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The burdens of cardiovascular (CV) diseases and cardiotoxic side effects of cancer treatment in on-
cology patients are increasing in parallel. The European Society of Cardiology (ESC) 2022 Cardio-
Oncology guidelines recommend the use of standardized risk stratification tools to determine the risk of
cardiotoxicity associated with different anticancer treatment modalities and the severity of their compli-
cations. The use of the Heart Failure Association-International Cardio-Oncology Society (HFA-ICOS)
is essential for assessing risk prior to starting cancer treatment, and validation of these methods has
been performed in patients receiving anthracyclines, human epidermal receptor 2 (HER2)-targeted ther-
apies and breakpoint cluster region-abelson oncogene locus (BCR-ABL) inhibitors. The benefits of
performing baseline CV risk assessment and stratification include early recognition of cardiotoxicities,
personalisation of cancer treatment and monitoring strategies, and allocation of cardioprotection to those
at the highest risk. This review summarizes the key points of risk stratification in these patients. The
steps include identifying the target population, assessing nonmodifiable and modifiable CV risk fac-
tors, reviewing previous oncologic therapies and CV histories, and performing baseline investigations.
In summary, this review aims to provide general physicians with a simple 7-step guide that will help
steer and navigate them through cardiac risk evaluation of potentially cardiotoxic oncologic treatment
strategies.
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Introduction

New anti-cancer therapies have led to improved mortality rates and survival for
cancer patients (Miller et al, 2022; Michaeli et al, 2023). However, the burden of
cardiovascular (CV) disease (CVD) and the side effects of potentially cardiotoxic
anti-cancer therapy have also increased in parallel (Bohdan et al, 2021). The aim of
cardio-oncology is to allow cancer patients to receive appropriate cancer treatment
safely, with the fewest interruptions and CV side effects (Lancellotti et al, 2019).

CV risk assessment and stratification performed before starting anti-cancer
therapy allow for the personalisation of cardioprotective treatment and monitor-
ing. The baseline CV risk can be divided into two components, the likelihood of
cardiotoxicity occurring and the severity of this complication.
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High-risk patients can be identified and monitored more closely during and
after cancer therapy, with a subgroup offering cardioprotective medication. This
review provides a framework and an approach to assess the risk of patients starting
with potentially cardiotoxic anti-cancer therapy for general physicians.

Baseline CV Risk Assessment

Step 1: Who to Assess Risk?

All patients should undergo a risk assessment before receiving potentially car-
diotoxic anti-cancer medications to guide the prevention and surveillance of CV
complications during and after therapy.

Anti-cancer therapies can be divided into the following groups (Roy and Ahmed,
2024; Shuel, 2022):

(a) Traditional cytotoxic chemotherapy

(b) Molecular targeted therapy

(c) Immunotherapy

(d) Radiotherapy

(e) Haematopoietic stem cell transplantation and chimeric antigen receptor
(CAR)-T-cell therapy

(f) Hormone therapy

Each category of treatment has its own unique signature of CV toxicity. The
4 classes of commonly used therapies and associated cardiotoxicities are listed in
Table 1. The type of cardiotoxicity will determine the investigations required for
surveillance and guide prevention strategies while supporting the patient during the
course of their cancer treatment.

Step 2: Reviewing the Biodata and Comorbidities of the Patient

There are shared risk factors for the development of CVD and cancer and be-
tween CVD and cancer therapy-related cardiac dysfunction (CTRCD) (Koene et
al, 2016). Recently, a study identified several cancers (lung, blood, brain, oral) as
contributing to CV risk when added to a CV risk score, the QRESEARCH cardio-
vascular risk algorithm (QRISK3) calculator (Hippisley-Cox et al, 2024). Postu-
lated mechanisms include inflammation (Meijers and de Boer, 2019) and reactive
oxygen species-induced oxidative stress (Mauro et al, 2023).

Modifiable CV risk factors are important to recognise, as they are actionable.
Obesity is an independent risk factor for the development of CVD, cancer and can-
cer therapy-related CV toxicity (Beasley and Towbin, 2021). Smoking and exces-
sive alcohol use can lead to similar developments due to the increased incidence
of heart disease and cancer complications (Agmon Nardi and Takobishvili, 2018).
Important comorbidities are hyperlipidaemia, diabetes mellitus and hypertension,
which, when present, increase the risk of cardiotoxicity during cancer therapies
(Lyon etal, 2022; Szalda et al, 2017). Poor control of these CV risk factors is likely
to amplify the absolute risk imparted, and the presence of two or more modifiable
risk factors also increases the incidence of cardiotoxicity during chemotherapy

British Journal of Hospital Medicine | 2025 | https://doi.org/10.12968/hmed.2024.0632


https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0632

REVIEW

Table 1. 4 classes of potentially cardiotoxic anti-cancer therapies.

