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Neurohormonal Blockade and Circulating Cardiovascular Biomarkers
During Anthracycline Therapy in Breast Cancer Patients: Results From
the PRADA (Prevention of Cardiac Dysfunction During Adjuvant
Breast Cancer Therapy) Study

Geeta Gulati, MD; Siri L. Heck, MD; Helge Rasjg, MD, PhD; Anne H. Ree, MD, PhD; Pavel Hoffmann, MD, PhD; Tor-Arne Hagve, MD, PhD;
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Background—Anthracyclines are associated with cardiotoxic effects. Cardiovascular biomarkers may reflect myocardial injury,
dysfunction, inflammation, and fibrosis and may precede and predict the development of left ventricular impairment. The aim of
this study was to assess: (1) longitudinal change in circulating cardiovascular biomarkers, (2) the effect of metoprolol succinate
and candesartan cilexetil on the biomarker response, and (3) the associations between on-treatment changes in biomarker
concentrations and subsequent left ventricular dysfunction in patients with early breast cancer receiving anthracyclines.

Methods and Results—This report encompasses 121 women included in the 2x2 factorial, placebo-controlled, double-blind
PRADA (Prevention of Cardiac Dysfunction During Adjuvant Breast Cancer Therapy) trial with metoprolol and candesartan given
concomitantly with anticancer therapy containing the anthracycline, epirubicin (total cumulative dose, 240-400 mg/m?).
Cardiovascular magnetic resonance, echocardiography images, and circulating levels of biomarkers were obtained before and after
anthracycline treatment. Cardiac troponins | and T, B-type natriuretic peptide, N-terminal pro-B-type natriuretic peptide, C-reactive
protein, and galectin-3 increased during anthracycline therapy (all P<0.05). The troponin response was attenuated by metoprolol
(P<0.05), but not candesartan. There was no association between change in biomarker concentrations and change in cardiac
function during anthracycline therapy.

Conclusions—Treatment with contemporary anthracycline doses for early breast cancer is associated with increase in circulating
cardiovascular biomarkers. This increase is, however, not associated with early decline in ventricular function. Beta-blockade may
attenuate early myocardial injury, but whether this attenuation translates into reduced risk of developing ventricular dysfunction in
the long term remains unclear.

Clinical Trial Registration—URL: http://www.clinicaltrial.gov. Unique identifier: NCT01434134. (/ Am Heart Assoc. 2017;6:
€006513. DOI: 10.1161/JAHA.117.006513.)
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Q nthracyclines are frequently used in the treatment of apoptosis and necrosis.’ Different strategies to reduce the
several common malignancies, including breast cancer. cardiotoxicity, including lower peak and cumulative drug doses,
However, anthracyclines have well-known cardiotoxic effects have been implemented, but contemporary doses still increase
leading to myofibrillar degradation and cardiomyocyte the risk of developing left ventricular (LV) systolic dysfunction.?
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Clinical Perspective

What Is New?

Treatment with contemporary doses of anthracycline in
early breast cancer is associated with increased cardiovas-
cular biomarker concentrations reflecting myocardial injury
(cardiac  troponins), dysfunction (natriuretic peptides),
inflammation (C-reactive protein), and fibrosis (galectin-3).
* Baseline or early changes in levels of circulating biomarkers
are not diagnostic of early impairment of left ventricular
systolic or diastolic function.
* Beta-adrenergic blockade with metoprolol attenuates
anthracycline-induced myocardial injury as expressed by
increase of circulating troponin concentrations.

What Are the Clinical Implications?

Preventive beta-adrenergic blockade may have beneficial
early effects on anthracycline-induced myocardial injury, but
longer-term follow-up will be necessary to evaluate whether
this early attenuation of troponins by metoprolol translates
into reduced incidence of late cardiotoxicity.

Angiotensin and beta-adrenergic blockade may provide
complementary cardioprotective effects during anthracy-
cline therapy.

Circulating cardiovascular biomarkers may reflect patho-
physiological processes that play a crucial role for cardiotox-
icity, including cardiomyocyte injury, function, inflammation,
and fibrosis. High-dose anthracycline therapy has been
associated with increased concentrations of cardiac tro-
ponins® and B-type natriuretic peptides (BNPs),* but in more
recent studies with contemporary anthracycline doses, results
have been inconsistent.” Past studies of patients receiving
high-dose anthracyclines have also suggested that the initial
response in these biomarkers may predict subsequent
decrease in LV function.® However, in breast cancer patients
receiving contemporary doses of anthracyclines, sparse data
are available concerning the prognostic value of early changes
in cardiovascular biomarkers. Other cardiac biomarkers, such
as CRP (C-reactive protein) and galectin-3, are thought to
reflect systemic inflammation and fibrosis, but the prognostic
value in breast cancer patients has been less investigated.

Decline in LV ejection fraction (LVEF) is the established
imaging marker for cardiotoxicity.” Cardiovascular magnetic
resonance (CMR) is also an excellent modality to detect focal
fibrosis in ischemic and nonischemic cardiomyopathy and
edema following acute myocardial injury.® Although a recent
meta-analysis indicates that intervention with beta-blockers
and angiotensin antagonists prevents or delays the develop-
ment of LV dysfunction in early-onset anthracycline-induced
cardiotoxicity,” there are limited data on how this intervention
affects circulating levels of cardiovascular biomarkers. The

aim of this substudy of the PRADA (Prevention of Cardiac
Dysfunction During Adjuvant Breast Cancer Therapy) trial was
therefore to (1) longitudinally examine the circulating profile
of the biomarkers cardiac troponin | and T (cTnl and cTnT),
BNP, and the amino-terminal fragment of the BNP prohor-
mone (NT-proBNP), CRP, and galectin-3, (2) assess the effect
of the angiotensin receptor blocker candesartan and the beta
blocker, metoprolol, on the biomarker response, and (3)
evaluate the association between changes in these biomark-
ers and subsequent reduction in LV systolic function during
anthracycline treatment in patients with early breast cancer.

