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OBJECTIVES This study sought to evaluate the safety of continuing trastuzumab in patients with human epidermal

growth factor receptor–positive breast cancer who developed mild cardiotoxicity.

BACKGROUND Cardiotoxicity is the most common dose-limiting toxicity associated with trastuzumab. Current stan-

dard of care is discontinuation of trastuzumab, which can lead to worse cancer outcomes. It is unknown whether it is safe

to continue trastuzumab despite mild cardiotoxicity.

METHODS Patients were eligible for this phase I, prospective, single-arm trial if left ventricular ejection fraction (LVEF)

was between 40% and the lower limit of normal or if it fell $15% from baseline. Participants were treated with

angiotensin-converting enzyme (ACE) inhibitors and/or beta-blockers in a cardio-oncology clinic and were followed

clinically and with serial echocardiograms for 1 year. The primary outcome was cardiac dose-limiting toxicity, defined as

cardiovascular death, LVEF <40% together with any heart failure symptoms, or LVEF <35%.

RESULTS All 20 participants received ACE inhibitors and/or beta-blockers. A total of 18 participants (90%) received all

planned trastuzumab doses. Two (10%) participants developed cardiac dose-limiting toxicity (heart failure with LVEF<40%).

Their LVEF and heart failure symptoms improved to nearly normal following permanent trastuzumab discontinuation. There

were no deaths. LVEF rose progressively from a mean of 49% at enrollment to 55% at 12 months (p < 0.001).

CONCLUSIONS It may be feasible to continue trastuzumab despite mild cardiotoxicity in the setting of a cardio-oncology

clinic, where ACE inhibitors and beta-blockers are administered. Approximately 10% of patients may develop moderate to

severe heart failure using this approach. (Safety of Continuing Chemotherapy in Overt Left Ventricular Dysfunction Using

Antibodies to Human Epidermal Growth Factor Receptor-2 [SCHOLAR]; NCT02907021) (J Am Coll Cardiol CardioOnc
2019;1:1–10) © 2019 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
B reast cancer is the most common cancer
among women. One in 5 women with breast
cancer has human epidermal growth factor re-

ceptor (HER2)–positive disease (1). Trastuzumab is a
monoclonal antibody acting on the HER2 receptor. It
results in improved overall survival and reduced
risk of recurrent disease in early stage HER2-
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manifests as impaired left ventricular (LV) function,
and in some cases clinical heart failure, is the most
common dose-limiting toxicity associated with tras-
tuzumab therapy (4,5). Trastuzumab cardiotoxicity
is often mild, however. In series of patients with tras-
tuzumab cardiotoxicity, trastuzumab did not cause
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cardiac myocyte necrosis (6,7), and impaired LV func-
tion (as measured by LV ejection fraction [LVEF])
generally returns toward baseline following discon-
tinuation of trastuzumab (2).
SEE PAGE 11 ARB = angiotensin receptor

blocker

cDLT = cardiac dose-limiting

toxicity

HER = human epidermal

growth factor receptor

LV = left ventricular

LVEF = left ventricular

ejection fraction
Breast cancer clinical practice guidelines recom-
mend withholding or discontinuing trastuzumab if LV
function declines by greater than 10% to 15%, or
below the lower limit of normal (<54% for women)
(8,9). Although cardiotoxicity can be life-threatening,
there is evidence to indicate that incomplete trastu-
zumab therapy leads to worse cancer outcomes,
including higher cancer recurrence rates and higher
mortality rates (10,11). These observations led us to
question current guidelines that suggest holding or
discontinuing trastuzumab therapy in the presence of
LV myocardial injury (and especially when LV injury
is mild).

Angiotensin-converting enzyme (ACE) inhibitors
and beta-blockers are effective at improving
LVEF in nonischemic cardiomyopathy, including
chemotherapy-induced LV dysfunction (12). We
speculated that the use of ACE inhibitors and beta-
blockers could prevent further decline in LV func-
tion in patients with trastuzumab cardiotoxicity.

The primary objective of the SCHOLAR (Safety of
Continuing Chemotherapy in Overt Left Ventricular
Dysfunction Using Antibodies to Human Epidermal
Growth Factor Receptor-2) trial was to determine the
safety and tolerability of a strategy of continued
administration of trastuzumab in combination with
therapy for LV myocardial injury (by using ACE
inhibitors and beta-blockers) in patients with stage I
to III HER2-positive breast cancer and LV injury sec-
ondary to trastuzumab. The secondary objective was
to measure the change in LVEF with ongoing trastu-
zumab (coupled with standard-of-care treatments for
LV impairment) in patients experiencing mild or
moderate cardiotoxicity.

