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Abstract  
Breast cancer (BC) patients treated with anthracyclines and/or 

anti-HER2-targeted therapies (AHT) are highly associated with 

cardiovascular toxicity (CVT). Our objective was to evaluate the 
risk of CVT secondary to cancer treatment and the role of 
cardioprotective-drugs (CPD) in BC patients. We collected a 
retrospective cohort of females with BC treated with chemotherapy 
and/or AHT from 2017 to 2019. CVT was defined as LVEF<50% 
or decline ≥10% during follow-up. As CPD, we considered renin-
angiotensin-aldosterone-system inhibitors and beta-blockers. A 
subgroup analysis of the AHT patients was also performed. A total 
of 203 women were enrolled. The majority had high or very-high 
CVT risk score and normal cardiac function at presentation. As for 
CPD, 35.5% were medicated pre-chemotherapy. All patients were 
submitted to chemotherapy; AHT were applied to 41.7%. During a 
16 months follow-up, 8.5% developed CVT. There was a 
significant decrease of GLS and LVEF at 12-months (decrease of 
1.1% and 2.2%, p<0.001). AHT and combined therapy were 
significantly associated with CVT. In the AHT sub-group analysis 
(n=85), 15.7% developed CVT. Patients previously medicated with 
CPD had a significative lower incidence of CVT (2.9% vs 25.0%, 
p=0.006). Patients already on CPD presented a higher LVEF at 
6-months follow-up (62.5% vs 59.2%, p=0.017). Patients submitted 
to AHT and anthracycline therapy had higher risk of developing 
CVT. In the AHT sub-group, pre-treatment with CPD was 
significantly associated with a lower prevalence of CVT. These 
results highlight the importance of cardio-oncology evaluation and 
strengthen the value of primary prevention. 

 
 

Introduction 
The annual incidence of cancer is more than 20 million 

worldwide and 60.000 in Portugal [1]. Recent advances in cancer 
treatment have led to improved survival [2], albeit with 
cardiovascular adverse effects being some of the most frequent 
and feared consequences. With increased survival in these patients, 
cardiovascular care becomes fundamental, to prevent the 
development of serious cardiac impairment. Cancer and 
cardiovascular diseases (CVD) share some of the same risk factors: 
age, genetics, obesity, smoking and lifestyle. Moreover, cancer 
survivals have a higher risk of CVD due to the treatment toxicities 
(old and new anticancer drugs, chest radiotherapy), being CVD 
the second most frequent cause of death in these patients [2]. The 
need that these patients present of effective multidisciplinary care 
led to the development of a new discipline – cardio-oncology. The 
main purposes of cardio-oncology are to evaluate the patients’ 
baseline cardiovascular risk, to ensure they receive the best 
possible cancer and cardiovascular treatment, to minimize 
treatment’s cardiovascular toxicity (CVT) and to guarantee an 
adequate follow-up. The other purposes of cardio-oncology 
include monitor treatments that could be toxic, pre-operative 
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assessment, as well as shared decision making with the oncologist 
team about emerging toxicity. 

Several cancer treatments are associated with CVT and it is one 
of the main causes of cancer treatment suspension; however, CVT 
can be reversible if addressed adequately. CVT can manifest in a 
variety of ways: from the classic form of left ventricle systolic 
dysfunction and heart failure to valvular and coronary disease, 
arrhythmic or thrombotic events. 

In patients with BC, anti-HER2-targeted therapies (AHT) are 
highly associated with CVT, being the main reason for treatment 
interruption in patients receiving adjuvant trastuzumab. Trastuzumab 
is a monoclonal antibody that targets the HER2+ oncogene. It has 
been used in combination with chemotherapy in BC with significant 
improvements in survival outcomes and clinical benefit compared to 
chemotherapy alone. However, AHT are associated with an increased 
risk of heart failure [3], especially if combined with anthracyclines 
(AC) [4]. Nevertheless, since these effects do not seem to be dose-
dependent, discontinuation of treatment and HF medical therapy can 
often reverse this process [5].  

The Herceptin Adjuvant (HERA) Trial [6] included over 5000 
BC patients, showing that trastuzumab associated with chemotherapy 
significantly improved survival, despite a significant rate of CVT 
(7.08% vs 2.21%; p<0.001). 

As for AC, their cardiac toxicity is well-recognized [7]; it is dose-
dependent and cumulative. It can lead to symptomatic or 
asymptomatic left ventricle systolic dysfunction [8]. 

