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Abstract

Aims To evaluate echocardiographic and biomarker changes during chemotherapy, assess their ability to early detect and
predict cardiotoxicity and to define the best time for their evaluation.
Methods and results Seventy-two women with breast cancer (52 ± 9.8 years) treated with anthracyclines (26 also with
trastuzumab), were evaluated for 14 months (6 echocardiograms/12 laboratory tests). We analysed: high-sensitivity cardiac
troponin T, NT-proBNP, global longitudinal strain (GLS), left ventricle end-systolic volume (LVESV), left ventricle
end-diastolic volume (LVEDV), and left ventricular ejection fraction (LVEF). Cardiotoxicity was defined as a reduction in
LVEF>10% compared with baseline with LVEF<53%. High-sensitivity troponin T levels rose gradually reaching a maximum
peak at 96 ± 13 days after starting chemotherapy (P < 0.001) and 62.5% of patients presented increased values during treat-
ment. NT-proBNP augmented after each anthracycline cycle (mean pre-cycle levels of 72 ± 68 pg/mL and post-cycle levels of
260 ± 187 pg/mL; P < 0.0001). Cardiotoxicity was detected in 9.7% of patients (mean onset at 5.2 months). In the group with
cardiotoxicity, the LVESV was higher compared with those without cardiotoxicity (40 mL vs. 29.5 mL; P = 0.045) at 1 month
post-anthracycline treatment and the decline in GLS was more pronounced (�17.6% vs. �21.4%; P = 0.03). Trastuzumab
did not alter serum biomarkers, but it was associated with an increase in LVESV and LVEDV (P < 0.05). While baseline LVEF
was an independent predictor of later cardiotoxicity (P = 0.039), LVESV and GLS resulted to be early detectors of
cardiotoxicity [odds ratio = 1.12 (1.02–1.24), odds ratio = 0.66 (0.44–0.92), P < 0.05] at 1 month post-anthracycline
treatment. Neither high-sensitivity troponin T nor NT-proBNP was capable of predicting subsequent cardiotoxicity.
Conclusions One month after completion of anthracycline treatment is the optimal time to detect cardiotoxicity by means of
imaging parameters (LVESV and GSL) and to determine maximal troponin rise. Baseline LVEF was a predictor of later
cardiotoxicity. Trastuzumab therapy does not affect troponin values hence imaging techniques are recommended to detect
trastuzumab-induced cardiotoxicity.
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Introduction

Anthracyclines and trastuzumab are first-line antitumoural
agents used in breast cancer therapy.1 However, they can in-
duce cardiotoxicity, especially in patients with a high cardio-
vascular risk, a background of mediastinal radiotherapy, or
concomitant therapy with other agents such as
cyclophosphamide.2,3 Cardiotoxicity can appear with any
treatment dose and also in the absence of the aforemen-
tioned factors, so it is a challenge to detect. Early detection
of myocardial injury is key to reducing cardiovascular compli-
cations and to avoid having to discontinue antitumoural
therapy.4

Given that classical biomarkers such as troponin I and T
and global longitudinal strain (GLS) have been described as
predictors of cardiotoxicity,5–7 these should be monitored
during treatment with cardiotoxic agents.8 NT-proBNP is of
doubtful value as a predictor of cardiotoxicity, and previously
published results are contradictory.9 High-sensitivity troponin
levels in this setting are even less validated, and some studies
have described elevated values in 28% of patients.10 How-
ever, specific threshold values for cardiotoxicity and the opti-
mum timing for extractions are still unknown. On the other
hand, myocardial deformation techniques are robust and re-
producible, although dependent on image quality, with wide
variability among results from different ultrasound equip-
ment and no clear evidence about the best time to perform
them.11,12

The main objectives of this work were to assess changes in
echocardiographic parameters [left ventricular end-diastolic
volume (LVEDV), left ventricular end-systolic volume (LVESV),
and GLS] and in biomarkers [high-sensitivity cardiac troponin
T (hs cTnT) and NT-proBNP] extracted during treatment with

anthracyclines, with or without trastuzumab, and to assess
their capacity to early detect and predict cardiotoxicity. Other
objectives included (i) determining the best time to evaluate
echocardiographic parameters and biomarkers; (ii) assessing
the toxicity pattern of different chemotherapy regimens
(anthracyclines vs. anthracyclines with trastuzumab).

