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Chapter 6

ABSTRACT

Cardiotoxicity is a well-known side effect of several cytotoxic drugs, especially of the anthracyclines
and can lead to long term morbidity. The mechanism of anthracycline induced cardiotoxicity
seems to involve the formation of free radicals leading to oxidative stress. This may cause
apoptosis of cardiac cells or immunologic reactions. However, alternative mechanisms may play
a role in anthracycline induced cardiotoxicity. Cardiac protection can be achieved by limitation of
the cumulative dose. Furthermore, addition of the antioxidant and iron chelator dexrazoxane to
anthracycline therapy has shown to be effective in lowering the incidence of anthracycline induced
cardiotoxicity. Other cytotoxic drugs such as 5-fluorouracil, cyclophosphamide and the taxoids are
associated with cardiotoxicity as well, although little is known about the possible mechanisms.
Recently, it appeared that some novel cytotoxic drugs such as trastuzumab and cyclopentenyl
cytosine also show cardiotoxic side effects.

Keywords: Cardiotoxicity; cytotoxic drugs; cancer; chemotherapy
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Cardiotoxicity of cytotoxic drugs

INTRODUCTION

Cardiotoxicity occurs during therapy with several cytotoxic drugs and may be the dose limiting
factor in cancer treatment and hence tumour response. Furthermore, cardiotoxicity can also
be responsible for long term side effects and may cause severe morbidity in surviving cancer
patients [11, which may be relevant especially in pediatric oncology. Cardiotoxicity from cytotoxic
treatment is known to have a high prevalence [2]. Cardiotoxicity includes a wide range of cardiac
effects from small changes in blood pressure and arrhythmias to cardiomyopathy. In literature
different mechanisms of chemotherapy induced cardiotoxicity are postulated including cellular
damage due to the formation of free oxygen radicals and the induction of immunogenic reactions
with the presence of antigen presenting cells in the heart [3]. Moreover, the influence of the
cytotoxic agent on certain phospholipids, especially cardiolipin, may also explain the development
of cardiotoxicity [4].

The anthracyclines, such as doxorubicin and epirubicin, are potent cytotoxic drugs but their clinical
use is often limited by their cardiotoxic side effects. Other cytotoxic drugs that have reported
cardiotoxicity include b-fluorouracil, capecitabine, mitoxantrone, cisplatin, the taxoids paclitaxel
and docetaxel and newer drugs such as the monoclonal antibody trastuzumab [5-8].

In this manuscript the different mechanisms of chemotherapy induced cardiotoxicity and attempts
to circumvent this side effect are reviewed.

ANTHRACYCLINES

Cardiotoxicity has been extensively reviewed with the use of anthracyclines [2,5,9,10].
Anthracyclines have been reported to cause cardiomyopathy, congestive heart failure and ECG
alterations (e.g. nonspecific ST-T changes, decreased QRS voltage and prolongation of QT interval).
Both early and late onset cardiac effects are reported. Early onset effects occur within one year after
start of the anthracycline therapy and can be acute, subacute or chronically progressive. In children,
early onset cardiotoxicity seems to occur less frequently than late onset clinical cardiotoxicity. Late
onset effects can occur up to 20 years after completion of anthracycline therapy [111].

Acute toxicity

Acute or subacute cardiotoxicity with anthracyclines is rare and will occur during or immediately
following infusion, is usually transient (e.g. electrocardiographic abnormalities such as nonspecific
ST-T changes and QT prolongation, pericarditis—-myocarditis syndrome and ventricular dysfunction
with congestive heartfailure) and will attenuate after discontinuation of the therapy.
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Chronic toxicity

The chronic effects start with early cardiac abnormalities which can progress to overt cardiac
disease. Chronic effects persist after discontinuation of the anthracyclines and the clinical
symptoms may include all signs of cardiomyopathy such as electrophysiologic changes, decrease
of left ventricular function, changes in exercise-stress capacity, and overt signs of congestive heart
failure [2,5].

