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Background: Few data are available about real-life cardiotoxicity associated with s.c. versus i.v. trastu-
zumab treatment of early-stage, HER2-positive breast cancer, and little is known about its predisposing
factors.
Patients and methods: We retrospectively reviewed data of 363 adult patients treated with adjuvant
trastuzumab for HER2-positive breast cancer. Univariate statistical analysis was performed, and a
multivariable logistic model was developed to identify independent risk factors of cardiac toxicity.
Results: Within 5 years, the overall incidence of events meeting our criteria was 11.8%, and an early
discontinuation of trastuzumab was recorded in 20 patients (5.5%). No cases of congestive heart failure
occurred, neither multiple events per patient were observed. A total of 184 patients received i.v. and 179
received s.c. trastuzumab. Compared with the s.c. formulation, a higher cardiotoxicity rate for the i.v.
administration (15.2% vs 8.4%) was found, and particularly in those patients with cardiovascular risk
factors (19.3% vs 8.7%), at the univariate and multivariate analyses. Although more patients with prior
anthracycline-based chemotherapy experienced cardiac events, the association of this therapy with
cardiac events was not significant. The incidence of cardiac events was not influenced by anthropometric
data (e.g. body mass index) or a diagnosis of diabetes mellitus. 5-year event-free survival was 91.7% in the
overall population; event-free survival rates were similar between the s.c. and the i.v. groups.
Conclusion: Our study shows a more favorable safety profile of s.c. versus i.v trastuzumab administration.
The use of s.c. trastuzumab could be advisable in at-risk patients.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The addition of intravenous (i.v.) trastuzumab to standard
chemotherapy increases time to progression and improves survival
in women with HER2-positive (HER2þ) breast cancer [1e4]. The
downsidewith the use of trastuzumab is its inherent cardiotoxicity,
namely decreased left ventricular ejection fraction (LVEF) and,
rarely, congestive heart failure. Trastuzumab-induced cardiomy-
opathy is usually clinically manageable [5,6]. However, in order to
decrease toxicities, trastuzumab de-escalation in early HER2þ
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breast cancer has also been proposed [7].
A subcutaneous (s.c.) formulation of trastuzumab has been

developed to address the limitations of i.v. administration (e.g.,
long administration time, treatment barriers for patients requiring
port-a-cath systems). S.c. trastuzumab injections take a shorter
time to administer than the i.v. infusion (2e5 min vs 30e90 min,
respectively) and are expected to improve treatment convenience
and patient compliance [8]. Hence, s.c. trastuzumab has been
approved as an alternative to i.v. trastuzumab for early-stage
HER2þ breast cancer. However, approval was based on non-
inferiority studies in selected populations [9,10]. Few data are
available about real-life cardiotoxicity of fixed-dose s.c. trastuzu-
mab and little is known about its predisposing factors. This study
evaluates the incidence of cardiotoxicity in patients receiving fixed-
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dose s.c. trastuzumab versusweight-based i.v. formulation in a real-
world population.

2. Patients and methods

2.1. Study population, data collection

We retrospectively collected data of all consecutive patients
treated with adjuvant chemotherapy followed by trastuzumab for
HER2þ breast cancer at the Humanitas Cancer Center (Rozzano,
Italy), a referral center in northern Italy, fromMay 2009 to February
2018. All procedures were conducted in accordance with the
Declaration of Helsinki and were approved by the local ethics
committee. Informed consent for treatment and the use of clinical
data for scientific purposes was provided by all patients.

Patients with histologically confirmed HER2þ early breast can-
cer (stage IeIIIA), a LVEF �50% determined by echocardiography
and a minimum 2-year cardiological follow-up could be included.
We excluded patients enrolled in clinical trials assessing anticancer
treatment. Demographical and clinical variables and information
on treatments were extracted from medical records.

2.2. Treatment and outcome measures

S.c. trastuzumabwas administered at a fixed dose of 600mg and
trastuzumab i.v. was administered at a maintenance dose of 6 mg/
kg (after the loading dose of 8 mg/kg) every 3 weeks for 1 year (18
cycles). The prescription of either s.c. or i.v. trastuzumab was based
on availability and refundability.

