


Targeted Therapies: Enhancing Survival with Unwanted Cardiovascular Effects

Abstract
Cardiotoxicity is an increasingly recognized concern in the realm of cancer treatment, particularly in the context of targeted therapies. These therapies, while offering remarkable precision in attacking specific molecular targets in cancer cells, may inadvertently affect cardiovascular health. This abstract provides an overview of cardiotoxicity associated with targeted therapy, emphasizing its mechanisms, risk factors, and management.
The mechanisms of cardiotoxicity in targeted therapy are multifaceted, often involving interference with essential signaling pathways or cellular functions. These unintended effects can manifest as various cardiovascular issues, including heart dysfunction, arrhythmias, hypertension, and thromboembolic events. While the overall incidence of cardiotoxicity remains lower than that associated with traditional chemotherapy, the diversity of targeted therapies and the unique patient profiles they cater to underscore the importance of tailored monitoring and intervention strategies.
Risk factors for cardiotoxicity in targeted therapy encompass patient-specific factors, such as preexisting cardiovascular conditions and genetic susceptibilities. Additionally, the choice of targeted therapy and its mechanism of action play a significant role. For instance, therapies targeting the HER2 pathway, which is also vital for cardiomyocyte survival, may carry a heightened risk of cardiotoxicity.
The effective management of cardiotoxicity requires a multidisciplinary approach that integrates oncologists, cardiologists, and specialized cardio-oncology units. Regular cardiac monitoring, risk assessment, and the prompt recognition of warning signs are crucial. When cardiotoxicity is detected, tailored intervention, ranging from treatment adjustments to the use of cardio-protective agents, may mitigate or even reverse cardiovascular damage.
As targeted therapies continue to redefine cancer treatment, vigilance regarding cardiotoxicity is paramount. A comprehensive understanding of the mechanisms, risk factors, and management strategies enables healthcare providers to optimize cancer treatment while safeguarding cardiovascular health. Collaborative efforts between oncology and cardiology are pivotal in balancing the benefits of targeted therapy with the potential cardiotoxicity risks, offering patients the best possible care in their battle against cancer.


Introduction
Cancer remains an enduring global healh issue, affecting countless lives around the world [1]. Advancements in anti-cancer therapies have significantly improved the outlook for many patients. These treatments have offered hope by extending survival rates and the potential for an improved quality of life [2]. Nevertheless, as the advantages of targeted cancer therapies become increasingly evident, so do their potential downsides. Among these concerns, the cardiotoxicity of certain anti-cancer therapies has emerged as a significant problem, potentially undermining the overall well-being of patients [3].
In this article, we delve into the intricate realm of cardiotoxicity associated with targeted cancer therapies. We explore how these life-saving treatments, while invaluable in the fight against cancer, can lead to unintended and undesirable cardiovascular effects. Building upon the most recent recommendations from the European Society of Cardiology (ESC) in 2022 [4], we shed light on the structured strategies for addressing these cardio-oncological challenges.
The emergence of specialized Cardio-Oncology Units underscores the increasing importance of tackling this issue [5]. These dedicated units adopt a multifaceted approach, aiming to prevent, detect, treat, and monitor the cardiovascular complications that may arise from anti-cancer therapies. By bridging the divide between oncology and cardiology, they offer a ray of hope to patients striving to conquer cancer without compromising their heart health [6].

Targeted therapies signify a profound paradigm shift in anticancer treatments. Differentiated from the conventional triumvirate of chemotherapy, hormonotherapy, and immunotherapy, targeted therapies emerge as the fourth essential pillar in the fight against cancer. In contrast to the broad approaches of chemotherapy and immunotherapy, targeted therapies focus on the specific molecular or genetic alterations within cancer cells that propel their growth and proliferation [15,16]. By precisely targeting these aberrant mechanisms, they aim to disrupt the cancer's ability to thrive, all while minimizing harm to healthy cells. Hormonotherapy, on the other hand, primarily targets hormone-sensitive cancers by modifying hormonal signals that fuel tumor growth. Each of these therapies contributes significantly to the diverse arsenal available to oncologists, providing tailored approaches that promise improved efficacy and reduced side effects, ultimately enhancing the chances of successful cancer management [17,18].
