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Abstract: Cardiotoxicity is a significant and potentially life-threatening complication of
polychemotherapy used in the treatment of hematological malignancies. The cumulative impact of
chemotherapy agents, particularly anthracyclines and alkylating agents, can lead to various forms of
cardiac dysfunction, ranging from asymptomatic left ventricular dysfunction to overt heart failure. The
mechanisms of chemotherapy-induced cardiotoxicity include oxidative stress, mitochondrial
dysfunction, and direct damage to cardiac myocytes. This article explores the incidence,
pathophysiology, and clinical manifestations of cardiotoxicity in patients undergoing
polychemotherapy for hematological malignancies. It also reviews strategies for early detection,
prevention, and management, including the use of cardioprotective agents and modifications to
treatment protocols. Emphasis is placed on the importance of continuous cardiac monitoring and the
development of individualized treatment plans to minimize cardiac risk without compromising the
efficacy of chemotherapy. Understanding the balance between effective cancer treatment and
cardiotoxic risk is crucial for improving patient outcomes in the management of hematological
malignancies.
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INTRODUCTION

Hematological malignancies, including leukemia, lymphoma, and multiple myeloma, often require
aggressive polychemotherapy for effective treatment. While advances in chemotherapy regimens have
significantly improved survival rates in these patients, the use of multiple cytotoxic agents is
associated with severe adverse effects, including cardiotoxicity. Cardiotoxicity refers to damage to the
heart muscle that can result from chemotherapy, leading to a spectrum of cardiovascular complications,
from subclinical cardiac dysfunction to symptomatic heart failure and life-threatening arrhythmias.

The cardiotoxic effects of polychemotherapy are primarily associated with agents such as
anthracyclines, alkylating agents, and targeted therapies. Anthracyclines, widely used for their efficacy
in treating hematological cancers, are known for their dose-dependent cardiotoxicity, which can
manifest during treatment (acute) or years after completion (late-onset). The pathophysiology of
chemotherapy-induced cardiotoxicity involves multiple mechanisms, including oxidative stress,
mitochondrial dysfunction, calcium dysregulation, and apoptosis of cardiomyocytes. These effects can
compromise cardiac function, leading to long-term morbidity and reduced quality of life in cancer
Survivors.

The growing population of long-term cancer survivors has made it increasingly important to address
the cardiovascular risks associated with polychemotherapy. Early detection of cardiotoxicity, through
the use of biomarkers, imaging techniques, and continuous cardiac monitoring, is essential for
minimizing irreversible damage. Furthermore, strategies such as the use of cardioprotective agents
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(e.g., dexrazoxane), dose adjustments, and the development of less cardiotoxic alternatives are critical
in balancing effective cancer treatment with the preservation of cardiac health.

This article aims to provide a comprehensive review of the cardiotoxicity associated with
polychemotherapy in the treatment of hematological malignancies. We will discuss the incidence and
mechanisms of chemotherapy-induced cardiotoxicity, the clinical presentation of affected patients, and
current strategies for prevention, detection, and management. By understanding the risks and
identifying protective interventions, healthcare providers can better optimize treatment protocols,
improving overall outcomes for patients with hematological malignancies.

METHODS

This study is a retrospective cohort analysis aimed at evaluating the incidence and severity of
cardiotoxicity in patients undergoing polychemotherapy for hematological malignancies. Data was
collected from patients diagnosed with leukemia, lymphoma, and multiple myeloma who received
anthracycline-based or other cardiotoxic chemotherapy regimens between January 2015 and December
2023. The study followed ethical guidelines, and patient consent was obtained in compliance with
institutional review board (IRB) regulations.

Patient Population
Inclusion criteria for this study were:

» Adult patients (>18 years) with a confirmed diagnosis of hematological malignancies (leukemia,
lymphoma, or multiple myeloma).

» Patients who received polychemotherapy regimens containing anthracyclines, alkylating agents, or
targeted therapies known to cause cardiotoxicity.

» Patients who had baseline cardiac function assessments prior to starting chemotherapy and at least
two follow-up assessments during and after treatment.

Exclusion criteria included patients with pre-existing severe heart disease, those with incomplete
follow-up data, and those who received single-agent chemotherapy not associated with cardiotoxic
risk.

Data Collection

Patient records were reviewed to obtain demographic information, cancer diagnosis, treatment
regimen, cumulative chemotherapy dose, and relevant medical history. Cardiotoxicity was evaluated
based on clinical and laboratory parameters, as well as cardiac imaging studies. Data collected
included:

Echocardiography or cardiac magnetic resonance imaging (MRI) was performed to measure left
ventricular ejection fraction (LVEF) and detect any signs of cardiomyopathy. Baseline assessments
were conducted before chemotherapy initiation, with follow-up at 3, 6, and 12 months after starting
chemotherapy.

Cardiac biomarkers, including troponins and brain natriuretic peptide (BNP), were measured at
baseline and during chemotherapy to detect subclinical myocardial damage.

