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Abstract

The antimetabolite fluorouracil (5-FU) is frequently administered for chemo-
therapy of various malignant neoplasms. The drug is well known for its adverse
effects involving bone marrow, skin, mucous membranes, intestinal tract and
central nervous system, whereas its cardiotoxicity is less familiar to clinicians.

The pathophysiology of fluorouracil-associated cardiac adverse events is con-
troversial and conclusions are based on clinical studies and case reports more
than on solid experimental evidence. While clinical and electrocardiographic
features suggest myocardial ischaemia as a main aetiological factor, possibly
induced by coronary vasospasm, histomorphological and biochemical studies
indicate a more direct drug-mediated cytotoxic action. Estimates of the overall
incidence of fluorouracil cardiotoxicity have varied widely from 1.2 to 18% of
patients. Patients may present with angina-like chest pain, cardiac arrhythmias
or myocardial infarction. There is no unequivocally effective prophylaxis or treat-
ment in this syndrome. Once fluorouracil administration is discontinued symp-
toms are usually reversible, although fatal events have been described. The overall
mortality rate has been estimated to be between 2.2 and 13.3%. There is a high risk
of relapse when patients are re-exposed to this drug following previous cardiac inci-
dents.

From the present data it is concluded that cardiotoxicity is a relevant but
underestimated problem in fluorouracil treatment. Since the mechanisms of
fluorouracil-associated cardiotoxicity are not yet fully understood, all patients
undergoing this chemotherapy have to be carefully evaluated and monitored for
cardiac risk factors and complaints. After cardiotoxic events, fluorouracil should
definitely be withdrawn and replaced by an alternative antiproliferative regimen.
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Cardiac complications in cancer patients maymalignancy due to unawareness of the potential role
result from pre-existing heart disease, direct or sef fluorouracil.
ondary tumour involvement, irradiation to the chest, For the present review a detailed computerised
or adverse reaction to antineoplastic or supportivéditerature search was performed for data collection
medication. Fluorouracil (5-FU), which was first using the Medline database. Case reports, reviews,
introduced in the late 19504 has long been estab- meta-analyses and bibliographies were scrutinised
lished as an antiproliferative compound in the treatfor original material and any relevant secondary
ment of various solid malignancies. This drug is d€ferrals by independent reviewers. The different
synthetic pyrimidine analogue and is degraded duraspects of fluorouracil-associated cardiotoxicity were
ing its cellular metabolism to various nucleotidecritically analysed to highlight corresponding and
derivatives, which are cytotoxic at different intra- contradictory features, with personal experiences
cellular targets. In particular, the nucleotide deriv-P€ing included. Since prevailing concepts on this
atives competitively inhibit thymidylate synthet- iSSue vary, especially with regard to the pathoge-
ase resulting in a thymine-depleted cellular stateN€tic principles, particular attention was paid to
In addition, they are incorporated into host DNAderlymg flrm, data-based cllnlcgl conclusions an_d
and RNA, leading to termination of nuclear tran-t0 giving reliable recommendgtlons for the practi-
scription and ribosomal translati6rf! Although ~ €&l management of these patients.
several sites of potential antitumour activity have
been identified, their specific mode of action and 1. Concepts in Aetiology
the degree to which they contribute to fluorouracil- and Pathogenesis
related cytotoxicity still need to be evaluated.
Fluorouracil serum half-life is brief after rapid

intravenous bolus injection, lasting for 8 to 20 min- ot vet been identified exactly. Coronary vasospasm
utesl®! Hepatic catabolism represents about 80% o y Y- v P

f |l ith | i as been suggested to be a main pathogenetic factor
dorouract clearance, with rena’ excretion accouny, i syndrom@é-281 based on the characteristic
ting for 5 to 20% of its eliminatiol:4 Fluorouracil

ke i h dium has b q clinical and electrocardiographic presentation of re-
;Jp;‘és? Into the myocardium has been demonstrae gip|e jschaemic heart disease without gross vas-
ed>

