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Introduction: In patients with breast cancer and lymphoma, anthracyclines
are associated with early and late dose-related cardiotoxicity. We system-
atically evaluated the efficacy and harms of the use of B-blockers in breast
cancer and lymphoma patients undergoing chemotherapy.

Material and methods: We searched five engines, and pre-prints until Octo-
ber 10, 2022, for randomized controlled trials (RCTs) evaluating B-blockers
for anthracycline-associated cardiotoxicity in breast cancer and lymphoma
patients. Primary outcomes were all-cause mortality, left ventricular ejec-
tion fraction (LVEF), left ventricular end-diastolic and end-systolic diameter
(LVEDD, LVESD), peak E’ velocity, E/A ratio, E/e’ ratio, and NT-pro BNP levels.
The secondary outcome was heart rate. Inverse variance random effect me-
ta-analyses were performed, and we used GRADE methods to assess quality
of evidence (QoE).

Results: Twelve RCTs were selected (n = 1,794). Seven RCTs evaluated carve-
dilol. Mean ages were 39 to 52 years; 88.5% were women; 79.4% had breast
cancer, and 11.5% lymphoma. The evidence was very uncertain about the
effect of B-blockers on all-cause mortality (RR = 0.87, 95% Cl: 0.55 to 1.37,
12 RCTs, 2= 0%, very low QoE), LVEF (MD = 2.73%, 95% Cl: —=0.45% t0 5.92%,
12 RCTs, 1= 93%, very low QoE), and heart rate (MD = -9.14 bpm, 95% Cl:
-15.02 to —3.26, two RCTs, /2= 87%, very low QoE) vs. controls. B-blockers
likely reduced NT-pro BNP levels slightly (MD = -15.35 pg/ml, 95% Cl: —22.39
to —8.31, two RCTs, /2= 0%, moderate QoE). There were no effects on other
outcomes, all with very low QoE.

Conclusions: Prophylactic use of B-blockers for cardioprotection had little to
no effect on all-cause mortality, LVEF or cardiac function outcomes in cancer
patients undergoing anthracycline therapy.
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Introduction

Anthracyclines such as doxorubicin, daunorubicin, epirubicin, and
idarubicin are the mainstay of treatment for various cancers, including
breast cancer and lymphoma [1, 2]. However, they can cause serious com-
plications including left ventricular dysfunction and subsequent heart
failure, which has limited their use in cancer patients [3]. Up to 20% of
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those who have received an anthracycline will de-
velop cardiotoxicity within 5 years [4]. Some risk
factors associated with anthracycline-induced car-
diotoxicity include cumulative dose, female sex,
and pre-existing heart conditions such as arterial
hypertension [3]. About 10% of breast cancer pa-
tients undergoing anthracycline chemotherapy de-
velop cardiotoxicity, and about 20% of long-term
lymphoma survivors treated with anthracyclines
have asymptomatic cardiac dysfunction [5-7].

Several strategies have been developed to
prevent anthracycline-related cardiotoxicity, in-
cluding administration alternatives (liposomal,
continuous infusion) and the use of cardiopro-
tective drugs according to the 2017 American
Society of Clinical Oncology (ASCO) and the 2020
European Society for Medical Oncology (ESMO)
guidelines [8-10]. These drugs include dexrazox-
ane, angiotensin-converting enzyme inhibitors
(ACEI), angiotensin Il receptor blocker (ARB), and
B-blockers [10]. Although dexrazoxane has FDA
approval for doxorubicin-related cardiotoxicity, it
is more expensive and has an extensive side-ef-
fect profile compared to other alternatives such as
B-blockers. The proposed mechanisms of benefit
of B-blockers include blocking sympathetic activi-
ty, optimizing excitation-contraction coupling, and
reducing heart rate [11].

