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Abstract

Purpose Trastuzumab improves survival in patients with HER2+ early breast cancer. However, cardiotoxicity remains a
concern, particularly in the curative setting, and there are limited data on its incidence outside of clinical trials. We retrospec-
tively evaluated the cardiotoxicity rates [left ventricular ejection fraction (LVEF) decline, congestive heart failure (CHF),
cardiac death or trastuzumab discontinuation] and assessed the performance of a proposed model to predict cardiotoxicity
in routine clinical practice.

Methods Patients receiving curative trastuzumab between 2011 and 2018 were identified. Demographics, treatments, assess-
ments and toxicities were recorded. Fisher’s exact test, Chi-squared and logistic regression were used.

Results 931 patients were included in the analysis. Median age was 54 years (range 24—83) and Charlson comorbidity index
0 (0-6), with 195 patients (20.9%) aged 65 or older. 228 (24.5%) were smokers. Anthracyclines were given in 608 (65.3%).
Median number of trastuzumab doses was 18 (1-18). The HFA-ICOS cardiovascular risk was low in 401 patients (43.1%),
medium in 454 (48.8%), high in 70 (7.5%) and very high in 6 (0.6%). Overall, 155 (16.6%) patients experienced cardiotoxic-
ity: LVEF decline > 10% in 141 (15.1%), falling below 50% in 55 (5.9%), CHF NYHA class Il in 42 (4.5%) and class III-IV
in 5 (0.5%) and discontinuation due to cardiac reasons in 35 (3.8%). No deaths were observed. Cardiotoxicity rates increased
with HFA-ICOS score (14.0% low, 16.7% medium, 30.3% high/very high; p=0.002).

Conclusions Cardiotoxicity was relatively common (16.6%), but symptomatic heart failure on trastuzumab was rare in our
cohort. The HFA-ICOS score identifies patients at high risk of cardiotoxicity.

Keywords Breast cancer - Trastuzumab - Cardiotoxicity - Early stage

Introduction

Trastuzumab is a monoclonal antibody targeting the human
epidermal growth factor receptor 2 (HER?2) and is the stand-
ard of care for the management of early-stage and advanced
HER2-positive breast cancer [1]. However, treatment with
HER2-directed agents is associated with a risk of cardio-
toxicity. This most frequently involves an asymptomatic
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decrease in the left ventricular ejection fraction (LVEF)
detected during surveillance before presentation with symp-
tomatic heart failure. Less frequently, rapid development of
congestive heart failure (CHF) despite surveillance may
develop [2, 3]. Cardiotoxicity associated with anti-HER2
agents is usually reversible with cessation of trastuzumab
treatment and cardiac medication, but this may compromise
optimal breast cancer treatment [4]. Factors associated with
a higher risk of cardiotoxicity in patients receiving trastu-
zumab include older age, previous or concurrent anthra-
cycline use, pre-existing cardiac dysfunction, pre-existing
significant cardiovascular (CV) disease, high body mass
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index (BMI), antihypertensive therapy and, in older patients,
diabetes mellitus [5—11].

A metanalysis of adjuvant trials reported a risk of
advanced heart failure [New York Heart Association
(NYHA) class III-IV] of 0.4-2.5% in patients receiving tras-
tuzumab [12]. Even when anthracyclines are not given, a
trial investigating the use of trastuzumab along with taxane-
based chemotherapy showed an incidence of cardiotoxicity
of 3% although this was severe only in 0.5% of trial partici-
pants [13]. In contrast, previous real-world experiences have
reported a rate of cardiovascular complications in 10-15%
of patients receiving this agent in the curative setting [14].

Age is a predictor of impaired cardiac function with tras-
tuzumab treatment. This is a concern due to the higher bur-
den of comorbidities and increased risk of adverse outcomes
in older individuals [15]. Nonetheless, trastuzumab improves
survival and reduces risk of recurrence and is otherwise
well tolerated in older patients. The rate of cardiac events
in a systematic review of randomised studies including data
on patients aged over 60 years was 5% [16]. However, the
incidence is unclear outside of clinical trials, which tend to
recruit patients who are younger, with normal baseline car-
diac function and who have a lower burden of comorbidities
including pre-existing CV disease.

