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Abstract
Background  Treatment de-escalation in early-stage, 
human epidermal growth factor receptor 2 (HER2)-
positive breast cancer (BC) has been attempted in order 
to decrease costs and toxicities. One of the strategies 
pursued is decreasing trastuzumab treatment duration, 
with mixed results thus far. Trastuzumab-associated 
cardiotoxicity, however, may be more frequent with 12 
months of trastuzumab compared with shorter treatment 
lengths. Therefore, we have conducted a meta-analysis to 
address this question.
Materials and methods  A meta-analysis of trials testing 
12 months of adjuvant trastuzumab versus shorter 
regimens, reporting cardiac outcomes in patients with 
HER2-positive BC was performed with the random effects 
model with inverse variance weighting.
Results  Clinical cardiac dysfunction associated with 
12 months of trastuzumab versus shorter trastuzumab 
regimens, including 11 250 patients, showed a pooled 
OR (pOR) of 1.90 (95% CI 1.37 to 2.64; p value <0.001; 
I2=65.7%); in the subgroup comparison of 12 versus 6 
months, the pOR was 1.57 (95% CI 1.30 to 1.90; p<0.001; 
I2=5.7%). pOR for low left ventricular ejection fraction 
was 1.45 (95% CI 1.19 to 1.75; p<0.001; I2=11.9%), 1.55 
(95% CI 1.00 to 2.42; p=0.052; I2=0.0%) for congestive 
heart failure and 3.70 (95% CI 0.27 to 51.60; p=0.33; 
I2=78.8%) for premature trastuzumab discontinuation due 
to cardiotoxicity for 12 months versus shorter trastuzumab 
regimens. Funnel plot analyses indicated a low risk of 
publication bias.
Conclusions  Compared to shorter treatment durations, 
there is sufficient evidence that 12 months of trastuzumab 
yields higher odds for the occurrence of relevant cardiac 
events. An individual patient-level data meta-analysis is 
needed in order to provide adequate data on risk factors 
for cardiotoxicity.

Introduction
Targeted therapy against the human 
epidermal growth factor receptor 2 (HER2) 
for patients with early-stage, HER2-positive 
breast cancer (BC) has turned an aggressive 

Key questions

What is already known about this subject?
►► Twelve months of adjuvant anti-human epider-
mal growth factor receptor 2 (HER2) therapy with 
trastuzumab is fundamental in the care of pa-
tients with early-stage, HER2-positive BC, although 
trastuzumab-associated cardiotoxicity may partially 
undermine its benefits.

►► Currently, treatment durations of trastuzumab short-
er than 12 months are of interest from a pharmaco-
economic and toxicity perspective, although the 
equivalence of these shorter regimens, in terms of 
efficacy, is still debated.

What does this study add?
►► We sought to determine if and how worse trastu-
zumab for 12 months compares to shorter treatment 
durations in terms of cardiotoxicity, by means of a 
meta-analysis of trials comparing two treatment 
durations.

►► Dichotomous data from six randomised clinical tri-
als were pooled with a random effects model, which 
showed that 12 months of trastuzumab increases 
the odds of clinical cardiac dysfunction compared 
with 6 months (pooled OR (pOR)=1.57 (95% CI 1.30 
to 1.90; p<0.001; I2=5.7%)) and low left ventricular 
ejection fraction events (pOR=1.45 (95% CI 1.19 to 
1.75; p<0.001; I2=11.9%)).

►► Although with a low incidence in both treatment du-
rations (1.1% to 1.8%), trastuzumab for 12 months 
compared with 9–12 weeks increases the odds of 
congestive heart failure as well (pOR=1.68 (95% CI 
1.01 to 2.81; p=0.047; I2=0.0%)).

