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Risk of Cardiotoxicity Induced by Trastuzumab in Female Breast Cancer Patients:

A Meta — Analysis
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Abstract: Objective To systematically review the risk of cardiotoxicity events induced by trastuzumab in the treatment of human epi-
dermal growth factor receptor 2(HER2) — positive female breast cancer patients. Methods The databases of PubMed, Embase, The
Cochrane Library, Web of Science,CBM, Wankang Data, VIP, CNKI, Clinicaltrials. gov,and the conference abstracts of the American Society
of Clinical Oncology(ASCO) were searched to collect the trastuzumab versus non — trastuzumab related randomized controlled trials
(RCTs) and the Chinese and English literature of observational studies without trastuzumab from the inception to February 2020. Two

researchers independently screened the literature, extracted data and evaluated the bias risk included in the studies by the Cochrane
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Reviewers’ Handbook and the Newcastle — Oltawa Scale, STATA 16.0 statistical software was used for the Meta — analysis. The relative
risk( RR) was used as the effect analysis statistic of cardiotoxic events,and the inverted funnel diagram and Egger test were used to
judge whether there was publication bias. Results A total of 17 RCTs and 10 cohort studies were included,with 19 137 patients and
78 198 patients, respectively. Both RCTs and cohort studies showed that trastuzumab significantly increased the overall risk of cardiac
events| RR =1.92, 95% CI(1.40,2.64), P=0.001] and [RR=2.45,95% CI(1.81,3.32), P=0.001].RCT studies showed that
trastuzumab significantly increased the risk of left ventricular ejection fraction(LVEF) reduction] RR=1. 66,95% CI(1.24,2.24), P < 0.01],
and the risk of congestive heart failure[ OR =2.05,95% CI(1.63,2.59], P < 0.01],and the risk of grade Il or IV severe congestive
heart failure[ OR =3.52,95% CI(2.35,5.26), P < 0.01]. Subgroup analysis showed that trastuzumab combined with anthracyclines sig-
nificantly increased the risk of LVEF reduction and congestive heart failure( P =0.024, 0.001),and the risk of LVEF reduction and
congestive heart failure still increased within five years after medication( P =0. 001). Conclusion Trastuzumab can significantly increase

the risk of LVEF and congestive heart failure in HER2 - positive breast cancer patients. It is recommended that the cardiology —related indi-

cators should be monitored regularly in patients, especially high —risk groups within a few years after trastuzumab treatment.

Key words:breast cancer;human epidermal growth factor receptor 2; trastuzumab ; cardiotoxicity ; systematic review; Meta — analysis
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Tab.1 Basic characteristics of the included studies

