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Myocardial Cytoprotection by Trimetazidine
Against Anthracycline-Induced Cardiotoxicity
in Anticancer Chemotherapy
Demetrio Tallarico, MD,&dagger; Vito Rizzo, MD,* Fernando Di Maio, MD,*
Federica Petretto, MD,* Gianluca Bianco, MD,&dagger; Giuseppe Placanica, MD,&dagger;
Marta Marziali, MD,&dagger; Vincenzo Paravati, MD,&dagger; Nicol&ograve; Gueli, MD,*
Fortunato Meloni, MD,* and Stefano Villatico Campbell, MD,&Dagger; Rome, Italy

The ability of trimetazidine (2,3,4, trimethoxybenzylpiperazine dihydrochloride, TMZ) to protect
the myocardium against anthracycline (ANT)-induced cardiotoxicity during chemotherapy has
been evaluated in female patients with breast cancer. A clinical trial was conducted in 61
patients subdivided into three groups: group 1 (n = 15, G1) treated with standard ANT protocol
and cardioprotection by dexrazoxane (DEX) plus TMZ (60 mg, daily dose); group 2 (n = 22, G2)
treated with ANT and cardioprotection by TMZ only; and group 3 (n = 24, G3) scheduled to
receive ANT therapy and DEX. All the patients submitted to an echocardiographic evaluation
of diastolic function (E wave velocity, A wave velocity, isovolumetric relaxation time [IVRT],
deceleration time [DT]) at enrollment (TO), at T1 time, at T2 time, and at T3 time. After a 12-
month follow-up period, the patients showed a good conservation of diastolic function both in
G1 and G2 groups. No statistically significant difference was observed in E wave and A wave
velocity and E/A ratio after ANT treatment. TMZ produced a cardioprotective effect, compa-
rable to DEX protection, against subacute and chronic subclinical cardiotoxicity with no signif-
icant changes in diastolic function after 1 year of follow-up.

Introduction

Trimetazidine (TMZ) increases cell tolerance to
ischemia by maintaining cellular homeostasis.~ 1
In vitro and ex vivo reports have demonstrated
that TMZ limits intracellular acidosis, inhibits
sodium and calcium accumulation, maintains in-
tracellular adenosine triphosphate levels, reduces
creatine-phosphokinase release, preserves mito-
chondrial functions, reduces myocardial fatty
acid metabolism, increases myocardial glucose
metabolism, protects against oxygen free-radi-
cal-induced membrane damage,’ and inhibits
neutrophil infiltration. In clinical settings TMZ
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has shown antiischemic activity in stable angina
and in chronic exertional angina.3-5 A validated
cardioprotective effect has been documented
during coronary artery bypass graft surgery, in
the reduction of myocardial infarct size,6 in the
myocardial protection during percutaneous
transluminal coronary angioplasty/ and in the
improvement of the contractile response of hi-
bernating myocardium to low-dose dobutamine
in ischemic cardiomyopathy.8 These data suggest
an antiischemic role of TMZ in myocardial pro-
tection and a preventive activity against ischemic
left ventricular dysfunction.9

Anthracycline Cardiotoxicity
The anthracyclines (ANT; doxorubicin [DOX] and
epirubicin [EPI]) are polycyclic, aromatic, red-
pigmented antibiotics (rhodomycins) isolated
from the soil actinomycete Streptomyces. The an-
tineoplastic effect of the anthracyclines results
primarily from intercalation into the deoxyri-
bonucleic acid (DNA) of actively cycling cells,
with blockage of DNA synthesis and subsequent
cell death.10 The inhibition of topoisomerase II,
provided by TMZ, seems to be important in my-
ocardial cytoprotection in a clinical setting. The
most important toxicity limiting the clinical use
of anthracyclines is cardiac. 11 Acute cardiac ef-
fects are noted within hours or a few days after
bolus administration and consist primarily of car-
diac arrhythmias (supraventricular tachycardia),
ST-T wave changes, decrease in voltage, T wave
flattening, and atrial end ventricular ectopies.
Subacute effects are noted within days or weeks
of administration and consist of toxic myocarditis
or pericarditis (rare) principally documented with
daunorubicin. 12 Chronic consequences are ob-
served after weeks or months and consist of a cu-
mulative dose-related myocardial cell damage
(cardiomyopathy) that may finally culminate in
congestive heart failure. DOX cardiotoxicity (con-
gestive heart failure [CHF] ) is low for a cumula-
tive dose of 550 mg/m2 (1%), with a sensible in-
crease up to 30% for DOX cumulative dose of 800
mg/m2. Whereas the incidence of cardiotoxicity
(CHF) is low (1%) for a cumulative dose of 550
mg/m2 of DOX, the incidence rises significantly
(30%) with cumulative doses of 800 mg/m2 of
DOX. Epirubicin (EPI) cardiotoxicity seems to be
less important until a cumulative dose of 1000
mg/m2. Usually, the cardiac failure is left ventric-

