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Cardio-oncology

Chest pain is one of the most frequent symptoms in patients seeking 
treatment in primary care and the emergency department (ED).1 It accounts 
for up to 6% of attendances to the ED and 20% of emergency admissions 
to hospital.2,3 The development and introduction of a standardised 
approach in the management of these patients through risk assessment 
scores has improved the time to diagnosis and reduced hospital 
admissions alongside mortality and morbidity.4 

However, it is unclear as to whether a standardised approach can 
adequately triage chest pain events in cancer patients and survivors. 
These specific cohorts of cancer patients are particularly vulnerable, 
given the link between cancer and excess risk of heart disease. Moreover, 
cancer treatments, including chemotherapy, immunotherapy and radiation 
therapy, are associated with an increased risk in cardiovascular events 
that can persist for weeks or even years after the completion of 
treatment.5–7 In addition, nearly two-thirds of these patients are aged 65 
years or older, with a higher prevalence of comorbidities than younger 
patients, making their evaluation a distinctive challenge.8 Last, there 
remains a concern that healthcare providers might falsely attribute 
symptoms of heart disease, such as fatigue and dyspnoea to cancer, 
therefore resulting in suboptimal management.9

It is paramount that healthcare providers are aware of the additional risks 
that cancer patients and survivors face, given that cardiovascular disease 
is now the leading cause of death in many cancer survivors, ahead of 
cancer recurrence. Unfortunately, patients with cancer have been 
excluded from most major cardiology trials and registries, and their 

cardiovascular management remains largely empirical and extrapolated 
from non-cancer cardiac patients.10 A multidisciplinary approach to the 
management of these complex patients, facilitated by the cardio-oncology 
team, will produce the best outcomes.11

This review will cover the most common causes of chest pain in patients 
with cancer, with an emphasis on its underlying mechanisms and how its 
management may differ to that of non-cancer patients with chest pain. It 
will also highlight the importance of prompt referral to the cardio-oncology 
team, who can aid in identifying cancer therapy-related cardiovascular 
side-effects and provide optimum multidisciplinary care for these patients.

Potential Causes of Chest Pain in Cancer Patients
Cancer patients and survivors can present with chest pain due to multiple 
causes (Figure 1).

Acute Coronary Syndromes
Coronary artery disease (CAD) and cancer often co-exist.12 A variety of 
anti-cancer therapies have a significant impact on the cardiovascular 
system, and can cause endothelial damage, vasospasm, platelet 
activation and/or aggregation, and attraction of elevated LDL cholesterol 
particles (Table 1). Cancer disease has been reported to be present in up 
to 17% of patients with acute coronary syndrome (ACS), and approximately 
1 in 10 patients undergoing percutaneous coronary intervention (PCI) have 
either a current or historical diagnosis of cancer, with prostate, breast, 
colon and lung cancers being the four most common types of cancer 
encountered.13,14 Unfortunately, cancer patients requiring PCI are often at 
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an increased risk of complications, adverse cardiac events and mortality, 
and the underlying causes are likely to be multifactorial.15 

Different cancer subtypes are associated with different adverse 
outcomes. For example, colon cancer with metastases has the strongest 
independent association with major bleeding events, with almost a 
fivefold increase in risk.14 Patients with metastatic cancer, irrespective of 
cancer type, have a poorer prognosis after PCI and are at an increased 
risk of in-hospital mortality and PCI complications, including major 
bleeding events.14 A retrospective study by Borovac et al. showed that a 
lymphoma diagnosis is independently associated with an increased 
likelihood of adverse short-term clinical outcomes, higher rates of 
bleeding, vascular complications, and in-hospital mortality once 
adjustments for differences in baseline characteristics were applied in 
those undergoing PCI.15

Cancer patients with ACS tend to present more atypically compared with 
non-cancer patients. Less than one-third of cancer patients with ACS 
(30.3%) present with chest pain, 44% experience dyspnoea, and 23% 
present with hypotension.16 Therefore, it is important to have a higher 
clinical suspicion when screening cancer patients for ACS.

Initial investigations include a 12-lead ECG and serial serum troponin 
levels. An echocardiogram is helpful in determining regional wall motion 
abnormalities and left ventricular ejection fraction. Further investigations 
may include ischaemia testing or, when appropriate, invasive coronary 
angiography.

The management of these patients can often be challenging because 
they are often excluded from prospective studies and trials assessing the 
efficacy and safety of ACS treatment. As a result, their treatment is often 
not supported by a strong evidence base, and current guidelines for 
invasive and conservative treatment of ACS are not easily applied to all 
cancer patients. Potential concerns that may arise include the presence of 
anaemia, thrombocytopenia and coagulopathy in cancer patients. 

