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Background and
aims

Anthracyclines can cause cancer therapy-related cardiac dysfunction (CTRCD). We aimed to assess whether statins
prevent decline in left ventricular ejection fraction (LVEF) in anthracycline-treated patients at increased risk for CTRCD.
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Methods In this multicenter double-blinded, placebo-controlled trial, patients with cancer at increased risk of anthracycline-related
CTRCD (per ASCO guidelines) were randomly assigned to atorvastatin 40 mg or placebo once-daily. Cardiovascular
magnetic resonance (CMR) imaging was performed before and within 4 weeks after anthracyclines. Blood biomarkers
were measured at every cycle. The primary outcome was post-anthracycline LVEF, adjusted for baseline. CTRCD was
defined as a fall in LVEF by >10% to <53%. Secondary endpoints included left ventricular (LV) volumes, CTRCD, CMR
tissue characterization, high sensitivity troponin I (hsTnI), and B-type natriuretic peptide (BNP).
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Results We randomized 112 patients (56.9 ± 13.6 years, 87 female, and 73 with breast cancer): 54 to atorvastatin and 58 to
placebo. Post-anthracycline CMR was performed 22 (13–27) days from last anthracycline dose. Post-anthracycline LVEF
did not differ between the atorvastatin and placebo groups (57.3 ± 5.8% and 55.9 ± 7.4%, respectively) when adjusted
for baseline LVEF (P = 0.34). There were no significant between-group differences in post-anthracycline LV end-diastolic
(P = 0.20) or end-systolic volume (P = 0.12), CMR myocardial edema and/or fibrosis (P = 0.06–0.47), or peak hsTnI
(P ≥ 0.99) and BNP (P = 0.23). CTRCD incidence was similar (4% versus 4%, P ≥ 0.99). There was no difference in
adverse events.
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Conclusions In patients at increased risk of CTRCD, primary prevention with atorvastatin during anthracycline therapy did not
ameliorate early LVEF decline, LV remodeling, CTRCD, change in serum cardiac biomarkers, or CMR myocardial tissue
changes.
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Graphical Abstract

Summary of study enrollment, assessments, and outcomes. Randomized patients had cardiovascular magnetic resonance
imaging (CMR) pre- and 72 (63–122) days post-anthracycline initiation / 22 (13–27) days post last dose of anthracycline.
The stethoscopes and blood tubes reflect repeated clinical and biomarker assessment after every anthracycline cycle.
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Introduction
Anthracycline chemotherapy has reduced mortality from many solid
and hematological malignancies. However, anthracyclines are asso-
ciated with an incidence of stage B or C heart failure of up to
21%.1,2 Contemporary practice is to initiate cardiac treatment af-
ter cancer therapy-related cardiac dysfunction (CTRCD) occurs.
With this approach, many patients do not fully recover their car-
diac function and go on to experience major adverse cardiac
events.3,4 Hopes of detecting this problem at the preclinical stage, and
intervening to prevent progression, have not yet shown definitive
benefit.5 Given that anthracycline-induced cardiac injury is ubiquitous
in high-risk patients, primary prevention approaches may be more
effective in reducing their heart failure risk.6 However, the disad-
vantage of a primary prevention strategy is that many patients are
treated unnecessarily, and this may be particularly difficult to reconcile
with the possible development of side effects from cardioprotective
medications. Several therapies have been considered for the pri-
mary prevention of CTRCD; however, their effectiveness has been
limited.7–9

Statins are cardioprotective in other settings, and remarkably well
tolerated. However, evidence regarding their use in cardioprotection
at the time of chemotherapy is limited. Retrospective observational
studies,10,11 small randomized controlled trials (RCT),12,13 and animal
studies14 have suggested benefit. On this basis, the recently published
European Society of Cardiology Cardio-oncology guidelines suggest
that statins should be considered for primary prevention in patients
at increased risk for cardiotoxicity from anthracycline therapy (Grade
IIa, Level of Evidence B).15 However, the recent PREVENT trial16 of
279 patients (age 49± 12 years, 92% women) showed a similar, minor
reduction of LVEF values with chemotherapy in the atorvastatin and
placebo groups, despite > 90% adherence to therapy. Nonetheless,
this trial had a number of limitations—including over one third with
missing primary outcome data, the inclusion of lower-risk patients,
and the lack of adjunctive blood and tissue biomarkers. Accordingly,
to try to elucidate this inconsistency, we present here an RCT of
atorvastatin vs. placebo in patients receiving anthracyclines for the
treatment of solid or hematological malignancies who met American
Society of Clinical Oncology (ASCO) criteria for being at increased
risk for CTRCD.

