Practical Strategies and Innovative Approaches
for Improving Patient Outcome
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M5ATIINUANIDDNTBIEU (gene expression profiling) sz adnuandu 4 wila feil
luminal A, luminal B, human epidermal growth factor receptor (HER2)-enriched ke basal-like
tumor™ ? TneuziSaduuusas molecular subtypes azinsnensalvedlsn Nsnauauassanis
$nwn wazdmsinsegseniiumnsnaiy wisgdlsAmumsnsaanisuanieenuesdu (full genomic
analysis) ﬁiﬂmﬁiawﬁwqa et the St. Gallen international expert consensus panel® ¥ 3gla
wuglfin1sld semiquantitative immunohistochemistry (IHC) iieUseiiiu estrogen receptor
(ER), progesterone receptor (PR) Wag hybridization tests for HER2 overexpression 52104 pro-
liferation marker for breast cancer (Ki67) lnaan Ki67 ﬁgﬁ%ﬂﬁqmiwmﬂiaﬂiﬂﬁu&iﬂﬁﬁ wazdl
msunsnsEanevasialsalduinnit dmsue K67 Aisesay 15 asfieinfivsunaiinn® danulsin

s v o = 6,7)
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A57199 1. uansdnwzaesuzisuaudluLaay molecular subtypes (clinical and immunohisto-

chemical surrogates for molecular subtypes of breast cancer)® "
Molecular
Luminal A Luminal B HER2+ TN
Subtypes
HER2- HER2+
Biomarkers ER+ ER+ ER+ ER- ER-
PR+ (>/=20%) PR- PR-/+ (<20%) | PR- PR-
HER2- HER2- HER2+ HER2+ HER2-
Ki67 low Ki67 high Ki67 low/high | Ki67 any Ki67 any
ANUYN VDA 40-50 20-30 15-20 10-20
(Gova)
Histological Well Moderately differentiated Little Little
grade differentiated (grade 1) differentiated | differentiated
(grade 1) (grade IIl) (grade III)
e ngadlsn A U1unana el el
(prognosis)
ANTHBDUEUDY Endocrine Endocrine Endocrine Target therapy | Chemotherapy
FONTINN chemotherapy | chemotherapy | chemotherapy | PARP inhibitors
target therapy

ER: estrogen receptor, PR: progesterone receptor, HER2: human epidermal growth factor receptor2, TN:

triple negative breast cancer, basal-like

wBNINN1INEINTAILIALANITNEUALBNITINYIVBWZS LA TUILIAZ molecular sub-
types azwanasiufsiinanuds Msiinwilulagiudamuinammssdimevewzisudiuuusiag
molecular subtypes tufldnwarunsegnsiuanataiu vilrausavenanuazsiduvesinay

molecular subtypes laarnaunisssd@ineggunu

< }7 a .
USLIWMNUUYUA luminal
uzSaduia luminal Fedl estrogen receptor Wuuan wuldtsdosay 70 vasmziSui
yYuaun TneuzisagruuydaiaziinisneinsalvedsanninuziSaauusindu InguziSamuusie
luminal Azhuadu 2 siafsuziSaauusida luminal A kazuziSasuuvila luminal B
2 v a . & 2 Ao v a o o & P
ugiSaiunydn luminal A Wunzdaidnasnuludiendgalenunuszinmou wagnuld

Uszanusesay 50 vouziSaduuiaus lnesiuduuziSaduundnisnensallsan luvauenugis
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Wunwia luminal B WugSaduniitnesiinisuansuesen proliferation wagdnsnsiiagives
uzisfiganinuzdasuueia luminal A eghdlsAnumziFaduueda luminal B 9zmevauosio
nsimMssnysigeneuAnlaRnI kAT NUNIABUALDIMNINET I UUaNY Tl (pathologic
complete response, pCR) MiunnniueSarin luminal A? Fafunsuenserinuzdad e
luminal A uag luminal B 3sfianuddaiietslunisinaulalunsmnaununisine wu szezian

Tunnslrenmusesluursan1sNeINTAINISABUALBIRBNISINYIAE8IA1UTD S IuU?

