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BACKGROUND: Anthracycline-induced cardiotoxicity has a variable incidence, and the development of left ventricular dysfunction 
is preceded by elevations in cardiac troponin concentrations. Beta-adrenergic receptor blocker and renin-angiotensin system 
inhibitor therapies have been associated with modest cardioprotective effects in unselected patients receiving anthracycline 
chemotherapy.

METHODS: In a multicenter, prospective, randomized, open-label, blinded end-point trial, patients with breast cancer and 
non-Hodgkin lymphoma receiving anthracycline chemotherapy underwent serial high-sensitivity cardiac troponin testing 
and cardiac magnetic resonance imaging before and 6 months after anthracycline treatment. Patients at high risk of 
cardiotoxicity (cardiac troponin I concentrations in the upper tertile during chemotherapy) were randomized to standard care 
plus cardioprotection (combination carvedilol and candesartan therapy) or standard care alone. The primary outcome was 
adjusted change in left ventricular ejection fraction at 6 months. In low-risk nonrandomized patients with cardiac troponin I 
concentrations in the lower 2 tertiles, we hypothesized the absence of a 6-month change in left ventricular ejection fraction 
and tested for equivalence of ±2%.

RESULTS: Between October 2017 and June 2021, 175 patients (mean age, 53 years; 87% female; 71% with breast cancer) 
were recruited. Patients randomized to cardioprotection (n=29) or standard care (n=28) had left ventricular ejection fractions 
of 69.4±7.4% and 69.1±6.1% at baseline and 65.7±6.6% and 64.9±5.9% 6 months after completion of chemotherapy, 
respectively. After adjustment for age, pretreatment left ventricular ejection fraction, and planned anthracycline dose, the 
estimated mean difference in 6-month left ventricular ejection fraction between the cardioprotection and standard care 
groups was −0.37% (95% CI, −3.59% to 2.85%; P=0.82). In low-risk nonrandomized patients, baseline and 6-month left 
ventricular ejection fractions were 69.3±5.7% and 66.4±6.3%, respectively: estimated mean difference, 2.87% (95% CI, 
1.63%–4.10%; P=0.92, not equivalent).

 

Correspondence to: Peter Henriksen, MBChB, PhD, BHF Centre for Cardiovascular Sciences, Queen’s Medical Research Institute, 47 Little France Crescent, 
Edinburgh EH16 4TJ, UK. Email phenrik1@staffmail.ed.ac.uk
This manuscript was sent to Ileana L. Piña, Guest Editor, for review by expert referees, editorial decision, and final disposition.
Supplemental Material, the podcast, and transcript are available with this article at https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.123.064274.
Continuing medical education (CME) credit is available for this article. Go to http://cme.ahajournals.org to take the quiz.
For Sources of Funding and Disclosures, see page 1689.
© 2023 The Authors. Circulation is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health, Inc. This is an open access article under 
the terms of the Creative Commons Attribution Non-Commercial-NoDerivs License, which permits use, distribution, and reproduction in any medium, provided that the 
original work is properly cited, the use is noncommercial, and no modifications or adaptations are made.

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 8, 2023

https://orcid.org/0000-0001-6015-7841
https://orcid.org/0000-0003-4295-8885
https://orcid.org/0000-0002-4037-0247
https://orcid.org/0000-0003-1210-2314
https://orcid.org/0000-0002-1352-3922
https://orcid.org/0000-0001-9984-8391
https://orcid.org/0000-0002-0879-3602
https://orcid.org/0000-0003-2161-2172
https://orcid.org/0000-0002-3959-9730
https://orcid.org/0000-0002-0912-0039
https://orcid.org/0000-0001-7946-5609
https://orcid.org/0000-0002-8803-4234
https://orcid.org/0000-0001-7898-2786
https://orcid.org/0000-0003-3556-2428
https://orcid.org/0000-0001-7971-4628
https://orcid.org/0000-0002-7762-7042
https://orcid.org/0000-0001-8441-6887
www.ahajournals.org/journal/circ
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.123.064274
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1161%2FCIRCULATIONAHA.123.064274&domain=pdf&date_stamp=2023-09-25


ORIGINAL RESEARCH 
ARTICLE

Circulation. 2023;148:1680–1690. DOI: 10.1161/CIRCULATIONAHA.123.064274 November 21, 2023 1681

Henriksen et al Cardiac CARE Trial

CONCLUSIONS: Combination candesartan and carvedilol therapy had no demonstrable cardioprotective effect in patients 
receiving anthracycline-based chemotherapy with high-risk on-treatment cardiac troponin I concentrations. Low-risk 
nonrandomized patients had similar declines in left ventricular ejection fraction, bringing into question the utility of routine 
cardiac troponin monitoring. Furthermore, the modest declines in left ventricular ejection fraction suggest that the value and 
clinical impact of early cardioprotection therapy need to be better defined in patients receiving high-dose anthracycline.

REGISTRATION: URL: https://doi.org; Unique identifier: 10.1186/ISRCTN24439460. URL: https://www.clinicaltrialsregister.
eu/ctr-search/search; Unique identifier: 2017-000896-99.

Key Words: adrenergic beta-antagonists ◼ angiotensin receptor antagonists ◼ breast neoplasms ◼ cardiomyopathies ◼ lymphoma, non-Hodgkin  
◼ magnetic resonance imaging ◼ troponin

Anthracyclines are effective cytotoxic drugs that 
contribute to improved survival in a wide range of 
cancers, including breast cancer and lymphoma. 