Methods

Study population

Patients over 18 years old with non-metastatic breast cancer
referred to our centre between January 2017 and August
2018 and considered as candidates for anthracycline treat-
ment were prospectively and consecutively included. The
presence of cardiovascular risk factors, previous cardiac dis-
eases, renal, or hepatic dysfunction were not exclusion fac-
tors. The chemotherapy regimen is described in Figure S1.
Trastuzumab was administered a minimum of 1 month after
completing anthracycline treatment. The study was approved
by the hospital ethics research committee (CEIm HM
hospitales:16.11.1014-GHM) and all patients signed the in-
formed consent.

Study protocol

The study protocol is shown in Figure 1. The study duration
was 14 months and included 6 echocardiography evaluations
and 12 blood tests. High-sensitivity troponin T and
NT-proBNP were measured before and after each
anthracycline cycle, with a 24–48 h margin (LAB1-LAB4). After

Figure 1 Diagram showing the study protocol. AC, anthracyclines; ECHO, echocardiogram; LAB, laboratory (Troponin and NT-proBNP); POST, post-cy-
cle; PRE, pre-cycle.
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completing anthracycline treatment, patients were
monitored again at the end of 1, 3, 6, and 12 months
(LAB5-LAB8). Echocardiography was performed before
starting chemotherapy (ECHO1) and was repeated between
the second and third cycles of anthracycline therapy (ECHO2),
and also after completing all cycles at the end of 1, 3, 6, and
12 months (ECHO3-ECHO6). Cardiotoxicity was defined as a
reduction in LVEF >10% compared with baseline value with
an LVEF <53%, in accordance with the most widely used def-
inition established in the consensus document by Plana et al.8

At the moment of cardiotoxicity detection on the echocardio-
gram, cardioprotective therapies with beta-blockers and ACE-
inhibitors/sartans were initiated and maintained throughout
the 14 month follow-up.

Transthoracic echocardiogram

All studies were acquired with a Philips Epiq 7 ultrasound sys-
tem (Philips Health Care, Andover, MA, USA) by a cardiologist
qualified in imagining techniques accredited by the European
Association of Cardiovascular Imaging. Measurements were
taken off-line in the Xcelera workstation. Echocardiographic
parameters included LVEDV, LVESV, and LVEF, following rec-
ommendations for the quantification of cardiac chambers.13

GLS was quantified using QLAB 10.5 (Philips Health Care,
Andover, MA, USA) and Automated Cardiac Motion Quantifi-
cation software (aCMQ). Borders of the endocardium were
manually traced in telediastole in three-chamber, four-
chamber, and two-chamber views, and strain curves were ob-
tained automatically.13

Biomarkers

Serum hs cTnT levels were measured with the Elecsys of
Troponin T hs assay (Roche). The lower detection limit was
3 ng/L (defined as undetectable levels) and levels >14 ng/L
(99th percentile of healthy individuals) were considered
elevated.

Serum NT-proBNP levels were measured with the Elecsys
of proBNP II assay (Roche) and values >125 pg/ml (99th per-
centile of healthy individuals) were considered elevated.

Statistical analysis

Quantitative variables are presented as means ± standard
deviations and categorical variables as absolute and relative
frequencies (%). Differences between patients with and with-
out cardiotoxicity were determined by the Student-t test for
quantitative variables and χ2 test for categorical variables, re-
curring to Wilcoxon or Fischer’s test in non-parametric condi-
tions. In cases for which multiple tests were applied, P values
were adjusted by the Benjamin–Hochberg method. Predictive

capacity was determined by univariate logistic regression
analysis. For predictive variables in the univariable model
(P < 0.05), the receiver-operating characteristic (ROC) curve
was computed and the cut-off that produced maximum sen-
sitivity and specificity was considered. Intra-observer and
inter-observer agreement were calculated from the differ-
ence in values obtained in 20 patients using the intraclass
correlation coefficient (ICC) and the Bland–Altman analysis.
Statistical analysis was performed using R version 4.0.0. An
α limit of 0.05 was considered as statistically significant.

