
Sacubitril/valsartan for cardioprotection in breast
cancer (MAINSTREAM): design and rationale of the
randomized trial

Mateusz Tajstra1* , Maciej Dyrbuś1 , Tomasz Rutkowski2 , Krzysztof Składowski2 ,
Barbara Sosnowska-Pasiarska3 , Stanisław Góźdź4 , Barbara Radecka5,6 , Marek Staszewski7,
Aleksandra Majsnerowska1, Krzysztof Myrda1 , Alicja Nowowiejska-Wiewióra1 , Ilona Skoczylas1,
Igor Rymkiewicz8, Tomasz Niklewski9, Jolanta Nowak1 , Piotr Przybyłowski9 , Mariusz Gąsior1 and
Michał Jarząb10

13rd Department of Cardiology, School of Medical Sciences in Zabrze, Medical University of Silesia, Katowice, Poland; 2Department of Radiation and Clinical Oncology, Maria
Skłodowska-Curie National Research Institute of Oncology, Gliwice Branch, Gliwice, Poland; 3Department of Oncocardiology, Holy Cross Cancer Centre, Kielce, Poland; 4Holy
Cross Cancer Centre, Kielce, Poland; 5Department of Oncology, Institute of Medical Sciences, University of Opole, Opole, Poland; 6Department of Clinical Oncology, Tadeusz
Koszarowski Cancer Centre in Opole, Opole, Poland; 7Tadeusz Koszarowski Cancer Centre in Opole, Opole, Poland; 8Silesian Centre for Heart Diseases, Zabrze, Poland;
9Department of Cardiac, Vascular and Endovascular Surgery and Transplantology, Medical University of Silesia, Silesian Centre for Heart Diseases, Zabrze, Poland; and
10Breast Cancer Unit, Maria Skłodowska-Curie National Research Institute of Oncology, Gliwice Branch, Gliwice, Poland

Abstract

Aims In recent years, survival in patients with breast cancer has increased. Despite the improvement in outcomes of those
patients, the risk of treatment-related cardiotoxicity remains high, and its presence has been associated with a higher risk of
treatment termination and thus lower therapeutic efficacy. Prior trials demonstrated that a preventive initiation of heart fail-
ure drugs, including the renin–angiotensin–aldosterone inhibitors, might reduce the risk of treatment-related cardiotoxicity.
However, to date, no study investigated the efficacy of sacubitril/valsartan, a novel antineurohormonal drug shown to be su-
perior to the previous therapies, in the prevention of cardiotoxicity in patients with early-stage breast cancer, which is the aim
of the trial.
Methods and results MAINSTREAM is a randomized, placebo-controlled, double-blind, multicentre, clinical trial. After the
run-in period, a total of 480 patients with early breast cancer undergoing treatment with anthracyclines and/or anti-human
epidermal growth factor receptor 2 drugs will be randomized to the highest tolerated dose of sacubitril/valsartan, being pref-
erably 97/103 mg twice daily or placebo in 1:1 ratio. The patients will be monitored, including routine transthoracic echocar-
diography (TTE) and laboratory biomarker monitoring, for 24 months. The primary endpoint of the trial will be the occurrence
of a decrease in left ventricular ejection fraction by ≥5% in TTE within 24 months. The key secondary endpoints will be the
composite endpoint of death from any cause or hospitalization for heart failure, as well as other imaging, laboratory, and clin-
ical outcomes, including the occurrence of the cancer therapy-related cardiac dysfunction resulting in the necessity to initiate
treatment. The first patients are expected to be recruited in the coming months, and the estimated completion of the study
and publication of the results are expected in December 2027, pending recruitment.
Conclusions The MAINSTREAM trial will determine the efficacy and safety of treatment with sacubitril/valsartan as a preven-
tion of cardiotoxicity in patients with early breast cancer (ClinicalTrials.gov number: NCT05465031).
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Introduction

