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Purpose: Anthracycline-induced cardiotoxicity (AIC) is a significant complication in cancer treatment, impacting long-term health
outcomes. This study aimed to evaluate interventional clinical trials targeting AIC and identify effective strategies.

Methods: We reviewed clinical trials on AIC from International Clinical Trial Registration Platform (ICTRP), focusing on intervention
strategies. We assessed the publication status and effectiveness of cardioprotective agents, monitoring techniques, and exercise interventions.
Results: A total of 100 trials were identified, with 35% published. Most studies were conducted in the United States, China, and Italy,
highlighting geographical disparities. Effective interventions included dexrazoxane for primary prevention, ACEI/ARB combination
with B blockers for long-term cardioprotection. Advanced monitoring techniques, including global longitudinal strain (GLS)-guided
echocardiography, cardiac magnetic resonance (CMR) and novel biomarkers (cfDNA, microRNA), showed promise in early AIC
detection. Exercise interventions demonstrated significant cardiovascular benefits.

Conclusion: Cardioprotective agents, early detection methods, and exercise interventions are key to managing AIC. Dexrazoxane and
ACEI/ARB combination with § blockers are promising. Exercise interventions can improve cardiovascular health and reduce AIC risk.
Larger trials with long-term follow-up are essential for refining these strategies.
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Introduction

The discovery of anthracycline marked a significant milestone in cancer treatment, becoming essential in managing
cancers such as breast cancer, lymphoma, and leukemia.'** However, their use has brought a formidable challenge due to
their cardiovascular complications.>*

Cardiomyocytes, being terminally differentiated, are prone to anthracycline-induced toxicities. These toxicities are
primarily driven by oxidative stress, mitochondrial dysfunction and topoisomerase IIf disruption, which result in cell
death and impaired cardiac function.>® These pathophysiological changes lead to a broad spectrum of complications,
collectively termed “anthracycline-induced cardiotoxicity” (AIC), ranging from subclinical damage to severe conditions
like arrhythmias and heart failure.”* Doxorubicin, the most widely used anthracycline, has a well-established association
with cardiotoxicity. Other drugs, such as daunorubicin and epirubicin, also contribute significantly to AIC, with effects
varying by dosage and individual susceptibility.” "'

Given the therapeutic benefits of anthracyclines, strategies to mitigate cardiotoxicity are essential, driving global efforts to
develop interventions through clinical trials. While reviews have summarized the mechanisms and clinical impact of AIC, few
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have synthesized data from global interventional clinical trial. Existing analyses often lack comprehensive coverage of trial
designs, populations and outcomes, limiting the identification of effective clinical strategies.

In this context, the International Clinical Trials Registration Platform (ICTRP) provides a valuable resource by
consolidating evidence-based information on clinical studies worldwide.'* This study aimed to present a comprehensive
overview of interventional clinical trials on AIC, offering actionable insights to optimize cardiac monitoring strategies,
tailor regimens, and develop prophylactic measures to improve patient outcomes and quality of life for cancer survivors.
These findings can guide personalized treatment adjustments, early detection strategies, ultimately aiding clinicians in
balancing cancer treatment efficacy with cardiovascular safety.

Methods

Data Source

The data source for this study was the ICTRP (http://trialsearch.who.int), a public free database maintained by the World
Health Organization (WHO). Accessed on December 21, 2022, the ICTRP facilitates the establishment of ethical and
scientific standards for conducting clinical trials."® It comprises 18 registries: European Union, Africa, ClinicalTrials.gov

and countries such as Australia, Brazil, China, Cuba, India, South Korea, Japan and so on.

Search Strategy and Selection Criteria

On December 21, 2022, two investigators independently conducted a standard search on ICTRP to identify all clinical
trials related to AIC. Doxorubicin, daunorubicin, epirubicin, idarubicin and mitoxantrone are commonly employed in the
anthracycline family.14 Search terms encompassed “anthracycline”, “doxorubicin”, “mitoxantrone”, “epirubicin”, “idar-
ubicin”, “daunorubicin” and “cardiotoxicity” as well as “cardiovascular disease” or ‘“heart failure” without any
restrictions.