anwaza LuN LN sUYaINsSuduNila luminal

10 gnu

uzanuseiin luminal Shaziududouifisusa imegular Mlaififuyusouse
Tunsdlvesuzidadmuuvila luminal B 7ifl HER2+ azwuifiuyusiusels uzdadussia luminal
A TawdrulngsinaziudufeuiifivevBuuvanlun wuusluwnsy (spiculated mass) $aufu
architectural distortion @adudnuazdivdinadunzds nenuidnvaedouiifiveuduunay
Thagflauduiudivussafudiian Kie7 d udegdlsinudnvarguisaunsanuldly
ugiSaudunedn luminal B uay HER2+®  luvaefiuziSadnuueda luminal B fhazdiududou
fifveuslidaiau (indistinct) fveuduunan (spiculated) viiefvaundnuénvuiaidn (microlob-

ulated) wasinaglinusiunu architectural distortion® (g‘d‘ﬁ 2)

ANWAUZN BRI IR VBNTSAAUNYLA luminal
< v a . Yo & v Aa | . . .
uziSaenuntn luminal aglvidnuaes Juneuniisusng iregular, YUl non circumscribed
La¥ posterior acoustic shadowingImawuimzﬁ%@fmmﬁ@ luminal B finagdl increased internal

vascularity $3u38™" (U7 1 uag 2)
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JUR 1. fendgeeny 56 U lesunsitadeidunzsadiuneia wminal A n. waz v, Wunmw

wnalauwnsuluyin MLO wag CC uansloiiiu an irregular spiculated isodense mass at left upper
mid part without associated calcification (gnes) . Wunndansienanuans an irregular
spiculated hypoechoic mass with internal vascularitly at left upper mid part (§neis) 3. Wy

NN shear wave elastography LaASAaNWAEVDS rim stiffness

dnwaznwaduwimdnlniiveszdadiuusda luminal

uzasnunein luminal fhaglidnuasdufounifisuss iregular Saffuvounduuan
wazdl enhancement (enhancing irregular mass with spiculated margin) wagginaglainu rim
enhancement? TagarnwansnisineamuinuzSaduuedn uminal #ifl HER2- fhazldnuses
Tsafisunisdureaduy (multifocal or multicentric disease) waslinunsunsnIzIe VoS
TUdmeuimaesusnasnug (gﬂﬁ 2)

usogslsAnunsitadeugSaduusiia Wuminal B dnagnunsunsnszansvesteisely
Fouiimdasuinadnudldnnnimdaduueia luminal A waswusesTsafisumisduldunnnia
luminal A &3 2.8 W™ Tnensesrandundlumdnlnfinguuneunisiidnanunsaussdiunisuns

1o

< o H a a 9 v < v a . ~
ﬂigﬁ]qﬂmaﬂmgﬁﬂiﬂﬂﬂmaﬂu’]LMaaﬂ‘UﬁL’)miﬂLL%lﬂﬂﬂ']qiumgLiﬂLmquusﬁuﬂ luminal B Iﬂﬁ]llﬂ'ﬁ/nuqfﬂ
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HaUIN (positive predictive value, PPV) ganinlungisasnuuaila luminal A sgsfiteddny (Fosaz
76 vs Soway 28)""
099N S NA1LNTEA luminal A snasnunsunsnszatevesuzssluddouinuios

Uinasnuslinndn Sadins@inwfiafivves Kato warmamz™ lungudUieuziSaduneiia luminal
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A i3 clinically node-negative laglldAn apparent diffusion coefficient (ADC) lufipunziSadiiu
¥iia luminal A wagnuinan ADC finvesfounziainmihgdunisisweniniasinsunsnszane
vomzidludeutindoinuinug sudedimmaviinenanugs (negative predictive value,
NPV) wuu deiulungudiheusdaduamin luminal A fifid ADC géluswianonmazanunsnasiiu

MsEfRRaNULMARIUS NS NWS KU UwLAwale

1 Y Y < 14 = .
nsuwsnszanevasialsalugUisuzisadunviia luminal
Tunquitheuzisadmuuydn luminal dnazfimsndudugivesilsaluginnaissning 5 fs
15 Unmendannnnising lneusnuiinazinisunsnszaieveswlialduinAonsegn Laysasan

Aoauad AU wazlan'o !’

