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Beta-blockers for preventing anthracycline-induced cardiotoxicity:

a systematic review with network meta-analysis

Rafael Leite Pacheco?
Carolina de Oliveira Cruz Latorraca’?
Remo Holanda de Mendonca Furtado®*®

INTRODUCTION

Anthracyclines have been used as an effective strategy for can-
cer treatment'. However, there is an increased risk of cardio-
toxicity and other complications due to anthracycline chemo-
therapy?, particularly left ventricle dysfunction, which may
lead to heart failure and, ultimately, death. The estimated
prevalence of anthracycline-induced cardiotoxicity was 17%
in a recent review that summarized data from 6,481 patients,
mostly treated for breast cancer®. Nevertheless, this may vary
according to methods used for surveillance and definitions
of cardiotoxicity®.

Beta-blockers have been referred to as potential prophy-
lactic interventions for anthracycline-induced cardiotoxic-
ity’. Along with other interventions, they are recommended
for patients with a high or very high risk of developing heart
failure, who are undergoing anthracycline chemotherapy®.
Current guidelines grant beta-blockers a class Ila recommen-
dation for the prevention of anthracycline-induced cardiotox-
icity, although supporting evidence remains weak®.

Thus, a systematic review with network meta-analysis is
warranted to synthesize the available evidence on the effects
of different beta-blockers, support clinical decision-making,

identify knowledge gaps, and guide future research.

, Isabela Porto de Toledo™
, Ver6nica Colpani’
, Rachel Riera"®

, Roberta Borges Silva' @,
,Ana Luiza Cabrera Martimbianco® @,

METHODS

Design and setting

A systematic review with network meta-analysis of random-
ized clinical trials (RCTs) was carried out at Health Technology
Assessment Center, Hospital Sirio-Libanés, Sao Paulo, SP, Brazil.
The protocol was prospectively registered in the PROSPERO
database (CRD42024495711).

The Cochrane Handbook for Reviews of Interventions was
adopted for planning the protocol and developing the review’.
'The study was written following the Preferred Reporting Items for
Systematic Review and Meta-Analysis for Network Meta-analysis®.

Criteriafor including studies

Types of studies
Randomized clinical trials: If any crossover trial had been iden-
tified, only the first phase would be considered.

Types of participants
Participants, of any age, with malignant neoplasms treated with
anthracycline chemotherapy. Studies that randomized partici-

pants for receiving trastuzumab were not considered.
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Types of interventions .

Beta-blockers at any doses, schedule, treatment duration, alone,

Any adverse event—measured by the frequency of par-
ticipants experiencing at least one adverse event.
or associated with other treatments. When beta-blockers were *  Quality of life—measured by a validated generic or
combined with other interventions, the study was only con- specific tool.
sidered if the same interventions were also given for the com-
parator group. No treatment or placebo was considered as the The outcomes were considered at any time point.
reference comparator. However, only similar time points were pooled together: short
term (up to six months) or long term (more than six months).
Outcomes of interest When a study reported an outcome more than once in the same
period, we considered the latest measurement.
Primary outcomes

*  Systolic dysfunction assessed by left ventricular ejection Search for studies
fraction (LVEF) by echocardiography (final value at the A comprehensive search of the literature was conducted using
moment of the outcome assessment). electronic databases, with no limit for date, language, or status of
¢ Cardiovascular mortality. publication. Search strategies were developed for the Cochrane
*  Serious adverse events—measured by the frequency of par- Central Register of Controlled Trials, Embase, Epistemonikos,
ticipants experiencing at least one serious adverse event. Latin America and the Caribbean Literature on Health Sciences,
Serious adverse events were defined as any adverse event and Medical Literature Analysis and Retrieval System Online.
leading to any of the following: death, life-threatening Additional searches for ongoing RCTs were conducted
event, hospitalization (initial or prolonged), disability on ClinicalTrials.gov and The World Health Organization
or permanent damage, and requirement of an interven- International Clinical Trials Registry Platform. A manual search
tion to prevent permanent impairment or damage’. was performed in the reference lists of included studies and
review articles. A search of the grey literature was conducted on
Secondary outcomes

*  All-cause mortality.

the Data Archiving and Networked Services database. The full

search strategies are presented in Supplementary Table 1.

