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Abstract: Breast cancer is one of the most common malignant tumors in women. Because of the abundance
of diagnosis and treatment methods and the wide application of targeted therapy drugs in recent years, the
survival time of breast cancer patients is longer than before and the mortality rate shows a downward trend.
However, the incidence of cardiovascular toxicity associated with targeted drug therapy in breast cancer
patients is also increasing. This article reviews the research progress of cardiovascular toxicity associated with
targeted drug therapy in breast cancer.

Key words: Breast cancer; Targeted therapy; Cardiovascular toxicity

Funding: Tianjin Health Industry Key Research Project (No. 16KG128); Tianjin Natural Science Foundation
(No. 18JCYBIC91600)

Competing interests: The authors declared that they have no competing interests.

OE: SURRAKRT L TRINE X~ b TESRIURRY T TR FE et s i)
2R, SUMEBREGEARBAAER, RTEZATHRGLE, K, Sleaidsrtmtey
W A SUR R B S T AR P R AR Z I, AR RS s T AR e A
M E A SO A — 4Rk Ol 0]
KB SUME; JedibsT S hE A B
HESES: R737.9 FFRURLE (F IR AR $5)4ARIRES(OSID) :

=

=

ik .

0 5lE S 1B S e N L ATy R R S AT i
FLHR IR 163 Lok B R ) i DA i =2 5, AEmE E R AT o H ek 2, Hobhih

o 20194 EHRIE h S oBT BN WoRFURIE . st O MAS R &, ISR 4 2 5 FUIRRE
L bR, FETA — T O EE L BRI R O ML R 28

T 2L 0 K R AR R TR S B AR BT AL B BB A A s R 2

o AT JLAR Y

HTC R P PE MR B 07, SRR R IEEE S, o FLIRE R AT MG O L

5] i At SO LR 0 12.2% , BIIGAET.  EHbpprs AT TR S

i 1) 5 4t R SE T 114 9.6%") . B ZFh
PR, FURESEREACRRIEN 1 IHER2ETZEHIK
L1 Z B

WimBEA: 2020-10-23; fEEIHHA: 2021-01-28 A E . )
EETE: AT EAFLEELAAD (16KGI28) ; ‘k.?%ﬁ$2(mmmnwmfmﬂgmwéj“wfm
R B AFE AL (18ICYBIC91600) ceptor-2, HER2 ) JE[N 444 M4 (1 Joiad JE 3R ik,
g R 300060 Kb RREIAEIARTAS I 0 BU D AC i R
@ B AR E SR TS, § %A !
;[;? ‘; J‘WIE k;:Tig—T.FIL iﬂ‘*’%’]kﬁ?\@%ﬁn ‘:P‘\’ H_-ja_r— ( TraStuzumab ) IEI%—:ﬁP%TX‘THERzéH:IH@ﬁI\%g*@biE/‘J
TR L EEERE NI/ R e BT, A BFFE B e n] Dld
BIEEE. P A (1963-) , B, ML, TIEEIF, s o v
i%M?ﬂ%%ﬁW%%%ééﬁ&%ﬂﬁ%,hmm HVAIHER 2300 IR A9 SRR AIHER2
tongzhongsheng@tjmuch.com HER3 5444k J2 5 S 3500 A il B (I Fe sz AR 25 45

BERRATT .

2920%~25% 1) FLIRE 8 H AR e N IR B A=

FERT. 25 (1993 ), ., MLk, ZEAF i Gt HERD IR AL B ARt Mt e

ﬂ%%&%%uﬁ,f&ﬁﬁﬁm



AYEBRH 382021 5548452558 Cancer Res Prev Treat,2021,Vol.48,No.5 e 525

(ADCC) EZFHLHI AR A, £ 4 H
K2t IF R 0 A G I 22 SR BRI R A FH Y 00
KA RAFFE (NSABP B-31, NCCTG N9831
HERA ., BCIRG 006#fIFinHerif % ) F:44 AT 14 000
BIHER2PH I FLIR S (B8, 4550 ih 22kt
(14 7 FH S 35 4 8 T HER2 PR ZL A £ 3 1) T ik e
H A (progression-free survival, PFS ) Fla 447
H (overall survival, OS ) , FfHIEFEMCHER2FH!E
LRI BB 5 R S BE T AR RS Tt AT e 2 AR
ST 3 RIS B AE T il 2 Bk AP IEHER 2 B
LR 25 TR i S A 57, PR HER 2 PHAE
FUME B E 2. RE 2R, iz
TREFT A N AT B 0O M A E PR R AU, AR LA
Tl A, (A B ETE AR RO A R R PE T
i 1) A HE HER 2 BH W A1 P4 480 ™ Py 15 i 45 22 ik
R AR I AR R 3%~ 7 %o 37 il -
R 2Ry T 1 B B TS R RR B Y0 D g
St B fyPersephone TR 32 H 45
222 B BT A 6 ) FBRHE 12 1 7 3 0 il B AT 3K
W, SRR B ZBR P12 H A0 I F 6
VLR PIAEY S o0t fi 2R BB AR OG0 I 4 Tk S
i 2z Bk BT BBUR R DA OCE 1 T 1 3R
A — TS 2 BT T R I, TCie e —23G
ST I RTEBSRHE R JS NRYT , ez i 2 sk btinyy
() RO ML A PR B 2 S e e, RIS ™ 0 )
REREAT A A o ST 153458 (left ventricular ejection
fraction, LVEF ) " Fi (14 XU BH @ 386 ™. [l
WA FE LI, 2 ZIR PR IT Y1854
HER2 PHPEFLAR I 838 H47.6% HH BLLVEF &1
TEHERAR T 84E BV vh, 9838 K BIAEIR YT 1
ARZH R B A A R R A R YT e, H
79.5% M) B E R B 1L IiRe RV bR iE, AT
2R BB AR A O F P B T AT