Methods
Study Design

PRADA was an investigator-initiated, externally monitored
2x2 factorial, randomized, placebo-controlled, double-blind
trial conducted at Akershus University Hospital (Lerenskog,
Norway).'® Patients were stratified according to planned
cumulative anthracycline dose (400 versus <400 mg/m?
epirubicin). They were randomized to 1 of 4 combinations of
intervention as following: 29 in the metoprolol succinate and
placebo arm; 32 in the candesartan cilexetil and placebo arm;
30 in the metoprolol and candesartan arm; and 30 in the
double placebo arm. The target dose for metoprolol was
100 mg g.d. and candesartan 32 mg g.d. The study complied
with the Declaration of Helsinki. The study protocol was
approved by the Regional Ethics Committee of South-Eastern
Norway (2010/2890) and registered at ClinicalTrials.gov
(NCT01434134). All participants provided written informed
consent. The rationale and design of the study has been
published previously.'® '

Study Participants

In total, 130 women with early breast cancer scheduled for
adjuvant therapy with the anthracycline epirubicin in combi-
nation with 5-fluorouracil and cyclophosphamide were
included at Akershus University Hospital, Norway, from
September 2011 to September 2014. Main exclusion criteria
were pre-existing cardiovascular disease, previous treatment
with chemotherapy or radiation to the chest, and indication or
contraindications for the study drugs. Postrandomization 4
patients were excluded; 2 did not receive planned adjuvant
treatment, 1 had previously been treated with radiation to the
chest, and 1 likely had experienced a cardiovascular compli-
cation in the prerandomization phase. In this report, addi-
tionally, 5 patients were excluded, 4 did not complete their
chemotherapy regimen as planned, and 1 did not have
biomarker measurements at completion of anthracycline
treatment. Hence, 121 patients constitute the study
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Figure 1. Timing of blood sampling and cardiac imaging. Time of the first FEC cycle defines day 0. Blood
sampling, cardiac imaging, and last FEC cycle are shown in relation to the first FEC cycle. Values are given
as median (interquartile range). CMR indicates cardiovascular magnetic resonance; Echo, echocardiogra-

phy; FEC, 5-fluorouracil, epirubicin, cyclophosphamide.

population of this report. The exact timing of blood sampling
and cardiac imaging is shown in Figure 1. Both were
performed on the same day postchemotherapy. Data were
obtained preanthracycline and postanthracycline treatment, ie
before initiation of additional therapy with trastuzumab or
radiotherapy.

CMR and Echocardiography

The CMR and echocardiography methodologies have been
described in detail previously.'® In brief, CMR examinations
were performed on a 1.5-Tesla scanner (Achieva; Philips
Medical Systems, Best, The Netherlands). Steady-state free
precession sequences in contiguous, 8-mm-thick, short-axis
slices covering the entire ventricles were used to quantify LVEF.
Cardiac edema was assessed by breath-hold, black-blood triple
inversion recovery T2 imaging in three 15-mm short-axis slices
of the LV. Repetition time/echo time/flip angle were 2
heartbeats/65 ms/90 degrees and acquired and recon-
structed  voxel size were 1.5/1.9/15 mm® and
0.7x0.7x15 mm?, respectively. Late gadolinium enhance-
ment images were acquired 10 minutes after intravenous
injection of 0.2 mmol/kg of gadolinium-DOTA (Dotarem’
Guerbet, Villepinte, France). Typically, 2-dimensional inversion
recovery turbo field echo sequence in short axis covering the
ventricles, and phase-sensitive 3-dimensional inversion recov-
ery turbo field echo sequences in 4-chamber and left 2-chamber
axis were used. For the 2-dimensional scans, repetition time/
echo time/flip angle were 5.8 ms/2.9 ms/25 degrees,
acquired voxel size was 1.5x1.6x8 mm3, and reconstructed
voxel size was 0.8 x 0.8 x8 mm?®. For the 3-dimensional scans,
repetition time /echo time /flip angle were 4.8 ms/2.3 ms/15
degrees and acquired and reconstructed voxel sizes were
2.0x2.0x 10 mm®and 1.3x 1.3x5.5 mm?, respectively. Anal-
yses were performed by a board-certified radiologist (S.L.H.),
who was blinded to treatment assignment and study order.
Transthoracic echocardiography was performed using a
Vivid E9 (GE Vingmed, Horten, Norway). Images were

digitally stored for offline analysis on custom software
(EchoPAC; GE Vingmed). LV 2-dimensional peak systolic
global longitudinal strain was analyzed by a semiautomated
speckle-tracking imaging technique from the 3 standard
apical views. LV diastolic function was assessed by the ratio
between peak early (E) transmitral velocity by pulsed
Doppler and peak early tissue Doppler (E) by averaging
septal and lateral E' at basal regions. Analyses were
performed by a board-certified physician (G.G.), who was
blinded to treatment assignment and study order.

Blood Sampling and Biochemical Analysis

Nonfasting samples of venous blood were drawn, put on ice,
processed within 60 minutes, and stored at —80°C pending
analysis. Before analysis, thawed specimens were mixed
thoroughly by low-speed vortexing until visibly homogeneity.
EDTA-plasma specimens were centrifuged at 13 500 and
serum specimens at 3500 relative centrifugal force for
30 minutes; the clear supernatants were then transferred to
the sample cups.

Cardiac Troponins

Serum cTnl was measured with a high-sensitivity assay (STAT
High Sensitive Troponin ) on an Architect i2000SR platform
(Abbott Diagnostics, Abbott, IL). The analytic measurement
range for this assay is 0 to 50 000 ng/L, the limit of blank
0.8 ng/L, the lower detection limit 1.2 ng/L, and the coeffi-
cient of variation (CV) 10% at a concentration of 3.0 ng/L.12
Using control material, we measured a CV of 4.0% in the low-
concentration range (20 ng/L) and 3.6% in the high-concentra-
tionrange (15 000 ng/L). Concentrations below or equal to the
limit of blank were assigned a value of 0.8 ng/L, whereas levels
below or equal to the limit of detection and greater than the limit
of blank were assigned a value of 1.2 ng/L.

Serum c¢TnT was measured by a high-sensitivity assay
(Troponin T hs STAT) on a cobas 8000 €602 analyzer (Roche
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Table 1. Baseline Characteristics
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Epirubicin=400 mg/
m? (n=27)

Epirubicin
<400 mg/m?
(n=94)

Age, y

51.0 (42.0, 59.0)

48.5 (43.8, 58.0)

Body mass index

24.5 (22.2, 27.2)

25.9 (22.9, 29.1)

Systolic blood pressure,
mm Hg

135.0 (120.0,
140.0)

1285 (120.0,
140.0)

Diastolic blood pressure,
mm Hg

80.0 (75.0, 85.0)

80.0 (74.5, 85.0)

Heart rate, beats/min 71.5+£10.3 70.9+10.0
Hypertension (n) 1 (7%) 7 (7.4%)
Diabetes mellitus (n) 0 (0%) 2 (2.1%)

Current smoking (n) 6 (22.2%) 19 (20.2%)
Serum creatinine, mg/dL 0.75 (0.69, 0.81) 0.72 (0.69, 0.81)
Hemoglobin, g/dL 13.24+0.94 13.340.81

FEC treatment
FEC 60 mg/m?x4 (n) 0
FEC 60 mg/m?x6 (n) 0

71 (75.5%)
23 (24.5%)

FEC 100 mg/m?x4 (n) 27 (100%) 0
HER2 status Positive Negative
Assigned to metoprolol 6 23
and placebo (n)
Assigned to candesartan | 7 25
and placebo (n)
Assigned to metoprolol 7 23
and candesartan (n)
Assigned to placebo and | 7 23

placebo (n)

Data are expressed as mean+SD, median (interquartile range) or numbers (percent). FEC
indicates 5-fluorouracil, epirubicin, cyclophosphamide; HER, human epidermal growth
factor receptor.

