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Abstract 

Cardio-oncology is a critical field due to the escalating significance of cardiovascular toxicity as a side effect of anti‑
cancer treatments. Cancer therapy-related cardiac dysfunction (CTRCD) is a prevalent condition associated with car‑
diovascular toxicity, necessitating effective strategies for prediction, monitoring, management, and tracking. This 
comprehensive review examines the definition and risk stratification of CTRCD, explores monitoring approaches 
during anticancer therapy, and highlights specific cardiovascular toxicities linked to various cancer treatments. These 
include anthracyclines, HER2-targeted agents, vascular endothelial growth factor inhibitors, immune checkpoint 
inhibitors, chimeric antigen receptor T-cell therapies, and tumor-infiltrating lymphocytes therapies. Incorporating 
the Korean data, this review offers insights into the regional nuances in managing CTRCD. Using systematic follow-up 
incorporating cardiovascular imaging and biomarkers, a better understanding and management of CTRCD can be 
achieved, optimizing the cardiovascular health of both cancer patients and survivors.
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Background
As cancer-related mortality declines steadily due to 
advances in early cancer detection and anticancer treat-
ment, the importance of anticancer treatment side effects 
has increased [1–3]. Most importantly, among the vari-
ous adverse consequences of anticancer therapy, cardio-
vascular toxicity including arrhythmia, thromboembolic 
events, atrial fibrillation, and cardiac dysfunction has 
been recognized [4–6]. In this context, cardio-oncol-
ogy has been introduced as a subspecialty that involves 
a team of cancer surgeons, oncologists, hematologists, 
radiologists, specialist nurses, pharmacists, and cardiolo-
gists [7, 8]. The cardio-oncology team offers prevention, 
monitoring, and treatment for cardiac complications 
associated with anticancer treatment [9]. Recently, the 
European Society of Cardiology (ESC) in collaboration 
with the European Hematology Association (EHA), the 
European Society for Therapeutic Radiology and Oncol-
ogy (ESTRO), and the International Cardio-Oncology 
Society (ICOS) published the first guidelines on cardio-
oncology, and the role of the cardio-oncology team has 
been systematically established [10]. These guidelines 
have also standardized definitions of chemotherapy-
related cardiovascular toxicity, introducing the term 
"cancer therapy-related cardiovascular toxicity" (CTR-
CVT), which includes various specific conditions, such 
as cancer therapy-related cardiac dysfunction (CTRCD), 
immune checkpoint inhibitor (ICI) myocarditis, vascular 
toxicity, arterial hypertension, and cardiac arrhythmia.

Within CTR-CVT, CTRCD is the most prevalent clini-
cal manifestation [11]. The evidence regarding CTRCD 
continues to increase, especially in light of the evolution 
of anticancer therapies, such as HER2-positive targeted 
drugs, proteasome inhibitors, ICIs, and vascular endothe-
lial growth factor (VEGF) inhibitors [12–16]. At the same 
time, imaging modalities to diagnose and prognosticate 
CTRCD are evolving including myocardial strain, myo-
cardial work in transthoracic echocardiography (TTE), 
cardiac computed tomography (CT), and cardiac mag-
netic resonance[17–21]. The present review of current 
data and professional guidelines proposes potential strat-
egies for predicting, monitoring, and tracking CTRCD 
throughout the cancer treatment process using newly 
developed anticancer treatments and imaging tests.

Definition of CTRCD
Various terminologies and definitions have been used to 
define CTRCD across guidelines and clinical trials [22]. 

This discrepancy in definitions has resulted in diag-
nostic and treatment disparities [11]. In the expert 
consensus paper from the imaging societies including 
the European Association of Cardiovascular Imaging/
American Society of Echocardiography (EACVI/ASE), 
CTRCD was defined as a decrease in the left ventricu-
lar ejection fraction (LVEF) > 10 percentage points to 
a value < 53% (normal reference value for two-dimen-
sional [2D] TTE) in 2014 [23]. However, in the 2016 
ESC Cardio-Oncology Position Paper, CTRCD was 
defined as any decrease in LVEF to < 50% or a > 10% 
reduction from baseline to less than the lower limit of 
normal [24]. In recent oncology society guidelines, such 
as the European Society of Medical Oncology (ESMO) 
consensus, CTRCD was defined as an absolute LVEF 
decrease > 10% to < 50% or an absolute LVEF > 20% 
or symptomatic heart failure (HF). In such cases, car-
dioprotective therapy and first-line chemotherapy with 
cardio-oncology input and/or noncardiotoxic second-
line cancer treatments should be considered [25]. Con-
sidering that LVEF has a low sensitivity to subclinical 
changes in heart function brought on by early myocyte 
damage caused by cardiotoxic treatments, LV global 
longitudinal strain (GLS) has been introduced to detect 
CTRCD. In the ESMO guideline, normal LVEF with 
a decrease in average GLS from baseline assessment 
(≥ 12% relative decrease or ≥ 5% absolute decrease) was 
recommended as a threshold for initiation of cardiopro-
tective treatments. Meanwhile, the ESC and EACVI/
ASE position statements defined CTRCD as a relative 
reduction in GLS > 15% from baseline.

To clarify the definition of CTRCD, the ESC 2022 
Guidelines standardized the definition of CTRCD 
and introduced a classification system dividing it into 
symptomatic and asymptomatic categories [10]. Symp-
tomatic CTRCD is further categorized into mild, mod-
erate, severe, and very severe according to the need for 
HF treatment. Asymptomatic CTRCD is classified as 
mild, moderate, or severe, with mild CTRCD defined as 
LVEF ≥ 50% and a new relative decrease in GLS by > 15% 
from baseline and/or a new increase in levels of cardiac 
biomarkers. Severe CTRCD is defined as a new LVEF 
reduction to < 40%. Moderate CTRCD is defined as a new 
LVEF reduction by ≥ 10 percentage points to a value of 
40% to 49% or a new LVEF reduction by < 10 percentage 
points to a value of 40% to 49%, combined with either a 
new relative decrease in GLS by > 15% from baseline or a 
new increase in cardiac biomarker levels.
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Central illustration

Coronary artery calcification information from noncardiac computed tomography acquired from cancer staging workups could be used for cancer 
therapy-related cardiac dysfunction (CTRCD) risk stratification. EKG, electrocardiography TTE, transthoracic echocardiography; cTn, cardiac troponin; 
NT-proBNP, N-terminal pro-brain natriuretic peptide; CAC, coronary artery calcium score; VEGF, vascular endothelial growth factor; ICI, immune 
checkpoint inhibitor; CAR-T, chimeric antigen receptor T-cell; TIL, tumor-infiltrating lymphocyte; RT, radiation therapy; CVD, cardiovascular disease; HSCT, 
hematopoietic stem cell transplantation