Breast cancer is the most prevalent malignancy in Western
countries, and its worldwide prevalence is expected to signif-
icantly increase in the future.1 Taking into consideration a no-
tably lower age at diagnosis in patients with breast cancer
than in other malignancies, its social impact defined by pre-
mature mortality and living with a disability is also most
prominent. At present, the majority of patients are treated
with surgical cancer excision and radiotherapy with advanced
(neo)adjuvant chemotherapy. Although associated with im-
proved prognosis, chemotherapy might lead to the develop-
ment of cardiotoxicity or, more specifically, cancer
therapy-related cardiac dysfunction (CTRCD), as it has been
introduced in the most recent European Society of Cardiology
(ESC) guidelines on cardio-oncology.2 CTRCD can be defined
as either clinically relevant heart failure (HF), or asymptom-
atic decrease in left ventricular ejection fraction (LVEF), or de-
velopment of other imaging or biomarker-based indications
of cardiac dysfunction.2–4 Its development is associated with
increased morbidity and mortality and, according to previous
analyses, in 2.0–17.0%, results in the temporary or definite
cessation of life-saving chemotherapy, thus increasing the risk
of malignancy recurrence and worse prognosis.5,6 Moreover,
patients who develop cardiotoxicity are at an elevated risk
of death and symptomatic HF in the future.7

In recent years, attempts have been made to identify
drugs that could serve as cardioprotective pharmacotherapy
preventing the development of cardiotoxicity in patients with
cancer. Although the results of the previously published trials
demonstrated a slight improvement in the echocardiographic
measures of cardiac dysfunction, or a reduction in cardiac
troponin levels, which are associated with myocardial injury,
in no trial, a durable improvement in LVEF has been
identified.8–10

The introduction of sacubitril/valsartan into treatment
schemes for patients with HF led to a significant improve-
ment in the prognosis of patients with reduced (HFrEF) or
mildly reduced ejection fraction (HFmrEF), and the drug is
currently recommended in all eligible patients with
HFrEF.11,12 Due to its most potent influence on the renin–an-
giotensin–aldosterone (RAA) axis, which has been demon-
strated to play an important role in the development of
chemotherapy-induced cardiotoxicity, its early introduction
might bring benefits in patients with breast cancer requiring
chemotherapy. Moreover, preclinical studies and retrospec-
tive analyses have indicated the benefit of sacubitril/valsar-
tan in the mitigation of the risk of cardiotoxicity caused by
systemic chemotherapy.13,14 Thus, the Sacubitril/Valsartan
in PriMAry preventIoN of the cardiotoxicity of systematic
breaST canceR trEAtMent (MAINSTREAM) trial has been de-
signed to evaluate the efficacy and safety of sacubitril/valsar-
tan in the prevention of cardiotoxicity in early breast cancer
patients undergoing treatment with anthracyclines with or

without treatment directed against human epidermal growth
factor receptor 2 (HER-2).

Study design of the MAINSTREAM trial

MAINSTREAM is a prospective, multicentre, randomized, pla-
cebo-controlled, double-blind, parallel-group, investigator-ini-
tiated clinical trial. The study is powered to demonstrate the
difference between the groups in the primary endpoint, which
has been defined as the occurrence of a decrease in LVEF by
≥5% assessed by transthoracic echocardiography (TTE) within
24 months. Approximately 600 patients will be recruited in
three tertiary supraregional Polish oncology centres. Of those
patients, after an estimated dropout, during the single-blinded
phase of drug uptitration to the target dose, 480 will be ran-
domized in a 1:1 ratio into sacubitril/valsartan or matching
placebo. The trial design complies with the Declaration of
Helsinki and has received the approval of the Bioethics Com-
mittee of the National Research Institute of Oncology, Gliwice,
Poland, under Number KB/430-131/22. The authors
exclusively contributed to the drafting, editing, and revision
of the manuscript and are solely responsible for the design
and conduction of this study and for drafting and editing of
the paper and its final contents. The trial has been registered
in ClinicalTrials.gov as NCT05465031.