W - WA Wi gﬁé&fk% LVEF £4 EAK LVEF NOS #
#2 (mg/kg) K (%) THHZEL 24
HO648 2001 AC+H/AC 143/138 10.0 40,4 R MR -
77001 2005 H4D/D 92/94 2.97/%.9 4-1,%H 230% THEI0% KEAAET R 5% 0T -
NSABP B -31 2017 AC-T+H/AC-T 313/128 8.8 % -1, %R >45% TH>10% -
FinHer 2009'" AorV4+TEC+H/ Ao V4EEC 1157116 6.0 4 -0, %R >50% TREY 150 ZBHEN 50% -
Buadar 2007 T—FEC + H/T-FEC 2/19 16.3 -1, %A >50% THE 459 -
Gasparini 2007" T+H/T 63/60 16.6 7 -2, 4R EFEEA W -
TAnDEM 2009 WA/ Haas  103/104 R -2, 4R > 55% NR -
CBG26/BIG03-052009"!  H+Fiblk/F50E /8 15.6 6,438 R THEARARALTE>10% -
FNCLCC-PACS 042009 FECorED+H/FECorED — 260/268 1.0 8 $-6,%3 A 255 BHTH>10% ZRAATH0%UT -
EGF104900 2010 L+H/L 149/14 NR -1, %R 2550 BATHS10% 28HETESGRT -
NOAH 2010 Neo T+ H/Neo (1 17/118 3 86,43 A Nk RELTE>10% -
HERACBIG 1 -01) 2017 H/MEA 1702/1679 1.0% 86,43 >50% THECS% ABHETH>15% -
(BCIRG 006 2011 AC=D + H/AC-D 1074/1073 63.0 LAAR -2 AR R0 A3 W BAATH>10% -
eLEcTRA 20121 Rk /% 2731 141R/33R $-6,%3 A R Nk -
NCCTG(Alance) N98312016™! AC—T—H/AC-T+ H/AC-T 710/570/664 9.0% 4-1, %R >50% THECSI X BRETH>15% -
NeoALTTO 20142 L+H/H/L 149/148/151 KNIES -2, 4R 230% FALTH > 0% #16F 50% -
ALTT0 2016™ L+H/I-H/H/L 2061/2076/2076/2057 4.9%/4.0%5/2.6%/\R 420,48 R R -
Chumsri 2010 AC-TH/AC-T 19/14 4.0 /41.9 8 4-1, %R Nk RALTR 2 16% 6
Du 20107 H/non -H 406/34222 9.0 % R R R $
Bovles 2012 H/No €T 112/5807 S0% R R R 1
Chavez - MacGregor 2013 H/non -H 2203/7332 KEEARBART R NR R §
Chien 2014 H/non -H 137/1702 4,61 % NR NR NR 7
KY200812 20141 H/non - H 201/204 FRAACEABAMTASR 86,83 Nk BHTRATALH 15%, L <50% 6
Goldhar 2015 H+CT/CT 3371/15703 59% R R R 1
Seferina 2016 H/CT 230/39 5.04 MR 235 BHTH> 1090 ZERETH 0% 5
Thavendiranathan 2016 H without A/ £ 44 CT §32/4 298 304 NR NR NR 1
Guo 2019 T+ H/CT 439/909 6.6% 4-0,8A3,8-6,43 B I\ MR 7
E:NR A RIRE; - ALK,
Note:NR refers no report; — refers no data.
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Trastuzumab Control Risk Ratio Weight
Study or subgroup Event Noevent Event Noevent with 95% CI (%)
A RCTs
HO648g 51 183 12 222 - 412[ 228, 7.44) 441
M77001 17 75 6 88 — 275[ 117, 646)] 3N
NSABP B-31 23 274 17 93 - 0.50[ 028, 039) 4.48
FinHer 8 107 12 104 —- 069[ 030, 158 320
Buzdar o 23 1 8 ——s——— 028[ 0.01, 645] 038
Gasparini 1 62 1 59 —_— 0.95[ 0.10, 8.92] 072
TAnDEM 14 89 2 102 —a 586[ 157, 2180] 175
GBG 26/BIG 03-05 6 72 1 77 - 433[ 075, 2438 111
FNCLCC-PACS 04 a 219 12 256 E 3 3.42[ 186, 629] 43
EGF104900 9 140 3 143 - 266[ 0.80, 887] 199
NOAH 37 78 29 84 125( 0.83, 1.88) 553
HERA(BIG 1-01) 92 1610 17 1,680 - 527( 318, 875 492
(BCIRG) 006 215 859 121 952 [ ] 1.77( 1.44, 2.18) 6.67
eLECTRA 2 24 3 28 0385[ 0.18, 395] 137
NCCTG (Alliance) N9831 97 1,183 29 635 ja) 1.72[ 115, 256] 557
NeoALTTO 9 288 2 149 194[ 049, 7.70] 163
ALTTO 221 5,992 38 2018 = 186[ 133, 260] 598
Heterogeneity: T = 0.25, 1" = 75.03%, H = 4.00 & 192( 1.40, 2864)
Test of 6, = 6, Q(16) = 64.07, p = 0,00
B cohorts
Chumsri 2 17 0 14 — 375[ 019, 7249) 043
Du 100 314 3285 30937 | | 252[ 212, 3.00] 6381
Bowles 23 89 180 5627 - 669[ 454, 986)] 566
Chavez-MacGregor 648 1,555 1,385 5947 _E_ 1.56[ 144, 169] 7.10
Chien 4 133 40 1,662 1.37[ 053, 358 271
Xue S0 161 22 182 = 217[ 137, 3.43) S22
Goldhar 175 3,196 392 15311 = 208[ 1.75, 248 6.81
Seferina 29 201 0 39 -1 1022 0.64, 163.85] 0.48
Thavendiranathan 42 790 137 4,161 | ] 1.60[ 1.14, 223] 597
Guo 12 427 2 907 —a— 10.34[ 267, 40.01) 168
Heterogeneity: 1 = 0.14, 1" = 89.21%, H" = 9.26 L2 245[ 1.81, 332)
Testof &, = 6,: Q(9) = §3.38, p = 0.00
flects D Laird model
wes a4 64
Trastuzumab Control

