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A R T I C L E  I N F O
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A B S T R A C T

Background: Cancer induced chronic inflammation and cancer drugs effects on the vascular system can lead to 
rapidly progressing atherosclerotic burden. Statins drugs are known to reduce atherosclerotic plaque burden and 
inflammation. We studied outcomes of statins for anthracycline-related cardiac dysfunction (ARCD).
Methods: We conducted an online systematic search on PubMed and Embase to identify studies assessing statins’ 
role in alleviating ARCD. We selected 9 studies that had patients with ARCD and use of statins. We primarily 
focused on outcomes including incidence of heart failure (HF), mean changes in left ventricular ejection fraction 
(LVEF), end-diastolic volume (LVEDV), and end-systolic volume (LVESV) from baseline. Odds ratios (OR) were 
calculated using a random effect model in R-statistics.
Results: Among 9 studies with a total of 2784 patients we noticed a significant reduction in the incidence of HF 
among patients administered statins, with an OR of 0.52 (95 % CI 0.37-0.74, p < 0.0003), indicating a substantial 
protective effect. However, the mean changes in EF, LVEDV, and LVESV from baseline, represented by Hedges’s g 
of 1.09 (95 % CI -0.40 to 2.57, p = 0.15), 0.91 (95 % CI -1.69 to 3.51, p = 0.47), and 1.32 (95 % CI -2.30 to 4.94, 
p = 0.49) respectively, were not statistically significant. (Figure 1).
Conclusion: Our meta-analysis confirms statins’ effectiveness in reducing risk of ARCD. However, their influence 
on EF, LVEDV, and LVESV remains uncertain, warranting further study.

1. Introduction

Cancer is among the top causes of death worldwide, with increasing 
incidence and mortality rates. One of the principal treatments include 
chemotherapies which help in increasing survival of cancer patients, 
however, that comes at the expense of side effects, mainly cardiac tox
icities. The adverse effects of chemotherapy on the heart are a spectrum 
that includes coronary artery disease (CAD), acute coronary syndrome 
(ACS), congestive heart failure (CHF) and pericardial effusion [1]. 
Multiple chemotherapy agents were found to have cardiac adverse 
events, such as anthracyclines, HER-2 receptor blockers, antimetabo
lites, tyrosine kinase inhibitors, and Immunotherapy with checkpoint 
inhibitors [1]. Anthracycline agents such as doxorubicin are among the 
therapeutic options for many cancers. Multiple mechanisms have been 
implicated in causing cardiotoxicity due to anthracyclines. Cardiotox
icity can be acute or chronic. Acute toxicity manifests as myopericarditis 
with reversible left ventricle (LV) dysfunction shortly after initial 
administration. More importantly, chronic cardiotoxicity can progress 
from asymptomatic LV dysfunction to overt CHF. Among the risk factors 
for toxicity from anthracyclines, total cumulative dose is the most sub
stantial. Other risk factors include older age, female gender, hyperten
sion, mediastinal radiation, preexisting cardiovascular disease, and use 
of another cardiotoxic agent [1,2].

Antimetabolites such as 5-fluorouracil and HER-2 receptor blockers 
such as Trastuzumab have also been implicated in causing cardiotox
icity. Trastuzumab, a monoclonal antibody targeting HER-2 receptor, 
results in apoptosis and cell death. Trastuzumab cardiotoxicity is 
reversible upon discontinuation. 5-fluorouracil can cause vasospasm, 
which can lead to myocardial infarction and death, and other adverse 
events such as CHF, CAD, and pericardial effusion [1]. A summary of the 
various cardiac side effects associated with different chemotherapy 
agents is presented in Table 1. Effective cardio-protection can mitigate 
these risks, improve life quality by preventing debilitating symptoms, 
and reduce healthcare costs associated with managing 
chemotherapy-induced cardiotoxicity.

