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Breast cancer therapy and cardiotoxicity of Trastuzumab in
Breast cancer patients
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Abstract

Breast cancer is the leading cause of death in the world and in Thailand. Various
methods of treatment are available depending on the stage of the disease. Chemotherapy is
an effective method of treatment; however it has side effects and adverse reactions as well.
Trastuzumab is a form of chemotherapy that inhibits the expression of the cancer gene,HER2
(HER2 receptor antagonist). It is effective in the treatment of breast cancer, especially in
patients with expression of the cancer gene HER2, and is the recommended treatment in cases
where the patient has had breast surgery already. The major disadvantage of this drug,
however, is that it is toxic to the heart, especially in patients atrisk.This article reviews the
treatment of breast cancer, and the mechanism of the drug Trastuzumab whichis expected to
be capable of destroying cancer cells as follows: 1) by preventing the dimerization of HER2and
other EGFR receptors), 2) by stimulating theimmune response, and3) bypreventing the spread
of the HER2 receptor from stimulating endocytosis.The mechanisms of cardio toxicity which
have been studied include 1) inhibiting the HER2 receptor dimerization with other EGFR
receptors, and2) reducing the ability to protect and repair heart muscle cells from destruction
in varied situations. There are various factors that can foster cardiovascular toxicity in patients
receiving this drug. A review of documents found that the factors which contribute to the
toxic effects on the heartwhich have been studied include the stages of the disease, the
expression of hormone receptors, cumulative doses of Anthracycline, previous radiation
therapy, menopause, obesity (BMI>30 kg/m2), high blood pressure, diabetes, lipid disorders,
patients with previous coronary artery diseases or with a family history of heart diseases, and
smoking.lt was found that the factors most significantly involved are a cumulative dose of
Anthracycline and previous coronary heart diseases. The factors that adversely affect results
are obesity (BMI>30 kg/m2),high blood pressure, diabetes, previous irradiation therapy and
smoking. The methods ofexamination of the toxicity of the heart are the Echocardiogram

(Echo) and Multiple-gated acquisition scan (MUGA scan).
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anthracycline-based chemotherapy
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non-anthracycline, taxane-based

wngUaelasy Trastuzumab @1u15ald93uiy anthracycline-based  chemotherapy,
taxane-based chemotherapy
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1. sequential approach
L'%'m?w’uéﬁ’wmmﬁﬂwﬁ’mqmﬂmﬁlﬁaumu AueeY Trastuzumab 1U(EUAYLIA 8 mg/kg
w9t 6mg/ke VN3dUaA)

2. concurrent approach

v
a

- AC x deycles mun2Y taxanesuAy Trastuzumabasil
Doxorubicin 60 mg/m2 D1

Cyclophosphamide 600 mg/m” D1 N 21 U 4 58U
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Paclitaxel 80 mg/m’ndUansi 12 58U w3enn 3 &Uasi 4 58U %38 Docetaxel
100 mg/m’yn 3 §Unnsi
Trastuzumab 4 mg/kg FUAMLIN AUAFE 2 mg/ke NNFUAMTILIY 1105 wden
Tl 6 me/ke nFUAM auasy 1 U
- Docetaxel5unU carboplatin 11U Trastuzumabgiet]
Docetaxel 75 mg/mznﬂ 3 dUavt 650U
Carboplatin AUC6
Trastuzumab 4 mg/kg &UAM%ILTN AUAIY 2 me/kg NNFUAMTIUIU 1105 wdean
Tl 6 me/ke ndUAm auasy 1 U
ﬁ”’qﬁéﬂwmﬁué’mmwzLLSﬂmﬂ”l,sJ%ﬁ’wLﬁué’aﬂé’%’umi%’ﬂw%a‘%ﬂmqmﬂisummmﬁau
\dlosen tesntwidowinitu 5 faduns TunsdififineilsagnatumntuluraeAldsu Trastuzumablsl

wugillgsiuiueeivinsinau

nalnvasetrastuzumab(mechanism of action of Trastuzumab)
HER2 receptor w3® erbB2 receptor Uu tyrosine kinase receptor @dmeglungy

epidermal growth factor receptors (EGFRIaeiilaf ligand 1ndufu HERL HER3 w3 HERG receptor

