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detection of anthracycline-induced
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Abstract Background Anthracycline therapy is limited by cardiotox-
icity. Currently no diagnostic parameter is available allowing ubiquitous
and reliable detection of preclinical anthracycline cardiomyopathy and
prediction of prognosis. Patients and methods In 100 consecutive
patients receiving anthracycline-based chemotherapy serial measure-
ments of left ventricular systolic and diastolic function, Tei index (a
Doppler echocardiographic parameter of global ventricular function),
cardiac troponin T (cTnT) and NT-probrain natriuretic peptides (BNP)
at baseline and during 1-year follow-up were performed. Results Mean
ejection fraction (LVEF) significantly decreased immediately after
completion of anthracycline therapy (mean dose 226.1 + 8.3 mg/m?)
und further declined during follow-up (65.9 £ 0.6% Vs. 61.6 £ 0.7%;
P < 0.001), while mean E/A ratio decreased after 6 months (P = 0.05). No
patient presented with cardiac symptoms. The Tei index increased after
therapy in the majority of patients (78.8%) compared with pre-therapy
values indicating myocardial alteration in more patients than previously
recognized. cTnT levels did not exceed the upper limit of the normal
range in any patient. Seven patients had low-level elevations of cTnT.
Only one of these patients developed a concomitant decrease in LVEF.
Mean N-terminal-pro-BNP (NT-proBNP) levels did not significantly
change after anthracycline administration. However, in 13 patients
(15.3%) a marked, transient increase of NT-proBNP was obtained after
the first anthracycline cycle without cardiac dysfunction presumably due
to altered cardiac loading conditions during chemotherapy. Conclusion
Low to moderate doses of anthracyclines resulted in subclinical
myocardial alteration in more patients than so far noticed. Clinical
implications of increased Tei index remain to be determined in long-
term. Our results do not support that assessment of cTnT or BNP levels
may safely replace serial echocardiographic evaluation of systolic and
diastolic function for the monitoring of anthracycline cardiotoxicity.

Key words anthracycline - cardiotoxicity - cardiac troponin T -
natriuretic peptides — Tei index - heart failure - BNP
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Introduction

Anthracyclines are well established as highly effica-
cious antineoplastic agents for various hematological
cancers and solid tumors. Despite measures taken to
lessen or prevent cardiac injury, their use is limited by
cardiotoxicity [8, 32]. Rarely, cardiotoxic effects may
occur immediately after a single dose. More com-
monly anthracyclines induce progressive chronic
cardiotoxicity resulting in cardiomyopathy which
usually presents within 1 year of treatment [14].
Cardiotoxicity is related to the cumulative dosage.
However, susceptibility to this severe side-effect is
largely individual and a subset of patients shows signs
of cardiomyopathy even at low anthracycline doses
[26]. Thus, early detection and monitoring of car-
diotoxic side-effects is a compelling need to omit
further cardiac injury (i.e. by mediastinal radiother-
apy) and ensure early initiation of heart failure ther-
apy in affected patients.

Endomyocardial biopsy is considered a moder-
ately sensitive indicator of chronic anthracycline-
induced cardiotoxicity. However, its use for routine
monitoring cannot be recommended because of its
invasive nature [23]. Currently, the most common
methods used to detect subclinical anthracycline-
induced cardiomyopathic changes are radionuclide
ventriculography and echocardiographic assessment
of systolic and diastolic function with however lim-
ited sensitivity [43]. Recently, the Tei index, a
Doppler echocardiographic parameter of global
ventricular function has been introduced to study
the impact of anthracyclines on ventricular function
[2, 9, 13, 30]. Moreover, elevation of biochemical
markers such as atrial and brain natriuretic peptides
(BNP) and cardiac troponin-T (cTnT) have been
suggested as surrogate for anthracycline-induced
myocardial injury [11, 20, 21, 33]. ¢cTnT, a compo-
nent of the troponin complex of muscle cells, is used
as a marker of myocardial damage in suspected
myocardial infarction [28]. BNP is released chiefly
by the cardiac ventricles in response to myocardial
stresses and correlates well with impairment of sys-
tolic and diastolic cardiac function in heart failure
[3, 17, 27, 31, 42]. However, the diagnostic value of
these parameters in the early assessment of pre-
clinical anthracycline cardiotoxicity remains largely
undefined.

