Nzﬁx‘]ﬁﬁ@‘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 %éﬁ‘lﬁ]’]ﬂ%g@ chemotherapy Touan.“®
garie, ‘luﬁﬂwﬁvl,ﬁﬁ complete remission LAaTWLE, Seozaannanzanlunsld maintenance
anti-HER2 therapy J&Lﬂuﬁaﬁvlaiﬁiaga. MY anti-HER2 therapy 813 laiunIwansanlu
mwwz’tug&fﬂ’mmaimmfu, Togtawrzlunsdifisansanavanlelndle Wedlsamisunauan

Tnsidn.@®
HER2 Blockade wa& Endocrine Therapy

NOWUZLTILE WU THA HER2-positve BC ‘ﬁﬁ expression VUay hoyrmone receptor (HER2-
positive/HR- positive BC) wu'latszunmm 50% 189 HER2-positive BC NInNa.“? N3l HER2-
positive 34N HR-positive FUNUEAUN3AaRaMIININ@IY  endocrine therapy ©0) wyid
ﬂgam‘wuﬁ (cross-talk) 3¢%319 HER2- 1.z HR-signaling pathways, Lag 13889 HER2 pathway
mﬁmmﬂﬁwﬂwﬂaum@euauama endocrine therapy 'l6.®" % TANDEM uaz eLECTRA trials
Lﬂuammimmljﬂq ‘rlmaﬁmauauumﬂumna’n ualawuin msld trastuzumab  SaNAU
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 Qu; ﬂammnvl,m‘u first-line trastuzumab 374NU pertuzumab Uae
aromatase |nh|b|tor 1.6, ﬂamaaavl,mu trastuzumab $IUNU aromatase inhibitor 1 617, Uszanm
2lu3 maawﬂmlmma ﬂaw"l,m*u induction taxane-based chemotherapy ﬂaum\llﬂi aromatase
inhibitor, Lﬂuvlﬂmummrﬂau‘[wamwmwma M7k laugaslwiAuin ﬂau‘ﬂvlrﬂ dual
blockade & PFS fidn (median 18.9 \Aaw 1WIsueuny 15.8 1@au, HR, 0.65; P = .007).%%
mmﬁuu NwIephase Il ALTERNATIVE trial vLmeimJLLmNﬂm 355 au AflsasSunasann
& endocrine therapy LWas trastuzumab, Tlasy aromatase inhibitor 333NU lapatinib L8z
trastuzumab %38 arorpatase inhibitor 24N anti-HER2 agent 1 AN (VL@TLLﬁ, lapatinib %30
trastuzumab). N laurasliiiudszlomives dual HER2 blockade; lagwuin median PFS
WJu 11 1han ‘Lunaw”L@ dual HER2 blockade (lapatinib W@ trastuzumab) \W3suifisuny 5.6
\ian sluﬂamvl,@] trastuzumab (HR, 0.62; P = .006). AN median PFS Iuﬂam"l@ lapatinib t¥inAL
8.3 1iau.® uuwumumawauammu M3 dual HER2 blockade 787U endocrine therapy
mﬂmumswmsmﬂmﬂu ﬂ']iiﬂi:ﬂLL]J]J first-line I%N‘]_]’JUV]VL@]SiJﬂ’ﬁWﬁ]'ﬁm'laEJ'NFIO'J%LLQ'J'J'T
vl,&lmmwmm%evlmu chemotherapy WaZ/HIB uﬂimmmaoeﬂummuuaﬂ ¢ (low tumor burden)
LTuﬂim 1] bone metastasis LWEN 1 @WLL%%\?L‘U%@I%.
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AUV NN ED9 (SECOND-LINE TREATMENT OPTIONS)
T-DM1

‘lug}“ﬂasjmuslmyjﬁﬁimﬁ%%mrm%u waannlasunsshenday dstenauuesn 7
o trastuzumab INAL chemotherapy %30 pertuzumab JIUNU trastuzumab Wag chemotherapy,
MITNENMIE T-DM1 WRESUUULAD (monotherapy) AATTIATUAN TR T LD UAITnEN UL
‘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%aw‘[mﬁ'}ﬁu DM1 (derivative of maytansine)
AflgnT cytotoxic activity lagmsaangnigusansvineuas microtubule, Snarinlwen T-DM1 an
ﬁmﬁgjmsflmﬁmﬂﬁashdLﬁn:ﬁmmwwlmmaé{ﬁﬁ HER2-overexpression.?  lasfigadaud
L& (stable linker) n3e¥nminilion DM1 AAY trastuzumab; 1aded 3.5 molecules 189 DM
@@ 1 molecule V84 trastuzumab. $1u338 EMILIA phase Il trial ladszidusz@nTainuazainy
Uaaaneas T-DM1, 1W3suiiiaununssnenes lapatinib 39871 capecitabine 941il% standard
second-line regimen ‘lwnm:‘lfu, Iul’fgﬂ’w 991 aufiil metastatic HER2-positive BC. g&?ﬂwﬁad
lddlsafnsunasaniunmsinsuzisesasuninizanediy trastuzumab  SannAuluasza
taxane, wiolsarnsumelwlitin 6 @aunasanLasaEuNTNENME adjuvant trastuzumab
fWsUNZI595z0zUsN (early-stage disease). M33NEee T-DM1 TWnatin PFS uaz 0S léagng
Sripdndn1eadia. f1 median PFS 1w 9.6 1ew lunguild T-DM1 wSsuifinury 6.4 o lu
mjuﬁ”l,oi“ lapatinib S9N capecitabine (HR, 0.65; P < .001), a2 ¢1 median OS LI 29.9 LAan
luﬂéjw‘ﬁ'vl,ﬁ T-DM1 WSsuifisuny 25.9 1w Iuﬂéjwﬁ'"l,ﬁ lapatinib S7AU capecitabine (HR, 0.75;
P < .001).%5) gasnminauawad (Objective Response Rate, ORR) luntejuﬁvtoi’ T-DM1 group
(44%) ﬁmgoﬂdﬂumjuﬁvlﬁ lapatinib-capecitabine  (31%).¢" é’m’mnmﬁ@mmﬁaLﬁmﬁgmm
[grade = 3 adverse events (AEs)] uazmatnaifasivinlddosanuwiasia wuldasninlunga
fle T-DM1.@

Uselpaivas T-DM1 lunsldidudisugnvuwiudiany (third-line setting) b3
msfnee. 1uu3s TH3RESA phase Ill trial, n133n®16as T-DM1 1y PFS waz 0S lewnn
i orSuufisuny mMIsnwnde trastuzumab Uas chemotherapy fildananunisaaauwlaves
uwwnd (physician's choice) lugtladuin 602 aufitdn HER2-positive BC 71lesun13snmneas
anti-HER2 therapy U&7 2 21%, LA trastuzumab wae lapatinib.®® @1 Median PFS Liu 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
lasa1Aunan13I98289 EMILIA waz TH3RESA trials, T-DM1 ld3unvaysd@lildlas FDA uaz
EMA lud a.¢. 2013.
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fqafigrdynassuiinslinnusulalunsdinisisoiiedu T-DM1. dusuusn,
EMILIA uaz TH3RESA trials Vlﬁgﬂe‘hl,ﬁumﬁﬁ'ﬂuﬁwL'eriauﬁ pertuzumab gn¥anlEluuuy
masnepwuesn. aghelsfiony, 168 observational studies Aiugasliiuda T-DM1 sansnaan
qw%ﬂﬁlu@ﬂ’sﬂﬁ%ﬁﬂﬂ%’ﬂﬂ’]ﬁﬂmﬁm pertuzumab-trastuzumab-chemotherapy 314&2.%% guay
sa4, Dauddnludeguiudslaidl predictive biomarker Alesunmsamesaufuinadisnsudiuudd,
sm”uﬁgwao HER2 protein (3+ 1W3suLfinuny 2+) w38 ERBB2 mRNA expression, %3807 baiil
HER2 intratumor heterogeneity, a1ataulaunindaiiangudmniunsld T-DM1 il
duauay, T-DM1 Atasgnirandnslunsliidusiinsauiuusn 1u MARIANNE phase Il
trial. lunn533 04, mjuﬁ”l,@ﬁ'u T-DM1 579AU w38 lusuAy pertuzumab fien PFS lai'lauenin
waflidninednefivisddny Werfsuiunguildsy trastuzumab Sawfuluaszns taxane (14.1

\Aaw 1Byl 13.7 1faw; HR, 0.91; P = .31).%% % ainalsn@, sueagiu Selufidaya veans

AR

728Nfn®1 T-DM1 monotherapy %38 T-DM1 324NU pertuzumab (U38ULABUNY trastuzumab,
pertuzumab, LLawﬂunga taxane (ﬁgﬂ’ﬂv@’i’uﬂu standard 1% —line treatment luﬁﬁ]ilﬂ/u). @Tﬂfl?u
, T-DM1 39ld5un139alay National Comprehensive Cancer Network 1% Tdu first-line treatment
Sunita, LL;QT’;"H]:"L;J"L@TL‘}“]W?W%’Umﬁgmﬁamﬂué’umn, ue ESO-ESMO ABCS laildpansufiaslw
\Iu first-line treatment, ud@anatianld T-DM1 Lawwzgﬂw‘ﬁ'vlﬁ%'u NNINMTHIDENTOLADLULR?
41 ldmanzauiy nMesnes il uanaszu@sldun, trastuzumab, pertuzumab, wazenluaszna
taxane), @aamupﬁﬁﬁhmaﬂwmnLf"ﬁlmﬁ'uwaf'ﬁw,ﬁmluﬁ’m HUII9THUTI (alopecia) 778 HAGD
2UUUI28IN (neurotoxicity).®” T-DM1 mmmgmiﬁmlﬁﬂums%’nmmmumn (first-line
treatment) luﬂifﬁﬁlﬁiiﬂﬁ’lﬁu 152 (early relapse) #ad anti-HER2 (neo)adjuvant therapy (< 6-12
\aaw). adnalsnanw, lugih N lsAfI5015) wasanlasunIsnENaaY trastuzumab Tag'lsldld
pertuzumab 374, N1IINBIAILNT LT pertuzumab SINA U trastuzumab LAz 81 docetaxel

(CLEOPATRA regimen) A17b@3unsNasanshan e snnnin T-DM1.49

A1SULINIYRAIIINNIIINEIA2I8 TRASTUZUMAB, PERTUZUMAB, waz T-DM1 1a"

TuiTaqaiu, 59 148UUINIINNTIAB  (therapeutic  algorithm) nEauiMIDEe
M o o a X s % % @
metastatic HER2-positive BC 1 b 113AR509%Aa9n LU ITNENGIE  trastuzumab,

pertuzumab, uaz T-DM1 3uda. lrad, ilddunlna 9 wanse lasunseusi@lwldlusniunisal

(2
=

% WAzA2ThesUNNINATIREnANLT, Aeualn, s‘]’a"l)&ifim’ssazﬁ'@ﬁm”uﬁau%é’oazhd"l,ﬁwﬂﬁwaﬁ
Nga. a9 nIsaaulALRaN TN 1M AaudNITUTa% uazdaswTanansmsaigie, Tsa
szdneneng 9 VeI, NATLAEIIINMTINENABUWIN, TrnanlIaiisy, durtkived

metastasis, AMUTOLY aapjﬂ’; g, LLRSIAN.
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Tucatinib

Tucatinib LI1en tyrosine kinase inhibitor (TKI) 3%a3uLsen1% ﬁaaﬂqvlffslvmﬁ kinase
domain w89 HER2 léaesianzasunn wazsuds HERT Idieadnias, snwaituwionaidn
iwuaIUuuUVeINaT9LA89.% 9138 phase Il trial HER2CLIMB l@@nun 3l tucatinib
IUNY trastuzumab W& capecitabine 1%;&”11’; gINUIN 612 At ﬁlLﬂu metastatic HER2-positive BC
Aeelasunsshsneae trastuzumab, pertuzumab, uas T-DM1.69 ;jﬂmﬁﬁmﬁmwim:mmvlﬂ
SIENIEAN TN TINN S B il smLi”u;jﬁﬁaovlﬁ‘?umﬁﬂmmwwz‘ﬁ' IuAuzSenunsane
FNBIALNINUA (1% WIGa WIB 9FIN®N). TaAdTEING, Tumsisvit Qﬂaynﬂﬂuﬁaﬂﬁ%‘umi
7323 brain magnetic resonance imaging VL’S’LﬂuﬁagaLﬁaa@Tu Wahiumyise. Qﬂ’mgmﬁmﬂu
2 gl 141630 tucatinib 38 placebo, Taons 2 mjuﬁ’mvl,ﬁ%'u trastuzumab LAz capecitabine 323
s, lwnuisoil, 47.5% 289511284 brain metastases fIuAusNISNTNWIY. wisoillauses
IiAudsednEnwas tucatinib, lasd1vad median PFS 1YinAu 7.8 tdan luﬂﬂ;&lﬁlvl,(ﬁ tucatinib
Wisuifisniy 5.6 1dew lunguiilduimaan (placebo) (HR, 0.54; P < .001). laraansmly 2
3, dwes 0S ﬁgﬂm@msrﬁ WinAL 44.9% ’Luﬂéjwﬁvl,ﬁ%'u tucatinib WRZLYINAL 26.6% luﬂajuﬁ"l@ﬁ'u
placebo, Uazf18d median OS LYNNU 21.9 Laa® Waz 17.4 1@an, ANs1aU (HR, 0.66; P = .005).
slumimpjﬁﬁiaUIiﬂﬁmmmi’mm@"Lﬁ, ORR ¥iNAU 40.6% Iunzjwﬁvlﬁa?u tucatinib Waz 22.8%
1uﬂ§jwﬁvl,ﬁ§'u placebo.® 1um§m§ﬁ'ﬁ yuiSsunsnszanelddiavas, 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
AOURWDITaINSINuNWINsza1e lsIsNas (Intracranial ORR) 1uﬂ§juﬁ"l,ﬁ§'u tucatinib ﬁmﬁgo
N (47.3% Winuifisuit 20.0%).% fisanatiebs de ﬂ’ma@%%'ﬁLﬁ;\r’fulumjwﬁvlﬁ%'u
tucatinib  FUWUTAL MsdigmnIndie fenin LLa:@ﬁiaamwagvl,@i”muﬂiﬁ.(67) NATNILABIEIU
Tl "La\igu,u,sa (low grade); ﬁaaiaaﬁgmm (grade 3 diarrhea) Was msRNduVeY transaminases
Tunszumdan, Aowiwuliven, udfnunadnadsamaniilduesnin Slum\juﬁ'"l,ﬁ tucatinib 323
¢e. Jud a.¢. 2020, FDA uaz EMA vl@i”m;ou”amﬂ"ﬁtucatinib 24N trastuzumab WaZ capecitabine
fniuinmgile HER2-positive BC ﬁI‘mqﬂmmumé’@"L&i"l@T wia agflusznzuninizay, 1iu
gﬁﬁhﬂﬁﬁmﬁdu,ws'ﬂszmslvl,ﬂﬁauaaﬁ’m, I(ﬂﬂgﬂ’sUL%dﬁﬁLﬂﬂvLﬁ‘;Uﬂ’]‘i%’ﬂﬂ’]ﬁ’Jﬁ anti-HER2—
based therapy ¥1ud2. FDA ldzyl31n tucatinib foratlwlelu QﬂaﬂﬁLﬂusjﬂuﬂwﬁﬂmﬁw
anti-HER2-based regimens a1u828:19%a8 1 yuuinly (1) S IRTLULLTITZUZUNINTZANY,
Tuwmedi EMA ezl tucatinib o193 1wl ;‘J]”ﬂwﬁt.ﬂmhumﬁ'ﬂmﬁw anti-HER2—
based regimens ¥uaregsiey 2 wuiwll 2) dwsuuziSITozuNInTaNg. mﬂﬁagaﬁ'

o o o

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

Trastuzumab deruxtecan (DS-8201a)

