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Cardiotoxicity has emerged as an increasingly recognized concern in modern oncology, particularly with the growing use of targeted therapies such as small-molecule inhibitors and monoclonal antibodies. These agents have revolutionized cancer care by offering remarkable precision in selectively attacking molecular pathways essential for tumor growth and survival. However, despite their therapeutic benefits, targeted therapies may inadvertently affect the cardiovascular system, leading to adverse outcomes that can compromise both quality of life and long-term prognosis in cancer survivors. As cancer survival improves, the burden of treatment-related cardiovascular complications has become more evident, highlighting the need for early recognition, prevention, and management strategies.
The mechanisms underlying cardiotoxicity from targeted therapies are highly complex and multifactorial. Unlike traditional chemotherapeutic agents, which often exert direct toxic effects on cardiomyocytes, targeted therapies may interfere with signaling pathways critical to both malignant and normal cardiovascular cellular functions. This disruption can manifest through a wide spectrum of adverse cardiovascular events, ranging from left ventricular dysfunction and arrhythmias to hypertension, thromboembolic events, and accelerated atherosclerosis. Importantly, these toxicities are often unpredictable and may vary according to the drug class, dosage, treatment duration, and patient profile.
Risk factors for cardiotoxicity extend beyond the pharmacological properties of targeted therapies. Patient-specific characteristics—such as preexisting cardiovascular disease, age, sex, genetic predisposition, and concurrent exposure to other cardiotoxic agents—significantly modulate individual susceptibility. Moreover, the coexistence of traditional cardiovascular risk factors, including hypertension, diabetes, and dyslipidemia, may further exacerbate the incidence and severity of treatment-related complications. Identifying and stratifying patients according to these risk factors is therefore a crucial step in optimizing care.
Given the rising incidence and clinical impact of treatment-related cardiotoxicity, effective management necessitates a multidisciplinary and integrated approach. Collaboration between oncologists, cardiologists, and emerging cardio-oncology units is essential to ensure timely detection and intervention. Regular cardiac monitoring, individualized risk assessment, and the prompt recognition of early warning signs form the cornerstone of preventive care. Furthermore, evidence-based strategies for mitigating cardiovascular risk ranging from lifestyle modification and optimization of comorbidities to pharmacological cardioprotection are increasingly being incorporated into clinical practice.
In this review, we provide a focused overview of cardiotoxicity associated with targeted therapies, with particular emphasis on its underlying mechanisms, risk factors, and approaches to clinical management. By bridging oncology and cardiology perspectives, this work underscores the importance of proactive cardio-oncology collaboration to improve patient outcomes in the era of precision cancer medicine.
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Introduction
Advancements in anti-cancer therapies, and particularly in targeted therapies, have dramatically transformed the landscape of oncology, leading to substantial improvements in patient management and survival outcomes [1]. By selectively inhibiting specific molecular pathways or genetic alterations that drive tumor progression, these therapies have enabled more personalized, effective, and often less toxic treatment strategies compared with traditional cytotoxic chemotherapy. Nevertheless, as the clinical benefits of targeted therapies become increasingly evident, so too have their unintended adverse effects, particularly those affecting the cardiovascular system[2].
The recognition of cardiotoxicity as a potential complication of targeted therapies represents a paradigm shift in oncology. Unlike the well-documented toxicities of anthracyclines or radiotherapy, the cardiovascular impact of targeted therapies is more heterogeneous and complex, reflecting the diverse molecular targets involved. These adverse effects may include left ventricular dysfunction, arrhythmias, ischemia, hypertension, or thromboembolic events, each arising from distinct but often overlapping mechanisms of injury. Given the expanding indications for targeted therapies and the growing population of long-term cancer survivors, understanding and addressing these toxicities has become a pressing clinical priority.
This article explores the intricate mechanisms and clinical implications of cardiotoxicity associated with selected targeted therapies, emphasizing how these adverse events can impact both short-term cancer treatment and long-term cardiovascular health. Building on the 2022 recommendations of the European Society of Cardiology (ESC) in cardio-oncology[3], we highlight structured strategies for cardiovascular risk stratification, surveillance, and management. These include baseline risk assessment, tailored imaging and biomarker monitoring, and timely initiation of cardioprotective interventions when indicated.