Hyperlipidemia is a well-known modifiable risk factor for athero
sclerosis cardiovascular disease (ASCVD). The guidelines recommended 
starting lipid-lowering agents in high-risk patients which is associated 
with significant risk reduction of ASCVD [3,4]. Data shows that using 
statins as primary prevention in patients on chemotherapies can lower 
chemotherapies-related cardiotoxicity. However, this is still not 
well-studied. Statins were included in the European Society of cardiol
ogy guidelines as class IIa indication based on some observational 
studies, to be given to patients at high risk of cardiotoxicity as primary 
prevention of chemotherapy-related cardiac dysfunction [3,4]. The aim 
of this meta-analysis is to report the aggregated effect of statins in 
lowering the risk for anthracycline cardiotoxicity.

2. Methods

We have documented our search strategy and meta-analysis in 
accordance with the guidelines of PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) and AMSTAR-2 (A Meth
odological Quality Assessment of Systematic Reviews-2). The associated 
checklists from these guidelines can be referenced in Supplemental S1 
and Supplemental S2 [5,6]. The criteria for inclusion in our 
meta-analysis consisted of: 1) Patients diagnosed with cancer on 
anthracyclines, 2) Patients treated with statin in the experimental group 
and no statin in the control group. Patients who were not on anthracy
clines were excluded. Case reports, clinical spotlights, and review arti
cles were not included in our study selection.

Using PRISMA guidelines, a comprehensive literature search was 

Table 1 
Summary of the various cardiac side effects associated with different chemo
therapy agents.

Agents Examples Associated Cardiac 
Complications

Anthracyclines Doxorubicin, 
Epirubicin

Cardiac dysfunction, Heart 
failure, Myocardial ischemia, 
Myocarditis, Pericarditis, 
Ventricular arrhythmias

HER-2 Receptor 
Blockers

Trastuzumab Cardiac dysfunction, Heart 
failure, Myocardial ischemia, 
Left ventricular dysfunction, 
Reversible cardiomyopathy

Antimetabolites 5-Fluorouracil, 
Methotrexate

Coronary vasospasm, 
Myocardial infarction, 
Pericardial effusion, Congestive 
heart failure (CHF), Coronary 
artery disease (CAD), QT 
prolongation

Alkylating Agents Cyclophosphamide Myocarditis, Pericardial 
effusion, Heart failure, Atrial 
fibrillation, QT prolongation, 
Hypertension

Platinum-Based Agents Cisplatin, 
Carboplatin

Hypertension, Myocardial 
ischemia, Thrombosis, 
Ventricular arrhythmias, Acute 
coronary syndrome (ACS)

Tyrosine Kinase 
Inhibitors

Imatinib, Sorafenib Hypertension, Thrombosis, 
Heart failure, Myocardial 
ischemia, Left ventricular 
dysfunction, QT prolongation

Immunotherapy (e.g., 
Checkpoint 
Inhibitors)

Pembrolizumab, 
Nivolumab

Myocarditis, Myocardial 
ischemia, Heart failure, 
Ventricular arrhythmias, 
Pericardial disease, 
Autoimmune myocarditis
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carried out on the MEDLINE Portal, encompassing EMBASE Classic and 
PubMed. Our focus was on trials and observational studies that met our 
inclusion criteria. This search covered the entire time frame from the 
start of the databases up to August 2023. Search strategies incorporated 
both MeSH terms and specific keywords, applying Boolean Operators 
“OR” and “AND”, with terms such as: "Cancer", "Chemotherapy", 
"Anthracyclines" "Cardiac Dysfunction", "Statins’’, "Heart Failure (HF)", 
and "Ejection Fraction". Details of the search strategy are included in the 
Supplemental S3.

2.1. Study selection

We shortlisted studies for inclusion based on whether they were 
randomized clinical trials (RCTs), pilot trials, retrospective or prospec
tive studies, and if they matched our inclusion criteria. The articles 
underwent an independent screening by MH and MK. Full-text articles 
that cleared the initial screening were then subjected to a deeper review 
for pertinent outcomes. Furthermore, by employing backward snow
balling, we delved into the references of articles to unearth any over
looked studies of interest. YS took on the task of verifying the data from 
the screening process.