How might this impact on clinical practice?
►► In light of this worse cardiotoxicity profile, proper 
cardiac function monitoring should be pursued, es-
pecially when 12 months of trastuzumab is given. 
An individual patient-level data meta-analysis is 
warranted, in order to identify those in which shorter 
trastuzumab duration, particularly 6 months, would 
merit consideration due to cardiac limitations.
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disease, known for its metastatic and early relapsing 
potential, into one with the highest cure rates among 
BC subtypes.1 Nonetheless, trastuzumab, the mono-
clonal antibody that introduced this paradigm shift to 
HER2-positive BC, may induce cardiotoxicity, usually in 
the form of asymptomatic left ventricular dysfunction, 
but sometimes as overt congestive heart failure (CHF) 
and rarely cardiac death.2

As the standard 12 months schedule of adjuvant trastu-
zumab was empirically defined, several studies have tested 
shorter regimens.3–8 Heretofore, mixed results have 
been found regarding the equivalence of these shorter 
regimens compared with 12-month schedules in terms 
of efficacy, according to individual trials’ results,9 and a 
few meta-analyses,10–12 whereas the longer regimen may 
indeed be more cardiotoxic.13 14 This meta-analysis there-
fore aims at quantifying trastuzumab-associated cardio-
toxicity odds of 12 months of trastuzumab compared 
with shorter regimens in patients with early-stage, HER2-
positive BC .

Materials and methods
Search strategy and studies eligibility
The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses statement was used as guidance 
for this meta-analysis.15 Medline/PubMed search was 
performed in order to identify randomised clinical trials 
testing shorter adjuvant trastuzumab regimens versus 
12-month regimens in early-stage, HER2-positive BC, 
with the following algorithm: (‘breast cancer’ OR ‘breast 
neoplasm’ OR ‘breast tumor’ OR ‘breast tumour’ OR 
‘breast tumours’ OR ‘Breast Neoplasm’ (MeSH)) AND 
(‘HER2 positive’ OR ‘HER2/neu positive’) AND (‘tras-
tuzumab’ OR ‘Herceptin’) AND (‘adjuvant therapy’ OR 
‘adjuvant treatment’ OR ‘early stage’ OR ‘adjuvant’) 
AND (randomised clinical trial (pt) OR controlled clin-
ical trial (pt) OR randomised (tiab) OR placebo (tiab) 
OR drug therapy (sh) OR randomly (tiab) OR trial (tiab) 
OR groups (tiab)) NOT (animals (mh) NOT humans 
(mh)). No time or language restriction was applied. 
Afterwards, conference proceedings were sought via elec-
tronic search of abstract repositories of the major inter-
national congresses, that is the American Society of Clin-
ical Oncology annual meeting, the European Society for 
Medical Oncology annual meeting and the San Antonio 
Breast Cancer Symposium. The last search was updated 
on 14 July 2019.

Articles were eligible for data extraction when-
ever they reported the comparison, within the scope 
of a randomised clinical trial, of a shorter versus the 
standard 12-month regimen of adjuvant trastuzumab 
in patients with early-stage, HER2-positive BC, with 
reported cardiac outcomes. The most recent publica-
tion of each study was used for data extraction. Cardiac 
outcomes of interest for this meta-analysis were clin-
ical cardiac dysfunction, low left ventricular ejection 

fraction (LVEF), CHF and premature trastuzumab 
discontinuation due to cardiotoxicity.

Data extraction and outcomes
Study eligibility and data extraction were performed inde-
pendently by two authors (DE and MSN), with disagree-
ment between authors resolved by consensus. Extracted 
data for each study consisted of first author name, year 
of publication, trial acronym (if any), number of patients 
per treatment arm, outcomes definitions in each trial, 
number of events per outcomes of interest and treatment 
arm, chemotherapy backbone, and LVEF schedules of 
assessment.

Four distinct cardiac outcomes were investigated, as 
defined below, in order to capture all individual study 
definitions, whenever available:
1.	 Clinical cardiac dysfunction: symptoms of CHF and a 

significant decrease in LVEF, or introduction of a new 
cardiac medication, or a grade 2 or higher cardiac 
side-effects (per the Common Toxicity Criteria (CTC) 
V.3), including cardiac deaths. A significant decrease 
in LVEF could either be any decrease under 50%, re-
gardless of baseline value, or an absolute decrease of 
15% or more, despite LVEF remaining above 50%.

2.	 Low LVEF: a decrease to lower than 50% or reported 
as low without quantification, regardless of baseline 
value, or a decrease of more than 15% despite LVEF 
remaining above 50%.

