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ABSTRACT

Introduction: Anthracyclines treat a myriad
of malignancies; however, they are known to
lead to cancer therapy-related cardiomyopathy
(CTRC). Randomized controlled trials (RCTs)
evaluating the role of angiotensin converting
enzyme inhibitors (ACEi) and angiotensin
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receptor blockers (ARBs) in primary prevention
of CTRC have yielded mixed results.

Methods: A systematic search of MEDLINE,
Cochrane, and Scopus databases was performed
to identify RCTs that evaluated outcomes in
patients receiving anthracyclines and ACEi or
ARBs versus control. The primary outcome was
occurrence of CTRC. All data were pooled using
a random-effects model.

Results: The final analysis included 10 RCTs,
with 1049 patients assessed. The weighted
follow-up period was 16.8 months. The average
age was 43.2 years and 90% were female. Breast
cancer (80%) and lymphomas (13%) were the
most common malignancies. There was no
statistically significant difference between
the groups with regards to occurrence of
CTRC (16% vs 24%; risk ratio (RR) 0.67, 95%
confidence interval (CI) [0.31, 1.45]). Compared
with control, ACEi/ARBs were associated with
favorable absolute changes in left ventricular
ejection fraction (LVEF) (standardized mean
difference (SMD) +1.20%, 95% CI [0.40, 2.00]),
left ventricular end-diastolic volume (SMD
-0.36 mL, 95% CI [-0.66, —0.06]), and left
ventricular end-systolic volume (SMD -1.04 mL,
95% CI [-1.79, —0.29]). There was also a lower
risk of arrhythmias in the ACEi/ARBs group
compared to control (1.6% vs 8.0%; RR 0.30,
95% CI [0.10, 0.94]), but no difference in all-
cause mortality (2.8% vs 3.2%; RR 0.82, 95% CI
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[0.26, 2.61]), or heart failure (1.2% vs 7.1%; RR
0.40, 95% CI [0.03, 4.54]).

Conclusions: ACEi/ARBs therapy was not
associated with a reduction in CTRC among
patients with cancer receiving anthracyclines.
However, there were favorable changes in LVEF
and left ventricular remodeling with ACEi/ARBs
therapy. Further large-scale studies are needed
to better understand the potential role of ACEi/
ARBs in preventing long-term cardiotoxicity.

Keywords: Cancer therapy-related
cardiomyopathy; Angiotensin converting
enzyme inhibitors; Angiotensin receptor blockers;
Ejection fraction; Anthracyclines; Cardiotoxicity

Key Summary Points

Anthracyclines are used to treat malignancies
but are associated with cancer therapy-related
cardiomyopathy (CTRC).

Contemporary data has yielded mixed results
on the benefits of angiotensin converting
enzyme inhibitors (ACEi) and angiotensin
receptor blockers (ARBs) in prevention of
CTRC.

This meta-analysis demonstrated that ACEi/
ARBs therapy was not associated with a
reduction in CTRC among patients with can-
cer receiving anthracyclines.

This meta-analysis also demonstrated favora-
ble changes in absolute values of left ventric-
ular (LV) ejection fraction and LV remodeling
with ACEi/ARBs.

INTRODUCTION

Anthracycline-based chemotherapy regimens
treat a myriad of malignancies, including car-
cinomas, leukemias, lymphomas, and sarcomas
[1]. However, they are well known to lead to

cancer therapy-related cardiomyopathy (CTRC)
[2]. Patients with higher cumulative doses of
anthracyclines, preexisting cardiovascular dis-
ease, age =60 years, Black race, prior exposure to
anthracyclines or chest radiation are risk factors
for developing CTRC [1, 2].

Neurohormonal antagonists such as angio-
tensin converting enzyme inhibitors (ACEi) and
angiotensin receptor blockers (ARBs) have been
established as treatment pathways for heart fail-
ure [2]. Interest has been directed towards eval-
uating the potential role of ACEi and ARBs in
prevention of CTRC [3]. Randomized controlled
trials (RCTs) have shown mixed results on the
benefit of ACEi/ARBs in this patient popula-
tion. Some RCTs [4-7] have demonstrated the
efficacy of ACEi or ARBs in prevention of CTRC;
while other RCTs [8, 9] have failed to demon-
strate similar benefit. Initial results from the
PRADA trial (Prevention of Cardiac Dysfunc-
tion During Adjuvant Breast Cancer Therapy)
suggested potential benefit for candesartan in
prevention of decline in left ventricular ejection
fraction (LVEF) among patients with breast can-
cer receiving adjuvant anthracycline-containing
chemotherapy [10]. However, extended follow-
up results from PRADA showed no sustained
benefit with candesartan in preserving LVEF
[11]. Importantly, the current RCTs were under-
powered to detect efficacy of ACEi and ARBs
in prevention of CTRC. Hence, we conducted
a systematic review and meta-analysis of RCTs
that evaluated the efficacy of ACEi and ARBs in
prevention of CTRC.