< . . s 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 §18 1 molecule Va4 trastuzumab.® 83N, Trastuzumab deruxtecan (DS-8201a)
v A a% . ) A o A Y oA . Y A .
(38nT cytotoxic da tumor cells Natdnudins laylidasauladnd HER2 expresion drunialal,
& ] a ] 8 v \ = a :
18991091 deruxtecan Nignuaaddauanansndur1u cell membrane ldatnsdnoas 39luiinada
cells 99LA84 (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
fléiapsunsinmdae trastuzumab uaz T-DM1.Y Uszanm 66% vasgiomnsd onldsy
pertuzumab U&7, UaT f1 median VBITIWIBANTINBINLAL LRI WINAL 6 (range 2-27 lines).
Ao ldausadniians3dtld 8 brain metastases Aigladldsunisinw wiadu brain
metastases TIULEAIBINTITUED. ORR LYINNU 61.4% (6.5% WD complete responses) az PFS
WU 19.4 1w, 61 0S 7 gnaensal 1w 85% AN 12 Weow uaz 74% 7 18 1aaw. ¢

median OS NEWIALDIAK WAL 24.6 taan."?

wataissdulngaglunmaingienuld
(tolerable); asha"l,iﬁmu, wuInddaaanigusiea interstitial lung disease Lﬁ@"fuslu 15.2% 1893 183
dthe, daulngidu grades 1-2, uanyuussamdumqliidedia wuldlu 2.7% 209¢1128.7” 1Jaq
snuaUTfa interstitial lung disease filAnduit siudasdasldiumyifassuazsnuniisin,
warNILNIEIIAUA (active surveillance) JANNEIATYNN. I@Umﬁ'siaylammf:, 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 1Ua28819%08 2 1w1% (>2) $MSUNLSIT02UNINTZaNY. Bniifnsd
vlﬁ?lm’liﬁﬂ‘ls}’uﬁwlﬁuaﬂ’mﬁaUlu 2 randomized phase Il trials ﬁﬁﬂﬂ’] DS-8201a LU3suiiiay
fiu M3l capecitabine 30N trastuzumab %38 lapatinib Twn3slEiduenawndiany (3 -line
setting) (ClinicalTrials.gov identifier: NCT03523585) waztUSouisuny T-DM1 lunnslgiduen
muﬁuﬁam (2"-line setting (ClinicalTrials.gov identifier: NCT03529110). Namaomﬁﬁ?ﬂﬂ%aao

. g ' ° [ vad ¥ 6 o«
phase Il trials #ztaoliaunInszyladduiaislsoilusaule.
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Neratinib

Neratinib (% tyrosine kinase inhibitor (TKI) TfiasU1en AgUSINNTYiawses
HER1, HER2, and HER4 laatnang (irreversible inhibitor). 13398 NALA phase Il trial e
#AnEMTME neratinib $70NU capecitabine W3BULABUAL N5 lapatinib $78AU capecitabine 14
;jﬂw 621 ﬂu‘ﬁllﬂu metastatic HER2-positive BC ﬁmﬂﬂi’mmi{ﬂw’]ﬁ’w anti-HER2 treatments
athattes 2 1w, lasugiis CNS metastases flafenns wiefeonnsasit (1650 wiaselale
3 local treatment file).®4 iilaifisuniu HER2CLIMB, 1w NALA phase Il trial la'lemnwualidos
€373 screening #1 CNS metastases @g\‘lLL@iLLiﬂnﬂi’m wazli NALA trial wuindszanos 16% 289
HYh8wWy CNS metastasis douausn. SiRes 41.7% uaz 54.3% va9¢1 e ld30 pertuzumab
waz T-DM1, audnas. lunwsan, myld neratinib su13a1As PES (A1 mean PFS i 8.8 o

a

Wisuiisuny 6.6 W@aw; HR, 0.76; P = .006) ud liaansaiia 0S laadredivedamynieada

Do

(24.0 \ow WiBLIBUNY 22.2 1@aw; HR, 0.88; P = 210). &mMiLAE CNS metastasis 7l
I1duaad3l local treatment, Wulumg:uﬁlvl,ﬁ neratinib (22.8%) ﬁfaﬂﬂ’iﬂuﬂéwﬁlvm lapatinib
(29.2%) atIN%UEIATY, 11991 neratinib ﬁwmaanaﬂumiqﬂmmm CNS metastasis. 1u;§ﬂau
Afsonlsafianndald (measurable disease), linuindanuuandriadnaividn ludas
MINBURHES (ORR) izmwmimﬁvl,ﬁ neratinib (32.8%) U3suifiunL mju‘ﬁ"[ﬁlapatinib (26.7%).
ludnunatnafes, ﬁaes’adﬁgmm (grade 3 diarrhea) wulumjmﬁ'vlﬁ neratinib Uagnin ﬂéjuﬁ"L@T
lapatinib (24.4% LUSauiAisuny 12.5%) waidnfimsiinua lAldendesnuriassielusauusn vas
MIINHIGLE neratinib. ‘[mmﬁbﬁagama’wﬁy, 1udl a.a1. 2020, FDA leiauai@lle neratinib 323y
capecitabine a%m%'upjﬂwﬁ 1w metastatic HER2-positive BC Miagrun133nsee anti-HER2—

based regimens NLRIDEINHDE 2 YUIW (2 2) FINITUNZLTITTUZUNTNTZANE.

Margetuximab-cmkb

Margetuximab L1 Fc-engineered anti-HER2 mAb @131, ﬁgﬂ aaulainiann
trastuzumab, 8131303UALU HER2 ECD domain IV lelguifgany 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 WA IA
CALRFIEETN L TR KYTRION (higher affinity) AU variants ‘ﬁgaaaa (158V [high binding] 8z 158F [low
binding]) T84 stimulatory receptor FCYR IIIA (CD16A) uazdu laatnanaiu g (lower affinity) nu
inhibitory receptor FCYR 11B (CD328B) 1 NK cells; n3aaudasisuityanfsfiaziiy antibody-
dependent cellular cytotoxicity (ADCC).?** 174738 SOPHIA phase Ill trial ldaaidangile 536
AufiLdly metastatic HER2-positive BC Aid130ASUAN N wARI91NHIUNNTIN®AT8 anti-HER2
treatments ALA8EINBY 2 VUn, LazAladITUEN 1 89 3 VUIH (WUTINANTLT pertuzumab

d8) Swiuinswziizezuninizng; lumaidoidisgnihanguudadu 2 ndulwldiuns
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TN®I@28 margetuximab (266 A1) K38 trastuzumab (270 Aw), ‘[mﬁmam@uﬁau"lﬁ%’u
chemotherapy 3131628. A1 median PFS maomjm&”ﬂ';mﬁ"l,éﬁ'umﬁ'ﬂmﬁm margetuximab @nin
vaIngur1a o7 leSy trastuzumab, (5.8 Leaw WoURY 4.9 Leaw, HR, 0.76; P = .03); uagalal
wuind 0S dwndw T interim analysis a39usn. ladnsdsziiudnonwuas CD16A genotype
lun1sldidu predictor inunedszdnFaiwaes margetuximab, wu3ndsz@nsainved
margetuximab L#A% LA T® Mﬂﬂﬁulugﬂ’s 8715 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). WaT19LALI21N

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

) Margetuximab l@3un13auai@a1n
FDA 1 a.@1. 2020 #1%3U18 metastatic HER2-positive BC MlASNI1UNTTIN®161Y anti-HER2
treatments ¥LRIDLNI%OE 2 AUW, laudat1dtay 1 °11mugﬂlﬁﬁ’m%@%’ﬂmuu%ﬁw:

LNINIZINL.
Pyrotinib

Pyrotinib 1% irreversible, pan-HER receptor TKI THhasulvzn1w. $1%338 phase Il
PHOEBE trial vL@Tﬂ”@Lﬁaﬂ;jﬂwﬁhmu 267 aufiiln metastatic HER2-positive BC TLA8RWT
INWIGY trastuzumab WAE taxanes WaZ/®38 anthracyclines JW&7, Qﬂw"l,@i”gﬂﬂﬁmziml,ﬁmﬂu
2 nqulilaTun13snmean pyrotinib 39uML capecitabine 138 lapatinib $14ML capecitabine. "%
lun Wy, 42.5% uay 34.8% maaﬁﬂwlumjuﬁ'lﬁ%’u pyrotinib W&z lapatinib, 1384aNE1AL, b4l
welasuaithga dnsbunSiTeozuninIzang, 41.8% Uz 49.2% Laglasuenanuad 1 1w,
waz 15.7% uaz 15.9% tagldsnenunuas 2 vwin. afenaivh interim analysis a1uileanounm
13, wuidren median PFS 1du 125 Lﬁﬂﬂ%ﬂé&lﬁ%’ﬂmﬁm pyrotinib 324N capecitabine
WIsuneuny 6.8 Lﬁauluﬂéjwﬁﬁ'ﬂmﬁw lapatinib 3984NU capecitabine (HR, 0.39; P < .001). ¢
289 ORR 1w 67.2% luﬂ§mﬁ§'ﬂuﬂﬁuﬂ pyrotinib  1W3suiAisuny 51.5% El,uﬂzjuﬁ%'ﬂmﬁ'M
lapatinib. Naiﬁuﬁmﬁ;mm (grade 3 AEs) ﬁwuvlﬁﬂaﬂﬁﬁg@ﬁa o329, Danuldasnda Tunga
fisnwean pyrotinib (30.6% AiBUAL 8.3%), Wwaz hand-foot syndrome, s‘i?'awu"lﬁw%aaamjw s
WANG1INY (16.4% iBund 15.2%).7? Pyrotinib £9ldld3un138usi@ann US FDA udldsuns
agaﬁimﬁﬁ%ﬂm (conditional approval) wlglalussismsgdszmauin dmiunislasauny
capecitabine 33Nty metastatic HER2-positive BC A InEeaedinad

yenavaig anthracycline %38 taxane WA,
Lapatinib SINNY Capecitabine

MIINHGENTIE lapatinib SINNU capecitabine Lag laIun1TIad1auIndud1suen
pnunged Mduwiangnw deuwnazd T-DM1 1lE5n1.7) Lapatinib 1w reversible TKI wfia
% { a%, ¥ .. ! o . .
Judsenu Neengnide HER2 and HER1. 1ud a./. 2007, M3LT lapatinib SIUAY capecitabine
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TWnam3shsnfianin m3ld capecitabine tRpgagaion lufthe locally advanced #3a
metastatic HER2-positive BC ﬁLﬂﬂﬂh%ﬂ’]‘ﬁﬂH’] ﬁaﬂﬁdﬁaﬂ sznaueng anthracycline 1 4%,
taxane 1 VW%, WA trastuzumab. @1 median time to progression L¥inNU 8.4 Lﬁauluﬂ@;&l lapatinib
3I0NL capecitabine LWIBULAiBUAL 4.4 1daw lungu capecitabine (HR, 0.49; P < .001); Uazlomit
fﬁﬁ@‘*ﬁ?ﬂ@zlvl,aivl@'fﬁmsl,ﬁu%mawaiT'mLﬁmﬁguLLso.‘73) 84 ORR 1AL 22% lunga lapatinib
FI0ML capecitabine UAzLYINAL 14% lungdu capecitabine. HavBIN53auitlevinlst 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

TunsaiAlsaleinsuands voedlasunsinwdis trastuzumab-based therapy,
M3 lapatinib WAL trastuzumab ﬁLﬂuLLmmamﬁnmﬁwﬁaﬁﬁmqNa El,u;gﬂ'mﬁ'gﬂ
Ransoneaidenud. 91u3sy phase Il EGF104900 lduanslwifin fmsfinduas PFS (HR,
0.74; P = .011) uaz OS (HR, 0.74; P = .026) lun13LT lapatinib 70AY trastuzumab 1W3suLfiay
AU NS lapatinib TUIWLAEN Iugﬂwa‘hmu 291 A% MADRNUNNTINEGAE trastuzumab-
containing regimens JUL§IMALULH (A1 median S1wIndsuNTeels Wiy 3).79 agnglsf
an, ludfgdu Selaiddayavesiszlomiannsle lapatinib $9uAL trastuzumab Iugﬂwﬁ'my