METHODS

SCHOLAR is a modified phase I, single-arm clinical
trial conducted at the Juravinski Hospital and Cancer
Centre in Hamilton, Canada. The study was approved
by the Institutional Research Ethics Committee. All
participants provided written informed consent.

ELIGIBILITY CRITERIA. Patients were eligible for in-
clusion if they fulfilled all the following criteria: 1)
stage I to III HER2-positive breast cancer (defined as
immunohistochemical staining for HER2 protein as
3þ or immunohistochemistry score of 2þ and in situ
hybridization with an amplification ratio of $2.0); 2)
current adjuvant therapy with trastuzumab;
and 3) LV myocardial injury as evidenced by
either: a) LVEF between 40% and 54%, cor-
responding to the lower limit of normal in
women (13); or b) LVEF within normal limits
(i.e., $54% in women) and an absolute fall in
LV ejection fraction of $15% from baseline.
Patients were excluded if any of the following
criteria were fulfilled: 1) current New York
Heart Association functional class III or
IV heart failure; 2) systolic blood pressure
<90 mm Hg; 3) current use of both an ACE
inhibitor or angiotensin receptor blocker and

a beta-blocker; 4) contraindications to both ACE in-
hibitor angiotensin receptor blocker and beta-blocker
therapy; or 5) refusal to consent to participate in
the study.

STUDY PROCEDURES. Initially, a cohort of 5 partici-
pants was to be enrolled. These patients all continued
to receive trastuzumab every 3 weeks for 1 year or 18
cycles. All participants were also to be prescribed
standard-of-care treatment for patients with LV sys-
tolic dysfunction, including a beta-blocker, and an
ACE inhibitor at the maximum doses tolerated. Car-
diac dose-limiting toxicity (cDLT) was defined as the
occurrence of any of the following: 1) cardiovascular
death; 2) LVEF <40% together with any heart failure
symptoms; or 3) LVEF <35%. If at any time 1 or more
of the first 5 participants developed cDLT, de-
escalation would occur. De-escalation would involve
a change in the eligibility criteria to exclude patients
with an LVEF <45% and patients with New York Heart
Association functional class II, III, or IV heart failure.
A further 5 patients would then be recruited. If 2 or
more of the second 5 participants developed cDLT
after de-escalation, the intervention would be
considered unsafe, and the study would be closed. If
the intervention was considered safe, by using either
the initial eligibility criteria or the de-escalated
eligibility criteria, the study would be closed after
20 participants had completed follow-up. If at
any time during the study >20% of participants
developed cDLT, the intervention would be consid-
ered unsafe, and the study would be closed.

Trastuzumab would be discontinued if any of the
following occurred: 1) cDLT; 2) the participant
requested trastuzumab discontinuation; 3) there was
evidence of rapid cancer progression; 4) unacceptable
noncardiac trastuzumab toxicity developed; or 5) all
initially planned trastuzumab doses were completed.

STUDY VISITS. Consecutive, potentially eligible pa-
tients were referred to the cardio-oncology service by
their medical oncologist, where they were screened
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for recruitment. Following the provision of informed
consent, participants were prescribed an ACE inhibi-
tor or a beta-blocker by the cardiologist. After the
baseline visit, where cardiac medications were initi-
ated, cardiology visits were mandated at 3 � 1 weeks,
6 � 1 weeks, 3 months � 1 week, 6 months � 1 week,
9 months � 1 week, and 12 months � 1 week following
the baseline visit. At each visit, information on heart
failure symptoms and signs and medication use was
collected. Additional visits were permitted if clini-
cally indicated.

STUDY INTERVENTION. The goal was to initiate both
an ACE inhibitor and a beta-blocker in each partici-
pant. To avoid first-dose hypotension, it was recom-
mended that the initiation of the ACE inhibitor and
the beta-blocker be staggered. The participant was
instructed to commence taking 1 drug immediately
and the other drug subsequently if the participant
had not observed severe dizziness or syncope. The
choice of which of the 2 drugs to start first was left to
the discretion of the treating cardiologist.