METHODS

Search Strategy and Data Sources

A systematic search of MEDLINE, Cochrane,
and Scopus databases was performed through
September 2024 to identify RCTs that evaluated
outcomes in patients receiving anthracycline-
based chemotherapy and ACEi/ARBs as
primary prevention of CTRC. The search
terms were constructed in the aforementioned
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databases as follows: Population—“Cancer”,
OR “Anthracycline” OR “Chemotherapy”,
Condition—“Cardiotoxicity”, OR “Ejection
fraction”, Intervention—“Angiotensin
converting enzyme inhibitors”, OR “Angiotensin
receptor blockers”. The Boolean operator “AND”
was used to combine terms related to population,
condition, and intervention. No language
restrictions were imposed. Further screening of
ClinicalTrials.gov was performed to identify any
relevant RCTs not retrieved through the primary
search. Our meta-analysis was conducted in
accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [12] (Supplemental Table 1).
This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Selection Criteria

We included RCTs that compared the outcomes
with ACEi or ARBs versus control in preventing
CTRC. We excluded non-randomized trials, as
well as RCTs that assessed a combination of beta
blockers with ACEi or ARBs or a combination of
other neurohormonal antagonists with ACEi or
ARBs.

Data Extraction

Studies were independently confirmed by three
independent authors (W.H., R.T., A.D.). The
following data elements were extracted: study
design, baseline characteristics and demograph-
ics of study population, intervention strategies,
and clinical outcomes. Discrepancies among
investigators were resolved by consensus.

Outcomes

The primary outcome was the occurrence of
CTRC among patients receiving ACEi or ARBs
versus control. Secondary outcomes included

the absolute change in LVEE, left ventricular
end-diastolic volume (LVEDV), left ventricular
end-systolic volume (LVESV), as well as occur-
rence of arrhythmias, all-cause mortality, and
heart failure. Outcomes were adopted as defined
by the studies included in our analysis (Supple-
mental Table 2).

Assessment of Quality of Evidence

The quality of the included RCTs was evalu-
ated by three investigators (W.H., R.T., A.D.)
utilizing the Cochrane Risk of Bias 2 (RoB 2)
assessment tool in RevMan [13] (Cochrane
Collaboration, Oxford, UK). Criteria included
in the assessment were random sequence gen-
eration, allocation concealment, blinding of
participants and personnel, blinding of out-
come assessment, incomplete outcome data,
selective reporting, and other sources of bias.
Accordingly, RCTs were classified into low risk,
unclear risk, or high risk of bias. Grading of
Recommendations Assessment, Development,
and Evaluation (GRADE) analysis was con-
ducted for certainty assessment of all outcomes
utilizing the GRADEpro Software [14].

Statistical Analysis

The analysis was performed using intention-to-
treat model. Data were pooled primarily using
a random-effects model because of anticipated
heterogeneity among included RCTs. Hetero-
geneity was assessed via chi-squared and Hig-
gin’s I? statistics [15, 16]. Summary estimates
for categorical variables were reported as risk
ratios (RR). Summary estimates for continuous
variables were reported as standardized mean
difference (SMD). Effect estimates for continu-
ous outcomes were derived by utilizing vali-
dated methods as detailed by the Cochrane
Handbook for Systematic Reviews of Interven-
tions [17]. P values were considered significant
if<0.05. RevMan [13] (Cochrane Collabora-
tion, Oxford, UK) was utilized to perform sta-
tistical analysis.
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Subgroup analysis was performed for the
primary outcome by assessing ACEi and ARBs
as separate subgroups. Stepwise sensitivity
analyses was conducted by excluding
each study at a time to evaluate sources of
heterogeneity among heterogenous outcomes.
Sensitivity analyses were performed for the
primary outcome by excluding the RCT
contributing the most to heterogeneity,
exclusion of RCTs with the highest risk of
bias, exclusion of RCTs with follow-up time
being <12 months, and including RCTs that
only evaluated patients with breast cancer.

A trial sequential analysis was conducted for
the primary outcome of CTRC with calculation
of the required information size based on an
estimated relative risk reduction of 21% and
estimated incidence in the control arm of 46%.
These values were based upon the largest, high-
quality RCT on this topic. This analysis was

performed using an alpha value of 5% and
power of 80%.

RESULTS

Search Results and Study Characteristics

The study flowsheet is outlined in Fig. 1.
From our systematic search, 525 records were
identified with 490 records screened after
removing duplicates. After exclusion of records
that did not meet our inclusion or exclusion
criteria, 23 full-text articles were assessed
for eligibility. From the 23 articles, 13 full-
text articles were excluded as they were non-
randomized trials or studied pharmacologic
agents other than ACEi or ARBs. The final
analysis included 10 RCTs with 1049 patients

Fig. 1 Study flowsheet
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assessed. The weighted follow-up period was
16.8 months. The RCTs were conducted in
geographically diverse populations, including
Italian [4, 5], Iranian [6], American [7], Dutch
[8], Canadian [9], Norwegian [11], Greek [18],
Polish [19], and Korean [20] patient populations.
Common anthracyclines utilized included
doxorubicin, epirubicin, and idarubicin. Six
RCTs assessed ACEi [4, 6, 7, 9, 18, 19] and four
RCTs assessed ARBs [5, 8, 11, 20]. Six RCTs solely
assessed patients with breast cancer [7-9, 11, 19,
20] while one exclusively assessed patients with
lymphoma [18], and three assessed a mix of
malignancies [4-6]. A summary of the RCTs can
be found in Table 1.

