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ABSTRACT

Introduction.We assessed the incidence and timing of first
cardiac events, impact on trastuzumab prescription, and role
of left ventricular ejection fraction (LVEF) monitoring in daily
practice of trastuzumab-treated patients with human epider-
mal growth receptor 2 (HER2)-positive early breast cancer.
Methods.We included all patientswith stage I–III breast cancer
diagnosed in the early years (2005–2007) after the introduction
of adjuvant trastuzumab in five hospitals in Southeast Nether-
lands.We studied the incidence and timing of cardiotoxicity in
patients treated with adjuvant trastuzumab, using similar
cardiac endpoints as in the Herceptin Adjuvant (HERA) trial.
Results. Of 2,684 included patients, 476 (17.7%) had a HER2-
positive tumor. Of these, 269 (56.9%) were treated with
adjuvant chemotherapy, and of these, 230 (85.5%) also
received trastuzumab. Cardiotoxicity was observed in 29 of
230 patients (12.6%). Twenty of the 230 patients (8.7%) had

symptomatic cardiotoxicity, defined as a drop in LVEF of at least
10 percentage points and to below 50%, accompanied by
symptoms of congestive heart failure. Trastuzumab was
definitely discontinued because of supposed cardiotoxicity in
36 patients (15.6%), of whom only 15 (6.5%) had a significant
LVEF drop. Of the 36 patients who prematurely discontinued
trastuzumab (including the 29 in whom cardiotoxicity was
observed), 84.8% stopped in the first 6 months. No cardiac
deaths were seen.
Conclusion. In the first years after implementation of trastuzu-
mab for treatment of early breast cancer, physicians frequently
based their decision to discontinue treatment on patient
symptoms apart from LVEF outcome.We suggest that focusing
LVEF monitoring on the first 6 months might be more cost-
effective without compromising patient safety. Nonetheless,
further research is needed. The Oncologist 2016;21:555–562

Implications forPractice:Knowledgeofwhencardiotoxicityoccurs indailypracticewillhelpshapethebest follow-upmethodforcardiac
monitoring in trastuzumab-treatedpatientswithhumanepidermal growth receptor 2-positive early breast cancer. In the first years after
implementationof trastuzumab for treatmentofearlybreastcancer,physicians frequentlybased theirdecision todiscontinue treatment
on patient symptoms apart from left ventricular ejection fraction (LVEF) outcome.When cardiotoxicity was found in daily practice, it
occurredmainly in the first 6months after start of trastuzumab.This study suggests that focusing LVEFmonitoring on the first 6months
mightbemore cost-effectivewithout compromisingpatient safety.This insight stresses the relevanceofperforming real-world analyses.

INTRODUCTION

Breast cancer is the most frequently diagnosed cancer in
women in The Netherlands and worldwide [1, 2]. Over-
expression of the human epidermal growth receptor 2 (HER2)
proteinandamplificationof theHER2gene is seen in15%–20%
of breast cancers. These result in a more aggressive course of

disease [3, 4], although recent analyses indicate that breast
cancermolecular subtypesmaybemore relevant forprognosis
than clinical HER2 status [5].

Trastuzumab is a humanized monoclonal antibody against
the extracellular domain of the HER2 tyrosine kinase receptor.
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Trastuzumabtrials inearlybreastcancer showedareductionof
the recurrence risk of about 50% and a 30% reduction in
mortality [3, 6–13], which next led to an almost worldwide
implementation of trastuzumab in daily practice [14, 15].

Yet, myocardial cells also express HER2, which induces a
cardioprotective effect on the heart in response to stress and
explains why the inhibition of HER2 by trastuzumab causes
an increased susceptibility for cardiotoxicity [16–18]. Early
studies in advanced breast cancer showed that cardiac
events were seen in 27% of patients when trastuzumab was
concurrently administeredwith an anthracycline and in 13%
when combined with paclitaxel [19, 20].

In adjuvant trials, the cardiac endpoints used and the
method and frequency of monitoring patients varied and
different cutoff points for the decrease of left ventricular
ejection fraction (LVEF) were used [7, 9, 10, 12, 13, 21]. A
cardiac event was reported in approximately 5%–10% of
patients in these randomized controlled trials and persisted
in about 20% of these. Although trastuzumab-induced
cardiotoxicity seems reversible in most patients in a strictly
monitored clinical trial setting, these results may be different
from what is seen in daily practice. In daily practice, cardio-
myopathywith LVEF levels of 20%–30%havebeenobserved in
patients treated with adjuvant trastuzumab, leading to a
higher level of temporary or permanent discontinuation of
therapy, as compared with the clinical trial setting [22–25].

