

[image: image1]
Preventive use of beta-blockers for anthracycline-induced cardiotoxicity: A network meta-analysis












	
	TYPE Systematic Review
PUBLISHED 11 August 2022
DOI 10.3389/fcvm.2022.968534






Preventive use of beta-blockers for anthracycline-induced cardiotoxicity: A network meta-analysis

Dongsheng He1†, Jun Hu2†, Ying Li1* and Xiaofei Zeng1*


1Department of Cardiothoracic Surgery, The First Affiliated Hospital of Chengdu Medical College, Chengdu, China

2Department of Cardiology, The First Affiliated Hospital of Chengdu Medical College, Chengdu, China

[image: image2]

OPEN ACCESS

EDITED BY
Shusen Sun, Western New England University, United States

REVIEWED BY
Qiang Zhang, Cancer Center, Daping Hospital, China
 Wenjian Yao, Henan Provincial People's Hospital, China

*CORRESPONDENCE
 Ying Li, liying051003@163.com
 Xiaofei Zeng, zengdoct@163.com

†These authors share first authorship

SPECIALTY SECTION
 This article was submitted to Coronary Artery Disease, a section of the journal Frontiers in Cardiovascular Medicine

RECEIVED 14 June 2022
 ACCEPTED 19 July 2022
 PUBLISHED 11 August 2022

CITATION
 He D, Hu J, Li Y and Zeng X (2022) Preventive use of beta-blockers for anthracycline-induced cardiotoxicity: A network meta-analysis. Front. Cardiovasc. Med. 9:968534. doi: 10.3389/fcvm.2022.968534

COPYRIGHT
 © 2022 He, Hu, Li and Zeng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: Anthracyclines are commonly used chemotherapeutic agents to treat malignant tumors. However, cardiotoxicity is a potentially serious adverse effect of anthracyclines. Beta-blockers may be effective in preventing anthracycline-induced cardiotoxicity (AIC). However, the lack of direct comparisons of various beta-blockers interferes with clinical decision-making. Network meta-analysis (NMA) was performed to assess the effectiveness of beta-blockers for AIC.

Methods: We searched PubMed, Embase, Web of Science, and the Cochrane Central Register of Clinical Trials. The last update was in May 2022. Randomized controlled trials (RCT) of beta-blockers for AIC were included. Four beta-blockers were selected for comparison based on the number of studies. NMA was conducted with STATA 14.0 software.

Results: A total of 10 RCTs (875 patients) met the selection criteria. NMA results showed that carvedilol was superior to bisoprolol [SMD = −0.50, 95% CI (−0.91, −0.10)] and nebivolol [SMD = −1.46, 95%CI (−2.82, −0.11)] in a delay of LVEF. The results of the cumulative probability ordering are as follows: carvedilol (83.8%) > metoprolol (71.8%) > bisoprolol (43.9%) > placebo (40.9%) > nebivolol (9.5%).

Conclusion: Based on the available evidence, carvedilol is the best beta-blocker for AIC, followed by metoprolol. However, additional studies with large samples should be conducted to confirm our findings.
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Introduction

Anthracyclines are anticancer drugs, including Adriamycin, erythromycin, and epi-amycin. They can be used to treat various types of cancer, including breast cancer, lymphoma, and leukemia (1, 2). Although their anticancer effects are notable, numerous clinical studies have found these drugs have serious adverse effects, with cardiotoxicity particularly prominent (3, 4). Anthracycline-induced cardiotoxicity (AIC) is a dose-limiting and possibly fatal complication of anthracycline administration that can arise during any period of chemotherapy (5). The main representative features are arrhythmias, pericardial effusion, and myocardial ischemia. AIC can contribute to cardiac failure and decrease survival (6). Mechanisms of AIC are complex and include free radicals, calcium overload, impaired energy metabolism, and apoptosis (7–12). A liposome-encapsulated formulation, doxorubicin liposome, was developed to limit anthracycline exposure in the myocardium. Liposomal doxorubicin improves the therapeutic index of conventional anthracyclines (13). However, AIC is still a pressing issue.