Anthracyclines cause dose-related cardiomyocyte injury, 
leading to left ventricular dysfunction and heart failure.1 
Improved cancer-free survival has led to growing con-
cern about the impact of cancer therapy–related car-
diac dysfunction (CTRCD).2,3 However, progression from 
heart muscle injury at the time of chemotherapy to the 
development of clinical heart failure is poorly understood, 
and the overall utility of potentially cardioprotective treat-
ments has not been established.4 Although extremes of 
age, preexisting cardiovascular disease, and cumulative 
anthracycline dose are risk markers for CTRCD,5 most 
anthracycline-treated patients do not develop clinically 
important cardiotoxicity.6 The degree of CTRCD observed 

in recent cardioprotection trials has been lower than in 
historical studies; this may reflect a trend for the use of 
lower-dose anthracycline regimens in high-risk patients. 
Indeed, Cardinale’s group reported clinical heart failure 
in 7% and asymptomatic left ventricular dysfunction in 
an additional 5% of 703 patients 1 year after receiving 
anthracycline containing high-dose chemotherapy.7 In 
contrast, 2 recent studies following up 399 randomized 
patients for at least 2 years reported only one episode 
(0.2%) of clinical heart failure.8,9

International guidelines recommend cardiac tropo-
nin monitoring and cardiac imaging during and after 
anthracycline treatment in patients at risk of CTRCD.5 
The use of potentially cardioprotective neurohormonal 
antagonists has been advocated for patients who are at 
increased risk of CTRCD because of clinical factors such 
as exposure to high cumulative anthracycline doses, as 
well as patients who develop biomarker or cardiac imag-
ing evidence of CTRCD. Cardiac troponin has been 
used to detect early anthracycline-induced cardiomyo-
cyte toxicity.7,10 Our group and others have shown that 
plasma high-sensitivity cardiac troponin concentrations 
below the 99th centile upper reference limit provide 
prognostic information and identify individuals with and 
without cardiac symptoms who are at heightened risk 
of cardiac events and mortality.11,12 Furthermore, early 

Clinical Perspective

What Is New?
• In this randomized controlled trial of patients at 

high risk for anthracycline cardiotoxicity, combined 
candesartan and carvedilol therapy did not protect 
against decline in 6-month left ventricular ejection 
fraction after completion of chemotherapy.

• Overall decline in 6-month left ventricular ejection 
fraction occurred regardless of changes in cardiac 
troponin concentration during chemotherapy.

What Are the Clinical Implications?
• The Cardiac CARE trial (High-Sensitivity Car-

diac Troponin I–Guided Combination Angioten-
sin Receptor Blockade and Beta Blocker Therapy 
to Prevent Cardiac Toxicity in Cancer Patients 
Receiving Anthracycline Chemotherapy) findings 
do not support recent guideline recommendations 
advocating the use of cardiac troponin monitoring 
and early preventive neurohormonal blockade in 
patients at risk of anthracycline cardiotoxicity.

• Future studies should focus on factors determining 
transition to subsequent development of heart fail-
ure from initial mild and asymptomatic changes in 
cardiac function after anthracycline chemotherapy.

Nonstandard Abbreviations and Acronyms

Cardiac CARE  High-Sensitivity Cardiac 
 Troponin I–Guided Combination 
Angiotensin Receptor Blockade 
and Beta Blocker Therapy to 
Prevent Cardiac Toxicity in Cancer 
Patients Receiving Anthracycline 
Chemotherapy

CTRCD   cancer therapy–related cardiac 
dysfunction

LVEF  left ventricular ejection fraction
PRADA   Prevention of Cardiac Dysfunction 

During Adjuvant Breast Cancer  
Therapy trial
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changes below the 99th centile upper reference limit 
during anthracycline treatment identify those who go on 
to develop myocardial injury soon after chemotherapy.13

Set against the background of apparently declin-
ing event rates and a minority of patients develop-
ing CTRCD, previous clinical trials have adopted an 
unselected approach to randomization. With the inclu-
sion of patients at low risk of CTRCD, the potential to 
demonstrate substantial cardioprotective effects of neu-
rohormonal blockade has been challenging.8,14 In addi-
tion, most trials have used treatments that block either 
the renin-angiotensin system (angiotensin-converting 
enzyme inhibitor or angiotensin receptor antagonist) 
or the sympathetic nervous system (β-adrenoreceptor 
antagonist) but not the combination, which has the most 
robust evidence base for improving function and survival 
in patients with left ventricular systolic dysfunction. The 
PRADA trial (Prevention of Cardiac Dysfunction During 
Adjuvant Breast Cancer Therapy) investigated whether 
anthracycline-treated patients with breast cancer were 
protected from CTRCD with candesartan or metopro-
lol.8 The overall decline in left ventricular ejection frac-
tion (LVEF) on cardiac magnetic resonance was only 
2.6 percentage points in the placebo group. Candes-
artan but not metoprolol had an early protective effect 
on LVEF decline that was not maintained on extended 
follow-up.15 Consequently, it has been suggested that 
future trials examining cardioprotective therapy should 
preferentially be conducted in patients at high risk of 
CTRCD.16

The objectives of the Cardiac CARE trial (High-Sen-
sitivity Cardiac Troponin I–Guided Combination Angio-
tensin Receptor Blockade and Beta Blocker Therapy 
to Prevent Cardiac Toxicity in Cancer Patients Receiv-
ing Anthracycline Chemotherapy) were to determine 
whether cardiac troponin monitoring identifies patients 
at risk of left ventricular systolic dysfunction during 
anthracycline chemotherapy and whether cardiac tropo-
nin–guided treatment with candesartan and carvedilol 
prevents the development of left ventricular systolic 
dysfunction. These objectives have immediate relevance 
to clinical practice and current guideline recommenda-
tions through testing a simple monitoring and threshold-
guided intervention pathway that can readily be delivered 
within cancer treatment centers.