3.	 CHF: defined as heart failure New York Heart Associa-
tion class III or IV with a significant LVEF decrease, or 
grade 3 or 4 LVEF dysfunction per CTC V.3.

4.	 Premature trastuzumab discontinuation due to cardio-
toxicity: non-completion of the assigned trastuzumab 
treatment duration due to any given clinical cardiac 
dysfunction.

Quality of eligible studies
To ascertain the quality of each individual study, two 
authors (DE and MAF) independently used Cochrane 
Risk of Bias (RoB) tool V.2, ascertaining five different 
domains, and a final agreement was reached on whether 
a trial had an overall low, unclear or a high RoB.16

Data analysis
Incidence rate and respective 95% CI of each cardiac 
outcome per treatment arm was calculated by extracting 
the number of corresponding events and the total 
number of patients per arm.

Following extraction, dichotomous data (cardiac 
outcome vs no cardiac outcome) was pooled with a 
random effects model with inverse variance weighting. 
All effect sizes were measured by the ORs model and 
95% CI, with an OR >1 indicating that 12 months of 
trastuzumab increases the odds of a given outcome, 
compared with shorter regimens. Subgroup analyses 
were performed per outcome whenever ≥2 studies 
were pooled for each of the subgroup comparisons (12 
months vs 6 months and 12 months vs 9–12 weeks). The 
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Figure 1  Flowchart diagram of study selection, showing that from an initially retrieved 814 studies from PubMed/Medline, six 
were selected for this meta-analysis.

leave-one-out procedure was performed whenever ≥3 
studies were analysed. For sensitivity analysis, a second 
meta-analysis of rare cardiac events, defined as those 
occurring in around 1% of patients in any treatment 
arm of any study, was performed with Peto’s method.17 
Graphical representations with forest plots using log 
scale for each cardiac outcome and pooled effect size, 
with respective 95% CIs are provided.

Heterogeneity was assessed with the I2 test (substan-
tial heterogeneity whenever I2 ≥50%).18 Publication 
bias was ascertained by visual inspection of funnel 
plots and Egger regression test, despite the inherent 
constraints of these methods for small meta-analysis.19 20 
All reported p values are two-sided, with significance set 
at p<0.05.

All analyses were performed with Comprehensive Meta-
Analysis V.3 (Biostat, Englewood, New Jersey, USA),21 and 
with OpenMEE for metafor R package (Brow University, 
Providence, Rhode Island, USA).22 23

Results
Trials characteristics
From 814 references retrieved, 799 were excluded on 
the basis of their titles, 8 were excluded, due to various 
reasons, after reviewing their abstracts and following 
the full-text review of 7 studies, one was excluded due 

to insufficient cardiotoxicity data (figure  1). Hence six 
trials,3–8 all published in peer-reviewed journals, were 
eligible for data extraction and meta-analysis.

There were three trials (PERSEPHONE, PHARE and 
HORG) testing a 6-month versus a 12-month schedule 
of adjuvant trastuzumab,3–5 and two trials (Short-HER 
and SOLD) comparing a 9-week versus a 12-month 
schedule,6 7 all designed as non-inferiority phase III trials. 
All five trials had efficacy assessment as their main objec-
tive. The E2198, a phase II comparative trial,8 tested the 
cardiac safety of 12 weeks of adjuvant trastuzumab versus 
12 months. Details regarding chemotherapy backbone, 
LVEF schedule of assessment and cardiac outcomes per 
trial are provided in table  1. Of note, most patients in 
the six eligible trials received anthracycline-based chemo-
therapy. It is important to highlight, however, an imbal-
ance in the expected total cumulative anthracycline dose 
by treatment arm, which may have disadvantaged the 
12-month arm in Short-HER, since those patients were 
assigned to four cycles of doxorubicin or epirubicin plus 
cyclophosphamide (up to 240 mg/m2 of doxorubicin or 
360 mg/m2 of epirubicin, respectively) while patients in 
the 9-week arm were assigned for only three cycles of 
5-fluorouracil plus epirubicin plus cyclophosphamide (up 
to 180 mg/m2 of epirubicin). Minor differences in LVEF 
schedule of assessment may be noted between treatment 
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Table 2  Pooled incidences of cardiac outcomes according to treatment arms

