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Background: The modern era of multimodality cancer treatment strategies has contributed to a much 
longer survival time of breast cancer patients. Accordingly, cardiovascular toxicity related to anticancer 
therapy including radiation-induced heart disease has become an issue of concern. To address this issue, it 
is important to develop cardio-oncology programs to provide cardiovascular assessment, surveillance and 
management for patients receiving cancer therapy with potential heart impairment.
Methods: A multidisciplinary cardio-oncology combined care team and clinical protocol were established. 
Cardiac assessments of patients at risk before radiation, and surveillance and management of cardiotoxicity 
after completing cancer therapy were performed. A novel radiotherapy planning technique with complete-
directional-complete block in helical tomotherapy was used to reduce cardiac exposure dose and limit heart 
damage. We analyzed the effect in the patients receiving this modern technique and cardio-oncology care. 
Results: The number of breast cancer patients receiving cardio-oncology care increased annually, from 
64 (71.9%) in 2013 to 177 (81%) in 2019. A series of cardiac assessments were performed, including 
cardiac biomarkers, electrocardiogram, echocardiogram, and/or myocardial perfusion imaging to evaluate 
the patient’s cardiac risk or development of subsequent cardiotoxicity after cancer therapy. Among the 
303 patients who were treated with the modern radiotherapy technique, 15 (5%) were diagnosed with 
cardiovascular disease by the combined care program.
Conclusions: For the breast cancer patients receiving multimodality cancer treatment with modern 
radiotherapy in this study, the multidisciplinary cardio-oncology program of screening, prevention, 
management and follow-up protocols reduced cancer therapy-related cardiovascular toxicity, and improved 
the clinical outcomes and quality of life for long-term survivors. 
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Introduction

The World Health Organization reported that breast 
cancer exceeded lung cancer to become the most commonly 
diagnosed cancer in 2020, with an estimated 2,261,419 new 
cases (11.7% of all sites). It was the fifth leading cause of 
cancer mortality in 2020, with an estimated 684,996 new 
deaths (6.9% of all sites) (1). The epidemiology of cancer in 
the United States has shown a similar trend. The American 
Cancer Society reported 281,550 new cases of invasive 
breast cancer in women and 2,650 cases in men in 2021, and 
that breast cancer was the leading site of new cancer cases. 
In addition, from 2008 to 2017, the invasive female breast 
cancer incidence rate increased slightly, by 0.5% per year (2). 

The epidemiology of cancer and cardiovascular disease 
(CVD) has been frequently explored. Previous studies 
have shown associations between CVD and future cancer 
due to shared risk factors, and revealed the extent of the 
co-occurrence of CVD and cancer (3). The Surveillance, 
Epidemiology, and End Results database includes more than 
60,000 women diagnosed with breast cancer aged 66 years 
or older between 1992 and 2000, and an analysis of the 
database revealed that the number of patients who died of 
CVD increased proportionally year by year. About 10 years 
or more after the diagnosis of breast cancer, the number of 
CVD-related deaths exceeded that caused by breast cancer, 
and CVD was the leading cause of death among elderly 
female breast cancer patients (4). 

In addition, Stoltzfus et al. reported a heart disease-
specific mortality rate of 10.61 per 10,000 person-years 
among patients with cancer, which was 2.24 times higher 
than the standardized rate for fatal heart disease [95% 
confidence interval (CI): 2.23–2.25, P<0.0001] (5). Advances 
in breast cancer treatment have reduced the cancer 
mortality rate. Consequently, the increase in long-term 
cancer survivors has led to an increased overlap between 
patients with heart disease and cancer. Thus, awareness of 
cardiac toxicity and impaired cardiac function associated 
with cancer therapy is an increasingly important issue. 

