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Summary. Cardiotoxic effects related to treatment with 
some antitumor agents (chiefly anthracycline antibi- 
otics, cyclophosphamide, corticosteroids, 5-fluorouracil, 
and radiation therapy), their association, and contempo- 
raneous administration of other (potentially) cardio- 
toxic drugs are reviewed. 

Experimental models, clinical findings, and diagnos- 
tic methods are briefly described. 

Pathogenetic factors and interactions of antitumor 
drugs with biomembranes, DNA, and immune reactions 
are discussed. 

1. Introduction 

Experimental and clinical data indicate that overt or 
subclinical cardiovascular toxicity can be associated 
with a variety of drugs (Wenzel, 1967; Herman, 1972; 
Uslenghi et al., 1975; for an up-to-date review see De- 
glin et al., 1977). Research on drug-related syndromes 
has primarily been concerned with myoearditis asso- 
ciated with drug-induced allergic reactions (Bickel, 
1960; for a review see Zbinden, 1973) and myocardoses 
(Wuhrmann, 1972) connected with drugs commonly 
employed for the treatment of cardiovascular diseases. 
Evidence has emerged revealing the cardiotoxic proper- 
ties of other classes of drugs. Among these neuroactive 
compounds as general anesthetics (Thyrum, 1972), the 
tricyclic antidepressants, and some antineoplastic agents 
are most important (Moccetti, 1973; Kuebler et al., 
1973; Aviado, 1975; Doerr et al., 1976; Ghione, 1977). 
The cardiotoxic effect of neuroactive drugs has a high 
epidemiologic relevance owing to their widespread use 
and is at least partly accountable for the overlapping 
activity of these drugs with that of cardioactive corn- 
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pounds through their mutual interaction with cateehol- 
aminergic receptors (Aviado, 1975). Observation of the 
cardiotoxicity of antitumor agents first occurred as an 
unexpected, delayed fallout of long-term clinical trials, 
and was later reproduced in experimental animals. This 
observation was made possible by clinical introduction 
of drugs and treatment schedules that were able to en- 
sure a protracted survival time to a larger number of 
tumor patients. Despite the extension of cancer chemo- 
therapy during the last few years, which is still going on, 
the problem we deal with involves a fairly limited num- 
ber of patients. Although the emphasis placed upon it 
may appear unjustified owing to its limited overall pre- 
valence, the study of the cardiotoxic effects of antitumor 
drugs is gaining momentum because of a desire to learn 
how to circumvent the limits that this cardiotoxicity 
places on the application of a unique therapeutic mea- 
sure to an otherwise untreatable disease. Also to be con- 
sidered is an interest in observing their mechanism of 
action as a model for gaining better understanding of the 
still largely unexplored field of drug and environment- 
induced cardiopathies. 

2. Experimental Models 

This interest in the problem stimulated researchers to 
look for experimental methods for detecting cardiotoxic 
activity of antitumor compounds at a preclinical level. 
The majority of this work was carried out with the an- 
thracyclines, these compounds depress the function of 
rabbit heart mitochondria (Iwamoto et al., 1974) and 
the idiorhythmie beating of rat cardiac cell cultures (Ser- 
aydarian et al., 1977), neonatal mice cardiac explants 
(Neeco and Dasdia, 1974; Necco et al., 1976), isolated 
guinea pig atrial preparations (Bossa et al., 1975), and in 
vitro preparations of whole heart of guinea pig (Kobaya- 
shi et al., 1972), rat (Langslet et al., 1974), rabbit (Ber- 
tazzoli et al., 1974a and b), or dog (Arena et al., 1972, 
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1975). The presence of Coenzyme Q10 in isolated mito- 
chondria preparation, cardioactive glycosides (ouabain), 
or the addition of ATP to the solution perfusing the car- 
diac explants counteract the inhibitory effect. 