Approximately 10% of cancer patients have platelet counts <100 × 109/l, 
which increases the risk of bleeding, the propensity for thrombus 
formation, and other adverse cardiac events.17 A prophylactic platelet 
transfusion should be considered at a threshold of 20,000/ml in patients 
with solid tumours, and for those with demonstrated necrotic tumours, 
due to the increased risk of bleeding at these sites.18 There is no minimum 
platelet count indicator for a diagnostic coronary angiogram.18 For platelet 

Figure 1: Potential Causes of Chest Pain in Cancer Patients and Survivors
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counts <30 × 109/l, revascularisation and dual antiplatelet therapy (DAPT) 
may be recommended after a preliminary multidisciplinary evaluation 
(interventional cardiology, cardio-oncology, oncology and haematology) 
and a risk–benefit analysis.18

For anaemic patients, red blood cell transfusion is generally recommended 
when haemoglobin is less than 7 g/dl, and consultation with haematology 
and oncology specialists is recommended for severely anaemic cancer 
patients undergoing cardiac catheterisation.18

Another important consideration is vascular access in cancer patients. For 
cancer patients who are suitable candidates for both radial and femoral 
access, the radial artery is generally preferred. In cancer patients on 
haemodialysis, those with abnormal Allen’s tests in both arms, multiple 
radial procedures or a-lines, bilateral mastectomy, or for whom a complex 
intervention is anticipated, femoral access may be the preferred 
approach.18

In general, when PCI is indicated, careful patient selection based on 
performance status, cancer prognosis, type of malignancy and 
anticipated cancer therapy can often determine the timing of the 
intervention, the access site, and the revascularisation approach. For 
example, in cancer patients with an expected survival of less than 1 year, 
percutaneous revascularisation may be considered for patients with 
acute ST-elevation MI and high-risk non-ST-elevation MI. In patients with 
stable angina, it would be reasonable to ensure that every effort made 
to optimise medical therapy before resorting to an invasive strategy.18 In 
the event that PCI is required in patients awaiting cancer surgery, 
balloon angioplasty without stenting or implantation with newer 
generation drug-eluting stents may be required in order to minimise 
and reduce the duration of DAPT, given that any interruption in DAPT 
may lead to in-stent thrombosis, especially in the types of cancer with 
an increased propensity for thrombosis.

Due to the above considerations necessary in cancer patients presenting 
with ACS, the need for early referral to the cardio-oncology team to 
facilitate multidisciplinary decision-making on a case-by-case basis is 
imperative.

Mechanisms of ACS in Cancer Patients
The mechanisms of CAD and ACS can differ significantly in cancer patients 
compared with the general population.19

These findings underscore the importance of both primary and secondary 
prevention in this population. Clinical evaluation and, when necessary, 
testing for detection of myocardial ischemia is key to identifying patients 
with latent pre-existing CAD. This may have implications for the selection 
of cancer treatment.20

Coronary Artery Vasospasm
Fluoropyrimidines, which include 5-fluorouracil (5-FU) and capecitabine, 
form the cornerstone of several different chemotherapy regimens and are 
known to cause MI via coronary artery vasospasm in cancer patients, with 
an incidence of 2–34% for 5-FU and 3–9% for capecitabine.21–24 These 
agents alter the tone of vascular smooth muscle cells. Pre-existing CAD 
remains a risk factor for fluoropyrimidine-related vasospastic angina, 
which most probably reflects the observation that vasospasm tends to 
occur at sites of thrombus and plaque formation; however, its exact 
underlying mechanisms have yet to be fully understood.25,26

Patients on 5-FU or capecitabine presenting with chest pain should have 
their fluoropyrimidine infusion ceased immediately, followed by treatment 
with medical anti-anginal therapy aimed at symptomatic relief, such as 
calcium channel blockers and/or nitrates, which have been shown to 
abolish symptoms in up to 69% of affected patients.23 Once a patient has 
been diagnosed with fluoropyrimidine-related cardiotoxicity, rechallenge 
is not advised in most patients, given that rates of recurrence of 
cardiotoxicity as high as 90% have been reported, along with a mortality 
rate of up to 13%.23 However, careful consideration of the risks against the 
potential benefits of re-treatment is advised for each individual.27

Other chemotherapeutic agents that can cause coronary artery vasospasm 
include vascular endothelial growth factor inhibitors (VEGFi), with an 
incidence of 1–15%.28 Paclitaxel and docetaxel can induce severe coronary 
vasospasm, which has also been reported to cause ACS.

