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BACKGROUND: Adjuvant breast cancer therapy containing anthracyclines with or without anti–human epidermal growth factor 
receptor–2 antibodies and radiotherapy is associated with cancer treatment–related cardiac dysfunction. In the PRADA trial 
(Prevention of Cardiac Dysfunction During Adjuvant Breast Cancer Therapy), concomitant treatment with the angiotensin receptor 
blocker candesartan attenuated the reduction in left ventricular ejection fraction (LVEF) in women receiving treatment for breast 
cancer, whereas the β-blocker metoprolol attenuated the increase in cardiac troponins. This study aimed to assess the long-term 
effects of candesartan and metoprolol or their combination to prevent a reduction in cardiac function and myocardial injury.

METHODS: In this 2×2 factorial, randomized, placebo-controlled, double-blind, single-center trial, patients with early breast cancer 
were assigned to concomitant treatment with candesartan cilexetil, metoprolol succinate, or matching placebos. Target doses 
were 32 and 100 mg, respectively. Study drugs were discontinued after adjuvant therapy. All 120 validly randomized patients 
were included in the intention-to-treat analysis. The primary outcome measure was change in LVEF assessed by cardiovascular 
magnetic resonance imaging from baseline to extended follow-up. Secondary outcome measures included changes in left 
ventricular volumes, echocardiographic peak global longitudinal strain, and circulating cardiac troponin concentrations.

RESULTS: A small decline in LVEF but no significant between-group differences were observed from baseline to extended 
follow-up, at a median of 23 months (interquartile range, 21 to 28 months) after randomization (candesartan, 1.7% [95% CI, 
0.5 to 2.8]; no candesartan, 1.8% [95% CI, 0.6 to 3.0]; metoprolol, 1.6% [95% CI, 0.4 to 2.7]; no metoprolol, 1.9% [95% CI, 
0.7 to 3.0]). Candesartan treatment during adjuvant therapy was associated with a significant reduction in left ventricular end-
diastolic volume compared with the noncandesartan group (P=0.021) and attenuated decline in global longitudinal strain 
(P=0.046) at 2 years. No between-group differences in change in cardiac troponin I and T concentrations were observed.

CONCLUSIONS: Anthracycline-containing adjuvant therapy for early breast cancer was associated with a decline in LVEF during 
extended follow-up. Candesartan during adjuvant therapy did not prevent reduction in LVEF at 2 years, but was associated 
with modest reduction in left ventricular end-diastolic volume and preserved global longitudinal strain. These results suggest 
that a broadly administered cardioprotective approach may not be required in most patients with early breast cancer without 
preexisting cardiovascular disease.
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Advances in cancer therapy have led to improved 
survival, but also to growing concern over adverse 
cardiovascular effects that may limit the ben-

efit of cancer therapy and reduce quality of life. Cancer 
survivors have increased risk for cardiovascular disease 
compared with the general population, and this is most 
pronounced in patients who have received adjuvant car-
diotoxic chemotherapy.1 Adjuvant breast cancer therapy 

may include several potentially cardiotoxic components, 
including anthracycline therapy, radiotherapy, and mono-
clonal antibodies like trastuzumab.2 Together with over-
lapping risk factors, these multiple hits contribute to 
breast cancer survivors’ increased cardiovascular risk 
compared with age-matched controls without cancer.1,3 
With an increasing number of long-term early breast can-
cer survivors, effective strategies to prevent long-term 
cardiac dysfunction are needed.4

Treatment with angiotensin-converting enzyme inhibi-
tors, angiotensin receptor blockers, and β-blockers sig-
nificantly reduce morbidity and mortality in all stages of 
heart failure,5–7 and previous small-scale studies in het-
erogeneous patient populations have indicated that neu-
rohormonal blockade may reduce the cardiotoxic effects 
of cancer therapy.8,9 However, conflicting results from 
more recent randomized, controlled trials of neurohor-
monal blockade during adjuvant breast cancer therapy 
have been reported.10–14

In the PRADA trial (Prevention of Cardiac Dysfunction 
During Adjuvant Breast Cancer Therapy), patients with 
early breast cancer and no serious comorbidities scheduled 
for adjuvant therapy were randomized to the angiotensin 
receptor blocker candesartan, the β-adrenoceptor blocker 
metoprolol, or placebo. The primary outcome measure 
was change in left ventricular ejection fraction (LVEF) 
from baseline to end of adjuvant therapy measured by 
cardiovascular magnetic resonance (CMR) imaging. We 
demonstrated that adjuvant therapy was associated with 
a modest overall decline in LVEF that was attenuated 
by concomitant treatment with candesartan but not by 
metoprolol.10 We also found that β-blockade may have 
beneficial effects on myocardial injury during anthra-
cycline therapy, expressed as an attenuated cardiac 
troponin increase.15 However, the cardiotoxic effects of 
anthracyclines and radiotherapy may manifest months to 
years after end of therapy,2 and the long-term effects of 
the concomitant neurohormonal blockade is unknown. It 
is also unclear to what extent the initial observations are 
attributable to direct hemodynamic effects of the neuro-
hormonal blockade or persisting myocardial remodeling.16 
We therefore conducted a prespecified follow-up study to 
test the hypothesis that concomitant therapy with cande-
sartan or metoprolol during adjuvant, anthracycline-con-
taining therapy with or without trastuzumab and radiation 
for early breast cancer will attenuate the decline in LVEF 
at extended follow-up. We also assessed the effect of the 
interventions on several prespecified secondary outcomes.