The systematic review and meta-analysis by
Lewinter et al. in 2022 evaluated seven random-
ized controlled trials (RCTs) (n = 708) in which
B-blocker therapy non-significantly increased
left ventricular ejection fraction (LVEF) by 1.9%
(95% Cl: —0.5% to 4.2%, I* = 77%) compared to
placebo in breast cancer patients receiving anthra-
cyclines only [12]. Also, the systematic review and
meta-analysis by Kheiri et al in 2018 assessed
eight RCTs (n = 633) and found that carvedilol
significantly increased LVEF by 2.41% (95% ClI:
0.01% to 4.81%, 1> = 87%) compared with pla-
cebo in cancer patients receiving anthracyclines
[13]. Similarly, the meta-analysis by Ma et al. in
2019 evaluating 11 RCTs (n = 940) found a sig-
nificant increase of LVEF by 4.5% (95% Cl: 1.77%
to 7.15%), significant reductions in LV end-systolic
diameter (LVESD) and LV end-diastolic diameter
(LVEDD), and non-significant differences in peak
E’ velocity, E/A ratio, and E/e’ ratio with B-blockers
compared to placebo in cancer patients receiving
anthracyclines [14]. However, none of the previous
studies assessed the effect of B-blockers in only
breast cancer and lymphoma patients against sev-
eral comparators, predefined a large set of out-
comes, and used state-of-the-art methods to as-
sess the risk of bias (RoB) of individual RCTs and
the Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) quality of
evidence per outcome across RCTs.

a systematic review and meta-analysis

We systematically evaluated the efficacy and
harms associated with the use of B-blockers for
anthracycline-related cardiotoxicity in breast and
lymphoma cancer patients undergoing chemo-
therapy.

Material and methods

We reported our systematic review according
to the Preferred Reporting Items for Systemat-
ic Reviews and Meta-Analyses (PRISMA) 2020
guidelines [15]. The protocol of our study was reg-
istered in the PROSPERO database with modifica-
tions (CRD42022368169).

Study searches

We conducted comprehensive literature
searches on October 9, 2022, in PubMed, EMBASE,
Scopus, Web of Science, Cochrane Library, pre-
prints (medrxiv.org, ssrn.com, preprints.com), and
ongoing randomized controlled trials (RCTs) at
clinicaltrials.gov. There were no time or language
limits. The following keywords were used for our
search strategy: breast cancer, non-Hodgkin lym-
phoma (NHL), anthracycline-based chemothera-
py, selective B-blockers, non-selective B-blockers,
angiotensin-converting enzyme inhibitors (ACEI),
angiotensin Il receptor blockers (ARB), and RCTs.
The full search strategy for PubMed is available in
the Supplementary file. The references of included
studies were searched for additional records.

Study selection

Three reviewers (JTL, AD, VP) searched engines,
pre-print websites, and clinicaltrials.gov to col-
lect records. After removing duplicates in myend-
noteweb.com, these were exported to rayyan.ai.
Two independent reviewers (JTL, AD) determined
the eligibility of the studies by title and abstract
content according to inclusion and exclusion cri-
teria. We included: 1) RCTs assessing the effects
of B-blockers, either selective (bisoprolol, metop-
rolol, nebivolol, acebutolol, atenolol) or non-se-
lective (nadolol, labetalol, carvedilol, propranolol,
sotalol), with or without ACEI or ARBs vs. controls
(placebo, standard of care, ACEl, ARB, combi-
nation) for cardiotoxicity in patients > 18 years
old; 2) patients receiving anthracycline-based
chemotherapy with or without administration
of monoclonal antibodies for breast cancer and
NHL at a hospital or cancer treatment center; and
3) availability of at least one primary or second-
ary outcome. Studies were excluded if: 1) patients
were undergoing chemotherapy for other types of
cancer (e.g. gastric, esophageal), or 2) the study
design was not an RCT (cohort, case-control,
cross-sectional, systematic review, meta-analysis,
conference abstract).
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Outcomes

Primary outcomes were all-cause mortality,
heart failure, changes at follow-up for left ventric-
ular (LV) diastolic and systolic function (e.g. dia-
stolic dysfunction, peak E' velocity, E/A ratio, E/e’
ratio, LV volume and diameter, filling pressure, de-
celeration time, strain rate parameters, LV ejection
fraction [LVEF]), NT-proBNP levels, and troponin T
levels, and serious adverse events. Secondary out-
comes were duration of administration of B-block-
ers, treatment discontinuation, adverse events
(e.g. bradycardia), hypertension, metastatic and
nonmetastatic disease.