Cardiac function was assessed just before the first administra-
tion of trastuzumab, then every 3 months until the end of the
treatment, and every 1 year thereafter by evaluating LVEF, cardiac
signs and symptoms. A cardiac event was defined as a decrease in
LVEF by � 10% from baseline, and to a value < 50%, or as the
development of congestive heart failure [11].

2.3. Objectives

The main objective of the study was to compare the cardiac
toxicity profile of fixed-dose trastuzumab s.c. and weight-based i.v.
trastuzumab, in patients with early HER2þ breast cancer. The
analysis was focused on the first 5 years of follow-up (since the first
trastuzumab administration), so as to normalize observation time
in the two groups. Secondary objectives included the identification
of potential clinical predictors of cardiac toxicity of trastuzumab
and the analysis of 5-year event-free survival (EFS) in the overall
population and in the two treatment groups.

2.4. Statistical methods

Data were analyzed by descriptive statistics. Univariate statis-
tical analysis included contingency tables with Chi-Squared or
Fisher’s exact test, and nonparametric Mann-Whitney test. A
multivariable logistic model was applied to identify independent
risk factors of cardiac toxicity. EFS was defined as the time from the
first dose of trastuzumab to local, regional or distant disease
recurrence, contralateral breast cancer, death from any cause, or
censoring at 5 years of follow-up (whichever occurred first). 5-year
EFS was assessed using the Kaplan-Meier method for the overall,
s.c. and i.v. population. The log-rank test was used to test differ-
ences between groups. All p-values were two-sided, and statistical
significance was assumed at p � 0.05.

Analyses were performed with SAS version 9.4 and STATA
version 15.
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3. Results

3.1. Study population

We evaluated data of 363 patients (362 females; median age 55
years; range: 31e85) (Table 1). Among them, 184 (50.7%) received
i.v. trastuzumab and 179 (49.3%) s.c. trastuzumab. Anthracyclines
were administered in 90.4% of patients (n ¼ 328) before trastuzu-
mab. The median cumulative anthracycline dose equivalent was
240mg/m2 (range 189e280) in the i.v. group and 240mg/m2 (range
60e360) in the s.c. one. The type of anthracycline was doxorubicin
(n¼ 308) or epirubicin (n¼ 20). The median time interval between
anthracycline administration and the start of trastuzumab was 22
days (range, 21e30) in the i.v. group and 24 days (range, 21e36) in
the s.c. one. Overall, 229/363 (63.0%) patients received taxanes
concomitantly to trastuzumab; among these, 194/363 (53.4%) had
previously received anthracycline. In total, 284 patients (78.2%)
received radiotherapy (142 on the left side, 4 bilaterally). Baseline
ejection fraction (EF) was >55% (range: 55e80%) in all but five
patients who had EF between 50 and 55%. Current smoking had
been reported by 19.6% of patients; 11.3% of patients had quitted
smoking at the first oncology visit. Overall, 37.7% of patients
showed cardiac comorbidity and 29.8% used cardiologic medica-
tions regularly. Furthermore, 3.3% of patients had diabetes.

3.2. Cardiac toxicity

Within the predefined period of 5 years of observation, the
incidence of events meeting our criteria in the entire cohort was
11.8% (n ¼ 43). All patients showed LVEF decrease, with a median
reduction of 12% (range: 6e30) (Fig. 1). LVEF values were not sta-
tistically different at each timepoint in s.c. or i.v. group between the
two groups (interaction test, p ¼ 0.38).

Almost all cardiac events occurred during trastuzumab admin-
istration, except for two cases (5 and 22 months after the end of
treatment). The majority of events had reversed (24/43, 55.8%) at
the data cut-off. No cases of congestive heart failure occurred,
neither multiple events per patient were observed. In total, 343
patients completed the planned trastuzumab treatment, with an
early discontinuation in 20 patients (5.5%), of whom eight received
s.c trastuzumab and 12 i.v. treatment. Early discontinuation was
due to persistent cardiotoxicity (LVEF decline for >8 weeks) in 19/
20 cases.