TR, BRI 5T Z R Rt
1 DTN 15 & e o S S =" | 23 )7 S WL
R, T LR I R R Bl 22 2R SR
Foli 0 71525 ( congestive heart-failure, CHF )
(¥ K HE 3R 2%~4% " A B AR R f T EER
KPR RET, CHFRAA R EREER, H
0.4%~0.5%""*"*1. F3 e Z 2k BT o s A%
o, 432 i Z R TS 1T FHER2 FH PR F5 1:
FLIRJE ( metastatic breast cancer, MBC ) &g
27% B RERERS, T R AT (T EHI)
1B TR A 8% BLL D BB IREAS: , 3 [ S 4R
ALY 2 R GO R REA B N 22
PEBON P, e — I LS PRSI 9T R B, 1257 i 2

BRAPUIEIT I ] 5 MB C R 35 (1000 I 25 1 2 A %
BT, JF BRI R K H 2 i 2 Rk 2
PIIRIT I TP R R R ™, faf 2 — I 5T
TN, TERESZ 2B AP BRI T R E T, 12.6%
(R R A DI R, A8 7% B AR A i
RO M ARV, BRI —T o R B, 1252
2SR BT IA YT B R R R, O A B
MR AR T, 27% 3 HBILVEFRHE™ . piIm
WFFE AR 2 3 R PP UAR OGO i S R AR R T Y
B (6 A &4 ) BT, Xk 1 LG IRE
A TR R i 2R TS RS
JO7FHESE O LA 7 P — T AR R I R B A R ) G T 1
[, H AR BB R ARG, (H R Z Bk B 5 7 B
OMESEE (ANCHF ) 9 % 95 KU1 Jin 8 25 A1 52,
ORI HERUE S T 7R B 2Bk ATy 7 il gk
AT O M W ) DA | R RIS TR K HLRE TR
ezl Z BRI T MBCE A .
1.2 fZER AT ER BT [6)5 )7

M Z kP ( Pertuzumab ) 2% —FPF 5HER2
M A IR T X254, et 30— RARATE AL,
HETA G Z AR A T 055 5 SRR AR
BB . SR XA T IVIX A, IV X
RV 2 R BB 45 A B0, VR FE ML B il 2
BREAPUE T AMYCT, 20124, SR 525 5 T
Ja) ( Food and Drug Administration, FDA ) 3t 1%
B P TP HER2 B 6 309 2L s

20124¢:6 J] FD AL 2 P4 fh 2K A i 2 2k S bt
K WAZ R BT THER2 FHEMBC H & ) — £k b
18T . FECLEOPATRA MUAIG AR5+, #52 ik
5 ZIAFIMHER2FATEMBC R 3, HuO 45 51
R AR T L BRI A 1 Z R AU 2 76 3806
FPIY Y [ERE, 7EAPHINITY RIS, #5200
TERBPT . W U BT R0 AR B 2 BR B HTIRT T Y
S BRE ERE R A O E R BE R I —
IR, 66BIMBC B2 3491 H BLICRE IR M
LVEF F [ =10%85<50%, %A 8 H Aok
AR AE HAREEE X T 2 R BB A 2
ERESGUB T BIIRIT I B, NeoSphere [T #1256 #/F
AR T AR AL O I & A R I AR,
X WFFE UL BE R T 2 R BT+ 22 B BT 1 AU
6367 A5 U ZE HER 2 BH 4 SL AR5 4 BhiA 7 Hh i 3tb
o Train-2/&—I00 5 7EHF 5857 B AL ST oS i)
PG B 0y s, S AZH T 438f|HER2
BRI T~ FLAR S F 2, 25 SR andRA 1 ekt , BX
B IR YT ALAYO A T 1 A2 R B 8 TRk
HUAP BR B, VR RIE B A %E, hEER



