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Early detection of cancer and advances in treatment have significantly improved the survival rate of patients with cancer. Both cancer
and its treatment can accelerate the onset of cardiovascular disease, adversely affecting prognosis of patients with cancer and sur-
vivors. Coronary artery disease (CAD) and peripheral artery disease (PAD) are common complications in patients with cancer.
Cardiovascular imaging plays a central role in baseline risk assessment, detection, and treatment planning. The indications for the
use of various imaging modalities are similar as in the general population. However, due to unique pathophysiological characteristics
and clinical presentations of this population, the use of cardiac imaging in these vulnerable patients often needs to be adapted to the
clinical circumstances and individual patient characteristics. In this clinical consensus statement, the European Society of Cardiology
(ESC) Council of Cardio-Oncology and the European Association of Cardiovascular Imaging of the ESC have reviewed and summar-
ized the current evidence in this field to aid clinicians in the selection of appropriate imaging modalities for the diagnosis, monitoring,
and treatment of CAD and PAD in patients with cancer.
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Introduction

Significant improvements in cancer survival rates can be attrib-
uted to early detection and advances in treatment.! Both cancer
and its treatment can accelerate the onset of cardiovascular (CV)
disease, adversely affecting the overall prognosis of cancer pa-
tients and survivors.!> Coronary artery disease (CAD) and per-
ipheral artery disease (PAD) are common comorbidities in
patients with cancer. Approximately 3% of patients with acute
myocardial infarction (AMI) have cancer at the time of presenta-
tion, and a further 9% have a history of cancer.® The association
between cancer and vascular complications arises from shared
risk factors (smoking, obesity, diabetes), the increased pro-
thrombotic state frequently observed in cancer patients, as
well as the action of antineoplastic drugs to cause or promote
vascular damage through various mechanisms, including accel-
erated atherosclerosis, endothelial dysfunction, acute throm-
bosis, and microvascular injury.®

Anticancer treatments, including cytotoxic chemotherapy,
targeted therapies, immunotherapy, and radiotherapy (RT), can
induce various clinical manifestations of vascular dysfunction
or injury ranging from acute coronary syndromes (ACS; includ-
ing AMI caused by coronary thrombosis, myocardial infarction
with non-obstructed coronary arteries [MINOCA] or acute myo-
cardial injury), chronic coronary syndromes (CCSs; including an-
gina or ischaemia caused by coronary atherosclerosis or even
structural or functional abnormalities in the absence of epicar-
dial obstructive disease, angina with non-obstructive coronary
arteries [ANOCA], ischaemia with non-obstructive coronary ar-
teries [INOCA]), and peripheral vascular disease (PVD) (Figure 1).

While imaging is essential for the early detection and diagno-
sis of these vascular complications, aiding in differential
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diagnosis and guiding treatment strategies, the European
Association of Cardiovascular Imaging (EACVI) survey on car-
diac imaging in patients with cancer revealed significant hetero-
geneity in practices across various aspects of cardio-oncology.*
Due to the unique pathophysiology and clinical characteristics
of patients with cancer, marked by increased frailty, complex co-
morbid profiles, and variable life expectancies, the diagnostic
and therapeutic approaches for CAD and PAD in this population
require careful adaptation from conventional clinical practices.®

The diagnosis is particularly challenging since cancer per se
can be the source of several non-cardiac causes of acute and
chronic chest pain, including pulmonary embolism, bone and
chest wall metastases, pneumonia, and pleuritis. Additionally,
cancer itself or cancer-related therapies may mimic or mask typ-
ical CAD symptoms; for example, epigastric pain resulting from
mucositis may be mistaken for anginal pain, while cancer pain
therapies may obscure anginal symptoms. Finally, chronically
elevated troponin and/or creatine kinase levels, which some-
times occur in patients with cancer receiving treatment, may
complicate the diagnosis of myocardial infarction. These pa-
tients are, therefore, often more complex to manage, resulting
in prolonged stays in the emergency department or hospital.®

On the other hand, it is crucial to ensure that additional im-
aging tests, particularly in the context of CCS, do not delay the
initiation of anticancer therapies. Balancing timely imaging
with prompt therapy initiation is key to optimizing patient
outcomes.

This clinical consensus statement, developed by the European
Society of Cardiology (ESC) Council of Cardio-Oncology and the
EACVI of the ESC, summarizes current evidence on the role of
imaging in the management of cancer therapy-associated cor-
onary and peripheral vascular complications. It aims to provide
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Figure 1 Antineoplastic treatments related vascular toxicity. Clipart credit: HAMED66261789, CC BY-SA 4.0.
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Figure 2 Interactions and overlaps between cancer, coronary artery disease (CAD), and peripheral artery disease (PAD). Patients with
cancer are at an increased risk of developing CAD and PAD due to shared risk factors and the vascular toxic effects of cancer treatments.
Cancer therapies can accelerate atherosclerosis, cause endothelial dysfunction, promote microvascular injury, and trigger acute throm-
bosis, and vasospasm. Both acute and chronic clinical manifestations of CAD and PAD in patients with cancer may be provoked or ag-
gravated under conditions of increased oxygen demand (e.g. anaemia, tachycardia, fever). Diagnosis can be challenging, as patients with
cancer may present with atypical symptoms, or their symptoms may be obscured by pain management or other treatments.

clinicians with advice on selecting optimal imaging modalities for
the diagnosis, monitoring and treatment of CAD and PAD in pa-
tients with cancer. This clinical consensus statement, however,
does not update or replace any ESC guidelines, but rather ap-
plies them to the specific context of cardio-oncology.