Results

Eighty patients were included in the study and 90% of cases
(n = 72) completed the 14 month follow-up. Out of the eight
patients that did not complete the study protocol, three dis-
continued chemotherapy treatment early due to
non-cardiological toxicity and five patients changed institu-
tion for follow-up. Baseline characteristics of the cohort are
summarized in Table 1, broken down by cardiotoxicity. All
study participants (100%) were women (mean age
52.0 ± 9.8 years) and 5 presented a cardiac disease (1 me-
chanical mitral valve prosthesis, 1 left bundle branch block,
2 hypertensive cardiopathy, and 1 mitral insufficiency). All pa-
tients (100%) received anthracyclines (epirubicin, 88.9%), in
36.1% cases combined with trastuzumab, and 97.2% received
additional thoracic radiotherapy.

A total of 9.7% developed cardiotoxicity (reduction of LVEF
>10% vs. baseline value with LVEF <53%) with a mean onset
at 5.2 ± 1.3 months (5 patients developed it 3 months
post-anthracycline treatment, 1 patient one-month post-
anthracyclines and 1 patient 6 months post-anthracyclines).
Patients that developed cardiotoxicity were slightly younger
(45.7 ± 7.3 years) and free of cardiovascular risk factors. Base-
line levels of LVEF, GLS, and NT-proBNP were no different be-
tween the groups with or without cardiotoxicity, whereas hs
cTnT was slightly raised in the group that did not develop
cardiotoxicity (4.8 ± 2.1 vs. 3.1 ± 0.2; P = 0.006), but without
reaching pathological levels (>14 ng/L) in any patient. Among
patients with cardiotoxicity, one presented dyspnoea and the
rest were asymptomatic but all received beta-blockers and
ACE-inhibitors or sartans at maximum tolerated doses. One
patient required temporary interruption of trastuzumab. Dur-
ing follow-up, all patients that developed cardiotoxicity nor-
malized LVEF and strain values.

Changes in echocardiographic parameters and
biomarkers

Echocardiographic parameters at baseline and during
follow-up of the whole cohort and broken down by presence

Early detection of anthracycline-induced and trastuzumab-induced cardiotoxicity: value and optimal timing of serum biomarkers and
echocardiographic parameters 1129
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of cardiotoxicity are shown in Figures S2 and 2. Globally, for
the whole cohort, LVEF decreased significantly after ECHO4.
This decline in LVEF occurred earlier in the group that devel-
oped cardiotoxicity (ECHO3) than in the group without
cardiotoxicity reaching criteria of cardiotoxicity (reduction in
LVEF >10% vs. a baseline value with LVEF <53%) in ECHO4
(LVEF = 52.7% ± 2.7% vs. 61.4% ± 4.8%, P < 0.001). The
LVEDV tended to rise in the cardiotoxicity group, although
differences between groups were not significant. The LVESV
also showed a tendency to increase in the group with
cardiotoxicity from 34.4 ± 9.7 mL in ECHO1 to 49.3 ± 11.7 in
ECHO6, and reached significant differences compared with
the group without cardiotoxicity in ECHO3 (P = 0.045).
Globally, in the whole cohort, GLS was significantly reduced
in ECHO4. In the group presenting cardiotoxicity, the decline
in GLS was more pronounced and occurred earlier,
reaching values in ECHO3 (1 month after completing
anthracycline treatment) of �18.9% ± 2.8% compared with
baseline values of 20.9% ± 2.2% (P = 0.032), reaching also
significant differences between the groups at this time
(P = 0.03).

Regarding the hs cTnT levels, neither of the groups pre-
sented elevated values at baseline (>14 ng/L) and in 36.7%
of patients these values were undetectable (<3 ng/L). The hs
cTnT rose steadily and significantly with consecutive
anthracycline cycles, from 4.6 ± 2.1 ng/L in the baseline blood
test to a maximum value of 15.7 ± 7.4 ng/L at 96 ± 13 days