For the ACE inhibitor, if the systolic blood pressure
was at least 90 mm Hg and there was no contraindi-
cation to ramipril, ramipril was prescribed at an initial
dose of 1.25 to 2.5 mg once daily. The dose of ramipril
was assessed at each study visit and titrated accord-
ingly up to a target dose of 10 mg once daily. Each
increase in dose was individualized; for instance, if
the participant has a systolic blood pressure of
>150 mm Hg, the ramipril dose was increased by 2.5
to 5 mg at a time, whereas if the participant had a
systolic blood pressure between 100 and 110 mm Hg,
smaller ramipril dose increases of 1.25 mg at a time
were recommended. Changes in ACE inhibitor dose
could be made at protocol-mandated study visits or at
additional visits if clinically indicated. If the partici-
pant developed symptomatic hypotension or the
systolic blood pressure was <90 mm Hg, the dose of
ramipril was reduced to the highest dose that did not
result in symptomatic hypotension or systolic
blood pressure <90 mm Hg. If intractable cough
developed while the participant was taking ramipril,
candesartan was prescribed instead. The initial dose
of candesartan was 4 mg once daily and was titrated
up to a target dose of 32 mg once daily according to a
similar approach as for ramipril. Serum potassium
and creatinine concentrations were measured within
6 weeks of ACE inhibitor initiation. The ACE inhibitor
was discontinued if the serum potassium concentra-
tion was $5.5 mmol/l or if the serum creatinine con-
centration doubled from baseline.

For the beta-blocker, carvedilol (or if the partici-
pant was intolerant to carvedilol, then bisoprolol) was
recommended. If the systolic blood pressure was at
least 90 mm Hg, the heart rate was at least 55 beats/
min, and there was no contraindication to carvedilol,
carvedilol was prescribed at an initial dose of 3.125 to
6.25 mg twice daily. Titration of carvedilol dose fol-
lowed a similar approach to titration of the ACE in-
hibitor, except that in addition to the lower threshold
of acceptable systolic blood pressure of 90 mm Hg, a
lower threshold of acceptable resting heart rate was
55 beats/min. The target doses of carvedilol and
bisoprolol were 25 mg twice daily and 10 mg daily,
respectively.

EVALUATION OF LEFT VENTRICULAR EJECTION

FRACTION. In all participants, LVEF was measured at
6 � 1 weeks, 3 months � 1 week, 6 months � 1 week,
9 months � 1 week, and 12 months � 1 week from
baseline. Extra LVEF measurements were permissible
at the physician’s discretion.

Three-dimensional echocardiography was the
preferred modality by which LVEF was measured. If
3-dimensional echocardiography was not possible for
technical reasons, 2-dimensional echocardiography
was the modality by which LVEF was measured.
Measurement of LVEF was performed by a clinical
cardiologist who was not necessarily a study
investigator.

OUTCOMES. The primary safety outcome was the
development of cDLT. The efficacy outcome was the
number of trastuzumab cycles completed after
enrollment as a proportion of the originally planned
number of trastuzumab cycles. The secondary safety
outcomes included symptomatic hypotension,
symptomatic bradycardia, hyperkalemia (defined as
serum potassium concentration $5.5 mmol/l), acute
kidney injury, and LVEF expressed as a contin-
uous variable.

STATISTICAL ANALYSIS. Continuous variables are
presented as mean � SD. Categorical variables are
presented as a number (percentage). For the primary
outcome we report the frequency of the occurrence of
cDLT. Change in LVEF over time was evaluated by
linear mixed-effects models, with the participant
included as a random effect to account for the
increased likelihood that each individual’s LVEFs
were correlated with their other LVEFs. An indepen-
dent covariance structure was assumed. Because
many participants had extra echocardiograms per-
formed (in excess of those prescribed by the proto-
col), we analyzed LVEFs by grouping them by when
they were measured relative to the enrollment echo-
cardiogram (0 to 3, 3 to 6, 6 to 9, 9 to 12, and 12 to
24 months after enrollment). We also conducted an
analysis in which LVEFs were grouped according to



TABLE 1 Participant Characteristics (N ¼ 20)

Age, yrs 59 � 11

Ethnicity

Caucasian 17 (85)

African 1 (5)

Persian 1 (5)

Indigenous 1 (5)

Hypertension 5 (25)

