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Background: Anthracycline-based chemotherapy is a cornerstone in breast cancer treatment but is associated with
cardiotoxicity, including subclinical cardiac damage. This study evaluates the efficacy of ramipril and bisoprolol in
preventing subclinical cardiac impairment in patients with nonmetastatic breast cancer undergoing anthracycline-
based chemotherapy.

Patients and methods: The SAFE trial is a multicenter, 2 x 2 factorial, randomized, placebo-controlled, double-blind
study involving 262 patients. Participants were allocated to one of four groups: placebo—placebo, ramipril—placebo,
bisoprolol—placebo, or ramipril—bisoprolol, administered concurrently with chemotherapy. Subclinical cardiac
damage was assessed at 24 months using echocardiographic measures, specifically a >10% reduction in three-
dimensional left ventricular ejection fraction (3D-LVEF) or global longitudinal strain (GLS).

Results: At 24 months, patients receiving ramipril, bisoprolol, or their combination experienced significantly smaller declines
in 3D-LVEF compared with placebo (—2.1%, —2.2%, and —3.4%, respectively; all P < 0.001). GLS results were consistent with
these findings (P < 0.001). Subclinical cardiac damage occurred in 11.4% of patients receiving ramipril versus 39.3% without
ramipril (P < 0.001), and in 9.6% of patients receiving bisoprolol versus 43.5% without bisoprolol (P < 0.001).
Conclusions: Ramipril and bisoprolol significantly reduce the incidence of subclinical cardiac damage in patients with breast
cancer undergoing anthracycline-based chemotherapy, thus supporting their use as early prevention cardioprotective strategies.
Key words: breast cancer, cardio-oncology, anthracycline-induced cardiotoxicity, cardioprotection, randomized
controlled trial

INTRODUCTION long-term toxicities, with cardiovascular disease being a
major concern.”

Cardiac imaging is essential for the timely recognition of
asymptomatic cardiovascular disease related to cancer treat-
ment, enabling clinicians to implement cardioprotective ther-
apies.>* Echocardiography, including three-dimensional left
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Anthracycline-based chemotherapy regimens represent a
cornerstone in the treatment of breast cancer (BC).! How-
ever, they also carry the risk of causing significant short- and
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Beta-blockers (BBs) and angiotensin-converting enzyme
inhibitors (ACEis) have been shown to reduce mortality in
patients with cardiac dysfunction by preventing heart
remodeling. These medications have also been proposed for
cardioprotection in oncology.”*° However, conflicting results
have emerged from primary prevention trials regarding
anthracycline-related cardiac dysfunction in BC.***2

Here, we present the final results of the SAFE trial, a 2 x
2 factorial, randomized, placebo-controlled, double-blind,
multicenter study evaluating the efficacy of a car-
dioprotective strategy using ramipril and/or bisoprolol in
preventing subclinical cardiac damage induced by
anthracycline-based chemotherapy.

PATIENTS AND METHODS

Study design and participants

The SAFE trial (ClinicalTrials.gov identifier: NCT2236806;
EudraCT number: 2015-000914-23) is a 2 x 2 factorial, ran-
domized, placebo-controlled, double-blind clinical study con-
sisting of four arms. Its objective is to assess the effect of
bisoprolol, ramipril, or both drugs compared with placebo on
subclinical cardiac damage in patients with nonmetastatic BC
using 3D-LVEF and speckle-tracking cardiac echocardiography.
The Consolidated Standards of Reporting Trials (CONSORT)
diagram illustrating the trial's progression is shown in
Figure 1. The methods and preliminary results have been
previously described in a preplanned interim analysis (IA).*3

The trial included women aged >18 years who had non-
metastatic, histology-proven, invasive BC and were candi-
dates for systemic therapy using an anthracycline-based
regimen with or without trastuzumab. The exclusion criteria
were previous anthracycline treatment, current treatment
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ACE inhibitors/angiotensin-Il receptor blockers or BBs, base-
line LVEF <50%, previous diagnosis of solid tumors treated
with systemic therapy, inability to undergo accurate evalua-
tion by echocardiography, symptoms of heart failure, prior
diagnosis of cardiomyopathy, coronary artery disease, mod-
erate to severe mitral or aortic disease, preexisting symp-
tomatic hypotension or bradycardia, current pharmacological
therapy for asthma, hypercholesterolemia, diabetes, or hy-
pertension. The study protocol (Supplementary Appendix S1,
available at https://doi.org/10.1016/j.esmoop.2025.105116)
was approved by the institutional review board at each site
and was conducted in accordance with the International
Conference on Harmonisation Good Clinical Practice, the
Declaration of Helsinki, and local regulations on the conduct
of clinical research. All patients provided written informed
consent before study participation.