* 526 ADEBRG38 1372021 55484555588 Cancer Res Prev Treat,2021,Vol.48,No.5

GBS A ZER AP HTHER 2R 7 1Y /OoJIE 4 4
PR R . SR, TR B A R, B
AL H 5 IR i, il
e PR B A A FH 245 IR O A R A

2 IR HBELFI(ADC)
2.1 BHZIRAHT—E I B

i Z 2k T —— S HUB B Y (trastuzumab
emtansine, T-DM1 ) & —FHiAMBE 258, il
ZIREPURSEHUHTAEY) (DM-1) BBk, &
— PR IRAA I, R — A B ) 25 .
T-DM LB (4 o] 44 40 i 25 25 4 S5 1k i ZEHER2 FH 1
(ISR AL PN o A Hh 2 BR BRHTIRYT R IBUE , NCCN
FEFFHE A T-DM 1 HHER2BHEMBC ) — 2k 14 1616
JT % . TEIRYTHER2FHMAEMBCH) NHTH3RESA
FEMILIAIG RS & B, #2ZT-DM1 &AL
BT (ALHE iR Z- 2R P slpn ir 2 e in b 7 s ok
b7 ) HYBELVEF FRERY K AR EARY, 78
1 BIRYT WP R I A A B, RV AR 2
FHBERK YT G, LVEFRIF ARt i T i 2
RPPUIMLIT 7 5, 7EMARIANNE it
grh, H2Z T-DMIAYT I B 508 32 i 2 2R e
IR AZBEAYT I A LVEF /D B FEC, gk
T-DM 1O U 5 1 & AR R, (Al Fi%2hiE
W T eniie ot th Z 3R B btiayr R, itk
5 AR FH AT SR S . T e o
2.2 HRIADCZEZY)

Trastuzumab deruxtecan ( DS-8201 ) &—FHr
RIGTIR2G PRI, e il 2 2R BT Rn T R 1 5548
TRt 1) 39008 0o DU ARG B 4L, S T-DMIUASIRI A J2:
DS-8201RE B 45 7y b 2 b AH MRS, %o Jieood 241 ff A7 5
SRR AN EEVE ] . DESTINY-BreastO i I 44 A T
REAE R L T-DMI | 122 2k 5t S A2 Sk s 5 24
YIRS 184BIHER2 P LA (R 3, 1% R
BE TR TARGP T S R, (A 3B T 8
FERMILVEF FRE, HISTEIRIT IR R T, Rt
2019412 A FDA ISt #EDS-8201 b i, FITI497
HER2FH: g I FLARIE . 55— Fhop BUHER2HE [ hii {4
25 B X 25 Trastuzumab duocarmazine ( SYD985) |,
T BRI 1 2 i DN A B e 2 S BURa 4H i oE
T, T A5 AR A ™ 5 A O i AN R

3 EREEBEIHIF (TKIs)
3.1 fbRE e

Rl 2 (Lapatinib ) J& T [ IR Msmnk 24,
o] Al 248 S/ FHER], HER2FIEGFR, F#

i FERHER VFTHER 2 [F] 7 — SRR al S — SR
ARSI, THRIERAE S, JEm ) e 4
s, 20074E3 A FDAHLMERLA e F FMBC
WARYT o —IEEREHT A, I AR (6
BIRIRITERE, TGS R A2 1 IR IS sl ih
ZIRGIATT, O MR 2B R IAETCAE
RVERILVEF N, FLAEF 25 RRERE b nf it
AT LI R ER BoR, DL JE B A R 15l 3
BBV )T R 2%~2. 5% % L T
FERPELVEF R4 ALLTOIR It 42 /R Hri
B e 5 M ZBR BB F O RS (ALFECHF A
LVEF R ) B4R P s Tz
A2t ph Z R BT (2 JE T Ry
N SRR RN TR I LVEF
3.2 ORIRE e FpL R e

KHRE:JE (Neratinib ) P E 8 ( Afa-
tinib ) A& = R PEE M HER2 RN R Je A K R 132
1A (epidermal growth factor receptor, EGFR ) Z#
SN]SR S R ) T I AR G
N, RIS &340 G BTG, T
AN B E Z A 232 i Z 2R S htiRYT ., LVEF
LR M AR L E AN K™Y ZENEFERT-T MK
e, SRARE B 0 A S PE B /N, ExteNET
RGN A T2 8400 FLARIR S, %W &
B, ORARE: R AL R AIAN L, IF ARG e ik
R EFR RS FE 5232 88 Je i Bh 67 1)
BE AR, KB R A O A B R
It Bk, SRR JE AL E T T iR 2 R BTG
I7 5 BT, EAT R IR O A AN R
W AH A B R E . fELUX-breast 114 T A5
i, 5081 T 47 3 th 2 Bk B TLRYT BHER2 [H
PEMBC R B BEAL 5> A B B e B B K R B e 4
FIHZ 2R AP A KB B IEA, 45 ih Z- 2R st
WA K BB L FLCHF, ka2 e 4K
HEEEAIF AR, HPpLB KA KEmEL
B LVEF TR =22, 1l Z 2k bt 5K
R 3] MLVEF FRE =24¢"" . fy it m] I,
SRR e FNBTAAR JE  Oo 28 S P 5 11 o
33 FHAEFEMILIEEE