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

a5 9 ﬂﬁﬁmmgﬁﬁlﬁ’lf tucatinib, trastuzumab deruxtecan (DS-8201a), neratinib,
WA margetuximab §1%31 metastatic HER2-positive BC 39vinlvn1saasulaidanlsuiailuu
Aownasasnels fauenunidn. duussinaes National Comprehensive Cancer Network ‘L&
Sa816UVay N30 tucatinib 2R trastuzumab wae capecitabine 11 IwANTUB1VUIRA 3,
Tupniedl duusiinaas ESO-ESMO ABC5 lefuusiininns mslddrsuen 3 @9 (tucatinib $2umy
trastuzumab LL8< capecitabine) WAZANTLT trastuzumab deruxtecan (DS-8201a) WulwIN19ng
snenmdulule wealalaunsiin neratinib %38 margetuximab.“® 9 Tapandszauaiuindaie
VBINANTIN, (@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 ldlagnianldniau, stﬁzdwvlsjﬁﬁagaLﬁmﬁ'uﬂizﬁﬂ%mwmaa T-DM1
lquﬂwﬁmymumﬁ'ﬂmﬁw tucatinib 3U&7; lummzﬁgﬂwnﬂﬂﬂmmifﬁb HER2CLIMB, i
Anwufinany tucatinib, @50 T-DM1 11ud2.® dunsihasnsafdosniin 2 dsznis da (1) ln
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U dl et . . . v o a o . . . dld v v c?l’ 1
Edih UYIVL@‘SLI first-line regimen LLa’JIiﬂmLi‘u 4 active brain metastasis Nya1Ng, maﬂﬂnuuag
UNUNUZIWIT tucatinib-based therapy gunInoangnalaaln CNS, uaz (2) Athofilinldinsy
mulugrsnadasnin 12 1heu (<12 Leau) ®adan letaSaduwnslE adjuvant treatment N4 T-
DM1.® J23ud19 9 NAaIBINININTMITINGY ABANNITINGN tucatinib dadlEiruny
trastuzumab LLAZ capecitabine, luwauzn T-DM1 Qﬂlﬁﬂummmmﬁm, tucatinib-based therapy
~ Y a ! a v R = \ o A [
finadn9idesuinndn T-DM1, wazntuimisednginediiofuand1anu. Lhgany
trastuzumab deruxtecan (DS-8201a), Fududnsvanuiae confirmatory phase Il trials Nazs8
A et a a c?( U o s dl A dl s £Z >
Bududszaninmaasenitlunslfidudiveswuiaes wia swuianw. endotoyaludagdu,
dd81A1, trastuzumab deruxtecan (DS-8201a) a13dTauslElugthnaulnainsunsinm
@18 tucatinib-based combination 3MU&2.© LABINL neratinib %38 pyrotinib, UNLINVBIBINIFD
6 L o o % d'l ni ni Y 1 . . va <
lugniunisalfagtu dedudan iesann srfinunzaunazldgny capecitabine ladaziiu
tucatinib (ANTBYANAIIWITY) UAN1IWIAN capecitabine AlE3nw8n LiiaziduFindnaa.
Jan719u, NavadonIgaIinlisndudasseiases. gAYy, HBITUIILVDILT margetuximab

s:yvl@‘f’jwﬂizﬁwﬁmwﬁvlsjmnﬁfﬂ, UNUINYDILN I U TALW.

a A & A Yo e A
@13197 1. 917w anti-HER2 therapies MilasuNsauainaIn EMA waz/vwsa FDA Tilzlu

(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; IV, intravenous; OS, overall survival; SC, subcutaneous; T-DM1,

trastuzumab-emtansine.
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Turansdininun, Snarsauiseldugaslhidinii Sarnunannaionisdiang
@‘hﬁagjlum aluuzi59ra HER2-positive. @38 E1ILT U, ﬁmsé’qmqwuh gy HR-
negative/HER2-positive tumors @lauauamaﬁ’ml%@fu 849 anti-HER2 therapies léu1nnin UGEY
HR-positive/HER2-positive tumors, a37iwuls CLEOPATRA, EMILIA, #W38 EGF104900 trials.
40.43,60.74) psEinawniauil flasumstugulunsinsdioenlnad g 1w lu 3 TKis (tucatinib,
neratinib, LWLz pyrotinib), wazlu margetuximab ﬁlLLamIﬁLﬁu’i’méjw HR-negative/HER2-positive
tumors ABUEKBIAENITINENLANINNTN.S 34757 lyinuasasanudng, Tayauad trastuzumab
deruxtecan (DS-8201a) 19937 etz lomtlaadeons 1547 HR expression AztduLTw 13, ER
aa@ﬂﬁaaﬁ'umiﬁwu’hmftﬂ'alﬁé’mmauauaaﬁgﬂu HER2-low breast cancer tumors, 1431813
1Juwae9 deruxtecan (payload) ¥1NNIWaTad HER2 blockade.” 7® ﬁmﬁd’mammﬁﬂ'ﬁ@ag
Tuszay mwﬁmw@gm (hypothesis generating), s laaeviauANURAINRAENIITINNA 81N
W59l HER2-positive uazaua3lasunsdnsn3saAudy aususnihandszyndlglunms
aannler. Selunini, luiTa91iu, & predictive biomarkers wanu@aaInn@nsIdn, 15w PD-L1
expression ﬁ@li’sﬁ]ﬁ’m IHC Tunnsigvinuisdselawiiain immune checkpoint inhibitors, PAM50
intrinsic subtypes A1TUYWI8LUTelawiaan CDKA4/6 inhibitors LWae endocrine therapy, ERBB2
mRNA expression #1%3UYNw18U3:la5337n anti-HER2 ADCs, waz PIK3CA somatic mutations
gnsuvnwelszloaiannnisnsneae alpha-specific PI3K inhibitors. wanwafiaanndlansan
VIR, genomic tools L4 plasma circulating tumor DNA (ctDNA) levels M8 basUNNTITE L‘ﬁia
Wunlg Ussdiugounisaiveslse wasdssintanwessn wazanatisldaunsanauvessnany
‘ﬁ'ﬂ'ﬁ@hsoag 3zoa ANz aNe9n31E anti-HER2 maintenance therapy lugﬂmﬁ'lajﬁkﬂ
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msSnumuulaidhdnsuuziSuisnuustin HER2-Positive s:zez1isn

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

ugSufunyieidl amplification Waz/139 overexpression 984 human epidermal
growth factor receptor 2 (HER2; ErbB2/neu) (Sondu 9 11 HER2-positive BC) wulduszunad 20—
25% vosuzsmnydasnuunnudasuiu. ReuftaziiniaiAntuves HER2-targeted therapies, HER2-
positive BC dwennsallsafiguussiian, dnsiisuvedsandsannsindnldensing, uaziisnsged
lsmazunsnszangludsetorznislunavanes™ ? nsAuny HER2 oncogene WayNISWAILNYEY
HER2-targeted therapy tuFossminaulanizeanda. lu a.a. 1989, Slamon wazany™ lédung
WU HER2 gene amplification duusetslnd¥nniu HER2 protein overexpression Waz HER2
gene amplification duusiunsiuiulsafilaif. Slamon uazane lﬁﬁaamyagmﬁdﬁ HER2 1Ju
gene fiAedasfuruiunisvemeniinia (pathogenesis) lutnwwiinvesmziasuuuasyaly, &
Fulenaflasiannmssnsuwuniiuiuly duiusaonades fudhvaririnenvowaise. wwodni
iﬁﬁﬂmﬁmiﬁwuwm trastuzumab, 9.4 humanized monoclonal antibody (mab) fisuiu HER2
extracellular domain (ECD) IV, ¥lsiiin HER2 downregulation wazannisuusivaavaduzse. Tu
A.A. 1998, trastuzumab etTuen targeted therapy fusndmsuldsnw solid tumors ﬁlﬁ%’uaqﬂa
970 U.S. Food and Drug Administration (FDA) Tl4s23riU chemotherapy Iumﬁﬂmrzgﬂ’mﬁﬁ]u
uziSuiuuia HER2-positive Seegunsnszaneg, msayﬁﬁﬁmﬁ’awaﬂws%’aﬁlﬁLLa@fLﬁLﬁudw g
$widsnananansa Winsannsevaues, Winszeznansauailse, uasyiliensnismeana
19 2099 Tunawionn, 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 &g tucatinib), way
antibody-drug conjugates 2 ¥u1u (T-DM1 uag trastuzumab deruxtecan). unadasdunis
numu e o AlFFunseusiElilddniu unfaduuviia HER2-positive ﬁasﬂuswmm (early-
stage HER2-positive BC), 11uiddeiiisdas, uaziummenmstanldlunsujon ®

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

ANATIMEIveINIsSnwgUienzsasuueiin HER2-Positive szagunsnszany iy
mangnsiauvesnsinwgUislussezusnae. Tu a.e. 2005, trastuzumab lnsuniseuddlld
579U chemotherapy tiiesdu adjuvant treatment dm3uUae operable HER2-positive BC, 1ny
Wunaannsiasensiuees 2 kaanuide.© euideves National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-31 trial laUsgifiuUssd@nsninveenisly doxorubicin khay
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cyclophosphamide LLaammma paclitaxel s2ufUN5LY 130lalld trastuzumab WWuszeziian 19,
Tnei3u trastuzumab GNLL@] dose 3n94 paclitaxel. 11UA98V83 North Central Cancer Treatment
Group trial N9831 leidalsinguitae 2 naudildsunisnuiduieaduiuly NSABP  B-31 trial
$e, udrdedinguitaefiFuld trastuzumab udmniagadunsld chemotherapy Tudade. Lilei
faedildfunsinuuduifontunnisaesnuifoniinseisantu, nuiinisld trastuzumab
2uU paclitaxel Aeudarniadaiunisld doxorubicin uaz cyclophosphamide TUuda (AC-TH
regimen) Aoty disease-free survival (DFS) 19, A1 absolute difference %84 DFS iy 12%
fiaan 37, wazanansaan risk of death leiindu 37%. ©7 deoxn, 91u3de HERA, ildsadum
szeaTimunzaneensly trastuzumab, wui1nsld adjuvant trastuzumab Wunaiuiu 19
TneSunendsannslisu locoregional therapy Wa¢ neoadjuvant %39 adjuvant chemotherapy
/@59ud finaanunsauiia DFS, A1 absolute difference w8 DFS winffu 8.4%, uaglinuuselawiid
Wsnnauegaiideddyniendmnasaiunsld trastuzumab Wunaiuu 2 3.9 lunshuaiim
fsuaiivdaianzauiun1sldsaniu trastuzumab, 1139 BCIRG 006 trial fildnaaaumiassy
g1 anthracycline/taxane-based regimen (AC-TH) @ ¥ taxane/platinum-based regimen (TCH),
wudiaaesin¥ueniial trastuzumab Sauegdae Tiinald 5-year DFS way overall survival fifsnnmn
n1314 chemotherapy ag141A8. mui%’mﬂﬂﬁgﬂaaﬂLLUU‘LﬁLU%&JULﬁEJindN AC-TH regimen iU
TCH regimen, ui Tunguillé3u AC-TH fdnmuaufiavves breast cancer events Aifasnindntion
wavdl cardiac uag leukemia events 11nn3uantes.”

nUseleviiiinuly metastatic HER2-positive BC, 39¥1Wil neoadjuvant trials Aifinw
13981 anti-HER2 drugs 2 ¥uu (dual HER2-targeting) (Escalation Strategy) Tun1ssnwgUagnau
nsnsn laglald lapatinib (NeoALTTO,"? CALGB 40601,"" NSABP B-41"?) w38 pertuzumab
(NeoSphere, > 1¥ TRYPHAENA'®) sauffu chemotherapy uae trastuzumab. lusisomaniilald
pathological complete response (pCR) 1u fusuiiunadns (endpoint) ¥e3an15398 1iesan pCR
iy intermediate biomarker faufisiianunsaviiune DFS fintuls. mniddemeanilduandindusng
pCR ﬁqﬂ?ﬁu Slefinsld anti-HER2 drug wwudl 2 Whswse waginaviild FDA TinsousfAuuy
159074 (accelerated approval) un pertuzumab @msunslaidu neoadjuvant treatment Tu p.¢.
2013.

PnanudniavesnsTaiisueiil pertuzumab  saushelunislduuy  necadjuvant
WAz metastatic treatment, pertuzumab ﬁﬂlﬁgﬂﬂmﬂ‘é’ﬁwﬁu trastuzumab Wag adjuvant
chemotherapy Tus11338 APHINITY trial.t? Tu91133eE, A8 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 uag trastuzumab (hazard ratio, HR, 0.81). Usﬂmﬂﬁﬁﬁaﬁ’]ﬁmmmﬁa
(p = .02) uazssseglumsianesifing 6 U Tner1ves invasive DFS (IDFS) rate #inan 6 T winfu
87.9% Mﬁgﬂwﬁﬁ node-positive disease Ml#3U pertuzumab wWisuifisufu 83.4% Iwgﬁléﬁum
#aon (placebo), viliilel absolute risk reduction Wiy 4.5% iuﬁﬂ’sﬁlﬁﬁ node-positive. N353 iDFS
firuil wuldetily HER2-positive BC #ifl hormone receptor (HR)-positive Wag HR-negative. N1
fuuMnsaaRves overall survival Selafldtinisseauananeudsed, whmuiisnunsdedsn
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Mlrendtunguiienle pertuzumab Tumsiiesieniim 6 U7 TugUiefil node-negative lailel
Uselewiann pertuzumab.

[

n15U1 lapatinib 171959AY adjuvant trastuzumab Tus sy ALTTO trial Tdlvinadws
i, Fauansinsainlunsdl pertuzumab.'® f1 DFS hazard ratio wiitu 0.84 &slaifsrmeadnld
#el¥anami (prespecified statistical endpoints), kagen lapatinib §uRWSHU TosgaeTiunnty, i,
wazfiumoAu. D maven1sly adjuvant lapatinib Juditnfians, asth neratinib, Fadu
imeversible TKI fleangvisie HERL, HER2, uag HERA, wlfifunaiu 1 ¥ lneduvdminiasanis
149 chemotherapy uag adjuvant trastuzumab 1a2 ﬁﬁiﬁﬁﬂ’]ﬂﬁﬁ%@q 2-year iDFS rate 910
91.6% TULdu 93.99% Tu ExteNET trial 12 Usslomiiadiulalunmsinsevidina 5 U, lneflidve 5

year iDFS rate wiiu 87.7% lunguitldomasn (placebo) wWisuiieuiu 90.29% lunguitldien

D

neratinib.?” Tu subgroup analysis, A1 hazard ratio ¥4 IDFS Wiy 0.60 uazilivdrAyn1eans Tu
{the HER2-positive BC #ifl HR-positive, LW3suifleufu 0.95 lugfihe HER2-positive BC il
HR-negative. ¥ayaves overall survival data NI failvoyalaunniieane. lu practice
ouidelines e q Iduuzthlifiorsanld adjuvant neratinb widnasedunsld adjuvant
trastuzumablu&ﬁﬂmﬁﬁ node-positive HER2-positive BC 7id high risk of recurrence; lu European
approval lﬁizmﬂlmamﬂﬁw neratinib taw1z HER2-positive BC #ifl HR-positive. galsifiveya
Renduuszloviuesen neratinib Tugtheiiagldu pertuzumab wag/v3e T-DM1 11udn.®

n53NEIN1euaIniild Neoadjuvant Treatment (Postneoadjuvant Salvage Therapy)

ns¥nwiiduninsgiulu early-stage HER2-positive BC léasuain nsldensnun
waeN15616iA (adjuvant setting) ungn1sldensnuinawsidn (neoadjuvant setting). ﬁqLLﬁlﬂﬁsﬂ'ayJaﬁ
Usdaselenilunistestulsaiizu wde nssendiniiu aannsld neoadjuvant approach, usins
THansnwneunisindaiinloniaves breast-conserving therapy, anarusiuiiasdiosi axilary
dissection, wagviiliileniafivzUszifiu patholosic response Tuvaiziianiivinnisensia (definitive
surgery). Lmeaﬁlé’ﬁﬂﬁmmmUizLﬁummLﬁ'miﬁmamqmmﬁu wazyinludnisusun1sshm
(salvage therapy) Tu Qﬁﬁiaaiiﬂmﬁaag} (residual disease) w3oLdulsafineron1ssnun
(refractory disease).