Baseline Characteristics

A total of 1049 patients were assessed: 548 in the
ACEi/ARBs group and 501 in the control group.
Cumulatively, the average age was 43.2 years
and 90% of the study population were female.
Breast cancer (80%) and lymphomas (13%) were
the most common malignancies. Mean baseline
LVEF in the ACEi/ARBs group was 62.7+5.13
compared to 63.1+6.34 in the control group.
Full details regarding the baseline characteris-
tics of the population studied can be found in
Table 2. Two [5, 20] of the ten RCTs had a high
risk of bias with regards to allocation conceal-
ment and blinding of participants and personnel
(Supplemental Fig. 1).

Outcomes and Analysis

There was no statistically significant difference
between the study groups with regards to the
primary outcome of CTRC (16% vs 24%; RR
0.67, 95% confidence interval (CI) [0.31, 1.45],
P=0.31, I?’=76%, high certainty) (Fig. 2). Similar
results were obtained on sensitivity analyses
excluding the RCT contributing the most to
heterogeneity; (RR 0.86, 95% CI [0.44, 1.66],
P=0.65, ?=69%), excluding RCTs with high risk
of bias; (RR 0.75, 95% CI [0.33, 1.72], P=0.50,
I>’=78%), excluding RCTs with follow-up
time< 12 months; (RR 0.78, 95% CI [0.36, 1.70],
P=0.53, ’=77%), and by including RCTs that
solely assessed patients with breast cancer; (RR

0.71, 95% CI [0.43, 1.17], P=0.18, I?=43%)
(Supplemental Fig. 2). Subgroup analysis
showed no interaction according to ACEi versus
ARBs for occurrence of CTRC; Piyieraction=0-78
(Supplemental Fig. 3).

Regarding secondary outcomes, the ACEi/
ARBs group had a favorable change in LVEF
compared with control; SMD +1.20%, 95% CI
[0.40, 2.00], P=0.003, >’=97%, low certainty
(Fig. 3a). Additionally, patients on ACEi/
ARBs had a favorable change in LVEDV (SMD
-0.36 mL, 95% CI [-0.66, -0.06], P=0.02,
I?=41%, moderate certainty) (Fig. 3b), and
LVESV (SMD -1.04 mL, 95% CI [-1.79, -0.29],
P=0.006, >=89%, moderate certainty) (Fig. 3¢).
There was also a lower risk of arrhythmias in
the ACEi/ARBs group compared to control;
1.6% vs 8.0%; RR 0.30, 95% CI [0.10, 0.94],
P=0.04, ?=0%, low certainty (Fig. 4a). On the
other hand, there was no difference between
the treatment and control group for all-cause
mortality; 2.8% vs 3.2%; RR 0.82, 95% CI [0.26,
2.61], P=0.74, =0%, high certainty (Fig. 4b)
or heart failure; 1.2% vs 7.1%; RR 0.40, 95% CI
[0.03, 4.54], P=0.46, I?’=64%, low certainty
(Fig. 4c). The summary of findings table
regarding the certainty assessment can be found
in Supplemental Table 3.

Trial sequential analysis was conducted for
the primary outcome of CTRC using random
effects model. The required information size
(RIS) was calculated on the basis of an estimated
incidence in the control group of 46%. A relative
risk reduction of 21% was evaluated using an
alpha value of 5% and power of 80%. Given the
heterogeneity in the primary outcome, diversity
adjustment was used for the RIS. The cumulative
Z-score curve suggested a potential benefit with
ACEi/ARBs, as well as a benefit for further RCTs
(Supplementary Fig. 4).

DISCUSSION

In this meta-analysis of ten RCTs, including 1049
patients, we evaluated the efficacy and safety
of ACEi/ARBs in primary prevention of CTRC
with anthracyclines. The principal findings of
our meta-analysis were the following: (1) there
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ACEIi/ARBs Control Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cardinale 2006 0 56 25 58 57% 0.02[0.00,0.33] ——
Georgakopoulos 2010 16 43 3 40 15.0% 4.96 [1.56 , 15.76] —_——
Boekhout 2016 20 103 16 103 20.0% 1.25[0.69, 2.27] 1
Pituskin 2017 1 33 6 30 8.6% 0.15[0.02, 1.19] r
Guglin 2019 24 65 28 60 21.4% 0.79[0.52 , 1.20] -
Slowik 2020 5 48 9 48 16.3% 0.56[0.20, 1.54] ——
Lee 2021 3 82 5 43 13.1% 0.31[0.08 , 1.25] ——
Total 430 382 100.0% 0.67 [0.31, 1.45]
Total events: 69 92 ﬂ
Test for overall effect: Z = 1.01 (P = 0.31) 0.61 0?1 1 1=O 160
Test for subgroup differences: Not applicable Favours ACEI/ARBs Favours Control