Diagnostics, Indianapolis, IN). The analytical measurement
range is 3 to 10 000 ng/L, limit of blank 3 ng/L, level of
detection 5 ng/L, and the CV 10% at a concentration of
13.0 ng/L. Using control material, we measured a CV of 3%
in the low-concentration range (12 pg/mL) and 6% in the
high-concentration range (919 pg/mL). Concentrations below
or equal to the limit of blank were assigned a value of
3.0 ng/L, whereas levels below or equal to the limit of
detection and greater than the limit of blank were assigned a
value of 5 ng/L.

Natriuretic Peptides

BNP in plasma was analyzed by an ARCHITECT BNP assay on
an Architect i2000SR platform (Abbott Diagnostics). The
analytical measurement range is 10 to 5000 pg/mL with a
total CV <12%. Using control material, we measured a CV of

5.9% in the low-concentration range (90 pg/mL) and 4.8% in
the high-concentration range (3500 pg/mL). Samples with
levels below 10 pg/mL were assigned a concentration of
5 pg/mL.

NT-proBNP in serum was measured by the proBNP Il assay
on a cobas 8000 e602 analyzer (Roche Diagnostics). The
analytical measurement range is 5 to 35 000 pg/mL with a
total CV 2.9% to 6.1%. Using control material, we measured a
CV of 7% in the low-concentration range (99.2 pg/mL) and 6%
in the high-concentration range (497.5 pg/mL). The level of
detection was 5 pg/mL.

Galectin-3

Galectin-3 in plasma was measured by an ARCHITECT
galectin-3 assay on an ARCHITECT i2000SR platform (Abbott
Diagnostics). The analytical measurement range is 4.0 to
114.0 ng/mL with a total CV <10%. The limit of blank is
0.8 ng/mL, and the level of detection 1.0 ng/mL. Using
control material, we measured a CV of 4.6% in the low-
concentration range (9.1 ng/mL) and 3.3% in the high-
concentration range (74.1 ng/mL).

C-Reactive Protein

CRP in serum was measured by a high-sensitivity assay
(CRP Vario) on an ARCHITECT cSystems platform (Abbott
Diagnostics). The analytical measurement range is 0.1 to
160 mg/L with a total CV <6%. Using control material, we
measured a CV of 3.1% in the low-concentration range
(1.42 mg/L) and 1.8% in the high-concentration range
(23.08 mg/L).

Statistical Analysis

Power calculations for the PRADA study were performed for
the primary end point (ie, change in LVEF). For this substudy,
assuming alpha of 0.05 and an expected correlation coeffi-
cient between 0.25 and 0.30, a retrospectively performed
power calculation showed that a sample size between 85 and
123 was needed to have a power of 80% to detect an
association between change in cardiac troponin and change in
LVEF.

Analyses concerning the effect of randomized interven-
tions were conducted according to the intention-to-treat
principle. The Shapiro—Wilk test was used to test for
normality. Normally distributed continuous data are presented
as mean4SD, non-normally distributed continuous data as
median and interquartile range and categorical variables as
proportions. For normally distributed continuous data, paired-
sample and independent sample Student ¢ tests were used to
assess within and between-group differences; for non-
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Figure 2. Distribution of cardiac troponin | and T concentrations before and after anthracycline treatment. Blue bars represent values
below or equal to the level of detection and green bars values greater than the level of detection. cTn indicates cardiac troponin.

normally distributed continuous data, Wilcoxon signed-rank
and Mann-Whitney U tests were used. Multivariable linear
regression was used to assess the relationship between
biomarkers and LV function after adjusting for variables
that may affect LV function. We did not correct for multiple
comparisons, but a hierarchy of biomarkers was prospec-
tively defined in the PRADA statistical analysis plan, which
was signed and locked before data unblinding and analysis.
Circulating cardiac troponins were defined as secondary
end points and other biomarkers as tertiary end points. All
tests were 2-sided, and a P<0.05 was considered statisti-
cally significant. The statistical analyses were carried out
with IBM SPSS Statistics for Windows (Version 22.0; IBM
Corp, Armonk, NY). Retrospective power calculations were
performed by using sample-size calculators for designing

clinical research (www.sample-size.net/correlation-sample-
size accessed April 23, 2017).

Results

Baseline Characteristics

All 121 women received the anthracycline epirubicin. In
accord with the national guidelines for adjuvant breast cancer
treatment in Norway applicable from September 2011 to
November 2015, 27 women were treated with a mean
cumulative epirubicin dose of 40040 mg/m? and 94 with
doses between 240 and 360 mg/m? (mean cumulative dose
of 269452 mg/m?). The baseline characteristics are sum-
marized in Table 1. The following biomarkers were evaluated:

Table 2. Cardiovascular Magnetic Resonance Markers of Cardiac Injury in the Whole Population and in Those Assigned to a
Cumulative Anthracycline Dose of <400 mg/m? and Equal to 400 mg/m?

Between-Group
n Baseline After Anthracyclines* P Value P Value

Pericardial effusion, mm

Al 111 10,3 2 (0, 4 0.003

Epirubicin <400 mg/m? 87 10,3 2 (0,3 0.175 0.001

Epirubicin=400 mg/m? 24 1(0, 2 32,4 0.001
T2 (ratio)"

Al 109 1.86+0.24 1.914+0.23 0.053

Epirubicin <400 mg/m? 85 1.85+0.23 1.914+0.23 0.101 0.953

Epirubicin=400 mg/m? 24 1.89+0.28 1.95+0.24 0.311

*Anthracycline containing chemotherapy with 5-fluorouracil, epirubicin, cyclophosphamide (FEC); values are given in median (interquartile range) for non-normally distributed data, and

mean=+SD for normally distributed data.
"The T2 ratio is between the T2 signal intensity in myocardium and skeletal muscle.
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Figure 3. Change in median values of biomarker from baseline to completion of anthracycline therapy. Median biomarker values at baseline
and at completion of anthracycline therapy for those treated with a total mean cumulative epirubicin dose of 400 mg/m2 (in orange) and
<400 mg/m? (in gray). Bars represent the interquartile range; *represents significant increase (P<0.05) of the biomarker from baseline to end
of anthracycline containing chemotherapy. P value is for median between group differences. BNP indicates B-type natriuretic peptides; CRP, C-
reactive protein; c¢Tn, cardiac troponin; Epi, epirubicin; NT-proBNP, amino-terminal fragment of the BNP prohormone.

cTnl, cTnT, BNP, NT-proBNP, galectin-3, and CRP. The number
and proportion of patients with detectable levels of troponins
are presented in Figure 2.