Risk factors for cardiac events were cardiological therapy (car-
diac events in patients with vs without cardiac medications: 19.3%
vs 8.7%, p ¼ 0.004) and cardiac comorbidity (18.2% vs 8.0%,
p ¼ 0.0033). These two risk factors were also strongly associated
(p < 0.0001). Previous smoking (21.9%) was a further risk factor for
cardiotoxicity compared to active smoking (4.2%) and never
smoking (12.7%) (p ¼ 0.02), even if former smokers did not have a
higher incidence of cardiac comorbidities (11/41 [26.8%] vs 27/71
[38.0%] vs 99/251 [39.4%], in former, present and never smokers,
respectively; p¼ 0.30). Previous treatment with anthracyclines was
not a risk factor for developing events, although we recorded a
higher number of events in anthracycline-treated patients
compared with others (12.5% vs 5.0%, p ¼ 0.40). In addition, base-
line EF (p ¼ 0.47), radiotherapy on the left side (p ¼ 0.41), BMI
classes (p ¼ 0.54) and diabetes (p ¼ 0.43) had no impact on the
occurrence of cardiac events.

3.3. Clinical predictors of cardiac toxicity: administration route and
concomitant cardiac treatment

At the univariate analysis, the administration route had an
impact on cardiac toxicity, with a higher frequency in patients in



Table 1
Patients’ characteristics in the overall population and by treatment group (subcutaneous versus intravenous trastuzumab).

Characteristic Entire cohort (n ¼ 363) Subcutaneous group (n ¼ 179) Intravenous group (n ¼ 184) p-value

Median age, years (range) 55 (31e85) 57 (31e85) 54 (33e82) 0.042
Gender, n (%): 0.493
� Female 362 (99.7) 178 (99.4) 184 (100.0)
� Male 1 (0.3) 1 (0.6) 0 (0.0)
Height (m), median (range) 1.60 (1.37e1.78) 1.60 (1.37e1.78) 1.60 (1.48e1.77) 0.577
Weight (kg), median (range) 62 (42e130) 61 (45e108) 62 (42e130) 0.728
BMI (kg/m2) median (range) 23.72 (15.77e50.15) 24.09 (16.76e39.73) 23.59 (15.77e50.15) 0.517
BMI, n (%): 0.387
� <18.5 18 (4.9) 7 (3.9) 11 (6.0)
� 18.5e24.99 210 (57.9) 105 (58.6) 105 (57.1)
� 25e29.99 83(22.9) 37 (20.7) 46 (25.0)
� �30 52 (14.3) 30 (16.8) 22 (11.9)
Baseline EF, n (%): 0.675
� �55% 358 (98.6) 177 (98.9) 181 (98.4)
� 50e54% 5 (1.4) 2 (1.1) 3 (1.6)
Radiotherapy, n (%): 0.002
� No 79 (21.8) 24 (13.4) 55 (29.9)
� Left-sided 142 (39.1) 84 (46.9) 58 (31.5)
� Bilateral 4 (1.1) 2 (1.1) 2 (1.1)
� Right-sided 138 (38.0) 69 (38.6) 69 (37.5)
Smokers, n (%): 0.118
� Present 71 (19.6) 37 (20.7) 34 (18.5)
� Former 41 (11.3) 14 (7.8) 27 (14.7)
� Never 251 (69.1) 128 (71.5) 123 (66.8)
Cardiovascular comorbidities, n (%): 0.067
� Yes 137 (37.7) 76 (42.5) 61 (33.1)
� No 226 (62.3) 103 (57.5) 123 (66.9)
Cardiological medications, n (%): 0.025
� Yes 108 (29.8) 63 (35.2) 45 (24.5)
� No 255 (70.2) 116 (64.8) 139 (75.5)
Diabetes, n (%): 0.771
� Yes 12 (3.3) 5 (2.8) 7 (3.8)
� No 351 (96.7) 174 (97.2) 177 (96.2)
Prior CT, n (%): 0.108
� Anthracycline þ taxanes 194 (53.4) 82 (45.8) 112 (60.9)
� Anthracycline only 134 (37.0) 81 (45.3) 53 (28.8)
� Taxanes only 35 (9.6) 16 (8.9) 19 (10.3)

BMI: Body mass index; EF: Ejection fraction; CT: Chemotherapy.