Therefore, in the present study for the first time
we prospectively assessed and compared serum
cTnT, BNP levels and Doppler echocardiographic
Tei index for the detection and monitoring of
anthracycline-induced cardiotoxicity over a period
of 1 year in 100 adults undergoing cancer chemo-

therapy.

Patients and methods
Patient population

One hundred consecutive patients with the diagnosis
of solid or haematological malignancy who had been
scheduled to receive anthracycline-containing che-
motherapy were enrolled in the study. Patients were
excluded if they had a history of cardiovascular dis-
ease, prior use of anthracycline therapy, prior or
additional mediastinal radiotherapy, chronic renal
insufficiency (creatinine clearance <60 ml/min), liver
disease (serum bilirubin >2.0 mg/dl, ALT and AST
>100 U/1), uncontrolled systemic hypertension, left
ventricular ejection fraction (LVEF) <55%, and were
older than 70 years or younger than 18 years. All
patients gave informed consent before participation
in the study. The protocol was approved by the local
ethics committee and all patients provided informed
consent.

Cardiac evaluation

Pre-treatment and follow-up evaluation (24-72 h, 1, 6
and 12 months after the last course of the chemo-
therapy) consisted of a complete history, physical
examination including symptoms and signs of heart
failure, electrocardiogram, and echocardiography.
Echocardiographic evaluations were performed with a
GE Vingmed Ultrasound system (Vivid FiVe, Horten,
Norway), digitized and analyzed using EchoPAC
software version 6.3 (GE Medical Systems, Vivid FiVe,
Milwaukee, USA). Systolic left ventricular function
was assessed by left ventricular fractional shortening
(FS) using the leading edge method and LVEF using
the modified Simpson’s method according to the
American Society of Echocardiography criteria [29].
The following Doppler time intervals, mitral flow
velocities and pulmonary vein flow velocities were
calculated and analyzed for each patient: diastolic
filling period, isovolumetric relaxation time (IVRT),
isovolumetric contraction time (IVCT), ejection time
(ET), early peak flow velocity (peak E), deceleration
time of peak E (DT), atrial peak flow velocity (peak A)
and duration (A dur), E/A ratio, pulmonary systolic
flow velocity (PVs), pulmonary diastolic flow velocity
(PVd), pulmonary reversal flow velocity (PVa) and
duration (PVa dur). The myocardial performance
index or Tei index for combined evaluation of systolic
and diastolic left ventricular function was computed
with the equation: Tei index = (ICT + IRT)/ET [38].
All Doppler and echocardiographic measurements
were the average of at least five consecutive cycles.
A cardiac event was defined as a decline in absolute
value >20% in LVEF from baseline, a decline in
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absolute value >10% in LVEF from baseline to below
55% or the occurrence of congestive heart failure [37].

Biochemical analysis

Routine blood chemistry and serial measurements of
cTnT were performed in all patients, serial measure-
ments of BNP in 60 patients (patient 41-100): before
the anthracycline therapy, on the third to fifth day
following the first dose of anthracycline administra-
tion, and 24-72 h, 1, 6 and 12 months after the last
course of the chemotherapy. Serum cTnT levels were
assessed by Elecsys Troponin T STAT Immunoassa
on an Elecsys® 2010 immunoassay analyzer (Roche
Diagnostics GmbH, Mannheim, Germany) with a
lower limit of 0.010 ng/ml. Any value below this limit
was considered to be zero. The normal values of cTnT
with this analyzer were 0.010-0.100 ng/ml. N-termi-
nal-pro-BNP (NT-proBNP) was measured by Elecsys
ECLIA on a Elecsys® 2010 immunoassay analyzer
(Roche® Diagnostics GmbH, Mannheim, Germany).
The detection limit was 5 pg/ml. Any value below this
limit was considered to be zero. The normal values of
NT-pro-BNP with this analyzer depend on gender and
age (females <50 years: <153 pg/ml, females 50-
70 years: <334 pg/ml; males <50 years: <88 pg/ml,
males 50-70 years: <227 pg/ml).

