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Abstract
Background: Anthracyclines are cornerstone agents in breast cancer 
chemotherapy. However, they can cause dose-dependent cardiotoxicity, 
potentially impairing long-term cardiac function. Beta-blockers have 
demonstrated cardioprotective effects. However,  evidence regarding 
bisoprolol, particularly using comprehensive echocardiographic 
evaluations, remains limited. This study aimed to evaluate the 
cardioprotective effects of low-dose bisoprolol against anthracycline-
induced subclinical cardiac dysfunction in patients with breast cancer.
Methods: This triple-blind, randomized controlled trial was 
conducted in Isfahan, Iran, between January and December 2023. 
Eligible women with locally advanced breast cancer receiving 
anthracycline-based chemotherapy were randomized to bisoprolol 
(2.5 mg/day) or a placebo. Cardiac function was assessed at baseline, 
mid-treatment, and the end of treatment during a 6-month follow-up 
period. The evaluated echocardiographic parameters included left 
ventricular ejection fraction (LVEF), left ventricular end-diastolic 
and end-systolic dimensions (LVEDD, LVESD), left ventricular end-
diastolic volume (LVEDV), global longitudinal strain (GLS), and 
tricuspid annular systolic excursion (TAPSE).  Statistical analyses 
were performed using SPSS software (version 25.0). Continuous 
variables were analyzed using paired or independent-samples t tests, 
and categorical variables were analyzed using the Chi square test. 
Statistical significance was defined as P<0.05.
Results: A total of 50 patients completed the trial (25 in the bisoprolol 
group and 25 in the placebo group).  LVEF remained stable in both 
groups. Compared with the placebo group, bisoprolol demonstrated 
significantly more favorable structural and functional changes, 
including a reduction in LVEDD (mean change=-0.172 cm; 95% CI=-
0.343 to -0.001; P=0.049), LVESD (mean change=-0.156 cm; 95% CI=-
0.295 to -0.172; P=0.029), and LVEDV (mean change=-7.920 mL; 95% 
CI=-15.174 to -0.666; P=0.033); improved GLS (mean change=0.974; 
95% CI=0.083 to 1.865; P=0.033); and better preserved TAPSE (mean 
change=0.168 cm; 95% CI=0.101 to 0.234; P<0.001).
Conclusion: Prophylactic bisoprolol might attenuate early subclinical 
cardiotoxicity in patients with breast cancer receiving anthracyclines, 
primarily through the stabilization of LVEDV and a more favorable 
GLS trajectory. 
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What’s Known

•	 Anthracycline chemotherapy, despite 
improving breast cancer survival, 
is associated with dose-dependent 
cardiotoxicity that may lead to heart failure.
•	 Beta-blockers, especially carvedilol, 
indicated cardioprotective effects. 
However, evidence regarding bisoprolol 
remains scarce, and most studies have 
relied solely on ejection fraction.

What’s New

•	 This triple-blind randomized 
controlled trial demonstrated that low-
dose bisoprolol preserved left and right 
ventricular function during anthracycline-
based chemotherapy.
•	 Using advanced echocardiographic 
parameters, the study revealed early 
cardioprotective effects of bisoprolol 
beyond conventional ejection fraction, 
addressing a significant gap in cardio-
oncology research.
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Introduction

Breast cancer is the most frequently diagnosed 
cancer worldwide. According to GLOBOCAN 
2020 data, it accounted for approximately 2.3 
million new cases (11.7% of new cancer cases). 
Furthermore, an estimated 685,000 women died 
from breast cancer in 2020, representing 16% of 
all cancer-related deaths in women.1, 2 Recently, 
cancer mortality has decreased significantly 
due to earlier diagnosis and the development 
of novel therapeutic modalities.3 Although many 
new-generation regimens have been developed, 
anthracyclines remain central components of 
breast cancer chemotherapy, reducing breast 
cancer-related mortality by up to 38%.3

However, despite improved cancer-free 
survival, complications of these therapies, 
particularly due to cardiac dysfunction, pose 
notable clinical challenges regarding long-
term morbidity and mortality.3, 4 Anthracycline-
induced cardiotoxicity (AIC) is a chronic, dose-
dependent adverse effect that reduces left 
ventricular ejection fraction (LVEF) and may 
lead to cardiomyopathy, and in severe cases, 
heart failure (HF).5, 6 This cardiotoxicity is of 
significant clinical concern, as cardiovascular 
disease has become the leading cause of non-
cancer-related mortality among breast cancer 
survivors.7, 8 This reality poses a significant 
therapeutic dilemma for oncologists, who must 
balance the oncologic efficacy of anthracyclines 
against their potential to cause lasting cardiac 
injury. In some cases, cardiotoxicity necessitates 
modification or discontinuation of potentially life-
saving chemotherapy regimens.9