%ﬂizé:ulﬁLﬁmﬂ”lidimerizationﬁ\‘iLL‘U‘U homodimerization#3e heterodimerizationfiu HER2receptor

=

\iaiin dimerization¥uantiuaziinsiiumy phosphate Uskityrosine residueved EGFR receptor

'
= 1

fognmeluwad nszduliiAnnsdsdyarunisluwadiiFondn downstream  pathway sialy
F1 pathway méﬂﬁﬁmmﬁﬁ@uﬂﬂsmuaumsw%zyLﬁuim(gromh)sumLsuaéu,azmuﬁmﬂ’wmumaé
(proliferation), miL‘Lla“EJuLL‘UaﬂE‘Ui'ﬂﬂ(differentiation)suadLsziaémil,ﬁﬂ apoptosis(program cell death)
YeugadnsAdeudiimigration)veswadyiudensiidinsen(survivalueaaad

$oway 2030 veuUlsuzSudiuudnisuanseenuininunfives HER2  receptor
(HER2 overexpressionﬂmEJWU’iﬁﬁreceptorﬁangﬁa’aLsﬁaﬁﬂ’jﬁ 2,000,000receptors Favadunadifies
20,000receptorswh‘1§u(30) Q’ﬂamaﬁ'mﬁ%%’magﬂu%mmHER2 positive breast cancer @sdaLdu
unidadhuuiiinernsalvedsaiilifuainldresnvaussemssnulaeniivada fuiuFasuiinish
81Uzl Targeted therapy mlﬂumi%’ﬂmmL%ﬂt,éhuﬂ,w:\fﬂ’;aﬂajuﬁ

Trastuzumab 18ugrecombinantmonoclonal antibody(mAb) HER 2 receptoru3siauiii
wad lngaylilugiildfunsidedous Sasiuuuasinisuanseonuniinunfves HER2 receptor g
nalalunseengsvesendsldiluiingudaay wiegrlsfnuinsdnwinalafioradululdvesen
Trastuzumab#ai (30,29)

1. 1floen Trastuzumabduiu HER2 receptor u&a axdfudlailiiAnns dimerization

S¥MINHER2  receptor U EGFR  receptordadue asnuiadunisdudenisdadyarauneluwad
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Tneianzeg19BePI3K/Akt pathway wae RAS/MAPK pathway wWafe Lﬁmmié’uéu’&ﬂizmumwhm
Iunnisasauivln,  nsfiusiuau waznisiinapoptosisveaiwad Wudu Fuileaduziely
ansadidindelule

2. 15091 Trastuzumabduiu HER2 receptor Wédsannsanszduszuugiauiuves
57918 1ol nsgUIunTs  Antibody-Dependent Cellular Cytotoxicity(ADCC)  lmg@iuFcgamma
receptorUuda natural killer cells(NK cells)agduniudiu Fc domainvedgnTrastuzumab INTUNK
cell frzUanacytokinessaquyhanewaduzds MliAnnswanvegaduei3ausndiTrastuzumab
1U9UAUHER2 receptor

3. natnlun1stesdunisunsnseareees HER2  receptor(HER2  shedding) lame
TrastuzumabaglUgud metalloprotienase enzyme Fovlheuledilianansadadu extracellutar
domainHER2 receptorﬁ ponlula JadunisannisunsnszanavesHER2 receptori‘u.serum

4. fle Trastuzumabdufu HER?2 receptor LaI9ENEAUlAANTEUIUNIT endocytosis

yo9plasma membrane vl# HER2 receptor MidtwadandnuIuadla(down regulation)

nalnlunsiiaiusaniala(Cardiotoxicity)