Randomization and masking

Stratified randomization (1 : 1 : 1 : 1) was used, employing
permuted blocks within defined age (<50 years versus >50
years) and human epidermal growth factor receptor 2
(HER2) status (positive versus negative) strata. This process
was centrally conducted using R software (R Foundation,
Vienna, Austria). An independent Data and Safety Moni-
toring Committee (DSMC) was established to ensure the
study’s safety and efficacy.

Procedures

Patients were randomized to one of four treatment arms:
placebo—placebo, bisoprolol—placebo, ramipril—placebo,
or bisoprolol—ramipril. Cardioprotective therapy was
administered 2 weeks before the first cycle of

Patients screened
(n = 446)

Patients not randomly assigned
Exclusion criteria
Patient refusal

(n=184)
(n=110)
(n=_74)

Patients randomly assigned
(n=262)

Patients allocated to placebo arm
(n = 65)

Patients allocated to ramipril arm
(n = 66)

Patients allocated to bisoprolol arm Patients allocated to ramipril-bisoprolol arm
(n = 66) (n = 65)

EOS not reached
Patient withdrawal
Toxicity

(n=2)

EOS not reached
Patient withdrawal
Toxicity

(n=21)

EOS not reached
Patient withdrawal
Toxicity

EOS not reached
Patient withdrawal
Toxicity

(n=12)

(n=5)
4

‘ Patients included in per-protocol analysis

‘ Patients included in per-protocol analysis

‘ Patients included in per-protocol analysis

‘ Patients included in per-protocol analysis

(n=63) (n=45) (n = 54) (n =60)
Patients included in intention-to-treat ysi: Patients i inil ion-to-treat ysi: Patients i in intention-to-treat analysis | |Patients included in intention-to-treat analysis
(n = 65) (n = 66) (n = 66) (n = 65)
Patients not receiving ramipril Patients receiving ramipril Patients not receiving bisoprolol Patients receiving bisoprolol
(n=131) (n=131) (n=131) (n=131

Figure 1. The Consolidated Standards of Reporting Trials (CONSORT) flowchart for the study. The primary endpoint analysis was conducted on the intention-to-treat
sample consisting of all validly randomized patients with, at a minimum, baseline cardiovascular imaging.

EOS, end of study.
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chemotherapy and continued for 1 year or until the
completion of trastuzumab therapy (HER2-positive patients
receiving trastuzumab). The doses for all groups were
uptitrated at 1-week intervals, reaching the target dose of
bisoprolol (5 mg) and ramipril (5 mg), or the highest
tolerated dose; patients in the placebo group received a
sham titration. Cardiac surveillance was conducted at
baseline (T0), 3 months (T1), 6 months (T2), 12 months (T3),
and 24 months [T4, end of study (EOS)]. Chemotherapy
regimens are listed in Supplementary Table S1
(Supplementary Appendix S2), available at https://doi.org/
10.1016/j.esmoop.2025.105116. At each visit, medical his-
tory, electrocardiogram, and clinical examination results
were recorded. Transthoracic echocardiography, using the
EPIQ system (EPIQ with X5-1 transducer; Philips Healthcare,
Andover, MA), followed the American Society of Echocar-
diography (ASE) and European Association of Cardiovascular
Imaging (EACVI) guidelines,* with measurements averaged
over three cardiac cycles. Diastolic right ventricle (RV)
diameter, fractional area change (FAC), tricuspid annular
plane systolic excursion (TAPSE), RV systolic excursion ve-
locity by tissue Doppler (S'RV), and GLS were measured. 3D-
LVEF, end-diastolic volume index (EDVI), and end-systolic
volume index (ESVI) were analyzed using Q-lab software
(QlLab, Baltimore, MD). All DICOM scans were reviewed by
two blinded echocardiographers (GB and MRDB). Systemic
arterial pressure (SAP) was measured concurrently with
echocardiography using an arm-cuff sphygmomanometer.

Statistical analysis

Patients were randomized (1 : 1 : 1 : 1) into four arms in a
2 x 2 factorial design (ramipril versus no ramipril, bisoprolol
versus no bisoprolol), as shown in Figure 1. All validly ran-
domized patients with baseline echocardiography were
included in the intention-to-treat analysis. The primary
endpoint was the detection of subclinical damage in left
ventricular (LV) myocardial function or deformation,
defined as a >10% relative worsening in 3D-LVEF or GLS at
24 months. The proportion of participants meeting this
threshold was analyzed using chi-square tests, while
continuous changes in 3D-LVEF and GLS were evaluated
with a linear mixed model for repeated measures and un-
paired t-tests with Bonferroni correction. The effects of
ramipril and bisoprolol were assessed independently, and
supportive analyses pooled the active treatment arms to
compare them with placebo; no significant interaction be-
tween the two interventions was observed. Secondary
endpoints included other echocardiographic measures, he-
modynamic effects, and patient compliance at baseline (T0),
12 months (T3), and 24 months (T4, EOS).