To address this issue, cardioprotective 
interventions are gaining increasing attention. 
Conventional strategies include limiting 
anthracycline dose, identifying high-risk patients, 
and early monitoring of cardiac function.10 In 
addition, pharmacologic prophylaxis has been 
explored as a means of mitigating cardiotoxic 
risk.11 Among these agents, beta-blockers, 
which have long been used in HF management, 
have demonstrated efficacy in preventing 
ventricular remodeling, reducing oxidative 
stress, and attenuating sympathetic overactivity, 
thus potentially offering cardioprotection during 
chemotherapy.12, 13

A variety of beta-blockers, such as 
metoprolol, atenolol, carvedilol, bisoprolol, and 
nebivolol, have been studied in this context.12, 14  
Among these, carvedilol has received 
substantial attention, partly due to its antioxidant 
and anti-remodeling properties.15 Nevertheless, 
bisoprolol, a highly beta-1 selective agent with 
favorable tolerability, has also emerged as a 

potential prophylactic option in cardio-oncology. 
In a randomized trial, prophylactic bisoprolol was 
associated with attenuation of anthracycline-
related declines in LVEF and global longitudinal 
strain (GLS) compared with placebo.16, 17

Despite these promising observations, there 
is a paucity of high-quality randomized trials 
specifically evaluating the cardioprotective 
role of bisoprolol in patients with breast cancer 
undergoing anthracycline therapy, particularly 
those utilizing comprehensive echocardiographic 
assessments. Previous studies have often 
relied on LVEF as the primary outcome, which 
might overlook early subclinical changes.16, 17 
Therefore, in this study, we aimed to assess 
the cardioprotective effect of bisoprolol using a 
broad array of echocardiographic parameters, 
including left ventricular end-diastolic dimension 
(LVEDD), left ventricular end-systolic dimension 
(LVESD), left ventricular end-diastolic volume 
(LVEDV), GLS, tricuspid annular systolic 
excursion (TAPSE), and LVEF, to provide a more 
detailed evaluation of myocardial structural 
and functional integrity. We hypothesized that 
bisoprolol, when administered prophylactically 
during chemotherapy, could mitigate 
anthracycline-induced cardiotoxicity and 
preserve both left and right ventricular function 
in patients with breast cancer.

Materials and Methods

Study Design and Setting
This was a triple blind, randomized controlled 

trial conducted in Isfahan, Iran, between January 
and December 2023. Patients were consecutively 
recruited from the Oncology and Hematology 
Outpatient Clinics at Shariati Hospital, Isfahan, 
Iran. All patients were provided with oral and 
written information and provided their written 
informed consent prior to enrollment. The study 
protocol was approved by the Ethics Committee 
of Islamic Azad University, Najafabad Branch 
(code: IR.IAU.NAJAFABAD.REC.1400.058) and  
registered at the Iranian Registry of Clinical 
Trials (IRCT ID: IRCT20130701013828N8; Trial 
ID: 57932).

Population Selection
Inclusion criteria were adult female patients 

aged 18 to 70 years with newly diagnosed, 
histopathologically confirmed locally advanced 
breast cancer (Stage II or III), scheduled for 
anthracycline-based chemotherapy, and with 
a baseline LVEF ≥55%. To minimize selection 
bias, consecutive sampling was used. Each day, 
the research team screened all newly presenting 
patients using clinic records and admission lists. 
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A structured screening form was completed 
to document demographic data, tumor 
characteristics, and planned chemotherapy 
regimen. Subsequently, a multidisciplinary 
team of oncologists and cardiologists reviewed 
each candidate to confirm eligibility based on 
predefined criteria.

Exclusion criteria included a history of 
cardiovascular disease (ischemic heart disease, 
HF, or arrhythmias), diabetes mellitus, chronic 
hypertension, or chronic kidney disease; 
previous exposure to chest radiotherapy or any 
form of chemotherapy; ongoing or planned use of 
beta-blockers for other medical indications; and 
any contraindication to bisoprolol administration, 
including acute decompensated HF, symptomatic 
bradycardia, or severe asthma. After confirmation 
of eligibility, detailed study information was 
provided, written informed consent was 
obtained, and baseline assessments, including 
physical examination and echocardiography, 
were performed. Randomization was carried out 
by blinded operators. Participant flow throughout 
the study is presented in the CONSORT diagram 
(figure 1).