& 2

B ZIR B HA S RE S OBEGR EXFH Meta 5347 7R 11

Fig. 2 Meta — analysis forest plot: Comparison of the overall risk of cardiac events between the trastuzumab group and the control group

Trastuzumab Control Risk Ratio Weight
Study or subgroup Event Noevent Event Noevent with 95% CI (%)
T
M77001 15 7 6 70 211[ 0.89, 500] 6.76
NSABP B-31 10 287 5 105 : 0.71[ 0.26, 1.95] 5.58
FinHer 7 108 10 106 072[ 029, 1.77] 642
Buzdar 0 23 1 18 —-——-—‘—— 0.28[ 0.01, 6.45] 084
TAnDEM 1 102 0 104 ——r-— 3.03[ 0.12, 73.50) 0.82
GBG 26/BIG 03-05 1 77 0 78 ——+=———300( 0.12, 7253) 0.82
FNCLCC-PACS 04 37 223 1 257 336 1.78, 6.36] 9.14
EGF104900 8 141 3 143 238[ 070, 8.09] 427
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Fig. 3 Meta — analysis forest plot: Comparison of the risk of LVEF reduction between the trastuzumab group and the control group
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Fig. 4 Meta — analysis forest plot: Comparison of the risk of CHF between the trastuzumab group and the control group
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Fig. 5 Meta —analysis forest plot: Comparison of the risk of grade Il or IV severe CHF between the trastuzumab group and the control group
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Tab.3 Subgroup analysis: Comparison of the risk of LVEF reduction and CHF between the trastuzumab group and the control group

combined with anthracycline
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Tab.4 Comparison of calculation results between the random - ef-

fects model and the fixed — effects model

RR/ OR(95% CI)
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Fig. 6 Inverted funnel plot of bias assessment

PO
25 BPA, ih 2Bk BT BT HER2 FH LR

A LVEF T AT CHF 119 % A2 XU, 30 R824 5 1)

Je 1o S NRETE 1 il 22 BR B PTI6R 7 A R0AT P 19

OB R R A A

&% 3k

[1] BRAY F,FERLAY J,SOERJOMATARAM I, et al. Global cancer
statistics 2018 : GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries|[J]. CA Cancer J Clin,
2018,68(6):394 - 424.

[2] TORRE LA,BRAY F,SIEGEL RL, et al. Global cancer statistics,
2012[J]. CA Cancer J Clin,2015,65(2):87 - 108.

312 &,kNAG, 8 5. ¥ELRIURERR {125 47(]].
A FAT R 4 &,2016,37(7) :970 - 976.

[4] @ A& . HER RA&LEILIRE I & &7 TR &
% 5B F4,2016,13(18) :26 - 31.

[5] MOJA L, TAGLIABUE L, BALDUZZI S, et al. Trastuzumab con-
taining regimens for early breast cancer[J]. Cochrane Database of
Systematic Reviews,2012 (4):CD006243.

[6] BALDUZZI S, MANTARRO S, GUARNERI V, et al. Trastuzumab

—_—

containing regimens for metastatic breast cancer[J] . Cochrane

Database of Systematic Reviews,2014 (6) :CD006242.

(7] &7 & AL RH TR 4] . W %ok £ 44 HER2 a1k SUIR AR
BT P RS AR S]], SRR ,2014,14(1):40 - 42,

[8] LEUNG HWC, CHAN ALF. Trastuzumab — induced cardiotoxicity
in elderly women with HER — 2 — positive breast cancer: A meta —
analysis of real — world data[J]. Expert Opinion on Drug Safety,
2015,14(11):1661 - 1671.

[9] SLAMON DJ, LEYLAND - JONES B, SHAK S, et al. Use of
chemotherapy plus a monoclonal antibody against HER2 for
metastatic breast cancer that overexpresses HER2[J]. N Engl ] Med,
2001,344(11):783 -792.

[10] MARTY M, COGNETTI F, MARANINCHI D, et al. Randomized
phase Il trial of the efficacy and safety of trastuzumab combined
with docetaxel in patients with human epidermal growth factor
receptor 2 — positive metastatic breast cancer administered as
first — line treatment : the M77001 study group[J]. J Clin Oncol,
2005,23(19):4265 - 4274.

