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Abstract: Cancer therapy advancements have significantly increased the survival rates and concurrently led to the rise of the 

subspeciality of cardio-oncology, due to the cardiovascular side effects associated with cancer therapy. A broad spectrum of 

cardiotoxic effects arises due to cancer therapy, such as structural damage, cardiac arrhythmias, hypercoagulability, 

thrombosis, and bleeding risks, ultimately resulting in acute or chronic heart failure. Timely interventions, including early 

identification of cardiac dysfunction, are adopted to improve clinical outcomes for oncology patients. This review explores the 

spectrum of cardiotoxic effects due to cancer therapy, as well as screening strategies for cardiovascular dysfunction. It also 

discusses the underlying mechanisms and risk factors that led to cardiac damage due to oncologic treatment. Prevention and 

management strategies include the use of modified chemotherapeutic agents, cardio-protectants such as dexrazoxane, medical 

cardio-protection using ACE inhibitors and ARBs, along with lifestyle modifications. The review also highlights future 

directions in biomarker-based early detection, monitoring, and targeted interventions of cardiovascular conditions in cancer 

patients. 
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I. INTRODUCTION 

 

Over the past decades, major progress in cancer 

treatment has led to a significant rise in the number of people 

surviving cancer. About half of cancer patients are expected to 

live for ten years or more. However, the associated cardiotoxic 

effects raise serious concerns about the potential medium to 

long-term cardiovascular disease (CVD) risks with cancer 
treatment [1]. In addressing these issues, cardiologists and 

oncologists need to provide treatment according to the 

prognosis of such patients, which has led to the development 

of the cardio-oncology specialty [2]. There is an increased risk 

of cardiovascular conditions,  such as including venous 

thromboembolism, heart failure, cardiomyopathy, arrhythmias, 

pericarditis, coronary artery disease, stroke, and valvular heart 

disease, and may last for years after diagnosis in patients 

receiving cancer treatments [1]. These side effects can impact 

the continuation of successful cancer therapy and increase 

morbidity due to the potentially fatal danger and mortality of 

such conditions. [3]. Common cancer treatments, like radiation 

therapy and immunotherapy, damage cardiac tissue, and drugs 
like anthracyclines, Imatinib, used in cancer therapy, cause 

cardiomyocyte apoptosis[4,5]. Cancer treatment frequently 

requires management of cardiovascular dysfunction, in which 

risk-potentiating anti-neoplastic drugs must be temporarily or 

permanently stopped [6].  
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Thus, it is of vital importance to evaluate a patient’s 

baseline cardiovascular risk before initiating cancer therapy, 

identify and manage cardiovascular issues as soon as they 

develop during treatment, and establish long-term monitoring 

strategies into effect for cancer survivors [7].     

 

II. SPECTRUM OF CARDIOTOXIC EFFECTS 

 
Chemotherapeutic drug administration during cancer 

treatments carries a significant cardiovascular risk [7]. It 

includes various degrees of arrhythmia, hypertension, 

thrombosis, myocardial ischemia, and cardiomyopathy, which 

can lead to heart failure (HF) and left ventricular dysfunction 

(LVD) [3]. These conditions are associated with high 

morbidity and disability [5].  

 

 Radiation Therapy-Induced Cardiac Arrhythmias and 

Structural Damage 

Most of the cardiotoxicity symptoms are related to 
adjuvant radiotherapy (RT) induced blood vessel damage [8]. 

Mediastinal radiation exposure leads to the formation of 

fibrotic blood vessels, altered conduction system and 

cardiomyocytes, which can result in cardiac arrhythmias, as 

well as conditions such as pericarditis, pleural effusions, and 

atherosclerotic disease, due to mechanisms related to cardiac 

apoptosis and endothelial damage [7]. Additionally, 

recognised events are thrombosis, wall rupture, cytoplasmic 

swelling, and irregularities in the endothelial cell membrane—

the reduction in capillary to myocyte ratio results in 

myocardial death, ischemia, and fibrosis. The normal adipose 

tissue in the outer layer of the heart is replaced by dense 
collagen and fibrin, giving rise to pericardial fibrosis, effusion, 

and tamponade. Coronary artery disease is caused by RT-

induced damage to the intima of the coronary artery. 

Myocardial fibrosis due to RT may impair cardiac compliance, 

resulting in HF and diastolic function. Cell fibrosis may also 

predispose the conduction system to arrhythmias [8]. 

 

 Targeted Therapy Effects on Cardiovascular Health 

Targeted cancer therapy, such as epidermal growth 

factor receptor (EGFR) inhibitors, can cause cardiotoxic 

effects, including heart failure, prolonged QTc interval, 
tachycardia, and decreased ejection fraction through 

mechanisms involving ion channel blocking, oxidative stress, 

inflammation, and apoptosis. Inhibitors of anaplastic 

lymphoma kinase (ALK) and c-ros oncogene 1 (ROS1) disrupt 

the autophagy process, leading to cardiomyocyte death and 

cardiac injury, resulting in bradycardia, myocarditis, and 

cardiomyopathy. Bevacizumab and other vascular endothelial 

growth factor (VEGF) inhibitors cause hypertension, which 

raises the risk of myocardial ischemia and heart failure [9].  

 

 Myocardial Damage from Standard Chemotherapeutics 

Standard chemotherapeutics, like anthracyclines, 
antimetabolites, and cyclophosphamide, can cause irreversible 

myocardial damage, resulting in LVD and both diastolic and 

systolic dysfunction, ultimately leading to acute or chronic HF 

[5]. Improved screening and imaging strategies have helped 

prevent cardiac dysfunction in cancer treatment, and are aided 

by administering cardioprotective therapy to regulate cancer 

therapeutics-related cardiac dysfunction [10]. 