Therefore, predicting the cardiotoxicity of anti-HER2
agents is of considerable importance. Cardiac risk scores
have been developed based on prospective trial [12] and
retrospective registry data [14]. However, independent vali-
dation is needed before they can be considered for general
use. The Heart Failure Association (HFA) of the European
Society of Cardiology (ESC) together with the International
Cardio-Oncology Society (ICOS) have recently developed
a risk stratification tool (HFA-ICOS Risk Tool) to evalu-
ate the likelihood of cardiotoxicity at baseline for patients
receiving HER2-directed treatments (Table 1) [17]. In this
study we investigated the rates of cardiotoxicity secondary
to trastuzumab for early-stage HER2-positive breast cancer
in a breast cancer service, comparing rates in older versus
younger patients, and assessed the performance of HFA-
ICOS cardiovascular risk prediction tool in this population.

Methods

This analysis is a retrospective study of patients who
received trastuzumab for HER2-positive early breast can-
cer (EBC) between 01/01/2011 and 31/12/2018 at the Royal
Marsden Hospital NHS Foundation Trust. Eligible patients
had curable disease (TNM stages: T1-4, NO-3, M0) and
received trastuzumab in the neoadjuvant or adjuvant set-
ting. Patients who received part of the course of treatment
elsewhere or those with advanced-stage breast cancer were
not eligible for the analysis. This analysis was approved as
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a service evaluation (SE842) at the Royal Marsden NHS
Foundation Trust.

Baseline data collection

Baseline patient characteristics at initiation of trastuzumab
were collected and included: date of birth, age at diagno-
sis, date of last follow-up, date of death, weight, body mass
index (BMI), comorbidities, smoking history, obesity, alco-
hol consumption, concurrent medications, Eastern Coopera-
tive Oncology Group Performance Score (ECOG PS), meno-
pausal status. Specifically, data on CV comorbidities and
risk factors were collected and included: diabetes mellitus,
hypertension, hypercholesterolemia, coronary artery disease,
cerebrovascular disease, peripheral artery disease, heart
failure and NYHA classification, rheumatic heart disease,
arrhythmias, congenital heart disease, valvular heart disease,
cardiomyopathy, aortic aneurysm, thromboembolic disease,
pulmonary hypertension, pericardial disease and chronic
kidney disease. A non-age adjusted Charlson Comorbid-
ity Index (CCI) was calculated for each patient based on
comorbidities at baseline. Specific data on medications
relevant to cardiovascular risk were recorded and included:
beta-blockers, angiotensin-converting enzyme (ACE) inhibi-
tors, angiotensin receptor blockers, mineralocorticoid recep-
tor blockers, diuretics, digitalis, calcium channel blockers,
antiplatelets, anticoagulants and statins. Blood tests results
including haemoglobin, white blood count (WBC) and
creatinine measurements and LVEF measured on multiple-
gated acquisition (MUGA) scan or echocardiogram as per
local practice were also recorded at baseline.

Baseline data were collected regarding the primary
tumour including: date of diagnosis, histology, grade, ER
status and Allred score, PR status and Allred score, HER2
testing method, best stage (i.e. the worst stage between clini-
cal stage and pathological stage), laterality.

Radiotherapy and systemic therapy data were collected.
These included use of chemotherapy, anthracyclines, taxa-
nes, platinum compounds, pertuzumab, radiotherapy, endo-
crine agents, along with setting (adjuvant vs. neoadjuvant),
cumulative dose of anthracyclines, number of chemotherapy
cycles and number of doses of trastuzumab.

The baseline cardiovascular risk of these patients was
classified as low/medium/high/very high based on the rec-
ommendations of the HFA-ICOS Risk Tool developed for
HER2-targeted agents [17].