Methods
Trial design
The Statins for the primary prevention of heart failure in patients with
cancer receiving anthracycline-based chemotherapy (SPARE-HF) trial was
a randomized, double blinded, placebo-controlled, parallel design, and su-
periority study with blinded ascertainment of outcomes (clinicaltrials.gov:
NCT03186404). The study was approved provincially by Clinical Trials
Ontario and at each participating institution (University Health Network,
Mount Sinai Hospital, St. Michael’s Hospital, Sunnybrook Health Sciences
Centre). All participants provided written informed consent.

Participants
We included patients with breast cancer, lymphoma, leukemia, sarcoma,
or thymoma treated with anthracyclines with curative intent, living in a
geographic area conducive to repeated follow-up and meeting one of
the following criteria for being at increased risk of CTRCD based on a
modification of the ASCO clinical practice guidelines17:

Criteria (1) patients ≥ 60 years of age with at least one of (i)
LVEF < 55% measured by echocardiography or multigated acquisition
scans, or moderate left-sided valvular disease; (ii) planned cumulative
doxorubicin-equivalent dose of ≥ 200 mg/m2; (iii) prior anthracycline
therapy or chest/mediastinal radiation therapy; or (iv) any one of hyper-
tension, smoking, obesity (BMI≥ 30 kg/m2), history of cardiomyopathy,
or heart failure with recovered LVEF ≥ 50%.
Criteria (2) age < 60 years of age and (i) at least 2 of the risk factors
i–iv listed for Criteria 1or (ii) type 2 diabetes with age < 40 years, or
(iii) type 1 diabetes with duration < 15 years.
Criteria (3) high cumulative anthracycline dose defined
at ≥ 250 mg/m2 doxorubicin, ≥600 mg/m2 of epirubicin or other
isoequivalent doses.

Exclusion criteria were: participating in another clinical research study
that precluded participation in SPARE-HF; previous history of statin intol-
erance; already on a statin or known statin-indicated condition; Creatine
kinase (CK) levels > 3x upper limit of normal or ALT > 2x upper limit
of normal, or creatinine level > 177 μmol/L (>2 mg/dL) at baseline; on a
drug that is a strong inhibitor of cytochrome P450 3A4 or may require
treatment with such a drug during cancer therapy, severe regurgitant
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or stenotic valvular heart disease, life expectancy < 12 months, general
contraindications to cardiovascular magnetic resonance (CMR), or known
history of uncontrolled hypothyroidism.

Intervention
Participants were randomized to receive oral atorvastatin 40 mg once-
daily or a matched placebo ≤ 10 days before the start of anthracycline.
Measurements of CK, liver enzymes (AST, ALT), and CRP were performed
every 2–3 weeks within 48 hours of each dose of anthracycline. Study drug
was stopped if a > five-fold increase in CK or > 10 times upper limit of
normal liver enzymes occurred. Study medication was continued through
the duration of anthracycline therapy until the day of end-of study CMR
(within 4 weeks of anthracycline completion).

Outcomes
The primary outcome was CMR-measured LVEF at end of anthracycline-
based treatment. Pre-defined secondary outcomes included: (1) left
ventricular end-diastolic (LVEDV) and systolic volumes (LVESV); (2) the
incidence of CTRCD defined as a > 10% absolute reduction in LVEF
compared to pre-anthracycline to an LVEF < 53% (in patients with pre-
anthracycline LVEF < 53% a further > 10% reduction was required);
(3) CMR-measured global longitudinal strain (GLS), global circumferential
strain (GCS), T1, T2, and extracellular volume fraction (ECV) measure-
ments; (4) peak high sensitivity troponin I and B-type natriuretic peptide
(BNP) levels during treatment; and (5) interruption of study drug due to
side effects.

Evaluations
Clinical
A focused clinical assessment was performed after each anthra-
cycline cycle for cardiac symptoms and study drug side-effects. A
quality-of-life (QOL) questionnaire (EQ5D-3 L) was administered
pre-anthracycline, post-cycle 3, and post-anthracycline. Safety of treat-
ment with statins was evaluated based on elevations in ALT, AST
or CK, and rhabdomyolysis (clinical suspicion with acute myalgia,
CK > 5x upper limit of normal, dark urine, myoglobin in the urine).

Cardiovascular magnetic resonance
All participants had a comprehensive CMR performed on a 3T
imager (Biograph mMR; Siemens Healthineers, Erlangen, Germany)
pre-anthracycline and within 4 weeks after the last dose of anthracy-
cline. CMR sequences included balanced steady-state free precession
images for assessment of function, T2 mapping for assessment of
edema, T1 mapping for assessment of edema and fibrosis, late gadolin-
ium enhancement (LGE) for assessment of replacement fibrosis. ECV
was calculated using pre- and post-contrast T1 maps as a measure
of interstitial space.18 Myocardial peak systolic global longitudinal and
circumferential strain (GLS and GCS) were measured using feature
tracking techniques. After de-identification of all CMR images, analysis
was performed in a central laboratory using CMR using CVI42(V5.13,
Circle CVI, Calgary, Canada). Details of CMR sequences, acquisition
and analysis are provided in the Supplemental Methods and Supple-
mentary material online, Table S1.