Data extraction

Data were extracted by two independent review-
ers (JTL, AD), and disagreements were resolved by
a third reviewer (AVH) if necessary. The extracted
data included: 1) year of publication, 2) RCT type,
3) number of participants, 4) country(ies) where the
studies were conducted, 5) type of patient (breast
cancer, NHL), 6) B-blocker name, dose and duration,
7) comparator dose and duration, 8) time frame
of follow-up, 9) median age, 10) sex proportion,
11) stage of cancer, 12) prevalence of comorbidities
(i.e. diabetes, hypertension, obesity, coronary artery
disease, chronic obstructive pulmonary disease,
asthma, chronic kidney disease), 13) primary and
secondary outcomes per study arm.

Risk of bias assessment

Assessment of risk of bias (RoB) was done in-
dependently by two investigators (JTL, AD) using
the Cochrane RoB 2.0 tool for RCTs [16]. This tool
evaluates five domains of bias: randomization
process, deviations from intended interventions,
missing outcome data, measurement of the out-
come, and selection of the reported result. Judge-
ments of bias per domain can be “low”, “high”,
or “some concerns”. Each study and domain were
classified following a predetermined algorithm
based on responses to signaling questions. A third
reviewer (AVH) participated in the resolution of
discrepancies.

GRADE Quality of evidence

The quality of evidence (QoE) was evaluated
using the GRADE methodology [17]. The following
aspects were assessed per outcome: RoB, incon-
sistency, imprecision, indirectness, and publica-
tion bias. We downgraded the QoE according to
limitations per aspect across RCTs to moderate,
low, and very low, and provided explanations for
each decision. The GRADEpro software (www.gra-
depro.org) was used to generate the Summary of
Findings (SoF) table.

Statistical analysis

All meta-analyses were conducted using a ran-
dom-effects model with the inverse variance meth-
od. The Paule-Mandel method was used to calcu-
late the between-study variance (t?) [18], and the
Hartung-Knapp method was used to adjust 95%
confidence intervals (Cls) [19]. Effects were report-
ed as relative risks (RR) and their 95% Cls for dichot-
omous outcomes, and as mean differences (MD)
and their 95%Cls for continuous outcomes. We ad-
justed for baseline values of continuous outcomes.
Zero events in one or two arms were adjusted with
the treatment arm continuity correction (TACC)
method. Statistical heterogeneity was evaluated
using the /? statistic, with values < 30% meaning
low, 30% to 60% moderate, and > 60% high het-
erogeneity of effects across RCTs [20]. Pre-speci-
fied subgroup analyses were conducted by type of
patient (breast cancer vs. other population [breast
cancer plus lymphoma or lymphoma alone]), type
of B-blocker (selective vs. non-selective), type of
chemotherapy delivery (hospital vs. cancer treat-
ment center), and by RCT RoB (high vs. low vs.
some concerns). We ran sensitivity analyses by ex-
cluding RCTs with comparators other than placebo.
Small study effects on outcomes were evaluated
with funnel plots and Egger’s test when 10 or more
RCTs were available. The R 4.2.0 (www.r-project.
org) software was used for all meta-analyses.

Results
Study selection

We identified 883 citations from databases and
nonefromregistries or pre-print websites (Figure 1).
After removing duplicates, we screened 633 by
titles and abstract text, and 597 abstracts were
excluded. Therefore, 36 studies were assessed for
eligibility and 20 studies were excluded because
of wrong study design (n = 16), wrong publication
type (n = 3), or wrong study duration (n = 1). Final-
ly, 12 unique RCTs were selected for quantitative
and qualitative analyses, which were reported in
16 papers [21-36].

