
Introduction

The available data on the incidence, risk 
factors, pathogenetic mechanisms in-
volved, clinical presentation, diagnosis and 
management of cardiac toxicity from anti-

cancer drugs are briefly reviewed. The pos-
sibilities to intervene through alterations of 
the chemotherapy schedule or the use of 
cardioprotective agents are discussed. Not 
mentioned are the possible cardiac com-
plications of radiotherapy and hormonal 
therapy. 

Risk factors

Risk factors for the development of hy-
pokinetic cardiopathy from anthracyclines 
include: elevated serum anthracycline con-
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centrations following high doses and/or 
short infusions, previous or concomitant 
radiotherapy to the mediastinum or to the 
left hemithorax, age less than 15 years or 
over 65 years, cardiovascular risk factors 
such as arterial hypertension and diabetes, 
pre-existing hypokinetic cardiopathy and 
the female sex, in which morbidity and 
cardiac mortality are twice as frequent as 
in males in the presence of another cardio-
vascular risk factor.1-6 

The only identified risk factors for tras-
tuzumab are the type of chemotherapy 
pretreatment and the age of the patient 
that appear to be particularly influential in 
the group also treated with anthracyclines.7 
Regarding 5-fluorouracil, there is no con-
sensus on age as a risk factor. Some authors 
report a more elevated risk in patients older 
than 50, while others do not.8-10 

Anthracyclines

The most frequently observed cardiotoxic 
effect after the use of anthracyclines (adri-
amycin or doxorubicin, daunorubicin, epi-
rubicin and mitoxantrone) is the depression 
of myocardial contractility. About 10-15% of 
neoplastic patients treated with anthracy-
clines develop a hypokinetic cardiopathy11, 
and this depends mainly on the cumulative 
dose of the drug. The risk related to an 
adriamycin cumulative dose equal to 550 
mg/m2 is 7%; this grows linearly with high-
er dosages, reaching 50% for a total dose of 
1000 mg/m2.1,12 However, cardiotoxicity can 
also occur at a cumulative dose of less than 
400 mg/m2, especially if the anthracycline 
is combined with other cytotoxic drugs, for 
example, cyclophosphamide.13 Various hy-
potheses on the pathogenetic mechanisms 
of cardiopathy from anthracyclines have 
been formulated: the production of free 
radicals14 and/or a reduction of free radi-
cal scavengers; the inhibition of the ionic 

pumps through toxic metabolites15; altera-
tion of the energetic mitochondrial metabo-
lism16; the formation of a complex binding 
trivalent iron ions that damage cellular 
membranes and DNA3; the release of in-
flammatory cytokines11; and the induction 
of an adrenergic dysfunction.17 Histological 
damage is characterized by the expansion 
of the sarcomere tubules and by the loss of 
actin and myosin myofilaments.

Cardiotoxicity can occur early or in a 
later phase. Acute toxicity, that is during 
chemotherapy infusion, occurs in 0.4 - 41% 
of cases11, especially in the presence of 
electrolytic alterations15, presenting mainly 
as sinus tachycardia, supraventricular or 
ventricular non-repetitive arrhythmia, as-
pecific alterations of repolarisation or an 
extension of the QT tract. In this phase, 
the patient is generally asymptomatic or 
only mildly so, and these alterations sub-
side some hours after the discontinuation 
of the drug.1 This type of cardiotoxicity is 
not a contraindication for further treatment 
with anthracyclines, but only after an ade-
quate correction of the plasma electrolytes. 
However, cases of sudden death correlated 
to arrhythmia have been reported.2