ular or biventricular; however, a selective right
heart dysfunction has been reported. ANT-in-
duced congestive heart failure carries a very poor
prognosis and is lethal in 27% to 60% of
cases. 13,14 For these reasons, regular follow-up of
the patients should be considered. Cardiac func-
tion should be assessed at 3 and 12 months in all
patients submitted to ANT therapy. Thus, the in-
troduction of cardioprotective agents is now com-
mon to reduce the adverse consequences of
chemotherapy. Dexrazoxane (DEX) is an ana-

logue of ethylenediaminetetraacetic acid that
probably acts by chelating iron, thus preventing
the generation of ANT-induced oxygen free radi-
cals. Previous randomized trials have demon-
strated that DEX provides clinically significant
cardioprotection against DOX15 and EPI16 car-
diotoxicity. A DEX/EPI 6:1 and DEX/DOX 10:1
dose/ratio are now used in anticancer chemother-
apy as an effective myocardial cytoprotection.
Other recent observations 17 indicate that DEX is
able to ameliorate DOX and EPI-induced car-

diotoxicity in neoplastic patients, but no evidence
of a similar cardioprotective effect sustained by
TMZ are actually indicated in literature. The aim
of this study was to furnish comparative data
about cytoprotection by TMZ in comparison with
DEX during ANT chemotherapy in female patients
with breast cancer.

Methods

Patients

From March 1998 to July 2000, 112 patients with
non-metastatic breast cancer entered the study
(Table I). Eligibility criteria included histological-
ly confirmed carcinoma, age 75 years or less,
World Health Organization performance status 3
or less, measurable or assessable disease, ade-
quate bone marrow, normal renal and liver func-
tion, and resting left ventricular ejection fraction
50% or greater. Patients were not included in the
study if they had congestive heart failure, dia-
betes mellitus, arterial hypertension, baseline
ejection fraction less than 50%, angina pectoris,
prior myocardial infarction, history of other neo-
plasms, central nervous system involvement, pre-
vious exposure to ANT, and previous radiation
therapy on the mediastinal area. All patients were
to receive TMZ, 60 mg/day (oral administration)
plus DEX 100 mg/m2 (intravenous infusion)
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Table I. Patient characteristics.

CMF = cardiac monitoring follow-up.

(Gl) ; TMZ alone, 60 mg/day (G2); or DEX alone,
100 Mg/M2 (G3) (Table II). The study was ap-
proved by local ethical committee and the pa-
tients gave written informed consent.

Follow-up Studies

Pretreatment evaluation included clinical history,
physical examination, biochemical profile, chest
radiograph, liver ultrasound or computed tomog-
raphy, and bone scan. Blood counts and bio-
chemical profile were obtained at TO and repeat-
ed every 3 weeks or when appropriate. DOX and
EPI cardiotoxicity was evaluated at Tl, T2, and
T3 (Table III) to evaluate ANT subacute and
chronic effects. Cardiotoxicity was monitored by
patient questionnaires, biochemical analysis, and
clinical evaluations. Chemotherapy regimen,
dosage adjustments, and planned evaluation time

were assessed according to standard chemother-
apy protocols.

Echocardiographic Monitoring 
’

A complete Doppler-echocardiographic examina-
tion was performed by a Hewlett-Packard Sonos
5500 system. All patients were examined in par-
tial lateral position by 3 different cardiologists un-
aware of clinical data. At least 3 consecutive car-
diac cycles were considered 18; cavity diameters
and parietal thickness were obtained in M-mode
on 2-dimensional frames according to American
Society of Echocardiography recommendations.
Parasternal long and short axis and apical 2- and
4-chamber views were used for the standard
echocardiographic study. Left ventricular systolic
performance was evaluated as follows: distance
between the E point and the interventricular sep-
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Table II. Study protocol.