The multifaceted approach of targeted therapy in cancer treatment relies on its ability to pinpoint specific targets for disruption [7]. This approach reflects the evolution of medical science, acknowledging that a one-size-fits-all strategy is inadequate in the realm of oncology. By honing in on distinct aspects of cancer biology, targeted therapies offer tailored, precise solutions that hold the potential to revolutionize the fight against cancer.
Firstly, there's what we commonly refer to as target therapy proper. In this approach, the focus is on cell signaling pathways crucial for cancer cell growth and survival. By identifying and targeting these specific pathways, target therapy disrupts the signals that promote cancer cell proliferation, effectively putting the brakes on cancer's ability to perpetuate itself.
Secondly, immune checkpoint inhibitors represent a unique approach that doesn't directly target cancer cells; instead, they modulate the immune system [8]. By releasing the "brakes" that impede the immune system's ability to recognize and combat cancer cells, immune checkpoint inhibitors empower the body's natural defenses to work more effectively. This breakthrough has led to remarkable successes in immunotherapy, with some patients experiencing remarkable recoveries and long-term remission [9,19].
Lastly, antiangiogenic therapy explores a different facet of cancer biology, targeting neoangiogenesis—the formation of new blood vessels that supply tumors with nutrients and oxygen [9,20]. By intervening in this process and inhibiting the creation of these essential blood vessels, antiangiogenic therapies effectively starve tumors of their lifelines. This results in a slowdown in tumor growth and metastasis, offering a novel way to curtail cancer's expansion [9].

How it functions?
In the intricate landscape of cancer treatment, targeted therapies have emerged as a multifaceted approach to tackling the disease at its core. Unlike traditional therapies such as chemotherapy, which broadly affect both healthy and cancerous cells, targeted therapies are designed to pinpoint specific signaling pathways and molecular targets responsible for the growth and proliferation of cancer cells. At the heart of targeted therapies is their focus on precision. Unlike the 'one-size-fits-all' approach of chemotherapy, these therapies take into account the unique genetic and molecular characteristics of each patient's cancer. They are like finely tuned instruments that can recognize and disrupt specific signals within cancer cells [10]. By interfering with these essential pathways, targeted therapies effectively halt the progression of the disease, while preserving healthy cells.
The HER2 pathway is one of the most celebrated examples of targeted therapy. In HER2-positive breast cancer, the overexpression of the HER2 receptor leads to uncontrolled cell growth. Targeted therapies such as trastuzumab (Herceptin®) are designed to specifically inhibit the HER2 receptor, thereby slowing or even halting the growth of HER2-positive breast cancer cells. This approach has revolutionized the treatment of HER2-positive breast cancer, leading to significantly improved outcomes and quality of life for patients [11].
The mechanisms underlying targeted therapy are remarkably diverse, reflecting the intricate molecular landscape of cancer cells [10]. At the core of this approach lies the precise identification of signaling pathways, genetic mutations, or specific molecular targets that are instrumental in promoting cancer cell growth and proliferation [10]. This knowledge allows researchers and clinicians to design therapies that specifically interfere with these cancer-driving mechanisms.
One key facet of targeted therapy involves the use of monoclonal antibodies that can bind to either cell surface receptors or ligands. These antibodies can either block receptor activity or serve as agonists to stimulate signaling pathways, depending on the intended therapeutic effect. For example, in the case of receptor-blocking antibodies, they can attach to receptors, preventing them from receiving growth signals and thereby inhibiting cell growth. In contrast, other antibodies may act as receptor agonists, mimicking the signals that would typically bind to a receptor, thereby initiating specific pathways that encourage cell death or inhibit cell proliferation.