U 2. fUrendveny 49 U lasumsidededunsisadmuuyda luminal B n. waz . WJuninwu

luunsuluyin MLO wag CC WU an irregular indistincted hyperdense mass at right upper outer
quadrant (§neAs) A. Wunndanswinuans an irregular indistincted hypoechoic mass at right
upper outer quadrant (gnF3) 9., A. LAY Ql. Junmeduudwdnluiing g (subtracted post
contrast T1FS image) wuldu an irregular indistincted heterogeneous enhancing mass at right
. . <) . .
upper outer quadrant with satellite nodules (Qﬂﬁﬂum‘w 2.) 2. Wunmwang volume kinetic
curve enhancement lanwauztlu washout pattern $o88y 35.6 . Junm MR spectroscopy
wandliiiu increase choline peak lusafounzids «. \unm ADC map wandlviiusn ADC 7ish

TusnAouuzss
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uziSadnuuviin HER2-enriched (HER2+ tumor)

uzSadunyin HER2-enriched WunziSasundinulduszanadosas 12-20 vosusiSud
wovin uzdeiaiasny overexpression 984 Erb-B2 (HER2) oncogene Laziiszauvad estrogen
receptor i uenaniifmuin HER2-oncogene Lﬁuﬁaﬁqsﬁmiwmﬂiaﬁiﬂﬁﬁﬁiﬂu@ﬂwmL%q
WnunmszUatednsnsasnainuzise (disease free survival, DFS) uazdnsnisegsenlae sy
(overall survival, OS) veuUe”

uziSadunein HER2-enriched sihavnumsunsnszasvomzisluamthimdecuinm
Snuslaunnuagil histological grade Viqq‘” uanaINtganudn HER2+ overexpression igatosiu
msTiTidudendesifounzidanntuiiosaninisudn vascular endothelial growth factor

(VEGF) ifiaiannan’®

anwaznmunluunsuvasmssaiunyiin HER2-enriched
uziSuenuYiin HER2-enriched sinagwiulurieuswiuiiuyu vseorsasnuluiiuyuiies
agufien Inednvarvesiiuyuenvvzduiuy pleomorphic, fine linear %38 fine linear branching™”
v L% I3 o . G I . . (6)
wavvauavesneusinaviluluuveuBuual (spiculated) visevauliiiBeu (non-circumscribed)
(3U7 3) wenanildmuianuvuiiiuveailedawrnuniiiadudnineitesiunisiialenialunis

WU overexpression U89 HER2"”

ANwTNINDansIwIRURNISuAuNYTn HER2-enriched

uzaiusiln HER2-enriched axlidnwaisiufeudifigusn imegular vouIwA non-cir-
cumscribed Wag hypoechogenicity éwﬁ’uﬁmuﬁwﬁwmLé’uLﬁamﬁiﬂL?ﬁyaw%nmﬁau (increased
internal vascularity)® " (3Ufl 3) wonanismuiUszanamildluauvesfeunzidad i

HER2-enriched Tdnwaugilu echogenic halo wag posterior acoustic enhancement @@

AnvazninadundiwaniWiivesuzisadiuusia HER2-enriched

uzisusnuYlin HER2-enriched dnaglidnuaizdufounisusns iregular saufuvauin

'
=

Suumann3o non-circumscribed wagdidnwaizidu washout kinetic enhancement pattern usnann

¥ &

Ufaanunsailudnuay non-mass enhancement Tuguiuuves linear distribution” *!

"Tnenuin
AnwadzUdinternal enhancement pattern Juuuu heterogeneous tagA1 ADC UYBINBUNLITUAT
uswlln HER2-enriched fiAnganinuzidasnusaindu® (3Uf 3)

uzSadunedn HER2-enriched shaznuseslsafisumnusdueadiuy (multifocal or
multicentric disease) TéunnninuziSarda luminal A 81 4.1 W™ wenandddinmsunsnszane

YoauzsalUdranvassusnasnuslauinninueisswis luminal A 89 2 wih®



Practical Strategies and Innovative Approaches
for Improving Patient Outcome

dusunisuszifiunisnevaussienissnuimenisiieineunisindalugUlsusisadunyie
HER2-enriched faen1sasiadeaduwmaniviimuitaunsausadiulddoudrsuiugnunis