Taken together and considering the measurement 
variability in 2D TTE (up to 10%) and agreement across 
professional guidelines, these results underlie a defini-
tion of CTRCD as a decrease in LVEF greater than 10% 
from baseline (Table  1). In cases where the follow-up 
LVEF is ≥ 50%, a reduction in GLS of > 15% from base-
line or a new increase in cardiac biomarker levels should 
be present to avoid unnecessary alterations or cessa-
tion of cancer treatment. In addition, a relative decrease 
in LV GLS > 15% from baseline should be defined as 
CTRCD regardless of the change in LVEF. In addition, 
since an LVEF less than 40% is HF with reduced ejec-
tion fraction and requires HF treatment, any new LVEF 
reduction below 40% should be considered as CTRCD. 
Finally, patients exhibiting any symptoms or signs that 
meet HF diagnosis criteria according to the 2021 ESC 
Guidelines for the diagnosis and treatment of acute and 
chronic HF should also be classified as CTRCD [26]. 

Cardinal symptoms for HF include shortness of breath, 
ankle swelling, and fatigue, while signs of HF include 
elevated jugular venous pressure, pulmonary crackles, 
and peripheral edema. In addition, for individuals who 
exhibit a decrease in LVEF > 10% and relative reduction 
in GLS < 15% from baseline or with LVEF ≥ 50%, short-
term TTE should be performed within 3  months. This 
approach is recommended as these patients are consid-
ered at elevated risk of CTRCD.

Risk stratification for CTRCD before anticancer treatment
The risk of CTRCD varies depending on a patient’s clini-
cal characteristics and cancer treatment [7, 10]. There-
fore, CTRCD prevention should be individualized and 
initiated at the time of cancer diagnosis, even before 
the start of cancer therapy; this is a class I indication in 
the 2022 ESC Guidelines [10]. This allows cardio-oncol-
ogy services to plan anticancer treatment, a CTRCD 
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surveillance schedule, and a CTRCD prevention strategy 
based on CTRCD risk of patients.

A specified CTRCD risk stratification system is 
required for individualized CTRCD risk stratification 
of cancer patients. However, a limited number of risk 
stratification systems is available for CTRCD risk assess-
ment. Furthermore, most of these scores were developed 
for specific subsets of cancer patients (e.g., breast can-
cer), making it difficult to generalize or extrapolate their 
results to other forms of malignancy [27, 28]. Among 
the available risk stratification systems, the 2022 ESC 
Guidelines recommends using the Heart Failure Asso-
ciation–International Cardio-Oncology Society (HFA-
ICOS) risk assessment algorithm. This system includes 

cardiovascular toxicity based on patient baseline char-
acteristics, such as age, hypertension, chronic kidney 
disease, proteinuria, diabetes, dyslipidemia, history of 
previous cardiovascular disease (CVD), electrocardi-
ography, TTE assessment (LVEF, LV hypertrophy), and 
cardiac serum biomarkers including cardiac troponin 
(cTn) and N-terminal pro-brain natriuretic peptide 
(NT-proBNP). Table  2 summarizes the very high- and 
high-risk findings based on the HFA-ICOS algorithm. 
Recognizing patients with very high- or high-risk con-
ditions for CTRCD is crucial. For these individuals, it 
is recommended to introduce cardio-oncology services 
even before starting cancer treatment. It is essential to 
weigh the advantages and disadvantages of cardiotoxic 

Table 1  Definition of chemotherapy-related cardiac dysfunction

CTRCD Cancer therapy-related cardiac dysfunction, LVEF Left ventricular ejection fraction, GLS Global longitudinal strain
a Cardiac troponins: 99th percentile, B-type natriuretic peptide ≥ 35 pg/mL, N-terminal pro-brain natriuretic peptide ≥ 125 pg/mL or new significant rise from baseline 
beyond the biological and analytical variation of the assay used
b For individuals who exhibit a decrease in LVEF > 10% and relative reduction in GLS < 15% from the baseline, and LVEF ≥ 50%, it is advisable to conduct a short-term 
transthoracic echocardiography within 3 months. This approach is recommended as these patients are considered at elevated risk for progressing to cancer therapy-
related cardiac dysfunction
c Cardinal symptoms for heart failure include shortness of breath, ankle swelling, and fatigue, while signs of heart failure include elevated jugular venous pressure, 
pulmonary crackles, and peripheral edema

No Definition of CTRCD

1 LVEF reduction by ≥ 10 percentage points from baseline (if LVEF ≥ 50%, GLS decline 
by > 15% from baseline and/or new rise in cardiac biomarkersa,b)

2 Relative decline in GLS by > 15% from baseline regardless of LVEF change

3 New LVEF reduction to < 40%

4 Any symptom and sign of heart failure with LVEF and supportive diagnostic biomarkersc

Table 2  Summary of very high- and high-risk finding for cardiotoxicity during cancer therapy based on the HFA-ICOS risk assessment 
algorithm

HFA-ICOS Heart Failure Association–International Cardio-Oncology Society, CTRCD Cancer therapy-related cardiac dysfunction, VEGF Vascular endothelial growth 
factor, MI Myocardial infarction, PCI Percutaneous coronary intervention, CABG Coronary artery bypass grafting, BCR-ABL Breakpoint cluster region-Abelson oncogene, 
LVEF Left ventricular ejection fraction, RAF Rapidly accelerated fibrosarcoma, MEK Mitogen-activated extracellular signal-regulated kinase, RT Radiation therapy, CVD 
Cardiovascular disease, QTc Corrected QT interval, NP Natriuretic peptide

Risk of cardiotoxicity Finding

Very high risk Previous history of heart failure, cardiomyopathy, or CTRCD
HER2-targeted therapies: previous exposure to trastuzumab
VEGF inhibitors: MI or PCI or CABG or stable angina
VEGF inhibitors, BCR-ABL inhibitors, multiple myeloma therapies: arterial vascular disease
Multiple myeloma therapies: venous thrombosis, prior proteasome inhibitors cardiovascular toxicity, cardiac amyloidosis

High risk LVEF < 50%
Age ≥ 80 yr
VEGF inhibitors, BCR-ABL inhibitors, and multiple myeloma therapies: age ≥ 75 yr
Anthracycline chemotherapy, HER2-targeted therapies, and RAF/MEK inhibitors: severe valvular heart disease or MI 
or PCI or CABG or stable angina
Anthracycline therapy, VEGF inhibitors, multiple myelomas, and RAF/MEK inhibitors: previous exposure to anthracycline, 
RT to left chest or mediastinum
BCR/ABL inhibitors: abnormal ankle-brachial index, pulmonary hypertension, CVD 10-yr risk score > 20%, current smoker, 
or significant smoking history
VEGF inhibitors: venous thrombosis
VEGF inhibitors or BCR-ABL inhibitors: QTc ≥ 480 ms
Multiple myeloma therapies: prior immunomodulatory drugs cardiovascular toxicity, elevated baseline NP for
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anticancer treatments for these patients and to con-
sider cardioprotective measures. In contrast, for those 
with moderate or low CTRCD risk, a referral to cardio-
oncology can be made at CTRCD onset. For example, the 
factors that typically indicate a moderate risk of cardio-
vascular toxicity during most cancer therapies include an 
LVEF between 50 to 54%, elevated baseline level of cTn or 
NT-proBNP, age of 65 to 79 years, hypertension, chronic 
kidney disease, diabetes mellitus, current or significant 
history of smoking, prior exposure to radiation therapy, 
or obesity with a body mass index exceeding 30 kg/m2.