 

 Immunotherapy-Related Cardiovascular Risks 

Another set of drugs that promote T-cell activation and 

anti-tumour immune response amplification by interfering 
with immune checkpoint molecules are called immune 

checkpoint inhibitors (ICIs). Success with ICIs has made it an 

upcoming treatment method in oncology, but their increased 

use has also led to an accompanying augmentation of 

cardiovascular risks. They mainly include myocarditis, 

pericarditis, LVD, takotsubo-like syndrome, arrhythmias, and 

ischemia. Myocarditis is the most prevalent pathology and 

may result in death [11]. 

 

 Thrombosis and Bleeding Risks 

One of the primary factors driving thrombosis is 
malignancy-induced hypercoagulability, because cancer 

treatments damage the vascular endothelium and interfere with 

normal coagulation, they hasten thrombotic events [3]. The 

most common of these are venous thrombosis, like deep vein 

thrombosis and pulmonary embolism, and arterial thrombosis, 

which causes cardiac ischemia and stroke. Venous thrombosis 

is the second most common factor of morbidity in patients 

receiving active anti-cancer treatments, like VEGF inhibitors, 

immunomodulatory drugs, and proteasome inhibitors. There is 

also a corresponding increase in bleeding risks due to 

thrombocytopenia induced by cancer therapy [1]. 

 

III. MECHANISM AND RISK FACTORS: 

 

Cardiovascular toxicities arise through different 

molecular and cellular mechanisms specific to each cancer 

therapy[12]. These mechanisms influence the severity and 

timing of cardiac injury, shaped further by individual patient 

risk factors[13]. Doxorubicin and other anthracyclines induce 

apoptosis and combat cancer by intercalating DNA and 

inhibiting topoisomerase II. On the contrary, redox cycling 

produces free radicals and reactive oxygen species (ROS), 

which cause oxidative stress and mitochondrial dysfunction in 
cardiomyocytes. This leads to cardiomyopathy, fibrosis, and 

irreversible myocardial damage[14, 12]. Trastuzumab inhibits 

HER2-mediated survival pathways in cardiomyocytes. This 

leads to reversible, non-dose-dependent left ventricular 

dysfunction by further disrupting the PI3K/Akt pathway, 

which damages cell metabolism and resilience [14]. VEGF 

inhibitors cause endothelial dysfunction, oxidative stress, 

vasoconstriction, systemic hypertension, thrombotic events, 

and microvascular rarefaction by limiting endothelial survival 

and nitric oxide production. If untreated, this can lead to heart 

failure and left ventricular hypertrophy [14, 15, 16]. 

 
Radiation therapy-generated ROS are linked to 

myocardial damage, oxidative stress, inflammation, and 

cardiac fibrosis [12, 17]. Direct myocardial cell death and 
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microvascular damage lead to long-term effects such as 

restrictive cardiomyopathy and coronary artery disease [15]. 

Severity depends on exposure to key cardiac structures, 

treatment type, and dosage [16]. Immune Checkpoint 

inhibitors (ICI) increase T-cell activity by blocking PD-1, PD-

L1, and CTLA-4; however, they can also cause immune-

related myocarditis, pericarditis, arrhythmias, and heart failure 

[12, 18]. Moreover, myocardial inflammation, edema, and 
fibrosis are brought on by T-cell infiltration, cytokines (IL-6, 

TNF-α), and inflammasome activation[19]. The risk of 

cardiotoxicity across cancer therapies is influenced by shared 

factors such as age, pre-existing cardiovascular disease, 

cumulative exposure, concurrent cardiotoxic treatments, and 

metabolic comorbidities [12,13,17,18]. Chronic obesity 

indices a cardiomyopathy which is characterized by diastolic 

dysfunction through epicardial fat–driven inflammation and 

myocardial hypertrophy, potentially compounding cancer 

therapy–related heart failure[20]. Additionally, oncologic 

treatment-related immunosuppression may predispose patients 

to secondary complications like fungal endocarditis, further 

worsening cardiovascular outcomes [21]. Each therapy also 

presents specific vulnerabilities: anthracyclines (e.g., 

doxorubicin) carry a dose-dependent risk exacerbated by 

genetic predisposition [13]; trastuzumab is associated with a 

higher risk in patients with prior anthracycline exposure, 

baseline cardiac disease, or chemotherapy-linked metabolic 
syndrome [13].  

 

Recognizing heart complications early is key across all cancer 

treatments. Regular use of tools like troponin tests, 

echocardiograms, ECGs, and imaging helps catch problems 

before they become serious [16,17,22]. Integrating multi-

speciality care helps tackle these varied risks effectively and 

also supports safer delivery of therapy [14].Table 1 outlines 

common cancer therapies, their associated cardiovascular 

toxicities and mechanisms of injury. 

 
Table 1. Major Cancer Therapies and Associated Cardiotoxicities 

Abbreviations: DOX - doxorubicin; ROS - reactive oxygen species; LV - left ventricular; NO -nitric oxide; HF - heart failure; CAD - 

coronary artery disease. ↓ denotes decrease. 

 

IV. SCREENING AND MONITORING 
 

In cancer therapy, screening for cardiotoxicity involves 

assessing the likelihood of cardiovascular problems as a result 

of cancer treatments. This is important because more people 
are surviving cancer owing to advanced treatments, and those 

undergoing cancer treatment have a higher risk of 

cardiovascular disease than the general population [23]. 

 

Screening is performed in three stages — before, during, 

and after treatment. 