The DSMC oversaw trial conduct and reviewed safety and
efficacy data at regular intervals. A prespecified IA was
planned once approximately half of the targeted sample
size had reached the 12-month (T3) evaluation, corre-
sponding to 174 patients who had completed cardiological
assessments.’” The primary purpose of this IA was to allow
for early detection of efficacy, futility, or safety issues,
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employing stopping boundaries recommended by the
DSMC. Specifically, if the data showed overwhelming evi-
dence of cardioprotective benefit or a clear lack of efficacy
(futility), the DSMC could advise early trial termination. At
the time of the IA, the results demonstrated a significant
cardioprotective effect in favor of the active interventions.
Combined with slow recruitment rates exacerbated by the
coronavirus disease 2019 (COVID-19) pandemic, the study
sponsor elected to halt new patient enrollment while
continuing follow-up for participants already randomized.
Consequently, although the final sample size was smaller
than initially planned, a final analysis remains prespecified
and will be conducted after all enrolled patients have
reached the EOS visit, ensuring completeness of the avail-
able data for definitive assessment of both efficacy and
safety. Previous studies reported subclinical cardiotoxicity
rates between 20% and 75%, with a median of 40%. After
trial closure, the sample size was recalculated to detect a
10% change in 3D-LVEF/GLS. A minimum of 43 patients per
arm was required for 80% power. The per-protocol analysis
excluded patients lacking end-of-study echocardiography,
noncompliant with the intervention, or those who with-
drew. The full statistical analysis plan for trial endpoints is
summarized in Supplementary Table S2, available at https://
doi.org/10.1016/j.esmoop.2025.105116.

RESULTS

Patient population

Between July 2015 and June 2020, a total of 262 patients
were enrolled in the trial and validly randomized to one of
the four treatment groups (Figure 1). The four groups were
well-balanced regarding patients’ characteristics at baseline
and planned anticancer therapy (Table 1). All patients
received anthracyclines, and, when indicated, taxanes
(97.7%), trastuzumab (35.9%), adjuvant endocrine therapy
(70.2%), and radiation therapy (58.8%). The median equiv-
alent epirubicin dose was 288 mg/m?; none of the patients
received dexrazoxane. Similar details for the per-protocol
cohort are provided in Supplementary Table S3, available
at https://doi.org/10.1016/j.esmo0p.2025.105116.

Primary endpoint

The study aimed to detect cardiac subclinical damage. At
the 12- and 24-month assessments, significant changes in
echocardiographic and hemodynamic parameters were
observed across the four treatment groups. For 3D-LVEF, all
active treatment arms showed a smaller decline at 24
months compared with placebo, with reductions of 2.1% in
the ramipril arm (P < 0.001), 2.2% in the bisoprolol arm (P
< 0.001), 3.4% in the ramipril + bisoprolol arm (P < 0.001),
and 2.7% in grouped intervention arms versus 10.6% in the
placebo group (Figure 2A). Similar trends were noted in GLS
(Figure 2B), where active treatments demonstrated smaller
deteriorations compared with placebo (P < 0.001 for all
treatment arms). The detailed statistical analysis is reported
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Table 1. Baseline characteristics of the study population, per the intention-to-treat analysis
Characteristic Placebo Ramipril Bisoprolol Bisoprolol—ramipril Total
(n = 65) (n = 66) (n = 66) (n = 65) (n = 262)

Age at diagnosis (years), median (range) 47 (30-74) 48.5 (23-68) 47 (31-71) 50 (29-72) 48 (23-74)
Baseline arterial pressure (mmHg; systolic/diastolic), median 123.0/75.0 123.0/75.0 128.8/74.8 123.5/74.0 123.0/75.0
Baseline heart rate (bpm), median 73 74 72 73 73
Baseline NT-proBNP (pg/ml), median 53 54 54 51 53
Ethnicity/race, n (%)

Caucasian 65 (100) 66 (100) 66 (100) 65 (100) 262 (100)
Menopausal status, n (%)

Premenopausal 40 (61.5) 39 (59.1) 46 (69.7) 36 (55.4) 161 (61.5)

Postmenopausal 25 (38.5) 27 (40.9) 20 (30.6) 29 (44.6) 101 (38.5)
All tobacco smoking habit, n (%)

No 50 (76.9) 48 (72.7) 47 (71.2) 47 (72.3) 192 (73.3)

Former smokers 6 (9.2) 12 (18.2) 7 (10.6) 9 (13.8) 34 (13.0)

Current smokers 9 (13.8) 6 (9.1) 12 (18.2%) 9 (13.8) 36 (13.7)
Body mass index (kg/m?), n (%)

<25 46 (70.8) 50 (75.8) 48 (72.7) 49 (75.4) 193 (73.7)

>25 19 (29.2) 16 (24.2) 18 (27.3) 16 (24.6) 69 (26.3)
Breast surgery, n (%)