Chronic toxicity appears weeks to 
months to years after the end of chemo-
therapy; it can also occur during treatment 
when the cumulative dose is elevated, or 
years after a first course of chemotherapy if 
the patient receives a second course. The in-
cidence of chronic toxicity in anthracycline 
treated patients varies from 0.4 - 23%.18,19 
The appearance of signs and/or symptoms 
of congestive heart failure such as pulmo-
nary edema or cardiogenic shock, which 
may occur progressively or unexpectedly, 
is frequent.12,13 The ECG may be normal or 
may present ventricular conduction delays 
of different grades. Chest radiography may 
show possible signs of pulmonary conges-
tion5 with cardiac dimensions in the up-
per normal range. Echocardiography may 
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show hypokinesia, often more evident at 
the septal level, with a reduced function 
of the left ventricular pump which may or 
may not be associated with the involvement 
of the right ventricle, depending on the 
duration of the heart failure. The cardiac 
dimensions are frequently in the normal 
range or only slightly increased, but in the 
more serious cases or in the case of a late 
diagnosis, these may be greatly increased 
with evident remodeling. Parietal thickness 
is generally preserved. The diastolic mi-
tralic flow may be normal or altered when 
seen on echodoppler. An endomyocardial 
biopsy may highlight vacuolisation of the 
cytoplasm and mitochondrial degeneration 
as well as the loss of myofibrils and perivas-
cular fibrosis.20

The use of less cardiotoxic second gen-
eration anthracyclines such as idarubicin, 
epirubicin or mitoxantrone has been sug-
gested and utilized in clinical practice. 
However, second generation anthracyclines 
are not devoid of cardiotoxicity, but gener-
ally at higher doses.18,21,.22 Moreover, the 
damage is cumulative even among different 
anthracyclines.

One strategy to limit doxorubicin car-
diotoxicity is its encapsulation in lipo-
somes which alters the tissue distribution 
and the pharmacokinetics of the drug, 
limiting its toxic effect on healthy tissue. 
The available data suggests a better cardio-
logical safety profile of these formulations, 
both in monochemotherapy and in combi-
nation with trastuzumab or other cytotoxic 
agents.23,24

Attention to the cumulative dose and 
a careful cardiological follow-up still have 
the greatest role in the prevention of an-
thracycline cardiotoxicity. Measurement of 
the left ventricular pump function should 
be performed at baseline either by echo-
cardiogram or by radionuclide angiography 
when a cumulative dose of 250-300 mg/m2 
of adriamycin or 500 mg/m2 of epirubicin 

or 25-30 mg/m2 of mitoxantrone has been 
reached and repeated 10-30 days after the 
end of chemotherapy.14,25 Late cardiotoxic-
ity can be detected by extending the cardio-
logical follow-up annually for at least 4-5 
years after chemotherapy termination.

In the past, the prognosis of cardio-
myopathy from anthracyclines was rather 
unfavourable. The two-year mortality rate 
of patients in the functional NYHA III-IV 
class, in treatment only with digitalis and 
diuretics, was 50%.26 The prognosis in 
children appears to be better than that of 
adults1, with a two-year mortality rate of 
20%.

After the introduction of the ACE-inhib-
itors for the treatment of patients with left 
ventricular dysfunction irrespective of the 
aetiology, the prognosis of patients with 
anthracycline cardiopathy clearly improved 
in terms of both morbidity and mortality. 
Moreover, the possible reversibility of left 
ventricular dysfunction has also been dem-
onstrated.11,27,28,29 The most used drugs 
are captopril and enalapril30 at the same 
recommended dose as in other types of 
hypokinetic cardiopathy.

Currently, studies on the effectiveness 
of beta-blockers in this specific type of car-
diopathy are less numerous.31,32 However, 
small studies have shown a significant 
improvement of the left systolic ventricular 
function33,34 and of the NYHA functional 
class35 in patients with anthracycline car-
diopathy receiving beta-blocker treatment. 
The principal drugs used in these patients 
are metoprolol33,35 and carvedilol36 at the 
doses recommended by the international 
guidelines for cardiac failure.

Trastuzumab

Trastuzumab is a recombinant monoclonal 
antibody that targets the HER-2 receptor. 
It is effective in metastatic breast cancer 
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with a high HER-2 expression both as a 
single agent or in combination therapy and 
as first-line treatment or in pretreated pa-
tients. Being a very specific monoclonal an-
tibody, it has a favourable toxicity/efficacy 
ratio. However, it can cause cardiotoxicity 
in the form of ventricular dysfunction and 
heart failure, especially if administered af-
ter or together with anthracyclines.7,37,38,39 
The mechanism of the toxicity is still not 
known, but some hypotheses have been 
formulated.