METHODS
Study Design and Participants
The data that support the findings of this study are available 
from the corresponding author on reasonable request. This was 
a multicenter, prospective, randomized, open-label, blinded end-
point trial nested within an observational cohort study. Study 
methods and design have been described previously.17 Eligible 
patients were women and men >18 years of age with LVEF 
≥50% on baseline cardiac magnetic resonance imaging and 

without serious comorbidity who were scheduled for anthra-
cycline-containing therapy for breast cancer or non-Hodgkin 
lymphoma. Key exclusion criteria were human epidermal growth 
factor receptor 2–positive breast cancer (those patients would 
be scheduled for anti–human epidermal growth factor receptor 
2 therapy); lower-dose anthracycline regimens (cumulative epi-
rubicin equivalent dose <300 mg/m2); ongoing treatment with 
angiotensin receptor blockers, angiotensin-converting enzyme 
inhibitors, or beta-blockers; hypotension or hypertension; or pre-
vious anthracycline chemotherapy (Table 1). All trial participants 

Table 1. Baseline Characteristics of the 3 Study Groups

Characteristic 

Nonran-
domized
(n=118) 

Cardiopro-
tection
(n=29) 

Standard 
care
(n=28) 

Age, y 52±11 54±14 54±13

Female sex, n (%) 107 (90.7) 23 (79.3) 22 (78.6)

Height, cm 165±8 167±8 167±8

Weight, kg 77±17 71±15 83±17

Cancer type, n (%)

  Breast 93 (78.8) 17 (58.6) 15 (53.6)

  Non-Hodgkin lymphoma 25 (21.2) 12 (41.4) 13 (46.4)

Risk markers for cardiovascular disease, n (%)

  Smoking habit

   Current smoker 12 (10.2) 2 (6.9) 5 (17.9)

   Ex-smoker <1 y 9 (7.6) 2 (6.9) 0

   Ex-smoker >1 y 29 (24.6) 5 (17.2) 5 (17.9)

   Never smoker 68 (57.6) 20 (69) 18 (64.3)

  Diabetes 

   Insulin-dependent 3 (2.5) 0 0

   Tablet-controlled 1 (0.8) 0 0

   Diet-controlled 0 0 0

  Hypertension 10 (8.5) 2 (6.9) 4 (14.3)

  Coronary disease 3 (2.5) 0 2 (7.1)

  Kidney disease 5 (4.2) 0 2 (7.1)

  Total concomitant 
cardiovascular medication 
prescriptions, n*

9 2 6

Cancer therapy

  Cumulative anthracycline dose 
(epirubicin equivalent mg/m2)

360  
(300–480)

360  
(300–600)

440  
(330–600)

   3 cycles 35 (29.7) 13 (44.8) 7 (25)

   4 cycles 48 (40.7) 2 (6.9) 7 (25)

   6 cycles 35 (29.7) 14 (48.3) 14 (50)

  Radiotherapy received 79 (71.2) 16 (57.1) 15 (53.6)

  Radiation target location

   Left breast 36 (45.6) 7 (43.8) 5 (33.3)

   Right breast 35 (44.3) 6 (37.5) 8 (53.3)

   Both breasts 3 (3.8) 0 0

   Outside chest/mediastinum 5 (6.3) 3 (18.8) 2 (13.3)

Values are mean±SD, number (percent), or median (interquartile range).
*Antihypertensive and angina medications, including calcium channel blockers, 

thiazide and loop diuretics, nitrates, and nicorandil.
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provided written informed consent before study procedures 
were conducted. The study was conducted in accordance with 
the Declaration of Helsinki and approved by the South-East 
Scotland Research Ethics Committee (17/ES/0071).

Study Procedures
Cardiac Magnetic Resonance
Cardiac magnetic resonance scans were conducted with 
steady-state free-precession breath-hold cines on 1.5-T and 
3-T magnetic resonance imaging scanners and were performed 
at baseline before chemotherapy was started and 6 months 
after the final anthracycline dose. Cardiac magnetic resonance 
scan results were made immediately available at each site to 
inform ongoing clinical care. Cardiac magnetic resonance mea-
surements for the primary and secondary outcomes, includ-
ing LVEF, global longitudinal and circumferential strain with 
cardiac magnetic resonance feature tracking, left ventricu-
lar volume and mass, and left atrial area, were performed by 
2 analysts in the Core Image Analysis laboratory (Edinburgh 
Imaging, University of Edinburgh) according to the Society for 
Cardiovascular Magnetic Resonance guidelines on dedicated 
software (CVI42 version 5.14, Circle Cardiovascular Imaging). 
Both analysts were independent of the research teams and 
blinded to scan sequence (before or after chemotherapy) and 
treatment allocation.

Cardiac Troponin Monitoring
Cardiac troponin I concentrations were quantified with the 
ARCHITECTSTAT or ALINITY cardiac troponin assay (Abbott 
Laboratories, Chicago, IL) during each 3-week chemotherapy 
cycle. This assay has an interassay coefficient of variation of 
<10% at 4.7 ng/L, a limit of detection of 1.9 ng/L, and a 99th 
centile upper reference limit of 34 ng/L in men and 16 ng/L 
in women.18 Patients had cardiac troponin concentrations mea-
sured before randomization; before each cycle of anthracycline 
chemotherapy; and 2, 4, and 6 months after completion of 
chemotherapy.

