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Abstract

Cancer and cardiovascular disease are the leading causes of mortality worldwide,
and advancements in cancer therapy have significantly improved patient survival.
However, many anticancer treatments including chemotherapy, radiotherapy,
targeted therapies, and immune checkpoint inhibitors are associated with a wide
range of cardiovascular toxicities such as heart failure, coronary artery disease,
myocarditis, arrhythmias, and venous thromboembolism. Biomarkers have
emerged as valuable tools in the diagnosis, risk stratification, and monitoring of
cardiovascular disease in cancer patients. Established biomarkers such as cardiac
troponins and natriuretic peptides (BNP and NT-proBNP) play a key role in
identifying myocardial injury and cardiac dysfunction. Additionally, D-dimer is
widely used in the assessment of thrombotic risk. This review summarizes the
current understanding of cardiovascular biomarkers in the context of cancer
therapy-induced cardiotoxicity, highlighting their role in heart failure, acute
coronary syndromes, myocarditis, and venous thromboembolism.
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1. Introduction

Cancer and cardiovascular (CV) disease continue to be the two leading causes of death in Western populations. Substantial
progress in cancer treatment has significantly prolonged long-term survival of cancer patients in the past several decades [1].
Cardiac dysfunction due to cancer therapy preventable with treatments whether traditional or new, cancer treatments have
promised, and delivered on, life and limb, though an unprecedented milieu of cardiotoxicity. These CV adverse effects could
be attributed to radiotherapy, cytotoxic agents as well as to the newer modalities, that is, molecularly targeted therapies and
immune checkpoint inhibitors. The clinical presentations are of heart failure, CAD, ACS, myocarditis, VTE, valvular defects,
and arrhythmias [2]. Cardiac toxicity associated with cancer treatment is considered particularly unpredictable with the advent
of new therapeutic tools. Cardio-oncology branch of medicine aimed at enhancing better evaluation, diagnosis and treatment
of cancer treatment-induced cardiovascular complications. Tailored diagnostic pathways are necessary for optimal risk
stratification, patient management, and long-term follow-up. Despite the fact that biomarkers are commonly used in the
diagnosis of acute and chronic cardiac diseases, the early detection and monitoring of CTIC based on biomarkers is to date
not well established and seems to be more complex than in primary cardiovascular disease [3]. The aim of this review is to
summarize the present knowledge, clinical implication, and future direction of the use of the biomarkers for diagnosis and
management of cardiovascular side effects of cancer treatment.

2. Biomarkers in Cardiovascular Risk Assessment

Biomarkers play a crucial role in the diagnosis and treatment of cardiovascular diseases. Brain natriuretic peptide (BNP) and
its N-terminal pro-BNP (NT-proBNP) are established biomarkers for heart failure (HF) diagnosis [4]. BNP is synthesized
and secreted by heart muscle cells in response to elevated transmural pressure or activation of neurohumoral pathways, both
of which are influenced by noradrenaline and angiotensin II . Synthesized initially as preproBNP, it is subject to proteolysis
of a 25-amino acid peptide to become proBNP and is stored in intracellular vesicles [5]. Once activated, proBNP is cleaved
into active BNP and inactive NT-proBNP. Peptides are released in equimolar amounts, with BNP having a half-life of about
20 min and NT-proBNP a much longer half-life of around 120 min, resulting in circulating NT-proBNP levels being
maintained at 4 to 6-fold greater concentrations than BNP. BNP is bioactive and has an important role in reducing cardiac
preload and afterload by elevation of glomerular filtration rate (GFR) and vasodilation [6]. Furthermore, BNP also stands in
as an inhibitor of deleterious myocardial remodeling, acting in opposition to the maladaptive neurohumoral systems of heart
failure. Both BNP and NT-proBNP are very sensitive indices of heart failure, but lack specificity for diagnosis. The lower
diagnostic cutoff for BNP is 35 ng/mL, while for NT-proBNP it is 125 ng/mL, with negative predictive values for heart failure
ranging from 0.94 to 0.98 and positive predictive values ranging from 0.44 to 0.57. According to the guidelines of the
European Society of Cardiology (ESC) and the American Heart Association (AHA), measurement of BNP/NT-proBNP is
considered a key diagnostic criterion for heart failure. Moreover, BNP screening in individuals at risk of heart failure may be
valuable for early intervention to prevent disease progression. The role of BNP/NT-proBNP in guiding therapy for patients
with established heart failure remains a topic of debate [7].