Characteristics of included RCTs

Table | shows the main features of the included
RCTs [16-31]. Eight of the 12 RCTs assessed sole-
ly patients with breast cancer. Four RCTs included
other types of cancer such as NHL and lympho-
ma in the patient population [21, 26, 30, 36]. For
the chemotherapy regimen, two RCTs assessed
doxorubicin [21, 26], one RCT used doxorubicin
and cyclophosphamide [35], three RCTs assessed
doxorubicin and cyclophosphamide followed by
paclitaxel [20-23], one RCT assessed total doxoru-
bicin dose and total epirubicin dose [30] and one
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Identification of studies via databases and registers

Identification of studies via other methods

Figure 1. PRISMA 2020 flowchart

RCT assessed doxorubicin and epirubicin [36]. One
RCT assessed cyclophosphamide, epirubicin, and
5FU, or Adriamycin and cyclophosphamide [31],
one RCT assessed only epirubicin [27-29], and
one RCT assessed either cyclophosphamide and
doxorubicin or docetaxel and doxorubicin [32].
One RCT assessed Adriamycin plus cyclophospha-
mide (AC), fluorouracil plus epirubicin plus cyclo-
phosphamide plus docetaxel (FEC-D), epirubicin
plus cyclophosphamide (EC), or fluorouracil plus
epirubicin plus cyclophosphamide (FEC-100) for
the chemotherapy regimen [33, 34].

Carvedilol was evaluated in seven of the twelve
RCTs; two RCTs assessed carvedilol 3.125 mg, one
RCT assessed carvedilol 6.25 mg, one RCT assessed
carvedilol 12.5 mg, and three RCTs assessed carve-
dilol 25 mg [21-24, 30, 32, 35, 36]. Four studies
evaluated other B-blockers including bisoprolol,
metoprolol, and nebivolol [25-29, 31, 33, 34]. Elev-
en studies used placebo or unspecified control as
a comparator [21-31, 33-36] and one study used

Records identified from: Records removed Records identified from:
* Databases (n = 882) > before screening: » Websites (n = 6)
* Registers (n = 1) « Duplicate records « Organisations (n = 0)
S removed (n = 250) « Citation searching
B « Records marked (n=0)
= as ineligible by
E automation tools
= (n=0)
¢ Records removed
for other reasons
(n=0)
Y
Records screened | Records excluded
(n=633) ” (n =597)
Y Y
Reports sought for | Reports not retrieved Reports sought for | Reports not retrieved
retrieval (n = 36) ~ (n=0) retrieval (n = 6) ” (n=0)
2
§ A4 A4
S || Reports assessed for | Reports excluded: Reports assessed for Reports excluded:
eligibility (n = 36) “| « Wrong study design eligibility (n = 6) Wrong study design
(n=16) (n=6)
* Wrong publication
type (n=3)
* Wrong study
duration (extended
follow-up) (n = 1)
Y
. Studies included in
§ review (n = 12)
g Reports of included
- studies (n = 16)

candesartan as a comparator [32]. Mean ages
ranged from 39.9 to 52.6 years; eight studies in-
cluded only female participants [21-25, 27-29,
31-35], and the other four studies had female par-
ticipants ranging from 46.67% to 88% [21, 26, 30,
36]. The follow-up duration ranged from 3 months
to 36 months across RCTs. We did not find infor-
mation on several predefined outcomes, including
heart failure, LV volume, filling pressure, decelera-
tion time, serious adverse events, duration of ad-
ministration of B-blockers, treatment discontinua-
tion, and whether the patient developed metastatic
or nonmetastatic disease. LV diastolic dysfunction,
strain parameters, troponin T levels, and hyperten-
sion were only reported in one RCT [22-24].

Risk of bias assessment

Supplementary Figure S1 displays the RoB as-
sessments of the 12 RCTs, and overall, two were
found to have low RoB, nine some concerns of
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bias, and one high RoB. Three RCTs had some
concerns about bias in the randomization process
[26-30], six RCTs had some concerns about bias
in deviations from intended interventions [21, 25,
30-32, 36], and three RCTs had some concerns
about bias in measurement of the outcome [25,
33, 34, 36]. One study had some concerns about
bias in selection of the reported result [26], and
one study had high risk of bias in selection of the
reported result [36].