Serum biomarkers
High-sensitivity troponin I, BNP, high-sensitivity CRP, AST, ALT, and
CK were measured pre-anthracycline, within 48 hours of each subse-
quent cycle, and at the final visit. Details in Supplemental Methods.

Study design and data management
Sample size was based on the following assumptions: baseline LVEF
60% (SD of 7%), to detect a clinically relevant absolute difference in

LVEF of 5% by CMR between the placebo and statin groups using a
general linear model (GLM). Assuming α = 0.05, 50 patients per arm
resulted in power of > 90%. Assuming a 10% drop out we aimed
to recruit 112 patients. A 5% difference in CMR–LVEF was chosen
because this is a clinically relevant difference, it is just beyond the
reproducibility of CMR measurements,19 we focused on a high-risk
population, and a small RCT at the time of designing our study had
shown a 9.2% difference in LVEF between the statin and placebo
groups at follow-up.12 Randomization was stratified by hematological
vs. solid malignancies and age≥ 60 or< 60, using random permutated
block sizes of 2 and 4. An independent data and safety monitoring
committee met when 35% and 70% of the patients were recruited
to determine the need for early termination of the study due to
safety concerns. Study drug adherence was based on pill count at the
post-anthracycline CMR visit (additional methods in the Supplement).

Statistical analysis
Analyses utilized an intention-to-treat approach. Baseline clinical char-
acteristics were described using summary statistics. The primary
analysis used GLMs to assess and compare the post-anthracycline
LVEF between the two groups, adjusting for its pre-anthracycline
value and stratification measures. The corresponding 95% confidence
interval (CI) and p values were calculated based on t-statistic. Ven-
tricular volumes, mass, and CMR tissue biomarker were also assessed
using the same method. CTRCD was compared, and between-group
difference was evaluated using the Cochran–Mantel–Haenszel (CMH)
test.
Sensitivity, subgroup, and post-hoc analyses were performed to

assess stratum-specific effects of statins, to demonstrate the effect
of statin on the post-anthracycline LVEF in various clinically relevant
subgroups, and to characterize serum biomarkers over the course
of anthracycline treatment. For the serum biomarkers, we described
group-specific time profiles of the biomarkers, their peak values, and
time to peak in each group. See Supplemental Methods for details.
Statistical analysis for the primary outcome assumed a significance
level of 5%. All analyses were performed using R Statistical Software
v4.0.3.20

Results
Patients
Of 568 participants screened from May 2018 to September 2021,
146 met provisional eligibility and 119 agreed to be randomized (60
in placebo and 59 in statin group) (Figure 1). Seven patients (6%) lost
eligibility after initial randomization but before chemotherapy/study
drug exposure resulting in 112 patients enrolled in the study. Reasons
for loss of eligibility included: (1) inability to tolerate baseline CMR
(2 patients), (2) anthracycline therapy no longer planned (3 patients),
(3) patient declined chemotherapy (1 patient), or (4) new elevation
of LFTs prior to initiation of cancer therapy or study drug (1 patient).
The number of patients meeting increased risk CTRCD criteria 1– 3
were 56 (50.0%), 46 (41.0%), and 34 (30.0%), respectively (24 patients
met more than one criterion). Amongst enrolled patients, four did not
complete post-anthracycline CMR (3.6% dropout) as one died (statin
group) and three (placebo group) allowed vital status but not CMR
follow-up.
Patient characteristics are shown in Table 1. Median (interquartile

range (IQR)) duration between baseline and follow-up imaging was 72
(63–122) days (75 [63–126] in the statin and 71 [63–115] days in the
placebo arms). Median (IQR) duration from final anthracycline dose to
CMR was 22 (13–27) days (23 [13–27] in the statin and 22 (13–27)]
days in the placebo arms). Mean cumulative doxorubicin-equivalent
dose was 247.7 ± 52.3 mg/m2, (245.2 ± 55.9 mg/m2 in the statin
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Figure 1 Consort diagram.

group, 250.0 ± 48.9 mg/m2 in the placebo group). The median (IQR)
cumulative doxorubicin-equivalent dose was 243.0 mg/m2 (236.8–
256.2 mg/m2) ([242.0 mg/m2 (236.0–254.0 mg/m2] in the statin group
and [243.0 mg/m2 (238.9–259.0 mg/m2] in the placebo group). None
of the patients with breast cancer received trastuzumab prior to
follow-up CMR. The median (IQR) drug adherence for the statin and
placebo groups were 96% (87–99%) and 97% (91–100%), respectively.
There was a reduction in total cholesterol and low-density lipoprotein
(LDL) levels, at the post-anthracycline visit in statin-treated patients
with minimal change in the placebo group (Table 2).