Group Class Names Cardiotoxicity

(A) Traditional chemotherapy Anthracyclines Doxorubicin, Daunorubicin, Epirubicin, Heart failure
Idarubicin, Valrubicin, and Mitoxantrone Asymptomatic LVSD
Atrial and ventricular arrhythmias

(B) Targeted therapy 1. HER2-targeted therapies  Trastuzumab, Pertuzumab, Lapatinib Heart failure
and Trastuzumab emtansine (T-DM1), Asymptomatic LVSD
neratinib, tucatinib Hypertension

2. VEGF inhibitors

2.1. Tyrosine kinase Sunitinib, pazopanib, sorafenib, Hypertension
inhibitors axitinib, tivozanib, cabozantinib, Heart failure
regorafenib, lenvatinib, vandetinib Asymptomatic LVSD

Myocardial ischaemia and infarction
QTec prolongation

2.2. Monoclonal antibodies = Bevacizumab, ramucirumab Hypertension
Cardiomyopathy
Arterial and venous thrombosis
Bleeding

3. EGFR inhibitors Osimertinib Heart failure

Venous thrombosis
Atrial fibrillation
QTc prolongation

4. ALK inhibitors Crizotinib, alectinib, ceritinib Bradyarrhythmias
QTcprolongation
Arterial, venous thrombosis
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Class Names Cardiotoxicity

5. FLT3 inhibitors Gilteritinib, midostaurin QTc prolongation

6. PI3K inhibitors Idelalisib, copanlisib Hypertension
Hyperglycemia

Peripheral oedema

7. BCR-ABL multitargeted
tyrosine kinase inhibitors
(2nd & 3rd generation)

Ponatinib, nilotinib, dasatinib, bosutinib

Hypertension

Heart failure Asymptomatic LVSD
QTc prolongation

Atherosclerosis

Pulmonary hypertension

Arterial and venous thrombosis

8. Proteasome inhibitors

Bortezomib, carfilzomib, and ixazomib

Hypertension

Heart failure

Asymptomatic LVSD

Myocardial ischaemia and infarction
Atrial and ventricular arrhythmias
Venous and arterial thrombosis

9. Combination RAF
& MEK inhibitors

Dabrafenib & trametinib, vemurafenib
& cobimetinib, encorafenib &
binimetinib

Heart failure Asymptomatic LVSD
Hypertension
QTc prolongation
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Table 1. Continued.

Group Class Names Cardiotoxicity

10. BTK inhibitors Ibrutinib, acalabrutinib Heart failure
Atrial fibrillation
Hypertension
Ventricular arrhythmias
Bleeding

11. CDK 4/6 inhibitors Ribociclib QTC prolongation

(C) Hormonal therapy 1. Anti-androgen therapy Abiraterone Atherosclerosis

2. GnRH agonists Goserelin, Leuprorelin Myocardial ischaemia and infarction
Diabetes mellitus
Hypertension

(D) Radiotherapy Coronary disease
Pericardial effusion or constriction
Valvular heart disease
Cardiomyopathy
Arrhythmias

LVSD, left ventricular systolic dysfunction; HER2, human epidermal receptor 2; VEGF, vascular endothelial growth factor; EGFR,
epidermal growth factor; ALK, anaplastic lymphoma kinase; FLT3, FMS-like tyrosine kinase 3; PI3K, phosphoinositide 3-kinase;
BCR-ABL, breakpoint cluster region-abelson oncogene locus; RAF, rapidly accelerated fibrosarcoma; MEK, mitogen-activated ex-
tracellular signal-regulated kinase; BTK, Bruton tyrosine kinase; CDK, cyclin-dependent kinase; GnRH, gonadotropin-releasing
hormone.
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(Armenian et al, 2008). Controlling these risk factors through smoking cessation,
weight loss, physical activity and pharmacological interventions can improve over-
all cardiac health and reduce the development of cardiotoxicity (Zamorano et al,
2016).

Nonmodifiable CV risk factors such as age, sex and family history have been
shown to significantly increase both the incidence of CVD and cancer (Koene et al,
2016; Lyon et al, 2022). Older patients are more likely to develop more frequent
and more severe cardiac complications than younger patients. Older females are
at greater risk for CVD than are age-matched men (Rodgers et al, 2019). Genetic
variation has been shown to contribute to the development of some CV toxicities,
such as anthracycline chemotherapy-related cardiac dysfunction (Linschoten et al,
2018).