(Figure 3). At 12 months after completing anthracycline treat-
ment, levels had fallen to 5.9 ± 2.1 ng/L. Over the treatment
period, 62.5% of patients presented pathological values
(>14 ng/L). Levels of hs cTnT were found to be linearly corre-
lated with age (P< 0.001, R2 = 0.16) and baseline levels as well
as levels during follow-up were significantly higher in women
>55 years than in women ≤55 years old (Figure S3). Differ-
ences were not significant between hs cTnT results extracted
before vs. after the anthracycline cycles (Figure 4A), or be-
tween groups with or without cardiotoxicity, either at baseline
or during follow-up (Table 2). Baseline NT-proBNP was normal
in all patients and was not age dependent. Values of
NT-proBNP extracted before and after anthracycline cycles
were significantly different (P < 0.0001), with mean pre-cycle
levels of 72 ± 68 pg/mL and post-cycle levels of 260 ± 187 pg/
mL (Figure 4B). NT-proBNP levels were not significantly differ-
ent between patient groups with and without cardiotoxicity
(Table 2).

Effects of trastuzumab

Table S1 shows clinical variables, echocardiographic parame-
ters, and biomarker levels at baseline and during follow-up in
patients with and without trastuzumab. No significant differ-
ences were observed between groups regarding clinical vari-
ables or biomarkers. For echocardiographic parameters, a

Table 1 Baseline characteristics of study cohort

Total (n = 72) No cardiotoxicity (n = 65) Cardiotoxicity (n = 7) P value

Age (years) 52.0 ± 9.8 52.7 ± 9.8 45.7 ± 7.3 0.08
Cardiovascular risk factors

Active smoking 4 (5.6%) 4 (6.2%) 0 (0.0%) 1
Diabetes mellitus 1 (1.4%) 1 (1.5%) 0 (0.0%) 1
Dyslipidaemia 6 (8.3%) 6 (9.2%) 0 (0.0%) 1
Arterial hypertension 5 (6.9%) 5 (7.7%) 0 (0.0%) 1

Body mass index 24.8 ± 3.9 25.0 ± 4.0 22.5 ± 1.7 0.53
Baseline creatinine (mg/dL) 0.6 ± 0.1 0.6 ± 0.1 0.6 ± 0.1 0.87
Heart rate (bpm) 69.0 ± 12.4 69.1 ± 12.8 67.7 ± 7.7 0.91
Systolic BP (mmHg) 107.7 ± 16.8 107.7 ± 17.4 107.1 ± 9.5 0.87
Diastolic BP (mmHg) 67.7 ± 9.5 67.9 ± 9.9 65.7 ± 5.3 0.49

Oncological variables
Anthracyclines 1
Epirubicin 64 (88.9%) 57 (87.7%) 7 (100%)
Doxorubicin 8 (11.1%) 8 (12.3%) 0 (0.0%)

Anthracycline dose (mg/m2) 1
Epirubicin 360 360 360
Doxorubicin 200 200 200

Radiotherapy 70 (97.2%) 63 (96.9%) 7 (100%) 1
Trastuzumab 26 (36.1%) 22 (33.8%) 4 (57.1%) 0.24

Echocardiographic parameters
LVEDV (mL) 81.3 ± 16.3 81.0 ± 16.6 84.0 ± 15.0 0.5
LVESV (mL) 30.0 ± 8.2 29.5 ± 8.0 34.4 ± 9.7 0.19
LVEF (%) 63.3 ± 5.4 63.8 ± 5.2 59.4 ± 6.5 0.07
GLS (%) �21.8 ± 2.3 �21.9 ± 2.3 �20.9 ± 2.2 0.21

Biomarkers
Hs cTnT (ng/L) 4.6 ± 2.0 4.8 ± 2.1 3.1 ± 0.2 0.006
NT-ProBNP (pg/mL) 82.3 ± 95.3 84.3 ± 99.9 65.4 ± 39.4 0.94

GLS, global longitudinal strain; Hs cTnT, high-sensitivity troponin T; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejec-
tion fraction; LVESV, left ventricular end-systolic volume.
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significant rise in LVEDV and LVESV was observed but no sig-
nificant differences in LVEF or GLS.