DEX = dexrazoxane; DOX = doxorubicin; EPI = epirubicin.

tum, with fractional shortening (calculated in the
short-axis projection), and by the ejection frac-
tion, obtained by Simpson’s rule modified evalu-
ated in B-mode examination. In the presence of
transmitralic flow pattern doubtful for pseudo-
normality, a complete evaluation of the diastolic
function was assisted by a complete pulmonary
venous flow study. Exclusion criteria eliminate all
the clinical conditions imitating a diastolic dys-

function. 19-21 Left ventricular diastolic function
was studied in apical projection with the sample
volume between the tips of the mitral leaflets, in
quiet expiration. Peak filling velocity (E-wave),
peak telediastolic velocity (A-wave), and E/A
ratio were obtained. Deceleration time (DT) was
calculated from the interval between the E-peak
and the point where the E-wave slope intercepts
the baseline. Isovolumetric relaxation time
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Table III. Cardiotoxicity evaluation. 
,

(IVRT) was measured, by continuous wave
Doppler, as the time between the aortic closing
and transmitralic flow beginning, by placing the
Doppler cursor between the left ventricular out-
flow area and the mitral valve.

Statistical Analysis

Data were stored and analyzed by the SPSS pack-

age. One-way and 2-way analysis of variance and
unpaired t test were used for parametric variables
comparison between groups. Data are expressed
taking the standard deviation mean as the index
of dispersion. Linear regression analysis was per-
formed to evaluate the relationship between iso-
volumetric relaxation time with EPI and DOX
dose in all the study groups. P values less than
0.05 were considered statistically significant.



224

Results

Diastolic Function

After a 12-month follow-up period, the patients
showed a good conservation of diastolic function
in both Gland G2 groups. No statistically signif-
icant difference was observed in E wave and A
wave velocity and E/A ratio after ANT treatment.
DT was decreased after treatment both in G1
(f = 0.69, p = 0.564) and in G2 (f =1.74,
p < 0.166) patients (Table III). IVRT was slightly
prolonged at T3 in G1 group (f = 1.00, p = 0.398)
but it was unchanged in G2 patients (f = 2.64,
r = 0.055) (Table III). In G3 subjects only, E wave
velocity was increased at Tl (71.49 ±19.99
cm/sec) and T3 (76.30 ± 19.09 cm/sec) with sta-
tistical relevance (f =11.31, p < 0.001). E/A ratio
was evaluated at T2 less than 1 (0.77 ±0.72) in
G3 group, but returned greater than 1 at T3
(Table III). _

Systolic Function

Systolic dysfunction developed in only 2 subjects
undergoing ANT treatment. In all 3 groups, ejec-
tion fraction decreased after cumulative DOX
dose of 180 mg/ml by no more than 10% of TO
measurement (Figure 1). Cumulative EPI dose of
960 mg/m2 or greater had a similar effect on the
ejection fraction of all treated patients. Clinically

manifest or clinical evidence of CHF did not de-
velop after ANT treatment.

Patients with Complete Follow-up Data

Data of non-cardiac toxicity are expressed in
Table IV. Common consequences of ANT chemo-
therapy were observed in all the study groups. A
negligible amount of pericardial fluid, without he-
modynamic consequences, was observed in ap-
proximately 90% of patients. A cardioprotective
effect, comparable with DEX, was obtained by
TMZ against ANT toxicity in the study groups.
Oral administration of TMZ seems to be effective
in myocardial cytoprotection as a valid alterna-
tive choice in preventing ANT cardiotoxicity.

Toxicity

A severe neutropenia was observed in approxi-
mately 54% of patients. Hyperbilirubinemia and
transaminase increases were reported in 14%.

Discussion .

Chronic ANT therapy is linked to impaired dias-
tolic function as manifested by the impaired re-
laxation flow pattern.l2 Recent observations have

Figure 1.
Linear regression
analysis of IVRT and
cumulative DOX dose in
Gl (A), G2 (B), and G3
(A) groups.
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Table IV. Noncardiac toxicity in all patients. 
’

suggested that diastolic filling abnormalities may
predict systolic dysfunction in patients receiving
DOX,22,23 but it is uncertain whether impaired sys-
tolic function due to DOX therapy can be predict-
ed by a noninvasive index of diastolic function,
and few data exist on acute and potentially long-
term effects of DOX on left ventricular filling.24

Cardiotoxicity Evaluation During
ANT Chemotherapy: Invasive Methods

Radionuclide cardiac angiography and cardiac
radioimmunoscintigraphy using Indium-111 an-
timyosin monoclonal antibodies have been wide-
ly used to monitor cardiotoxicity and cardiac
function during ANT chemotherapy, but the sen-
sitivity of radionuclide cardiac angiographyll is
often too low for the test to be of value as an
early indicator of CHF. As for cardiac radioim-
munoscintigraphy, this invasive technique is as-
sociated with risks and complications and it can-
not be used in serial determinations of cardiotox-
icity during ANT therapy. Endomyocardial biop-
syl2 is useful in guiding ANT therapy, but it is an
invasive and not repeatable procedure.