Pathophysiology of vascular damage
in patients with cancer receiving
cardiotoxic antineoplastic treatments

There are significant pathophysiological overlaps and interac-
tions among cancer, CAD, and PAD beyond the increased risk
resulting from the common shared risk factors such as age,
smoking, obesity, diabetes mellitus, dyslipidaemia, hyperten-
sion, and a sedentary lifestyle (Figure 2). Cancer therapies
may promote atherosclerosis, induce vasospasm, and acutely
or chronically worsen CAD and PAD through different
mechanisms.®” A common factor is cancer-related anaemia
which may increase susceptibility to type 2 myocardial infarc-
tion (MI) or aggravate limb ischaemia. Many antineoplastic
drugs are associated with an increased risk of vascular dam-
age.8734 Table 1 summarizes the main antineoplastic drugs re-
lated to the occurrence of acute and CCSs, peripheral arterial
disease, and Raynaud’s phenomenon. Raynaud’s phenomenon
is also a common toxicity after antineoplastic treatment with
bleomycin, cyclophosphamide, platinum compounds, vinca al-
kaloids, and fluoropyrimidines, especially if used in combin-
ation.3! Damage can occur acutely and at later stages of
treatment®—34

Radiation therapy poses significant long-term risk of compli-
cations, particularly to the vascular structures within the irra-
diated field, including the coronary arteries, carotid arteries,

aorta, renal arteries, and heart valves.®2 This risk is dose-
dependent and symptoms generally appear years after treat-
ment.333* Radiation induced damage is primarily mediated by
endothelial injury, inflammation, vascular wall fibrosis, and sub-
sequent arterial stenosis.>* Historically, RT used higher doses
and less targeted techniques, leading to more widespread and
significant cardiotoxicity and vascular toxicity. Whilst advance-
ments in RT techniques have reduced radiation-induced CV tox-
icity but it remains an ongoing concern, particularly in cancer
patients with pre-existing atheroma which can be accelerated
by radiation therapy and associated oxidative stress. These
high CV risk cancer patients requires optimal CV risk factor con-
trol and careful monitoring.3>

The presence of CV risk factors and pre-existing CAD predis-
pose patients to these complications, both during or after cancer
treatment. Therefore, prior to initiating thoracic RT or other
antineoplastic treatment associated with CAD events, it is cru-
cial to carefully stratify CV risk in primary prevention using cur-
rently available risk scores (e.g. SCORE 2 and SCORE 2 old
patients) and where available imaging evidence of coronary ath-
erosclerosis to effectively manage CV risk factors and optimize
the treatment of pre-existing CAD.>

Patients with cancer are at an increased risk of developing
CAD and PAD due to shared risk factors and the vascular toxic
effects of cancer treatments. Cancer therapies can accelerate
atherosclerosis, cause endothelial dysfunction, promote micro-
vascular injury, and trigger acute thrombosis and vasospasm.
Both acute and chronic clinical manifestations of CAD and
PAD in patients with cancer may be provoked or aggravated
under conditions of increased oxygen demand (e.g. anaemia,
tachycardia, fever). Diagnosis can be challenging, as patients
with cancer may present with atypical symptoms, or their
symptoms may be obscured by pain management or other
treatments.
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Table 2 Summary of potential differences in the use of cardiovascular imaging for coronary artery disease in patients with and

without cancer

Patients without cancer

General principles
Pre-test probability e Pre-test probability based on age, sex,
symptoms and risk factors

e Classic mechanisms (plaque rupture/

erosion) more frequent

Pathophysiology

Constraints o Usually fewer limitations
Imaging modality-specific considerations
Echocardiography o First-line imaging tool
e Stress echocardiography with
standard advantages and limitations

Cardiac CT (CCTA e Rule out obstructive CAD in low-
and CAC) intermediate risk patients

e CAC scoring for risk stratification and

prevention
CMR e Tissue characterization (scar, viability)
Nuclear imaging e SPECT is widely used for ischaemia
detection

Patients with cancer

Pre-test probability may be underestimated due to accelerated
atherosclerosis®

Cancer therapy-related mechanisms (vasospasm, thrombosis, MVD,
therapy-related injury) may co-exist with atherosclerosis®

MINOCA is more prevalent in patients with cancer

Frailty, possible interference with the timing of cancer therapy (imaging
tests with long wait times)

Bedside assessment of critically ill cancer patients

Poor acoustic windows, even with use of contrast agents in some
patients (e.g. prosthesis implantation in breast cancer patients)
Exercise echocardiography may not be feasible due to low performance
status in advanced-stage cancer

Simultaneous assessment of other important pathologies (e.g.
pericardial involvement, masses)

CCTA facilitates decision-making in patients treated with
fluoropyrimidines who develop chest pain by excluding or confirming
obstructive coronary lesions

CCTA may help avoid invasive coronary angiography in frail patients
CAC can be assessed on routine scans performed for tumour staging
Differentiation between ICl-related myocarditis and myocardial
ischaemia

Simultaneous assessment of other important pathologies related to
cancer (e.g. pericardial involvement, masses)

SPECT accuracy may be reduced by prior chest radiation and
attenuation artefacts

CAC, coronary artery calcification; CCTA, coronary computed tomography angiography; CMR, Cardiac magnetic resonance; ICl, immune checkpoint inhibitor;
MINOCA, myocardial infarction with non-obstructive coronary arteries; MVD, microvascular disease; SPECT, single-photon emission computed tomography

Baseline imaging in patients with
cancer

Similar to the general population, all non-invasive cardiac im-
aging modalities play a crucial role in detecting and monitoring
CAD and PAD. However, specific considerations apply to pa-
tients with cancer undergoing cardiotoxic anticancer treatments
(Table 2). The following sections discuss the use and role of car-
diac imaging across various clinical scenarios in patients with
cancer.