METHODS
Study Design and Participants
Data from the PRADA trial cannot be publicly shared because 
of the risk of violating privacy, as regulated by the institutional 
data protection officer. The PRADA trial was a randomized, 
2×2 factorial, placebo-controlled, double-blind clinical trial 

Clinical Perspective

What Is New?
• In this 2-year follow-up study of the PRADA trial

(Prevention of Cardiac Dysfunction During Adju-
vant Breast Cancer Therapy), treatment with can-
desartan and metoprolol during adjuvant therapy
for early breast cancer did not prevent decline in
left ventricular ejection fraction.

• Candesartan treatment during adjuvant ther-
apy was associated with a small reduction in end-
diastolic volume and attenuated decline in global
longitudinal strain at 2 years.

What Are the Clinical Implications?
• The results do not support broadly adminis-

tered preventive cardioprotective therapy with β-
adrenergic or angiotensin receptor blockade during
contemporary adjuvant therapy regimens for early
breast cancer.

• The focus of future studies should be to identify
subgroups at high risk of cardiotoxicity who may
benefit from cardioprotective therapy in a precision
medicine fashion.

Nonstandard Abbreviations and Acronyms

ACEI  angiotensin converting enzyme 
inhibitor

ARB angiotensin receptor blocker
CECCY  Carvedilol for Prevention of Chemo-

therapy-Related Cardiotoxicity
CMR Cardiovascular magnetic resonance
cTn cardiac troponin
CV cardiovascular
GLS global longitudinal strain
LVEF left ventricular ejection fraction
MANTICORE  Multidisciplinary Approach to Novel 

Therapies in Cardio-Oncology 
Research

NT-proBNP  N-terminal pro B-type natriuretic 
peptide

PRADA  Prevention of Cardiac Dysfunction 
During Adjuvant Breast Cancer 
Therapy
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conducted at Akershus University Hospital in Norway. The 
study was conducted in accordance with the ethical principles 
of the Declaration of Helsinki. The study protocol was reviewed 
and approved by the Regional Ethics Committee of South-
Eastern Norway (approval number 2010/2890). Study meth-
ods and design have been described in detail.10 Eligible patients 
were adult women between 18 and 70 years of age with LVEF 
≥50%, normal kidney function, and no serious comorbidities, 
who after surgery for early breast cancer were scheduled for 
adjuvant anthracycline-containing therapy. The main exclusion 
criteria were previous malignancy requiring treatment with 
anthracyclines or radiotherapy; clinically significant heart dis-
ease; hypotension or hypertension; treatment with or intoler-
ance to angiotensin-converting enzyme inhibitors, angiotensin 
receptor blockers, or β-blockers; and inability to comply with 
study protocol and procedures. Complete inclusion and exclu-
sion criteria are listed in Table I in the Data Supplement. All par-
ticipants provided written, informed consent before any study 
procedures took place.

Randomization and Masking
We randomly assigned participants in a 1:1:1:1 fashion to 
receive 1 of the following treatment combinations: candes-
artan cilexetil and metoprolol succinate, candesartan cilexetil 
and placebo, metoprolol succinate and placebo, or placebo and 
placebo. A randomization list was created by using a permuted 
block randomization procedure with block size 4 and 8 in ran-
dom order, stratified for trastuzumab therapy. The placebos 
were identical in appearance to the active tablets. The study 
was double-blind, so both study personnel and participants 
were masked to group assignments, and all CMR and echo-
cardiography assessments were performed blinded to patient 
identity, group assignment, and image sequence. Follow-up 
image analyses were performed blinded to previous imaging.