The 2022 European Society of Cardiology [9] first edition 
guidelines on Cardio-Oncology recommend regular left ventricular 
ejection fraction (LVEF) assessments and CVT management with 
cardioprotective drugs (CPD). However, while secondary prevention 
has already entered clinical practice, either with AHT or AC, despite 
persistent unresolved questions, primary prevention is still giving its 
first steps. 

The aim of our study was to evaluate the risk of CVT 
secondary to cancer treatment and the role of CPD in a subset of 
patients with BC. 

Methods 
We collected a retrospective cohort of females with BC treated 

with conventional chemotherapy (CHT) and/or AHT referred to 
Cardio-oncology consultation at a tertiary center from January 
2017 to November 2019. All patients were evaluated before 
treatment initiation and at least at 3, 6 and 12-months with 
echocardiogram and cardiac biomarkers, namely high sensitivity 
troponin I (hs-cTnI) and brain natriuretic peptide (BNP). 
Demographic characteristics (gender, age, presence of 
cardiovascular risk factors, chronic kidney disease, previous 
vascular events and LV dysfunction) and clinical data (including 
cardiac and oncologic treatments and clinical outcomes) were 
collected. The database used in this study was completed 
retrospectively using the available clinical records. CVT was 
defined as LVEF under 50% or decline of at least 10% in LVEF 
during follow-up, in concordance with the HERA clinical trial [6] 
and several previous articles and position papers [8]. The recent 
European Society of Cardiology 2022 Guidelines on Cardio-
Oncology [9] adopted a more complete definition, but in line with 
previous position papers. As CPD, we considered renin-
angiotensin-aldosterone system inhibitors and beta-blockers, 
regardless of time of initiation. A subgroup analysis of the patients 
submitted to AHT was also performed, as this is assumed as higher 
risk patients.  

Study population 
The present study included a sample of female BC patients 

treated with CHT and/or AHT, followed in a Cardio-oncology Clinic 
(COC) at Centro Hospitalar Universitário de São João, a tertiary 
center in Porto, Portugal, from January 2017 to March 2020. The 
COC in our center consists of 2 dedicated cardiologists, 1 nurse and 
2 sonographers. Our referrals come (mainly) from the Oncology and 
the Hemato-Oncology Departments. We included 203 patients. 
Clinical, electrocardiographic and echocardiographic data were 
retrospectively analyzed up to a 16-month follow-up. This study 
was approved by the Institutional Ethics Committee.  

Definitions, data, ECG and echocardiography
collection 

Clinical endpoints and definitions were in accordance with 
previous articles and the 2022 European Society of Cardiology 
Guidelines on Cardio-Oncology [9]. 

Cardiovascular risk score was estimated using a previously 
described score [10] that included patient characteristics and 
information on planned therapies. Score values over 5 were 
classified as high-risk and over 6 were classified as very-high risk. 

ECGs were systematically obtained at baseline (usually the day 
of the first COC appointment) and at least at 3, 6 and 12-months. 
All ECGs in our institution were electronically recorded and were 
assessed and reviewed by cardiologists. 

Sequential transthoracic echocardiograms were performed by 
two sonographers; the images were acquired either on a Vivid 7 or 
on a Vivid E95 GE Healthcare (Chicago, IL, USA) echographer and 
the images were transferred to the Echo PAC workstation for offline 
analysis. Echocardiographic evaluation and monitoring followed 
the recommendations of the European and American Societies of 
Cardiology [11,12]. 

Clinical and echocardiographic data were collected from digital 
records. 

Statistical analysis 
Data are presented as mean ± SD or median IQR for continuous 

variables and as number and percentages for categorical variables. 
One-sample Kolmogorov-Smirnov test was performed to evaluate 
normal distribution. Categorical variables were compared using the 
chi-square test; odds ratios are presented when considered relevant. 
Continuous parametric variables were compared using t-test and 
non-parametric variables using Mann-Whitney U test. Differences 
were considered statistically significant when p<0.05. Statistical 
analysis was performed in IBM SPSS Statistics version 27. 