Transthoracic echocardiography
As recommended in the current professional guidelines, 
additional information from cardiovascular imaging con-
tributes to CTRCD risk stratification at baseline. TTE is 
the preferred imaging modality for baseline risk stratifica-
tion because it provides quantitative assessment of LV sys-
tolic and diastolic function, significant valve disease, and 
coronary artery disease by abnormal wall motion. Further-
more, given that decreasing LVEF and LV GLS are the core 
of CTRCD diagnosis, baseline TTE information serves as a 
reference for subsequent follow-up studies.

Coronary artery calcium score
Recently, coronary artery calcium score (CACS) 
acquired by electron beam CT or multidetector CT has 
been widely used in the asymptomatic general popula-
tion for cardiovascular risk stratification [29]. There 
has been an attempt to incorporate CACS into risk 
stratification for CTRCD in cancer patients and long-
term CVD risk assessment in cancer survivors. Given 

that most cancer patients underwent noncardiac chest 
CT or radiation therapy (RT) planning CT for staging 
and treatment planning, CACS by noncardiac CT may 
be useful for risk stratification and assessment of CV. 
Recent studies have shown that increased CACS on 
chest CT or RT planning CT is associated with future 
CVD risk [30, 31]. Furthermore, it is feasible to fully 
automate the evaluation of CACS using sophisticated 
automated algorithms or machine-learning technol-
ogy [30–34]. However, given that the evidence of 
future CTRCD and CVD risk assessment with CACS 
using noncardiac CT has been primarily developed 
and validated in breast cancer patients with a focus on 
long-term CVD risk prediction and not CTRCD dur-
ing cancer therapy, additional evidence for the use of 
CACS for prediction of CTRCD during anticancer 
treatment is required.

Coronary CT angiography
In addition, given the ability to visualize coronary lumi-
nal stenosis and plaque characteristics, coronary CT 
angiography (CCTA) has been widely used in the diag-
nosis of coronary artery disease and might have a role in 
the risk stratification of CTRCD in cancer patients [35, 
36]. However, studies have not demonstrated any addi-
tional prognostic value of CCTA for predicting future 
cardiovascular events in asymptomatic individuals [37, 
38]. Furthermore, the use of contrast agents and higher 
doses of radiation in CCTA compared to CACS. Because 
of this, asymptomatic cancer patients should not undergo 
CCTA for risk stratification purposes. Table  3 summa-
rizes the diagnostic modalities recommended as class I 
indications in the 2022 ESC Guidelines.

Table 3  Summary of recommended baseline screening tests for chemotherapy

TTE Transthoracic echocardiography, NT-proBNP N-terminal pro-brain natriuretic peptide, cTn Cardiac troponin, CVD Cardiovascular disease, VEGF Vascular endothelial 
growth factor, RAF Rapidly accelerated fibrosarcoma, MEK Mitogen-activated extracellular signal-regulated kinase, BTK Bruton tyrosine kinase, ICI Immune checkpoint 
inhibitor, CAR-T Chimeric antigen receptor T-cell, TIL Tumor-infiltrating lymphocyte, HSCT Hematopoietic stem cell transplant

Chemotherapy category Necessary baseline screening test

Anthracycline, HER2-targeted therapy TTE (all patients)
NT-proBNP (for patients at very high risk)
cTn (for patients at very high risk)

Fluoropyrimidine TTE (for patients with previous CVD)

VEGF, RAF/MEK, and BTK inhibitors TTE (for patients at very high risk)

ICI TTE (for patients at very high risk)
NT-proBNP (all patients)
cTn (all patients)

CART-T and TIL therapies TTE (for patients with previous CVD)
NT-proBNP (all patients)
cTn (all patients)

HSCT TTE (all patients)

Proteasome inhibitor TTE (all patients)
NT-proBNP (for patients at very high risk)
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Monitoring of CTRCD during anticancer therapy
The optimal monitoring strategy for CTRCD, includ-
ing diagnostic modality and schedule, can vary depend-
ing on various factors, such as the type of chemotherapy 
drug and dose and patient risk for CTRCD. The monitor-
ing protocol for patients undergoing potential cardio-
toxic anticancer therapy is tailored to their baseline risk 
for CTRCD and should involve a combination of clinical 
evaluation, cardiac biomarkers, and TTE. TTE has been 
extensively used in the surveillance of LV function based 
on LVEF and LV GLS. In addition, cTn and NT-proBNP 
can aid in identifying patients at risk for or experiencing 
cardiac damage. The integration of these imaging and 
biomarker assessments with clinical evaluation offers a 
reasonably high negative predictive value for the detec-
tion of both symptomatic and asymptomatic cardiotox-
icities (Table 4).

Anthracycline
Anthracycline is a well-known drug for CTRCD, and 
anthracycline-induced CTRCD is characterized by a 
dose-dependent and cumulative process that can pre-
sent either with or without symptoms. The 2022 ESC 
Guidelines recommended TTE at baseline and within 
12  months after completion of treatment in all patients 
with anthracycline therapy as a class I indication [10]. 
In patients with high or very high risk of CTRCD, TTE 
is recommended every two cycles and within 3  months 
after completion of chemotherapy. Measurement of car-
diac biomarkers including cTn and NT-proBNP is also 
recommended at baseline, before every cycle during 
chemotherapy, and 3 and 12  months after completion 
of chemotherapy as a class I indication. Conversely, in 

patients with moderate or low risk of CTRCD, TTE and 
serum cardiac biomarker follow-up during anticancer 
treatment is recommended as a class II indication only, 
with a cumulative dose of ≥ 250 mg/m2 of doxorubicin or 
equivalent.

