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Abstract

Purpose: Asymptomatic decline in left ventricular ejection fraction (LVEF) or heart failure (HF)
occur in up to 25% of patients treated with trastuzumab and can result in incomplete breast cancer
therapy. The cardiac safety of continuing trastuzumab in patients with asymptomatic LVEF decline
is unknown. We report the cardiac outcomes of patients treated with trastuzumab after a significant
asymptomatic LVEF decline.

Methods: Patients with HER2-positive breast cancer and asymptomatic LVEF decline to < 50%
during trastuzumab were identified from an institutional echocardiogram database. Cardiac events
were defined as HF (New York Heart Association class I11-1V) or cardiovascular death.

Results: 60 patients were included; the median age was 54 years. In 23 patients who continued
trastuzumab, 14 (61%) tolerated trastuzumab without a cardiac event, 6 (26%) developed
worsening LVEF (range 25-42%) leading to trastuzumab discontinuation, and 3 (13%) developed
a cardiac event (1 HF, 2 possible/probable cardiovascular deaths). In 37 patients with interrupted
trastuzumab, 15 (41%) were re-challenged with trastuzumab after LVEF improved to > 50%, 21
(57%) were not re-challenged, and 1 (3%) developed HF. More patients in the continued
trastuzumab group had metastatic disease (39% vs. 5%, p=0.002). The final LVEF after median
follow-up of 633 days was similar between patients with trastuzumab continuation versus
interruption (54% vs. 56%, p=0.29).
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Conclusion: Continuation of trastuzumab after an asymptomatic LVEF decline to < 50% in
patients who are expected to benefit from additional anti-HER2 therapy is a promising approach
that warrants further investigation.
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INTRODUCTION

Up to 25% of invasive breast cancers over-express the human epidermal growth factor
receptor-2 (HER-2) oncogene, which is associated with a more aggressive cancer phenotype
and poor prognosis.[1, 2] Treatment with trastuzumab, a humanized monoclonal antibody
against the extracellular domain of HER2, has improved disease-free survival and overall
survival.[3-5] However, cardiotoxicity is a well described adverse effect associated with
trastuzumab, and can manifest as an asymptomatic decline in left ventricular ejection
fraction (LVEF) or symptomatic heart failure (HF).

Concerns over the cardiac safety of trastuzumab led to the development of cardiac
surveillance guidelines which recommend that a LVEF assessment be performed at baseline
and at regular intervals during trastuzumab therapy.[6, 7] If a patient develops a significant
LVEF decline during treatment, trastuzumab should be interrupted based on current FDA
recommendations.[8] Treating oncologists are faced with the dilemma of balancing the risk
of worsening cardiac function or possible progression to HF and the benefit of improved
cancer outcomes with continuation of trastuzumab.[9] This clinical decision is further
complicated by the fact that trastuzumab cardiotoxicity often develops early in the course of
treatment, at a time when patients may have received 50% or less of the intended
trastuzumab course for breast cancer treatment.[10, 11]

While the clinical significance or long-term sequelae of an asymptomatic LVEF decline
remains poorly understood in the cardio-oncology setting, it is a leading cause of premature
interruption of trastuzumab.[11] The rationale to withhold trastuzumab is based on the
premise that an asymptomatic LVEF decline is a precursor that can lead to HF if additional
trastuzumab is administered. A potential harm of this approach is that patients who develop
an asymptomatic LVEF decline may receive an incomplete course of trastuzumab, thereby
compromising the full oncologic benefit of anti-HER2 therapy.

Long-term follow-up of up to 10 years or more from 4 large adjuvant trials of trastuzumab
have provided reassuring data that the rate of HF does not increase beyond the initial
trastuzumab treatment period.[12-15] Additional findings from a retrospective study suggest
that continuation of trastuzumab may be safe in asymptomatic patients who have a LVEF
that decreases by = 10% to below the lower limit of normal but remains = 50% during
trastuzumab therapy.[16] However, whether trastuzumab can be safely administered to
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patients who develop an asymptomatic LVEF decline to < 50% remains poorly understood.
We performed a single-center retrospective study to evaluate the cardiac safety of
trastuzumab in patients who develop an asymptomatic LVEF decline to < 50% during
trastuzumab therapy.