In addition to receptor-based antibodies, there are also tyrosine kinase inhibitors (TKIs) that are essential in targeting cancerous growth. These small molecules can block specific intracellular kinases responsible for transmitting signals within the cell, ultimately leading to the inhibition of cell division and growth.
The HER2 pathway, which plays a crucial role in certain cancer types, is not limited to cancer cells alone; it also has a significant presence in cardiomyocytes [12]. 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 [12]. 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.
Cardiotoxicity is a significant concern in cancer treatment, particularly when using Anti-HER2 therapies, as it can result in adverse cardiac effects, such as heart dysfunction or heart failure [13]. Therefore, monitoring and managing the cardiovascular health of patients receiving Anti-HER2 therapy is crucial to strike a balance between effectively treating cancer and safeguarding the heart's well-being. This dual role of the HER2 pathway highlights the intricate challenge of developing targeted therapies that selectively affect cancer cells while sparing essential functions in healthy tissues like the heart.
Cardiac dysfunction is a common complication associated with anti-HER2 therapies, such as trastuzumab. It falls into two categories: symptomatic and asymptomatic. Symptomatic cardiac dysfunction presents with noticeable symptoms like shortness of breath, while asymptomatic cardiac dysfunction is detected through tests before symptoms appear.
Early detection and monitoring are vital to manage this side effect, allowing for potential adjustments in the treatment plan to strike a balance between effective cancer therapy and maintaining cardiac health.
The effectiveness of primary prevention strategies to protect against cardiac dysfunction in patients receiving anti-HER2 therapies, like trastuzumab, is not universally clear. While some studies have shown the benefits of using medications like ACE inhibitors, ARBs, and beta-blockers, others have yielded mixed or inconclusive results, even after extended follow-up.
To aid in better risk stratification, which is also the real novelty of these recommendations, the ESC proposes the use of a new score that was already published in 2022, it's the HFA ICOS score. It has a level of recommendation of IIA, and it's widely used everywhere. 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 [13]. For oncological history, we will include prior exposure to trastuzumab as a very high-risk factor. And for patients who received anthracyclines during their current treatment before anti-HER2 therapy, we will consider it as a moderate risk factor, counted as 1 point.
The monitoring protocol depends on calculated risk of cardiotoxicity.
The cardiotoxicity strategy for anti-HER2 therapies, as clarified by the European Society of Cardiology (ESC) schema, encompasses baseline cardiac assessments, regular monitoring, early detection, potential dose adjustments, and the use of cardioprotective medications [13]. Collaboration between oncologists and cardiologists is essential, and patients are educated about cardiac risks and symptoms. This approach is highly individualized to balance the benefits of anti-HER2 treatment with minimizing cardiac risks. Ongoing research aims to improve cardioprotective strategies and medications.
The world of targeted therapies is not limited to the HER2 pathway; it extends to a vast array of signaling pathways and molecular targets [8]. The diversity of these therapies underscores their adaptability and potential to address a wide range of cancer types. Let's explore some of the key players in this realm.
EGFR Pathway: The Epidermal Growth Factor Receptor (EGFR) pathway is a common target in the treatment of lung, colorectal, and pancreatic cancers. Inhibitors like gefitinib and erlotinib disrupt EGFR signaling, impeding cancer cell growth and division.
BRAF Pathway: Targeting the BRAF pathway has shown promise in the treatment of melanoma, with drugs like vemurafenib effectively blocking the mutated BRAF protein's activity.
mTOR Pathway: The mammalian Target of Rapamycin (mTOR) pathway is implicated in various cancers, and mTOR inhibitors like everolimus are employed to hinder its activity. Each of these targeted therapies highlights the adaptability of this approach and the potential to tailor treatment to the specific characteristics of a patient's cancer. By delving into various signaling pathways, researchers and clinicians continue to expand the repertoire of targeted therapies, offering renewed hope and improved outcomes for patients facing a wide array of cancer types.
