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Narrative review—cardiovascular evaluation before radiotherapy
for patients with breast cancer and other malignancies
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Objective: To raise awareness of possible cardiovascular risks among cancer survivors who received
radiotherapy and to establish appropriate platforms for screening and monitoring the cardiovascular
condition of these patients.

Background: With advances in anti-cancer therapies, an increasing number of cancer patients are
surviving for longer after the diagnosis and treatment. However, cancer therapy-associated cardiovascular
complications can exacerbate mortality and morbidity. To note, radiation-induced cardiovascular diseases
(RICVDs) cause deleterious effects on the heart, especially among survivors of breast cancer or malignancies
in the chest cavity.

Methods: Through literature searches, we observed a wide range of cardiovascular complications including
heart failure, arrhythmia, valvular and ischemic heart diseases which have been reported depending on the
cancer type and therapy. Among different types of malignancies, breast cancer, lung cancer, esophageal
cancer and lymphoma may require direct radiotherapy to the heart. Despite a slow clinical course,
radiation-related myocardial and vascular damage continuously accumulate. Instead of a rescue strategy,
a comprehensive cardiovascular evaluation beforehand may be crucial to prevent the occurrence of
cardiovascular complications.

Conclusions: In this review article, we highlighted the importance of cardiovascular evaluation before
radiotherapy for patients with breast cancer or other malignancy. Nevertheless, large-scale randomized

control studies are crucial for establishing a clinical consensus.
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Radiation-induced cardiovascular diseases
(RICVDs)

effects on the heart (5-7). Survivors of breast cancer,

especially left sided, who receive mediastinal irradiation

Among patients receiving thoracic radiotherapy,
cardiovascular diseases are the most frequent non-malignant
cause of death (1-4). RICVDs cause a range of deleterious
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have been associated with a higher risk of cardiovascular
mortality (8). Thoracic radiotherapy can lead to the
generation of reactive oxygen species which disrupt DNA
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strands, and secondary inflammatory changes contributing
to myocardial fibrosis (5,7). In addition, cytoplasmic
swelling, thrombosis, and rupture of the walls have been
reported in the endothelial cells in coronary arteries
(5-7). The damage potentially caused by thoracic radiation
includes microvascular ischemia, disruption of the capillary
endothelial framework, injury to differentiated myocytes,
deposition of collagen, fibrosis and eventually heart failure
(5,6). After exposure to radiation, radiotherapy-related
coronary atherosclerosis mainly occurs in the left anterior
descending and right coronary arteries, and usually 10
to 15 years post treatment (9). In addition to coronary
atherosclerosis, radiotherapy has also been associated with
the development of pericarditis and pericardial effusion
6 to 12 months post therapies (9). Moreover, valvular
calcification and regurgitation are also frequently observed
(6,9,10). Occasionally, fibrosis of the conduction system
contributes to conduction abnormalities (5,11). We present
the following article in accordance with the Narrative
Review reporting checklist (available at https://dx.doi.
org/10.21037/tro-21-21).

Prevalence of RICVDs

Post-thoracic radiotherapy, the estimated incidence of
RICVDs is 10-30% by 5-10 years (5,12,13). Between
1958 and 2001 in Sweden and Denmark, among 2,168
women who underwent radiotherapy at an average dose
to the whole heart of 4.9 Gy (range, 0.03-27.72 Gy) for
breast cancer, the rates of major coronary events increased
linearly with a mean dose to the heart by 7.4% per Gy with
no apparent threshold (4). The increased risk was seen
within the first five years and remained elevated for at least
20 years. Although the proportional rates of RICVDs were
similar between patients with and without cardiac risk
factors at the time of radiotherapy (4), the absolute rate was
higher in those with pre-existing CVD risk factors. Most
importantly, the precise prevalence of RICVDs is difficult
to determine given a long delay between exposure and
clinical manifestations. In addition, the use of concomitant
cardiotoxic chemotherapy, continuous improvements in
radiation techniques and changes in the treated population
also make it difficult to determine the precise prevalence.
Hodgkin lymphoma is also sensitive to radiotherapy, and
radiation exposure frequently covers the heart (14). Despite
a favorable long-term survival, especially for pediatric
patients, a higher risk of cardiovascular complications
including coronary heart disease, heart failure and valvular
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heart diseases has been reported to persist for at least
25 years after the initial treatment (14). The combination
or sequential use of anthracyclines further augments the
risks of heart failure and valvular heart diseases associated
with thoracic radiotherapy (15). In addition, given the close
proximity of the esophagus to the heart, cardiac exposure
is unavoidable, resulting in high doses of radiation (16).
In terms of lung cancer, although the locations of lung
nodules vary, RICVDs in patients with lung cancer are
often overlooked. In a randomized phase 3 study, Bradley
et al. compared standard-dose versus high-dose conformal
radiotherapy in patients with stage IIIA or IIIB non-small-
cell lung cancer (17). Notably, the high-dose radiotherapy
was not better than the standard-dose ones and might be
potentially harmful. It indicated that among patients with
cancer at an advanced stage or with poor survival, concerns