Targeted therapies
Targeted therapies now represent an essential pillar of systemic cancer treatment, complementing and in many cases replacing the broader approaches of conventional chemotherapy. Their rapid development has been paralleled by the emergence of specialized cardio-oncology services, including dedicated Cardio-Oncology Units, which reflect the increasing clinical demand for multidisciplinary collaboration between oncologists and cardiologists [4]. Such units are pivotal not only for optimizing patient outcomes but also for advancing research, refining guidelines, and promoting preventive strategies in this evolving field.
Targeted therapies include intracellular agents (mainly represented by tyrosine kinase inhibitors and CDK4/6), and  extracellular agents, including monoclonal antibodies (e.g trastuzumab, bevacizumab). Antibody–drug conjugates (e.g., Ado-Trastuzumab Emtansine TDM-1) combine these approaches, delivering cytotoxic drugs intracellularly via tumor-specific antibodies and ultimately inducing cell cycle arrest. The latter has been rarely associated with cardiovascular events[5].

1.Small molecule inhibitors
1.1-Tyrosine Kinase Inhibitors
Carcinogenesis involves multiple signaling pathways, among which the tyrosine kinase pathway plays a pivotal role. TKIs inhibit aberrant phosphorylation processes that drive malignant cell growth. However, kinases are not restricted to tumor biology—they are also central regulators of vascular tone, myocardial contractility, metabolic homeostasis, and endothelial repair. Thus, interference with these physiological pathways may explain the cardiovascular toxicities observed with TKIs.
1.1.1 - Vascular endothelial growth factor  (VEGF) inhibitors 
VEGF signaling is essential for angiogenesis and vascular integrity. Inhibition of this pathway with oral multi-target TKIs such as sorafenib and sunitinib effectively suppresses tumor vascularization but also impairs endothelial repair and nitric oxide–mediated vasodilation.

Hypertension is the most frequently reported adverse event, sometimes occurring early after initiation of therapy. The ESC guidelines recommend baseline cardiovascular risk assessment including history, physical exam, blood pressure measurement, and ECG with QTcF evaluation prior to treatment [3] [6].
Risk is heightened in patients with pre-existing cardiovascular disease, advanced age, smoking, hyperlipidemia, or prior cardiotoxic chemotherapy such as anthracyclines[7]. Other complications include atrial fibrillation [8], acute arterial syndromes (aortic dissection, myocardial infarction, stroke, arterial thrombosis, vasospasm), and venous thromboembolism (VTE) [9]. Notably, a Danish healthcare-based study showed that patients with cancer and CHA₂DS₂-VASc scores of 0–1 still had an unexpectedly higher 2-year risk of stroke or thromboembolism compared with non-cancer controls [10], underscoring the additive effect of malignancy and VEGF inhibition on thromboembolic risk.
1.1.2- Epidermal growth factor receptor (EGFR) inhibitors
EGFR inhibitors have become a mainstay in non small cell lung cancer. While generally well tolerated, they have been associated with QT prolongation, heart failure, and ischemic events. In the cohort studied by Kunimasa et al., cardiac adverse events occurred in 4.9% of patients consistent with FDA pharmacovigilance data but lower than in some retrospective series[11]. Importantly, most affected patients had pre-existing cardiovascular risk factors, suggesting that EGFR inhibitors may exacerbate latent cardiac vulnerability rather than induce de novo cardiotoxicity.
1.1.3- The rapidly accelerated fibrosarcoma (RAF) inhibitors
RAF inhibitors, such as vemurafenib, dabrafenib, and encorafenib, are indicated in BRAF V600–mutated melanoma. Their cardiovascular adverse events include hypertension, pulmonary embolism, and QTc prolongation[3]. Although less frequent than with VEGF inhibitors, their cardiotoxicity profile justifies baseline and periodic ECG and cardiovascular assessment.
1.2- Cyclin-Dependent Kinase 4 and 6 (CDK4/6) inhibitors

CDK4/6 inhibitors (palbociclib, ribociclib, abemaciclib) have reshaped the management of hormone receptor–positive/HER2-negative breast cancer. Ribociclib in particular has been associated with QTc prolongation, observed in randomized trials. Fortunately, these changes were reversible and manageable with treatment interruption or dose reduction[3].
Monitoring with baseline and on-treatment ECGs (QTcF) is essential. If significant prolongation occurs, therapy adjustment and cardiology consultation are required.
2-Monoclonal antibodies
2.1 Trastuzumab 
Monoclonal antibodies targeting the human epidermal growth factor receptor 2 (HER2), such as Trastuzumab is one of the most widely used targeted therapy. In HER2-positive breast cancer, the overexpression of the HER2 receptor leads to uncontrolled cell growth. Targeted therapies such as Trastuzumab are designed to specifically inhibit the HER2 receptor . This approach has revolutionized the treatment of HER2-positive breast cancer, leading to significantly improved outcomes and quality of life for patients[12].