ﬁ]’lﬂsﬁamuaﬁi’l E:\Tﬂ’mﬁﬁ residual disease %a39nlASU neoadjuvant therapy thai
wensaflsafiugnin Qﬂwﬁlﬁ pathological complete response (pCR) 8813UALAY, MUY
KATHERINE trial Téferanumsisesn msiiueudy (Escalation Strategy) ¥4 salvage therapy
emsth adjuvant T-DM1 anldumuiinisinwiduinasgivegudr (msld trastuzumab 1u
nawu 1 1) szaunselinadnsdinuviell @ lumidsed, 3-year iDFs laflaninduediadl
Toddey faen1sld T-DM1, A1 hazard ratio a4 iDFS wirfu 0.50 WewSeuiieufu trastuzumab.
wadwsirtuinulalunnndugen Javiilfnmsld T-DM1 1By salvage therapy Iénaneifunispuasu
Husnnsgiu dwsuiiias HER2-positive BC 71l residual disease newdsnisld neoadjuvant
therapy.
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naudnsalunssne) metastatic HER2-positive BC fAsrunIssnenuwgs, 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 ffinadesiu brain metastases Iifivadntion
Wit @) Ystiimatlestiu CNS metastases dafiuarudesnisfigiliussaua (unmet need). 970
foyalu HER2CLIMB trial #idnwilugias metastatic HER2-positive BC léwudn tucatinio &
UsyAvsamoangudlalu ONS, 2 fadunistlesiu brain metastasis aidudsiigniiléifiu endpoint
Tunsussfiuedde COMPASS-RD, Fadusuiduves National Cancer Institute National Clinical
Trials Network trial Aifdssiniunisey Gsagnaaeunisu tucatinib wildsiudy T-OM1 Tunsdl
Ju high-risk residual disease.

AsUSuANMUNTuYRINSSAE lARUNEEN (Tailoring Therapy Intensity)

sreuuamenisinulutlagtuildeeiinaied (polychemotherapy), $aufunasil
anti-HER2-targeting regimens Til4aie 3 YuU WagA1049 3-year IDFS Tutlagdu 1ihlng 90% e
2 fuduitaauinidsiinissnuiiunnfuly (overtreating) lsuAgunevatss au My early-
stage HER2-positive BC. n13idonngugasvasgfirofinunzandunisinuiiidudy (reatment
escalation) §ududsivinnie. dnvmgniendinuaznen3Inea (clinicopathologic features) 43
Anudfysonisnensallsalunzsiiuduneiinges 19 9 (subtypes), wazdaunsayisdnng
Q’ﬂwLﬁawvﬁuummqmﬁﬂm. Tu APHINITY trial,*® 1511 adjuvant pertuzumab T4l
Ustlowtamedineiiflsanssaoddominvdesiisnug. HR status Afiawddayiie, wasdrine
ATuaimnues HR-positive/HER2-positive Wwag HR-negative/HER2-positive BC Alananafudaiay,
faudiHnsesesidnaates APHINITY trial wuiildussleniilndiAsetiu delungidaduuei HR-
positive/HER2-positive ag HR-negative/HER2-positive (N153LAS1zR19sn UeIn tauseleas
MEnauTl HR-negative).™® Tu ExteNET trial Usindselowiives msld neratinib Wunauu 1 3
(4ludiaes) duaiaa1nnisld trastuzumab w1 9 (ludusn) Tisgloviamslunguiidy
HR-positive/HER2-positive.* 2¥ Lﬁaamﬂéﬁlﬂéjgﬂmmmiaﬁﬁdau, fudslailagnszyliludaus
yosienanseysianislde1ves FDA, udunmdiinuioradentd neratinib wmzdtaefifinimidesg
snfidu HR-positive/HER2-positive BC.”

wanwitiean  nslddnuaignimerdinuane dinganuuanududurean1ssnw
Feitlananuiugs, suditTanedninensiie o (biomarkers) fAmasgnsiusimeginlunulsedn uae
griwszlug iy druvilweanuidoniseddniiefiozium genomic predictors Azt

19.20) 38Ry e PIK3CA mutations

MugANaN5veINTTnw. Meoghay, Tu ExteNET trial,
Alasuanuaula, iesan neratinib 1y irreversible TK] ﬁ@@ﬂq%éﬁi@ HER1, HER2, way HER4, 34
wafuga 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 uaglaiinig
41379 fluorescence in situ hybridization WA PIK3CA amplification. Usgleauiuas neratinib
fisnnnin placebo wandlidiulu PIK3CA-altered tumors lédaaunda Tu PIK3CA wild-type tumors;

agalsfinny, N1sVedeUME interaction test hiwullsdAy. Aetudeyaveswidell Fedaly
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aﬁuauuiﬁl%’ 11361599 PIK3CA alterations iugmmﬁu predictive biomarker WaVUIBN1S
MOUAUBIVDY neratinib.??

£%
a a2

57189l biomarkers AiflaulanazAnufissnssfingy wethanldusunssneles
donAdasiuauEssweInIsiIsu (risk of recurrence) waglaniaflaziinisnevausinanissne
(likelihood of treatment response), n5$nwunAuly (overtreatment) Safspadudefifingy
wazidudsiiunmdasionlald Tunsdildnisshwegraduty (treatment escalation) d1mSunzise
seozusn. Suduanudrdgodiminiinasfiansanis nadhafsswesnisinvifiazdissegedg
e 1uﬁﬁ1§1’%’uma%’mmé’aammé’]‘jﬂﬂﬁmamﬂimad’mnﬁm’m (curative intent), Fawat1aies
wsuuwmmu mamiaamﬂwmaauﬂiuwwmmu Wag sumuﬂmmwmmawmsﬂmwaa
Senniiu nataReasionsidu (financial toxicity) Amsidudsitansliauddy dodnsuuzie
Tl quaziisuenfifiernatuvuiudsznoudu lun1sfnuiwuuidudy (treatment escalation
strategies), wazAastiA1usednseilunisldendisisn mqmawiﬂwﬁﬁﬁ (high cost and low
clinical benefit). n1sWauILazoudRlilduas biosimilar therapies lasuni1saianisin asgqelu
iﬂmmmﬁgﬂm; wiransznuluaanireniniu Sslildfinsussfiuesnundusiuiuiidaeu,

n1sUsuAMNITNdUYRIN1sSnun liitiaeas (De-Escalation Strategies)

wWudsrfulumsinwfiisussaduuiu early-stage HR-positive, Han133nwiin
Fuly ﬂﬂwﬁlfﬁu early-stage HER2-positive (Lﬁaamﬂﬁ?’l%’umiui‘]ﬂﬁ;ﬂ’uﬁﬂszﬁwﬁmwﬁaﬂdﬂuaﬁm)
i lFiAnnauauladhinty lunisdnwinaunduldlsfezananududuresnisdne
(de-escalation strategies). N15@N w14 A8 U de-escalation fnaznszvialdenn, tesann
noninferiority trials foan15§ 591N 153 981 duduaunin wasdid1ldioge, wazvon 9 ads,
therapeutic guidelines wag/%3e clinical practice ldnasunquitiedignineen wieieg Judiu
Yoty randomized clinical trials 1iae, Lﬁuéjﬂwﬁ' HER2-positive BC ffounzSuInEn was
falailFuninszaedngremninmiesiisnug (node-negative). sfudlunuaisdefiunmduazdvaed
anultiundesfierlinssiofodulu de-escalating strategies TuLﬁami%’ﬂwﬁ]mﬁuﬁwa%’wﬁmﬁasJ
warUrenusanatifeslas, Aslunsal anti-HER2 drugs, LU trastuzumab, pertuzumab, 138
T-DM1.

3d APT trial léAnwniting HER2-positive BC Aflfouszi3svunman (<3cm) uazds
hijﬁLLWi'mzmaLﬁé’hajsiamfwmﬁaﬁ%’mﬁ (small, node-negative, HER2-positive BC). ATy
uncontrolled, single-group, multicenter, investigator-initiated study. mu%ﬁsﬁ,ﬁaﬂmwimﬁuiﬂ
HUae early-stage HER2-positive BC a1113abasun1sinwinig paclitaxel wag trastuzumab iy
ool Tnedatilnle iDFS Aldugnin 92%. AR81ATI89UANYeY 3-year IDFS Wiy 98.7%, lag
Tuduaugiae 406 Ay fifies 2 AUfiT distant metastatic disease.®” ‘1'71'Lam 7 U, DFS i1y 93%,
Tnodifivs 4 auiidl distant recurrences wag overall survival 1nAu 95%.% $1u3de APT trial 1a

ﬂ’e]&[,‘wLﬂﬂﬂ’]iLﬂaﬁJuLLUaﬂ‘Hﬂ’]iﬂLL@Q‘U’JEJ, ‘lm%(ﬂ’ﬁ‘UEJ’WI&J‘U?SHVIﬁﬂWWV]iJNaﬁJ’NLﬂEJ\W]‘L!EJEJﬂ’J’] d1mu

¥
v aA Y

141 low-clinical risk tumors (dulngjvesiUalunsideiififounsiiuuin <2 cm uag node-
negative). 11U398 randomized phase Il ATEMPT trial lg@nwinisld T-DM1 1lunian 1 U Tudiae
Mdu stage | HER2-positive BC.%? Tuaudded, fUae 383 auldsunissnwidiy T-DM1 (1131n 3:1
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randomization design), WuU11A1U8Y 3-year DFS AU 97.7%, fitiie 2 AU distant recurrences;
ogalsfiny, 17% vesffiheldivganisinwidesnnuathadsses T-DM1, Wisuifisuiy 6% ves
AUaely parallel arm Flasun1s$nwdae paclitaxel wae trastuzumab (APT regimen). Adjuvant
T-DM1 #1 neuropathy #®8n131, neutropenia Woun131, L@ infusion reactions YaeN31, LAl
thrombocytopenia 111N77, 4 alanine transaminase Lﬁu%u, wag bilirubin increases Lﬁu%u. ﬂ&jﬁ
a5y T-DM1 laAeedl asymptomatic decline Tu left ventricular ejection fraction (1.3% vs. 6.1%)
wazliny congestive heart failure Lae. fatiy AU7e stage | HER2-BC anunsalasunissnuisie
paclitaxel way trastuzumab, w3aLdonld T-DML ag19lsAd, femrstuiinlide W APT uas
ATEMPT trial AnwnlugUaefidl TINO tumors tHudaulua) (APT trial) %38 1@mz TINO tumors
Wity (ATEMPT trial), 3slaannsairsiueisassuud Wldlungugvaedifierndssgendy
(higher-risk subsets).

lu HER2-positive BC ﬁﬁﬁawumlmj %39 node-positive, WU treatment de-
escalation fiUszauaudnsa Ieunannisiunild neoadjuvant treatment, Fidsmangaunge
msende. Tunshesey nadndvessdde CALGB 40601, Fudu phase Il trial o3l
neoadjuvant paclitaxel S3UAU trastuzumab, lapatinib, M%@ﬂ;léﬂﬁaﬂaihﬂ, 43% Gum;:iﬂaaﬁﬁaenwé
Snhdnduseddiunisinda mastectomy Wity ldnaesdudfiaunse (candidates) Wiy
breast-conservation an1818331n1A5U neoadjuvant treatment; N1561%A breast conservation &
dnsmnudnsengis 80%. " n1sldneoadjuvant therapy lodeanleniaves nodal involvernent
launnnan 10% Iurzgﬁlﬂu clinically node-negative disease warléudsu Ussanas 50% 89 node-
positive disease TUilu node-negative disease, ¥lsilsifaarinisuidin axillary dissection.?® s
¥ sentinel lymphadenectomy Tuanamsaliifudedivime wazavwsiuduiimednsaunnia
2 nodes wagld dual tracer uageald clipping fae.®

Srmilemuneneuveanisld  treatment  de-escalation  Aedeaiu  szeziin
(duration) ¥84n15l% HER2-targeted adjuvant therapy. lunu3de PERSEPHONE, fdieunndd
4,000 Aul@sy adjuvant trastuzumab Wuszegian 6 Weu vise 1 T, Imaﬁmaé’wﬂé’ﬁw 4-year DFS

@ Fanantiy, Tunqu

Wiy 89.4% wWisuiieuiu 89.8%, 39534 noninferiority endpoints lgaals,
Nvﬂ,ﬂ adjuvant trastuzumab (Juszeziaan 6 ey umU’sstmmuwam'mmsmmmm mwmuuaa
mmwuiunamwlm 1 1 U Inetlosniney 5%, LLauiJN‘lhEJVIG]EN%EJ@ﬂ’ﬁiﬂHWNLLG]LLiﬂ‘] losaniie
semila Afiduautosndt. 11W3Ty PHARE trial lansasaeuauyfgiudeaiy luduasuinii 3,300 au
uilenaanSTinnetu: Awes hazard ratio dwsu DFS # 7.5 U wiafu 1.28, ugnd noninferiority

BY uag SOLD,%? ladseiliunisienuiu 9 duanat wisuiu T

cutoff.®” ¢Adedu 9, wWu Short-HER
g 1 9, Aldnadnsiidaudsiu. Mslins1eiuuy meta-analysis 7ildsausImgihemndt 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, Sausin wasiovlanuldesTumnnndt 2 wihuas hazard ratio wihity 1.15 Tu
ngu HR-positive/HER2-positive BC.%Y Tutlaqii, Sslidnnuingtasnulmumslasunssnuild
adjuvant trastuzumab Tusuutssegnaidundt 1 9, G ludiflsadile viedfivudenis