regarding RICVDs should still be concerned.

Risk factors for RICVDs

Age at irradiation for breast cancer has been associated
with the risk of the subsequent development of RICVDs
(13,18,19), and patients younger than 35 years have
been reported to have a relative risk of 6.5 compared
to the general population (13,20). Other risk factors
include hypertension, diabetes, high body mass index,
hyperlipidemia and previous anthracycline-based
chemotherapy (1,4,20). In a Surveillance, Epidemiology,
and End Results (SEER)-based analysis, Hardy ez 4/. found
that the risks of RICVDs in patients receiving radiotherapy
alone or combined with chemoradiotherapy were 1.5- and
2.4-fold higher than those not receiving radiotherapy (21).
In addition to patient-associated risk factors, the cumulative
dose and its fractioning have also been reported to
determine the acute and chronic cardiac effects of radiation
therapy (1,4,20,22). Dose restriction to 30 Gy with lower
daily fraction, different weighting of radiation fields, and
blocking the sub-carinal region have been reported to
reduce the incidence of pericarditis from 20% to 2.5% (23).
Thus, a comprehensive evaluation of cardiovascular risk
factors followed by aggressive management appears to play
pivotal roles in preventing RICVDs.

Cardiovascular imaging before, during and after
radiotherapy

In cancer patients receiving radiotherapy, cardiovascular
abnormalities should be identified prior to treatment
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to minimize cardiovascular comorbidities before anti-
cancer therapies and continuing through survivorship
(4,24). Patients with abnormal cardiac functions
before radiotherapy should be treated carefully while a
multidiscipline team including cardiovascular specialists
is recommended (24). In clinical practices, the use of
cardiac imaging is usually driven by typical symptoms of
angina, orthopnea or edema (12,20). However, given that
most patients present with atypical symptoms, aggressive
screening and follow-up cardiac imaging is crucial for
the evaluation and early detection of cardiovascular
disorders (1,25). Providing a real-time approach,
echocardiography plays a pivotal role in evaluating
structural and hemodynamic abnormalities of the
heart (26). Using the biplane Simpson’s method, two-
dimensional echocardiography is mainly recommended to
estimate left ventricular volume and ejection fraction (26).
If three-dimensional echocardiography is available, it can
avoid foreshortened views and result in better accuracy
with regards to the assessment of left ventricular mass and
volume (26). In addition, given that evaluations of valvular
heart diseases such as aortic stenosis and mitral regurgitation
are highly dependent on hemodynamic measurements,
echocardiography with Doppler imaging is thus a useful
tool (26). Further, novel techniques including two-
dimensional speckle tracking are currently available and can
provide complementary information in the assessment of
left ventricular function (26-28). The BACCARAT" (BreAst
Cancer and CArdiotoxicity Induced by RAdioTherapy)
study, a 2-year follow-up prospective cohort of patients
treated with breast radiotherapy, aims to study functional and
anatomical cardiac imaging before, at the end of, and 6 and
24 months after radiotherapy (29). This ongoing trial will
enhance the knowledge on the detection and prediction of
early subclinical cardiac dysfunction and lesions induced by
breast radiotherapy and on the potentially involved biological
mechanisms (Clinical Trials.gov: NCT0260512) (29).