METHODS
Study Population

Outcomes

All patients with HER2-positive breast cancer treated with trastuzumab between 2005 and
2016 were screened, of which 1,582 underwent at least one echocardiogram at Memorial
Sloan Kettering Cancer Center. The medical records of patients with a LVEF < 50% during
the trastuzumab treatment period were retrospectively reviewed. Patients found to have
symptomatic HF (New York Heart Association [NYHA] class I111-1V) at the time of initial
detection of LVEF decline to < 50% were excluded, given that continuation of trastuzumab
is contraindicated in this treatment setting. Patients with a LVEF < 50% who had no
symptoms of HF were subdivided into two groups. Patients with LVEF < 50% who received
trastuzumab were classified in the continuous group, whereas patients who had trastuzumab
interrupted until LVEF improved to = 50% or who had trastuzumab permanently
discontinued were classified in the interrupted group. The following baseline information
was collected from the electronic medical record: age, body mass index (BMI),
cardiovascular risk factors (i.e. hypertension, diabetes, smoking status, hyperlipidemia,
coronary artery disease), cancer treatment details, and tumor characteristics including
histological subtype, grade, hormone receptor status and metastasis. Baseline treatment with
cardiac medications was determined. LVEF measurements were collected at baseline and
throughout the trastuzumab treatment period. The nadir LVEF represents the minimum
LVEF during trastuzumab treatment, and final LVEF represents the last available LVEF
within the electronic medical record (which may have occurred during or after completion of
trastuzumab treatment).

The primary endpoint of this study was the occurrence of a cardiac event, defined as
symptomatic HF (NYHA class Il or IV) or possible/probable cardiovascular death. The
diagnosis of HF was confirmed by a cardiologist through review of the patient’s medical
records, in accordance with the Heart Failure Society of America practice guidelines.[17]

Statistical analysis

Patient characteristics were classified using descriptive statistics. Means were used for
continuous measures and percentages used for categorical variables. Comparisons between
continuous and interrupted groups were made using Fisher’s exact tests for categorical
variables and Wilcoxon rank sum tests for continuous variables. In the group of 23 patients
who received continued trastuzumab with a LVEF < 50%, associations between clinical
characteristics and categorical differences in cardiac outcomes after continued trastuzumab
(i.e. recurrent LVEF decline, HF, or cardiovascular death) were assessed with Fisher’s exact
tests for categorical clinical characteristics and Wilcoxon rank sum tests for continuous
clinical characteristics. P values < 0.05 were considered statistically significant. All
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statistical analysis was performed with GraphPad Prism 7 (GraphPad Software, Inc., La
Jolla, CA) and SPSS version 25 (SPSS, Chicago, IL).

RESULTS

Patient characteristics

Of 1,582 patients, 90 with a LVEF < 50% on an echocardiogram performed during
trastuzumab treatment at our institution were identified. Of those, 30 patients had
symptomatic HF at the time of initial LVEF decline and were excluded (Figure 1). A total of
60 patients with HER2-positive breast cancer who developed an asymptomatic fall in LVEF
to < 50% during trastuzumab therapy were studied: 49 with early-stage breast cancer and 11
with metastatic breast cancer. Forty-five of 49 patients with early stage breast cancer were
treated with anthracycline-based chemotherapy prior to trastuzumab, and 6 of 11 patients
with metastatic breast cancer received anthracycline-based chemotherapy prior to the
diagnosis of metastatic disease. After developing a decline in LVEF to < 50%, trastuzumab
was continued in 23 patients: 14 of 49 (29%) in the early-stage group compared to 9 of 11
(82%) in the metastatic group (p = 0.002). Trastuzumab was temporarily or permanently
interrupted in 37 patients: 35 of 49 (71%) in the early-stage group and 2 of 11 (18%) in the
metastatic group. Excluding stage of disease, there was no significant difference in clinical
characteristics or cardiovascular risk profiles of patients that received continued versus
interrupted trastuzumab (Table 1).