Randomization 
Participants were randomized 1:1 to bisoprolol 

or placebo using a computer-generated block 
randomization sequence with a fixed block size 
(n=4) to maintain balanced group allocation. 
The randomization list was generated by an 
independent statistician using a random-number 
generator (SPSS software, version 25.0; IBM 
Corp., Armonk, NY, USA) and was not accessible 
to the investigators. The statistician encoded 
the allocation list and provided the treatment 
codes directly to the study pharmacist, who was 
responsible for preparing identical medication 
packages. Allocation concealment was ensured 
using sequentially numbered, opaque, sealed 
envelopes (SNOSE), which were opened only 
after eligibility confirmation. 

Blinding Method
Patients were treated with medication that 

was prepared and packaged by an independent 
pharmacist, who was not involved in patient 
recruitment, treatment administration, or 
data analysis. Each package was identical in 
appearance, size, color, and labeling, regardless 

Figure 1: The CONSORT flow diagram shows the patient enrollment, randomization, intervention, follow-up, and analysis.
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of whether it contained bisoprolol or placebo, to 
maintain effective blinding.

The study was conducted in a triple-
blind manner: patients, clinical investigators 
responsible for patient management, and data 
analysts were all blinded to treatment allocation 
throughout the study period. Vital signs were 
monitored at each visit, and adverse events 
were managed per protocol without unblinding. 

Study Treatment
All patients received in-hospital and 

outpatient chemotherapy according to our 
institution’s protocols. The regimens were 
as follows: cyclophosphamide (500-600 mg/
m2)+epirubicin (75-CEF 100 mg/m2)+5-FU 
(500–600 mg/m2) (CEF regimen), or adriamycin 
(60 mg/m2)+cyclophosphamide (600 mg/m2) 
(AC regimen). All chemotherapy agents were 
administered as locally available commercial 
preparations and were identical between the two 
study groups. The intervention group received 
2.5 mg of bisoprolol daily (manufactured 
by Abidi Pharmaceutical Co., Tehran, Iran, 
under the trade name of Betalco; n=25) and 
the control group received 2.5 mg of placebo 
daily (manufactured from pharmaceutical-
grade microcrystalline cellulose provided by 
Abidi Pharmaceutical Co., Tehran, Iran; n=25). 
Placebo tablets were matched to the active drug 
for appearance, shape, weight, thickness, and 
color, and were packaged by an independent 
pharmacist to maintain blinding. The study 
drug was initiated orally at a dose of 2.5 mg for 
7 consecutive days prior to chemotherapy. In 
the control group, placebo was also started 7 
days before chemotherapy. Both bisoprolol and 
placebo were continued for 6 months. 

Vital signs, including blood pressure and heart 
rate, were monitored before each chemotherapy 
cycle and monthly thereafter. If symptomatic 
bradycardia (heart rate<50 bpm) or hypotension 
(systolic BP<90 mmHg) occurred, the study drug 
was temporarily discontinued and permanently 
withdrawn upon recurrence.

Safety Monitoring
Adverse events were classified according to 

the Common Terminology Criteria for Adverse 
Events (CTCAE; version 5.0).18 In case of serious 
adverse events (Grade≥3), the safety committee 
was consulted, and emergency unblinding was 
permitted if necessary for patient safety.

Echocardiographic Assessments
Patients underwent transthoracic 

echocardiography at baseline, mid-treatment 
(at 3 months after chemotherapy initiation, 

approximately halfway through the anthracycline 
course), and end-of-treatment (at 6 months). If 
a reduction in LVEF ≥10% from baseline to a 
value <50% occurred, or if clinical signs of HF 
were observed, the study drug was stopped and 
guideline-directed medical therapy (GDMT), 
including initiation of angiotensin-converting 
enzyme inhibitors and beta-blockers (e.g., 
carvedilol), was started under cardio-oncology 
supervision. During follow-up, no participant met 
these criteria. Consequently, no patient required 
discontinuation of the study drug and initiation 
of GDMT.

Outcomes
The primary outcome of the study was the 

change in LVEF from baseline to following six 
cycles of chemotherapy. LVEF was measured 
using Simpson’s biplane method according 
to the guidelines of the American Society 
of Echocardiography. Secondary outcomes 
included the incidence of a ≥10% absolute 
reduction in LVEF to below 50%, the development 
of clinically overt HF classified by the New 
York Heart Association (NYHA) functional 
classification, changes in LVEDD and LVESD, 
changes in LVEDV, changes in myocardial 
deformation assessed by GLS, and changes 
in right ventricular systolic function evaluated 
by TAPSE. Echocardiographic studies were 
performed using the EPIC 7 ultrasound machine 
(Philips Medical Systems, Andover, MA, USA). 
All images were digitally stored and later 
analyzed offline directly on the echocardiography 
machine. All echocardiographic measurements 
were independently analyzed by an experienced 
echocardiography fellow.