&1 Trastuzumabidueifiniseanguiiamesunis SuiliAanadafedldieeniinig
Snwideiadivie fo Audu Wiadearim Aaide uinuien Trastuzumabianuduiusiuniaia
wadhapidAuaruLss Ae msiiafiwsevila(Cardiotoxicity) Ingtanzagnadamsiinniiziila
fuman(Heart failure)fauuunansonsuagliuansenns nnisAnvnuinileniafiazifnfiuse
vlaannen Trastuzumab3evas 5-7 \ield Tratuzumabegaufealunisinu(16,17) Sevaz 13u5lelden
TrastuzumabiaufugPaclitaxel waziilomainfiwsevilalduinds 279%.definsldu1Trastuzumab
JuAugINauAnthracyclines (17)

n1suAnfiwseilavee TrastuzumabiAULANF19AINNNTAATYYRWRlIINEINGY
Anthracyclines tfufionisifafiusiosialaaing Trastuzumablsifianuduiusiuruineigiaeldsu
LifinswasuudadlassairemlaainnisldenTrastuzumabiesannlsifinisyiaisuaz gy deiwad
néailowla (7,18,30) dadunisifnfivsievlavessingu Anthracyclines Snisdianuiinsiinfivsie
vlaanmislden Trastuzumabiduussiandidunduldreversible)ilongaouag/miesamiunislded
Td5nwnagiiladuman(7) wu ACE inhibitors 1dusiu

1% =

nalnlunisiinfiwseilaainnislden Trastuzumab (7,18) Tudagdudelafinnudaau us

< 1

a a 1w = 61 I Y = = | £ s & o &
nalnnmsiiefiwseimlanaanisalitonadululs sadunalnifenduiisnlusengmineiwaduziie dun
flo e1TrastuzumablUFUAUHER2  receptor Mieguuiwadnanuiiievsla vivlvildiinnis dimerization
5¥WIN9 HER2 receptor fiu EGFR receptorauf asuunsadsdayaanieluigadnanuiiieniladegn

LY @ ]

VI dULAINARN1THTINTOAURYAd WBNAINUUTINUIINITNSTUsdygraunsgneluad
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néailonle ddsnalfanauannsolunssuiunsuntiosuasteunsmgadndmiderilaainnisgn
yhanganneene iwu wadnduiderlagnitansananudululaiingauaziasianizogidaead
nénilevilagniansainnisldeangu Anthracyclines Tugthengzisasdinuusinlde Trastuzumab
Huadundngiaeldsunssnuilngitiadorindeitlénanfaiountid Ssendu Anthracyclines
\uerdusngifenldlunssnumzidadu LLazLﬂuﬁWiﬂUﬁuaﬂ’]mﬂduAnthracydines‘l?uﬁﬁwﬁi@
slalas eanguAnthracyclinesazvhansweadndunidoila dswaliAnnismevensadndiela
WaluUapoptosis waznecrosis fatusieinislden Trastuzumabwﬁqmﬂlé’f%’umﬂajmﬁl,lﬁa Fevilaiala
liannsndenusamioftuniwadnduidomlaléfadudnmmuandsiiviliAnfuseilady
naiinfiwdevila(Cardiotoxicity) finnugunsslénaneseiu(2s) fanmgiladumaieas
flonnswilesdne(Exercise intolerance) meuwilas(Dyspnea) waswalawduid(Tachycardia) vdelsl
LEAIDINTISWAAT Left  Ventricular Ejection Fraction(LVEF) anad @iuu1nazdseiiiuseausinig
1ngld New York Heart Association classification(NYHA classification) (1519 2,3)kazCommon
Terminology Criteria for Adverse Eventsscale (CTCAE scale)(26)(»1314 4) sininniiziladuinan
#a99n1AsU Trastuzumabniglu 5-72 dUavi wagan LVEF  anasusiliuaniainistanielu 6- 132
dUai muLwIvan1snafanses Alade wazsnwilsausiiaduuees  aodunziSauend e
AvuanasifinIsgan1slvie Trastuzumab lugthefifisedu LVEF desnindesaz50 vioanasain
Baseline snnnirfegas15 (3) ndsanveneen LVEF azansnsandunegluszauunilanieluy 1917

(8) 39 Uszunad 6-7 dUa

ms’mﬁ 2 New York Heart Association classification(NYHA classification) (8)

Class Patient Symptoms

| No limitation of physical activity. Ordinary physical activity does not cause undue

fatigue, palpitation, dyspnea (shortness of breath).