Table 1. Certainty of evidence assessment for outcome cardiotoxicity, assessed by left ventricular ejection fraction at short-term.

Direct Certainty of Indirect Certainty of Certainty of
. . . ; . % Network .
Comparison estimate? evidence— estimate evidence— . evidence—
. I Direct* (95%Cl) .

(95%Cl) direct (95%Cl) indirect network
Bisoprolol 5 mg vs. control | 1 (—0.852.t1c?5.05) High = = 100 (—O.852It1c(>)5.05) Moderate
Carvedilol 12.5 mg vs. 2 -1.90 Low 181 _ 68 -0.86 Verv low
carvedilol 25 mg (-4.75 10 0.96) (-2.81t0 5.44) (-3.20 to 1.49) y
Carvedilol 12.5 mg vs. -1.80 -1.31 5 -1.58
carvedilol 6.5 mg T | (52510165 | Moderate | g 0802 46) 5 | (412100.97) 2
Carvedilol 12.5 mg vs. 0.51 -1.60 _ 0.31
control 4| (159t02.67) Low | (g10t04.91) N 1 reotozan | vevlow
Carvedilol 25 mg vs. -0.80 -0.58 _ -0.72
carvedilol 6.25 mg V| (37310213 | Moderate |, 46103.29) 64 | (3.06101.62) KoL
Carvedilol 25 mg vs. 1.00 2.26 116
control 3 | 0.97102.97) Low (-2.81107.33) 87 | co67t03.00) | VeViow
Carvedilol 6.25 mg vs. 1.78 2.27 1.88
control 2 | (-0.58t04.14) Low (-2.24106.78) 7% 1 (021t03.98) | Yevlow
Metoprolol 100 mg vs. -1.00 . B -1.00
control Yl atat0214) High 100 | (41410214 | Moderate
Nebivolol 5 mg vs. control 2 © 673£65 44) Low = 100 © 673,'[265 44) Low

*% Direct=contribution of direct evidence to the network estimate; n=number of studies included in the direct estimate; network certainty of evidence
for network was derived from the certainty of the direct evidence when the direct contribution to network estimate was predominant. ®Assessed
domains: risk of bias, inconsistency, indirectness, publication bias. "Assessed domains:incoherence and imprecision. mg: milligrams; Cl: confidence
interval; vs: versus.

2
Rev Assoc Med Bras. 2025;71(10):e20250322


http://ClinicalTrials.gov

Pacheco RL et al.

Selection of studies

The selection process for studies was carried out through a two-
phase process using Rayyan platform'. In the first phase, a pair
of reviewers independently evaluated all titles and abstracts
retrieved by the search strategies. Studies classified as “poten-
tially eligible” were then screened during the second phase,
which consisted in the reading of the full text to confirm eli-
gibility. Inconsistencies between reviewers were solved by con-

sulting a third reviewer.

Data collection
Data collection was conducted by an independent pair of review-
ers using a standardized data collection sheet. A third reviewer

was consulted to solve inconsistencies between reviewers.

Risk of bias assessment

The Cochrane Risk of Bias table was used to assess the biases
of included RCTs’. Two independent reviewers evaluated the
risk of bias in each study, and a third reviewer was consulted
in cases of disagreements.

Unity of analysis
‘The unity of analysis was the individual randomized participant.

Measures of treatment effect and data analysis
A random-effects frequentist model was used for pairwise
meta-analyses, with heterogeneity assessed clinically and statis-
tically (I?). For network meta-analysis, a frequentist approach
from the R package netmeta was adopted'’. The transitivity
was assessed considering clinical and methodological features
among the studies.