Hypomagnesaemia, which frequently accompanies cisplatin therapy, may 
provoke vasospasm of the coronary arteries.29,30

Chemotherapy may be continued when results from all non-invasive and/
or invasive tests are normal.21,22 Any potentially modifiable risk factors and 
diseases should be optimised prior to rechallenge with vasotoxic therapy.

Coronary Artery Thrombosis
Cancer is recognised as a prothrombotic venous and arterial state and the 

Table 1: Cancer Treatments Frequently Associated with Acute Coronary 
Syndromes and Their Pathophysiological Mechanisms

Anti-cancer Treatment Agent Proposed Mechanism
Fluoropyrimidines (e.g. 5-fluorouracil, capecitabine, gemcitabine) Coronary vasospasm, thrombosis, endothelial injury

Vascular endothelial growth factor inhibitors (e.g. bevacizumab) Endothelial dysfunction, coronary vasospasm, vascular remodelling, inflammation, platelet activation, 
increased plaque vulnerability

Alkylating agents (e.g. cisplatin) Pro-coagulant state, coronary thrombosis (endothelial damage, thromboxane production, platelet 
activation and aggregation)

Immunomodulatory agents (e.g. lenalidomide, pomalidomide) Arterial thrombosis

Hormone therapy (e.g. abiraterone) Accelerated atherosclerosis

Anti-microtubule agents (e.g. paclitaxel, docetaxel) Coronary vasospasm

Vinca alkaloids (e.g. vincristine, vinblastine) Coronary vasospasm

Tyrosine kinase inhibitors (e.g. niolotinib and ponatinib) Endothelial dysfunction, prothrombotic state, increased plaque vulnerability

Radiotherapy (e.g. mantle radiotherapy) Endothelial injury, plaque rupture, thrombosis, fibrosis of the vessel wall, accelerated atherosclerosis



Chest Pain in the Cancer Patient

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

incidence of arterial thrombosis specifically is higher in cancer patients, in 
whom spontaneous coronary thrombosis without underlying 
atherosclerosis has been observed.31 This may occur through circulating 
microparticles, secretion of procoagulant factors, and alterations in 
platelet activity and endothelial function.32 Patients across all age groups 
with myeloproliferative neoplasms are at significant risk compared with 
matched controls, with the highest rates at and shortly after diagnosis.33 
Advanced cancer stage is also associated with an increased risk of arterial 
thromboembolism; in patients who do develop arterial thromboembolism 
this carries a poor prognosis, with a threefold increased HR for death 
compared with non-cancer patients.31

Chemotherapeutic agents may also increase the risk of arterial thrombosis. 
Cisplatin is associated with a 6–10% risk of venous or arterial thrombosis, 
while VEGFi are associated with a 3.8% risk of arterial thrombosis.34,35

Treatment options include acute percutaneous recanalisation of the 
blocked artery when indicated. The optimal anti-thrombotic strategy to 
treat acute arterial thromboembolism in patients with cancer is, however, 
unclear. This cohort of patients sometimes receive empirical long-term 
anticoagulation because of concerns regarding cancer-mediated 
hypercoagulability, however, this decision is best made via close 
collaboration with the patient’s oncologist and/or haematologist and 
cardiologist.

Atherosclerosis/Accelerated Atherosclerosis
CAD is more prevalent in cancer patients due to their shared risk factors 
(e.g. obesity, smoking, age, sedentary lifestyle).36,37 Cancer therapies may 
also lead to an increased rate of coronary atherosclerosis and therefore 
the incidence of cardiovascular events has been increasing in younger 
patients over the years. Radiation causes vascular endothelial damage, 
which in turn promotes inflammation and accelerates atherosclerosis. 
Coronary ostia and proximal segments are typically involved, and the 
most exposed coronary arteries are the left anterior descending artery 
during left breast irradiation and the left main stem, circumflex, and right 
coronary arteries during treatment for mediastinal Hodgkin’s lymphoma.38 

For cancer survivors the incidence of fatal MI in patients treated with 
mediastinal radiation therapy is 1.5–threefold greater than in those who 
had not received radiation therapy, with the risk of damage heavily 
dependent on the dose and radiation field.39,40 In this cohort of patients, 
the indications for screening with non-invasive cardiac imaging remain 
unclear. However, aggressive cardiac risk factor modification and follow-
up in late-effects clinics are essential.

Chemotherapeutic agents may also cause accelerated atherosclerosis. 
Such agents include VEGFi, tyrosine kinase inhibitors (TKIs), immune 
checkpoint inhibitors (ICIs) and hormone therapies such as abiraterone. 
Common cardiovascular events during treatment with these agents 
include rapidly progressive peripheral artery occlusive disease and acute 
myocardial ischaemic events.