Follow-up and outcomes

Data on LVEF from MUGA scan or echocardiogram per-
formed as per National Cancer Research Institute recom-
mendations in the UK [18] until trastuzumab completion
or discontinuation were recorded (i.e. baseline, 16 and
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Table 1 Heart Failure Association-International Cardio-Oncology Society baseline cardiovascular risk stratification tool for anti-HER?2 therapies

Domain class Risk factor Score
Previous cardiovascular disease Heart failure or cardiomyopathy VERY HIGH
Myocardial infarction or CABG HIGH
Stable angina HIGH
Severe valvular heart disease HIGH
Baseline LVEF <50% HIGH
Borderline LVEF 50-54% MEDIUM (2 points)
Arrhythmia® MEDIUM (2 points)
Cardiac biomarkers (where available) Elevated baseline troponin® MEDIUM (2 points)
Elevated baseline BNP or NT-proBNP¢ MEDIUM (2 points)
Demographic and cardiovascular risk factors Age >80 years HIGH
Age 65-79 years MEDIUM (2 points)
Hypertension® MEDIUM (1 point)

Current cancer treatment regimen

Previous cardiotoxic cancer treatment

Lifestyle risk factors

Diabetes mellitus®
Chronic kidney disease’

Includes Anthracycline before
HER2-targeted therapy®

Prior trastuzumab cardiotoxicity
Prior (remote) anthracycline exposure”

Prior radiotherapy to left chest or mediastinum
Current smoker or significant smoking history

Obesity (BMI > 30)

MEDIUM (1 point)
MEDIUM (1 point)
MEDIUM (1 point)2

VERY HIGH
MEDIUM (2 points)
MEDIUM (2 points)
MEDIUM (1 point)
MEDIUM (1 point)

LOW RISK no risk factor OR one MEDIUM! risk factor, MEDIUM RISK MEDIUM risk factors with a total of 2—4 points, HIGH RISK
MEDIUM risk factors with a total of >5 points OR any HIGH risk factor, VERY HIGH RISK any VERY HIGH risk factorCABG: coronary
artery bypass graft, BNP brain natriuretic peptide, NT-proBNP N-terminal pro b-type natriuretic peptide, BMI body mass index

*Baseline cardiac biomarkers have been measured only in 27 patients: elevated troponin has not documented in any patients and elevated BNP or

NT-proBNP have been documented in 7 patients (0.75%)

b Atrial fibrillation, atrial flutter, ventricular tachycardia or ventricular fibrillation

“Elevated above the upper limit of normal for local laboratory reference range

dSystolic blood pressure (BP) > 140mmg Hg or diastolic BP>90 mm Hg, or on treatment

°HbAlc>7.0% or>53 mmol/mol or on treatment
Estimated glomerular filtration rate < 60 ml/min/1.73m>

#HIGH risk if anthracycline chemotherapy and trastuzumab delivered concurrently

"Previous malignancy (not current treatment protocol)

23 weeks for patients receiving taxanes alone and before and
after anthracycline use for those receiving sequential chemo-
therapy regimens). Cardiac adverse outcomes were defined
as: death due to cardiac reasons, LVEF decline of > 10%,
LVEEF decline to below 50%, congestive heart failure (CHF)
(NYHA class IT and III-IV) and trastuzumab discontinuation
(temporary or permanent) due to cardiac toxicity. Reasons
for discontinuing trastuzumab not related to cardiotoxicity
and management of cardiac events with specialist referrals
and medications were also recorded.

Statistical analysis
Analyses were performed in Stata/MP 16.0 [19]. A p <0.05

was considered statistically significant. Baseline patients and
breast cancer characteristics were tabulated and compared

among age groups (> 65 and < 65 years) and HFA-ICOS CV
risk groups (low vs. medium vs. high vs. very high) using
Chi-squared, Fisher’s statistics, two-sample ¢ tests and 3-way
ANOVA. Similarly, exposure to anticancer treatments was
compared among age and HFA-ICOS CV risk groups. An
age cut-off of 65 years was used to be consistent with pre-
vious analyses [15] and since individuals aged > 65 years
were under-represented in the pivotal trials of adjuvant tras-
tuzumab [20]. Baseline LVEF measurements were compared
with those at trastuzumab completion in the overall popula-
tion and according to age group for those patients under-
going a MUGA scan or an echocardiogram at treatment
initiation and specifically for those undergoing a baseline
echocardiogram.