Various conditions, especially renal failure, can result in elevated levels of natriuretic peptides. BNP and NT-proBNP are
cleared from the plasma via different mechanisms. BNP binds to its receptors, where it is either cleaved by an endopeptidase
or excreted through the kidneys. In contrast, NT-proBNP is completely excreted by the kidneys [8]. Although both peptides
are elevated in renal insufficiency, the ratio of NT-proBNP to BNP inversely correlates with the estimated glomerular filtration
rate (GFR). As a result, BNP and NT-proBNP levels must always be interpreted with consideration of the patient's renal
function as indicated by GFR. Additionally, factors such as age, female sex, hypertension, atrial fibrillation, and diabetes
mellitus are associated with higher BNP/NT-proBNP levels [9]. In cancer patients and those undergoing cancer therapy,
anemia and fluid status are particularly influential in affecting natriuretic peptide concentrations. Interestingly, obesity is
linked to reduced BNP levels. In individuals with a body mass index (BMI) above 30 kg/m?, baseline BNP concentrations
were approximately half of those observed in controls with a BMI below 25 kg/m?2. This phenomenon may be attributed to a
higher glomerular filtration rate (GFR) in obese patients, as well as a decrease in circulating BNP, potentially due to increased
binding of BNP by adipocytes [10].
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Cardiac troponin serves as the primary biomarker for diagnosing acute myocardial infarction, owing to its exceptional
specificity and sensitivity. The troponin complex, which includes troponin C, troponin I, and troponin T, is associated with
tropomyosin in the cardiomyocyte's contractile apparatus. Troponin C binds to intracellular calcium, causing a
conformational shift that displaces tropomyosin from the myosin-binding site, enabling myosin to interact with actin and
trigger contraction in cardiomyocytes [11]. When myocardial cells are damaged, the levels of troponin I and T in the blood
rise, typically peaking around 12 hours following myocardial injury. For patients suspected of having non-ST-elevation acute
coronary syndrome (NSTE-ACS), elevated high-sensitivity cardiac troponin levels, either at admission or on re-testing, above
the 99th percentile of healthy individuals, confirm myocardial infarction as shown in Fig 1 [12]. Over the past decade,
troponin detection assays have been optimized, including the advent of high- and ultra-sensitive troponin tests. As a result,
the time needed to diagnose an acute myocardial infarction has been reduced to a maximum of 3 hours, in line with ESC and
AHA guidelines. Multiple prospective studies have demonstrated that high-sensitivity troponin I levels measured 1 hour after
symptom onset have a negative predictive value exceeding 99%. Troponin levels may remain persistently elevated in several
chronic cardiovascular conditions, including heart failure, stable coronary artery disease (CAD), and chronic kidney disease
[13]. In these patient groups, elevated troponin serves as an independent indicator of increased mortality risk and should
prompt comprehensive cardiovascular follow-up. Although values exceeding the 99th percentile are traditionally used for
diagnosis and prognostication, recent studies highlight the significance of even lower detectable troponin levels. Specifically,
in patients presenting with acute chest pain, any measurable troponin T below the 99th percentile was associated with a
twofold increase in all-cause mortality, along with heightened cardiovascular and non-cardiovascular death rates [14].

Overall, the use of biomarkers has significantly enhanced the diagnosis and prognosis of cardiovascular diseases, contributing
to better patient management and outcomes.