Acute Coronary Syndrome via 
Tumour Compression
Patients with cancer can also develop signs and symptoms of myocardial 
ischaemia because of coronary artery compression by various primary 
and secondary cardiac tumours. Primary angiosarcoma of the coronary 
arteries leading to ACS is extremely rare.41 ACS secondary to tumour 
compression usually signifies advanced disease and management should 
be in close consultation with the oncology team.42

Myocarditis
Contemporary anticancer immunotherapy has changed the landscape of 
treatment for patients with a variety of malignancies who historically had 
a poor prognosis. However, any therapy that modulates the immune 
system has the potential to be associated with myocarditis. Most recently, 
this clinical entity has been most observed in the setting of ICIs and 
chimeric antigen receptor (CAR) T-cell therapy.43–45

The incidence of ICI-associated myocarditis is unclear given the lack of 
routine cardiac monitoring in most immunotherapy trials; however, it has 
been reported to range from 0.06% to 1% of patients prescribed an ICI, 
with its prevalence reported to be higher with combination immune 
therapies. Although the risk factors for ICI-associated myocarditis are not 
well characterised, diabetes and obesity have been independently 
associated with higher occurrence.46 ICI-associated myocarditis occurs 
early at a median time of 1–2 months, with most of the cases occurring 
within 3 months after starting ICI therapy.43,47

Patients typically present with a wide range of symptoms including chest 
pain, shortness of breath, non-specific symptoms, such as fatigue and 
myalgia, and in some instances, sudden cardiac death.48,49 Clinicians 
should be vigilant for immune-mediated myocarditis, particularly due to 
its early onset, non-specific symptomatology and fulminant progression. 
Initial investigations include a 12-lead ECG and serial troponin levels. 
Echocardiographic findings may vary from a normal examination to 
reduced thickening, reduced global longitudinal strain, regional and 
global wall motion abnormalities and/or diastolic dysfunction.46,50 Cardiac 
MRI also offers helpful information regarding the presence of prior MI 
scar, diffuse fibrosis and interstitial oedema.51

With regards to treatment, although data from rigorous studies of 
treatment for immune-related adverse events are unavailable to date, 
consensus guidelines recommend high-dose steroids with progressive 
tapering, dependent on patient symptoms and cardiac troponin levels.52 
In cases in which an improvement is not seen, other immunosuppressant 
agents such as infliximab, rituximab and mycophenolate mofetil can be 
considered.52 Rechallenge may be considered (often with a single agent) 
in the context of an individualised approach after a multidisciplinary 
discussion.

Another possible anti-cancer treatment that may cause myocarditis is CAR 
T-cell therapy. CAR T-cell immunotherapy is associated with potentially life-
threatening cytokine release syndrome, which in turn may lead to myocardial 
injury, arrhythmia, cardiomyopathy and circulatory collapse.45,53,54 It usually 
develops early on after CAR T-cell infusion (median time, 2.2 days) with the 
highest risk in the first 2 weeks after infusion.55 Fortunately, current data 
suggest that CAR T-cell-related cardiovascular complications are acute and 
transient, with the incidence of persistent left ventricular systolic dysfunction 
at 6 months being very low, and with no late cardiovascular effects observed 
at 1-year follow up.56,57

Supportive treatment, as well as tocilizumab, an anti-interleukin-6 
receptor antibody, is the cornerstone of treatment. Recent findings 
suggest that pre-existing cardiovascular risk factors and disease may 
increase the risk of such cardiotoxicity, and prompt recognition, as well as 
treatment, may favourably alter the outcomes.58

In essence, a multidisciplinary approach is crucial for the management of 
patients on novel immunotherapies, and cardio-oncologists play a 
fundamental role in the comprehensive care of these patients.
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Another less common cause of myocarditis in cancer patients is radiation 
myocarditis secondary to high-dose radiation treatment. This can 
eventually result in myocardial fibrosis with subsequent restrictive 
cardiomyopathy. Management of radiation-caused cardiomyopathy is 
similar to the treatment of other types of cardiomyopathy and is typically 
symptomatic treatment.59

Pericardial Disease
Malignant involvement of the pericardium is detected in 1–20% of autopsy 
studies of cancer patients.60 The spectrum of the acute clinical 
presentation can include acute pericarditis, pericardial effusion with or 
without cardiac tamponade, or pericardial constriction. Pericardial 
disease in cancer patients can be as a result of their cancer treatment, 
such as chemotherapy or radiotherapy. Determining the aetiology and 
providing effective treatment can often be challenging.