Direct toxicity

While HER-2 and HER-4 receptors are in-
volved in cell growth, reparation and sur-
vival during the embryonic development of 
the heart, the normal adult muscle has few 
HER-2 receptors. Both HER-2 and HER-4 
receptors have been detected in the myocar-
dium of some cases showing clinical toxicity 
from trastuzumab.39,40 In a small series of 
patients, the injection of radiomarked tras-
tuzumab was followed by cardiac captation 
in about one third of the cases, and most of 
these presented subsequent cardiotoxicity.41 
Therefore, trastuzumab could have a direct 
cardiotoxic effect, at least in some subjects. 
Probably, there is an interpersonal variabil-
ity in the expression of HER-2 and HER-4 
receptors in the human myocardium as well 
as in the tumor itself. 

Indirect toxicity

Cardiotoxicity is greater when trastuzu-
mab is administered together with anthra-
cyclines and, if this occurs under stress 
conditions, the HER-2 receptor is possibly 
involved in the reparative processes of 
damaged myocytes. This could suggest that 
the HER-2 receptor blockade prevents the 
myocardium from repairing the damage 
caused by anthracyclines, increasing their 
eventual toxic effect.39,42

Trastuzumab has an antitumoral speci-
ficity and a favourable toxicity/activity ra-

tio that will probably make it a more widely 
used agent in the next years. The recently 
available results on the impact of trastu-
zumab in the adjuvant therapy of breast 
carcinoma could be predictive of a more 
generalized use in patients with HER-2 
hyperexpressing tumors after surgery. The 
evaluation of the cardiotoxicity will be of 
special importance in this context.

5-Fluorouracil

In the literature, the frequency of fluorou-
racil-related cardiotoxicity such as angina, 
myocardial infarction, arrhythmia, heart 
failure and sudden death ranges from 1.6% 
-18%, with a mortality rate ranging from 
2.2% to 13%. This variability is partly due 
to patient selection (inclusion or exclusion 
of those with pre-existing cardiopathy, 
especially of the ischemic type), to the 
study methods (retrospective or prospec-
tive; with provocative tests and/or close 
cardiological follow-up or limited to clini-
cal observation only), to the method of 
drug administration (high or low doses; 
bolus or continuous infusion) and to the 
possible interference of other potentially 
cardiotoxic drugs in polychemotherapeu-
tic regimens.8,9,43-47 From a metanalysis of 
the literature, cardiotoxicity generally con-
cerns 5-10% of unselected subjects receiv-
ing high doses (>800 mg/day), particularly 
in continuous infusion. In single bolus 
doses at 1-4 week intervals, as, for exam-
ple, in the CMF regimen, it is generally 
well tolerated even in patients pre-treated 
with known cardiotoxic drugs such as 
anthracyclines.9,43-46,48 This could be ex-
plained by the peculiar pharmacokinetics 
of fluorouracil, that has a brief plasmatic 
half-life of a few minutes only, but enters 
various tissues, including the myocardium, 
from which it is subsequently released in 
a variable number of days. In continuous 
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infusions, circadian variations of the hae-
matic levels of the drug occur, partly due 
to fluctuations of the dihydropirimidine-
dehydrogenasis (DPD) activity.49 In most 
cases, the signs of cardiotoxicity appear 
2-3 days after the beginning of treatment 
and they can also persist after the end of 
the infusion; therefore, only with very el-
evated doses of fluorouracil or in the case 
of continuous infusions can a high con-
centration of the drug in the cardiac tissue 
be sufficient to cause a toxic reaction.