Predictive value of cardiotoxicity for
echocardiographic parameters and biomarkers

The results for baseline variables and those determined
at 1 month post-anthracycline treatment are recorded in

Table 3. At baseline study, LVEF was the only variable that
could predict later cardiotoxicity (P = 0.039). However, after
completing anthracycline therapy LVEF, LVESV and GLS
turned out to be early detectors of cardiotoxicity [odds ratio
(OR) = 0.60 (0.37–0.81), OR = 1.12 (1.02–1.24), OR = 0.66
(0.44–0.92), P < 0.05]. Neither the decline in LVEF vs.
baseline values (% drop) nor the biomarkers (hs cTnT and
NT-proBNP) were capable of predicting subsequent
cardiotoxicity. After analysing the ROC curve for these

Figure 2 Echocardiographic parameters at baseline and during follow-up broken down by presence of cardiotoxicity (values expressed as median and
interquartile range).ECHO1, baseline; ECHO2, 2nd–3rd anthracycline cycle; ECHO3, 1st month post-anthracyclines; ECHO4, 3rd month post-
anthracyclines; ECO5, 6th month post-anthracyclines; ECO6, 12th month post-anthracyclines; GLS, global longitudinal strain; LVEDV, left ventricular
end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume.

Early detection of anthracycline-induced and trastuzumab-induced cardiotoxicity: value and optimal timing of serum biomarkers and
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Figure 3 Evolution of high-sensitivity troponin T. LAB1, 1st anthracycline cycle; LAB2, 2nd anthracycline cycle; LAB3, 3rd anthracycline cycle; LAB4, 4th
anthracycline cycle; LAB5, 1st month post-anthracyclines; LAB6, 3rd month post-anthracyclines; LAB7, 6th month post-anthracyclines; LAB8, 12th
month post-anthracyclines.

Figure 4 (A) Troponin values before and after the anthracycline cycles; (B) NT-proBNP values before and after the anthracycline cycles.
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variables (Figure 5), values that could early detect patients
with cardiotoxicity were selected. One month after complet-
ing anthracycline treatment, an LVESV >39.5 mL [sensitivity
57%; specificity 85%; area under the ROC curve
(AUC) = 0.75, confidence interval (CI) 0.55–0.96), a GLS value
<�20.3 (sensitivity 86%; specificity 71%; AUC = 0.78, CI
0.52–1.0), and an LVEF <60.5% (sensitivity 100%; specificity
66%; AUC = 0.89, CI 0.79–0.99) were chosen as cut-off values
to early detect patients with cardiotoxicity.

Intra-observer and inter-observer reproducibility
of echocardiographic parameters

Measurements recorded twice by each observer obtained an
ICC = 0.97 for LVEDV, an ICC = 0.98 for LVESV, and an
ICC = 0.93 for LVEF. Measurements recorded by different ob-
servers obtained an ICC = 0.92 for LVEDV, an ICC = 0.95 for
LVESV, and an ICC = 0.95 for LVEF. Taken together with Figure
S4, this shows a good reproducibility for echocardiographic
parameters.

Discussion

In our prospective cohort of patients with breast cancer
treated with anthracyclines ± trastuzumab and with an ex-
haustive follow-up, we observed that (i) hs cTnT rises gradu-
ally over the course of treatment, reaching a maximum peak
1 month after completing anthracycline treatment, but is not
able to predict cardiotoxicity; (ii) NT-proBNP does not predict
cardiotoxicity development and the values vary greatlyTa
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Table 3 Univariate analysis of cardiotoxicity predictors

Variable P value Odds ratio
Confidence

interval (95%)

Baseline variables
Age (years) 0.079 0.921 0.833–1.004
Trastuzumab 0.24 2.606 0.530–14.223
LVEF (%) 0.039 0.810 0.647–0.974
LVESV (mL) 0.14 1.071 0.977–1.179
LVEDV (mL) 0.64 1.011 0.962–1.059
GLS (%) 0.3 1.228 0.855–1.881
NT pro-BNP (pg/mL) 0.62 0.997 0.978–1.005
Hs cTnT (ng/L) 0.13 0.066 0.0002–0.567

At 1 month post-anthracyclines
LVEF (%) 0.007 0.601 0.370–0.807
LVESV (mL) 0.018 1.117 1.024–1.238
LVEDV (mL) 0.28 1.022 0.981–1.066
GLS (%) 0.024 0.662 0.438–0.919
NT pro-BNP (pg/mL) 0.9 0.999 0.985–1.010
Hs cTnT (ng/L) 0.27 0.923 0.780–1.042

Changes between 1 month post-anthracyclines and baseline values
Reduction in LVEF (%) 0.21 0.003 0.000–25.572
Increase in Hs cTnT (ng/L) 0.55 0.962 0.829–1.079

GLS, global longitudinal strain; Hs cTnT, high-sensitivity troponin T;
LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular
ejection fraction; LVESV, left ventricular end-systolic volume.
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depending on the time of extraction during the anthracycline
cycle; (iii) trastuzumab therapy does not affect troponin
values but it modifies ventricular volumes; (iv) baseline LVEF
is a good predictor of late cardiotoxicity; (v) GLS and LVESV
enable early detection of cardiotoxicity, and the best time
for their evaluation is 1 month post-anthracycline treatment.

