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Clinical medicine and medical research have long occupied disease-
specific specialties. A visitor to any hospital or university in a de-
veloped country will likely find a cardiology department or an institute
of cancer research but frequently these are widely separated or even
in different buildings. This is reflected in clinical research where cancer
is a frequent exclusion criterion from cardiovascular trials and likewise
patients with established heart disease are often routinely excluded
from cancer studies. As a result our understanding of how cancer, car-
diovascular disease and their treatments interact remains relatively
limited. This is despite the fact that improved treatments for both con-
ditions have resulted in substantially improved survival rates and as a
result, an ever larger population of patients will now experience both
conditions in their lifetime.

Cardio-oncology as a clinical and research speciality began with an
initial limited focus on the cardio-toxic effects of chemotherapeutic
agents such as the anthracyclines but must now evolve to encompass
the full complexity of clinical interactions between cancer and cardio-
vascular diseases. It can be divided into four key areas (Figure 1):

Management of cardiovascular
disease in cancer patients

Atrial fibrillation
Research by Melloni et al in this issue (ref) contributes to increasing
evidence that cancer and cardiovascular disease frequently coexist
and may interact in ways which affect patient outcomes. The authors
investigate the impact of a prior cancer diagnosis on anticoagulation
and bleeding in patients recruited to the ORBIT-AF registry. The first
key finding is that almost a quarter of patients (23.8%) had a history of
cancer at enrolment confirming that, far from a trivial subgroup, co-
morbid patients constitute a substantial minority of this population. It
is perhaps reassuring that there was little evidence of therapeutic dis-
crimination in the cancer population, although this may reflect an inev-
itable selection bias towards guideline-based practice in a registry

population. The authors go on to show a significantly higher risk of
major bleeding in the cancer patient population (hazard ratio = 1.21,
95% confidence interval 1.04–1.40; P = 0.0155). Many questions re-
main. No data were available to the authors on cancer status, site,
stage, or treatment. This cancer population will be very heteroge-
neous and the context of the additional major bleeds (e.g. gastrointes-
tinal cancer, metastatic disease, etc.) remains speculative. This is
observational and not randomized data. The cancer patients were
older, more multi-morbid and had both higher thromboembolic and
higher bleeding risk score values. However, whilst caution is required
prior to translation into clinical practice, these data do suggest the
cancer-AF population may have important differences in their risk of
anticoagulation, a finding which merits further investigation.

Stable ischaemic and valvular heart
disease
A prior cancer diagnosis also has the potential to influence treatment
choices for other cardiovascular diseases. This is particularly likely
where operative or procedural interventions are under consider-
ation. There is however a paucity of data from contemporary patients
with advanced stable valvular or coronary artery disease who have
co-existent cancer, although outcomes from cardiac surgery are re-
portedly worse following thoracic radiotherapy than for the general
surgical population.1 It is not known if inappropriate prognostic risk
stratification could be leading to some eligible cancer patients being
denied surgical or procedural options to treat their cardiovascular
disease.

Acute coronary syndromes
Outcomes of primary percutaneous coronary intervention (PPCI) for
acute myocardial infarction (AMI) in a cancer subpopulation are re-
ported to be significantly worse than in non-cancer patients.2 Adoption
of critical elements of current guideline-based approaches to the man-
agement of AMI (such as the use of PPCI with drug eluting stents and
the duration of dual antiplatelet therapy) may be influenced by
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..concerns about the potentially adverse impact of an inter-current can-
cer diagnosis. This may be exaggerated by an inappropriately negative
perception of prognosis amongst specialists not involved in the con-
temporary day-to-day management of cancer patients. There is evi-
dence that patients with cancer who present with AMI are treated less
intensively.2 It remains unclear if this is appropriate.