Risk factors

Cumulative dose, age, prior irradiation, concomitant administration of other chemotherapeutics
and underlying heart disease are considered as being risk factors for anthracycline cardiotoxicity
[12]. Of these the cumulative dose seems to be the most important factor. The usual dosage of
doxorubicin is 60-75 mg/m?, every 3 weeks [13]. above a cumulative dose of 450-550 mg/m?
doxorubicin, cardiomyopathy and congestive heart failure occur most frequently. However, as of
individual variation, signs of cardiotoxicity have also been seen with cumulative dosages below
300 mg/m?2[2,14]. The cumulative probability of doxorubicin induced cardiotoxicity was estimated
by Von Hoff at 0.18 at a cumulative dose of 700 mg/m?, 0.07 at 550 mg/m? and 0.03 or less at
400 mg/m? [13]. Recently, higher estimations were reported for the elevated cumulative doses,
respectively, 0.48 at a cumulative dose of 700 mg/m? and 0.26 at 550 mg/m?. An explanation
for this difference can be the difference in determination of congestive heart failure. The risk
estimation for the lower dosage (0.05 at 400 mg/m?) is comparable with Von Hoff's findings
[14]. The maximum cumulative dosage needed to obtain minimal cardiotoxicity varies among the
different anthracyclines. With epirubicin a lower frequency of cardiotoxicity at therapeutic dosages
is reported in comparison with doxorubicin (i.e. an incidence of 0.03 at 900 mg/m? epirubicin is
reported, the usual dosage is 50-90 mg/m?, every 3 weeks). A lower frequency of cardiotoxicity
has been reported also for mitoxantrone and a new anthracycline (MEN 10755) [15-18].

Previous radiotherapy may enhance anthracycline induced cardiotoxicity. In a study, left sided
irradiation in combination with standard adjuvant chemotherapy (doxorubicin at a cumulative dose
of 300 mg/m?) gave 2.6% of cardiac heart failure versus 0.3% for right-sided or no irradiation [19].

Monitoring and markers of cardiotoxicity

Routine cardiac imaging studies (echocardiogram or multiple gated acquisition scans) can be
used to identify (sub)clinical myocardial dysfunction. Endomyocardial biopsy directly measures
the presence and extent of fibrosis due to anthracycline cardiotoxicity. However, it is limited by
its invasiveness, need for histologic expertise and costs. There is a need for simple methods (like
serum or plasma markers) to identify patients at risk.
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Cardiotoxicity of cytotoxic drugs

The cardiac biomarker Troponin T is indicative for myocardiocyte damage and is currently used
in the diagnosis and prognosis of myocardial ischemia. In children treated with anthracyclines
elevation of Troponin T was found. These elevations were, however, well below those observed in
patients with myocardial infarction [201.

Studies in adults have given conflicting results regarding Troponin T elevations. In one study no
change in Troponin T could be found, whereas in another an elevated level was associated with
a greater decrease in left ventricular ejection fraction (10% vs 2%, p=0.017) [21]. Another
possible biochemical marker is BNP (b-natriuretic peptide). ANP (atrial natriuretic peptide) and
BNP are hormones that are secreted by the myocytes of the heart. The plasma concentrations
are increased in patients with asymptomatic and symptomatic left ventricular dysfunction. BNP
seems to be a more sensitive marker of cardiac dysfunction than ANP. A few small studies
concerning the relationship between anthracyclines, BNP and cardiotoxicity have been published.
BNP measurement in 27 patients, treated with anthracyclines for hematological cancers, showed
significant BNP elevations after anthracycline treatment. Due to a short follow-up and the small
size of the group this, however, could not be related to existing cardiotoxicity [22]. Another
study in 30 patients suggested that the natriuretic peptides cannot predict cardiotoxicity, but
can be useful in the detection of subclinical left ventricular dysfunction [23]. Further studies are
needed to define the role of circulating markers such as Troponin T and BNP as parameters of
chemotherapy induced cardiotoxicity.

Mechanisms
OXIDATIVE STRESS HYPOTHESIS

The most common hypothesis for the mechanism by which anthracyclines cause cardiotoxicity
includes the formation of free radicals and superoxides [15;24-26]. this hypothesis is based
mainly on in vitro experiments and only a few studies have been performed in humans. Several
in vitro and in vivo models have been used to study the cardiotoxic effects of anthracyclines
assessing a variety of endpoints. With the free radical theory the reaction starts with a one-electron
reduction of doxorubicin to form a doxorubicin semiquinone radical by a reduced flavoenzyme
such as NADPH-cytochrome P450 reductase. The semiquinon radical forms a complex with iron
leading to an anthracycline-iron (Fe2*) free radical complex. This complex reduces oxygen to
produce superoxide and to regenerate doxorubicin. The superoxide is dismutated into hydrogen
peroxide and oxygen (fig. 1). Vasquez et al have shown that doxorubicin binds to the reductase
domain of endothelial nitric oxide synthase. This causes an increase in superoxide and a decrease
in nitric oxide formation. The consequent formation of peroxynitrite could also play a role in the
cardiotoxicity [25].
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From the combination of superoxide, hydrogen peroxide and free iron, lipid peroxidation may be initiated.