Fig. 1. LVEF measures over time (mean ± SD) at baseline, at 3, 6, 9 and 12 months and at 2, 3, 4 and 5 years.
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the i.v. group (15.2% in i.v. and 8.4% in s.c. group, p¼ 0.044). In order
to assess whether the different cardiac toxicity profiles of the
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administration route of trastuzumab (s.c. vs i.v.) were influenced by
different distributions of potential risk factors (e.g., cardiac
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comorbidities, smoking, previous anthracycline therapy) in the two
groups, we analyzed the relative number of each variable in s.c.
versus i.v. trastuzumab samples (Table 1). The s.c. group differed
from the i.v. group by a slightly higher median age (57 vs 54 years;
p ¼ 0.042), more concomitant cardiological treatments (p ¼ 0.025)
and higher exposure to left radiation therapy (p ¼ 0.002). However,
the last two risk factors were represented more in the s.c. group,
reporting less cardiac toxicity events. Furthermore, the higher
number of patients on concomitant cardiological medications in
the s.c. group was maintained for each drug class (angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers, b-
blockers, diuretics and lipid-lowering agents).

We then confirmed the role of administration route by a mul-
tiple logistic regression analysis. Of all the parameters used in the
model (administration route, cardiac concomitant medications,
previous anthracycline-based treatment, radiation therapy, age and
BMI), regression analysis showed that patients receiving i.v. tras-
tuzumab were 2.41-times more likely, while patients without
concomitant cardiac treatments were 1.96-times significantly less
likely, to develop cardiac toxicity (p ¼ 0.014; Table 2).
3.4. 5-Year event-free survival analysis

In the overall population, 5-year EFSwas 91.7%; in the s.c. and i.v.
trastuzumab groups, the 5-year EFS were 90.5% and 92.9%,
respectively (Fig. 2). No differences between the two treatment
groups were observed (p ¼ 0.30). At 5 years, 30/363 patients (8.3%)
had an EFS event: 7/363 (1.9%) had a local (5 s.c., 2 i.v.), 2/363 (0.5%)
a regional (1 s.c., 1 i.v.) and 19/363 (5.2%) a distant recurrence (10
s.c.,9 i.v.) and 2/363 (0.6%) had contralateral breast cancer (1 s.c., 1
i.v.).
Fig. 2. Event-free survival in the overall population (A) and in the i.v. versus s.c. group
(B).
4. Discussion

To our knowledge, our study is the largest monocentric study
comparing cardiac toxicity of s.c. versus i.v. trastuzumab in HER2þ
breast cancer patients in an adjuvant real-world setting, aiming to
define potential predictors of cardiac toxicity (Table S1).

In our population, the overall incidence of cardiac dysfunction
was 11.8%, consistently with previous reports [9,10]. Our long-term
safety analysis showed that most cardiac events (mainly LVEF
reduction) occurred during treatment and were reversible.
Reversibility of cardiac toxicity in our patients was lower than re-
ported in the adjuvant trastuzumab trials [1e4]. The principal
explanation for this discrepancy could rely on slight inconsistency
in the definition of cardiac recovery in the medical literature, as
consensus on the definition for cardiotoxicity is still lacking
[11e13]. The adjuvant trastuzumab trials themselves used slightly
different definitions of cardiac recovery [3,14,15]. In our study, a full
recovery of LVEF was defined as the return of LVEF to at least its
normal value.
Table 2
Multiple logistic regression analysis for predicting cardiac toxicity in HER2-positive
breast cancer patients.