Statistical analysis

Statistical analyses were performed using the Statis-
tical Package for Social Sciences (SPSS) for Windows,
version 10.0. Data are presented as mean + standard
error of the mean (SEM). Statistical comparison
within groups were performed using the paired ¢ test
and between groups by unpaired ¢ test. Correlations
between variables were tested by means of bivariate
correlation testing.

Results

One hundred consecutive patients who received
anthracycline containing chemotherapy were evalu-
ated in the study. Forty-eight patients were male
(48%) and 52 patients were female (52%). The mean
age was 46.1 £ 1.3 years (range 20-70). Eighteen pa-
tients (18%) had a history of systemic hypertension
which was well controlled under medication. Fifteen
patients died of non-cardiac cause during follow-up,
nine of them before the completion of the chemo-
therapy course, and three patients each within 1 and
6 months after chemotherapy, respectively.

Patient’s histopathological diagnoses are presented
in Table 1. Anthracyclines of the therapeutic regimens

Table 1 Histopathologic diagnoses

Diagnosis Number of patients
Non-Hodgkin lymphoma 37
Breast cancer 29
Hodgkins lymphoma 13
Acute myeloic leukemia 9

Multiple myeloma 3
Acute lymphatic leukemia 2
Lung cancer 2
Sarcoma 1
Chronic lymphatic leukemia 1
Malignant histiocytoma 1
Other malignancies 2

were doxorubicin (53%), epirubicin (29%), daunoru-
bicin (15%), mitoxantrone (2%), and idarubicin (1%).
The mean cumulative anthracycline dose estimated
with the conversion factor for assessment of equiva-
lent doses [14, 15] (Table 2) was 226.1 *+ 8.3 mg/m2
(range 90-400 mg/m?).

During the 1-year follow-up none of the surviving
patients developed clinical signs or symptoms of heart
failure, alterations of the electrocardiogram, renal or
hepatic insufficiency.

Incidence of left ventricular systolic dysfunction

Echocardiograms obtained before anthracycline
application showed normal LVEF (65.9 £ 0.6%, range
55-83) and FS (39.7 £ 0.5%, range 29-52) in all pa-
tients. While mean LVEF and mean FS remained
within the normal range during follow-up, there was
still a significant decrease immediately after comple-
tion of therapy compared to baseline (Fig. la, b).
Moreover, mean LVEF and mean ES further declined
significantly until the last evaluation 1 year after
completion of chemotherapy (Fig. 1a, b).

A cardiac event defined as a reduction in absolute
value >20% in LVEF from baseline or a decline in
absolute value >10% in LVEF from baseline and be-
low 55% [37] was obtained in 15 patients (17.7%).
Seven of these patients presented with an additional
reduction of the E/A ratio, three with an elevation of
cTnT, while none exhibited an alteration of NT-
proBNP levels. There was no correlation between

Table 2 Conversion factor for the anthracyclines [8]

Chemotherapeutic Conversion 5% Incidence of
agents factor cardiotoxicity (mg/m?)
Doxorubicin 1 450

Epirubicin 0.5 935

Daunorubicin 0.5 900

Idarubicin 2 225

Mitoxantrone 2.2 200
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Fig. 1 Echocardiographic parameters levels at baseline and during follow-up after anthracycline therapy. a Mean ejection fraction and b fractional shortening
significant decreased immediately after completion of therapy (64.5 £ 0.6% Vs. 65.9 + 0.6%, P = 0.0004, and 38.1 £ 0.6% Vs. 39.7 + 0.5%, P = 0.005;
respectively), and further declined significantly until the last evaluation one year after completion of chemotherapy (61.6 + 0.7%, P = 0.008 Vs. 24-72 h; and
36.5 + 0.6%, P = 0.012 Vs. 24-72 h; respectively). ¢ Mean E/A ratio decreased 6 months after anthracycline treatment (P = 0.05 Vs. control). d Tei index combining

systolic and diastolic parameters detected cardiac functional changes 1 month after anthracycline chemotherapy

depression of systolic cardiac function and the
cumulative anthracycline dose (coefficient of corre-
lation 0.123, P = 0.26).