Study Randomization and Intervention
After enrollment and a baseline cardiac magnetic resonance 
scan, cardiac troponin concentrations were measured before 
each cycle of anthracycline. Patients could be randomized from 
cycle 2 to cycle 6. Treatment allocation was by dynamic 1:1 
randomization with minimization for prognostic factors: (1) age 
≥65 or <65 years; (2) baseline LVEF ≥60% or <60%; and (3) 
planned cumulative epirubicin equivalent dose 300 or >300 
mg/m2. Cardiac troponin concentration thresholds that trig-
gered randomization were ≥5 ng/L for cycle 2 and ≥23 ng/L 
for cycles 3 to 6. These thresholds were defined in a previ-
ous study as identifying patients most likely to develop myo-
cardial injury on completion of the course of chemotherapy.13 
Nonrandomized participants were treated with standard care.

The trial intervention consisted of candesartan started at 8 
mg daily and increased to 16 and 32 mg daily, and carvedilol 
was started at 6.25 mg twice daily and was increased to 12.5 
and 25 mg twice daily. Combination candesartan and carvedilol 
therapy was dispensed within 14 days of randomization and 
continued until completion or withdrawal from the study. Dose 
restrictions and modifications were performed according to 
blood pressure, heart rate, and renal function.

Outcomes
The primary efficacy outcome was adjusted change in LVEF 
from baseline to 6 months after the final anthracycline dose 
determined by cardiac magnetic resonance imaging and com-
pared between the randomized groups. The trial also aimed to 
determine whether early changes in cardiac troponin concen-
tration on anthracycline treatment identified patients at low and 
high risk of cardiotoxicity. To evaluate the effectiveness of car-
diac troponin monitoring, the key secondary efficacy outcome 
was absence of change in LVEF in the low-risk nonrandomized 
group with equivalence limits of ±2%.19

Other secondary efficacy outcomes included change in 
global longitudinal and circumferential strain, left ventricular 
mass and volume, and left atria area determined by cardiac 
magnetic resonance imaging, as well as change in cardiac tro-
ponin concentration. We have previously outlined the reporting 
plan for clinical outcomes, including cardiovascular death; new-
onset heart failure; additional cardiac magnetic resonance and 
cardiac troponin definitions of asymptomatic CTRCD; and heart 
rate, blood pressure and safety outcomes.17 The analysis plan 
included additional exploratory comparisons across cardiotox-
icity measures between low-risk nonrandomized and high-risk 
randomized participants. These were performed to compare the 
magnitude of plasma cardiac troponin concentration increase 
in randomized and nonrandomized participants and to deter-
mine how closely the trial protocol identified a population at 
risk of cardiotoxicity.

The following investigational medicinal product safety out-
comes were compared between treatment groups: hypotension 
(systolic blood pressure <90 mm Hg), bradycardia (heart rate 
<50 bpm), hyperkalemia (≥5.0 mmol/L), worsening renal func-
tion, acute kidney injury, fatigue, and new atrial fibrillation.

Sample Size
We planned to randomize at least 33% of participants using the 
previously defined cardiac troponin thresholds.17 We assumed 
that this threshold would select all participants developing clini-
cally important reductions in LVEF. Assuming an SD of 5% in 
LVEF,20 we required 23 participants per group to detect a 5% 
change in LVEF at 90% power and 2-sided P<0.05. This effect 
size was used in the PRADA study.20 Allowing for 1 in 6 par-
ticipants with missing data, the total randomized trial sample 
size was 56. Assuming that one-third of participants would be 
randomized into the trial, the total observational study cohort 
size was at least 168 participants.

To assess the effectiveness of cardiac troponin monitoring, 
we measured change in LVEF in the low-risk nonrandomized 
group, defining an absence of change in LVEF as being within 
±2% of the baseline measurement. At 90% power and 2-sided 
P<0.05 and assuming a similar SD of 5%, paired cardiac mag-
netic resonance imaging scans would be required in 68 non-
randomized participants.

Statistical Analysis
Analyses were performed with participants in their randomized 
groups, regardless of adherence, apart from adverse events; 
for adverse events, participants were analyzed by treatment 
received. Descriptive data are presented as number (per-
centage), mean±SD, or median (lower and upper quartiles). 
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Analyses tested for differences unless specified. Statistical 
tests for a difference were 2 sided with 5% significance level 
and 95% CIs. There was no adjustment for multiplicity. In each 
analysis, participants with missing outcome data were omit-
ted (complete case analysis). When analyses were adjusted, 
binary fixed effects for the minimization variables were added 
into the model: age ≥65 or <65 years, baseline LVEF ≥60% 
or <60%, and planned cumulative epirubicin equivalent dose 
300 or >300 mg/m2. All analyses were carried out with SAS 
version 9.4. A full statistical analysis plan was finalized before 
database lock.

The primary outcome of LVEF change from baseline to 
6 months after completion of chemotherapy was compared 
between the randomized intervention groups using linear 
regression, adjusted as specified previously, and presented 
using the between-intervention group difference in means. 
An unadjusted analysis was presented as a sensitivity analy-
sis. There were no preplanned subgroup analyses. The same 
method was used for other cardiac imaging measures for 
change in high-sensitivity cardiac troponin I from baseline to 2 
months after chemotherapy and as a post hoc analysis for heart 
rate and blood pressure.