Breast-conserving surgery 33 (50.8) 35 (53.0) 34 (51.5) 30 (46.2) 132 (50.4)

Mastectomy 32 (49.2) 31 (47.0) 32 (48.5) 35 (53.8) 130 (49.6)
Breast side, n (%)

Left 31 (47.7) 33 (50.0) 26 (39.4) 31 (47.7) 121 (46.2)

Right 34 (52.3) 33 (50.0) 40 (60.6) 32 (49.2) 139 (53.1)
AJCC stage, n (%)

| 16 (24.6) 20 (30.4) 21 (31.8) 12 (18.5) 69 (26.3)

Il 30 (46.2) 23 (34.8) 26 (39.4) 34 (52.3) 113 (43.1)

1] 19 (29.2) 23 (34.8) 19 (28.8) 19 (29.2) 80 (30.6)
Axillary surgery, n (%)

Sentinel-node biopsy 21 (32.3) 30 (45.5) 30 (45.5) 24 (36.9) 105 (40.1)

Axillary lymph node dissection 44 (67.7) 36 (54.5) 36 (54.5) 41 (63.1) 157 (59.9)
HER2 status, n (%)

Negative 44 (67.7) 38 (57.6) 40 (60.6) 44 (67.7) 166 (63.4)

Positive 21 (32.3) 28 (42.4) 26 (39.4) 21 (32.3) 96 (36.6)
Hormonal receptors status, n (%)

Positive 48 (73.8) 52 (78.8) 49 (74.2) 46 (70.8) 195 (74.4)

Negative 17 (26.2) 14 (21.2) 17 (25.8) 19 (29.2) 67 (25.6)
Post-operative radiation therapy, n (%) 37 (56.9) 40 (60.6) 43 (65.2) 34 (52.3) 154 (58.8)
Left-sided breast irradiation, n (%)” 18 (48.6) 23 (57.5) 14 (32.6) 20 (58.8) 75 (48.7)
Radiation therapy volume, n (%)°

Whole breast irradiation 25 (67.6) 29 (72.5) 30 (69.8) 23 (67.6) 107 (69.5)

Postmastectomy radiation therapy 12 (32.4) 11 (27.5) 13 (30.2) 11 (32.4) 47 (30.5)
Regional nodal irradiation, n (%)* 14 (37.8) 13 (32.5) 16 (37.2) 13 (38.2) 56 (36.4)
Tumor bed boost irradiation, n (%)’ 26 (70.3) 28 (70.0) 30 (69.8) 23 (67.6) 107 (69.5)
Chemotherapy intent, n (%)

Neoadjuvant 14 (21.5) 16 (24.2) 11 (16.7) 19 (29.2) 60 (22.9)

Adjuvant 51 (78.5) 50 (75.8) 55 (83.3) 46 (70.8) 202 (77.1)
Chemotherapy regimen, n (%)

Trastuzumab containing 20 (30.8) 27 (40.9) 25 (37.9) 22 (33.8) 94 (35.9)

Taxane containing 63 (96.9) 64 (97.0) 65 (98.5) 64 (98.5) 256 (97.7)
Median isoequivalent doxorubicin dose for the 288 288 287 288 288
patient at the end of chemotherapy (mg/m?), n
Adjuvant endocrine therapy, n (%) 44 (67.7) 50 (75.8) 46 (69.7) 44 (67.7) 184 (70.2)

Aromatase inhibitors® 34 (77.3) 39 (78) 34 (73.9) 34 (77.3) 141 (76.6)

Tamoxifen” 10 (22.7) 11 (22) 12 (26.1) 10 (22.7) 43 (23.4)

AJCC, American Joint Committee on Cancer; HER2, human epidermal growth factor receptor 2; NT-proBNP, N-terminal pro-B type natriuretic peptide.

“Percentages refer to patients treated with postoperative radiation therapy.
bPercentages refer to patients treated with adjuvant endocrine therapy.

in Supplementary Table S4, available at https://doi.org/10.
1016/j.esmoop.2025.105116.

In the intention-to-treat analysis, 39.3% in the no ramipril
arms had subclinical LV damage, compared with 11.4% in
the ramipril arms (chi-squared 22.299, df = 1, P < 0.001). In
the no bisoprolol arms, 43.5% had subclinical LV damage,
compared with 9.6% in the bisoprolol arms (Xz = 32.963, df
= 1, P < 0.001). Differences between groups were

4 https://doi.org/10.1016/j.esmoop.2025.105116

observed in the echocardiographic imaging measures and
study drug hemodynamic effects (Figure 3). The decline in
3D-LVEF from baseline to follow-up in the ramipril group
was 3.3%, compared with 6.8% in patients not receiving
ramipril, with an absolute decline of 2.0 [95% confidence
interval (Cl) 1.1-2.9, P < 0.001; Figure 3A]. Similarly, in the
bisoprolol group, the decline was 3.0%, compared with
7.4% in patients not receiving bisoprolol, with an absolute
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Figure 2. Mean (95% Cl) (A) 3D LVEF and (B) GLS values at baseline, 12 months, and 24 months, analyzed per intention-to-treat for each arm (placebo, ramipril,
bisoprolol, and ramipril plus bisoprolol). All patients receiving cardioprotective treatment were grouped together (all drugs: continuous line). The P values from
ANOVA and the Bonferroni t-test shown in the graph are consistent across all drug arms when compared with placebo.