Antiangiogenic therapy
Antiangiogenic Therapy: Antiangiogenic therapies focus on the Vascular Endothelial Growth Factor Receptor (VEGFR) pathway. By inhibiting this pathway, therapies like bevacizumab (Avastin) limit the formation of new blood vessels, effectively starving tumors of their blood supply [3].
Cardiotoxicity Effects of Antiangiogenic Therapy: Considerations and Monitoring: Antiangiogenic therapy has revolutionized cancer treatment by targeting the formation of new blood vessels that supply tumors, thereby impeding cancer growth. However, this groundbreaking approach is not without its potential cardiotoxicity effects, and it's vital for healthcare providers to consider and monitor these impacts in cancer patients.
High Blood Pressure: A Class Effect: One of the most well-recognized side effects of antiangiogenic therapy is the development of high blood pressure or hypertension. This is considered a class effect, which means it is a common occurrence across various antiangiogenic drugs [3]. The mechanism underlying this effect is the inhibition of angiogenesis, which results in blood vessel constriction and, consequently, elevated blood pressure. Given that hypertension is a known risk factor for cardiovascular diseases, its management and monitoring are of paramount importance in patients undergoing antiangiogenic therapy.
Venous Thromboembolism (VTE): A Specific Concern: While high blood pressure is a common class effect, some antiangiogenic drugs carry additional specific cardiotoxicity risks. One of these is the potential for venous thromboembolism (VTE) [14]. VTE encompasses conditions like deep vein thrombosis (DVT) and pulmonary embolism (PE). Some antiangiogenic therapies have been associated with an increased risk of VTE. This risk necessitates vigilant monitoring, preventive measures, and prompt intervention to mitigate the potential harm to patients' cardiovascular health.
QTc Interval Prolongation: A Cardiac Rhythm Concern: Another specific consideration pertains to the prolongation of the QTc interval, a measure of cardiac rhythm. Some antiangiogenic drugs may interfere with the electrical activity of the heart, leading to QTc interval prolongation. This can predispose patients to potentially life-threatening cardiac arrhythmias. Monitoring of the QTc interval through electrocardiograms and adjusting treatment if necessary is essential in patients receiving these drugs.
To navigate the cardiotoxicity effects of antiangiogenic therapy, healthcare providers must adopt a comprehensive and multidisciplinary approach. This includes baseline cardiac assessments, vigilant blood pressure monitoring, and close scrutiny for any signs or symptoms of VTE or cardiac rhythm disturbances. The benefits of antiangiogenic therapy in the fight against cancer are undeniable, but they must be weighed against the potential cardiovascular risks. By carefully assessing and monitoring these risks, healthcare teams can optimize the overall health and well-being of patients and ensure that the advantages of these innovative therapies are maximized while minimizing their potential downsides.
Immunotherapy: Checkpoint inhibitors such as pembrolizumab and nivolumab target the PD-1/PD-L1 pathway. They unleash the immune system's potential by blocking the checkpoints that cancer cells use to evade immune detection.
Cardiotoxicity Effects of Immunotherapy: Myocarditis as a Rare but Serious Complication: In the evolving landscape of cancer treatment, immunotherapy has emerged as a groundbreaking approach that harnesses the power of the immune system to combat cancer [11]. However, along with its remarkable potential for cancer control, immunotherapy brings to the forefront a unique and rare cardiotoxicity concern, namely myocarditis.
Immune Checkpoint Inhibitors (ICIs): Unintended Consequences: Myocarditis is a condition characterized by inflammation of the heart muscle, and it is recognized as a rare but serious complication associated with immune checkpoint inhibitors (ICIs) [2]. ICIs are a class of immunotherapy designed to enhance the immune system's response against cancer cells by blocking immune checkpoints. While the intended goal of ICIs is to activate the immune system in its fight against cancer, this immune enhancement can sometimes have unintended consequences. An overactive immune response, triggered by ICIs, can lead to collateral damage, affecting not only cancer cells but also healthy tissues, including the heart.