2.2. Data collection and statistical analysis

The baseline characteristic and data were exported to Microsoft 
Excel and were arranged in baseline characteristics, in binary outcome 
format for discrete variables and continuous outcome format for 
continuous variables. From the studies in our dataset, we extracted and 
presented mean values, standard deviations (SD), and other relevant 

statistics that revolve around baseline conditions and patient de
mographics. The analytical engine driving our computations was the 
CRAN-R software, known for its proficiency in delivering aggregate ef
fect sizes. We relied on the meta-bin module and combined it with the 
Mantel-Haenszel random-effects approach for deducing the Odds Ratio 
(OR), adhering to a significance benchmark of p < 0.05. For continuous 
outcomes, we turned to the meta-cont module, working in tandem with 
the Inverse-variance method, aiming for a consolidated standard mean 
difference (SMD). Our cumulative effect testing was articulated through 
a z-score, mirroring the nuances of a 95 % confidence bracket. Using the 
Higgins I-squared (I2) tool, we could gauge the extent of statistical 
disparity across studies. Values of ≤ 50 % denoted low heterogeneity, 
50-75 % signified moderate heterogeneity, and values ≥75 % repre
sented high heterogeneity [7]. In compliance with the Cochrane 
Handbook for Systematic Reviews of Interventions, we opted not to 
include a funnel plot for publication bias assessment in our 
meta-analysis. This decision adheres to the recommendation of avoiding 
funnel plots in analyses with fewer than 10 studies, which applies to our 
study [8]. To wrap up, the credibility of our pooled studies was upheld 
by applying the renowned Cochrane Risk of Bias [9] for randomized 
studies and the Newcastle-Ottawa Scale [10] for observational studies.

3. Results

From an initial retrieval of 265 articles, 27 were identified as du
plicates and subsequently removed. This yielded 238 articles for the 
primary screening. Following a rigorous assessment, 219 articles were 
excluded based on predefined criteria. The ensuing detailed assessment 
of the 19 potentially relevant studies culminated in the selection of 9 

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) Flow of the search strategy for systematic review and meta-analysis.
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articles deemed suitable for our meta-analysis. The flow of study se
lection is delineated in Fig. 1.

The 9 incorporated studies (5 randomized controlled trials and 4 
observational studies) represented a cumulative population of 2784 
cancer patients undergoing chemotherapy. Within this experimental 
group, 1269 patients were administered statins, while the control group 
consisted of 1515 patients not on statin therapy. Characteristics of 
included studies are shown in Table 2. The baseline characteristics of 
both groups, derived from the incorporated studies, are systematically 
presented in Table 3.

4. Primary outcome

Of the 9 studies, 7 provided data on the incidence of heart failure. 
The pooled analysis indicated that statin therapy was associated with a 
substantial reduction in heart failure incidence among the chemo
therapy patients. The observed odds ratio was 0.52 (95 % CI: 0.37-0.74; 
p < 0.0003). The detailed meta-analysis results for this outcome can be 
found in Fig. 2.

5. Secondary outcomes

In the meta-analysis, secondary outcomes (Fig. 3) did not show sig
nificant differences between statin and non-statin groups. The pooled 
Hedges’s g for the change in Ejection Fraction (EF) from baseline was 
reported as 1.09 (SMD: 1.09; 95 % CI: -0.40 to 2.57), lacking statistical 
significance (p = 0.15). For the change in Left Ventricular End Diastolic 
Volume (LVEDV) from baseline, the Hedges’s g was 0.91 (SMD: 0.91; 
95 % CI: -1.69 to 3.51), which was similarly non-significant (p = 0.47). 
The change in Left Ventricular End Systolic Volume (LVESV) from 
baseline also showed no statistical significance, with a Hedges’s g of 
1.32 (SMD: 1.32; 95 % CI: -2.30 to 4.94; p = 0.49) (Fig. 4).