Cardiac event rates occurring at any time during the
course of trastuzumab and subsequent follow-up were
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estimated and compared according to age (=65 vs.
<65 years) and HFA-ICOS CV risk (low vs. medium vs.
high/very high). These rates were also compared based on
menopausal status and use of statins at baseline. Reasons
for trastuzumab discontinuation and management of cardiac
events were also compared among these patient groups.

Logistical regression was used to calculate the odds of
cardiac events based on HFA-ICOS risk category. The per-
formance of the HFA-ICOS Risk Tool to predict cardiotoxic-
ity was evaluated by calculating sensitivity, specificity, posi-
tive predictive value (PPV) and negative predictive value
(NPV). We also composed receiver-operating characteristic
(ROC) curves and calculated the area under the curve for
the prediction model.

Results
Population characteristics

Between January 2011 and December 2018, 1094 patients
initiated trastuzumab in the curative setting for HER2+ EBC
at The Royal Marsden NHS Foundation Trust. The analy-
sis was restricted to 931 patients who completed the entire
course of trastuzumab at our Institution for whom cardiac
assessments were available (Fig. 1).

Patient characteristics and tumour characteristics are
shown in Table 2. No significant differences in patient
and tumour characteristics were observed in those
aged > 65 years compared with their younger counterparts.
Comorbidities and CV risk factors are outlined in Table 3.
Patients aged 65 years and older had a higher prevalence
of diabetes mellitus, hypertension and hypercholester-
olemia compared with the younger patients (<65 years
old). At trastuzumab initiation, a higher proportion of
patients aged > 65 years were on cardioprotective medica-
tions including beta-blockers, ACE inhibitors, angiotensin
receptor blockers and mineralocorticoid receptor blockers
[< 65 years: 86/736 (11.7%)]; > 65 years: 60/195 (30.8%);
p=0.001] (Table 3).

Of the 931 patients, based on the HFA-ICOS risk strati-
fication tool 401 (43.1%) had a low baseline CV risk, 454
patients (48.8%) were medium-risk, 70 patients (7.5%) were
high-risk, and 6 patients (0.6%) were very high-risk.

Treatment characteristics and cardiac assessments

Trastuzumab was given in the adjuvant setting only in 584
patients (62.7%), whereas 347 (37.3%) received trastu-
zumab neoadjuvantly and continued treatment in the adju-
vant setting. The median number of doses given was 18
(range 1-18). The majority of patients received a sequential
combination of anthracyclines and taxanes [594 (63.8%)],
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Patients prescribed trastuzumab in 2011-2018
N = 1,094

Excluded:

Part/entire course of trastuzumab
given elsewhere: n = 134 (12.2%)

Trastuzumab prescribed but not
given: n =10 (0.9%)

Other reasons: n =5 (0.5%)

Patients eligible for the analysis
(receiving trastuzumab at RMH)

N =931 (85.1%)

Age <65 years
N =736 (79.1%)

Age 265 years
N =195 (20.9%)

Fig.1 CONSORT diagram

while 288 (30.9%) received taxanes alone. Pertuzumab was
added to trastuzumab in 158 patients (17.0%) and adjuvant
radiotherapy was given to 689 patients (74.0%). Among 638
patients with ER-positive disease, tamoxifen was initially
prescribed for 379 patients (59.4%) and an aromatase inhibi-
tor for 226 (35.4%).

Table 4 report the treatments given in the overall pop-
ulation and based on age and HFA-ICOS risk category.
Anthracyclines were added to a taxane less frequently in
older patients [> 65 years 68 (34.9%) vs. <65 years 526
(71.5%); p=0.001] and in those with increasing HFA-ICOS
risk score [low 271 (67.6%) vs. medium 291 (64.1%) vs.
high 31 (44.3%) vs. very high 1 (16.7%); p=0.001]. Simi-
larly, older patients and those with higher CV risk were more
likely to receive trastuzumab only in the adjuvant setting
rather than in the neoadjuvant setting.

LVEEF at baseline and upon trastuzumab completion in the
overall population and according to age group are reported
in Fig. 2.