Variables Odds ratio 95% CI

Trastuzumab (i.v. vs s.c.) 2.41 1.19e4.84
BMI 0.96 0.89e1.03
RT 1.21 0.61e2.39
Anthracyclines 2.75 0.62e12.26
Cardiac concomitant treatments (no vs yes) 0.29 0.14e0.63
Age 0.99 0.96e1.03

BMI: Body mass index; CI: Confidence interval; i.v.: Intravenous; RT: Radiation
therapy; s.c.: Subcutaneous.
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A further reason for our lower reversibility rate could be the
stricter inclusion criteria used in RCT. As a matter of fact, the pro-
portion of patients who recovered in our study is closer to the one
described in the real-world study OHERA (67.3%; “patients with
significant LVEF drop who achieved resolution” in Table 2).
Furthermore, a recent cohort study reported that one-third of the
population who developed cardiac toxicity after trastuzumab had
long-term impaired cardiac function [12].

Most patients received anthracycline-based chemotherapy
(90.4%) before trastuzumab administration, without differences
between i.v. and s.c. group (89.7% in i.v. and 91.1% in s.c.). This
percentage is in line with those reported in the HERmione study
(75% of patients, all receiving s.c. trastuzumab) [16] and in the
OHERA trial (90.2%, all receiving i.v. trastuzumab) [17]. In all these
studies (including ours), the incidence of cardiac toxicity was not
higher in patients who had received prior anthracycline therapy.
However, the relatively small number of patients not receiving an
anthracycline-based regimen does not permit to rule out a poten-
tial impact of the previous regimen on the trastuzumab-induced
cardiotoxicity. The hypothesis of an increased risk of cardiac
dysfunction when trastuzumab is administered after anthracy-
clines was raised by randomized clinical trials [1,2,18,19] and by a
Chinese observational study [20]. The reason for these findings
could rely on the different mechanisms of cardiac toxicity of tras-
tuzumab and anthracyclines. Anthracyclines have a direct cytotoxic
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effect mediated by calcium channels and reactive oxygen species
(ROS) [21], while trastuzumab is mainly responsible for alterations
in cellular metabolic pathways in cardiomyocytes [22]. However,
cardiac dysfunction associated with trastuzumab after the use of
adjuvant anthracyclines is relatively transient [2,18,19].

Remarkably, we enrolled patients withmild tomoderate cardiac
comorbidities excluding only patients with a severe cardiac
dysfunction (according to good clinical practice), while interven-
tional trials preferentially enrolled patients with few cardiac
comorbidities. The recent prospective real-life HERmione study
extended the analysis to patients with cardiac comorbidities;
however, it only assessed s.c. trastuzumab [16]. Another study
including patients with pre-existing cardiac conditions was the
real-world OHERA study; however, it only analyzed i.v. trastuzu-
mab [17]. In our study, cardiac comorbidities and cardiovascular
medication at baseline were associated with higher risk of cardiac
toxicity. Since they were strongly associated (p < 0.0001), we only
included concomitant cardiological medications in the multivari-
able analysis. Surprisingly, concomitant cardiological treatments
were more frequent in patients receiving s.c. trastuzumab (the
subgroup with a lower incidence of cardiac events) than in the i.v.
group. Furthermore, each class of cardiological drugs was more
frequent in the s.c. group. This latter observation prevents the
speculation that some special classes could have a very high car-
dioprotective activity and be responsible for the reduced risk of
patients in the s.c. group.

Previous smoking was associated with higher risk of cardiac
toxicity while active and no smoking did not, although in our
sample active smoking and not-smoking patients presented a
higher incidence of cardiac comorbidities. One possible explanation
is that subjects with a familiar higher risk of either cancer or car-
diovascular disease quitted smoking to prevent future illness
[23,24].