Study population

The complete inclusion and exclusion criteria are summarized
in Table 1. In brief, patients with histologically confirmed and
phenotypically assessed breast cancer at an early stage, de-
fined as stages I–III and oligometastatic stage IV, with a radi-
cal treatment plan, which includes surgery and the post-oper-
ative and/or pre-operative systemic treatment, will be
included in the study. The patients must be classified in the
0–2 classes of the Eastern Cooperative Oncology Group. In
the baseline echocardiography analysis, the LVEF must be
≥50% and the patients must be in the sinus rhythm. The pa-
tients who underwent prior therapy with anthracyclines and/
or left-sided radiotherapy suffered from myocardial infarction
within the preceding 3 months prior to the study, or have
symptomatic, clinically relevant HF, will be excluded from
the study. Similarly, patients with contraindications,
or prone to the adverse effects of the studied drug,
which includes patients with symptomatic hypotension,
hyperkalaemia defined as K+ higher than 5.5 mmol/L and es-
timated glomerular filtration rate (eGFR) <30 mL/min/
1.73 m2 on the screening visit, will also be considered ineligi-
ble to participate in this trial. Patients must not have been on
treatment with angiotensin-converting enzyme inhibitor
(ACE-I)/angiotensin II receptor blocker (ARB)/angiotensin re-
ceptor–neprilysin inhibitor (ARNI) at least in the 36 h prior
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to study enrolment. According to the ESC guidelines on car-
dio-oncology, the inclusion and exclusion criteria for the trial
define the vast majority of the studied population in the low
or moderate risk of CTRCD; however, the inclusion of patients
at high risk of either anthracycline-associated or anti-HER-2-
associated CTRCD, such as patients aged ≥80 years, is not im-
possible. No very-high-risk patients wl be considered eligible
for enrolment.

Treatment protocol

The details of the study procedures and the treatment proto-
col planned for each visit are summarized in Figure 1 and
Table 2. After assessment of the inclusion and exclusion
criteria, and all examinations, including the echocardiography
assessment, the patients will begin the single-blinded phase of
treatment with sacubitril/valsartan during the screening visit.

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

- Written informed consent
- Female gender, aged 18 years and over
- Patients with histologically confirmed breast cancer and
complete assessment of tumour phenotype (ER, PR, HER-2,
and Ki-67)

- Ability to take oral medication and willingness to adhere to the
planned regimen

- Tumour stage IA–IIIC or oligometastatic stage IV
- Radical treatment plan including surgery
- Plan of use of systemic treatment (pre-operative, post-operative,
or combined) with anthracyclines and/or anti-HER-2 drugs

- ECOG 0–2 general status
- LVEF ≥ 50% as assessed by echocardiography
- Sinus rhythm

- Prior anthracycline-based chemotherapy and/or thoracic
radiotherapy (prior to diagnosis of the cancer being the present
cause of therapy)

- Clinically relevant HF (NYHA II–IV)
- MI within the last <3 months
- Symptomatic hypotension or SBP < 90 mmHg
- Significant valvular disease, symptomatic coronary artery disease
(CCS > 2), significant AV block, and symptomatic sinus node
dysfunction

- Expected survival <12 months
- eGFR < 30 mL/min/1.73 m2 (screening visit)
- K+ > 5.5 mmol/L (screening visit)
- Contraindications to ACE-I/ARB or sacubitril/valsartan if not listed
among criteria

- Active untreated liver disease
- Pregnancy
- Conditions/circumstances that may lead to non-compliance with
medical staff recommendations (e.g. active drug/alcohol
dependence and poorly controlled mental illness)

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; AV, atrioventricular; CCS, Canadian Cardiovascular
Society; ECOG, Eastern Cooperative Oncology Group; eGFR, estimated glomerular filtration rate; ER, oestrogen receptor; HER-2, human
epidermal growth factor receptor 2; HF, heart failure; Ki-67, marker of proliferation Ki-67; LVEF, left ventricular ejection fraction; MI, myo-
cardial infarction; NYHA, New York Heart Association; PR, progesterone receptor; SBP, systolic blood pressure.