Baseline CV risk assessment before starting cardiotoxic
cancer therapies should include Heart Failure Association—
International Cardio-Oncology Society (HFA-ICOS) risk stratifi-
cation (Class lla, Level C) and a 12-lead electrocardiogram (ECG)
for all patients starting potentially cardiotoxic cancer therapy, as
recommended in the 2022 ESC cardio-oncology guidelines.®
According to the same ESC guidelines, baseline transthoracic
echocardiography (TTE) is recommended in patients at high or
very high risk of CV toxicity (Class I, Level C).> For treatments
mainly associated with vascular toxicity and not captured
by the HFA-ICOS score (e.g. androgen deprivation therapy
[ADT], immune checkpoint inhibitors [ICls], alkylating agents,

and fluoropyrimidines), baseline TTE should be driven by patient
CV risk level or the presence of pre-existing CV disease rather
than performed routinely. The 2022 ESC cardio-oncology
guidelines do not define an indication for routine baseline stress
echocardiography, and there is no evidence supporting its sys-
tematic use beyond standard indications in the general popula-
tion® (see Section Functional Imaging).

If echocardiography is non-diagnostic, then cardiovascular
magnetic resonance (CMR) should be considered (Class II,
Level C) for the assessment of cardiac function.”

Incidental coronary artery calcification (CAC) detected on
routine thoracic staging computed tomography (CT), when
available, can improve CV risk stratification and might be useful
especially in patients with cancer treated with antineoplastic
treatments burdened by direct vascular toxicity (e.g. vascular
endothelial growth factor inhibitors [VEGFi], ADT, some
second- and third-generation BCR-Abl tyrosine kinase inhibitors
[TKI], and RT to a field including the heart and coronary arteries)
and a good prognosis (>6 months).5¢~38

This is particularly relevant in cancer patients with low
and intermediate risk scores, which have underestimated their
atherosclerotic burden.3”*? Although oncology CT scans are
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Figure 3 Thoracic computed tomography (CT) in a 52-year-old male with colon adenocarcinoma. The CT scan performed for tumour
staging revealed extensive calcification of the left anterior descending coronary artery.

usually not ECG-gated, CAC presence/absence can still be as-
sessed, providing an estimate of coronary atherosclerotic pla-
que burden that may help reclassify CV risk. According to the
2024 ESC guidelines for the management of CCSs,*? when
CAC findings are available from previous chest CT scans, using
these findings to enhance risk stratification and guide treatment
of modifiable risk factors should be considered (Class lla, Level
of Evidence C).

For example, the absence of coronary calcium has a high
negative predictive value for obstructive CAD and may support
a conservative approach with clinical follow-up, whereas any
coronary artery calcium score (CACS) >0 can shift patients
across risk thresholds into a higher-risk category and thereby
support decisions on initiating preventive therapy.3?"*2
Figure 3 shows an example in which calcium score evaluation
in a routine staging CT scan was helpful to reclassify the pa-
tient’s CV risk.

In patients with cancer with CACS >0 on routine CT per-
formed for staging cancer, no specific evidence is available re-
garding the indication to further assess ischaemia; however,
according to this task force, the performance of tests for ischae-
mia detection, beyond primary prevention strategies, is not
needed in the absence of significant cardiac symptoms. In se-
lected cancer patients with a good prognosis, a dedicated CT
coronary angiogram can be helpful to define the extent and lo-
cation of the CAD.

It is essential that the waiting time for cardiac imaging does
not lead to a delay or postponement of cancer treatments, as
this would have potentially impacted the overall prognosis of
the patient. Therefore, it is crucial to carefully consider the in-
cremental value and clinical implications of any CV imaging
test and how rapidly it can be performed and reported.

Assessment for PAD was not listed in the baseline CV as-
sessment requirement in the 2022 ESC cardio-oncology guide-
lines.” Recognition of pre-existing vascular disease (including
PAD) falls under overall CV risk stratification as part of the
baseline risk profile. However, targeted screening for pre-
existing PAD (i.e. ankle-brachial index measurement) in add-
ition to clinical examination, may be considered in subgroups
of cancer patients receiving specific agents that have been as-
sociated with a high vascular toxicity (second-generation tyro-
sine kinase inhibitors like nilotinib or ponatinib) to identify

patients who may benefit from more strict monitoring (every
6 months) during and after cancer treatment.”

Acute coronary syndromes

ACS are a common and increasingly encountered form of cancer
therapy-related CV toxicity (CTR-CVT), significantly affecting
the overall outcome of patients with cancer.® Several mechan-
isms can lead to ACS in patients with cancer, including the car-
diotoxic effects of chemotherapy, targeted therapy and RT.#344

Cancer itself may predispose to coronary plaque erosion and
acute thrombosis (Type 1 MI). Optical coherence tomography
studies in patients with a cancer history and ACS have revealed
a higher incidence of thin cap fibroatheroma and high-risk pla-
que features.**

Although patient characteristics often differ between those
managed invasively and those treated conservatively, introdu-
cing potential selection bias, the 2022 ESC Cardio-Oncology
guidelines emphasize prompt invasive coronary angiography in
patients with cancer and ACS who have a reasonable expected
prognosis (>6 months).®

The diagnosis of ACS in patients with cancer follows the same
criteria as in patients without cancer.*® It is important to recog-
nize that symptoms in patients with cancer may be more atypical
or non-specific. Moreover, symptoms such as chest pain, nau-
sea, fatigue, or dyspnoea can often be attributed to the cancer
or its treatment. Consequently, a low threshold for performing
an ECG and cardiac troponin is advised, along with non-invasive
imaging to confirm the diagnosis.*¢

Echocardiography

Echocardiography plays an essential role in the early risk strati-
fication of patients with suspected ACS, especially when clinic-
al symptoms and ECG findings are inconclusive.*® In patients
with ST-elevation ACS, TTE can detect regional wall motion ab-
normalities, identify mechanical complications, and help ex-
clude alternative diagnoses. In patients with non-ST elevation
myocardial infarction, echocardiography, in the early stages
following presentation, can provide rapid assessment of pa-
tients with suspected Takotsubo syndrome, acute heart failure,
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Figure 4 Cardiovascular magnetic resonance images in a 44-year-old woman with a metastatic breast cancer and immune checkpoint
inhibitor-associated acute myocarditis, non-ischaemic subepicardial late gadolinium enhancement in the inferior and inferolateral walls:
(A, B); concomitant myocardial oedema demonstrated by elevated native T1 (1280 ms) on T1 mapping (C); elevated T2 (72 ms) on T2

mapping (D); high signal intensity on T2 STIR (E).

major pulmonary embolism, severe valvular heart disease, and
cardiac tamponade.