Outcomes
There was a decrease in LVEF and an increase in LVESV observed
in both groups post-anthracycline compared to pre-anthracycline
(Table 2). The post-anthracycline LVEF was 57.3 ± 5.8% in the
statin group and 55.9 ± 7.4% in the placebo group (Figure 2).
The between-group difference was 0.79% (95% CI: –0.84, 2.42%,
P = 0.34) adjusted for pre-anthracycline LVEF. There were no signif-

icant between-group differences in left ventricular volumes or mass
(P = 0.12–0.39) (Supplementary material online Fig. S1, Table 2).
None of our patients developed heart failure symptoms or received
heart failure therapy during anthracycline treatment. CTRCD de-
veloped in two patients (4%) in each group (P ≥ 0.99) on the
follow-up CMR. Both GLS and GCS worsened post-anthracycline
vs. pre-anthracycline in both groups (Table 2), but no signifi-
cant between-group differences was seen (P = 0.79 and 0.64,
respectively) (Figure 2).
HsTnI but not BNP levels were higher post- vs. pre-anthracycline;

however, there were no significant differences between groups
(Table 2). The trajectories of hsTnI, BNP, and CRP measurements as
measured after each anthracycline cycle are illustrated in Figure 3.
There were no significant differences in the peak BNP (39 pg/mL
[IQR: 27–81 pg/ mL] vs. 69 pg/ mL [IQR: 41–86 pg/ mL], P = 0.23),
hsTnI (19 ng/L [7–29 ng/L] vs. 14 ng/L [8–34 ng/L], P ≥ 0.99) or CRP
(13.0 mg/L [4.1–24.0 mg/L] vs. 11.0 mg/L [5.0–20.0 mg/L], P= 0.12) or
post-anthracycline measures (Table 2) between the statin and placebo
groups, respectively.
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Table 1 Comparison of baseline clinical,
oncological, CMR, and blood biomarker
characteristics of the patients in the statin and
placebo groups

Statin
N = 54

Placebo
N = 58

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years 55.2 (13.7) 58.6 (13.4)
≥60 years, n(%) 25 (46%) 31 (53%)
Female sex n (%) 39 (72%) 48 (83%)
Race, n (%)*

White 36 (67%) 46 (79%)
Black 2 (4%) 2 (3%)
Non black Hispanic 2 (4%) 0 (0%)
Asian 13 (24%) 9 (16%)
Other 1 (2%) 1 (2%)

Systolic blood pressure, mmHg 132 (20) 126 (16)
Diastolic blood pressure, mmHg 80 (11) 79 (9)
Heart rate, bpm 78 (15) 76 (11)
Diabetes, n (%) 3 (6%) 4 (7%)
Hypertension, n (%) 11 (20%) 18 (31%)
Dyslipidemia, n (%) 2 (4%) 3 (5%)
Smoking, n (%) 25 (46%) 26 (45%)
Baseline medications, n (%)

ACE inhibitor 3 (6%) 6 (10%)
Angiotensin receptor blocker 3 (6%) 4 (7%)
Betablocker 3 (6%) 2 (3%)
MRA 1 (2%) 1 (2%)
Any cardiac medication 7 (13%) 7 (12%)

Breast Cancer, n (%) 35 (65%) 38 (66%)
Breast Cancer stage, n (%)

1 5 (14%) 4 (11%)
2 23 (66%) 23 (61%)
3 7 (20%) 11 (29%)

Breast cancer side, n (%)
Left 18 (51%) 17 (45%)
Right 15 (43%) 20 (53%)
Bilateral 2 (6%) 1 (3%)

Lymphoma, n (%) 12 (23%) 12 (21%)
Leukemia, n (%) 1 (2%) 2 (3%)
Sarcoma, n (%) 3 (6%) 4 (7%)
Thymoma, n (%) 3 (6%) 2 (3%)
High CTRCD risk criteria*

Criterion #1 20 (37%) 25 (43%)
Criterion #2 17 (31%) 16 (28%)
Criterion #3 17 (31%) 17 (29%)

*Note these are mutually exclusive and represent the primary criteria used in
recruitment (some patients may meet more than one high CTRCD risk criteria).
All continuous data are presented as mean (SD), or median (IQR), all categorical
data are presented as N (%), which represents the number of patients
(percentage). ACE, angiotensin converting enzyme inhibitors; ARB, angiotensin
receptor blocker; MRA, mineralocorticoid receptor antagonist.