 

Before treatment, baseline echocardiography assesses 

heart function to help guide treatment decisions. If heart 

function is borderline low, such as a left ventricular ejection 

fraction (LVEF) between 50–55% or if LVEF is below 50% 
there is a higher risk of cardiotoxicity. Similarly, global 

longitudinal strain (GLS) is assessed, and a baseline below 

16% may indicate early cardiac dysfunction and an increased 

risk of damage from cancer therapy. In both cases, reduced 

LVEF or impaired GLS, cardioprotective treatment with ACE 

inhibitors or ARBs and beta-blockers is usually initiated to 

help preserve heart function [23]. 

 

Due to limitations of echocardiography, such as poor 
acoustic windows or borderline LVEF results, cardiovascular 

magnetic resonance imaging (CMR) serves as a valuable 

secondary test. CMR is used for its better non-radiative tissue 

and myocardial characterization and to clarify uncertain 

findings [24]. While transthoracic echocardiography (TTE) 

remains the primary imaging tool throughout treatment, the 

frequency of its use is limited by cost and resource availability 

[25]. This helps in adjusting treatment plans to protect cardiac 

health[23]  

 

Beyond baseline assessment, monitoring during 
treatment is important to detect early subclinical myocardial 

damage and allow timely intervention. While LVEF remains a 

standard measure, it is insensitive to early cardiac changes. 

GLS provides a more sensitive marker, with a >13-15% 

Cancer Therapy Cardiotoxic Effects Mechanism References 

Anthracyclines (e.g., DOX) Cardiomyopathy, Heart Failure ROS generation, DNA intercalation, 

and topoisomerase II inhibition 
[12,14-16] 

Trastuzumab Reversible LV dysfunction, HF HER2 inhibition, PI3K/Akt pathway 

disruption 
[12,14] 

VEGF Inhibitors Hypertension, LV dysfunction, 

Myocardial Ischemia, HF 

Endothelial dysfunction, ↓ NO, 

oxidative stress 
[9,14-16] 

Immune Checkpoint Inhibitors Myocarditis, Arrhythmias, HF, 

Pericarditis, Ischemia 

T-cell activation, cytokine release, 

myocardial inflammation 
[11,18,19] 

Radiation Therapy Fibrosis, Cardiomyopathy, 

Pericarditis, CAD, Arrhythmias, 

ROS generation, fibrosis, endothelial, 

and myocardial damage 
[8,15-17] 
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reduction from baseline indicating subclinical dysfunction 

[23]. GLS is also valuable in assessing the risk of cancer 

therapy–related cardiac dysfunction (CTRCD). An absolute 

value of <18% during treatment is linked to an elevated risk 

for CTRCD. However, both baseline and absolute values are 

mixed or are less predictive with their results, respectively, 

resulting in the need for GLS monitoring during treatment, 

offering more useful information than baseline alone [26]. 
 

Given the limits in imaging sensitivity and prognostic 

value, cardiac biomarkers such as natriuretic peptides and 

troponins have gained in importance as tools for early 

cardiotoxicity diagnosis during chemotherapy. These 

biomarkers complement imaging and help detect subclinical 

dysfunction during cancer therapy [27]. Cardiac troponins 

(cTn I and T) are important for detecting cardiac injury, 

especially in patients receiving chemotherapy. High-sensitivity 

assay allows for diagnosis before irreversible dysfunction 

develops. While troponin T is less selective, prolonged 

increases in troponin I suggest an increased risk of LV 

dysfunction. In addition to showing myocardial strain, NT-

proBNP can rise due to non-cardiac issues [28]. Table 2 

outlines the screening tools, their purpose and limitations. 

 

Despite stronger cardioprotective therapy in the GLS 

arm, the SUCCOUR trial (Strain Surveillance of 
Chemotherapy for Improving Cardiovascular Outcomes) could 

not find any differences in LVEF changes between the GLS 

and ejection fraction-guided groups. This suggests that GLS 

helps with early identification, but further research is needed 

to see how it affects long-term outcomes  [10]. 

 

For early diagnosis, risk evaluation, and monitoring for 

cardiotoxicity, echocardiography, as well as GLS, are vital. 

Timely interventions, with early identification of subclinical 

cardiac dysfunction, improve long-term patient outcomes[23]. 

 
Table 2.  Screening Tools: Uses and Limitations 

Screening Tool Purpose Limitations References 

Baseline Echocardiography Assess left ventricular function Insensitivity of LVEF to early myocardial 

damage 
[23] 

Global Longitudinal Strain Detects sub-clinical cardiac 

dysfunction 

Baseline values alone are less predictive [23,26] 

Cardiovascular Magnetic 

Resonance 

Myocardial tissue 

characterization 

Costly, less availability [24] 

Transthoracic 

Echocardiography 

Imaging modality for cardiac 

function monitoring 

Acoustic window quality,  resource 

availability 
[25] 

Cardiac Biomarkers (cTn I/T, 

NT-proBNP) 

Detects myocardial injury and 

strain 

Less selectivity, arises due to non-cardiac 

causes 
[27,28] 

Abbreviations: LVEF- Left Ventricular Ejection Fraction, cTn I-Cardiac Troponin I, cTn T-Cardiac Troponin T, NT-pro-BNP-N-

terminal pro–B-type Natriuretic Peptide 

 

V. PREVENTION AND MANAGEMENT OF 

CARDIOTOXICITY 

 
 Cardiotoxicity Prevention: Liposomal Anthracyclines and 

Dexrazoxane 

Early prevention and management strategies are 

necessary to maintain cardiac function during treatment and to 

improve patient outcomes[29]. Anthracyclines, such as 

doxorubicin (DOX), are the recommended chemotherapies for 

malignancies. However, its therapeutic potential is limited by 

cardiotoxicity. Encapsulating free DOX into a phospholipid 

bilayer and externally PEGylating (Polyethylene glycol 

modification) improves the drug's half-life, reduces the 

volume of distribution, plasma clearance, and lessens the 

degree of toxicity linked to the use of anthracyclines [30]. 
 