Pericarditis
Pericarditis is the commonest form of pericardial disease and is 
responsible for around 5% of chest pain presentations to EDs.61,62 Mortality 
rates can reach 1%.63 In an unselected cohort of pericarditis patients, 
approximately 5% of cases were attributable to underlying cancer.62

The underlying mechanisms responsible for acute pericarditis in cancer 
patients include direct metastasis to the heart, pericardial haemorrhage, 
infections due to immunosuppression, and cancer therapies such as 
fludarabine, cytarabine, doxorubicin, docetaxel and cyclophosphamide, 
as well as radiation therapy. Acute pericarditis can occur during 
radiotherapy itself or within weeks after radiotherapy.64–66 ICIs may also 
cause acute pericarditis, and it can occur with coexisting myocarditis.67

The treatment of acute pericarditis is usually as per recommended 
guidelines in the general population. However, it should be noted that 
many cancer patients may have a predisposition to bleeding due to 
abnormal blood counts or coagulation abnormalities secondary to their 
disease or treatment. It can thus be challenging to introduce routine 
therapy such as non-steroidal anti-inflammatory agents in this context. As 
a result, there is often a greater and earlier use of other agents, for 
example colchicine and steroids, although this may not alter outcomes.63 
In the case of radiotherapy-induced acute pericarditis, treatment of the 
primary malignancy should not be withheld because of this.68

Pericardial Effusion and Cardiac Tamponade
Cancer has been noted to be the most common cause of pericardial 
effusion in the Western world.69,70 In cancer patients, pericardial effusion 
can be caused by cancer invasion or it can occur secondary to anti-cancer 
treatment including radiation therapy, or secondary to infection due to 
underlying immunosuppression. The presence of a pericardial effusion in 
cancer patients carries significant morbidity and mortality.62,71,72

Patients with pericardial effusions or tamponade can present with 
symptoms such as syncope, chest pain or palpitations. The symptoms 
could also be subtle, such as dyspnoea, non-specific chest discomfort 
and simple fatigue.

The mainstay of treatment is to allow sufficient drainage of the pericardial 
fluid to relieve the symptoms and prevent recurrence. Pericardiocentesis 
is an easier and less invasive procedure than pericardial window surgery, 
enabling prompt treatment at the time of diagnosis. However, 
pericardiocentesis leads to a recurrence rate of up to 20% at 30 days, 
which is higher than the rate of recurrence after surgical drainage (1–10%). 

Rarely, malignant pericardial effusions are managed with intrapericardial 
injection of chemotherapeutic agents.73

Pericardial Constriction
In cancer patients, constrictive pericarditis can be caused by radiation 
exposure or chemotherapy, or it can occur as a sequela of previous 
episodes of pericarditis in which scarring with loss of pericardial elasticity 
has occurred over time. Cancer patients may present with non-specific 
chest pains although more commonly may report fatigue and exertional 
dyspnoea. The definitive treatment for chronic constrictive pericarditis 
remains pericardiectomy performed in experienced cardiac centres.

Arrhythmias
Rhythm abnormalities can occur in cancer patients due to anti-cancer 
treatment, potential drug–drug interactions during the course of treatment 
and metabolic and electrolyte derangements. The real incidence of 
cancer therapy-induced arrhythmias is likely to be underestimated 
because routine cardiac monitoring is often not performed.

AF is the most common sustained arrhythmia and is increasing in both 
prevalence and incidence.74 Currently, the prevalence of AF in cancer 
patients ranges between 2% and 15%, with higher rates reported for 
certain classes of antineoplastic drugs such as TKIs.75 In addition, cancer 
and AF share common risk factors such as age, smoking, alcohol use and 
obesity.76

Patients with AF are at an increased risk of cerebrovascular events, and 
anticoagulation may be necessary to reduce such risks. Recent 
comparative effectiveness data for patients with AF and cancer 
consistently have shown that direct oral anticoagulants are associated 
with lower or similar risks of bleeding and stroke compared with warfarin.77 
Ultimately, multidisciplinary care that accounts for individualised risk 
factors, patient preference and periodic clinical reassessment is 
warranted to identify the optimal anticoagulation regimen.77

Other arrhythmias include conduction disease, QT prolongation and 
ventricular tachycardias.

Patients may present with chest pain although more commonly may 
report palpitations, pre-syncopal symptoms or symptoms related to heart 
failure. A proportion of patients would be asymptomatic, with the 
diagnosis being made only on routine monitoring.