Procedures
After randomization, patients were instructed to take oral can-
desartan cilexetil/placebo and metoprolol succinate/placebo 
tablets (AstraZeneca) with a daily target dose of 32 mg and 
100 mg, respectively. Dose modifications according to blood 
pressure and patient symptoms were allowed. Details on dose 
titration have been reported previously.10 Patients received 
study medication throughout adjuvant therapy; the duration 
depended on the cancer treatment regimen and ranged from 
10 to 61 weeks. During adjuvant therapy, patients were seri-
ally assessed with CMR, blood samples, physical examinations, 
and ECGs at baseline, after completion of the first cycle of 
anthracycline therapy, after completion of the final cycle of 
anthracycline therapy, and, for those concerned, at completion 
of trastuzumab or radiation therapy. Echocardiography was 
performed at the same time points, except for after completion 
of the first cycle of anthracyclines. Follow-up was performed at 
a median of 23 months (interquartile range, 21 to 28 months) 
after baseline examinations, and examination procedures were 
the same as at baseline.

CMR and Echocardiography
Study procedures have been described in detail previously.10 In 
short, ventricular volumes, ejection fraction, and left ventricular 

(LV) mass were assessed in short-axis, steady-state free preces-
sion sequences acquired in contiguous, 8-mm slices on a 1.5T
magnetic resonance imaging scanner (Achieva; Philips Medical
Systems). The radiologist (Dr Heck) who assessed CMRs in the 
main trial performed follow-up assessments according to the
Society for Cardiovascular Magnetic Resonance guidelines17

on dedicated, commercially available software (cmr42, version
5.9.4; Circle Cardiovascular Inc).

Follow-up transthoracic echocardiography recordings were 
performed by the same cardiologist (Dr Gulati) and with the 
same Vivid E9 (GE Vingmed) as the initial study. Main study 
analyses were performed offline by Dr Gulati and extended 
follow-up by Dr Mecinaj using the same custom software 
(EchoPAC, version 112; GE Vingmed). LV 2-dimensional peak 
systolic global longitudinal strain (GLS) was assessed with a 
semiautomated speckle tracking imaging technique from the 3 
standard apical views.

Blood Sampling and Biochemical Analysis
Serum cardiac troponin I and cardiac troponin T on follow-up 
were measured by high-sensitivity (hs) assays on an Alinity 
platform (Abbott Diagnostics) and a cobas 8000 e602 ana-
lyzer (Roche Diagnostics), respectively. NT-proBNP (N-terminal 
pro–B-type natriuretic peptide) in serum was measured by 
the proBNP II assay on a cobas 8000 e801 analyzer (Roche 
Diagnostics). Details on the biomarker assays are given in the 
Data Supplement and in a previous report.15

Outcomes
The primary efficacy end point of this study was change in 
LVEF assessed by CMR from baseline to extended follow-up. 
Secondary efficacy end points were incidence of LV systolic 
dysfunction, defined as LVEF <53% in combination with either 
an absolute decrease of >10% in LVEF as determined by CMR 
or clinical heart failure requiring diuretic therapy; incidence 
of significant decline in LV systolic function, defined as LVEF 
<53% in combination with an absolute decrease of >5% in 
LVEF as determined by CMR; change in LV systolic function as 
determined by GLS via 2-dimensional echocardiography and 
change in concentrations of hs cardiac troponin I, hs cardiac 
troponin T, and NT-proBNP; and change in LV end-diastolic and 
end-systolic volumes as determined by CMR.

Safety outcomes included development of heart failure, 
arrhythmia, cancer relapse, new cancer, valvular disease, and 
death.

Statistical Analysis
Sample size calculations from the original trial showed that we 
needed a minimum of 120 patients to detect with 95% power 
an absolute between-group difference in change in LVEF of 
5±5 (SD) percentage points.10 The primary efficacy analysis 
was performed on a modified intention-to-treat sample con-
sisting of all validly randomized patients with, at a minimum, 
baseline CMR and a per-protocol sample. The per-protocol 
analysis excluded patients who were not compliant with inter-
vention, withdrew consent, did not complete adjuvant therapy 
or study medication, or did not undergo follow-up CMR mea-
surements. Secondary efficacy analyses were performed on 
the intention-to-treat sample.
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For each continuous efficacy end point, we fitted a lin-
ear mixed model to all available measurements from 5 time 
points: baseline, after completion of the first cycle of anthra-
cycline therapy, after completion of the final cycle of anthra-
cycline therapy, after completion of trastuzumab or radiation 
therapy, and at extended follow-up. All models included fixed 
effects for time, candesartan treatment, metoprolol treat-
ment, candesartan treatment × time interaction, metoprolol 
treatment × time interaction, age, and left-sided radiation 
and a random intercept. To investigate possible interactions 
between the 2 treatments, we fitted additional models that 
included a candesartan × metoprolol interaction term and 
applied a likelihood ratio test to the models with and with-
out the treatment interaction term. No statistically significant 

treatment interactions were observed. On the basis of the 
fitted models without the treatment interaction term, we 
estimated baseline, follow-up, and change from baseline to 
follow-up mean values (with 95% CI). The treatment effects 
were estimated as the between-group difference in change 
from baseline to extended follow-up for the comparisons of 
patients treated with candesartan versus not treated with 
candesartan and patients treated with metoprolol versus not 
treated with metoprolol (Figure). All terms in the linear mixed 
models were prespecified in the statistical analysis plan. A P 
value of <0.05 was considered statistically significant. The 
reported P values are 2-sided and not adjusted for multiple 
comparisons. The statistical analyses were carried out with 
Stata 16.0 (StataCorp LP).