AlthoughLVEFmeasurementsonceevery3monthsthrough-
out trastuzumab treatmenthavebeen thenorm,an ideal cardiac
monitoring strategy has not been clearly established. Focusing
the monitoring on the first 6 months might be more cost-
effective without compromising patient safety.

In our real-world study, we identified patients with HER2-
positive early breast cancer whowere treated with chemother-
apy and trastuzumab, and assessed the incidence and timing of
first cardiac events, their impact on trastuzumab prescription,
and the clinical relevance of LVEF monitoring over time.

PATIENTS AND METHODS

Study Design
This studywaspartof a largeobservational studyof all patients
(N 5 2,684) diagnosed with a stage I–III breast cancer in five
hospitals in SoutheastNetherlands between January 2005 and
December2007.Theresultsof real-lifeuseandeffectivenessof
adjuvant trastuzumab in this cohort have been reported
elsewhere [26]. Reimbursement of adjuvant trastuzumab in
TheNetherlandswasavailableasofSeptember2005; therefore,
patients with HER2-positive early breast cancer diagnosed in
2005 were eligible for treatment with trastuzumab following
initial adjuvant chemotherapy. These patients were identified
through The Netherlands Cancer Registry. For this analysis, all
patients with HER2-positive disease treated with trastuzumab
were included. In total, 476 patients (17.7%) had HER2-positive
disease; from this group, 269 received chemotherapy and 230
(48.3%) received neo-adjuvant trastuzumab.

Data Collection
Between2009and2011, datawere collected fromthepatients’
files by trained data managers under direct supervision of a
medical specialist and researchers.We retrospectivelycollected

the LVEF data of all patients. According to the Dutch guidelines,
LVEF measurements had to be performed before start of
trastuzumab and at least every 3 months until end of
trastuzumab treatment. Before start of trastuzumab treat-
ment, the LVEF had to be higher than 55% [27]. In addition to
the LVEF data, information on actual duration of trastuzumab
treatment was also collected.

Definitions of Endpoints
In this study, we used the cardiac outcome of the Herceptin
Adjuvant (HERA) trial to define cardiotoxicity in daily practice.
In the HERA trial, the New York Heart Association (NYHA)
functional classification was used to define the level of heart
failure. A clinically relevant LVEFdrop is definedby anabsolute
LVEF decline of at least 10 percentage points frombaseline to a
level below 50%. LVEF had to be determined by multigated
acquisition scan or ultrasound. A reduced LVEF level had to be
confirmed by repeated LVEF assessment approximately 3–5
weeks after the first documented drop [13]. An asymptomatic
LVEFdropwasdefinedasNYHAclass I, amild symptomatic drop
asNYHAclass II, andaseveredropasNYHAclass IIIor IV,ofwhich
the latter two had to be confirmed by a cardiologist [4, 13].

Statistical Analysis
We compared the patient and tumor characteristics between
the patients who experienced a cardiotoxic event and the
patientswhodidnot following treatmentwith trastuzumab for
HER2-positive disease.We assessed the incidence and timing
of cardiac events, including those in all patients who stopped
treatment with trastuzumab. Then we made a distinction
betweenthosewhodefinitely stoppedtrastuzumabtreatment
and those who temporarily stopped trastuzumab treatment.
Next, we analyzed the role of LVEF monitoring over time, and
we determined the impact on trastuzumab prescription.

Time on treatment was defined as time from the start of
treatment until definite cessation of treatment. When the
treatment was temporarily stopped, the time on treatment
was obtained with the Kaplan-Meier method. We obtained
data on when and if treatment was definitively stopped. The
median and interquartile range (IQR) of the time on treatment
were derived from this curve.

Six months after start of trastuzumab was considered a
landmark. At that time, every patientwas still at riskofdying of
breast cancer. Residual overall survival time was defined as
time from this landmark to date of death. All patients still alive
werecensoredatthedateof their last follow-up.Thedifference
in residual survival between patients who stopped taking
trastuzumab before the landmark and patients who stopped
after this point was addressed with the log-rank test.

At the landmark, three patients already had a disease
progression and were no longer at risk for progression. Residual
progression-free survival timewas defined from the landmark to
date of progression. All analyses were performed with SAS
version 9.2 (SAS Institute, Cary, NC, https://www.sas.com) [28].