Effects on primary and secondary
outcomes

The evidence was very uncertain about the
effect of B-blockers on all-cause mortality (RR =
0.87; 95% Cl: 0.55 to 1.37, 1= 0%, 12 RCTs, very
low QoE, Figure 2) in comparison to the control
group. The evidence was very uncertain about the
effect of B-blockers on LVEF (MD = 2.73 %; 95% Cl:
—0.45 10 5.92, I*=93%, 12 RCTs, very low QoE, Fig-

a systematic review and meta-analysis

ure 3), LVEDD (MD = -1.73 mm; 95% Cl: -3.60 to
0.85, I*=90%, seven RCTs, very low QoE, Supple-
mentary Figure S2), and LVESD (MD = -1.69 mm;
95% Cl: —3.87 to 0.50, /= 93%, seven RCTs, very
low QoE, Supplementary Figure S3) compared to
the control. Also, the evidence was very uncertain
about the effect of B-blockers on peak E’ velocity
(MD = 6.4.cm/s; 95% Cl: —1.71 to 14.52, ?= 85%,
three RCTs, very low QoE, Supplementary Figure
S4), E/A ratio (MD = 0.06; 95% Cl: -0.01 to 0.14,
I?= 51%, eight RCTs, very low QoE, Supplementa-
ry Figure S5), and E/e’ ratio (MD = —0.24; 95% Cl:
—-0.82 to 0.34, I* = 68%, four RCTs, very low QOE,
Supplementary Figure S6) compared to the control
group. B-blockers likely reduced NT-pro BNP levels
slightly (MD = —15.35 pg/ml, 95% Cl: —22.39 to
-8.31, two RCTs, /2= 0%, moderate QoE, Supple-
mentary Figure S7) compared to the control. The
evidence was very uncertain about the effect of
B-blockers on heart rate (MD =-9.14 bpm, 95% Cl:
-15.02 to —-3.26, I* = 87%, two studies, very low

Source B-blocker Control RR [95% CI] Favors BB Favors Control ~ Weight (%)

Events Total Events Total
Kalay, 2006 1 25 4 25 0.25[0.03; 2.08] 13.1
Georgakopoulos, 2010 0 42 0 40 1.00 [0.02; 49.27] 3.9
Salehi, 2011 0 16 0 13 1.00 [0.02; 48.17] 3.9
Kaya, 2012 0 27 0 18 1.00 [0.02; 52.30] 3.8
Beheshti, 2016 0 30 0 40 1.00[0.02; 51.04] 3.8
Gulati, 2016 1 58 3 62 0.36 [0.04; 3.33] 11.8
Nabati, 2017 1 41 0 40 2.98[0.12; 71.89] & 5.8
Abuosa, 2018 9 116 2 38 1.47[0.33; 6.53] B 26.6
Avila, 2018 2 96 2 96 1.00[0.14; 6.95] 15.7
Cochera, 2018 0 30 0 30 1.00 [0.02; 48.80] 3.9
Lee, 2021 0 70 0 82 1.00 [0.02; 50.37] 3.8
Livi, 2021 0 45 0 42 1.00 [0.02; 49.40] 3.9
Random effects model 14 596 11 526  0.87[0.55; 1.37] 100.0
Heterogeneity: 12 = 0%, t = 0, p = 0.99 002 01 05 1 2 10 50

Risk ratio (95% Cl)
Figure 2. All-cause mortality

Study B-blocker Control MD [95% Cl] Favors Control Favors BB Weight

Mean  SD Total Mean SD  Total (%)
Kalay, 2006 -0.90 8.0000 24 -17.40 7.3000 21 16.50[12.03;20.97] 1—» 7.2
Georgakopoulos, 2010 -2.40 4.9300 42 -1.00 4.8900 40 -1.40[-3.53;0.73] 8.3
Salehi, 2011 -4.20 4.7800 17 -470 2.6200 13 0.50[-2.18; 3.18] L 8.1
Kaya, 2012 -1.80 3.1900 27 -9.10 39300 18 7.30[5.12; 9.48] I 8.3
Beheshti, 2016 -0.25 23400 30 -0.11 3.0000 40 -0.14[-1.39;1.11] 8.6
Gulati, 2016 -1.60 3.1100 58 -1.90 3.2900 62 0.30 [-0.85; 1.45] 8.6
Nabati, 2017 -1.30 5.0500 41 -9.40 4.0000 40 8.10[6.12; 10.08] l 8.3
Abuosa, 2018 -1.40 3.8800 107 -3.80 4.3800 36 2.40[0.79; 4.01] l 8.5
Avila, 2018 -0.90 3.1200 94 -1.30 3.4500 94 0.40 [-0.54; 1.34] 8.6
Cochera, 2018 1.00 2.6500 30 1.00 2.0000 30 0.00[-1.19; 1.19] 8.6
Lee, 2021 -2.20 6.3900 70 -1.20 24500 82 -1.00[-2.59;0.59] 8.5
Livi, 2021 -1.30 29000 44 -3.40 2.8300 41 2.10[0.88; 3.32] 8.6
Random effects model 584 517 2.73 [-0.45; 5.92] <> 100.0
Heterogeneity: /> = 93%, 12 = 24.0926, p < 0.01 ‘ ‘ ‘ ‘