HER2‑targeted agents
In patients with HER2-positive breast cancer, HER2-
targeted therapies have been widely used in neoadjuvant, 
adjuvant, and palliative settings. HER2-targeted thera-
pies have also been used in non–breast cancer patients. 
Regardless of cancer type, anti-HER2 therapies cause LV 
dysfunction in 15% to 20% of patients, which can pro-
gress to overt HF if not monitored properly. Thus, LV 
function surveillance including assessment of LVEF and 
LV GLS is recommended prior to and every 3  months 
during treatment.

Baseline TTE and follow-up surveillance TTE every 
3  months and within 12  months after completing treat-
ment are recommended in most professional guidelines 
in all breast cancer patients who received HER2-targeted 
therapy. In patients with palliative HER2-targeted ther-
apy, TTE is recommended every 3  months during the 
first year, but the surveillance schedule can be reduced 
to every 6 months for future treatments. Measurement of 
cardiac biomarkers including cTn and NT-proBNP is rec-
ommended only in high- and very high-risk patients prior 
to anti-HER2-targeted therapies as a class I indication.

VEGF inhibitor
Angiogenesis inhibitors that target the VEGF signaling 
pathway are critical in treatments for various types of 

Table 4  Chemotherapy related cardiotoxicity monitoring strategy according to anticancer therapy

TTE Transthoracic echocardiography, cTn Cardiac troponin, NT-proBNP N-terminal pro-brain natriuretic peptide, VEGF Vascular endothelial growth factor, ICI Immune 
checkpoint inhibitors, CAR-T Chimeric antigen receptor T-cell, TIL Tumor-infiltrating lymphocyte, ECG electrocardiogram, CVD Cardiovascular disease

Anticancer therapy Monitoring strategy

Anthracycline TTE at baseline and within 12 mo post-treatment (for all patients)
TTE every two cycles and within 3 months post-treatment (for high- and very high-risk patients)
cTn and NT-proBNP at baseline, before every cycle, and 3 and 12 mo post-treatment (high- and very high-
risk patients)
TTE and serum cardiac biomarker follow-up during treatment (for moderate- and low-risk patients) 
when a cumulative dose of ≥ 250 mg/m2 of doxorubicin or equivalent

HER2-targeted agent TTE at baseline, every 3 mo during treatment, and within 12 mo post-treatment (all breast cancer patients)
TTE every 3 mo during the first year and every 6 mo for future treatments (for palliative role)
cTn and NT-proBNP (only in high- and very high-risk patients prior to treatment)

VEGF inhibitor TTE at baseline (only for high- and very high-risk patients)
Regular blood pressure monitoring at every clinical visit, home monitoring during the first treatment cycle, 
after each dosage increase of VEGF inhibitors, and at 2–3-wk intervals

ICI TTE at baseline (high-risk patients)
Exact monitoring schedule: not defined

CAR-T and TIL therapies Baseline ECG, NT-proBNP, and cTn (for all patients)
Baseline TTE (for patients with preexisting CVD)
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cancer including renal, thyroid, and hepatocellular car-
cinomas. However, these novel therapies pose potential 
cardiotoxic risks, with HF emerging as a particularly con-
cerning complication. Clinical studies indicate that HF 
occurs in approximately 2% to 4% of patients on beva-
cizumab (a monoclonal antibody VEGF inhibitor) and 
3% to 8% of patients on small-molecule tyrosine kinase 
inhibitors targeting VEGF receptors [39].

Given that direct cardiotoxicity leading to CTRCD 
due to VEGF inhibitors is relatively uncommon, base-
line TTE is advised as a class I indication exclusively 
for patients at high or very high risk. Hypertension is 
one of the most recurrent adverse events tied to VEGF 
inhibitor treatments. Rapid identification and control of 
hypertension are crucial to avoid cardiovascular com-
plications, such as CTRCD. The ESC guidelines strongly 
endorse regular blood pressure monitoring at every clini-
cal visit for patients receiving VEGF inhibitors, bevaci-
zumab, or ramucirumab treatments; this is classified as 
a class I recommendation. In addition, these guidelines 
encourage home blood pressure monitoring during the 
first treatment cycle, after each dosage increase of VEGF 
inhibitors, and at 2- to 3-week intervals, thereafter, also 
denoted as a class I recommendation.

Immune checkpoint inhibitors
ICIs have revolutionized the treatment landscape for 
various metastatic cancers, offering significant improve-
ments in patient outcomes and survival rates [40]. ICIs 
are a groundbreaking class of therapies that utilize anti-
bodies to block inhibitory proteins like cytotoxic T lym-
phocyte-associated protein-4 (CTLA-4), programmed 
cell death protein-1 (PD-1), and PD-1 ligand (PD-L1), all 
of which negatively regulate the T-cell immune response. 
By inhibiting these "checkpoints," ICIs ramp up the 
immune response, enabling the immune system to more 
effectively target and destroy cancer cells [41]. However, 
this enhanced immune activation can also lead to a range 
of immune-related toxicities, including cardiovascular 
complications [42].

Despite its relatively rare occurrence, ICI-mediated 
fulminant myocarditis is associated with a high mortal-
ity rate, ranging from 25 to 50% [43]. Without fulminant 
myocarditis, recent studies have indicated that ICI may 
also elevate the incidence of CTRCD when used concur-
rently with anthracycline [44]. Other cardiovascular tox-
icities linked to ICI therapy include pericardial disease, 
vasculitis including temporal arteritis, and noninflamma-
tory HF [13]. The exact mechanisms of these complica-
tions are not fully understood, but they likely result from 
an overactive immune response affecting noncancer-
ous heart tissue [41]. High-risk patients, such as those 
receiving dual ICIs, combination ICI-cardiotoxic therapy, 

ICI-related noncardiovascular events, or prior CTRCD 
or CVD, may benefit from baseline TTE screening [10]. 
However, the optimal timing and duration for this sur-
veillance remain undefined.

CAR‑T and TIL therapies
Chimeric antigen receptor T-cell (CAR-T) therapy has 
been increasingly recognized as a viable treatment option 
for conditions like acute lymphocytic leukemia, aggres-
sive B-cell lymphomas, and, potentially, solid tumors 
[45]. However, it has been linked to a range of cardio-
vascular toxicities, such as LV dysfunction, HF, cardiac 
arrhythmias, pericardial effusion, Takotsubo syndrome, 
and cardiac arrest [10]. These adverse events, often asso-
ciated with cytokine release syndrome (CRS), can be seri-
ous [46]. CRS can present as fever, rapid breathing and 
heart rate, low blood pressure, low oxygen level, and/or 
end-organ dysfunction shortly after treatment. Tumor-
infiltrating lymphocyte (TIL) therapies are another 
promising treatment for late-stage metastatic melanoma 
[47] though they have potential cardiovascular risks, pri-
marily stemming from direct myocardial and vascular 
toxicity. Measurement of NP, cTn, and TTE is recom-
mended in patients who develop CRS of American Soci-
ety for Transplantation and Cellular Therapy (ASCT) 
grade ≥ 2 [48]. For all patients undergoing CAR-T or TIL 
therapies, baseline electrocardiogram, NP, and cTn are 
recommended in all patients before starting therapies; 
baseline TTE only is recommended in patients with pre-
existing CVD before starting CAR-T and TIL therapies as 
class I indications in the 2022 ESC Guidelines.