Dexrazoxane is a promising agent that works by binding 

to iron, decreasing the production of harmful free radicals in 

heart cells, and preventing DNA damage caused by 

anthracyclines in cancer patients. Adult patients with 

metastatic breast cancer who had previously received high 

cumulative doses of anthracyclines made up the majority of 

randomized trials. Therefore, the Food and Drug 

Administration indicates that dexrazoxane is only authorised 

for patients with metastatic breast cancer who might benefit 
from continued DOX therapy and have received more than 

300 mg/m2 of DOX. In a cohort study, it was found that 

Dexrazoxane decreased the risk of heart failure, and there was 

no perceptible difference in oncologic outcomes or adverse 

effects[31]. 

 

 Medical Cardio-Protection 

Angiotensin converting enzyme inhibitors(ACEi) and 

beta blockers are cardioprotective agents that enable 

pharmacologic prevention. In the largest clinical trial using β-

blockers for cardiotoxicity prevention, the CECCY trial 

(Carvedilol's Role in Preventing Cardiotoxicity Caused by 
Chemotherapy) found that the incidence of cardiotoxicity 

ranged from 13.5% to 14.5%. Carvedilol did not affect the 

occurrence of early onset LVEF decrease in this case, but 

diastolic dysfunction and troponin levels were significantly 

reduced when carvedilol was used [32]. The recommended 

and authorised strategic management of preventing and 

treating chemotherapy-induced cardiotoxicity in heart failure 
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with left ventricular dysfunction and the event of cardiac 

damage are beta blockers, angiotensin receptor blockers 

(ARB), and inhibitors [33].    

In more severe cases like New York Heart Association 

(NYHA) class III or IV heart failure, a QRS length of ≥120–

150 ms or left ventricular dysfunction (LVEF<35%) patient 

may consider cardiac resynchronisation therapy (CRT)[34]. 

Cancer treatment can also cause secondary hypertension, 
especially with vascular endothelial growth factor (VEGF) 

inhibitors and other antineoplastic treatments. Guidelines 

recommend ACEi and ARBs as first-line treatments in these 

situations because of their protective effects on the kidneys 

and endothelium. Calcium channel blockers like nifedipine 

can also successfully manage hypertension associated with 

it[35]. QT interval prolongation that arises due to anticancer 

treatments, which is corrected by cardiac monitoring, caution 

when using or stopping cancer medications, and correction of 

electrolyte abnormalities[36]. Cancer patients are also at high 

risk for developing venous thromboembolism (VTE), 
especially when using immunomodulatory drugs. This can be 

prevented by the use of medications like aspirin, low 

molecular weight heparin, or direct oral anticoagulants for a 

minimum of 6 months based on notable guidelines[37]. 

 

 Emerging Therapies and Lifestyle Intervention  

Although standard drugs like beta-blockers, ACE 

inhibitors, and DOX remain fundamental, lifestyle 

interventions are promising alternatives. Diets high in 

antioxidants, vitamin E, and vitamin D supplements, and 

structured exercise regimens may contribute to improved 

cardiovascular resistance. Additionally, newer agents like 
sacubitril/valsartan and SGLT2 (sodium-glucose co-

transporter 2 inhibitors) are showing healthy promise in this 

setting[38]. 

 

Prevention and management require a multifaceted 

approach involving the use of liposomal drug formulations, 

cardioprotective agents, close monitoring, and lifestyle 

intervention, all without compromising cancer treatment 

outcomes. Ensuring early risk assessment, patient education, 

and collaboration between oncology and cardiology teams can 

further enhance safety and improve the long-term quality of 
life in cancer patients[39]. 

 

VI. SURVIVORSHIP AND SPECIAL 

POPULATIONS 
 

Long-term cardiovascular risks can persist in cancer 

survivors despite preventive measures, especially in high-risk 

populations. Among these, one of the highly vulnerable groups 

is childhood cancer survivors. Many childhood cancer patients 

are commonly treated with anthracycline-induced 

chemotherapy or chest-induced radiotherapy, both of which 

were found to lead to cardiotoxicity of acute complications 
such as arrhythmias and heart failure, and chronic conditions 

such as coronary artery disease (CAD) and cardiomyopathy 

[40]. Childhood cancer survivors also have a 15-fold greater 

chance of developing cardiomyopathy than their healthy 

siblings [41]. A study conducted by the Childhood Cancer 

Survivor Study (CCSS) on adult survivors of childhood 

cancers and their siblings compared the mortality of 

cardiovascular risks. Evidence demonstrated that the risk of 

heart failure, stroke, and CAD was elevated even 20 years 

post-treatment. Moreover, these events were shown to happen 

at a younger age in cancer survivors, and mortality rates were 
higher than in the non-cancer population. These findings prove 

that it is important for childhood cancer survivors to continue 

with lifelong cardiac monitoring and management [42].  

 

The incidence of cardiotoxicity in cancer patients has 

been shown to rise with age and is more likely in older adults 

approaching their elderly years. Although there is an 

increasing number of elderly cancer patients surviving, not 

enough studies illustrate the cardiotoxicities and their long-

term effects. Cardiovascular disease (CVD) risk is more 

prevalent in elders due to predisposing risk factors such as 
hypertension, hyperlipidemia, smoking, and obesity, or having 

diabetes [43]. A secondary analysis of the ASPREE  (Aspirin 

in Reducing Events in the Elderly)  trial, a study conducted 

among healthy older adults to investigate the effects of aspirin 

on cardiovascular events, was performed on participants who 

had a prior history of cancer. Results showed an increase in 

the incidence of CVD, stroke, and myocardial infarction in 

cancer survivors than those with no cancer history. Higher 

risks were seen in those treated with cytotoxic chemotherapy 

[44]. 