=20 -10 0 10 20
Mean difference (95% Cl)
Figure 3. LVEF
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QoE, Supplementary Figure S8) compared to the
control group.

Subgroup and sensitivity analyses

Effects of B-blockers on outcomes across pre-
defined subgroups by type of B-blockers, type of
patient population, and RoB are shown in Supple-
mentary Figures S9-S11, respectively. Subgroup
analyses were mostly consistent with the main
analyses. In subgroup analysis by B-blocker type, we
found differential effects on peak E’ velocity with
a significant increase with the use of other B-block-
er (MD = 14.3 cm/s, 95% Cl: 9.57 to 19.03) and not
with carvedilol vs. control (p for interaction < 0.01).
In subgroup analysis by type of patient population,
we found the same differential effects on peak E’
velocity for breast cancer patients, but not in other
types of patients, as RCTs were grouped similarly
as type of B-blocker (p for interaction < 0.01). In
subgroup analysis by patient population, we found
differential effects on E/e’ ratio with a significant
reduction in breast cancer patients (MD = -0.78,
95% Cl: =1.27 to —0.30) and not in other patient
populations vs. control (p for interaction < 0.01).
Finally, in subgroup analysis by risk of bias, we
found differential effects on LVESD with a signifi-
cant reduction in RCTs at low RoB (MD =-1.00 mm,
95% Cl: —1.66 to —0.34) and not in other RCTs (p for
interaction < 0.01). We did not assess subgroups
by chemotherapy delivery, as this information was
not provided by the RCT reports. Sensitivity analy-
ses by excluding RCTs with comparators different
from placebo were consistent with main analyses
(Supplementary Figure S12).

GRADE quality of evidence per outcome

QoE was very low for most of the primary and
secondary outcomes (Table II). QoE was very low
for most outcomes due to high RoB, high hetero-
geneity among effects across RCTs, and impreci-
sion of effect. For NT-proBNP levels, the QoE was
moderate due to some concerns of bias across
RCTs.

Discussion
Main findings

In our systematic review of RCTs, we found that
B-blockers did not improve most clinical and in-
termediate outcomes related to cardiotoxicity in
patients with breast cancer and lymphoma. There
were non-significant reductions in all-cause mor-
tality risk, and non-significant improvements in
other intermediate outcomes of cardiac function
(LVEF, LVESD, LVEDD, E/e’ ratio) vs. controls. Also,
we found significant reductions in NT-proBNP lev-
els and heart rate with the use of B-blockers vs.
controls. Subgroup analyses by type of B-blocker,

by cancer patient population, and by RoB were
mostly consistent with main analyses. However,
the GRADE QoE of primary and secondary out-
comes was very low, except for NT-proBNP levels,
which had moderate QoE.

What is known about our research
question in the literature

In 2022, a systematic review and meta-anal-
ysis by Lewinter et al. evaluated nine RCTs (n =
1,362) up to March 2021 that solely focused on
patients with breast cancer, and assessed effects
of B-blockers, ARBs and ACEl in patients receiving
anthracyclines or trastuzumab. Seven RCTs (n =
708) focused on effects of B-blockers in patients
receiving anthracyclines. B-blockers included bi-
soprolol, carvedilol, metoprolol, and nebivolol, and
the authors found that B-blocker therapy non-sig-
nificantly increased LVEF by 1.9% compared to pla-
cebo in breast cancer patients (95% Cl: —0.5% to
4.2%, I*= 77%) [12]. This meta-analysis only eval-
uated LVEF as an outcome without adjustment
for baseline values and was somewhat limited in
its research sources due to only using PubMed,
EMBASE and CENTRAL. They used the DerSimo-
nian-Laird method to calculate between-study
variance t? instead of more recommended meth-
ods such as the Paule-Mandel, empirical Bayes or
Sidik-Jonkman methods. Additionally, the authors
did not evaluate the QoE per outcome.

