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Adjuvant breast cancer therapy prolongs survival 

but may harm the heart

Anthracyclines, trastuzumab and 
radiotherapy have cardiotoxic effects

Neurohormonal blockade may 
attenuate the myocardial damage 
during cancer treatment

Long-term effects are unknown
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Trials on neurohormonal blockade during breast cancer treatment 
have shown modest and inconsistent beneficial effects

LVEF= left ventricular ejection fraction

Study Year Intervention Cancer therapy n Results

PRADA

Gulati et al
2016

Candesartan

Metoprolol

Anthracyclines

Trastuzumab

Radiotherapy

120
Candesartan attenuated a decline in LVEF

Metoprolol attenuated troponin increase

Boekhout et al 2016 Candesartan Trastuzumab 210
No difference in cardiotoxic events

No difference in change in LVEF

MANTICORE

Pituskin et al
2016

Perindopril

Bisoprolol
Trastuzumab 94

No difference in change in LVEDV

Attenuated decline in LVEF

CECCY

Avila et al
2018 Carvedilol

Anthracyclines

Taxanes
200

No difference in cardiotoxic events

No difference in change in LVEF

Attenuated troponin increase

Guglin et al 2019
Lisinopril

Carvedilol
Trastuzumab 468

No difference in cardiotoxic events  

Effect in the subgroup who had received anthracyclines



PRADA: a 2 x 2 factorial, randomized, 
placebo-controlled, double-blind trial

Women 18-70 years with early breast cancer 

Anthracycline containing adjuvant treatment

No serious concomitant illness

No significant cardiovascular disease 

No prior chemo/radiotherapy

No indication/contraindications for the study drugs



Hypothesis

Long-term decline in cardiac function can be 

prevented by treatment with metoprolol and 

candesartan during adjuvant treatment for 

early breast cancer



Change in LVEF Sample size Power

5±5% 120 95%

3±5% 120 90%

2±5% 120 60%

Power calculations

LVEF= left ventricular ejection fraction

= 0.05



344 assessed

130 enrolled

214 did not meet inclusion criteria/ 

fulfilled exclusion criteria 

10 excluded due to randomization 

failure or missing baseline CMR

CONSORT diagram

Candesartan 
Candesartan 

placebo

Metoprolol 28 30

Metoprolol 

placebo
32 30
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344 assessed

130 enrolled

214 did not meet inclusion criteria/ 

fulfilled exclusion criteria 

10 excluded due to randomization 

failure or missing baseline CMR

CONSORT diagram

Candesartan 
Candesartan 

placebo

Metoprolol 28 30 58

Metoprolol 

placebo
32 30 62



No study drug

Median 2 years

Study flowchart

Primary endpoint: Change in LVEF

Surgery

LVEF= left ventricular ejection fraction

Anthracyclines HER2+: Trastuzumab/ radiotherapy

HER2-:  Radiotherapy

Study drug  during adjuvant therapy



Candesartan-Metoprolol Candesartan-Placebo Placebo-Metoprolol Placebo-Placebo

N 28 32 30 30

Age at recruitment (years) 50 ± 9 52 ± 11 51 ± 9 51 ± 9

Systolic blood pressure (mmHg) 125 ± 13 132 ± 14 133 ± 12 130 ± 13

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

BMI 24 ± 3 26 ± 4 27 ± 6 26 ± 4

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%)

Epirubicin, median dose mg/m² 240 (240, 400) 240 (240, 400) 240 (240, 400) 240 (240, 400)

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%)

Baseline and cancer treatment characteristics

Mean ± SD, numbers (percent) or median (range)



During adjuvant therapy, candesartan 

attenuated decline in LVEF

At 2 years, there were no between-group 

differences in change in LVEF

58

59

60

61

62

63

64

65
Placebo Candesartan

58

59

60

61

62

63

64

65
Placebo Metoprolol

p=0.91

Observed values,

mean, 95% CI

Observed values, 

mean, 95% CI

p=0.73

p-values are for between-group differences in the linear mixed model in the intention to treat analysis

Blinded intervention Blinded intervention

Baseline End of study 2 years Baseline End of study 2 years

p=0.026

p=0.77

LVEF= left ventricular ejection fraction



During anthracycline therapy, metoprolol 

attenuated troponin I increase
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Change during anthracyclines Change during anthracyclinesChange after 2 years Change after 2 years

At 2 years, there were no between-group 

differences in change in troponin I

p=0.56 p=0.76

p=0.85 p=0.019

Change from baseline, 

ng/L median, IQR

Change from baseline, 

ng/L median, IQR
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At 2 years, LV end-diastolic volume was reduced

and GLS decline attenuated in the candesartan arm

GLS (%)
Change after 2 years

LV end-diastolic volume (ml) 
Change after 2 years

p=0.046 p=0.34p=0.021 p=0.78

GLS (%)
Change after 2 years

LV end-diastolic volume (ml) 
Change after 2 years

GLS= Global Longitudinal Strain (%)

Change from baseline, 

Mean, 95% CI

Change from baseline, 

Mean, 95% CI



Strengths

Trial design

LVEF assessed by serial CMR

2 year follow-up

Limitations

Single center

18% of participants did not have 2-year CMR

Less decline in LVEF than anticipated

LVEF= left ventricular ejection fraction



Conclusion

Candesartan and metoprolol during adjuvant 

therapy for early breast cancer did not protect 

against long-term decline in LVEF

LVEF= left ventricular ejection fraction



Clinical implications

Broadly administered cardioprotective therapy 

may not be required during adjuvant breast 

cancer therapy, as decline in systolic function 

was minor and not prevented by neurohormonal 

blockade 
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