Cardiac events and their management

Cardiac adverse events occurred in 155 patients (16.6%)
(Table 5, Fig. 3). No cardiac deaths were observed in this
cohort. One hundred and forty-one patients (15.1%) expe-
rienced a LVEF decline > 10% and 55 (5.91%) below 50%.
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Table 2 Patient and tumour characteristics at baseline in the overall population and according to age group
Characteristics Overall Age group p value
N=931
<65 years > 65 years
N=1736 N=195
Continuous variables
Age (years)
Median 54 50 69 -
IQR 46-63 43-56 67-73
Mean 54.3 50.0 70.9
Standard deviation 11.9 9.0 4.6
Range 24-83 24-64 65-83
Weight (kg)?
Median 69 69.0 68.8 0.555
IQR 60.8-78.9 60.6-79.0 61.5-77.7
Mean 71.0 71.3 70.1
Standard deviation 14.8 15.4 12.4
Range 42.5-140.0 42.5-140.0 43.7-106.6
BMI (kg/m?)°
Median 25.4 254 26.7 0.073
IQR 22.7-30.0 22.0-30.0 23.8-30.2
Mean 26.8 26.7 27.2
Standard deviation 5.50 5.70 4.7
Range 15.9-51.8 15.9-51.8 17.3-42.2
Charlson comorbidity index
Median 0 0 0 0.259
IQR 0-2 0-0 0-1
Mean 0.9 0.9 1.0
Standard deviation 1.1 1.0 1.1
Range 0-6 0-5 0-6
N % N % N %
Categorical variables
Sex
Female 930 99.9 736 100.00 194 99.5 -
Male 1 0.1 0 0.00 1 0.5 -
ECOG PS
0 826 88.7 679 92.3 147 754 0.001
1 102 11.0 57 7.7 45 23.1 0.001
2 3 0.3 0 0.0 3 1.5 0.009
Menopausal status
Pre/perimenopausal 427 459 427 58.0 0 0.0 -
Postmenopausal 504 54.1 309 42.0 195 100.0 0.001
Status (on 13/05/2020)
Dead 51 5.5 36 4.9 15 7.7 0.155
Alive 880 94.5 700 95.1 180 923 -
Previous (remote) use of chemotherapy 45 4.8 35 4.8 10 5.1 0.851
Previous (remote) use of anthracyclines 29 3.1 23 3.1 6 3.1 0.999
Previous (remote) use of trastuzumab 9 1.0 9 1.2 0 0.0 0.217
Histology
Ductal 885 95.1 706 95.9 179 91.8 0.022
Lobular 38 4.1 25 34 13 6.7 0.064
Mixed ductal/lobular 5 0.5 3 0.4 2 1.0 0.282

@ Springer



154

Breast Cancer Research and Treatment (2021) 188:149-163

Table 2 (continued)

N % N % N %

Other 2 0.2 1 0.1 1 0.5 0.376

Missing 1 0.1 1 0.1 0 0.0 -
Grade

1 15 1.6 12 1.6 3 1.5 0.999

2 332 35.7 263 35.7 69 354 0.867

3 570 61.2 448 60.9 122 62.6 0.868

Missing 14 1.5 13 1.8 1 0.5 -
ER status

Negative 293 31.5 226 30.7 67 344 0.341

Positive 638 68.5 510 69.3 128 65.6 0.341
PgR status

Negative 447 48.0 340 46.2 107 54.9 0.017

Positive 452 48.5 373 50.7 79 40.5 0.017

Missing 32 34 23 3.1 9 4.6 -
HER?2 testing method

HC 611 65.6 494 67.1 117 60.0 -

ISH 201 21.6 146 19.9 55 28.2 -

Unknown 119 12.8 96 13.0 23 11.8 -
Best stage®

1 212 22.8 163 22.1 49 25.1 0.386

1I 551 59.2 442 60.0 109 55.9 0.324

m 162 17.4 127 17.3 35 17.9 0.831

Missing 6 0.6 4 0.5 2 1.0 -
Laterality

Right 450 48.3 355 48.2 95 48.7 0.936

Left 467 50.2 370 50.3 97 49.7 0.936

Bilateral® 14 L5 11 L5 3 L5 0.999

BMI body mass index, ECOG PS Eastern Cooperative Oncology Group Performance Status, ER oestrogen receptor, PgR progesterone receptor,
HER?2 human epidermal growth factor receptor 2, ISH in situ hybridisation, /HC immunohistochemistry