Figure 1 The study design. ECG, electrocardiography; ESC, European Society of Cardiology; LVEF, left ventricular ejection fraction; MRI, magnetic
resonanse imaging.
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The magnetic resonance imaging (MRI) study may be
performed according to the availability of the method in each
participating facility. The initial dosing of the drug will be 49/
51 mg twice daily, which should be uptitrated to the target
dose of 97/103 mg twice daily at the run-in visit scheduled at
6–8 days from the initial evaluation and drug introduction, tol-
erance permitting. After further 6–8 days of single-blinded
treatment with target dose of sacubitril/valsartan, providing
satisfactory tolerance of the drug, the patients will undergo
randomization at the randomization visit.

Randomization

Providing the patient had signed informed consent, is fully el-
igible for randomization, and underwent the single-blinded
study treatment regimen with satisfactory tolerance, the pa-
tient will be randomized with the use of an electronic, cen-
tralized randomization system, blinded to the patient’s char-
acteristics, to either interventional group, which will be
administered with sacubitril/valsartan, or the placebo group.
The system will dynamically randomly allocate patients to the
two groups in a 1:1 ratio.

Double-blinded period

After randomization, the patients will follow treatment with
either sacubitril/valsartan or a matching placebo, for a maxi-
mum of 24 months. During this period, three study visits are
planned, at 3, 12, and 24 months from randomization. At
each visit, the patients will be assessed for the medical pre-

sentation, will undergo laboratory and imaging studies, and
will be assessed for the presence of adverse events. In pa-
tients who will be unable to tolerate the target dose of the
study drug of 97/103 mg twice daily, the dose can be down-
titrated to 49/51 mg twice daily at the investigator’s discre-
tion (after having considered whether there is any other con-
comitant medication that could act as a parallel contributor
to the lower tolerance of the drug). If the dose of 49/51 mg
twice daily cannot be tolerated, the dose could be temporar-
ily lowered by half for a period of 2 weeks. However, if after
that period the uptitration of the dose is impossible, the pa-
tients will have to be excluded from further participation in
the trial. The physicians will be strongly encouraged to foster
the continuation of the target dose of the study drug, based
on their assessment of the patient’s condition.

The outcomes

All outcomes to be monitored in the study are listed in
Table 3. The primary endpoint of the study has been defined
as the occurrence of a decrease in LVEF by ≥5% assessed by
TTE within 24 months. Among the secondary endpoints of
the study, the clinical composite endpoint of death from
any cause or hospitalization for HF and its components will
be analysed, as well as the wide spectrum of echocardio-
graphic, electrocardiographic, laboratory, and clinical out-
comes, including the CTRCD resulting in the need to imple-
ment treatment consistent with the ESC guidelines on
cardio-oncology.2 To maintain utmost objectivity, all examina-
tions performed in relation to the study, including the echo-

Table 2 The planned study scheme, including the timing of study procedures for each visit

Procedure

Study visit

Screening

Sacubitril/valsartan
dose increase
during the
run-in visit Randomization

Visit after
3 months

Visit after
12 months

Visit after
24 months

Informed written consent X
Analysis of the inclusion/exclusion criteria X X
Medical history assessment and physical
examination (including NYHA assessment)

X X X X X X

12-lead Holter ECG X X X X
12-lead ECG X X X X
Laboratory blood test X X X X
Sacubitril/valsartan tolerability assessment X X X X X
Cardiac MRI Xa Xa

Echocardiography X X X X
Pregnancy blood test X X X X
Blood sample for genetic testing X
QoL SF-36 assessment X X
Adverse event monitoring X X X X X X
Endpoint assessment X X X

ECG, electrocardiography; MRI, magnetic resonance imaging; NYHA, New York Heart Association; QoL, quality of life; SF-36, 36-Item Short
Form Survey.
‘X’ indicates that the procedure should be performed according to the protocol during the marked visit.
aMRI will be performed upon availability at each participating centre.
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cardiographic, electrocardiographic, and MRI analyses, will be
sent using 3D Option IMAGE-COM (TOMTEC Imaging Systems
GmbH, Germany)—a multi-modality, vendor-neutral 3D/4D
viewer—to the core laboratory where their results will be
analysed by two independent investigators blinded to the pa-
tient’s randomization status.