While the guidelines provide specific recommenda-
tions for monitoring schedules and tests, it is essential 
to assess cost-effectiveness and practicality in large pro-
spective trials. Moreover, future studies should investi-
gate ethnic differences to ensure the applicability of these 
guidelines across diverse populations.

Follow‑up for CTRCD and chronic cardiovascular 
complications in cancer survivors
Cardiovascular health is an essential part of post-can-
cer care due to the potential cardiotoxic effects of both 
chemotherapy and RT [49–52]. The CTRCD and chronic 
cardiovascular complications in cancer survivors neces-
sitate comprehensive and tailored follow-up plans for 
screening and monitoring. The 2022 ESC Guidelines 
classified cardiovascular risk at the end-of-cancer thera-
pies using both HFA-ICOS assessment and the cumu-
lative dose of cardiotoxic agents and RT [10]. High-risk 
conditions are included in high and very high baseline 
cardiovascular toxicity risk based on HFA-ICOS assess-
ment (Table  2). The following anticancer treatments 
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also were included as high-risk conditions: doxoru-
bicin ≥ 250  mg/m2; RT > 15  Gy mean heart dose; both 
doxorubicin ≥ 100  mg/m2 and RT 5–15  Gy mean heart 
dose; and high-risk hematopoietic stem cell transplanta-
tion (HSCT) patients with allogenic HSCT, preexisting 
CVD or multiple uncontrolled cardiovascular risk fac-
tors, cancer treatment history (mediastinal or mantle 
field radiation, alkylating agents, > 250  mg/m2 doxoru-
bicin or equivalent), conditioning regimens (total body 
irradiation, alkylating agents), and development of graft 
versus host disease. Moderate or severe CTRCD dur-
ing cancer treatment, ICI-related myocarditis, cardiac 
arrhythmias, severe vascular toxicities (acute coronary 
syndrome, stroke, peripheral vascular disease), new car-
diovascular symptoms, and new asymptomatic abnor-
malities in TTE and/or cTn or NT-proBNP at the end of 
therapy assessment were also considered high-risk condi-
tions for future CVD.

For high-risk asymptomatic patients, it is advisable to 
conduct TTE and cardiac biomarker measurements at 
3 and 12  months following completion of cancer treat-
ments [11]. Similar screenings are suggested within 
12  months post-treatment completion for both moder-
ate- and low-risk asymptomatic patients, with the degree 
of risk based on cardiovascular toxicity baseline risk 
stratification.

Evidence from the Korean population 
regarding cardio‑oncology
Regrettably, there is a lack of prospectively or systemati-
cally collected data on CTRCD in the Korean (Republic 
of ) population. Most existing data are derived from ret-
rospective, single-center studies [30, 32, 44, 53] or rely on 
the Korean National Health Insurance Service data [54–
59] or the Korea National Health and Nutrition Examina-
tion Survey IV–VI [60]. Consequently, it is challenging to 
postulate the specific CTRCD risk during chemotherapy 
or the risk for cancer survivors within the Korean popu-
lation. Despite these limitations, several research findings 
merit attention.

In terms of the epidemiology of preexisting CVD 
and new-onset CVD during cancer therapy, one study 
reported that approximately 11% of patients had preex-
isting CVD at cancer diagnosis, with around 16% devel-
oping new-onset CVD, primarily within the first 5 years 
postdiagnosis [59]. To better identify patients at high risk 
for CVD during cancer therapy, the clinical utility of deep 
learning-based, fully automated CACS software has been 
a vital tool for pinpointing those at high risk, signify-
ing a bright future for tech-assisted healthcare [30]. For 
CTRCD assessment during cancer therapy, research has 
indicated a significant escalation in CTRCD risk when 
ICIs are used alongside conventional cardiotoxic drugs 

like doxorubicin [44]. More specifically, sarcoma patients 
receiving doxorubicin and ICIs had a higher incidence 
of confirmed and probable CTRCD than those treated 
solely with doxorubicin. To mitigate CTRCD risk during 
cancer treatment, studies have demonstrated that adher-
ence to antihypertensive medication is crucially linked 
to reduced overall and cardiovascular mortality, empha-
sizing the need for comprehensive healthcare for such 
patients [54].

For long-term cancer survivors, especially lung can-
cer survivors, Korean studies have shown increased risk 
of comorbid CVD, which can be exacerbated by factors 
such as hypertension and sedentary lifestyle [53]. The 
importance of modifiable CVD risk factors has been 
highlighted, with cancer survivors showing a higher 
10-year probability of CVD, particularly those with 
hepatic, colon, lung, breast, and gastric cancers [60]. In 
addition, the triglyceride-glucose index “loge (fasting tri-
glyceride [mg] × fasting glucose [mg] / 2)” is a straight-
forward surrogate marker for risk of future CVD events, 
particularly atherosclerotic conditions, in cancer survi-
vors [55]. Recent research also suggests that increased 
physical activity post-cancer diagnosis is inversely related 
to CVD risk, and that even modest enhancements in 
physical activity can offer substantial health benefits for 
cancer survivors [56].

These insights emphasize the imperative need for a 
coordinated cardio-oncological approach in both treat-
ment and long-term care of cancer patients in Korea. 
This approach should prioritize regular cardiovascu-
lar monitoring and management for those undergoing 
cancer therapies and long-term survivors with a history 
of high-risk cancer. To address this need, the Working 
Group on Cardio-Oncology of the Korean Society of 
Cardiology is conducting an extensive big data analysis 
to assess CTRCD risk during and after cancer therapy. 
We anticipate that forthcoming publications will provide 
data more specifically tailored to the Korean population.

Conclusions
Understanding and addressing CTRCD are vital in opti-
mizing the cardiovascular health of cancer patients and 
survivors, necessitating systematic follow-up strategies 
incorporating cardiovascular imaging and cardiac bio-
markers for effective prediction, monitoring, and man-
agement of cardiovascular toxicities associated with 
anticancer treatments.