Integrated Biomarker Network in Cancer Therapy-Induced Cardiotoxicity
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Fig.1 Integrated Biomarker Network in Cancer Therapy—Induced Cardiotoxicity
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2.1Heart failure

Both cancer and cancer treatments contribute to cardiovascular disease in cancer patients. Comorbidities such as severe
infections, anemia, and thrombocytopenia can further impact patient outcomes. Heart failure is the most common type of
cancer therapy-induced cardiotoxicity [15]. Left ventricular (LV) dysfunction and heart failure can result from radiotherapy,
cytotoxic chemotherapy, molecularly targeted inhibitors, and antibodies that target signal transduction pathways.
Anthracyclines are responsible for the majority of both subclinical and clinical LV dysfunction. The underlying mechanisms
are complex [16].

On average, 18-48% of patient’s exhibit signs of left ventricular (LV) dysfunction after receiving high cumulative doses of
anthracycline therapy (e.g., doxorubicin 700 mg/m?). The cardiotoxic effects of anthracyclines can be further exacerbated
when combined with chest/mediastinal radiation or HER-2 inhibitors (e.g., trastuzumab), which are commonly used in breast
and gastric cancer treatments [17]. Risk factors for developing anthracycline-induced cardiotoxicity include cumulative dose,
intravenous bolus administration, female sex, hypertension, diabetes mellitus, and pre-existing cardiovascular disease. In a
prospective study involving 2,625 patients who received anthracycline-based chemotherapy, the median time from
chemotherapy completion to the development of cardiotoxicity was 3.6 months, with only 11% of patients fully recovering.
A matched-control study found echocardiographic cardiac abnormalities in 30% of long-term survivors of childhood acute
lymphoblastic leukemia (ALL) who had received anthracycline therapy, with a median follow-up time of 13.3 years. Several
studies suggest that conventional heart failure therapies, such as B-blockers and angiotensin-receptor blockers (AT1 blockers),
may have both prophylactic and therapeutic effects in patients with anthracycline-induced heart failure. Early diagnosis is
therefore critical [18].

Several common cancer drugs have been linked to the development of heart failure, including alkylating agents like
cyclophosphamide and ifosfamide. Heart failure can occur acutely, within three weeks of therapy, in up to 28% of patients,
and may be associated with high mortality (4,5,44,45). Additionally, molecularly targeted therapies can exhibit significant
cardiotoxicity (46-50). For instance, the proteasome inhibitor carfilzomib, used in multiple myeloma treatment, caused LV
dysfunction in 4%, hypertension in 12%, and peripheral edema in up to 25% in a dose-dependent manner [19]. The complete
list of cancer drugs associated with LV dysfunction is extensive and beyond the scope of this review. Biomarkers have become
essential tools for evaluating cancer therapy-induced heart failure, with troponin and BNP/NT-proBNP being the most studied
biomarkers in both retrospective and prospective cardiotoxicity studies [20].

2.1.1 Natriuretic Peptides

Anthracyclines and many other cancer therapies can induce chronic heart failure. However, the relationship between serum
BNP levels and chronic cardiotoxicity remains inconsistent in observational and experimental studies. A recent meta-analysis
of eight independent case-control studies involving 695 anthracycline-treated patients showed a small but statistically
significant correlation between the onset of anthracycline-induced cardiotoxicity and post-treatment BNP levels [21]. This
correlation was more pronounced in Asian populations compared to European cohorts. In a prospective study of cancer
patients, NT-proBNP was found to be a predictor of all-cause mortality. However, two other studies did not show an
association between plasma NT-proBNP levels and the development of LV dysfunction or manifest heart failure [22].
Children undergoing cytotoxic cancer therapy are at high risk for developing LV dysfunction. In a randomized controlled
study, 205 children with high-risk acute lymphoblastic leukemia (ALL) were either treated with doxorubicin alone or with
doxorubicin plus the cardioprotective agent dexrazoxane [23]. Children treated with doxorubicin alone showed a higher
frequency of elevated NT-proBNP compared to those treated with both doxorubicin and dexrazoxane. Serum troponin T was
elevated in 47% of children treated with doxorubicin alone, compared to 13% in the dexrazoxane group, and was associated
with a decreased LV ejection fraction (LVEF) after 90 days. In children with hematologic malignancies treated with
anthracyclines, the role of angiotensin-converting enzyme inhibitors (ACE inhibitors) was explored in a double-blind,
prospective trial. After six months, NT-proBNP levels in placebo-treated patients increased from a baseline of <5 ng/mL to
98.6 ng/mL. In contrast, children treated with enalapril had a 50% lower NT-proBNP level of 49.6 ng/mL, along with higher