Breast cancer treatment

The patients should be treated according to the standard pro-
tocols of the participating centres, with the intention of rad-
ical treatment based on the surgical excision of cancer, with
addition of either pre-surgical or post-surgical chemotherapy
and/or radiotherapy. The choice of the scheme of oncological
treatment will be at the discretion of the treating oncologist
and will be performed after analysis of the risk of recurrence,
the potential response to a particular type of treatment, with
consideration of possible drug-related adverse effects, and
patient’s comorbidities and preferences. All decisions, includ-
ing the scheme of therapy, will be performed in accordance
with the recommendations of the Polish Society of Clinical
Oncology.15

Pre-operative and post-operative chemotherapy with
alkylating drugs, which include anthracyclines, usually in
multi-drug regimens, will begin most commonly, with the ini-
tiation of anthracyclines (4 or 3 cycles of EC - epirubicin + cy-
clophosphamide). In routine perioperative treatment,
trastuzumab will be administered̨ for 12 months, but shorter
regimens (6 months) may be considered in individual situa-
tions; however, due to the cardiotoxic effects of trastuzumab,
it will not be routinely given concomitantly with
anthracyclines.

Genetic testing

As there are currently no data regarding the potential differ-
ences in the pharmacodynamics and pharmacokinetics, and

consequently efficacy and safety of sacubitril/valsartan pro-
phylactic treatment in patients with breast cancer and sys-
temic therapy, there may be genetic biomarkers defining
the disease susceptibility and prognosis, as well as the re-
sponse to treatment. For each patient who gives informed
consent to participate in the study, an additional blood sam-
ple will be taken at the first visit. After completion of the
study, the subanalysis of the trial will be attempted based
on the genetic profile aiming at defining the genetic pattern
characterizing the response to sacubitril/valsartan for the
prevention of cardiotoxicity caused by anthracyclines and/or
anti-HER-2-targeted drugs.

Statistical calculations

All sample size calculations were performed based on the es-
timated differences between the groups for the occurrence
of the primary endpoint. Based on the available evidence,
we estimated that the incidence of left ventricular systolic
dysfunction in the group of patients not receiving
cardiotoxicity prevention would be ~20%. We have estimated
a 50% relative and 10% absolute reduction of the risk of this
event. Under these assumptions, and taking into account the
20% dropout due to drug intolerance and other factors, the
inclusion of 240 patients in the study and control group re-
spectively resulted in the 80% power of the study, for the ag-
gregate of 480 randomized patients, and the occurrence of
primary endpoint in 48 patients from the placebo group
and in 24 patients from the study group during 24 months
of follow-up. Analysis of the necessary minimum sample size
was performed with the power procedure using Pearson’s χ2

test for two independent proportions. The level of statistical
significance was taken as α = 0.05. Calculations were per-
formed using the SAS statistical package Version 9.4 (SAS In-
stitute Inc., Cary, NC, USA).