Systolic blood pressure, mm Hg 130 � 17

Diastolic blood pressure, mm Hg 78 � 9

Heart rate, beats/min 83 � 14

Hyperlipidemia 3 (15)

Diabetes 1 (5)

Smoking

Never 14 (75)

Current 1 (5)

Former 5 (25)

Alcohol

Never 6 (30)

Current 12 (60)

Former 2 (10)

Weight, kg 81 � 21

Body mass index, kg/m2 30 � 7

Laterality

Left 9 (45)

Right 9 (45)

Bilateral 2 (10)

Cancer stage

I 4 (20)

IIa 6 (30)

IIb 4 (20)

IIIa 5 (25)

IIIb 1 (5)

Estrogen receptor positive 15 (75)

Progesterone receptor positive 10 (50)

Surgery

Mastectomy 13 (65)

Breast conserving 7 (35)

Radiotherapy 17 (65)

Chemotherapy 20 (100)

Hormonal therapy

Tamoxifen 3 (15)

Aromatase inhibitor 11 (55)

Cardiovascular medications

ACE inhibitor 2 (10)

Beta-blocker 2 (10)

Diuretic agent 2 (10)

Statin 3 (15)

Aspirin 2 (10)

Values are mean � SD or n (%).

ACE ¼ angiotensin-converting enzyme; SCHOLAR ¼ Safety of Continuing
Chemotherapy in Overt Left Ventricular Dysfunction Using Antibodies to Human
Epidermal Growth Factor Receptor-2.
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whether they were measured while participants were
still receiving trastuzumab or after trastuzumab
completion. Pairwise comparisons of LVEFs between
different time points were performed with p values
corrected for multiple comparisons by using Bonfer-
roni’s adjustment. Any p values <0.05 were consid-
ered statistically significant. Statistical analysis was
performed using STATA software version 15.1 (Stata-
Corp., College Station, Texas).

RESULTS

A total of 20 consecutive eligible patients consented
to participate. There were no eligible patients
identified who declined participation. Participants’
baseline characteristics are presented in Table 1.
All patients studied were women. Before enrollment,
the mean anthracycline dose administered was
223 mg/m2, and 16 (80%) of the cohort received dose-
dense doxorubicin, cyclophosphamide, and paclitaxel
(AC/T), whereas the remainder received doxorubicin
and cyclophosphamide (AC) alone. The median time
from the last dose of anthracycline to the initiation of
trastuzumab was 34 days (range 21 to 147 days). The
median (25th to 75th percentile) number of days from
measurement of the index reduced LVEF and enroll-
ment was 32 days (range 20 to 57 days). All SCHOLAR
participants were in New York Heart Association
functional class I at the baseline visit. No participant
had a history of heart failure, coronary revasculari-
zation, pacemaker, implantable defibrillator, or car-
diac surgery before to initiating trastuzumab. The
mean LVEF following AC chemotherapy and before
any trastuzumab exposure was 60 � 3%. The mean
LVEF at the time of enrollment was 49 � 2%. The
number of trastuzumab doses received before study
enrollment is presented in Figure 1. The mean number
of trastuzumab doses received before enrollment was
7 � 3 (range 2 to 13). No SCHOLAR participant was
taking both an ACE inhibitor and a beta-blocker at
enrollment, although 4 (20%) were taking 1 of these
medications.

CARDIOVASCULAR THERAPIES. The use rates of
ACE inhibitors and beta-blockers are displayed in
Table 2. This demonstrates high adherence to at
least 1 cardiovascular medication. Average blood
pressure and heart rate fell following the initiation
of cardiovascular medications (Table 2). A total of
4 participants (20%) achieved the target dose of
ACE inhibitor or angiotensin receptor blocker
(ARB), and 5 (25%) achieved the target dose of
beta-blocker.
OUTCOMES. Pr imary safety outcome. There were
no deaths observed among SCHOLAR participants.
Two participants (10%; 95% confidence interval: 1%
to 32%) developed cDLT. These participants’ LVEFs
fell to a trough of 28% and 26% 15 and 6 weeks
after enrollment, respectively. These findings were



FIGURE 1 Number of Trastuzumab Doses Received Before and After Enrollment, by Participant ID

