
Prediction of Anthracycline Cardiotoxicity after Chemotherapy
by Biomarkers Kinetic Analysis

Ornella Garrone • Nicola Crosetto • Cristiana Lo Nigro •

Tiziana Catzeddu • Daniela Vivenza • Martino Monteverde •

Marco Merlano • Mauro Feola

Published online: 22 December 2011

� Springer Science+Business Media, LLC 2011

Abstract Anthracyclines are active drugs against breast

cancer, but can exert cardiotoxic effects. We analyzed the

association between the kinetics of various biomarkers

during chemotherapy, and the risk of subsequent cardiac

toxicity. 50 patients (49 women) with early breast cancer

surgically treated and eligible to anthracycline-based

adjuvant chemotherapy were analyzed. The left ventricular

ejection fraction (LVEF) together with the plasma con-

centration of several blood markers was measured at the

beginning of anthracycline chemotherapy (t0), 5 months

(t1), 16 months (t2), 28 months (t3), and 40 months later

(t4). A single measured LVEF value less than 50% or a

clinically overt congestive heart failure (CHF) was con-

sidered cardiotoxic effects. We tested whether the kinetics

of LVEF and blood biomarkers measured during chemo-

therapy was predictive of subsequent cardiotoxicity and

overall cardiac fitness. The left ventricular ejection fraction

measured at the end of treatment as well as the rate of

change of hemoglobin concentration during anthracycline-

based chemotherapy predicted cardiotoxicity in a 3-year

follow-up period. When LVEF at the end of chemotherapy

was lower than 53% or hemoglobin blood concentration

declined more than 0.33 g/dL/month during chemotherapy,

the odds ratio of subsequent cardiotoxicity was 37.3 and

18, respectively. The specificity of these two tests was

93.3% and 80%, whereas the sensitivity was 90.9 and

81.2%, respectively. Testing the rate of change of hemo-

globin concentration during anthracycline-based chemo-

therapy, as well as the left ventricular ejection fraction at

the end of treatment, seems a powerful method to assess

the effects of anthracyclines on cardiac fitness and identify

patients at high risk of CHF. Further validation of these

tests on a large cohort of patients and cost-benefit analysis

should be encouraged.
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Introduction

Anthracyclines alone or in combination with other drugs

are among the most active therapy and the most widely

used agents for the treatment of breast cancer in adjuvant

and metastatic settings. In the adjuvant setting, the

EBCTCG [1] suggested a definite survival advantages after

using these drugs. Notwithstanding their advantages, there

is a concern about the potential development of cardio-

toxicity, which can culminate in congestive heart failure

(CHF) [2]. The overall risk of conventional anthracycline-

induced cardiotoxicity is related to cumulative dose [3–5].

Moreover, doxorubicin-related CHF risk is schedule
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dependent, with lower incidence with schedules based on

one administration per week compared to every 3 weeks

[3]. The development of an overt CHF is more common

within the first year after the discontinuation of therapy, but

sometimes a longer time elapses. Identification of patients

more prone to develop chronic cardiac damage is the pri-

mary object of medical oncologists. The early diagnosis of

cardiac damage, in fact, might permit a more aggressive

control of cardiac function, a different choice of antitumor

agents, and, finally, a cardiologic support therapy. The

most common way to study anthracycline potential car-

diotoxicity is the evaluation of the left ventricular ejection

fraction (LVEF) using radionuclide ventriculography

(MUGA) or echocardiography. Considering that the LVEF

obtained by MUGA is more accurate and less dependent by

the operator, serial radionuclide LVEF monitoring has been

advised in order to monitor cardiotoxicity [6, 7]. We have

previously reported that in breast cancer patients treated

with anthracyclines, the plasma levels of troponin I and

brain natriuretic peptide (BNP) rise during the course of

chemotherapy and might be useful to identify patients at

risk of cardiotoxicity [7]. Prompted by these observations,

we decided to systematically analyze the kinetics of mul-

tiple blood markers together with LVEF in breast cancer

patients receiving anthracycline-based adjuvant chemo-

therapy evaluating their predictive value.