Cardiotoxicity During Anthracycline Treatment

In total, 111 patients had LVEF measured by CMR at baseline
and at the completion of anthracycline therapy. LVEF declined
from 63.3+4.0% to 60.84+4.5% (P=0.005) in the placebo
group. One patient who received 400 mg/m2 of epirubicin
fulfilled the criterion for cardiotoxicity as defined by the
Cardiac Review and Evaluation Committee Criteria for
Cardiotoxicity,'® that is, LVEF declined from 62.7% to
51.0%, without symptoms of heart failure.

Other correlative CMR markers of cardiac injury also
increased. There was a dose-dependent increase of pericar-
dial effusion (Table 2), whereas there was a numerically
modest, borderline significant increase in T2 ratio (P=0.053).
Late gadolinium enhancement showed no new or increasing
areas of focal fibrosis.

Longitudinal Change of Circulating Biomarkers

Longitudinal values and change of the biomarker levels from
baseline to completion of anthracycline therapy are summa-
rized in Figure 3 and Table 3. The median levels of c¢Tnl, cTnT,
BNP, NT-proBNP, galectin-3, and CRP increased from baseline
to completion of anthracycline (all P<0.05; Table 3). The
increases in cTnl, ¢cTnT, and CRP concentration were signif-
icantly higher in those receiving higher versus lower doses of
anthracycline (all P<0.01), whereas no clear dose-dependency
was observed for the increase in BNP, NT-proBNP, and
galectin-3 levels (Figure 3).

Effect of Metoprolol and Candesartan on Levels
of Circulating Biomarkers

The effect of metoprolol and candesartan on levels of
circulating biomarkers is summarized in Tables 3 and 4. The
concentrations of cTnl and cTnT increased less in patients
assigned to metoprolol than those not assigned metoprolol.
Thus, cTnl increased from 0.8 (0.8, 1.2) to 4.4 (2.5, 7.6) ng/L
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Table 3. Comparison of Change in Biomarkers in All Patients and in Those Assigned to and Not Assigned to Metoprolol

Baseline Median After Anthracyclines* Median Within-Group Between-Group
n Values (IQR) Median Values (IQR) Difference (IQR) P Value P Value
cTnl, ng/L
All 121 0.8 (0.8, 1.4) 5.6 (3.0, 9.3) 44 (1.8,7.8) <0.001
Metoprolol 62 0.8 (0.8, 1.2 4.4 (2.5, 7.6) 2.9 (1.6, 6.8) <0.001 0.019
No metoprolol 59 1.2 (0.8, 1.5) 7.2 (3.4,11.8) 5.7 (2.3, 9.90) <0.001
¢TnT, ng/L
Al 121 3.0 (3.0, 5.0) 8.5 (5.6, 12.7) 4.3 (2.0, 8.0) <0.001
Metoprolol 62 3.0 (3.0, 5.0) 6.8 (5.0, 10.9) 3.4 (2.0,7.4) <0.001 0.020
No metoprolol 59 3.0 (3.0, 5.0) 9.7 (6.5, 13.1) 5.0 (2.6, 9.8) <0.001
BNP, pg/mL
Al 119 10.4 (5.0, 19.1) 12.0 (5.0, 23.0) 0.0 (—3.2, 10.5) 0.049
Metoprolol 62 10.4 (5.0, 21.6) 15.5 (5.0, 31.5) 0.4 (—2.0, 13.6) 0.005 0.047
No metoprolol 57 10.5 (5.0, 16.3) 5.0 (5.0, 18.1) 0.0 (-5.9, 2.5) 0.882
NT-proBNP, pg/mL
Al 121 48.3 (32.0, 76.5) 55.2 (29.5, 98.1) 10 (—13.1, 41.2) 0.002
Metoprolol 62 52.7 (38.1, 78.2) 76.8 (41.9, 154.3) 17.7 (2.0, 59.5) <0.001 0.003
No metoprolol 59 42.7 (29.1, 74.1) 49.2 (23.0, 68.1) 1.2 (—22.8, 25.6) 0.721
Galectin-3, ng/mL
Al 120 12.1 (10.4, 14.0) 13.4 (11.2, 16.0) 1.1 (0.0, 2.4) <0.001
Metoprolol 62 11.9 (10.1, 13.9) 13.5 (11.5, 16.3) 1.7 (-0.0. 2.9) <0.001 0.119
No metoprolol 58 12.2 (10.6, 14.2) 13.3 (11.2, 15.7) 0.9 (0.0, 2.0) <0.001
CRP, mg/L
Al 121 1.9 (0.9, 4.3 2.9 (1.2, 6.5) 0.3(-0.9,27) 0.019
Metoprolol 62 1.9 (0.9, 5.0 2.1 (1.0, 6.4) 0.3(-0.8, 2.3 0.081 0.979
No metoprolol 59 2.0 (1.0, 4.3) 3.3(1.3,6.8) 0.3 (—1.3, 3.6) 0.111

BNP indicates B-type natriuretic peptides; CRP, C-reactive protein; cTn, cardiac troponin; IOR, interquartile range; NT-proBNP, amino-terminal fragment of the BNP prohormone.
*Anthracycline containing chemotherapy with 5-fluorouracil, epirubicin, cyclophosphamide (FEC).

in patients assigned to metoprolol and from 1.2 (0.8, 1.5) to
7.2 (3.4, 11.8) ng/L in those not assigned to metoprolol
(between group difference, P=0.019). cTnT increased from 3.0
(3.0, 5.0) to 6.8 (5.0, 10.9) ng/L in patients assigned to
metoprolol and from 3.0 (3.0, 5.0) ng/L to 9.7 (6.5, 13.1) ng/L
in those not assigned to metoprolol (between group difference,
P=0.020). The troponin increase in the no metoprolol group
was higher in those treated with a cumulative anthracycline
dose of 400 mg/m? than <400 mg/m? (Table 5). There was
no difference between those assigned to candesartan or not.
Because there was no interaction between the effect of
metoprolol and candesartan, the 2x 2 factorial design permits
comparison of the no metoprolol group with the metoprolol
group. Similarly, the no candesartan group can validly be
compared with the candesartan group. The validity of this
approach is supported by data presented in Tables 6 and 7,
showing that there is no significant difference in change in
cardiac troponin levels between patients assigned to

metoprolol compared with the candesartan-metoprolol com-
bination and those assigned to candesartan compared with the
candesartan-metoprolol combination.