Uszillumninanuduasslades (underestimation)®”

MsuwsnszaneasialsatudUlsuzsadunyiin HER2-enriched

nswensallsalunguifinenzifasuneiin HER2-enriched hifilosannlsasinazeglu
seozfiguussiaudiuanGiited fuduiuinasimanduludrvesialanlutisnm 5 Jusnnievds
1MNMISE waraznusuiuiinsunsnsyaevesiilsauinalndifsaarnsunsnszsaessey
na (locoregional and distant metatases) uziSswintinunisunsnszagludesiuldun wasiou

Sowaz 50 vesUrenunsunsnsyeludraneuazssuulssav™

H.a,

3UN 3. fUrendgseny 50 U lasumsitadeduuy

RN 2 : sl vaos

Sedunviia HER2-enriched n. wag . 1unw
uunluunsiluvin MLO way CC uansdnwauzues an irregular indistincted hyperdense mass contained
pleomorphic microcalcifications at right outer mid part (gns) a. Wunmuusluwnsuluyin
axillary wangliiiiu an enlarged right axillary node with loss of fatty hilum @nAs) . Hunn
PanTwTInuEndlAiY an enlarged right axillary node with loss of fatty hilum and hypervascularity
(@neAq) 2. Junwdansemsuandliliiu an irregular indistincted hypoechoic mass with posterior
acoustic shadowing and internal calcifications (§ns) a. Hunneduusivdnludi (subtracted
post contrast TIFS image) IGENSDER irregular indistincted heterogeneous enhancing mass
at right outer mid part with right nipple involvement and satellite nodules (gnes) . Hunm
AAuundn i (sagittal T2FS image) wandliiuitluieulidnuae hyposignal intensity (SI)
on T2W image %. 1unw MR spectroscopy wansl9Aliiy increased choline peakiuﬁ’gﬁlaumﬁ&
al. Wunmuans color map 984 volume kinetic curve enhancement wui1anuale washout

kinetic enhancement pattern lumnauugise
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wziSaduusia basal-like %39 triple negative breast cancer (TNBC)
uSadmuin TNBC nuldUszanadosas 10-20 vasuvdaduuomn Jonuvesis
wnuwwda TNBC uay uzifadnuueia basal-like anansaldunuiuldidosnindesay 86 voswuise
Wunln TNBC finsaawuiu basal-like subtype® anndfayanissnuiiugnssy (genetic profiling)
wud1 TNBC 1luuzdasuuviiaiifanuvainvansveatouuzidanniiga (heterogeneity of the
tumor)®”
uziswuuwdn TNBC wuldveslugudgeienounuadszdndou lnenuiniauiosas 20
vouUrsuzisudmuuyiin TNBC finaenyu BRCA mutation s3udmelagianiz BRCAL® dmsunziss
Whuwalin TNBC ms$nushensidenneunsivdindeidunisirvanasgruludiasidieunsise
uInInNIT 5wy, flervasnunielinunsunsnszaevesSdudwomiindosuinasnuds
ME” wagnugnIINsRaUaNRIM N SINewUUaNyYsal (pCR) nanlasunssnwdmeeail
thiagasanthracycline/taxane Usgsnaudosay 25-35 dmiunguitieiinunisneuauesmiames

Wpuvanysalaziinan1sshwnfiningudienlinunisnevausananensine uuuauysal®

anwaza N luLnsuvesuisuduNsia Triple negative (TNBC)
wzisuiuuviin TNBC finvziiuduiounifisusnreudiesnan (round shape) wagvauiieu (circum-
scribed margin) wsisinazldiiuiiuyunie architectural distortion saudie dnwazvesioudineu
Tanaunariiveuseusinasnulufeuuzi5end histological grade g9 (UM 4) wagnsilainufiuyu
' % v 3 a % & a = a a & o8 vy ' | A g
sumelunaunziTeaziinantouuzisswila TNBC dnswsaiulavilndudutisiidusyey