Methods

Patients

Patients with early breast cancer and candidate to adjuvant

chemotherapy were included into a prospective evaluation

of cardiac function. All patients underwent radical surgery,

i.e., mastectomy or breast-conserving treatment, had no

evidence of distant metastases, as well as an adequate bone

marrow, renal, and hepatic function. The presence of cor-

onary artery disease, valvular disease, and pre-treatment

left ventricular dysfunction (LVEF \ 50%) was considered

exclusion criteria. The chemotherapy regimen consisted of

6 cycles of cyclophosphamide 600 mg/m2, epirubicin

90 mg/m2, and fluorouracil 600 mg/m2 all given intrave-

nously on day one every 21 days. Locoregional radiother-

apy was delivered at the end of the chemotherapy plan, if

indicated. Before starting chemotherapy (t0), all patients

underwent a cardiac assessment consisting of ECG, LVEF

measurement at rest by radionuclide angiocardiography,

hemocytometry, and measurement of the blood biomarkers

listed below. All the above measurements were repeated at

5 months (t1), 16 months (t2), 28 months (t3), and

40 months (t4) after the start of the chemotherapy plan,

together with a complete clinical examination performed

by a cardiologist. A cardiotoxic effect was defined as the

development of congestive heart failure (orthopnea or

dyspnoea on exertion, paroxysmal dyspnoea, swelling of

legs or abdomen, basilar pulmonary rales, and S3 gallop) or

a decline of LVEF below 50% at any time point during the

3-year follow-up. An informed consent was obtained from

each patient enrolled in the study. The study protocol was

conformed to the ethical guidelines of the Declaration of

Helsinki. This manuscript has been prepared according to

the principles of Ethical Publishing in Medicine.

Radionuclide Angiocardiography

The scan was obtained as a routine MUGA study (24

frames/cycle, 64 9 64 matrix size, word mode) with a GE

Starcam with a small field-of-view (30 cm) in the left

anterior oblique position aiming at optimal separation of

right and left ventricles, often with a slight caudal tilt, after

the intravenous injection of 11–13 MBq/kg of Tc-labeled

human serum albumin. The presence of cardiac arrhyth-

mias was accepted when regarded less than 10% of total

cardiac beats [8]. LVEF less than 50% was classified

abnormal. The confidence interval of a single measurement

of LVEF by MUGA is ±5% in our laboratory.

Blood Biomarkers

BNP

Whole blood samples were collected by venous puncture

and immediately analyzed with the bedside Triage B-type

natriuretic fluorescence immunoassay (Biosite Diagnostics,

La Jolla, CA, USA). The Triage Meter is used to measure

the BNP concentration by detecting a fluorescent emission

that reproduces the amount of BNP in the blood. The assay

results were complete in 20 min. Performance characteris-

tics of the test are as follows: Assay range 5–5,000 pg/mL;

Total CV 9.2–11.4%.

Troponin I

Heparinized plasma samples were collected by venous

puncture and immediately analyzed with the Stratus CS

cTnI fluorescence immunoassay (Dade Behring Limited,

Milton Keynes, UK). The assay results were complete in

20 min. Performance characteristics of the test are as fol-

lows: Assay range 0.03–50 ng/mL; Total CV 3.4–8.2%.

Aldosterone

Serum samples were collected by venous puncture and

stored at -20�C until measurement. Aldosterone was

measured by a competitive radioimmunometric assay
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(Aldosterone—RIA, IMMUNOTECH SA—Beckman

Coulter—Marseille, France). Performance characteristics

of the test are as follows: Assay range 6.0–2,000 pg/mL;

Total CV 9.5–9.9%.

Catecholamines

Serum samples were collected by venous puncture and

stored at -20�C until measurement process. Catechola-

mines were measured by an HPLC method (Plasma cate-

cholamines, Deutschland Bio-RadLaboratories GmbH,

Muenchen, Germany; electrochemical detection). Perfor-

mance characteristics of the test are as follows: Norepi-

nephrine: Assay range 0.0–2,700 ng/L; Total CV

3.32–3.58%; Epinephrine: Assay range 0.0–3,000 ng/L;

Total CV 3.24–5.75%; Dopamine: Assay range

0.0–1,100 ng/L; Total CV 8.62–10.79%.