Results 
Baseline characteristics of the participants 

A total of 203 women were enrolled with mean age 50.9±10.9-
year-old (Table 1). As for the cardiovascular risk factors (CVRF), 
23.5% (n=48) had hypertension, 32.3% (n=66) dyslipidemia, 9.8% 
(n=20) diabetes, 22,1% had obesity (n=45) and 23.0% (n=47) were 
smokers or previous smokers. The majority (98.5%, n=200) of 
patients had a high or very-high CVT risk score (score ≥5). Seven 
(3.4%) patients had previous cardiac disease: 3 valvular diseases, 2 
ischemic heart disease, 2 pericardial disease. As for CPD, 35.5% 
(n=67) of patients were previously medicated before CHT: 17 were 
medicated with beta-blockers and 50 were medicated with renin-
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angiotensin-aldosterone system inhibitors. Of note, 35 patients 
(17.5%) were medicated with statins. At presentation, 99.4% had 
normal cardiac function with mean LVEF of 62.9% and mean global 
longitudinal strain (GLS) of -19.4%; the mean hs-cTnI and BNP 
were 3.3 ng/L and 33.4 pg/mL, respectively.  

 
Choice of treatment  

All patients were submitted to CHT, whether adjuvant (n=82, 
40.2%), neoadjuvant (n=116, 56.9%) or palliative (n=6, 2.9%); 
81.4% (n=166) were submitted to radiotherapy. AC were applied to 
83.8% (n=170); AHT were applied to 41.7% (n=85) of patients; 

with 27.9% (n=58) of patients taking both therapies. The average 
total cumulative AC dose was of 263 mg/m2. 

 
Cardiotoxicity  

During a median follow-up of 16 months (IQR 12-19), 8.5% 
(n=17) of patients developed CVT, leading to initiation or titration 
of CPD in 76.9% (n=13) and treatment interruption in 23.5% (n=4); 
most of them recovered (n=15, 88.2%). No CVT related mortality 
was registered. During treatment there was a significantly increase 
of hs-cTnI (mean 19.7 ng/L at 3 months, p<0.001) and a decrease 
of GLS and LVEF at 12 months (decrease of 1.1% and 2.2%, 
respectively, both p<0.001) (Table 2). Both AHT and AHT plus AC 
were significantly associated with CVT (p=0.002 and p<0.001, 
respectively), with an extremely high prevalence in the latter group 
(19.6%). Nor CVRF neither RT raised the risk of CVT. Although 
patients on CPD did not have lower prevalence of CVT (5.6% vs 
10.2%, p=0.268), they presented a non-significative trend to higher 
rate of cardiac function recovery (100% vs 66.7%, p=0.057). Of 
note, medication with statins before chemotherapy did not reduce 
the risk of CVT (11.8% vs 7.9%, p=0.467). 

 
Anti-HER2 therapy subgroup 

In the AHT group, a total of 85 patients were included with 
mean age of 52.4±10.2 years-old (Table 3). Concerning CVRF: 
29.4% (n=25) had hypertension, 11.8% (n=10) had diabetes, 32.9% 
(n=28) had dyslipidemia, 22.4% (n=19) were smokers or previous 
smokers; all patients had a high or very-high CVT risk score. 
Besides AHT, 68.2% (n=58) and 80.0% (n=68) were also on AC 
and radiotherapy, respectively. Patients were followed for a median 
follow-up of 16 months (IQR 12-20). At baseline, mean hs-cTnI 
was 3.9 ng/L, mean LVEF was 63.1% and mean GLS was -19.7%, 
with all patients with normal cardiac function. During follow-up, 
15.7% (n=13) of patient developed CVT with a higher rate in 
patients concomitantly on AC (19.6% vs 7.4%, p=0.151). CPD was 
initiated or titrated in 84.6% (n=11) of patients and 30.8% (n=4) 
needed to suspend AHT; overall 92.3% (n=12) of CVT patients 
recovered. AHT suspension was not statistically significatively 
associated with a higher rate of cardiac function recovery (100.0% 
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Table 1. Baseline characteristics of study population. Values were 
presented as mean ±SD or number of cases (%). 
 
N                                                                                                        203 
Age, yrs                                                                                        50.9±10.9 
Female (%)                                                                                   203 (100) 
Hypertension (%)                                                                         48 (23.5) 
Diabetes (%)                                                                                  20 (9.8) 
Dyslipidemia (%)                                                                         66 (32.3) 
Obesity (%)                                                                                   45 (22.1) 
Smokers or previous smokers (%)                                               47 (23.0) 
CVT risk score ≥ 5 (%)                                                               200 (98.5) 
Previously medicated with CPD (%)                                           67 (35.5) 
  β-blockers (%)                                                                            17 (25.4) 
  Renin-angiotensin-aldosterone system inhibitors (%)              50 (75.6) 
Previously medicated with statins (%)                                        35 (17.5) 
Mean LVEF (%)                                                                          62.9±3.6% 
Mean GLS (%)                                                                           -19.4±2.3% 
Mean hs-cTnI (ng/L)                                                                     3.3±2.2 
Mean BNP (pg/mL)                                                                     33.4±24.7 
Values were presented as mean ±SD or number of cases (%). CVT, cardiovascular 
toxicity; CPD, cardioprotective drugs; LVEF, left ventricle ejection fraction; GLS, 
global longitudinal strain; hs-cTnI, high sensitivity troponin I; BNP, brain natriuret-
ic peptide.