We excluded observational trials, mechanisms and epidemiology studies, and adjustment of chemotherapy regimens
such as anthracycline derivatives and infusion protocols. Inclusion in the study required agreement by at least two of the
investigators, with a third investigator reviewing outcomes. Discrepancies were resolved by consensus or by referring to
the fourth investigator. A total of 100 trials were identified for further analysis (Figure 1). Information from these

identified interventional trials was recorded manually using a standardized form.

Data Collection and Extraction
Two researchers extracted the data from each clinical trial independently using a predefined data extraction design. The
collected data consisted of two primary parts:

1. Intervention methods: agents including chemicals and traditional Chinese medicine, monitoring test including
biomarker, computed tomography (CT), cardiac magnetic resonance (CMR), ultrasonography, positron emission
tomography (PET), exercise and lifestyle changes including exercise and dietary supplement, device and stem cell
therapy.

2. Additional important variables: unique identification number, registration date, country, recruitment status, design,
sample size, participants, phase of the trial, conditions being treated, primary outcomes and publications.

Retrieving Publication Status

Two investigators searched PubMed, Embase and Google Scholar using the registry number. The search was updated
to include studies published until November 2024, considering the typical duration of clinical trials and their
publication timelines. To ensure the relevance of publications, they were verified by comparing the descriptions
in the manuscript with the characteristics listed in the ICTRP database. Study protocols, commentaries and other
non-relevant articles were excluded. A third investigator reconfirmed the publication search for trials without
publications by the first two investigators. In cases where multiple research articles were available for the same
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Identification

Screening

Identification of interventional clinical trials on AIC via ICTRP

Records identified from ICTRP
(n=155)

Records removed before
screening:
non-anthracyclines trials
(n=2)

non-English language trials
(n=3)

Records screened
(n=150)

Records excluded:
observational trials (n = 23)

!

Reports sought for retrieval
(n=127)

!

Reports not retrieved:

| (n=0)

Reports assessed for eligibility
(n=127)

Included

Reports excluded:

cardiac safety study (n = 17)
epidemiology study (n = 6)
risk factor study (n = 2)
genetic variant study (n = 1)
pathophysiology study (n = 1)

Reports included
(n=100)

Figure | Flow chart of clinical research selection.
Abbreviations: AIC, anthracycline-induced cardiotoxicity; ICTRP, international clinical trials registry platform.

registry number, all results were included. Identified publications were reviewed by two investigators by matching

the description with study characteristics outlined in ICTRP database.

Statistical Analysis

Categorical variables and continuous variables were presented as the number (percentage) and median (interquartile

range), respectively. IBM SPSS 23.0 software was used for statistical analysis.

Results

General Characteristics
The distribution of registration years was summarized in Figure 2A. The earliest recorded clinical trial began in 1999.

The total number of registered trials increased steadily across the seven time-periods, with a notable 55.0% (55/100)

commencing between 2014 and 2019.
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Figure 2 General information of anthracycline-related cardiotoxicity interventional trials. (A) registration years; (B) source register; (C) continent distribution; (D)
recruitment status; (E) phase; (F) prospective.

Abbreviations: EU-CTR, EU Clinical Trials Register; ChiCTR, Chinese Clinical Trial Registry; IRCT, Iranian Registry of Clinical Trials; ISRCTN, International Standards of
Reporting Clinical Trials; ANZCTR, Australia and New Zealand Trial Register; CTRI, Clinical Trial Registry of India; JPRN, Japan Primary Registries Network; PACTR, Pan
African Clinical Trial Registry; TCTR, Thai Clinical Trials Register; NTR, Netherland National Trial Register; REBEC, Brazilian Clinical Trials Registry; NA, not applicable.

