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EDITORIAL COMMENT

Trastuzumab Cures Cancer and
Disrupts the Practice of Cardiology*

L)

Richard M. Steingart, MD, Anthony F. Yu, MD, Chau T. Dang, MD

t is fitting that the inaugural issue of JACC:

CardioOncology presents a manuscript dealing

with how to best use the anti-HER2 drug trastu-
zumab (1). The explosive growth of the field of
cardio-oncology was likely catalyzed by the approval
of trastuzumab in 2006 as adjuvant therapy for HER2-
positive breast cancer. A common and more often
than not fatal form of breast cancer became a curable
disease, if the potentially dire cardiac side effects of
trastuzumab could be deftly navigated.

SEE PAGE 1

In 2002, a team led by cardiologists and oncologists
from Memorial Sloan Kettering Cancer Center in New
York described the unexpected syndrome of cardiac
dysfunction associated with the administration of
trastuzumab (2). This toxicity was recognized only
late in trastuzumab development when the agent
was systematically paired with anthracyclines for
the treatment of metastatic breast cancer. Cardiac
dysfunction was particularly common when trastu-
zumab and anthracyclines were given at the same
time (27%), still present but less often when trastu-
zumab was given after anthracyclines (13%), and
estimated to be rare when trastuzumab was used
without anthracyclines (2). Because oncologists real-
ized how effective trastuzumab was as a breast cancer
agent, urgent plans were made to limit the potential
for cardiac toxicity when trastuzumab would be used
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as adjuvant therapy. With adjuvant therapy for breast
cancer, large numbers of women were now likely to
survive their HER2-positive breast cancer and should
not be subject to disability or death from heart failure.
During planning of pivotal studies of trastuzumab in
the adjuvant setting, it was judged that there would
be at least an 8% absolute survival benefit from
trastuzumab at 10 years (70% vs. 62%) (3). Given this
level of expected benefit, study planners somewhat
arbitrarily agreed that an absolute increase of 4% in
the incidence of cardiac events with trastuzumab,
defined as confirmed New York Heart Association
(NYHA) functional class III or IV heart failure or
possible or probable cardiac death attributable to
trastuzumab would be acceptable, and patient accrual
could be continued to study conclusion. If at any
interim analysis the difference in cardiac events with
versus without trastuzumab was statistically >4%
(1-sided p <0.05), accrual was to be suspended (3).
Accordingly, strict monitoring of left ventricular
ejection fraction (LVEF) and trastuzumab stopping
criteria were used in the pivotal trastuzumab adju-
vant trials to identify at-risk patients. The in-
vestigators reasoned that if trastuzumab was stopped
for a fall in LVEF, these women would not experience
advanced heart failure or cardiac death during the
study period, and the trial could continue to
completion. The trials were in fact successfully
completed and demonstrated a highly significant
improvement in survival with trastuzumab. On the
basis of those results, trastuzumab was approved in
2006 for use as adjuvant therapy in HER2-positive
breast cancer.

When this agent was introduced as adjuvant
therapy, the trastuzumab (Herceptin) prescribing
information (package insert) closely followed the
recommendations for suspension of trastuzumab
used in these pivotal clinical trials (4). The package

insert recommends assessing the LVEF before
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initiation of Herceptin and at regular intervals during
treatment. Moreover, it is recommended that Her-
ceptin is withheld for at least 4 weeks for any of the
following: =16% absolute decrease in LVEF from pre-
treatment values, LVEF below institutional limits of
normal, and =10% absolute decrease in LVEF from
pre-treatment values. Herceptin may be resumed if,
within 4 to 8 weeks, the LVEF returns to normal limits
and the absolute decrease from baseline is =15%.
Permanently discontinue Herceptin for a persistent
(>8 weeks) LVEF decline or for suspension of Her-
ceptin dosing on >3 occasions for cardiomyopathy.

These recommendations to suspend or discontinue
trastuzumab remain in effect today. These safety
recommendations persist even though we now un-
derstand that patients with an asymptomatic decline
in EF to above a level of 40% may never develop heart
failure despite continuing trastuzumab (5-7). Further,
a full year of trastuzumab prolongs disease-free and
overall survival in patients with HER2-positive breast
cancer (8), and premature and permanent discontin-
uation of trastuzumab because of cardiac toxicity has
been associated with adverse cardiac and cancer
outcomes (9,10). Finally, the anticipated disease-free
survival benefit from trastuzumab that somewhat
arbitrarily shaped the original safety guidelines
actually underestimated the anticancer efficacy of
trastuzumab (11,12). Thus, there is a strong rationale
to revisit the initial trastuzumab safety guidance in an
attempt to capitalize more fully on the therapeutic
potential of trastuzumab therapy.