Table 2. Cancer treatments, incidence of CVT and recovery. Data were presented in percentage and significative p-values in bold. 

Variables                                Percentage          p value                                        Variables                                 Percentage          p value 

Incidence of CVT                                                                                                                     CVT recovery                                                                    0.057 
  AHT                                                  7.4%                     0.002                                                 Patients on CPD                               100.0%                        
  AHT plus AC                                    19.6%                  <0.001                                                Not on CPD                                      66.7%                         
Incidence of CVT                                                             0.268                                               Risk of CVT                                                                      0.467 
  Patients on CPD                                5.6%                                                                               With statins                                        11.8%                         
  Not on CPD                                      10.2%                                                                              Without statins                                   7.9%                          
AHT therapy subgroup analysis 

Incidence of CVT                                                             0.151                                               CVT recovery                                                                    0.488 
  AHT                                                  7.4%                                                                               AHT suspension                               100.0%                        
  AHT plus AC                                    19.6%                                                                              AHT continuation                             88.9%                         
Incidence of CVT                                                             0.006                                               CVT recovery                                                                    0.020 
  Previously on CPD                           2.9%                                                                               With CPD                                         100.0%                        
  CPD Naïve                                       25.0%                                                                              Without CPD                                     50.0%                         
  LVEF at 6 months                                                          0.017                                                                                                                                                
  Previously on CPD                          62.5%                                                                                                                                                                             
  CPD Naïve                                       59.2%                                                                                                                                                                             
AHT, anti-HER2-targeted therapies; AC, anthracyclines; CVT, cardiovascular toxicity; CPD, cardioprotective drugs; LVEF, left ventricle ejection fraction. CVT was defined 
as LVEF under 50% or decline of at least 10% in LVEF during follow-up.
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vs 88.9%, p=0.488). However, CPD initiation/titration after CVT 
was associated with a higher rate of cardiac function recovery 
(100.0% vs 50.0%, p=0.020). When comparing patients already 
medicated with CPD before cancer treatment (41.7%) to those naïve 
of CPD, the first group present a significative decrease of CVT 
(2.9% vs 25.0%, p=0.006, OR=0.09; 95% CI 0.01-0.72). When 
analyzed all AHT patients (with and without CVT), patients already 
on CPD also presented a higher LVEF at 6 months follow-up 
(62.5% vs 59.2%, t(69)=-2.4, p=0.017), despite a non-significative 
lower LVEF at baseline (62.3% vs 63.6%, p=0.139). Medication 
with statins before chemotherapy didn’t reduce the risk of CVT. 

 
 

Discussion  
Cardio-oncology is a new area in Cardiology: as it so, still 

much is unknown, mostly derived from the lack of understanding 
of the fundamental underlying mechanisms of cardiotoxicity, the 
late diagnosis of myocardial damage (with difficulty to prevent 
irreversible damage) and absence of specific and effective therapies 
[13]. Most of the evidence to guide clinical decisions is based on 
limited trials and expert opinions [9]. CVT management and 
allowing the patient to receive the most appropriate cancer 
treatment are the main concerns in Cardio-oncology. CVT 
diagnosis can be clinical (if symptomatic), or it can depend on 
cardiac biomarkers and imaging. Serial measurement of cardiac 
biomarkers (BNP or hs-cTnI) is recommended for baseline CVT 
risk stratification and follow-up of patients submitted to AC or 
AHT [9]. As for imaging, the most commonly used modality is 
echocardiogram, due to its availability and lack of radiation. Strain 
evaluation is of added value in this context, as it can detect early 
CVT (as compared with LVEF) [14]. 

Recent data [15-17] on patients treated with AC and AHT 
reported that beta-blockers and renin-angiotensin-aldosterone 
system blockers have a significant benefit in preventing LVEF 
reduction. However, to current date, they did not demonstrate a 
reduction on the incidence of HF or CVT mortality. It is speculated 
that this could be different is higher CVT risk populations. 