FAEE 2 ( Gefitinib ) F1JEI&#EJE ( Erbtinib )
#BJE T EGFR Z MR Pl 7] . ST JER e ik
B IR TT AT ARG I o & A i R R
JE A S = E D AN KRB . NCT000242 19458
10 TR, B AEPEAE JE % Je Xt JR s g 30
BMBCHRH MIT R e bk, 45 0Tt R L BE %
B A R &A=



AhYBBRH 382021 5548452558 Cancer Res Prev Treat,2021,Vol.48,No.5 © 527 e

4 MIMEHNKEEKEF(VEGF)
4.1 DUAREAT

EVEGFH K F % (VEGF-A., VEGF-B,
VEGF-C., VEGF-DFIVEGF-E) ', IVEGF-A
oML, Bl P R A ) 32 AR S
GO KR T A RS B I A B AR B DR BT
( bevacizumab ) N VEGF-ABAVERES A,
Jifgea 1 P = B 1 5 A P R A K T A
PR 145 2 45k 523 ECOG-E210085% &
N, DUERBAHTRE A R0 = W LR A8 5 T PFS,
ARAZREA 552 R G DR BT 43 R S V) b
I 1 8 A 2845 T R 01 14.8% , 260 28 T fig 2k
(14 % A2 2R A 51 R 0.3% F10.8%H . X STl R 55 Hh
3 784BIMBCE A T 2525 T B B, DUARER BT
A FH 20 ™ FE 0 07 308 1 R A2 R 0 51 1.6 % Al
0.4%, ZRAGITHEX, BN
KB, DR BB MBC & 10 1R ML & i 8 i T
SR, D ERERERT &I N 73455, AVADO
RG2S DUERHT 0 (5 5 1 FICHF 25 1]
FHE, I H A i 17 A5 K Pl RS DA T i)
F S IEAREET, ES103F 58 22 e B K25 Ml
L2 WA B A T SR B 3 DL AR BT IR AR R ko
I fEHER2 [ M 2L (R I DFSAIOS,  FLC i 48
B A R B ™ mI O, R B A AR
2y R R A A0 ST DL AR O I
42 EHEMHAL

YT (ramucirumab ) JE A REEEKE
MG LRI, 5 RBABUARRMZ, Bl
5 VEGFR-2 o538 45 4, T BT VEGF 5
VEGFR-2(WAHEAET, 1 1 400 i o9 o 487 A= A
ROSE/TRIO-12iX 5025 R s, fE 2V FE L b
WA BB YT, R EERKPFSKOS, SXH
UM, BEA I p R AR ™ —I
W0 2 TR S BT BT 2 1O I R % g I
JE IR e e R i T B2 0 R, I IR a2
L BARTIATT 1) R 2 D) W i AR Ak

5 EEAYMEXOCOESENERE
EHSH LE KM 2 (ASCO) KAl
KT CIBON IR 5 A 355 0 A8 S0 33 7 R A 00 552
AR R ) A OB 2 9 CREAE IRT 55 0 I
ERESL AN, R T LI 25 WA SO A 7
PERYAE B F= 2] UKL R WA 7 Ay
5.1 RS ATAY XL AL
Foe, FEIATH R ZGYIRT R, BRI
AT PR ARG AL ARG . ke (=604 |

WA . s I . BE DR IR 5 FE e S 4 S
P A SR AER 2R, X TREEA O T 50
O WUEEFE | GRS . i B IR, LA
N BRAEHZ o m R B IR YA T R B, Ik
AL BARE 1600 mg/m?, 232 H A REGH &
250 mg/m?, BUE S EAEYT (=30 Gy)
5 e AR E T2 R R AP A7 26
5.2 Ry AR W
AT, R g A W T B S
OB O DIEAZRE O ILTE AR PR
S5, FEmZGPnas TR, JCREIR B T IR T
LVEFIPAGOIEDIRE™ . IL4ERAT B 5e il , LVEF
JS2 e 1A o R AT 4 2 R ke = R S A G/ I 2 1
BURSE O EFREHIBNP ( B-type natriuretic pep-
tide) . NT-proBNP ( N-terminal fragment B-type na-
triureticpeptide ) . JULES R [ LA K3 1) B 536 B T 3R
ORI N A (GLS) , RETEF & BlL
HRER S, SR OMEAS R R B B (e
Bl ST BRI LR, OIS S A I Jr ik 2
ZE, BTSRRI AR, Al
FHARIRI R A5 07 E A M br S R A 7 ], 58
SR FEA R A 7 3k Z I T2, 0,
AU S5 TR AT T 45 U5 7% S84 T # MLV EF
PEAL, (HORRERTA E, AL AR )RR X0 I
TR L ) LA AT M AT A
53 LIERTBIIZY
AW LI, TEDUE 25 VIR 97 1 18] K B0

Iy R W Ak 5 700 4o o R i AR 46 I 40 o) 5

(ACET) | Il 58 5k 3R B 46 iy 11 52 14 B i 591

( ARBs ) BBz ABH A RIES T4 23 A S0 10 I
S5, IF HLBA 20 nT Al LB AT B A k00
P LABRAEA BRIk, 5 00 SO AR O 3 E G
RER O D RE R A4 B R FHACEL, ARBsa{,
BZAARBH