Coronary computed tomography
angiography

Coronary computed tomography angiography (CCTA) pro-
vides a non-invasive, high-resolution anatomic evaluation
and direct visualization of CAD.*” Unlike invasive coronary
angiography, CCTA provides rapid, non-invasive visualization
of both obstructive and non-obstructive CAD, allowing for
high-resolution anatomic evaluation.*® According to the
2023 ESC Guidelines on the management of acute coronary
syndromes,* in patients with suspected ACS, normal (or un-
certain) high sensitivity troponin levels, no ECG changes, and
no recurrence of pain, incorporating CCTA as part of the initial
work-up should be considered. CCTA can inform the manage-
ment of patients with cancer and suspected ACS across
various clinical scenarios. For instance, by ruling out coronary
plagues in patients with suspected fluoropyrimidine-induced
coronary vasospasm, CCTA enables the continuation of
cancer therapies by using long-acting nitrates and vasodilating
calcium channel blockers, or alternative agents such
as Sl-based therapy instead of fluoropyrimidines,>*’
Additionally, CCTA can detect non-obstructive atherosclerot-
ic plaques that may benefit from preventive medical therapies
as well as high-risk coronary stenosis, thrombus, and plaque
formations with further management tailored to the patients’
prognosis and life expectancy.’

Cardiac magnetic resonance imaging

CMR is particularly useful in patients presenting with a working
diagnosis of MINOCA.* Here it can help differentiate true myo-
cardial infarction from other differential diagnoses including
Takotsubo syndrome and myocarditis, by elucidating regional
myocardial abnormalities, and by detecting different patterns
of oedema and myocardial damage with late gadolinium en-
hancement (LGE). In case of myocardial infarction, LGE usually
affects the subendocardium, which is typically spared in myo-
carditis.*® In patients with Takotsubo syndrome, LGE is often
absent or patchy and does not correspond to the extent of the
wall motion abnormalities.”® Figure 4 represents the case of a
patient in which CMR was decisive to diagnose IClI myocarditis.

Nuclear techniques

Nuclear perfusion imaging may be helpful in selected stable pa-
tients presenting with atypical chest pain or dyspnoea and nor-
mal troponins and ECG. Here it can serve as an alternative to
CCTA or CMR stress testing when these are contraindicated
or not available when additional functional assessment is
needed.>! Myocardial perfusion imaging (MPI), using single pho-
ton emission computed tomography (SPECT) or positron emis-
sion tomography (PET), can rapidly reveal fixed perfusion
defects and reversible myocardial ischaemia.’?> Furthermore,
18F-fluorodeoxyglucose PET may provide complementary diag-
nostic information to CMR in challenging cases of suspected ICI
myocarditis,”> although due to possible pitfalls, this technique is
advised only in settings with high expertise.
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Figure 5 Sensitivity and specificity of the different imaging techniques in the context of ischaemic cascade.

Key points

e For patients with cancer with suspected ACS, the same diag-
nostic pathway applies as for patients without cancer.

e Non-invasive cardiac imaging is helpful in patients with cancer
and suspected ACS when symptoms, biomarkers/ECG or clin-
ical findings are equivocal and do not clearly indicate the need
for immediate invasive coronary angiography.

e Echocardiography is the first-line technique to detect new LV
wall motion abnormalities, support the diagnosis, assess
haemodynamics, and exclude alternative diagnoses.

e CCTA can be useful in stable patients with suspected non-ST
elevation ACS at low clinical risk to exclude coronary athero-
sclerosis and to characterize obstructive and non-obstructive
disease, helping guide subsequent management

e CMRis particularly useful for clarifying the underlying diagno-
sis, in haemodynamically stable patients, especially when
myocarditis, Takotsubo syndrome, or MINOCA is suspected.

o Nuclear perfusion imaging may be useful in selected stable
cases when additional functional assessment is needed (e.g.
for differential diagnosis in CTR-CVT), but it is not helpful
for the acute/unstable patient.

Chronic coronary syndromes

Several cancer treatments may increase the risk of CCS through
different pathophysiological mechanisms. In patients with cancer
two main scenarios may arise: patients with pre-existing CAD
who develop new symptoms during cancer treatment, and pa-
tients without known CCS who experience new symptoms. In

clinical practice, chest pain or angina may be caused by: (a) ob-
structive epicardial CAD; (b) vasospasm or functional/structural
microvascular alterations without epicardial obstructive CAD
(ANOCA/INOCA); (c) post-ACS or after revascularization; and
(d) heart failure of ischaemic or cardiometabolic origin.39

When patients receiving cancer therapy present with chest
pain or other concerning symptoms, a careful clinical evaluation
should be performed. The diagnosis of CAD should adhere to
the 2024 ESC Guidelines for the diagnosis and management
of CCS, which outline the evaluation of clinical likelihood of ob-
structive CAD.%? For patients with limited life expectancy, se-
vere frailty, and low quality of life, where revascularization
may be deemed futile, CCS can be diagnosed clinically, and man-
aged with medical therapy and lifestyle modifications. If there is
uncertainty regarding the diagnosis of CCS in these patients, it is
reasonable to establish a diagnosis using non-invasive functional
imaging before initiating treatment. Figure 5 shows the sensitiv-
ity and specificity of the different imaging techniques in the con-
text of ischaemic cascade.