Heterogeneity: Tau® = 0.67; Chi* = 24.73, df = 6 (P = 0.0004); I* = 76%

Fig. 2 Forest plot for the occurrence of cancer therapy-related cardiomyopathy among study groups

was no statistically significant difference in the
primary outcome of CTRC among the ACEi/
ARBs versus the control group; (2) the ACEi/
ARBs group was associated with favorable
changes in absolute values of LVEF, LVEDYV,
and LVESV compared with the control group;
(3) there were no differences among both study
groups in all-cause mortality, and heart failure.
Currently, the American Society of Clinical
Oncology guidelines published in 2017, which
includes experts from both the oncology and
cardiology fields, concluded that there is not
enough data to support the routine use of ACFEi
or ARBs in the prevention of chemotherapy-
induced cardiotoxicity [21]. Additionally, the
American College of Cardiology/American Heart
Association [2] 2022 heart failure guidelines do
not recommend the routine use of ACEi or ARBs
in the prevention of CTRC. Such recommen-
dations were based on the lack of adequately
powered randomized studies with long-term
outcomes [21]. Since the publication of the
guidelines, there have been more recent RCTs
aiming to assess the efficacy of ACEi/ARBs in pri-
mary prevention of CTRC [6, 7, 9, 11, 19, 20]. In
the current meta-analysis, we have included the
totality of available randomized data evaluating
the use of ACEi/ARBs in prevention of CTRC.
Our results showed that the use of ACEi/ARBs
could result in lower absolute change in LVEF
after chemotherapy compared with control;
however, such benefit failed to provide a mean-
ingful reduction in the incidence of CTRC.

Our favorable findings on absolute change in
LVEF and left ventricular remodeling without
statistically significant difference in CTRC seem
paradoxical; however, they can be explained by
a few factors. One potential explanation could
be that the aggregate data from the RCTs lacked
the power to detect a statistically significant
difference in regards to CTRC, and that a large
sample size is needed to uncover a true differ-
ence. Additionally, it is possible that certain
patient subgroups derive higher benefit from
ACEi/ARBs preventive treatment, such as sub-
groups according to the type of cancer or patient
comorbidities. We attempted to explore these
patients subgroups in our exploratory analyses;
however, these were underpowered analyses and
did not yield significant differences. Most of the
included RCTs had relatively similar definitions
for CTRC, except for the cutoff for LVEF. For
example, Boekhout et al. [8] defined CTRC as
decline in LVEF<45% while Pituskin et al. [9]
defined it as<53% (Supplementary Table 2). This
difference in definitions could partly explain
our findings on the primary outcome. However,
the difference observed in our analysis regard-
ing LVEF, LVEDYV, and LVESV may not be large
enough to prevent toxicity and subsequent
CTRC. Finally, a dose-dependent preventive
effect of ACEi/ARBs is plausible; however, we
had insufficient data to verify such a hypothesis.

The results of individual RCTs on the role of
ACEi/ARBs in prevention of CTRC were mixed.
For example, Cardinale et al. [4] assessed 114
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A) Absolute Change in Left Ventricular Ejection Fraction

ACEI/ARBs Control Std. mean difference Std. mean difference
Study or Subgroup  Mean [%) SD[%] Total Mean[%) SD[%] Total Weight IV, Random, 95% CI [%] IV, Random, 95% CI [%]
Cardinale 2006 0.5 254 56 -145 7.33 58 11.1% 270(2.19.3.21) —
Georgakopoulos 2010 -13 566 43 -1 535 40 11.2% -0.05[-0.48, 0.38] -+
Dess| 2013 0 5.12 25 -1 5 24 11.0% 0.19(-0.37, 0.76) -
Boekhout 2016 0 203 103 -1 213 103 11.4% 0.48(0.20, 0.76} -
Janabal 2017 0.55 56 34 -133 7.38 35 10.9% 2.09[1.49,268) —_
Pituskin 2017 -3 4 33 -5 5 30 11.1% 0.44[-0.06, 0.94) -
Guglin 2019 4 0.8 65 7.7 0.8 60 10.7% 460(3.92,527) —
Heck 2021 -1.7 4.451715 60 -1.8 4.645268 60 11.3% 0.02(-0.34,0.38) o

. Lee 2021 -1.3 3.96 82 -3.4 3.92 43 11.3% 0.53[0.15, 0.90] -

Total 501 453 100.0% 1.20 [0.40, 2.00] <
Test for overall effect: Z = 2.94 (P = 0.003) o 2 0 2 4
Test for subgroup differences: Not applicable Favours Control Favours ACEVARBS
Heterogeneity: Tau® = 1.43; Chi* = 238.56, df = 8 (P < 0.00001), ¥ = 97%
B) Absolute Change in Left Ventricular End-Diastolic Volume

ACEVARBs Control Std. mean difference Std. mean difference
Study or Subgroup Mean [mL] SD[mL] Total Mean[mL] SD[mL] Total Weight IV, Random, 95% CI [mL)] IV, Random, 95% CI [mL]
Cardinale 2006 06 208 56 1 18.42 58 366% -0.08 [-0.45,0.29] <
Janabai 2017 214 171 34 6.65 15.57 35 263% -0.53(-1.01,-0.05) -
Heck 2021 -5 13.548699 60 2 13.548699 60 37.0% -0.51(-0.88,-0.15) =
Total (95% ClI) 150 183 100.0% -0.36 [-0.66 , -0.06) ’
Heterogenelty: Tau* = 0.03, Chi*=338,d1=2 (P =0.18), F=41%
Test for overall effect: Z = 2.35 (P = 0.02) -4 2 2 4
Test for subgroup differences: Not applicable Favours ACEVARBS Favours Control
C) Absolute Change in Left Ventricular End-Systolic Volume