Clinical cardiac dysfunction

Arm
Number of 
events/patients Incidence (95% CI) Short regimens

Number of 
events/patients Incidence (95% CI)

Trastuzumab 12 months 459/5615 8.2% (7.5% to 8.9%) – – –

Trastuzumab short 
regimen

273/5635 4.8% (4.3% to 5.4%) Trastuzumab 6 months 224/3924 5.7% (5.0% to 6.5%)

– – – Trastuzumab 9 weeks 49/1711 2.9% (2.2% to 3.8%)

Low LVEF

Trastuzumab 12 months 323/3730 8.7% (7.8% to 9.6%) – – –

Trastuzumab short 
regimen

234/3728 6.3% (5.5% to 7.1%) Trastuzumab 6 months* 234/3728 6.3% (5.5% to 7.1%)

CHF

Trastuzumab 12 months 51/2896 1.8% (1.3% to 2.3%) – – –

Trastuzumab short 
regimen

33/2892 1.1% (0.8% to 1.6%) Trastuzumab 6 months 9/1690 0.5% (0.3% to 1.0%)

– – – Trastuzumab 9–12 weeks 24/1202 2.0% (1.4% to 3.0%)

Premature trastuzumab discontinuation

Trastuzumab 12 months 249/3825 6.5% (5.8% to 7.3%) – – –

Trastuzumab short 
regimen

95/3869 2.5% (2.0% to 3.0%) Trastuzumab 6 months* 95/3869 2.5% (2.0% to 3.0%)

*Results available only for trastuzumab 6 months.
CHF, congestive heart failure; LVEF, left ventricular ejection fraction.

arms only in two trials,5 8 which were not expected to 
introduce bias.

Pooled cardiac outcomes incidences
Five trials reported clinical cardiac dysfunction as an 
outcome. Among 5615 patients treated with a 12-month 
trastuzumab duration, 459 experienced clinical cardiac 
dysfunction, for a pooled incidence of 8.2% (95% CI 7.5% 
to 8.9%), while for the 5635 patients treated with shorter 
durations, 273 experienced clinical cardiac dysfunction, 
for a pooled incidence of 4.8% (95% CI 4.3% to 5.4%). 
The pooled incidences of low LVEF were 8.7% (95% CI 
7.8% to 9.6%) and 6.3% (95% CI 5.5% to 7.1%), of CHF 
were 1.8% (95% CI 1.3% to 2.3%) and 1.1% (95% CI 
0.8% to 1.6%) and of premature trastuzumab discontin-
uation due to cardiotoxicity were 6.5% (95% CI 5.8% to 
7.3%) and 2.5% (95% CI 2.0% to 3.0%), respectively. 
Further details regarding pooled incidences of cardiac 
outcomes according to type of short regimens may be 
found in table 2.

Risk of bias assessment
Quality of each individual trial is depicted in figure  2, 
highlighting that three of them had an overall low RoB 
and three had unclear RoB. Bias assessment concerning 
each domain, for every trial, is provided as online supple-
mentary material in the appendix.

Meta-analysis results
All trials but E2198 reported clinical cardiac dysfunc-
tion, including 11 250 patients, showing a pooled OR 
(pOR) of 1.90 (95% CI 1.37 to 2.64; p value <0.001) for 

12 month versus shorter trastuzumab regimens, which 
was, however, heterogeneous (I2=65.7%). When sepa-
rated by subgroups, the pOR of 12-month versus 6-month 
regimens was 1.57 (95% CI 1.30 to 1.90; p<0.001), without 
heterogeneity (I2=5.7%); the pOR of 12-month versus 
9-week regimen was 2.59 (95% CI 1.52 to 4.40; p<0.001), 
with heterogeneity (I2=58.1%). The leave-one-out proce-
dure (forest plot provided as online supplementary figure 
S1 in the appendix) showed Short-HER to have the most 
weight in both the OR and heterogeneity of the anal-
ysis (minus Short-HER pOR=1.60 (95%CI 1.37 to 1.90; 
p<0.001; I2=0.0%)).

