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ABSTRACT
The safety of continuing human epidermal growth factor receptor 2
(HER2)etargeted therapy in women with mild cardiotoxicity remains
unclear. We performed a retrospective matched cohort study of 14
patients with human epidermal growth factor receptor 2epositive
breast cancer receiving sequential anthracycline and trastuzumab
therapy, nested within the Evaluation of Myocardial Changes During
Breast Adenocarcinoma Therapy to Detect Cardiotoxicity Earlier With
MRI (EMBRACE-MRI) trial. Among patients who developed cardiotox-
icity and were treated with heart failure therapy, we compared those
who had trastuzumab therapy interrupted to a matched cohort who
continued trastuzumab therapy. By a median of 2.5 years of follow-up,
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R�ESUM�E
La question de savoir s’il est sûr de poursuivre le traitement par un
m�edicament ciblant le r�ecepteur 2 du facteur de croissance
�epidermique humain (HER2) en pr�esence d’une l�egère cardiotoxicit�e
chez la femme demeure controvers�ee. Nous avons r�ealis�e une �etude
de cohortes appari�ees r�etrospective auprès de 14 patientes atteintes
d’un cancer du sein positif pour le HER2 qui recevaient un traitement
s�equentiel par l’anthracycline et le trastuzumab, dans le cadre du
programme EMBRACE-MRI (Evaluation of Myocardial Changes During
Breast Adenocarcinoma Therapy to Detect Cardiotoxicity Earlier With
MRI). Parmi les patientes ayant d�evelopp�e une cardiotoxicit�e et ayant
reçu un traitement pour l’insuffisance cardiaque, nous avons compar�e
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no significant differences were present between the groups in the
proportion with magnetic resonance imagingemeasured left ventric-
ular ejection fraction < 40%, magnetic resonance imagingemeasured
left ventricular volumes, left ventricular ejection fraction, edema,
fibrotic markers, cardiopulmonary fitness, or quality of life.

celles dont le traitement par le trastuzumab a �et�e interrompu à une
cohorte appari�ee ayant poursuivi ce traitement. Après un suivi m�edian
de 2,5 ans, aucune diff�erence significative n’avait �et�e observ�ee entre
les groupes en ce qui concerne le pourcentage de patientes dont la
fraction d’�ejection ventriculaire gauche �etait inf�erieure à 40 % à
l’imagerie par r�esonance magn�etique (IRM), le volume ventriculaire
gauche à l’IRM, la fraction d’�ejection ventriculaire gauche, l’œdème, les
marqueurs fibrotiques, la bonne forme physique de l’appareil cardio-
pulmonaire ou la qualit�e de vie.
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In patients with early-stage human epidermal growth factor
receptor 2epositive (HER2þ) breast cancer, use of trastu-
zumab improves outcomes,1 but it is associated with a risk of
cancer therapyerelated cardiac dysfunction (CTRCD). In
those receiving sequential anthracycline and trastuzumab
therapy, the incidence of CTRCD has been reported to be as
high as 27%,2,3 with clinical heart failure (HF) in up to 10%
of patients.4 When CTRCD is identified (ie, by a fall in left
ventricular ejection fraction [LVEF], by � 10% compared to
baseline, to a value below the upper limit of normal), the
Canadian Trastuzumab Working Group recommends tran-
sient interruption of trastuzumab therapy.5,6 However, tras-
tuzumab therapy interruption is associated with a higher risk
of cancer recurrence and death.7,8

Therefore, interest is growing in continuing trastuzumab
therapy with the concurrent initiation of HF medications,
especially in patients with mild CTRCD. Both the Cardiac
Safety Study in Patients With HER2þ Breast Cancer (SAFE-
HEaRT; n ¼ 30 patients) and Safety of Continuing
Chemotherapy in Overt Left Ventricular Dysfunction Using
Antibodies to HER-2 (SCHOLAR) trials (n ¼ 20 patients)
demonstrated that continuing trastuzumab therapy with
initiation of HF medications for mild CTRCD (ie, LVEF >
40%) may be safe, as only w10% of patients developed
further LVEF worsening or HF.9,10 Although these studies are
encouraging, they both used LVEF measured by echocardi-
ography, did not have a control group, and did not report
long-term outcomes or other prognostic measures.

To address these knowledge gaps, we performed an
exploratory retrospective matched cohort study nested within
a completed Evaluation ofMyocardial Changes During Breast
Adenocarcinoma Therapy to Detect Cardiotoxicity Earlier
With MRI (EMBRACE-MRI) prospective cohort study at
our institution. In women with HER2þ breast cancer treated
with sequential anthracyclines and trastuzumab who devel-
oped mild CTRCD and were treated with HF therapy, we
sought to compare the safety of continuing vs stopping tras-
tuzumab therapy using measures of cardiac magnetic reso-
nance (CMR) imaging left ventricular volumes and function,
Received for publication February 6, 2024. Accepted March 16, 2024.