Change in LVEF during trastuzumab

At baseline prior to initiation of trastuzumab, the median (interquartile range, IQR) LVEF
was 59% (55.5, 63.5), and all but 2 patients had a LVEF = 50%. The median (IQR) LVEF
decline from baseline to nadir LVEF was 17% (12, 22) in the continued group versus 16%
(13, 21) in the interrupted group. The nadir LVEF was not significantly different for patients
receiving continued versus interrupted trastuzumab (43% vs. 43%, respectively, p = 0.72)
(Table 2). The change in LVEF during trastuzumab is depicted in Figure 2. The length of
follow-up (from the nadir LVEF to final LVEF) was similar in the continued versus
interrupted groups (570 vs. 701.5 days, p=0.43) and no significant difference was seen in the
final LVEF (54% vs. 56%, p=0.29). At last follow-up, 16 of 23 (70%) in the continued group
and 32 of 37 (86%) in the interrupted group had a LVEF = 50%.

Cardiac outcomes after LVEF decline

All 23 patients who continued trastuzumab with a LVEF < 50% were followed by a
cardiologist and 21 of 23 (91%) were treated with new or increased doses of cardiac
medications (beta blocker, angiotensin converting enzyme-inhibitor [ACE-I], and/or
angiotensin receptor blocker [ARB]). The median (IQR) delay of trastuzumab treatment
after detection of a LVEF < 50% was 42 days (21, 98). Fourteen (61%) patients tolerated
trastuzumab without a cardiac event and 6 (26%) developed worsening LVEF decline (but
without HF symptoms) leading to permanent discontinuation of trastuzumab. Three (13%)
patients developed a cardiac event. The first patient was a 58-year-old woman with
metastatic breast cancer, diabetes (non-insulin dependent), hypercholesterolemia, and prior
history of anthracycline exposure (for early-stage breast cancer). She was treated with
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paclitaxel, trastuzumab, and pertuzumab, and on this regimen she developed an
asymptomatic LVEF decline to 43% at month 6 of her treatment. She was treated by a
cardiologist with carvedilol and enalapril, and 9 months later with a LVEF of 46% she was
re-challenged with trastuzumab. She underwent routine L\VEF monitoring every 3 months
with no further worsening of LVEF. After 17 months of trastuzumab, the patient had a
sudden cardiac arrest. No autopsy was performed, therefore the cause of death (i.e.
cardiovascular-related versus cancer-related) could not be confirmed. The second patient
was a 46-year-old woman with early-stage breast cancer and family history of dilated
cardiomyopathy. Her LVEF decreased from 53% to 49% after anthracycline-based
chemotherapy. She was evaluated by a cardiologist and treated with a beta-blocker but no
ACE-I/ARB due to low blood pressure. Three months after beginning trastuzumab she
developed symptomatic HF (NYHA class I11) with a LVEF of 35%, leading to permanent
discontinuation of trastuzumab. The third patient was a 60-year-old woman with early-stage
breast cancer and hypertension. She developed a LVEF decline from 59% to 50% after
anthracycline-based chemotherapy, leading to a cardiology consultation and initiation of
enalapril and carvedilol. Her LVEF remained mildly reduced at 49% on maximally tolerated
doses of cardiac medications. Since she was asymptomatic from a cardiac standpoint, she
was treated with trastuzumab. After receiving 2 doses of trastuzumab, the patient had a
sudden cardiac arrest. An autopsy revealed cardiomegaly with concentric left ventricular
hypertrophy and marked pulmonary edema with no evidence of myocardial infarction or
pulmonary embolism.

Age, BMI, blood pressure, cancer stage, HTN, DM, or treatment with cardiac medications
(i.e. beta blocker or ACE-1/ARB) were not predictive of cardiac outcomes after continued
trastuzumab in patients with a LVEF < 50%. Additional clinical details for all patients who
received continued trastuzumab can be found in the Supplementary Table.