The presence of ischemic cardiopathy 
or ECG alterations of an ischemic type may 
identify a group of patients with a more 
elevated risk of cardiotoxicity, but not all 
authors agree with this.8,9,10 Hereditary 
congenital DPD defects can also cause 
significant fluorouracil toxicity, which is, 
however, mostly haematological.51

Generally, fluorouracil cardiotoxicity 
causes angina, with or without ECG signs 
of an acute heart attack or with ECG signs 
of ischemia in the absence of typical pain. 
Sudden death and arrhythmia, especially 
ventricular arrhythmia, follow in order of 
frequency. In several cases, ventricular ar-
rhythmia and death have been described 
after the appearance of acute myocardial 
ischemia, while in other cases, sudden 
death occurred in the absence of cardio-
logical follow-up and might have been due 
to a myocardial infarction. In conclusion, it 
can be hypothesized that in at least 90% of 
cases of toxicity, the primary cause is due 
to ischemia.28,47,51, 52

More rarely, toxicity appears in the form 
of cardiogenic shock, heart failure and a 
myocarditis type syndrome.47,51 The major-
ity of events appear during the first cycle of 
chemotherapy, and in more than half of the 
cases, within 72 hours from the beginning 
of the infusion, but in studies with a direct 
follow-up of the patients, the events oc-
curred on the third or fourth day of a high 
dose continuous infusion.28,51,52

The ECG alterations consist either in 
the elevation or in the depression of the 
ST tract, diffuse or localized.33,34,40,41 An 
onset with ST elevation leads to the sup-
position that vasospasm is the cause of the 
ischemia, as confirmed in some cases by 
angiographic documentation and experi-
mental studies.53-56 An interesting finding 
is the sporadically reported induction of 
vasospastic effort angina during the fluo-
rouracil infusion. This event is probably 
underdiagnosed because of the generally 
scanty follow-up of outpatients.57

The mechanism of fluorouracil cardio-
toxicity has not yet been entirely clarified, 
and could also be linked to different events 
which are more or less predominant in 
different patients. For example, the mecha-
nisms underlying the induction of vaso-
spasm are little known. Endothelin, that 
has been found to be particularly elevated 
in patients with tumors and fluorouracil 
toxicity, could possibly be a mediator, but it 
is also possible that other still unknown va-
soactive compounds could be involved.57,58 

In some cases of vasospastic effort angi-
na, ischemia does not appear during stress 
but on recovery; therefore hyperventilation 
could play some role.52,59 Other factors that 
could explain this phenomenon include 
the formation of thrombi, an increase in 
the oxygen requirement of myocytes from 
the inotropic and positive chronotropic 
effect, an interference with cellular me-
tabolism, ATP depletion, inhibition of the 
tricarboxylic acid cycle, delayed immune 
reactions with lymphokine activation and 
cellular toxicity like that induced by anthra-
cyclines.44,45,47,60

A specific therapy does not exist. The 
use of nitroderivatives, calcium channel 
blockers or a combination of these could 
be effective in the management or pre-
vention of a recurrence of the toxicity in 
some patients; in others these measures 
could be completely or partially ineffective. 
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Arrhythmia and cardiogenic shock could 
be resistant to all conventional therapies 
or regress with a simple type of support-
ive therapy. As a rule, the discontinuation 
of fluorouracil leads to the regression of 
symptoms within 48-72 hours.9,28,43,51,52,5

4,61 Once a patient has manifested cardio-
toxicity, each further fluorouracil admin-
istration, even with the protection of anti-
anginal drugs, carries an elevated risk of a 
repetition of the cardiotoxicity; therefore, a 
modification of the dose or of the method 
of administration can sometimes be effec-
tive.28,44,51 

Taxanes

Hypokinetic arrhythmia, particularly oligo- 
or asymptomatic sinus bradycardia but 
occasionally also transient atrioventricular 
II or III grade blocks, supraventricular and 
ventricular arrhythmia, depression of the 
systolic function and myocardial infarction 
have occurred in some studies involving 
paclitaxel, but in others no significant car-
diotoxicity was reported.62-67