6 SES5RE

ARG L E A TG PRATTEAE R B, FLIRIE L )
2R P A R 25 DA R B 10 O ML A B
BRI AR R PELVEF F B A8 H0 T fE A
4, AR R TARPREAR 2N, (B
e, RERIIA BB, HASE BT
JARZ R, A sy B E i CHF
BN L M FARAERANR, (HRR TR E
Il D AT o LA A AN RS A A, 0 P
1] 245 )3 R i R B A 107 3 A A R 40
MCIRE, PR AEH, BTHL F6)7, A5



* 528 ¢

ADBBRG 381372021 F 55484555588 Cancer Res Prev Treat,2021,Vol.48,No.5

L SR A R A2 A P N iR s
R O M 27— ) I T 2 8 A S B %
1113 LR 88 R8T A R AR B, I HL
Wt BRI 7K ) s S A5 i 1) 25 490 R L
FLIRE B I A AR B AR S v, B DAL R A osg
IR A o 1 DR 5 K A LR S A8 AN O R
Lo e B B A B AR R ISR L 55, ARy o
B 1) 5 4% LM o L ) 285 90 A PR ) e s o ol 5
TEPEAT IR BERA ARSI R |

Sk

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019[J]. CA
Cancer J Clin, 2019, 69(1): 7-34.

[2] Fan L, Strasser-Weippl K, Li JJ, et al. Breast cancer in China[J].
Lancet Oncol, 2014, 15(7): €279-289.

[3] Chapman JA, Meng D, Shepherd L, ef al. Competing causes of death
from a randomized trial of extended adjuvant endocrine therapy for
breast cancer[J]. J Natl Cancer Inst, 2008, 100(4): 252-260.

[4] Slamon DIJ, Clark GM, Wong SG, et al. Human breast cancer:
correlation of relapse and survival with amplification of the
HER-2/neu oncogene[J]. Science, 1987, 235(4785): 177-182.

[5] De P, Hasmann M, Leyland-Jones B. Molecular determinants of
trastuzumab efficacy: What is their clinical relevance?[J]. Cancer
Treat Rev, 2013, 39(8): 925-934.

[6] Au HJ, Eiermann W, Robert NJ, et al. Health-related quality of
life with adjuvant docetaxel- and trastuzumab-based regimens in
patients with node-positive and high-risk node-negative, HER2-
positive early breast cancer: results from the BCIRG 006 Study[J].
Oncologist, 2013, 18(7): 812-818.

[7]1 Perez EA, Press MF, Dueck AC, et al. Immunohistochemistry and
fluorescence in situ hybridization assessment of HER2 in clinical
trials of adjuvant therapy for breast cancer (NCCTG N9831,
BCIRG 006, and BCIRG 005)[J]. Breast Cancer Res Treat, 2013,
138(1): 99-108.

[8] Perez EA, Romond EH, Suman VJ, et al. Four-year follow-up
of trastuzumab plus adjuvant chemotherapy for operable human
epidermal growth factor receptor 2-positive breast cancer: joint
analysis of data from NCCTG N9831 and NSABP B-31[J]. J Clin
Oncol, 2011, 29(25): 3366-3373.

[91 Untch M, Gelber RD, Jackisch C, et al. Estimating the magnitude
of trastuzumab effects within patient subgroups in the HERA
trial[J]. Ann Oncol, 2008, 19(6): 1090-1096.

[10] Purmonen TT, Pénkéldinen E, Turunen JH, et al. Short-course

adjuvant trastuzumab therapy in early stage breast cancer in

Finland: cost-effectiveness and value of information analysis

based on the 5-year follow-up results of the FinHer Trial[J]. Acta

Oncol, 2011, 50(3): 344-352.

Zeglinski M, Ludke A, Jassal DS, et al. Trastuzumab-induced

cardiac dysfunction: A ‘dual-hit’[J]. Exp Clin Cardiol, 2011,

16(3): 70-74.

[12] Gordon LI, Burke MA, Singh AT, et al. Blockade of the erbB2
receptor induces cardiomyocyte death through mitochondrial and
reactive oxygen species-dependent pathways[J]. J Biol Chem,
2009, 284(4): 2080-2087.

[13] Seidman A, Hudis C, Pierri MK, et al. Cardiac dysfunction in
the trastuzumab clinical trials experience[J]. J Clin Oncol, 2002,
20(5): 1215-1221.

[14] Earl HM, Vallier AL, Dunn J, et al. Trastuzumab-associated
cardiac events in the Persephone trial[J]. Br J Cancer, 2016,
115(12): 1462-1470.

[15] Balduzzi S, Mantarro S, Guarneri V, et al. Trastuzumab-containing
regimens for metastatic breast cancer[J]. Cochrane Database Syst
Rev, 2014, 2014(6): Cd006242.