The use of ten-year CV risk calculators for vascular disease in the general popu-
lation, such as QRISK3 and Joint British Societies 3 (JBS3) is recommended when
coronary artery disease or vascular risk assessment is relevant and when there is no
prior history of coronary artery or peripheral vascular disease (JBS3 Board, 2014;
Hippisley-Cox et al, 2017). This includes cancer patients planning for radiotherapy
to a field including the heart or major blood vessels and men diagnosed with prostate
cancer who require androgen deprivation therapy (Lyon et al, 2022). If the ten-year
CV risk is elevated >10%, then addressing the modifiable factors contributing to
the elevated risk is advised.

Therefore, high-risk patients from the CV perspective also face significant
risks of developing CTRCD during the course of cancer treatment. The use of CV
risk calculators such as the QRISK3 or JBS3 helps to highlight this group so that
good control of modifiable risk factors and closer monitoring of those with nonmod-
ifiable risk factors can be performed to potentially reduce the risk of cardiotoxicity
with cancer treatment.

Step 3: Looking for Previous CVD

As mentioned previously, cancer patients have more CV risk factors than non-
cancer patients do (Caro-Codon et al, 2022). In addition, diseased hearts are a
substrate for cardiotoxicity and have an additive effect on the risk of developing
CTRCD (Perez et al, 2019). This is observed among those receiving tyrosine kinase
inhibitors and those treated with anthracycline chemotherapy or trastuzumab (Blaes
et al, 2020; Camilli et al, 2024; Perez et al, 2019; Vo et al, 2024).

The following cardiac conditions greatly increase the risk of CTRCD (Lyon et
al, 2020).

- Heart failure or cardiomyopathy

- Severe valvular heart disease

- Significant coronary artery disease, including myocardial infarction or pre-
vious coronary revascularization with percutaneous coronary intervention (PCI) or
coronary artery bypass graft (CABG)

- Atrial or ventricular arrhythmias (atrial fibrillation and/or flutter, ventricular
tachycardia or fibrillation)
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There is increasing evidence to suggest that genetic predisposition leads to the
development of CTRCD. In a study of 213 patients with CTRCD, there was an in-
creased incidence of pathogenic variants in genes associated with the development
of cardiomyopathies, such as the Titin-truncating variants (TTNtvs), compared with
healthy volunteers or the reference population. The affected patients had more heart
failure, atrial fibrillation and impaired cardiac recovery than did those without the
variant. The same study investigated the effects of anthracycline on mice with the
TTNtv variant and reported that there was sustained myocardial contractile dysfunc-
tion in this group compared with that in those with the same variant but who did not
receive anthracyclines (Garcia-Pavia et al, 2019). In another cohort of 46 patients
with CTRCD, all of the identified pathogenic variants were truncating variants of
Titin (Boen et al, 2024). Other genes, such as myosin heavy chain7 (MYH7), BAG
Cochaperone 3 (BAG?3), titin-cap (TCAP), lamin A/C (LMNA) and troponin T2 car-
diac type (TNNT?2), have also been identified among those with CTRCD (Garcia-
Pavia et al, 2019). There are case reports that also suggest that pathogenic variants
of the TNNT?2 gene predispose one to the development of CTRCD (Lee et al, 2024,
Moghadasi et al, 2021).

According to current guidelines, preexisting valvular heart disease increases
the risk of CTRCD (Lyon et al, 2020; Lyon et al, 2022). It has been postulated
that valvular heart disease may lead to increased wall stress and myocardial dam-
age, thus potentially increasing the risk of cardiotoxicity during cancer treatment
(Ptonska-Gosciniak et al, 2023). There are also certain chemotherapy regimens
that require large amounts of fluid intake, which may lead to heart failure in pa-
tients with significant valvular heart disease. For example, cisplatin carries a risk
of nephrotoxicity, and rapid short-term hydration over a period of a few hours is
recommended during its administration to prevent renal dysfunction (Sikking et al,
2024).

Underlying ischaemic heart disease and cardiac arrhythmias provide a sub-
strate for future chemotherapy-related cardiotoxicity through likely similar mecha-
nisms of myocardial injury and damage. Certain chemotherapeutic agents, such as
capecitabine and 5-fluorouracil, can induce myocardial ischaemia through coronary
vasospasm (Jensen et al, 2010; Mosseri et al, 1993), which may be aggravated by
the presence of underlying significant coronary artery disease. Electrolyte distur-
bances can occur during the administration of chemotherapy, leading to QT interval
disturbances and arrhythmias. Direct cardiotoxic effects from anti-cancer therapy
can also result in arrhythmias. For example, Bruton tyrosine kinase inhibitors such
as ibrutinib and acalabrutinib are known to confer an increased risk of atrial fibril-
lation (Byrd et al, 2021; Xiao et al, 2020).