The low LVEF meta-analysis included the PERSE-
PHONE and PHARE trials, summing 7342 patients and 
showing a pOR of 1.45 (95% CI 1.19 to 1.75; p<0.001), 
without heterogeneity (I2=11.9%).

Among 3 studies and 5788 patients, the pOR for CHF 
of 12 month versus shorter regimens was 1.55 (95% CI 
1.00 to 2.42; p=0.052), without heterogeneity (I2=0.0%). 
Subgroup analysis showed a pOR for the comparison of 
12 month versus 9–12 weeks trastuzumab of 1.68 (95% CI 
1.01 to 2.81; p=0.047; I2=0.0%). Since CHF events were 
rare, a prespecified sensitivity analysis with Peto’s method 
showed a significant increase in the odds of CHF with 
12 month versus shorter trastuzumab regimens (Peto’s 
OR=1.55; 95% CI 1.00 to 2.38; p=0.048; I2=0.0%; online 
supplementary figure S2).

There were three trials (7823 patients) reporting prema-
ture trastuzumab discontinuation. The pOR of 12 month 
versus shorter trastuzumab regimens was 3.70 (95% CI 
0.27 to 51.60; p=0.330; I2=78.8; online supplementary 
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Figure 2  RoB assessment of the five domains (bias arising from the randomisation process; due to deviations from intended 
interventions; due to missing outcome data; bias in measurement of the outcome; and bias in selection of the reported result) 
per trial, indicating that some concerns always arose from the measurement of the cardiac outcome. RoB, risk of Bias.

figure S3). The absence of statistical significance and 
high heterogeneity was maintained following a sensitivity 
analysis with Peto’s method (Peto’s OR=2.69; 95% CI 0.83 
to 8.68; p=0.098; I2=88.6; online supplementary figure 
S4). Figure 3A–C shows the forest plot for each cardiac 
outcome, including subgroup analyses, and online 
supplementary figures S5 and S6 show the leave-one-out 
procedure plots for CHF and premature trastuzumab 
discontinuation events, respectively.

Publication bias analysis
No funnel plot was generated for the low LVEF meta-
analysis due to the restricted number of studies included.

For the other cardiac outcomes, symmetric funnel plots 
and Egger regression p values >0.05 were found (see 
online supplementary figure S7A–C), therefore no publi-
cation biases are expected, although these meta-analyses 
are overall small.

Discussion
As hypothesised, 12 months of trastuzumab compares 
unfavourably with shorter durations of treatment in terms 