Participants #5 and #11 discontinued trastuzumab permanently because of cardiac dose-limiting toxicity. Participant #19 completed treatment

after 12 months of trastuzumab, amounting to 17 cycles; there was no plan to administer 18 cycles to this participant.
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associated with the development of New York Heart
Association functional class III and class IV heart
failure symptoms, respectively. In 1 patient, the
decline in LV function occurred at the same time
a hormone-secreting adrenocortical carcinoma was
detected. The other patient was 65 years of age
and was a reformed smoker with a history of
hypertension but was not diabetic and did not
have known coronary artery disease. Following
permanent trastuzumab discontinuation, their
respective LVEFs recovered to 56% and 47%, and
TABLE 2 Use Rates of ACE Inhibitors or ARB and Beta-Blockers, Bloo

Time Period

Neither ACE
Inhibitor/ARB nor

Beta-Blocker

Either ACE
Inhibitor/ARB or
Beta-Blocker

Baseline 16 (80) 4 (20)

3 weeks 0 (0) 7 (35)

6 weeks 0 (0) 3 (15)

3 months 0 (0) 1 (5)

6 months 0 (0) 2 (10)

9 months 2 (10) 3 (15)

12 months 2 (15) 4 (25)

Values are n (%) or mean � SD.

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker.
both patients had symptoms improved to New York
Heart Association functional class I.
Efficacy outcome. The number of trastuzumab
doses administered before and following enrollment
for each participant is displayed in Figure 1. Following
enrollment, all participants received additional doses
of trastuzumab. In all cases, except the 2 where cDLT
occurred, all a priori planned trastuzumab doses were
administered (Figure 1). Thus, 90% (95% confidence
interval: 68% to 99%) of participants received the
planned number of trastuzumab doses.
d Pressure, and Heart Rate Over Time

Both ACE
Inhibitor or ARB
and Beta-Blocker

Blood Pressure
(Systolic/Diastolic),

mm Hg
Heart Rate,
beats/min

0 (0) 130 � 17/78 � 9 83 � 14

13 (65) 127 � 12/76 � 11 71 � 13

17 (85) 120 � 15/73 � 9 72 � 11

19 (95) 120 � 16/75 � 9 75 � 11

18 (90) 120 � 14/74 � 9 68 � 10

14 (75) 119 � 14/70 � 12 70 � 9

10 (60) 121 � 13/76 � 8 73 � 12
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(A) Left ventricular ejection fraction (LVEF) progressively increased despite ongoing trastuzumab in individuals with mild trastuzumab cardiotoxicity when trastuzumab

was accompanied by the administration of an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker and/or a beta-blocker. #p < 0.001 as compared

with the enrollment left ventricular ejection fraction indicating significant improvement in left ventricular ejection fraction as compared with the left ventricular

ejection fraction at enrollment. (B) Left ventricular ejection fraction while continuing trastuzumab and after completion of trastuzumab. *p ¼ 0.53 compared with left

ventricular ejection fraction at enrollment; #p ¼ 0.025 compared with left ventricular ejection fraction at enrollment.
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Secondary safety outcomes. One participant
developed a single episode of symptomatic hypo-
tension while taking both an ACE inhibitor and a beta-
blocker during follow-up. This episode resolved
spontaneously without requiring the discontinuation
of either the ACE inhibitor or the beta-blocker.
Another participant experienced an episode of dizzi-
ness and withheld her beta-blocker temporarily until
symptoms resolved and then resumed taking the drug
at a lower dose. No participants developed symp-
tomatic bradycardia, acute kidney injury, or
hyperkalemia.

Central Illustrations A and B display the average
LVEF, and Figure 2 is a spaghetti plot of individual
LVEFs. There was a progressive increase in mean
LVEF following the initiation of cardiovascular med-
ications. As compared with the LVEF at the time of
enrollment into SCHOLAR, the 12-month LVEF was
statistically significantly higher by 5.6% (p < 0.001).
However, the LVEF at 12 months failed to return to
the same level as the pre-trastuzumab LVEF (a 4.8%
decrease; p ¼ 0.040).

The average LVEF grouped according to whether
the participants were on or off trastuzumab is dis-
played in the Central Illustration. Compared with
enrollment, there was no significant fall in LVEF
during trastuzumab (and ACE inhibitor or ARB and/or
beta-blocker) treatment. Following trastuzumab
completion, there was a significant rise in LVEF.