Among 37 patients who had trastuzumab interrupted after LVEF decline to < 50%, 15
patients were re-challenged with trastuzumab after LVEF improved to > 50%: 12
successfully completed the intended course of treatment, and 3 developed a recurrent LVEF
decline < 50% resulting in permanent discontinuation. Twenty-one of 37 patients were not
re-challenged with trastuzumab due to the following: 10 had persistent LVEF decline < 50%
for = 3 months, 5 were at/near the completion of the intended treatment course, 5 at the
discretion of the treating oncologist despite a LVEF recovery to > 50% within 3 months, and
1 was lost to follow-up. One of 37 (3%) patients developed a cardiac event. She was a 44-
year-old woman with early stage breast cancer and hypertension and was treated with
anthracycline-based chemotherapy followed by trastuzumab. After 3 months of trastuzumab,
treatment was interrupted due to an asymptomatic LVEF decline to 44%. Despite treatment
with maximally tolerated doses of carvedilol and lisinopril, she developed HF (NYHA class
[11) with further LVEF decline to 34%.

DISCUSSION

This study provides one of the first descriptions of the cardiovascular sequelae associated
with continued trastuzumab treatment in patients with trastuzumab cardiotoxicity and LVEF
< 50%. We found that more than 50% of patients with a LVEF < 50% who continued
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trastuzumab were able to complete the intended course of therapy without adverse cardiac
events. Importantly, all patients who received additional trastuzumab with a LVEF < 50%
were treated by a cardiologist, and nearly all patients were prescribed new or increased
doses of cardiac medications. Findings from this study contribute to our growing
understanding of the cardiovascular risk of trastuzumab and provide important preliminary
data to inform clinical decision-making among patients who develop trastuzumab
cardiotoxicity. First, if oncologists and their patients determine that continuing trastuzumab
is appropriate despite a significant decline in LVEF, early involvement of a cardiologist to
educate the patient about cardiac risks and the potential signs and symptoms of HF is
critical. Furthermore, the cardiologist should direct cardiac surveillance, optimize treatment
for cardiovascular risk factors, and initiate cardiac medications with the goal of mitigating
the potential risk of further cardiovascular injury.

A prevailing concern within the cardio-oncology community is whether trastuzumab can be
safely continued in patients who develop an asymptomatic LVEF decline during treatment.
This concern is driven by the by the significant survival benefit of trastuzumab-containing
regimens in the early-stage and metastatic settings,[3-5, 18] as well as data from clinical
trials that have failed to demonstrate the noninferiority of shorter durations of trastuzumab
therapy (< 12 months). The PHARE trial is a randomized phase 111 study in 3,384 women
which failed to show that 6 months of trastuzumab was non-inferior to 12 months, with a 2-
year disease free survival (DFS) rate of 91.1% in the 6-month group versus 93.8% in the 12-
month group (HR 1.28, p=0.29).[19] Shorter durations of trastuzumab have also been
investigated in the Short-HER and SOLD trials. Both failed to demonstrate that 9 weeks of
trastuzumab was non-inferior to 12 months, with a hazard ratio for DFS of 1.15 (90% ClI,
0.91 - 1.46) and 1.39 (90% ClI, 1.12 — 1.72), respectively.[20, 21] This evidence may
encourage both oncologists and patients to favor continuation of trastuzumab in the early
stage disease setting even after development of a significant asymptomatic LVEF decline,
particularly in those with high-risk cancer features. It is important to note that these studies
showed a higher number of cardiac events in the 12-month treatment arms. However, cardiac
events were often defined by surrogate endpoints such as a decrease in LVEF to < 50% or an
absolute decrease in LVEF of > 15% from baseline, and the short- and long-term clinical
significance of these surrogates remain uncertain.