of cardiotoxicity. Although we have found high heteroge-
neity for the meta-analysis of clinical cardiac dysfunction 
(I2=65.7%), subgroup analyses were able to confirm a 
higher odds of having clinical cardiac dysfunction with 12 
months of trastuzumab versus 6 months (pOR=1.57 (95% 
CI 1.30 to 1.90; p<0.001; I2=5.7%)). For a clinically rele-
vant cardiac outcome, such as grade 2–4 CHF or other 
cardiac side-effects, all leading to symptoms and poten-
tially hospital admissions, these results allow for a better 
informed decision-making on trastuzumab treatment 
duration. Moreover, in the subgroup analysis for the rare 
CHF event, indeed 12 months of trastuzumab increases 
the odds of experiencing CHF by 68%, compared with 
9–12 weeks regimens. Twelve months of trastuzumab also 
increases the odds of low LVEF events by 45%, compared 
with shorter regimens. Since most patients will continue 
to receive 1 year of trastuzumab treatment (with or 
without pertuzumab),24 it is important to refer them early 
to a cardio-oncology consult,25 and to stratify patients 
based on established cardiac risk factors for treatment 
with trastuzumab, such as older age, hypertension, high 
body mass index, among others.26 Consideration should 
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Figure 3  Forest plots in log scale for each cardiac outcome. The size of the squares represents the weight of the studies. 
Error bars represents 95% CIs. The vertical black line sets the 1, and the vertical red line sets the overall pOR. The blue 
diamonds indicates the overall pOR, whereas the yellow ones indicate the subgroup pORs, all with their respective 95% CIs. 
A pORs higher than 1 indicate that treatment with trastuzumab for 12 months increases the rate of a given cardiac outcome 
compared with a shorter trastuzumab regimen, with statistical significance seen whenever the CI does not cross the 1. (A) 
Random effects model with inverse variance weighting meta-analysis of clinical cardiac dysfunction associated with 12 
months of trastuzumab versus short trastuzumab regimens, including 5 studies/11 250 patients, showing a pOR=1.90 (95% 
CI 1.37 to 2.64; Z-value=3.84; p value <0.001; I2=65.7%). Subgroup analysis shows for the 12 months versus 6 months 
comparison a pOR=1.57 (95% CI 1.30 to 1.90; Z-value=4.67; p<0.001; I2=5.7%) and for the 12 months versus 9 weeks 
comparison a pOR=2.59 (95% CI 1.52 to 4.40; Z-value=3.50; p<0.001; I2=58.1%). (B) Meta-analysis of low LVEF associated 
with 12 months of trastuzumab versus short trastuzumab regimens including two studies (7342 patients) showing a pOR=1.45 
(95% CI 1.19 to 1.75; Z-value=3.74; p<0.001; I2=11.9%). (C) Meta-analysis of congestive heart failure associated with 12 
months of trastuzumab versus short trastuzumab regimens including three studies (5788 patients) showing a pOR=1.55 (95% 
CI 1.00 to 2.42; Z-value=1.95; p=0.052; I2=0.0%). Subgroup analysis shows for the 12 months versus 9–12 weeks comparison 
a pOR=1.68 (95% CI 1.01 to 2.81; Z-value=1.99; p=0.047; I2=0.0%). LVEF, left ventricular ejection fraction; pOR, pooled OR.
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be given to the use of cardioprotective strategies for 
selected patients, especially for those previously exposed 
to anthracyclines.27–29 In fact, preventive lisinopril and 
carvedilol have been proven to partially offset the cardio-
toxicity caused by 12 months of adjuvant trastuzumab in 
patients treated with anthracyclines.28

In line with previous cardiac subanalysis of anti-HER2 
trials, cardiotoxicity incidence increases over time of 
HER2-blockade. In fact, this cumulative phenomenon 
was first observed in the adjuvant setting in a subanal-
ysis of cardiac events in the large HERA trial, which 
compared the efficacy of trastuzumab for 1 and 2 years 
versus observation. In HERA, the addition of a second 
year of trastuzumab increased the incidence of signifi-
cant LVEF decreases compared with 1 year of trastuzumab 
without improving efficacy.30 Later, real-world data came 
to substantiate these cardiotoxicity findings.31 Interest-
ingly, dual HER2-blockade with either lapatinib or pertu-
zumab does not seem to increase cardiotoxicity.32 Indeed, 
with trastuzumab/lapatinib there is a trend towards fewer 
cardiac events, with however a similar finding of higher 
incidences over time.33 Moreover, different sequences 
of HER2-blockade elicits overall low cardiotoxicity rates, 
such as post-trastuzumab neratinib for 1 year,34 and post-
neoadjuvant trastuzumab-emtansine (T-DM1) for 14 
cycles.35

Importantly, by the time the trials included in this meta-
analysis were planned, trastuzumab treatment duration 
was being questioned due to the slim scientific rationale 
on which it was standing: the FinHER trial had shown 9 
weeks of adjuvant trastuzumab superior to no trastuzumab 
in the early HER2-positive BC setting,36 whereas the 
HERA trial had shown 1 and 2 years of trastuzumab better 
than observation, yet the additional year of therapy was 
not superior in terms of disease-free survival compared 
with just 1 year.37 However, before this important ques-
tion was close to an answer, newer and better treatment 
approaches were designed and proven more efficacious 
than single HER2 blockade with trastuzumab. Currently, 
dual HER2-blockade is used in the early setting for 
patients with disease at high risk of recurrence, either as 
concomitant therapy (trastuzumab/pertuzumab),38–40 or 
sequential therapy (trastuzumab followed by neratinib),34 
and, more recently, adjuvant T-DM1 for patients who have 
residual tumour following trastuzumab-based neoadju-
vant treatment.35