Myocarditis: A Significant Concern: Myocarditis is a significant concern due to its potential to result in heart dysfunction and, in severe cases, life-threatening complications. Inflammation of the heart muscle can weaken its pumping ability, leading to symptoms such as chest pain, shortness of breath, irregular heartbeats, and fatigue. In some instances, myocarditis can progress rapidly and even lead to heart failure or fatal arrhythmias.
Vigilant Monitoring and Timely Intervention: Given the potentially grave consequences of myocarditis, patients receiving ICIs are closely monitored for signs and symptoms of this condition. This surveillance involves regular cardiac assessments, including electrocardiograms (ECGs) and echocardiograms. Importantly, patients are educated on the warning signs of myocarditis, enabling them to seek prompt medical attention if any concerning symptoms manifest.
Managing and Reversing Myocarditis: Timely diagnosis and intervention are essential for managing myocarditis associated with immunotherapy. If myocarditis is suspected, treatment strategies may include discontinuing ICIs, initiating immunosuppressive therapies, and providing supportive care to stabilize heart function. With timely and appropriate management, myocarditis may be reversible, and patients can recover cardiac function.
In conclusion, while immunotherapy offers immense promise in the field of cancer treatment, its cardiotoxicity effects, such as myocarditis, underscore the importance of a comprehensive and vigilant approach. It serves as a poignant reminder of the delicate balance between activating the immune system to target cancer cells and protecting healthy tissues, especially the heart. With ongoing research and improved monitoring, the medical community continues to refine strategies for safely harnessing the power of immunotherapy, minimizing cardiotoxicity risks, and optimizing patient outcomes.
The landscape of cancer treatment has been reshaped by the advent of targeted therapies, offering precision and efficacy in the fight against this relentless disease. However, as these innovative treatments evolve, so does the recognition of their cardiotoxicity effects, underlining the intricate balance between therapeutic benefits and potential cardiac risks. The conclusion drawn from our exploration of this intricate interplay is that a comprehensive, multidisciplinary approach is imperative in navigating the complex terrain of cardiotoxicity.
Cardiotoxicity in targeted therapy is not uniform; rather, it encompasses a spectrum of mechanisms, risk factors, and clinical manifestations. The potential disruption of signaling pathways, the impact on cardiomyocyte survival, and the development of conditions like hypertension, thromboembolism, or arrhythmias highlight the multifaceted nature of this challenge. While the overall incidence of cardiotoxicity in targeted therapy remains lower than that associated with traditional chemotherapy, it remains an important consideration due to its wide range of implications on cardiovascular health.
Recognizing the risk factors for cardiotoxicity is critical. Patient-specific factors, such as underlying cardiovascular conditions and genetic susceptibilities, come into play, along with the specific targeted therapy being administered. Certain drugs targeting essential cellular functions and pathways, like the HER2 pathway, may carry heightened risk due to their dual role in both cancer and cardiomyocyte biology.
The management of cardiotoxicity is where the fields of oncology and cardiology converge. Regular cardiac monitoring, early detection of warning signs, and prompt intervention are cornerstones of mitigating and potentially reversing cardiovascular damage. A close collaborative effort between healthcare providers and specialized cardio-oncology units is essential in this endeavor.
In the era of targeted therapy, cardiotoxicity is a challenge that underscores the need for constant vigilance, patient-specific risk assessment, and the tailoring of treatment strategies. It serves as a reminder of the intricate balance required to optimize the therapeutic benefits of targeted therapy while safeguarding cardiovascular health. By navigating this challenge with a multidisciplinary approach and continued research, the medical community can continue to refine strategies, ensuring that patients facing cancer receive the best possible care in their battle against this formidable disease. Cardiotoxicity, although complex, is a challenge that, when met with diligence, is one that can be managed effectively, benefiting patients and advancing the field of oncology.
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