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Abstract

Trastuzumab-induced cardiomyopathy is a known complication of its
use in breast cancer treatment, but it remains mostly asymptomatic
and often reversible. Non-myopathic cardiac complications have been
rarely reported with trastuzumab. These include left and right bundle
branch block, arrhythmias and sinus node dysfunction. We report a
case of a 52-year-old female breast cancer patient with trastuzumab-
induced asymptomatic intermittent left bundle branch block recurring
nearly a year after the initial diagnosis and resolution of trastuzumab-
related cardiomyopathy.
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Introduction

Trastuzumab is a humanized monoclonal antibody directed
against human epidermal growth factor receptor 2 (HER2),
which is expressed in about 20-25% of breast cancers and pro-
motes growth of cancer cells [1]. This targeted immunotherapy
is approved for the treatment of HER2-positive breast cancer
[2]. Trastuzumab exhibits its anticancer attributes by binding
the extracellular domain IV of HER2, and thereby directly
modulating pro-survival and proliferative signaling cascades,
including phosphatidylinositol 3-kinase (PI3K) and mitogen-
activated protein kinase (MAPK) pathways [3, 4].

Breast cancer is one of the most common cancers among
American women, affecting one in eight (12%) females [5].
Clinically, trastuzumab has been shown to be highly effica-
cious as a single agent for the treatment of breast cancer or
in conjunction with anthracyclines. However, it has been as-
sociated with numerous cardiotoxic effects. The most com-
mon cardiac complication of trastuzumab is cardiomyopathy
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[6]. However, more non-myopathic cardiac complications are
being reported due to a significant rise in the use of trastu-
zumab among breast cancer patients [6]. We report a case of
a 52-year-old Caucasian woman with HER2-positive breast
cancer who experienced recurrent, intermittent, asymptomatic
LBBB nearly a year after trastuzumab use causing reversible
cardiomyopathy with systolic dysfunction.

Case Report

A 52-year-old Caucasian woman with biopsy proven stage IIB,
grade 3, HER2-positive, invasive carcinoma of the left breast
was referred to cardiology for evaluation of chemotherapy-re-
lated cardiotoxicity. Her neo-adjuvant chemotherapeutic regi-
men included dose-dense adriamycin and cyclophosphamide
(DDAC) along with paclitaxel, trastuzumab and pertuzumab.
She had no prior history of cardiovascular disease. Her risk
factors were tobacco use and family history of coronary artery
disease (CAD).

The patient’s initial multigated acquisition (MUGA) scan
prior to beginning treatment showed left ventricular ejection
fraction (LVEF) of 80.9%. Upon completion of neo-adjuvant
therapy, she underwent left mastectomy. Radiation therapy
was discussed but had not been started. Following surgery, she
restarted trastuzumab. A follow-up MUGA scan showed a de-
cline in LVEF to 30.2%. Subsequent transthoracic echocardio-
gram (TTE) confirmed severely reduced LVEF. No significant
valvular regurgitant or stenotic lesions were noted. Electrocar-
diogram (ECG) obtained at the referral visit revealed normal
sinus thythm (NSR) and an LBBB with a QRS duration of
124 ms (Fig. 1). This was new compared to a prior ECG from
3 years earlier (Fig. 2). She denied symptoms of shortness
of breath, orthopnea, paroxysmal nocturnal dyspnea, bendo-
pnea or leg swelling. She reported the ability to walk briskly
without limitations or symptoms. The patient was started on
beta-blocker (BB) and angiotensin-converting enzyme inhibi-
tor (ACE-I) therapy. Trastuzumab therapy was discontinued.
Over the next 8 months, LVEF was reassessed with TTE and
eventually returned to normal, 50-55%. The patient remained
asymptomatic during this time but was not able to resume tras-
tuzumab.