Corresponding author: Dr Paaladinesh Thavendiranathan, Division of
Cardiology, Peter Munk Cardiac Centre, Ted Rogers Program in Car-
diotoxicity Prevention, Toronto General Hospital, 4N-490, 585 University
Avenue, Toronto, Ontario M5G 2N2, Canada. Tel. : þ1-416-340-5326; fax:
þ1-416-340-3640.

E-mail: dinesh.thavendiranathan@uhn.ca
See page 834 for disclosure information.
myocardial edema and fibrosis, cardiopulmonary fitness,
quality of life (QOL), and long-term CMR and clinical
follow-up.
Methods
We performed a retrospective matched cohort study of

adult women with stage I-III HER2þ breast cancer receiving
sequential therapy with anthracyclines and trastuzumab (with
or without radiotherapy) nested within the EMBRACE-MRI
trial (NCT02306538; 136 patients). Patients were followed
with CMR preecancer therapy (baseline), every 3 months
during (except at 9 months), immediately postetrastuzumab
completion, and 2 years later (total of 6 CMR studies). All
patients had cardiorespiratory fitness (CRF) assessment within
6 weeks postetrastuzumab completion, using a supine cycle
ergometer. QOL was assessed postetrastuzumab completion
using the Minnesota Living With Heart Failure Question-
naire (MLHFQ) and EuroQol 5-Dimension 3-Level (EQ-
5D-3L). Mild CTRCD was defined as a decline in LVEF of �
10%, to a value < 55%, but to a nadir value > 40% by
CMR. Among patients who developed mild CTRCD and
were treated with HF therapy (beta-blockers and/or
angiotensin-converting enzyme inhibitor [ACE] or angio-
tensin receptor blockers [ARBs]), we identified those who had
trastuzumab therapy interruption (interrupted group) and
matched them to patients who continued trastuzumab therapy
(continued group), by age (� 10 years), baseline LVEF (�
5%), and LVEF at CTRCD (� 5%). Although the Canadian
Trastuzumab Working Group recommends interruption of
trastuzumab therapy when CTRCD is present, the final de-
cision to continue or interrupt therapy was made by both the
oncologist and the patient.

The primary outcome was the proportion of patients with
CMR-measured LVEF < 40% post completion of trastuzu-
mab therapy. Other outcomes included LVEF, left ventricular
volumes, and CMR measures of edema (T2 maps) and fibrosis
(T1 maps and/or extracellular volume fraction), poste
trastuzumab therapy and at 2-year follow-up; and QOL
measures and peak oxygen uptake (VO2peak; a measure of
CRF) immediately postetrastuzumab completion.

Continuous data are presented as median and 25th-75th
percentile (quartile Q1-Q3), and binary data are presented as
absolute numbers and proportions. Comparisons between the
groups were made using the Fisher exact test and the Mann-
Whitney rank-sum test. To evaluate differences in time pro-
files of continuous measures, we applied general estimating
equations to assess changes over the follow-up period and
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Table 1. Summary of baseline characteristics of the whole cohort, stratified by whether trastzumab therapy was interrupted or continued

Characteristic All patients, n ¼ 14 Trastuzumab interrupted, n ¼ 7 Trastuzumab continued, n ¼ 7 P

Age, y 56 (51e60) 53 (50e56) 58 (53e62) 0.48
Breast cancer laterality 0.28

Left 8 (57) 3 (43) 5 (71)
Right 6 (43) 4 (57) 2 (29)

Breast cancer stage 0.67
1 1 (7) 1 (14) 0 (0)
2 9 (64) 3 (43) 6 (86)
3 4 (29) 3 (43) 1 (14)

Cumulative doxorubicin equivalent,
mg/m2

205 (204e208) 204 (204e206) 206 (203e210) 0.44

Radiotherapy 12 (86) 6 (86) 6 (86) 0.99
Diabetes 1 (7) 0 (0) 1 (14) 0.30
Hypertension 1 (7) 0 (0) 1 (14) 0.30
Dyslipidemia 3 (21) 0 (0) 3 (43) 0.05
Smoker 4 (29) 3 (43) 1 (14) 0.24
At least 1 CVRF 5 (36) 3 (43) 2 (29) 0.91

Values are n (%), unless otherwise indicated. Continuous data are presented as median (quartile 1equartile 3). Smoker category includes active and past
smoking.