As shown in Figure 2B, the included trials were sourced from 12 different registries, with the vast majority
registered in ClinicalTrial.gov. Geographically, the trials were dispersed across three major continents: North
America, Europe and Asia (Figure 2C). The United States ranked first with 32 clinical trials. Among 26 individual
countries, China (9 studies) and Italy (7 studies) were the most active in Asia and Europe, respectively. The
majority (66.0%) were not in the recruitment phase (Figure 2D), suggesting progress toward completion or post-
recruitment stages. Among the remaining 60 studies in the phase category, half (30.0%) were in early stages
(phase 1, 2 and 1/2), while the other half (30.0%) were in late stages (phase 3 and 4) (Figure 2E). Most trials
(68.0%) were registered prospectively (Figure 2F), underscoring the growing adherence to international standards
for timely trial registration.
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Intervention Strategies

To investigate effective interventions for AIC, clinical trials were classified into five main categories, including
pharmacological agents, motoring strategies, exercise and lifestyle modifications and innovative therapies, as illustrated
in Figure 3.

The most common interventions were the use of cardioprotective agents, representing 62.0% of trials. As depicted in
Figure 4, these drugs included neurohormonal antagonists (n = 12), such as angiotensin-converting enzyme inhibitors
(ACEIs), angiotensin receptor blockers (ARBs) and combined angiotensin receptor and neprilysin inhibitor (ARNI,
sacubitril/valsartan), B blockers (n = 9), dexrazoxane (n = 8) and combined therapies (n = 8). Traditional interventions
like Chinese herbal medicine (7 trials) and statins (4 trials) were also explored. Among the combined therapies, six trials

cardioprotective agents 62.0%
monitoring strategies

exercise and lifestyle interventions

device 3.0%

stem cell therapy 3.0%

I I I I I I I I I I I I I 1
0 5 10 15 20 25 30 35 40 45 50 55 60 65

number of trials (n=100)

Figure 3 Five classes of interventions for anthracycline-induced cardiotoxicity (n=100).

ACEI/ARB/ARNI 19.4%
B blockers

dexrazoxane
combination product
Chinese herbal medicine
statins

ivabradine

MRA

sildenafil

antidiabetics

other 8.1%

rFr-tr-r1t 1> T 17T T 17T "7 1"
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number of clinical trials (n=62)

Figure 4 Type of drugs used in anthracycline-induced cardiotoxicity clinical trials (n=62).
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor and neprilysin inhibitor; MRA, miner-
alocorticoid receptor antagonist.
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specifically assessed the potential synergistic effects of ACEI/ARB and f blockers, while others evaluated antidiabetics
like metformin and empagliflozin (3 trials). Other agents, including ivabradine, mineralocorticoid receptor antagonist
(MRA) and sildenafil, demonstrated promise in mitigating the cardiotoxic risks with anthracyclines. Other agents such as
L-carnitine, a-calcitriol/vitamin D and coenzyme Q10 were also involved.

Seventeen trials (17.0%) employed various monitoring techniques for the early detection of AIC. These included
imaging modalities such as MRI, CT, positron emission tomography/CT (PET/CT), along with echocardiography.
Moreover, troponins and novel cardiac biomarkers such as microRNA were also frequently utilized.

Fifteen trials (15.0%) investigated the impact of exercise and lifestyle modifications. These interventions included
structured exercise programs (13.0%) and dietary changes (2.0%), highlighting the potential role of lifestyle changes in
mitigating AIC. A smaller proportion of trials (6.0%) explored novel therapies, including stem cell therapy (3.0%) and
device (3.0%).

Trials Design

The clinical trial design characteristics for each intervention category are described in Table 1. Overall, the majority were
randomized (82.0%, n = 82), with primary objectives focused on prevention (41.0%, n = 41) and treatment (39.0%, n =
39). Most trials targeted adult participants (89.0%, n = 89), and sample sizes varied widely. Thirty-six trials (36.0%)
included fewer than 50 participants, and only 3.0% (n = 3) involved more than 500 participants.