A year after the patient’s first cardiology encounter and
approximately 5 months after recovery of systolic function,
the patient required surgical repair of a complication from her
initial mastectomy. This was scheduled to be performed at a
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Figure 1. Presenting ECG to cardiology clinic with NSR and newly recognized LBBB. ECG: electrocardiogram; NSR: normal

sinus rhythm; LBBB: left bundle branch block.

neighboring hospital. Preoperative ECG revealed an LBBB not
previously documented at that facility (Fig. 3). The procedure
was cancelled, and the patient referred back to cardiology for
preoperative risk assessment. ECG at time of the visit revealed
NSR and resolution of the LBBB noted 1 week prior (Fig. 4).
However, new ST-T wave changes were present concerning
for ischemia. The patient was referred for limited echocardiog-
raphy and exercise stress myocardial perfusion imaging. Exer-
cise stress testing was considered given the absence of LBBB
on ECG in clinic and the concern for intermittent LBBB,
possibly rate- or exercise-related. Limited echocardiogram
revealed normal EF, 50-55%. During exercise, the patient de-

veloped LBBB when the heart rate (HR) reached 120 beat per
minute (bpm) and resolved during rest when the HR returned
to below 90 bpm (Fig. 5). The patient had persistent anterior
T-wave inversions. The stress test was converted to a pharma-
cologic stress imaging exam. The myocardial perfusion scans
revealed a small area of reversible ischemia in the anteroseptal
wall vs. LBBB artifact (Fig. 6). The patient was referred to
coronary angiography for definitive diagnosis of CAD. Left
heart catheterization (LHC) revealed an LVEF of 60% and a
right dominant system with angiographically normal arteries
(Fig. 7). The patient underwent her surgical procedure without
complications and continues on BB and ACE-I therapy along

Figure 2. Prior ECG with NSR and normal conduction. ECG: electrocardiogram; NSR: normal sinus rhythm.
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Figure 3. Preoperative ECG with recurrent LBBB. ECG: electrocardiogram; LBBB: left bundle branch block.

with cardiovascular risk factor modification.

Discussion

Trastuzumab is likely the most clinically important biologic
agent developed for the treatment of HER2-positive breast
cancer to date. Various clinical trials have shown reduction of
cancer recurrence, increased response rates, increased progres-
sion-free survival and improvement in overall survival with
addition of trastuzumab to standard chemotherapy [3, 7]. Be-
cause of this evidence, in 1998, The United States Food and
Drug Administration approved trastuzumab for metastatic
breast cancer treatment, but in 2006, its use was expanded for
treatment of adjuvant HER2-positive breast cancer as well

[7]. However, left ventricular systolic dysfunction from trastu-
zumab is a known potential consequence of treatment. Other
potential adverse cardiac side effects have been described as
well. The underlying mechanism leading to cardiac problems
is still unclear. Some proposed mechanisms are defective
HER?2 signaling, immune-mediated destruction of cardiomyo-
cytes and inhibition of the neuregulin-ErbB system [2, 8].

The most common cardiotoxicity associated with trastu-
zumab is a decline in LVEF. Most patients remain asympto-
matic and therefore systolic dysfunction is found on routine
surveillance echocardiography done specifically to monitor for
this. Clinical, symptomatic heart failure is less common. Re-
gardless, systolic dysfunction is often reversible and responds
to conventional heart failure therapy [9]. The risk of cardiac
dysfunction is significantly higher when trastuzumab is used

Figure 4. ECG obtained upon patient’s return to cardiology clinic for preoperative risk assessment. This tracing shows the ab-
sence of LBBB and new T-wave inversions in multiple leads (arrows). ECG: electrocardiogram; LBBB: left bundle branch block.
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Figure 5. Representative ECG tracings during exercise stress revealing the development of intermittent LBBB (arrows). ECG:
electrocardiogram; LBBB: left bundle branch block.

Figure 6. Example images from nuclear perfusion testing suggesting anteroseptal ischemia (arrows). The top row of images are

stress images and the bottom are rest images (displayed left to right: short axis apex to base (a-c), horizontal long axis (d) and
vertical long axis (e)).

Figure 7. Representative images from coronary angiography revealing no significant CAD: (a) left coronary system; (b) right
coronary system. CAD: coronary artery disease.
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Table 1. Non-Myopathic Cardiac Complications Associated With Trastuzumab [6, 13-17]

Complications Study Symptoms Further testing and results Cardiomyopathy present
Asymptomatic new LBBB  Piotrowski et al [6] No symptoms No No
New RBBB Piotrowski et al [6] No Symptoms No No
T-wave inversions Olin et al [13] Chest pain Left heart catheterization No
in anterior leads revealed normal coronaries.
Sinus node dysfunction Olin et al [13] Syncope No No
Symptomatic new LBBB  Two studies (Tu et al [14] Chest pain and Left heart catheterization Yes
and Ribiero et al [15]) shortness of breath revealed normal coronaries.
Ventricular tachycardia Oliveira et al [16] Sudden death Autopsy showed LV hypertrophy, Yes

Non-sustained
ventricular tachycardia

Ferguson et al [17]

palpitations and
near-syncope

myocardial lymphocytic
infiltrate, pulmonary congestion.

