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Abstract

Purpose—HER2-targeted therapies are associated with cardiotoxicity which is usually 

asymptomatic and reversible. We report the updated cardiac safety assessment of patients with 

compromised heart function receiving HER2-targeted therapy for breast cancer, enrolled in the 

SAFE-HEaRt trial, at a median follow-up of 3.5 years.

Methods—Thirty patients with stage I-IV HER2-positive breast cancer receiving trastuzumab 

with or without pertuzumab, or ado-trastuzumab emtansine (T-DM1), with asymptomatic LVEF 

(left ventricular ejection fraction) 40–49%, were started on cardioprotective medications, with the 

primary endpoint being completion of HER2-targeted therapy without cardiac events (CE) or 

protocol-defined asymptomatic worsening of LVEF. IRB-approved follow-up assessment included 

23 patients.

Results—Median follow-up as of June 2020 is 42 months. The study met its primary endpoint 

with 27 patients (90%) completing their HER2-targeted therapies without cardiac issues. Of the 23 

evaluable patients at long-term f/u, 14 had early stage breast cancer, and 9 had metastatic disease, 

8 of whom remained on HER2-targeted therapies. One patient developed symptomatic heart 

failure with no change in LVEF. There were no cardiac deaths. The mean LVEF improved to 

52.1% from 44.9% at study baseline, including patients who remained on HER2-targeted therapy, 

and those who received prior anthracyclines.

Conclusions—Long-term follow-up of the SAFE-HEaRt study continues to provide safety data 

of HER2-targeted therapy use in patients with compromised heart function. The late development 

of cardiac dysfunction is uncommon and continued multi-disciplinary oncologic and cardiac care 

of patients is vital for improved patient outcomes.
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Introduction

Human epidermal growth factor receptor 2 (HER2)-targeted therapies are associated with 

cardiotoxicity that is mostly asymptomatic and reversible. While the impact of withholding 

these therapies on breast cancer outcomes continues to be investigated [1-12], two recent 

retrospective studies suggest detrimental outcomes with increased risk of breast cancer 

relapse and death in patients with early stage HER2-positive breast cancer who did not 

complete adjuvant trastuzumab [13, 14]. Current guidelines limit the use of HER2-targeted 

therapies to patients with left ventricular ejection fraction (LVEF) within institutional limits 

of normal and recommend that significant changes in LVEF lead to temporary interruption 

or treatment discontinuation [15-20]. The SAFE-HEaRt trial (NCT01904903) was the first 

prospective study to evaluate and report the safety of HER2-targeted agents in patients with 

breast cancer with reduced LVEF receiving concomitant cardioprotective medications and 

close cardiac monitoring [21, 22]. We report the follow-up at 3.5 years.

Methods

Thirty-one patients with stage I-IV HER2-positive breast cancer receiving trastuzumab with 

or without pertuzumab, or ado-trastuzumab emtansine (T-DM1), with asymptomatic LVEF 

40–49%, were enrolled in the SAFE-HEaRt trial and started on beta blockers and/or 

angiotensin-converting enzyme inhibitors (ACEi)/angiotensin II receptor blockers (ARBs) as 

tolerated. Eligible patients could either present with new asymptomatic LVEF decline during 

therapy or have preexisting LV dysfunction on evaluation prior to initiating therapy. The trial 

design and the algorithm detailing the cardiac medication titration in the study, as well as the 

primary aim results have been previously reported [21, 22]. Participants could be on study 

up to a maximum of 12 months, and were followed for 6 months after last dose of HER2-

targeted therapy received while on study. The primary endpoint of the study was completion 

of HER2-targeted therapy without cardiac events (CE) or protocol-defined asymptomatic 

worsening of LVEF. CE was defined as symptomatic heart failure (HF); cardiac arrhythmia 

requiring pharmacological or electrical treatment; myocardial infarction (MI); sudden 

cardiac death or death due to MI, arrhythmia or HF. Protocol-defined asymptomatic 

worsening of LVEF was defined as an LVEF drop of more than 10% from baseline and/or an 

absolute decrease in LVEF to ≤35%. Participants underwent LVEF assessment via cardiac 

echocardiograms after last dose of HER2-targeted therapy on study—end of treatment 

(EOT) evaluation—and a final study LVEF assessment was performed 6 months later. After 

completion of trial participation, patients were allowed to continue on HER2-targeted 

therapies if clinically appropriate. Institutional Review Board (IRB) approval for long-term 

follow-up was obtained from the MedStar Health Research Institute (MHRI)-Georgetown 