) ) o cular obstruction of the coronary arteri&'s?2.29-36]
Fluorouracil-associated cardiotoxic adverse eventg direct, specific and dose-dependent arterial vaso-
were first described in 1969 as part of a multiplesgnstriction has correspondingly been demonstrated
chemotherapeutic regiméfi Angina related to ex-  j, jsolated rabbit aortic ring®llowing fluoroura-
clusive application of fluorouracil was then first i administratior3”! This vasoconstriction typically
reported in 19789 Up to the early 1990s a series |sted for a few minutes, and was abolished by
of 135 published cases has been summarised frofjtroglycerin application. As a potential mediator
the literaturé?! Overall a variable incidence of 1.2 of vasospasrin vivo, plasma levels of endothelin,
to 18% was observed by different sour€é8:25l 5 strong vasoconstrictor derived from endothelial
Such epidemiological figures have to be assessegklls, have been shown to be specifically elevated
cautiously, since individual studies differed widely in cancer patients treated with fluorouracil, and par-
with regard to design, sample size, criteria of carticularly in those developing cardiotoxicif!
diotoxicity and mode of monitoring. Patients were |t has further been demonstrated that fluoro-
often treated with additional cardiotoxic drugs, uracil toxicity may cause endothelial cell damage
and they had rarely been investigated prasgey.  and consequent thrombus formatié#td Such en-
Occurrence of fluorouracil-associated cardiotoxic-dothelial alterations proved to be partially revers-
ity may also have been falsely attributed to preible 39 and they were more pronounced than those
existing heart disease or progression of underlyingf contractile myocyte!! Fluorouracil-associated

Mechanisms involved in fluorouracil-associated
cardiotoxicity and their multiple interactions have
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effects on vascular endothelium reached their pealwhy extracardiac organs are not similarly in-
about 3 days from initiation of treatmé#4*)which  volved.
corresponds to the clinical course of fluorouracil- Recently, dihydropyrimidine dehydrogenase
related cardiotoxicity. (DPD) deficiency has been described in patients
In patients who had experienced fluorouracil car-with fluorouracil-associated cardiotoxiciff:52]
diotoxicity rechallenge with intravenous fluorouracil DPD is the initial and rate-limiting enzyme in ura-
during cardiac catheterisation gave inconclusive recil and thymidine catabolism, and is thereby also
sults in that both coronary spasm was precipitatedhvolved in the degradation of fluorouralDPD
on angiograph® and such vasoconstriction could levels in peripheral blood mononuclear cells were
not be provoked by fluorouracil exposité. demonstrated to be inversely correlated to fluorour-
It has also been speculated that fluorouracil mayacil plasma concentratiof.5%1 DPD deficiency
provoke cardiac ischaemia by increasing myocarhas consequently been incriminated in prolonged
dial oxygen demand. Such mechanisms would renddtuorouracil serum clearance and subsequent increa-
patients, in particular those with pre-existing heartsed toxicity. However, quantification of DPD ac-
disease, prone to fluorouracil cardiotoxicity. In line tivity before fluorouracil treatment did not predict
with this, animal studies showed positive inotropic either development of fluorouracil-associated car-
and chronotropic effects of fluorouratd®] and  diotoxicity or the need for fluorouracil dose reduc-
patients’ peak heart rates were found to be signition 58 suggesting that cardiac adverse events do
ficantly elevated during fluorouracil administra- not strictly relate to fluorouracil plasma levels,
tion.[*1 When investigated in the isolated perfusedand that DPD deficiency may require additional
rat heart, fluorouracil pretreatment increased botlco-factors to provoke fluorouracil-associated cardio-
oxygen consumption of the myocardium and cor-toxicity. Since other thymidylate synthase inhibi-
onary blood flow#49! tors were safely administered to patients previously
In contrast, intravenous fluorouracil administra- experiencing fluorouracil-associated cardiotoxic-
tion precipitated no significant changes in cardiadity, this specific enzyme inhibition does not appear
blood flow in guinea pig¥®! and in humans intra- to essentially contribute to fluorouracil-related
arterial hepatic fluorouracil infusion provoked no adverse cardiac effed]
alterations in cardiopulmonary haemodynamics, Histological studies investigating the effects of
and particularly no elevation of myocardial oxy- supratherapeutic oral doses of fluorouracil on myo-
gen demantf] cardial morphology in rats demonstrated swelling,
It has also been suggested that fluorouracil mightoss of striation and necrosis of myocytes, intersti-
directly interfere with myocardial cell metabolism, tial oedema with perivascular mononuclear infil-
leading to cellular hypoxia and thereby imitating trates, and pericardial haemorrhd§e?l These al-
ischaemic heart diseal¢®! For example, it was terations mainly affected the left ventricle, starting
shown that fluorouracil is hepatically metabolisedabout 12 hours after fluorouracil ingestion, peak-
into the cardiotoxic compound fluoroaceté@, ing at4 to 5 days and persisting for about 2 weeks.
which induces myocardial depletion of high-energyThey resulted in myocardial fibrosis in up to 40% of
phosphate#%.48 Furthermore, the fluorouracil animals and, as a late sequela, left ventricular dila-
metabolite fluorocitrate acts as a potent inhibitortion developed. While these morphological changes
of the tricarboxylic acid cyclé72246.49 Both  were found to be specific for fluorouracil, they also
mechanisms would account for diffuse cardiacaffected various other extracardiac organs in these
hypoxia, although they may not explain why elec-animals. In contrast, thrombosis or atherosclerosis
trocardiographic changes are often pronounced iof the coronary artery system were not observed in
the distributive area of single coronary arteries orthis model58-59
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Although such results may not safely be extrap- Previous or current radiation involving the heart
olated to humans who are treated with therapeutibas also been proposed as a risk factor for the de-
doses of fluorouracil intravenously, similar necropsyvelopment of fluorouracil-associated cardiotoxic-
findings have been obtained in patients who diedty, #1030 particularly since fluorouracil possesses
from fatal myocardial infarctidf! or in cardio- radiosensitising properti€$! Radiation may cause
genic shock associated with fluorouracil adminis-small-vessel thrombosis and myocardial fibréis,
tration!5Y Myocardial necrosis and mononuclear which could aggravate cardiac dysfunction poten-
inflammation in these people were described as patchyally associated with fluorouracil application. Such
and did not correlate to the distribution of major concomitant radiotherapy has been reported in 12%
coronary arteries, while there was no evidence ogy patients with fluorouracil-related angiHa.
associated vasculit/!! Data on the correlation of fluorouracil dosage to