Sample Size
The sample size was estimated to detect a 

clinically relevant 5-percentage-point difference 
in LVEF between the intervention and control 
groups. Based on previous cardio-oncology trials, 
a standard deviation (SD) of 5%, a two-sided α of 
0.05, and 90% statistical power were assumed.16 
Using the two-sample comparison of means 
formula, the minimum required sample size was 
calculated as 21 participants per group. Since 
patients receiving anthracycline chemotherapy 
commonly experience treatment discontinuation 
due to toxicity, clinical progression, withdrawal 
of consent, or loss to follow-up, an anticipated 
attrition rate of approximately 30% was 
incorporated. After adjustment for expected 
attrition, the target enrollment increased to 
30 patients per group (total=60), ensuring 
that the final analyzable sample would meet 
the minimum powered requirement. To reach 
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the target randomized sample of 60 patients, 
approximately 70 individuals were screened, 
accounting for the typical 10-20% exclusion 
rate observed during eligibility assessment 
in cardio-oncology trials.19 Reasons for pre-
randomization exclusion include baseline 
cardiac abnormalities, previous chemotherapy 
exposure, or declining participation. Due to 
feasibility constraints and recruitment limitations 
during the study period, 25 participants per 
group (total=50) were ultimately enrolled and 
completed post-chemotherapy evaluation. 
This final sample size remained sufficient to 
preserve the statistical power requirement after 
accounting for observed attrition.

Statistical Analysis
All statistical analyses were performed 

using the SPSS software (version 25.0; IBM 
Corp., Armonk, NY, USA). Descriptive statistics 
were presented as numbers and percentages 
for categorical data, and mean±SD and range 
for numerical data. Within-group analyses 
were assessed using paired t tests. Normality 
assumptions for paired differences were 
evaluated using the Shapiro–Wilk test. When 
data met normality criteria, mean differences 
and 95% confidence intervals were reported. 
Multiple imputation was prespecified in the 
statistical analysis plan to address potential 
missing data. However, in the present study, no 
missing data were observed in either primary 
or secondary outcome variables. Therefore, 
multiple imputation was not required, and all 
analyses were performed using complete cases 
only. No adjustments for multiple comparisons 
were applied, given the exploratory nature of 
secondary outcomes. Analyses were primarily 
conducted based on the intention-to-treat 
principle, including all randomized patients 

according to their assigned groups. P<0.05 was 
considered statistically significant.

Results

Baseline Characteristics
A total of 50 female patients were enrolled 

and randomized equally to two groups (n=25 
per group). The overall mean age was 47.7±9.7 
years, ranging from 31 to 69 years. The mean 
age in the bisoprolol group was 48.2±9.4 years, 
while in the control group it was 47.3±10.1 
years, with no statistically significant difference 
between the groups.

Comparison of Left Ventricular End-Diastolic 
Dimensions Between and Within Groups

At baseline and mid-treatment, LVEDD 
values were comparable between the groups, 
with no significant differences. However, at the 
final measurement (LVEDD3), the bisoprolol 
group exhibited a significantly lower mean value 
than the control group (P=0.049). Within-group 
comparisons demonstrated significant differences 
between LVEDD1 and LVEDD2 (P=0.028) and 
between LVEDD2 and LVEDD3 (P=0.001), whereas 
no significant difference was observed between 
LVEDD1 and LVEDD3. In the control group, 
all pairwise comparisons revealed statistically 
significant increases over time (table 1).

Comparison of Left Ventricular End-Systolic 
Dimensions Between and Within Groups

As shown in table 2, no significant differences 
were found between the groups at baseline left 
ventricular end-systolic dimensions (LVESD1) 
or mid-treatment (LVESD2). However, at the 
final evaluation (LVESD3), the bisoprolol group 
showed significantly lower values than the 
control group (P=0.029).