DISCUSSION

The major findings from SCHOLAR are that in women
with early-stage breast cancer who develop mild
cardiotoxicity secondary to trastuzumab, a strategy of
continuing trastuzumab in combination with therapy
for LV dysfunction (cardio-oncology clinic assess-
ment and ACE inhibitor or ARB and beta-blocker
therapy) is associated with a 10% incidence of acute
moderate to severe heart failure (Central Illustration).
However, this strategy did lead to the uninterrupted
use of trastuzumab in 90% of individuals, no patient
died of a cardiovascular complication, and all patients
had improved LVEFs after enrollment.

CUMULATIVE DOSE DEPENDENCY OF TRASTUZUMAB.

Current standard of care is to hold or discontinue
trastuzumab in the setting of impaired LV
function secondary to trastuzumab. However,
there is evidence to suggest that trastuzumab
duration <12 months leads to worse cancer outcomes.



FIGURE 2 LVEF Over Time Stratified by Participant

This spaghetti plot demonstrates that all but 2 participants exhibited stable left ven-

tricular ejection fraction (LVEF) while continuing to receive trastuzumab and that the

2 participants who experienced deterioration in left ventricular ejection fraction had

improvement in left ventricular ejection fraction after permanently discontinuing

trastuzumab.
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A recent chart review of 2,401 patients aiming to
complete 17 cycles of trastuzumab showed that there
was an 11.25% absolute increase in the risk of breast
cancer recurrence (17.5% vs. 6.25%) in patients who
had an interruption in their course of treatment
compared with those who did not (14). In PHARE
(Protocol of Herceptin Adjuvant With Reduced
Exposure, a Randomised Comparison of 6 Months vs.
12 Months in All Women Receiving Adjuvant Her-
ceptin), an open-label trial in which 3,384 patients
with HER2-positive early-stage breast cancer were
randomized to 6 or 12 months of trastuzumab,
disease-free survival was 28% better (95% confidence
interval: 5% to 56%) in those receiving 12 months of
therapy (10). A systematic review identified 7,614
patients in 4 trials that randomized participants to
12 months of trastuzumab versus shorter durations
(11). The study demonstrated that 12 months of tras-
tuzumab therapy resulted in better overall survival
(hazard ratio: 1.28; p ¼ 0.040) and cancer-free sur-
vival (hazard ratio: 1.24; p ¼ 0.005). A subsequent
trial, PERSEPHONE (Trastuzumab in Treating Women
With HER2-Positive Early Breast Cancer), did
demonstrate noninferiority of 6 versus 12 months of
trastuzumab therapy (15). However, the non-
inferiority margins in this trial were wide, and many
patients and physicians may not be willing to
conclude noninferiority on the basis of a 3% absolute
decrease in disease-free survival. Moreover, a high
proportion of patients in PERSEPHONE were at lower
risk of cancer recurrence. Therefore, these findings
are not sufficient to negate earlier data, and it is
desirable to complete a full 12 months of trastuzumab
for HER2-positive early breast cancer. In addition, the
majority of SCHOLAR participants developed car-
diotoxicity within 6 months of trastuzumab, so our
findings would be relevant for a substantial propor-
tion of trastuzumab recipients even if the treatment
goal was 6 months of trastuzumab.

SAFETY OF CONTINUING TRASTUZUMAB DESPITE

MANIFEST CARDIOTOXICITY. In clinical trials, the
rate of trastuzumab discontinuation, which is largely
the result of cardiotoxicity, ranges from 8.5% to 31.4%
(16). Rates of premature discontinuation of trastuzu-
mab secondary to cardiotoxicity in the nonclinical
trial setting are as high as 25% (7). Therefore, the
strategy of cardio-oncology referral and initiation of
cardiovascular therapies has the potential to enable
continuation of trastuzumab in the majority of pa-
tients with an acceptable level of risk of heart failure.
This finding has significant implications for many
trastuzumab recipients.