Il Slight limitation of physical activity. Comfortable at rest. Ordinary physical activity

results in fatigue, palpitation, dyspnea (shortness of breath).

Il Marked limitation of physical activity. Comfortable at rest. Less than ordinary activity

causes fatigue, palpitation, or dyspnea.

v Unable to carry on any physical activity without discomfort. Symptoms of heart

failure at rest. If any physical activity is undertaken, discomfort increases.

12
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A15197 3 New York Heart Association classification(NYHA classification) (8)

Class Objective Assessment

A No objective evidence of cardiovascular disease. No symptoms and no limitation in
ordinary physical activity.

B Objective evidence of minimal cardiovascular disease. Mild symptoms and slight
limitation during ordinary activity. Comfortable at rest.

C Objective evidence of moderately severe cardiovascular disease. Marked limitation
in activity due to symptoms, even during less-than-ordinary activity. Comfortable
only at rest.

D Objective evidence of severe cardiovascular disease. Severe limitations. Experiences
symptoms even while at rest.

A15797 4 Common Terminology Criteria for Adverse Eventsscale (CTCAE scale)(21)

Cardiac disorders

Adverse Grade
Event 1 2 3 4 5
Heart failure | Asymptomatic Symptoms with | Severe with | Life-threatening | Death
with laboratory | mild to symptoms  at | consequences;
(e.g, BNP [B- | moderate rest urgent
Natriuretic activity or | or with minimal | intervention
Peptide 1) or | exertion activity or indicated (e.g.,
cardiac imaging exertion; continuous IV
abnormalities intervention therapy or
indicated mechanical
hemodynamicsu
pport)
Left - - Symptomatic Refractory or | Death
ventricular due to drop in | poorly
systolic Ejection fraction | controlled heart
dysfunction responsive  to | failure due to
intervention drop in ejection
fraction;
intervention

13
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MsAReINTINAABeRINaT? uananavilunannaInen Trastuzumablagnsauda Sanuind
HadoidvmaneUszmsfidmwaliinfivdewsla(Cardiotoxicity) Winsnniu eiinsanuiidnudstieds
m"me]ﬁ'd‘fj Stage of Breast cancer, Hormone receptor positive status(Estrogen and/or
Progesterone),Cumulative dose Anthracycline, Prior Radiotherapy, 81¢, Postmenopausal
women, Obese women (body mass index (BMI)>30 kg/mz), Hypertension, Diabetes mellitus,
Dyslipidemia, Previously stable Coronary artery disease(CAD), duseinsouasudu CAD, N7
q‘m‘%'

wuirdadeideafifinadonisiiafivdewsla(Cardiotoxicity) 1iold Trastuzumab eg1adl
HedrAgn1eada laun nsiilsanaendenialaunnaunislden (Previously stable Coronary artery
heart diseaselfuiladoidssiinuinfinnuduiusann wasiinsanuilinansetunarenisinui
N3ANI(26,28,31)ay UIREzauad Anthracycline (Cumulative dose Anthracycline)annnis@ini
WU High cumulative dose Anthracyclineldiun Doxorubicin 287 mg/mzLLaz Epirubicind80 mg/m2
\dutleduideafifiauduiug Tngnsléfuen TrastuzumabndsainnnsldduginguAnthracyclineay
L?ﬁlENGiaﬂ1sLﬁﬂﬂwiaﬁﬂﬁ](Cardiotoxicity)Lﬁuﬁu 237 Wih Faunninnishisuen Trastuzumabiite s
2E19L787(8,23)

witeghslsfmunuidaditadodeiilinadaudsiuluvanmsinuasianuduiusiuns
WaRwReialuesen Trastuzumbusald laun Astiulanie(Body mass index;BMI>30 kg/mz)(26,31),
Diabetes mellitus(gUaelsauInanu)(26,28,31), Hypertension(fUaglsannusuladings)(26,28,31),
Prior Radiotherapy(ns§nnueidasnuusiessdinting26,31) uasnisguyvd saudsdineguyvdse
(26,28)

sl Trastuzumabilusglomiseftasuzifuduudisinisuansesninunivesdu HER2
(HER2 positive breast cancer) usiiilasarnernistradeadivinliAnfivdeila(Cardiotoxicity)
Ftuumnnuzi idesiinisuszdiun1svinauresiila tazidiseisenistnafss laen1sneia Left
Ventricular Ejection Fraction(LVEF) Aaun1slin1ssne seninenislasunissnw vn 3 iew(3) uag
ndensléuenndagarenn 6 eudussezinaedietios 2 U (20)