According to some authors, inotropism is also mod- 
ified by adriamycin, an antibiotic belonging to the an- 
thracycline group. Its negative inotropic effect upon iso- 
lated guinea pig atria is enhanced by lowering the Ca 2+ 
concentration of the medium (Bossa et al., 1975), where- 
as its positive inotropic effect upon isolated guinea pig 
whole heart preparation is antagonized by the addition 
of/3-blocking agents (Kobayashi et al., 1972). The in 
vivo experimental models are more suitable for the study 
of cardiotoxic effect of antitumor drugs and particularly 
of glycoactive steroids, alkylating agents, and anthracy- 
cline antibiotics. Administration of these latter com- 
pounds to the intact chick embryo in ovo induces modi- 
fication of the EKG tracing with myocardiolysis and 
degeneration of the cardiac ganglia (Pannuti, 1972a 
and b). 

Even if we set aside its technical peculiarities, the 
embryonated egg model is hardly to be recommended 
for routine use, particularly because such a closed sys- 
tem gives information of less clinical value than open- 
end systems like the freely excreting intact laboratory 
animals. The data gathered from these latter models 
shall be dealt with separately according to the treatment 
schedule. The cardiotoxic effects of administration of a 
single high dose can be quite different from those of a 
long-term treatment. Intravenous (IV) injection of a very 
high dose of daunorubicin to the hamster is followed by 
tachycardia, arrhythmia, EKG modifications, and in- 
crease in the catecholamine blood level. Drug-dependent 
alterations of some structures belonging to the autono- 
mous nervous system may contribute to the origin of 
these phenomena. In fact their onset is unmodified by 
the administration of procainamide or lidocaine (or, inci- 
dentally, by phenoxybenzamine), but is prevented by the 
administration of ganglionic blocking agents, reserpine, 
diphenylhydantoine, quinidine, or/3-blocking agents and 
does not occur in pithed animals (Herman et al., 1969, 
1970a and b). 

The hamster seems to be the species most suscepti- 
bile to the cardiotoxic effect of the administration of a 
single high dose of anthracyclines, particularly adriamy- 
cin (Herman et al., 1971). A small cohort of transient 
rhythm and EKG alterations is usually observed in 
other animal species (rat, guinea pig, rabbit, or dog) 
submitted to an analogous treatment. 

Administration of a fairly high single dose of adria- 
mycin to mice is followed by a decrease of nucleic acid 
precursor incorporation into DNA and RNA of the 
heart cells (Arena et al., 1972; Rosenoff et al., 1975b; 
Zedek et al., 1976) and by a sequence of ultrastructural 
changes effecting the myocardiocytes. The early altera- 
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tions appearing 10 min after the injection of the drug (10 
mg/kg) and localized at the nucleolar level are followed 
within a few hours by the onset of mitochondrial, cyto- 
plasmic, and fibrillar lesions eventually leading to cell 
death (Lambertenghi-Deliliers et al., 1975a and b). 
Much less impressive is the light-microscopic picture 
(Rosenoff et al., 1975a). 

In accordance with these findings is the decrease in 
the heart index (heart weight to body weight ratio) in 
juvenile mice (Ghione and Bertazzoli, 1977). In these 
animals myocardiocyte multiplication goes on after 
birth (Pelc, 1972; Petersen and Baserga, 1965) for a 
period of time that depends upon environmental condi- 
tions. 

Delayed cardiopathic effects are induced in some 
species of experimental animals by long-term treatment. 
Adriamycin, for example, induces such effects in the 
rabbit (Bertazzoli et al., 1974a and b; Olson et al., 1974; 
Jaenke, 1974), rat (Cargill et al., 1974; Bachmann et al., 
1975), and monkey (Denine and Schmidt, 1975). In the 
rabbit, a congestive heart failure syndrome (analogous 
to the one observed in humans) is associated with a cu- 
mulative dosage greater than 200-400 mg/m 2. The car- 
diopathy is self-perpetuating even if adriamycin treat- 
ment is discontinued after a total dose of 120-160 
mg/m 2 has been reached (Jaenke, 1976). 

3. Cardiotoxieity of Anthraeycline Antibiotics 

The data above show that much research related to the 
cardiopathogenicity of antitumor drugs has been fo- 
cused on anthracyclines (Buja et al., 1976; Ugoretz, 
1976). An exhaustive review has been carried out by 
Lenaz and Page (1976). 