[16] F3CHE, sKaki, A%, 4¢. i ZERAHTIR YT 185 HIHER2KH
PRI R YO 2 e (D], MR B iR BE ST, 2018,

(11

—

45(2): 86-90. [Meng WJ, Zhang JB, Li SF, et al. Cardiac safety of
trastuzumab on 185 patients with HER2 positive breast cancer[J].
Zhong Liu Fang Zhi Yan Jiu, 2018, 45(2): 86-90.]

[17] de Azambuja E, Procter MJ, van Veldhuisen DJ, et al.
Trastuzumab-Associated Cardiac Events at 8 Years of Median
Follow-Up in the Herceptin Adjuvant Trial (BIG 1-01)[J]. J Clin
Oncol, 2014, 32(20): 2159-2165.

[18] Slamon D, Eiermann W, Robert N, et al. Adjuvant trastuzumab
in HER2-positive breast cancer[J]. N Engl J Med, 2011, 365(14):
1273-1283.

[19] Romond EH, Perez EA, Bryant J, ef al. Trastuzumab plus adjuvant
chemotherapy for operable HER2-positive breast cancer[J]. N
Engl J Med, 2005, 353(16): 1673-1684.

[20] Dang C, Guo H, Najita J, et al. Cardiac Outcomes of Patients
Receiving Adjuvant Weekly Paclitaxel and Trastuzumab for Node-
Negative, ERBB2-Positive Breast Cancer[J]. JAMA Oncol, 2016,
2(1): 29-36.

[21] Jones SE, Collea R, Paul D, et al. Adjuvant docetaxel and
cyclophosphamide plus trastuzumab in patients with HER2-
amplified early stage breast cancer: a single-group, open-label,
phase 2 study[J]. Lancet Oncol, 2013, 14(11): 1121-1128.

[22] Slamon DIJ, Leyland-Jones B, Shak S, ef al. Use of chemotherapy
plus a monoclonal antibody against HER2 for metastatic breast
cancer that overexpresses HER2[J]. N Engl J Med, 2001, 344(11):
783-792.

[23] Naumann D, Rusius V, Margiotta C, et al. Factors predicting
trastuzumab-related cardiotoxicity in a real-world population
of women with HER2+ breast cancer[J]. Anticancer Res, 2013,
33(4): 1717-1720.

[24] Seferina SC, de Boer M, Derksen MW, et al. Cardiotoxicity and
Cardiac Monitoring During Adjuvant Trastuzumab in Daily Dutch
Practice: A Study of the Southeast Netherlands Breast Cancer
Consortium[J]. Oncologist, 2016, 21(5): 555-562.

[25] Tarantini L, Cioffi G, Gori S, ef al. Trastuzumab adjuvant
chemotherapy and cardiotoxicity in real-world women with breast
cancer[J]. J Card Fail, 2012, 18(2): 113-119.

[26] Long HD, Lin YE, Zhang JJ, et al. Risk of Congestive Heart
Failure in Early Breast Cancer Patients Undergoing Adjuvant
Treatment With Trastuzumab: A Meta-Analysis[J]. Oncologist,
2016, 21(5): 547-554.

[27] Richard S, Selle F, Lotz JP, e al. Pertuzumab and trastuzumab:
the rationale way to synergy[J]. An Acad Bras Cienc, 2016, 88
Suppl 1: 565-577.

[28] Swain SM, Baselga J, Kim SB, ef al. Pertuzumab, trastuzumab,
and docetaxel in HER2-positive metastatic breast cancer[J]. N
Engl J Med, 2015, 372(8): 724-734.

[29] von Minckwitz G, Procter M, de Azambuja E, ef al. Adjuvant
Pertuzumab and Trastuzumab in Early HER2-Positive Breast
Cancer[J]. N Engl J Med, 2017, 377(2): 122-131.

[30] Baselga J, Gelmon KA, Verma S, ef al. Phase II trial of
pertuzumab and trastuzumab in patients with human epidermal
growth factor receptor 2-positive metastatic breast cancer that
progressed during prior trastuzumab therapy[J]. J Clin Oncol,
2010, 28(7): 1138-1144.

[31] Gianni L, Pienkowski T, Im YH, et al. 5-year analysis of
neoadjuvant pertuzumab and trastuzumab in patients with
locally advanced, inflammatory, or early-stage HER2-positive
breast cancer (NeoSphere): a multicentre, open-label, phase 2
randomised trial[J]. Lancet Oncol, 2016, 17(6): 791-800.

[32] van Ramshorst MS, van der Voort A, van Werkhoven ED, et al.
Neoadjuvant chemotherapy with or without anthracyclines in
the presence of dual HER2 blockade for HER2-positive breast
cancer (TRAIN-2): a multicentre, open-label, randomised, phase 3
trial[J]. Lancet Oncol, 2018, 19(12): 1630-1640.

[33] Verma S, Miles D, Gianni L, et al. Trastuzumab emtansine for
HER2-positive advanced breast cancer[J]. N Engl J Med, 2012,
367(19): 1783-1791.