To assess the specificity of high-sensitivity cardiac troponin 
I for cardiotoxicity on LVEF, within the nonrandomized group, 
6-month posttreatment LVEF and baseline LVEF were com-
pared. The aim was to demonstrate equivalence. We calculated 
the mean of the within-person changes in LVEF plus its 95% 
CI, which was compared with the equivalence limits of ±2%, 
using two 1-sided tests.

We presented the mean of the within-person changes 
between participants’ magnetic resonance imaging scans 
before and after anthracycline for the group randomized to 
standard care (high-risk) and for the nonrandomized group 
(low-risk). We calculated P values using linear regression, 
adjusted as specified previously. The same method was used 
for other cardiac magnetic resonance measures.

The area under the curve of all study high-sensitivity car-
diac troponin I measurements taken between baseline and the 
final cycle of chemotherapy was calculated for each participant 
using the trapezium rule. To be included, participants had to 
have a baseline value and ≥4 values in total. We presented 
summaries separately by number of chemotherapy cycles for 
the nonrandomized group and the randomized standard care 
group and compared these 2 groups using t tests.

We initially planned to perform formal survival analysis for 
death, cardiovascular disease, and heart failure and logistic 
regression analyses for hypotension, bradycardia, hyperkale-
mia, worsening renal function, acute kidney injury, new diagno-
sis of atrial fibrillation, and fatigue, but these analyses were not 
performed due to the low numbers of events.

RESULTS
Study Population
Between October 4, 2017, and June 30, 2021, 424 pa-
tients were approached across 7 centers in the United 
Kingdom (Figure 1). Of these, 191 patients (45.0%) con-
sented to participation, and 16 patients were excluded. 
From 175 patients included in the observational cohort, 

57 (32.6%) were randomized into the trial: 50 (87.7%) 
were randomized at anthracycline treatment cycle 2, 4 
(7.0%) at cycle 5, and 3 (5.3%) at cycle 6.

The study population was composed predominantly of 
women with breast cancer (Table 1). Patients with non-
Hodgkin lymphoma were proportionately more likely to 
be randomized than patients with breast cancer. Car-
diovascular risk factors and concomitant cardiovascular 
medications were uncommon across all groups. Mean 
anthracycline dose was higher in the randomized groups. 
Radiotherapy was more commonly prescribed in the non-
randomized group (71.2%) compared with the cardiopro-
tection (57.1%) and standard care (53.6%) groups.

Compliance With Treatment Allocation
Twenty patients (68.9%) were adherent to cardiopro-
tection treatment at 6 months, although one patient 
stopped candesartan within 2 months and continued 
with carvedilol alone. Two patients (6.9%) randomized 
to cardioprotection did not receive any medication be-
cause of intercurrent illness and COVID-19 infection. 
An additional 7 participants (24.1%) stopped both car-
dioprotection drugs within 2 months due tosymptoms 
of light-headedness and dizziness possibly related to 
low blood pressure. Blood pressure and heart rate 
were lower in the cardioprotection treatment group at 
6 months (Table 2). On post hoc analysis, there was a 
greater reduction in heart rate at 6 months in the car-
dioprotection group (estimated mean difference, –11 
bpm [95% CI, −18 to −4]; P=0.003). Blood pressure 
appeared to be lower in the cardioprotection group, 
but changes in systolic (−7 mm Hg [95% CI, −17 to 
2.0]; P=0.12) and diastolic (−6 mm Hg [95% CI, −13 
to 0.2]; P=0.06) pressures were not statistically sig-
nificant.

Primary and Key Secondary Outcomes
Patients randomized to cardioprotection or standard 
care had LVEFs of 69.4±7.4% and 69.1±6.1% at base-
line and 65.7±6.6% and 64.9±5.9% 6 months after 
completion of chemotherapy, respectively (Table 3). Af-
ter adjustment for age, pretreatment LVEF, and planned 
anthracycline dose, there was no change in the esti-
mated mean difference in 6-month LVEF between the 
 cardioprotection and standard care groups (−0.37 per-
centage points [95% CI, −3.59 to 2.85]; P=0.82; Ta-
ble 4; Figure 2).

In nonrandomized patients, the baseline and 
6-month LVEFs were 69.3±5.7% and 66.4±6.3%, 
respectively. The estimated nonadjusted mean differ-
ence was 2.87%, and its 95% CI was 1.63% to 4.10%. 
Hence, the main secondary objective of demonstrating 
no change in LVEF with equivalence of ±2% was not 
met (P=0.92).
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In post hoc sensitivity analyses, we assessed the 
per-protocol primary efficacy outcome between ran-
domized groups. There was no difference in outcome 
when only the 19 cardioprotection patients who were 
fully adherent to treatment allocation were included. The 
estimated mean difference in the change in 6-month 
LVEF between the cardioprotection and standard care 
groups was −0.7 percentage points (95% CI, −4.3 to 
2.9; P=0.70).