3D-LVEF, three-dimensional left ventricular ejection fraction; ANOVA, analysis of variance; Cl, confidence interval; GLS, global longitudinal strain; LV, left ventricle.

decline of 2.8 (95% Cl 0.4-5.2, P < 0.020; Figure 3B). In the
ramipril group, the decline in LV GLS from baseline to
follow-up was 4.0%, compared with 8.6% in patients not
receiving ramipril, with an absolute decline of 1.2 (95% ClI
0.2-2.0, P < 0.016; Figure 3C). Similarly, in the bisoprolol
group, the decline was 3.7%, compared with 9.3% in pa-
tients not receiving bisoprolol, with an absolute decline of
1.3 (95% ClI 0.9-1.7, P < 0.001; Figure 3D). The detailed

statistical analysis was reported in Supplementary Table S5,
available at https://doi.org/10.1016/j.esmoop.2025.
105116.

A per-protocol analysis comparing drug arms with the
placebo arm was carried out and reported in Supplementary
Table S6, available at https://doi.org/10.1016/j.esmoop.2025.
105116. At 24 months, the mean decline in 3D-LVEF was
10.5% in the placebo arm, compared with 3.0%, 2.4%, and
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Figure 3. Mean (95% CI) (A and B) 3D LVEF and (C and D) GLS values at baseline, 12 months, and 24 months, analyzed per intention to treat using a 2 X 2 factorial
design. Comparisons are shown for (A and C) the no ramipril versus ramipril arms and (B and D) the no bisoprolol versus bisoprolol arms. P values are derived from
ANOVA and the Bonferroni t-test.

3D-LVEF, three-dimensional left ventricular ejection fraction; ANOVA, analysis of variance; Cl, confidence interval; GLS, global longitudinal strain; LV, left ventricle.
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3.6% in the ramipril, bisoprolol, and bisoprolol—ramipril arms,
respectively (P < 0.0001). A decline of 3D-LVEF under the
normal limits (<50% and >10% from baseline) was observed
in 19% only in the placebo arm. Similarly, GLS worsened by
13.1% in the placebo arm, compared with 3.6%, 3.0%, and
4.2% in the ramipril, bisoprolol, and bisoprolol—ramipril arms,
respectively (P < 0.001). The percentage change from TO to
T4 of 3D-LVEF and GLS stratified by treatment arms are
presented in Supplementary Figure S1A and B, available at
https://doi.org/10.1016/j.esmoop.2025.105116. At EQS, no
significant differences in terms of 3D-LVEF and LV GLS were
shown in patients receiving only anthracyclines compared
with those receiving anthracyclines plus trastuzumab
(Supplementary Figure S2, available at https://doi.org/10.
1016/j.esmoop.2025.105116).

In the univariate logistic analysis, the treatment arm was
the only factor significantly associated with the primary
endpoint at 24 months, showing favorable outcomes
compared with placebo for ramipril [odds ratio (OR) = 0.083],
bisoprolol (OR = 0.055), and the combination of bisoprolol—
ramipril (OR = 0.060). Multivariate logistic analysis indicated
that any drug arm significantly reduced the risk of subclinical
LV damage at 24 months: bisoprolol—placebo (OR = 0.052;
95% Cl 0.017-0.155), bisoprolol—ramipril (OR = 0.057; 95% ClI
0.021-0.159), and ramipril—placebo (OR = 0.08; 95% ClI
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0.028-0.225; Table 2). The results were consistent in both
HER2-positive and HER2-negative patient cohorts, with
echocardiography measures and drug effects by HER2 status
detailed in Supplementary Table S7, available at https://doi.
org/10.1016/j.esmoop.2025.105116.