LVEF. These findings suggest that BNP plays a role in monitoring cardioprotective therapy in children receiving
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anthracycline-based chemotherapy [24]. Two studies investigating plasma BNP/NT-proBNP in long-term survivors of
childhood cancer, involving a total of 206 patients, found a correlation between elevated NT-proBNP levels and cumulative
anthracycline dose, as well as with LV dysfunction. Overall, BNP/NT-proBNP levels have been associated with cancer
therapy-related chronic heart failure in both adult and pediatric cancer patients [25].

Acute heart failure induced by cancer therapy can be a life-threatening condition. High-dose cyclophosphamide is commonly
used in hematologic malignancies before bone marrow transplantation, but it can acutely cause severe heart failure with high
mortality [26]. The presence of significant comorbidities in patients undergoing high-dose chemotherapy for bone marrow
transplantation complicates both diagnosis and treatment. As a result, screening for cardiovascular risk factors and pre-
existing conditions, along with close monitoring for cardiovascular adverse events, is essential [27]. In a small cohort of
patients undergoing bone marrow transplantation, weekly BNP measurements successfully identified all patients with
therapy-related heart failure (20%), though with a specificity of 43%. The authors note that comorbidities such as anemia,
sepsis, fluid imbalance, or renal failure may reduce the diagnostic accuracy of BNP in these cases. In conclusion, BNP/NT-
proBNP monitoring is useful for detecting acute cancer therapy-induced heart failure [28].

Troponin has been investigated as a marker for manifest heart failure in both retrospective and prospective studies. In a study
involving 204 cancer patients receiving anthracycline-based or alkylating high-dose chemotherapy, elevated troponin I was
linked to a significant reduction in left ventricular ejection fraction (LVEF) after seven months [29]. In contrast, patients with
negative troponin I levels experienced only a transient and less significant reduction in LVEF. In a cohort of 211 high-risk
breast cancer patients, a correlation between elevated troponin I and LVEF reduction (12% vs. 2%) was observed over 12
months. Troponin I levels at the end of anthracycline therapy (maximum troponin I) and three months’ post-therapy were
predictive of cardiotoxicity. Trastuzumab-induced heart failure, characterized by reduced LVEF, was more frequently
observed in patients with elevated troponin I [30]. Data on repeated troponin measurements during cancer therapy are limited.
A prospective study of 703 cancer patients undergoing high-dose chemotherapy showed that sustained troponin I elevation
one month after therapy was associated with a more significant decrease in LVEF and higher rates of adverse outcomes,
including cardiac death, pulmonary edema, overt heart failure, LVEF reduction >25%, and life-threatening arrhythmias,
compared to isolated troponin I elevation immediately after therapy [31]. In a smaller prospective study, serial troponin I
measurements in breast cancer patients revealed that a faster increase in troponin I levels during chemotherapy was associated
with clinically evident heart failure or a decline in LVEF to <50% over a three-year follow-up. Recent studies indicate that
combining echocardiographic evaluation with troponin measurement may improve the prediction of cardiotoxicity. Global
longitudinal strain (GLS), increasingly used as a measure of myocardial function, was combined with troponin T
measurement to enhance sensitivity from 86% to 93% in a small group of patients treated with the anthracycline epirubicin
[32]. Either impaired GLS or elevated troponin T was associated with a 15-fold increased risk of LV dysfunction.