Non-invasive cardiac imaging

Patients with a very low clinical likelihood of CAD (<5%) gen-
erally do not require imaging evaluation. For those with a
very high clinical likelihood of CAD (>85%), invasive coronary
angiography is considered the appropriate first-line test for
suspected CCS unless deemed futile due to clinical condi-
tions.3? For patients with an intermediate diagnostic probabil-
ity, non-invasive anatomical or functional diagnostic tests are
typically advised. Ultimately, the decision for additional testing
is guided by clinical assessment, available resources, local ex-
pertise, patient-specific factors, and individual preferences.
Overall, these tests provide prognostic information by predict-
ing the risk of future adverse events and can serve as
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Figure 6 Cardiac coronary computed tomography angiography in a 47-year-old female patient with atypical chest pain and mammary
tumour. Severe stenosis of the left anterior descending coronary artery is demonstrated on three-dimensional volume-rendered recon-
struction (A, arrow) and multiplanar reconstruction (B). The stenosis is caused by a plaque exhibiting high risk features, with the
‘napkin-ring sign’, a low attenuation plaque (B, asterisk) with a hyperdense cap (B, arrow).

complementary tools in cases of inconclusive findings or when
assessing the need for revascularization.

Echocardiography is the first-line technique for assessing ven-
tricular function and wall motion abnormalities. In the absence
of obvious wall motion abnormalities, a decreased global longi-
tudinal strain and particularly regional strain abnormalities can
strengthen the suspicion of CAD. However, one should be
aware that global longitudinal deformation can be impaired by
other common confounding conditions such as hypertension
and diabetes beyond cancer therapy. According to clinical suspi-
cion, further functional or anatomical imaging tests are advised
to confirm a diagnosis.

Anatomical imaging

CCTA is the preferred method for ruling out CAD in patients
with a low (5-15%) to moderate (15-50%) clinical likelihood
of CCS due to its high negative predictive value. Furthermore,
CCTA can be seamlessly integrated with cardiac imaging se-
quences into routine CT scans performed for tumour staging,
providing a dual assessment with minimal additional radiation
exposure. CCTA provides the only method to detect both ob-
structive and non-obstructive coronary plaque and also identi-
fies atherosclerotic plaque characteristics, such as calcified,
non-calcified, and high-risk plaques. The detection of obstruct-
ive and non-obstructive CAD with CT allows for the prescription
of better targeted preventive therapies and better outcomes
compared to standard care.”* Additionally, CCTA can quantify
the burden of coronary atherosclerotic plaque®® and evaluate
the peri-coronary fat attenuation index, a surrogate marker of
inflammation, that both appear to provide additional prognostic
information.>® CT scans without the use of contrast agents en-
ables not only the assessment of CAC, but also simultaneous
evaluation of the pericardium, providing excellent visualization
of pericardial calcification, which may be seen in patients with
cancer following RT. Non-contrast CT attenuation measure-
ments can also characterize pericardial fluid, aiding in the iden-
tification of malignant or haemorrhagic effusions.>”

Photon-counting detector computed tomography (PCD-CT)
offers significant advancements over conventional energy-
integrating detector CT, including better spatial resolution, arte-
fact reduction, and spectral analysis. In cardiac imaging,
PCD-CT can offer a more accurate assessment of coronary ar-
tery stenosis and plaque characterization. Additionally, it might
improve the visualization of myocardial fibrosis through late
enhancement imaging assessment and extracellular volume
measurements.

The use of PCD-CT in cardiac imaging holds significant poten-
tial, positioning itself as a valuable modality that could serve as a
one-stop-shop by integrating both angiography and tissue char-
acterization into a single examination.>® However, despite its
potential, large-scale clinical trials, standardization of protocols
and cost-effectiveness considerations are required for the
broader integration of PCD-CT into clinical practice.

Furthermore, it does not provide information about the
haemodynamic significance of the coronary stenosis requiring
additional functional tests to identify ischaemia.

Figure 6 shows an example of coronary stenosis detected and
characterized by CCTA in patient with atypical chest pain and
mammary tumour.

Functional imaging

Functional imaging tests are advised for diagnosing and quantify-
ing myocardial ischaemia or scar in patients with a moderate or
high likelihood of CCS (15-50% or 50-85%, respectively), and
those with known CAD. They may also be preferred in patients
with a very high burden of CAC on routine non-gated staging
CT scans. Stress echocardiography provides a highly specific as-
sessment of myocardial ischaemia and allows the evaluation of
myocardial viability and contractile reserve. Whilst sensitivity is
lower, it also enables the evaluation of valve disease and the de-
tection of heart failure with preserved ejection fraction.”” Stress
echocardiography using exercise is often preferred because of its
prognostic value, but it may not always be feasible in patients
with cancer with limited performance status. In these cases,
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Figure 7 A 68-year-old woman with Hodgkin lymphoma localized in the mediastinum, treated with 12 cycles of doxorubicin, bleomycin,
vinblastine, and dacarbazine and radiotherapy, referred with effort chest pain for dipyridamole stress echocardiography. (A) Resting
four-chamber view showed preserved left ventricular (LV) ejection fraction and no wall motion abnormalities. (B) Resting coronary
flow in the distal left anterior descending coronary artery (LAD) was 0.32 m/s. (C) Peak-stress four-chamber view showing LV systolic
enlargement and diffuse wall motion abnormalities. (D) Peak coronary flow in the distal LAD was 0.48 m/s, and coronary flow reserve
was 1.5. (E, F) Coronary angiography showed multivessel disease with critical obstruction of the three main vessels.

pharmacological stress agents such as adenosine, regadenoson,
dobutamine, or dipyridamole can be used. Evaluation of coronary
flow reserve (CFR) in the left anterior descending coronary artery
can further improve the diagnostic accuracy of stress echocardi-
ography in the general population; however, the reliability of this
method is heavily influenced by training and expertise (Figure 7).
Moreover, patients with breast cancer, who have undergone left
breast prosthesis implantation, may exhibit poor acoustic win-
dows, even with the use of contrast agent.