Secondary Outcomes
Cardiac troponin I concentrations increased progres-
sively in all groups during chemotherapy (Table S1). By 
design, cardiac troponin concentrations were higher in 
the randomized groups (Figure S1; Table S2). Adjusted 
estimated mean change (±standard error) in cardiac 

troponin concentration from baseline to 2 months after 
chemotherapy in the cardioprotection and standard care 
groups was 27.3±7.4 and 28.8±8.8 ng/L, respectively. 
The adjusted estimated mean difference was −1.55 
ng/L (95% CI, −17.56 to 14.45; P=0.85). A difference 
between the cardioprotection and standard care groups 
was observed for the secondary outcome of adjusted left 
ventricular end-diastolic volume indexed for body surface 
area (Table 4). However, there were no differences for 
global longitudinal and circumferential strain, left ven-
tricular mass, and left atrial area.

Exploratory comparisons were conducted between 
the high-risk standard care group and low-risk non-
randomized group. The nonadjusted mean changes in 
LVEF were similar in the low-risk nonrandomized par-
ticipants (−2.9±6.1%) and high-risk standard care 
group (−4.33±4.4%; mean difference, −1.46% [95% 

Table 2. Participant Hemodynamic Measures at Baseline and 2, 4, and 6 Months After Completion of Chemotherapy

Parameter 

Baseline At 2 mo At 4 mo At 6 mo

Cardioprotection 
Standard 
care Cardioprotection 

Standard 
care Cardioprotection 

Standard 
care Cardioprotection 

Standard 
care 

HR, bpm 77±12 82±13 80±12 84±14 72±11 79±10 74±9 85±13

SBP, mm Hg 131±17 132±18 120±22 132±17 121±14 131±18 119±17 128±15

DBP, mm Hg 80±12 80±11 68±11 81±9 75±9 80±9 73±11 79±9

Values are mean±SD.
DBP indicates diastolic blood pressure; HR, heart rate; and SBP, systolic blood pressure. 

Figure 1. Cardiac CARE Consolidated Standards of Reporting Trials diagram.
Cardiac CARE indicates High-Sensitivity Cardiac Troponin I–Guided Combination Angiotensin Receptor Blockade and Beta Blocker Therapy to 
Prevent Cardiac Toxicity in Cancer Patients Receiving Anthracycline Chemotherapy; FU, follow-up; MRI, magnetic resonance imaging; and PIL, 
patient information leaflet.
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CI, −3.96% to 1.03%]; P=0.25). The adjusted estimated 
mean difference in LVEF decline between these 2 groups 
was also similar. Adjusted estimated mean differences in 
all cardiac magnetic resonance measures of cardiotoxic-
ity between the high-risk standard care group and low-
risk nonrandomized groups were again similar (Table S3).

Clinical Outcomes
No cardiovascular deaths or incident episodes of atrial 
fibrillation were recorded during the trial (Table 5). One 
patient randomized to the standard care group de-
veloped heart failure and received treatment, includ-
ing candesartan. This patient’s LVEF recovered on the 
6-month cardiac magnetic resonance scan. No patients 
met the CTRCD criterion of a 10-percentage-point LVEF 
 decrease or a decrease to an absolute LVEF <50%. 
Similarly, the CTRCD criterion of a >15% fall in glob-
al longitudinal strain was uncommon across groups. 
Chronic myocardial injury, defined as an elevated cardiac 
 troponin concentration above the 99th centile upper ref-
erence limit 2 months after completion of chemotherapy, 
was common and similar in the nonrandomized (32.1%) 
and cardioprotection (35.7%) groups. The proportion 
with chronic myocardial injury was higher (60%) in the 
standard care treatment group. Recordings of high (>80 
ng/L) cardiac troponin concentrations were confined to 
the randomized groups.

Safety Outcomes
Adverse events were more commonly reported in the 
cardioprotection group, with 71.4% of patients having 
at least one adverse event compared with 10.3% stan-
dard-care patients and 12.7% nonrandomized patients 
(Table 6). During the trial, there were 25 reportable se-
rious adverse events, with 12 in the cardioprotection 
group compared with 2 in the standard care group. Most 

adverse events in the cardioprotection group were possi-
bly related to the investigational medicinal products, with 
dizziness and syncope listed in 17 of 20 possibly related 
adverse events and hypotension, palpitation, and ve-
nous thromboembolism listed for the remaining adverse 
events, with possible causal links to the investigational 
medicinal product. In contrast to adverse event report-
ing, there was no signal of harm related to investigational 
medicinal product prescription in safety reporting. There 
were no patients with protocol-defined hypotension or 
bradycardia at study visits after completion of chemo-
therapy. Hyperkalemia at any point after randomization 
occurred in 10.3% of nonrandomized patients and was 
more common in the cardioprotection (20.7%) and stan-
dard-care (17.9%) groups. Worsening renal function at 

Table 3. Participant Cardiac MRI Measures at Baseline and 6 Months After Anthracycline

Parameter 

Baseline
At 6 mo after final
anthracycline dose

Unadjusted estimated 
change from baseline to 
6 mo*

Unadjusted esti-
mated mean change 
difference (95% CI) 

Nonran-
domized
(n=118) 

Cardiopro-
tection
(n=29) 

Standard 
care
(n=28) 

Nonran-
domized
(n=97) 

Cardiopro-
tection
(n=27) 

Standard 
care
(n=27) 

Cardiopro-
tection
(n=27) 

Standard 
care
(n=27) 

Cardioprotection
vs standard care

LVEF, %  69.3±5.7 69.4±7.4 69.1±6.1 66.4±6.3 65.7±6.6 64.9±5.9 −4.2±1.1 −4.3±1.1 0.1 (−3.1 to 3.4)

GLS, % −17.1±1.9 −16.7±2.7 −16.1±2.6 −16.7±1.8 −16.2±2.3 −14.9±2.0 0.6±0.5 1.2±0.5 −0.6 (−1.9 to 0.7)