The role of the cardio-oncology team in the prevention and management 
of arrhythmias in cancer patients is multifold, and includes baseline 
assessment upon cancer diagnosis, monitoring and management during 
active cancer, and long-term surveillance in cancer survivors.

Valvular Disease
Valvular Disease Secondary to 
Radiation Therapy/Chemotherapy
Radiation exposure is a risk factor in the development of clinically 
significant valvular heart disease. In a post-mortem series the incidence 
was high, with 81% of patients who had received radiotherapy in the past 
showing evidence of mild valvular damage.78 There is a latent interval of 
10–20 years between radiation exposure and the development of 
clinically significant heart valve disease.

Patients may present with chest pain (more commonly seen with aortic 
stenosis), however, they are more likely to report symptoms of heart 



Chest Pain in the Cancer Patient

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

1. Skoczyński P, Wizowska J, Pochciał P, et al. Predictors of 
mortality in emergency department patients with chest pain 
without cardiovascular emergencies. Adv Clin Exp Med 
2020;29:147–55. https://doi.org/10.17219/acem/110325; 
PMID: 32011830.

2. MacIntyre K, Murphy NF, Chalmers J, et al. K. Hospital 
burden of suspected acute coronary syndromes: recent 
trends. Heart 2006;92:691–2. https://doi.org/10.1136/
hrt.2005.068742; PMID: 16614290.

3. Goodacre S, Cross E, Arnold J, et al. The health care burden 
of acute chest pain. Heart 2005;91:229–30. https://doi.
org/10.1136/hrt.2003.027599; PMID: 15657244.

4. Sweeney M, Bleeze G, Storey S, et al. The impact of an 
acute chest pain pathway on the investigation and 
management of cardiac chest pain. Future Healthc J 
2020;7:53–9. https://doi.org/10.7861/fhj.2019-0025; 
PMID: 32104767.

5. Madeddu C, Deidda M, Piras A, et al. Pathophysiology of 
cardiotoxicity induced by nonanthracycline chemotherapy. J 
Cardiovasc Med (Hagerstown) 2016;17(Suppl 1):S12–18. https://
doi.org/10.2459/JCM.0000000000000376; 
PMID: 271835220.

6. Faramand Z, Li H, Al-Rifai N, et al. Association between 
history of cancer and major adverse cardiovascular events 
in patients with chest pain presenting to the emergency 
department: a secondary analysis of a prospective cohort 
study. Eur J Emerg Med 2021;28:64–9. https://doi.org/10.1097/
MEJ.0000000000000753; PMID: 32947416.

7. Naaktgeboren WR, Linschoten M, de Graeff A, et al. Long-
term cardiovascular health in adult cancer survivors. 
Maturitas 2017;105:37–45. https://doi.org/10.1016/j.
maturitas.2017.05.014; PMID: 28583397.

8. Miller KD, Siegel RL, Lin CC, et al. Cancer treatment and 
survivorship statistics, 2016. CA Cancer J Clin 2016;66:271–
89. https://doi.org/10.3322/caac.21349; PMID: 27253694.

9. Chen CL, Steingart R. Cardiac disease and heart failure in 
cancer patients: is our training adequate to provide optimal 
care? Heart Fail Clin 2011;7:357–62. https://doi.org/10.1016/j.
hfc.2011.03.007; PMID: 21749887.

10. Khakoo AY, Yeh ET. Therapy insight: management of 
cardiovascular disease in patients with cancer and cardiac 
complications of cancer therapy. Nat Clin Pract Oncol 
2008;5:655–67. https://doi.org/10.1038/ncponc1225; 
PMID: 18797437.

11. Ghosh AK, Malcolm Walker JM. Cardio-oncology. Br J Hosp 
Med (Lond) 2017;78:C11–3. https://doi.org/10.12968/
hmed.2017.78.1.C11; PMID: 28067553.

12. Das D, Asher A, Ghosh AK. Cancer and coronary artery 
disease: common associations, diagnosis and management 
challenges. Curr Treat Options Oncol 2019;20:46. https://doi.
org/10.1007/s11864-019-0644-3; PMID: 31056737.

13. Bharadwaj A, Potts J, Mohamed MO, et al. Acute myocardial 
infarction treatments and outcomes in 6.5 million patients 
with a current or historical diagnosis of cancer in the USA. 
Eur Heart J 2020;41:2183–93. https://doi.org/10.1093/
eurheartj/ehz851; PMID: 31800032.

14. Potts JE, Iliescu CA, Lopez Mattei JC, et al. Percutaneous 
coronary intervention in cancer patients: a report of the 
prevalence and outcomes in the United States. Eur Heart J 
2019;40:1790–800. https://doi.org/10.1093/eurheartj/ehy769; 
PMID: 30500952.