The levels of BNP increased from 10.4 (5.0, 21.6) to 15.5
(5.0, 31.5) pg/mL and for NT-proBNP from 52.7 (38.1, 78.2)
to 76.8 (41.9, 154.3) pg/mL in patients assigned to
metoprolol whereas concentrations did not change signifi-
cantly in those not assigned to metoprolol (between-group
differences for BNP, P=0.047; for NT-proBNP, P=0.003). There
were no between-group differences for those assigned to
candesartan or not. The interventions did not influence the
circulating levels of galecetin-3 or CRP.

Circulating Biomarkers and LV Systolic and
Diastolic Function

There was no association between on-treatment change in
biomarker values and change in LV systolic or diastolic
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Table 4. Comparison of Change in Biomarkers in Patients Assigned to

Gulati et al

and Not Assigned to Candesartan

Baseline Median After Anthracyclines* Median Within-Group Between-Group
n Values (IOR) Median Values (IOR) Difference (IQR) P Value P Value
cTnl, ng/L
Candesartan 62 0.8 (0.8, 1.4) 5.6 (3.0, 9.1) 42(1.9,7.3 <0.001 0.846
No candesartan 59 1.2 (0.8, 1.4) 5.6 (2.9, 9.9) 48 (1.7, 9.1) <0.001
¢TnT, ng/L
Candesartan 62 3.0 (3.0, 5.0) 8.7 (5.8, 12.6) 4.1 (2.0, 8.3) <0.001 0.942
No candesartan 59 3.0 (3.0, 5.0) 8.0 (5.6, 13.0) 45 (2.0, 7.9 <0.001
BNP, pg/mL
Candesartan 62 5.0 (5.0, 20.8) 11.8 (5.0, 20.2) 0.0 (—3.8,12.9) 0.048 0.453
No candesartan 57 11.9 (5.0, 18.8) 12.3 (5.0, 23.8) 0.0 (—3.5, 8.0) 0.401
NT-proBNP, pg/mL
Candesartan 62 48.6 (30.5, 77.8) 53.3 (27.0, 93.5) 9.5 (—11.8, 33.9) 0.054 0.717
No candesartan 59 48.2 (35.7, 75.4) 58.9 (31.3, 99.2) 10.1 (—15.9, 45.3) 0.022
Galectin-3, ng/mL
Candesartan 62 11.9 (9.9, 14.3) 13.2 (11.0, 16.2) 0.9 (-0.2, 2.4) <0.001 0.414
No candesartan 58 12.2 (10.7, 13.9) 13.5 (11.9, 15.8) 1.6 (0.2, 2.4) <0.001
CRP, mg/L
Candesartan 62 1.8 (1.0, 3.7) 2.3(0.9, 6.4 0.2 (—0.8, 2.6) 0.203 0.454
No candesartan 59 1.9 (0.9, 5.3) 3.2 (1.5, 8.0) 0.8 (—14,3.7) 0.060

HOYVISHY TYNIDIYO

BNP indicates B-type natriuretic peptides; CRP, C-reactive protein; cTn, cardiac troponin; IOR, interquartile range; NT-proBNP, amino-terminal fragment of the BNP prohormone.
*Anthracycline containing chemotherapy with 5-fluorouracil, epirubicin, cyclophosphamide (FEC).

function in multivariable linear regression analysis adjusted
for age, body mass index, systolic blood pressure, epiru-
bicin dose, candesartan, and metoprolol (Tables 8 through
10). Established cut-point values for myocardial infarction
for cTnl (Abbott) are levels above 26 ng/L and for cTnT

(Roche) levels above 14 ng/L. None of the women had
values above these levels at baseline. At completion of
anthracycline-containing chemotherapy, 5 women had val-
ues above the cut point for myocardial infarction for cTnl
and 24 for cTnT.

Table 5. Cardiac Troponin | and T Concentrations According to the Cumulative Anthracycline Dose in the Whole Cohort and
Stratified for Beta Blockade (Metoprolol)

Median A Value for Cumulative Median A Value for Cumulative
Epirubicin dose <400 mg/m? Epirubicin dose=400 mg/m?
n (IQR) n (IQR) P Value
cTnl
Al 94 3.8 (1.6, 6.9 27 6.4 (2.5, 13.5) 0.009
Metoprolol 46 2.8 (1.4,6.3) 13 4.3 (2.4,11.6) 0.094
No metoprolol 48 51 (1.9, 8.9 14 9.6 (4.7, 15.1) 0.036
cTnT
Al 94 3.6 (2.0, 7.4) 27 7.5 (3.6, 11.7) 0.002
Metoprolol 46 2.7 (1.5,7.1) 13 5.8 (3.0, 10.3) 0.031
No metoprolol 48 45(2.3,7.7) 14 8.7 (4.9, 13.6) 0.019

cTn indicates cardiac troponin; IQR, interquartile range.
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Table 6. Comparison of Cardiac Troponin Levels in Patients Assigned to Metoprolol Only and Those Assigned to Candesartan and

Metoprolol
Baseline Median After Anthracyclines* Median Difference Between-Group
n Values (IQR) Median Values (IQR) (IQR) P Value

cTnl
Metoprolol only 29 0.8 (0.8, 1.3) 4.7 (2.2, 8.1) 2.7 (1.4,7.1) 0.96
Candesartan and metoprolol 30 0.8 (0.8, 1.2) 4.4 (2.8, 7.5) 3.2 (17, 6.4)

cTnT
Metoprolol only 29 3.0 (3.0, 5.0) 6.8 (5.0, 12.0) 3.0(1.9,7.7) 0.80
Candesartan and metoprolol 30 3.0 (3.0, 5.0 6.8 (5.0, 10.5) 3.6 (2.0,7.2)

cTn indicates cardiac troponin; IQR, interquartile range.

*Anthracycline containing chemotherapy in combination with 5-fluorouracil and cyclophosphamide.

Discussion

The salient findings of the current study of early breast cancer
patients are: (1) Circulating cTnl, ¢TnT, BNP, NT-proBNP,
galectin-3, and CRP all increase during anthracycline therapy
and for cTnl, cTnT, and CRP the increase is dose-dependent;
(2) the cTnl and c¢TnT responses are attenuated by metoprolol,
compatible with a beneficial effect on early cardiotoxic injury;
(3) candesartan has no apparent impact on circulating levels
of biomarkers of myocardial injury, function, inflammation, or
fibrosis; and (4) on-treatment change in biomarker concen-
trations are not associated with early change in LV systolic or
diastolic function. These findings provide insight in the effects
of beta-adrenergic and angiotensin blockade during anthra-
cycline containing breast cancer therapy and have important
implications for the interpretation and use of cardiovascular
biomarkers as monitoring and prognostic tools during adju-
vant breast cancer therapy.