CMR provides a comprehensive evaluation of CAD by of-
fering detailed insights into cardiac anatomy, function, and
myocardial scar. Additionally, similar to CT, CMR provides
detailed information regarding pericardial involvement that
could be caused by antineoplastic treatment and particular-
ly RT. It can assess pericardial thickening, identify active
pericardial inflammation, and quantify and characterize
pericardial effusions. Additionally, CMR has demonstrated

excellent diagnostic accuracy for the non-invasive detection
of constrictive physiology.®

Stress CMR has emerged as a robust functional test, demon-
strating high diagnostic accuracy in identifying obstructive and
non-obstructive CAD in both known and suspected cases®!
(Figure 8). In addition, stress CMR provides important prognostic
information.®?%® An emerging application of stress CMR is
the quantification of myocardial blood flow (MBF), which en-
hances the assessment of the burden of myocardial ischaemia.®*
Additionally, the implementation of these advanced sequences
can aid in the detection of cardiac microvascular disease.®*
While the use of stress CMR may be influenced by factors
such as availability, acquisition times, the presence of cardiacim-
plantable electronic devices, and the need for patient cooper-
ation, it is becoming increasingly accessible and feasible for
most patients, except those who are critically ill, where alterna-
tives like stress echocardiography may also present challenges.
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Figure 8 Stress cardiovascular magnetic resonance imaging in a 68-year-old male patient with atypical chest pain and a history of lung
carcinoma treated with chemotherapy and radiotherapy. Perfusion images (A, B, C) acquired after the administration of adenosine dem-
onstrate a large perfusion defect in the basal inferior wall and basal inferior interventricular septum (A), as well as a smaller defect in the
middle portion of the inferior wall. Late gadolinium enhancement images (D, E, F) reveal no evidence of prior myocardial infarction.
Invasive coronary angiography (G) showed subtotal occlusion of the mid-right coronary artery (arrow).

Higher sensitivity CMR techniques including fast SENC
(Myostrain) can assess for CV causes of chest pain with high sen-
sitivity. Importantly, the majority of magnetic resonance imaging
(MRI)-compatible or MRI-conditional devices can now safely
undergo CMR in centres with the necessary expertise.
Furthermore, with experience, stress CMR can typically be com-
pleted in about 30 min, making it comparable in duration to a do-
butamine stress echocardiography.

Stress SPECT is highly sensitive for detecting ischaemia and is
readily available, but not as specific as stress echocardiography.
Quantitative estimates of CFR can be derived from SPECT myo-
cardial perfusion images. However, this method underestimates
CFR, particularly at high flow rates.®®

PET provides reference standard assessments of myocardial
perfusion, with the major advantage of allowing flow quantifica-
tion that helps identify patients with balanced ischaemia due to
both advanced obstructive disease and the microvascular dys-
function that is frequently observed in patients with cancer, par-
ticularly in those post-RT.3° Limitations of PET-CT arise from its
limited availability compared with other imaging modalities and
relatively high costs and radiation.

Fractional flow reserve derived from CT (FFR-CT) can be es-
timated non-invasively by applying computational fluid dynam-
ics to anatomical image data obtained from CCTA. This process
does not require additional CT imaging, modifications to acqui-
sition protocols, or the administration of extra medications.®®
FFR-CT can help in the diagnosis of obstructive CAD, although
it can only be performed on scans with excellent image quality,
and analysis is often expensive to perform. Stress CT perfusion
(CTP) is a MPI technique that evaluates the distribution of MBF
during both rest and hyperaemia, providing valuable insights
into the presence of myocardial ischaemia. Unlike FFR-CT,
stress CTP requires the use of additional contrast agents and
exposes patients to radiation beyond the baseline CCTA
study.®” Furthermore, stress CTP necessitates the use of
advanced-generation scanners and is currently of limited avail-
ability in clinical practice.

Key points

o Inthe setting of CCS, two main scenarios emerge: patients with
known CAD who develop new or worsening symptoms during
cancer treatment, and patients without prior CAD who present
with new symptoms, potentially treatment-related.

e In patients with active cancer and no previous CCS, symptoms
can be atypical; a high clinical suspicion is warranted, particu-
larly with therapies that increase CCS risk.

o Asin the general population, the use of multimodality imaging
should be guided by risk factor-weighted clinical likelihood
model, other CV risk modulators, cancer prognosis, the specif-
ic anti-tumour treatment, and alternative therapies.

e Echocardiography is the first-line imaging modality to assess
global and segmental ventricular function and to differentiate
CCS from other CV conditions that may mimic it.

e For patients at low or moderate risk, anatomical imaging with
CTCA is often preferred, allowing detection of both non-
obstructive and obstructive CAD.

e In high-risk patients or those with established CAD, ischaemia
testing is preferred, with exercise stress echocardiography,
stress CMR, SPECT, or PET imaging according to local avail-
ability and expertise.

