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ABSTRACT

Cancer and cardiovascular disease are two of the
leading causes of global mortality and morbid-
ity. Medical research has generated powerful
lifesaving treatments for patients with cancer;
however, such treatments may sometimes be at
the expense of the patient’s myocardium, lead-
ing to heart failure. Anti-cancer drugs, includ-
ing anthracyclines, can result in deleterious
cardiac effects, significantly impacting patients’
functional capacity, mental well-being, and

quality of life. Recognizing this, recent inter-
national guidelines and expert papers published
recommendations on risk stratification and care
delivery, including that of cardio-oncology ser-
vices. This review will summarize key evidence
with a focus on anthracycline therapy, provid-
ing clinical guidance for the non-oncology
professional caring for a patient with cancer and
heart failure.
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Key Summary Points

Cardiotoxicity can disrupt cancer
treatment, resulting in adverse patient
outcomes.

Recently published international
guidelines outline strategies for risk
stratification and care delivery.

Communication and collaborative
working across cardiology and oncology
specialisms, with input from medical,
nursing and allied professionals, can
promote a tailored patient- and family-
centred experience.

This review aims to provide a holistic,
multidisciplinary overview of the most
common issues in cardio-oncology.

INTRODUCTION

Cardiovascular disease and cancer are the two
main causes of morbidity and mortality world-
wide [1]. Medical treatment for patients with
cancer has significantly improved survival;
however, some treatment modalities can lead to
the development of serious cardiovascular
complications, including heart failure (HF). The
occurrence of such complications may result in
temporary or permanent cessation of cancer
treatment, depending on severity, with conse-
quential short and long-term health implica-
tions [2–4]. Over the last decade there has been
growing interest in the unique specialism
known as cardio-oncology, with professionals
seeking to ensure patients receive optimum
cardiac treatment following a cancer diagnosis.
Early identification of risk, with the introduc-
tion of integrated care provided by multidisci-
plinary cardio-oncology teams, was
recommended in recent expert guidelines and a
position statement [4–6]. The aim of this review
is to provide non-oncology specialists with
practical guidance on risk stratification with a
focus on surveillance pathways for patients who

have received anthracycline. In addition, an
overview of pertinent topics, including the
valuable contributions of cardio-oncology ser-
vices, exercise rehabilitation and patient-re-
ported outcomes, will be presented. This article
is based on previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors.

SCALE OF THE PROBLEM

A causal relationship has been noted between
HF and cancer; they share not only common
risk factors, such as ageing, male sex and dia-
betes mellitus, but also pathophysiological
mechanisms, including inflammation, neuro-
hormonal activation, oxidative stress and a
dysfunctional immune system [1]. A proportion
of today’s patients who survive a cancer diag-
nosis proceed to develop HF due to their
chemotherapy, radiotherapy or
immunotherapy.

Several chemotherapy drugs are recognized
as being ‘cardiotoxic’ or causing cardiovascular
injury affecting myocardial function [7, 8].
Differing definitions of cardiotoxicity have been
used over the past 3 decades, leading to
heterogeneity in diagnosis and treatment
[9, 10]. To harmonize definitions, the Interna-
tional Cardio-Oncology Society released a con-
sensus statement in 2022 classifying cancer-
therapeutics-related cardiac dysfunction
(CTRCD) into symptomatic heart failure (in-
cluding a reduced ejection fraction and sup-
portive diagnostic biomarkers in line with
current HF guidance) and asymptomatic cate-
gories [11].

Mild asymptomatic CTRCD was defined as a
new relative decline in global longitudinal
strain (GLS) of more than 15% from baseline
and or a new rise in biomarkers (with a pre-
served ejection fraction of 50% or more).
Moderate asymptomatic CTRCD is defined as a
reduction in ejection fraction of 10 percentage
points or more to an ejection fraction of
40–49%. Alternatively, moderate asymptomatic
CTRCD is diagnosed in patients with a reduc-
tion of less than 10 percentage points (to an
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ejection fraction of 40–49%) with a new decline
in global longitudinal strain of more than 15%
from baseline and/or a new rise in cardiac
biomarkers. Severe asymptomatic CTRCD is
defined as a new ejection fraction reduction to
below 40%. The implementation of these defi-
nitions is supported by guidance from the
European Haematology Association (EHA), the
European Society for Therapeutic Radiology and
Oncology (ESTRO), the International Cardio-
Oncology Society (IC-OS) and the task force on
cardio-oncology of the European Society of
Cardiology (ESC) [4]. Well-known cardiotoxic
drugs include anthracyclines, as well as many
targeted therapies such as small molecule tyr-
osine kinase inhibitors (sunitinib) and protea-
some inhibitors (carfilzomib). The position
statement from the Cardio-Oncology Study
Group of the Heart Failure Association of the
ESC in collaboration with the IC-OS provides a
table outlining cancer therapy classes and their
associated cardiovascular toxicities [5].