[11] GANZ PA, ROMOND EH, CECCHINI RS, et al. Long — Term
Follow — Up of Cardiac Function and Quality of Life for Patients
in NSABP Protocol B =31/NRG Oncology: A Randomized Trial
Comparing the Safety and Efficacy of Doxorubicin and Cy-
clophosphamide (AC) Followed by Paclitaxel With AC Followed
by Paclitaxel and Trastuzumab in Patients With Node — Positive
Breast Cancer With Tumors Overexpressing Human Epidermal
Growth Factor Receptor 2[J] .J Clin Oncol, 2017, 35(35):
3942 —3948.

[12] JOENSUU H, BONO P, KATAJA V, et al. Fluorouracil, epiru-
bicin, and cyclophosphamide with either docetaxel or vinorel-
bine, with or without trastuzumab, as adjuvant treatments of
breast cancer: final results of the FinHer Trial[J]. J Clin Oncol,
2009,27(34):5685 - 5692.

[13] BUZDAR AU, VALERO V, IBRAHIM NK, et al. Neoadjuvant
therapy with paclitaxel followed by 5 — fluorouracil , epirubicin,
and cyclophosphamide chemotherapy and concurrent trastuzumab
in human epidermal growth factor receptor 2 — positive operable
breast cancer: an update of the initial randomized study population
and data of additional patients treated with the same regimen|[J].
Clin Cancer Res,2007,13(1):228 - 233.

[14] GASPARINI G, GION M, MARIANI L, et al. Randomized Phase 1l
Trial of weekly paclitaxel alone versus trastuzumab plus weekly
paclitaxel as first — line therapy of patients with Her — 2 positive
advanced breast cancer[]] . Breast Cancer Research and
Treatment , 2007, 101(3):355 - 365.

[15] KAUFMAN B,MACKEY JR, CLEMENS MR, et al. Trastuzumab
plus anastrozole versus anastrozole alone for the treatment of
postmenopausal women with human epidermal growth factor
receptor 2 — positive, hormone receptor — positive metastatic
breast cancer: results from the randomized phase Il TAnDEM
study[J]. J Clin Oncol,2009,27(33) :5529 - 5537.

[16] VON MINCKWITZ G, DU BOIS A, SCHMIDT M, et al.

115



- BRI - Y& %%
Drug Evaluation China Pharmaceuticals Vol. 30, No. 19, October 5,2021

2021 4E10 A 5 H 55 30 &5 19 )

Trastuzumab beyond progression in human epidermal growth fac-
tor receptor 2 — positive advanced breast cancer: a german breast
group 26/breast international group 03 —05 study[J].]J Clin
Oncol ,2009,27(12) : 1999 — 2006.

[17] SPIELMANN M, ROCHE H, DELOZIER T, et al. Trastuzumab

[—

for patients with axillary — node — positive breast cancer: results of
the FNCLCC — PACS 04 trial[J]. J Clin Oncol,2009,27(36):
6129 - 6134.

[18] BLACKWELL KL, BURSTEIN HJ, STORNIOLO AM, et al.

—

Randomized study of Lapatinib alone or in combination with
trastuzumab in women with ErbB2 — positive, trastuzumab —
refractory metastatic breast cancer[J]. J Clin Oncol,2010,28(7) :
1124 - 1130.

[19] GIANNI L, EIERMANN W, SEMIGLAZOV Vet al. Neoadjuvant

—

chemotherapy with trastuzumab followed by adjuvant trastuzumab
versus neoadjuvant chemotherapy alone, in patients with
HER?2 - positive locally advanced breast cancer(the NOAH tri-
al): a randomised controlled superiority trial with a parallel
HER2 - negative cohort[J]. Lancet,2010,375(9712):377 — 384.

[20] CAMERON D, PICCART - GEBHART MJ, GELBER RD, et al.
11 years' follow — up of trastuzumab after adjuvant chemotherapy
in HER2 - positive early breast cancer: final analysis of the
HERceptin Adjuvant(HERA) trial[J]. Lancet, 2017, 389(10075):
1195 - 1205.

[21] 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.

[22] HUOBER J, FASCHING PA, BARSOUM M, et al. Higher efficacy

of letrozole in combination with trastuzumab compared to letro-

zole monotherapy as first — line treatment in patients with

HER?2 - positive, hormone —receptor — positive metastatic breast

cancer — results of the eLECTRA trial[J]. Breast,2012,21(1):

27 -33.