 

Young pregnant female cancer survivors with prior 
exposure to anthracycline chemotherapy are shown to have a 

40-fold increase in risk of developing left ventricular 

dysfunction or chronic heart failure. However, studies have 

found that women with no history of cardiotoxicity due to 

cancer treatment show a much lower risk in comparison to 

women with a cardiotoxicity history [45].  

 

Cardiotoxicity can be a major mortality risk, and it is 

important to monitor and manage this condition while 

undergoing or after cancer therapy. The emergence of cardio-

oncology clinics is crucial for survivorship planning and 
effective cardiac treatment. The European Society of 

Cardiology (ESC) guidelines recommend that cardio-oncology 

clinics should be team-based, involving oncologists, 

cardiologists, hematologists, and primary risk care staff for 

surveillance and management [46]. 

 

VII. FUTURE DIRECTIONS 
 

Over the next decade, promising developments are 

expected in cardio-oncology, particularly in the early 

detection, monitoring, and treatment of cardiovascular 

conditions in cancer patients. One such development is the use 
of diagnostic biomarkers, such as microRNA (miRNA), in the 

potential diagnosis and prognosis of cardiovascular disease. 

MiRNAs are small, non-coding RNA molecules that regulate 
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gene expression and are involved in certain cellular processes 

in cardiac development. When the heart tissue gets damaged 

due to factors such as chemotherapy, specific miRNAs are 

released into the bloodstream. Studies have shown that 

miRNAs have been used as diagnostic biomarkers in 

conditions such as acute myocardial infarction (MI) injury, 

coronary artery disease (CAD), heart failure, and arrhythmias 

[47]. These conditions may be induced by cancer therapy 
cardiotoxicity, and miRNAs have shown potential in early 

detection. Additionally, research is being conducted on new 

biomarkers for the early diagnosis of cardiotoxicity, 

particularly in myocardial ischemia, such as fatty acid binding 

protein (FABP) and glycogen phosphorylase isoenzyme BB 

(GPBB) [48]. 

 

Moreover, genetic and pharmacogenomic testing is now 

being explored to aid in identifying genetic variants that are 

more susceptible to cancer therapy-induced cardiotoxicity. 

Recent studies on childhood cancer survivors have shown 
specific gene variants that are linked to a higher risk of 

cardiotoxicity post-chemotherapy. Polymorphisms in genes 

such as CBR3, which increase anthracycline metabolites, 

RARG, which affects heart cells' response to anthracyclines, 

and SLC28A3, which affects how anthracyclines are taken up 

by heart cells [49]. Understanding these genetic risks can help 

in identifying vulnerable groups early and help in creating 

treatment plans accordingly. 

 

Advanced imaging techniques and AI are also shaping 

the future of cardio-oncology. New non-invasive molecular 

imaging techniques have emerged, including cardiac magnetic 
resonance (CMR), myocardial contract echocardiography, and 

positron emission tomography (PET) scans. These techniques 

can help to enhance the early detection of cardiac injury [50]. 

In addition, AI advances have facilitated the analysis of data 

such as biomarkers detected in blood, ECG results, 

echocardiography, computed tomography (CT) scan, and 

CMR in predicting the risk of cardiovascular disease or 

cardiac injury [51]. Certain AI tools have also shown great 

performance in echocardiography reading and coronary CT 

analysis, achieving diagnostic accuracy of over 96%. 

Moreover, AI can now automatically detect small degrees of 
heart damage in cardiac MRI with high accuracy, making it 

helpful in the cardio-oncology field [52]. 

 

Large healthcare platforms working with leaders and 

large-scale societies have initiated the collection of real-world 

data in hopes of further research and improving the current 

cardio-oncology care system. Along with data that will 

provide important information and the use of AI, precision 

medicine is expected to reduce the future risk of cardiotoxicity 

due to cancer therapy [53].  

 

 
 

 

 

VIII. CONCLUSION 

 

As cancer treatment continues to increase the survival 

rates through its increasing effectiveness, it also contributes to 

challenges such as cardiotoxicity, which often remain 

unrecognized. This adversely affects the clinical outcomes of 

cancer survivors. To effectively address this issue, integration 

of cardio-oncology services, timely screening, and use of 
cardio-protective strategies must be taken into account to 

decrease the cardiovascular burden in cancer patients 

significantly. Longitudinal studies are essential to assess the 

long-term cardiovascular outcomes in cancer survivors, 

especially those exposed to newer targeted and 

immunotherapeutic agents. Further research is needed to 

identify reliable early biomarkers and imaging techniques for 

predicting subclinical cardiac dysfunction. Collaborative effort 

in cardio-oncology will help deliver effective and safe cancer 

treatments. 

 

ACKNOWLEDGEMENT 

 

 Funding: 

 No funding was received for the publication of this article. 

 

 Conflicts of Interest/Competing Interests: 

 The authors declare that they have no conflicts of interest. 

 

 Ethics Approval: 

Not applicable (this is a narrative review based solely on 

previously published literature). 

 
 Consent to Participate: 

Not applicable. 

 

 Written Consent for Publication: 

Not applicable. 

 

 Availability of Data and Material: 

All data referenced are publicly available in the cited 

literature. No origin 

 

 Author Contributions: 

 S.S.L. conceptualized the study, designed the structure, 

coordinated the literature review process, and edited the 

full manuscript. 