Anthracyclines are the most studied car-
diotoxic drugs, accomplishing their effective
antitumour activity by infiltrating DNA,
impairing transcription and cell division,
inhibiting topoisomerase II activity, producing
reactive oxygen species, and damaging DNA as
well as cell membranes and mitochondria [12].
Human epidermal growth factor receptor-2
(HER2) is therefore required for cell prolifera-
tion, differentiation and survival when HER2-
targeted therapies such as trastuzumab bind to
these receptors and cause downregulation of
action [13]. In a population study including
over 12,000 females, those treated with
anthracycline plus trastuzumab had an
increased risk of HF and or cardiomyopathy
[14]. Furthermore, Bowles found that car-
diotoxic treatments, such as anthracycline and
trastuzumab, were more likely to be adminis-
tered to young healthy females [14] (see ‘‘Clin-
ical Case 1’’ below).

Clinical Case 1

Mrs MT, a 45-year-old lady, was diagnosed with
left breast ductal carcinoma in situ (DCIS) in
2006, which became recurrent invasive ductal

carcinoma in 2017. She underwent a left mas-
tectomy and chemotherapy with agents
including anthracycline, followed by long-term
letrozole.

In 2019 she presented to her GP with
abdominal distension and dyspnea and was
immediately referred to a cardiologist. Investi-
gations at the cardiac consultation included
ECG, showing sinus tachycardia, and echo,
showing severe systolic dysfunction (EF: 30%)
with severe mitral regurgitation. She was pre-
scribed evidence-based HF medication (ACE
inhibitor, B-blocker, spironolactone and loop
diuretic) and referred to the regional cardio-
oncology clinic.

Mrs MT was not initially informed about
possible cardio-toxicity due to chemotherapy
for cancer and therefore did not recognize
symptoms. She was traumatized by the heart
failure diagnosis. Comprehensive education
and psychological support were provided, albeit
late, to help her adapt to and manage this
diagnosis.

In 2020, the European Society of Medical
Oncology (ESMO) consensus guidance recom-
mended surveillance for potentially cardio-
toxic anticancer treatments, including radio-
therapy, chemotherapy drugs or targeted ther-
apies [15]. Indeed, cardio-oncology surveillance
can improve cancer outcomes by minimizing
therapy delays and treating cardiotoxicity at an
early, potentially reversible stage.

MONITORING AND ASSESSING
RISK

Cardiotoxicity risk changes with time and, as
such, an assessment of risk should be conducted
periodically. Baseline stratification aims to
facilitate timely mitigation of potential risk
factors and individualize cancer therapeutic and
cardiotoxicity surveillance strategies without
imposing any delay on treatment. This requires
a comprehensive clinical history (including
previous cancer treatments) and examination.
Pareek et al. and, more recently, Cuomo et al.
showed the importance of risk stratification
prior to commencing cancer treatment,
enabling high rates of oncologic treatment with
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improved health outcomes, i.e. improvements
in ejection fraction and functional New York
Heart Association (NYHA) classification. In
2020, the Heart Failure Association (HFA) and
the International Cardio-Oncology Society
(ICOS) published a formal risk stratification tool
based on both expert consensus and contem-
porary data [4]. The tool stratified patients into
low (\2%), moderate (2–9%), high (10–19%) or
very high (C 20%) cardiovascular risk [29]. The
ESC 2022 cardio-oncology guidelines formally
advocated the use of this HFA-ICOS tool, on
which it based a detailed surveillance pro-
gramme spanning from a pre-treatment base-
line to post-treatment and long-term
surveillance [4]. This guidance informs Fig. 1,
which consolidates baseline assessment and
scoring along with end of treatment, 1 year
post-treatment and long-term follow-up. The
American Heart Association also recommended
the monitoring of cardiac function, supporting
the use of key investigations for risk stratifica-
tion—serum biomarkers (troponin) and imag-
ing [3].

Serum Biomarkers

Troponins and natriuretic peptides are the most
widely studied, informing risk stratification,
diagnosis, and prognosis. In 2020, the Cardio-
Oncology Study Group of the HFA collaborated
with the Cardio-Oncology Council of the ESC
to review evidence on the role of troponin and
natriuretic peptides before, during and after
cardiotoxic cancer therapies [16].