6. Discussion

We conducted a thorough review and analysis to evaluate statins as a 
protective measure for the heart in patients with cancer undergoing 
anthracycline chemotherapy, known for its heart-related risks. Our 
findings revealed a noteworthy decrease in the incidence of heart failure 
among patients taking statins compared to the other group. However, 
there weren’t significant statistical changes observed in the metrics like 
left ventricular ejection fraction (LVEF), left ventricular end-diastolic 

volume (LVEDV), and left ventricular end-systolic volume (LVESV). 
Our study contributes to the existing knowledge, primarily focusing on 
the potential benefits of statins and cancer patients on anthracyclines, 
amalgamating observational studies, and randomized clinical trials.

The small GTPase RAS regulates DNA Damage Response (DDR) in 
tumor development and progression. DNA double-strand breaks (DSBs), 
documented with topoisomerase inhibitors like anthracyclines, are 
potent activators of DDR [11]. Not only does it enhance the effectiveness 
of anticancer drugs, it also reduces their harmful effects on normal tis
sue. Targeting Ras signaling, potentially through HMG-CoA reductase 
inhibitors (statins), could widen the therapeutic window for anticancer 
treatments by depleting the cellular pool of isoprene precursor mole
cules necessary for Ras function [12].

The severity of the cardiotoxicity greatly influences the safety and 
effectiveness of anthracyclines, impacting how well a patient tolerates it. 
The extensive comparison within our meta-analysis involved a meticu
lous assessment of data from five randomized clinical trials and four 
observational studies, with the bulk of the data stemming from Neilan et 
al (STOP-CA) (CI -0.39-0.08) [13] and Hundley et al.(PREVENT) (CI 
-044-0.01) [14] trials. This meticulous comparison allowed us to discern 
critical insights regarding the efficacy of statins in mitigating 
chemotherapy-induced cardiotoxicity.

Cardiovascular imaging plays a pivotal role in pinpointing in
dividuals with concealed left ventricular dysfunction. Among these 
imaging modalities, the transthoracic echocardiogram stands out as the 
preferred technique for initial risk assessment. It offers a quantitative 
evaluation of the left ventricle’s ejection fraction., serving as a crucial 
tool not only for baseline risk stratification but also for continuous 
monitoring during treatment and long-term follow-up. Importantly, 
existing definitions of chemotherapy-induced cardiotoxicity hinge upon 
the decline in the left ventricular ejection fraction, making this imaging 
method particularly significant in his context. Analytical methodologies, 
like the hedges G method, were instrumental in quantifying the differ
ences across studies, offering a standardized means to compare varying 
outcomes.

Building upon the existing literature, the 2022 European Society of 
Cardiology guidelines provided a class IIa recommendation for statins 
use in primary prevention against cancer therapy-related cardiovascular 
toxicity among the high and very high-risk patient groups. This 
recommendation was drawn from retrospective observational studies 
and small randomized control trials [15,16,17]. To further scrutinize 
these studies we aim to dissect their findings, explore any existing 

Table 2 
Characteristics of included studies.

Study Year Type of study Country Cancer type Chemotherapy 
agent

Statin Follow 
up period

Statin 
group 
(n)

Control 
group (n)

Abdel-Qadir et al. 2021 Retrospective Cohort 
Study

Canada Breast Cancer Anthracyclines Atorvastatin 40mg, 
Rosuvastatin, 
Simvastatin Pravastatin

10 years 666 666

Acar et al. 2011 Randomized 
Controlled Trial

US HL, MM, 
Leukemia

Adramicin, 
Idarubicin

Atorvastatin 40mg 6 months 20 20

Chotenimikhun 
et al.