Some toxic effects, mainly arrhythmia, 
are analogous to those observed after ac-
cidental poisoning with parts of the yew 
plant and are probably due to paclitaxel 
itself. Others, particularly myocardial isch-
emia, ventricular arrhythmia and hypoten-
sion, may be due to the action of cremo-
phore, the paclitaxel carrier, through the 
induction of histamine release, or to other 
substances used in the premedication.64

The combination of paclitaxel with 
doxorubicin causes an increased incidence 
of cardiotoxicity. It has been suggested that 
the interaction between the two agents, 
with delayed elimination of doxorubicin 
when administrated after paclitaxel, is re-
sponsible for this effect.68 Docetaxel, in-
stead, does not seem to have cardiotoxic 
effects.

The mechanism of paclitaxel cardiotox-
icity is strictly related to its antitumoral 
activity. In fact, the antimitotic effect is due 
to its ability to stabilize the microtubules. 
At much higher doses than those effective 
in neoplastic cells, the same action occurs 
in the cardiac cells, affecting its elastic and 
electromechanical properties as seen in 
hypertrophy from fluid overload.67,69 The 
effect would be a decrease of the spontane-
ous contraction frequency and a greater 
susceptibility to arrhythmia, without sig-
nificant modifications of the contractil-
ity or muscle compliance; however, if the 
dose and time of exposure to paclitaxel is 
increased, a depression of contractility has 
been observed.67,69

It has also been suggested that the car-
diotoxicity of taxanes is due to coronary 
vasoconstriction through a mechanism that 
is independent from the action on microtu-
bules. This effect is observed only with pa-
clitaxel and not with other analogues such 
as docetaxel, which has the same antimi-
totic mechanism. The partial discrepancy 
of the data can perhaps be explained by 
the different methods of drug administra-
tion such as the dose, duration of the infu-
sion and its association with other drugs. 
However, a general consensus seems to 
exist on the fact that the cardiotoxic effects 
of taxanes are transient and that the cel-
lular dysfunction does not lead to necrosis 
as happens with anthracyclines; as a result, 
toxicity is not cumulative. Some toxic ef-
fects such as vasomotor phenomena, dys-
pnea and respiratory distress syndrome 
have an allergic origin, and are probably 
due to the drug carrier (Cremophor) or to 
the excipients rather than to the molecule 
itself; these symptoms generally respond 
to steroid treatment. It is, therefore, not 
necessary to submit all patients to a car-
diological follow-up, but only those with 
bradyarrhythmia or conduction anomalies. 
The exclusion from taxane treatment of 
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all patients with a cardiological history is 
probably not justified.

Other drugs

Effects like bradycardia, ventricular ar-
rhythmia, heart failure, hypertension and 
myocardic ischemia have been ascribed to 
cisplatin and carboplatin. Some of these 
side effects have been described after poly-
chemotherapies, generally in association 
with cyclophosphamide, vinca alkaloids, 
etoposide or fluorouracil, in which the 
role of platinum compounds is debatable. 
However, cisplatin can give haemodynam-
ic and arrhythmic problems. The drug 
is nephrotoxic and therefore substantial 
amounts of hydration are given before and 
after its administration. In subjects with 
unstable cardiac compensation, hyperten-
sion or who have suboptimal compliance of 
the left ventricle, this could favour an acute 
pulmonary edema and/or a hypertensive 
crisis. The toxic effect on the kidney could 
explain other events such as ventricular 
arrhythmia, caused perhaps by hypomag-
nesemia and hypokalemia, a particularly 
frequent side effect, and hypertension.70-73 
In the more recent prospective studies in 
which the prevention of dysionia was pre-
scribed, cardiac toxicity was not a problem. 
Moreover, carboplatin appears to be gener-
ally less toxic than cisplatin.74-76

Following gemcitabine therapy, arrhyth-
mia, particularly atrial fibrillation, hyper-
tension and heart failure have been de-
scribed, but the role of gemcitabine as a 
cause of these phenomena is rather specu-
lative.77,78

Cyclophosphamide can cause cardiotox-
icity by damaging the capillary endotheli-
um and also causing microthrombosis with 
subsequent hemorrhagic and ischaemic 
myocarditis, but this mainly concerns treat-
ment with high doses of the drug.79