 A.L., S.Q., R.S.A., Z.S., and K.S. contributed to the 

literature review and drafting of assigned sections. 

 S.L.S. reviewed and finalized the entire manuscript. 

 All authors read and approved the final version. All data 

referenced are publicly available in the cited literature. No 

original datasets were used. 

 

 

 

 

 

http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                                   International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                     https://doi.org/10.38124/ijisrt/25jul1838 

 

 

IJISRT25JUL1838                                                                www.ijisrt.com                                                                                         2998  

REFERENCES 

 

[1]. 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(10203):1041–54. doi:10.1016/S0140-
6736(19)31674-5 

[2]. Alexandre J, Cautela J, Ederhy S, Damaj GL, Salem J, 

Barlesi F, et al. Cardiovascular toxicity related to 

cancer treatment: a pragmatic approach to the American 

and European Cardio‐Oncology Guidelines. J Am Heart 

Assoc. 2020;9(18):e018403. 

doi:10.1161/JAHA.120.018403 

[3]. Yan T, Yu H, Li T, Dong Y. Mechanisms of 

cardiovascular toxicities induced by cancer therapies 

and promising biomarkers for their prediction: a 

scoping review. Heart Lung Circ. 2024;33(5):605–38. 
doi:10.1016/j.hlc.2023.12.006 

[4]. Henriksen PA, Hall P, MacPherson IR, Joshi SS, Singh 

T, Maclean M, et al. Multicenter, prospective, 

randomized controlled trial of High-Sensitivity cardiac 

Troponin I–Guided combination Angiotensin receptor 

blockade and Beta-Blocker therapy to prevent 

anthracycline cardiotoxicity: the Cardiac CARE Trial. 

Circulation. 2023;148(21):1680–90. 

doi:10.1161/CIRCULATIONAHA.123.064274 

[5]. Wu C, Lin D, Ma F, Jiang F, Wang Y. New progress in 

elucidating the relationship between cancer therapy and 

cardiovascular toxicity. BioSci Trends. 
2021;15(4):211–8. doi:10.5582/bst.. 2021.01278 

[6]. Ruddy KJ, Patel SR, Higgins AS, Armenian SH, 

Herrmann J. Cardiovascular health during and after 

cancer therapy. Cancers (Basel). 2020;12(12):3737. 

doi:10.3390/cancers12123737 

[7]. Alshahrani AA, Kontopantelis E, Morgan C, 

Ravindrarajah R, Martin GP, Mamas MA. 

Cardiovascular diseases in patients with cancer: a 

comprehensive review of epidemiological trends, 

cardiac complications, and prognostic implications. 

Chin Med J (Engl). 2024. 
doi:10.1097/CM9.0000000000003419 

[8]. Lee C, Zhang J, Yuan KS, Wu ATH, Wu S. Risk of 

cardiotoxicity induced by adjuvant anthracycline-based 

chemotherapy and radiotherapy in young and old Asian 

women with breast cancer. Strahlenther Onkol. 

2019;195(7):629–39. doi:10.1007/s00066-019-01428-7 

[9]. Peng Y, Li D, Wampfler J, Luo Y, Kumar A, Gu Z, et 

al. Targeted therapy associated cardiotoxicity in 

patients with stage IV lung cancer with or without 

cardiac comorbidities. Oncol Rep. 2024;53(2):8858. 

doi:10.3892/or.2024.8858 

 
 

 

[10]. Negishi T, Thavendiranathan P, Penicka M, Lemieux J, 

Murbraech K, Miyazaki S, et al. Cardioprotection using 

global longitudinal strain surveillance: the SUCCOUR 

randomized trial. J Am Coll Cardiol. 2022;79(10):957–

67. doi:10.1016/j.jacc.2022.01.019 

[11]. Madanat L, Gupta R, Weber P, Kumar N, Chandra R, 

Ahaneku H, et al. Cardiotoxicity of biological therapies 

in cancer patients: An in-depth review. Curr Cardiol 
Rev. 2022;19(3). 

doi:10.2174/1573403X18666220531094800 

[12]. Camilli M, Cipolla CM, Dent S, Minotti G, Cardinale 

DM. Anthracycline cardiotoxicity in adult cancer 

patients. JACC CardioOncol. 2024;6(5):655–77. 

doi:10.1016/j.jaccao.2024.07.016 

[13]. Sotiropoulou IM, Manetas-Stavrakakis N, Kourek C, 

Xanthopoulos A, Magouliotis D, Giamouzis G, et al. 

Prevention of anthracyclines and HER2 inhibitor-

induced cardiotoxicity: A systematic review and meta-

analysis. Cancers (Basel). 2024;16(13):2419. 
doi:10.3390/cancers16132419 

[14]. Zhao Y, Jia H, Hua X, An T, Song J. Cardio-oncology: 

shared genetic, metabolic, and pharmacologic 

mechanism. Curr Cardiol Rep. 2023;25(8):863–78. 

doi:10.1007/s11886-023-01906-6 

[15]. Wong-Siegel JR, Hayashi RJ, Foraker R, Mitchell JD. 

Cardiovascular toxicities after anthracycline and 

VEGF-targeted therapies in adolescent and young adult 

cancer survivors. Cardio-Oncol. 2023;9(1). 

doi:10.1186/s40959-023-00181-2 

[16]. Kundnani NR, Passini V, Carlogea IS, Dumitrescu P, 

Meche V, Buzas R, et al. Overview of oncology: Drug-
induced cardiac toxicity. Medicina (Kaunas). 

2025;61(4):709. doi:10.3390/medicina61040709 

[17]. Chin V, Finnegan RN, Keall P, Otton J, Delaney GP, 

Vinod SK. Overview of cardiac toxicity from radiation 

therapy. J Med Imaging Radiat Oncol. 2024. 

doi:10.1111/1754-9485.13757 

[18]. Lessomo FYN, Mandizadza OO, Mukuka C, Wang Z. 