2015 Prospective Cohort 
Study

US Breast Cancer, 
Leukemia, 
Lymphomas

Anthracyclines 40±5 mg of 
Atorvastatin or 
Simvastatin

6 months 14 37

Hundley et al. 2022 Randomized 
Controlled Trial

US Breast Cancer, 
Lymphoma

Doxorubicin Atorvastatin 40mg 24 
months

122 126

Nabati et al. 2019 Randomized 
Controlled Trial

Iran Breast Cancer Doxorubicin Rosuvastatin 20mg 6 months 38 39

Seicean et al. 2012 Retrospective Cohort 
Study

US Breast Cancer Anthracyclines Unspecified 2.5 years 67 134

Tase et al. 2014 Retrospective Cohort 
Study

Romania Gastric Cancer Epirubicin Unspecified 2.5 years 144 288

Neilan et al. 2023 Randomized 
Controlled Trial 
(STOP-CA Trial)

US/ 
Canada

Lymphoma Anthracyclines Atorvastatin 40mg 12 
months

150 150

Thavendiranathan 
et al.

2023 Randomized 
Controlled Trial

Canada Breast Cancer Anthracyclines Atorvastatin 40mg 4 weeks 54 58
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Table 3 
Baseline characteristics of patients on statin treatment vs non-treatment in included studies.

Characteristic Group Abdel- 
Qadir 
et al.

Acar et al. Chotenimikhun 
et al.

Hundley 
et al.

Nabati et al. Seicean 
et al.

Tase 
et al.

Neilan 
et al.

Thavendiranathan 
et al.

Age (mean, SD) Statin 69 ± 1 53.7 ±14.2 62 ± 2 48.5 ± 12.5 47.74 ± 9.7 61.2 ± 9 ​ 50 17 55.2 13.7
​ Control 69 ± 0.8 52.6 ± 17.6 43 ± 2 49.4 ± 11.5 50.74 ± 12.44 60.1 ± 8.5 ​ 49 16 58.6 13.4
Female (%) Statin ​ 60 57.2 92.8 ​ ​ ​ 45 72
​ Control ​ 55 67.6 90.7 ​ ​ ​ 49 83
White Ethnicity (%) Statin ​ ​ ​ 82.7 ​ 65.7 ​ 90 67
​ Control ​ ​ ​ 82.9 ​ 67.2 ​ 87 79
Black Ethnicity (%) Statin ​ ​ ​ 11.5 ​ ​ ​ 3 4
​ Control ​ ​ ​ 15.7 ​ ​ ​ 3 3
Asian Ethnicity (%) Statin ​ ​ ​ 1.4 ​ ​ ​ 3 24
​ Control ​ ​ ​ 0.7 ​ ​ ​ 5 16
BMI (Mean, SD) Statin ​ ​ 30.7 ± 1.6 29 ± 6.4 ​ 30.2 ± 5.2 ​ 28 62 ​
​ Control ​ ​ 27.7 ± 1.1 31 ± 7.4 ​ 30.5 ± 7.6 ​ 28 6.1 ​
CCI (Mean, SD) Statin 1 ± 1 ​ ​ ​ ​ 7 ± 1 ​ ​ ​
​ Control 0 ± 1 ​ ​ ​ ​ 6.6 ± 1.3 ​ ​ ​
Hypertension (%) Statin 76.1 ​ 86 ​ ​ 47.8 ​ 9 ​
​ Control 79.6 ​ 27 ​ ​ 20.9 ​ 13 20
IHD/CAD (%) Statin 8.1 ​ 14 ​ ​ 7.5 ​ ​ 31
​ Control 6.6 ​ 3 ​ ​ 0.8 ​ ​ ​
MI (%) Statin <0.9 % ​ 7 ​ ​ ​ ​ ​ ​
​ Control <0.9 % ​ 3 ​ ​ ​ ​ ​ ​
Atrial Fibrillation 