Leong et al. (1) present an elegant, small, single-
arm and thus necessarily limited trial that adds to
the understanding of the risks of trastuzumab breast
cancer therapy. In SCHOLAR (Safety of Continuing
CHemotherapy in Overt Left Ventricular Dysfunction
using Antibodies to Human Epidermal Growth Factor
Receptor-2), patients treated with anthracyclines
followed by trastuzumab were enrolled if they had an
LVEF between 40% and 54% or a fall in LVEF =15%
from baseline without symptoms of NYHA functional
class III or IV heart failure. All 20 eligible participants
referred by oncologists for study agreed to participate
and were enrolled. All were treated with angiotensin-
converting enzyme inhibitors and/or beta-blockers
during continued trastuzumab therapy and were fol-
lowed carefully with clinical assessments and echo-
cardiograms in a cardiology clinic. The primary
outcome was dose-limiting cardiac toxicity defined as
cardiovascular death, LVEF <40% with any heart
failure symptoms, or any LVEF <35%. Eighteen pa-
tients (90%) received all planned trastuzumab doses,
and in 2 (10%), heart failure with LVEF <40% devel-
oped. In these 2 patients the trough LVEFs were 28%
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and 26% but improved to 56% and 47%, respectively,
after permanent discontinuation of trastuzumab
therapy. Importantly, both patients’ symptoms
improved to NYHA functional class I with medical
therapy.

SAFE-HEaRt (Prospective evaluation of the cardiac
safety of HER2-targeted therapies in patients with
HER2-positive breast cancer and compromised heart
function) is the other trial that prospectively evalu-
ated the safety of continuing trastuzumab despite
evidence for mild cardiotoxicity (5). SAFE-HEaRt
results were quite similar to those of SCHOLAR;
29 of 31 trastuzumab-treated patients were able to
complete their planned course, whereas 2 had a
clinical event or the EF fell to <35%. In practice and
clinical trials, the rate of discontinuation of trastu-
zumab, largely because of cardiac toxicity, varies
between 8% and 31% (10,13). Therefore, strategies to
enable continued trastuzumab dosing despite rela-
tively mild forms of cardiac toxicity have the po-
tential to allow significantly more women to be fully
and thus more effectively treated for their breast
cancer. With their limited size and single-arm
design, SCHOLAR and SAFE-HEaRt do not provide
the information required to accurately assess
whether the added cardiac risk offsets the expected
gains in breast cancer outcomes from a full course of
trastuzumab therapy.

It is reassuring that using the existing stopping
rules for trastuzumab, the rates of heart failure
remain low for as long as 11 years of follow-up (12).
In other words, in long-term follow-up trials,
trastuzumab-related modest falls in LVEF below the
lower limit of normal in women without NYHA
functional class III or IV heart failure have not been
associated with a measurably increased rate of heart
failure in the long term if trastuzumab is stopped.
One can speculate that if guideline-directed medical
therapy with angiotensin-converting enzyme in-
hibitors or beta-blockers stabilizes patients after a fall
in LVEF and prevents further LVEF decline, late heart
failure will continue to be relatively less common and
will not diminish the expected improvement in breast
cancer survival when more women receive a com-
plete course of trastuzumab.

But this is just speculation. SCHOLAR is limited to
a 1-year follow-up, so late changes in LVEF or cardiac
symptoms are not known. Several patients in this
study had only modest impairment of left ventricular
systolic function with an LVEF >50% at the time of
enrollment. They were motivated participants very
carefully followed with echocardiograms and clinical
assessments in a dedicated cardio-oncology clinic.
Guideline-directed medical therapy was aggressively
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pursued, although dosing was submaximal in many
patients.

Despite hundreds of thousands of women being
treated with trastuzumab since its introduction as an
adjuvant therapy for breast cancer, the information
available to date is much too limited to fully inform
the risks and benefits of continuing trastuzumab in
the presence of mild cardiomyopathy. Specifically,
longer follow-up data in more patients will be needed
to determine whether the expected improvement in
breast cancer outcomes driven by more complete
courses of trastuzumab outweigh the potential risk of
heart failure associated with a SCHOLAR-like strategy
of patient monitoring and treatment. Larger studies
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are also needed to identify predictors of favorable
cardiac outcomes in patients with mild cardiotoxicity
who continue trastuzumab treatment. This first
issue of JACC: CardioOncology is emblematic of the
enthusiasm and newly found power of the field of
cardio-oncology. We should channel this energy into
larger-scale, cooperative studies that address this
pivotal question.