The categorical variables will be presented using frequency
tables for both absolute numbers and percentages. The con-
tinuous variables will be presented with the use of the mean

Table 3 Study outcomes

Primary outcome:
- Decrease in left ventricular ejection fraction ≥5% assessed on echocardiography within 24 months of randomization

Secondary outcomes: [time frame: from randomization till the end of blinded therapy (final assessment—at 24 months)]
- A composite endpoint: death from any cause or hospitalization for heart failure
- Death from any cause
- Death from cardiovascular causes
- Hospitalization for other cardiovascular causes
- Cancer therapy-related cardiac dysfunction resulting in the necessity to initiate treatment according to the European Society of
Cardiology on cardio-oncology

- Decrease in left ventricular ejection fraction ≥5% (MRI) within 24 months of randomization
- Development of other imaging or arrhythmic pathologies (e.g. diastolic dysfunction, new pericardial effusion, cardiac tamponade,
pericarditis, myocarditis, supraventricular/ventricular arrhythmias, conduction disturbances, and changes in corrected QT interval)

- Changes in BNP, NT-proBNP, and cTn levels according to the cut-off values described in the European Society of Cardiology guidelines

BNP, brain natriuretic peptide; cTn, cardiac troponin; MRI, magnetic resonance imaging; NT-proBNP, N-terminal pro-brain natriuretic
peptide.
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with standard deviation for data following normal distribu-
tion or a median with quartiles 1 and 3 for data demonstrat-
ing a non-normal distribution. For baseline characteristics
comparison and follow-up data, t-tests and Mann–Whitney
U tests will be used for respectively normally and
non-normally distributed continuous data. For categorical
data, Pearson’s χ2 or Fisher’s exact test will be used, as
appropriate.

The analysis of the primary endpoint will be performed ac-
cording to the intention-to-treat concept (analysis of groups
as randomized and including all patients with outcome data
available), with a secondary analysis pre-specified as a
per-protocol (PP) analysis, using the Cox proportional hazards
regression model. The secondary endpoints will be analysed
with the use of either linear regression (for continuous vari-
ables) or logistic regression (for categorical variables). To de-
termine the independent predictors of primary and second-
ary endpoints, appropriate univariate and multivariate
techniques will be applied. Kaplan–Meier curves will graphi-
cally demonstrate the occurrence of secondary clinical end-
points. Subgroup analyses have been planned, including divi-
sion of the studied population based on the LVEF, treatment
with vs. without anthracyclines, or treatment with vs. without
anti-HER-2 drugs. All pre-specified subgroups of interest for
the occurrence of primary or secondary endpoints are sum-
marized in Supporting Information, Table S1.

Outcome assessment

At the screening visit and completion of the study, the patient
will undergo TTE, which, according to the recent ESC guide-
lines on cardio-oncology, has been defined as the first-line
modality in assessment of cardiac function in oncological
patients.2 The assessment of LVEF with the use of 3D
echocardiography will be preferred in all patients, although
in selected cases, a two-dimensional LVEF assessment will
be accepted. In every patient, the assessment of global
longitudinal strain will be recommended. The investigator
performing the echocardiography will be blinded to the

patient’s randomization scheme. All images will be sent to
the core laboratory. The quality of life will be assessed with
the 36-Item Short Form Survey (SF-36) questionnaire at the
screening visit and at the completion of the study.16,17

Laboratory tests

The details of the blood tests performed during each study
visit are presented in Table 4. All blood samples will be per-
formed at fasting, on the day of the study visits, and analysed
in the local laboratories of the three participating oncology
centres. The blood sample for genetic testing in patients
who sign an additional consent for genetic evaluation will
be collected only on the screening visit and stored locally
for the eventual transfer into the biobank of the Maria
Sklodowska-Curie Institute—Oncology Center (MSCI), Gli-
wice, Poland, for further analyses. High-sensitivity cardiac
troponin (with a preference to measure cardiac troponin T
over troponin I due to previously described variability in the
results of the latter), as well as N-terminal pro-brain natri-
uretic peptide (NT-proBNP), will be assessed using assays at
the local laboratories of the participating oncology centres
during study visits and at any time when deemed necessary
by the physician-in-charge or as supported by the local treat-
ment protocols established by the participating centres and
with reference to the ESC guidelines on cardio-oncology.2,18

The investigators will be blinded to the patients’ randomiza-
tion results.