Diastolic dysfunction presents later than systolic
dysfunction

The average values of diastolic filling parameters are
summarized in Table 3. Compared to baseline mean
E/A ratio decreased during follow-up, which almost
reached statistical significance (P = 0.05) after
6 months (Fig. 1c). Forty-seven patients (55.3%)
presented with a decrease >0.2 of the E/A ratio during
follow-up visits. The decline of the E/A ratio did not

correlate with the cumulative anthracycline dose
(coefficient of correlation 0.157, P = 0.15), with sys-
tolic dysfunction (coefficient of correlation 0.106,
P =10.34) or a history of systemic hypertension
(coefficient of correlation 0.087, P = 0.42). Mean
values of heart rate and deceleration time did not
significantly change over time (Table 3).

Tei Index altered in the majority of patients

The Tei index increased after therapy in 67 patients
(78.8%) compared with pre-therapy values. Mean Tei
index remained unchanged immediately after com-
pletion of anthracycline therapy (0.36 + 0.01, range
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Table 3 Average Doppler
parameters for assessment of diastolic
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Variables Before After chemotherapy P value*
chemotherapy
Immediately 1 month 6 months 1 year

Heart rate (bpm) 7664 £ 138 7359 +£1.21 7673 £1.25 7278+ 123 73.67 £1.17 0.198
Peak E velocity (cm/s)  0.79 + 0.02 0.80 + 0.02 0.73 £ 0.02 0.73 = 0.02 0.71 £ 0.02 0.05
Peak A velocity (cm/s)  0.67 + 0.02 0.68 + 0.02 0.66 + 0.02 0.66 + 0.02 0.67 £ 0.02 0.25
A dur 128 + 2.1 123 £ 1.7 128 = 1.7 138 = 2.7 131+ 1.8 0.85
E/A ratio 1.22 £ 0.04 1.20 £ 0.04 1.16 £ 0.04 1.15 £ 0.04 1.08 £ 0.05 0.05
DT 205 = 43 200 + 43 198 + 3.8 203 = 39 205 = 3.6 0.58
PVs 0.64 = 0.01 0.67 = 0.01 0.61 = 0.01 0.59 = 0.01 0.59 = 0.01 0.20
Pvd 0.50 = 0.01 0.52 + 0.01 0.48 + 0.01 0.47 = 0.01 0.46 + 0.01 0.55
PVa 0.28 = 0.004 0.29 = 0.004 0.28 = 0.004 0.30 + 0.006 0.28 + 0.005 0.84
PVa dur 113 £ 2.1 107 £ 1.6 1M1 =17 116 £ 2.0 121 £ 1.6 1.00
PVs/PVd 1.33 £ 0.03 1.34 £ 0.03 1.32 £ 0.03 1.31 £ 0.03 135+ 0.03 093
PVa dur/A dur 0.90 = 0.01 0.88 + 0.01 0.88 + 0.01 0.86 = 0.01 0.93 £ 0.01 0.89

*1 year versus baseline

0.12-0.74 Vs. 0.37 £ 0.01, range 0.15-0.91; P = 0.24),
however, 1 month after anthracycline application
mean values significantly increased (0.43 + 0.01,
range 0.15-0.91, P < 0.00001) and remained elevated
during further follow-up (Fig. 1d). No patient showed
a decrease of the Tei index. Changes in Tei index did
not correlate significantly with the cumulative
anthracycline dose (coefficient of correlation 0.052,
P = 0.64) nor with deterioration of the ejection frac-
tion (coefficient of correlation 0.121, P = 0.28).
However, we obtained a moderate relation between
the increase of the Tei index and alteration of diastolic
function, i.e. decline of the E/A ratio (coefficient of
correlation 0.266, P = 0.02).

Cardiac troponin T unrelated to echocardiographic
parameters

Cardiac troponin T levels did not exceed the upper
limit of the normal range (>0.1 ng/ml; i.e. used for the
detection of myocardial infarction) in any patient. We
only observed “low-level” elevations of cTnT previ-
ously described in children after anthracycline treat-
ment [20]. One patient had an elevated cTnT of
0.05 ng/ml before the initiation of anthracycline
therapy, indicating the possible presence of myocar-
dial injury unrelated to chemotherapy. This patient
presented with a reversible increase of cTnT to a
maximal value of 0.09 ng/ml which dropped to
baseline 1 month after the end of chemotherapy. In
this particular patient exhibiting the most pro-
nounced changes of cTnT, no alteration of systolic or
diastolic function could, however, be detected (EF
74% and 71%; E/A ratio 0.70 and 0.74 at baseline and
at end of study, respectively).