University Oncology IRB and the Memorial Sloan Kettering Cancer Center IRB, after 

protocol amendment. Participants provided written informed consent for long-term follow-

up, which involved chart review and telephone communication. There were no pre-defined 

study visits or imaging studies after trial completion. Off study follow-up cardiac evaluation 

including clinic visits and echocardiograms were done per routine clinical care. The 

difference in long-term LVEF between patients who remained on HER2-targeted therapy 

and those who did not was evaluated using Wilcoxon rank-sum test.
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Results

Patients included in the long-term follow-up

Patients were accrued from October 2013 to December 2017. Of 31 patients enrolled, 30 

underwent at least one echocardiogram and were included in the analysis. At the time of 

consent for long-term follow-up in October 2017, 3 patients had died from disease 

progression, 2 patients declined consent, and 1 patient was lost to follow-up. Of the 

remaining 24 consented patients, 1 was lost to follow-up, and 23 were evaluable for long-

term follow-up (Fig. 1). Nine (39.1%) had metastatic disease, and 14 (60.9%) had early 

stage breast cancer. Median overall follow-up from EOT evaluation was 42 months (10–73 

months), as of June 2020.

Follow-up of patients who experienced a cardiac event while on study

Three of the 30 (10%) patients enrolled on the initial study experienced a CE (n = 2) or 

protocol-defined asymptomatic worsening of LVEF (n = 1) while on study [22]. Of the two 

patients who developed CE, one died of progressive breast cancer 16 months after last study 

treatment, with improvement in her heart failure symptoms (dyspnea and orthopnea). The 

second patient had early stage disease and experienced LVEF recovery on cardiac 

medications at 6 months after coming off study, followed by a LVEF asymptomatic decline 

to 35% after self-discontinuing cardiac medications (beta-blocker and ARB), 58.5 months 

after the last dose of HER2-targeted therapy. Both patients were included in the long-term 

follow-up analysis. The patient who had an asymptomatic decline in LVEF to 35% while on 

study died of progressive breast cancer before the 6-month study follow-up, and was not 

included in the long-term follow-up analysis.

Cancer treatment and outcomes

After completing treatment on study, 8 out of 9 (88.9%) patients with metastatic disease 

included in the long-term follow-up remained on HER2-targeted therapies (2 on 

trastuzumab, 3 on trastuzumab and pertuzumab, and 3 on T-DM1). For these patients, the 

average duration of treatment with HER2-targeted agents since their last study treatment 

dose was 42 months (24–62 months). Seven of the 9 patients with metastatic disease 

included in the long-term follow-up evaluation were alive at the time of this analysis and two 

had died of progressive disease, at 16 and 39 months after last study treatment respectively. 

For the 13 patients with early stage disease who completed study treatment, none had 

disease recurrence at the time of the current analysis, and none received additional HER2-

directed therapy. Fourteen of twenty-three (60.8%) patients had previously received systemic 

treatment with anthracyclines.

Cardiac function outcomes

LVEF data was available from 23 patients, with a median follow-up of 32 months (0–60 

months) since last study treatment. The mean LVEF was 44.9% ± 2.6 at study baseline, 

45.7% ± 6.3 at EOT, and improved to 52.1% ± 10.0 at long-term follow-up. For the 9 

patients with metastatic disease, the mean LVEF improved from 44.9% ± 8.0 at EOT to 

51.7% ± 10.7 at long-term follow-up. The LVEF of the 8 patients with metastatic disease 
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who remained on HER2-targeted therapy improved from 47.1% ± 4.9 at EOT to 54.8% ± 6.1 

at long-term follow-up. The LVEF of the 14/23 patients who received neo/adjuvant HER2-

targeted therapy on study also improved to 52.4% ± 9.9 at long-term follow-up, from 45.2% 

± 6.2 at EOT. There was no difference in the LVEF at long-term follow-up between patients 

who remained on HER2-targeted therapies after study completion and patients who did not 

(p = 0.436). The LVEF of the 14 patients who received prior treatment with anthracyclines 

improved to 51.5% ± 11.2 at long-term follow-up, from 43.9% ± 7.7 at EOT. The 9 patients 

who did not previously receive anthracyclines had improvement in LVEF to 53.0% ± 8.3 at 

long-term follow-up, from 41.7% ± 16.7 at EOT.