Troponin
Troponins are markers of acute cardiomyocyte
injury and can help identify toxicity in the early
stages of cancer treatment. Cardinale et al.
studied over 200 breast cancer patients treated
with high-dose chemotherapy and observed
that large elevations in troponin I could predict
significant and persistent deteriorations in LVEF
up to 1 year [17, 18]. High and ultrasensitive
troponins can improve the prediction of early
cardiotoxicity and mortality in patients receiv-
ing anthracyclines and HER2-targeted therapies
[19–21]. Their increased sensitivity is, however,

associated with reduced specificity, as multiple
non-cardiovascular complications during can-
cer therapy (i.e. renal dysfunction, pulmonary
embolism, sepsis) can elevate troponin levels
[22].

Peri-therapeutic biomarker assessment has
been shown to facilitate the planning of suc-
cessive downstream therapies. The Herceptin
Adjuvant Study Cardiac Marker Substudy
(HERA) included 452 patients, with results
demonstrating that an elevated ultrasensitive
troponin post-anthracycline therapy could
identify patients at risk of cardiotoxicity prior to
subsequent HER2-targeted treatment [23].

Evidence is less convincing on the use of
troponin monitoring for long-term surveillance
of cardiotoxicity. In a meta-analysis of child-
hood cancer survivors involving 1651 survivors,
Leerink et al. demonstrated echocardiographic
evidence of LV dysfunction in approximately
12% of the population. However, in five of the
relevant studies, elevated troponin levels were
not associated with left ventricular dysfunction
[24, 25].

Natriuretic Peptides
Natriuretic peptides are produced from the
heart in response to increased myocardial wall
strain, typically due to systolic dysfunction.
This may therefore be used to identify at-risk
patient groups [21]. Specifically in cardio-on-
cology populations, there is some evidence that
persistent peri-treatment elevations of B-type
natriuretic peptide (BNP) and N-terminal pro-B-
type natriuretic peptide (NT-proBNP) are asso-
ciated with cardiac dysfunction at 1 year
[26, 27]. In a large Danish study of 333 patients,
Skovgaard et al. demonstrated an association
between elevated peri-treatment BNP and late
congestive HF and mortality [26]. Similarly,
persistently increased NT-proBNP was associ-
ated with abnormal diastolic function in a study
by Sandri et al. [27]. Conversely, in a study by
Daugaard et al., BNP levels at baseline or during
therapy failed to predict dysfunction [28].

Evidence for NT-proBNP is therefore hetero-
geneous, with a moderate predictive ability in
adult and childhood cancer survivors
[24, 25, 29]. Furthermore, as natriuretic peptide
levels may be affected by patients with
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metastatic disease, as well as in those with an
elevated or low body mass index, imaging
should fundamentally be a part of a surveillance
programme [30]. Based on current evidence, the
ESC recommended an annual assessment of
natriuretic peptides alone for long-term post-
treatment surveillance [4].

Combined blood and imaging biomarker
approaches have also been explored. For exam-
ple, Sawaya et al. studied 43 patients treated for
breast cancer. Concurrent global longitudinal
strain imaging and ultrasensitive troponin-I
assessment during treatment with anthracy-
cline and trastuzumab were found to predict
subsequent cardiotoxicity [20].

Imaging

Echocardiogram
Echocardiography is the mainstay of imaging
techniques in cardiotoxicity surveillance. The
LVEF is measured by tracing the endocardial
border in diastole and systole using 2D images
in two planes; however, this method can be
susceptible to high temporal variability [31].
Newer techniques such as three-dimensional
(3D) echocardiography are more sensitive than
the two-dimensional (2D) measures and have
superior accuracy and reproducibility [31]. Fur-
thermore, abnormalities in myocardial strain, a
measure of deformation, precede deteriorations

RISK 
REVIEW

RISK 
REVIEW

Annual CV Risk Review
Lifestyle Educa�on
-Clinical Review, BP 
-Bloods: Lipids, HbA1c, NP 
-ECG 
-CV risk factor management 

-5 yearly echo if poor control
- Pregnancy surveillance

POST Tx
REVIEW

LONG TERM 
SURVEILLANCE

YEAR ONE 
POST THERAPY

DURING 
THERAPY

High Risk & 
Very High 

Risk* 

Echo every 2nd Cycle
Biomarkers each Cycle

Echo < 3 & 12M
Biomarkers <3 & 12M

Consider Echo 3Y, 5Y, 5 Yrly
Annual CV Risk Review
Risk Stra�fy 5 yearly

Moderate 
Risk(*)

Echo <12M
Consider Biomarkers <3M

Low 
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Minor Risk Points

□ Age 65-79 years (x2 points)
□ Hx Non Anthracycline Tx 
□ History of Smoking
□ BMI >30kg/m2 

□ BP >140/>90 or Tx

□ HbA1c >53mmol/mol or Tx
□ Renal Impairment
□↑Troponin 
□↑NTproBNP 

□ EF 50-54% (x2 points)

Baseline Assessment
History
- CV Symptoms*
- CV Disease*
- CV Risk Factors
- Cancer Therapies
Cardiac exam BP, BMI