Cardiotoxic agents such as anthracycline-based 
chemotherapy, anti-human epidermal growth factor 
receptor 2 (HER2) target therapy, and breast radiotherapy 
(RT) are commonly used treatments for breast cancer. For 
patients with locally advanced breast cancer, regional nodal 
irradiation (RNI) including internal mammary chain (IMN) 
may be indicated to reduce mortality and recurrence (6,7). 
However, the more extensive the RT volume, the greater 

the exposure dose to adjacent normal organs, including 
the heart and lungs. In left breast cancer patients, RT-
related cardiac toxicity has become an important issue, 
and an increasing number of patients are receiving novel 
immunotherapies. Associated cardiovascular (CV) toxicities 
such as myocarditis are also a concern. With breast cancer 
patients surviving longer, the incidence of heart disease 
increases due to age or late side effects of anticancer therapy. 
The incidence of breast cancer in Taiwan has shown a 
bimodal distribution, with most patients diagnosed between 
45 and 65 years of age, which is 8 to 10 years earlier than in 
Western countries (8). Therefore, this patient population 
in Taiwan tend to have a longer survival duration, and late 
toxicity due to anticancer therapy is of particular concern 
due to potential adverse effects on clinical outcomes and 
quality of life.

Basel ine CV risk assessments  including serum 
cardiac biomarkers, electrocardiographic (ECG) and 
echocardiography or alternative cardiac imaging modalities 
are recommended for patients receiving potentially 
cardiotoxic cancer therapies by the European Society 
for Medical Oncology (ESMO) and American Society 
of Clinical Oncology (ASCO) (9,10). In addition, the 
British Society of Echocardiography and British Cardio-
Oncology Society have published a protocol for baseline 
and surveillance echocardiography for cancer patients 
undergoing anthracycline treatment and/or anti-HER2 
therapy (11). This protocol suggests for patients to have 
echocardiography before treatment, every 3 months during 
treatment, and 3–12 months after completing cancer 
therapy.

Currently, there is no consensus regarding the modality 
or frequency of screening and surveillance for CV toxicity 
caused by breast RT. As assessments before, during and 
after RT are needed, we cooperated with other specialists 
related to cancer and CVD management to initiate a cardio-
oncology (CO) program and establish a clinical practice 
protocol at our tertiary institute. The purpose was to detect 
coexisting CV risk factors in breast cancer patients early, 
implement strategies for the prevention and treatment of 
CVD-related morbidity and mortality for either therapy-
related or patient-related cardiotoxicity. We also developed 
an RT planning technique to improve normal organ sparing 
and reduce potential toxicities, and reviewed the outcomes. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tro-21-20).

https://dx.doi.org/10.21037/tro-21-20
https://dx.doi.org/10.21037/tro-21-20
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Methods

Establishment of the CO program and combined care 
protocol

The radiation oncology department cooperated with 
cardiology, medical oncology and nuclear medicine 
departments to establish the CO team devoted to reducing 
cardiac impairment associated with cancer therapy. 
After patients had been enrolled into the CO program, 
they received a series of examinations for cardiac risk 
stratification, including history, survey of any existing 
comorbidities, physical examination, cardiac biomarkers 
troponin and N-terminal pro-brain natriuretic peptide 
(NT-proBNP), chest X-ray (CXR), ECG, echocardiogram, 
and/or myocardial perfusion imaging (MPI). The aim was 
to evaluate the cancer patients’ baseline cardiac function, 
screen for any underlying CVD or heart dysfunction, and 
assess the cardiac risk before performing RT, especially in 
left breast cancer patients. The anticancer treatment strategy 
may then have been adjusted according to the patient’s 
cardiac risk stratification to avoid potential cardiotoxicity. 
The protocol for the patients undergoing CO combined 
care and surveillance is shown in Figure 1. If the patients 
had CVD, cardiac dysfunction, left ventricular ejection 
fraction (LVEF) ≤50%, any symptom of heart failure, or 