Table 1: Comparison of LVEDD between and within groups at three time points
Group Comparison LVEDD (mean±SD) P value
Between-group Baseline (LVEDD1) Bisoprolol: 4.552±0.301 cm 0.708

Control: 4.524±0.216 cm
Mid-treatment (LVEDD2) Bisoprolol: 4.700±0.285 cm 0.162

Control: 4.600±0.206 cm
Final (LVEDD3) Bisoprolol: 4.520±0.389 cm 0.049 *

Control: 4.692±0.157 cm
Bisoprolol LVEDD1 vs. LVEDD2 4.552±0.301 vs. 4.700±0.285 0.028 *

LVEDD2 vs. LVEDD3 4.700±0.285 vs. 4.520±0.389 0.001 *
LVEDD1 vs. LVEDD3 4.552±0.301 vs. 4.520±0.389 0.649

Control LVEDD1 vs. LVEDD2 4.524±0.216 vs. 4.600±0.206 0.004 *
LVEDD2 vs. LVEDD3 4.600±0.206 vs. 4.692±0.157 0.005 *
LVEDD1 vs. LVEDD3 4.524±0.216 vs. 4.692±0.157 <0.001 *

Between-group comparisons were analyzed using independent-sample t tests, and within-group comparisons were assessed 
using paired-sample t tests. Data are presented as mean±SD. Echocardiographic measures are presented as absolute values. 
*P<0.05 was considered statistically significant. LVEDD: Left ventricular end-diastolic diameter
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Within-group comparisons indicated no 
significant differences across time in the 
bisoprolol group. In contrast, the control group 
showed statistically significant progressive 
increases in LVESD values across all pairwise 
comparisons.

Comparison of Left Ventricular End-Diastolic 
Volume Between and Within Groups

As presented in table 3, there were no 
statistically significant differences between the 
two groups at LVEDV1 or LVEDV2. However, 
at the final measurement (LVEDV3), the 
bisoprolol group had significantly lower values 
than the control group (P=0.033). Within-group 
analysis showed that in the bisoprolol group, 
LVEDV decreased significantly from LVEDV2 
to LVEDV3 (P=0.002), with no significant 
changes observed from LVEDV1 to LVEDV2 or 
from LVEDV1 to LVEDV3. In the control group, 
LVEDV increased significantly from LVEDV2 
to LVEDV3 (P<0.001) and from LVEDV1 to 
LVEDV3 (P<0.001), with a non-significant trend 
from LVEDV1 to LVEDV2.

Comparison of Left Ventricular Ejection Fraction 
Between and Within Groups

Table 4 demonstrates that no statistically 
significant differences were found in LVEF 
between the two groups at baseline (LVEF1), 
mid-treatment (LVEF2), or the final evaluation 
(LVEF3). Within-group comparisons indicated 
that LVEF values remained stable over time in 
both the bisoprolol and control groups, with no 
statistically significant differences.

Comparison of Global Longitudinal Strain 
Between and Within Groups

As shown in table 5, no significant differences 
were observed in GLS1 or GLS2 between 
the groups. However, at the final assessment 
(GLS3), the bisoprolol group exhibited a 
significantly better strain value than the control 
group (P=0.033).

Within-group analysis revealed a significant 
improvement from GLS2 to GLS3 in the 
bisoprolol group (P=0.042). The control group 
showed significant changes from GLS1 to GLS2 
(P=0.013) and from GLS1 to GLS3 (P<0.001).

Table 2: Comparison of LVESD between and within groups at three time points
Group Comparison LVESD (mean±SD) P value
Between-group Baseline (LVESD1) Bisoprolol: 3.500±0.304 cm 0.508

Control: 3.448±0.243 cm
Mid-treatment (LVESD2) Bisoprolol: 3.512±0.248 cm 0.898

Control: 3.520±0.184 cm
Final (LVESD3) Bisoprolol: 3.480±0.317 cm 0.029*

Control: 3.636±0.122 cm
Bisoprolol LVESD1 vs. LVESD2 3.500±0.304 vs. 3.512±0.248 0.740

LVESD2 vs. LVESD3 3.512±0.248 vs. 3.480±0.317 0.256
LVESD1 vs. LVESD3 3.500±0.304 vs. 3.480±0.317 0.619

Control LVESD1 vs. LVESD2 3.448±0.243 vs. 3.520±0.184 0.039*
LVESD2 vs. LVESD3 3.520±0.184 vs. 3.636±0.122 0.002*
LVESD1 vs. LVESD3 3.448±0.243 vs. 3.636±0.122 0.001*

Between-group comparisons were analyzed using independent-sample t tests, and within-group comparisons were assessed 
using paired-sample t tests. Data are presented as mean±SD. Echocardiographic measures are presented as absolute values. 
*P<0.05 was considered statistically significant. LVESD: Left ventricular end-systolic diameter

Table 3: Comparison of LVEDV between and within groups at three time points
Group Comparison LVEDV (mean±SD) P value
Between-group Baseline (LVEDV1) Bisoprolol: 67.40±13.04 cc 0.810