Histological findings corresponded to levocar- risk of cardiotoxicity are inconsistent. Studies in
diographic and echocardiographic observations i’buinea pigs demonstrated ischaemic ECG changes

patients with fluorouracil-associated cardiotoxic- 15 pe dose dependent following intravenous bolus
ity. The latter mostly demonstrated diffuse reduc-,qministration of fluorourac®! Accordingly, high

tion of myocardial contractile function rather than dose continuous fluorouracil infusion was sugges-
segmental wall hypokinesia as would be suspectegl g 1 he more cardiotoxic than conventional low
from the obstruction of a major coronary vasculardose bolus regimer&18.2124.57.68.73]n contrast
32,62] ; ; : : ) L
supply! Consequently, histomorphological and cumulative fluorouracil dosage reported in patients

morpho_metr_lc fmdmgs do not re_aIIy s_uppo_rt €I \ith manifestations of cardiotoxicity ranged wide-
cumscribed ischaemia as the main aetiological fac:

. X ; . e . "ly from 0.5 to 61g24747% and did not strictly
tor in fluorouracil-associated cardiotoxicity, but in- :

. correlate to the development of symptomatic an-
stead suggest some primary drug-related cellular. " % 71 74 75 :
damage in this svndrome gina[416.25.71.74.75]Comparably, fluorouracil dose