In summary, preexisting CVD is a significant risk factor for the development
of CTRCD. These patients will require closer follow-up and monitoring. Optimis-
ing guideline-directed medical therapy prior to starting anti-cancer treatment can
potentially attenuate this risk.
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Table 2. Risk categories for asymptomatic adults who are childhood and adolescent cancer

survivors.

. RT dose*  Total cumulative Combination therapy
Risk category (Gy MHD) doxorubicin® dose .
) RT dose? (Gy MHD) Total cumulative
(mg/m®) doxorubicin’ dose (mg/m?)

Very high risk >25¢ >400 >15°¢ >100

High risk >15 to 25¢ 250-399 5-154 >100

Moderate risk 5154 100-249 <5° >100

Low risk <5°¢ <100 -

Reproduced with permission from Lyon et al (2022), European Heart Journal, 43, 42294361 (2022);
published by Oxford University Press 2022.

“RT risk categorization on the basis of MHD is recommended over categorization on the basis of
the prescribed dose, which may not accurately reflect cardiac radiation exposure. Depending on the
dose distribution and exposure of specific cardiac substructures (as well as clinical risk factors), the
treatment team may judge the patient to belong to a higher risk category. In addition, a patient may
be judged to belong to a lower risk category if only a small part of the heart is exposed to a relatively

high prescribed dose.

bOr doxorubicin equivalent.

€Or prescribed RT >35 Gy to a volume exposing the heart if MHD is not available. Note that in this
case, the limited information about cardiac exposure does not allow one to distinguish between high-
and very high-risk categories.

40r prescribed RT 15-34 Gy to a volume exposing the heart if MHD is not available.

€Or prescribed RT, 15 Gy to expose the heart if MHD is not available.

Gy, grey; MHD, mean heart dose; RT, radiotherapy.

Step 4: History of Previous Cardiotoxic Oncology Treatments

Previous cancer history and therapies used are important in CV risk assessment,
as some can impart a legacy for future CV complications. Knowledge of the type
of cancer therapy that the patient previously received and any CV complications
at the time is important in determining the risk of future cancer therapy-related
cardiotoxicities.

Mitochondrial dysfunction resulting from anthracycline use can lead to car-
diomyocyte destruction, progressive deterioration of cardiac function and clinical
heart failure. The incidence of this phenomenon increases exponentially at higher
dosages (3—5% at 400 mg/m? and 18-48% at 700 mg/m?) (Cardinale et al, 2020;
Curigliano et al, 2016). Past and present anthracycline exposure increases the risk
of future cardiotoxicity with anti-cancer therapy (Kabor¢ et al, 2023; Lyon et al,
2020). In a study of 222 patients, a greater decrease in the left ventricular ejection
fraction after anthracycline use was shown to lead to a nearly 8-fold increase in the
incidence of trastuzumab-related cardiotoxicity (Goel et al, 2019).

Similarly, previous trastuzumab cardiotoxicity also increases the likelihood
of recurrence (Lyon et al, 2020). Patients with trastuzumab cardiotoxicity often
present with an asymptomatic drop in left ventricular systolic function or clinical
heart failure (Mohan et al, 2018). Real-world data suggest a much higher incidence
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of trastuzumab cardiotoxicity than results from meta-analyses (21% versus less than
5%) (Tangetal,2017). Interruption and subsequent resumption of trastuzumab may
be necessary if cardiotoxicity occurs with a subsequent improvement in left ventric-
ular ejection fraction (LVEF). While most patients are able to complete trastuzumab
therapy with preserved cardiac function, the risk of persistent cardiac dysfunction
is the highest among those who have resumed trastuzumab therapy without cardio-
oncology care (Fabiani et al, 2020).

A history of previous radiation to the chest is also important in the risk predic-
tion of cardiotoxicity, as radiation-induced cardiac disease can develop years after
exposure (Bergom et al, 2021). Conduction abnormalities and cardiomyopathies of-
ten develop as early as 2 months and up to 5 years after radiation therapy, whereas
conditions such as coronary artery disease, valvular heart disease and chronic peri-
cardial syndrome may take decades to manifest (Siaravas et al, 2023). A higher
mean heart dose places the patient at increased risk of radiation-induced cardiotox-
icity (Koutroumpakis et al, 2020). According to pooled analyses of 6 trials in pa-
tients with non-small cell lung cancer, those who received more than 20 grey (Gy)
of radiation were 5 times more likely to develop radiation cardiotoxicity than those
who received less than 10 Gy of radiation (Wang et al, 2017).