Cardiotoxicity Evaluation During
ANT Chemotherapy: Noninvasive Methods

Electrocardiography and M-mode echocardiog-
raphy are insensitive and nonspecific in monitor-
ing ANT-induced cardiotoxicity, so it is unclear
which noninvasive study is most useful in the
early detection of ANT cardiotoxicity or in guid-
ing the maximally tolerable dose in patients with
malignant neoplasms. The fractional shortening
of the minor diameter of the left ventricle and
the velocity of circumferential fiber shortening

have been used, but these measures are largely
dependent on synchronous ventricular wall mo-
tion and loading conditions. Ejection fraction has
been used in the detection of DOX cardiotoxicity
but it correlates poorly with myocardial biopsy
grades of DOX cardiac damage, and it seems in-
sensitive, at rest, to predict mild congestive heart
failure.25 On the contrary, pulsed Doppler indices
of diastolic filling can unveil preclinical cardiac
dysfunction in patients at risk of development of
ANT-induced systolic failure. Isovolumetric re-
laxation time was 78% sensitive and 88% specif-
ic in detecting DOX-induced changes in ejection
fraction.26

DOX administration was found to prolong
both IVRT and DT and to decrease peak early to
atrial filling velocity ratio and deceleration rate
of early filling, with persistent effects on diastolic
filling and systolic function for more than 3
months after treatment.26 

~ 

z

Conclusions

Effect on Diastolic Function

Filling indices of diastolic function may be more
sensitive than variables of systolic function in pre-
dicting ANT induced congestive heart failure.
Shortly after administration, ANT prolongs iso-
volumetric relaxation time, with adverse effects
on this variable persisting at least three months
after cessation of treatment.26 In all the patients
of this study, myocardial cytoprotection mini-
mized the negative myocardial consequences of
anthracycline toxicity on diastolic function pre-
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serving filling performance also after 1 year of
follow-up (Table III).

Subacute and Chronic Effects of DOX
and EPI Therapy

The risk of delayed cardiotoxicity2’ was moni-
tored in all the patients. No clinical or echocar-
diographic evidence of toxic myocarditis or peri-
carditis were found as subacute effects of
chemotherapeutic drugs in all the study groups.
Cardiomyopathy and subsequent congestive heart
failure were not observed in any patient.

Myocardial Cytoprotection by TMZ
and DEX

TMZ and DEX attained comparable cytoprotec-
tive effect in Gl, G2, and G3 through long-term
follow-up after ANT treatment. The ability of
DEX to provide myocardial cytoprotection has
been validated in current literature .21 In G3 pa-
tients, E/A ratio was essentially unchanged at
T2, and DT and IVRT showed no statistically sig-
nificant variation at Tl and T2 times. The anti-
ischemic effect of TMZ29-32 has been tested both
in clinical and laboratory settings33,34 and ANT
cardiotoxic effects toward cytopathogenetic
damage are demonstrated late after treatment in
young hearts.35,36 Echocardiographic monitoring
is actually needed for detecting subclinical toxi-
City37 during ANT treatment to avoid negative
consequences on left ventricular diastolic func-
tion and systolic performance. Oral administra-
tion of a cytoprotective drug could be better tol-
erated by patients undergoing cytotoxic anti-
cancer chemotherapy.

Limitations of the Study

In the absence of the development of CHF, no
standard definition of DOX or EPI cardiotoxicity
exists. From the primitive observation of cardiac
toxicity after adriamycin administration,38 sever-
al clinical and pathologic observations about ANT
chemotherapy were executed. However, the

echocardiographic monitoring of ANT toxicity
was prospective, reasonably repeatable and par-
allel with clinical guidelines in the use of ANT in
the antineoplastic drug treatment. Interobserver
and intraobserver variability of the 2-dimension-
al echocardiographic measurements are the obvi-
ous limitations of the study, but the reliability of
the calculation of left ventricular ejection fraction
by 2-dimensional echocardiography39 and of

Doppler echocardiographic indexes have been
demonstrated by previous observations.26
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