Troponin levels have also been shown to predict the response to heart failure therapy in cases of manifest cardiotoxicity, and
studies support the benefits of biomarker-guided therapy. In a study of 251 patients receiving trastuzumab, LVEF recovery
was less frequent in patients with elevated troponin I compared to those with normal troponin I levels (35% vs. 100%) [33].
The role of troponin | in guiding preventive therapy for cardiotoxicity has also been assessed in a cohort of 473 cancer patients
undergoing various high-dose chemotherapy regimens. A total of 114 patients (26%) with elevated peak troponin I levels
greater than 0.07 ng/mL were considered "at risk" for cardiotoxicity. These patients were randomly assigned to receive either
the ACE inhibitor enalapril or no treatment for one year. In the control group, a significant and sustained decrease in left
ventricular ejection fraction (LVEF) was observed, while LVEF remained stable in the enalapril-treated group [34]. However,
a recent prospective trial failed to show any benefit of a troponin-guided approach compared to a troponin-independent
preventive strategy using enalapril. Several recent randomized prospective studies have examined both preventive and
therapeutic interventions for cancer therapy-induced LV dysfunction. The OVERCOME trial (Prevention of Left Ventricular
Dysfunction with Enalapril and Carvedilol in Patients Undergoing Intensive Chemotherapy for Malignant Hemopathies)
evaluated the effects of enalapril and carvedilol when administered before chemotherapy over a six-month period [35]. After
six months, patients treated with enalapril and carvedilol maintained stable LVEF, whereas LVEF decreased in the control
group. Additionally, control patients experienced higher rates of combined death or heart failure. High-sensitivity troponin I
2026 The . Published by . Website: https://ijcope.org/ 5
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and BNP levels were measured before and after chemotherapy cycles. Surprisingly, both biomarkers showed no significant
differences between the intervention and control groups, and no correlation was found between LVEF and troponin [ or BNP
levels [35]. The PRADA trial (Prevention of Cardiac Dysfunction During Adjuvant Breast Cancer Therapy) focused on
preventive treatments for cardiotoxicity in 130 breast cancer patients undergoing anthracycline-based chemotherapy,
trastuzumab (22%), and radiotherapy (70%). Patients were randomly assigned to receive either candesartan, metoprolol, or a
placebo. MRI-guided LVEF assessments showed a small but statistically significant improvement in LVEF in the
candesartan-treated group (1.8% difference), while metoprolol had no effect. However, metoprolol did reduce the increase in
troponin levels in the control group, while candesartan did not. In the CECCY trial (Carvedilol for Prevention of
Chemotherapy-Related Cardiotoxicity), decreased serum troponin I levels were noted at 9 and 12 months in breast cancer
patients undergoing anthracycline and cyclophosphamide therapy who were treated with carvedilol, compared to those
receiving placebo. However, the study did not establish a connection between elevated troponin I levels and LVEF or heart
failure symptoms [36].

2.1.2 Monitoring and prevention of therapy-induced heart failure using biomarkers

For patients scheduled to undergo cardiotoxic cancer therapies, a thorough baseline evaluation is recommended. This should
include clinical examination, ECG, echocardiography with strain imaging, and measurement of cardiac biomarkers such as
troponin I/T and NT-proBNP. If baseline results reveal any abnormalities—such as an ejection fraction below 50%, impaired
global longitudinal strain (GLS), or elevated troponin or NT-proBNP levels it is advisable to initiate treatment with an ACE
inhibitor, AT1 receptor blocker, or beta-blocker [37]. Additionally, cardiovascular risk factors should be closely monitored
and managed appropriately. Lipid management, particularly dyslipidemia, is crucial. Elevated low-density lipoprotein (LDL
>100 mg/dL) has been linked to a higher incidence of heart failure in breast cancer patients treated with anthracyclines [38].
Statin therapy not only reduces LDL levels but also provides anti-inflammatory and antioxidant benefits, potentially offering
protection against cardiotoxicity. Therefore, early initiation of statin therapy may be beneficial. Throughout treatment, it is
recommended to perform echocardiography and assess troponin and NT-proBNP levels every three months.

If elevated troponin levels are detected, especially in combination with changes in troponin levels over time, chest pain, or
ECG abnormalities, acute coronary syndrome (ACS) should be suspected. In such cases, patients should be managed in
accordance with ESC/AHA guidelines, including consideration of coronary angiography as shown in Table 1 [39].