GCS, % −19.6±2.3 −18.9±3.4 −18.0±3.1 −19.1±2.2 −18.8±2.8 −17.7±2.4 0.0±0.6 0.3±0.6 −0.3 (−2.0 to 1.4)

LVM, g/m2 46.2±8.4 47.6±12.1 49.5±8.2 48.2±8.0 51.4±11.2 49.7±7.4 3.2±1.9 0.0±1.9 3.2 (−2.1 to 8.5)

LVEDV, mL/m2 62.5±11.1 63.4±15.4 63.9±9.9 63.6±10.9 69.4±13.9 64.1±11.5 5.6±1.8 0.2±1.8 5.4 (0.3 to 10.5)

LAA, cm2/m2 11.6±2.6 11.9±2.5 11.4±2.4 11.7±2.5 11.9±1.8 10.8±2.0 0.0±0.4 −0.5±0.4 0.5 (−0.8 to 1.7)

GCS indicates global circumferential strain; GLS, global longitudinal strain; LAA, left atrial area; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular 
ejection fraction; and LVM, left ventricular mass. 

Unadjusted estimated mean differences between randomized groups at 6 months are shown. Values are mean±SD. 
*Mean±standard error.

Table 4. Adjusted Change in Cardiac Magnetic Resonance 
Measures From Baseline to 6 Months After Final 
 Anthracycline Dose

Parameters 

Adjusted* estimated change 
from baseline to 6 mo

Estimated mean 
difference (CI) 

P 
value 

Cardiopro-
tection
n=27 

Standard 
care
n=27 

LVEF, %† −1.3 (1.6) −0.9 (1.9) −0.4 (−3.6 to 
2.8)

0.82

GLS, % 0.1 (0.7) 0.5 (0.8) −0.4 (−1.8 to 
1.0)

0.59

GCS, % −2.0 (0.8) −2.2 (1.0) 0.2 (−1.5 to 1.8) 0.84

LVM, g/m2 1.9 (2.8) −1.9 (3.3) 3.8 (−1.9 to 9.4) 0.18

LVEDV, mL/m2 3.4 (2.7) −2.6 (3.2) 6.0 (0.6 to 11.4) 0.03

LAA, cm2/m2 0.4 (0.7) 0.1 (0.8) 0.3 (−1.0 to 1.6) 0.65

GCS indicates global circumferential strain; GLS, global longitudinal strain; 
LAA, left atrial area; LVEDV, left ventricular end-diastolic volume; LVEF, left ven-
tricular ejection fraction; and LVM, left ventricular mass.

*Outcome adjusted for age at consent ≥65 or <65 years, LVEF at baseline 
≥60% or < 60%, and planned cumulative epirubicin equivalent dose 300 or 
>300 mg/m2.

†Primary outcome.
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any point beyond baseline occurred in 2.7%, 6.9%, and 
7.1% of the nonrandomized, cardioprotection, and stan-
dard-care groups, respectively. Fatigue was reported by 
12.1%, 3.4%, and 25.0% of the nonrandomized, cardio-
protection, and standard-care groups, respectively.

DISCUSSION
We found no strong evidence that early cardioprotec-
tion therapy with combined candesartan and carvedilol 
therapy prevented 6-month decline in LVEF in patients 

with breast cancer or non-Hodgkin lymphoma. This was 
despite enrichment by randomizing only patients with 
high cardiac troponin concentrations and clear evidence 
of pharmacological effect, with changes in heart rate and 
left ventricular end-diastolic volume in the cardioprotec-
tion group. Moreover, LVEF decline was similar in low-risk 
nonrandomized and high-risk randomized patient groups 
despite substantial differences in cardiac troponin con-
centrations during anthracycline treatment. Overall, our 
findings bring into question the benefit of guidelines that 
advocate treatment based on cardiac troponin monitor-
ing to identify patients at risk of anthracycline CTRCD 
and early intervention with cardioprotection therapy in 
patients with the highest levels of cardiac troponin.

Key strengths of this multicenter trial include cardiac 
magnetic resonance imaging with core laboratory quan-
tification and use of the same high-sensitivity cardiac 
troponin I assay across all sites to provide precise and 
standardized measures of myocardial injury. Recruitment 
and randomization goals were exceeded, and data com-
pleteness for the primary and main secondary outcomes 
was excellent despite the challenge of the COVID-19 
pandemic that interrupted trial recruitment for 6 months.

The decline in LVEF at 6 months was smaller than in 
previous studies using echocardiographic monitoring21,22 
but comparable to that in recent multicenter studies 
enrolling similar patient populations using cardiac mag-
netic resonance.8,9 We observed small deteriorations in 
both global and longitudinal strain across all groups. There 
was no difference in these early markers of  ventricular 

Table 5. Participant Clinical Outcomes and Measures of 
Chemotherapy-Related Cardiac Dysfunction

Outcome 

Nonrandom-
ized
(n=118) 

Cardiopro-
tection
(n=29) 

Standard 
care
(n=28) 

Cardiovascular death 0 0 0

Any new heart failure 0 0 1/28 (3.6)

Any new atrial fibrillation 0 0 0

Any ≥10 % point fall and 
absolute LVEF fall <50%

0 0 0

Any fall in LVEF <50% 0 0 0

GLS fall >15% 6/93 (6.5) 4/27 (14.8) 1/27 (3.7)

Chronic myocardial injury 34/106 (32.1) 10/28 (35.7) 15/25 (60)

Any hs-cTnI concentration 
>80 ng/L

0 3/29 (10.3) 5/28 (17.9)

Values are number/nonmissing observations (percent).
GLS indicates global longitudinal strain; hs-cTnI, high sensitivity cardiac tropo-

nin I; and LVEF, left ventricular ejection fraction.