Important cardiotoxicity with arrhyth-
mia and acute ischemic cardiopathy have 
been observed following cytokine treat-
ment, in particular with intravenously ad-
ministered interleukin-2 (IL-2) and α-in-
terferon. The cause seems to be mainly 
capillary leak syndrome in the case of IL-2 
and a direct toxicity or vasculitis for inter-
feron. Currently, following the subcutane-
ous administration of these drugs, their 
cardiotoxicity appears to be rare.80

Following the administration of vinorel-
bine, cases of myocardial infarction have 
been reported, and, when associated with 
trastuzumab, cases of depression of the 
pump function and of heart failure have 
been reported.81 A more frequent problem 
is acute dyspnea, often associated with a 
hypertensive crisis and sometimes with 
thoracic pain generally related to broncho-
spasm or respiratory distress that disap-
pears with the administration of oxygen, 
bronchodilators and cortisone. The ECG is 
usually normal.

Bleomycin does not have any particular 
cardiotoxicity, but is important with regard 
to the problems of differential diagnosis. 
This drug is an integral part of therapeutic 
regimens used in Hodgkin’s lymphoma, 
head and neck cancer and testicular cancer. 
In the most favourable forms of Hodgkin’s 
disease and testicular cancer, the percent-
age of cure is higher than 90%. The latter 
tumors are particularly frequent in young 
people with a long life expectancy in whom 
late toxicities are of paramount importance. 
The main dose-limiting effect of bleomycin 
is pulmonary toxicity (25-30% acute and 
7-10% chronic).82-87 Often, even long after 
treatment discontinuation, the patient may 
have to be referred to a cardiologist because 
of dyspnea. In these cases, the dose of 
anthracyclines and/or mediastinal radio-
therapy need to be assessed, and a cardio-
logical evaluation and respiratory function 
tests should be performed. The main risk 
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factors for bleomycin pneumopathy are age 
> 40 years, cumulative dose > 300 mg and 
concomitant radiotherapy to the lungs or 
platinum chemotherapy.

Cardioprotective agents

A number of methods to reduce the risk of 
anthracycline cardiopathy have been sug-
gested. The most widely used is the limita-
tion of the cumulative dose of various drugs: 
550 mg/m2 for adriamycin, 600 mg/m2 for 
daunorubicin, 1000 mg/m2 for epirubicin, 
1900 mg/m2 for zorubicin and 160 mg/m2 
for mitoxantrone.3 When an association 
with other antineoplastic cardiotoxic drugs 
or with radiotherapy to the mediastinum is 
scheduled, lesser doses should be used.

The administration of anthracyclines 
in smaller, more frequent doses and/or 
the prolongation of the time of infusion to 
48-96 hours can reduce the cardiotoxic risk 
linked to elevated plasma concentrations of 
the drug. The use of less cardiotoxic deriva-
tives of first-generation anthracyclines such 
as idarubicin, epirubicin or mitoxantrone 
has been suggested and performed in the 
clinical setting. However, second-genera-
tion anthracyclines can also cause cardio-
toxicity, though at higher doses.18,21,22 The 
damage is cumulative even between differ-
ent anthracyclines.

Liposomes, used as adriamycin carri-
ers23 have been elaborated to lessen their 
toxic effect on healthy tissues; however, 
in vivo studies have not shown the same 
degree of cardiotoxicity prevention noted 
in in vitro studies. Besides, the elevated cost 
of the liposomal formulations limit their 
generalized use.