Cardiotoxicity During Anthracycline Treatment

The decline in LVEF in the placebo group in this substudy was
2.5 percentage points. Even though this may be considered a

small effect, the magnitude is comparable to findings in other
recent studies.'*'® Considering that the PRADA study
population had a low prevalence of cardiac risk factors and
comorbidities and received contemporary anthracycline
doses, the observed dose-dependent biomarker changes are
likely to be real and reflect a cardiotoxic signal. This early sign
of cardiotoxicity is supported by a significant and dose-
dependent increase in pericardial effusion and borderline
significant increase in T2 ratio.

Longitudinal Change of Biomarkers

Different classes of cardiovascular biomarkers are thought to
provide information concerning different pathophysiological
mechanisms.'® Because anthracycline therapy is associated
with both cardiomyocyte injury, loss of cardiac contractile
function, inflammation, and development of diffuse fibrosis,'”
we selected biomarkers that are believed to reflect these
processes in our study.

Cardiac troponins are markers of cardiomyocyte injury
and are associated with risk for cardiovascular death and
heart failure.'® Moreover, the use of high-sensitivity assays
for ¢cTnl and cTnT also permits detection and monitoring of

Table 7. Comparison of Cardiac Troponin Levels in Patients Assigned to Candesartan Only and Those Assigned to Candesartan

and Metoprolol

Baseline Median After Anthracyclines* Median Difference Between Group
n Values (IQR) Median Values (IOR) (I0R) P Value
cTnl
Candesartan only 32 0.8 (0.8, 1.9) 7.3 (3.4,12.2) 5.7 (2.2,10.3) 0.08
Candesartan and metoprolol 30 0.8 (0.8, 1.2 44 (2.8, 7.5) 32(1.7,6.4)
cTnT
Candesartan only 32 3.0 (3.0, 5.0) 10.2 (6.6, 14.0) 5.2 (2.1, 10.0) 0.13
Candesartan and metoprolol 30 3.0 (3.0, 5.0 6.8 (5.0, 10.5) 3.6 (2.0,7.2

cTn indicates cardiac troponin; IQR, interquartile range.

*Anthracycline containing chemotherapy in combination with 5-fluorouracil and cyclophosphamide.
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Table 8. Multivariable Linear Regression for Assessing Association Between Change in Circulating Cardiovascular Biomarkers and
Change in LVEF as Measured by Cardiovascular Magnetic Resonance Imaging With Adjustment for Variables That Could Affect

Change in LVEF

95% Confidence 95% Confidence
Variables B* Interval for B P Value Variables B* Interval for B P Value
AcTnl —0.04 —0.13, 0.05 0.340 AcTnT —0.09 —0.24, 0.05 0.198
Age, y 0.04 —0.05, 0.14 0.381 Age, y 0.05 —0.04, 0.15 0.283
BMI, kg/m? 0.11 —0.08, 0.30 0.257 BMI, kg/m? 0.11 —0.08, 0.29 0.257
SBP, mm Hg —0.01 —0.08, 0.06 0.872 SBP —0.01 —0.08, 0.06 0.848
Epi. dose’ —1.48 —3.47, 0.52 0.146 Epi. dose’ —-1.29 -3.32, 0.75 0.213
Candesartan 1.44 —0.18, 3.07 0.081 Candesartan 1.50 -0.11, 3.12 0.068
Metoprolol 0.67 —0.97, 2.31 0.419 Metoprolol 0.65 -0.97, 2.27 0.428
ABNP 0.01 —0.04, 0.06 0.584 ANT-proBNP 0.00 —0.01, 0.02 0.875
Age, y 0.03 —0.07, 0.13 0.531 Age, y 0.04 —0.06, 0.13 0.436
BMI, kg/m? 0.11 —0.08, 0.30 0.257 BMI, kg/m? 0.10 —0.09, 0.29 0.304
SBP, mm Hg —0.01 —0.08, 0.06 0.759 SBP, mm Hg —0.01 —0.08, 0.06 0.865
Epi. dose’ -1.77 —3.79, 0.26 0.087 Epi. dose’ —1.64 —3.65, 0.36 0.107
Candesartan 1.63 —0.02, 3.29 0.053 Candesartan 1.49 —0.14, 3.12 0.073
Metoprolol 0.55 —1.12,2.23 0.513 Metoprolol 0.80 —0.91, 2.51 0.356
AGalectin-3 0.12 —0.23, 0.46 0.499 ACRP —0.05 —0.11, 0.01 0.120
Age, y 0.03 —0.07, 0.13 0.530 Age, y 0.04 —0.05, 0.13 0.389
BMI, kg/m? 0.11 —0.08, 0.30 0.242 BMI, kg/m? 0.08 -0.10, 0.27 0.386
SBP, mm Hg —0.01 —0.08, 0.06 0.855 SBP, mm Hg —0.01 —0.08, 0.06 0.877
Epi. dose’ —1.63 —3.63, 0.37 0.109 Epi. dose’ —-1.35 —3.34, 0.64 0.180
Candesartan 1.65 0.01, 3.29 0.049 Candesartan 1.53 —0.08, 3.14 0.062
Metoprolol 0.63 —1.02, 2.28 0.452 Metoprolol 0.94 —0.65, 2.53 0.244

BMI indicates body mass index; BNP, B-type natriuretic peptides; CRP, C-reactive protein; cTnl, cardiac troponin I; ¢cTnT, cardiac troponin T; LVEF, left ventricular ejection fraction; NT-
proBNP, amino-terminal fragment of the BNP prohormone; SBP, systolic blood pressure at baseline.

*B unstandardized regression coefficient.
Dichotomized variable for cumulative epirubicin dose of 400 and <400 mg/m?.

low-grade, chronic myocardial injury." BNP and NT-proBNP
are associated with cardiac function and provide strong
prognostic information across the spectrum of cardiovascu-
lar disease.’%* CRP is a prototypical inflammatory
biomarker that has been associated with the incidence of
cardiovascular disease and death, both in the general
population, in patients with coronary artery disease, and in
heart failure.?® Galectin-3 is a novel biomarker secreted by
activated macrophages, thought to reflect myofibroblast
proliferation, macrophage migration, inflammation, cardiac
remodeling, and fibrosis.>*2° Although some past studies
have reported increase in 1 or more of all these biomarkers,
results have not been consistent.” The reasons for these
inconsistencies may result from heterogeneity in patient
populations (eg, different cancer types, cardiovascular
disease, and/or risk factors), type and dosage of anthracy-
clines used, timing of blood samples, and the sensitivity of
biomarker assays used. For instance, Cardinale et al

reported a high proportion of detectable troponin | values
measured with a conventional assay with limited sensitivity
(lower limit of detection=350 ng/L) after high-dose anthra-
cycline therapy.® More recent, but smaller, studies using
higher-sensitivity assays in patients with breast cancer
receiving contemporary doses of anthracyclines have also
reported an increase of cTnl and CRP during anthracycline
treatment, but found no change in NT-proBNP and galectin-
3.2 The current study using high-sensitivity assays confirms
and extends information from past studies by demonstrating
an increase in all biomarkers investigated.