In this study, the observation of a cardiac event (NYHA class I11-1VV HF or possible/probable
cardiovascular death) in 13% of patients and worsening LVEF decline in 26% of patients
who received continued trastuzumab warrants further investigation. This finding must be
considered within the limitations of a retrospective study design, small sample size, and
potential confounding from more metastatic disease in the continued group. It is possible
that one of the cardiovascular deaths observed in the continued group was caused by an
acute venous thromboembolism event attributable to metastatic breast cancer rather than to
an acute cardiac cause; however definitive adjudication of this endpoint was not possible in
the absence of an autopsy. It is noteworthy that 2 of 3 patients with a cardiac event were
noted to have a LVEF decline after anthracycline chemotherapy, suggesting that
anthracycline-induced myocardial injury likely plays an important role in the pathogenesis
of trastuzumab cardiotoxicity. Prospective studies are needed to define the cardiac event rate
of continued trastuzumab in patients who develop asymptomatic LVEF decline and to
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identify markers that predict which patients can safely tolerate additional trastuzumab. The
SAFE-HEaRt study is one such study evaluating the cardiac safety of anti-HER2 therapy in
asymptomatic patients with mildly reduced LVVEF of 40-49% after optimization of cardiac
therapy. Findings from this study are forthcoming and will provide important data to inform
future studies aimed at improving outcomes of patients with HER2-positive breast cancer
and reduced LVEF.[22] Until prospective data are available, our findings support the need
for cardiologists and oncologists to carefully consider the risks and benefits of additional
trastuzumab and to coordinate cardiovascular care and monitoring if the decision is made to
continue trastuzumab in patients with an asymptomatic LVEF decline.

It is important to highlight that 82% of patients who continued trastuzumab after a LVEF
decline had metastatic disease, which suggests that stage of disease is an important variable
within this complex clinical decision. In the metastatic setting, trastuzumab improves
progression-free and overall survival, with reports of durable responses to trastuzumab
without evidence of disease progression for as many as 9 years.[18, 23-27] When the goal
of breast cancer treatment is palliative rather than curative, the impetus for continuation,
rather than interruption, of life-extending therapy may become more important despite the
potential for increased cardiovascular risk. Despite current recommendations for routine
LVEF monitoring during trastuzumab,[8, 28, 29] the optimal frequency remains unclear
particularly in the metastatic setting when patients may be treated with trastuzumab for
several years. Findings from a study by Mescher et al. also suggest that continuation of
trastuzumab may be safe among patients with metastatic HER2-positive breast cancer who
develop an asymptomatic LVEF decline.[30]

A limitation of this retrospective study is the small sample size. However, as current practice
guidelines recommend interruption of trastuzumab for patients with reduced LVEF,[8] we
present novel preliminary cardiac outcomes data in a patient population that has not
previously been well described in the literature. Given the retrospective study design,
echocardiograms were performed at the discretion of the clinician and LVEFs were not
centrally adjudicated. We attempted to identify clinical predictors of cardiac outcome in the
group that received continued trastuzumab with a LVEF < 50%, although this analysis was
limited by the small sample size. We cannot exclude the possibility of selection bias in this
retrospective study between patients that received continued versus interrupted trastuzumab.
However, comparisons between the two groups demonstrated similar baseline
characteristics, cardiovascular risk factors, median follow-up duration, and LVEF throughout
treatment. Given that 85% of patients in this study were previously treated with
anthracyclines, findings from this study may not be applicable to patients that are treated
with non-anthracycline trastuzumab-based regimens. Finally, although the final LVEF was
not significantly different between the two groups, it is possible that differences may be
identified with longer follow-up.

In conclusion, the optimal clinical management of patients with trastuzumab-induced
asymptomatic LVEF decline remains unknown. Our results highlight that many patients with
a LVEF < 50% tolerated additional trastuzumab while being treated with beta-blockers,
ACE-Is, or ARBs. However, a decision to continue trastuzumab can be made only after
carefully considering the cardiovascular and oncologic risks and benefits and requires a
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team-based approach between the cardiologist and oncologist to coordinate subsequent
cardiac treatment and monitoring. Continued investigation is needed to identify predictors of
favorable cardiovascular outcomes in patients with reduced LVEF receiving trastuzumab.
With significantly improved survival for patients with HER2-positive breast cancer receiving
trastuzumab-based therapy, both in the early and metastatic setting, it is crucial for our
cardiology and oncology communities to closely collaborate in the clinical and research
arenas to optimize both oncologic and cardiovascular outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CONSORT diagram summarizing patients eligible for the study.
LVEF, left ventricular ejection fraction; MSKCC, Memorial Sloan Kettering Cancer Center
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Figure 2. Box-and-whisker plot depicting LVEF by continued versusinterrupted trastuzumab

therapy
Baseline left ventricular ejection fraction (LVEF) represents LVEF prior to trastuzumab.