Figure 2. Central illustration.
Primary outcome: change in left ventricular ejection fraction (LVEF).
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dysfunction between randomized groups, and the car-
diotoxicity threshold of >15% relative fall in strain was 
uncommon at 6 months. The increase in left ventricular 
end-diastolic volume in the cardioprotection group was 
likely related to the impact of beta-blockers slowing heart 
rate with consequent increased filling and stroke volume.

Candesartan and carvedilol therapy did not reduce 
cardiac troponin concentration change from baseline 
to 2 months after chemotherapy. We identified this as 
a time point to examine for a treatment effect when 
cardiac troponin concentrations might be expected to 
remain elevated after completion of chemotherapy and 
when patients randomized to cardioprotection would 
have received therapy for at least 2 months. Participants 
with the highest concentrations of cardiac troponin (any 
measurement >80 ng/L) were confined to randomized 
groups, and chronic myocardial injury, defined as a per-
sistent elevation in cardiac troponin above the 99th cen-
tile upper reference limit, 2 months after chemotherapy 
was common across all 3 groups. We believe this is the 
first time that this persistent signal of myocardial injury, 
present in 60% of those randomized to the standard-
care group, has been demonstrated in a large population 
of patients with anthracycline cardiotoxicity.

Combined therapy with candesartan and carvedilol 
initiated during chemotherapy was associated with 
adverse effects, and 31% of patients stopped or did not 
start cardioprotection therapy within 2 months of ran-
domization. Symptoms possibly related to cardioprotec-
tion medication, such as dizziness, were frequently listed 
in adverse event reporting as the reason for early cessa-
tion. In contrast, the rate of nonadherence was lower in 
the PRADA study, with 7% of patients assigned to the 
combined metoprolol and candesartan therapy arm dis-
continuing medication.8 This may reflect use of a placebo 
control in this study. As in PRADA, we found no evidence 
for a signal of excess harm related to cardioprotection 
therapy in the protocol-specified investigational medici-

nal product safety outcomes. Fatigue was more common 
in those randomized to standard care. This result was 
unexpected, given that fatigue is a side effect commonly 
attributed to beta-blocker use.

Limitations
Several patients discontinued cardioprotection medi-
cation within 2 months of randomization, and this may 
have had some influence on treatment effect. The trial 
was powered to detect a 5-percentage-point difference 
in LVEF between randomized groups, and there was no 
evidence of greater or less LVEF decline with cardiopro-
tection. However, we cannot exclude a small treatment 
effect, although the upper boundary of the 95% CI for 
the primary end point was 2.85%. Finally, by design, there 
was a predominance of women, making up 79% of ran-
domized patients. This may limit the applicability of the 
results to men.

Conclusions
Six months after completion of anthracycline chemother-
apy, combined candesartan and carvedilol did not pre-
vent a small decline in LVEF or impact other secondary 
CTRCD measures. Our results are in accordance with 
recent trials investigating neurohormonal blockade in 
anthracycline-treated patients.14,15

The trial protocol successfully identified participants 
who developed high on-treatment cardiac troponin con-
centrations for randomization, but despite being consid-
ered high risk, the degree of CTRCD in the randomized 
group was mild and not demonstrably different from that 
of low-risk nonrandomized participants. Cardiac tropo-
nin I appears to be an excellent marker of anthracycline 
myocardial injury and has been advocated in the 2022 
European Society of Cardiology cardio-oncology clinical 
guidelines to detect anthracycline CTRCD and to guide 
cardioprotection therapy.5 The Cardiac CARE results 
underline the importance of testing surrogate markers of 
CTRCD in the randomized controlled trial setting before 
adopting them into clinical practice.

Cardioprotection therapy was poorly tolerated by 
some participants, leading to drug-related side effects 
and discontinuations. The small decline in LVEF observed 
in Cardiac CARE will not have immediate clinical implica-
tions for individual patients. Applied across a population, 
this LVEF decline may confer a general increased risk of 
future cardiac dysfunction and heart failure. Our findings 
show that the benefit of targeted combined cardiopro-
tection therapy with candesartan and carvedilol is uncer-
tain, and the treatment was not well tolerated. Future 
research should be directed at understanding factors 
determining evolution of late cardiac dysfunction in this 
patient population with more prolonged monitoring, long-
term imaging, and clinical follow-up.

Table 6. Patient Adverse Event Reporting

Parameter 

Nonran-
domized
(n=118),  
n (%) 

Received intervention, n (%)

Cardioprotec-
tion
(n=28) 

Standard 
care 
(n=29) 

Patients with any adverse 
event

15 (12.7) 20 (71.4) 3 (10.3)

Number of adverse events 18 32 3

Dizziness and syncope* 2/18 (11.1) 20/32 (62.5) 1/3 (33.3)

Dyspnea* 2/18 (11.1) 0 0

Other* 14/18 (77.8) 12/32 (37.5) 2/3 (66.7)

Serious adverse events* 11/18 (61.1) 12/32 (37.5) 2/3 (66.7)

Adverse event possibly re-
lated to the investigational 
medicinal product*

1/18 (5.6) 20/32 (62.5) 0

*Number/number of events (percentage).
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