In accord with earlier findings, these observations
suggest that anthracycline therapy at contemporary doses
is associated with myocardial injury, inflammation, and
fibrosis, whereas the increase in biomarkers of cardiac
dysfunction, such as BNP and NT-proBNP, and reduction in
cardiac function evaluated by imaging modalities, seems
to be more modest. Moreover, the observation that there
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Table 9. Multivariable Linear Regression for Assessing Association Between Change in Circulating Cardiovascular Biomarkers and

Change in Peak Systolic GLS by Echocardiography With Adjustment for Variables That Could Affect Change in GLS

95% Confidence 95% Confidence
Variables B* Interval For B P Value Variables B* Interval for B P Value
AcTnl —0.02 —0.07, 0.02 0.303 AcTnT —-0.03 —0.11, 0.04 0.387
Age, y —0.04 —0.09, 0.01 0.121 Age, y —0.04 —0.09, 0.02 0.162
BMI, kg/m? —0.08 —0.18, 0.02 0.115 BMI, kg/m? —0.09 —0.19, 0.01 0.087
SBP, mm Hg —0.03 —0.07, 0.01 0.111 SBP, mm Hg —0.03 —0.06, 0.01 0.120
Epi. dose’ —0.06 —1.09, 0.96 0.904 Epi. dose’ —0.01 —1.06, 1.05 0.993
Candesartan —0.07 —0.92, 0.77 0.862 Candesartan —0.05 —0.89, 0.79 0.910
Metoprolol —0.08 —0.93, 0.76 0.845 Metoprolol —0.05 —0.88, 0.79 0.914
ABNP 0.02 —0.01, 0.04 0.180 ANT-proBNP 0.01 0.00, 0.01 0.169
Age, y —0.04 —0.09, 0.01 0.106 Age, y —0.04 —0.09, 0.01 0.083
BMI, kg/m? -0.07 —0.18, 0.03 0.152 BMI, kg/m? -0.08 -0.18, 0.02 0.126
SBP, mm Hg —0.04 —0.07, 0.00 0.061 SBP, mm Hg —0.03 —0.07, 0.00 0.073
Epi. dose’ —0.05 —1.07, 0.97 0.929 Epi. dose’ —0.14 —1.16, 0.88 0.783
Candesartan 0.01 —0.82, 0.84 0.978 Candesartan -0.02 —0.84, 0.80 0.961
Metoprolol -0.20 —1.06, 0.66 0.645 Metoprolol -0.17 —1.02, 0.69 0.704
AGalectin-3 0.04 —0.19, 0.27 0.726 ACRP 0.00 —0.03, 0.03 0.993
Age, y —0.04 —0.09, 0.01 0.102 Age, y —0.04 —0.09, 0.01 0.122
BMI, kg/m? —-0.08 —0.18, 0.02 0.124 BMI, kg/m? -0.09 —0.19, 0.01 0.084
SBP, mm Hg —0.03 —0.07, 0.01 0.108 SBP, mm Hg —0.03 —0.07, 0.01 0.114
Epi. dose’ —0.09 —1.12,0.94 0.864 Epi. dose’ —0.11 —1.16, 0.94 0.838
Candesartan 0.07 —0.78, 0.91 0.875 Candesartan 0.01 —0.83, 0.84 0.988
Metoprolol —0.07 —0.92, 0.78 0.872 Metoprolol 0.01 —0.82, 0.84 0.975

BMI indicates body mass index; BNP, B-type natriuretic peptides; CRP, C-reactive protein; c¢Tnl, cardiac troponin I; ¢cTnT, cardiac troponin T; GLS, global longitudinal strain; NT-proBNP,

amino-terminal fragment of the BNP prohormone; SBP, systolic blood pressure at baseline.

*B unstandardized regression coefficient.
Dichotomized variable for cumulative epirubicin dose of 400 and <400 mg/mz‘

was a dose-dependent increase in cTnl, cTnT, and CRP
suggests that these biomarkers may represent the best
tools to monitor the immediate cardiotoxic effects of
anthracyclines.

Clearly, the analysis and interpretation of the results
may be affected by the kinetics of the different biomark-
ers. The kinetics of the cardiac troponin, natriuretic
peptide, CRP, and galectin-3 response following anthracy-
cline treatment have not been clearly defined, but are
likely to vary considerably. In our study, cardiac troponins
were defined as the biomarkers of primary interest.
Accordingly, 1 important consideration for the timing of
blood sampling following anthracycline therapy was to be
within a time window where cardiac troponin concentra-
tions could be expected to be elevated. Because we
observed a significant increase in all biomarkers, we
believe the timing of blood sampling was appropriate. To
capture the peak level for all biomarkers, daily blood

sampling would have been required, but this was neither
logistically feasible nor ethically acceptable.

Effect of Metoprolol and Candesartan on Levels
of Circulating Biomarkers

The sympathetic nervous system and the renin-angiotensin-
aldosterone system exert diverse and complex actions on the
myocardium. Blockade of these neuroendocrine systems
beneficially modulate the remodeling process that occurs
following myocardial injury.?”?® In the current substudy,
candesartan had no effect on the direct cardiotoxic effect of
anthracyclines that leads to troponin leakage, whereas in the
primary analysis of the PRADA study, angiotensin blockade
with candesartan prevented decline in LVEF that occurred
after adjuvant breast cancer therapy with anthracycline with
or without radiation and/or trastuzumab.'® The reason for
this apparent discrepancy is likely the beneficial effect of
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Table 10. Multivariable Linear Regression for Assessing Association Between Change in Circulating Cardiovascular Biomarkers
and Change in the Ratio of Peak Early (E) Transmitral Velocity by Pulsed Doppler and Peak Early Tissue Doppler (E') (E/E’) by
Echocardiography With Adjustment for Variables That Could Affect Change in E/E’