A Left Ventricular Ejection Fraction(LVEF) fie USunandendieanainilaesansdng
TuvarTud fhldlunsuseiumsianuesiila (11,12) wasduisfazanlunsldfinmunisiiaie
satala(Cardiotoxicity) 91nn15Me7 Trastuzumab ArUnRves LVEF Wiy 55-70% &am1naiLVEF
Masazuansiannzivhlogniians(11) Tag3sn1sesiafidenld 1éun Echocardiogram(Echo)uaz

Multiple-gated acquisition scan(MUGA scan)

14
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Echocardiogram(Echo)
Ao 3Bn1snTiaA1 LVEF fiflealdunniign enfeatiuaiiudge(Ultrasound) 3niasesilen

138A71 Transducer Tun1sansnindlrusnegeesiala Meesiala(Heart’s  chambers) duala
(CardiacValves) wilswala(Cardiac Wall) way viaeaiden(Blood vessels) vinlwaiunsansivuung

sUTesiila Auvun waznsedesulmveaiaiile auwsdlunisduiivesiale nsvinnuues

auinla swlulensinie wisensuilleusiiuauila(10)n15ia Echocardiogram(Echo) wusaanidu

4 Usgtan(9) laun Transthoracic  echocardiogram  (TTE), Stress echocardiogram, Doppler

'
=

echocardiogram g Transesophageal echocardiogram  (TEE) Fa3Eldieliléen LVEF Ao
Transthoracic echocardiogram (TTE) IneseinadiviEchocardiogram(Echo) tiuunméazifugmuan

Y

Usunadeniieanaininlaviesarstreluvusdudndue LVEF

Multiple-gated acquisition scan(MUGA scan)

o sUuvuvisvosnisarenindieimadanisfdandes 138041 Radionuclide
ventriculography (RVG, RNV) %38 Radionuclide angiography (RNA) Iagltansiudunssd uazndes
Menm¥dunuu(Gamma cameralfiogmistuidesuesiila wiouuanswailud LVEF 33ilazsinada
asfusunSediiune Intravenous  ansiuunSedisdueeniiumislaagly 24 dalus n1sTaus
pandu 2 Uszian 1aun szegiin(Resting multiple gated acquisition scan) wagndiaonindanig
(Stress multiple gated acquisition scan) Faldatmun 12 Falug ﬁ%aﬁﬁﬂﬁﬂum’u:aé?qmaﬁ uagli

unyn(24)

Rl

9

szdaumduns e uammnanesuiusiugveant msdnuiutuszezvedsa nsld
giaivdanguinuBunonsi3s HER2 (HER2 antagonist) ndsnseindnsnusidunddunssnuniaduiil
UszAnam @1 Trastuzumabifuelunguiififinnsdeuld uidymdenadufivderiladseramnan
nalnnnsdudenisuanteanves HER2receptor  vaendrutiewla awnsavildiinnnizdilane

(Heart failure) lat Astiunewayldendsdosyinisusuliudadudeswesthedninnsdnyimuindade

Ao o A

a Pt 2 ) ] Y] . S a
L8 aqﬂfyﬂaﬂqimiiﬂﬁaaﬂLaaﬂﬁ'ﬂﬁ]lﬂﬂQUﬂqiiﬁﬂqsuuqﬁagausU@Q Anthracyclme UDNITNUYIU

A a A

Uadwduquasdnyiiuduilosnmadelianudaudsiuey 1wy dvdlinanie lsaumu lsaanu

aulatings n1slasusedsnwunneu wagnsguyninisnsaidadeniisivderilanileniufie

Echocardiogram @21335ufifl4i9u Multiple-gated acquisition scan (MUGA scan)
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