The specific susceptibility of the cardiac cells to the oxidative stress would be due to relatively
low levels of antioxidant enzymes in the heart [27]. Indeed studies in rat hearts suggest that
doxorubicin is able to cause a further reduction in the a priori low levels of the antioxidant
enzymes in rat hearts [28].

Following the oxidative stress theory, cardiotoxicity can be achieved by different mechanisms.
Studies indicate that the myocardial damage caused by doxorubicin involves apoptosis. This
programmed cell death process would be initiated by the formation of oxidative free radicals.
Apoptotic cell death was indeed found in rat cardiomyocytes and bovine aortic endothelial cells
upon exposure to doxorubicin [3,29].

Sawyer et al [30] also showed apoptosis at low concentrations (1 uM) of daunorubicin, whereas at
higher concentrations (>10 uM) necrosis was observed. This is in agreement with the observation
of Guchelaar et al [31] who reported that in cell lines for a variety of apoptosis-inducing anticancer
drugs a relatively increase of induction of necrosis was observed at high drug concentrations
whereas at lower concentrations apoptosis dominates.

Quinone = anthracycline
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METABOLITE THEORY

Minotti et al suggest that cancer patients often have a spontaneous exacerbation of lipid
peroxidation and doxorubicin probably inhibits this effect in a paradoxic manner. It is suggested
that lipid peroxidation occurs when iron oxidizes incompletely to the ferric form. Doxorubicin and
the formed hydrogen peroxide would inhibit cardiac lipid peroxidation by affecting the Fe(ll)-
Fe(Ill) equilibrium of iron—oxygen complexes. This would mean that cardiac damage might involve
parent doxorubicin or its metabolites other than the semiquinon. This hypothesis is strenghtened
by results of a study in which the formation of the metabolite doxorubicinol was demonstrated.
This metabolite mediates iron release and negatively affects the function of apoprotein as an iron
regulatory protein [32,33].

INFLUENCE ON CALCIUM HOMEOSTASIS

Another possible mechanism involves the influence of anthracyclines on the calcium homeostasis.
Before leading to apoptosis, oxidative stress can induce mitochondrial permeability transition with
alterations in mitochondrial calcium transport. Changes in calcium transport can lead to tissue injury
and cell killing and impaired cardiac contraction. In vitro experiments showed that doxorubicin
treatment caused an irreversible decrease in mitochondrial calcium loading capacity [34].

Moreover, anthracyclines could stimulate the release of calcium from isolated cardiac and skeletal
muscle sarcoplasmic reticulum vesicles [35]. This theory is strengthened by the observation of
Rossi et al. who found a protective effect of the calcium blocking agent verapamil on doxorubicin
induced cardiotoxicity in rats. This effect would be due to the calcium blocking capacities of
verapamil by inhibiting the intracellular calcium overload and hence antagonizing the effect of
doxorubicin on mitochondria [24]. However, others have demonstrated an increase in cardiotoxicity
when doxorubicin was given in combination with verapamil and different mechanisms for this
effect are postulated. One is based on the capacity of verapamil to inhibit the function of P-
glycoprotein and therefore may increase intracellular cytotoxic drug concentrations. This may
be useful in overcoming resistance to chemotherapeutic drugs in cancer cells, but the concern
is that it could also lead to toxic effects in normal such as cardiac cells. Some in vitro studies
indeed showed increased doxorubicin accumulation in rat cardiomyocytes when incubated with
a combination of verapamil and doxorubicin [36,37]. Akimoto et al/ [38,39] did not show an
increased cellular anthracycline uptake but additive cardiotoxicity by verapamil due to its selective
inhibition of cardiac actin gene expression, a similar effect which was demonstrated before with
doxorubicin alone. The exact role of the altering capacities of doxorubicin on calcium regulation
and its implications for cardiotoxicity remains to be elucidated.
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ROLE OF IMMUNE SYSTEM

Involvement of an immunogenic reaction after oxidative stress is an alternative mechanism
of anthracycline induced cardiotoxicity. Huber [40] suggested that doxorubicin could lead to
a damaged plasma membrane of cardiac myocytes with consequently an enhanced immune
response. A study in hypertensive rats showed an increase in antigen presenting dendritic cells
after treatment with doxorubicin, indicating a stimulation of expression of antigens. Pretreatment
with dexrazoxane attenuated this increase, confirming the suggestion of the involvement of
oxidative stress, followed by an immunogenic reaction [41].