These antibiotics, endowed with a sharp biologic ac- 
tivity (Di Marco, 1975) and high therapeutic efficacy 
(Carter, 1975), produce a number of undesirable side- 
effects (e.g., bone marrow depression, mucositis, alope- 
cia, and periphlebitis) whose incidence and intensity can 
be kept within acceptable limits by employing suitable 
schedules of treatment (Bonadonna et al., 1975). Spon- 
taneously reversible tachyarrhythmias and nonspecific 
EKG alterations occur at various dose levels. A more 
serious problem is represented by congestive heart fail- 
ure, which usually develops abruptly, with a classic 
symptomatology. The overall incidence of this type of 
cardiopathy is very low (1-2%), moreover, its occur- 
rence is scanty and erratic in patients treated with a total 
dose lower than a certain limit (e.g., with adriamycin 
less than 500 mg/m z, (Lefrak et al., 1973; Cortes et al., 
1973; Cortes, 1975), but increases markedly at a higher 
total dose. The onset of the cardiopathic syndrome is 
frequently delayed. 



M. Ghione: Cardiotoxicity of Antitumor Agents 

In the case of daunorubicin long-term treated pa- 
tients, cardiopathy has an overall incidence of 1.6% and 
occurs after an interval of 2-280 days (median 60 days, 
average 80 days) from the last dose administered (Von 
Hoff et al., 1977). From the time of the first clinical 
observations (Tan et al., 1967; Math6 et al., 1967; Mal- 
pas and Scott, 1969; Marmont et al., 1969; Bonadonna 
and Monfardini, 1969), the literature has contributed 
confirmations or details, but has resulted in limited 
knowledge of the highly relevant clinical problem of 
finding methods suitable for early detection of threaten- 
ing cardiopathy in high risk patients. The plasma en- 
zyme assay approach was a total failure. The progres- 
sive flattening or inversion of T waves (Gilladoga et al., 
1975), or a reduction by 40% or more in the QRS total 
absolute deflection (Minow et al., 1975c), or a signifi- 
cant increase in the systolic time interval (pre-ejection 
period to left ventricular ejection time ratio) (Rhinehart 
et al., 1974) and the QRS-Korotkoff interval (Greco et 
al., 1975), or the finding of echocardiographic altera- 
tions (Ewy et al., 1975) have been considered among the 
most sensitive noninvasive detectors of impending car- 
diopathy. Still more experience is needed before their 
reliability can be fully established. The electron-micro- 
scopic examination of bioptic myocardial samples can 
reveal early drug-induced ultrastructural alterations in 
rabbits and in humans (Bristow et al., 1976; Billingham 
et al., 1976), but until now only limited information on 
the adequacy of this new method in terms of clinical 
predictability is available. 

4. Cardiotoxieity of Other Antltumor Drugs or Agents 

Besides the anthracycline derivatives, other cardiopa- 
thogenic factors are present among the drugs, agents, or 
modalities commonly involved in the treatment of tu- 
mors. The ionizing radiations induce a dose-dependent 
heart disease (Cohn et al., 1967; Stewart et al., 1967) in 
humans and in animals (Fajardo and Stewart, 1970), 
which is characterized by myocardial and endothelial 
lesions. This action may synergize with the cardiotoxic 
effect of antitumor drugs, such as adriamycin in experi- 
mental animals (Fajardo et al., 1976) and in humans 
(Gilladoga et al., 1975; Ewy et al., 1976). Radiation- 
induced tissue injury is enhanced by nearly all of the 
anticancer drugs (Phillips and Fu, 1976). 

Quite different are the features of cyclophospha- 
mide-associated cardiotoxicity. Administration of high 
doses of cyclophosphamide (e.g., 45 mg/kg/day for 4 -6  
days) can produce the onset of hemorrhagic myocardial 
necrosis in dogs (O'Connel and Berenbaum, 1974), 
monkeys (Storb et al., 1970), and humans (Santos et al., 
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1970; Mulvin and Colvin, 1975). The primary lesions 
are represented by alterations of the capillary walls with 
leakage of blood containing high concentrations of cell- 
toxic metabolite(s). The symptomatology, initially con- 
fined to EKG alterations, may lead to rapid and some- 
times fatal heart failure. 