elevated cardiac biomarkers troponin or NT-proBNP, then 
the patients would receive management as cardiologist’s 
opinion before further cancer therapy. If the patients had 
preexisting CV risk factors of hypertension (HTN), diabetes 
mellitus (DM), dyslipidemia, cerebrovascular accident 
(CVA), obesity (body mass index ≥27), or smoking, or other 
abnormal findings on CV assessment, but without diagnosis 
of CVD or cardiac dysfunction yet, they were stratified as 
high cardiac risk stratification, and would receive regular 
CV follow up after completion of cancer therapy with the 
cardiologist. If the patients had normal CV assessment and 
no associated CV risk factors, they were stratified as low risk 
and could have follow up after completion of cancer therapy 
with the oncologist. After completing cancer therapy, the 
patients were regularly followed up for malignancy and CV 
status to detect treatment-related CV toxicities early and 
allow for appropriate management to improve their clinical 
outcomes and quality of life. 

Interdisciplinary discussions were routinely held to 
discuss the clinical practice of the CO program, referral 
protocol, personalized adjustment in cancer therapy 
strategy, associated research and education. Updated 
research data and medical knowledge were also provided 
to the team. The purpose of the CO team was to create 
a comprehensive, long-term care program for the cancer 

Figure 1 Protocol for patients receiving CO combined care, CV assessments and surveillance. PE, physical examination; CXR, chest X-ray; 
ECG, electrocardiograph; MPI, myocardial perfusion imaging; CVD, cardiovascular disease; CV, cardiovascular; CO, cardio-oncology. 
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patients, increase treatment benefits and decrease potential 
side effects.

Novel RT planning technique

RT-induced CV impairment had been recognized. In 
2014, we designed a directionally and completely blocked 
structure in helical tomotherapy (HT) (12). This technique 
successfully overcame the problem of extensive low-
dose exposure to adjacent normal organs when using the 
radiation arc planning technique. The novel design reduced 
the dose to the heart, ipsilateral and contralateral lung, and 
contralateral breast, and also achieved good dose coverage 
and conformity for left-sided breast RT (12). In 2020, based 
on the previous technique, we developed an improved 
complete-directional-complete block (CDCB) technique 
in HT for left breast cancer patients receiving RNI with 
IMN. This CDCB technique with optimal restricted angle 
in HT achieved good RT target volume coverage, dose 
homogeneity and conformity, and allowed sparing of the 
heart, left anterior descending artery and bilateral lungs. 
Furthermore, this CDCB technique was shown to further 
reduce RT-related CV and lung toxicities (13). As the 
evaluation of RT planning, the constraints of organs at risk 
were a mean heart dose ≤20 Gy, V25 <10%, a mean lung 
dose ≤20 Gy, V20 ≤35%.

The study was conducted in accordance with the 

Declaration of Helsinki (as revised in 2013). The study 
was approved by the human experimentation committee 
of the Far Eastern Memorial Hospital (No. 109107-F) and 
individual consent for this retrospective analysis was waived. 

Statistical analysis

The research did not use a statistical analysis because it was 
the report of the clinical experience in an institution.

Results

Improvement in clinical practice

Since 2013, radiation oncologists concerned about 
radiation-induced heart disease (RIHD) actively referred 
cancer patients to our CV clinic before undergoing chest 
RT for associated cardiac risk assessments. The number 
of patients receiving CO combined care before breast RT 
increased annually from 64 (71.9%) in 2013 to 177 (81%) 
in 2019 (Figure 2). Through this multidisciplinary team 
work, more cancer patients received comprehensive care 
during the periods of cancer treatment and follow-up. 
Due to this success, we further promoted the protocol to 
interrelated cancer management specialists, and a formal 
multidisciplinary CO team was founded in 2020. The team 
members included radiation oncologists, cardiologists, 
medical oncologists, nuclear medicine radiologists and 

Figure 2 The increase in the number of breast cancer patients receiving CO combined care from 2013 to 2019. CO, cardio-oncology.
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clinical psychologists (Figure 3). Breast cancer patients 
at our institution now routinely receive CO combined 
care before systemic therapy or RT. We identify which 
patients are at an increased risk of cardiac dysfunction 
through baseline screening, and with early detection we can 
provide preventive strategies to reduce risks and manage 
existing clinical or subclinical CVD. After completing 
cancer therapy, long-term follow-up for cancer and CV 
status can reduce the morbidity and mortality of associated 
malignancy or CV disease.