i.v. administration was associated with a higher cardiac toxicity
than the s.c. one (15.2% vs 8.4%, respectively), both at univariate and
multivariate analysis. The final analysis of the HannaH trial showed
a comparable efficacy and safety of s.c. and intravenous i.v. tras-
tuzumab, in apparent contrast with our findings [25]. Interestingly,
the incidence of cardiac adverse events reported in the HannaH
trial (44 of 297 [14.8%] and 42 of 298 [14.1%] in s.c. and i.v. arms,
respectively) was similar to the incidence of cardiac adverse events
we observed in our i.v. population (15.2%). On the contrary, our s.c.
population showed a significantly lower incidence of cardiac
adverse events (8.4%). Of note, the HannaH trial was a prospective,
randomized trial, while our study is a retrospective evaluation, and
possible confounding factors might have played a role in the
comparison. Considering each administration route of trastuzumab
separately, the s.c. trastuzumab cardiac safety profile is consistent
with the known profile of s.c. trastuzumab in clinical trials
[9,10,26e28] without new safety concerns, while the cardiac safety
profile of i.v. trastuzumab, although is similar to that reported in
randomized controlled trials like the HannaH trial) [10], was higher
if compared to real-life data on thousands of patients in the OHERA
study (7.6%) [17]. Of note, cardiological treatments were more
frequently used in the s.c. group (35.2% in s.c. group vs 24.5% in i.v.
group), regardless of drug class, although more cardiac events were
found in patients using cardiological treatment in the i.v. group
(26.7% in i.v. vs 14.3% in s.c.). This suggests a link between cardiac
toxicity and cardiological treatments rather than a spurious asso-
ciation. Moreover, cardiological therapies (especially, beta-blockers
and angiotensin-converting enzyme inhibitors) had already been
prescribed as an active treatment for a pre-existing cardiovascular
condition and not as a prevention of the potential cardiotoxicity of
trastuzumab [29]. 5-year EFS was similar between the two
administration routes, consistently with previous data [1,27].
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Furthermore, our study evaluated the potential influence of
bodyweight on the safety of fixed-dose s.c. trastuzumab. Multiple
logistic regression analysis of HannaH study reported that body-
weight did not influence the rates of severe or serious adverse
events [25]. In the phase III SafeHer study, an exploratory analysis
evaluating safety of s.c. trastuzumab by bodyweight found that the
lower bodyweight subgroups had comparable incidence of adverse
events to the overall population [28]. These data deriving from
subgroup analyses of phase III trials are confirmed by our pre-
planned analysis in a real-world setting, thus contributing to rule
out the theoretical concern of a potential s.c. trastuzumab over-
treatment in patients with a bodyweight <59 kg.

Limitations of our study are those inherent to retrospective
research, and also the small number of patients with a baseline
LVEF 50e55%. On the other hand, a monocentric study has the
advantage to be uniform in the evaluation of patients, by both
cardiologists and oncologists. In particular, treatment schedules
(including time interval between anthracycline administration and
the start of trastuzumab, cumulative anthracycline dose) as well as
number of follow-up visits were highly homogeneous and adherent
to international and to our internal guidelines, thus limiting the
influence that established variables of cardiotoxicity for trastuzu-
mab might have influenced our findings. An additional limitation
could not be avoided due to the real-life setting of the study:
echocardiograms for LVEF assessment were not performed by a
single cardiologist but by several cardiologists of the Cardiology
Unit of our Hospital, according to the current clinical practice. Of
note, all cardiologists were part of the internal cardio-oncology
multidisciplinary team.

Furthermore, the duration of the follow-up is adequate,
considering that late chronic cardiotoxicity can appear after 1 year,
with no evidence of a further increase in cardiac events over time
[30].

To date, the phase III randomized HannaH and PrefHer trials
showed that the s.c. formulation was not inferior to the i.v. one and
was preferred by the majority of early breast cancer patients,
respectively [25,27]. On the other hand, nowadays, there is a great
diffusion of biosimilar use in oncology, mainly for pharmacoeco-
nomic issues and several biosimilars of trastuzumab have been
introduced in the clinical practice but they are all administered by
i.v. infusion. On the contrary, the evolving paradigm of breast
cancer care is focused on effectiveness, but also on non-invasive
and time-saving procedures. Indeed, very recently, the US Food
and Drug Administration (FDA) has approved the fixed-dose com-
bination of pertuzumab and trastuzumab, both administered by s.c.
injection, following the phase III FeDeriCa study [31].

In conclusion, our results showed that the route of administra-
tion of trastuzumab and patients’ concomitant medications are
independent predictive factors of trastuzumab-induced cardiac
toxicity, thus suggesting that they are two key elements when
planning adjuvant strategy for HER2þ breast cancer patients at risk
of developing cardiac toxicity.
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