ACEI/ARBs Control Std. mean difference Std. mean difference

Study or Subgroup Mean [mL] SD[mL] Total Mean[mL] SD([mL] Total Weight IV, Random, 95% Ci [mL] IV, Random, 95% CI [mL]
Cardinale 2006 -0.1 853 56 156 14.89 58 33.9% -1.28[-1.68 . -0.88] ]

Janabai 2017 0.31 9.68 34 17.53 12.09 35 31.4% -1.55(-2.09,-1.01] -

Heck 2021 0 9.677642 60 3 7742114 60 346% -0.34[-0.70, 0.02] [

Total (95% Cl) 150 153 100.0% -1.04 [-1.79, -0.29) ¢

Heterogeneity: Tau® = 0.39; Chi*=18.20, df = 2 (P = 0.0001), I = 89% )

Test for overall effect: Z = 273 (P = 0.00 -10 -5 10
Test for subgroup differences: Not apph=—"e Favours ACEVARBS Favours Control

Fig.3 Forest plots for the absolute change in a left ventricular ¢jection fraction, b left ventricular end-diastolic volume, and

¢ left ventricular end-systolic volume among study groups

patients with a mix of malignancies with 56
patients receiving enalapril. They demonstrated
that control subjects had statistically significant
reductions in LVEF and increases in LVEDV and
LVESV compared to patients on ACEi/ARBs [4].
On the other hand, Boekhout et al. in their RCT
of 210 women with early-stage breast cancer
with 103 patients receiving candesartan did not
demonstrate protection against a decrease in
LVEF in patients receiving anthracyclines [8].
In the initial PRADA trial of 130 female
patients with breast cancer receiving adjuvant
chemotherapy, with 32 assigned to the

candesartan-metoprolol group and 33 assigned
to the candesartan-placebo group, results
demonstrated that candesartan provided
protection against early decline in global LVEF
[10]. At 2-year follow-up, the prevention of
decline in LVEF was not appreciated in the
candesartan group and a modest reduction in
LVEDV and perseveration of global longitudinal
strain were appreciated [11]. In the MANTICORE
101-Breast trial, 33 HER2-positive patients with
early breast cancer received anthracyclines and
perindopril. Perindopril was protective against
decline in LVEF, but not against left ventricular
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A) Arrhythmias
ACEI/ARBs Control Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 85% CI M-H, Random, 95% CI
Cardinale 2006 1 56 10 58 31.8% 0.10(0.01,0.78) —a——
Georgakopoulos 2010 0 43 1 40 12.9% 0.31[0.01,7.41)
Pituskin 2017 0 1 30 13.0% 0.30(0.01,7.19)
Heck 2021 2 60 3 60 423% 0.67 [0.12, 3.85) — .
Total (95% Cl) 192 188 100.0% 0.30 [0.10, 0.94) <
Total events 3 15
Helerogeneuty Tau*=0.00; Chi¥=197 df=3(P=0.58), IF=0% 0 b1 0'1 1 1'0 160
Test for overall effect: Z=2.06 (P = 0.04) Favours ACEVARBS Favours Control
B) All-Cause Mortality
ACEI/ARBS Control Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Cardinale 2006 1 56 3 58 26.8% 0.35[0.04,3.22) B S
Georgakopoulos 2010 0 43 0 40 Not estimable
Dessi 2013 2 25 3 24 464% 0.64[0.12, 3.50] —_——
Janabal 2017 0 34 0 35 Not estimable
Heck 2021 3 60 1 60 26.8% 3.00(0.32, 28.03) —_—t -
Total (35% Cl) 218 217 100.0% 0.82[0.26, 2.61)
Total events: 6 7 ‘ . ) )
Heterogeneity: Tau® = 0.00; Chi* = 1.96, df =2 (P = 0.38), IF' = 0% 001 01 1 10 100
Test for overall effect: Z=0.34 (P = 0.74) Favours ACEVARBs Favours Control
C) Heart Failure
ACEI/ARBs Control Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cardinale 2006 0 56 14 58 31.0% 0.04[0.00,058] ¢—a—
Georgakopoulos 2010 2 43 3 40 413% 0.62[0.11,3.52) ——
Janabai 2017 0 K2 0 35 Not estimable
Slowik 2020 0 48 0 48 Not estimable
Heck 2021 1 60 0 60 27.7% 3.00[0.12, 72.20) -
Total (95% Cl) 241 241 100.0% 0.40 [0.03 , 4.54)
Total events: 3 17 _ . ‘ _
Heterogeneity: Tau® = 2.96; Chi* = 5.58, df = 2 (P = 0.06); I* = 64% 001 0.1 1 10 100
Test for overall effect: Z=074 (P =0.46) Favours ACEVARBs Favours Control

Fig. 4 Forest plots for the risk of a arrhythmias, b all-cause mortality, and ¢ heart failure among study groups

remodeling [9]. On the other hand, Slowik et al.
assessed 96 women with low-risk breast cancer
receiving anthracycline therapy, with 48 on
ramipril, and did not demonstrate prevention
in decline of LVEF at 1-year follow-up [19]. Lee
et al. [20] in their RCT of 195 patients, 82 of
whom received candesartan, demonstrated a
reduced incidence of early doxorubicin-induced
subclinical cardiotoxicity. The candesartan

group also showed a reduced decrease in LVEF
[20].