One of the strengths of our study design was the large
number of echocardiograms and blood tests performed (6
echocardiograms and 12 blood tests per patient), allowing
for an early evaluation of possible alterations in echocardio-
graphic variables and biomarker levels. In fact, this extensive
follow-up permitted the detection of cardiotoxicity in the
subclinical stage in all patients except one who presented
symptoms of heart failure at the time of echocardiographic
diagnosis of cardiotoxicity. Early detection and cardioprotec-
tive treatment initiation most likely prevented clinical and
echocardiographic progression of heart failure in our pa-
tients. We propose that the optimum time for early detection
of cardiotoxicity by GLS and LVESV is 1 month after complet-
ing anthracycline treatment, coinciding with maximum hs
cTnT levels. In our study, performing the echocardiography
before completing the anthracycline cycles did not contribute
any additional relevant data.

The 9.7% cardiotoxicity rate in our series, defined in accor-
dance with the most widely used definition in the consensus
document by Plana et al.,8 is similar to recent studies.14,15

However, this rate is lower than those reported in older stud-
ies prior to this document, showing incidences ranging from
18.6% to 32.0%.10,16,17 These differences are probably linked

to a previous broader definition of toxicity, the applied che-
motherapy protocol, including epirubicin (88.9% of our co-
hort), a drug less cardiotoxic than doxorubicin that was
used in older series,18 and the relatively low chemotherapy
doses currently recommended as first line therapy for breast
cancer.

Another strength of our study is the possibility to correlate
imaging and biomarker data given that our study protocol in-
cludes hs cTnT. NT-proBNP, LVEF, GLS, and LV volumes. Our
results of GLS and LVEF are in line with previous
research.7,10,12,19 However, most of these publications did
not include a correlation with hs cTnT. In our series, increased
levels of hs cTnT were detected in 62.5% of patients which
contrasts with the 9.7% of toxicity detected by echocardio-
graphic parameters; these data reflect a higher sensitivity of
the hs cTnT over the imaging techniques used. However,
the increase in troponin values is relatively low and the clin-
ical impact of this discrete rise is unknown. Additionally, we
describe LVESV as an early detector of cardiotoxicity. This is
important in cases where it is not feasible to determine
GLS, as myocardial deformation techniques are not always
available, they require specially trained staff and a good
acoustic window to perform a satisfactory evaluation. In
these cases, the evaluation and interpretation of ventricular
volumes is essential, and these measurements can be made
by all ultrasound systems.

Interestingly, our data contributes to the value of hs cTnT
in the cardio-oncology field, which is currently scarce. Serum
hs cTnT increased gradually over the course of anthracycline

Figure 5 Receiver operative characteristic curve analysis of predictive variables of cardiotoxicity. GLS, global longitudinal strain; LVEF, left ventricular
ejection fraction; LVESV, left ventricular end-systolic volume.
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cycles, reaching a maximum peak at 96 ± 13 days after
starting chemotherapy, and showing a similar pattern in pa-
tients with or without cardiotoxicity. Moreover, we observed
a linear dependence of troponin with age, which was not cor-
related with the degree of toxicity, so age should also be
taken into account when interpreting hs cTnT levels. In other
pathologies, such as acute coronary syndrome, the prognostic
value of troponins is also affected by age.20 On the other
hand, we found it to be irrelevant whether extractions were
carried out before or after each anthracycline cycle, given
that levels raised gradually over the course of treatments.
Unlike results published in other studies, neither the troponin
peak nor the increase in troponin vs. baseline had a predic-
tive value for cardiotoxicity.10,16 A recent meta-analysis of
61 studies (n = 5691) assessed the value of troponins in
cancer patients and found that elevated levels can predict
ventricular dysfunction.9 However, the value of this
meta-analysis and its interpretation were limited because
only five of the studies measured high-sensitivity troponins.
Sawaya et al. found that levels of high-sensitivity troponin I
>30 pg/mL 3 months after anthracycline treatment predicted
cardiotoxicity (sensitivity 48%, specificity 73%). These au-
thors, like ourselves, found no differences in high-sensitivity
I troponin between groups with and without cardiotoxicity
(32 vs. 17 pg/mL, P = 0.18).16 On the other hand, Kang
et al. studied 75 lymphoma patients treated with epirubicin
and observed that hs cTnT levels rose after the 3rd treatment
cycle (from 0.001 to 0.0063 ng/mL, P < 0.01), in agreement
with our results, and although the combination of hs cTnT
with GLS slightly raised the sensitivity (from 86% to 93%), it
was not an independent predictor of cardiotoxicity either.17