Likewise, for patients planning to receive tyrosine kinase or proteasome in-
hibitors, a previous history of cardiotoxicity with these medications places them at
a much higher risk for subsequent cardiotoxicity (Lyon et al, 2020). Various types
of tyrosine kinase inhibitors (TKIs) exhibit different cardiotoxic profiles: atrial
and ventricular arrhythmias such as atrial fibrillation or ventricular tachycardia are
seen with Bruton TKIs, and vascular endothelial growth factor (VEGF) TKIs result
in hypertension and arterial thromboembolism, whereas epidermal growth factor
(EGFR) TKIs can lead to a decline in cardiac function, heart failure and QT prolon-
gation (Sayegh et al, 2023). Proteasome inhibitors can lead to hypertension, heart
failure and even acute coronary syndrome (Georgiopoulos et al, 2023).

In addition to additive effects from older age, CV risk factors and previous
cardiac disease, the European Society of Cardiology (ESC) 2022 Cardio-Oncology
guidelines further classify and stratify patients according to previous cancer ther-
apies received (Lyon et al, 2022). This will determine the risk of developing CV
complications after cancer treatment and the direct intensity of monitoring for CVD
in survivors.

Among childhood and adolescent cancer survivors, those who received more
than 15 Gy of radiotherapy, 250 mg/m? total cumulative doxorubicin, or a combi-
nation of more than 5 Gy of radiotherapy and at least 100 mg/m? total cumulative
doxorubicin, are at significant risk of developing cardiotoxicity (Table 2).

Among adult cancer survivors, pretreatment CV toxicity risk is taken into con-
sideration, along with the dose received during radiotherapy and doxorubicin treat-
ments. Previous high-risk haematopoietic stem cell transplantation increases the
risk of CV complications in the first 5 years after therapy (Table 3).

The risk of CTRCD increases with the historical and current use of cardiotoxic
anti-cancer treatment. There is also a legacy effect on the CV risk profile of cancer
survivors who will benefit from closer surveillance and monitoring.
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Table 3. Risk categories for asymptomatic adult cancer survivors.

Risk category ]‘?oasieclil:leriz Additional details RT dose? (Gy MHD) dTotal ctl)l‘n%uiagve Combination therapy
y oxorubicin dose  RT dose” (Gy  Total cumulative
pretreatment (mg/m?) MHD) doxorubicin”
dose (mg/m?)
Very high risk Very high >25 Gy MHD¢ >400 >15-25 Gy MHD¢ >100
Early high risk High Symptomatic or High-risk HSCT? 250-399
(<5 years after asymptomatic
therapy) moderate-to-severe
CTRCD during treatment
Late high risk High Poorly controlled CVRF >15-25 Gy MHD¢ 5-15 Gy MHD? >100
Moderate risk Moderate 5-15 Gy MHD¢ 100-249 <5 Gy MHD/ >100
Low risk Low Normal end-of-therapy =~ Recovered mild <5 Gy MHD/ <100
cardiac assessment CTRCD

Reproduced with permission from Lyon et al (2022), European Heart Journal 43, 4229-4361 (2022); published by Oxford University Press 2022.

“RT risk categorization on the basis of MHD is recommended over categorization on the basis of the prescribed dose, which may not accurately reflect cardiac
radiation exposure. Depending on the dose distribution and exposure of specific cardiac substructures (as well as clinical risk factors), the treatment team may
judge the patient to belong to a higher risk category. In addition, a patient may be judged to belong to a lower risk category if only a small part of the heart is
exposed to a relatively high prescribed dose.

bOr equivalent.

€Or prescribed RT >35 Gy to a volume exposing the heart if MHD is not available. Note that in this case, the limited information about cardiac exposure does not
allow one to distinguish between high- and very high-risk categories.

YHigh-risk HSCT patients: allogenic HSCT; preexisting CVD or multiple uncontrolled CVRFs; cancer treatment history (mediastinal or mantle field radiation,
alkylating agents, >250 mg/m? doxorubicin or equivalent); conditioning schemes (total body irradiation, alkylating agents); development of GVHD.

€Or prescribed RT 15-34 Gy to a volume exposing the heart if MHD is not available.

fOr prescribed RT, 15 Gy to expose the heart if MHD is not available.

CTRCD, cancer therapy-related cardiac dysfunction; CV, cardiovascular; CVD, cardiovascular disease; CVRF, cardiovascular risk factor; GVHD, graft vs. host
disease; Gy, grey; HSCT, haematopoietic stem cell transplantation; MHD, mean heart dose; RT, radiotherapy.
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Step 5: Cardiac Biomarkers

There are no precise and validated biomarker models available to date that can
accurately predict and risk stratify patients starting cancer treatment.