[34] Krop IE, Kim SB, Gonzalez-Martin A, et al. Trastuzumab
emtansine versus treatment of physician's choice for pretreated
HER2-positive advanced breast cancer (TH3RESA): a
randomised, open-label, phase 3 trial[J]. Lancet Oncol, 2014,



AYBBRG 38272021 5548452558 Cancer Res Prev Treat,2021,Vol.48,No.5

* 529 -

15(7): 689-699.

[35] Kast K, Link T, Friedrich K, ez al. Impact of breast cancer
subtypes and patterns of metastasis on outcome[J]. Breast Cancer
Res Treat, 2015, 150(3): 621-629.

[36] Perez EA, Barrios C, Eiermann W, et al. Trastuzumab Emtansine
With or Without Pertuzumab Versus Trastuzumab Plus Taxane for
Human Epidermal Growth Factor Receptor 2-Positive, Advanced
Breast Cancer: Primary Results From the Phase [l MARIANNE
Study[J]. J Clin Oncol, 2017, 35(2): 141-148.

[37] Modi S, Saura C, Yamashita T, ef al. Trastuzumab Deruxtecan
in Previously Treated HER2-Positive Breast Cancer[J]. N Engl J
Med, 2020, 382(7): 610-621.

[38] Banerji U, van Herpen CML, Saura C, et al. Trastuzumab
duocarmazine in locally advanced and metastatic solid tumours
and HER2-expressing breast cancer: a phase 1 dose-escalation and
dose-expansion study[J]. Lancet Oncol, 2019, 20(8): 1124-1135.

[39] Paul B, Trovato JA, Thompson J. Lapatinib: a dual tyrosine kinase
inhibitor for metastatic breast cancer[J]. Am J Health Syst Pharm,
2008, 65(18): 1703-1710.

[40] Geyer CE, Forster J, Lindquist D, et al/. Lapatinib plus
capecitabine for HER2-positive advanced breast cancer[J]. N Engl
J Med, 2006, 355(26): 2733-2743.

[41] Di Leo A, Gomez HL, Aziz Z, et al. Phase Ill, double-blind,
randomized study comparing lapatinib plus paclitaxel with
placebo plus paclitaxel as first-line treatment for metastatic breast
cancer[J]. J Clin Oncol, 2008, 26(34): 5544-5552.

[42] Piccart-Gebhart M, Holmes E, Baselga J, ef al. Adjuvant Lapatinib
and Trastuzumab for Early Human Epidermal Growth Factor
Receptor 2-Positive Breast Cancer: Results From the Randomized
Phase Il Adjuvant Lapatinib and/or Trastuzumab Treatment
Optimization Trial[J]. J Clin Oncol, 2016, 34(10): 1034-1042.

[43] Burstein HJ, Sun Y, Dirix LY, et al. Neratinib, an irreversible
ErbB receptor tyrosine kinase inhibitor, in patients with advanced
ErbB2-positive breast cancer[J]. J Clin Oncol, 2010, 28(8):
1301-1307.

[44] Awada A, Colomer R, Inoue K, et al. Neratinib Plus Paclitaxel vs
Trastuzumab Plus Paclitaxel in Previously Untreated Metastatic
ERBB2-Positive Breast Cancer: The NEfERT-T Randomized
Clinical Trial[J]. JAMA Oncol, 2016, 2(12): 1557-1564.

[45] Chan A, Delaloge S, Holmes FA, et al. Neratinib after
trastuzumab-based adjuvant therapy in patients with HER2-
positive breast cancer (ExteNET): a multicentre, randomised,
double-blind, placebo-controlled, phase 3 trial[J]. Lancet Oncol,
2016, 17(3): 367-377.

[46] Martin M, Holmes FA, Ejlertsen B, et al. Neratinib after
trastuzumab-based adjuvant therapy in HER2-positive breast
cancer (ExteNET): 5-year analysis of a randomised, double-blind,
placebo-controlled, phase 3 trial[J]. Lancet Oncol, 2017, 18(12):
1688-1700.

[47] Harbeck N, Huang CS, Hurvitz S, et al. Afatinib plus vinorelbine
versus trastuzumab plus vinorelbine in patients with HER2-
overexpressing metastatic breast cancer who had progressed on
one previous trastuzumab treatment (LUX-Breast 1): an open-
label, randomised, phase 3 trial[J]. Lancet Oncol, 2016, 17(3):
357-366.

[48] Tryfonidis K, Basaran G, Bogaerts J, et al. A European
Organisation for Research and Treatment of Cancer randomized,
double-blind, placebo-controlled, multicentre phase Il trial of
anastrozole in combination with gefitinib or placebo in hormone
receptor-positive advanced breast cancer (NCT00066378)[J]. Eur
J Cancer, 2016, 53: 144-154.

[49] Carlson RW, O'Neill A, Vidaurre T, et al. A randomized trial
of combination anastrozole plus gefitinib and of combination
fulvestrant plus gefitinib in the treatment of postmenopausal
women with hormone receptor positive metastatic breast
cancer[J]. Breast Cancer Res Treat, 2012, 133(3): 1049-1056.