Nadir LVEF represents minimum LVEF during trastuzumab treatment. Final LVEF
represents the last available LVEF during or after trastuzumab treatment. Upper and lower
boundaries of each box represent the third (Q3) and first (Q1) quartiles, respectively. The
median is indicated with a horizontal bar in the box. The whiskers of the boxes represent Q3
+ (1.5 x IQR) and Q1 — (1.5 x IQR). Outliers beyond the lower whisker are represented by
circles.

p>0.05 for comparison of continued versus interrupted groups at baseline LVEF, nadir
LVEF, and follow-up LVEF.
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Baseline characteristics of patients with reduced ejection fraction (< 50%) and continued versus interrupted

trastuzumab therapy

Total (n=60) Trastuzumab continued (n=23) | Trastuzumab interrupted (n=37) | pvalue
Age (years), median (IQR) 54 (47-60) 51 (47-58) 56 (47-61) 0.377
Body mass index (kg/m?), median 25.8 (22.8-31.8) | 25.5(22.5-32.9) 25.9 (24-30.7) 0.676
(IQR)
<25 27 (45) 11 (48) 16 (43)
25-30 13 (22) 3(13) 10 (27)
>30 20 (33) 9 (39) 11 (30)
Histologic type 1.000
Invasive ductal carcinoma 57 (95) 22 (96) 35 (95)
Invasive lobular carcinoma 3(5) 1(4) 2(5)
Estrogen receptor positive 35 (58) 14 (61) 21 (57) 0.794
Progesterone receptor positive 28 (47) 10 (43) 18 (49) 0.793
Histologic grade 1.000
Moderately differentiated 13 (22) 4(17) 9 (26)
Poorly differentiated 45 (78) 19 (83) 26 (74)
Any anthracycline treatment * 51 (85) 18 (78) 33(89) 0.284
Stage of disease 0.002
Early stage disease 49 (82) 14 (61) 35 (95)
Metastatic disease 11 (18) 9(39) 2(5)
Hypertension 20 (33) 6 (26) 14 (38) 0.408
Diabetes 7(12) 3(13) 4(11) 1.000
Hyperlipidemia 11 (18) 4(17) 7(19) 1.000
Smoking 16 (27) 7 (30) 9 (24) 0.765
CAD 5(8) 0(0) 5 (14) 0.146
Cardiac medications prior to
trastuzumab
Beta-blocker 13 (22) 5(22) 8(22) 1.000
ACE-I/ARB 11 (18) 3(13) 8(22) 0.506
ccB 5(8) 0(0) 5 (14) 0.146
Diuretic 7(12) 1(4) 6 (16) 0.233
Statin 11 (18) 4(17) 7 (19) 1.000
Aspirin 3(5) 1(4) 2 (5) 1.000

Data are presented as and N (%), unless otherwise specified.

*
45 of 49 patients treated for early stage breast cancer received anthracyclines. 6 of 11 patients being treated for metastatic breast cancer received

anthracyclines as part of treatment in early stage breast cancer.

ACE-I = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; CAD = coronary artery disease; CCB = calcium channel

blocker; IQR = interquartile range.
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Echocardiographic parameters and cardiac events among patients with LVEF < 50% during trastuzumab

Events Total (n=60) Trastuzumab continued (n=23) | Trastuzumab interrupted (n=37) | pvalue
Baseline LVEF (%) 59 (55.5-63.5) | 58 (55.5-63.5) 60 (55.7-63.2) 0.578
Nadir LVEF (%) 43 (38.7-47) 43 (39-47) 43 (39-47) 0.725
Final LVEF (%) 55 (52-60) 54 (51-59) 56 (53-60) 0.293
Time from nadir LVEF to final LVEF | 609 (308-1447) | 570 (291-906) 701.5 (313.21591.2) 0.435
(days)
Cardiac events 4(7) 3(13) 1(3) 0.153
Heart failure (NYHA 111-1V) 2(3) 1(4) 1(3)
Cardiac death 2(3) 2(9) 0 (0)

Data are presented as and median (interquartile range) or N (%)

LVEF = left ventricular ejection fraction; NYHA = New York Heart Association
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