Katsurada et al., in a small number of patients (n = 19), ob-
served a rise in high-sensitivity troponin I and T levels
3 months after treatment in both groups, with and without
cardiotoxicity; however, significant differences between the
groups were only found in hs cTnT levels, and these were
only recorded 6 months after the treatment.21 Table S2 sum-
marizes the studies that used high-sensitivity troponin.

Regarding NT-proBNP levels, results from post-
anthracycline extractions always reached pathological values
vs. pre-cycle levels. This demonstrates the importance of
the timing of biomarker extraction during chemotherapy
treatment and could explain the differences and controver-
sies among previously published studies.9 The cause of the
rise in NT-proBNP at 24–48 hours post-cycle is unknown, al-
though it could be related to volume overload during admin-
istration of the drug.22

Finally, we observed that trastuzumab-induced toxicity dif-
fers from anthracycline-induced cardiotoxicity. As opposed to
a gradual rise and 1 month peak of hs cTnT post-
anthracycline treatment, trastuzumab does not lead to such
rise and dose-dependent pattern. Similar results are de-
scribed by Zardavas et al. in 533 patients in the HERA study
(adjuvant herceptin),23 in which very few patients presented

raised troponin levels during treatment with trastuzumab,
suggesting that this drug per se does not raise troponin
levels. They also observed a fall in LVEF in patients who
started with raised troponin levels at baseline, but conclude
that this rise was secondary to previous anthracycline re-
ceived. We also found that trastuzumab caused an increase
in LVEDV and LVESV, suggesting a different mechanism
of ventricular involvement to that produced by the
anthracyclines. These data support using ultrasound over bio-
markers in patients treated with trastuzumab when evaluat-
ing cardiotoxicity.

Limitations

We studied a cohort of young patients with scarce cardio-
vascular pathology, thus limiting the extrapolation of our
results to older patients with a greater cardiovascular risk.
However, breast cancer is prevalent in young women, so
our findings could be useful to help manage this patient
profile. Because our study was conducted in a single centre
and a limited number of women developed cardiotoxicity,
the findings should be interpreted with caution and con-
firmed by multicentric studies. Eight out of the 80 patients
did not complete the study protocol; but this is in line with
previous reported drop-out rates.16 Moreover, we analysed
bidimensional LVEF, with the geometrical limitations this
entails. However, the suboptimum acoustic window in mas-
tectomy patients makes difficult the three-dimensional
analysis. Finally, the use of additional imaging techniques
such as cardiac magnetic resonance, including regional
strain or T1 and T2 mapping could add more accurate
and sensitive information for the detection of
cardiotoxiciy.24 Nevertheless, these novel techniques are
not widely available in many centres, they require higher
expertise and analysis might be challenging.

Conclusions

One month after completion of anthracycline treatment is
the optimal time to detect cardiotoxicity by means of imaging
parameters (LVESV and GSL) and to determine maximal tro-
ponin rise. Baseline LVEF was a predictor of later
cardiotoxicity whereas hs cTnT and NT-proBNP were not able
to predict such chemotherapy side-effect. NT-proBNP values
vary greatly depending on the time of extraction during the
anthracycline cycle. Trastuzumab therapy does not affect
troponin values, but it modifies LVEDV and LVESV; hence,
imaging techniques are recommended to detect
trastuzumab-induced cardiotoxicity.
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