In the remaining population seven patients had
any elevations of ¢TnT, two of which presented with
multiple elevations during follow-up. As compared
with patients who did not have increased cTnT levels,

those who did had a similar baseline LVEF
(67.3 + 1.8% Vs. 65.8 + 0.6%; P = 0.59) but had a
lower E/A ratio (0.95 + 0.07 Vs. 1.24 + 0.04;
P = 0.04), and were older (55.5 + 2.4 Vs. 449 + 1.1;
P = 0.02). Elevated cTnT levels were not predictive of
the development of systolic or diastolic dysfunction
after anthracycline administration, i.e. six of seven
patients had a normal LVEF and E/A ratio 1 year after
chemotherapy. Only one patient who showed an in-
crease of cTnT levels developed a concomitant de-
crease in LVEF from 65% to 50% without any change
of diastolic function (E/A ratio 0.7).

Only five values (three patients) of a total of 137
cTnT measurements (3.6%) additionally performed
during chemotherapy within 72 h after anthracycline
application were >0.01 ng/ml. ¢TnT did not further
increase in these patients during follow-up and were
not predictive of the development of LV dysfunction.

Early changes in NT-proBNP do not predict cardiac
dysfunction

In the total population mean NT-proBNP levels did
not significantly change after anthracycline adminis-
tration compared with pre-therapy values (Fig. 2).
However, in 13 patients (15.3%, six male, seven fe-
male) a marked, transient increase of NT-proBNP
above the age- and gender-related upper limit was
obtained after the first anthracycline cycle with a
mean increase of 157.7 + 50.4 pg/ml, range 8-711.
Five of these patients had a history of systemic
hypertension. Patients with and without an early
elevation of NT-proBNP had a similar LVEF
(64.9 £ 1.1% Vs. 67.4 £ 0.5%; P = 0.10) and E/A ratio
(1.23 £ 0.09 Vs. 1.16 = 0.03; P = 0.50) at baseline.
There was no correlation between delta NT-proBNP
and delta Tei index from baseline to 12 months fol-
low-up (coefficient of correlation 0.138, P = 0.3). No
individual with early NT-proBNP increase developed
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Fig. 2 NT-proBNP levels at baseline and during follow-up after anthracycline
therapy stratified according to the development of a cardiac event/LV
dysfunction (white no cardiac event, gray cardiac event). Mean NT-proBNP
levels did not significantly change during follow-up in either group. There was
no significant difference between groups

systolic dysfunction, and only four patients presented
with a reduction of the E/A ratio during follow-up. All
of these patients had normal NT-proBNP levels dur-
ing further follow-up.

In two additional patients NT-proBNP increased
above the age- and gender-related upper limit
6 months after completion of anthracycline treat-
ment. Late elevation of NT-proBNP was not associ-
ated with a change in LVEF, E/A ratio or Tei index.

Discussion

Cardiovascular toxicity of anthracycline therapy can
lead to severe complications. Early detection and
treatment of cardiotoxic side-effects could markedly
reduce the development of clinical manifestations.
However, currently no diagnostic parameter is avail-
able allowing ubiquitous, sensitive, and specific
detection of preclinical anthracycline cardiomyopathy
and prediction of prognosis. In the present study for
the first time we prospectively evaluated and com-
pared the diagnostic value of echocardiography,
including the Tei myocardial performance index, and
biochemical markers in a large adult population
treated with anthracyclines. Alterations of systolic
function emerged earliest after anthracycline admin-
istration. Changes of the Tei index occurred in the
majority of patients indicating a thus far underesti-
mated incidence of anthracycline-induced myocardial
alteration. Elevation of the surrogate markers NT-
proBNP and cTnT was not related to cardiac dys-
function.