15. Borovac JA, Kwok CS, Iliescu C, et al. Percutaneous 
coronary intervention and outcomes in patients with 
lymphoma in the United States (nationwide inpatient sample 
[NIS] analysis). Am J Cardiol 2019;124:1190–97. https://doi.
org/10.1016/j.amjcard.2019.07.015; PMID: 31395298.

16. Yusuf SW, Daraban N, Abbasi N, et al. Treatment and 
outcomes of acute coronary syndrome in the cancer 
population. Clin Cardiol 2012;35:443–50. https://doi.
org/10.1002/clc.22007; PMID: 22588943.

17. Hakim DA, Dangas GD, Caixeta A, et al. Impact of baseline 
thrombocytopenia on the early and late outcomes after 
ST-elevation myocardial infarction treated with primary 
angioplasty: analysis from the Harmonizing Outcomes with 
Revascularization and Stents in Acute Myocardial Infarction 
(HORIZONS-AMI) trial. Am Heart J 2011;161:391–6. https://doi.
org/10.1016/j.ahj.2010.11.001; PMID: 21315224.

18. Iliescu CA, Grines CL, Herrmann J, et al. SCAI expert 
consensus statement: evaluation, management, and special 
considerations of cardio-oncology patients in the cardiac 
catheterization laboratory (endorsed by the Cardiological 
Society of India, and Sociedad Latino Americana de 
Cardiologıa intervencionista). Catheter Cardiovasc Interv 
2016;87:e202–23. https://doi.org/10.1002/ccd.26379; 
PMID: 26756277.

19. Caine GJ, Stonelake PS, Lip GYH, Kehoe ST. The 
hypercoagulable state of malignancy: pathogenesis and 
current debate. Neoplasia 2002;4:465–73. https://doi.
org/10.1038/sj.neo.7900263; PMID: 12407439.

20. Zamorano JL, Lancellotti P, Rodriguez Munoz D, et al. 2016 
ESC position paper on cancer treatments and cardiovascular 
toxicity developed under the auspices of the ESC 
Committee for Practice Guidelines: the task force for cancer 
treatments and cardiovascular toxicity of the European 
Society of Cardiology (ESC). Eur Heart J 2016;37:2768–801. 
https://doi.org/10.1093/eurheartj/ehw211; PMID: 27567406.

21. Herrmann J, Yang EH, Iliescu CA, et al. Vascular toxicities of 
cancer therapies: the old and the new – an evolving 
avenue. Circulation 2016;133:1272–89. https://doi.org/10.1161/
CIRCULATIONAHA.115.018347; PMID: 27022039.

22. Yeh ETH, Bickford CL. Cardiovascular complications of 
cancer therapy: incidence, pathogenesis, diagnosis, and 
management. J Am Coll Cardiol 2009;53:2231–47. https://doi.
org/10.1016/j.jacc.2009.02.050; PMID: 19520246.

23. Sara JD, Kaur J, Khodadadi R, et al. 5-fluorouracil and 
cardiotoxicity: a review. Ther Adv Med Oncol 
2018;10:1758835918780140. https://doi.
org/10.1177/1758835918780140; PMID: 29977352.

24. Layoun ME, Wickramasinghe CD, Peralta MV, Yang EH. 
Fluoropyrimidine-induced cardiotoxicity: manifestations, 
mechanisms, and management. Curr Oncol Rep 2016;18:35. 
https://doi.org/10.1007/s11912-016-0521-1; PMID: 27113369.

25. Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab 
plus irinotecan, fluorouracil, and leucovorin for metastatic 
colorectal cancer. N Engl J Med 2004;350:2335–42. https://
doi.org/10.1056/NEJMoa032691; PMID: 15175435.

26. Zafar A, Drobni ZD, Mosarla R, et al. The incidence, risk 
factors, and outcomes with 5-fluorouracil-associated 
coronary vasospasm. JACC CardioOncol 2021;3:101–9. https://
doi.org/10.1016/j.jaccao.2020.12.005; PMID: 33817666.

27. Chong JH, Ghosh AK. Coronary artery vasospasm induced 
by 5-fluorouracil: proposed mechanisms, existing 
management options and future directions. Interv Cardiol 
2019;14:89–94. https://doi.org/10.15420/icr.2019.12; 
PMID: 31178935.

28. Yetis Sayin B, Oto MA. Acute coronary syndrome in cancer 
patients. Am J Cardiovasc Drugs 2018;18:361–72. https://doi.
org/10.1007/s40256-018-0286-z; PMID: 29931556.