Control: 68.20±10.19 cc
Mid-treatment (LVEDV2) Bisoprolol: 68.20±14.20 cc 0.619

Control: 69.92±9.60 cc
Final (LVEDV3) Bisoprolol: 66.56±14.49 cc 0.033*

Control: 74.48±10.66 cc
Bisoprolol LVEDV1 vs. LVEDV2 67.40±13.04 vs. 68.20±14.21 0.374

LVEDV2 vs. LVEDV3 68.20±14.21 vs. 66.96±14.49 0.002*
LVEDV1 vs. LVEDV3 67.40±13.04 vs. 66.96±14.49 0.459

Control LVEDV1 vs. LVEDV2 68.20±10.19 vs. 69.92±9.60 0.060
LVEDV2 vs. LVEDV3 69.92±9.60 vs. 74.48±10.66 <0.001*
LVEDV1 vs. LVEDV3 68.20±10.19 vs. 74.48±10.66 <0.001*

Between-group comparisons were analyzed using independent-samples t tests, and within-group comparisons were assessed 
using paired-samples t tests. Data are presented as mean±SD. Echocardiographic measures are presented as absolute 
values. *P<0.05 was considered statistically significant. LVEDV: Left ventricular end-diastolic volume
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Comparison of Tricuspid Annular Systolic 
Excursion Between and Within Groups

As detailed in table 6, TAPSE values at 
baseline (TAPSE1) and mid-treatment (TAPSE2) 
did not differ significantly between the two groups. 
However, at the final evaluation (TAPSE3), the 

bisoprolol group exhibited a significantly higher 
value than the control group (P<0.001).

Within-group comparisons showed no 
significant changes over time in the bisoprolol 
group, whereas the control group demonstrated 
significant declines from TAPSE1 to TAPSE2 

Table 4: Comparison of LVEF between and within groups at three time points
Group Comparison LVEF (mean±SD) P value
Between-group Baseline (LVEF1) Bisoprolol: 59.20±1.87% 0.720

Control: 59.00±2.04%
Mid-treatment (LVEF2) Bisoprolol: 59.00±2.50% <0.999

Control: 59.00±2.04%
Final (LVEF3) Bisoprolol: 59.20±2.36% 0.731

Control: 59.40±1.65%
Bisoprolol LVEF1 vs. LVEF2 59.20±1.87 vs. 59.00±2.50 0.574

LVEF2 vs. LVEF3 59.00±2.50 vs. 59.20±2.36 0.327
LVEF1 vs. LVEF3 59.20±1.87 vs. 59.20±2.36 <0.999

Control LVEF1 vs. LVEF2 59.00±2.04 vs. 59.00±2.04 <0.999
LVEF2 vs. LVEF3 59.00±2.04 vs. 59.40±1.65 0.161
LVEF1 vs. LVEF3 59.00±2.04 vs. 59.40±1.65 0.161

Between-group comparisons were analyzed using independent-samples t tests, and within-group comparisons were assessed 
using paired-samples t tests. Data are presented as mean±SD. Echocardiographic measures are presented as absolute 
values. *P<0.05 was considered statistically significant. LVEF: Left ventricular ejection fraction

Table 5: Comparison of GLS between and within groups at three time points
Group Comparison GLS (mean±SD) P value
Between-group Baseline (GLS1) Bisoprolol: -18.24±2.18 0.424

Control: -18.77±2.44
Mid-treatment (GLS2) Bisoprolol: -17.78±1.85 0.677

Control: -17.60±1.25
Final (GLS3) Bisoprolol: -18.12±1.69 0.033*

Control: -17.15±1.42
Bisoprolol GLS1 vs. GLS2 -18.24±2.18 vs. -17.78±1.85 0.111

GLS2 vs. GLS3 -17.78±1.85 vs. -18.12±1.69 0.042*
GLS1 vs. GLS3 -18.24±2.18 vs. -18.12±1.69 0.730

Control GLS1 vs. GLS2 -18.77±2.44 vs. -17.60±1.25 0.013*
GLS2 vs. GLS3 -17.60±1.25 vs. -17.15±1.42 0.072
GLS1 vs. GLS3 -18.77±2.44 vs. -17.15±1.42 <0.001*

Between-group comparisons were analyzed using independent-samples t tests, and within-group comparisons were 
assessed using paired-samples t tests. Data are presented as mean±SD. Echocardiographic measures are presented as 
absolute values. P<0.05 was considered statistically significant. GLS: Global longitudinal strain

Table 6: Comparison of TAPSE between and within groups at three time points
Group Comparison TAPSE (mean±SD) P value
Between-group Baseline (TAPSE1) Bisoprolol: 2.10±0.16 cm 0.598