In some cases cardiotoxic effects may suddenly ap- 
pear in animals or humans affected by leukemia or lym- 
phoma and treated with regular doses of cyclophos- 
phamide. A quite different mechanism of action may 
operate in these cases, the cardiotoxic effect being as- 
cribed to the acute hyperkalemia induced by the massive 
tumor cell necrosis following drug administration (Ar- 
senau et al., 1973; Muggia, 1973). Analogous findings 
have been described in a leukemic patient treated with 
prednisone vincristine and daunomycin (Wilson et al., 
1977). 

The cardiotoxic activity of the corticosteroids, an- 
other class of compounds widely used in cancer chemo- 
therapy, is ascribed to an electrolyte imbalance charac- 
terized by a decrease of the K +, and/or an increase of 
Na + intracellular levels. Electrolytic steroid cardiopathy 
with necrosis (Selye, 1961) is worsened by many agents, 
such as catecholamines (Rona et al., 1961), thyroxine, 
vasopressine, stress, etc. (Selye and Bajusz, 1959a and 
b). Furthermore, corticosteroids, even at concentrations 
slightly higher than physiologic ones, exert (in young 
rats at least) a selective and strong inhibiting action on 
the nuclear DNA metabolism of the myocytes (and of 
the hepatocytes too), while mitochondrial DNA, cellular 
RNA, and protein synthetic mechanisms are not in- 
fluenced (Loeb, 1976). 

Cardiotoxic effects of still unclear pathogenesis have 
been observed to be associated with the administration 
of steroid or diethylstilbestrol estrogenic derivatives in 
the treatment of hormone-dependant tumors (Obrecht et 
al., 1973; Gillette and Blackard 1974; Rossett et al., 
1975; Nagel, 1975). Myocardial lesions are induced in 
experimental animals (rats) by the oral administration of 
high doses (125 mg/kg for 3 days) of 5fluorouracil (Le- 
villain, 1972). This compound accumulates in the myo- 
cardium but to a lower extent than in other organs (Liss 
and Chadwick, 1974). 

In humans too, a few cases of clinically relevant car- 
diotoxic effects with EKG alteration and stenocardia in- 
duced by 5-fluorouracil administration have been de- 
scribed (Roth et al., 1975; Stevenson-Lang et al., 1977; 
Levillain et al., 1974). More or less overt cardiotoxic 
effects whose occurrence depends in some cases upon 
the schedule of treatment, are displayed by other com- 
pounds endowed with clinical or experimental antitumor 
activity. Among them are methotrexate (Rnsen et al., 
1974), emetine (Israel et al., 1973), dehydroemetine (Is- 
rael et al., 1974), and a podophyllotoxin derivative 
(Schechter and Jakson, 1975). 
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5. Cardiotoxicity of Drug Association 
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6. Pathogenesis of Cardiotoxic Effects 

The reason why even sporadic drug-related cardiotoxic 
events are recorded and subliminal phenomena eagerly 
looked for is to compile not a desultory anecdotal inven- 
tory, but rather an alert list particularly useful for selec- 
tion of the components of a drug association. As men- 
tioned above, the cardiotoxic effects of two or more 
agents can add or even create a toxic synergistic effect 
on the basis of sometimes very complex interactions. As 
far as adriamycin treatment is concerned, there is evi- 
dence that the administration of cyclophosphamide may 
increase the incidence of cardiopathy (Minow et al., 
1975a and b). 

Actinomycin D and mithramycin may exacerbate 
an underlying cardiopathy even when administered 
more than 1 year after discontinuation of adriamycin 
treatment (Kushner et al., 1975). This effect is shared by 
concomitant and even prior radiotherapy in the medias- 
tinal area. Thus doses of adriamycin higher than 400 
mg/m 2 should be used in children with cardiac irradia- 
tion only if benefits outweigh risks (Prout et al., 1977). 
The existence of a still poorly understood interaction 
between nonconcomitant or even widely (i0 years) 
spaced drug and radiation treatments is revealed by the 
endomyocardial biopsy (Billingham et al., 1976) as well 
as by the occurrence of recall phenomena i.e., drug-in- 
duced reappearance of inflammatory reactions limited 
to the portal of entry of a previous radiation treatment 
(D'Angio et al., 1959; Donaldson et al., 1974; Baer and 
Wilkinson, 1976). 