Beta-blockers are effective in treating hypertension, heart disease, and cardiac failure (14–16). Beta-blockers improve ventricular remodeling and reduce arrhythmias mainly by altering the status of adrenergic receptors (17, 18). Beta-blockers can delay the progression to heart failure in patients who develop cardiotoxicity (19, 20). Several beta-blockers are already available for clinical use, such as metoprolol, atenolol, nebivolol, bisoprolol, and carvedilol. Studies have shown that beta-blockers could be effective in preventing AIC (21). However, previous meta-analyses that evaluated the efficacy of beta-blockers to ameliorate AIC in terms of changes in left ventricular ejection function (LVEF) showed inconsistent results (19, 22–26). Furthermore, due to the small sample size of most studies, there is a lack of direct comparison between beta-blockers to determine which beta-blocker is most effective in preventing AIC.

Network meta-analysis (NMA) synthesizes evidence from direct and indirect comparisons to rank treatment interventions and guides drug selection (27). To provide additional evidence on beta-blocker treatment against AIC, a comprehensive systematic evaluation and NMA of relevant randomized controlled trials (RCTs) were conducted to assess which beta-blockers provided the best cardioprotective effect.



Methods

Network meta-analysis was conducted following the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Statements for Network Meta-Analysis (PRISMA-NMA) (28).


Inclusion and exclusion criteria

The inclusion criteria were: (1) participants: patients were diagnosed with tumors by pathology or imaging and were older than 18 years. All patients received anthracyclines, including epirubicin, pirarubicin, or doxorubicin. The dose and duration of drug treatment were unlimited; (2) type of study: randomized clinical trials (RCTs); (3) interventions: the experimental group began using beta-blockers before chemotherapy to counteract the cardiotoxicity of anthracycline-based chemotherapy. In the control group, a placebo was used; and (4) outcomes: LVEF at baseline and after chemotherapy, mortality, and adverse events. The exclusion criteria were: (1) non-RCT; (2) studies with insufficient data, duplicate data, or data that could not be extracted; (3) cardiotoxicity due to non-anthracycline chemotherapy; and (4) reviews, conference abstracts, or meta-analysis.



Search strategy

Randomized clinical trial studies on beta-blockers for the prevention of AIC were searched in PubMed, Embase, Web of Science, and the Cochrane Central Register of Clinical Trials. The last search was in May 2022. References from included studies were checked to identify additional studies. Search terms included anthracycline, chemotherapy, cardiotoxicity, doxorubicin, atenolol, carvedilol, metoprolol, nebivolol, bisoprolol, arotinolol, adrenergic beta-antagonists, randomized controlled trial, and random*. The search was conducted using a combination of medical subject headings and free-text words (Supplementary Table S1).



Data extraction

Data extracted included: (1) basic information: title, source, author, year; (2) baseline characteristics of the study population: number of trial participants, age, disease type; (3) intervention details, follow-up time; (4) key elements of the risk of bias evaluation; and (5) data on outcome indicators and outcome measures: LVEF, adverse events, and mortality.



Quality assessment

Two investigators independently assessed the risk of bias in the included studies and cross-checked the results. A bias assessment tool recommended in the Cochrane Handbook 5.1.0 was used to evaluate the risk of bias in RCT (29).



Statistical analysis

Stata 14.0 was used to analyze the data. Standardized mean difference (SMD) was used as the effect analysis statistic for the measurement data. Dichotomous variables were analyzed using the risk ratio (RR) as the effect analysis statistic. Each effect size was provided with its 95% confidence interval (95%CI). The χ2 test was used to assess statistical heterogeneity between the results of the studies, while the magnitude of heterogeneity was determined by combining I2 quantification. Fixed effects were used if there was no heterogeneity between studies (I2 <50%, P > 0.1). If there was heterogeneity (I2 > 50%, P < 0.1), the source of heterogeneity was analyzed, and a meta-analysis was performed with random effects after excluding the influence of heterogeneity.

Due to the limited data available in the literature, subgroup analyses were only performed for doses of carvedilol (6.25 mg vs. 12.5 mg vs. 25 mg). Sensitivity analysis was used to test the stability of the meta-analysis results. The mvmeta package was used for data preprocessing in the NMA. When network relationship diagrams were drawn, inconsistency tests should be performed to determine if there were closed loops in the network relationship diagrams. In the present study, no closed loop was formed for each outcome indicator. Therefore, no inconsistency test was performed. The outcome indicators for each intervention were ranked by plotting the surface under the cumulative ranking curve (SUCRA). Comparison-adjusted funnel plots were used to assess publication bias and the effects of the small sample in included studies.