Other imaging modalities, including cardiac computed
tomography (CT), cardiac magnetic resonance (CMR),
and nuclear cardiology, are used to confirm the diagnosis
of RICVDs (26-28). Because cancer patients usually have
to receive regular CT scans to evaluate the condition of
their cancer, despite being less sensitive for coronary artery
lesions than angiography using multi-detector computed
tomography (MDCT), conventional or non-contrast CT
may also help in the early detection of coronary or valvular
calcification as well as pericardial diseases (26).
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Cardiovascular biomarkers before radiotherapy

In addition to cardiovascular imaging, there is increasing
focus on the use of biomarkers for the early detection of
cardiotoxicity before it becomes irreversible (30-32). The
most frequently used markers of cardiac injury are cardiac
troponin and N'T-proBNP (30-32). In 64 patients with
breast cancer treated with a median dose of 60 Gy, increased
NT-proBNP concentrations were found from 9 months
post radiotherapy to 24 months (33). Other inflammation
markers including C-reactive protein, interleukin-6,
galectin-3, and growth differentiation factor-15
(GDF-15) are under investigation for their applicability in
detecting RICVDs (30-32). In a prospective longitudinal
study of 87 patients with breast cancer, lung cancer, or
mediastinal lymphoma treated with photon or proton
thoracic radiotherapy, although there were no significant
increases in biomarker levels from pre-radiotherapy to post-
radiotherapy in the patients with breast cancer, elevated
levels of placental growth factor (PIGF) and GDF-15 were
found in those with lung cancer/lymphoma (34). Through
screening 91 biomarkers in 342 breast cancer survivors,
Tromp et al. found that several inflammatory biomarkers
including GDF-15, monocyte chemoattractant protein 1,
chemokine ligand 16, tumor necrosis factor super family
member 13b and proprotein convertase subtilisin/kexin
type 9 were elevated in the survivors treated with chemo-
and radiotherapy, and that they were independently
associated with lower left ventricular ejection fraction (35).
Using microRNA arrays, genome-wide association studies
and proteomics, novel markers of cardiovascular injury or
inflammation have also been explored (30,32,35,36).

Screening and comprehensive follow-up
evaluations

A comprehensive long-term follow-up protocol for the
early detection of RICVDs has yet to be established.
Given that the epidemiological evidence does not provide
clues on the key mechanisms underlying RICVDs, it is
difficult to design an optimal preventive strategy. Currently,
changing the radiotherapy field or targeted radiation with
shielding of the heart remains one of the most important
interventions to prevent RICVDs (37). Patients with
classical cardiovascular risk factors should be treated
aggressively (1,12,19,22). Modifying risk factors including
weight, smoking and hypertension may improve the long-
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term cardiovascular outcomes (12). Although the early
detection and treatment of RICVDs can mitigate the
associated mortality and morbidity, beyond cardiovascular
screening at baseline, there is currently no practical
protocol for follow-up evaluations post radiotherapy. Large
and prospective studies designed with longitudinal follow-
up for detecting cardiovascular sequelae before, during and
after radiotherapy could facilitate to set up a risk-stratified
score for precision management of cardiovascular risks
among cancer patients.

The strategy for patients who already have
cardiovascular disease or received other anti-
cancer therapies with cardiotoxicity

Cancer patients with pre-existing myocardial dysfunction
at baseline require a specialist cardio-oncology review,
and preferably multi-discipline team care (38). Options
include using alternative non-cardiotoxic chemotherapy,
lower cardiotoxic liposomal doxorubicin, reduced-dose
schedules, and precision location of the radiotherapy
(12,39). In addition, cardioprotective drugs such as
angiotensin-converting-enzyme inhibitors or angiotensin-
receptor blockers, beta-blockers, aldosterone antagonists or
dexrazoxane may also be considered (24,40-42).

Conclusions

Advances in radiotherapy techniques have significantly
decreased the incidence of RICVDs. However,
cardiovascular complications are still more frequently
observed in patients with left-sided breast cancer compared
to those with right-sided breast cancer, suggesting that
the risk remains. When treating a patient with thoracic
radiotherapy, careful attention should be paid to risk
factors that may contribute to subsequent cardiotoxicity.
Cardiovascular evaluations and risk factor management can
help to reduce subsequent cardiovascular complications.
Even though no solid protocol for post-radiotherapy
cardiovascular follow-up has yet been established,
cardiovascular imaging to monitor coronary artery disease,
cardiomyopathy, pericardial disease, valvular dysfunction,
and conduction abnormalities is a reasonable approach.
Cardiac biomarkers may also facilitate the early detection of
myocardial dysfunction. However, large-scale randomized
control studies are required to establish a clinical consensus.
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