Othger mechan?/sms pre\./ious|y proposed to be in_reduction only inconsistently relieved or prevented
. . : : i 1]
volved in the pathogenesis of fluorouracil-associated ardl_ac symptome: o
With regard to the mode of application, fluoro-

cardiotoxicity included the release of vasoactive : ) X o
uracil-associated cardiotoxicity has been observed

compoundg83! induction of autoimmune mecha- , 5076 g
nismsi®4l coronary endarteritié?) increased serum 2fter intravenous, entef®®"land topical " ad-

thrombogenicityss and toxic degradation prod- ministration. In addition, no difference was found

ucts in commercially available fluorouracil prepa- With regard to the incidence of cardiotoxicity
rationsl66.67] between fluorouracil monotherapy, fluorouracil-

Interestingly, the impact of pre-existing heart dis-c0ontaining multiple drug regimens, or fluorouracil
ease on fluorouracil-associated cardiotoxicity re-therapy combined with folinic aclé**-2544ln one

mains controversial, with some reports supportingStudy?®l concomitant administration of etoposide
its involvemenf1.18.21,22,25,44,60,68.69nd others ar- Was reported to increase the risk of fluorouracil-

guing against ii:3:16.17.24,27,61,63,70,7%/hjle in ear- associated cardiotoxicity. However, little is really
lier studies a 4-fold increased risk of fluorouracil- known about the interference of any co-medication
associated cardiotoxicity was reported for patientgvith the metabolism or cytotoxic action of fluoro-
with pre-existing symptoms of coronary artery dis- uracil 1

easdll 18l g recent meta-analysis found prevalence Although fluorouracil clearance was found to
of cardiac pathology in patients with fluorouracil- be significantly lower in womeH®! the incidence
associated cardiotoxicity not significantly differ- of fluorouracil cardiotoxicity does not appear to
ent from age- and gender-matched unaffected paelate to gender. Likewise, there is no correla-
tients[4! tion with age or the type of underlying tum-
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ourt1.19.22.25.42.63,70.73|yorouracil-related cardiac 3. Diagnostic Features
adverse events have been described in chilfté?i. .

In summarythe wide spectrum of potential patho- ~ ¢ardiac enzyme serum levels are usually nor-
genetic mechanisms and associated predisposir@a! QUrlng episodes of fluorouracil-related cardio-
risk factors leaves some uncertainty about their infOXxicity.[4:9:14.17.19.:21,24,30-32,34.57.60.61.76.87]
dividual roles in fluorouracil-related cardiotox- ~ECG recordings revealed characteristic ischae-
icity. It may be suggested that the different mech.MiC changes in 68 to 88% of patients (fig* 1]l
anisms would come into effect at different intervalsand arrhythmias in 38% of patieft8Z normal ECG
during the time course of this syndrome. Overall,Fécordings have also been descril§éd’. " 849ECG
however, it appears most likely to assume a multi@lterations may vary during the course of fluoro-
factorial aetiology of fluorouracil-associated car- Uracil cardiotoxicity and may be observed only inter-
diotoxicity that renders it nearly impossible so far Mittently in some patient8}} with no close corre-

to predict patients at particular risk. Ia_tion to type and severity of clinical symptoms
(fig. 1 a-c).

When continuous ambulatory ECG (Holter) mon-

2. Clinical Presentation itoring was prospectively performed in patients un-

dergoing fluorouracil chemotherapy, both incidence

The most common presenting complaint of and duration of ‘silent’ reversible ST segment de-
fluorouracil-induced cardiotoxicity is angina-like pression increased about 3-fold each compared with
chest pain, which has been reported in up to 89%nitial recordings, while only 4% of these patients
of patientd#12.13.17.19.21.75 ess frequent symptoms eventually developed symptomatic angina. In con-
include cardiac arrhythmid¥;13.17.21.31.8081¢0n-  trast, no significant difference was detected in the
gestive heart failur€2%.646%myocardial infarc-  overall incidence of ventricular ectopy in patients
tion [12:20,21,23,29,60,63,65,70.73,81 8fj|atative) cardio- before and during fluorouracil theraB§l Nonin-
myopathy31:34.80.83l cardiogenic shockR?:3561.70811  yasive measurement of myocardial electrical sta-
cardiac arrest or sudden death syndré@!517.  hility by analysis of recovery time indices did not
23,30,34,44,75,84-86The symptomatic course may oc- reveal any mechano-electrical disarrangement in
casionally be recurrefi#! these patient§3!