*Recorded in 929/931 patients
PRecorded in 928/931 patients

orresponds to the “worst” stage between clinical stage (for patients receiving neoadjuvant systemic thera or pathological stage (for those
°C ponds to the * t” stage bet 1 1 stage (for patient g dj t syst therapy pathological stage (for th

receiving only adjuvant systemic therapy)

YIncludes patients with bilateral HER2-positive disease (and not patients with monolateral HER2-positive disease plus contralateral HER2-nega-

tive disease)

Forty-seven patients (5.0%) developed symptomatic heart
failure. In this cohort, 42 patients (4.5%) had mild symp-
toms (NYHA class II) and 5 patients (0.5%) had more severe
symptomatic heart failure (NYHA class III-1V). No differ-
ences in cardiac events were observed based on tumour later-
ality [right: 71/450 (15.8%); left: 81/467 (17.3%); bilateral:
3/14 (21.5%); p=0.726]. The median time to cardiac toxic-
ity was 19.9 weeks (mean: 21.9 weeks; range: 1-120 weeks).

Trastuzumab was discontinued due to cardiotoxicity in 35
patients (3.76%). No significant differences in cardiotoxicity
were seen according to age group.

Table 6 outlines the management of cardiotoxic-
ity events. One hundred and seventeen patients (12.6%)
required a referral to a cardiologist provided by a specialist
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cardio-oncology service. Beta-blockers (preferably carve-
dilol) were prescribed in 57 patients (6.1%), ACE inhibitors
or angiotensin receptor blockers in 99 (10.6%), mineralocor-
ticoid receptor blockers (eplerenone) in 5 patients (0.54%),
diuretics in 16 patients (1.7%) and statins were started in
17 patients (1.8%) either by the treating oncologist or by
the cardiologist. No significant differences were observed in
the management of cardiac events based on age. In the older
age group, cardioprotective medications (including beta-
blockers, ACE inhibitors, angiotensin receptor blockers or
mineralocorticoid receptor blockers) were prescribed in 37
patients out of 39 developing cardiac toxicity (94.9%). The
use of cardioprotective medications following this specific
toxicity increased with increasing HFA-ICOS risk category.
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Table 3 (continued)

&

p value

> 65 years
=195

N

Age group
<65 years
736

N

Overall
N=931

Springer

%

%

%

5.4 25 34 25 12.8 0.001
0.1

0.3

50

Diuretics

0.113

1.0
18.5

Digitalis

36 0.001
13

6.2
2.7

8.8 46

35

82
33

Calcium channel blockers

0.014

6.7

20

Antiplatelets

0.143
0.001

2.6
23.1

0.9

1.3
8.9

12
83

Anticoagulants

45

52

38

Statins

NYHA New York Heart Association, ACE angiotensin-converting enzyme

“Cardioprotective medications include beta-blockers, ACE inhibitors, angiotensin receptor blockers and mineralocorticoid receptor blockers

Performance of the HFA-ICOS risk prediction model

Increasing CV risk based on the HFA-ICOS category corre-
lated with increasing rates of cardiac events on trastuzumab:
the overall rates of cardiotoxicity was 14.0% in patients
classified as low risk versus 16.7% with medium risk ver-
sus 30.3% classified as baseline as high or very high risk
(p=0.002) (Fig. 4).

The HFA-ICOS score also correlated with increasing
rates of cardiac toxicity: 7.6% for low-risk patients with a
score of 0 (n=66); 15.2% for low-risk patients with a score
of 1 (n=335); 16.0% for medium-risk patients with a score
of 2 (n=263); 18.3% for medium-risk patients with a score
of 3 (n=120); 16.9% for medium-risk patients with a score
of 4 (n=71); 30.3% for high- to very high-risk patients with
ascore>5 (n=76) (p=0.0147) (Fig. 5).

The HFA-ICOS Risk Tool had a sensitivity of 14.8%, a
specificity of 93.2%, a PPV of 30.3% and a NPV of 84.6%
when predicting any cardiac event on trastuzumab in patients
classified as low/medium risk versus those classified as high/
very high risk. Area under the ROC curve for the predictive
model for any cardiac toxicity was 0.56.