Figure. Consolidated Standards of Reporting Trials diagram.
PRADA trial (Prevention of Cardiac Dysfunction During Adjuvant Breast Cancer Therapy) screening and randomization. The primary efficacy 
analysis was performed on a modified intention-to-treat sample consisting of all validly randomized patients with, at a minimum, baseline 
cardiovascular magnetic resonance (CMR) imaging.
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Before study initiation, a data safety and monitoring board 
consisting of a cardiologist, an oncologist, and a statistician 
was constituted to monitor adverse events and the trial was 
registered in the ClinicalTrials.gov registry (URL: https://www.
clinicaltrials.gov; Unique identifier: NCT01434134).

RESULTS
Between September 15, 2011, and September 11, 
2014, 344 patients with early breast cancer who after 
surgery were scheduled for adjuvant therapy involving 
the anthracycline epirubicin at the Department of On-
cology, Akershus University Hospital, were screened for 
eligibility. A Consolidated Standards of Reporting Trials 
diagram (Figure) summarizes patient screening and ran-
domization. Similar details for the per-protocol cohort are 
provided in Figure I in the Data Supplement. Of these 
patients, 120 were eligible and validly randomized to 1 
of 4 treatment groups, with well-balanced baseline char-
acteristics and intended adjuvant anticancer therapy (Ta-
ble 1). Participants received adjuvant therapy according 
to the recommendations of the Norwegian Breast Can-
cer Group at the time of diagnosis. All patients received 
5-fluorouracil, epirubicin, and cyclophosphamide, and if
indicated, taxanes (80%), trastuzumab (23%), and ra-
diotherapy (63%). The median epirubicin dose was 240
(range 240 to 400) mg/m2. Details of the cancer char-
acteristics and therapy are listed in Table II in the Data
Supplement. No patient fulfilled the predefined criteria
for unblinding of the randomized treatment assignment
during the study intervention period. Extended follow-up

examinations were performed between April 25, 2013, 
and June 30, 2016, after a median follow-up of 23 
months (interquartile range, 21 to 28 months) from ran-
domization. Of the 120 participants, 98 were assessed 
by CMR at extended follow-up.

There was no statistical interaction between can-
desartan and metoprolol treatment on the primary end 
point or on any of the secondary end points, allowing 
the patients in the 2 groups receiving candesartan to 
be compared with patients receiving placebo–placebo 
or metoprolol–placebo and the 2 groups receiving 
metoprolol to be compared with patients receiving pla-
cebo–placebo or candesartan–placebo. There were no 
between-group differences in the primary outcome mea-
sure (Table 2). From baseline to extended follow-up, the 
overall decline in LVEF in patients in the candesartan 
group was 1.7 (95% CI, 0.5 to 2.8) percentage points 
and in patients not receiving candesartan 1.8 (95% CI, 
0.6 to 3.0) percentage points in the intention-to-treat 
analysis (P=0.91 for between-group difference in linear 
mixed model analysis). For patients in the metoprolol 
group, the decline in LVEF was 1.6 (95% CI, 0.4 to 2.7) 
percentage points and for patients not receiving meto-
prolol the decline was 1.9 (95% CI, 0.7 to 3.0; P=0.73) 
percentage points. Per-protocol analysis did not materi-
ally change these results, nor was there a significant dif-
ference in effect of the interventions between patients 
receiving low versus higher anthracycline doses (240 
mg/m2 epirubicin versus higher doses).

Candesartan treatment during adjuvant therapy was 
associated with reduction in the secondary outcome 

Table 1. Baseline Characteristics of the Study Population

Candesartan–
metoprolol

Candesartan–
placebo

Placebo–meto-
prolol Placebo–placebo

N 28 32 30 30

Age at recruitment, y 50±9 52±11 51±9 51±9

Height, cm 167±7 166±7 167±6 168±6

Weight, kg 68±11 70±14 77±17 73±13

Systolic blood pressure, mm Hg 125±13 132±14 133±12 130±13

Diastolic blood pressure, mm Hg 78±12 81±9 81±11 81±10

Heart rate, beats/min 68±11 68±10 70±12 65±11

Body mass index, kg/m2 24.4±2.9 25.5±4.4 27.3±5.5 25.6±4.3

Current smokers 5/28 (18) 7/32 (22) 4/30 (13) 5/30 (17)