Snwnlaladd, mstvenlunuussezdu ndwilnlanauselevidilvaeanisld trastuzumab 1 3.
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AL biomarkers wialdune pathological complete response (pCR) waz DFS

lafinnune1811eg19nlUAISAUMT genomic predictors ¥4 pathological complete
response (pCR) tield#tihnsananududurasnissne (treatment de-escalation) dmsunsidly
neoadjuvant treatment. 91W3%H CHER-LOB, 3sléuansind 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
Usglewlann dual anti-HER2 inhibition.”” Tun153lasgviuuy pooled analysis vasEtheiiaudi
1,000 AWAiNNaIn 5 prospective trials ¥as lapatinib WAz trastuzumab lHEuSWIN PIK3CA
mutations dusiugiu sl pCR ludnsflantosas, Wulddpausnnlunguildu HR-positive/HER2-
positive BC; aeslsin, lslanunsalddeasuieiiunasie relapse 1130 survival >

HR-positive/HER2-positive BC Hngfinssuiiumnnsi19amn  HR-negative/HER2-positive
BC, Luilens U9 pCR rates ﬁﬁmdwaﬂwﬁﬁaﬁwﬁ’@ Tnglaiiendaaru regimen Ale5y, audusiug
Foulesszning pCR sia outcome fAantiosas, uwaviinazliussleviifidesas lunmsshwsie
augmented anti-HER2 therapy, lngiivaaniIutg. HR-positive/HER2-positive BC 77l low level of
HER2 amplification Inens1awu HER2 fluorescence in situ hybridization (FISH) ratio ﬁlﬁléf’sﬁmm
(>2 to <5), v3eilil ESR1 levels Tuszdiuge Aldsuussloviiidenas Tun1sinuse adjuvant
trastuzumab.*® ﬁﬂLLﬁd’lsi’J’asq“amﬁhﬂfawﬁﬁﬂiamaﬁﬁ]ﬂﬁé’fmi%ﬂmLmeﬂﬁu Tuﬂﬂwﬁﬁ HR-
positive/HER2-positive BC, usituiagiy, Sﬁaé’uﬁwgwuﬁé’ﬂﬂéﬁumimaﬁaugué’u.

fanuiithauladnsunisfio Tunzidafiflany HER? signaling 881931n (HER2 oncogene
addicted) azanunsasunisinwideinfuenlddaivie Wudeli. lunmsiy, Seuddeaun
Enq Adnwnsldiame biologic regsimens Tngldldiniividasiudae wu pCR Aatulusnsiites
a1 fimulunsldieiivaingiudae. Tuauise NeoSphere, fiauldogngunilssiuiu 107 au Aldsu
lW1E trastuzumab 3UAU pertuzumab (HP) laglalalafivdn; ﬂﬁjmﬁﬁ pCR rate Wi 17%.1?
Tuau3ds TBCRC 006, wu pCR Tu 27% voadUe 64 Au (21% Tu HR-positive/HER2-positive way
36% HR-negative/HER2-positive) 818391015k neoadjuvant lapatinib 531/ trastuzumab.®”
Tusuide TBCRC 023 trial, 1319 extended dual anti-HER2 blockade (32111U endocrine therapy
Tunsdl HR-positive) Wuiaan 24 damiliungUae 61 au wisuiieuiu 12 daniliunglae 33
AL @1u1504fiy pCR rate Igundudu 2 win, way 3 wi Iumjmﬁﬁ estrogen receptor-positive,
LLﬂdﬁmu%amaﬂﬁUﬁqﬁq primary endpoint 28301548 pCR rate LU 450%.%% %) g1u3de
PAMELA trial 14 lapatinib 39U trastuzumab wiiju wAgUag 150 aufiilu HER2-positive BC,
wu pCR Tu 319% (18% lunguilil HR-positive, 33% lunaudisl HR-negative).
Ustindunnuaieindidiutiesves HER2-positive BC fimauauassie anti-HER? therapy léfau n1s

W9UUARSINAL,

Snundildldipiivadngingae Aeafisaneunds. ogrslsfany, gelaifivoyain pCR Aalunsdivand
thingwennsallsafidann wuiindlunsadildiadivdasiude.
audlaludiaud1edunianneudds KRISTINE, fifne neoadjuvant treatment
Aaen151g T-DM1 590U pertuzumab (T-DM1 + P) 41U 6 cycles LUSsuLfisuiu docetaxel,
carboplatin, trastuzumab, kag pertuzumab (TCHP) 41u2u 6 cycles. wdaniy, lugreaives
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adjuvant treatment, ﬁﬂamﬂﬁjuﬁﬁﬂiﬁ% HER2-directed regimen (T-DM1 + P; #38 HP) LauLAy
pottlesauasu 1 U. T-DM1 + P Tinaneenin TCHP regimen lnadl pCR rates 7 44% 1W3guiiieuniu
56% wazdl progression rates Tugn39gendn Tlugisves neoadjuvant phase. ! ag13lsfiny, A1

(%
=]

194 3-year IDFS HutAu 95% lussasangulunyfdild pcR“? doyaiatuayunuitediidsas
#lun13 National Cancer Institute trial EA 1181, COMPASS-pCR,“? §992052980ULUININVEY
de-escalated approach A18n151% neoadjuvant docetaxel, trastuzumab, ag pertuzumab f1u
80 1 Juosnsld adjuvant trastuzumab wag pertuzumab Tnglailsiadivitaiadnlugdils
PCR LA

Al luAINe109 HER2-positive BC 112 nAuneng1ulunisfinel RNA wag
DNA profiling. HER2-positive BC tuluninuasaudausenausae biolosic intrinsic subtypes #ing 9,
I@aﬁaﬂmgﬂizﬂauﬁ’m HERZ2-enriched, Luminal A, &g Luminal B subtypes. Intrinsic subtypes
WEE  NsEMUsonaveInITInwY. sy CALGB 4060110 NOAH“Y NSABP B-41%° uas
NeoALTTO,"® wud1 fves pCR rates 1w HER2-enriched subtype gendnlu Luminal subtype,
vesadsfiganin 2 wh, Taglituiy neoadjuvant regimen lésu. oendlsfniu, Tusmidde CALGB
40601, ngu HER2-enriched subtype Aflanuduniusodnslnd@niu DFS fugndnge. anudands
(discordance) ﬁﬂiﬂﬂgiﬁl,ﬁurduﬁ \Ana1ninlu HER2-enriched tumors 1 residual disease
w&391n1#5U neoadjuvant treatment finennsallsafiugninegnawnn.®” mudde PAMELA trial ¢4
intrinsic subtypes w84 HER2-positive BC Lﬁav‘fmadwéﬂaaiwaimﬁﬂzié’ﬂiﬂwﬁmﬂmﬂ% dual
anti-HER2 therapy approach lnglsidasldiaiivavn. lummidded, ;:Iﬂwﬁﬁ HER2-positive BC stage
I-IIA 195U lapatinib 593U trastuzumab wag endocrine therapy 91 tumor § HR-positive. Tu
e, 67% UGNVt fiftounzi5eidu HER2-enriched subtype, Wu pCR Antu Ty 41% ves
AUengu HER2-enriched subtype tUSeuiiiguriu lu 10% wvesgUlengyd luminal A, luminal B,
basal-like, W38 normal-like intrinsic subtypes.“? sAdeilifushegssunislunsld molecular
approach @ m3suU de-escalation Mmen1sUsziiulen1avesnisle pCR Inglufagld chemotherapy.
oedlsfnu, dalsifidoyadn wuamauutiadlinedflussozenivielal.

wanmlean intrinsic subtype Aléna13114E7, N15ANBABIRY tumor-infiltrating
lymphocytes ag RNA-based immune activation signature lailawmeliiiu anuduiuslnenss
38U activated immune cells TuuSiaad peritumoral environment AU pCR rates ﬁgd‘ﬁu, Wy
A58 DFS @At ulu HER2-positive BC. §1n1511 meta-analysis 11m329@0UAIL S UTUSTENINg
baseline tumor-infiltrating lymphocytes wag pCR iuﬁﬂ’mﬁlﬁ HER2-positive BC 7ildunisdnun
18 neoadjuvant chemotherapy $21AU anti-HER2 UU1ULAEA (trastuzumab %3 lapatinib) #30
anti-HER2 2 YU us2ufu (trastuzumab wag lapatinib). Tu combined analysis 5ﬁﬁﬂwmnﬂ’jﬁ
1,200 AURN 5 msa%mﬁmaﬂwaﬂmm%maummmwvw WU31 tumor-infiltrating Lymphocytes
dunusegiitdedAynu pCR Iawdl odds ratio VAU 2.46, Tnelaiguiu neoadJuvant regimen 7
195099 9iddemaniivedin, Tuhueaiienfiuil anatomic risk grihanldusslond ile de-escalate
therapy T4 APT trial, biologic risk fiszifiulag intrinsic subtype Waig activated immune cells,
nasnau biomarkers Bu 9 #78, Av1agnianliduiniosiloile de-escalate treatment Tug#idl

anatomically higher-risk tumors.
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unasuuaziianisluauinn

n1514 Anti-HER2 therapy #fiu chemotherapy Wudiuuszneuiidrfyves
(neo)adjuvant treatment 115U ﬁﬂwﬁllﬂu HER2-positive BC. Neoadjuvant systemic therapy
Huuuaniefinasgniiunldlu stage Il wio Il HER2-positive BC (151971 1) Litotfiamnaidenyos
SULUUMIHIAR, Ussiiudsednsnmues systemic treatment, Léifidoyalfeadiu prognosis, waz
Ufun1s¥nuliaenndesfiu veulunved residual disease indoag. n1519 combination
chemotherapy ﬁ‘dizﬂauﬁw anthracycline 1 9uUNY, 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 wa carboplatin 39uAY trastuzumab (TCH regimen)
Adussuefimuzaudniu stace Il 3o Il HER2-positive BC wialy adjuvant %38 neoadjuvant
settings. @1115U anatomic stage 1 (TINO) HER2-positive BC n1sltipaclitaxel $2uAU trastuzumab
Aifumadonlusuu de-escalated option 7.

Igivansnuidenidnu nsld adjuvant trastuzumab-based therapy luszeziiand
Younin 12 1iou dwdu early-stage, HER2-positive BC. suddomaniilauansdn nslinsshvm
12 \fiou @unsaan recurrence risk ldanidntios doleusunisldenlusseznaniidunin (- vse
6-iftow). fatiu, maguaduduinasgiu fAomsld trastuzumab-based treatment LHunamu 12
dou, luvasienfufiduiivensuiui Tunsldenuu 12 Woulu Uselewiiintundsndu 6
Woulsnluua dlduntdn.

NNUYNBIA18Y anti-HER2 therapy @1%35U adjuvant treatment #18A1519 neratinib
ASundanlald trastuzumab Wunan 1 YSeudeswds enavawan Ten1@ues tumor recurrence.
n13l9 neratinib Iuéﬁﬁ node-positive, HR-positive/HER2-positive BC, I@EJLQWWB;Eﬁﬁ > 4 node-
positive, TIHNUNNSSNEFIE trastuzumab-based therapy W&, Mdumadandunil, galsifivoya
ANTIT8UR9 NS neratinib iusﬁ'ﬁmmmmﬁﬂmﬁw pertuzumab-based therapy %39 %#a421n
$hwndne 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 404 risk reduction gl 8% -12%. vuiuguvesdoyavianil, n1sld T-DM1 dwuffiaeiid
residual invasive cancer NM8¥AIAINNTSIY neoadjuvant therapy @28 trastuzumab-based
regimens, laeil #38lll pertuzumab, ﬁL‘ﬂu?ﬂﬁQmLuzﬂﬂﬁmzﬁ’l. ﬁﬂ’mﬁlﬁﬁ

pCR ¢8n1sly anti-HER2-based therapy A1sldsuU adjuvant trastuzumab #3e
trastuzumab 531U pertuzumab  aufkagldsunTly neoadjuvant regimen Suihdulumna
Fuuzilutiagty; ogalsin, Adiiulenmafiazimsdneidesoluiouunnududureans
Snunlianasned (de-escalation).

Tuewian, wuInnIsdivanududuvesnissnw (escalation strategies) T early-
stage HER2-positive BC 819iin1snaaauenlungy augmented anti-HER2 drugs, 1 tucatinib way
trastuzumab deruxtecan, wavenlud 9, Wu CDKA/6 inhibitors tusmu. ﬁ’s%}aﬁﬂuquuﬁ]ﬁ’]ﬁfy R
nsniulugdeidsdutlymuarnennsallsaldd wu nsdesiu CNS metastases.
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AMNNN8ILTULLINIG de-escalation AEANWIMIUNUIN N9 9 V8 tumors LaguNuImN
Y99 microenvironment, WWulABINUATITUTELEWURN circulating biomarkers, WWeagyinuig pCR

waL DFS N1 AR8NNSEeWALI08.

Tugae 30 Yvesmsideuasaunrvinlunwlus leasu HER2-positive BC 910013
Dulsenfinennsalugfian naneidueglungulsaniiineinsalifian, lnefinsiusulaznisaeiniu
Tudnsnaeutnem. agalsiniy, N3y anti-HER2 regimens §51A WA, AUIAUIY, Wazdudou

JasenFasnruaulalutegiu Ysumsshwladanududulugdndudeslssu

vosnsinwlugimiaehlaalagldeusilos.