Intervention in case of HF development

Based on the prior studies, it is estimated that ~20% of pa-
tients from the placebo arm and 10% of study drug arm
might develop a certain degree of cardiotoxicity and require
introduction of cardioprotective agents. The diagnosis of
CTRCD should be based on the assessment of TTE and/or
high-sensitivity cardiac troponin, as well as NT-proBNP.2 The
intervention in case of development of either symptomatic

Table 4 The laboratory tests performed during each study visit in the MAINSTREAM trial

Blood laboratory tests performed during the consecutive visits in the MAINSTREAM trial

Laboratory test
Screening
visit (Visit No. 1)

Run-in visit and
randomization visit
(Visit Nos. 2 and 3)

Visit Nos. 4–6 (visits at
3, 12, and 24 months
from the randomization visit)

Creatinine, eGFR, and K+ X X X
FBC, ALT, AST, BNP, NT-proBNP, and cTn (cTnT preferred) X X
Bilirubin, glucose, Na+, HDL, LDL, TGs, and TCh X
Blood sample for genetic testing X
Pregnancy test—β-hCG X X

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BNP, brain natriuretic peptide; cTn, cardiac troponin; cTnT, cardiac tro-
ponin T; eGFR, estimated glomerular filtration rate based on the Modification of Diet in Renal Disease (MDRD) equation; FBC, full blood
count; HDL, high-density lipoprotein; K+, potassium; LDL, low-density lipoprotein; Na+, sodium; NT-proBNP, N-terminal pro-brain natri-
uretic peptide; TCh, total cholesterol; TGs, triglycerides; β-hCG, β-human chorionic gonadotropin.
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or asymptomatic CTRCD should be in line with current ESC
guidelines on cardio-oncology and may include discontinua-
tion or temporary interruption of chemotherapy, or continu-
ation of treatment with thorough patient monitoring, while
the study drug/placebo might be terminated or continued,
depending on the severity of CTRCD.2

Results

The study is set to recruit the first patients in the coming
months. The estimated completion of the study and publica-
tion of the results are expected in December 2027, providing
successful recruitment of the participants.

Discussion

The number of patients with concomitant cardiovascular
disease and malignancies, including breast cancer, has
been growing, and the forecasts predict their further
increase.19,20 Constituting more than 10% of all cancers,
breast cancer is the leading cause of death in women aged
20–50 years.21,22

The treatment strategies, depending on the stage of can-
cer, the patient’s comorbidities, and further factors, include
a combination of surgery, radiotherapy, and systemic treat-
ment, with reports indicating that ~95% of patients receive
pre-surgical or post-surgical additional treatment.23 The cor-
nerstones of chemotherapy are still anthracyclines and
monoclonal antibodies targeted against HER-2 molecules,
while the other drug groups are used in the lower percent-
ages of patients with breast cancer. It should be noted that
each of these treatment modalities may exert adverse cardio-
vascular effects, and such risk could rise exponentially when
the drugs are used in combination.24,25

In recent years, consensus documents, position papers,
and the first cardio-oncology guidelines were published,
which all aim to identify patients at risk of cardiotoxicity, in-
troduce cardioprotective measures, and treat the occurring
complications.2,26–28 However, the recommendations have
been mostly based on the experiences of the Guidelines’ au-
thors, rather than on the randomized data, which are still
scarce. A possible explanation is that to date, no therapy
has proven irrefutably successful in significantly mitigating
the risk of cardiotoxicity.

Prevention of cardiac dysfunction during adjuvant breast
cancer therapy (PRADA) and Carvedilol for Prevention of
Chemotherapy-Related Cardiotoxicity (CECCY) were the two
largest randomized controlled trials conducted to date, which
investigated whether a cardioprotective benefit could be
achieved by addition of parallel treatment with chemother-
apy and drugs augmenting the RAA axis. In PRADA, 130

patients with early breast cancer treated with anthracyclines
were randomized to either candesartan or metoprolol. Treat-
ment with candesartan but not with the latter was associated
with a subtle but statistically significant decrease in LVEF re-
duction, while treatment with metoprolol was associated
with smaller increases in cardiac troponin T and I levels.9