Abbreviations
ASE	� American Society of Echocardiography
CACS	� Coronary artery calcium score
CAR-T	� Chimeric antigen receptor T-cell
CCTA​	� Coronary computed tomography angiography
CRS	� Cytokine release syndrome
CT	� Computed tomography



Page 9 of 10Cho et al. Journal of Cardiovascular Imaging           (2024) 32:13 	

CTLA-4	� Cytotoxic T lymphocyte-associated protein-4
cTn	� Cardiac troponin
CTRCD	� Cancer therapy-related cardiac dysfunction
CVD	� Cardiovascular disease
EACVI	� European Association of Cardiovascular Imaging
EHA	� European Hematology Association
ESC	� European Society of Cardiology
ESMO	� European Society of Medical Oncology
ESTRO	� European Society for Therapeutic Radiology and Oncology
GLS	� Global longitudinal strain
HFA-ICOS	� Heart Failure Association–International Cardio-Oncology Society
HF	� Heart failure
HSCT	� Hematopoietic stem cell transplantation
ICI	� Immune checkpoint inhibitor
ICOS	� International Cardio-Oncology Society
LV	� Left ventricular
LVEF	� Left ventricular ejection fraction
NP	� Natriuretic peptide
NT-proBNP	� N-terminal pro-brain natriuretic peptide
PD-1	� Programmed cell death protein-1
PD-L1	� Programmed cell death protein-1 ligand
RT	� Radiation therapy
TIL	� Tumor-infiltrating lymphocyte
TTE	� Transthoracic echocardiography
VEGF	� Vascular endothelial growth factor

Authors’ contributions
IC: conceptualization, data curation, formal analysis, validation, writing–original 
draft, writing–review & editing; SCY: funding acquisition, writing–review & edit‑
ing; MJC: conceptualization, funding acquisition, writing–review & editing; HJH: 
writing–review & editing; EJC: writing–review & editing; HJK: writing–review 
& editing; SMP: writing–review & editing; SEK: writing–review & editing; YGL: 
writing–review & editing; JCY: conceptualization, writing–review & editing; CSP: 
writing–review & editing; CYS: writing–review & editing; WBC: conceptualiza‑
tion, writing–review & editing; ISS: conceptualization, writing–original draft, 
writing–review & editing. All authors read and approved the final manuscript.

Funding
This study was supported by a grant from the National R&D Program for 
Cancer Control, funded by the Korean Ministry of Health and Welfare (No. 
HA21C0065). The funders had no role in the study design, data collection and 
analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
Not applicable.

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 15 October 2023   Accepted: 14 January 2024

References
	1.	 Quaresma M, Coleman MP, Rachet B. 40-year trends in an index of survival 

for all cancers combined and survival adjusted for age and sex for each 
cancer in England and Wales, 1971–2011: a population-based study. 
Lancet. 2015;385:1206–18.

	2.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. 
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2021;71:209–49.

	3.	 Ng CT, Tan LL, Sohn IS, Gonzalez Bonilla H, Oka T, Yinchoncharoen T, et al. 
Advancing cardio-oncology in Asia. Kor Circ J. 2023;53:69–91.

	4.	 Kim PY, Irizarry-Caro JA, Ramesh T, Iliescu C, Lopez-Mattei JC. How to 
diagnose and manage QT prolongation in cancer patients. JACC Cardi‑
oOncol. 2021;3:145–9.

	5.	 Gervaso L, Dave H, Khorana AA. Venous and arterial thromboembolism in 
patients with cancer: JACC: CardioOncology state-of-the-art review. JACC 
CardioOncol. 2021;3:173–90.

	6.	 Youn JC, Chung WB, Ezekowitz JA, Hong JH, Nam H, Kyoung DS, 
et al. Cardiovascular disease burden in adult patients with cancer: 
an 11-year nationwide population-based cohort study. Int J Cardiol. 
2020;317:167–73.

	7.	 Lancellotti P, Suter TM, López-Fernández T, Galderisi M, Lyon AR, Van 
der Meer P, et al. Cardio-Oncology Services: rationale, organization, and 
implementation. Eur Heart J. 2019;40:1756–63.

	8.	 Dobson R, Ghosh AK, Ky B, Marwick T, Stout M, Harkness A, et al. BSE 
and BCOS guideline for transthoracic echocardiographic assessment of 
adult cancer patients receiving anthracyclines and/or trastuzumab. JACC 
CardioOncol. 2021;3:1–16.

	9.	 Kim H, Chung WB, Cho KI, Kim BJ, Seo JS, Park SM, et al. Diagnosis, treat‑
ment, and prevention of cardiovascular toxicity related to anti-cancer 
treatment in clinical practice: an opinion paper from the Working Group 
on Cardio-Oncology of the Korean Society of Echocardiography. J Cardio‑
vasc Ultrasound. 2018;26:1–25.

	10.	 Lyon AR, López-Fernández T, Couch LS, Asteggiano R, Aznar MC, Bergler-
Klein J, et al. 2022 ESC Guidelines on cardio-oncology developed in col‑
laboration with the European Hematology Association (EHA), the European 
Society for Therapeutic Radiology and Oncology (ESTRO) and the Interna‑
tional Cardio-Oncology Society (IC-OS). Eur Heart J. 2022;43:4229–361.

	11.	 Čelutkienė J, Pudil R, López-Fernández T, Grapsa J, Nihoyannopoulos P, 
Bergler-Klein J, et al. Role of cardiovascular imaging in cancer patients 
receiving cardiotoxic therapies: a position statement on behalf of the 
Heart Failure Association (HFA), the European Association of Cardiovas‑
cular Imaging (EACVI) and the Cardio-Oncology Council of the European 
Society of Cardiology (ESC). Eur J Heart Fail. 2020;22:1504–24.

	12.	 Blaes A, Manisty C, Barac A. How to follow, manage and treat cardiac 
dysfunction in patients with Her2+ breast cancer. JACC CardioOncol. 
2020;2:661–5.

	13.	 Tan S, Day D, Nicholls SJ, Segelov E. Immune checkpoint inhibitor therapy 
in oncology: current uses and future directions: JACC: CardioOncology 
state-of-the-art review. JACC CardioOncol. 2022;4:579–97.

	14.	 Dent SF, Moore H, Raval P, Alder L, Guha A. How to manage and monitor 
cardiac dysfunction in patients with metastatic HER2-positive breast 
cancer. JACC CardioOncol. 2022;4:404–8.

	15.	 Zhang L, Reynolds KL, Lyon AR, Palaskas N, Neilan TG. The evolving immu‑
notherapy landscape and the epidemiology, diagnosis, and manage‑
ment of cardiotoxicity: JACC: CardioOncology primer. JACC CardioOncol. 
2021;3:35–47.