(%)
Statin 4.2 ​ ​ ​ ​ ​ ​ ​ ​

​ Control 3.8 ​ ​ ​ ​ ​ ​ ​ ​
Diabetes Mellitus 

(%)
Statin 23.3 ​ 50 ​ 13.2 ​ ​ 0 6

​ Control 23 ​ 5 ​ 17.9 ​ ​ 1 7
CKD (%) Statin 2.7 ​ ​ ​ ​ ​ ​ ​ ​
​ Control 2.7 ​ ​ ​ ​ ​ ​ ​ ​
COPD (%) Statin 17.1 ​ ​ ​ ​ ​ ​ ​ ​
​ Control 16.8 ​ ​ ​ ​ ​ ​ ​ ​
Hyperlipidemia (%) Statin ​ ​ 100 ​ 26.3 ​ ​ ​ 4
​ Control ​ ​ 5 ​ 20.5 ​ ​ ​ 5
Smoking (%) Statin ​ ​ 64 ​ ​ 35.8 ​ 19 46
​ Control ​ ​ 38 ​ ​ 33.6 ​ 21 45
Sleep Apnea (%) Statin ​ ​ ​ ​ ​ ​ ​ 3 ​
​ Control ​ ​ ​ ​ ​ ​ ​ 5 ​
LVEF (%) Statin ​ 61.3 ± 7.9 56.6 ± 1.4 ​ 55.1 ± 4.84 58.2 ± 7.6 ​ 62.9 ± 4.5 60.2 ± 5.4
​ Control ​ 62.9 ± 7 57.5 ± 1.4 ​ 55.1 ± 5.1 59.1 ± 4.2 ​ 62.5 ± 4.9 59.2 ± 55
LDL (mg/dL) Statin ​ ​ ​ 111 ± 29 ​ ​ ​ ​ 52.02 16.02
​ Control ​ ​ ​ 112 ± 26 ​ ​ ​ ​ 53.46 17.1
HDL (mg/dL) Statin ​ ​ ​ 59 ± 18 ​ ​ ​ ​ 24.7 8.1
​ Control ​ ​ ​ 57 ± 14 ​ ​ ​ ​ 25.6 7.6
Triglycerides (mg/ 

dL)
Statin ​ ​ ​ 112 ± 52 ​ ​ ​ ​ 28.9 15.3

​ Control ​ ​ ​ 127 ± 92 ​ ​ ​ ​ 26.8 21.4
Cholesterol (mg/ 

dL)
Statin ​ ​ ​ 192 ± 41 ​ ​ ​ ​ 90 21.9

​ Control ​ ​ ​ 195 ± 32 ​ ​ ​ ​ 92.3 19.1
Troponin (ng/mL) Statin ​ ​ ​ 0.03 ± 0.2 ​ ​ ​ ​ ​
​ Control ​ ​ ​ 0.01 ± 0.0 ​ ​ ​ ​ ​
CRP (mg/L) Statin ​ ​ ​ 7.2 ± 20.1 ​ ​ ​ ​ ​
​ Control ​ ​ ​ 9 ± 16.7 ​ ​ ​ ​ ​
TNF-a (pg/mL) Statin ​ ​ ​ 1.46 ± 1.3 ​ ​ ​ ​ ​
​ Control ​ ​ ​ 1.73 ± 2.4 ​ ​ ​ ​ ​
Breast Cancer Stage 

1 (%)
Statin 16.4 ​ ​ ​ ​ ​ ​ ​ 14

​ Control 16.7 ​ ​ ​ ​ ​ ​ ​ 11
Breast Cancer Stage 

2 (%)
Statin 51.8 ​ ​ ​ ​ ​ ​ ​ 66

​ Control 50.9 ​ ​ ​ ​ ​ ​ ​ 61
Breast Cancer Stage 

3 (%)
Statin 31.8 ​ ​ ​ ​ ​ ​ ​ 20

​ Control 32.4 ​ ​ ​ ​ ​ ​ ​ 29
Beta Blockers (%) Statin 20.4 ​ 50 14.4 % 

(statin) 20 % 
(control)