[50] Cristofanilli M, Valero V, Mangalik A, et al. Phase Il , randomized
trial to compare anastrozole combined with gefitinib or placebo in
postmenopausal women with hormone receptor-positive metastatic
breast cancer[J]. Clin Cancer Res, 2010, 16(6): 1904-1914.

[51] Osborne CK, Neven P, Dirix LY, et al. Gefitinib or placebo in

combination with tamoxifen in patients with hormone receptor-
positive metastatic breast cancer: a randomized phase Il study[J].
Clin Cancer Res, 2011, 17(5): 1147-1159.

[52] Dickler MN, Cobleigh MA, Miller KD, et al. Efficacy and safety
of erlotinib in patients with locally advanced or metastatic breast
cancer[J]. Breast Cancer Res Treat, 2009, 115(1): 115-121.

[53] Trillsch F, Mahner S, Hilpert F, et al. Prognostic and predictive
effects of primary versus secondary platinum resistance for
bevacizumab treatment for platinum-resistant ovarian cancer in
the AURELIA trial[J]. Ann Oncol, 2016, 27(9): 1733-1739.

[54] Kristensen TB, Knutsson ML, Wehland M, et al. Anti-vascular
endothelial growth factor therapy in breast cancer[J]. Int J Mol
Sci, 2014, 15(12): 23024-23041.

[55] Choueiri TK, Mayer EL, Je Y, et al. Congestive heart failure risk
in patients with breast cancer treated with bevacizumab[J]. J Clin
Oncol, 2011, 29(6): 632-638.

[56] Rossari JR, Metzger-Filho O, Paesmans M, et al. Bevacizumab
and Breast Cancer: A Meta-Analysis of First-Line Phase Il
Studies and a Critical Reappraisal of Available Evidence[J]. J
Oncol, 2012, 2012: 417673.

[57] Pivot X, Schneeweiss A, Verma S, et al. Efficacy and safety of
bevacizumab in combination with docetaxel for the first-line
treatment of elderly patients with locally recurrent or metastatic
breast cancer: results from AVADO[J]. Eur J Cancer, 2011, 47(16):
2387-2395.

[58] Miller KD, O'Neill A, Gradishar W, et al. Double-Blind Phase Il
Trial of Adjuvant Chemotherapy With and Without Bevacizumab
in Patients With Lymph Node-Positive and High-Risk Lymph
Node-Negative Breast Cancer (E5103)[J]. J Clin Oncol, 2018,
36(25): 2621-2629.

[59] Mackey JR, Ramos-Vazquez M, Lipatov O, et al. Primary results
of ROSE/TRIO-12, a randomized placebo-controlled phase Il
trial evaluating the addition of ramucirumab to first-line docetaxel
chemotherapy in metastatic breast cancer[J]. J Clin Oncol, 2015,
33(2): 141-148.

[60] Vahdat LT, Layman R, Yardley DA, et a/. Randomized Phase
II Study of Ramucirumab or Icrucumab in Combination with
Capecitabine in Patients with Previously Treated Locally
Advanced or Metastatic Breast Cancer[J]. Oncologist, 2017,
22(3): 245-254.

[61] Armenian SH, Lacchetti C, Barac A, ef al. Prevention and
Monitoring of Cardiac Dysfunction in Survivors of Adult
Cancers: American Society of Clinical Oncology Clinical Practice
Guideline[J]. J Clin Oncol, 2017, 35(8): 893-911.

[62] Zamorano JL, Lancellotti P, Rodriguez Mufioz D, ef al. 2016
ESC Position Paper on cancer treatments and cardiovascular
toxicity developed under the auspices of the ESC Committee for
Practice Guidelines: The Task Force for cancer treatments and
cardiovascular toxicity of the European Society of Cardiology
(ESC)[J]. Eur Heart J, 2016, 37(36): 2768-2801.

[63] Narayan HK, Finkelman B, French B, ef al. Detailed
Echocardiographic Phenotyping in Breast Cancer Patients:
Associations With Ejection Fraction Decline, Recovery, and Heart
Failure Symptoms Over 3 Years of Follow-Up[J]. Circulation,
2017, 135(15): 1397-1412.

[64] Cardinale D, Colombo A, Bacchiani G, et al. Early detection of
anthracycline cardiotoxicity and improvement with heart failure
therapy[J]. Circulation, 2015, 131(22): 1981-1988.

[65] Cardinale D, Colombo A, Lamantia G, et al. Anthracycline-
induced cardiomyopathy: clinical relevance and response to
pharmacologic therapy[J]. ] Am Coll Cardiol, 2010, 55(3):
213-220.

[66] Copur MS, Obermiller A. An algorithm for the management of
hypertension in the setting of vascular endothelial growth factor
signaling inhibition[J]. Clin Colorectal Cancer, 2011, 10(3): 151-156.

[ﬁiﬁ 2K BT 7 %]

fE& STk -

T A IBERARLES
BFEF: W F MGG
B4 St e F A ST