Another peculiar type of interaction eventually lead- 
ing to appearance of cardiopathic syndromes occurs be- 
tween mediastinal radiations and corticosteroid therapy. 
The radiation-induced heart disease kept at bay by the 
antinflammatory activity of the steroids can suddenly 
detonate when hormone treatment is discontinued (Cas- 
tellino et al., 1974). 

Particular attention should be devoted to the possi- 
bility of occurrence of cardiotoxic phenomena when an- 
titumor drugs are associated with antibacterial antibiot- 
ics and/or neuroactive drugs, cardioactive glycosides, or 
diuretics in a (from other viewpoints) fully justified com- 
plex treatment of the severely ill cancer patient. The elec- 
trolytic disturbances induced by the administration of 
high doses of antibiotics, exemplified by carbenicillin- 
associated hypokalemia (Cabizuca and Desser, 1976) 
can be aggravated by the diuretic-dependent increased 
potassium excretion. The examples can be multiplied. 
The final outcome is the enhancement of the susceptibil- 
ity of the heart to otherwise subliminal metabolic func- 
tional or structural derangements carried out by the rest 
of the drug cocktail or by endogenous hormonal (Boutet 
et al., 1976) or exogenous factors. 

The molecular bases of the direct or mediated cardio- 
toxic activity of antitumor agents are supported by the 
peculiar mechanism of action that allows these com- 
pounds to interfere with the structural metabolism and 
function of biologically relevant macromolecules. The 
manifold aspect of these interactions is exemplified by 
data from research with the anthracyclines. It has been 
postulated that the cardiotoxicity of adriamycin and 
daunorubicin is ascribable to the aminosugar moiety al- 
lowing the molecule to be taken up by cardiac muscle 
(Adamson, 1974) or that it is associated with the forma- 
tion of the aglycone (Wheeler, 1975). The Byfield (1977) 
hypothesis that not only anthracyclines but all agents 
and/or schedules of non cycle-dependent drugs may 
prove to be cardiotoxic to the schedule permitting suffi- 
cient access to myocardiocyte DNA does not contradict 
this. The anthracyclines are bound to DNA (Di Marco, 
1975) as well as to intracellular proteins, like spectrin 
(Mikkelsen, 1977), or to plasma or intracellular mem- 
branes (Schwartz, 1976 and 1977), and selectively to 
some of the components of the latter structures, such as 
phospholipids (Duarte-Karim et al., 1976). Some char- 
acteristics of the macromolecules are altered by binding, 
as demonstrated by the changes induced in DNA con- 
formation, replication, and transcription, the inhibition 
of Ca 2+ transport through a mitochondrial phospholipid 
solution in a biphasic model system (Bossa et al., 1973) 
and in mitochondria (Anghileri, 1977), by byphasic mod- 
ifications of the susceptibility to hypotonic lysis of mam- 
malian erythrocytes treated in vitro with daunorubicin 
(Schioppacassi et al., 1977), or by the alteration in the 
surface topology of mammalian erythrocytes treated in 
vitro with adriamycin (Mikkelsen et al., 1977). The in- 
creased hemolysis observed in vivo in leukemic animals 
treated with daunorubicin is reminiscent of these find- 
ings. 