Today, the substantial benefit of adjuvant anti-HER2 
therapy has refocused de-escalation efforts into removing 
anthracyclines from the chemotherapy backbone. In the 
APT trial, 406 patients with small, node-negative tumours 
were exposed to an anthracycline-free regimen, and 
despite 1 year of trastuzumab, attained a low incidence of 
grade 3 left ventricle systolic dysfunction (0.5%; 95% CI 
0.1% to 0.8%).41 In fact, some trials are testing chemo-
therapy de-escalation also for higher-risk populations, 
with the purpose of mitigating the detrimental interaction 
between trastuzumab and anthracyclines, for instance by 
combining dual HER-2 blockade with immunotherapy (​

clinicaltrial.​gov identifier NCT03747120) or, in HER2-
positive/HR-positive disease, with more potent endocrine 
therapies (eg, aromatase inhibitors with cyclin-dependent 
kinases 4 and 6 inhibitors or phosphoinositide 3-kinase 
inhibitors).42 This will further shift the debate away from 
the duration of HER2 blockade to the type of treatment 
partners, tailored according to certain tumours charac-
teristics, with the expected low cardiotoxicity rates due to 
the mechanisms of action of drugs that do not permeate 
the cardiomyocyte homeostasis.43

Nonetheless, in a setting of economic constraints, 
mainly low/low-middle-income countries where trastu-
zumab and anthracycline-based chemotherapy are still 
the best option, the higher pORs for clinically relevant 
cardiac outcomes found is an additional argument in 
favour of shorter trastuzumab durations, particularly 6 
months, in light of the non-inferiority result for disease-
free survival shown in PERSEPHONE for this regimen.3 
Since decreased costs can be expected both from less 
monoclonal antibody use and, to a lesser extent, fewer 
treatments and hospital admissions elicited towards 
cardiotoxicity, it is reasonable to pursue 6 months of treat-
ment from a pharmaco-economic stand point of view.44

We recognise some limitations of this meta-analysis, 
mainly the impossibility to extract cardiac outcomes on 
a patient-level data. This precludes the analysis of cardiac 
outcomes according to the exposition (and cumula-
tive doses) to anthracyclines, a known risk factor for 
cardiotoxicity with trastuzumab treatment,33 45 for which 
different levels of exposition per treatment arm may have 
occurred in SHORT-HER.6 No cardiac death analyses 
could be performed since only PERSEPHONE reported 
very few events in great detail.3 Besides, few patients in 
this meta-analysis were treated with anthracycline-free 
regimens, thus there may be less applicability of our 
results for patients treated with other widely accepted 
chemotherapy backbones, namely docetaxel plus carbo-
platin or cyclophosphamide.46 47 Moreover, we cannot 
rule out that differences in cardiac outcome definitions 
between trials may have introduced heterogeneity in the 
meta-analyses of clinical cardiac dysfunction and prema-
ture trastuzumab discontinuation. It is important to note 
that despite the availability of guidelines on defining 
cardiotoxicity for cancer treatment trials,27 substantial 
heterogeneity is still a common issue which hampers the 
ability of designing strategies for patient selection and 
management.

Conclusions
In conclusion, a 12-month trastuzumab regimen increases 
the odds of clinically relevant cardiac outcomes, such as 
clinical cardiac dysfunction (compared with 6 months of 
therapy), of CHF (compared with 9–12 weeks of therapy) 
and of low LVEF events (compared with shorter regi-
mens). We stress that a final decision on adjuvant tras-
tuzumab duration for patients with early-stage, HER2-
positive BC should not be made solely on the basis of 
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this cardiotoxicity data, especially considering the overall 
low pooled incidences of clinical cardiac dysfunction 
and CHF in both 12 months and shorter treatment dura-
tions (<10%). Rather, it is of utmost importance to tailor 
anti-HER2 therapies by placing into the equation also the 
individual recurrence risk and cardiac risk profile, within 
a multi-disciplinary setting that offers an adequate cardi-
ologic support.

An individual patient data meta-analysis should be 
sought to produce a more complete picture of the cardio-
toxicity associated with 12 months versus shorter trastu-
zumab regimens, especially of 6 months of therapy.
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