Holter revealed NSVT No

LBBB: left bundle branch block; RBBB: right bundle branch block; LV: left ventricular; NSVT: non-sustained ventricular tachycardia.

in combination with other antineoplastic agents, such as cyclo-
phosphamide and anthracyclines [10]. It has been reported that
cardiotoxicity occurs in approximately 4% of patients receiv-
ing trastuzumab monotherapy and 27% of patients receiving it
along with anthracycline and cyclophosphamide [9]. This side
effect has been well established, and guidelines exist regard-
ing echocardiographic monitoring and whether trastuzumab
should be continued or withheld, temporarily or permanently
[11].

On the other hand, there are also less well-recognized, non-
myopathic, cardiac complications that have been described.
These are rarely reported and are mostly asymptomatic as well
[12, 13]. Table 1 [6, 13-17] lists the non-myopathic cardiac
complications of trastuzumab reported in literature. Piotrowski
and colleagues followed 253 women with early HER2-positive
breast cancer treated with trastuzumab [6]. A cardiac compli-
cation developed in 52 patients, out of which only one had
permanent asymptomatic LBBB which occurred 3 months
after starting therapy. Trastuzumab was discontinued in this
particular patient; however, the conduction problem persisted.
Of note, LBBB in this case was not associated with cardio-
myopathy. Asymptomatic right bundle branch block (RBBB)
also occurred in two patients but therapy was not discontinued
[6]. There are two reported cases of new LBBB in patients who
presented with chest pain mimicking acute coronary syndrome.
Both patients underwent LHC and neither had significant CAD
[14, 15]. LBBB was persistent in one case [14] and transient
in the other [15]. Both of these cases were also associated with
reduced LVEF and were treated with guideline-directed medi-
cal therapy. Right ventricular failure has also been reported
with trastuzumab use [18].

This particular case is unique in that the patient exhibited
two, possibly three, cardiac side effects of trastuzumab. She
initially presented as newly diagnosed, asymptomatic cardio-
myopathy and LBBB. Both of these effects eventually resolved
with cessation of trastuzumab and routine heart failure therapy.
However, despite a normal LVEF, the patient had recurrent but
intermittent LBBB. When normal conduction was present, she
also exhibited anterior T-wave inversion, also a previously
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described cardiac electrical complication [12]. CAD was ex-
cluded by LHC as a cause for all the ECG abnormalities.

This report reviews the many possible cardiac complica-
tions of trastuzumab therapy. It also highlights the less rec-
ognized potential non-myopathic cardiac effects. More im-
portantly, the long-term follow-up in this patient emphasizes
that trastuzumab cardiotoxicity can occur at any time during
or after treatment and manifest itself in many different ways.
Therefore, a patient exposed to trastuzumab must have diligent
cardiac monitoring both during and after treatment, especially
since many of these toxicities are asymptomatic. However, at
this time there are no guidelines available for short-term or
long-term monitoring of non-myopathic side effects as there
are with surveillance for cardiomyopathy. Also, decision re-
garding discontinuation of trastuzumab after asymptomatic,
non-myopathic cardiac complications is still a topic of debate
and an opportunity for future research.

Conclusion

Trastuzumab has been associated with an increased risk of
asymptomatic decrease in ejection fraction, and, in a small
number of patients, symptomatic congestive heart failure.
In both situations, the cardiotoxicity is mostly responsive to
medical management. This risk, however, is compounded
when used in combination with anthracyclines as part of the
chemotherapy regimen. Non-myopathic cardiac complications
of trastuzumab are either rare or underreported. Increased use
of this medication has led increased identification of additional
cardiac side effects. The natural course of these rare complica-
tions is unknown. More research is needed to study the as-
sociation of these complications with trastuzumab use and its
impact on breast cancer treatment.
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