Lyignanu (in-situ stage)”"**

ANYAUTANIANTIT1IRVDINLTUAUNYEA TNBC

uziSaAuLYiln TNBC ﬁ]ziﬁé’ﬂwmxL‘T]uﬁauﬁﬁgﬂiwﬂamﬁmﬁ (round/oval) ¥8ULA
non-circumscribed, hypoechogenicity Wag posterior acoustic enhancement (’E‘Uﬁ 4) ogngls
AMMUEINITONUSNYULVBURALUU circumscribed Taunfieioeas 20 wazdnwuy parallel
orientation lasnnnInieeas 50 vilvenaiansidadenninduseslsaviinsssumn (benign lesion)

7220 Getunns g aueIna Uil

WU fibroadenoma, complicated cysts 3o hematoma &
SnNWZILUU benign appearance WPwandulalunsdwmsatuonsne8inen3ee1aaziiuselo v

TugUenguil™
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+Dist 0,97cm =
X Dist 0.78cm

Ul 4. {lhevdeeny 46 U lésunsidadoidunziasuamin triple negative n. uaz v. 1unmw
undluunsuluyin MLO wag CC uansliiiu a partially circumscribed isodense mass at right
lower outer quadrant (gnes) suAull few right a axillary nodes with loss of fatty hilum
A. unmdansienaduandliiiiu a 0.8x1.0 9. right axillary node with loss of fatty hilum (gneis)
1. Wunwdansmnsuans an oval partially circumscribed heterogeneous hypoechoic mass
with posterior acoustic enhancement and minimal peripheral vascularity (gnes) a. Wunmw

shear wave elastography uaRalIIuSNwaY rim stiffness UShavauveenauLzise

Snuaznwaiuudwininiinve e aduueiia TNBC

uzidanuseiln TNBC shaglidnuamidudouniisusnauiens veuwmluvouduuva
(spiculated) WANUSNWMEUVRUWALUU circumscribed TaUszanadesay 10-20 ugiSainuuiln
TNBC fnaviivunelngjuasnumsmevesiioide (tumor necrosis) IS adueiingu®
&nwauz rim enhancement $3uAU high signal intensity on T2-weighted image 39,7

970 central necrosis VaanauNzSanUlaUasTunzSwauLsia TNBC? wanaintasnuanwasiiu

28
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washout kinetic enhancement pattern launnsauAuil peritumoral edema” 2 (g‘dﬁ 5)
TneaulngjuziSaiuuyia TNBC thaglidnugseslsadu unifocal upansnsalanwugy

Wuwuuseslsavatasumvis (multicentric disease) leUszunmuiovay 20-25%
mMermasuseaduusimdnlwimianmsinwsmenslieteunsindelugtaszids

wWuNia TNBC dAnviunenaau (negative predictive value) gediesasay 60°7

-}

\

=y ’. s ')‘"\ v
TR A H
ST R oS
lA

3UN 5. . Junnedundimdnluihvesiisuzsasiiuusie triple negative n. 1unw subtracted
post contrast T1FS image A. Junw M image wansliliiu an oval shape heterogeneous
enhancing mass at right outer mid part with rim enhancement (gnes) . Junw T2W image
Y @ 1 1 13 i3 <@ Vo @ . . . = (=1
uandlmiuinusduiuluieuuziselidnuazilu hypersignal intensity (SI) #49192 U989 tumor
necrosis 4. Wun1m ADC map uansliifiuinfeuuziSela1 ADC fis (restricted diffusion) 1. tJu
ANLERs volume kinetic enhancement wansliliiudnwauzidu washout enhancement pattern

Tusnneuugise 2.1 un1n MR spectroscopy kanalsiiuing increased choline peak Tunouugise

miLst'nszmaﬂaaé’ﬂsﬂ’[,upﬁﬂwusﬁeLé’huwﬁm TNBC

nsunsnszevedilsalufiisuzsaiuunguiazuandangtiensisusuueindu
1989EAANUEIUNTENINTEANLVBIAI S ALAUIN UYL T I NNEIIN RS UNITINIRB WAL EMT
ANSHNTNTEINYVDIAILSALANAINAINTY AIUUNITATIINNSIFINGUNBUTLLTUNI TN NTLANY

yd\lul ' & \ = 0 w 191. o€ ¥ aé’(7'34>

YozSelUSaEsng 9 AawsusnIainnuddgunludUlisusiSaiuuyiad

ATUNINTLINBVDIULIS A UUTRA TNBC sinaznunszuvlsramuasUanlauoy wagnu
Ushanseanuagsiulatesndt™ mnnumsunsnszaneveansseluiissuutssamiUieasi medi-

an survival Uagnin 6 hau®
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Aan9lusuranvaan1snsanesidinendmsunsisadiuuusas molecular
subtypes

uzdaduuiaz molecular subtypes vsfidnwazuitesnaamefiannsaldlunisuen
uzidanususiaz molecular subtypes Fafilsinannanuds agndlsAmueugniesusiugrenaasds
Talunidn