Most incidents occur during or several hours Echocardiography revealed transient regional,
after initial courses of fluorouracil treatméh®:1%  or more often global, left ventricular dysfunction
12,13,18,21,23-25,27,31-33,36,42,60,61,63,70,74,76,84,86-91] in 24 to 56% of patient{é;lz’14v17'89]Iasting for up

In a prospective multicentre cohort study, fluo-to 7 days and resembling postischaemic ‘stunned
rouracil-associated cardiotoxicity occurred in 3.4%myocardium’ syndromg?2:17:24.31.8594IThe prompt
of patients receiving their first course of treatmentreversibility of systolic ventricular malfunction af-
compared with 0.7% of patients during repeat courseter discontinuation of fluorouracil therapy in pa-
of chemotherapi?! In a recent meta-analysis, clin- tients experiencing cardiotoxicity might not rep-
ical symptoms appeared within 72 hours from theresent the true extent of cardiac damage. Indeed,
start of fluorouracil administration in 52% of pa- alterations of diastolic relaxation are more pronoun-
tients! In other studies the mean time from initi- ced and may last for weeks!
ation of fluorouracil medication to onset of cardiac  Chest x-ray may demonstrate consequences of
symptoms was reported to range from few hidtirs left ventricular dysfunction such as cardiac enlarge-
to several dayd®17'Silent’ ischaemic ECG changes ment or pulmonary congesti¢4;64698lput it is
were documented as early as 20 hours after startingften normal. Similarly, thallium scintigraphy was
fluorouracil treatmenit4! Rarely, cardiotoxic epi- described to be regular in this syndrolité.
sodes have been described after long term fluoro- Subsequent coronary angiograhy?29-36.57or
uracil usg?®! necropsi?’:60.61.89did not reveal major coronary
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atherosclerosis in patients with fluorouracil-associated 5. Prognostic Considerations
cardiotoxicity, although aneurysmatic coronary
artery malformatiol#® or intimal hyperplasia’l Prognosis of fluorouracil-associated cardiotox-
have been anecdotally described in these patientity is usually good, with most clinical symptoms,
In addition, endomyocardial biopsies obtained inlaboratory changes and electrocardiographic or echo-
patients recovered from fluorouracil-related cardio-cardiographic alterations being promptly and fully
toxicity were grossly unremarkabfé:32) reversible. The mean resolution time of symptoms
was reported to range from 20 minutes to 2 ddys$!
Once recovered, there appear to be no late sequelae
after most incidents:12.17.24.44.69]However, fatal
Once fluorouracil-associated cardiotoxicity oc- events have been descrid&£¢l resulting in an
curs there is a need for intensive monitoring be-overall mortality rate of 2.2 to 13.3%!7:18.74]
cause of the risk of life-threatening low cardiac output Repeated exposure to fluorouracil carries a high
syndrome and malignant arrhythmias. Treatment isisk of relapsé);1012.17.18,2021,24,26,30,.33,42,57, 64,70,76,81,82,86-89
mainly symptomatic, and directed to the complaintsbeing reported in 82 to 100% of ca§es:7485INot
of the patient. Overall response rate of symptomuncommonly, such relapse may present with a clin-
atic fluorouracil-associated cardiotoxicity to any ical picture different to that during initial episodes
form of treatment was reported to reach 87%. of this syndromé®l
Among therapeutic options, nitrates were described
to be both effectivié”.30.32.33.37.42,64,76,77.84 8¢nd 6. Conclusions and Recommendations
less effective or ineffectivid?.21.25.36.82,85.865jmj-
larly, calcium antagonists were considered both to When using fluorouracil, particular care should
be the treatment of choié® and to lack therapeu- be taken to check for cardiotoxicity, since no reli-
tic efficacyl12.2527.36.85.86Considering the limited able criteria are established to identify specific pa-
spectrum of treatment options, a trial of both ni-tients at risk#15.17.63.85]t remains controversial if
trates and calcium antagonists perhaps accompgatients with pre-existing heart disease should be
nied by effective heparinisation, may be worthwhileassessed differently from those without concomi-
in this syndrome. Severe anginal symptoms mayant cardiac pathology, since there are not many
require supportive opiate analgesia. hard data on these patieffisGiven the malignant
To our knowledge, there are no published datainderlying disease and the high antiproliferative
investigating the use of other cardiotropic drugs,potential of the drug, there appears to be no abso-
such as molsidomin@;blockers or ACE inhibitors, lute contraindication for fluorouracil administra-
in fluorouracil-associated cardiotoxicity. However, tion, although patients with recent myocardial in-
from all published uncontrolled observations, it mayfarction, unstable angina refractory to treatment,
well be expected that a considerable number ofnalignant arrhythmias or severe heart failure should
patients will experience spontaneous improvemenprobably be excluded from this therapy.
after discontinuation of fluorouracil administration  As a routine cardiac workup before fluorouracil
alone. administration in asymptomatic patients, an elec-
Intravenous uridine has been proposed for treattrocardiogram should be performed. Once cardio-
ment of acute fluorouracil intoxication, since this myopathy or coronary artery disease is suspected,
compound competes with fluorouracil for its bind- cardiac enzymes should be checked, and a baseline
ing sites in DNA or RNA synthesis. While haemo- echocardiogram should be done. Routine echocar-
dialysis was not found to reduce fluorouracil plasmadiographic monitoring as advocated by otH&rs
concentrations effectively, charcoal haemoperfusiorappears to be too extensive, both in view of the
could be demonstrated to substantially increase flularge number of patients currently receiving fluo-
orouracil clearanct?! rouracil chemotherapy, and particularly due to the