In a retrospective study of 573 patients with HER2-
positive breast cancer who were treated with adju-
vant trastuzumab, 16% developed cardiotoxicity
(defined by an absolute decrease in LVEF of $10%
to <55% or an absolute decrease of $16%) (17). Of
these patients with cardiotoxicity, trastuzumab was
continued uninterrupted in 31 patients, all of whom
were asymptomatic, with LVEF ranging from 50% to
63%. None of these patients developed heart failure
during follow-up. Of note, the patients who received
uninterrupted trastuzumab in this study were
younger and had a higher LVEF at baseline than did
patients who developed cardiotoxicity and had
interrupted trastuzumab therapy. Whether it is safe
to continue trastuzumab in all asymptomatic patients
regardless of potential risk factors is unknown. We
have recently reported our experience in continuing
trastuzumab despite mild trastuzumab cardiotoxicity
in the context of a cardio-oncology service (18).
Among 18 women who elected to continue trastuzu-
mab, 1 (6%) developed heart failure. All others were
able to continue trastuzumab successfully. We
designed SCHOLAR as a prospective study to extend
these retrospective findings.

SCHOLAR is, to our knowledge, 1 of only 2 trials
that have prospectively evaluated the safety of
continuing trastuzumab despite cardiotoxicity. SAFE-
HEaRT (Cardiac Safety Study in Patients With HER2-
Positive Breast Cancer) (19) is another prospective



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Breast cancer

patients treated with trastuzumab who have LVEF declines and

New York Heart Association functional class I heart failure may

continue trastuzumab with the careful institution of cardiologist-

prescribed heart failure medications, including ACE inhibitors,

ARBs, and/or beta-blockers.

TRANSLATIONAL OUTLOOK: Continuation of trastuzumab

with ACE inhibitors, ARBs, and/or beta-blockers is associated

with a risk of clinical heart failure. Additional research and larger

studies are necessary to confirm these findings and to establish

the risk-to-benefit ratio of this approach.
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single-arm trial with the same objective, although it
differed from SCHOLAR in that it included patients
with metastatic disease. In SAFE-HEaRT, 29 patients
treated with trastuzumab and 2 patients treated with
ado-trastuzumab emtansine with a mean baseline
LVEF of 45% were included. Of the 30 of these par-
ticipants who were evaluable, 90% completed the
planned HER2-targeted therapy, and 10% developed a
clinical cardiac event or LVEF fall to #35%. SCHOLAR
also demonstrates that although it may be feasible to
continue trastuzumab in many patients who develop
mild cardiotoxicity, there is an important risk of
progressive deterioration in LV systolic function and
of clinical heart failure. Because they are single-arm
trials, neither SCHOLAR nor SAFE-HEaRT can eval-
uate whether any cancer therapeutic benefit out-
weighs the risk of heart failure when adopting a
strategy of continuing trastuzumab despite mild car-
diotoxicity. A randomized controlled trial assessing
the risks of heart failure and the benefits with respect
to rates of trastuzumab completion is needed to bet-
ter understand whether the strategy of continuing
trastuzumab despite mild cardiotoxicity is advisable.
We believe that such a trial is particularly important
because LVEF did not normalize during follow-up in
the SAFE-HEaRT trial and did not return to levels
observed before the initiation of trastuzumab in
SCHOLAR. It is therefore plausible that the approach
taken in these 2 trials could cause myocardial injury
that does not recover and that predisposes patients to
future heart failure.

STUDY LIMITATIONS. Follow-up was limited to 1
year, so late changes in LVEF are not known. We did
not evaluate whether an ACE inhibitor and a beta-
blocker can be discontinued if LVEF returns to
normal after trastuzumab discontinuation. The
intervention in SCHOLAR was administered in a
dedicated cardio-oncology clinic at a single center.
Further research is necessary to evaluate whether this
intervention is feasible in other settings. The sample
size of this study is small. Further research is needed
to evaluate the net clinical benefit of the strategy
implemented in SCHOLAR. This study is unable to
fully inform the risk-to-benefit ratio of the strategy
used; data on breast cancer outcomes will be impor-
tant to understand whether the risk of heart failure
associated with this strategy is acceptable.

CONCLUSIONS

It may be feasible to continue trastuzumab uninter-
rupted in patients with mild cardiotoxicity, when
trastuzumab is administered in combination with
cardioprotective medication in a cardiology clinic
that can perform intensive monitoring, such as a
cardio-oncology service. The risk of moderate to se-
vere heart failure is approximately 10%, and the pa-
tients observed improved following trastuzumab
discontinuation.

ADDRESS FOR CORRESPONDENCE: Dr. Darryl P.
Leong, C2-238 David Braley Building, Hamilton Gen-
eral Hospital, 237 Barton Street East, Hamilton,
Ontario L8L 2X2, Canada. E-mail: leongd@phri.ca.
Twitter: @DarrylLeong.
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