However, in the long-term analysis, no differences in LVEF
were observed.8

In contrast, the placebo-controlled CECCY trial demon-
strated that carvedilol, a non-cardioselective beta-blocker,
did not reduce the occurrence of cardiotoxicity (defined as
the proportion of patients with a ≥10% reduction in LVEF).
However, the trial proved that analogous to the effect of met-
oprolol in the PRADA trial, the use of carvedilol was associ-
ated with attenuation of the increase in cardiac troponin I
during anthracycline treatment.10

The results of the two aforementioned trials confirm that
inhibition of the RAA axis may lead to at least a transient im-
provement in cardiac contractility and a reduction in myocar-
dial damage markers’ levels. Preclinical studies have shown
that activation of natriuretic peptide cellular pathways
reduces the risk of developing anthracycline-induced cardio-
myopathy in rodents, while deprivation of the angiotensin II
receptor type 1a gene minimizes the risk of anthracycline-
induced cardiotoxicity.29 Thus, there is preclinical rationale
to consider sacubitril/valsartan a possible strategy of choice
in the prevention of CTRCD. First of all, the drug acts via
the pathways of natriuretic peptides, as well as by the inhibi-
tion of the RAA axis—and therefore has been associated with
the most notable improvement in LVEF and exercise capacity
in patients with HFrEF or HFmrEF among any RAA-inhibiting
drugs. Second, the development of CTRCD usually involves a
reduction of LVEF, suggesting that the drug more effectively
mitigating the risk in HFrEF might result in a more pro-
nounced clinical and imaging improvement in subjects with
CTRCD.30,31

Although limited, the retrospective studies have yielded
promising results supporting administration of sacubitril/val-
sartan in patients with CTRCD. In a single-centre analysis, pa-
tients in whom LVEF had been reduced by >10% to <53%
due to oncological treatment, and who were treated with sa-
cubitril/valsartan, experienced a reduction in median NT-
proBNP and an increase in the median distance of the 6 min
walk test as well as in the mean LVEF.13 In the Spanish registry,
the use of sacubitril/valsartan in cancer patients with a symp-
tomatic decrease of LVEF to<40% caused by oncological ther-
apy was associated with a significant increase in LVEF and im-
provement in New York Heart Association (NYHA) class, along
with a reduction in NT-proBNP levels and left ventricular
dimensions.14

Finally, the issue of baseline CTRCD risk should be elabo-
rated. The majority of patients included in the MAINSTREAM
trial will be in the intermediate or low risk, as defined by the
HFA-ICOS stratification risk score recommended by the ESC
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cardio-oncology guidelines. Such representation of patients
could potentially reduce the magnitude of CTRCD occurrence
and, possibly, the possibility of observing benefit of cardio-
protective measures. However, it must be noted that
real-life patients with breast cancer are usually classified as
either low or moderate risk of cardiotoxicity. In a recent pa-
per of more than 350 patients with breast cancer, who were
treated with anthracyclines or anti-HER-2 agents, 51% of the
anthracycline group were at low risk and 43% at medium risk
of CTRCD, while in the group treated with anti-HER-2 agents,
these percentages were respectively 27% and 58%. The per-
centages of patients in the high-risk group were 6% and
15% respectively for both treatment modalities.32 In another
manuscript, in more than 900 patients with HER-2-positive
early breast cancer, the percentage of patients in the low
and moderate risks according to HFA-ICOS score was respec-
tively 43% and 49%.33

In conclusion, the optimal management of cancer patients
undergoing chemotherapy, who are at risk of developing
cardiotoxicity, is still debatable. There is increasing evidence
of benefit from introduction of sacubitril/valsartan in this
population. The randomized MAINSTREAM trial will evaluate
efficacy and safety of sacubitril/valsartan in the prevention of
cardiotoxicity in patients with early breast cancer, who un-

dergo treatment with anthracyclines with or without treat-
ment directed against HER-2.
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