CVRF, cardiovascular risk factor.
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evaluated between-group differences using c2 tests. A P-value
< 0.05 denoted statistical significance.
Table 2. Maximal doses of angiotensin-converting enzyme (ACE)
inhibitors and/or angiotensin receptor blocker (ARB) and beta blockers
used for treatment in groups who had interrupted vs continued
trastuzumab therapy

Doses

Trastuzumab therapy

Interrupted (n ¼ 7) Continued (n ¼ 7)

ACEs
Ramipril, 2.5 mg 1 1
Ramipril, 5 mg 1 2
Ramipril, 10 mg 3 3

ARBs
Candesartan, 8 mg 1 0
Candesartan, 16 mg 0 1
Candesartan, 32 mg 1 0

Beta-blockers
Bisoprolol, 2.5 mg 2 2
Bisoprolol, 5 mg 1 1
Bisoprolol, 7.5 mg 0 1
Bisoprolol, 10 mg 4 3

The data are provided as number of patients.
Results
In the EMBRACE-MRI trial, per our current study defi-

nition, 19 patients met the inclusion criteria. Among these 19
patients, 7 continued trastuzumab therapy and were thus
matched to 7 patients in whom trastuzumab therapy was
interrupted, resulting in a total of 14 patients being in this
current study. Comparison of the interrupted and continued
groups showed no substantial covariate imbalance in baseline
characteristics (Table 1), time of onset of CTRCD from
baseline (238 days [159-252] vs 242 days [200-250], P ¼
0.67), or LVEF at time of CTRCD (49% [48-50] vs 51%
[49-52], P ¼ 0.63). Maximal doses of beta-blockers and ACE
inhibitors and/or ARB used to treat CTRCD in each group
are summarized in Table 2.

All patients were followed similarly in our cardio-oncology
program; 13 of 14 (93%) patients completed 17 cycles of
trastuzumab, and 1 patient in the interrupted group received
only 14 cycles. Trastuzumab therapy was interrupted for 1
cycle in 2 patients, 2 cycles in 4 patients, and 3 cycles in 1
patient. By the 2-year follow-up, 2 deaths had occurred in the
interrupted group (both due to cancer progression), and none
had occurred in the continued group. Postetrastuzumab
therapy and at 2-year follow-up, none of the patients devel-
oped the primary outcome of CMR LVEF < 40% or clinical
HF.

Temporal measures of secondary outcomes including
LVEF, left ventricular volumes, T2 values, native T1 and
extracellular volume fraction values preecancer therapy, at
the time of CTRCD, at the postetrastuzumab therapy
timepoint, and at 2-year follow-up are illustrated in Figure 1
for both groups. The trajectories of these measures were not
statistically significantly different between the groups, in a
comparison for the period from the time of CTRCD to the
final follow-up.

No statistically significant differences were present in the
postetrastuzumab therapy EQ-5D-3L Index score (1.0
[0.8-1.0] vs 1.0 [0.8-1.0], P ¼ 0.95), the EQ-5D-3L visual
analogue scale (VAS) score (80 [78-88] vs 80 [63-93], P ¼
0.52), the MLHFQ score (5.0 [1.0-13.0) vs 7.0 [3.5-19.0],
P ¼ 0.77), or the VO2peak (17.8 mL O2 kge1 mine1

[16.5-19.7] vs 18.9 mL O2 kg
e1 mine1 [13.9-20.1] L/min,

P ¼ 0.74) in the interrupted and continued groups,
respectively.
Discussion
In this exploratory matched cohort study of patients with

HER2þ breast cancer who developed mild CTRCD and
received HF therapy, we compared differences in CMR
measures, QOL, and CRF in patients whose trastuzumab
therapy was transiently interrupted vs those who continued
therapy. Our primary findings were as follows: (i) none of the
patients in either group developed LVEF < 40% or clinical
HF during follow-up; (ii) no statistically significant between-
group differences were present in CMR-measured ventricular



Figure 1. Individual patient trajectory and group-specific average and corresponding 95% confidence interval for interrupted and continued groups at
each study time point. Data are presented for cardiac magnetic resonance imagingemeasured left ventricular ejection fraction (LVEF) and volumes
and tissue characterization measures (T2/T1 values, and extracellular volume fraction). P values are for comparison of between-group differences
of changes over the 4 follow-up time periods.
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volumes, LVEF, or markers of edema and fibrosis over follow-
up; and (iii) no statistically significant between-group differ-
ences were present in QOL measures and VO2peak poste
trastuzumab completion. This exploratory study provides
hypothesis-generating data indicating that in patients with
mild CTRCD from sequential anthracyclines and trastuzu-
mab therapy for breast cancer, who are started on HF therapy,
continuation of trastuzumab therapy may be a consideration.
Along with prior studies,9,10 our study provides further
impetus to support conducting larger clinical trials to help
answer this clinically important question in the field of cardio-
oncology.