Hypertension 1/28 (4) 5/32 (16) 2/30 (7) 0/30 (0)

Diabetes 0/28 (0) 1/32 (3) 1/30 (3) 0/30 (0)

Serum creatinine,mg/dL 0.75±0.12 0.73±0.10 0.79±0.10 0.75±0.10

Blood hemoglobin, g/dL 13.2±0.9 13.3±1.0 13.4±0.7 13.2±0.8

Additional therapy after FEC

Trastuzumab 7/28 (25) 7/32 (22) 6/30 (20) 7/30 (23)

Radiation 16/28 (57) 19/32 (59) 20/30 (67) 21/30 (70)

Taxanes 24/28 (86) 25/32 (78) 25/30 (83) 22/30 (73)

Data are expressed as mean±SD or n (%). FEC indicates 5-fluorouracil, epirubicin, and cyclophosphamide.
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Table 2. Primary and Secondary End Points: Estimated Values From Linear Mixed Models

N Baseline Follow-up
Change from  
baseline to follow-up

Between-group differences 
in changes from baseline to 
follow-up; P value

LVEF % (ITT) — — — — —

No candesartan 60 62.7 (61.5 to 63.8) 60.9 (59.7 to 62.1) –1.8 (–3.0 to –0.6) 0.1 (–1.5 to 1.7); P=0.91

 Candesartan 60 62.2 (61.0 to 63.3) 60.5 (59.3 to 61.7) –1.7 (–2.8 to –0.5)

No metoprolol 62 62.5 (61.4 to 63.7) 60.6 (59.4 to 61.9) –1.9 (–3.0 to –0.7) 0.3 (–1.4 to 1.9); P=0.73

 Metoprolol 58 62.3 (61.1 to 63.5) 60.7 (59.5 to 62.0) –1.6 (–2.7 to –0.4)

LVEF % (PP) — — — — —

No candesartan 45 62.8 (61.5 to 64.2) 61.1 (59.8 to 62.5) –1.7 (–3.0 to –0.5) 0.2 (–1.6 to 1.9); P=0.87

 Candesartan 50 62.3 (61.0 to 63.6) 60.7 (59.4 to 62.0) –1.6 (–2.8 to –0.4)

No metoprolol 49 62.5 (61.2 to 63.8) 60.9 (59.6 to 62.2) –1.6 (–2.8 to –0.4) –0.1 (–1.9 to 1.6); P=0.89

 Metoprolol 46 62.6 (61.3 to 64.0) 60.9 (59.6 to 62.3) –1.7 (–3.0 to –0.5)

Peak global longitudinal strain % — — — — —

No candesartan 54 –21.6 (–22.1 to –21.1) –20.6 (–21.1 to –20.1) 1.0 (0.5 to 1.5) –0.8(–1.5 to –0.0); P=0.046

 Candesartan 58 –21.3 (–21.8 to –20.8) –21.1 (–21.6 to –20.6) 0.2 (–0.3 to 0.8)

No metoprolol 59 –21.4 (–21.9 to –20.8) –20.6 (–21.1 to –20.1) 0.8 (0.2 to 1.3) –0.4 (–1.1 to 0.4); P=0.34

 Metoprolol 53 –21.5 (–22.1 to –21.0) –21.1 (–21.6 to –20.6) 0.4 (–0.1 to 0.9)

hs Cardiac troponin I, ng/L — — — — —

No candesartan 60 2.7 (1.6 to 3.8) 4.7 (3.5 to 5.9) 1.9 (0.1 to 3.7) –0.7 (–3.3 to 1.8); P=0.56

 Candesartan 60 2.4 (1.3 to 3.4) 3.5 (2.4 to 4.7) 1.2 (–0.6 to 2.9)

No metoprolol 62 3.1 (2.0 to 4.2) 4.9 (3.7 to 6.0) 1.7 (–0.0 to 3.5) –0.4 (–2.9 to 2.1); P=0.76

 Metoprolol 58 1.9 (0.8 to 3.1) 3.3 (2.1 to 4.5) 1.4 (–0.5 to 3.2)

hs Cardiac troponin T, ng/L — — — — —

No candesartan 60 4.9 (4.2 to 5.7) 6.6 (5.7 to 7.4) 1.6 (0.3 to 2.9) –1.0 (–2.8 to 0.9); P=0.29

 Candesartan 60 5.4 (4.6 to 6.1) 6.0 (5.1 to 6.8) 0.6 (–0.7 to 1.9)

No metoprolol 62 5.2 (4.4 to 6.0) 6.4 (5.6 to 7.3) 1.2 (–0.1 to 2.5) –0.2 (–2.0 to 1.7); P=0.85