	16.	 Chung WB, Youn JC, Youn HJ. Cardiovascular complications of novel anti-
cancer immunotherapy: old problems from new agents? Korean Circ J. 
2020;50:743–53.

	17.	 O’Quinn R, Ferrari VA, Daly R, Hundley G, Baldassarre LA, Han Y, et al. 
Cardiac magnetic resonance in cardio-oncology: advantages, importance 
of expediency, and considerations to navigate pre-authorization. JACC 
CardioOncol. 2021;3:191–200.

	18.	 Lopez-Mattei JC, Yang EH, Ferencik M, Baldassarre LA, Dent S, Budoff MJ. 
Cardiac computed tomography in cardio-oncology: JACC: CardioOncol‑
ogy primer. JACC CardioOncol. 2021;3:635–49.

	19.	 Liu JE, Barac A, Thavendiranathan P, Scherrer-Crosbie M. Strain imaging in 
cardio-oncology. JACC CardioOncol. 2020;2:677–89.

	20.	 Sivapackiam J, Sharma M, Schindler TH, Sharma V. PET radiopharmaceuti‑
cals for imaging chemotherapy-induced cardiotoxicity. Curr Cardiol Rep. 
2020;22:62.

	21.	 McCluskey SP, Haslop A, Coello C, Gunn RN, Tate EW, Southworth R, et al. 
Imaging of chemotherapy-induced acute cardiotoxicity with 18F-labeled 
lipophilic cations. J Nucl Med. 2019;60:1750–6.

	22.	 Khouri MG, Douglas PS, Mackey JR, Martin M, Scott JM, Scherrer-Crosbie 
M, et al. Cancer therapy-induced cardiac toxicity in early breast cancer: 
addressing the unresolved issues. Circulation. 2012;126:2749–63.

	23.	 Plana JC, Galderisi M, Barac A, Ewer MS, Ky B, Scherrer-Crosbie M, et al. 
Expert consensus for multimodality imaging evaluation of adult patients 
during and after cancer therapy: a report from the American Society of 
Echocardiography and the European Association of Cardiovascular Imag‑
ing. Eur Heart J Cardiovasc Imaging. 2014;15:1063–93.

	24.	 Zamorano JL, Lancellotti P, Rodriguez Muñoz D, Aboyans V, Asteggiano 
R, Galderisi M, et al. 2016 ESC Position Paper on cancer treatments and 



Page 10 of 10Cho et al. Journal of Cardiovascular Imaging           (2024) 32:13 

cardiovascular toxicity developed under the auspices of the ESC Com‑
mittee for Practice Guidelines: The Task Force for cancer treatments and 
cardiovascular toxicity of the European Society of Cardiology (ESC). Eur J 
Heart Fail. 2017;19:9–42.

	25.	 Curigliano G, Lenihan D, Fradley M, Ganatra S, Barac A, Blaes A, et al. 
Management of cardiac disease in cancer patients throughout onco‑
logical treatment: ESMO consensus recommendations. Ann Oncol. 
2020;31:171–90.

	26.	 McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, 
et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and 
chronic heart failure. Eur Heart J. 2021;42:3599–726.

	27.	 Ezaz G, Long JB, Gross CP, Chen J. Risk prediction model for heart failure 
and cardiomyopathy after adjuvant trastuzumab therapy for breast 
cancer. J Am Heart Assoc. 2014;3:e000472.

	28.	 Rushton M, Johnson C, Dent S. Trastuzumab-induced cardiotoxicity: test‑
ing a clinical risk score in a real-world cardio-oncology population. Curr 
Oncol. 2017;24:176–80.

	29.	 Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn 
EJ, et al. 2019 ACC/AHA Guideline on the primary prevention of cardio‑
vascular disease: a report of the American College of Cardiology/Ameri‑
can Heart Association Task Force on Clinical Practice Guidelines. J Am Coll 
Cardiol. 2019;74:e177–232.

	30.	 Kim K, Chung SY, Oh C, Cho I, Kim KH, Byun HK, et al. Automated coronary 
artery calcium scoring in patients with breast cancer to assess the risk of 
heart disease following adjuvant radiation therapy. Breast. 2022;65:77–83.

	31.	 Emaus MJ, Išgum I, van Velzen SG, van den Bongard HJ, Gernaat SA, Less‑
mann N, et al. Bragatston study protocol: a multicentre cohort study on 
automated quantification of cardiovascular calcifications on radiotherapy 
planning CT scans for cardiovascular risk prediction in patients with 
breast cancer. BMJ Open. 2019;9:e028752.

	32.	 Choi JH, Cha MJ, Cho I, Kim WD, Ha Y, Choi H, et al. Validation of deep 
learning-based fully automated coronary artery calcium scoring 
using non-ECG-gated chest CT in patients with cancer. Front Oncol. 
2022;12:989250.

	33.	 Kim Y, Choi AD, Telluri A, Lipkin I, Bradley AJ, Sidahmed A, et al. Athero‑
sclerosis Imaging Quantitative Computed Tomography (AI-QCT) to guide 
referral to invasive coronary angiography in the randomized controlled 
CONSERVE trial. Clin Cardiol. 2023;46:477–83.

	34.	 Gal R, van Velzen SG, Hooning MJ, Emaus MJ, van der Leij F, Gregorow‑
itsch ML, et al. Identification of risk of cardiovascular disease by automatic 
quantification of coronary artery calcifications on radiotherapy planning 
CT scans in patients with breast cancer. JAMA Oncol. 2021;7:1024–32.

	35.	 Jo J, Cha MJ, Lee HJ, Kim WD, Kim J, Ha KE, et al. Cardiovascular outcomes 
of coronary computed tomography angiography versus functional 
testing in suspected coronary syndromes: real-world evidence from the 
nationwide cohort. J Am Heart Assoc. 2023;12:e029484.

	36.	 Cha MJ, Kim WD, Won H, Joo J, Kim H, Kim IC, et al. Nationwide trends 
of gatekeeper to invasive coronary angiography in suspected coronary 
artery disease. Korean Circ J. 2022;52:814–25.

	37.	 Cho I, Al’Aref SJ, Berger A, Ó Hartaigh B, Gransar H, Valenti V, et al. Prog‑
nostic value of coronary computed tomographic angiography findings 
in asymptomatic individuals: a 6-year follow-up from the prospective 
multicentre international CONFIRM study. Eur Heart J. 2018;39:934–41.

	38.	 Cho I, Chang HJ, Sung JM, Pencina MJ, Lin FY, Dunning AM, et al. Coro‑
nary computed tomographic angiography and risk of all-cause mortality 
and nonfatal myocardial infarction in subjects without chest pain syn‑
drome from the CONFIRM Registry (coronary CT angiography evaluation 
for clinical outcomes: an international multicenter registry). Circulation. 
2012;126:304–13.