Bloods
- HbA1c, U&E, Lipid Profile
-Troponin, NTproBNP*

ECG*
Echo including 3D/GLS*

May consider 
Echo ≥ 250mg/m2

Biomarkers each 2nd Cycle

Echo <12M
May consider 
-Biomarkers <3M

Annual CV Risk Review
Risk Stra�fy 5 Yrly

May consider echo 5 Yrly
Annual CV Risk Review
Risk Stra�fy 5 Yrly

Tx Risk Factors
Moderate Risk AC or RTx Doses
Moderate Risk combined RTx/AC Tx

≥5 
Minor 
Risk 

Points

Consider 5 Yearly Echo
Consider  5-10 Yrly CAD 
screen for ≥15Gy MHD 
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Risk Points
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Age >80 years 
Previous
• Heart Failure
• Severe VHD
• IHD

• Anthracycline
• Cardiac RTx
• EF<50%

Major Risk Points 
≥ 5 Minor Risk Points or at least 1 of :

Tx Risk Factors
AC 250 ≥mg/m2 D.E.
Very High Risk RTx/AC therapy
Moderate to Severe CTRCD
New Symptoms
Echo or Biomarker Dysfunc�on 
High Risk Stem cell Transplant

Tx Risk Factors
High Risk RTx dose
High Risk RTx/AC
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Echo ≥ 250mg/m2
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Fig. 1 Surveillance strategy for anthracycline-treated
patients. Adapted from the ESC 2022 cardio-oncology
guidelines. If Mean Heart Dose (MHD) is not available
from patient records, the prescribed dose may be utilised.
A MHD C15 Gy equates to C35Gy prescribed dose; A
MHD 5-15 Gy equates to 15-34Gy prescribed dose; A
MHD\5 Gy equates to\15 Gy prescribed dose [4]. AC
anthracycline, BP blood pressure, BMI body mass index,

CV cardiovascular, D.E. doxorubicin equivalent, ECG
electrocardiogram, Gy grays, Hx history, M months, MHD
mean heart dose, NP natriuretic peptide, RTx radiother-
apy, Tx treatment, U&E urea and electrolytes, Y years. * If
abnormal, refer to cardio-oncology;(*) consider cardio-
oncology referral
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in ejection fraction, and values have been found
to correlate with fibrosis [32, 33]. In a systematic
review of 1504 patients, Thavendiranathan
et al. found that a peri-therapeutic strain
decline of 10–15% was predictive of subsequent
cardiotoxicity [32]. Whilst evidence remains
limited on the long-term outcomes in
chemotherapy patients with abnormal strain,
abnormal strain in non-cancer populations is an
independent predictor of cardiovascular mor-
bidity and mortality [34, 35]. In addition to the
3D ejection fraction and strain imaging, there is
emerging evidence on the role of additional
indicators such as diastolic function and right
heart assessment.

Historic guidelines advocated echocardio-
graphic screening when a threshold dose of
anthracycline had been reached; however, dose
thresholds varied widely, therefore resulting in
variance of screening practice [5, 21, 24]. Con-
sensus guidelines recommend risk stratification
for childhood cancer survivors according to the
dose of anthracycline and radiotherapy.
Accordingly, echocardiography should be con-
sidered every 2 and 5 years for those at high and
moderate risk respectively [36]. In addition to
cardiomyopathy, patients who have received
radiation to the mediastinum are at risk of
valvular disease. ESC guidelines recommend
that asymptomatic patients who have received
more than 15 Gy mean heart dose or combi-
nation therapy of more than 5 Gy mean heart
dose and 100 mg/m2 doxorubicin equivalent
have an echocardiogram at 5-yearly intervals
after treatment [4].

In 2020, the HFA, the European Association
of Cardiovascular Imaging (EACVI) and the
Cardio-Oncology Council of the ESC called for
the development of treatment algorithms for all
patients receiving anthracycline and HER2
therapies to inform clinical practice [37]. The
following year, the British Society of Echocar-
diography (BSE) and British Cardio-Oncology
Society (BCOS) provided targeted imaging
surveillance protocols for use during cancer
treatment [38].

Cardiac Magnetic Resonance Imaging (MRI)
As the gold standard for function and volu-
metric assessment, cardiac MRI offers an

alternative imaging modality, especially for
patients with poor-quality images. Mapping
techniques and MRI-derived strain imaging may
offer additional imaging biomarkers of car-
diotoxicity in the future [39–41]. Early decreases
in T1 times after an initial anthracycline dose
were found by Muehlberg et al. to predict the
subsequent cardiotoxicity in 30 patients treated
for sarcoma [40]. Conversely, Jordan et al.
showed that a late increase in T1 times may
predict cardiotoxicity, reflective of interstitial
fibrosis [39]; however, such techniques are in an
early phase of investigation. MRI, whilst being
the gold standard for evaluating myocardial
function and volumes, remains expensive and
not widely available, and is therefore recom-
mended when echocardiographic imaging is
suboptimal [38].