Findings similar to ours have been demonstrated in 2 prior
studies. The SCHOLAR study by Leong et al.10 included 20
patients with HER2þ breast cancer, with mildly reduced
LVEF of 40%-54% or a drop in ejection fraction of � 15%
from baseline to an LVEF � 54% measured by echocardi-
ography who were treated with an ACE inhibitor or ARB,
and/or beta-blockers while continuing trastuzumab therapy.
This study had no control group. Eighteen patients (90%)
completed their planned trastuzumab therapy, whereas 2
(10%) developed severe CTRCD (LVEF drop to 28% and
26% with New York Heart Association class III-IV HF
symptoms) requiring permanent cessation of trastuzumab
therapy. However, these 2 patients improved their LVEF
(56% and 47%, respectively) and HF symptoms (New York
Heart Association class I) at subsequent follow-up. The SAFE-
Heart study9 included 30 patients with HER2þ breast cancer
with LVEF 40%-49% measured by echocardiography and no
HF symptoms, treated with ACE inhibitors or an ARB, and/
or beta-blockers while continuing trastuzumab therapy. This
study also had no control group. Twenty-seven of the patients
(90%) completed trastuzumab therapy, 2 developed symp-
tomatic HF, and 1 developed an asymptomatic LVEF decline
to 32%.

Our study adds to the above studies in the following
manner. First, we provide a control group in which treatment
was continued as a comparison. Both the above-described
studies used echocardiography-measured LVEF for the diag-
nosis of CTRCD and for subsequent follow-up to define
safety. Echocardiography measures have significant intra-
observer, interobserver, and temporal variability, especially in
patients receiving cancer therapy,11 potentially resulting in
misclassification. We used the reference-standard technique
for LVEF measurement to demonstrate more confidently that
no statistically significant differences were present between the
groups. Furthermore, given that patients may develop HF 1-2
years after completion of cancer therapy, we provide 2-year
follow-up to ensure that the lack of difference in left ven-
tricular volume and ejection fraction measures is sustained.
We provide novel measures that were not available in the prior
studies, including CMR-measured markers of myocardial
edema and fibrosis, providing further suggestion that no dif-
ferences were present in potential myocardial substrate for
future HF.12,13 We also provide novel data on CRF, which
has been shown to be an important prognostic marker of poor
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long-term outcomes in patients with cancer.14,15 The lack of
significant difference in VO2peak postetrastuzumab therapy
completion adds further confidence regarding the safety of the
approach of continuing trastuzumab therapy for mild
CTRCD. Finally, we examined patient-centric measures and
found no significant differences in QOL measures between
groups.

Despite the strengths outlined above, our study has lim-
itations. We included 14 patients, which increases the like-
lihood of type II error in our statistical analysis. Furthermore,
although nested within a prospective cohort study, the spe-
cific question addressed in this study was retrospective in
nature and hence was subject to unmeasured confounders.
Therefore, we consider our findings to be hypothesis-
generating, and additive to prior studies, but not practice-
changing. The small sample size reflects the fact that our
study was nested within the EMBRACE-MRI study, in
which only 19 patients received HF therapy for mild
CTRCD. However, this approach provided us with the
ability to use traditional and novel CMR measures to assess
the safety of continuing trastuzumab therapy and helped us
reduce potential bias, as all 14 patients received identical
care. Despite the fact that all patients in the EMBRACE-
MRI trial who developed CTRCD and received HF ther-
apy would be candidates for transient trastuzumab therapy
interruption,5,6 the decision to continue or interrupt tras-
tuzumab therapy was based on clinician and patient prefer-
ence and not on randomization. Several reasons account for
the difference between the recommendations and clinical
practice. These reasons include patient reluctance to stop
trastuzumab therapy due to concern about poor outcomes,7,8

and newer data that suggest that unless the LVEF at time of
CTRCD is < 40%, the prognosis is excellent, resulting in
physician reluctance to stop trastuzumab therapy for mild
asymptomatic CTRCD.16 Given that the decision to stop vs
continue trastuzumab therapy may be a confounder, our
findings should be interpreted within the context of this
limitation.

As we wait for data from randomized controlled studies,
such as Safety of Continuing HER-2 Directed Therapy in
Overt Left Ventricular Dysfunction (SCHOLAR-2;
NCT04680442), comparing the safety of trastuzumab
continuation vs interruption in patients with mild CTRCD
using echocardiography measures, our study adds to the
existing literature regarding the potential safety of continuing
trastuzumab therapy on the basis of additional prognostic
measures. Overall, the data to date from the 2 prior studies9,10

and the current study are encouraging, but these findings
require robust validation before they should impact clinical
practice.
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