Taking the lead from heart failure guidelines, there are strong recommendations
for the use of natriuretic peptides in the diagnosis, treatment monitoring and guid-
ance of the prognosis of heart failure patients (Heidenreich et al, 2022; McDonagh
et al, 2023). In CTRCD, multiple trials have shown the utility of natriuretic pep-
tides in the early detection of cardiotoxicity in patients receiving radiation therapy,
anthracyclines, proteasome inhibitors and tyrosine kinase inhibitors (Catino et al,
2018; Cornell etal, 2019; Lenihan et al, 2016; Palumbo et al, 2016). Elevated natri-
uretic peptide levels have also been shown in several studies to predict the risk of
adverse cardiac events and mortality. In a study with 555 cancer patients receiving
different types of anti-cancer treatment, elevated levels of the precancer treatment
N-terminal pro-B-type natriuretic peptide (NT-proBNP) increased the risk of mor-
tality by 1.5 times compared with those with normal pretreatment levels (Pavo et
al, 2015). Natriuretic peptide use before therapy has been shown to predict the risk
of future CV events (Cornell et al, 2019; Demissei et al, 2020).

Cardiac troponins (troponin I and T) are excellent markers of cardiac myocyte
injury and damage. Persistent elevations in troponin I have been shown to result in
greater left ventricular cardiac dysfunction and adverse cardiac events (Cardinale
et al, 2010). Trials have also shown that patients with elevated baseline troponin
levels are more likely to have impaired cardiac function and demonstrate poorer
recovery despite optimal guideline-directed medical therapy (Michel et al, 2018;
Zardavas et al, 2017). However, owing to the sensitive nature of cardiac troponins,
an increase in their levels can occur even in the absence of cardiotoxicity (Cardinale
et al, 2018).

Recent publications have encouraged the use of cardiac troponin (cTn) and na-
triuretic peptides such as B-type natriuretic peptide (BNP) or NT-proBNP to assist
in risk stratification of patients planning to receive certain cancer therapies (Lyon
et al, 2020; Pudil et al, 2020). This study identified patients who may benefit from
early cardioprotective strategies when receiving cardiotoxic cancer treatment. In
addition, baseline measurement of these serum cardiac biomarkers is essential for
monitoring the development of early CTRCD.

Step 6: Baseline Cardiology Investigations

An electrocardiogram (ECG) performed at baseline is recommended. It is sim-
ple, inexpensive and widely available, and it can indicate the presence of CVD,
including undiagnosed arrhythmia. It serves as a baseline for comparison. In se-
lected cancer patients, the baseline ECG is essential for the measurement of the
QTc, with the Fridericia correction, when the patient is to start receiving a cancer
therapy that may prolong the QTc intervals (Richardson et al, 2022)

Transthoracic echocardiography has been recommended by guidelines for the
initial assessment of cardiac function in selected oncology patients (Lyon et al,
2022). Baseline assessment of the LVEF through 2D and 3D echocardiography
and global longitudinal strain (GLS) before starting cancer therapy allows for risk
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stratification and identification of changes in cardiac function during and after ther-
apy. Current guidelines have used echocardiographic LVEF and changes in GLS
to define different grades of CTRCD (Lyon et al, 2022). They also advise that
these investigations be performed in patients who are planning to receive anthracy-
cline chemotherapy, human epidermal receptor 2 (HER2)-targeted cancer therapies,
those with preexisting structural heart disease who are planning to receive radiother-
apy to the left chest, and high-risk patients scheduled to receive cancer therapies
associated with an increased risk of CTRCD and heart failure. The challenge is
access to echocardiography for many cancer patients depending upon availability
and pressure on current echocardiography services. Fig. | summarises the guide-
line screening recommendations of cardiac biomarkers (natriuretic peptides and car-
diac troponins), cardiac imaging (transthoracic echocardiogram), and the level of
evidence for each investigation according to different risk profiles prior to starting
potentially cardiotoxic cancer treatment.

Step 7: How to Deliver the Baseline CV Risk Assessment

Fig. 2 summarises the general approach one should take in managing a patient
who is planning for potentially cardiotoxic therapy and helps guide the intensity of
monitoring and treatment strategies for the different risk profiles.