A comprehensive review on immune checkpoint 

inhibitors induced cardiotoxicity characteristics and 

associated factors. Eur J Med Res. 2023;28(1). 

doi:10.1186/s40001-023-01464-1 
[19]. Xiao J, Li X, Wang X, Guan Y, Liu H, Liang J, et al. 

Clinical characteristics and management of immune 

checkpoint inhibitor-related cardiotoxicity: A single-

center experience. Front Cardiovasc Med. 2023;10. 

doi:10.3389/fcvm.2023.1093383 

[20]. Edpuganti S, Thomas KS, Ponnuri SSA, Tomar RK, 

Kapuge PH. Obesity and metabolic syndrome: 

Pathophysiological mechanisms driving cardiovascular 

risk. J Junior Res. 2025;3(3):20–35. 

doi:10.52340/jr.2025.03.03.03 

 

 
 

http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                                   International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                     https://doi.org/10.38124/ijisrt/25jul1838 

 

 

IJISRT25JUL1838                                                                www.ijisrt.com                                                                                         2999  

[21]. Edpuganti S. Fungal endocarditis: Microbial insights, 

diagnostic and therapeutic challenges in the modern era. 

Explor Cardiol. 2025;3. doi:10.37349/ec.2025.101264 

[22]. Bouwer NI, Jager A, Liesting C, Kofflard MJ, Brugts 

JJ, Kitzen JJ, et al. Cardiac monitoring in HER2-

positive patients on trastuzumab treatment: A review 

and implications for clinical practice. Breast. 

2020;52:33–44. doi:10.1016/j.breast.2020.04.005 
[23]. Negishi T, Miyazaki S, Negishi K. Echocardiography 

and cardio-oncology. Heart Lung Circ. 

2019;28(9):1331–8. 

https://doi.org/10.1016/j.hlc.2019.04.023 

[24]. Jordan JH, Hundley WG. MRI of cardiotoxicity. 

Cardiol Clin. 2019;37(4):429–39. 

https://doi.org/10.1016/j.ccl.2019.07.007 

[25]. Keramida K, Farmakis D, Fernández TL, Lancellotti P. 

Focused echocardiography in cardio-oncology. 

Echocardiography. 2020;37(8):1149–58. 

https://doi.org/10.1111/echo.14800 
[26]. Oikonomou EK, Kokkinidis DG, Kampaktsis PN, Amir 

EA, Marwick TH, Gupta D, et al. Assessment of 

prognostic value of left ventricular global longitudinal 

strain for early prediction of chemotherapy-induced 

cardiotoxicity. JAMA Cardiol. 2019;4(10):1007. 

https://doi.org/10.1001/jamacardio.2019.2952 

[27]. Sorodoc V, Sirbu O, Lionte C, Haliga RE, Stoica A, 

Ceasovschih A, et al. The value of troponin as a 

biomarker of chemotherapy-induced cardiotoxicity. 

Life (Basel). 2022;12(8):1183. 

https://doi.org/10.3390/life12081183 

[28]. Ananthan K, Lyon AR. The role of biomarkers in 
cardio-oncology. J Cardiovasc Transl Res. 

2020;13(3):431–50. https://doi.org/10.1007/s12265-

020-10042-3 

[29]. Herrmann J, Lenihan D, Armenian S, Barac A, Blaes A, 

Cardinale D, et al. Defining cardiovascular toxicities of 

cancer therapies: an International Cardio-Oncology 

Society (IC-OS) consensus statement. Eur Heart J. 

2022;43(4):280–99. 

https://doi.org/10.1093/eurheartj/ehab674 

[30]. Franco YL, Vaidya TR, Ait-Oudhia S. Anticancer and 

cardio-protective effects of liposomal doxorubicin in 
the treatment of breast cancer. Breast Cancer (Dove 

Med Press). 2018;10:131–41. 

https://doi.org/10.2147/BCTT.S170239 

[31]. Upshaw JN, Parson SK, Buchsbaum RJ, Schlam I, 

Ruddy KJ, Durani U, et al. Dexrazoxane to prevent 

cardiotoxicity in adults treated with anthracyclines: 

JACC: CardioOncology controversies in cardio-

oncology. JACC CardioOncol. 2024;6(2):322–4. 

https://doi.org/10.1016/j.jaccao.2024.02.004 

[32]. Avila MS, Ayub-Ferreira SM, de Barros Wanderley 

MR Jr, das Dores Cruz F, Gonçalves Brandão SM, 

Rigaud VOC, et al. Carvedilol for prevention of 
chemotherapy-related cardiotoxicity: the CECCY trial. 

J Am Coll Cardiol. 2018;71(20):2281–90. 

https://doi.org/10.1016/j.jacc.2018.02.049 

[33]. Kourek C, Touloupaki M, Rempakos A, Loritis K, 

Tsougkos E, Paraskevaidis I, et al. Cardioprotective 

strategies from cardiotoxicity in cancer patients: a 

comprehensive review. J Cardiovasc Dev Dis. 

2022;9(8):259. https://doi.org/10.3390/jcdd9080259 

[34]. Osmanska J, Hawkins NM, Toma M, Ignaszewski A, 

Virani SA. Eligibility for cardiac resynchronization 

therapy in patients hospitalized with heart failure. ESC 
Heart Fail. 2018;5(4):668–74. 

https://doi.org/10.1002/ehf2.12297 

[35]. Mohammed T, Singh M, Tiu JG, Kim AS. Etiology and 

management of hypertension in patients with cancer. 