Coronary microvascular dysfunction

Coronary microvascular dysfunction (CMD) has been described
following antineoplastic treatment (i.e. alkylating agents, anti-
metabolites, taxanes, anti-VEGF, and antBCR-ABL TKIs) and
RT.CMD is characterized by ischaemia and absence of obstruct-
ive epicardial CAD, and is associated with major adverse CV
events, reduced quality of life,°® and worse outcomes in patients
with breast cancer.®” The underlying mechanisms for

920z 1snBny 20 uo Jasn Aysioniun sniuliA AQ 8€51.998//Z€ L/L/2Z/loMe/BuiBewolya/woo dno-olwapeoe)/:sd)y woly papeojumod



Multimodality imaging in the detection and management of coronary and peripheral arterial cardiotoxicity

1339

AR A

Figure 9 Peak stress perfusion cardiovascular magnetic resonance imaging maps of the base, mid and apex (from left to right), demon-
strating subendocardial myocardial perfusion defect in a patient with coronary microvascular dysfunction (Courtesy of the School of
Biomedical Engineering and Imaging Sciences at King's College London).

chemotherapy-induced CMD include impaired vasodilation,
prothrombic and pro-inflammatory effects, and microvascular
spasm.”%74 RT induces CMD by endothelial damage to the mi-
crovessels due to pro-inflammatory, vasoconstrictive, and
thrombotic effects.””

Non-invasive cardiac imaging

CMD is characterized by impaired CFR and an abnormal index
of microvascular resistance.”® When patients have clear
symptoms of angina in the absence of obstructive CAD on
CT or invasive angiography, the diagnostic suspicion of CMD
usually arises. According to the 2024 ESC guidelines on CCS,
in symptomatic patients with ANOCA/INOCA, medical ther-
apy based on coronary functional test results should be con-
sidered to improve symptoms and quality of life.®? In
addition, according to the ESC guidelines for CCS, in patients
with refractory angina leading to poor quality of life and
with documented or suspected ANOCA/INOCA, invasive cor-
onary functional testing is recommended to define ANOCA/
INOCA endotypes and appropriate treatment, considering pa-
tient choices and preferences.®’ Although invasive testing is
the reference method for CMD assessment in the general
population, non-invasive method may be better suited for pa-
tients with cancer. Particularly in patients with a very poor
overall prognosis and health, anti-anginal therapy could be
started to obtain a diagnosis based on the benefit achieved fol-
lowing the therapy without resorting to further investigation.
Anti-anginal drugs such as beta-blockers and calcium channel
blockers could be the choice in this scenario; nitrate could also
be added, even if they might have poor efficacy due to the oc-
currence of tolerance, and, if necessary, tricyclic medications
and opioids.377¢

Among the non-invasive techniques, CFR may be assessed by
stress Doppler echocardiography, which measures CFR from the
maximal diastolic flow in the left anterior descending coronary
artery (LAD) at rest and stress during adenosine/dipyridamole
administration. This technique has been validated against intra-
coronary Doppler; however, it requires considerable expertise
and adequate acoustic windows.”® Myocardial contrast echo-
cardiography is also available for assessment, delivering MBF
velocity and CFR.””

Further established modalities for non-invasive assessment of
CMD are CMR and PET. Both modalities allow quantification of
absolute MBF and the ratio of stress:rest MBF, providing the
myocardial perfusion reserve, an index of CMD.

CMD can be assessed with CMR by dynamic contrast-
enhanced first-pass myocardial perfusion following vasodila-
tory stress, such as with adenosine, and allows analysis of
visual perfusion defects and fully quantitative MBF assess-
ment’® The most common manifestation of CMD on CMR is
a global subendocardial perfusion defect observed at peak
stress (Figure 9). High-resolution CMR demonstrates good
diagnostic performance for the assessment of CMD compared
with invasive coronary flow measurements as the reference
standard.”? Automated pixel-wise perfusion mapping tech-
nique can be used to detect not only significant CAD but
also CMD, and to differentiate CMD from multi-vessel coron-
ary disease.®*

Similarly, PET can be used for the assessment of CMD
through the administration of a perfusion radiotracer such as
18N-Ammonia, 82-Rubidium, or *O-Water following vasodila-
tor stress and rest.° PET has also demonstrated good diagnostic
value and prognostic value in patients with CMD.8-82

Key points

e CMD is common in patients with cancer, particularly in those
who have undergone RT treatment.

e Although invasive testing is the reference method for CMD
assessment in the general population, non-invasive method
may be better suited for patients with cancer.

e Stress echocardiography with measurement of CFR in the
LAD allows assessment of CMD. PET or stress CMR allow ac-
curate quantitative assessment of the coronary microcircula-
tion in all coronary territories with high diagnostic accuracy.
The choice of non-invasive test should depend on local ex-
pertise and availability.

Peripheral vascular disease

Several antineoplastic treatments, such as TKls and radiation
therapy, can cause peripheral vascular damage. Patients receiv-
ing RT of the neck have a markedly higher incidence of carotid
artery stenosis compared to non-irradiated populations, with
studies reporting stenosis in 21-86% of irradiated patients.®®
RT significantly increases carotid intima-media thickness with
increased stroke risk,2* although some studies suggest post-
radiation thinning of the media due to medial fibrosis.®®
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Figure 10 A 69-year-old male with a history of neck cancer, previously treated with surgical resection and neck radiotherapy, presented
13 years later for the consideration of coronary intervention. Ultrasound imaging (A) reveals diffuse non-calcified intimal-medial thick-
ening (arrows) in the common carotid artery. Computed tomography angiography (B) shows diffuse non-calcified plaque disease in the

common carotid artery, leading to multifocal severe stenosis.