Statistical Analyses

Change rates (hDLVEF/Dti, DLVEF/(t1–t0), Dhgb/(t1–t0),

and Dtropo/(t1–t0)) were calculated using Excel 2007.

Areas under each LVEF curve in Suppl. Fig. 1 were cal-

culated using GraphPad Prism 4. The means of continuous

variable distributions were compared using the unpaired

t test for either equal or unequal variances, after comparing

variances. A P-value \0.05 was considered significant;

t tests, as well as logistic regression and ROC curve anal-

ysis, were run in Stata/SE 11.1. All graphs were prepared

using GraphPad Prism 4.

Results

Clinical Characteristics and LVEF Kinetics

50 patients (49 women and 1 man) were enrolled in the

study and followed for 3 years after the end of chemo-

therapy. General patient characteristics are listed in

Table 1. In 41 patients, LVEF could be measured at

baseline as well as at every follow-up time point (t1–t4).

Thus, all the following analyses were conducted on this

group unless otherwise specified. In 11 patients (11/

41 = 26.8%), the value of LVEF decreased below 50% at

some point, a sign of overt cardiotoxicity. In this group, the

average measured LVEF was significantly lower during the

entire follow-up as compared to the group not experiencing

cardiotoxicity (Fig. 1a). On average, in the group experi-

encing cardiotoxicity, LVEF quickly dropped down to

approx. 85% of its baseline value during chemotherapy and

never reached baseline again during the period of obser-

vation (Fig. 1b). In one case (patient 10), LVEF quickly

dropped during chemotherapy, staying lower than 50% for

the remaining time. In other cases, LVEF descended below

50% at t1 or t2 (patients 14, 33, 35, 40, and 48), but then

climbed above 50% (Suppl. fig. 1). In 2 patients (2/

41 = 4.9%), an overt congestive heart failure developed

and was treated with the appropriate drugs.

In order to quantitatively describe the kinetics of LVEF,

we computed the area under the LVEF curve (AUCLVEF),

assuming that this is a good proxy for the left ventricular

performance over the entire follow-up period. The average

AUCLVEF value was significantly lower in patients expe-

riencing cardiotoxicity (21.08 vs. 24.25, t test with equal

variances: P-value \ 0.0001). Similarly, the average

LVEF value in the period t1-t4 was significantly lower in

patients with cardiotoxicity (0.52 vs. 0.61, t test with equal

variances: P-value \0.0001). Next, we calculated the

Fig. 1 LVEF kinetics in the 41 cases in which LVEF was measured

at each time point during follow-up. a Box plots of LVEF values at

each time point during follow-up, separately for patients experiencing

(left bars) or not (right bars) cardiotoxicity. For each plot, inter-

quartile range, median, and extreme values are shown. P-values

summarize the results of unpaired, non-parametric Mann–Whitney

tests comparing the distributions indicated by horizontal square

brackets. b Average fractional decay of LVEF from baseline (t0) in

patients without cardiotoxicity following anthracycline-based chemo-

therapy (upper curve) in comparison with patients for whom at least

one LVEF value between t1 and t4 was lower than 50% (lower curve).

For every case, the value of LVEF at each time point was normalized

to the corresponding LVEF value at t0
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average LVEF change rate (DLVEF/Dt) in the interval t0–t4
by averaging the change rate of LVEF in each subsequent

time interval (t0–t1, t1–t2, t2–t3, and t3–t4). On average,

LVEF tended to drop during the follow-up period, but the

decline occurred almost five time faster in patients expe-

riencing cardiotoxicity (-0.49% per month vs. -0.1% per

month, t test with equal variances: P-value = 0.0007). We

excluded that this was due to a difference in basal LVEF,

as patients developing cardiotoxicity had basal LVEF

values similar to unaffected individuals (60% vs. 63%,

t test with equal variances: P-value = 0.25).