For continuous outcome, the network meta-analysis was
performed using a graph-theoretical approach (netmeta).
Outcomes were reported as mean differences, and plotted in a
forest plot with “Control” as the reference treatment.

For dichotomous outcomes, the network meta-analysis
was performed using the inverse variance method from the
netmetabin command. All-zero studies were excluded from
the analysis, and the sensitivity analysis was carried out via the
Mantel-Haenszel method if needed. Outcomes were reported
as odd ratios, and plotted in a forest plot with “Control” as
the reference treatment.

All analyses considered standard error corrections for multi-
arm studies. For each estimate, 95%CI were reported. An anal-
ysis of consistency between direct and indirect evidence was
presented using a split evidence forest plot. Incoherence was
estimated by comparing the overlap of confidence intervals
from indirect and direct evidence.

3

Publication bias assessment

When at least ten RCTs were pooled, we assessed publication
bias using a comparison-adjusted funnel plot. In the presence
of unexpected asymmetry in the funnel plot, we would consider

downgrading the certainty of evidence due to publication bias.

Assessment of the certainty of the evidence

The certainty of evidence was assessed using the Grading of
Recommendations, Assessment, Development and Evaluations
(GRADE) approach for network meta-analysis'?. Based on
the evaluation, the certainty of each outcome was classified as
very low, low, moderate, or high. The certainty of evidence was
assessed for each comparison and considering all outcomes.
Two independent reviewers assessed the certainty of evidence,

and a third reviewer was consulted in cases of disagreements.

RESULTS

Search results

The search strategies retrieved 7,377 references, and 246
identical duplicates were removed before selection. After
screening and selection phases, 21 references of articles
were excluded with reasons (Supplementary Table 2) and
12 ongoing trials and 14 RCTs (reported by 35 references)
were included in this review. The selection flow diagram is
presented in Figure 1.

Included studies

The main characteristics of the 14 RCTs'*? included are
detailed in the Supplementary Table 3. The total number of
relevant participants included was 1,146. The distribution of
RCTs over time covers a range of 11 years, from 2010% up
to 2021%. The population of the RCTs consisted of individ-
uals with various cancer diagnoses, with breast cancer being
the most frequent. Doxorubicin, adriamycin, and epirubicin
were the most cited types of anthracyclines used. The cumu-
lative dose of anthracycline-chemotherapy ranged from 240
mg/m?">'¢ to 540.28+31.17 mg/m*®. The longest follow-up
period was 10 years®. The most frequently used beta-blockers
were carvedilol, followed by nebivolol, metoprolol, and bisop-
rolol. Twelve ongoing trials were included after the screening
and selection phases, and their characteristics are detailed in
Supplementary Table 4.

Risk of bias of included RCTs
Thirteen studies were judged with uncertain risk of bias in at

least one of the criteria. The risk of bias of included RCTs and
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the reasons for each judgment are presented in Supplementary
Table 5 and Supplementary Figure 1.

Results of syntheses and certainty of the evidence

Cardiotoxicity (LVEF)
Ten RCTs contributed to the LVEF meta-analysis in the short-
term, encompassing 17 pairwise comparisons with seven differ-

16,20,21,24 studies

ent treatment arms, presented in Figure 2. Four
provided long-term estimates (12 months to 10 years), but data
heterogeneity prevented quantitative synthesis.

Overall, estimated differences in LVEF in the short-term
were marginal compared to the control, with the highest point
estimate being an increase of 3% points in favor of nebivolol
5 mg (Supplementary Figure 2). Confidence intervals for the

other comparisons were narrow and compatible with marginal

Records identified
from other sources
(n=0)

Records identified
from search strategies
(n=17,377)

Duplicates eliminated
(n =246)

Records evaluated by title/abstract
(n=7,131)

Records eliminated

Z T (n=17,063)

Records evaluated in full-text

(n=068)
Records excluded
—> with reasons
(n=21)

Reports of included studies (n = 47)
Studies included in the review (n = 14)
(14 completed / 12 ongoing)

Studies included in qualitative synthesis (n = 14)
Studies included in quantitative synthesis (n = 10)

Figure 1. PRISMA flowchart of the study selection process.