Protection

Apart from cumulative dose limitations several attempts have been made to develop
chemoprotectants to prevent the cardiotoxicity of anthracyclines without attenuating their anti-
tumor effect. Following the free radical hypothesis, antioxidants used as free radical scavengers
have been tested in clinical trials but without significant success. Human studies with the
scavengers acetylcysteine or tocopherol did not show any cardioprotective effect [42,43]. In one
clinical study, administration of melatonin together with different chemotherapeutic regimens was
associated with reduced overall toxicity including cardiotoxicity. This effect was thought to be
ascribed to its antioxidant capacities [44].

DEXRAZOXANE

Considering the essential role of iron and the doxorubiciniron complex, iron chelators have been
developed to circumvent anthracycline induced cardiotoxicity. These agents bind to intracellular
iron and remove the iron from the anthracycline-iron complex and are applied aimed at preventing
free radical formation [45].

Dexrazoxane (ICRF-187) was found to be the most promising agent. After being tested in animals
[46], several clinical trials showed its capacities in reducing doxorubicin induced cardiotoxicity.
In two multicenter double blind randomized phase Il trials 15% of the patients treated with
dexrazoxane experienced a cardiac side effect versus 31% of the patients on placebo (hazard
ratio 2.63, p < 0.001 with log rank) [47]. Another trial reported 4% in treated versus 24% in
nontreated patients (p= 0.02) [48]. Reported differences in cardiac side effects may be explained
by the different criteria applied for cardiac events and different dosage schedules of doxorubicin.
Complete protection, however, could not be achieved in most of the studies [47,48]. Moreover, it
is not known if dexrazoxane provides any protection against late cardiovascular effects [49].

In a study in children treated with doxorubicin (38 patients, 18 control and 20 treated with
dexrazoxane) a cardioprotective effect of dexrazoxane was found [50]. However, because of the
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small number of clinical trials yet performed in pediatric populations there is too little evidence
to draw definite conclusions. Indeed the American Society of Clinical Oncology concluded that
there is insufficient evidence to recommend the use of dexrazoxane in the treatment of pediatric
malignancies [51]. The FDA has approved dexrazoxane for use in adults if cumulative doses
of doxorubicin exceed 300 mg/m? [5]. Doxorubicin pharmacokinetics seems to be unaffected
upon dexrazoxane treatment [52]. A pharmacokinetic study with epirubicin revealed an increased
clearance of the anthracycline when dexrazoxane had been administered which theoretically
could lead to a decreased epirubicin exposure and hence a possible difference in treatment
efficacy of the combined treatment [53]. In a randomized clinical trial however, no statistically
significant differences in survival and progression-free survival could be demonstrated between
the dexrazoxane and placebo group [54].

Dexrazoxane can be administered intravenously either as a slow injection or fast infusion before
doxorubicin is initiated. The dosage to be given is usually a 10-fold of the doxorubicin dose and
its dose limiting toxicity appears to be leukopenia [10].

MONOHER

Another radical scavenger that has been studied is the flavonoid monoher. Monoher is able to
protect the heart against doxorubicin toxicity without affecting its anti-tumor effect in a mouse
model. However, because of its low potency the effective dosage needed in humans would be
too high (500 mg/kg in mice) to make it a useful drug. Recently, a derivate of monoher, called
frederine was developed which could provide total heart protection in mice with a 5-fold lower
dosage as compared to monoher. Clinical trials with this drug will be undertaken [55].

LIPID LOWERING AGENTS

Lipid lowering agents also seem to be able to lower the cardiotoxic effects of anthracyclines [56].
When rats were concomitantly treated with doxorubicin and the lipid lowering and antioxidant
agent probucol, an increase in the antioxidant enzymes superoxide dismutase and glutathione
peroxidase activities and a decrease in lipid peroxidation were found. According to the oxidative
stress theory this improvement of antioxidant state of the heart could possibly lead to a better
myocardial structure and function [28,57]. Recently, Feleszko et al [58] showed both a potentiation
of anti-tumor activity and a cardioprotective effect by the cholesterol lowering HMG coenzyme-A
re- ductase inhibitor lovastatin, in mice treated with doxorubicin.