CMR-measured tissue biomarkers of edema with or without fi-
brosis post-anthracycline were increased in both groups (Table 2,
Supplementary material online Fig. S3). When adjusted for pre-
anthracycline values, age group and cancer type, final CMR tissue
biomarker values were not significantly different between the groups

(P = 0.06–0.47). A total of 12 patients (6 in each group) had
myocardial replacement fibrosis measured with LGE on the pre-
anthracycline CMR that was minimal, constituting 1.8% (0.8–3.4%)
and 3.0% (1.4–4.5%) of the LV myocardial mass in the statin and
placebo groups, respectively pre-anthracycline, and 1.6% (1.1–1.9%)
and 2.4% (1.4–5.4%), respectively post-anthracycline. None of the
patients developed new LGE.
EQ index score and EQVAS were similar pre- and post-

anthracycline in both groups (Table 2), with no between-group
differences (P = 0.44 and 0.12, respectively).

Adverse effects
Two patients in the statin group discontinued study drug. One patient
discontinued study drug after 4 days due to muscle pain/cramping
affecting sleep (no increase in CK or liver enzymes). A second patient
stopped study drug after 2 days due to difficulty swallowing. None of
the other patients discontinued study drug due to adverse effects.
There were no significant differences in the trajectory of AST, ALT,

and CK between the study groups (Supplementary material online Fig-
ures 4 and 5). Eight patients had dose reduction of their anthracycline
by their treating physician due to the following reasons: hospitalization
for diverticulitis (n = 1), side effects or significant infection (n = 3),
and good response to treatment after only four cycles (instead of
six cycles) in four patients with lymphoma. Three of these patients
were in the statin group and five in the placebo group. There were
11 reportable serious adverse events (SAEs, Grades 3–5) with 5 in
the statin and 6 in the placebo group (Supplementary material online
Table S2). There were no definitive, probable, or possible reportable
SAEs associated with trial drug.

Post hoc analyses
The primary outcome (LVEF) was examined in clinically relevant
subgroups (Figure 4) and findings in the subgroups were consistent
with the primary analysis. A > 5% absolute LVEF reduction was
seen in 34 (31%) patients (19 [35%] and 15 [28%] in the placebo
and statin groups respectively); >10% absolute LVEF reduction was
seen in 7 (6%) patients (4 [7%] and 3 [6%]) in the placebo and statin
groups, respectively). Amongst patients with a baseline LVEF ≥ 50%,
(n= 8;(8%; 3 [6%] in statin and 5 [10%] in placebo group) had declines
in LVEF to absolute values below 50%. The number of patients with an
abnormal hsTnI (>26 ng/L in men, >16 ng/L in women) in the statin
and placebo groups during anthracycline therapy was 25 (47%) and 20
(36%) respectively, P= 0.33. The number of patients with an abnormal
BNP (>100 pg/mL) was 10 (19%) and 10 (18%), respectively, P≥ 0.99.
The time to peak hsTnI and BNP are shown in Supplementary material
online Fig. S6 and were not significantly different between the groups.

Discussion
In this randomized, double-blinded, placebo-controlled trial that stud-
ied the use of atorvastatin to prevent anthracycline-related decline in
LVEF in at-risk patients, change between pre- and post-anthracycline
LVEF or ventricular remodeling did not differ significantly between the
statin and placebo groups when adjusted for pre-anthracycline values.
Importantly, this RCT focused on patients at increased CTRCD risk as
per current guidelines,17 and in contrast to most of the previous statin
intervention studies, used CMR as the reference standard method
for the measurement of ventricular volumes and LVEF rather than
echocardiography.12,13 In our post hoc analysis, we did not identify
benefit of statins in any specific patient subgroups. We observed no
significant difference in the increase in hsTnI, BNP, or CMR tissue
biomarkers between the groups during treatment suggesting that
statins do not prevent myocardial injury edema and/or fibrosis.
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Table 2 CMR measures, blood biomarkers, and quality-of-life measures pre- and post-anthracycline summarized
as mean and standard deviation (SD) and GLM-estimated treatment effects and their corresponding 95% CIs.
Treatment effects with a positive value indicate higher measurement in the statin group and negative values
indicate lower measurement in the statin group

Statin (n = 53) Placebo (n = 55) Between Groups
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pre-
anthracycline