Results


Search results

Five thousand six hundred twenty-four studies were obtained from the initial review, and 10 RCTs were included after screening (21, 30–38). The study selection flow chart is shown in Figure 1.


[image: Figure 1]
FIGURE 1
 Flow chart of article screening process.




Study and patient characteristics

There were 875 patients in the 10 RCTs. Most of the tumor types were breast cancer. Four beta-blockers were included: bisoprolol, metoprolol, nebivolol, and carvedilol. Two studies compared the efficacy of different doses of beta-blockers compared to placebo. The beta-blocker doses ranged from 5 to 100 mg. The experimental groups were comparable to the control groups at baseline in these RCTs. The characteristics of the included studies are shown in Table 1.


TABLE 1 General characteristics of selected RCTs.

[image: Table 1]



Quality assessment results

All included RCTs mentioned that the grouping was performed using a random method. Bias risk assessment for randomization showed low-risk bias in six RCTs and unclear in four RCTs. Regarding the concealment of random assignment, four RCTs showed low-risk bias, and six showed unclear results. Placebos were used in all RCTs to implement the blinded method. Regarding data completeness, selective reporting and other aspects showed a low risk of bias. The bias evaluation is shown in Figure 2.


[image: Figure 2]
FIGURE 2
 Risk of bias in the included studies.




Pairwise comparison of meta-analysis results

The meta-analysis showed a statistically significant difference between carvedilol and placebo in LVEF [RR = 0.51, 95%CI (0.14, 0.88), P = 0.007; Figure 3].


[image: Figure 3]
FIGURE 3
 The forest plot of the effect of carvedilol on LVEF.


Compared to placebo, bisoprolol and nebivolol had an advantage in LVEF, with a statistically significant difference [RR = 0.67, 95%CI (0.23, 1.10), P = 0.002; RR = 1.49, 95% CI (0.82, 2.16), P < 0.0001]. However, the difference between metoprolol and placebo was not statistically significant [RR = 0.06, 95%CI (−0.44, 0.57), P = 0.803].

In terms of mortality, the meta-analysis did not show statistically significant differences between carvedilol and placebo (RR = 1.08, 95% CI (0.51, 2.27), P = 0.889; Figure 4].


[image: Figure 4]
FIGURE 4
 Forest plot of Carvedilol's impact on mortality.




Adverse events

There were no significant differences in adverse events between metoprolol and placebo [RR = 4.00, 95% CI (0.47, 33.73), P = 0.203] or carvedilol and placebo [RR = 0.50, 95% CI (0.13, 1.94), P = 0.317].



Subgroup analysis

Subgroup analysis was performed for different doses of carvedilol (6.25 mg vs. 12.5 mg vs. 25 mg). There were no statistically significant differences in LVEF performance between 6.25 and 12.5 mg [RR = 0.28, 95%CI (−0.18, 0.73), P = 0.234] or between carvedilol 6.25 mg carvedilol and 25 mg [RR = 0.54, 95%CI (−0.18, 1.25), P = 0.140] or between carvedilol 12.5 mg carvedilol and 25 mg [RR = 0.64, 95%CI (−0.10, 1.38), P = 0.091]. The results are shown in Figure 5.


[image: Figure 5]
FIGURE 5
 Subgroup analysis forest plot of effects of different doses of carvedilol on LVEF.




Sensitivity analysis

The sensitivity analysis of the results of LVEF of carvedilol compared to placebo was performed using the one-by-one elimination method. The results showed that the meta-analysis results were stable (Figure 6).


[image: Figure 6]
FIGURE 6
 Sensitivity analysis results.




Results of network meta-analysis

In terms of LVEF, the network relationships for the four beta-blockers are shown in Figure 7. According to the evidence network diagram of NMA comparisons, the width of each edge is proportional to the number of RCTs comparing each pair of treatments, and the size of each treatment node is proportional to the number of randomized participants (sample size).


[image: Figure 7]
FIGURE 7
 Evidence network diagram.


Four different beta-blockers were subjected to NMA, yielding 10 two-by-two comparisons, two of which were statistically significant (Figure 8). NMA results showed that carvedilol was superior to bisoprolol [SMD = −0.50, 95% CI (−0.91, −0.10)] and nebivolol [SMD = −1.46, 95% CI (−2.82, −0.11)] in delaying the reduction in LVEF.