According to another interpretation, some sub- 
stances set free in these animals by drug-conditioned 
leukemic cell lysis determine a disseminated intravascu- 
lar coagulation with subsequent mechanical disruption 
of the erythrocytes forced through the partially ob- 
structed blood vessels (Dietrich et al., 1977). Differential 
association of anthracycline with cellular membranes 
may help explain their selective but not exclusive toxic- 
ity to some nucleated cells like megakariocytes (Jeru- 
shalmy et al., 1977), cardiomyoeytes, etc., as well as to 
non-nucleated constituents of the blood like erythro- 
cytes and platelets. The relevance of the biomembrane 
function(s) in determining the selectivity of these drugs 
appears to be even greater when we remember that 
biomembranes are implicated in the pharmacodynamies 
of the quinone anticancer agents, which include, among 
others, anthracycline antibiotics and mitomycin C. The 
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quinone compounds are activated by the cell microsom- 
al system into a free radical state that is considered to be 
responsible for the damaging effects on DNA or other 
macromolecules (Bachur, 1977). Free-radical damage to 
mebranes is decreased by a seleno-enzyme, glutathione 
peroxidase. In mice on a selenium-free diet enzyme level 
decreases and adriamycin cardiotoxicity increases 
(Locker et al., 1977). The presence of a free-radical 
scavenger (vitamin E, Myers et al., 1976), or of the 
unique quinone compound-physiologically present in 
animal cells, the coenzyme Qx0 (or ubiquinone) (Ghione 
and Bertazzoli, 1976; Zbinden et al., 1976), can in some 
experimental models counteract the cardiotoxic effect of 
adriamycin without lowering, and possibly enhancing its 
antitumor efficacy (Bertazzoli and Ghione, 1977). The 
coenzyme Q system has been exhaustively studied by 
Folkers et al. (1977) and is used in the treatment of 
idiopathic myocardiopathies (Yamamura, 1977). 

7. Immunity and Cardiotoxicity 

The alterations in immune responsivity induced by anti- 
tumor drug treatment can play a manifold role in the 
pathogenesis of cardiopathic epiphenomena. 

Some clinical observations in 5-fluorouracil treated 
subjects (Stevenson-Land et al., 1977), as well as the 
occurrence of a lag period between the suspension of 
anthracycline treatment and the sudden onset of cardiac 
failure, or even the self-perpetuating cardiopathy in 
adriamycin-intoxicated rabbits (Jaenke, 1976), are con- 
sistent with the possibility of a drug-conditioned autoim- 
mune antiheart reaction. Autoimmune phenomena 
occur in many cardiopathies, not only iatrogenic, but 
even parasitic or idiopathic (Laufer, 1974; Tan, 1974; 
Ghione, 1975; Intorp, 1975; Fairfax, 1977). In rabbits 
chronically intoxicated with adriamycin, the existence of 
humoral and, more important, cell-mediated antiheart 
autoimmune reactions is clearly demonstrated (Fioretti 
et al., 1976; Bajpai and Slanczka, 1977). 

The reasons why abnormal immune and/or autoim- 
mune phenomena can occur coincidentally with the ad- 
ministration of antitumor drugs are still unclear. A few 
mechanisms have been suggested. The drug may modu- 
late the expression of new cellular antigens (Nicolin et 
al., 1974), set normally confined antigens free through 
the cell lysis, sensitize the cell to antibodies (Segerling et 
al., 1975), selectively interfere with the depressor im- 
mune system that normally blocks the autoreactive 'for- 
bidden clones' of lymphocytes, or more simply, upset 
the Ig A machinery and allow the consequential penetra- 
tion through the mucosae (deprived of their physiologic 
immune coating) of heterogenetic, mainly bacterial, anti- 
gens (Walcher and Isselbacher, 1977) able to elicit an 
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immune response cross reacting with the heart (Kaplan, 
1962) or other normal tissues. 

The majority of antitumor drugs are known to inter- 
fere with the immune system at different levels and with 
different effects. A compound can depress some func- 
tions of the immune system and enhance others. Anthra- 
cycline antibiotics, for instance, have been shown to de- 
press some immune reactions (Isetta et al., 1971; Della 
Bruna and Sanfilippo, 1971) as well as transplantation 
immunity to normal and tumor tissue allograft (Casazza 
et al., 1974; Vecchi et al., 1974, 1976; Mantovani et al., 
1976), but enhance the primary spleen cell mediated im- 
munity, probably owing to an enrichment in macro- 
phages (Orsini et al., 1977). 