Cardioprotective agent trials exhibited a balance focus on prevention (43.5%) and treatment (51.6%), reflecting their
utility in addressing AIC. This category also featured the largest trial by sample size (1018 participants). While most
trials targeted adults, a small proportion (4.8%, n = 3) included pediatric participants. Notably, 91.9% were randomized,
indicating robust trial designs.

Monitoring strategies had the lowest randomization rate (35.3%) and generally smaller sample sizes. Nearly half
(41.2%, n = 7) enrolled fewer than 50 participants, suggesting exploratory research designs focused on early detection

methods.

Table | Design Features of Anthracycline-Related Cardiotoxicity Trials

Cardioprotective | Monitoring Exercise and Device Stem Cell Total
Agents (n=62) Strategies Lifestyle (n=3) Therapy (n=3) (n=100)
(n=17) Interventions (n=15)
Sex
Female 29 (46.8%) 5 (29.4%) 9 (60.0%) 0 0 43 (43.0%)
Both 33 (53.2%) 12 (70.6%) 6 (40.0%) 3 (100.0%) | 3 (100.0%) 57 (57.0%)
Randomization
Yes 57 (91.9%) 6 (35.3%) 13 (86.7%) 3 (100.0%) | 3 (100.0%) 82 (82.0%)
No 5(8.1%) Il (64.7%) 2 (13.3%) 0 0 18 (18.0%)
Purpose
Prevention 27 (43.5%) 4 (23.5%) 8 (53.3%) 2 (66.7%) 0 41 (41.0%)
Diagnosis 0 Il (64.7%) 0 0 0 11 (11.0%)
Treatment 32 (51.7%) 1 (5.9%) 3 (20.0%) 0 3 (100.0%) 39 (39.0%)
Supportive care 3 (4.8%) I (5.9%) 4 (26.7%) 0 0 8 (8.0%)
Device feasibility 0 0 0 | (33.3%) 0 I (1.0%)
(Continued)
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Table | (Continued).

Cardioprotective | Monitoring Exercise and Device Stem Cell Total
Agents (n=62) Strategies Lifestyle (n=3) Therapy (n=3) (n=100)
(n=17) Interventions (n=15)
Participant
Children only 3 (4.8%) 0 0 1 (33.3%) 0 4 (4.0%)
Adults only 53 (85.5%) 17 (100.0%) 15 (100.0%) I (33.3%) 3 (100.0%) 89 (89.0%)
Both 6 (9.7%) 0 0 I (33.3%) 0 7 (7.0%)
With older adults | 48 (77.4%) 17 (100.0%) 13 (86.7%) I (33.3%) 3 (100.0%) 82 (82.0%)
Target size
Range 8-1018 2-597 1-122 30-608 45-72
1-50 18 (29.0%) 7 (41.2%) 8 (53.3%) I (33.3%) 2 (66.7%) 36 (36.0%)
51-100 16 (25.8%) 4 (23.5%) 5 (33.3%) I (33.3%) I (33.3%) 27 (27.0%)
101-150 8 (12.9%) I (5.9%) 2 (13.3%) 0 0 I (11.0%)
151-200 6 (9.7%) 0 0 0 0 6 (6.0%)
201-500 13 (21.0%) 4 (23.5%) 0 0 0 17 (17.0%)
>500 I (1.6%) I (5.9%) 0 | (33.3%) 0 3 (3.0%)

Exercise and lifestyle intervention trials prioritized prevention (53.3%, n = 8) and supportive care (26.7%, n = 4).
They were generally small-scale, with over half (53.3%) involving fewer than 50 participants.

Device-related trials demonstrated significant variability in sample sizes. Stem cell therapy trials featured modest
sample sizes, ranging from 45 to 72 participants. Both of the two categories were randomized (100.0%), reflecting
a structured approach to assess novel technologies.