Baseline CV risk stratification prior to starting cardiotoxic cancer therapies al-
lows for the individualization of surveillance and cancer treatment strategies, which
is a class 1 recommendation in the 2022 ESC guidelines on cardio-oncology (see
Fig. 2). One method involves the use of baseline CV risk data from the 2020 posi-
tion paper written by the Cardio-Oncology study group of the Heart Failure Associ-
ation (HFA) of the ESC and the International Cardio-Oncology Society (ICOS),
which allows oncologists and haematologists to stratify their patients into low-,
moderate-, high- and very high-risk groups for developing cancer treatment-related
cardiovascular toxicity (CTR-CVT) (Lyon et al, 2020). Risk assessment will iden-
tify patients at high risk of CV complications and select patients at moderate risk
who will benefit from a cardio-oncology review prior to starting their cancer treat-
ment. In addition, this process also identifies cancer patients at high or very high
risk of cardiotoxicity who may benefit from cardioprotective medical therapy prior
to commencing cancer treatment (Lyon et al, 2022). The individual procedures de-
signed for each class of cancer therapy are available in the ESC Pocket Guideline
App.

These risk scores have been validated in different population groups and proven
to be useful in predicting the risk of CTRCD. In HER2-positive breast cancer pa-
tients, the Heart Failure Association-International Cardio-Oncology Society (HFA-
ICOS) HER2-targeted therapy platform was able to identify patients at the highest
risk of developing trastuzumab-related cardiac dysfunction in women with early
invasive HER2+ breast cancer (Suntheralingam et al, 2022). The same protocol
was validated in another cohort of HER2-positive early breast cancer patients (Bat-
tisti et al, 2021). The proforma identified 43% of the 931 patients to be at low
risk, 49% to be at medium risk, 8% to be at high risk and 1% to be at very high
risk of developing trastuzumab-related cardiotoxicity. Cardiotoxicity (defined as
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Baseline clinical CV assessment, physical exam and ECG are recommended
in all cancer patients scheduled for cardiotoxic therapies *
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Fig. 1. Baseline screening recommendations before starting cardiotoxic drugs. Reproduced
with permission from Lyon et al (2022), European Heart Journal 43, 4229-4361 (2022); published
by Oxford University Press 2022. Patients scheduled to receive ADT for prostate cancer, CDK4/6
inhibitors, endocrine hormone therapy for BC and anaplastic lymphoma kinase inhibitors. *TTE is
recommended as the first-line modality for the assessment of cardiac function. Three-dimensional
echocardiography is recommended for measuring LVEF. GLS is recommended for all patients with
cancer who undergo echocardiography, if available. CMR should be considered when echocardiog-
raphy is unavailable or not diagnostic. “Baseline cTn measurement should be considered (class Ila,
level A) in low- and moderate-risk patients post anthracycline chemotherapy but prior to starting
HER2-targeted therapies. Baseline NP and cTn measurements may be considered (class IIb, level
C) in low- and moderate-risk patients. ?Baseline echocardiography is recommended for patients
scheduled to receive dasatinib (class I, level C). °NP and ¢Tn measurements are recommended at
baseline in patients with AL-CA (class I, level B). 3D, three-dimensional; ADT, androgen depri-
vation therapy; AL-CA, amyloid light-chain cardiac amyloidosis; BC, breast cancer; BCR-ABL,
breakpoint cluster region-abelson oncogene locus; BNP, B-type natriuretic peptide; BTK, Bruton
tyrosine kinase; CAR-T, chimeric antigen receptor T cell; CDK, cyclin-dependent kinase; CMR,
cardiac magnetic resonance; ¢Tn, cardiac troponin; CV, cardiovascular; CVD, cardiovascular dis-
ease; ECG, electrocardiogram; GLS, global longitudinal strain; HER2, human epidermal receptor
2; HSCT, haematopoietic stem cell transplantation; ICI, immune checkpoint inhibitor; LVEF, left
ventricular ejection fraction; MEK, mitogen-activated extracellular signal-regulated kinase; NP, na-
triuretic peptide (including BNP and NT-proBNP); NT-proBNP, N-terminal pro-B-type natriuretic
peptide; PI, proteasome inhibitor; RAF, rapidly accelerated fibrosarcoma; RT, radiotherapy; TIL,
tumour-infiltrating lymphocyte; TKI, tyrosine kinase inhibitor; TTE, transthoracic echocardiogra-
phy; VEGFi, vascular endothelial growth factor inhibitor.
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Fig. 2. General cardio-oncology approach after Heart Failure Association—International
Cardio-Oncology Society toxicity risk assessment. Reproduced with permission from Lyon et
al (2022), European Heart Journal 43, 42294361 (2022); published by Oxford University Press
2022. “Cardio-oncology referral is recommended when available; alternatively, patients should be
referred to a specialized cardiologist with expertise in managing CVD in patients with cancer. CV,
cardiovascular; CVD, CV disease; CVRF, CV risk factor; ESC, European Society of Cardiology;
HFA, Heart Failure Association; ICOS, International Cardio-Oncology Society.