RESULTS

Patients
Thebaselinepatientandtumorcharacteristicsof the230patients
treated with neo-adjuvant trastuzumab in daily practice are
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shown in Table 1. The chemotherapy regimens of patients
receiving adjuvant trastuzumab consisted of anthracycline (37%),
anthracycline and taxane (60%), taxane (2%) and therapy
containing no anthracyclines and no taxanes (0.9%). Of these
230patients, 164 completed trastuzumab treatment, 30patients
temporarily discontinued treatment, and 36 patients perma-
nently discontinued treatment.There were no patients reported
whodid not start trastuzumabbecauseof a lowLVEF.Therewere
20 patients who had an LVEF below 55% at the first LVEF
measurement; of these patients, 2 had LVEF below 50%. The
median age in the group that permanently discontinued
treatment was slightly higher than that of the group that
temporarily discontinued treatment. A tendency toward more
N0 tumors andmore estrogen-receptor (ER)-positive tumors in
patients permanently stopping trastuzumab treatment was
seen. Patients who permanently discontinued treatment had
also slightly smaller tumors. The presence of comorbidities,
more specifically, historyof cardiac or cerebrovascular diseases,
diabetes, and hypertension, did not differ between those who
continuedand thosewhodiscontinued trastuzumabbecauseof
supposedcardiotoxicity. Indailypractice,trastuzumabwasmost
often initiated after finishing treatment with chemotherapy
(n5187;80%),accordingtothetreatmentprotocolof theHERA
trial [3], especially in the first 2 years after introduction of
trastuzumab in The Netherlands.

Incidence of Cardiotoxicity
Of the 230 patients whowere treatedwith trastuzumab, none
diedof a cardiac event.Median follow-upwas5.0 years (range:
0.1–6.7 years). Severe congestive heart failure, defined as
symptomatic cardiotoxicity (defined as NYHA class III and IV)
with significant drop in LVEF (absolute decline of at least 10
percentage points from baseline LVEF and a reduction in LVEF
to below 50%), was observed in 20 of 230 patients (8.7%). A
confirmed significant drop in LVEF without symptoms was
observed in 9 of 230 patients (3.9%).Therefore, cardiotoxicity,
as defined in theHERA trial, was observed in 29of 230patients
(12.6%) in this real-world study. Of the total 230 patients
treated with trastuzumab, 15 (6.5%) definitely stopped
trastuzumab treatment at around 11 months (range:
10.5–11.8 months). In our daily-practice study, another
37 patients were thought to have cardiotoxicity because of
symptomatology but without significant LVEF drop.
Figure 1 shows an overview of the patients in this study
and the incidence of cardiac symptoms events.

LVEF Monitoring and Timing of Cardiac Events
In 81% of the patients in our study, LVEF measurements were
carried out before the start of trastuzumab therapy. During
treatment with trastuzumab, LVEF measurements were
carried out in 97% of patients.

Of all 230 patients included in the study, 36 patients
permanently discontinued treatment. Of these 36 patients,
only 15 had a LVEF drop that required discontinuation of the
treatment according to the guidelines. In these patients, the
first LVEF drop was seen at a median of 2.5 months (range:
0.7–10.3 months). Twelve of these 15 patients (80%) had
a permanent drop in LVEF during the first 6 months after
start of trastuzumab treatment. Most of the treatment

discontinuations because of (presumed) cardiotoxicity, in-
cluding patients with and without a significant LVEF drop,
occurred within the first 6 months after start of treatment.

Trastuzumab Prescription and Survival Outcomes
Trastuzumab was delivered for a median period of 49 weeks
(IQR: 45–52weeks). Figure 2 shows the percentage of patients
on trastuzumab treatment over time. Fifty-sixof the 66patients
(84.6%) who temporarily (n 5 30) or permanently (n 5 36)
discontinued trastuzumab did so within the first 6 months of
treatment.

Permanent premature discontinuation of treatment
within 6months after the start did not have a significant effect
on survival of the patients. The 5-year residual overall survival
(OS) in patients who prematurely discontinued treatment
versus those who completed trastuzumab was 83.7% versus
89.0% (p5 .84) (Fig. 3).

DISCUSSION

In this study, we determined the incidence and timing of
cardiotoxicity in patients with HER2-positive breast cancer
treated with neo-adjuvant trastuzumab.We also assessed the
impact of cardiotoxicity on the temporary or permanent
discontinuationof trastuzumabtreatment indailypracticeand
identified the impact of cardiac events on trastuzumab
prescription. Finally, we assessed the clinical significance of
LVEF monitoring over time.