4. Therapeutic Options
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lack of therapeutic consequences on the basis of Prophylactic anti-anginal medication has been
the present data. advised in selected patieft$42.64.88.92lhyt benefi-
cial effects have not been establisHed:25.36.57.74,85]
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Fig. 1. Follow-up electrocardiography in fluorouracil-associated cardiotoxicity. A patient with metastatic colonic carcinoma experienced
angina-like chest pain during his second course of palliative high dose intravenous fluorouracil treatment. (a) Initial tracings during
this episode revealed no abnormalities, despite the patient being in severe distress. (b) During follow-up, multiple ST segment
elevations were demonstrated. (c) Four hours later, while under intravenous treatment with nitrates, diltiazem and heparin, symptoms
and electrocardiographic changes had resolved. aVF, aVvL, aVR = Goldberger extremity leads; V1-V6 = Wilson chest leads; |, II, Ill =
Einthoven extremity leads.
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Therefore, it should not be recommended rou- 3

tinely. It has been sporadibasuggested that DPD
activity be screened in peripheral blood mononu-
clear cells of cancer patients prior to fluorouracil
chemotherapi?0:95] However, adjustment of fluo-
rouracil dosage according to this parameter in or-

der to reduce the risk of fluorouracil-associated

cardiotoxicity appears doubtf(38.55.56]

Ambulatory patients should be advised to seek
medical attention without delay when symptoms or
signs of cardiotoxicity arise. Fluorouracil should

immediately be discontinued when cardiac com- 8.

plaints occur, and it should no longer be used in
patients who have previously had adverse cardiac
effects with this compounid®-211 For relief of car-
diac symptoms, a trial of nitrates and/or calcium ;
antagonists is warranted. ACE inhibitors may also
be helpful. The most appropriate alternative che-
motherapy after fluorouracil-associated cardiotox-
icity is a matter of debate and should be decided

individually. Raltitrexed, another specific thymid- 13-

ylate synthase inhibitor, has recently been success-

fully used in 2 patients with colon cancer and se- 14.

vere fluorouracil-associated cardiotoxidftf.

Increasing awareness of the potential cardiotox-1s.

icity of fluorouracil is expected to increase the re-

ported incidence of cardiac complications with this &
17.

antiproliferative compound. However, it will con-
tinue to be an indispensable and relatively safe drug
in oncology.
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