Control: 2.12±0.15 cm
Mid-treatment (TAPSE2) Bisoprolol: 2.06±0.15 cm 0.907

Control: 2.06±0.07 cm
Final (TAPSE3) Bisoprolol: 2.11±0.11 cm <0.001 *

Control: 1.94±0.12 cm
Bisoprolol TAPSE1 vs. TAPSE2 2.10±0.16 vs. 2.06±0.15 0.382

TAPSE2 vs. TAPSE3 2.06±0.15 vs. 2.11±0.11 0.202
TAPSE1 vs. TAPSE3 2.10±0.16 vs. 2.11±0.11 0.664

Control TAPSE1 vs. TAPSE2 2.12±0.15 vs. 2.06±0.07 0.040*
TAPSE2 vs. TAPSE3 2.06±0.07 vs. 1.94±0.12 <0.001*
TAPSE1 vs. TAPSE3 2.12±0.15 vs. 1.94±0.12 <0.001*

Between-group comparisons were analyzed using independent-sample t tests, and within-group comparisons were assessed 
using paired-sample t tests. Data are presented as mean±SD. Echocardiographic measures are presented as absolute 
values.*P<0.05 was considered statistically significant. TAPSE: Tricuspid annular plane systolic excursion
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(P=0.040), TAPSE2 to TAPSE3 (P<0.001), 
and TAPSE1 to TAPSE3 (P<0.001). A visual 
summary of the longitudinal comparison of 
echocardiographic parameters is presented in 
figure 2.

Discussion

In this randomized controlled trial of female 
patients with breast cancer undergoing 
anthracycline-based chemotherapy, low-dose 
bisoprolol was associated with significant 
preservation of cardiac structure and function 
over time. While LVEF remained stable in 
both groups, the bisoprolol group showed 
significantly lower LVEDD, LVESD, and LVEDV 
at the final follow-up, improved GLS, and stable 
TAPSE than the declines in the control group. 
These findings supported the early initiation of 
bisoprolol for the prevention of anthracycline-
induced cardiotoxicity and highlighted the need 
for preventive cardio-oncology strategies.

LVEDD is a sensitive echocardiographic 
index for detecting early geometric changes 
in the left ventricle, which often precede overt 
systolic dysfunction, especially in the context 
of anthracycline-induced cardiotoxicity.20 In 
this study, LVEDD was significantly lower in 
the bisoprolol group than the placebo group 
at 6 months. Nevertheless, the absolute 

between-group difference was small (≈2 mm), 
which may fall within routine echocardiographic 
measurement variability and may not represent 
a clinically meaningful change. Previous 
studies showed that anthracycline exposure 
was associated with progressive myocardial 
remodeling and dilation, reflected by increased 
LVEDD over time.21, 22 Our findings were broadly 
consistent with earlier reports, and a meta-
analysis suggested beta-blockers, particularly 
carvedilol, might attenuate chemotherapy-
related increases in LVEDD.14, 23 However, given 
the small magnitude, this finding should be 
interpreted cautiously and considered supportive 
rather than definitive.

LVESD is a key echocardiographic parameter 
that reflects systolic chamber size and indirectly 
indicates contractile function, with increases 
typically signaling progressive ventricular 
dysfunction.24 Previous studies emphasized 
the importance of LVESD as an early marker 
of subclinical systolic impairment during 
chemotherapy.21, 24 We observed statistically 
lower LVESD at final follow-up in the bisoprolol 
group than the placebo group. However, the 
absolute difference was small (2 mm), making 
its clinical impact uncertain in this short-term 
setting. Clinically, limiting LVESD progression is 
crucial given its association with later EF decline 
and HF.24 Accordingly, although the direction 

Figure 2: This figure shows longitudinal changes in echocardiographic parameters in the bisoprolol and placebo groups at 
baseline, 3 months, and 6 months: (A) LVEDD, (B) LVESD, (C) LVEDV, (D) GLS, and (E) TAPSE. Data are presented as 
mean±SD. Blue line indicates bisoprolol, and red line indicates placebo. LVEDD/LVESD/TAPSE are expressed in cm, LVEDV in 
mL, and GLS in %. LVEDD: Left ventricular end-diastolic diameter; LVESD: Left ventricular end-systolic diameter; LVEDV: Left 
ventricular end-diastolic volume; GLS: Global longitudinal strain; TAPSE: Tricuspid annular plane systolic excursion
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of effect is potentially favorable, larger trials 
with longer follow-up are required to determine 
whether such small early differences translate 
into meaningful clinical benefit.