HFA-ICOS Risk Stratification Tool

This HFA–ICOS tool risk stratifies patients based
on their cardiovascular history, cardiovascular
risk profile, previous chemotherapy and base-
line imaging/biomarker status (see Fig. 1) [5].
This risk categorization enables decisions
regarding cardiology input, cancer therapeutic
strategy and use of cardioprotective agents. In
high and very high risk patients, minimizing
the use of cardiotoxic agents is advised where
possible, along with the initiation and use of
specific chemotherapeutic cardioprotective
agents, such as dexrazoxane and liposomal
anthracyclines, alongside cardioprotective
agents, for example angiotensin-converting
enzyme inhibitors, angiotensin receptor block-
ers, beta blockers and statins. Cardiovascular
disease and modifiable risk factors should be
treated as outlined within the guidelines [4].

The first year post cancer therapy is believed
to be of particular importance in cardiotoxicity
surveillance. Research by Cardinale et al. noted
that the majority (98%) of cardiotoxicity occurs
within this first year (median follow-up
5.2 years) [10]. In addition, for a patient group
considered to be relatively treatment resistant,
early initiation of treatment was frequently
found to be associated with recovery of cardiac
function. At the end of treatment, repeat risk
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stratification should consider the treatment
strategy along with the dose used and bio-
marker and imaging data, in addition to base-
line risk.

Due to the high rates of early cardiotoxicity,
risk stratification should be repeated at 1 year
post treatment and repeated 5-yearly until end
of life. In addition, due to the elevated risk of
proximal coronary artery disease, patients who
have received high-dose radiotherapy may be
considered for non-invasive coronary artery
disease surveillance at 5- to 10-year intervals [4].

There is no safe dose of anthracycline ther-
apy, and every cancer survivor, regardless of age
at treatment, who has received potentially car-
diotoxic treatment should have an annual
clinical review that includes a cardiovascular
risk factor assessment [4].

Regarding childhood cancer survivors, it is
important to remember that a ‘developing’
heart is at particular risk of toxicity, which
sometimes occurs decades after the initial
treatment. Lifelong surveillance of children
who undergo cancer treatment should be con-
sidered. Moderate risk patients should be con-
sidered for echocardiographic screening at least
every 5 years and high risk patients should be
screened at least every 2 years [36]. The ESC use
anthracycline and radiotherapy dose alone to
classify childhood cancer survivor (CCS) risk
(see treatment risk factors in Fig. 1); however,
other risk calculators exist, such as those
developed from the Childhood Cancer Survivor
Study (CCSS) data (N = 22,643) and validated in
additional multinational childhood cancer
cohorts (https://ccss.stjude.org/cvcalc) [4, 42].
Similar to the HFA-ICOS proforma, this risk
calculator incorporates treatment strategy,
demographics, and traditional cardiovascular
risk factors; however, it is only validated for
patients currently aged below 40 years [42].
Each point of contact offers an opportunity for
patient education, lifestyle education and
management of risk factors, which are funda-
mental to optimal patient care.

CARDIOPROTECTIVE TREATMENT

The early initiation of cardioprotective medi-
cation is particularly important as recovery in
myocardial function appears to be limited and
temporary in patients with established car-
diomyopathy [43, 44]. There is evidence from
several small, randomized control trials sug-
gesting that angiotensin-converting-enzyme
inhibitors (ACEi), angiotensin receptor blockers
(ARB), or selected beta blockers (BBs, such as
carvedilol and nebivolol) administered during
anthracycline chemotherapy (with or without
subsequent trastuzumab treatment) can reduce
the risk of significant left ventricular dysfunc-
tion during follow-up [4, 15, 45]. A period of
subclinical cardiotoxicity often precedes overt
cardiotoxicity, providing an important oppor-
tunity to introduce cardioprotective medica-
tions. As with all patients with HF, evidence-
based medication (including ACEi and BB) can
be initiated at a low dose in the acute phase. At
a later stage, patients should be reviewed and
uptitrated to optimal tolerated doses, with
additional renin-angiotensin-aldosterone ther-
apies added [6].