Table 1. Biomarker-Based Monitoring and Prevention Strategies for Cancer Therapy—Induced Heart Failure

S. Key Aspect Description Reference
No.
1 Baseline Evaluation Perform clinical examination, ECG, echocardiography (with strain | [30]

imaging), and measure biomarkers such as troponin and NT-proBNP
before initiating cardiotoxic cancer therapy.

2 Risk Identification Patients with abnormal baseline findings (LVEF <50%, impaired GLS, | [40]
elevated troponin/NT-proBNP) are considered high-risk for
cardiotoxicity.
3 Preventive Initiate cardioprotective drugs such as ACE inhibitors, AT1 receptor | [41]
Pharmacotherapy blockers, or B-blockers in high-risk patients to prevent heart failure.

4 Management of | Control comorbidities like hypertension, diabetes, and dyslipidemia; | [42]
Cardiovascular Risk | statins may provide additional cardioprotective effects due to anti-
Factors inflammatory properties.
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5 Ongoing Monitoring (every 3 months) echocardiography and biomarker assessment | [43]
(troponin, NT-proBNP) during cancer therapy for early detection of
cardiotoxicity.

6 Management of Acute | Elevated troponin with symptoms (e.g., chest pain, ECG changes) | [44]

Events suggests acute coronary syndrome; manage according to standard
cardiology guidelines including possible coronary angiography.

2.2 CAD and ACS

Many cancer treatments can either trigger or worsen both acute and chronic damage to the coronary arteries. The interplay
between cancer itself, cancer therapies, and pre-existing cardiovascular risk factors significantly contributes to the
development of acute coronary syndrome (ACS). Malignancies often promote a chronic inflammatory state. In preclinical
studies, cancer cells have been shown to release inflammatory cytokines, which damage the endothelium and accelerate the
progression of atherosclerosis. Additionally, cancer frequently fosters a prothrombotic vascular environment. Common
cardiovascular risk factors such as hypertension, hypercholesterolemia, smoking, and a history of coronary artery disease
(CAD) further heighten the risk of ACS [45]. As cancer treatments extend life expectancy, the baseline risk of CAD in these
patients also increases. Regular monitoring of blood pressure and LDL cholesterol levels is advised for cancer patients.

Radiotherapy can affect multiple cardiac structures, including coronary arteries, valves, the pericardium, and the
myocardium. Patients undergoing radiotherapy face a particularly high risk of developing CAD and ACS. Radiation induces
the release of inflammatory cytokines, which contribute to fibrotic and sclerotic changes in coronary vessels rather than
classic atherosclerosis [46]. It also damages endothelial cells, causing them to become senescent, produce more reactive
oxygen species and adhesion molecules, and reduce nitric oxide production. These processes promote atherosclerosis and
myocardial fibrosis, leading to diastolic dysfunction and potentially heart failure with preserved ejection fraction (HFpEF).
Therefore, both CAD and heart failure can emerge following radiation exposure [47].

Research into early detection of cardiac damage from radiotherapy using biomarkers has shown that left-sided chest radiation
can increase high-sensitive troponin and CK-MB levels. However, a consistent link between radiation-induced troponin
elevation and left ventricular (LV) dysfunction has yet to be established. Data on BNP's role in radiation-related cardiotoxicity
is limited. Two prospective studies in breast cancer patients showed elevated BNP levels up to a year post-radiation, which
correlated with radiation dose but not with clear signs of LV dysfunction or CAD [48].

Acute myocardial ischemia due to endothelial dysfunction, vasospasm, or thrombosis is a known adverse effect of
fluoropyrimidines such as 5-fluorouracil (5-FU). This drug can cause endothelial injury and vasospastic reactions, resulting
in clinical ischemia in up to 18% of patients—typically early during treatment. Calcium channel blockers and nitrates have
shown effectiveness in treating 5-FU-induced vasospasms. Similarly, taxanes like paclitaxel and docetaxel, though less
common, can cause troponin-positive vasospastic ACS [49]. Cisplatin is also known to promote arterial thrombosis in both
cerebral and coronary vessels through endothelial damage and procoagulant effects, potentially resulting in ACS during
treatment or hastened CAD progression. Additionally, high-dose anti-VEGF therapy with agents like bevacizumab has been
associated with a 4.4-fold increased risk of cardiac and cerebral ischemic events. Tyrosine kinase inhibitors (TKIs) with anti-
VEGF properties, such as regorafenib, also elevate the risk of myocardial ischemia. VEGF-targeting therapies are further
linked to arterial hypertension, contributing to long-term CAD development. Collectively, these findings illustrate the diverse
ways cancer therapies can contribute to ACS risk, though the exact mechanisms remain incompletely understood [50].