We found that the frequency of trastuzumab-related
cardiotoxicity in our real-world study (12.6%) was higher than
in the HERA study and other randomized controlled trials
(Table 2). Other real-world studies occasionally have reported
higher incidences of cardiotoxicity than in our study, ranging
from 14% to 31% [22–24, 29]. In clinical practice, most
cardiotoxicity has been proven to be temporary [29]. The
incidence of death due to cardiotoxicity was comparably very
low in both our and other studies.

The presence of symptomatic cardiotoxicity in our study
was not always accompanied by a significant decrease in LVEF,
and a decrease in LVEF did not always indicate symptomatic
cardiotoxicity. The phase III adjuvant clinical trials have
demonstrated that the risk of developing asymptomatic LVEF
drops after receiving trastuzumab was as high as 10%, com-
pared with only 1% of the patients who actually developed
symptomatic cardiotoxicity [24]. In the first years after
introduction of adjuvant trastuzumab, we observed that
physicians frequently based their decision to discontinue
treatment on patient “symptoms” apart from LVEF outcome.
Symptomswereconsideredheart failuredescribedbyadoctor,
defined asNYHA III or IV. However, symptomatic cardiac failure
without a drop in LVEF is very uncommon. Perhaps physicians
were not familiar with trastuzumab and its side effects;
cardiotoxicity was suspected in patients with symptoms that
couldalsohaveanotherexplanation.Patients’preferencesand
concerns on long-term outcome may also have played a role.

The European Society for Medical Oncology guidelines
recommend using an algorithm for cardiac monitoring in
patients who receive anthracyclines and trastuzumab in the
adjuvant setting, to be assessed at baseline, 3, 6, and 9months
during treatment, and then at 12 and 18 months after the
initiation of treatment.Monitoring should be repeated during
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or following treatment as clinically indicated [30]. The
European Society of Cardiology guidelines suggested that
in cancer therapeutics-related cardiac toxicity, LVEF should
be confirmed by repeated cardiac imaging performed 2–3
weeks after the baseline diagnosis [31]. In our study, 84.8% of
patients who temporary or permanently discontinued trastu-
zumab did so within the first 6 months of treatment. In
previous studies, more attention was given to the discontin-
uation and restarting of trastuzumab, and the reversibility
cardiotoxicity, rather than to the timing of the onset of
cardiotoxicity. Other studies that assessed the timing of
cardiotoxicity suggest that the first 3 months of trastuzumab
treatment are themost precarious ones, counting formost of
the cardiotoxic events, and that cardiotoxicity occurring
more than6months after start of trastuzumab is rare [22, 23].
These findings suggest that focusing LVEF monitoring on the
first 6 months might be more cost-effective without
compromising patient safety. Nonetheless, further research
is needed.

It may also explain whywe and others noticed that in daily
practice, follow-upwasnotalwaysvery strictlyperformed [32].
Based on these new findings, we think the current guidelines

need to be updated regarding the most optimal LVEF
monitoring algorithm outside the clinical trial setting.

In the majority of cases, LVEF values stabilized or returned
toward baseline following cessation of trastuzumab treat-
ment. Data from the N9831 trial, on the other hand, suggest
that higher rates of severe cardiac disorder were seen when
trastuzumab treatment was administered during chemother-
apy (3.5% vs. 2.5% when administered after completion of
chemotherapy). Among those diagnosed with a cardiac event
(3.5%) in the National Surgical Adjuvant Breast and Bowel
Project (NSABP) B-31 trial, two-thirds of patients continued to
receive cardiac medications and 71% had a decrease in LVEF
relative to baseline on follow-up, highlighting persistent
cardiac dysfunction [6]. The Finland Herceptin (FinHER) study,
in which patients received a short course of trastuzumab,
reported no cardiotoxicity [8]. In the update data, a 0.9%
incidenceofcongestiveheart failure (CHF)wasseen.Comparing
our study to the prior trials gives insight about cardiotoxicity in
daily practice. Despite a much higher percentage of “cardiac
symptoms” in our study compared with the randomized
controlled trials, the percentage of discontinued treatment
(6.5%), death due to cardiotoxicity (0%), and LVEF drop (12.6%)

Table 1. Baseline characteristics of patients categorized by actually delivered trastuzumab therapy