CANCER PATIENTS AND EXERCISE
REHABILITATION

A central component of cardiac rehabilitation
programmes for patients with HF is exercise
training. Acknowledged in a class 1, level A
recommendation within recent European HF
guidelines, the benefits of exercise are well
known: it improves cardiovascular reserve capac-
ity, leading to concomitant reductions in cardio-
vascular morbidity, symptoms and quality of life
[6, 46]. Patients presenting with HF following
cancer treatment experience similar effectiveness
[47, 48]. Exercise training can improve the
patient’s functional capacity, reliably assessed by
measuring peak oxygen consumption (VO2max)
[49, 51]. However, improved functional capacity
can also be identified by reduction in the patient’s
heart rate [47] or performance in a 6 minute
walking test [52]. Evidence is commonly related
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to breast cancer, colorectal cancer, lung resection,
some leukaemias and lymphomas [52–55]. The
recently published Breast Cancer Randomized
Exercise Intervention study (BREXIT) included
104 females, with results concluding that exercise
training can improve VO2peak and cardiac reserve
[56]. Finally, in an observational study conducted
by Williamson et al., the 361 patients who com-
pleted a 12-week exercise-based cardiac rehabili-
tation programme experienced an improvement
in their cardiorespiratory fitness and survival [57].
This emphasizes the need for improved access to
and support for patients with HF and cancer from
multidisciplinary cardio-oncology teams.

Exercise prior to [58] or after a cancer diag-
nosis, both during the chemotherapy period
[48, 59] and in the following weeks [47, 49], was
associated with preventing cardiovascular dis-
ease, including HF and coronary heart disease
[51]. Tsai et al. conducted a feasibility study of a
home-based and clinic-based exercise interven-
tion. Results found the intervention to be safe,
with adherence and satisfaction improving
when it was provided in the patient’s home
[49]. Further longitudinal studies are warranted
[60]; however, for many patients, exercise can
ameliorate the functionality lost as a side-effect
of cancer itself (such as sarcopenia and cachex-
ia) and as a result of cardiotoxicity [61–63].

Aerobic exercise training at a moderate
intensity performed at least 3 to 4 times a week
for 30–45 min appears to be the best type and
quantity to improve patients’ functional
capacity [49, 50, 53, 54]. Supervised exercise
training is the most common delivery; however,
home-based training can provide equally good
results [49, 54]. Some studies indicate the
inclusion of strength training to improve
patients’ muscle mass during and after
chemotherapy [52, 64, 65]. Other studies,
mainly including patients with breast cancer,
found that high-intensity interval training
(HIIT) had positive results [66, 67]; however,
further supportive studies are needed. Finally,
in a systematic review and meta-analysis of 33
studies, Chen et al. concluded the potential
benefit of tai chi in improving physical ability
in patients with four chronic conditions, one of
which was HF [68].

As stated for other populations of patients,
exercise training for cancer patients must be
individualized [69] and take account of the
patient’s previous history of exercise, their cur-
rent fitness state, and their motivation and
preferences.

CONTRIBUTION OF CARDIO-
ONCOLOGY SERVICES

In recognition of the interplay between cardio-
vascular disease and cancer treatments, special-
ized cardio-oncology services have emerged
with a view to providing an integrated multi-
disciplinary approach to cancer patients at risk
of cardiotoxicity. The primary goal of cardio-
oncology services is to deliver potentially life-
saving cancer therapies whilst mitigating car-
diovascular disease risk and the provision of
cardioprotective agents [70].

The scope of cardio-oncology services is wide
ranging, including the prevention and early
identification of cardiotoxicity, timely cardio-
vascular risk factor modification, serial moni-
toring with imaging and/or biomarkers, and the
provision of evidence-based medical therapy for
existing or emerging cardiovascular disease [4].
Lancellotti et al. outlined that the central tenets
of cardio-oncology service are expert specialized
multidisciplinary teams (including medical and
radiation oncologists, haematologists, cardiol-
ogists, and specialized nurses) collaborating
within a partnership network using established
referral pathways, care protocols, effective
communication tools and administrative
resources [71]. This is described visually in
Fig. 2. Unfortunately, the availability and
structure of current cardio-oncology services
remain globally diverse [71, 72], which can be
attributed to limited organizational structures
and competence of professionals to manage
cardiovascular issues that arise in cancer
patients. This can ultimately lead to poorer
health outcomes for patients [73–75].

Nevertheless, the benefits of a dedicated
cardio-oncology service have been reported by
studies conducted in Italy and the United
Kingdom [76, 77]. Collaboration among cardi-
ology and oncology specialists is integral prior
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to the delivery of any cancer therapy to enable
early recognition, management, support and
optimal care of cardiac toxicity [78–80]. Patients
emphasized the need for more personalized care
and multi-disciplinary collaboration to ensure
more tailored and holistic care [74, 80, 81].