​ 38.8 ​ 5 6

​ Control 21.6 ​ 8 ​ ​ 17.2 ​ 2 3
CCB (%) Statin ​ ​ 29 ​ ​ ​ ​ 3 ​
​ Control ​ ​ 3 ​ ​ ​ ​ 3 ​
ARB (%) Statin 54.5 ​ 29 ​ ​ ​ ​ 5 % (statin) 

7 % 
(control)

6

(continued on next page)
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correlations, and examine both positive and negative outcomes.
The PREVENT, SPARE-HF, and STOP-CA trials collectively showed 

that atorvastatin reduces the decline in heart function associated with 
anthracycline treatment in cancer patients. While all three trials found 
that fewer patients on atorvastatin experienced significant heart func
tion decline compared to placebo, they differed in patient populations 
and outcomes. The PREVENT trial, which involved breast cancer and 
lymphoma patients, and the SPARE-HF trial, focusing on high-risk pa
tients, both highlighted a reduction in heart function decline with 
atorvastatin [18]. However, in the STOP-CA trial, which involved a 
different patient cohort, the decline was more pronounced in the pla
cebo group after 12 months, underscoring the variation in results across 
different patient populations. However, a single-blind placebo-con
trolled study by Nabati in Iraq (2019) reported a different outcome, 
showing a negative change in ejection fraction (-1.62) among statin 
users, contrasting with the positive results from the other trials. This 
discrepancy may be attributed to demographic and geographic varia
tions in the study population [15].

Acar 2011 and Nabati 2019 are the two randomized controlled trials 
that randomly assigned participants to either statin or placebo in a one- 
to-one ratio [15,19]: the incidence of cardiotoxicity was not significant 
in the randomized clinical trials. The median dose of anthracyclines was 
around 300 mg/m2 in the STOP CA trial compared to 240 mg/m2 for the 
rest of the RCTs. The PREVENT and SPARE trials lacked the necessary 

power to identify significant differences in the ejection fractions when 
comparing statin therapy against a placebo. This inadequacy stemmed 
from a high dropout rate of 36 % in the PREVENT trial and a modest 
sample size of around 112 participants in the SPARE trial. Conversely, 
the STOP-CA trial boasted a larger sample size of around 300 partici
pants and achieved a completion rate exceeding 95 %.

In STOP-CA, the primary focus was on the proportion of each study 
group experiencing a 10 % or more decline in LVEF as the primary 
endpoint. However, some studies have opted for the absolute difference 
in LVEF decline instead [14,20,21]. Comparing the entire cohort 
revealed only a slight 1.3 % difference in LVEF at 12 months between 
groups. This suggests that for a portion of the anthracycline population, 
atorvastatin might offer limited benefit.

Considering the alternative option of FDA-approved dexrazoxane in 
the market; which is approved for just breast cancer patients and asso
ciated with secondary malignancies, statins emerge as a comparatively 
less risky approach to potentially reduce the risk of chemotherapy- 
related cardiac issues and subsequent cancer mortality [22].

As we delve deeper into the mechanisms of chemical damage caused 
by anticancer treatments, we uncover opportunities for developing more 
cardio-protective drugs. Statins, among others, have shown promise in 
this regard. Studies have also explored medications like angiotensin- 
converting enzyme inhibitors (ACEIs) and beta blockers such as carve
dilol. In a recent clinical trial (NCT01009918), 468 participants were 

Table 3 (continued )

Characteristic Group Abdel- 
Qadir 
et al. 

Acar et al. Chotenimikhun 
et al. 

Hundley 
et al. 

Nabati et al. Seicean 
et al. 

Tase 
et al. 

Neilan 
et al. 

Thavendiranathan 
et al.