Post-
anthracycline

Pre-
anthracycline

Post-
anthracycline

Treatment effect
(95% CI) P value**

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CMR Measures
LVEF, % 60.2 (5.4) 57.3 (5.8)* 59.2 (6.6) 55.9 (7.4)* 0.79 (−0.84, 2.42) 0.34
LVEDV, mL 125.4 (25.9) 124.9 (25.3) 130.2 (29.8) 132.1 (27.7) −3.70 (−9.40, 2.01) 0.20
LVEDV, mL /m2 69.8 (13.1) 70.1 (13.4) 71.9 (12.8) 73.9 (13.8) −1.84 (−5.15, 1.47) 0.27
LVESV, mL 50.4 (13.7) 53.8 (14.5) 53.6 (16.9) 58.8 (17.7)* −2.55 (−5.79, 0.70) 0.12
LVESV, mL /m2 28.0 (7.3) 30.2 (7.9) 29.6 (8.6) 32.8 (9.8)* −1.17 (−3.12, 0.77) 0.23
LV mass, g 75.5 (17.3) 75.5 (16.0) 74.9 (18.0) 75.7 (18.0) −0.98 (−3.24, 1.28) 0.39
LV mass, g/m2 41.7 (7.3) 42.0 (7.3) 41.1 (6.8) 42.0 (7.1) −0.28 (−1.51, 0.94) 0.65
GLS, % 17.5 (2.1) 16.5 (2.1)* 17.3 (2.1) 16.6 (2.6) −0.09 (−0.78, 0.60) 0.79
GCS, % 19.6 (2.5) 18.4 (2.5) 19.2 (2.6) 18.1 (3.0)* 0.20 (−0.62, 1.01) 0.64
T1, ms 1229 (40) 1268 (42)* 1247 (40) 1280 (36)* −5.70 (−21.32, 9.92) 0.47
T2, ms 39.9 (3.0) 40.5 (2.4) 40.0 (2.4) 41.1 (2.3) −0.52 (−1.36, 0.32) 0.22
ECV, % 24.7 (3.0) 27.7 (2.6)* 25.5 (2.2) 29.0 (2.4)* −0.76 (−1.56, 0.04) 0.06
iECV 9.8 (2.0) 11.1 (2.3) * 10.0 (2.0) 11.6 (2.1)* −0.29 (−0.79, 0.21) 0.25
iICV 30.1 (5.6) 29.0 (5.3) 29.2 (4.9) 28.5 (5.1) −0.14 (−1.12, 0.84) 0.78

Blood Biomarkers
CK, U/L 73 (39) 63 (45) 80 (44) 54 (48)* 10.62 (−4.87, 26.104) 0.18
Glucose, mmol/L 5.3 (1.2) 6.2 (1.6) 5.6 (1.8) 5.7 (1.2) 0.59 (0.05, 1.12) 0.03
HbA1c, % 5.5 (0.7) 5.9 (1.1)* 5.4 (0.6) 5.8 (0.9)* 0.03 (−0.22, 0.28) 0.80
AST, U/L 21 (8) 29 (24) 21 (7) 24 (14) 5.02 (−2.52, 12.57) 0.19
ALT, U/L 21 (12) 35 (34) 21 (14) 29 (25)* 5.50 (−6.16, 17.16) 0.35
TC, mmol/L 5.00 (1.22) 3.60 (0.96)* 5.13 (1.06) 4.90 (0.98) −1.29 (−1.61, −0.97) <0.001
LDL, mmol/L 2.89 (0.89) 1.73 (0.69)* 2.97 (0.95) 2.91 (0.87) −1.14 (−1.40, −0.88) <0.001
HDL, mmol/L 1.37 (0.45) 1.02 (0.33)* 1.42 (0.42) 1.07 (0.35)* −0.06 (−0.17, 0.06) 0.32
TG, mmol/L 1.61 (0.85) 1.89 (1.09) 1.49 (1.19) 1.95 (0.84) −0.12 (−0.47, 0.24) 0.51
hsCRP 2.0 (1.0–7.0) 5.0 (2.0–19.0) 3 (1.0–8.0) 7.0 (2.0–14.0) 2.69 (−4.25, 9.62) 0.44
Troponin, ng/L 2.0 (2.0—2.0) 13 (7–29)* 2.0 (2.0—2.0) 14 (8 −34)* −0.23 (−10.88, 10.42) 0.97
BNP pg/ mL 16.8

(9.9—39.0)
39.0 (26.9—

81.3)
26.0 (12.1—

49.0)
36.2 (16.4—

64.8)
−12.25 (−33.11, 8.61) 0.25

Quality of Life Measures
EQ-VAS 70 (19) 69 (17) 71 (22) 74 (16) −4.80 (−10.96, 1.34) 0.12
EQ Index 0.85 (0.16) 0.84 (0.13) 0.85 (0.19) 0.86 (0.17) −0.02 (−0.07, 0.03) 0.44