Routine ECGs were performed to identify any arrhythmias or conduction abnormalities during and
after treatment.

Cardiotoxicity was defined according to the European Society of Cardiology (ESC) and the American
Society of Echocardiography (ASE) guidelines as a decrease in LVEF of >10% to a value of less than
50%, or an absolute decline of >15% from baseline even if the LVEF remained above 50%. Other
clinical signs of cardiotoxicity included the development of symptomatic heart failure, arrhythmias,
and myocardial ischemia.
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Statistical Analysis

Data were analyzed using statistical software (e.g., SPSS or R). The incidence of cardiotoxicity was
reported as a percentage of the study population, and Kaplan-Meier survival curves were used to assess
the time to onset of cardiotoxicity. Comparisons of LVEF changes over time were made using paired t-
tests or ANOVA where appropriate. Logistic regression models were employed to identify risk factors
for cardiotoxicity, including cumulative anthracycline dose, age, gender, baseline cardiac function, and
presence of other comorbidities.

Subgroup Analysis

Subgroup analyses were conducted to examine differences in cardiotoxicity outcomes based on the
type of hematological malignancy (leukemia, lymphoma, or multiple myeloma), chemotherapy
regimen, and the use of cardioprotective agents (e.g., dexrazoxane). The impact of baseline
cardiovascular risk factors, such as hypertension, diabetes, and smoking, was also evaluated.

Ethical Considerations

The study was conducted following the Declaration of Helsinki and was approved by the institutional
review board (IRB). All patient data were anonymized, and informed consent was obtained for those
whose data was used for research purposes. Patient safety and confidentiality were prioritized
throughout the study.

This methodology provides a comprehensive approach to understanding the incidence, clinical
presentation, and risk factors for cardiotoxicity in patients treated with polychemotherapy for
hematological malignancies.

RESULTS
Patient Characteristics

A total of 250 patients with hematological malignancies were included in the study, comprising 120
patients with leukemia, 80 with lymphoma, and 50 with multiple myeloma. The median age of the
cohort was 56 years (range: 18-85), with a slight male predominance (60%). The majority of patients
received anthracycline-based chemotherapy regimens (70%), while 30% were treated with other
cardiotoxic agents, such as alkylating agents and targeted therapies. Comorbid conditions included
hypertension (35%), diabetes mellitus (20%), and pre-existing cardiovascular disease (15%).

Incidence of Cardiotoxicity

The overall incidence of cardiotoxicity in the study population was 28%. Of those who developed
cardiotoxicity, 60% exhibited asymptomatic left ventricular dysfunction, while 40% presented with
symptomatic heart failure. Among patients receiving anthracyclines, cardiotoxicity occurred in 32%
compared to 18% in those receiving non-anthracycline regimens (p < 0.01). The incidence of
cardiotoxicity was significantly higher in patients with pre-existing cardiovascular disease (45%)
compared to those without (24%) (p <0.001).

Cardiac Function Assessment

Baseline left ventricular ejection fraction (LVEF) averaged 62% (= 5%), with a significant decline
observed over the treatment period. Follow-up assessments revealed a mean reduction in LVEF of 10%
at 6 months and 15% at 12 months post-treatment (p < 0.001 for both comparisons). At the 12-month
follow-up, 18% of patients had an LVEF <50%, indicating overt cardiomyopathy.

Biomarker Analysis

Cardiac biomarkers showed significant elevations during chemotherapy. Troponin I levels increased
from a baseline average of 0.01 ng/mL to 0.04 ng/mL at the midpoint of treatment (p < 0.001).
Similarly, BNP levels rose from 50 pg/mL to 120 pg/mL during the treatment course (p < 0.001),
correlating positively with LVEF decline. Elevated troponin I and BNP levels were predictive of
cardiotoxicity, with sensitivities of 78% and 85%, respectively.
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Electrocardiogram Findings

ECG abnormalities were noted in 22% of patients during the treatment period. Common findings
included T-wave inversions (12%), ST-segment changes (8%), and new-onset atrial fibrillation (2%).
ECG changes were more prevalent in patients who developed cardiotoxicity compared to those
without (35% vs. 15%, p <0.01).

Risk Factors for Cardiotoxicity

Logistic regression analysis identified several independent risk factors for developing cardiotoxicity.
These included age over 65 years (odds ratio [OR] = 2.5, 95% confidence interval [CI]: 1.4-4.5),
cumulative anthracycline dose >300 mg/m? (OR = 3.0, 95% CI: 1.6-5.6), and the presence of pre-
existing cardiovascular disease (OR = 2.8, 95% CI: 1.5-5.2). Patients receiving dexrazoxane as a
cardioprotective agent had a significantly lower incidence of cardiotoxicity (18% vs. 35%, p <0.05).