An interpretative qualitative study con-
ducted by White et al. [82] involved 15 patients
who attended a newly established cardio-on-
cology clinic in a large regional city in Australia.
The aim of the study was to explore the
patients’ perceptions of cardio-oncology ser-
vices and the impact of such a service on an
integrated approach to care. The study found
that access to a cardio-oncology service pro-
moted feelings of personalized patient-centred
care and improved patients’ understanding of
the association between cancer treatment and
cardiotoxicity. In contrast, some patients
reported difficulty prioritizing cardiovascular
risk factor modification (weight management,
diet, alcohol, engaging in physical activity)
during their cancer treatment as limited edu-
cation and support were received from health-
care professionals. The findings from this study
underline the need for the development of

dedicated cardio-oncology rehabilitation pro-
grammes [4].

OPTIMIZING PATIENT-REPORTED
OUTCOMES

Several recent publications have focused on the
importance of health-related quality of life (HR-
QoL) for patients living with both a cancer and
HF diagnosis [80, 83]. In general, perceived HR-
QoL can vary according to the time the assess-
ment was carried out (prior to diagnosis, patient
undergoing treatment or as a cancer survivor),
the unique symptoms (functional, psychologi-
cal, or social) as well as the priorities of each
patient. However, a variety of instruments have
been used to assess quality of life in this cohort
of patients, ranging from the EQ-5D to the SF-
36 and the European Organization for the
Research and Treatment of Cancer Quality-of-
Life Questionnaire C30 (QLQ-C30 or QLQ) [84].
Harrison et al. carried out a population study in
America, recruiting females aged[65 years
with a history of breast cancer. The authors
reported that those who developed HF showed

Fig. 2 Specialized multidisciplinary teams embedded within the cardio-oncology service
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an impairment in all HR-QOL domains (SF-36
instrument) and a resultant negative impact on
daily activities. Additional analysis found that
those females who had a HF and cancer diag-
nosis experienced more physical HR-QOL defi-
cits across all cancer stages and mental HR-QOL
deficits in females specifically with stage I/II
cancer. Of particular interest was that females at
an earlier stage of the cancer journey experi-
enced the worst impact on HR-QOL associated
with a diagnosis of HF [85].

Regular patient self-assessment and report-
ing of HR- QoL status can significantly improve
physical and mental well-being, reduce emer-
gency room visits, and extend mean survival in
patients with solid tumours [83]. Notably, bar-
riers such as a lack of knowledge by health
professionals and misconceptions that cardiac
monitoring is not a necessity in oncology
patients delayed cancer treatment, adversely
affecting patients’ cardiac surveillance and HR-
QoL [74]. The development and validation of a
specific patient-reported outcome tool to assess
quality of life is urgently required. Furthermore,
a multidisciplinary team of physicians and
nurse practitioners working across cardiology
and oncology specialisms should aim to inte-
grate short- and long-term follow-up appoint-
ments, enabling a holistic care approach that
enhances patients’ physical, spiritual, and psy-
chosocial well-being [81].

CONCLUSION

The increasing global prevalence of cancer and
likelihood of HF make the early identification
and risk stratification of patients a clinical pri-
ority. Tools such as the HFA-ICOS tool have
been developed to prompt tailored cancer
therapies and early initiation of cardioprotec-
tive agents. Patient information and support is
required to promote self-management and
improve health-related quality of life. This
would best be facilitated within a cardio-on-
cology clinic, enabling short- and long-term
follow-up of this vulnerable cohort of patients.
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JC, Popović ZB, Marwick TH. Reproducibility of
echocardiographic techniques for sequential
assessment of left ventricular ejection fraction and
volumes: application to patients undergoing cancer
chemotherapy. J Am Coll Cardiol. 2013;61(1):
77–84.

32. Thavendiranathan P, Poulin F, Lim KD, Plana JC,
Woo A, Marwick TH. Use of myocardial strain
imaging by echocardiography for the early detec-
tion of cardiotoxicity in patients during and after
cancer chemotherapy: a systematic review. J Am
Coll Cardiol. 2014;63(25):2751–68.

33. Plana JC, Thavendiranathan P, Bucciarelli-Ducci C,
Lancellotti P. Multi-modality imaging in the
assessment of cardiovascular toxicity in the cancer
patient. JACC Cardiovasc Imaging. 2018;11(8):
1173–86.

34. Cho GY, Marwick TH, Kim HS, Kim MK, Hong KS,
Oh DJ. Global 2-dimensional strain as a new prog-
nosticator in patients with heart failure. J Am Coll
Cardiol. 2009;54(7):618–24.

35. Stanton T, Ingul CB, Hare JL, Leano R, Marwick TH.
Association of myocardial deformation with mor-
tality independent of myocardial ischemia and left
ventricular hypertrophy. JACC Cardiovasc Imaging.
2009;2(7):793–801.