Many clinical studies have identified 
substances which are able to protect the 
myocardium from anthracycline toxicity 
without reducing their antineoplastic ac-
tivity.88,89 Cytoprotector agents such as 

ICRF187 (dexrazoxane) at doses of 20:1 or 
10:1 of the dose of adriamycin can reduce 
cardiac events to 30-50% and anthracy-
cline cardiopathy to 10-15% of the original 
risk.90,91 This intracellular iron chelator re-
duces the formation of free radicals92 and 
promotes an immunomodulating effect on 
the myocardial inflammation caused by 
anthracyclines.93 Although clinical stud-
ies have shown the effectiveness of this 
substance in preventing the initial car-
diotoxicity from anthracyclines, there are 
no current randomized studies that have 
determined its role in the prophylaxis of 
myocardial damage in the long term.93 
Other studies have shown that dexrazox-
ane at high doses (>900 mg/m2) could 
have a counter effect on the antineoplastic 
activity of adriamycin and epirubicin94, in-
cluding increasing the systemic clearance 
of the drug95,96; in addition, it can cause 
bone marrow toxicity and phlebitis at the 
administration site.93,97 For these reasons, 
dexrazoxane is not used extensively in 
clinical practice, but mostly in patients 
with previous cardiac damage who have 
to receive further doses of anthracyclines. 
Other substances such as vitamin E, pro-
bucol, ascorbic acid, melatonin and other 
antioxidants have not yet shown an ad-
equate in vivo cardioprotective effect.

Presently, the prevention of anthracy-
cline cardiopathy is based on the cardiologi-
cal follow-up of the patient. A knowledge of 
the possible cardiovascular risk factors, a 
sound clinical evaluation and the measure-
ment of the left ventricular function before, 
during and after chemotherapy may lead to 
an early diagnosis of cardiotoxicity. In this 
case, the reduction or discontinuation of 
the drug and/or the beginning of an ade-
quate cardioprotective therapy may improve 
and normalize the cardiac function. In this 
phase, the collaboration with the oncologist 
is of particular importance to clarify the 
risk/benefit ratio and to reduce, discontinue 
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or modify the cardiotoxic regimen.
Regarding trastuzumab, an in vitro study 

on human cardiomyocytes has shown a 
partial reversibility of the toxicity of the 
drug with the addition of recombinant 
neuregulines.41 Periodic clinical and in-
strumental controls are advisable after 1-2 
months and then every 6 months if there 
are no problems, more often if signs of tox-
icity are present. In the case of a left ven-
tricular dysfunction, chemotherapy should 
immediately be discontinued and the usual 
medical therapy for heart failure begun, 
that is, diuretics, ACE-inhibitors, digitalis 
and beta-blockers when necessary, with a 
follow-up planned after a few weeks. The 
discontinuation of trastuzumab may result 
in a complete recovery of the cardiac func-
tion and the suspension of the cardiological 
therapy. In the event of trastuzumab car-
diotoxicity, it should be permanently dis-
continued. Antidotes for cardiotoxicity are 
not yet available. It has also been suggested 
that the exposure to trastuzumab for a long 
time may induce apoptosis in neoplastic 
cells, but this mechanism has not yet been 
shown in the myocardium.98

Patients scheduled for therapy with flu-
orouracil should undergo an initial cardio-
logical evaluation to rule out an ischemic 
cardiopathy. Patients with a higher risk 
should have a cardiological check-up 2-3 
days after the start of the infusion if high 
doses are used (>800 mg/m2) or after two 
weeks in the event of chronic low doses, 
and, in the case of angina, a stress test 
should be performed. For patients with 
pre-existing ischaemic cardiopathy or with 
signs of cardiotoxicity from fluorouracil, 
the use of alternative drugs should be en-
couraged. When fluorouracil is essential, it 
should be administered in a protected envi-
ronment with continuous ECG monitoring 
and the association of nitrates and calcium 
antagonists. A modification of the thera-
peutic scheme such as administering low 

doses in weekly boluses rather than in con-
tinuous infusion could also be helpful.58,62 
When, despite these precautions, serious 
toxicity appears, fluorouracil should be no 
longer be administered.