** After Bonferroni correction, significance threshold is P < 0.001; *Denotes P < 0.001 for significance after Bonferroni Correction for inter-group comparison (i.e. pre- vs.
post-anthracyclines). CMR, cardiovascular magnetic resonance; LVEF; left ventricular ejection fraction; LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular
end-systolic volume; ECV, extracellular volume fraction. HbA1c, hemoglobin A1C; TC, total cholesterol; LDL, low density lipoprotein; HDL, high density lipoprotein; TG,
triglycerides; hsCRP, high sensitivity c-reactive protein. Smoking, current, or former smoking. iECV, indexed extracellular volume; iICV, indexed intracellular volume; BNP, B-type
natriuretic peptide; EQVAS, EuroQol visual analog scale. The EQ Index scores were calculated using a formula that weighs each quality-of-life dimension and is interpreted using
normative EQ-5D-3 L index score data for Canadians.

Avoidance of CTRCD in anthracycline-treated patients21,22 by sec-
ondary prevention in patients with LV dysfunction is problematic.
However, an alternative, primary prevention strategy mandates the
availability of an agent that is both effective and well tolerated. Interest
in the use of statins for primary prevention of CTRCD was supported
by cohort studies, which suggested that statin use reduced heart fail-
ure risk.23 Although observational studies may be misleading because
of the potential for bias and unmeasured confounding, their results
were supported by studies with propensity-matching—most recently,
a large population-based study (n= 666) of older women (≥66 years)
with early-stage breast cancer, in which statin use was associated
with reduced HF hospital presentations.11 These results seem to be

supported by some clinical trials (Table 3). Avoidance of the decline of
LVEF with doxorubicin was shown in a small non blinded randomized
trial of atorvastatin 40 mg/day vs. placebo in patients receiving on
average > 250 mg/m2 of doxorubicin-equivalent dose,12 as well as
a more recent placebo-controlled RCT of 89 women with breast
cancer treated with rosuvastatin 20 mg.13 With these data, the 2022
European Society of Cardiology (ESC) guidelines endorsed statins
for primary prevention of CTRCD in high-risk anthracycline-treated
patients.15

However, the recently published PREVENT RCT of atorvastatin
40 mg once-daily vs. placebo in predominantly breast cancer patients
showed no significant difference in CMR-measured LVEF between
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Figure 2 Pre- and post-anthracycline measures of LVEF, GLS, and GCS in the atorvastatin and placebo groups. Individual lines represent individual
patients. The solid line and bars represent the mean and 95% CI pre- and post-anthracycline.
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Figure 3 Trajectory of high sensitivity troponin I, B-type natriuretic peptides, C-reactive proteins measured pre- and post-anthracycline, and
each anthracycline cycle are summarized. The group-specific trajectories were estimated using GEE with cycles as a categorical variable, and the
corresponding 95% CIs were estimated based on robust sandwich estimators. Given the variability in the number of cycles between patients and
fewer patients receiving more than five cycles, we lumped all observations at Cycle 5 and all subsequent cycles into one single category. In addition,
we included the estimates and the CI at the end of anthracycline treatment without connecting the trajectories to signal that not all patients received
five cycles of anthracycline. Note that patient-specific data points in all cycles are shown in Supplementary material online, Fig. S2.
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Table 3 Summary of randomized controlled trials of statins to prevent anthracycline mediated CTRCD

Author/Year/Imaging
Technique n Cancer Intervention CTRCD Statin Placebo

Statin/
Placebo

difference
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Acar et al. 2011 (echo)12 40 Hematological
Malignancies

Atorvastatin
40 mg

(6 months)

LVEF < 50%
(1/20 in statin, 5/20

in control,
p = 0.18)

Baseline 61.3 ± 7.9%
Post 62.6 ± 9.3%
Diff + 1.3 ± 3.8%

Baseline 62.9 ± 7.0%
Post 55.0 ± 9.5%
Diff: −7.9 ± 8.0%

p < 0.001

Nabati et al. 2019
(echo)13

89* Breast Cancer Rosuvastatin
20 mg

(6 months)

LVEF < 45%
(4/38 in statin, 6/39

in placebo),
p = 0.963

Baseline 55.1 ± 4.8%
Post: 53.5 ± 6.7%
Diff −1.5 ± 6.6

Baseline 55.1 ± 5.1%
Post 50.0 ± 6.6%
Diff −5.2 ± 0.7%

p = 0.012

Hundley et al. 2022
(CMR)16

279# Breast and
Hematological
Malignancies

Atorvastatin
40 mg (24
months)