 Metoprolol 58 5.1 (4.3 to 5.9) 6.1 (5.3 to 7.0) 1.0 (–0.3 to 2.4)

NT-proBNP, pg/mL — — — — —

No candesartan 60 68.1 (52.1 to 83.9) 76.7 (59.7 to 94.1) 8.5 (–12.3 to 29.2) 25.2 (–3.6 to 54.1); P=0.087

 Candesartan 60 61.3 (45.6 to 77.0) 94.9 (78.0 to 111.0) 33.6 (13.6 to 53.8)

No metoprolol 62 43.0 (27.4 to 58.6) 72.7 (56.0 to 89.0) 29.8 (9.7 to 50.1) –18.2 (–47.1 to 10.7); P=0.22

 Metoprolol 58 87.3 (71.1 to 103.4) 100.0 (82.5 to 116.9) 11.6 (–9.0 to 32.3)

End-diastolic volume, mL — — — — —

No candesartan 60 136 (130 to 142) 138 (132 to 143)  2 (–2 to 5) –6 (–12 to –1); P=0.021

 Candesartan 60 139 (133 to 145) 134 (128 to 140) –5 (–8 to –1)

No metoprolol 62 136 (130 to 142) 135 (129 to 141) –1 (–5 to 3) –1 (–6 to 5); P=0.78

 Metoprolol 58 139 (133 to 145) 137 (131 to 143) –2 (–6 to 2)

End-systolic volume, mL — — — — —

No candesartan 60 51 (48 to 54) 54 (51 to 57) 3 (1 to 5) –3 (–6 to 0); P=0.086

 Candesartan 60 53 (50 to 56) 53 (50 to 56) 0 (–2 to 3)

No metoprolol 62 51 (48 to 54) 53 (50 to 56) 2 (–0 to 4) –0 (–3 to 2); P=0.75

 Metoprolol 58 52 (50 to 55) 54 (51 to 57) 1 (–1 to 4)

LV mass, g — — — — —

No candesartan 60 83.7 (80.4 to 87.0) 84.7 (81.3 to 88.0) 1.0 (–0.6 to 2.5) 0.4 (–1.8 to 2.5); P=0.75

 Candesartan 60 81.8 (78.5 to 85.1) 83.2 (79.8 to 86.5) 1.3 (–0.1 to 2.8)

No metoprolol 62 83.6 (80.3 to 86.9) 84.5 (81.2 to 87.8) 0.9 (–0.6 to 2.4) 0.5 (–1.6 to 2.6); P=0.66

 Metoprolol 58 81.8 (78.4 to 85.2) 83.2 (79.8 to 86.7) 1.4 (–0.1 to 2.9)

Data are expressed as mean (95% CI). hs indicates high-sensitivity; ITT, intention-to-treat; LV, left ventricular; LVEF, left ventricular ejection fraction; NT-proBNP, 
N-terminal pro–B-type natriuretic peptide; and PP, per protocol
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measure end-diastolic volume of 5 (95% CI, 1 to 8) mL 
compared with an increase of 2 (95% CI, –2 to 5) mL in 
the no candesartan group (between-group difference, 
6 [95% CI, 1 to 12] mL; P=0.021). Patients not receiv-
ing candesartan experienced increase in end-systolic 
volumes (3 [95% CI, 1 to 5] mL) whereas patients 
receiving candesartan did not (0 [95% CI, –2 to 3] mL; 
P=0.086). There was no effect of the intervention on 
change in cardiac troponins. Changes in hs cardiac 
troponin I and hs cardiac troponin T were 1.2 (95% 
CI, –0.6 to 2.9) and 0.6 (95% CI, –0.7 to 1.9) ng/L in 
the candesartan group, 1.9 (95% CI, 0.1 to 3.7) and 1.6 
(95% CI, 0.3 to 2.9) ng/L in the no candesartan group, 
1.4 (95% CI, –0.5 to 3.2) and 1.0 (95% CI, –0.3 to 2.4) 
ng/L in the metoprolol group, and 1.7 (95% CI, –0.0 to 
3.5) and 1.2 (95% CI, –0.1 to 2.5) ng/L in the no meto-
prolol group, respectively. There was a small decline in 
GLS in absolute values, which was attenuated by can-
desartan, but not metoprolol. The decline was 0.2 (95% 
CI, –0.3 to 0.8) percentage points in patients receiving 
candesartan and 1.0 (95% CI, 0.5 to 1.5) percentage 
points in the no candesartan group in the intention-to-
treat analysis (P=0.046 for between-group difference 
in linear mixed model analysis). During extended follow-
up, 1 participant treated with candesartan developed 
symptomatic heart failure. There were no significant 
between-group differences in incidence of heart fail-
ure or significant decline in LVEF. No effect of cande-
sartan or metoprolol treatment was observed on any 
of the other secondary outcome measures (Table 2). 
Four patients died between baseline examinations and 
December 2020, all from cancer. Median time to death 
from baseline was 63 months (range, 31 to 78 months). 
Serious adverse events are summarized in Table 3.