Diagnosing ACS in cancer patients is often complex due to atypical symptom presentation compared to non-cancer patients.
Only about 30% report chest pain and 44% experience dyspnea during ACS events. Symptoms are especially less frequent
in non-ST-segment elevation ACS (NSTE-ACS) versus ST-segment elevation myocardial infarction (STEMI). Reduced
angina symptoms may be due to analgesics or cancer-related neuropathy [51]. Consequently, the ESC and AHA guidelines
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recommend assessing cardiac biomarkers alongside ECG, symptom history, risk factors, and cancer treatment details when
evaluating suspected NSTE-ACS. There is currently no specific evidence supporting the 1-hour troponin rule in cancer
patients.

In suspected ACS, timely evaluation of hemoglobin, platelet count, and coagulation status is essential-especially if
percutaneous coronary intervention (PCI) is planned. If myocardial infarction is confirmed, PCI should proceed as per
standard guidelines. Notably, PCI outcomes in cancer patients with acute STEMI are similar to those in non-cancer patients.
However, anemia (defined as hemoglobin <12 g/dL in women and <13 g/dL in men) is an independent predictor of all-cause
mortality. Therefore, it is crucial to determine the most appropriate interventional approach in close coordination with the
patient’s oncology team [52].

2.3 Myocarditis

In the past three years, immune checkpoint inhibitors (ICIs) have become widely used in the treatment of advanced cancers.
Immune checkpoints such as cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) and programmed death-1 (PD-1)
normally help regulate the immune system by preventing excessive immune responses that could harm healthy cells.
However, cancer cells can hijack these mechanisms to evade immune detection. ICIs work by blocking these checkpoints,
thereby reactivating T-cell responses against tumor cells [53]. Since 2016, ICIs have been approved for the treatment of
various malignancies, including bladder cancer, renal cell carcinoma, head and neck cancers, Hodgkin’s lymphoma, and
Merkel cell carcinoma.

Initial evidence for the role of immune checkpoints in preserving cardiac function came from studies in checkpoint-deficient
mouse models. Mice lacking CTLA-4 or PD-1 developed fulminant heart failure, with PD-1 deficiency leading to the
formation of anti-troponin I antibodies, which is believed to be the key mechanism behind the cardiac injury. Since 2016,
numerous clinical case reports have documented fulminant autoimmune myocarditis associated with immune checkpoint
inhibitor (ICI) therapy [54]. Recent findings estimate the prevalence of ICI-related myocarditis to be as high as 1.14%, with
mortality rates ranging from 36% for monotherapy to 67% for combination therapy, typically occurring within 17 to 34 days
after treatment initiation. Most affected patients present with severe heart failure, and complications such as life-threatening
arrhythmias and cardiogenic shock are common, often requiring intensive care, inotropes, or extracorporeal life support [55].

Given the aggressive nature of ICl-associated myocarditis, early identification is critical for effective management. The
American Society of Clinical Oncology (ASCO) recommends a structured diagnostic approach. Baseline evaluation should
include ECG and troponin measurements. Because myocarditis often develops within the first six weeks of ICI therapy,
weekly monitoring of ECG and troponin during the first four weeks is advisable. If symptoms develop, further assessment
with ECG, echocardiography, chest X-ray, and measurements of troponin and NT-proBNP should be conducted. Elevated
troponin levels have been reported in 94% of myocarditis cases, and all patients experiencing major adverse cardiac events
(MACE) had elevated troponin levels [56]. In contrast, NT-proBNP showed lower sensitivity (66%) and did not correlate
with MACE. Measurement of total CK, CK-MB, myoglobin, and lactate dehydrogenase is also recommended due to the
frequent occurrence of concurrent peripheral myositis.