At least one of the murine macrophage populations 
is resistant to the inhibiting activity of adriamycin and 
less resistant to daunorubicin (Mantovani, 1977). The 
latter data are consistent with the observations of Ca- 
sazza et al. (1971), Schwartz and Grindey (1973), and 
Schwartz and Kanter (1975), on the clear-cut differ- 
ences in immune interfering activity existing in some ex- 
perimental models between daunomycin and adriamycin 
despite the apparently minor differences in their chemi- 
cal structure. 

8. Conclusions 

The administration of a variety of drugs, including some 
of the most active antitumor compounds, can induce 
cardiopathic effects in humans and in experimental ani- 
mals. The discussion of problems in this review is inten- 
tionally limited to only the antitumor drugs and empha- 
sis is placed chiefly on the anthracycline antibiotics, the 
compounds that have been most thoroughly studied 
from this viewpoint (Praga et al., 1975). The administra- 
tion of anthracycline derivatives can determine early 
cardiopathic effects, mostly limited to transitory EKG 
alterations or delayed cumulative dose-dependant severe 
cardiopathies whose incidence is more than sporadic 
only when a certain total dose is exceeded. A link be- 
tween early and delayed cardiotoxic effect can be estab- 
lished by considering the former as the expression of 
induction phases and the latter as the effect of elicitation 
of a cell-mediated hypersensitiveness reaction. 

Other antitumor agents (e.g., 5-fluorouracil) are as- 
sociated with the onset of cardiopathic effects. Treat- 
ment with high doses of cyclophosphamide can induce 
primarily vascular lesions leading to onset of hemor- 
rhagic necrotic cardiopathies. Administration of cortico- 
steroids can produce a necrotic cardiomyopathic syn- 
drome. Myocardial and endothelial lesions are caused 
by mediastinal irradiation. The death of irreplaceable 
myocardiocytes, and eventually, congestive heart failure 
are the monotonous outcome of all these events. 



30 

A m o n g  the factors most  prominent  in this develop- 
ment, considerat ion will be focused on the different af- 
finity of  various drugs for biomembranes,  the formation 
of  highly reactive free radicals,  and some phenomena 
such as electrolyte imbalance,  l iberation of  autoantigens 
or the free introduction of  heterogenetic heartlike unique 
bacterial  antigens, disruption of  the omeostat ic  equilibri- 
um of  the cell populat ions forming the immune system 
(most p robab ly  a l ready upset as a consequence or cause 
of  the tumor) and the occurrence of  ant ibody and cell- 
mediated autoimmune reactions chiefly directed against  
the heart. Last  but  not  least, poor ly  defined genetic and 
environmental  factors shall be considered. 

I t  is hardly  necessary to mention that  the develop- 
ment  of  a drug-associated card iopa thy  in an immuno- 
logically and nutri t ionally altered cancer  patient,  in 
common with every other human or animal  illness, is 
never owing to one sole factor, but always results from a 
combinat ion of  many  factors. I t  is plain, therefore, that  
both prevention and therapy of  ant i tumor drug-asso- 
ciated cardiopathies  cannot  rely upon a single remedy,  
but  must  be based on a complex strategic approach  in a 
carefully evaluated balance of  risk and benefit. Outside 
the l imitation of  the total  dose, promising results are 
indicated through the use of  different t reatment  sched- 
ules (e.g., giving lower doses of  adr iamycin  weekly in- 
stead of  higher doses every three weeks) (Weiss et al., 
1976), administrat ions of  antidotes (McGuire  et al., 
1977), a constant  survey of  factors intrinsic or extrinsic 
to the myoca rd ium that  can influence cardiac  function, 
the use of  measures  that  can counteract  nutrit ional (Oh- 
numa and Holland,  1977; Locker  et al., 1977) and im- 
munologic deficiencies, and lastly, a proper ly  designed 
intensive t reatment  for heart  failure to be started as soon 
as the first signs of  card iopathy  are detected and pro- 
t racted for an adequate  period of  t ime (Gi l ladoga et al., 
1975), 

Research  is going on to determine the cardiotoxic 
effect of  other ant i tumor drugs in an effort to find new 
compounds  or analogs of  a l ready known drugs endowed 
with different pha rmacodynamic  or pharmacokinet ic  
characterist ics and with low or absent cardiotoxicity.  
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