Patients’ outcomes of CO care and novel RT technique

From 2014 to 2020, we used the advanced breast RT 
techniques of complete block or CDCB in HT to minimize 
adjacent normal organ exposure and protect the heart. A 
total of 303 consecutive patients treated with this technique 
and were also enrolled into the CO combined care program 
and received cardiac evaluations. The median follow-up 
was 4.54 years (range, 1.2–7.75 years). The median age was  
55 y/o (range, 27–87 y/o). The median BMI was 24.3 (range, 
16.4–40.5). There were 56.6% patients with preexisting 
CVD or CV risk factors of HTN, DM, dyslipidemia, CVA, 
obesity, or smoking. The median LVEF revealed by baseline 
echocardiogram was 69% (range, 47–86%). Through CV 
assessments by the CO team during or after cancer therapy, 
15 patients (5%) were diagnosed with CVD, including 
heart failure (HF) (n=9), coronary artery disease (n=3), 
and unspecified hypertensive cardiovascular disease (n=5)  
(Table 1). Ten patients were referred by radiation oncologists 
and were diagnosed with CVD before initiating breast RT. 

Five of these patients received anthracycline chemotherapy 
and three received anti-HER2 target therapy before 
irradiation. For the two patients without systemic therapy, 
one was diagnosed with HF through CV assessments before 
RT, and the other developed hypertensive cardiovascular 
disease 14 months after completing RT. Most of these 15 
patients had preexisting underlying diseases or CV risks 
including hypertension, dyslipidemia, diabetes mellitus, 
cerebrovascular accident, obesity, or smoking. The only 
patient without patient-related risk factors stratified as 
low risk group developed HF after anthracycline and 
trastuzumab treatment. Due to the incidence of CV 
comorbidities among the cancer patients, the application 
of the novel RT technique to reduce heart dose was an 
important factor to improve the clinical outcomes. At 
our institution, for patients received left-breast RT with 
regional nodal irradiation, the heart mean doses of 4.27 Gy 
was comparable with systematic review data on modern RT 
techniques (14).

Discussion

Multidisciplinary approach is crucial in the management 
of CVD or cardiotoxicity for oncology patients. Our CO 
team was established to provide comprehensive CV care 
for cancer patients with a relatively high incidence of CV 
comorbidities receiving potentially toxic cancer therapy. It 
aimed to survey and detect CVD early, reduce and manage 
cardiotoxicity, improve clinical outcomes and quality of life, 
and provide long-term surveillance for cancer survivors. 
In addition, the team developed a protocol of clinical 
care, management guidelines, education for the attending 
members and clinical research.

At our institution, patients are enrolled into the CO 
combined care program due to concerns of RIHD, and 
undergo CV risk assessments just before receiving breast 
RT. However, many of these patients receive potentially 
cardiotoxic systemic treatments such as anthracycline 
or anti-HER2 target therapy. In this study, 5.3% of the 
patients had CVD diagnosed through the CV assessments 
according to the CO protocol. Half of them were diagnosed 
after completing chemotherapy with/without anti-HER2 
therapy. If they had received CO combined care before 
initiating any treatment that could potentially damage the 
heart, prevention strategies such as angiotensin-converting 
enzyme inhibitor, angiotensin receptor blocker or selected 
beta blocker treatment (15,16) or other treatments could 
have been given to avoid the development and progression 
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radiologist