Immunosuppressive therapy with corticosteroids, alongside optimized heart failure treatment and permanent discontinuation
of ICI therapy, has shown positive outcomes in retrospective studies and case reports. ASCO guidelines advise initiating
high-dose corticosteroids (e.g., prednisone 1-2 mg/kg) as first-line treatment. Evidence suggests that higher initial steroid
doses may be linked to lower troponin levels at discharge. Additional therapies—such as mycophenolate, infliximab,
intravenous immunoglobulins, or antithymocyte globulin—have also been used successfully in isolated cases[57].
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Patients undergoing cancer treatment are at an increased risk of developing deep vein thrombosis (DVT) and pulmonary
embolism (PE). D-dimer, a small fibrin degradation product found in the bloodstream, is commonly used as a biomarker for
thrombotic events. However, its levels can be elevated in various non-thrombotic conditions such as trauma, inflammation,
and malignancy, making it unreliable for confirming venous thromboembolism (VTE) on its own.

Cancer creates a hypercoagulable state through the release of procoagulant substances and inflammatory mediators,
significantly increasing the incidence of VTE compared to the general population. The risk varies depending on the cancer
type and stage, and certain cancer treatments further elevate this risk [58].

Interpreting D-dimer results in cancer patients is challenging. Nevertheless, elevated D-dimer levels have been linked to poor
prognosis in several types of cancer, regardless of whether VTE is present. Some studies have explored whether increasing
the D-dimer threshold improves diagnostic accuracy in suspected VTE cases. Both retrospective and prospective studies
identified optimal diagnostic performance at a cutoff range of 981-1,500 ng/mL, though these results haven’t shown a
survival benefit nor have they been externally validated [59].

In conclusion, D-dimer testing is useful for ruling out VTE in cancer patients due to its high sensitivity. However, because of
its low specificity, it should not be used alone to confirm VTE. Instead, D-dimer results should be interpreted alongside other
diagnostic tools, such as compression ultrasonography. Additionally, elevated D-dimer levels may indicate increased VTE
risk and have been linked to the location of emboli in patients with confirmed PE.

2.2 CAD AND ACS ]
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Fig.2 Cardiovascular Complications in Cancer Patients and the Role of Biomarkers
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3. Future Prospective

Future research in cardio-oncology should focus on improving the early detection and prediction of cancer therapy—induced
cardiotoxicity through multi-biomarker approaches, combining traditional markers (troponin, BNP/NT-proBNP) with novel
biomarkers such as microRNAs and inflammatory markers. The development of personalized risk models using genomics
and advanced technologies like artificial intelligence will help in better risk stratification and individualized patient care.
Standardization of biomarker monitoring protocols during and after cancer therapy is also needed. Additionally, more studies
are required to understand cardiovascular effects of new cancer therapies and to validate biomarker-guided preventive
treatments. Strengthening cardio-oncology collaboration and focusing on long-term follow-up, especially in vulnerable
populations, will be essential to improve patient outcomes.

4. Conclusion

Cancer therapy—induced cardiovascular complications represent a growing clinical challenge in the era of improved cancer
survival. Biomarkers such as troponin and BNP/NT-proBNP have significantly enhanced the ability to detect, monitor, and
predict cardiotoxicity, particularly heart failure, myocardial injury, and thrombotic events. However, their interpretation in
cancer patients remains complex due to multiple confounding factors and variability across different therapies.

Current evidence supports the use of biomarkers as part of a multimodal approach, alongside imaging techniques and clinical
assessment, for optimal risk stratification and management. Early detection through biomarker monitoring can facilitate
timely intervention and potentially improve cardiovascular outcomes. Despite these advances, further large-scale studies are
needed to standardize biomarker use, validate novel markers, and establish effective biomarker-guided therapeutic strategies.
Strengthening collaboration between oncology and cardiology will be essential for advancing patient care. Overall,
integrating biomarkers into routine clinical practice holds great promise for improving the prevention, diagnosis, and
management of cardiovascular toxicity in cancer patients.
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