DISCUSSION
In this follow-up study of the PRADA trial, we made 
4 important observations. First, we found that adju-
vant, epirubicin-containing therapy for early breast 
cancer in women was associated with a modest but 
persistent decline in LV systolic function. Second, 

concomitant angiotensin and β-adrenergic receptor 
blockade during adjuvant breast cancer therapy did not 
affect the decline in LVEF at 2 years as compared with 
placebo. Third, treatment with candesartan was associ-
ated with attenuated decline in GLS as well as decline in 
LV end-diastolic volumes, whereas end-systolic volumes 
increased in patients not treated with candesartan. Last, 
no significant effect of metoprolol on GLS or LV volumes 
was observed, nor did the early interventions significantly 
affect the levels of cardiac troponin I and cardiac tro-
ponin T or NT-proBNP. Our findings provide insight in 
the long-term effect of β-adrenergic and angiotensin re-
ceptor blockade during adjuvant chemotherapy for early 
breast cancer and will be important when defining its role 
in cardioprotective primary prevention.

In contrast to the primary results of the PRADA 
trial, the attenuating effect of candesartan on decline 
in LVEF observed during adjuvant therapy for early 
breast cancer did not persist 2 years after random-
ization. There may be several reasons for this. First, 
the observed attenuation may have been attributable 
to direct hemodynamic and neurohormonal effects of 
angiotensin receptor blockade that ceased on discon-
tinuation.18 Second, ejection fraction is a product of 
end-diastolic and end-systolic volumes, and physio-
logic and pathophysiologic processes may affect these 
volumes differentially. Decline in ejection fraction after 
cardiotoxic therapy may occur through increased end-
systolic volumes related to myocellular dysfunction, 
but may also be caused by decreased end-diastolic 
volumes from cancer therapy–related nausea and vol-
ume depletion.19,20 At follow-up, patients treated with 
candesartan had a decline in end-diastolic volumes 
but no change in end-systolic volumes, whereas par-
ticipants who did not receive candesartan experienced 
increasing end-systolic volumes, but no significant 
change in end-diastolic volumes. It seems unlikely that 
the decline in end-diastolic volume is caused by vol-
ume depletion >1 year after end of cancer therapy. 
Our findings suggest that different mechanisms may 
be at play: the decline in ejection fraction in patients 
treated with candesartan may be attributable to long-
term reverse myocardial remodeling effects of cande-
sartan with reduced end-diastolic volumes whereas 
in patients not treated with candesartan it may be an 
expression of decline in myocardial contractility and 
increased end-systolic volumes.19,21

GLS is considered a more sensitive marker of 
subclinical myocardial dysfunction than echocardio-
graphic LVEF.2,22 A relative drop of >15% or a value 
below the normal lower limit may be associated with 
cardiotoxicity during cancer treatment and may pre-
dict later decline in LVEF. Several studies have shown 
subclinical reductions in GLS years after anthracy-
cline therapy.2,23,24 In PRADA, we found that candes-
artan attenuated a numerically small decline in GLS. 

Table 3. Incidence of Serious Adverse Events From End of 
Study to December 2020

Adverse 
event

Candesartan–
metoprolol

Candesartan– 
placebo

Placebo–
metoprolol

Placebo–
placebo

Heart failure 0 1* 0 0

Arrhythmias 0 2* 1 2

Cancer 
relapse

2 4 3 3

New cancer 2 1 0 3

Death 1 2 0 1

*One patient developed atrial fibrillation with heart failure and is listed under
both heart failure and arrhythmias.
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However, in a study of 2625 patients followed for 4 
years after anthracycline therapy, 98% of cardiotoxic-
ity cases occurred within the first year after therapy.25 
This could imply that further significant deterioration of 
cardiac function in our cohort is unlikely, and whether 
candesartan’s effect on ventricular volumes and GLS 
2 years after randomization will translate into future 
clinically relevant benefit is uncertain.

We have previously shown that anthracycline therapy 
was associated with an increase in circulating troponins 
that was attenuated by β-blockade.15 These findings sug-
gested a beneficial effect on the acute cardiotoxic effects 
of anthracyclines and were confirmed by the CECCY trial 
(Carvedilol Effect in Preventing Chemotherapy-Induced 
Cardiotoxicity).13 However, at the current follow-up, we 
found no difference between patients treated with meto-
prolol and placebo in any of the outcome measures, indi-
cating that the initial effect does not provide long-term 
clinical benefit in our patient cohort.