The outcomes of the patients who participated in the long-term follow up of the SAFE-

HEaRt trial are summarized in Figs. 1 and 2. Seventy-one percent (15/21) of patients who 

completed study treatment without any cardiac event experienced recovery of their LVEF to 

≥50%, including 6 patients with metastatic disease who continued on HER2-directed agents 

beyond study participation. Sixty percent (9/15) remained on cardiac medications, 6 of those 

having metastatic disease. Forty percent (6/15) were taken off cardiac medications, all with 

early stage disease. Twenty-four percent (5/21) of patients had stable LVEF of 40–49% and 

remained asymptomatic on cardiac medications, including 2 patients with metastatic disease 

on HER2-directed therapy. One patient (1/21, 5%) with early stage disease developed 

clinical symptoms of HF, 15 months after last dose of HER2-directed therapy and after 

being lost to follow-up. She has since re-established care with cardiology, with no change in 

her LVEF at 40–45%, and with progressive improvement in her symptoms with cardiac 

medication optimization. There were no new cardiac deaths at long-term follow-up.

Discussion

The SAFE-HEaRt study was the first prospective trial to provide safety information on the 

use of HER2-targeted therapies for patients with reduced LVEF and breast cancer [21, 22]. 

Since then, the results of the SCHOLAR trial, with a similar design, have also been reported 

confirming our findings in a group of 20 patients [23]. Nine-year follow-up of NSABP-B31, 

a large randomized phase 3 adjuvant trial, has shown that in patients without underlying 

cardiac disease at baseline, the addition of trastuzumab to adjuvant chemotherapy did not 

result in long-term worsening of cardiac function [9]. However, the NSABP-B31 follow-up 

cohort only included 20% of all patients enrolled in the study, and in that analysis, only two 

additional cardiac assessments were performed. Thus, that analysis may not be conclusive 

evidence regarding the long-term safety of trastuzumab, and long-term outcomes of 

exposure to trastuzumab in patients with already compromised cardiac function have not 

been reported. In contrast, in a retrospective cohort of almost 10,000 patients at a median 

follow-up of 5.4 years, trastuzumab was associated with a twofold increased risk of late HF 

compared to chemotherapy alone, although the absolute risk was low [24].

The long-term follow-up of the SAFE-HEaRt study is the first report of the cardiac safety of 

HER2-targeted therapy in patients with compromised cardiac function with close cardiac 

monitoring and use of cardioprotective agents. At 3.5-year follow-up, there was only one 

new cardiac event, no cardiac deaths, and 89% of patients with metastatic disease who 

participated on the study and consented for long-term follow-up were able to remain on 
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therapy beyond 1 year. There was an improvement in mean LVEF overall, including in those 

patients who were maintained on HER2-targeted therapies, and in patients with prior 

anthracycline use. This observed improvement in LVEF is most consistent with the effect of 

treatment with carvedilol and/or ACE inhibitors and angiotensin receptor blockers in 

addition to lifestyle modifications and risk factor control, all of which were incorporated in 

this trial. Together, our results support the use of HER2-targeted therapies in patients with 

breast cancer and mildly reduced LVEF using a similar approach of concurrent cardiac 

therapy to the one used in the SAFE-HEaRt study.

Limitations of our study include the small sample size which significantly limited the 

number of patients who experienced a CE, and the relatively short period of follow-up, 

especially for patients with early stage disease where long-term cardiac consequences may 

have important clinical significance. Yet it is of significant relevance that the late 

development of cardiac events at 3.5-year follow-up in those with compromised cardiac 

function is uncommon. Another limitation of this study is selection bias, as LVEF at long-

term follow-up was compared between patients who remained on HER2-targeted therapy 

and those who did not; patients who remain on HER2-directed therapy are more likely to 

have better cardiac function, or to have metastatic disease. Our study utilized dedicated 

cardio-oncology clinics which may not be widely available, thus potentially limiting its 

applicability to smaller community oncology practices. We believe that recent growth in 

awareness and education about cardio-oncology topics among larger cardiology community 

creates an opportunity for future large-scale pragmatic trials investigating the feasibility of a 

collaborative approach in management of patients with LV dysfunction and ongoing HER2-

targeted treatment [25, 26].

Our study was the first to uniquely address the need of the small group of patients that may 

be at the highest risk for adverse oncology and cardiology outcomes, and has been included 

in recent proposals for comprehensive cardiac safety in oncology patients [27, 28].

In conclusion, continued multi-disciplinary oncologic and cardiac care of patients is 

essential for improved patient outcomes, given the large clinical benefit provided by HER2-

targeted therapies in both early and advanced breast cancer. This long-term follow-up 

analysis continues to provide data that supports the use of HER2-targeted therapies in 

patients with breast cancer and mildly reduced LVEF, utilizing a cardiac regimen and 

monitoring strategy similar to the one used in the SAFE-HEaRt study.
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Fig. 1. 
Outcomes of participants in the long-term follow-up of the SAFE-HEaRt trial (f/u: follow-

up, CE: cardiac event, LVEF: left ventricular ejection fraction)
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Fig. 2. 
Long-term follow-up for SAFE-HEaRt participants (LVEF: left ventricular ejection fraction)
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