Kinetics of Blood Biomarkers

We then examined the trend of several blood markers

during the course of the study. Average plasma hemoglobin

levels significantly declined at t1, renormalized at t2, and

stayed normal until the end of the study. Average white

blood cells (WBC) and platelet counts also decreased at t1,

then WBC counts normalized by t4, whereas platelets

counts stayed low. In contrast, average plasma troponin

I levels increased tenfold between t0 and t1, renormalized at

t2, and remained normal until the end of the study. Average

plasma BNP levels significantly increased at t1 and stayed

high until t4. Average plasma dopamine levels significantly

increased at t3 and further at t4. Average levels of epi-

nephrine decreased at t1 remaining low until t4. In contrast,

levels of norepinephrine and aldosterone on average did

not significantly change during the course of the entire

study (Suppl. fig. 2).

Biomarkers Kinetics During Chemotherapy Associates

with Future Cardiotoxicity

We next examined whether the kinetics of the above bio-

markers during chemotherapy associates with cardiotoxic-

ity. First, we studied the kinetics of LVEF during the course

of chemotherapy [DLVEF/(t1–t0)]. On average, the rate of

change of LVEF was negative (-0.81% per month), but the

LVEF decline occurred 5.4 times faster (-2% per month vs.

-0.37% per month, t test with equal variances: P-value =

0.001) in patients experiencing cardiotoxicity later on.

Moreover, the value of LVEF at t1 (LVEF1) was on average

lower in patients experiencing cardiotoxicity at some point

between t1 and t4 (50.2% vs. 60.8%, t test with equal vari-

ances: P-value\0.0001). This indicates that a rapid drop of

LVEF during anthracycline-based chemotherapy might

signal a high risk of subsequent cardiotoxicity.

We next tested whether also the kinetics of blood bio-

markers that change during chemotherapy (hemoglobin,

WBC, platelets, troponin I, BNP, and epinephrine) is

associated with cardiotoxicity. During chemotherapy,

hemoglobin levels declined at significantly higher speed in

patients experiencing cardiotoxicity at some point during

t1–t4 (Dhgb/(t1–t0) = -0.39 g/dL/month vs. -0.17 g/dL/

month, t test with unequal variances: P-value = 0.0038)

(Fig. 2a). The speed at which troponin I levels rose during

chemotherapy was also higher in patients with cardiotox-

icity (Dtropo/(t1–t0) = 16.77 ng/L/month vs. 9.63 ng/L/

month, t test with equal variances: P-value = 0.038)

(Fig. 2b). In contrast, the kinetics of WBC, platelets, and

BNP levels during t1–t4 was the same irrespective of car-

diotoxicity. The linear relationship between DLVEF/(t1–t0)

and Dhgb/(t1–t0) or Dtropo/(t1–t0) is depicted in Fig. 2c, d.

To corroborate these findings, we performed logistic

regression using cardiotoxicity as the binary outcome. The

value of LVEF measured at the end of chemotherapy was

the best predictor of future cardiotoxicity (P-value =

0.006), followed by the change rate of LVEF (P-value =

0.007), hemoglobin (P-value = 0.025), and troponin

I (P-value = 0.054) during chemotherapy. LVEF1 and the

Table 1 Summary of patient characteristics at baseline (t0)

Variable Patients no (%)

50

Patients no (%)

41

Female/male 49/1 40/1

Age

Median (range) 58 (28–73) 58 (35–72)

BMI median (range) 25.07 (18.99–38.57) 25.17 (18.99–35.65)

Menopause

Pre-menopause 17 (35) 15 (37)

Post-menopause 32 (65) 25 (63)

Tumor site

Right 24 (48) 21 (51)

Left 26 (52) 20 (49)

Surgery

Mastectomy 19 (38) 15 (37)

Conservative 31 (62) 26 (63)

Radiotherapy

Breast 31 (62) 26 (63)

Chest wall 3 (6) 15 (37)

Hypertension

No 29 (58) 24 (58)

Yes 21 (42) 17 (42)