The overall decline in LV ejection fraction was <2 
percentage points, which is less than anticipated when 
compared with early reports on the cardiotoxic effects 
of anthracyclines, trastuzumab, and radiotherapy.26,27 A 
meta-analysis from 2013 including 22 815 patients 
treated with anthracyclines identified cumulative 
anthracycline dose, extremes of age, serious comorbidi-
ties, and other cardiovascular risk factors as important 
predictors of cardiotoxicity.28 Contemporary adjuvant 
regimens with dose limitations, less cardiotoxic anthra-
cycline analogues, and sequential administration of 
anthracyclines and trastuzumab have reduced the risk 
of cardiotoxicity.29 The PRADA cohort was relatively 
young, without serious comorbidities, and treated with 
low to moderate anthracycline doses, and therefore is 
at low risk for cardiac dysfunction. Our findings indicate 
that contemporary adjuvant therapy for early breast 
cancer is safe in these patients.

Our findings 2 years after randomization add impor-
tant knowledge about the effect of neurohormonal 
blockade during adjuvant therapy for breast cancer, 
where results from recent trials have been inconsis-
tent. The CECCY trial found no beneficial effect of 
β-adrenergic blockade during anthracycline therapy 
on the primary end point cardiotoxic events or change 
in LVEF.13 Three trials assessing the effect of neuro-
hormonal interventions during trastuzumab therapy 
failed to demonstrate any effect on the primary end 
points: change in end-diastolic volume (MANTICORE 
[Multidisciplinary Approach to Novel Therapies in Car-
dio-Oncology Research])11 and cardiotoxic events.12,14 
MANTICORE reported cardioprotective effects of 
angiotensin-converting enzyme inhibition and β-
adrenergic blockade on the secondary end point change 
in LVEF, and Guglin et al.12 found that angiotensin-con-
verting enzyme inhibition and β-adrenergic blockade 
significantly reduced both cardiotoxic events and decline 

in ejection fraction in the subgroup of patients who had 
previously received anthracyclines. Reasons for these 
discrepancies may be differences in cancer therapy regi-
mens, risk factors, cardioprotective medication, choice 
of primary end point, and measurement method, as well 
as varying and relatively short follow-up time. Overall, 
there is limited evidence that general, primary preventive 
neurohormonal blockade provides significant long-term 
clinical benefit. Future trials should focus on whether 
preventive strategies such as neurohormonal blockade 
are more efficient in patients at higher risk of develop-
ing cardiac dysfunction. Possible target populations are 
patients with cardiovascular risk factors or established 
disease, patients genetically disposed for cardiotoxic-
ity, or patients receiving higher cumulative anthracycline 
doses.30 Other strategies such as exercise programs, 
strict risk factor control, or prolonged use of cardiopro-
tective agents should also be investigated to identify 
the optimal cardioprotective strategy to mitigate can-
cer-related cardiovascular toxicity.

Strengths and Limitations
Strengths of our study are the extended follow-up; the 
2×2 factorial design that simultaneously tests 2 inter-
ventions; the study population, representative of a large 
group of patients with early breast cancer and no seri-
ous comorbidities; and the longitudinal use of sensitive 
CMR and echocardiographic measures of cardiac func-
tion. The main limitation is that the decline in the pri-
mary outcome measure LVEF was less than anticipated 
in this low-risk cohort. The study may therefore have 
been underpowered to detect small between-group dif-
ferences and lacks power for subgroup analyses. The 
study was also underpowered to detect an interaction 
between candesartan and metoprolol. Not all patients 
returned for the final follow-up examinations, but this 
was partly accounted for in the statistical model in the 
intention-to-treat analyses. Given that cardiovascular 
events may occur several years after administration of 
potentially cardiotoxic cancer therapy, we cannot rule 
out a beneficial effect of broadly administered preven-
tive therapy if the follow-up period had been longer than 
23 months. New versions of the biomarker assays were 
used at follow-up, and using different assays during 
adjuvant therapy and at follow-up may have affected 
the assessment of longitudinal biomarker changes, but 
should not affect between-group differences.

Conclusions
Concomitant therapy with candesartan and metoprolol dur-
ing adjuvant therapy for early breast cancer did not protect 
against a small decline in LVEF as compared with placebo 2 
years after randomization. Candesartan treatment protect-
ed against a small decline in GLS and was associated with 
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decline in end-diastolic volumes. In contrast, in patients not 
treated with candesartan, we observed a decrease in myo-
cardial contractility expressed as increased end-systolic 
volumes. However, the effect size of these secondary end 
points was small, and unlikely to confer long-term clinically 
relevant benefits. Broadly administered, general cardiopro-
tective therapy in this patient group seems unwarranted. 
Future studies should aim to identify subgroups who may 
benefit from cardioprotective strategies.
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