Bench studies have proposed several
mechanisms that could mediate a potential
beneficial role for ACEi/ARBs in the prevention
of CTRC. It has been proposed that ARBs
demonstrate antioxidant properties through
their regulation of angiotensin II subtype I
and angiotensin II subtype II receptors [22].
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ARBs have also demonstrated the potential
to stimulate superoxide dismutase, which
inhibits crucial reactive oxygen species [22].
In a rat model, lisinopril was shown to prevent
doxorubicin-mediated myocyte reduction by
blocking or decreasing mRNA for angiotensin II
subtype I receptor and atrial natriuretic peptide
[23]. In another study, also using a rat model
with doxorubicin, enalapril was found to
prevent mitochondrial dysfunction [24].

Overall, our analysis is the largest meta-anal-
ysis focusing on RCTs assessing ACEi and ARBs
as primary prevention of CTRC. While we did
not find significant differences in the primary
outcome of CTRC, the favorable findings on the
absolute change in LVEF, LVEDYV, and LVESV, and
lower risk of arrhythmias with ACEi/ARBs sug-
gest a remaining potential benefit for ACEI/ARBs
in patients receiving anthracyclines. Future trials
should include larger sample sizes, standardized
definitions for CTRC, and stratified randomiza-
tion by cancer type and patient risk factors to
ensure adequate power and clarity in subgroup
benefits. Extended follow-up, dose-response
analysis, and additional cardiac imaging/bio-
markers will provide better insights into long-
term effects and optimal dosing. Including com-
parator arms with other cardioprotective agents
and assessing patient-centered outcomes will
turther clarify ACEi/ARBs effectiveness in pre-
venting chemotherapy-induced cardiotoxicity.

Our analysis should be viewed in the context
of a few limitations. First, there was a consider-
able degree of heterogeneity among several of
the study outcomes. However, we conducted
sensitivity analysis to explore the sources of
heterogeneity among the primary outcome. Sec-
ond, many of the secondary outcomes were only
reported by a portion of the included studies;
therefore, these specific outcomes could have
been underpowered to detect a significant find-
ing. Third, included studies utilized different
anthracyclines and had patients with different
types of cancers. An attempt to control for this
phenomenon was done with sensitivity analysis
regarding the primary outcome; however, there
was no change in the effect on the primary out-
come. Lastly, the lack of patient-level data pre-
cluded further granular analyses.

CONCLUSION

ACEi/ARBs therapy was not associated with a
reduction in CTRC among patients with cancer
receiving anthracyclines. However, there were
favorable changes in absolute values of LVEF and
LV remodeling with ACEi/ARBs. Further large-
scale studies are needed to better understand the
potential role of ACEi/ARBs in preventing long-
term cardiotoxicity.

Author Contributions. All authors con-
tributed to the study conception and design.
Material preparation, data collection and analy-
sis were performed by Wissam Harmouch, Ravi
Thakker, Alexander Dang, and Ayman Elbadawi.
The first draft of the manuscript was written by
Wissam Harmouch, Ravi Thakker, Alexander
Dang, Abdelazeem Mohamed Etewa, Krishna
Suthar and all authors commented on previous
versions of the manuscript. All authors read and
approved the final manuscript.

Funding. No funding or sponsorship was
provided for this work or the publication of this
article.

Data Availability. Data sharing is not appli-
cable to this article as no datasets were generated
or analyzed during the current study.

Declarations

Conflict of Interest. Ravi Thakker is an
Editorial Board member of Cardiology and
Therapy. Ravi Thakker was not involved in the
selection of peer reviewers for the manuscript
nor any of the subsequent editorial decisions.
Wissam Harmouch, Alexander Dang,
Abdelazeem Mohamed Etewa, Krishna Suthar,
Salim Hayek, Wissam Khalife, and Ayman
Elbadawi have nothing to disclose.

Ethical Approval. This article is based
on previously conducted studies and does
not contain any new studies with human
participants or animals performed by any of the
authors.