Publications Corresponding to Intervention Strategies

In this section, we focused on the publications arising from the clinical trials. These publications played a critical role in
assessing the effectiveness of different interventions and the quality of the clinical evidence available for AIC. Thirty-five
trials resulted in the publication of 44 articles, accounting for 35% of all trials. Notably, five trials generated two or more
publications. The publication dates ranged from 2009 to 2024, reflecting the evolving research landscape over the years.
As illustrated in Figure 5, majority of studies focused on pharmacological and monitoring strategies. Exercise and
advanced therapeutic interventions represented more specialized and emerging areas of investigation.

Table 2 consolidates the findings from the literature regarding different interventions. Cardioprotective drugs revealed
varying levels of efficacy. Combined drug therapies, which typically involved combinations of ACEI/ARB and
blockers, showed promising outcomes in mitigating cardiotoxicity, contributing to a moderate level of effectiveness.
Dexrazoxane consistently showed cardioprotection, particularly in pediatric and high-risk populations. Carvedilol
demonstrated 100% effectiveness in preventing cardiotoxicity and left ventricular dysfunction across the two studies.
Enalapril, vitamin D and salidroside each showed 100% positive results in preventing cardiotoxicity, although these
findings were based on single trials. In contrast, atorvastatin, sildenafil and PC-SOD had limited or no cardioprotective
effects.

Monitoring strategies showed high efficacy. Imaging techniques like CMR and global longitudinal strain (GLS)-
guided-echocardiography were successful in early detection. Novel biomarkers like microRNA and cfDNA showed great
potential to detect AIC. The efficacy of cardiac troponin appeared to be influenced by detection standards, as variations in
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Figure 5 Distribution of clinical trials (n=35) and corresponding published articles (n=44).

criteria may affect the outcomes. These methods highlighted the value of combining imaging and biomarkers for
improved detection of cardiotoxicity.

All studies on exercise-based strategies were consistently effective. Exercise interventions, including moderate and
vigorous intensity training, improved cardiorespiratory fitness, cardiac reserve, and other heart failure-related parameters
in cancer patients.

On the other hand, device therapy, such as remote ischemic conditioning, and allogeneic mesenchymal cell therapy,
still in early stage of research, did not demonstrate significant cardioprotective effects.

Table 2 Summary of Cardioprotective Drug Trials for Anthracycline-Induced Cardiotoxicity

Interventions Articles | Key Findings Positive Rates (%,
Positive Results/Article
Numbers)

Cardioprotective agents (n=24)

Carvedilol'>'¢ 2 Offered protection as an early primary intervention 100% (2/2)

Enalapril'” | Prevented left ventricular dysfunction, especially administered after the | 100% (1/1)

first rise in troponin levels.

Combined drug therapy'® 6 Mixed results: early beneficial effects on cardiotoxicity in bisoprolol + | 75% (4/6)

z ramipril, not in carvedilol + candesartan, candesartan + metoprolol had

mixed results

Dexrazoxane>* 2’ 4 Consistent cardioprotection, especially in pediatric and high-risk 75% (3/4)
populations

Atorvastatin?®~3! 4 Generally ineffective in preventing LVEF decline 25% (1/4)

Sildenafil**? 2 No cardioprotective benefits 0% (0/2)

MRA3*33 2 Spironolactone protected against myocardial injury, while eplerenone 50% (1/2)
not

Vitamin D3¢ | Showed cardioprotection against AIC 100% (1/1)

(Continued)
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Table 2 (Continued).

Interventions Articles | Key Findings Positive Rates (%,
Positive Results/Article
Numbers)

Salidroside®” | Prevented early LV systolic dysfunction 100% (1/1)

PC-SOD* I Failed to show cardioprotective effects 0% (0/1)

Monitoring strategies (n=10)

cTn® | Incidence of asymptomatic cardiotoxicity varied based on biomarker 100% (1/1)
criteria

CMR*04! 2 CMR detected AIC in low-risk patients 100% (2/2)

Echocardiography**~** 4 Global longitudinal strain (GLS) identified early myocardial dysfunction, | 100% (4/4)

good correlation with EF, and better detection with 3 apical views

Biomarker (microRNA*** | 3 microRNA or ¢fDNA might be a potential biomarker for AIC 100% (3/3)
or cfDNA*)