	39.	 Touyz RM, Herrmann J. Cardiotoxicity with vascular endothelial growth 
factor inhibitor therapy. NPJ Precis Oncol. 2018;2:13.

	40.	 Farkona S, Diamandis EP, Blasutig IM. Cancer immunotherapy: the begin‑
ning of the end of cancer? BMC Med. 2016;14:73.

	41.	 Ribas A, Wolchok JD. Cancer immunotherapy using checkpoint blockade. 
Science. 2018;359:1350–5.

	42.	 Hu JR, Florido R, Lipson EJ, Naidoo J, Ardehali R, Tocchetti CG, et al. 
Cardiovascular toxicities associated with immune checkpoint inhibitors. 
Cardiovasc Res. 2019;115:854–68.

	43.	 Salem JE, Manouchehri A, Moey M, Lebrun-Vignes B, Bastarache L, 
Pariente A, et al. Cardiovascular toxicities associated with immune 

checkpoint inhibitors: an observational, retrospective, pharmacovigilance 
study. Lancet Oncol. 2018;19:1579–89.

	44.	 Lee SH, Cho I, You SC, Cha MJ, Chang JS, Kim WD, et al. Cancer therapy-
related cardiac dysfunction in patients treated with a combination 
of an immune checkpoint inhibitor and doxorubicin. Cancers (Basel). 
2022;14:2320.

	45.	 Newick K, Moon E, Albelda SM. Chimeric antigen receptor T-cell therapy 
for solid tumors. Mol Ther Oncolytics. 2016;3:16006.

	46.	 Ganatra S, Redd R, Hayek SS, Parikh R, Azam T, Yanik GA, et al. Chimeric 
antigen receptor T-cell therapy-associated cardiomyopathy in patients 
with refractory or relapsed non-Hodgkin lymphoma. Circulation. 
2020;142:1687–90.

	47.	 Fradley MG, Damrongwatanasuk R, Chandrasekhar S, Alomar M, Kip KE, 
Sarnaik AA. Cardiovascular toxicity and mortality associated with adop‑
tive cell therapy and tumor-infiltrating lymphocytes for advanced stage 
melanoma. J Immunother. 2021;44:86–9.

	48.	 Lee DW, Santomasso BD, Locke FL, Ghobadi A, Turtle CJ, Brudno JN, et al. 
ASTCT consensus grading for cytokine release syndrome and neurologic 
toxicity associated with immune effector cells. Biol Blood Marrow Transpl. 
2019;25:625–38.

	49.	 van Dalen EC, Mulder RL, Suh E, Ehrhardt MJ, Aune GJ, Bardi E, et al. Coro‑
nary artery disease surveillance among childhood, adolescent and young 
adult cancer survivors: a systematic review and recommendations from 
the International Late Effects of Childhood Cancer Guideline Harmoniza‑
tion Group. Eur J Cancer. 2021;156:127–37.

	50.	 Strongman H, Gadd S, Matthews A, Mansfield KE, Stanway S, Lyon AR, 
et al. Medium and long-term risks of specific cardiovascular diseases 
in survivors of 20 adult cancers: a population-based cohort study 
using multiple linked UK electronic health records databases. Lancet. 
2019;394:1041–54.

	51.	 Armenian SH, Xu L, Ky B, Sun C, Farol LT, Pal SK, et al. Cardiovascular 
disease among survivors of adult-onset cancer: a community-based 
retrospective cohort study. J Clin Oncol. 2016;34:1122–30.

	52.	 Armenian SH, Hudson MM, Mulder RL, Chen MH, Constine LS, Dwyer M, 
et al. Recommendations for cardiomyopathy surveillance for survi‑
vors of childhood cancer: a report from the International Late Effects 
of Childhood Cancer Guideline Harmonization Group. Lancet Oncol. 
2015;16:e123–36.

	53.	 Shin J, Ko H, Choi YH, Choi I, Song YM. Risk of comorbid cardiovascular 
disease in Korean long-term cancer survivors. Eur J Cancer Care (Engl). 
2019;28:e13151.

	54.	 Jung MH, Lee SY, Youn JC, Chung WB, Ihm SH, Kang D, et al. Antihyper‑
tensive medication adherence and cardiovascular outcomes in patients 
with cancer: a nationwide population-based cohort study. J Am Heart 
Assoc. 2023;12:e029362.

	55.	 Jung MH, Yi SW, An SJ, Yi JJ, Ihm SH, Han S, et al. Associations between 
the triglyceride-glucose index and cardiovascular disease in over 150,000 
cancer survivors: a population-based cohort study. Cardiovasc Diabetol. 
2022;21:52.

	56.	 Lee HH, Lee H, Bhatt DL, Kang D, Youn JC, Shin DW, et al. Changes in 
physical activity and incident cardiovascular events in cancer survivors. 
Eur Heart J. 2023;44:4997–5000.

	57.	 Jeong S, Lee G, Choi S, Kim KH, Chang J, Kim SM, et al. Estimating risk of 
cardiovascular disease among long-term colorectal cancer survivors: a 
nationwide cohort study. Front Cardiovasc Med. 2022;8:721107.

	58.	 Oh S, Lee J, Hong YS, Kim K. Increased risk of cardiovascular disease asso‑
ciated with diabetes among adult cancer survivors: a population-based 
matched cohort study. Eur J Prev Cardiol. 2023;30:670–9.

	59.	 Yoon DW, Shin DW, Cho JH, Yang JH, Jeong SM, Han K, et al. Increased risk 
of coronary heart disease and stroke in lung cancer survivors: a Korean 
nationwide study of 20,458 patients. Lung Cancer. 2019;136:115–21.

	60.	 So JH, Lee JK, Shin JY, Park W. Risk of cardiovascular disease using 
Framingham risk score in Korean cancer survivors. Korean J Fam Med. 
2016;37:235–41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Cancer therapy-related cardiac dysfunction and the role of cardiovascular imaging: systemic review and opinion paper from the Working Group on Cardio-Oncology of the Korean Society of Cardiology
	Abstract 
	Background
	Definition of CTRCD
	Risk stratification for CTRCD before anticancer treatment
	Transthoracic echocardiography
	Coronary artery calcium score
	Coronary CT angiography
	Monitoring of CTRCD during anticancer therapy
	Anthracycline
	HER2-targeted agents
	VEGF inhibitor
	Immune checkpoint inhibitors
	CAR-T and TIL therapies
	Follow-up for CTRCD and chronic cardiovascular complications in cancer survivors
	Evidence from the Korean population regarding cardio-oncology

	Conclusions
	References