[image: Figure 8]
FIGURE 8
 Results of network meta-analysis.




Probability ranking result

The four beta-blockers were ranked based on the SUCRA values (Figure 9). The results of the cumulative probability ordering are as follows: carvedilol (83.8%) > metoprolol (71.8%) > bisoprolol (43.9%) > placebo (40.9%) > nebivolol (9.5%).


[image: Figure 9]
FIGURE 9
 The surface under the cumulative ranking curve plots.




Publication bias analysis

Comparison-adjusted funnel plots for LVEF as an outcome indicator were plotted for publication bias. These results showed poor symmetry, suggesting a possible degree of publication bias (Figure 10).


[image: Figure 10]
FIGURE 10
 Comparison-correction funnel plot.





Discussion

This study evaluated the efficacy of different beta-blockers vs. placebo for preventing AIC by NMA. NMA included 10 RCTs, including 875 patients. Beta-blockers included in the NMA were bisoprolol, metoprolol, nebivolol, and carvedilol. A previous meta-analysis confirmed the carvedilol cardioprotective effects in patients treated with anthracyclines, improving the significant decrease in LVEF and reducing the incidence of cardiovascular events (23). Long-term follow-up studies have shown that LVEF at the end of treatment is an independent predictor of cardiotoxicity (39). Lower LVEF is associated with an increased risk of cardiotoxicity (40). Therefore, a decrease in LVEF is recommended to define chemotherapy-related cardiotoxicity (41, 42).

Anthracyclines are among the most popular chemotherapy drugs due to their broad-spectrum and potent anticancer effects (43). While it provides sound anticancer therapeutic effects, the development of cardiotoxicity limits its application. The cardiotoxic effects become more pronounced as the cumulative dose increases. The risk of congestive heart failure is positively correlated with anthracycline doses (44–46). Early monitoring and timely intervention are essential to avoid the progression to irreversible heart damage (47). Beta-blockers can treat heart failure by stimulating the Gs-AC-cAMP-PKA signaling pathway to produce positive inotropic effects in cardiac myocytes (48).

The results of the direct comparative meta-analysis of this study showed an advantage of carvedilol in causing the delay in the reduction of LVEF compared to placebo. The results are consistent with other studies (22, 23, 25). The result stability was also confirmed by sensitivity analysis ruling out the possibility of false-positive results. In addition, bisoprolol and nebivolol were equally advantageous in mitigating the decline in LVEF. However, more evidence is needed to support the findings due to the size of the included studies. Unlike placebo, metoprolol was not statistically significant in mitigating the LVEF decline. This may be related to the ineffective protective effect against cardiotoxicity due to the absence of antioxidant activity of metoprolol (49).

The NMA results showed that carvedilol was superior to bisoprolol and nebivolol in delaying LVEF reduction. The results of the probability ranking indicated that carvedilol was the best beta-blocker to prevent AIC. Based on direct comparisons, carvedilol and placebo had no statistically significant difference in mortality. Therefore, we recommend carvedilol as the preferred regimen for preventing AIC. Carvedilol is an antioxidant and has more potent antioxidant properties than other types of beta-blockers (34). The metabolites of carvedilol exhibit antioxidant properties. The metabolites are 50 or 100 times more powerful than carvedilol (50). Carvedilol inhibits the lipid peroxidation in cardiac cell membranes and oxygen release from neutrophils. It preserves the body's natural antioxidant system by scavenging peroxides, hypochlorous radicals, and oxygen radicals (51). We attempted to compare the effect of different doses of carvedilol in delaying the reduction of LVEF by subgroup analysis. Unfortunately, no meaningful recommended dose was found. Therefore, future studies with varying doses of carvedilol to prevent AIC should be conducted.



Limitations

First, because of the lack of direct comparisons between different beta-blockers in included studies, the comparisons between other beta-blockers in NMA were obtained by indirect comparisons. Therefore, the results, effectiveness, and safety of the actual drugs may be biased. Second, the included studies were mainly focused on carvedilol (seven studies), while there was only one study for bisoprolol, metoprolol, and nebivolol. Therefore, the results of the studies were prone to bias. Finally, the small sample size of patients included in some of the studies may reduce the credibility of the trial results.



Conclusions

Carvedilol may be the best beta-blocker for preventing AIC, followed by metoprolol. To confirm and support the findings of this NMA, larger sample sizes and high-quality RCTs are needed.
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