Medical 
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Figure 3 The cardio-oncology team. The multidisciplinary 
combined care team members included radiation oncologists, 
cardiologists, medical oncologists, nuclear medicine radiologists 
and clinical psychologists. CO, cardio-oncology.
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of cardiotoxicity. In addition, adjustments to cancer therapy 
associated with CV toxicity could have been considered. 
Providing appropriate care for patients could reduce 
possible cardiac dysfunction, avoid the discontinuation of 
cancer therapy, and improve treatment effects. Therefore, 
initiating CO care as early as possible is necessary, especially 
when planning to deliver potentially cardiotoxic cancer 
treatment. LVEF assessment is helpful to define cardiac 
function status so that the cardiotoxic therapy can be 
adjusted, although there are variable definitions of cardiac 
dysfunction according to an abnormal or decreased LVEF 
value. In general, if a patient has an LVEF >50% and no 
symptoms of heart failure, cancer therapy can be initiated. 
On the other hand, in patients with an LVEF <40%, 
potentially cardiotoxic therapy with anthracycline agents or 
anti-HER2 therapy should be withheld.

The history of CO dated back in 1967 when a case of 
anthracycline-induced cardiotoxicity was first reported (17).  
Three decades later, the term CO was mentioned by 
Cardinale in 1996 (18). These studies highlighted cardiac 
damage induced by cancer therapy. Anti-HER2 target 
therapy-induced cardiotoxicity has been reported since 
its registration by the Food and Drug Administration 
in 1998 (19,20). For RIHD, an increased relative risk of 
cardiac events has also been reported. Darby reported a 
proportional increase in the association between major 
cardiac event rates and mean heart dose by 7.4% per Gy 
without threshold (21). The heart exposure dose has also 
been associated with an increase in cardiac mortality even 
with modern RT (14). The cardiac exposure indicated a 
0.04 excess rate ratio per Gy whole heart dose for cardiac 
mortality incidence more than 10 years after RT. RT-
induced cardiac damage includes vascular endothelium 
damage, valvular disease, pericarditis, cardiomyocyte 
damage, conduction dysfunction and heart failure. If 
patients need to receive chest RT, a precise RT field and 
delivery using intensity modulated RT (22) or deep-
inspiration breath holding should be encouraged to reduce 
the heart dose. Patients undergoing left breast or chest 
RT have been demonstrated to have higher rates of major 
cardiac toxicity than those undergoing right-side RT, and 
particular care should be paid to existing CVD risk factors 
(23-29). In cases of a complex RT treatment volume such 
as with RNI including IMN irradiation for left breast 
cancer, the use of a modern RT technique to optimize 
dose conformity, target coverage and spare OARs can be 
helpful in protecting normal organs without compromising 
disease control (13,30-34). At our institution, we use novel 

rotational RT techniques with HT or volumetric modulated 
arc therapy for left breast cancer patients receiving complex 
RNI treatment volume. From 2017 to 2020, the average 
heart mean dose of 108 patients was 4.27 Gy. The heart 
sparing effect with our novel RT technique was promising.

The ASCO Practice Guidelines clarified which cancer 
patients are at an increased risk of developing cardiac 
dysfunction. The lifetime cumulative dose of anthracycline 
agents with doxorubicin ≥250 mg/m2 or equivalent dose, 
sequential anthracycline and trastuzumab therapy, chest RT 
≥30 Gy including the heart in the radiation field, or lower-
dose anthracycline treatment (e.g., doxorubicin <250 mg/m2,  
epirubicin <600 mg/m2) in combination with lower-
dose RT (<30 Gy) are therapy-related risk factors used 
to identify cardiotoxicity (10). Echocardiography is the 
preferred tool for diagnostic workup of surveillance and 
monitoring during and after cancer therapy in patients 
at risk of cardiac dysfunction. After completing cancer 
treatment, cardiac echo surveillance should be performed 
every 6 to 12 months. Cardiac magnetic resonance imaging 
or multigated acquisition (MUGA) are alternatives if 
echocardiography is unavailable or not feasible. Monitoring 
serum cardiac biomarkers (troponins, natriuretic peptides) 
is also recommended. The ESMO consensus on CV toxicity 
related to malignancy or therapy provided guidelines for 
the prevention, methods, tools and frequency of screening 
and monitoring and managing existing CVD in cancer 
patients throughout oncological treatment. The guidelines 
focused on specific chemotherapy agents, anti-HER2 target 
therapy and left-sided chest or mediastinal RT that may 
substantially affect the CV system. Close collaboration 
between multidisciplinary groups was also suggested (9). 
However, the screening, surveillance approaches and 
frequency of monitoring CV status were not mentioned in 
the consensus. As more international training programs and 
practice guidelines had been established, we could follow a 
role model to build up a suitable program.