Secondary endpoints

The changes in LV EDVI were attenuated in the active
treatment groups (ramipril +6.2%, bisoprolol +3.2%, and
combination drugs +4.1%) compared with placebo
(+13.7%), with the bisoprolol alone or in combination
showing the most marked effect (P < 0.001). The increase in
LV ESVI was significantly less in all the active treatment
arms (P < 0.001; Supplementary Figure S1C and D, available
at https://doi.org/10.1016/j.esmoop.2025.105116). Hemo-
dynamic measures such as SAP, diastolic arterial pressure,
and heart rate were also better maintained in the active
treatment arms. Bisoprolol or in  combination
with XYZ resulted in the most significant reduction in heart
rate at 12 months, with a 14.6% and 10.8% decline,
respectively, compared with a minimal change in the pla-
cebo group (P < 0.001; Supplementary Table S4, available
at https://doi.org/10.1016/j.esmo0p.2025.105116). A plot
showing SAP measurements over the study period is

Table 2. Univariate and multivariate logistic models for GLS and/or 3D-LVEF worsening 210% at 24 months related to selected individual parameters®

Characteristic Univariate Multivariate
Odds ratio (95% Cl) P value Odds ratio (95% Cl) P value

Arm

Placebo—placebo 1 1

Ramipril—placebo 0.083 (0.030-0.225) 0.0001 0.080 (0.028-0.225) 0.0001

Bisoprolol—placebo 0.055 (0.019-0.157) 0.0001 0.052 (0.017-0.155) 0.0001

Bisoprolol—ramipril 0.060 (0.022-0.160) 0.0001 0.057 (0.021-0.159) 0.0001
Age at diagnosis, years

>48 versus <48 0.82 (0.45-1.49) 0.51 0.78 (0.27-2.25) 0.64
Menopausal status at diagnosis

Postmenopausal versus premenopausal 0.93 (0.50-1.74) 0.83 0.91 (0.31-2.68) 0.87
Body mass index groups (scores)

>25 versus <25 1.15 (0.60-2.22) 0.67 1.18 (0.50-2.80) 0.70
Physical activity

Physical activity versus no physical activity 0.65 (0.32-1.33) 0.24 0.98 (0.382-2.51) 0.96
Smoking status

Current/former smoker versus never all tobacco smoker 0.87 (0.44-1.71) 0.68 1.04 (0.44-2.45) 0.94
Breast side

Right side versus left side 0.95 (0.52-1.73) 0.87 0.83 (0.39-1.76) 0.63
Radiation therapy

RT treated versus no RT treated 1.06 (0.58-1.94) 0.85 1.20 (0.55-2.65) 0.65
Chemotherapy intent

Neoadjuvant versus adjuvant 1.33 (0.66-2.68) 0.42 1.37 (0.56-3.34) 0.49
Anthracyclines cycles (total number)

>4 versus <4 1.07 (0.37-3.08) 0.90 1.14 (0.29-4.54) 0.85
Trastuzumab-containing therapy

Trastuzumab versus no trastuzumab 1.10 (0.59-2.05) 0.78 1.38 (0.62-3.07) 0.43
Taxane-containing therapy

Taxanes versus no taxanes 1.43 (0.16-13.02) 0.75 1.19 (0.08-19.01) 0.90
Adjuvant endocrine therapy

Endocrine therapy versus no endocrine therapy 0.71 (0.38-1.33) 0.29 0.64 (0.28-1.47) 0.29

3D-LVEF, three-dimensional left ventricular ejection fraction; Cl, confidence interval; GLS, global longitudinal strain; RT, radiotherapy.

P values <0.05 are given in bold.
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presented in Supplementary Figure S3, available at https://
doi.org/10.1016/j.esmoop.2025.105116.

In the 2 x 2 factorial design as per intention-to-treat an-
alyses (Supplementary Table S5, available at https://doi.org/
10.1016/j.esmo0p.2025.105116), bisoprolol treatment resul-
ted in a 3.8% increase in EDVI, compared with a 9.4% increase
in those not receiving bisoprolol (absolute difference 3.3 ml/
m?; 95% Cl 1.9-4.7, P < 0.001). Ramipril showed a 3.8% in-
crease in EDVI versus 8.1% in patients not treated with
ramipril (absolute difference 2.3 ml/m?; 95% Cl 0.9-3.7, P =
0.001). Patients on ramipril had a smaller increase in ESVI
(9.3%) compared with those not on ramipril (22.3%), with an
absolute difference of 2.4 ml/m? (95% CI 1.7-3.2). Bisoprolol-
treated patients also had a smaller ESVI increase (8.5%)
compared with those not on bisoprolol (24.3%), with an ab-
solute difference of 3.0 ml/m? (95% Cl 2.3-3.7).

Less RV dilation, FAC decrease, TAPSE depression, and
S'RV deterioration in treated patients are reported in
Supplementary Table S8, available at https://doi.org/10.
1016/j.esmoop.2025.105116, indicating mitigated RV ef-
fects. The primary cardioprotective effects were consistent
across treatment arms, showing a similar magnitude of
benefit and statistical significance when assessed using both
the SAFE trial criteria and the 2022 European Society of
Cardiology (ESC) guidelines for defining chemotherapy-
related cardiac damage (Supplementary Figure S4, avail-
able at https://doi.org/10.1016/j.esmoo0p.2025.105116).