New agents

The cardiotoxic effects of some new anti-
neoplastic agents are currently little known. 
As a matter of fact, the recent introduction 
of these drugs in clinical practice does not 
permit an adequate estimation of their car-
diotoxic effects and further evaluation and 
investigation will be necessary. Examples of 
these drugs include monoclonal antibodies 
such as rituximab, a chimeric murine/human 
monoclonal antibody against the CD20 anti-
gen on normal and malignant B-lymphocytes, 
bevacizumab, a monoclonal antibody that 
blocks vascular endothelial growth factor 
(VEGF) receptors, cetuximab, a chimeric anti-
body targeting the human epidermal growth 
factor (EGFR) receptor, and tyrosine kinase 
inhibitors such as imatinib, gefitinib and er-
lotinib and other classes of agents.

The identification of novel molecular 
targets will increase the number of drugs 
available for the treatment of neoplastic 
disease. It will be important to evaluate the 
side effects related to treatment, particu-
larly in organs with a limited regenerative 
capability such as the heart. Further stud-
ies will therefore be necessary. 
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Elektrokemoterapija tumorjev

Serša G, Čemažar M, Miklavčič D, Rudolf Z

Elektrokemoterapija je način zdravljenja raka, ki združuje uporabo standardnih kemote-
rapevtikov in aplikacijo električnih pulzov na območje tumorja. Z aplikacijo električnih 
pulzov na tumor povzročimo destabilizacijo celične membrane, s čimer omogočimo, da ci-
tostatiki, ki imajo slabo prehajanje skozi membrano, lažje vstopajo v celico. Tako se večkrat 
poveča citotoksičnost citostatikov, kot sta cisplatin ali bleomicin, s tem pa se poveča tudi 
njihova protitumorska učinkovitost, posebno na mestu aplikacije električnih pulzov. Zaradi 
selektivno povečanega vnosa samo na območju tumorja je terapevtski indeks elektrokemo-
terapije zelo dober, dobra je namreč lokalna protitumorska učinkovitost brez lokalnih ali 
sistemskih stranskih pojavov, zaradi kemoterapevtikov ali aplikacije električnih pulzov. Po 
številnih predkliničnih raziskavah je bila elektrokemoterapija preizkušena tudi v mnogih 
kliničnih raziskavah. V veterinarski onkologiji je bila uspešnost elektrokemoterapije doka-
zana pri zdravljenju različnih primarnih tumorjev mačk, psov in konjev.V humani onko-
logiji se je elektrokemoterapija izkazala pri zdravljenju kožnih in podkožnih tumorjev pri 
bolnikih z napredovalo boleznijo različnih vrst rakov. Rezultati vseh teh študij dokazujejo 
uspešnost elektrokemoterapije v onkologiji za pri lokalnem nadzoru rasti kožnih in podko-
žnih lezij različnih vrst raka. 
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Kardiotoksičnost kemoterapije. Nove rešitve starega problema

Miolo GM, La Mura N, Nigri P, Murrone P, Da Ronch L, Viel E, Veronesi A, Lestuzzi C

Izhodišča. Kardiotoksičnost, ki jo povzroča kemoterapija ima raznolike zgodnje in kasne 
oblike. Zmanjšuje možnost učinkovitega zdravljenja z namenom ozdravitve pa tudi paliativ-
nega zdravljenja. Onkološka zdravila, ki jih najpogosteje povezujemo s kadiotoksičnostjo so 
antraciklini, trastuzumab, 5-flurouracil in taksani. Nekatere oblike kardiotoksičnosti, ki jih 
lahko povzroča večina protitumorskih zdravil, pa avtorji redko opisujejo in navajajo. Velika 
verjetnost je, da bo širša uporaba novih bioloških zdravil privedla do odkritja drugih manj 
poznanih stranskih pojavov. 
Zaključki. Ker srce razvrščamo med organe z omejeno regeneracijsko sposobnostjo, je 
pomembno, da poznamo incidenco, klinično sliko in patogene mehanizme, ki so povezani 
s stranskimi učinki zdravil na srce. To nam lahko pomaga pri ugotavljanju, prevenciji in 
zdravljenju kardiotoksičnosti, ki jo povzroča kemoterapija. Ob novih načinih zdravljenja so 
nujno potrebne še nadaljnje raziskave.
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