4

benefit and harm. In addition, the inspection of the compar-
ison-adjusted funnel plot (Supplementary Figure 3) did not
indicate asymmetry.

Evidence was graded moderate for the comparisons bisop-
rolol 5 mg or metoprolol 100 mg versus control. However, the
estimated mean difference was marginal, meaning that bisop-
rolol and metoprolol probably have lictle difference in LVEF
in comparison to control.

The certainty of evidence for LVEF was classified as very
low to moderate for all comparisons. The comparisons that
presented direct and network estimates are presented in Table
1, and a full description of certainty of evidence for all com-
parisons are presented in Supplementary Table 6. The main
reason to downgrade the direct evidence was the risk of bias.
Indirect evidence was downgraded by intransitivity, due to
clinical diversity in the included population and time-point
of the outcome assessment. In general, network estimates
were downgraded by imprecision or incoherence. All rea-
sons to downgrade the certainty of evidence are presented in

Supplementary Table 7.

All-cause mortality

Six RCTs reported data on all-cause mortality, but three
had no events on both arms and were not included in the
analysis. Confidence intervals from both direct, indirect,
and network estimates were wide and unmeaningful; the
certainty of evidence for this outcome was considered very
low for all comparisons. Results for the all-cause mortality
netmap and meta-analysis are presented in Supplementary

Figures 4, 5, and 6.

Figure 2. Netmap. Outcome: left ventricular ejection fraction.
Line thickness is related to the number of included trials in each
comparison; mg: milligrams.
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DISCUSSION

This network meta-analysis assessed beta-blockers efficacy and
safety in preventing anthracycline-induced cardiotoxicity and
identified research gaps. The primary outcome, cardiotoxicity
(LVEF drop), was inconsistently reported, evidenced by the
network estimates of LVEF of all beta-blockers and control
with a confidence interval compatible with little to no effect.
All-cause mortality estimates from three RCTs had wide, unmean-
ingful confidence intervals and very low certainty of evidence.

We found two previous and smaller systematic reviews with
network meta-analysis that assessed the effects of beta-blockers
on the prevention of anthracycline-induced cardiotoxicity*”*.
None of them used the GRADE approach for assessing the evi-
dence certainty derived from network estimates, which com-
plicates a comparison with our conclusions.

Among the twelve ongoing clinical trials evaluating
beta-blockers for cardiotoxicity prevention identified in this
review (Supplementary Table 4), the majority (10/12) inves-
tigated carvedilol, with breast cancer being the most frequent
cancer type studied, and with LVEF serving as the primary
endpoint in most registries.

When considering the mechanisms of beta-blockers in pre-
venting anthracycline-induced cardiotoxicity, their effects may
vary depending on the specific agent and its affinity for f1 and/
or B2 receptors. Overall, it is hypothesized that beta-blockers
may improve cardiac function by reducing heart rate, enhanc-
ing myocardial oxygenation, mitigating oxidative stress, and
exerting other beneficial effects. Their impact on LVEF is linked
to reducing ventricular size and increasing ejection fraction®.

Of note, carvedilol could have other effects beyond adrener-
gic receptors blockade such as reducing oxygen reactive species
generation and decreasing in apoptosis; however, there is lim-
ited evidence whether there might be clinical impact of these
features compared with other beta-blockers®. Further studies
are necessary to clarify whether these properties may translate
into any relevant clinical benefit.

The findings of this review suggest that bisoprolol and
metoprolol probably have little effect on LVEF decline.
As highly selective B1-antagonists, these agents may offer tar-
geted cardioprotection, including the reduction of heart rate,
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