Exercise and lifestyle interventions (n=8)

49-56 8

Exercise Exercise improved cardiorespiratory fitness, cardiac reserve, and heart | 100% (8/8)

failure-related parameters

Device (n=1)

Remote Ischemic | No cardioprotective effects were observed in pediatric patients 0% (0/1)

conditioning®’

Stem cell therapy (n=1)

Allogeneic mesenchymal cell | | Cell therapy was safe and feasible but did not demonstrate efficacy in | 0% (0/1)

therapy5 8 cardioprotection

Abbreviations: MRA, mineralocorticoid receptor antagonist; cTn, cardiac troponin; CMR, cardiac magnetic resonance.

Discussion

This study revealed critical insights into potential approaches concerning AIC through an analysis of interventional trials.
A majority of trials were conducted in the United States, China and Italy, reflecting significant geographical disparities.
A diverse range of intervention strategies was explored, highlighting the complexity of AIC management. Despite only
35% of the trials resulted in publications, promising outcomes were observed for cardioprotective agents, exercise
interventions and monitoring strategies in reducing the incidence and severity of AIC. These findings underscored the
growing potential for improving AIC outcomes through targeted and evidence-based approaches.

Current Status of Interventional Clinical Trials on AIC

AIC remains a major concern in cancer treatment, but the number of interventional clinical trials is still limited. It may be
attributed to several reasons. First, AIC manifests variably as both acute or chronic heart dysfunction, complicating trial
design and outcome assessment.”” Second, AIC may result from multiple factors, including pre-existing cardiovascular
diseases and aging, further complicating the identification of clear causal relationships. Third, advancements such as
liposomal anthracyclines and reduced-dose regimens have potentially decreased the need for large-scale trials, particu-
larly in countries with access to more advanced treatment options. Geographical disparity in clinical trials is another
important consideration. These regional differences may influence the findings and generalizability of the results, as
healthcare infrastructure, cancer treatment practices, and patient demographics vary widely. Additionally, cultural factors

and differences in healthcare access may affect the design and outcomes of clinical trials.®*¢'
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Major Findings and Contributions to Current Understanding
Our study contributed to the growing body of knowledge on AIC management by identifying effective interventions and
highlighting areas requiring further research.

The significant role of pharmacological interventions like dexrazoxane, ACEI/ARB combination with 3 blockers,
emerged as key players, underscoring the importance of early and proactive strategies to prevent and manage AIC.
Dexrazoxane, as evidenced by our findings, continues to be promising for primary prevention of AIC, without compromis-
ing antineoplastic efficacy, especially in high-risk populations such as pediatrics or those receiving high cumulative
anthracycline doses.®*®> However, our data indicated that more research is needed to define its role in secondary prevention
for adults with pre-existing cardiovascular issues. The trials examining ACEI/ARB with 3 blockers yielded mixed results.
While studies such as PRADA and CECCY showed no significant improvements in left ventricular ejection fraction
(LVEF), evidence suggested that these agents could be beneficial, particularly when combined.'*'® Although these drugs
might not directly counteract the immediate cardiotoxic effects of anthracyclines, they played a crucial role in preventing
long-term myocardial remodeling and dysfunction, reducing the risk of chronic heart failure.®* The clinical implication here
is that ACEI/ARB combination with B blockers might be more effective as supportive treatments during and after
chemotherapy, especially for patients with pre-existing heart conditions or other cardiovascular risk factors.