LATANAINULIUTU

A1997 1. LLu’JV]’Nﬂ’]’i@JLLa%JﬂU’] 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
cT4N (any) +H+P Residual — T-DM1 X 14 cycles
cT(any) N2-3
disease
Stage II-1ll surgery first Neoadjuvant Rx pT2-3NO — Polychemotherapy
recommended; + 1-year H
if surgery performed first, N+ ER+ — Polychemotherapy
then adjuvant Rx +1-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) IHunuzisafid estrogen receptor (ER)/
progesterone receptor (PR) wag HER2 Juau 31nn15»s9se immunohistochemical stain waz/
vide ISH HER2 @ daudu uziSadunfiinensallsafiugninusSaduasiia ER+ v3e HER2 + lng
Tufthefduusdaduy TNBC svozusn Tlonavesnanduiliudifigendy savisdnsinissending
mnIusaduniin ER+ 9138 HER-2 + agnedman  1ilesa1n TNBC luifl ER/ PR viSe HER2 ¥ilw
ms¥nuwdnvasthemaife chemotherapy dsfaudfitheasldsumsdnuiaiunsuauysaiud
#en anthracycline-taxane u&atan flhedmunisigadinisnduiduiiniglu 3-5 9 uasiiilugns
Fedinlufian™ ? fae TNBC flenuduiusriumsi germline BRCA mutationls¥esas 9-159 way
fauvainvaiglu molecular landscape lagainn1s@ne gene expression profiling YBIULLTUA
Wi wud1 TNBC dwlue) T intrinsic subtype ¥in basal-like subtype®® @slunsfinwniiuifinlng
Lehman uaz Burstein®® anunsndafungueoslddnuanenduiifiruunnssiusisluid behavior
gadlsn  swulufesnsmevauewienisiny  wasddununsidsuudasiisiuunliiinenaandy
actionable targets ?fmzulﬂﬁq immune signature Y99uLl59 WAz tumor microenvironment ‘ﬁl

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

Neoadjuvant "3 Pre-operative systemic treatment AENSIANISSNEIAIBEINBUNNT
Y % & Y] ¢ o a a A < o g Yy & Ao | a i
HdintenouusiSeeen lnudngusvasdvanlusfnpaiieardunisyinluneuuzisaidvunnivgiiunid
Jendnlaauysal (inoperable breast cancer) llluuawdnas (downsizing) ievilwanuisanisn
sonliviun way/m3e WiediliiUisainsadidawuuinuinyisiuulile (oreast conservation

(9’ 10) c‘{’ 19./ 1 [ < "L o < 1 [ 5 .
) UBNAINU NITNYINBUNITHIGA LUUNITNAADUANLIVDINLLIINDNITINYIUU i (in

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

N5l neoadjuvant chemotherapy dewseuiieutunisli post-operative adjuvant
chemotherapy Winalun1ssnunssazeniiliuansaiy  Meta-analysis 1o Early Breast Cancer
Trialist’s Collaborative Group (EBCTCG) 53U32un15AN®1 randomized controlled trial 10
MsAnuUTeuLieu neoadjuvant chemotherapy U adjuvant chemotherapy HagI184IUNANTT

fanu 15 U nwuilddanuusnstslunisiia distant recurrence, breast cancer mortality wag
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all-cause mortality? diatiu Tudaqtu Fafluwilduiaeiansannisly neoadjuvant chemotherapy
Wt Insangluseniveusdveanisv adjuvant chemotherapy aguas

AMNANARYBY Pathologic complete response Tuuzisadnuu

uziSadunLAay subtype n1snouauBIRansIA neoadjuvant systemic treatment
laimiioufu wuingtne TNBC uag HER2+ dnsneuaussuuuaiysal foluifisesTsmmderialuiin
Uy (ALY in S|tu carcinoma) LL@“IW]E)@JUWLMaaﬂmiﬂLLi (pathologic complete response (pCR))
mammumuwwmm’l luminal ER+ tumor 9819%ALau suauaa]’m CTNeoBC Pooled analysis i
AATgideyagUisuinnid 10000 $1¢ Iae Cortazar kaganz WUl La pCR Seuar 18 voagUae
WA mnuenausinveuziiudiul wu pCR Sosay 7-16 Tu ER+/HER2 - wavdesas 18 lu
ER+/HER2+ #iléane chemotherapy, pCR q&%u@u ¥ovay 30 Tu ER+/HER2+ #ilé trastuzumnab
s7uffu chemotherapy, lunsdives HER2 +/ ER+ ilfiamg chemotherapy M pCR $aeag 30 us
kg chemotherapy/ trastuzumab agld pCR fsSeag 50 @UTNBC 16 pCR Sovay 3319

foyaa1nn13AnE1 neoadjuvant treatment aten15AnY1 Ustlufianiafedfudi
ﬁﬂwﬁié{ Pathologic complete response %ﬁm’iﬂé’fULﬂuq’ffﬁﬁﬁaaﬂﬂﬂmjmﬁgﬁmﬁa residual
tumor way pCR tHudadudfnyfifianuduiusiu long term outcome Tagianizdnsu HER-2
enriched waz TNBC 17 T pooled analysis 91981 wu31dmsu TNBC 7ilé pCR i hazard ratio
U89 event-free survival 0.24 (95% Cl 0.18-0.33), HR overall survival 0.16 (95%Cl 0.11-0.25) ﬁﬂﬁ"u
pCR F93ndnu surrogate marker #1115U long-term outcome wazgnldilu endpoint fidFnyves
neoadjuvant trials nsAnwIIEluszeEndIwes TNBC ﬁ]ﬂwm’mmﬂmmﬂmwuamwmimuaum
WUU pCR 1NNT1 UAYBIRNITONMTUAL zevasansgaEnINeeusunsld pCR 1y endpoint oy
Tun1519 accelerated approval aaselusninil pCR mqwuiamuwamaLﬂawaamulm wagvinli
nsmuenduluseausIndannty

faugid1 TNBC azmauauaslafsio chemotherapy lngianigsagnsen anthracycline
uag taxane il pCR I6¥ewag 30-40 udlusedilaild pcR faudifouasyuasunadiu Al

@ 1518 Fadlugduuafn

manaduilugfgaduiu Usingnisalfsnasenda triple negative paradox
lunsidennisinen necadjuvant 1 tailor auRmaNTRveRTadUZSWINTY Aowtafleslile pCR
71g9n311n1514 chemotherapy @n3e1 anthracycline uas taxane Jadalunnnsgiuiu feliy 393
o [ v o v . 1 P [l = a v Y a
AuInduiidesiemudila genomic background AS1I989 TNBC Litedielunisfnyidelviiin

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 agglsinu 71 TNBC uaz Basal-like
tumor Hullldmileufufiies wuindesay 5075 ves TNBC sy Basallike tumor waglumis
nduiu Tusnefil GEP Whléifu basal-like Sovay 75-80 wloffay IHC 9slu triple negative 1% 20

basal-like tumor Wuazd expression a4 marker U84 basal epithelial cell lan Cytokeratin 5, 14,
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17 LLau EGFR dulugjazdl p53 mutation waz Rb loss 39862 wn'ﬂ,m Liﬂﬂauum protlfera’uon

(%
)=

rate WWQUGUWQ%\T UNINNU EJ\'illﬂ'ﬂllﬂiJWUﬁﬂU BRCA1 mutation WQEWN BRCA1 Lﬂuauﬂnmmﬂuaﬂﬂu
DNA repair &udsnaliill genetic instability 52U aneuploidy, chromosomal changes,
translocations uaz losses SsnaanTAdnaildilUguummensinm fagldndnsely

18NN classification A3 intrinsic subtype A8 PAM50 a3 Lehmann wazaeig 19
vn13@n®1 molecular landscape 984 triple negative breast cancer e GEP Wi wagwu
anunsodanguuesuzsslaiu 6 nquauwUULNUNSLARIEENYBsBUA1Y 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)® %Qﬂﬁ%ﬂama\‘i Lehmann
u Wummmiammmmimm pCR lausiugnannisld PAM50 Tagsieeaunsiin pCR awaﬁﬂu BL-
1 $onay 522 Fasian UNITeNquLAEINUNUI subtype MSL wag IM 11984Ana N5l tumor
~associated stromal cells T mesenchymal subtype wag tumor infiltrating lymphocytes (TILs)
Tu BL 11nn1 39ladinag refined widauA 4 subtypes Tuniasioan laun BL-1, BL-2, M wag LAR"®
Fauenwidlonnanuuansdlunisiin pCR wé 8 pattemn vasmsnduidugn histopathology wag
molecular aberration #isnsfuludnaie

Tugsafeaiu dn3dednngu lednngu TNBC m1u RNA waz DNA profiling eaniiu
4 subtype WuLAEiU lauA BL immune suppressed (BLIS) , BL lymphocyte activated (BLIA),
Mesenchymal way LAR® Favzadiulgan ‘171’5\‘1 2 classification 989 Burnstein e Lehmann ﬁ?u faugd
srldmiouiuiifes uinfianuadiendsiuegine  Usuendt TNBC dauvannvatedudeou uaw
@’lﬁ]ﬁﬂﬂﬁmiﬁﬂw’lmﬁiﬂ@EJEJEJﬂLLUUELﬁL‘SfJI’lﬁUﬂWiLUﬁIHULLﬂaWENLLGiﬁ% subtype 1 9 l¥FTu

§mdu Lehmann classification 1 nax BL-1 22 enriched feBufiieadestu DNA
damage response Way cell-cycle regulation 591U TP53 mutations 15@]&, i1 gain/amplifications
989 MYC, CDK6 %58 CCNE1wazdl deletions ¥&9 BRCA2, PTEN, MDM2 4as RB1 ﬂfjuf:ﬁ response
Mo chemotherapy laas lagianiziuengy platinum sy BL-2 subtype sefifuiiietostu
growth factor signaling wag metabolic pathway activity LU EGFR ay MET Wu31ll response #9
chemotherapy liftin @3 mesenchymal subtype i gene profiles Tiiigadasiucell motility,
differentiation waz epithelial mesenchymal transition (EMT) Wagdawu enrichment TuBudi
\Aedeariu angiogenesis- way stem cell-associated genes, $3ufU low claudin expression uag
PIK3CA/PTEN/AKT dysregulation faag13u84 TNBC %iln mesenchymal @8 metaplastic carcinoma
Dudy Tuvaeit LAR & pattern U849 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 na12f® & mutations U049 PIK3CA (55%), KMT2C (19%),
CDH1 (13%), NF1 (13%), and AKT1 (13%) & response sia chemotherapy lidin @2 {Hudiiauls
11 Twadunuas Mesenchymal uaw LAR subtype w9 Lehmann 1 wiiloufures Burstein ann
d1udn 2 nduRte BLIS uaz BLIA tuszuansslutihg Tnevnnidu BLIS wuindl downregulation of B
cell, T cell wag natural killer cell immune-regulating pathways Wag cytokine pathways Wawil

low expression 983 molecule 7 control antigen presentation, immune cell differentiation
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Tuvauedl BLIA § upregulation ¥®89 Immune regulation pathways ﬁm‘uqu B cell, T cell, waz
natural killer cell functions, Wag activation of STAT transcription ﬂfjmﬁﬁ prognosis Aaut19A @
DaudnagiinsAnwBedntia molecular heterogeneity vas TNBC oy Ui n15udnun
UsggnalivnandinAdsnsdidednin egslsfinnu deyaildun AviliAauunanlunsdenldodmiu
TNBC Idanna ladnasifunnsldien 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 fiuanslviiuinguae TNBC Ald pCR ndsa1nla sy
neoadjuvant chemotherapy 3n1snensailsafifuin naafe flentamevinvialsalduinds
¥o8az 90 wAnInwAe residual tumor azillonafilsraznduifusnldaedesay 30-40 vils
neoadjuvant chemotherapy é’fmLﬂumqLﬁaﬂiuﬂﬂasma;uﬁuaﬂmﬁaammﬂﬁ adjuvant
chemotherapy MenaINISHIAR  IagegnsuInsgu lalki doxorubicin/ cyclophosphamide (AC)
AINAE taxane %ﬂLﬁuammﬁﬁsﬁamaiu adjuvant setting 11@111508a0 breast cancer-related
mortality laUszane 1 Tu 3 ey malmﬂu neoadjuvant therapy @1u15al% pCR 1a 5 o8ay 30-
4414 1523 ﬁ’hsmmu Saflanunenenuiasiaunnishi neoadjuvant therapy flanunsauinsnsinas
fin pCR Tiigetulagendedayania molecular 493 TNBC lasmanTaitaziilugsnanissondniia

Jundagdu
I. Role of platinum agents &g biological rationale

Germline BRCA1/2 mutation wuldlu fosay 15-20 vesfihhe TNBC 39 BRCA 1/2 1u
gene fidumumlunisgeuuen double strand break ¥es DNA (DSB repair) snenalnues
homologous recombination (HR) Fadu error-free DSB repair Wag¥inlid genomic stability nelu
waa® n158 germline BRCA mutation villAinn1g Homologous recombination deficiency
(HRD) wananil Msilnnaz Somatic mutation veq BRCA 1/2 13e epigenetic changes iAgdas
ffu Homologous recombination machinery 131 RAD51, PALB2, ATR, CHK1, WEEL Ap1avilsiia
Homologous recombination deficiency léigufiu filSenin “BRCAness”

81N platinum @111503UY DNA a38 covalent bonding wagifin DNA-platinum
adducts W intra-strand wa inter-strand crosslinks @siliAn single strand break &g double
strand break nMysanannigesendunisuiludaenalnves homologous recombination 158 non-
homologous end-joining T8 BRCA gene funumdrdalunssuiunisfinand wadiisl BRCA
mutation slsiannsadenusy damage MAnTulazinlugnsnevensadluiian ey de
rationale AaN&17 ?Nﬁmamaaumﬂ%&mejuﬁiu 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

1AgAINTIY Tuw‘d?&l high risk TNBC 7ilgr neoadjuvant chemotherapy 7if carboplatin
J9UAU taxane way anthracycline- contalnlng regimen ¥ i pPCR mawu mmammumwlm
carboplatin ImaL@W'}giumwmnmmqumuquuulm cyclophosphamide (Jussduszneu lag pCR
anifinduaindesas 22-39 413U non-carboplatin tuSeway 53-60 wiledl platinum saudae
nsanwd@uIuaidu phase 2 aegelsinnu m'u?ﬁﬂ‘mméwﬁlﬁiﬁaaﬂLLUUMLﬁaﬁQaﬁmmemﬂ@hﬂ‘u
A1 survival outcome lai11a¥18u disease-free survival #58 overall survival maan@juﬁlﬁ%’u
carboplatin isufundueuau Sifies 2 nsAnwuiiufifisienudngn 16w GeparSixto uaz
CALGB 40603 Tu CALGB 40603 3-year DFS woenguilldl carboplatin agi¥eay 76.5 iiguiu
71.6 1umjmmuamﬁ1ﬂﬁ carboplatin (HR 0.84, 95% confidence interval (Cl) 0.58-1.22, p 0.36)
wag 3-year OS Sevay 81.9 Wsuiu 84.6 mua1eu (HR 1.5, 95% Cl 0.74-1.79, p 0.53)*% dqu
GeparSixto 518971 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 uagAME ATI891U  Meta-analysis 98¢ platinum-based neoadjuvant
chemotherapy Tngdinsngiinaain 9 RCT wuinamnsadfin pCR lé¥osay 15 (absolute increase
970 Sovay 37 19w 52) Tnelifauunnsndly EFS wag 05%° uenmfloannsAnuiildaauds &
ﬁmiﬁﬂm%ﬂwmmmﬁﬁ'}é’aﬁfnﬁuagjﬂgq phase 2 Way 3 ﬁQﬁLﬁaﬁgﬁ]ﬂummmaq platinum tag/
%39 taxane saly

agdlsfinu fawdinsiiia Platinum wWlulugssen neoadjuvant chemotherapy agiital
pCR wiluvuzifeniu nadrafsannmssnnigauguiu Ingwnie hematologic toxicity agwy
grade 3/ 4 neutropenia laso8ay 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 Sasag 0.4 Tunguitlaidl carboplatin (OR 15; 95% CI, 4.86 -46.3 ; P < 0.001)