Cardio-Oncology. 2021;7(1). 

https://doi.org/10.1186/s40959-021-00101-2 

[36]. Coppola C, Rienzo A, Piscopo G, Barbieri A, Arra C, 

Maurea N. Management of QT prolongation induced by 

anti-cancer drugs: target therapy and old agents. 

Different algorithms for different drugs. Cancer Treat 

Rev. 2018;63:135–43. 
https://doi.org/10.1016/j.ctrv.2017.11.009 

[37]. Streiff MB, Abutalib SA, Farge D, Murphy M, Connors 

JM, Piazza G. Update on guidelines for the 

management of cancer-associated thrombosis. 

Oncologist. 2021;26(1):e24–40. 

https://doi.org/10.1002/onco.13596 

[38]. Spadafora L, Di Muro FM, Intonti C, Massa L, Monelli 

M, Pedretti RFE, et al. Lifestyle and pharmacological 

interventions to prevent anthracycline-related 

cardiotoxicity in cancer patients. J Cardiovasc Dev Dis. 

2025;12(6):212. doi:10.3390/jcdd12060212 

[39]. Rachma B, Savitri M, Sutanto H. Cardiotoxicity in 
platinum-based chemotherapy: mechanisms, 

manifestations, and management. Cancer Pathog Ther. 

2024;3(2):101–8. doi:10.1016/j.cpt.2024.04.004 

[40]. Cabrera PR, Dinelli I, Baker N, Bates A, Torrance A, 

Gajendran I, et al. Cardiomyopathy in childhood cancer 

survivors: etiology, pathophysiology, diagnosis, 

treatment, and screening. Prog Pediatr Cardiol. 

2024;75:101766. doi:10.1016/j.ppedcard.2024.101766 

[41]. Genetics of cardiomyopathy risk in cancer survivors 

differ by age of onset [Internet]. St. Jude Children’s 

Research Hospital. [cited 2025]. Available from: 
https://www.stjude.org/media-resources/news-

releases/2025-medicine-science-news/genetics-of-

cardiomyopathy-risk-in-cancer-survivors-differ-by-age-

of-onset.html  

[42]. Bottinor W, Im C, Doody DR, Armenian SH, Arynchyn 

A, Hong B, et al. Mortality after major cardiovascular 

events in survivors of childhood cancer. J Am Coll 

Cardiol. 2024;83(8):827–38. 

doi:10.1016/j.jacc.2023.12.022 

[43]. Ioffe D, Bhatia-Patel SC, Gandhi S, Hamad EA, Dotan 

E. Cardiovascular concerns, cancer treatment, and 

biological and chronological aging in cancer. JACC 
CardioOncol. 2024;6(2):143–58. 

doi:10.1016/j.jaccao.2024.02.001 

http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                                   International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                     https://doi.org/10.38124/ijisrt/25jul1838 

 

 

IJISRT25JUL1838                                                                www.ijisrt.com                                                                                         3000  

[44]. Muhandiramge J, Zalcberg JR, Warner ET, Polekhina 

G, Gibbs P, Van Londen GJ, et al. Cardiovascular 

disease and stroke following cancer and cancer 

treatment in older adults. Cancer. 2024. 

doi:10.1002/cncr.35503 

[45]. Hudson MM, Ehrhardt MJ. At the heart of safe and 

successful pregnancies in cancer survivors. JACC 

CardioOncol. 2020;2(2):163–5. 
doi:10.1016/j.jaccao.2020.04.008 

[46]. Comments on the 2022 ESC guidelines on cardio-

oncology. Rev Esp Cardiol (Engl Ed). 2022;76(6):409–

16. doi:10.1016/j.rec.2022.12.004 

[47]. Searles CD. MicroRNAs and cardiovascular disease 

risk. Curr Cardiol Rep. 2024;26(2):51–60. 

doi:10.1007/s11886-023-02014-1 

[48]. Zhang X, Sun Y, Zhang Y, Fang F, Liu J, Xia Y, et al. 

Cardiac biomarkers for the detection and management 

of cancer therapy-related cardiovascular toxicity. J 

Cardiovasc Dev Dis. 2022;9(11):372. 
doi:10.3390/jcdd9110372 

[49]. Kim Y, Seidman JG, Seidman CE. Genetics of cancer 

therapy-associated cardiotoxicity. J Mol Cell Cardiol. 

2022;167:85–91. doi:10.1016/j.yjmcc.2022.03.010 

[50]. Dilsizian V, Chandrashekhar Y. Molecular imaging. 

JACC Cardiovasc Imaging. 2022;15(11):2019–21. 

doi:10.1016/j.jcmg.2022.10.001 

[51]. Khera R, Asnani AH, Krive J, Addison D, Zhu H, 

Vasbinder A, et al. Artificial intelligence to enhance 

precision medicine in cardio-oncology: a scientific 

statement from the American Heart Association. Circ 

Genom Precis Med. 2025. 
doi:10.1161/hcg.0000000000000097 

[52]. Edpuganti S, Shamim A, Gangolli VH, Weerasekara 

RADKN, Yellamilli A. Artificial intelligence in 

cardiovascular imaging: current landscape, clinical 

impact, and future directions. Discoveries. 

2025;13(2):e211. doi:10.15190/d.2025.10. 

[53]. Sadler D, Okwuosa T, Teske AJ, Guha A, Collier P, 

Moudgil R, et al. Cardio-oncology: digital innovations, 

precision medicine and health equity. Front Cardiovasc 

Med. 2022;9. doi:10.3389/fcvm.2022.951551 

 

 

 

http://www.ijisrt.com/

	Table 1. Major Cancer Therapies and Associated Cardiotoxicities