ADVANI PP, BALLMAN KV, DOCKTER TJ, et al. Long — Term

Cardiac Safety Analysis of NCCTG N9831(Alliance) Adjuvant

Trastuzumab Trial[J]. J Clin Oncol ,2016,34(6) :581 - 587.

[24] DE AZAMBUJA E,HOLMES AP,PICCART - GEBHART M, et al.

[23

—

Lapatinib with trastuzumab for HER2 — positive early breast can-
cer(NeoALTTO) : survival outcomes of a randomised , open —
label , multicentre, phase 3 trial and their association with patho-
logical complete response|J] . Lancet Oncol, 2014, 15 (10):
1137 - 1146.

[25] PICCART - GEBHART M, HOLMES E, BASELGA J, et al. Ad-

—

juvant Lapatinib and Trastuzumab for Early Human Epidermal
Growth Factor Receptor 2 — Positive Breast Cancer: Results From
the Randomized Phase [l Adjuvant Lapatinib and/or
Trastuzumab Treatment Optimization Trial[J] . J Clin Oncol,
2016,34(10):1034 - 1042.

[26] CHUMSRI S, JETER S, JACOBS LK, et al. Pathologic complete

116

response to preoperative sequential doxorubicin/ cyclophos-
phamide and single — agent taxane with or without trastuzumab in
stage Il/lll HER2 - positive breast cancer[J]. Clin Breast Cancer,
2010,10(1) :40 - 45.

[27] DU XL, XIA R,BURAU K, et al. Cardiac risk associated with the

[28

—_—

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

receipt of anthracycline and trastuzumab in a large nationwide
cohort of older women with breast cancer, 1998 —2005[J].
Med Oncol , 2011 ,28(Suppl 1):S80 — S90.

BOWLES EJA, WELLMAN R, FEIGELSON HS, et al. Risk of
heart failure in breast cancer patients after anthracycline and
trastuzumab treatment: a retrospective cohort study[J].J Natl
Cancer Inst,2012,104(17):1293 - 1305.

CHAVEZ - MAC GREGOR M,ZHANG N,BUCHHOLZ TA, et al.
Trastuzumab — related cardiotoxicity among older patients with
breast cancer[J]. J Clin Oncol,2013,31(33):4222 - 4228.
CHIEN HC, YANG YHK, BAI JPF. Trastuzumab - related car-
diotoxicity among breast cancer patients in taiwan[J]. Pharma-
coepidemiol Drug Saf,2014,23:440 —441.

XUE J,JIANG ZF, QL F, et al. Risk of trastuzumab - related car-
diotoxicity in early breast cancer patients: a prospective observa-
tional study[J]. J Breast Cancer,2014,17(4):363 —369.
GOLDHAR HA, YAN AT, KO DT, et al. The Temporal Risk of
Heart Failure Associated with Adjuvant Trastuzumab in Breast
Cancer Patients: A Population Study[J].J Natl Cancer Inst,
2015,108(1) : djv301.

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 Can-
cer Consortium[J]. Oncologist,2016,21(5) :555 — 562.
THAVENDIRANATHAN P, ABDEL - QADIR H, FISCHER HD,
et al. Breast Cancer Therapy — Related Cardiac Dysfunction in
Adult Women Treated in Routine Clinical Practice: A Popula-
tion — Based Cohort Study[J] .J Clin Oncol, 2016, 34(19):
2239 - 2246.

GUO JH, LI Q, ZHANG P, et al. Trastuzumab plus adjuvant
chemotherapy for human epidermal growth factor receptor 2
(HER2) - positive early — stage breast cancer: A real — world
retrospective study in Chinese patients[J]. Chin J Cancer Res,
2019,31(5):759 - 770.

COOK - BRUNS N. Retrospective analysis of the safety of Her-
ceptin immunotherapy in metastatic breast cancer[J]. Oncology,

2001,61(Suppl 2) :58 - 66.

[37] BRIA E,CUPPONE F,FORNIER M, et al. Cardiotoxicity and in-

cidence of brain metastases after adjuvant trastuzumab for early
breast cancer: The dark side of the moon? A meta — analysis of
the randomized trials[J]. Breast Cancer Research and Treatment,
2008,109(2):231 -239.

(ki H 39 :2020 - 10 - 30+ f&51 H 1 :2021 - 03 - 17)