29. Turlapaty PD, Altura BM. Magnesium deficiency produces 
spasms of coronary arteries: relationship to etiology of 
sudden death ischemic heart disease. Science 
1980;208:198–200. https://doi.org/10.1126/science.7361117; 
PMID: 7361117.

30. Lajer H, Daugaard G. Cisplatin and hypomagnesemia. 
Cancer Treat Rev 1999;25:47–58. https://doi.org/10.1053/
ctrv.1999.0097; PMID: 10212589.

31. Navi BB, Reiner AS, Kamel H, et al. Risk of arterial 
thromboembolism in patients with cancer. J Am Coll Cardiol 
2017;70:926–38. https://doi.org/10.1016/j.jacc.2017.06.047; 
PMID: 28818202.

32. Gomes M, Khorana AA. Risk assessment for thrombosis in 
cancer. Semin Thromb Hemost 2014;40:319–24. https://doi.
org/10.1055/s-0034-1370770; PMID: 24599438.

33. Hultcrantz M, Björkholm M, Dickman PW, et al. Risk for 
arterial and venous thrombosis in patients with 
myeloproliferative neoplasms: a population-based cohort 
study. Ann Intern Med 2018;168:317–25. https://doi.
org/10.7326/M17-0028; PMID: 29335713.

34. Neves KB, Rios FJ, Van Der Mey L, et al. VEGFR (vascular 
endothelial growth factor receptor) inhibition induces 
cardiovascular damage via redox-sensitive processes. 
Hypertension 2018;71:638–47. https://doi.org/10.1161/
HYPERTENSIONAHA.117.10490; PMID: 29483228.

35. Scappaticci FA, Skillings JR, Holden SN, et al. Arterial 
thromboembolic events in patients with metastatic 
carcinoma treated with chemotherapy and bevacizumab. J 
Natl Cancer Inst 2007;99:1232–9. https://doi.org/10.1093/jnci/
djm086; PMID: 17686822.

36. Campia U, Moslehi JJ, Amiri-Kordestani L, et al. Cardio-
oncology: vascular and metabolic perspectives: a scientific 
statement from the American Heart Association. Circulation 
2019;139:e579–602. https://doi.org/10.1161/
CIR.0000000000000641; PMID: 30786722.

37. Moslehi JJ. Cardiovascular toxic effects of targeted cancer 
therapies. N Engl J Med 2016;375:1457–67. https://doi.
org/10.1056/NEJMra1100265; PMID: 27732808.

38. Darby SC, Ewertz M, McGale P, et al. Risk of ischemic heart 
disease in women after radiotherapy for breast cancer. N 

failure such as worsening shortness of breath on exertion and peripheral 
oedema.

Radiation-associated valvular disease is a complex disease that requires 
an integrated and multidisciplinary approach. With regard to patients 
suitable for percutaneous or surgical intervention, individualised timing 
and technique are critical, and therefore these patients should be 
managed at high-volume centres with experience in managing radiation-
associated valvular disease.79

Non-cardiac Chest Pain
It is important to consider other causes of chest pain that may be non-
cardiac in origin. These include pulmonary embolism given that it is more 
commonly seen in patients with cancer who have a sevenfold increased 
risk for venous thromboembolism, with an overall absolute risk of 7% in the 
first year of a cancer diagnosis and up to 20% depending on the type of 
cancer and treatments used.80–82 Other respiratory causes include 
malignant pleural effusions and pneumonitis, which can occur secondary to 
anti-cancer therapies including radiation therapy. Gastrointestinal pathology 
is another frequent cause of non-cardiac chest pain in patients with upper 

gastrointestinal cancers. This can be secondary to dyspepsia, obstruction 
from local tumours or strictures from previous radiotherapy treatment.

Conclusion
As life expectancy continues to rise, one of the largest challenges ahead 
will include the management of a significantly larger proportion of 
patients with cancer and concomitant cardiac disease. Increased 
awareness of the potential cardiovascular toxicity profile associated 
with the various cancer therapies enables appropriate cardiac 
surveillance that will encourage early detection and institution of 
treatment. Prompt referral to the cardio-oncology team is essential to 
ensure that patients’ cardiovascular needs are addressed throughout 
their entire cancer journey: before (risk assessment), during (detection 
of CV toxicity), and after (survivorship) cancer treatment. Equally, given 
that cardiac events associated with newer agents have a highly variable 
incidence and onset, healthcare professionals are encouraged to 
continuously educate patients about the potential cardiotoxicity 
associated with chemotherapy, and the need for ongoing monitoring 
during chemotherapy as well as long-term follow-up to assess for late 
cardiovascular complications. 
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