LVEF (%) 61 ± 6a 61 ± 6a

Hemoglobin (g/dL) 13.25 ± 1.34a 13.3 ± 1.25a

Troponin I (ng/mL) 0 ± 0.01a 0 ± 0.01a

BNP (pg/mL) 17.8 ± 41.28a 17.55 ± 27.30a

Aldosterone (pg/mL) 90 ± 57.12a 86 ± 59.61a

Epinephrine (ng/L) 52 ± 43.49a 50 ± 47.08a

Norepinephrine (ng/L) 318 ± 126.64a 311 ± 132.50a

Dopamine (ng/L) 0 ± 11.07a 0 ± 12.02a

LVEF left ventricular ejection fraction, BNP brain natriuretic peptide
a Median ± standard deviation

138 Cardiovasc Toxicol (2012) 12:135–142

123



kinetics of LVEF during chemotherapy remained the best

predictors of cardiotoxicity (P-value = 0.002) even after

including in the analysis the 9 patients in which LVEF

could not be measured at each time point during follow-up.

In addition, upon linear regression analysis, we found that

the two latter parameters significantly co-varied with

AUCLVEF and DLVEF/Dt, which can serve as proxy of left

ventricular performance during the entire follow-up.

Specificity and Sensitivity of Biomarker Kinetics

Testing During Chemotherapy

To evaluate the predictive power, we generated receiver

operating characteristic (ROC) curves for each of the bio-

marker found to be significantly associated with cardio-

toxicity. LVEF1 gave the highest area under the ROC curve

(0.95), followed by Dhgb/(t1–t0) (0.81), DLVEF/(t1–t0)

(0.8), and Dtropo/(t1–t0) (0.69) (Fig. 3). These values did

not significantly change even after including in the analysis

the 9 patients in which LVEF could not be measured at

each time point during follow-up. The specificity and

sensitivity of LVEF1 test were 93.3 and 90.9%, respec-

tively, at the best cut-off value of 53%. For Dhgb/(t1–t0),

specificity and sensitivity were 80 and 81.2%, respectively,

at the best cut-off value of -0.33 g/dL/month. Using these

cut-offs, the odds ratio of cardiotoxicity was 37.3 for

LVEF1 and 18 for Dhgb/(t1–t0).

Discussion

In this study, we have measured the left ventricular ejection

fraction (LVEF) before and after chemotherapy in breast

cancer patients undergoing epirubicin treatment, demon-

strating that LVEF tends to drop during the follow-up

period, but the decline occurs almost five time faster in

Fig. 2 Blood biomarkers kinetics and its association with LVEF

kinetics. a Average fractional decay of hemoglobin from baseline (t0),

in patients without cardiotoxicity following anthracycline-based

chemotherapy (upper curve) in comparison with patients for whom

at least one LVEF value between t1 and t4 was lower than 50% (lower
curve). For every case, the concentration of hemoglobin in the blood

at each time point was normalized to the corresponding value at t0.

b Average troponin concentration in the blood of patients without

cardiotoxicity following anthracycline-based chemotherapy (lower

curve) in comparison with patients for whom at least one LVEF value

between t1 and t4 was lower than 50% (upper curve). c, d Scatter plots

of LVEF speed versus hemoglobin (c) or troponin I (d) speed during

chemotherapy (t1–t0). The dashed line represents the best linear fit

to the data. The slope of both fits is significantly different than 0

(c P-value = 0.013; d P-value = 0.02), indicating an association

between each variable pair. r2 squared Pearson’s correlation coeffi-

cient. Hgb hemoglobin. Tropo troponin I
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patients experiencing cardiotoxicity (-0.49% per month

vs. -0.1% per month, t test with equal variances:

P-value = 0.0007). Overall, our results indicate that the

kinetics of the left ventricular ejection fraction after

anthracycline-based chemotherapy is reflective of the risk

of developing cardiac failure in the follow-up, and this

observation might help in the decision to treat patients who

undergo anthracycline chemotherapy with protective drugs.

In the last 5 years, beta-blockers [9, 10], bosentan [11], and

enalapril [12] have been used to prevent the cardiotoxicity

induced by anthracycline. These efforts in understanding

what drug will be protective for the anthracycline-induced

cardiotoxicity might be helped by a better prediction of

chronic cardiac damage. However, Cardinale et al. [13, 14]

have recently demonstrated that treatment of heart failure

(carvedilol and enalapril) induced by anthracycline che-

motherapy should be started early after the detection of

ventricular dysfunction because delaying treatment reduces

the possibility of restoring left ventricular function. In these

studies, LVEF measured by echocardiography or MUGA

was poor in predicting the development of cardiac dys-

function. It was suggested that, when the left ventricle

systolic function reduces, cardiac damage through

myocytes necrosis has already occurred, so that therapy

may only help to reduce the evolution of cardiac remod-

eling [14].