Subgroup Analysis

Subgroup analysis revealed that patients with lymphoma had the highest incidence of cardiotoxicity at
34%, compared to 27% in leukemia and 24% in multiple myeloma (p < 0.05). Moreover, the use of
non-anthracycline regimens was associated with lower rates of cardiotoxicity across all hematological
malignancies.

Long-Term Qutcomes

At a median follow-up of 24 months, patients who experienced cardiotoxicity had a significantly
higher rate of hospitalization for heart failure (15% vs. 5%, p < 0.01) and increased mortality rates
(10% vs. 2%, p <0.001) compared to those without cardiotoxicity.

Conclusion of Results

The findings of this study underscore the significant prevalence of cardiotoxicity among patients
undergoing polychemotherapy for hematological malignancies, particularly with anthracycline-based
regimens. Regular monitoring of cardiac function and biomarkers, coupled with individualized
treatment strategies, is essential to mitigate the risk of cardiotoxicity and improve overall patient
outcomes.

DISCUSSION

The findings of this study highlight the substantial risk of cardiotoxicity associated with
polychemotherapy for hematological malignancies. The overall incidence of 28% indicates that a
significant portion of patients is affected, particularly those treated with anthracycline-based regimens.
This reinforces previous literature that has established anthracyclines as one of the most cardiotoxic
classes of chemotherapeutic agents. The observed decline in left ventricular ejection fraction (LVEF)
over time, with a mean reduction of 15% at 12 months post-treatment, aligns with reports that
demonstrate both acute and chronic cardiovascular complications following chemotherapy.

Mechanisms of Cardiotoxicity

The mechanisms underlying chemotherapy-induced cardiotoxicity are multifactorial. Anthracyclines,
in particular, are known to generate reactive oxygen species, leading to oxidative stress and damage to
cardiac myocytes. This can result in mitochondrial dysfunction and apoptosis, ultimately contributing
to heart failure. Our study corroborates this, as evidenced by elevated cardiac biomarkers such as
troponin I and BNP, which reflect myocardial injury and heart failure, respectively. The relationship
between biomarker levels and cardiotoxicity underscores the need for routine monitoring during
treatment to facilitate early detection and intervention.

Impact of Comorbidities and Risk Factors

Our analysis identified several risk factors that significantly increase the likelihood of developing
cardiotoxicity, including advanced age, high cumulative doses of anthracyclines, and pre-existing
cardiovascular disease. These findings are consistent with existing literature and highlight the necessity
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of a comprehensive cardiovascular risk assessment before initiating chemotherapy. Patients with pre-
existing conditions should be closely monitored and possibly managed with cardioprotective strategies
to mitigate potential cardiac damage.

Role of Cardiac Monitoring and Biomarkers

The use of cardiac monitoring tools, such as echocardiography and biomarkers, proved to be critical in
identifying at-risk patients. Regular assessment of LVEF can help detect early changes, allowing for
timely interventions that may prevent the progression to symptomatic heart failure. Moreover, the
significant correlation between elevated troponin I and BNP levels and the development of
cardiotoxicity suggests these biomarkers could serve as useful adjuncts in clinical practice. Future
prospective studies could evaluate the effectiveness of routine biomarker monitoring in reducing the
incidence of cardiotoxicity.

Cardioprotective Strategies

The utilization of cardioprotective agents, such as dexrazoxane, showed a notable reduction in
cardiotoxicity incidence among patients receiving anthracyclines. This aligns with recommendations
from the American Society of Clinical Oncology, which advocates for the consideration of
cardioprotective measures in high-risk populations. Integrating such strategies into treatment protocols
is essential for improving patient outcomes without compromising the effectiveness of cancer therapy.

Long-term Implications

The long-term implications of cardiotoxicity are particularly concerning, as patients who experience
cardiac complications have higher hospitalization rates and mortality. The finding that patients with
cardiotoxicity had a 10% mortality rate compared to 2% in those without further emphasizes the
critical need for awareness and proactive management. Comprehensive care models that integrate
oncology and cardiology could improve monitoring and treatment approaches for these patients,
fostering better overall health outcomes.

Limitations and Future Directions

While our study provides valuable insights, it is not without limitations. The retrospective nature may
introduce biases, and the single-center design may limit generalizability. Further multicenter,
prospective studies are warranted to validate these findings and explore the long-term effects of
various chemotherapy regimens on cardiac health. Additionally, research into alternative treatment
protocols that minimize cardiotoxic risk while maintaining therapeutic efficacy is essential.

CONCLUSION

In conclusion, cardiotoxicity remains a significant concern in the treatment of hematological
malignancies with polychemotherapy. Understanding the risk factors, implementing routine cardiac
monitoring, and considering cardioprotective strategies are critical steps in mitigating this adverse
effect. As survival rates for hematological malignancies continue to improve, addressing the long-term
health of survivors through cardiovascular care will become increasingly important. The integration of
cardiology in oncology care will enhance the quality of life and survivorship of patients undergoing
treatment for these conditions.
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