95% Confidence 95% Confidence
Variables B* Interval for B P Value Variables B* Interval for B P Value
AcTnl —-0.02 —0.05, 0.02 0.297 AcTnT —0.04 —0.09, 0.01 0.097
Age, y —0.02 —0.06, 0.01 0.197 Age, y —0.02 —0.06, 0.02 0.269
BMI, kg/m? —0.03 —0.09, 0.04 0.451 BMI, kg/m? —0.02 —0.09, 0.04 0.495
SBP, mm Hg 0.02 —0.01, 0.05 0.128 SBP, mm Hg 0.02 —0.01, 0.05 0117
Epi. dose’ 0.65 —0.08, 1.37 0.078 Epi. dose’ 0.78 0.03, 1.52 0.041
Candesartan -0.25 —0.86, 0.35 0.408 Candesartan -0.24 —0.84, 0.36 0.423
Metoprolol 0.57 —0.04, 1.18 0.065 Metoprolol 0.55 —0.05, 1.16 0.072
ABNP 0.00 —0.02, 0.01 0.664 ANT-proBNP 0.00 —0.01, 0.00 0.286
Age, y —0.02 —0.06, 0.02 0.259 Age, y —0.02 —0.06, 0.01 0.223
BMI, kg/m? —0.03 —0.10, 0.03 0.328 BMI, kg/m? —0.03 —0.10, 0.03 0.296
SBP, mm Hg 0.02 —0.01, 0.05 0.124 SBP, mm Hg 0.02 0.00, 0.05 0.102
Epi. dose’ 0.64 —0.09, 1.38 0.085 Epi. dose’ 0.65 —0.08, 1.37 0.078
Candesartan -0.28 —0.89, 0.33 0.369 Candesartan -0.24 —0.84, 0.37 0.437
Metoprolol 0.73 0.09, 1.37 0.025 Metoprolol 0.74 0.11, 1.37 0.023
AGalectin-3 —0.03 —0.16, 0.10 0.673 ACRP 0.00 —0.02, 0.03 0.698
Age, y —0.02 —0.06, 0.02 0.240 Age, y —0.03 —0.06, 0.01 0.187
BMI, kg/m? —-0.03 —0.10, 0.03 0.330 BMI, kg/m? —0.03 —0.09, 0.04 0.392
SBP, mm Hg 0.02 —0.01, 0.05 0.144 SBP, mm Hg 0.02 —0.01, 0.05 0.148
Epi. dose’ 0.60 —0.13,1.33 0.108 Epi. dose’ 0.57 —-0.17,1.30 0.129
Candesartan -0.27 —0.89, 0.34 0.384 Candesartan -0.23 —0.84, 0.37 0.451
Metoprolol 0.69 0.06, 1.31 0.031 Metoprolol 0.62 0.02, 1.23 0.044

BMI indicates body mass index; BNP, B-type natriuretic peptides; CRP, C-reactive protein; cTnl, cardiac troponin I; cTnT, cardiac troponin T; NT-proBNP, amino-terminal fragment of the BNP

prohormone; SBP, systolic blood pressure at baseline.
*B unstandardized regression coefficient.
Dichotomized variable for cumulative epirubicin dose of 400 and <400 mg/m?.

angiotensin blockade on cardiac remodeling,?**° which

appears to occur independently of the magnitude of car-
diotoxic injury, as assessed by cTnl and ¢TnT measurements.
Conversely, the current study suggests that beta blockade
with metoprolol may beneficially impact on the acute toxicity
of anthracyclines, reflected in significantly less increase in
c¢Tnl and ¢TnT levels during anthracycline therapy whereas it
had no apparent effect on LVEF in the main analysis. Although
the current study is not designed to elucidate the exact
mechanisms whereby metoprolol reduces myocardial injury
and subsequent cardiac troponin release, a potential mech-
anism mediating this anticardiotoxic effect is the inhibition of
beta-adrenergic—mediated proapoptotic pathways.®>'>* The
clinical significance of our observation is unclear because the
increase in cardiac troponin levels was not associated with
change in ventricular function from baseline to completion of
anthracycline therapy. However, until longer-term follow-up
data are available, a cohesive conclusion cannot be drawn

concerning whether the attenuation of troponin increase by
metoprolol or the attenuation of decline in LVEF by
candesartan is of greater long-term prognostic importance.
Based on the information currently available, it may be argued
that combined beta-adrenergic and angiotensin blockade
represents the reasonable approach for prophylactic cardio-
protective therapy in these patients, whereas definitive
conclusion will await data from longer follow-up and addi-
tional studies.

The observation that metoprolol therapy was associated with
higher concentrations of BNP and NT-proBNP was not unex-
pected, given that beta blockers have been shown to increase
natriuretic peptide concentrations in healthy subjects as well as
in a variety of clinical settings.®> One potential mechanism is
increased stretch of cardiomyocytes induced by the higher end-
diastolic volume secondary to the reduction in heart rate by
metoprolol. Galectin-3 and CRP were not affected by either of
the interventions, suggesting that neuroendocrine blockade
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with candesartan and metoprolol does not affect the inflamma-
tory and profibrotic response to anthracycline therapy.

Association Between Individual Biomarkers and
Cardiac Function

The literature is inconsistent regarding the association between
different cardiac biomarkers and the impairment of cardiac
function.® In the current study, blood sampling and cardiac
imaging were performed on the same day postchemotherapy.
There were no associations between change in biomarkers
levels and change in cardiac systolic and diastolic function
during contemporary doses of anthracycline treatment. This
suggests that circulating biomarkers have limited potential to
predict early reduction in ventricular function; however, we
cannot rule out a stronger association in populations with pre-
existing cardiovascular disease or with a higher cardiovascular
risk factor burden leading to a more-pronounced decline in
cardiac function. Also, there may be a stronger association in
patients receiving higher doses of anthracycline or in those
reintroduced to anthracyclines because of tumor recurrence.
Although the lack of association between change in biomarkers
and change in cardiac function was consistent for the
biomarkers examined, we recognize that the relatively modest
sample size may have contributed to the lack of association. The
question whether an early biomarker response may be predic-
tive of late reduction in ventricular function must await long-
term follow-up.

Strengths and Limitations

Strengths of the current study include its randomized, 2x2
factorial, double-blind design, permitting a head-to-head com-
parison of 2 different drugs. Also, the study population was well
characterized phenotypically and homogeneous with little
comorbidity. Importantly, the anthracycline doses used in this
study were in accord with contemporary guidelines for breast
cancer treatment. Limitations of the current report include the
lack of follow-up information beyond the adjuvant treatment
period, but long-term follow-up is planned and ongoing. Also,
the kinetic profiles of the different biomarkers during and after
anthracycline therapy have not been clearly defined, and the
optimal timing for biomarker sampling could have been missed.

Conclusions

In patients receiving contemporary treatment for early breast
cancer, ¢Tnl, cTnT, and CRP increased during chemotherapy ina
dose-dependent fashion. Long-term patient follow-up is
required to determine whether the impact of metoprolol on
cardiac troponin levels during therapy will translate into clinical

benefit. Likewise, the lack of associations between change in
biomarker concentrations and early changes in ventricular
function suggest that the clinical utility of these biomarkers as
prognostic tools is limited, but long-term studies are warranted.
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