In our study, the analysis of plasma biomarkers dem-

onstrated that the decline of hemoglobin during chemo-

therapy occurs significantly faster in patients experiencing

cardiotoxicity at some point during t1–t4 as well as the rise

in troponin I levels higher during t1–t0. The rise in plasma

level of troponin (I or T) after chemotherapy was observed

in previous experiences [15–17] in which the magnitude of

elevation of the biomarkers predicted left ventricular

dilatation and wall thinning [15] or left ventricular dys-

function at 3-year follow-up [16, 17]. The rise in troponin

I early after anthracycline chemotherapy seemed to be very

common, but the persistence of plasma elevation might be

correlated to cardiac dysfunction in the follow-up [18].

Noteworthy, the absence of a significant plasma release of

troponin I identified a favorable outcome. In our kinetics

analysis, the speed at which troponin I levels rose during

chemotherapy was higher in patients with cardiotoxicity

(Dtropo/(t1–t0) = 16.77 ng/L/month vs. 9.63 ng/L/month,

P-value = 0.038), and the faster was the elevation the

worse was the left ventricular function. During chemotherapy,

Fig. 3 ROC analysis of the

specificity and sensitivity of

various biomarkers for the

prediction of cardiotoxicity.

AUC area under the ROC curve.

Hgb hemoglobin. Tropo
troponin I. Black circles
indicate cut-off values yielding

the highest sensitivity and

specificity
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hemoglobin levels declined at significantly higher speed in

patients experiencing cardiotoxicity (Dhgb/(t1–t0) =

-0.39 g/dL/month vs. -0.17 g/dL/month, P-value = 0.0038).

The decline of hemoglobin is more difficult to be

explained. Anthracyclines have an intrinsic hemolyzing

effect on red cells [19]. Furthermore, doxorubicin or its

alcohol metabolite doxorubicinol may negatively affect red

blood cell function and integrity [20]. Although aldoste-

rone was dosed in patients with congestive heart failure as

a prognostic marker [21], this experience failed to dem-

onstrate a correlation with cardiotoxicity induced by

anthracycline at 3-year follow-up. The reduction in average

plasma epinephrine levels at t1 that remained low until t4
confirmed our previous experience [8] obtained at 2-year

follow-up. Nevertheless, Suzuki et al. [22] did not observe

significant modification in plasma level of epinephrine and

norepinephrine in 27 patients treated with anthracycline.

The persistent reduction in epinephrine is not easily

explainable and might be related to a direct effect of the

drugs.

Our experience indicates that measuring the left ven-

tricular ejection fraction together with hemoglobin and

troponin I at the beginning and end of anthracycline-based

breast cancer chemotherapy and calculating their kinetics

might be a powerful approach to predict subsequent car-

diotoxicity (3-year follow-up). In particular, a patient

profile including a decline of LVEF (\-2%/month), a

reduction of hemoglobin (\-0.39 g/dL/month), and rising

troponin I levels ([16.77 ng/L/month) during epirubicin

chemotherapy identifies a high risk for developing cardiac

dysfunction at 3-year follow-up. The prevention of the

anthracycline-induced cardiotoxicity should be a joint goal

for cardiologists and oncologists in the treatment of

malignancy remains. The American College of Cardiology

and the American Heart Association [23] recommend

routine echocardiography in order to evaluate early cardiac

abnormalities identifying a status of possible reversible

cardiotoxic effect. Although some biochemical markers

(above all plasma troponin and BNP) have been positively

correlated with the development of cardiotoxicity, this

study pointed out that the early kinetics of simple biolog-

ical variables (LVEF evaluated with MUGA and hemo-

globin) might be useful in the prediction of the myocardial

damage after chemotherapy.
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