CHANGES IN FORMULATION

Another strategy to achieve reduced cardiotoxicity is the development of liposomal drug
formulations of the anthracyclines. Liposomes are preferentially taken up by tissues enriched in
phagocytic reticuloendothelial cells and with a sinusoidal capillary system like the liver and spleen.
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The continuous capillaries containing tissues like skeletal and cardiac muscles will therefore hardly
take up liposomes. Preclinical studies have indeed shown a decreased uptake of doxorubicin in
cardiac muscle cells when a liposomal formulation was used. The constituents of the liposomes
itself do not seem to have a negative influence on the heart or other tissues. However, there may
exist important differences among different liposomal formulations since changes in vesicle size,
drug-to- lipid ratio and lipid composition can have great influence on the biodistribution and
toxicity of doxorubicin [59,60].

In a retrospective analysis of eight clinical Phase | and phase Il trials the safety of more than
500 mg/m? pegylated liposomal doxorubicin was studied. The study was performed with a
median follow-up of 2.7 years (range 1.2-6.0 years) after the initiation of treatment. None of the
evaluable 41 patients experienced clinical congestive heart failure secondary to cardiomyopathy.
The left ventricular ejection fraction (LVEF) was reduced with more than 10% in five patients;
however, three of these had received conventional doxorubicin before treatment with liposomal
doxorubicin. The mean change in LVEF was -2%, which was not considered clinically significant.
This study suggests that doxorubicin induced cardiotoxicity can be reduced upon using liposomal
formulations of the drug [61].

TAXOIDS

The taxoids paclitaxel and docetaxel are important agents in the treatment of a variety of tumors
but have been associated with cardiotoxicity [31]. During administration of paclitaxel, whether
or not combined with cisplatin, various cardiac disturbances are reported like brady- and
tachyarrhythmias, atrioventricular and bundle branch blocks and cardiac ischemia. Hypotension
is also reported, probably as a result of a hypersensitivity reaction [62]. When evaluating
three phase | and one phase Il studies performed at the John Hopkins institute it appeared
that 5% (n = 7) of the patients showed overt cardiac disturbances as ventricular tachycardia
and atrioventricular conduction abnormalities. Asymptomatic bradycardia occurred in 29% of
patients receiving maximal tolerable doses (110-250 mg/m?) of paclitaxel in the phase Il study.
These disturbances, however, did not lead to clinical symptoms. The abnormalities usually started
several hours following the initiation of paclitaxel therapy and resolved after discontinuation. This
evident time relationship and the fact that most patients had no cardiac risk factors supports the
assumption of causality between paclitaxel and the observed cardiac rhythm disturbances [62].

Another concern with the use of taxoids has been the development of congestive heart failure
in patients treated with a combination of doxorubicin and taxoids [63-65]. the cardiotoxicity
associated with taxoids seems to be mild in most cases. However, in clinical trials patients with
prior history of cardiac disturbances were often excluded. Therefore, the rate of cardiotoxicity in
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this group of patients is yet difficult to estimate. A study in patients with major cardiac risk factors
revealed that paclitaxel could be safely administered as single therapy or in combination with a
platinum agent such as cisplatin or carboplatin. Cardiac risk factors included unstable angina,
severe coronary artery disease, congestive heart failure and atrial fibrillation [66].

Mechanism

Paclitaxel is formulated in a cremophor EL vehicle to enhance the drug solubility and it is suggested
that the vehicle and not the cytotoxic drug itself is responsible for the cardiac disturbances.
However, the cardiac rhythm disturbances are not reported with use of other drugs containing
cremophor EL such as cyclosporin. The possible mechanism by which cremophor EL would cause
cardiotoxicity is massive histamine release. Indeed, stimulation of histamine receptors in cardiac
tissue in animal studies has resulted in conduction disturbances and arrhythmias. An alternative
explanation for paclitaxel induced cardiotoxicity could be the induction of cardiac muscle damage
by affecting subcellular organelles [62,67,68].