LVEF < 50%
(4/100 in statin,
7/105 in placebo,

no p-value)

Baseline 62.6 ± 6.4%
Post: 57.7 ± 5.6%
Diff 3.2 ± 0.7%

Baseline 61.7 ± 5.5%
Post: 57.4 ± 6.8%
Diff 3.3 ± 0.6%

p = 0.93

Thavendiranathan et al.
(CMR)—current study

112 Breast, Heme,
Others

Atorvastatin
40 mg (2.5
months)

LVEF < 50%
(3/53 in statin, 5/55

in placebo)

Baseline 60.2 ± 0.4%
Post: 57.3 ± 5.8%

Baseline 59.2 ± 6.6%
Post: 55.9 ± 7.4%

p = 0.34

Overall 520 Statin 12/211
Placebo 23/219

(p = 0.068 or 0.10
with Yates
correction)‡

OR 0.53
(0.25–1.10),
p = 0.089‡

CTRCD, cancer therapy related cardiac dysfunction; Diff, difference; CMR, cardiovascular magnetic resonance; echo, echocardiogram; CTRCD, cancer therapy related cardiac
dysfunction; OR, odds ratio *although 89 recruited, final follow-up only in 77 (39 placebo, 38 statin); #Although 279 recruited 2-year follow up only available in 205 (105
placebo, 100 statin). ‡We performed a meta-analysis using the Cochran–Mantel–Haenszel (CMH) method to estimate the pooled odds-ratio across the 4 RCTs using a random
effect model) and evaluating the between-arm differences in the proportion with CTRCD with the CMH χ2 test, the OR [95% CI] was 0.51 [0.25, 1.05], P = 0.095 (see
Supplementary material online Fig. S7 for forest plot).

the groups at 2-year follow-up.16 However, the PREVENT trial had
a number of limitations. First, 35.8% of patients in the PREVENT trial
had missing primary outcome measure (vs. only 3.6% in our study).
Second, the PREVENT trial involved patients across the spectrum of
risk—we focused specifically on patients at increased risk of CTRCD
as defined by the ASCO guidelines17 as this is the group where
guidelines endorse statins for primary prevention.15 This accounts for
the ∼2 fold higher incidence of CTRCD in our study compared to
PREVENT (Table 3). Other factors that demonstrate the increased
CTRCD risk of our patients include the high prevalence of traditional
cardiovascular risk factors and the observation of a high frequency
of development of abnormal hsTnI during treatment and clinically
meaningful fall in CMR-measured LVEF in a substantial subgroup of
patients. Finally, we supplemented routine imaging data with cardiac
blood biomarker and CMR tissue biomarker data adding mechanistic
information that was not presented in the PREVENT Trial or any of
the previously published statin studies. Thus, the totality of published
trial data with statins in anthracycline treated patients (Table 3) shows
no significant effect on either EF impairment, nor reduction in CTRCD
when compared as a binary variable.
Our study has limitations. First, we assessed the benefit of

atorvastatin in preventing a decrement in LVEF within 1-month post-
anthracycline completion and ∼2.5 months from baseline. This differs
from prior small RCTs (∼6 months from baseline)12,13 and cohort
studies, which had longer follow-up. However, the mechanisms by
which statins have been proposed to reduce anthracycline medi-
ated cardiac injury are through reduction in reactive oxygen species
production, impact on calcium channels, and promotion of cardiac
survival.14,24 Therefore, by measuring LVEF within 1-month post-
anthracyclines, we have more closely assessed the potential preventive
effects of statins on anthracycline mediated injury and avoided confu-
sion with possible statin-related prevention of other cardiovascular

events, which can occur after completion of cancer treatment.25

Also assessment of this early change is clinically important as a fall
in LVEF post-anthracycline is prognostically important26 and impacts
the ability to administer other adjuvant cancer therapies (e.g. HER2-
targeted therapy). It is also notable that despite randomization, there
were small imbalances between the cohorts, which may have biased
our findings. Finally, our findings do not suggest that patients who
are already on statins should have their drug discontinued during
chemotherapy if there are no other contraindications.

Conclusions
In patients receiving anthracycline therapy meeting ASCO criteria
for increased CTRCD risk, prophylactic use of atorvastatin 40 mg
once-daily did not prevent LV function decline, adverse ventricu-
lar remodeling, hsTnI or BNP elevation, or increase in CMR tissue
biomarkers compared to placebo at the anthracycline doses studied
and within the time frame of follow-up. These results question the
recommendation for statin use in the Cardio-oncology guidelines to
prevent anthracycline induced CTRCD in patients at the risk level
included in our study.

Supplementary material
Supplementary material is available at European Heart Journal—
Cardiovascular Pharmacotherapy online.
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