Characteristic
Completed trastuzumab
therapy

Trastuzumab therapy
temporarily discontinued

Trastuzumab therapy
definitively discontinued

Number of patients 164 30 36

Median age at diagnosis (IQR), years 51 (44–57) 50 (41–56) 53 (45–58)

Pathological tumor size, cm

0–1 19 (12.0) 6 (20.7) 1 (2.8)

1–2 53 (33.3) 12 (41.4) 14 (38.9)

2–3 55 (34.6) 9 (31.0) 13 (36.1)

.3 32 (20.1) 2 (6.9) 8 (22.2)

Missing 5 1 0

Nodal status

N0 62 (41.3) 14 (46.7) 18 (52.9)

N1 88 (58.7) 16 (53.3) 16 (47.1)

Missing 14 0 2

Hormone-receptor status

ER and PR negative 67 (41.4) 10 (34.5) 9 (25.7)

ER and/or PR positive 95 (58.6) 19 (65.5) 26 (74.3)

Missing 2 1 1

Charlson Comorbidity Index

No comorbidity score 110 (67.1) 22 (73.3) 30 (83.3)

1 35 (21.3) 7 (23.3) 4 (11.1)

2 17 (10.4) 1 (3.3) 1 (2.8)

3 1 (0.6) 0 (0) 1 (2.8)

4 0 (0) 0 (0) 0 (0)

5 1 (0.6) 0 (0) 0 (0)

Cardiac history (yes)a 5 (3.0) 1 (3.3) 2 (5.6)

Diabetes mellitus (yes) 6 (3.7) 1 (3.3) 0 (0)

Hypertension (yes) 32 (19.5) 4 (13.3) 4 (11.1)

Cerebrovascular disease (yes) 5 (3.1) 0 (0) 0 (0)

Data given as No. (%) unless otherwise indicated.
aHeart failure (symptomatic and asymptomatic) and myocardial infarction.
Abbreviations: ER, estrogen receptor; IQR, interquartile range; PR, progesterone receptor.
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were comparable. Most importantly, the majority of cardiac
events occurred in the first treatment months.

We observed that the median age in the group that
permanently discontinued treatment was slightly higher

than that of the group that temporarily discontinued
treatment. Patients permanently stopping trastuzumab
treatment also tended to have smaller tumors, more node-
negative disease, and, more often, ER-positive tumors. It

Figure 2. Kaplan-Meier curve showing percentage of patients receiving adjuvant trastuzumab treatment.

Figure 1. Overview of the patient population in this study.
Abbreviations: HER21, human epidermal growth receptor 2-positive; LVEF, left ventricular ejection fraction.
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could be that in these patients with a more favorable risk
profile, a lower threshold to discontinue treatment was
accepted by both physicians and patients. Remarkably,
presence of a number of comorbidities did not differ
between those who continued or discontinued trastuzumab
because of supposed cardiotoxicity. In other observational
studies, age, anthracycline exposure, the presence of cardio-
vascular risk factors, and borderline LVEF before treat-
ment did also not always have a significant impact on the
onset of symptomatic cardiotoxicity [22, 23]. Data from
the randomized controlled trials mostly excluded patients
who did not meet the strict eligibility criteria. Potential
participants who had a low LVEF before treatment, elderly

patients, or patients with certain cardiac risk factors were
excluded. In daily practice, patients were not so strictly
selected; this might explain the higher prevalence of
cardiotoxicity in daily practice compared with the trial
setting [20].

Permanent premature discontinuation of treatment
within 6 months did not appear to have a significant effect
on survival of the patients. However, a trend toward a better
overall survival existed in patients who completed the
treatment, especially when considering that patients who
prematurely discontinued treatment overall had a better
breast cancer prognostic profile. As far as we know, there have
been no studies that have examined this specific effect on

Figure3. Survival of patientswithhumanepidermal growth receptor 2-positive diseasewhostopped trastuzumab treatmentbeforeand
after 6 months.
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disease-free survival. However, there are studies that tested
fora shorter treatmentperiod [12]. In the studyperformedby
the Hellenic Oncology Research Group, 6 and 12 months of
adjuvant trastuzumabhad comparable outcomes, but amore
recent study showed that the3-yeardisease-free survivalwas
in favor of the 12-month treatment group in comparisonwith
the 6-month treatment group [35].