Enhanced cardiac toxicity has been found in combined therapy of paclitaxel and doxorubicin. At
doses of doxorubicin exceeding 380 mg/m?, the toxicity increased in combination therapy compared
to doxorubicin single therapy. A pharmacokinetic interaction appears to be responsible for this effect
as paclitaxel has been found to decrease doxorubicin hepatic elimination and therefore lead to
increased plasma concentrations of doxorubicin. This effect depends on the interval and sequence of
drug administration as well as the duration of the paclitaxel infusion [69]. A similar effect has been
shown for epirubicin. The pharmacokinetics of the active metabolite epirubicinol are changed leading
to increased plasma concentrations, whereas epirubicin pharmacokinetics remain unchanged [70].
In a clinical trial, combination therapy with epirubicin doses up to 720 mg/m? was associated with
a relatively low cumulative risk (7.7%) of congestive heart failure but increased (to 48.7%) at a
cumulative dose of 1080 mg/m?2. The study included a group patients with at least one cardiac risk
factor and a group without cardiac risk factors (10% and 12% cumulative risk for cardiac heart
failure, respectively, at epirubicin doses up to 990 mg/m? ). Cardiac risk factors included were age,
hypertension, diabetes and prior radiotherapy to the chest wall [6].

Docetaxel shows no increase in cardiac toxicity when combined with doxorubicin. This is in
line with the observation that a pharmacokinetic interaction with doxorubicin as described for
paclitaxel has not been observed [711.
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Protection

In combination therapy with anthracyclines, the cumulative dose of the anthracycline remains
an important risk factor and should be lower as compared to anthracyclines monotherapy. In
combination therapy cumulative doxorubicin doses up to 340-380 mg/m? are reported to be safe
whereas in monotherapy cumulative doses up to 450-550 mg/m? can be safely administrated
[72,73]1 As in mono-therapy, epirubicin is associated with less cardiotoxicity compared to
doxorubicin in combination therapy with paclitaxel [74]. Sequential administration of doxorubicin
and paclitaxel does not seem to increase the risk of cardiotoxicity as compared to doxorubicin alone
[72]. However, as shown by Gianni et a/ [69] this seems to depend on interval and sequence.

Taxoid associated cardiotoxicity is limited and therefore no specific agents are developed
specifically for taxoid induced cardiotoxicity. The mechanism and clinical relevance of the cardiac
rhythm disturbances as observed with paclitaxel therapy is not yet elucidated making it difficult
to foresee if and what kind of protection would be rational and successful.

5-FLUOROURACIL

The antimetabolite 5-fluorouracil (5-FU) is associated with myelosuppression, diarrhoea,
mucositis and dermatitis. Cardiotoxicity may also occur and estimates of the incidence vary from
1% to 5% to as much as 18% [5,75,76]. Cardiotoxicity with 5-FU is usually described with
continuous infusion and less upon bolus injection. Recently, a case report was published reporting
acute cardiotoxicity during capecitabine treatment. Capecitabine is an orally administrated 5-FU
prodrug and can deliver 5-FU selectively to the tumour although toxicities are reported similar to
infused 5-FU [77].

Symptoms of 5-FU cardiotoxicity include cardiac arrhythmias, silent myocardial ischemia, angina,
congestive heart failure and even sudden death [7,8,78,791.

Risk factors include preexisting coronary artery disease and concurrent radiotherapy. Measurements
to protect against 5-FU induced cardiotoxicity are not available yet, although symptoms (chest
pain, nausea, diaphoresis with ECG changes) often disappear upon discontinuation of the infusion
[76]. Fatal events, however, have been described. After having experienced cardiac side effects,
patients are at increased risk to have a relapse if they are reexposed to 5-FU [75].

Mechanism

Several risk factors seem to be involved in 5-FU related cardiotoxicity like age, high dose
chemotherapy, continuous 5-FU infusion and past or concomitant radiation therapy [71.
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The pathophysiological mechanism of 5-FU related cardiotoxicity is still unclear and suggested
mechanisms cannot be explained by the pharmacological action of 5-FU. Hypotheses postulated
are vasospasms leading to ischemia, direct toxicity on the myocardium, activation of coagulation
system, coronary artery thrombosis, immunoallergic phenomena and cardiotoxic impurities in
the 5-FU formulation [75,76,80,81]. A small study in 11 men treated with 5-FU unexpectedly
showed a decrease in blood viscosity instead of an increase. The number of patients, however,
was too small to conclude that thrombogenecity is involved in 5-FU cardiotoxicity [8]. Kohne et a/
report two patients with 5-FU cardiotoxicity who were treated successfully with the thymidylate
synthase inhibitor raltitrexed without evidence of cardiotoxicity. The authors suggest that as 5-FU
also targets thymidilate synthase, its cardiotoxicity is not likely due to its interaction with this
enzyme [82].