Interdisciplinary communication is important and 
affects the efficiency and execution of team work. When we 
implemented the CO program at our institute, all breast 
cancer patients were actively referred to CV specialists 
for screening before receiving cancer therapy and then 
received surveillance after completing treatment. However, 
if CO combined care is offered to patients with other 
kinds of malignancy undergoing potentially cardiotoxicity 
therapy, there will be an increase in the number of 
patients enrolled in the CO care program. Therefore, 
we recommend establishing a standardized protocol that 
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can be applied clinically to assess the CV risk and clearly 
define cardiotoxicity or subclinical cardiotoxicity. Thus, 
the associated specialist including medical oncologists and 
radiation oncologists can perform preliminary screening 
and assessment the CV risk first. Then, only the high-risk 
individuals need be referred to help the team focus on the 
susceptible patients. Adapting the surveillance approach 
and frequency according to risk stratification would be 
expected to reduce the frequency or even omit long-term 
follow-up in selected very low-risk patients. Bouwer et al. 
investigated cardiotoxicity during long‐term trastuzumab 
use in breast cancer patients, and found that in non-
smoking patients with baseline LVEF >60% and without 
cardiotoxicity during trastuzumab treatment, the cumulative 
incidence of severe cardiotoxicity was low, and that serial 
cardiac monitoring could be omitted safely (35). Thus, 
using current multiple treatment modalities related to CV 
toxicity, a CO team could identify who does or does not 
need cardiac monitoring, and improve the use of clinical 
resources.

In addition to the aforementioned CV toxicities, 
other CV-related side effects in cancer patients have 
been reported. A Danish population-based cohort study 
confirmed the relationship between cancer and arterial 
thromboembolism (ATE), which was defined as the 
composite of myocardial infarction, ischemic/unspecified 
stroke, and peripheral arterial occlusion. Cancer patients 
were at an increased risk of ATE. Six months after a cancer 
diagnosis, the cumulative incidence for ATE was two-fold 
higher in the cancer group, and this increase was sustained 
for 12 months following the cancer diagnosis. ATE was 
also associated with increased mortality among cancer 
patients (hazard ratio 3.28). Physicians should be aware of 
this important risk (36). Further novel target therapies and 
immunotherapies associated with cardiac side effects can be 
expected. Such treatment should be developed taking CV 
toxicity into account.

To develop and maintain a CO program, comprehensive 
associated resources are needed. Although this may be 
possible at larger hospitals or medical centers, it may not 
be possible at regional or district hospitals. Our tertiary 
institution experience could be reproduced and promoted 
to other hospitals. To improve medical treatment in Taiwan, 
our protocol could be followed to screen cancer patients 
initially. If patients have existing CV risk factors or are 
shown to be at risk, then they can be referred to institutions 
with CO teams to receive comprehensive CO care. The 
limitation of this study was that lack of a control population 

with regard to the CVD incidence. The period of follow up 
was relatively short in considering of the development of 
cardiotoxicity. The effort of cardio-oncology care might be 
more convinced as longer period of follow up. 

Conclusions

A CO program can provide comprehensive CV care for 
cancer patients with a relatively high incidence of CV 
comorbidities who are scheduled to receive potentially 
cardiotoxic cancer therapy. For breast cancer patients, 
the promotion of screening, early detection, prevention, 
management and surveillance of cardiotoxicity can reduce 
possible cancer therapy-related CV impairment, and 
improve clinical outcomes and the quality of life for long-
term survivors.
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