The systematic review and meta-analysis by
Kheiri et al. in 2018 evaluated eight RCTs (n =
633) up to March 2018. The patient population in-
cluded those with breast cancer, lymphoreticular
malignancy, lymphoma, and various malignancies.
The authors found that carvedilol significantly in-
creased LVEF by 2.41% (95% Cl: 0.01% to 4.81%,
I* = 87%) and significantly reduced the odds of
having low EF (i.e. LVEF < 50%) by 48% (odds ratio
[OR] = 0.42, 95% Cl: 0.18 to 0.99) compared to
placebo in cancer patients [13]. Some limitations
of this meta-analysis included only looking at LVEF
as an outcome, not pre-specifying low EF in their
protocol, and not assessing effects on the protocol
pre-specified outcomes heart failure and myocar-
dial infarction. Also, the authors only focused on
carvedilol as the intervention, not specifying the
carvedilol doses that were used. Finally, the au-
thors used the outdated Jadad score to assess risk
of bias of RCTs and the wrong PRISMA guidelines
to report their systematic review and did not eval-
uate the QoE.

In 2019, a systematic review and meta-analy-
sis by Ma et al. evaluated 11 RCTs (n = 940). The
patient population included those with lymphoma,
breast cancer, lymphoreticular malignancy, acute
leukemia, and unspecified patients with malig-
nancy. The interventions included carvedilol 5 mg
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twice daily, carvedilol 25 mg twice daily, metop-
rolol 100 mg daily, and candesartan 32 mg with
metoprolol 100 mg daily. The authors found that
B-blockers led to a significant reduction in symp-
tomatic heart failure (RR = 0.29, 95% Cl: 0.10
to 0.85), a significant increase of LVEF by 4.5%
(95% Cl: 1.77% to 7.15%), significant reductions
in LVESD by 3.19 mm (95% Cl: —6.17 to -0.21 mm),
and significant reduction in LVEDD by 2.28 mm
(95% Cl: =4.50 mm to —0.05 mm) compared to
placebo [14]. There were no significant differences
in peak E' velocity, E/A ratio, and E/e’ ratio with
B-blockers compared to placebo. Some limitations
of this meta-analysis included not having a reg-
istered protocol in PROSPERO, not specifying the
dates of searches, using PRISMA guidelines to con-
duct a systematic review, and not assessing QoE.
Finally, the systematic review and meta-analysis by
Xu et al. in 2020 evaluated 11 RCTs (n = 844) until
January 2019, which included patients with breast
cancer, lymphoma, NHL, and HL. Interventions in-
cluded were carvedilol 12.5 mg/day and nebivolol
5 mg/day. They found a significant increase in LVEF
by 2.87% (95% Cl: 0.64% to 5.11%) [37]. Limita-
tions of this meta-analysis included only looking
at LVEF as an outcome and not evaluating the QoE.
The 2017 ASCO guidelines recommended that
clinicians may incorporate the use of dexrazox-
ane, continuous infusion or liposomal formulation
of doxorubicin for prevention of cardiotoxicity in
patients planning on receiving high-dose anthra-
cyclines (strength of recommendation: moderate;
evidence quality: intermediate) [9]. In 2020, the
ESMO guidelines recommended the prophylactic
use of ACEl or ARBs, and/or selected B-blockers
such as carvedilol and nebivolol may be consid-
ered to reduce the development of cardiotoxic-
ity for patients undergoing anticancer therapy
with known cardiotoxic agents (class of recom-
mendation [COR] IlI, level of evidence (LOE) C)
[10]. The 2022 AHA/ACC heart failure guidelines
recommended that in patients at risk of cancer
therapy-related cardiomyopathy, the initiation of
B-blockers and ACEI/ARB for the primary preven-
tion of drug-induced cardiomyopathy is of uncer-
tain benefit (COR 2b, LOE B-R) [38]. Finally, the
2021 European Society of Cardiology guidelines
recommended that treatment with an ACEl and
a B-blocker (preferably carvedilol) should be con-
sidered in cancer patients developing LV systolic
dysfunction, defined as a 10% or more decrease
in LVEF and to a value lower than 50% during an-
thracycline chemotherapy (COR 114, LOE B) [39].