[bookmark: _Hlk209361311]The HER2 pathway is not limited to cancer cells alone; it also has a significant presence in cardiomyocytes [9]. In some stressful circumstances, such as those encountered during cardiac injury or periods of increased workload on the heart, cardiomyocytes rely on the HER2 pathway for their survival [9]. HER2 signaling in cardiomyocytes can help protect the heart against damage and maintain its function under challenging conditions.
However, the duality of HER2 in both cancer cells and cardiomyocytes has important implications for individuals undergoing Anti-HER2 therapy. While these therapies are designed to target and inhibit the HER2 pathway in cancer cells, they can inadvertently affect the HER2 signaling in cardiomyocytes as well. This interference can disrupt the protective mechanisms that cardiomyocytes rely on during cardiac stress, potentially leading to cardiotoxicity, or damage to the heart muscle[12]
The effectiveness of primary prevention strategies to protect against cardiac dysfunction in patients receiving anti-HER2 therapies, likeTrastuzumab, is not universally clear. While some studies have shown the benefits of using medications like Angiotensin-Converting Enzyme inhibitors, Angiotensin II Receptor Blockers, and beta-blockers, others have yielded mixed or inconclusive results, even after extended follow-up[3].
To aid in better risk stratification, the ESC proposes the use of the HFA ICOS score that was already published in 2022. It has a level of recommendation of IIA. Then, we can classify patients according to this score into 3 categories: low-risk patients, intermediate-risk patients, and high or very high-risk patients.
For inhibitors HER2 pathway, their risk stratification is almost similar to anthracyclines with some specificities. We will add cardiovascular history adverse events and arrhythmia as moderate risks, counted as 2 points[12]. For oncological history, we will include prior exposure to Trastuzumab as a very high-risk factor. 
The monitoring protocol depends on calculated risk of cardiotoxicity.
The cardiotoxicity strategy for anti-HER2 therapies, as clarified by the ESC schema, includes baseline cardiac assessments, regular monitoring, early detection, potential dose adjustments, and the use of cardioprotective medications. Collaboration between oncologists and cardiologists is essential, and patients are educated about cardiac risks and symptoms. 
2.2 Bevacizumab
Antiangiogenic therapies focus on the Vascular Endothelial Growth Factor (VEGF) pathway. By inhibiting this pathway, therapies like Bevacizumab limit the formation of new vessels. Bevacizumab is a monoclonal antibody targeting vascular endothelial growth factor (VEGF) and was the first anti-angiogenic agent approved by the US Food and Drug Administration (FDA), in combination with fluorouracil-based chemotherapy, for the first-line treatment of metastatic colorectal adenocarcinoma[13]. By inhibiting the protective effects of VEGF on the endothelium, Bevacizumab may impair endothelial cell regeneration and cause subsequent endothelial damage[14]. Clinical trials have demonstrated that Bevacizumab therapy might have  several severe adverse events like arterial thromboembolism and hypertension[15]. In a study published in 2023, hypertension was the most common adverse event, reported in 38 of 418 patients (9.1%), followed by thromboembolism in 27 patients (6.5%)[16].

Conclusion
In the era of targeted therapies, cardiotoxicity represents a major clinical challenge that demands constant vigilance, individualized risk stratification, and the tailoring of treatment strategies through a multidisciplinary lens. The convergence of oncology and cardiology in this field has given rise to the discipline of cardio-oncology, which emphasizes the importance of collaboration between oncologists, cardiologists, radiologists, and specialized nursing staff to optimize patient outcomes.
Management strategies rely on a structured framework that includes:
- Baseline cardiovascular evaluation, encompassing medical history, risk factor assessment, biomarkers (e.g., troponin, natriuretic peptides), and imaging (echocardiography with strain analysis when available).
- Regular cardiac monitoring during therapy, with frequency guided by baseline risk and type of agent administered.
- Early recognition of warning signs, such as rising cardiac biomarkers, asymptomatic decline in left ventricular ejection fraction (LVEF), or subtle ECG abnormalities, which often precede overt heart failure.
- Prompt intervention with cardioprotective agents—including ACE inhibitors/ARBs, beta-blockers, and mineralocorticoid receptor antagonists—can mitigate or even reverse cardiac dysfunction if instituted early.
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