A\ Adis



158 Cardiol Ther (2025) 14:141-159
Open Access. This article is licensed under a 5. Dessi M, Madeddu C, Piras A, et al. Long-term,
Creative Commons Attribution-NonCommercial up to 18 months, protective effects of the
4.0 International License, which permits any angiotensin I receptor blocker telmisartan on
: ’ epirubin-induced inflammation and oxidative
non-commercial use, sharing, adaptation, distri- stress assessed by serial strain rate. Springerplus.
bution and reproduction in any medium or for- 2013;2(1):198. https://doi.org/10.1186/
mat, as long as you give appropriate credit to the 2193-1801-2-198.
original author(s) and the source, provide a link 6. Janbabai G, Nabati M, Faghihinia M, Azizi
to the Creative Commons licence, and indicate S, Borhani S, Yazdani J. Effect of enalapril
if changes were made. The images or other third on preventing anthracycline-induced
party material in this article are included in the cardiomyopathy. Cardiovasc Toxicol.
L1 . . s 2017;17(2):130-9. https://doi.org/10.1007/
article’s Creative Commons licence, unless indi- $12012-016-9365-2.
cated otherwise in a credit line to the material.
If material is not included in the article’s Crea- 7. Guglin M, Krischer J, Tamura R, et al. Randomized
tive Commons licence and your intended use is trial of lisinopril versus carvedilol to prevent
. . trastuzumab cardiotoxicity in patients with breast
not permitted by statutory regulation or exceeds cancer. ] Am Coll Cardiol. 2019;73(22):2859-68.
the permitted use, you will need to obtain per- https://doi.org/10.1016/j.jacc.2019.03.495.
mission directly from the copyright holder. To
view a copy of this licence, visit http://creativeco 8. Boekhout AH, Gietema JA, Milojkovic Kerklaan
. B, et al. Angiotensin II-receptor inhibition with
mmons.org/licenses/by-nc/4.0/. candesartan to prevent trastuzumab-related
cardiotoxic effects in patients with early breast
cancer: a randomized clinical trial. JAMA Oncol.
2016;2(8):1030-7. https://doi.org/10.1001/jamao
ncol.2016.1726.
REFERENCES
9. Pituskin E, Mackey JR, Koshman S, et al.
1. Henriksen PA. Anthracycline cardiotoxicity: Multidisciplinary approach to novel therapies
an update on mechanisms, monitoring and in cardio-oncology research (MANTICORE
prevention. Heart. 2018;104(12):971-7. https:// 101-Breast): a randomized trial for the prevention
doi.org/10.1136/heartjnl-2017-312103. of trastuzumab-associated cardiotoxicity. J Clin
Oncol. 2017;35(8):870-7. https://doi.org/10.1200/
2. Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 JCO.2016.68.7830.
AHA/ACC/HFSA Guideline for the Management of
Heart Failure: A Report of the American College 10. Gulati G, Heck SL, Ree AH, et al. Prevention of
of Cardiology/American Heart Association Joint cardiac dysfunction during adjuvant breast cancer
Committee on Clinical Practice Guidelines therapy (PRADA): a 2 x 2 factorial, randomized,
[published correction appears in Circulation. 2022 placebo-controlled, double-blind clinical trial
May 3;145(18):e1033. https://doi.org/10.1161/ of candesartan and metoprolol. Eur Heart J.
CIR.0000000000001073] [published correction 2016;37(21):1671-80. https://doi.org/10.1093/
appears in Circulation. 2022 Sep 27;146(13):e185. eurheartj/ehw022.
https://doi.org/10.1161/CIR.0000000000001097]
[published correction appears in Circulation. 11. Heck SL, Mecinaj A, Ree AH, et al. Prevention of
2023 Apr 4;147(14):e674. https://doi.org/10. cardiac dysfunction during adjuvant breast cancer
1161/CIR.0000000000001142]. Circulation. therapy (PRADA): extended follow-up of a 2x2
2022;145(18):e895-e1032. https://doi.org/10. factorial, randomized, placebo-controlled, double-
1161/CIR.0000000000001063 blind clinical trial of candesartan and metoprolol.
Circulation. 2021;143(25):2431-40. https://doi.
3. Bansal N, Adams M]J, Ganatra S, et al. Strategies 0rg/10.1161/CIRCULATIONAHA.121.054698.
to prevent anthracycline-induced cardiotoxicity
in cancer survivors. Cardiooncology. 2019;5:18. 12. Page M], McKenzie JE, Bossuyt PM, et al. The
https://doi.org/10.1186/540959-019-0054-5. PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ. 2021;372:n71.
4. Cardinale D, Colombo A, Sandri MT, et al. https://doi.org/10.1136/bmj.n71.
Prevention of high-dose chemotherapy-induced
13. Review Manager (RevMan) [Computer program].

cardiotoxicity in high-risk patients by angiotensin-
converting enzyme inhibition. Circulation.
2006;114(23):2474-81. https://doi.org/10.1161/
CIRCULATIONAHA.106.635144.

Version 7.2.0. The Cochrane Collaboration, 2024.
Available at https://revman.cochrane.org/.

A\ Adis


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1136/heartjnl-2017-312103
https://doi.org/10.1136/heartjnl-2017-312103
https://doi.org/10.1161/CIR.0000000000001073
https://doi.org/10.1161/CIR.0000000000001073
https://doi.org/10.1161/CIR.0000000000001097
https://doi.org/10.1161/CIR.0000000000001142
https://doi.org/10.1161/CIR.0000000000001142
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1186/s40959-019-0054-5
https://doi.org/10.1161/CIRCULATIONAHA.106.635144
https://doi.org/10.1161/CIRCULATIONAHA.106.635144
https://doi.org/10.1186/2193-1801-2-198
https://doi.org/10.1186/2193-1801-2-198
https://doi.org/10.1007/s12012-016-9365-z
https://doi.org/10.1007/s12012-016-9365-z
https://doi.org/10.1016/j.jacc.2019.03.495
https://doi.org/10.1001/jamaoncol.2016.1726
https://doi.org/10.1001/jamaoncol.2016.1726
https://doi.org/10.1200/JCO.2016.68.7830
https://doi.org/10.1200/JCO.2016.68.7830
https://doi.org/10.1093/eurheartj/ehw022
https://doi.org/10.1093/eurheartj/ehw022
https://doi.org/10.1161/CIRCULATIONAHA.121.054698
https://doi.org/10.1161/CIRCULATIONAHA.121.054698
https://doi.org/10.1136/bmj.n71
https://revman.cochrane.org/

Cardiol Ther (2025) 14:141-159

159

14.