Some limitations of our study should be mentioned,
including the relatively small sample size and the study’s
retrospective nature. Because of the latter, reasons for
discontinuation of trastuzumab could not always be re-
trieved.Also, due to inconsistentmonitoring indaily practice,
it was not possible to obtain complete data on LVEF. The
follow-up LVEF was not performed in 3.4% of our patients.
Nevertheless, other authors in real-world metastatic set-
tings reported that follow-up LVEF data were missing in
almost half of the patients [22]. Likewise, in one adjuvant
study, adequate cardiac monitoring was identified in about
two-thirds of the patients [32].

CONCLUSION
Trastuzumab was implemented rapidly but also cautiously in
The Netherlands. In the first years after the introduction of
trastuzumab, physicians based their decision to discontinue
treatment on patients’ symptoms apart from LVEF outcome.

This stresses the relevance of performing real-world analyses.
Probably, physicians had to become familiar with trastuzumab,
the indications for its use, and themonitoring of their patients.
Moreover, it is important to realize that patients treated in
routine clinical practice are less selected than trial populations
andmay have a different cardiac risk profile. Amultidisciplinary
approach consisting of increasing the knowledge of when
cardiotoxicity occurs in daily practice will help shape the best
follow-upmethod forcardiacmonitoring. Inaddition, thewhole
field of cardio-oncology reflects the need for oncologists,
cardiologists, pharmacists, nurses, and others towork together.
In the future, advances in technologies such as three-
dimensional echocardiographyandcardiacMRI, incombination
with biomarkers and clinical risk prediction models, may help
move this field forward.

Uniform cardiac monitoring and evaluating periodic LVEF
assessment in daily practice also may improve quality and
lower costs of LVEF assessment in daily practice. Cardiotoxicity
occurred mainly in the first 6 months after starting trastuzu-
mab, indicating that the most cost-effective LVEF monitoring
strategy would be to limit its use to the first 6 months
of trastuzumab treatment. For the future, use of cardiac
molecular markers for prediction or early detection of
cardiotoxicity might be a solution for preventing permanent
cardiotoxicity of HER2-targeted therapy.

Table 2. Cardiac safety results of adjuvant trastuzumab trials

Parameter This study
HERA trial
[3, 13, 33, 34]

NSABP B-31 trial
[10, 21, 33, 35]

NCCTG trial
[6, 21, 33, 36]

BCIRG-006
trial [7, 33]

FinHER
trial [8,33]

PACS04
trial [9]

Patients, No. 230 1,682 947 1,280 AC-TH: 1,074/
TCH: 1,075

115 260

Definitions of
cardiotoxicity

Cardiac death
or NYHA III/IV
and LVEF
,50% with
absolute
decrease of
$10% from
baseline

Cardiac death or
NYHA III/IV and
LVEF,50%with
absolute
decrease of
$10% from
baseline

Death or NYHA
III/IV with either
decline in LVEF
.10% from
baseline to
,55%, or
decline in LVEF
.5% to below
LLN

Death or NYHA
III/IVwitheither
decline in LVEF
.10% from
baseline to
,55%, or
decline in LVEF
.5% to below
LLN

Cardiac death or
grade III/IV CHF,
grade III/IV
cardiac
ischemia/
infarction,grade
III/IV cardiac
arrhythmia

Cardiac
death and
CFH/MI

Severe LVEF
,45%, LVEF
45%–49% and
decline$15%

Grade III CHF:
symptomatic
CHF responsive
to treatment,
LVEF between
20% and 39%

Moderate
45%–49%

Grade IV CHF:
refractory CFH,
LVEF,20%

Mild 50%–55%

Death due to
cardiotoxicity (%)

0 0.2 0 0.06 0 0 0

Symptomatic
with significant
LVEF drop (%)

8.7 0.8 4.0 2.3 2.0/0.4 0.9 1.7

Significant LVEF
drop (%)

3.9 4.1 12.0 10.8 18.6/9.4 6.8 11.1

Permanent
trastuzumab
discontinuation
due to cardiac
event (%)

15.6 5.2 15.5 17.0 NA NA 15.7

Abbreviations: AC-TH, doxorubicin plus cyclophosphamide and docetaxel plus trastuzumab; BCIRG, Breast Cancer International Research Group; CHF,
congestive heart failure; FinHer, Finland Herceptin; HERA, Herceptin Adjuvant; LLN, lower limit of normal; LVEF, left ventricular ejection fraction; MI,
myocardial infarction; NA, not applicable; NCCTG, North Central Cancer Treatment Group; NSABP, National Surgical Adjuvant Breast and Bowel Project;
NYHA, New York Heart Association; TCH, carboplatin plus docetaxel plus trastuzumab.
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