A decrease of systolic function within the first year
after chemotherapy is associated with an increased
incidence of dilated cardiomyopathy during further
follow-up [12, 25, 34]. Although we did not observe
any overt heart failure in our patients, significant
reduction of mean LVEF was evident immediately

after anthracycline chemotherapy, with 18% of pa-
tients developing a predefined cardiac event [37]. To
detect anthracycline-induced cardiotoxicity, assess-
ment of the diastolic function is being recommended
in addition to systolic parameters though diastolic
dysfunction has been detected inconsistently follow-
ing anthracycline administration [43]. In small pa-
tient populations a reduction of the E/A ratio and/or
an IVRT increase was observed in the absence of any
systolic alteration [19, 22, 35, 41], while others re-
ported a deterioration of systolic function without
diastolic dysfunction [10]. In the present 100 con-
secutive patients we obtained a reduction of the E/A
ratio 6 months after anthracycline chemotherapy,
which however did not reach statistical significance
and was not related to a decrease in LVEF. Although
long-term follow-up of patients with diastolic
impairment is required, currently available data thus
indicate, that changes of diastolic parameters are less
sensitive than systolic dysfunction for early detection
of subclinical anthracycline cardiotoxicity.

Since the Tei index combines systolic and diastolic
echocardiographic parameters, it might prove more
sensitive to identify preclinical cardiotoxic side-ef-
fects than either analysis alone. The Tei index has
been shown to correlate well with other invasive and
non-invasive measures of LV function [39]. Moreover,
the Tei index demonstrated to be a powerful predictor
of outcome in dilated cardiomyopathy and primary
pulmonary hypertension [7, 44]. In our adult popu-
lation mean Tei index significantly increased 1 month
after anthracycline chemotherapy. Thus, changes of
Tei index were obtained earlier than alterations of the
E/A ratio, but later than the reduction of LVEE. An
elevation of the Tei index occurred in the majority of
patients treated, i.e. in almost 80%. This indicates that
even at the low to moderate anthracycline doses used,
alterations of myocardial performance are more fre-
quent than previously recognized. In fact, this is in
agreement with a report of pediatric patients. While
most authors only provided mean Tei indices which
consistently increased after anthracycline adminis-
tration, Ishii et al. [13] also observed a rise of Tei
index in 83-100% of children treated with anthracy-
clines [9, 30]. To date, the management of asymp-
tomatic patients with preserved systolic function but
abnormal Tei index is not clear because the prog-
nostic importance of subclinical changes of myocar-
dial function detected by Tei index is still uncertain.
While these myocardial abnormalities might get long-
term clinical relevance in individuals, the Tei index
does seem to provide sufficient specificity since dur-
ing long-term survival of patients with malignancies it
can be expected that not more than 20-40% will
eventually develop anthracycline-induced heart fail-
ure.
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In addition or as alternative to echocardiographic
evaluation reliable biochemical markers is a compel-
ling need for the early detection of anthracycline-in-
duced cardiotoxicity. Serum levels of cTnT are
increasingly becoming recognized as potential mark-
ers of even subclinical myocardial damage. In spon-
taneously hypertensive rats, an animal model
developing cardiomyopathy, additional administra-
tion of anthracyclines increased cTnT levels which
correlated with histopathological changes [11], sug-
gesting potential clinical usefulness. Indeed, marked
elevation of ¢Tnl measured within 72 h after high-
dose chemotherapy was associated with an increased
risk for subsequent systolic dysfunction and clinical
heart failure [4, 5]. However, the predictive value of
both early and delayed low-level elevation of ¢TnT,
that remains within the reference range, is contro-
versial especially in adults [1, 16, 20, 21]. While cTnT
significantly increased in children treated with doxo-
rubicin compared to the dexrazoxane + doxorubicin
group, both groups presented with a similar reduction
in echocardiographic systolic function parameters
[20]. No diastolic cardiac evaluation and to date no
long-term clinical follow-up of these patients are
available. In 28 adults echocardiographic evaluation
revealed LVEF decrease >10% in three of seven pa-
tients with delayed c¢TnT positivity [1]. Conversely,
others reported no change of systolic function, but a
more pronounced reduction in the E/A ratio in those
with raised ¢TnT levels [15] Our results in 100 con-
secutive patients do not support a reliable clinical
implication of low-level cTnT elevation during or
after anthracycline treatment in adults, as we did not
obtain any relation to the development of systolic or
diastolic dysfunction. Therefore, a potential value of
cTnT levels in monitoring of anthracycline side-ef-
fects might be limited to marked elevations after high-
dose chemotherapy. While in our patients and pre-
vious studies third generation cTnT assays were used,
recently precommercial new-generation highly sensi-
tive Troponin T (hsTnT) assay demonstrated a
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