15.

16.

17.

18.

19.

GRADEpro Guideline Development Tool
[Software]. McMaster University and Evidence
Prime, 2025. Available from https://www.grade
pro.org/.

Higgins JP, Thompson SG. Quantifying
heterogeneity in a meta-analysis. Stat Med.
2002;21(11):1539-58. https://doi.org/10.1002/
sim.1186.

Higgins JP, Thompson SG, Deeks JJ, Altman DG.
Measuring inconsistency in meta-analyses. BM].
2003;327(7414):557-60. https://doi.org/10.1136/
bmj.327.7414.557.

Higgins JP, Thomas J, Chandler J, et al., editors.
Cochrane handbook for systematic reviews of
interventions version 6.4 (updated August 2023).
Cochrane, 2023. Available from https://training.
cochrane.org/handbook.

Georgakopoulos P, Roussou P, Matsakas E, et al.
Cardioprotective effect of metoprolol and enalapril
in doxorubicin-treated lymphoma patients:
a prospective, parallel-group, randomized,
controlled study with 36-month follow-up. Am ]
Hematol. 2010;85(11):894-6. https://doi.org/10.
1002/ajh.21840.

Stowik A, Jagielski P, Potocki P, et al.
Anthracycline-induced cardiotoxicity prevention

20.

21.

22.

23.

24.

with angiotensin-converting enzyme inhibitor
ramipril in women with low-risk breast cancer:
results of a prospective randomized study. Kardiol
Pol. 2020;78(2):131-7. https://doi.org/10.33963/
KP.15163.

Lee M, Chung WB, Lee JE, et al. Candesartan and
carvedilol for primary prevention of subclinical
cardiotoxicity in breast cancer patients without
a cardiovascular risk treated with doxorubicin.
Cancer Med. 2021;10(12):3964-73. https://doi.
0rg/10.1002/cam4.3956.

Armenian SH, Lacchetti C, Barac A, et al.
Prevention and monitoring of cardiac dysfunction
in survivors of adult cancers: American Society of
Clinical Oncology clinical practice guideline. ]
Clin Oncol. 2017;35(8):893-911. https://doi.org/
10.1200/JC0.2016.70.5400.

Chrysant SG, Chrysant GS. The pleiotropic effects
of angiotensin receptor blockers. J Clin Hypertens
(Greenwich). 2006;8(4):261-8. https://doi.org/10.
1111/j.1524-6175.2005.05264 .x.

Boucek R] Jr, Steele A, Miracle A, Atkinson ]. Effects
of angiotensin-converting enzyme inhibitor on
delayed-onset doxorubicin-induced cardiotoxicity.
Cardiovasc Toxicol. 2003;3(4):319-29. https://doi.
org/10.1385/ct:3:4:319.

Hiona A, Lee AS, Nagendran J, et al. Pretreatment
with angiotensin-converting enzyme inhibitor
improves doxorubicin-induced cardiomyopathy
via preservation of mitochondrial function. J
Thorac Cardiovasc Surg. 2011;142(2):396-403.e3.
https://doi.org/10.1016/j.jtcvs.2010.07.097.

A\ Adis


https://www.gradepro.org/
https://www.gradepro.org/
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://training.cochrane.org/handbook
https://training.cochrane.org/handbook
https://doi.org/10.1002/ajh.21840
https://doi.org/10.1002/ajh.21840
https://doi.org/10.33963/KP.15163
https://doi.org/10.33963/KP.15163
https://doi.org/10.1002/cam4.3956
https://doi.org/10.1002/cam4.3956
https://doi.org/10.1200/JCO.2016.70.5400
https://doi.org/10.1200/JCO.2016.70.5400
https://doi.org/10.1111/j.1524-6175.2005.05264.x
https://doi.org/10.1111/j.1524-6175.2005.05264.x
https://doi.org/10.1385/ct:3:4:319
https://doi.org/10.1385/ct:3:4:319
https://doi.org/10.1016/j.jtcvs.2010.07.097

	ACEi and ARBs as Primary Prevention of Cancer Therapy-Related Cardiomyopathy in Patients Undergoing Chemotherapy with Anthracyclines: A Systematic Review and Meta-Analysis
	Abstract
	Introduction: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Search Strategy and Data Sources
	Selection Criteria
	Data Extraction
	Outcomes
	Assessment of Quality of Evidence
	Statistical Analysis

	Results
	Search Results and Study Characteristics
	Baseline Characteristics
	Outcomes and Analysis

	Discussion
	Conclusion
	References