BRCA waz Homologous recombination deficiency status nun1snauauassa Platinum-

based chemotherapy

199N BRCA mutation flaufedesiu defect Tu DNA damage repair uae
platinum 11%Aa DNA double strand break Fafot01f BRCA 1/2 mediated homologous
recombination 3asfuditnaulainazanusald eBRCA 1Wu potential predictor AonismouaLefy
platinum eudelyl Fufiesnisng BrishTNess®? wag GeparSixto® Aldfinsseunanisineily
faniiil gBRCA Saildmdnuteray 14.5 uag 17.2 vasithevimun suddu wuilpesiuud, Gl
gBRCA mutation el NAC e platinum-based a2lé pCR ﬁga%ﬂuﬁmdauﬁmmdﬂﬁﬁﬁ gBRCA
(A9197 2) Inefigfl20715 gBRCA 9281 pCR #1ganin non-gBRCA liiinaglel platinum videlsifinu uaz
awiloud1nsld carboplatin Wisilu TNBC 11l gBRCA lafléf pCR Lﬂu%{umﬂﬂﬂmwﬂmﬁﬁmﬂdu DNA
damaging agent aéﬁaﬂugmmﬁiﬁ% 1w cyclophosphamide %38 anthracycline Gﬁﬂmﬂ%}amuaiu
P59 2 aziiuinngy gBRCA 1 pCR figefiafosay 40-66 liidnagldenlu arm Tvufnw usegnalsh
m Feyalu metastatic settinglumsdnw TNT ndulvinanssfuinu nandenguiidl gBRCA iile
\Wisuiisun1snevausssa carboplatin Wieufiu docetaxel wuinAuldil 6BRCA Wlolé carboplatin
9gdl response $98ay 68 LUy 33.3 Iuﬂdmﬁlﬁ docetaxel (p 0,003)%” T iiauldalid gBRCA
mutation LifAnuuanA1eINIsReUALBISEINN carboplatin 158 docetaxel FadamsliifidnoSuie

dwLﬁ@lﬂﬂﬂimauauaaﬁaLLmﬂﬁmﬁ'uTu metastatic Wae early stage setting

a5l 2 Pathologic complete response %13 BRCA mutational status waz 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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UBNN germline BRCA mutation status lgsuns explore \fioAAwINSRaUALeY
#o platinum &3 homologous recombination deficiency status (HRD) fdudniadewdadi
nsAnw Tun1s3d8 GeparSixto 10dl exploratory analysis Lﬁa@ﬂ’mué’uﬁuééﬁﬂén JGEGRFGED
T2 HRD status Wludesas 61 vesftheidrsiunsisds (193 1e) lnefimun HRD Aell HRD
score > 42 uav/viso {1 BRCA mutation Ty tumor §adenuingUiesesay 70 (136 Tu 193518) i
homologous recombination deficiency LLﬁzWUiﬂﬂduﬁﬁﬁ hish HRD score Wloléi¥u carboplatin
521U paclitaxel-liposomal doxorubicin ¢ pCR Lﬁmsﬁumﬂ Sovaz 33.9 (no carboplatin) Juse
az 63.5 (1§ carboplatin) luvniggtheidu low HRD score pCR Wsduieadndesaindesay 20
19u29.6%” Telli et al 91991 pooled analysis vosdoyalugtas TNBC #fl HRD fidhsmauide
phase 2 $1u3u 165 318 7IL§5U neoadjuvant platinum-based regimen wugthesevaz 63 1y
homologous recombination deficient (14 definition 41961) %Qﬂdmﬁﬁ pCR 91nE108 Soway 44
Jleufiu fevay 8 71 il HRD (p< 0.001)

Feidu Foyadiesiu Ustin HRD status enaaiu marker fitigmaiitas TNBCTBNT
Iausgleytiannneoadjuvant treatment sn8 DNA damaging treatment 1 platinum ¢ wsognsls
An1 N159579 HRD status Tudlagiu dalildldegaunsvanaiin Jsoradudodrinvesnisuszandld
N19AATA @2 germline BRCA mutation T Tailgdselevdidizannnisly 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 Teaadlaeffidunuinddaléun PARP-1 Svaunsadufu damaged
DNA lagianiy single strand break (SSB) way induced 1#Aia recruitment 289 DNA repair protein
1914 DNA polymerase, DNA ligase Ill, kg X-ray cross-complementing protein 1 (XRCC1) Wown
uitly SSB lesions i n3l% PARP inhibitor 929hliAnn1s trap PARP Ul DNA 7131 SSB wazvhlsilal
anansagonuen SSB ¢ duhlug stalling ves replication fork uaz DSB Tuilan ddluiwadiil BRCA
Feuunfiasfiauiunis homologous recombination 7iwdly DSB 6 (;J‘Uﬁ'?i 3) Fldanunsavilely
\waadidl BRCA mutation #58017% HRD wazdrdendssluldnalnues non-homologous
end joining Gy error-prone system ﬁﬁﬂlﬂ&j genomic instability fatu n1s8uda PARP deen

@D Ay

Tuwadsnansonlfinnsaevesadiy LLazL'%stJsmgmizﬁﬁdﬂ synthetic lethality
thlug concept 99971533881 PARP inhibitors Tusizi3efiil BRCA mutation #s393is TNBC 714 HRD
leuseag

PARP inhibitors Sunuavlunissnunuzisadnuussezunsnssanefifl eermline BRCA
mutation 1 TNBC waz ER+HER2-91nNan1sinundaeen olaparib, talazoparib uaw veliparib wui
PFS gn1unuiusiaiissnnnismevauasdesndaulunguilldu PARP inhibitors iawfisuiy s
U@Lz faifu PARP inhibitors 31§ potential strategy fitnaulaly neoadjuvant
setting azaniaiunisnuidesnaivivaiiiein pCR lu TNBC wazdenguiues synthetic

lethality 9198 ns@nwanilng/3sld PARP-inhibitor $2/U carboplatin fsagulu a1s1eil 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

nmsfnw FSPYIl Fadunisfinwiwuu phase 2 wadeus veliparb  $aufiu
carboplatin+ paclitaxel kaammmAy AC wuinll posterior probability Souaz 88 fgldnadlunis
e phase 3 lngdl estimated pCR Joway 51Y Juhludnis@nw BrightTNess Badl nguaruAuy
paclitaxel 2> AC d@wungunaaedl 2 ngu Ao paclitaxel-carboplatin > AC way Veliparib-
paclitaxel-carboplatin =AC wamﬁnmwudmaﬁ'mmamﬁq 2 nqu pCR7wionIn paclitaxel>
AC®" $peay 53-58 Lluiu fevay 31 (M3l 3) ednlsfinin quidtoud pCR Mifisdului 2 nu
npaes Wasfunaves carboplatin 3nnnn veliparib tiesan pCR Tuis 2 naulnalfesriuuin (Soe
aw 53 (VCbP) ifiufiu 58 (CbP) Aausfiarlily design siflewSauifisungumanasia 2 ndufany
Fou e1ananléin BrichTNess llansaduduusslovdves neoadjuvant veliparib Al
unselected TNBC 19 Tumenduiu JunisBuduunumees carboplatin lugiUae TNBC dau
watnaAeswasnsine Tunduilld carboplatin 1 2 nguargeiuningueiuey  Tnefiniaidiy
veliparib lailfinatrafsafidndluannguifiu carboplatin = AC

ANSANYN GeparOLA WJu phase 2, randomized, non-comparative trial ﬁﬂimﬁu
Olaparib wag carboplatin Tu UBEAE NN HER2 negative wag HRD (laA & tBRCA1/2 mutation
%39 gBRCA 1/2 mutation wag/%#3e high HRD score (Myriad myChO|ce HRD ) Fudunns enriched
wauwulmﬂiﬂ,wuﬁm platinum wag PARP inhihitors AsAnEiRIeInYes veliparib asefidu
N139 effect Y89 PARP inhibitor mwmmhﬂuam taxane > AC Inglalld combined fiu carboplatm
Nan13AnwINUn Tu total population fifihe ER+ve waw TNBC pCR wlfé’ﬂ,uﬂau olapanb asmaaav
55.1 (95%C| 44.5 -65.3, p 0,99 ) mlmmuﬂmﬂmmmm Luaqmﬂmiaﬁmmaumwmwa exclude
pCR rate fidouninfovay 55% fe one-group chi2-test*® Lagdm3u secondary endpoint #u1
lifinrauandisly pCR szmrianguitldl olaparib w3e carboplatin @uluauldiisl tumor vide
gBRCA 1/2 mutation fuwwiltiufiaglépCR ﬁqaﬂ’jﬂﬂdmﬁmu wildtype liid1azglaen carboplatin %38
olaparib walifitud1Agyneaia LLawm@LawwswﬁLﬁu TNBC @sluntsfinuniisl TNBC 78 Au 971
106 A AnuswIldufediuAe 413 gBRCA mutation 9dl pCR @901 wildtype BRCA  ogslsinny
exploratory analysis Lﬁa@mmLLmGiNSU'eNmimauauaq’Lu subgroup lanunsaaguledngn olaparib
v3o carboplatin Taunnsefiulumeada esanduaudinedides uaz A1 90% CI find1enn
fatd Tutlagiiudoyaues necadjuvant olaparib Ssdslaiannsauugthlildlugtasisl HRD 16
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Talazoparib tJu PARP inhibitor gﬂﬁaﬁﬁﬂmamﬁa strong PARP-trapping Tun1s@nw
Lﬁaﬂﬁﬂuﬁﬂw 20 518 il germline BRCA 1 /2 mutation Wui1n151¥ single agent talazoparib Ju
e 6 wieu lnglaidl chemotherapy a1nsaviliidl pCR laasdis fosas 537 wagdalainig expand
msAnwiudnly nsnede NEOTALA Wun1sfine phase 2 #¢ single agent talazoparib T
neoadjuvant setting Iw’iﬂwﬁﬁ germline BRCA 1 /2 mutation LUy Lwiai”lmuﬁﬂamﬁﬁuﬂu
61 578 (@1 120 Tefieunnld) witdeann recruitment ledninfiaas LLau‘{jm‘M’W’]ﬂ sponsor a9
logAn1saniiunside uae enunadesiily 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 Fudusnavfihaulaideswinduy
chemotherapy-free regimen warlndideadunaiilaann neoadjuvant chemotherapy pgnalsAina
nsAnel hjamﬁaﬁué’uamuagmﬁé}gﬂﬂﬁ \flo9a1ne posterior probability lgwinfu 0.55 lu
evaluable population taz 0.75 Tu ITT population ualuvuziRsIiu Mmdu proof of concept trial
7ius@31 PARP inhibitor \Jueniifiunuivilu BRCA mutation

Tudvowmatnades N5l PARP inhibitor Tu neoadjuvant setting dwalvilin
hematologic toxicity lﬁq\i laiinandu grade 3-4 neutropenia finulgfedonas 70 anemia Sovaz
30 Feovanfudedrinlunisquasgtne useeslsfnudeyaiil Ssnsdessedoya mature waz
Anunasvezendolunon uazdiliuusshlilflunsu it lvluoned

a9l 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 AUNISAIALAINISAaUEAULDIHD PARP Inhibitor

AIEMANNIINIING B mutation YOI BRCA gene wag/M39019% HRD unazilu
predictive biomarkers #iflun1s$nwidie PARP inhibitors Tun1s@nunsneqfildnaunuddnedu A
IEinshnseiiiobudunnuduiusienans 1wl 1-SPY Il BrichTNess wae GeparOLA  1-SPYII
fidmuuauldfisl gBRCA mutation tee (veliparib arm 12 518, Yoaz17; nguAIuAY 2 118, Seuaz
5) usinudn veliparib/ carboplatin Siaauduiussu pcR Tus1efifl gBRCA mutation wlawfieuriu
wildtype (Fowag 75 \ilsuiu $evaz29 ; OR 7.25, p 0.006X) dulunguaruau Liesaniduiu
AUld gBRCA mutation tesann Aslianusavinisidseuiisu pCR Ay wildtype 1o

1w BrighTNess fAuld gBRCA mutation Usvanaidesay 15 (93 578) uslumisanwni
wuinlunguiill BRCA mutation mMs§nuwniiiivelsidl veliparib laiflduiusiu pCR ograiioddry
maann Y uanduwilduinnisil ¢BRCA mutation a¢la pCR qa%mﬁaiﬁ carboplatin +/- veliparib
$7UfU taxane > AC (A151971 2)

HRD status tJuiadefiiiu combination 4831155 BRCA mutation 531U BRCAness 7
919924An21n defect T DNA damage response pathway duquenuiieain BRCA lunisAnu
phase 2 PreCOG Fald iniparib duﬁaqﬁuﬁaiﬂﬂﬁlﬂu direct PARP inhibitor) $33f1U gemcitabine-
carboplatin Tugasy TNBC %38 BRCA mutation Iuﬂﬁiﬁﬂwﬂﬁﬁﬂﬂia BRCA mutation $owaz 24 (
19 $18) wAziin139539 HRD-LOH status 3y §33enudn n13i BRCA mutation Siwwildudusiug
U pCR figetiu Waifisufugtaeiiiu wildtype BRCA wonanni wudifthediil BRCA wildtype i
HRD-LOH score ﬁqq Lungudidl pCR ﬁqﬁu“”

wagvnggn veyaa1n GeparOLA 7l entry criteria L“f]urzgﬂwﬁﬁ HRD @3 defined 1o
N33 BRCA mutation ﬁgﬂ germline Wag somatic tumor 38 & HRD score > 42 (Myriad myChoice®
HRD) sisldnanluwdsluidouas olaparib nsAnwniinuin HRD status Vi@mn BRCA mutation L
F19¢.9u germline %38 somatic mutation dauduiusiy pCR ﬁa%ﬂuﬁgﬂﬂﬁjmmﬁ carboplatin
Ve olaparib (15197 2 way 4)