36. Armenian SH, Hudson MM, Mulder RL, Chen MH,
Constine LS, Dwyer M, et al. Recommendations for
cardiomyopathy surveillance for survivors of
childhood cancer: a report from the International
Late Effects of Childhood Cancer Guideline Har-
monization Group. Lancet Oncol. 2015;16(3):
e123–36.

238 Cardiol Ther (2023) 12:227–241

https://doi.org/10.1093/cvr/cvac087
https://doi.org/10.1093/cvr/cvac087


37. Dobson R. BSE and BCOS guideline for transtho-
racic echocardiographic assessment of adult cancer
patients receiving anthracyclines and/or trastuzu-
mab. J Am Coll Cardiol CardioOnc. 2021;3(1):1–16.

38. Jordan JH, Vasu S, Morgan TM, D’Agostino RB Jr,
Meléndez GC, Hamilton CA, et al. Anthracycline-
associated T1 mapping characteristics are elevated
independent of the presence of cardiovascular
comorbidities in cancer survivors. Circ Cardiovasc
Imaging. 2016. https://doi.org/10.1161/
CIRCIMAGING.115.004325.

39. Muehlberg F, Funk S, Zange L, von Knobelsdorff-
Brenkenhoff F, Blaszczyk E, Schulz A, et al. Native
myocardial T1 time can predict development of
subsequent anthracycline-induced cardiomyopa-
thy. ESC Heart Fail. 2018;5(4):620–9.

40. Neilan TG, Coelho-Filho OR, Shah RV, Feng JH,
Pena-Herrera D, Mandry D, et al. Myocardial
extracellular volume by cardiac magnetic resonance
imaging in patients treated with anthracycline-
based chemotherapy. Am J Cardiol. 2013;111(5):
717–22.

41. Chen Y, Chow EJ, Oeffinger KC, Border WL,
Leisenring WM, Meacham LR, et al. Traditional
cardiovascular risk factors and individual prediction
of cardiovascular events in childhood cancer sur-
vivors. J Natl Cancer Inst. 2020;112(3):256–65.

42. Melendez G. Cardiotoxicity of anthracyclines.
Front Cardiovasc Med. 2020;7:26.

43. Cardinale D, Colombo A, Lamantia G, Colombo N,
Civelli M, De Giacomi G, et al. Anthracycline-in-
duced cardiomyopathy: clinical relevance and
response to pharmacologic therapy. J Am Coll
Cardiol. 2010;55(3):213–20.

44. Kalay N, Basar E, Ozdogru I, Er O, Cetinkaya Y,
Dogan A, et al. Protective effects of carvedilol
against anthracycline-induced cardiomyopathy.
J Am Coll Cardiol. 2006;48(11):2258–62.

45. Taylor RS, Long L, Mordi IR, Madsen MT, Davies EJ,
Dalal H, et al. Exercise-based rehabilitation for heart
failure: cochrane systematic review, meta-analysis,
and trial sequential analysis. JACC Heart Fail.
2019;7(8):691–705.

46. Nair N, Gongora E. Heart failure in chemotherapy-
related cardiomyopathy: can exercise make a dif-
ference? BBA Clin. 2016;6:69–75.

47. Howden EJ, Bigaran A, Beaudry R, Fraser S, Selig S,
Foulkes S, et al. Exercise as a diagnostic and thera-
peutic tool for the prevention of cardiovascular
dysfunction in breast cancer patients. Eur J Prev
Cardiol. 2019;26(3):305–15.

48. Tsai E, Mouhayar E, Lenihan D, Song J, Durand JB,
Fadol A, et al. Feasibility and outcomes of an exer-
cise intervention for chemotherapy-induced heart
failure. J Cardiopulm Rehabil Prev. 2019;39(3):
199–203.

49. Yang HL, Hsieh PL, Hung CH, Cheng HC, Chou
WC, Chu PM, et al. Early moderate intensity aero-
bic exercise intervention prevents doxorubicin-
caused cardiac dysfunction through inhibition of
cardiac fibrosis and inflammation. Cancers (Basel).
2020;12(5):1102.

50. Scott JM, Nilsen TS, Gupta D, Jones LW. Exercise
therapy and cardiovascular toxicity in cancer. Cir-
culation. 2018;137(11):1176–91.

51. Cavalheri V, Burtin C, Formico VR, Nonoyama ML,
Jenkins S, Spruit MA, et al. Exercise training
undertaken by people within 12 months of lung
resection for non-small cell lung cancer. Cochrane
Database Syst Rev. 2019;6(6):cd009955.

52. Hughes DC, Lenihan DJ, Harrison CA, Basen-Eng-
quist KM. Exercise intervention for cancer survivors
with heart failure: two case reports. J Exerc Sci Fit.
2011;9(1):65–73.

53. Hojan K, Procyk D, Horyńska-Kęstowicz D, Lepor-
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