LVEDV is a critical indicator of ventricular filling 
and compliance, and elevations in LVEDV often 
reflect early subclinical remodeling, particularly 
in patients exposed to anthracyclines.25 In this 
study, LVEDV remained essentially unchanged 
in the bisoprolol group, whereas patients in 
the placebo group experienced a progressive 
increase over time, resulting in significantly 
higher LVEDV at the final follow-up in those 
not receiving bisoprolol, which was consistent 
with the volumetric expansion associated with 
anthracycline-induced cardiotoxicity.25 These 
findings were in agreement with previous 
studies, such as meta-analyses by Shah and 
others, which demonstrated that beta-blockers 
attenuate left ventricular dilation and preserve 
cardiac geometry in patients undergoing 
chemotherapy.14 Stabilizing LVEDV might 
counter maladaptive volumetric expansion, 
reducing long-term HF risk.26-28 

LVEF is a widely used measure of left 
ventricular systolic function in cardio-oncology,29 
while in this study, LVEF remained stable 
across all time points in both the bisoprolol and 
control groups, with no statistically significant 
differences observed. Previous meta-analyses 
reported preserved LVEF in patients treated with 
beta-blockers despite anthracycline exposure, 
highlighting the limited sensitivity of LVEF in 
detecting early subclinical cardiotoxicity.14, 30, 31  
While the preservation of LVEF might imply 
intact systolic function, it must be interpreted 
with caution since LVEF typically decreases 
only after considerable myocardial injury has 
occurred.32 Thus, favorable GLS and volume 
changes might better capture bisoprolol’s benefit 
even when LVEF appears stable.33 

GLS has been identified as a sensitive 
echocardiographic marker for subclinical 
myocardial dysfunction at an early stage, 
particularly in patients undergoing anthracycline-
based chemotherapy.34 In the present study, 
the divergence in GLS trajectories between the 
groups (improvement with bisoprolol versus 
worsening with placebo) represented one of 
the most clinically meaningful signals of early 
cardioprotection. These findings were consistent 
with previous research, which demonstrated the 
superiority of GLS over LVEF in early detection 
of cardiotoxicity and guiding intervention.35, 36  
The U-shaped pattern observed in the 
bisoprolol group, with an initial non-significant 
decline followed by recovery, might reflect 
early myocardial adaptation mitigated by 

beta-blockade. However, this interpretation 
remains exploratory.37 

TAPSE is an important echocardiographic 
index for assessing right ventricular (RV) 
systolic function, which can be impacted by 
anthracycline-induced cardiotoxicity, though 
it is often underexplored compared with LV 
function.38 However, similar to LVEDD and 
LVESD, the absolute difference was small 
(2 mm). Thus, the clinical relevance of this 
finding was uncertain over 6 months. These 
findings were in agreement with previous 
observations, which reported RV dysfunction 
following anthracycline therapy.39, 40 However, 
because TAPSE is load-dependent and reflects 
only a single component of RV mechanics, it 
should not be considered a comprehensive 
indicator of global RV performance.38 Thus, the 
between-group differences in TAPSE should be 
interpreted cautiously.

The strengths of this study were the triple-
blind randomized design, standardized 
chemotherapy regimens, and the application 
of advanced echocardiographic parameters in 
addition to conventional indices for detection 
of early cardiac alterations. The three-point 
longitudinal evaluation enabled tracking of 
dynamic remodeling processes. However, 
limitations included a small sample size, a short 
follow-up period, restriction to female patients 
with breast cancer, the lack of comparison 
with other cardioprotective agents, a fixed 
low bisoprolol dose, potential interobserver 
variability in echocardiographic assessment, 
and the unavailability of body surface area-
indexed parameters. These factors might affect 
generalizability and precision. Future work 
should confirm the cardioprotective effects of 
bisoprolol in large, multicenter, diverse cohorts 
with long-term follow-up, conduct head-to-head 
comparisons with other agents, and optimize 
dosing regimens.

Conclusion

This triple-blind trial suggested that low-dose 
bisoprolol during anthracycline chemotherapy in 
patients with breast cancer might mitigate early 
subclinical cardiotoxicity. LVEF remained stable 
in both groups. However, LVEDV was essentially 
preserved, and GLS evolved more favorably 
with bisoprolol, whereas LVEDV increased and 
GLS worsened in the placebo group. In contrast, 
the statistically significant changes in LVEDD, 
LVESD, and TAPSE were small and of uncertain 
clinical relevance. Larger, long-term studies are 
required to confirm its role in routine cardio-
oncology care.
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