Emerging therapies such as sodium-glucose cotransporter-2 (SGLT-2) inhibitors and ARNI represent new frontiers in
AIC management. Our findings pointed to their potential in offering more tailored therapeutic options. SGLT-2 inhibitors,
already effective in other forms of heart failure, offer dual benefits for metabolic and cardiac health.® Similarly, ARNI,
with its combination of neurohormonal blockade and vasodilation, is gaining traction in mitigating the vascular and
myocardial damage induced by anthracyclines.®®

In addition to pharmacological interventions, early detection and monitoring strategies are critical to reduce AIC
incidence. Techniques such as GLS-guided echocardiography and CMR have proven valuable in detecting sub-
clinical cardiac dysfunction, preceding LVEF changes. A 10-15% decline in GLS has been recognized as
a predictive indicator for subsequent LVEF decrease, providing clinicians with an early warning system for
cardiotoxicity.®” Blood biomarkers such as troponin-I and brain natriuretic peptide (BNP) are commonly used to
detect cardiac injury. Our analysis showed that troponin-I may not always be sensitive enough to detect early or mild
cases of AIC. On the other hand, emerging blood markers such as cfDNA and microRNA, showed greater sensitivity
and specificity in both acute and chronic AIC scenarios. Our findings suggested that these markers could comple-
ment traditional biomarkers and can be combined with imaging techniques to create a more robust framework for
early detection of AIC.®%:¢?

Finally, exercise interventions demonstrated significant potential in AIC prevention. Both aerobic exercise and
resistance training showed beneficial effects on cardiovascular outcomes in patients undergoing anthracycline
treatment.””’" Exercise as a feasible and safe modality has been encouraged to implement cardiac rehabilitation.””
Exercise not only mitigated cardiotoxicity but also improved overall cardiovascular fitness and patient outcomes. These

findings support the integration of exercise programs as part of a holistic cancer care strategy.

Practical Applications of the Findings

Our findings suggested several key ways to integrate interventional strategies into clinical practice to prevent and manage
AIC. Early use of cardioprotective agents, such as dexrazoxane, is critical for high-risk populations. Secondary
prevention strategies, including ACEI/ARB combination with B blockers, can mitigate long-term cardiotoxic effects
and reduce heart failure risk. Emerging therapies like SGLT-2 inhibitors and ARNI hold substantial promise and may
provide tailored options for patients with specific risk profiles. Furthermore, the adoption of advanced imaging
techniques and biomarkers can enhance early detection, enabling clinicians to intervene before irreversible damage
occurs. Finally, incorporating exercise interventions into cancer treatment plans has the potential to improve both
cardiovascular and overall patient outcomes. These strategies, when integrated into clinical practice, could reduce the
burden of AIC and improve long-term survival and quality of life for cancer patients.
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Limitations

While this study offered valuable insights into the current landscape of interventional strategies for AIC, several
limitations should be considered. First, limited published trials: Only 35% of the trials were published, which might
affect the generalizability of the results. Second, small sample sizes and short follow-up: Many trials had small sample
sizes and short follow-up periods, which might not capture long-term outcomes or subtle effects of interventions. Third,
variability in methodology: Considerable heterogeneity in intervention protocols and outcome measures made direct
comparisons challenging. Last, new interventions with limited data: Novel treatments like device and stem cell therapy
showed feasible, but data on their efficacy remain scarce.

Conclusion

In conclusion, this study highlighted the potential of cardioprotective agents, monitoring strategies, and exercise
interventions in preventing and managing AIC. Our findings suggested that early intervention with drugs like dexrazox-
ane, ACEI/ARB combination with B blockers, coupled with dynamic monitoring techniques like GLS, CMR and novel
biomarkers, could significantly reduce the risk of heart damage. Furthermore, exercise interventions showed promise in
improving cardiovascular health. These findings contributed to the growing understanding of AIC and emphasized the
importance of integrating these strategies into clinical practice. Future research with larger sample size and long-term
follow-up are essential to refine these interventions and optimize their application.
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converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor and neprilysin inhibitor;
MRA, mineralocorticoid receptor antagonist; CMR, cardiac magnetic resonance; PET/CT, positron emission tomogra-
phy/computed tomography; SGLT-2, sodium-glucose cotransporter-2; LVEF, left ventricular ejection fraction; GLS,
global longitudinal strain; BNP, brain natriuretic peptide.
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