What our work adds to the literature

Our study had some strengths. First, we used
numerous engines, websites, and pre-prints to
conduct a comprehensive literature search until

October 2022, which is more recent than other
published meta-analyses. Second, we used the
updated RoB2 tool for assessment of RoB. Third,
we used several predefined outcomes that were
available in our protocol, and there was no restric-
tion on the comparators; however, we did not find
data on several of those outcomes. Fourth, we
conducted prespecified subgroup analyses and
sensitivity analyses, and we reported them as sec-
ondary findings. Finally, we used the GRADE meth-
odology to assess QoE per outcome, and we pro-
vided a description of effects not only based on
significance but also on risk of bias across RCTs,
imprecision of the effects, the degree of heteroge-
neity of effects among RCTs and the probability of
publication bias.

Our meta-analysis showed that B-blockers can
increase LVEF, peak E’ velocity, and E/A ratio, and
lower all-cause mortality risk, E/e’, LVESD, LVEDD,
NT-proBNR and heart rate in comparison to con-
trols. According to known B-blocker effects, most
of our findings were expected except for peak E'
velocity and E/A ratio. Normally, B-blockers would
decrease both peak E’ velocity and E/A ratio; rea-
sons for this discrepancy may involve having few
RCTs or very low QoE for such outcomes. The me-
ta-analysis by Ma et al. in 2019 found effects with
the same direction as ours, but significant effects
for LVEF, LVEDD, and LVESD vs. placebo [14]. These
discrepancies may be related to the inclusion of
a different set of RCTs, which controlled for pla-
cebo only, with a broader patient population (e.g.
including acute leukemia, malignant hemopathies
receiving stem cell transplantation or lymphore-
ticular malignancy) [40, 41], and with a combined
intervention (i.e. carvedilol plus candesartan) [42].
Ma et al. also included an RCT with a misleading
abstract describing a case report and no effects on
outcomes [43].

Limitations

Our study has several limitations. First, the
data derived from published RCTs and their sup-
plementary materials; there was no contact with
the authors of those RCTs for extra outcome infor-
mation. Second, there were only a few events for
all-cause mortality across RCTs; we adjusted our
analyses for the presence of rare outcomes. Third,
most of the effects of B-blockers on outcomes had
very low QoE, which means that more RCTs are
needed to conclusively determine the efficacy and
safety of B-blockers. Fourth, we did not evaluate
individual B-blockers due to scarcity of RCTs for
most of those B-blockers. Most of the RCTs used
carvedilol for the intervention, which was also
seen in the network meta-analysis in 2022 by He
et al. [44]. Finally, there was no comparison with
other drug classes such as dexrazoxane, which
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is FDA approved for doxorubicin-induced cardio-
toxicity. A meta-analysis in 2019 by Macedo et al.
found that dexrazoxane reduced the risk of clinical
heart failure (RR = 0.19, 95% Cl: 0.09 to 0.40) and
cardiac events in patients with breast cancer un-
dergoing anthracycline chemotherapy (RR = 0.36,
95% Cl: 0.27 to 0.49) [45].

Conclusions

Our meta-analysis showed that B-blocker thera-
py did not improve most cardiac function outcomes
related to anthracycline-related cardiotoxicity in
breast cancer and lymphoma patients. The lack of
high-quality evidence precludes the recommenda-
tion of using B-blockers in cancer patients undergo-
ing chemotherapy. Additional RCTs are still needed
to reach a definite conclusion about the effects on
these outcomes, as the existing evidence, except
for NT-proBNP levels, had very low QoE. Future
RCTs should be performed including B-blockers
other than carvedilol, and addressing additional
important outcomes such as quality of life.
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