Our study included patients treated with AC chemotherapy, 
AHT or a combination both. As for AC chemotherapy, the majority 

of patients were exposed to an average cumulative dosage that 
classify them as higher CVT risk [9]. We also performed a sub-
group analysis on the higher risk patients, the patients submitted to 
concomitant AHT. AHT are essential in the current treatment of 
patients with HER2+ BC, both in early and metastatic context. 
However, AHT is associated with LVEF decline in 15% of patients 
and symptomatic HF can occur [3]. BC patients submitted to 
combined AC and AHT are the subgroup of higher CVT risk. In our 
population of high or very-high CVT risk patients, we observed an 
incidence of 8.5% of CVT - most of them detected by serum cardiac 
biomarkers increase and LVEF and GLS decreased; one-third of the 
patients were pre-treated with CPD and, although a trend to higher 
rate of cardiac function recovery was observed, it was non-
significant.  

In the sub-group of AHT patients, 15.7% of patients developed 
CVT. CPD initiation after CVT was associated with a higher rate 
of cardiac function recovery; pre-treatment with CPD was beneficial 
in this sub-group and showed to be preventive of CVT (2.9% vs 
25.0%, p=0.006). Our results are in line with previous reports [18, 
19] and confirm the increased incidence of CVT in the combined 
therapy group. Also, they suggest the value of CPD treatment 
(secondary prevention) and pre-treatment (primary prevention) in 
this population: in the AHT sub-group it reached statistical 
significance; in all sample it only demonstrated a trend of benefit 
(p=0.057). Our data supports the value of a structured Cardio-
Oncology program, that can identify high CVT risk patients, initiate 
CPD (both in primary as in secondary prevention) and maintain 
regular follow-up. As hypertension is present in 1 in 4 of our 
patients, altering patients’ medication to a CPD (in primary 
prevention) seems reasonable. 

This is consistent with the 2022 European Society of Cardiology 
Guidelines on Cardio-Oncology, that recommend the use of renin-
angiotensin-aldosterone system blockers and beta-blockers for 
primary prevention in high and very high CVT risk patients 
receiving AC and/or AHT [9]. 

The guidelines also recommend the use of statins for primary 
prevention in high and very high CVT risk patients [9]. In both our 
study groups, medication with statins before cancer-therapy didn’t 
reduce the risk of CVT and this data is in line with previous studies 
[19]. Nevertheless, this negative result can be explained by the short 
duration and the small sample size of the studio. 

The present study was a single-center retrospective 
observational study and that was its major limitation. Although 
echocardiograms were all assessed by cardiologists, there was no 
Core Lab responsible for revision.  Our definition of CVT is not the 
exact same as (but is in line with) the 2022 European Society of 
Cardiology guidelines on Cardio-Oncology [9]. Our data was 
collected prior to the guidelines release. 

 
 

Conclusions 
Patients submitted to AHT had higher risk of developing CVT, 

especially when concomitantly on AC therapy. This and the 
statistically significant LVEF decline during follow-up underline 
the importance of long-term-monitoring of these patients in a 
structured Cardio-Oncology program. In the AHT sub-group, pre-
treatment with CPD was significantly associated with a lower 
prevalence of CVT and a higher LVEF at 12-months follow-up. 
These results raise the question of whether CPD should be initiated 
in primary prevention on high-risk patients and are a call to initiate 
large randomized controlled studies to confirm these interventions 
(for both primary and secondary prevention). 

                 Article

Table 3. Baseline characteristics of the population in the AHT ther-
apy subgroup analysis. Values were presented as mean ± SD or 
number of cases (%).  
 
N                                                                                          85 
Age, yrs                                                                         52.4±10.2 
Female (%)                                                                     85 (100) 
Hypertension (%)                                                           25 (29.4) 
Diabetes (%)                                                                  10 (11.8) 
Dyslipidemia (%)                                                           28 (32.9) 
Smokers or previous smokers (%)                                19 (22.4) 
CVT risk score ≥ 5 (%)                                                 84 (98.8) 
Mean LVEF (%)                                                           63.1±3.9% 
Mean GLS (%)                                                            -19.7±2.4% 
Mean hs-cTnI (ng/L)                                                      3.9±2.9 
Mean BNP (pg/mL)                                                      38.8±23.8 
CVT, cardiovascular toxicity; CPD, cardioprotective drugs; LVEF, left ventricle 
ejection fraction; GLS, global longitudinal strain; hs-cTnI, high sensitivity troponin 
I; BNP, brain natriuretic peptide.
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