ADDRESS FOR CORRESPONDENCE: Dr. Richard M.
Steingart, Cardiology Service, Memorial Sloan Kettering
Cancer Center, 1275 York Avenue, New York, New
York 10065, USA. E-mail: steingar@mskcc.org. Twitter:
@sloan_kettering.

REFERENCES

1. Leong DP, Cosman T, Alhussein MM, et al.
Safety of continuing trastuzumab despite mild
cardiotoxicity: a phase | trial. J Am Coll Cardiol
CardioOnc 2019;1:1-10.

2. Seidman A, Hudis C, Pierri MK, et al. Cardiac
dysfunction in the trastuzumab clinical trials
experience. J Clin Oncol 2002;20:1215-21.

3. Tan-Chiu E, Yothers G, Romond E, et al
Assessment of cardiac dysfunction in a random-
ized trial comparing doxorubicin and cyclophos-
phamide followed by paclitaxel with or without
trastuzumab as adjuvant therapy in node-positive,
human epidermal growth factor receptor 2-
overexpresing breast cancer: NSABP B-31. J Clin
Oncol 2005;23:7811-9.

4. HERCEPTIN [trastuzumab] Initial U.S. approval:
1998. Revised 11/2018. [package insert]. South
San Francisco, CA: Genentech, 2018.

5. Lynce F, Barac A, Geng X, et al. Prospective
evaluation of the cardiac safety of HER2-targeted
therapies in patients with HER2-positive breast
cancer and compromised heart function: the
SAFE-HEaRt study. Breast Cancer Res Treat 2019;
175:595-603.

6. Hussain Y, Drill E, Dang CT, et al. Cardiac out-
comes of trastuzumab therapy in patients with
HER2-positive breast cancer and reduced left
ventricular ejection fraction. Breast Cancer Res
Treat 2019;175:239-46.

7. Ewer MS, Vooletich MT, Durand J-B, et al.
Reversibility of trastuzumab-related cardiotox-
icity: new insights based on clinical course and
response to medical treatment. J Clin Oncol 2005;
23:7820-6.

8. Pivot X, Romieu G, Debled M, et al. 6 months
versus 12 months of adjuvant trastuzumab for
patients with HER2-positive early breast cancer
(PHARE): a randomised phase 3 trial. Lancet Oncol
2013;14:741-8.

9. Gong 1Y, Verma S, Yan AT, et al. Long-term
cardiovascular outcomes and overall survival of
early-stage breast cancer patients with early
discontinuation of trastuzumab: a population-
based study. Breast Cancer Res Treat 2016;157:
535-44.

10. Yu AF, Yadav NU, Lung BY, et al. Trastuzumab
interruption and treatment-induced cardiotoxicity

in early HER2-positive breast cancer. Breast Can-
cer Res Treat 2015;149:489-95.

11. Romond EH, Jeong J-H, Rastogi P, et al.
Seven-year follow-up assessment of cardiac
function in NSABP B-31, a randomized trial
comparing doxorubicin and cyclophosphamide
followed by paclitaxel (ACP) with ACP plus tras-
tuzumab as adjuvant therapy for patients with
node-positive, human epidermal growth factor
receptor 2-positive breast cancer. J Clin Oncol
2012;30:3792-9.

12. 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. Lancet 2017;389:1195-205.

13. Montserrat M, Leveque D, Barthelemy P,
Pergerat JP. Duration of adjuvant trastuzumab
treatment in routine practice. Anticancer Res
2012;32:4585-8.

KEY WORDS breast cancer, cardiomyopathy,
trastuzumab

13


mailto:steingar@mskcc.org
https://twitter.com/sloan_kettering
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref1
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref1
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref1
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref1
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref2
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref2
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref2
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref3
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref3
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref3
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref3
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref3
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref3
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref3
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref3
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref4
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref4
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref4
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref5
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref5
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref5
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref5
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref5
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref5
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref6
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref6
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref6
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref6
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref6
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref7
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref7
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref7
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref7
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref7
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref8
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref8
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref8
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref8
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref8
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref9
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref9
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref9
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref9
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref9
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref9
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref10
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref10
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref10
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref10
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref11
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref11
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref11
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref11
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref11
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref11
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref11
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref11
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref11
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref12
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref12
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref12
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref12
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref12
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref13
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref13
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref13
http://refhub.elsevier.com/S2666-0873(19)30002-X/sref13

	Trastuzumab Cures Cancer and Disrupts the Practice of Cardiology∗
	References