Haquulsiinnsld radiomics FafumalladfiinsdstoyaluguuuuiBeUiaina (quantitative
features) vaanmysds@Imeniothunldlunsiesgitmiuteyanisaadalunstisusnuziss

36)

Wnuusiaz molecular subtypes 91nA15ANB1909 Leithner wazanz™ wuannsle radiomics &

auniuglunsuenuzdadualusiazmolecular subtypes lfinnsdesay 81-89 wonvnil
Hagtudafinisuszendldis deep leaming S radiomics telslianuusiugunntulunislinu
e siuinisueneiinues molecular subtypes MsTUIENIRDUALEIONTTIN
shegneiitrinuaznsiunenadnsizeannsegsen (survival outcome)® >’

Tusunandulng radiomics parameters 59U deep leaming algorithm wag artificial
intelligence (Al) 199znanendiu surrogate markers figelinssnuuzdadmuuiiuseansnimann

£ 78
suu( )

unasy
P PR U aa 2 v | A a
fawnanwazn s s@ine1veuzisuiunluusay molecular subtypes agiidiud
ARNEARITY LAIINAITANYIANIUNINUINENBE U181 dUd N v RN e fivoINsS e Ty
wsiaz molecular subtypes N15159aM9ss@IneiundutielunsussfiugUisuzsasnuuy
Tudrean1s9iedmun molecular subtypes NSMBUALDIRBNITINBILAZATHYINTAILTA TILE

I3 . . . ~ ' Y ) 2 v = a a &
\Ju imaging biomarkers Niaganglin1ssnwuzisadunduseansanunniu
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a ) o U aa wifa 2 sL o (6-8, 22)
MFNN 2. LEAAIANBUZATNNNINEINYIVDIULLIUAUULULRRE molecular subtypes
Molecular Luminal A Luminal B HER2-enriched TNBC
subtypes
v Aa | ) A | . %) | v a v Aa '
s luwAsy NOUNNFUIN NOUNNFUIN iregular | NOUTIWAVAUYY NOUNNFUIN
irregular VBUIWABY | VOUWABULAAL LAz wseeaznuildy | Aeudanau
wiay wazdinlamy | wuituyulalungu uyuiileqagng (round shape)
Ay (HER2+) Wed lnednuay | wavveuSey
Y03fuYuD139w18U | (circumscribed
WUU pleomorphic, | margin) hAsinag
fine linear %30 Liuiuyunse
fine linear architectural
branching distortion $21928
38N founisuing Aouniyusng irregular | Aauiiizusne floundsuinenay
irregular YaULUA YBULIH non- irregular YaULUA %39293 (round/
non-circumscribed | circumscribed wag non-circumscribed | oval), ¥8ul® non-
Wy posterior posterior acoustic Wy circumscribed,
acoustic shadowing | shadowing sauAUil hypoechogenicity | hypoechogenicity
navALANALY SwAudnsiNuTY | lag posterior
LT yosnaeadeniily | acoustic
LBUUSNMNDU enhancement
Aauuaivanlvdia
Enhancement Heterogeneous Heterogeneous Heterogeneous Rim enhancement
pattern
gﬂ'i'ﬂwmﬁau Irregular Irregular Irregular Round/oval
YOULIAVDINOU Spiculated Spiculated/non- Spiculated/non- | Smooth
circumscribed circumscribed
T2 signal Low/iso Low/iso Low High
intensity
A1 ADC Mixed results Lower Higher Higher
Bu 9 No peritumoral Multifocal/ Peritumoral Unifocal,
edema multicentric edema peritumoral
Skin nipple areolar edema
extension

TNBC: triple negative breast cancer
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