​ Control 54.2 ​ 0 ​ ​ ​ ​ ​ 7
ACE-I (%) Statin ​ ​ 43 ​ ​ 38.8 ​ ​ 6
​ Control ​ ​ 11 ​ ​ 14.9 ​ ​ 10
Non-statin LLA (%) Statin 5 ​ ​ ​ ​ ​ ​ ​ ​
​ Control 5.1 ​ ​ ​ ​ ​ ​ ​ ​
Diuretics (%) Statin ​ ​ 50 ​ ​ ​ ​ ​ ​
​ Control ​ ​ 3 ​ ​ ​ ​ ​ ​
Insulin (%) Statin ​ ​ ​ ​ ​ 10.5 ​ ​ ​
​ Control ​ ​ ​ ​ ​ 3.7 ​ ​ ​
Cyclophosphamide 

(%)
Statin ​ 80 64 ​ ​ ​ ​ ​ ​

​ Control ​ 85 81 ​ ​ ​ ​ ​ ​
Tamoxifen (%) Statin ​ ​ 0 ​ ​ ​ ​ ​ ​
​ Control ​ ​ 3 ​ ​ ​ ​ ​ ​
Trastuzumab (%) Statin ​ ​ 14 2.9 15.8 11.9 ​ ​ ​
​ Control ​ ​ 14 5 10.3 17.2 ​ ​ ​
Taxane (%) Statin ​ ​ ​ ​ 18.4 ​ ​ ​ ​
​ Control ​ ​ ​ ​ 12.8 ​ ​ ​ ​

Fig. 2. Incidence of heart failure in patients on statin treatment vs non-treatment.
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randomly assigned to receive lisinopril, carvedilol, or a placebo. Results 
indicated improved cardiotoxicity-free survival in both the lisinopril 
(hazard ratio HR 0.53) and carvedilol (HR 0.49) groups compared to 
placebo [23]. Recent studies have highlighted the emergence of addi
tional cardio-protective medications, notably SGLT-2 inhibitors, 
showing promising effects. In patients with cancer and diabetes mellitus 
(DM), the use of SGLT2 inhibitors was linked to a reduced rate of cardiac 
events following anthracycline therapy [24,25].

6.1. Limitations

The major limitation posed for this analysis is the small sample sizes 
in various individual randomized controlled trials and observational 
studies. However, challenges persist in ensuring effective randomization 
due to the small sample sizes in the analyzed randomized control trials. 
Observational studies, although adjusted for multiple risk factors, may 
still have committed confounders like race influencing their outcomes. 
Despite these limitations, the status shows promise in mitigating 
anthracycline-induced cardiotoxic effects, potentially aiding medical 

oncologists in devising long-term management plans for cancer patients.
When examining the use of statins in these scenarios, it’s worth 

noting that most studies have concentrated on high-intensity statins, 
primarily due to their heightened anti-inflammatory effects. Conse
quently, attempting to generalize the outcomes of this meta-analysis to 
encompass other, less potent statins might not be prudent or appro
priate, given the disparity in their efficacy profiles. This meta-analysis 
also could not assess variations in outcomes by sex or race, as the in
dividual studies did not provide disaggregated data for these 
demographics.

The included studies did not specify whether patients were on GLP-1 
agonists or SGLT-2 inhibitors. These medications are known for their 
cardioprotective effects, which could influence the outcomes of cardiac 
function and heart failure incidence. The absence of data on these 
medications represents a limitation of our meta-analysis. Future studies 
should consider including this information to better understand the 
potential impact of these agents on cardiotoxicity outcomes in patients 
undergoing chemotherapy.

Fig. 3. Secondary outcomes of patients on statin treatment vs non-treatment.
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7. Conclusion

In conclusion, while our study shows statins reducing the incidence 
of heart failure in cancer patients on anthracyclines, further studies are 
crucial for a conclusive understanding. A nuanced analysis considering 
different statins, cancer types, and specific cardioprotective effects in 
terms of EF, LVESV, LV EDV changes is necessary for comprehensive 
insights. Universal endorsement of statins as a cardioprotective agent 
requires more stratified studies, considering factors like drug types, 
dosages, cancer types, and chemotherapy variation to better compre
hend their effects on our target population.
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