CYCLOPHOSPHAMIDE AND IFOSFAMIDE

Cyclophosphamide and ifosfamide are alkylating oxazaphosphorine agents that need to be
metabolized in vivo in the liver to form the active cytotoxic agent phosphoramide mustard. High
dose cyclophosphamide is used in transplant regimens and is associated with acute cardiotoxicity
such as cardiac decompensation as well as fatal cardiomyopathy. Acute reversible decrease in
systolic function has been described [10,83]. The incidence has been estimated to range from
2% to 10% [5]. Ifosfamide cardiotoxicity is reported in only a single study [841].

Mechanism

The pathogenesis is not fully understood but an increase in free oxygen radicals seems to play a
role in oxazaphosphorine induced cardiotoxicity. This increase would be mediated by elevated in-
tracellular levels of the actual cytotoxic metabolite phosphoramide mustard [5].

CISPLATIN

Cisplatin is a platinum substance and used in the treatment of many tumors (i.e. testicular cancer).
Several cases of acute myocardial infarction after cisplatin therapy are reported [85,86].

In a retrospective study 87 long term survivors of metastatic testicular cancer treated with cisplatin
were evaluated for the occurrence of cardiovascular events. A significantly increase in cardiac
events as well as an unfavorable cardiovascular risk profile were observed [871].
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Mechanism

Several factors have been suggested to be involved like vascular damage, alterations in platelet
aggregation and hypomagnesemia [85,86,88,89]. In experiments on human platelets cisplatin
was able to trigger platelet aggregation and/or enhance thromboxane formation by platelets.
Activation of an arachidonic pathway in platelets by cisplatin seemed to be involved [89].

TRASTUZUMAB

Trastuzumab is a monoclonal antibody directed against the HER2 receptor protein on breast cancer
cells and it has been used alone or in combination with other chemotherapeutic agents. Cardiac
toxicity associated with trastuzumab seems to be similar with the congestive heart failure observed
with anthracycline therapy. Evaluation of data of 1024 patients who received trastuzumab revealed
that combination therapy of trastuzumab with an anthracycline and cyclophosphamide showed
28% of reported cardiac dysfunction against 3-5% with doxorubicin monotherapy (cumulative
dosage 400 mg/m? ). Concomitant anthracycline therapy and age appeared to be independent
risk factors [90]. When receiving trastuzumab as single therapy in an open label study, 7% of the
women developed heart failure [911.

OTHER AGENTS

Cardiotoxicity has been associated incidentically with several other cytotoxic drugs such as
cisplatin, melphalan, fludarabin, mitomycin, busulfan, mechlorethamine and dacarbazine.
However, the lack of structured data on cardiotoxic side effects of these drugs from clinical studies
makes it difficult to assess its importance and evidence.
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CONCLUSION

Chemotherapy with certain cytotoxic drugs is associated with severe side effects such as
cardiotoxicity. As these side effects can be dose limiting and cause severe morbidity and even
mortality. Knowledge about their incidence and mechanism is important.

Cardiotoxicity can occur as acute or as long term side effect. With increasing survival rates interest
is also focussed on avoiding the late onset and chronically effects.

Anthracyclines are well known for their cardiotoxic side effects and comprehensive research
is done to explore the mechanism of anthracycline induced cardiotoxicity. Until now the most
accepted hypothesis is the so-called ‘free radical’ theory. However, protective measurements
following this theory such as administration of free radical scavengers have not appeared to be
clinically successful. The antioxidant and iron chelator dexrazoxane has been successfully applied
to protect the heart from cardiotoxicity with high dose anthracycline therapy, although complete
abolishment of cardiotoxicity cannot not be achieved.

Other cytotoxic drugs like b-fluorouracil, cisplatin and cyclophosphamide are also associated with
cardiotoxicity, but yet little is known about the possible mechanisms and methods of prevention.
Paclitaxel enhances the cardiotoxic effects of anthracyclines by inhibiting the latters metabolism
and therefore leading to increased anthracycline exposure.

Unfortunately, cardiotoxicity is also associated with newer drugs like trastuzumab and cyclopentenyl
cytosine and may hamper the development of potential successful anticancer drugs [92]. Further
research is warranted to understand the mechanism of chemotherapy induced cardiotoxicity and
to develop strategies to circumvent this side effect.
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