an asymptomatic >10% decline in LVEF, LVEF <50%, New York Heart Asso-
ciation (NYHA) Class II to IV heart failure or discontinuation of trastuzumab for
cardiac reasons) was observed in 17% of the patients. The incidence of cardiotoxic-
ity increased with increasing severity of baseline risk assessed with the HFA-ICOS
HER2-targeted therapy protocol. Among patients in the low-risk group, 14% had
cardiotoxicity, whereas the incidence of cardiotoxicity increased significantly to
30% in patients in the high- or very high-risk groups. This proves that the risk
assessment platform was able to correctly identify patients at significant risk of
developing CTRCD.
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Among patients receiving anthracyclines for the treatment of different cancers,
the HFA-ICOS is able to stratify patients by risk and has a good ability to predict
cardiotoxicity and all-cause mortality (Rivero Santana et al, 2022; Rivero-Santana
et al, 2024). One of the studies included 1066 patients from the CARDIOTOX
registry who had received anthracycline therapy. The HFA-ICOS risk stratification
tool was able to adequately predict symptomatic, severe, or moderate asymptomatic
CTRCD at 1 year (Rivero-Santana et al, 2024).

Most recently, the HFA-ICOS risk stratification tool was found to be predic-
tive in patients with chronic myeloid leukaemia (CML) undergoing treatment with
the tyrosine kinase inhibitor (TKI) nilotinib. The proforma was able to categorize
patients into low-, medium-, high- or very high-risk groups and showed that the
latter group of patients had higher rates of CV events (Fernando et al, 2024).

Uncertainty remains for other agents. When the proforma was used in a small
study of patients with rapidly accelerated fibrosarcoma B-type (BRAF)-mutated
melanoma treated with BRAF and mitogen-activated extracellular signal-regulated
kinase (MEK) inhibitors, a large proportion of low- and medium-risk patients de-
veloped CTRCD; hence, the utility of the risk stratification tool was limited (Glen
et al, 2023). However, further studies are needed to validate the results of thera-
pies other than anthracyclines, HER2-targeted therapies, BCR-ABL inhibitors and
nilotinib.

Gaps in Knowledge and Future Directions

There are significant gaps in knowledge in the following areas: (a) mechanisms
of cardiotoxicity in newer anti-cancer therapies, (b) cost-effectiveness of cardiotox-
icity screening in the low-risk population, (c) lack of risk stratification tools for pa-
tients receiving immunotherapy and radiation treatment, and (d) external validation
of the HFA-ICOS risk stratification tool. More research will be needed to improve
the understanding of the pathophysiology of cardiotoxicity in newer anti-cancer
therapeutic agents, as well as to explore other biochemical and imaging tools to
improve baseline assessment and monitoring of cardiotoxicity. Additionally, more
studies are needed to validate the HFA-ICOS risk scoring system, such that its use
can be widely implemented.

Conclusion

All cancer patients scheduled to receive cardiotoxic cancer therapies should un-
dergo baseline CV risk assessment. This is especially true for patients planning to
start cancer therapies that cause CTRCD. It is also relevant for all potential CV tox-
icities, including hypertension, QTc prolongation and arrhythmias. This baseline
assessment should be performed in the oncology and haematology departments,
where the diagnosis is initially made and the nature of cancer treatment is decided.
It is the type of cancer therapy that guides the need for baseline CV risk assessment,
which in turn affects the degree and frequency of CV monitoring during cancer treat-
ment and the need for cardioprotection. The HFA-ICOS is a tool that helps deliver
CV risk assessment via a practical and user-friendly method, guides personalisation
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of cancer therapy and the intensity of monitoring to prevent CTRCD, and guides the
use of medical therapies in secondary prevention cases. The 7 steps in this review
provide a general framework and explain the purpose of risk stratification. Further
research is needed to improve the risk stratification process and identify new risk
factors in specific cancer patient groups.

e The personalisation of cardioprotection and monitoring strategies increases
the chance of completing cancer treatment.

e Risk assessment and stratification allow for improved resource allocation
for monitoring purposes and the initiation of cardioprotective treatment if
needed.

e A 7-step algorithm provides the general physician with a framework to
perform risk stratification before the commencement of cardiotoxic anti-
cancer treatment.

e Important variables include the target population, nonmodifiable and mod-
ifiable cardiovascular risk factors, and previous oncologic and cardiovas-
cular history. Baseline cardiac investigations are essential in risk assess-
ment.
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