No clinically overt heart failure was observed during follow-
up. However, two patients developed acute, clinically
apparent LV dysfunction during anthracycline administration
(one in the placebo arm and one in the ramipril arm. Both
presented with symptoms consistent with heart failure,
including exertional dyspnea and fatigue, and were evaluated
by cardiology. An echocardiogram in each case revealed a
transient reduction in LVEF, confirming a cardiogenic etiology
rather than a noncardiac chemotherapy-related toxicity.
Additional diagnostic work-up, including cardiac magnetic
resonance imaging and/or coronary computed tomography,
excluded other causes such as myocarditis or ischemic heart
disease. In both patients, anthracycline therapy was dis-
continued, and their LV function recovered with appropriate
supportive measures. Compliance with the study drugs was
generally good, with 91.4% of patients not requiring dose
downtitration or discontinuation. Study drug dose titration
including drug-related toxicity assessment and electronic case
report form toxicity report of the trial are reported in
Supplementary Tables S9 and S10, available at https://doi.
org/10.1016/j.esmoop.2025.105116, respectively.

DISCUSSION

In this study, we confirmed that anthracycline-based
chemotherapy for women with early BC is associated with
a modest but persistent decline in LV function. This decline
was observed in a cohort of younger, healthy patients
without comorbidities such as diabetes or hypertension.
Previous studies on cardioprotection have yielded mixed

Volume 10 m Issue 6 m 2025

results due to small sample sizes, comorbidity, different
definitions of cardiotoxicity, and short-term follow-up.”*?

In our intention-to-treat analysis, both ramipril and
bisoprolol treatments significantly reduced the decline in
3D-LVEF and LV GLS, contrary to the PRADA trial findings.
The PRADA trial, which used a similar 2 x 2 factorial design,
evaluated the long-term effects of candesartan and meto-
prolol or their combination.*? It found limited benefits, with
a mean decline in LVEF at 24 months of <2% in the no-drug
arm. The differences may be attributed to our more accu-
rate 3D measurements of LV parameters and standardized,
semiautomated GLS measurements."®

This study’s findings on the cardioprotective effects of
ACE inhibitors and BB are consistent with prior studies such
as CECCY and PRADA, despite differences in GLS measure-
ment techniques. The PRADA trial utilized the Vivid 9 and
EchoPAC software, while our study used TOMTEC-Philips,
which has been shown to have higher sensitivity
and specificity.” These differences may account for varia-
tions in baseline GLS values, which were approximately two
percentage points lower in PRADA.™ The CECCY trial, a
double-blind study comparing carvedilol with placebo in
HER2-negative patients, did not assess GLS, and a significant
portion of the patients (91%) experienced carvedilol dose
reductions, with 21% receiving very low doses (6.25 mg/
day), potentially influencing the outcomes.**

Despite methodological differences, the PRADA and
CECCY trials, along with ours, demonstrated the car-
dioprotective potential of BB and ACE inhibitors in reducing
subclinical cardiac damage, measured by LVEF and ven-
tricular remodeling. To properly assess the effect of short-
term cardioprotective strategies, we conducted a post hoc
analysis comparing the placebo arm with any drug arm
because the 2 x 2 design’s placebo—placebo and placebo—
drug comparisons could diminish the perceived benefit of
the drug due to significant LV damage in the placebo—
placebo group (Supplementary Table S4, available at
https://doi.org/10.1016/j.esmoop.2025.105116).

The combination of ramipril and bisoprolol may not offer
additional benefits due to several factors. First, the use of
both drugs together may lead to lower peak doses because
of side-effects such as hypotension (Supplementary
Figure S3, available at https://doi.org/10.1016/j.esmoop.
2025.105116), limiting treatment effectiveness. Moreover,
these drugs may have similar mechanisms of action,
reducing the likelihood of added benefits in association."’
For instance, while ramipril primarily reduces endothelial
damage, bisoprolol has antioxidant properties that improve
LV function, with overlapping effects possibly explaining the
lack of extra benefits from the combination therapy. A
recent systematic review and meta-analysis of 26 studies
involving 910 patients treated with anthracyclines without
cardioprotective therapy showed a gradual decline in 2D-
LVEF over 6 months, then stabilization up to 24 months.*®
Similarly, our study found a significant worsening in 3D-
LVEF in the placebo group at the 24-month mark, with a
10.51% decline, compared with a slight reduction in the
experimental arms (P < 0.0001).
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Using advanced tools to detect subclinical damage, pa-
tients receiving cardioprotective pharmacological strategies
showed a substantial reduction in risk, with a mean inci-
dence in subclinical damage of 10.7%. By contrast, the
CECCY study observed a 2D-LVEF decrease of >10% at 6
months in 14% of patients, while our study found a 3D-LVEF
decrease of >10% in 16.7%, likely due to the greater ac-
curacy of 3D measurements.™*