ﬂa'ﬂ’ﬂ%aw n1538 germline BRCA mutation WJu predictive biomarkers v84n15l6
pCR 1ila¥nw1die neoadjuvant PARP inhibitor + carboplatin Tnemsmovauesilintuuiaznan
carboplatin 1Jundn @iugUas wildtype BRCA ﬁ?ué’thﬁwé’ﬂgm’jﬂﬁﬂsﬂasuﬁmﬂm'ﬂ%’ PARP
inhibitors 8ALiUIIMINNUTINAU HRD-LOH uél strength of evidence lalunnwefiaziinluldlunisg
matintutagtu

lll. Immune checkpoint inhibitors

Tneyhlu uzidashuusingnussindu immunologically quiescent iflaaan overall i
tumor mutational burden (TMB) #1 widagUumuin subtype 7wy HER2+ve uaz TNBC 9zlu
mzﬁuéfmm&juﬁlﬂu immunologically active 11nn31 subtype 31 9 1nvoya TMB ‘ﬁqjﬁ FUAY
Msfiny 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 wilouazidu
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parameter fivsuandensnevaussdinge neoadjuvant treatment iﬁmﬁgﬂ TiLs density Tu residual
turnor W& neoadjuvant chemotherapy usatasammnissendininauldiguiuc? Toyaan
TGCA wuilu TNBC 31 PD-L1 mRNA expression figaninuzisasusmiindus (N=716, p< 0.001)*
waznsil PD-L1 Saflmnuduiusiusiuan cytotoxic T lymphocytes infiltration Wiewfleufiunzisd
PD-L1 negative 8néae) deu TNBC Fsunsmdunduilnsaslivsslominnnsdnwdeelungy
immune checkpoint inhibitors (IC1) 34 ICI laii19zadu anti CTLA-G, Anti-PD1 e Anti-PD-L1 9%
fudaunumaes immune checkpoints wienil wazvinlsk TiLs anansa exert cytotoxicity Tépehafiud
uazdsnalisusaradunioldlufian

luns@nwszozusnly TNBC WUIINITRBUEUDIRS monotherapy @78  Immune
checkpoint inhibitor (ICl) Tu metastatic TNBC azldftn®® wanwuind synergy s¥wing IC1 uag
chemotherapy uazilugmudnsalunissnun TNBC sive combination 483 pembrolizumab wag
atezolizumab @:ﬁu chemotherapy Wugvunuusnlu KN355°Y way Impassion 130°% g uaiau
dmiulu neoadjuvant setting In13@nw1ves IC AIUARU chemotherapy feagulily A15797 5

miﬁﬂmﬁimﬁqm 1A KN522 18u phase 3 trial wsnlu neoadjuvant setting lugUae
1174 518 lagvadeunaves  pembrolizumab  iilelsamegichemotherapy  lungumiunsfe
paclitaxel-carboplatin a8 AC wagnawinfanazlasu pembrolizumab aunAsu 1 U co- primary
endpoint vesnsAnwAe pCR way event-free survival (EFS) msdneniinudn pembrolizumab
annsouiin peR Ieegnefitudfy (absolute increase $o8aw 13) dau EFS MilAss1891umas median
follow up time 15 iy wudrdiuurliufinguitlél pembrolizumab axdl EFS Mwmiloninnguaiuny
wigdlaifeoddnead@ (HR 0.63, 95 C1 0.43-0.93, p 0.089 &3 >0.000051 Ty pre-specified

9 geelsnd Tunsesgiiananlul 2564 U (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 n1sAnwids positive Tuis 2 primary endpoints 71lanald

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 1C1 Bndadifinnsfing phase 3 Tu neoadjuvant setting T Impassion
031 W atezolizumab ffiu Nab-paclitaxel = ddAC Turauedi NeoTRIPaPDL1 14 Nab-paclitaxel-
carboplatin winthu (anthracycline-free regimen) wiazsl AC Tndenisusa dmsu Impassion 031
co-primary endpoint Ju pCR Tu intention-to-treat population way pCR lu PD-L1+ 1%&4317{
U89 NeoTRIPaPDL1 primary endpoint DU EFS at 5 years @y pCR \Ju secondary endpoint

Impassion 031 WuU11 atezolizumab A0 pCR T ITT population nTosay 41
Juseway 58 (p 0.0044) wag Tu PD-1 + ‘I/IL‘LJ‘L! co- prlmary endpoint pCR ﬂmeuLsdummﬂmm
Souay 49 \Ju 69 uageluiidudAgyneana (p 0.021 Fawnnin 0.0184 My significance boundary
7idal3) subgroup ve1 PD-L1 negative fils pCR ‘mqwumﬂmﬂm atezolizumab wuieiu®® &
Fgitinnuaenndastu KN522 Tumanduiy man1s@nw1 NeoTRIPaPDL1 pCR #léa1nms add

atezolizumab $2uAU paclitaxel-carboplatin nauliiunn@199In chemotherapy Liigeg19iRY?
(60)

“Ziﬂ We

(pCR Sowaz 44 (atezolizumab) iwuiusasas 41 (chemotherapy alone), p 0.66)*” A1asuIBUDs
NaTiuAnANsiuYes atezolizumab luvk 2 nsanwiienaduldlgfe chemotherapy backbone 71l
Tu NeoTRIPaPDL1 tulsll anthracycline uay cyclophosphamide Tugianaunisin usegalsini
pCR U secondary endpoint 984 NeoTRIPaPDL1 @31 primary endpoint EFS thy &9l mature
Fiosnedl 9glaseinarsneay

{50 1 nMs@nwdild 1C feunsiinda un GeparNeuvo @y phase 2, randomized
trial 1W3suy durvalumab ﬁiﬁ@;ﬁu Nab-paclitaxel = EC #38 chemotherapy Lg49e19LA8)
Tnelu desien wsn fn1sT¥ durvalumab/ placebo Wisssufieanen 2 §Un1vsasu chemotherapy
20U durvalumab /placebo udmemdausulienidntag window period U Tne iUy 117 578
10 174 seildsueludnunsiliuds pcR My primary endpoint Tunisinwndl svuady
ypTONO 893g strict nivlun1sAnudu ) wansnwiwuiinguilld durvalumab @ pCR Sesaz
53.4 [Wiyuiu 44.2 Iunﬁjmﬁlﬂu chemotherapy Wg9814A7 (p 0.287) LLsimﬂ@Lawwmjuﬁlﬁ%’u
window period single agent durvalumab ¢e( 117 $18) WU’iWﬂdﬂJﬁﬁ pCR ﬁqmﬁm&iwﬁﬁaﬁﬁﬁm
flo Sowaz 61 wieufu 41.4, p 0.035) Fedaludiesureidaau Wululdiersasfendesiu tumor
characteristic ¥asthelu 2 Faen1sdnw nanAenauitldenly window period fiszazvaslsaiigs
nidsenavilfifiuntsnovaussléfity wiee199ziinenn immunological interaction @y l@nannluy
Widesoll

wananUsednsainess I Tu pCR waa TuA1uwes longer term outcome Ao EFS Tu
KN522 fiftesneeu wuinnsti neoadjuvant pembrolizumab 391U chemotherapy anunsaudiy
EFS Iaenafituddynisadfnaiilinaniuda luvaeiines Impassion 031 S51eauuualiu EFS 7
ﬁ%uiumjm combination ICl-chemotherapy LLGiETﬂvLajﬁﬁEJﬁﬂﬁﬁymwaﬁmu‘umzﬁ Wega1nnns
follow-up AidsAoudndy wazsuau events toe Faduiiirduniueswanis update RHGRIEK
impassion 031 Faglulufimmadentu KN-522 el Somnldnauieaty strategy Huhasdud
gousulunssnulalusunan

Fosrfindrdaywes nsld strategy ICI 0 immune-related events ﬁLﬁmmﬂmﬂajuﬂf lai
Tagdu hypothyroidism (wuld Seway 15 Wisuiu 5.7 Tu placebo arm) hypoadrenalism %30
hypophysitis tiesrndunissnuilu curative setting %qwmsﬁﬂmaﬁé’mLﬁmﬁm%%ﬂism@ﬂwLLUU
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0123l Ssdumnuanisnuthlug survival outcome anmasdudoadendihefipayldusslosiiunn
flgn 19U nguiisl LN+ (absolute pCR gain ¥owaz 20.6 Wisufu 6.3 Tu LN-ve Tu KN522) 18ugdu

faudrdeyatreuasduauinndilunisinm TNBC #e 10 winishnnudansdy
wagdayaoiafinadsuutawiold uenant Sinsdidnmigilidsmeudnnn wu winglaeld
oCR Faflausniudidedlyi postop IC soauds 1 TnSeld lusedid residual tumor nnsTw
adjuvant ICI 9saeLUasw outcome lavdelyl saudsunuinaes adjuvant capecitabine 119%@11150
incorporate aihukauNsSnwAid 10 Teegals Wudy

Biomarkers AUNISAIAAINISADUEUBNB neoadjuvant immune checkpoint inhibitor

Wy KN522 uae Impassion 031 Wui1 N158 PD-L1 + Hn1969UaUDIHBN1TINEILUY
PCR Fifdnguil PD-L1 negative larinis¥nwduazidu chemotherapy agnaifeaviesaniiu ICI f
a3l (prognosticator) wiAuld? PD-L1 negative Ag3lH pCR mmﬁmﬁ'aﬁﬂwmﬁ%’u ICl Wiguiunis
Tvichemotherapy tigsagaiea (Ae PD-L1lule predictive biomarker 484 ICI ) Faiinulu KN522
subgroup 71 PD-L1 CPS<1 Aflaaslduszloviiannsly 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 ¥8IN1TNDUAUDINDNIT
Snwnay IC| 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 717 ua alidusiusiu PD-L1 expression
1ninlalu early breast cancer wonanil GuﬁmaﬂaamamLszjummﬂuiumiﬁﬂm GeparNeuvo &4
lml,ﬂswkuaualﬁawm biomarkers Aeudnaiarie PD-L1 uaw TILs Awui1nisil PD-L1 (Ventana
SP263 antibody) 1s719zlu tumor cells #3olu immune cells RN pCR ﬂ/lmmﬂﬂqmﬂuu PD-L1
winsmauauedfia durvalumab @hjsmﬁ’uiuﬁgq 2 nRuuiY eazdenvaintsneuauesluusiag
nsAnwsena1u PD-L1 Asaguly A51971 6

a9l 6 Pathologic complete response %@ immune checkpoint inhibitors wanau
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 Tunzi5q
LAULAD stromal TILs (sTILs) GeparNeuvo 1A3LATIERUNUIMUDS STIL WaznuINszau baseline
STIL anansaeaa pCR 14 B4 sTIL g¢ Tonald pCR axgenu Tnglitutusinvasndildsu© Ty
nsAnwLUsEiuTes sTIL W ¢ fefouar 1-10, Utunans Idunfesas 11-59 way 1nnin Sevay
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59 di1ge) usiegndlsiimu baseline sTIL lailgidu predictor wea pCR siewn durvalumab Faduly
lufimafgafiudeyaves PD-L1 wuddewdiUigluns@nuwiasgdl PD-L1 gedis Seuay 85 usindull
STIL+ WiosuaSevas 14 wihilu (Frsrinaanuves PD-LL + Ty GeparNeuvo Aeffoufndly immune
cells w3a tumor cells Alg) wonandfmuinluszninenisdne awfinmsiiutuves intratumoral
TIL (TIL) Tuvia 2 nduns¥nen warlungufild durvalumab nadfismunes ML Tusswrinanssne 3
AuFNRUS U pCR flargedudie Featfuayudn durvalumab a1u190 modulate immune
microenvironmentImaﬂizéjuiﬁ lymphocytes migrate 911 stroma Vi1 Ty tumor wazldu
indicator ¥84N1598UAUMD durvalumab

aiuliiluvasd 89108 biomarker Adataulunisaimainismouauessia ICl Vi
PD-L1 uaw sTIL Wunilou prognostic factor fluenisnsmevaussienissnunintuuslianunsald
Jusrdmidennguanldfazldvussloviaineld udidesnnifusadaiuifidslve wazasdd
mMsAnwifsAnisnduegdnuin lusuraneradninudsunvasldiduiu Seaisdesdianiuna
nsfnuiinagAes 9 neessenuiusenindely

IV. gngudue

Lﬁaqmﬂ TNBC dimuvainuaiglu mo lecular landscape ﬁ’aﬁlé’ﬂdnml,t,ﬁﬂwdaaé’u
Fodu area fifafinis explore m’mmﬂﬂmm TNBC auquaﬂmuammiawm homologous
recombination defect/ DNA repair defect Way 509 |mmunolog|c manipulation %ﬂﬁuaua%mumaﬂ
ﬂaﬂuamjm Fregvatuaniemsasly TNBC #B3m1u molecular heterogeneity L% PIK3/
AKT/mTOR pathway Gadunilslu pathway finuinfinnnuRauniléveslu TNBC wane subtype i
11 mesenchymal %38 luminal androgen subtypes Dudu ﬁmiﬁﬂmaﬂumjm AKT inhibitors a8
#7lu advanced TNBC way wuiiduszavnmilelisiuiuen chemotherapy Wy ipatasertib®
WAy capivasertb uazsufinisAnuilu  necadjuvant setting #nefe  FAIRLANE  trial
(ClinicalTrials.gov: NCT02301988) Fadu randomized phase 2 trial L 7w ipatasertib ﬁﬂ‘U weekly
paclitaxel NOUNIINIAA FanudanauwAneIes pCR mawmanuaaumlmuﬂmﬂm uanni
f93in15@ne alpelisib Tuauldfisl PIK3CA mutation %3o PTEN loss sauffu chemotherapy #38
Tunguilidu LAR fimsfinwen enzalutaminde uay paclitaxel iusiu a1s1eft 7 agusoens clinical
trial phase 2-3 fiMarLiun1segdmsu neoadjuvant treatment Tu TNBC 971 clinicaltrials.gov
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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. AZD6738 (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 FRQ 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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