Discussion

This is a large retrospective single-centre study analysing
cardiotoxicity incidence and outcomes for patients receiving
trastuzumab for curable HER2-positive breast cancer, with
a particular focus on outcomes for the older age group and
according to baseline HFA-ICOS Risk. A significant propor-
tion of these patients (43.1%) had a low cardiovascular risk
profile based on the HFA-ICOS assessment tool. Nonethe-
less, more than a half had medium, high or very high risk
and establishing the rates of cardiotoxicity in the real world
is crucial especially in the curative setting.

A key result of our analysis is that the incidence of clini-
cally serious symptomatic heart failure in patients receiving
curative trastuzumab outside clinical trials is low (5.0%),
with no fatal cardiotoxicity, although various degrees of
cardiac toxicity may occur in up to 16.6% of patients on this
treatment. These results are comparable to a recent pooled
analysis of the trastuzumab registration trials which showed
a small to modest risk of cardiotoxicity ranging between
5.5 and 19.4% [20]. The importance of this analysis is that
it includes a real-world population of patients not enrolled
in clinic trials and therefore may be particularly useful to
inform routine clinical practice.

Benchmarking the incidence of cardiac events for patients
receiving trastuzumab in the curative setting is also impor-
tant in the context of the studies investigating de-escalation
strategies. In our series one third of patients received taxanes
alone and in a similar population with node-negative EBC,
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Fig.2 Left ventricular ejection fraction at baseline and upon trastu-
zumab completion in the overall population (a) and according to age
group (b)

the APT study reported even lower rates of cardiac toxicity,
with 0.5% of patients experiencing grade 3 left ventricular
systolic dysfunction and 3% reporting asymptomatic LVEF
decline [13]. In our series only 3.8% of patients did not com-
plete a full one-year course of trastuzumab due to cardiac
toxicity. The PERSEPHONE study suggested non-inferior
efficacy of 6 months of treatment compared with 12 months
along with a substantial reduction in cardiac events from 12
to 9% [21].

This study suggests that there are no differences in the
rates of cardiac adverse events according to age. This is con-
sistent with previous analyses showing that most patients
aged > 66 years are able to complete a one-year course of
trastuzumab without complications [22], although comor-
bidities remain critical in determining the risk of cardiotox-
icity [23]. One variable that may explain the lack of effect of
age alone is the rate of anthracycline chemotherapy which
was significantly lower in the patients > 65 years (34.9%)
versus the younger patients < 65 years (71.5%). Therefore,
the increased risk portended by increasing age may be bal-
anced by the higher anthracycline chemotherapy use in the
younger patients.

Our analysis also included a substantial proportion of
patients with medium/high cardiovascular risk (56.9%).
The registration trials of trastuzumab mandated stringent
cardiac monitoring, limited the cumulative dose of anthra-
cyclines to 300 mg/m? and excluded subjects with abnormal
baseline cardiac function. This consideration makes real-
world experiences useful since the risk of cardiac toxic-
ity on trastuzumab varies according to the use of previous
chemotherapy, pre-existing heart disease and cardiovas-
cular risk factors [24]. Therefore, identifying the baseline

Table 5 Rates of cardiac events at any time following trastuzumab initiation in the overall population and according to age group and HFA-

ICOS risk group
Cardiac events® Overall Age group p value HFA-ICOS risk category p value
N=931
<65years  >65 years Low Medium High Very high
N=736 N=195 N=401 N=454 N=70 N=6
N % N % N % N % N % N % N %
Overall 155 166 116 158 39 20.0 0.161 56 140 76 167 20 2857 3 50.0 0.003
LVEF decline > 10% 141 151 106 144 35 179 0218 51 12 70 1542 17 243 3 50.0 0.007
LVEF decline below 50% 55 59 43 58 12 6.1 0.865 18 45 29 64 6 86 2 333 0.014
CHF
NYHA class II 42 45 34 46 8 41 0957 12 30 24 53 4 57 2 333 0.002
NYHA class III-IV 5 05 304 2 1.0 0.294 0 00 4 09 1 14 0 0.0 0.236
Trastuzumab discontinuation due to cardiotoxicity
Overall 35 38 26 35 9 46 0.040 9 22 17 37 7 100 2 333 0.001
Temporary 23 25 18 24 5 26 0.99 5 12 12 26 4 57 2 333 0.001
Permanent 12 1.3 8 1.1 4 20 0.289 4 1.0 5 1.1 3 43 0 00 0.144