Previous studies on the use of BB and ACEi for preventing
myocardial dysfunction during cardiotoxic therapies have
been limited and did not assess GLS.'*?° Our findings
indicated that cardiotoxicity following anthracycline
administration typically occurs within the first year,®*
emphasizing the need for early monitoring and interven-
tion. A change threshold in GLS between 10% and 15% was
identified as having optimal sensitivity for predicting car-
diotoxicity.”” At the time of trial design, we chose a GLS
threshold of >10% for the greatest sensitivity in evaluating
subclinical cardiac damage. Despite debate on GLS’s use-
fulness in cardio-oncology,” our analysis investigated both
criteria from the SAFE trial and 2022 ESC guidelines for
defining chemotherapy-related cardiac damage,’® showing
consistent benefits across all study arms (Supplementary
Figure S4, available at https://doi.org/10.1016/j.esmoop.
2025.105116). Limited data exist on LV remodeling post-
anthracycline therapy.”>”* Our study found that pharma-
cological prevention stabilized both LV EDVI and LV ESVI at
12 and 24 months, indicating a positive effect on cardiac
remodeling.

Recommendations for preventing and treating car-
diotoxicity in cancer treatments have mainly focused on LV,
although RV functional abnormalities can also occur in pa-
tients receiving anthracyclines and trastuzumab®*?’; a car-
dioprotective effect on RV features was reinforced by our
study results (Supplementary Table S8, available at https://
doi.org/10.1016/j.esmoop.2025.105116).

The 2022 ESC guidelines recommend ACEi or angiotensin-
Il receptor blocker and BB for the primary prevention of
cardiovascular toxicity in high-risk patients receiving
anthracyclines and/or anti-HER2 therapies (Class lla; Level
B).’® We selected bisoprolol and ramipril based on their
proven efficacy in preventing chemotherapy-induced car-
diotoxicity, in line with ESC heart failure guidelines and
recommended dosages.® Our study supports this approach,
demonstrating effectiveness even in young patients without
preexisting cardiovascular conditions. However, trial limita-
tions, such as early recruitment termination, small sample
size, and 15% dropout at EOS assessment, must be
considered when interpreting results.

Further studies are needed to balance anthracycline
benefits with cardiovascular risks and develop better sur-
veillance models. A recent retrospective study found an
increased congestive heart failure risk in patients treated
with anthracyclines, with differences emerging within the
first year and up to 20 years after diagnosis.?’ BC survivors
treated at ages 40-50 years showed myocardial dysfunction
5-12 years after treatment, suggesting that even modest LV
function decline may heighten future cardiovascular risks.
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Both drugs demonstrate short-term cardioprotective ef-
fects, particularly against subclinical damage; however,
insufficient data exist to recommend their long-term use
beyond chemotherapy. In the presence of subclinical LV
damage, continuing BB or ACEi after treatment may be
reasonable, especially in individuals with cardiovascular risk
factors. If only one agent is tolerated, the choice should be
guided by individual risk factors and tolerability. High-risk
patients require optimal long-term management.

Despite  the increasing availability of effective
anthracycline-sparing regimens,*° a considerable proportion
of patients with BC, particularly those at higher risk, continue
to receive anthracyclines. Recent trends have shown a
decline in anthracycline use in early BC, largely driven by
concerns about cardiotoxicity and the emergence of equally
efficacious alternatives.>® However, younger patients with
aggressive disease, such as triple-negative tumors eligible for
immune checkpoint inhibitors or those undergoing dose-
dense adjuvant regimens, may still derive substantial
benefit from anthracycline-containing chemotherapy.*”**

Growing evidence indicates that immune checkpoint in-
hibitors can cause immune-mediated cardiotoxicity, such as
myocarditis, arrhythmias, and heart failure.>*>> While car-
dioprotective agents (e.g. BB, ACEi) are standard in man-
aging chemotherapy-induced cardiotoxicity, their role and
potential interactions with immunotherapy remain less
clearly defined.

An essential aspect of optimizing cardio-protective stra-
tegies in oncology involves close collaboration between
oncologists and cardiologists.*® By integrating cardiology
expertise through dedicated cardio-oncology clinics or
structured referral pathways, patients can be risk-stratified,
monitored more effectively for potential cardiotoxicity, and
promptly treated if subclinical or overt cardiac dysfunction
arises. This team-based approach ensures that both cancer
therapy and cardiovascular health are managed cohesively,
ultimately improving patient outcomes and quality of care.

In conclusion, cardioprotective pharmacological strategies
using BB and/or ACEi in patients with BC undergoing
anthracycline-based chemotherapy seem to be tolerated and
effective in protecting against therapy-related declines in
LVEF and cardiac remodeling. Pharmacological prevention of
cardiovascular toxicity in BC therapy should be strongly
considered to protect patients’ cardiovascular health.
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