Management of cancer in patients
with cardiovascular disease

The approach to cancer treatment depends on the cancer site and
stage as well as the histological and molecular phenotype. Crucially
however, patient co-morbidities are central to decision-making about
treatment strategy. Potentially curative cancer treatment with sur-
gery, chemotherapy, radiotherapy, and targeted agents (or combin-
ations of these modalities) is frequently more physiologically
demanding than palliative treatment which is intended to relieve
symptoms and prolong life where possible. As with cardiothoracic
surgery above, perceptions of co-morbid risk are therefore a key de-
terminant of treatment decisions. Central to this is a history of car-
diovascular disease. This may, for example, explain some of the
regional variations reported in colorectal hepatic metastatectomy3

and lung cancer resection rates.4 There is little evidence to support
percutaneous coronary revascularization prior to cancer surgery.
However, anecdotally patients are frequently referred for consider-
ation of this.5 It also remains unclear if delays in curative cancer treat-
ment to allow for detailed functional assessment of underlying
ischaemic heart disease are outweighed by the benefits of enhanced
risk stratification. A better understanding of the impact of ischaemic
heart disease on the risk of curative cancer strategies, including
surgery, has considerable potential to enhance patient-centred
(stratified) care.

Cardiovascular sequelae in
cancer patients

Cardiomyopathies and heart failure
Many common chemotherapeutic agents used for the treatment of
cancer have substantial short- and longer-term risks of cardiotoxicity.6

Perhaps the best characterized example is anthracycline induced car-
diomyopathy.7 The effects are cumulative and dose dependent with
evidence of diastolic dysfunction occurring at lower doses than sys-
tolic dysfunction. Whilst there can be a considerable delay before the
onset of overt cardiomyopathy, recent data suggest initial subclinical
onset within the first year after treatment.8 A high proportion (82%)
respond, at least partially, to treatment although this response may
not be maintained in the long term.9 Cyclophosphamide and the anti-
metabolites are also associated with cardiomyopathies. When used
together, adverse effects may be synergistic.7 The relative contribu-
tion of other treatable cardiovascular risk factors remains poorly
quantified and may be relevant as these agents are increasingly used in
populations with pre-existent cardiovascular disease.

Accelerated ischaemic and valvular heart
disease
An increased incidence of ischaemic heart disease has been reported
in survivors of childhood cancer.10,11 Thoracic radiotherapy in par-
ticular is associated with accelerated atherosclerotic coronary dis-
ease,12 whilst chemotherapeutic agents have been associated with
early acute myocardial infarction (although their contribution to late
onset accelerated coronary disease is less clear). It is clear this
increased risk with radiotherapy is sustained over long periods after
the index treatment and interacts adversely with other established
cardiovascular risk factors. Thoracic radiotherapy is also associated
with valvular heart disease.13 Both aortic and mitral valves may be af-
fected, but with significant latency and accelerated progression. Once

Figure 1 Schematic of the key clinical and research elements of cardio-oncology. AMI, acute myocardial infarction; PCI, percutaneous coronary
intervention; TAVI, transcatheter aortic valve implantation; CXT, chemotherapy; DXT, radiotherapy; CV, cardiovascular.
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..again established cardiovascular risk factors appear to exacerbate this
process.

Other cardiovascular conditions
Bradyarrhythmias have been reported in a number of anti-cancer
treatments including thalidomide. There are also reports of tachyar-
rhythmias, associated with prolongation of the QT interval.
Interaction with pre-existent medications is a frequent contributory
element. It has recently been reported that young adult survivors of
cancer experience excess hospitalizations for a whole range of car-
diovascular conditions including hypertension, pulmonary heart dis-
ease, and conduction disorders.11

Cancer sequelae in cardiovascular
patients

Just as cancer treatments are associated with long-term cardiovascular
sequelae, there is emerging evidence that established cardiovascular
treatments impact on cancer outcomes. For example, radiation expos-
ure during cardiovascular interventions increases cancer risk.14,15 The
risk appears greater in younger patients (especially children) and wom-
en.15 Conversely, epidemiological studies in patients prescribed aspirin
for cardiovascular indications describe a beneficial effect on cancer out-
comes and a reduction in metastatic spread of solid tumours.16 Other
established cardiovascular drugs whose anticancer properties are
under investigation include beta blockers, angiotensin converting
enzyme (ACE) inhibitors, and statins.

Summary

Understanding of key interactions between cardiovascular disease,
cancer and their respective treatments remains a key unmet clinical
need and is essential to continued improvements in the outcomes of
patients living with both conditions. Insights from observational stud-
ies such as the work of Melloni et al and. Big Data projects such as the
VICORI initiative (virtual cardio-oncology research institute—a UK
programme to link national cardiovascular and oncology audit data)
promise to greatly enhance our understanding. Ultimately progress
towards closer integration of clinical care between specialties holds
potential for future hypothesis driven cardio-oncology research stud-
ies to directly inform clinical practice
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