LVEF left ventricular ejection fraction, CHF congestive heart failure, NYHA New York Heart Association

#Cardiac event categories are not mutually exclusive (e.g. patients may have had a LVEF decline > 10% AND below 50%)
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Fig.3 Rates of cardiac events at any time following trastuzumab ini-
tiation in the overall population (a) and according to age group (b).
LVEF left ventricular ejection fraction, CHF congestive heart failure,
NYHA New York Heart Association

cardiovascular risk and developing prediction models able to
identify those patients at higher risk of experiencing cardiac
events remains particularly valuable [17].

The HFA-ICOS risk score had a good correlation with
the incidence of cardiotoxicity in our analysis, with 30.3%
of patients with a high- to very high-risk score experienc-
ing any cardiac event compared with 16.7% of those with
medium risk and 14.0% of those with low risk. We docu-
mented a similar pattern also for specific types of cardiac
adverse events, including LVEF decline, CHF and trastu-
zumab discontinuations. Importantly, the HFA-ICOS score
had a high NPV (86.0%) which is highly desirable to identify
those patients who are not at lower risk of cardiac toxicity
in this setting. The score did not discriminate between the
low and medium-risk cohorts who had similar event rates
and did not identify the cohort at absolute low risk (<5%).
In practical terms the low sensitivity of the HFA-ICOS score
would suggest that this should not be used to de-escalate

cardiac monitoring in patients with lower cardiovascular risk
(as a 14% risk of cardiovascular events is still an appreci-
able rate in a curative setting). On the other hand, our find-
ings might imply that enhanced monitoring (for example
involving natriuretic peptides measurements, blood pressure
control and earlier cardiology reviews if indicated) could
be an appropriate strategy in those deemed at higher risk of
cardiac toxicity. These findings would benefit from prospec-
tive validation in a larger cohort of patients.

This study has a number of limitations. At our institution,
the measurement of cardiac biomarkers such as troponin and
natriuretic peptides is not routine practice; therefore, despite
their desirability where available [17], they have not been
included in the model. In this series, baseline cardiac assess-
ments involved either MUGA scans or echocardiograms to
measure LVEF which may have introduced bias. Measuring
the global longitudinal strain (GLS) using speckle tracking
echocardiography has become standard practice in our hos-
pital only since 2016 and therefore this parameter has not
been captured in our cohort. GLS has recently emerged as
a new marker of subclinical ventricular dysfunction dem-
onstrating a stronger association with prognosis compared
with LVEF in patients with cardiac conditions not related
to cancer [25]. Various observational studies suggested its
potential role accurately to predict the cardiotoxicity of anti-
cancer agents and guide cardioprotective treatment [26, 27].
Our analysis is retrospective and therefore may be subject
to selection bias as we included patients who were deemed
fit to receive trastuzumab. Finally, excluding patients who
did not receive a full course of trastuzumab at our institution
may have also contributed to selection bias.

This analysis has some major strengths as well. We have
demonstrated within a large cohort that overall rates of seri-
ous cardiotoxicity associated with trastuzumab are low, but
absolute rate of all cardiotoxicity is clinically significant
(16.6%), and dependent on the individual cardiovascular
risk profile at baseline. Our study provides evidence that
rates of cardiotoxicity on trastuzumab do not differ based
on age in a real-world population. Furthermore, we have
included patients receiving contemporary chemotherapy
and targeted treatment regimens which make our find-
ings applicable to current practice. Our study fills a gap
of knowledge by providing evidence of external validation
of a prediction model of cardiac toxicity in a population
receiving treatment with substantial chances of cure [1].
This aspect is particularly valuable in the older patient pop-
ulation where competing risks of morbidity and mortality
are more relevant.

These data should be considered when discussing risks
and benefits of trastuzumab in older patients with HER2-
positive EBC and prospective validation of the use of the
HFA-ICOS Risk Tool is warranted.
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