Figure 11 A 66-year-old female with a history of mantle radiotherapy for Hodgkin’s lymphoma underwent computed tomography angi-
ography for planning a transcatheter aortic valve implantation as a result of radiation induced aortic valve stenosis. The imaging reveals
heavily calcified anterior mediastinal lymph nodes (highlighted in blue) and diffuse calcification (highlighted in white) of the ascending

aorta and aortic arch, indicative of radiation-induced aortitis.

High-dose radiation to the abdominal or pelvic regions may re-
sult in vascular stenosis in these regions, in particular renal ar-
tery stenosis.

Experimental models have demonstrated accelerated athero-
sclerosis in irradiated aortas, with severity increasing over time
after irradiation.®¢ Radiation-induced aortic damage, which of-
ten manifests years after treatment, can lead to acute aortic

complications.8” Though rare, aortic rupture is a recognized
complication of radiation exposure, as well as direct aortic wall
invasion by nearby tumours. Chronic aortic occlusion has also
been reported following pelvic radiation therapy in childhood.®8
Clinicians should be vigilant for these possibilities, arranging ur-
gent care and assessment for patients with suspected acute and
chronic aortic complications.
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Chemotherapy, especially agents like anthracyclines and vas-
cular endothelial growth factor inhibitors, can amplify these ef-
fects by inducing endothelial dysfunction, increasing oxidative
stress, and promoting thrombosis.®’

Patients receiving BCR-ABL tyrosine kinase inhibitors for
chronic myeloid leukaemia, particularly nilotinib and ponatinib,
have an increased risk of arterial vascular events such as PAD,
stroke, and MI (2, 8-11% for nilotinib and 7-35% according to
studies for ponatinib), risk varies according to dose intensity,
older age, and CV risk. 12

Moreover, many antineoplastic drugs can even induce
Raynaud phenomenon and rarely acral vascular syndromes.?*

Non-invasive diagnosis

The mentioned complications underscore the need for baseline
evaluation, monitoring during treatment, and long-term CV sur-
veillance in cancer survivors, emphasizing the importance of in-
corporating CV risk assessment into cancer treatment
planning.>?°

Patients with cancer, particularly those with head and neck
cancer, fulfil several World Health Organization screening cri-
teria, including a high burden of disease, the availability of ac-
ceptable non-invasive diagnostic tests, and the existence of
effective preventive interventions. However, to date, no rando-
mized controlled trials have evaluated screening for PAD in pa-
tients with cancer, and there is also no prospective evidence
demonstrating that the detection of asymptomatic PAD in this
population results in fewer CV events or improved survival.

According to the 2022 ESC guidelines on cardio-oncology,
baseline imaging should be considered before radiation therapy,
at 5 years following the therapy, and every 5-10 years there-
after.® In patients with known arterial disease, follow-up may
be offered at a shorter interval (e.g. yearly). Particularly in
asymptomatic patients with a history of head and neck RT, ca-
rotid artery ultrasound scan should be repeated every 5 years
starting at 5 years after radiation. Renal artery ultrasound should
be considered in patients with a history of abdominal and pelvic
radiation and worsening renal function and or hypertension.’

According to the 2024 ESC guidelines for the management of
peripheral arterial and aortic diseases, ankle brachial index (ABI)
is the recommended first-line measure to screen for the pres-
ence of PAD.?? In addition to ABI testing at rest, ABI can be mea-
sured after low-level treadmill stress, which is a simple
procedure but increases the diagnostic yield. Routine clinical
examination of arterial pulses in oncologic patients is also advo-
cated. Duplex ultrasound is the first-line imaging modality. It is
non-invasive, widely available, and provides information on lo-
cation, plaque characteristics, and severity of vascular lesions
through velocity criteria.”?

MRI can provide a detailed assessment of the carotid arteries,
aorta, and peripheral arterial system, the detection of luminal
stenosis, as well as the detection of unstable or vulnerable pla-
que phenotypes in these regions.”®

CT angiography (CTA) offers high-resolution evaluation of ca-
rotid artery stenosis and the presence of calcified plaques.
However, it involves radiation exposure and the use of iodinated
contrast agents; therefore, it is not used for screening. CTA and
MR angiography have been found to have similar sensitivity;
however, they differ in specificity, with CTA consistently show-
ing higher specificity.”*

CT imaging remains the gold standard for diagnosing acute
aortic syndrome, with initial imaging ideally including non-
contrast and post-contrast arterial phase CTA of the entire aor-
ta, extending to the iliac and common femoral arteries. When

structural issues are suspected, a delayed phase angiogram
(60-90 s post-injection) can help detect slow contrast leaks.
Delayed phase imaging may also assist in evaluating organ viabil-
ity following an aortic syndrome. Long-term surveillance may be
achieved with MRI or CT imaging techniques.

Figure 10 shows the case of carotid atherosclerosis in a pa-
tients underwent neck radiotherapy detected by ultrasound im-
aging (panel A) and confirmed by CTA (panel B).

Figure 11 illustrates the radiation-induced aortitis revealed by
CTA.

Key points

e Duplex ultrasound scan of carotid and peripheral arteries re-
presents the first line imaging technique to address the pres-
ence of peripheral atherosclerosis and provides information
for therapy optimization.

e CTA offers higher diagnostic accuracy but is not a screening
tool given higher costs and exposure to radiation and iodi-
nated contrast agent.

e CT is advised when acute vascular events are suspected.

¢ MRI has the advantage of high sensitivity without exposure to
ionizing radiation, but lower specificity compared to CT.

Conclusion

The role of multimodality imaging in detecting and managing cor-
onary and peripheral arterial disease in patients with cancer re-
ceiving cardiotoxic antineoplastic treatments parallels that in
the general population. However, the distinctive pathophysio-
logical features and clinical presentations of this population re-
quire a high index of suspicion. Consequently, the use of
cardiac imaging in these vulnerable patients is often customized
to reflect clinical circumstances and individual patient
characteristics.
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