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Introduction
Fluoropyrimidines, which include 5-fluorouracil 
(5-FU) and capecitabine, form the cornerstone of 
several different chemotherapy regimens. 5-FU is 
the third most commonly used chemotherapeutic 
agent in the treatment of solid malignancies across 
the world,1,2 including head and neck and gastroin-
testinal tumors. Fluoropyrimidines also possess 
radiosensitizing properties and are often used in 
conjunction with external beam radiotherapy. 
Nevertheless, as with other chemotherapeutic 
agents, the potential benefits of fluoropyrimidines 
have to be weighed against their risks and drug-
related toxicities. 5-FU is the second most common 
drug associated with cardiotoxicity3,4 after anthracy-
clines. The most common manifestation of cardio-
toxicity associated with fluoropyrimidines is chest 
pain, presenting as atypical chest pain, angina on 
exertion or rest, and acute coronary syndromes 
including myocardial infarction.5,6 Other less com-
mon manifestations of cardiotoxicity include atrial 
fibrillation and other arrhythmias,7–9 myocarditis 
and pericarditis,10 heart failure11 and even death.5,12–

14 Fluoropyrimidine-related cardiotoxicity, how-
ever, remains a poorly defined entity. We review the 
incidence, potential risk factors, likely pathophysio-
logical mechanisms and strategies of management 

of cardiotoxicity related to fluoropyrimidine admin-
istration with a particular focus on 5-FU.

Incidence of cardiotoxicity
We searched PubMed for potentially relevant 
articles published from 1 January 1970 to 31 
December 2017, using the following key search 
terms: fluoropyrimidine, capecitabine, floxuri-
dine, 5-FU, fluorouracil, adverse drug reaction, 
drug toxicity, cardiotoxicity and cardiovascular 
events. Searches were enhanced by scanning bib-
liographies of identified articles, and relevant arti-
cles were selected for review. Studies included for 
selection needed to evaluate, first, the frequency 
of cardiotoxicity, characterized by cardiac symp-
toms, electrocardiogram (ECG) changes, tro-
ponin elevations, other relevant changes such as 
echocardiographic changes and cardiac events 
including myocardial infarction and death; sec-
ond, patients receiving fluoropyrimidine chemo-
therapy which could include systemic 5-FU 
administered as a continuous infusion or as a 
bolus, oral capecitabine or other fluoropyrimi-
dines given as monotherapy or in combination 
with other chemotherapeutic agents. Included 
studies consisted of both prospective studies, 
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including randomized controlled trials, as well as 
retrospective reviews. When different studies pre-
sented data from the same cohorts with, for exam-
ple, different lengths of follow up, only the most 
up to date study with the most comprehensive 
data was included. Articles containing no original 
data, including reviews and meta-analyses, were 
also excluded to avoid redundancy. In total, 37 
studies were identified with sample sizes ranging 
from 22 to 1350. Table 1 summarizes the inci-
dence of cardiotoxicity obtained for each 
study.4–6,13,15–47

Different reports describe a wide range of esti-
mates for the incidence of cardiotoxicity associ-
ated with the administration of a fluoropyrimidine. 
This variability is the likely result of differences in 
the drug being studied, as well as the dose and 
method of administration, the use of other poten-
tially cardiotoxic chemotherapeutic agents as well 
as concurrent radiotherapy, patients’ clinical 
characteristics including the presence of pre-
existing coronary artery disease or traditional car-
diovascular risk factors, and variability in the 
definitions of cardiotoxicity. Fluoropyrimidine 
cardiotoxicity tends to occur most commonly 
during the first cycle of administration.14,24,47 The 
median time to initiation of symptoms is 12 h fol-
lowing infusion initiation, though cardiotoxicity 
could occur anytime during infusion or even up 
to 1–2 days after infusion.50 As an example, in a 
report of 106 patients receiving short-term infu-
sional 5-FU as a component of the FOLFOX 
(folinic acid, 5-FU and oxaliplatin) regimen, nine 
developed chest pain during treatment, and the 
onset was during courses 1, 2, 6, and 8 in three, 
four, one, and one patient, respectively.46 
Symptoms and ECG changes may disappear 
quickly after drug discontinuation or last several 
days.

Potential mechanisms leading to 5-FU-
related cardiotoxicity
A number of mechanisms are thought to be 
responsible for 5-FU-related cardiotoxicity, some 
of which are inter-related. The two most likely 
contributors are ischemia and drug-related myo-
cardial toxicity (Figure 1).

Coronary vasospasm is a leading theory for 
5-FU-related myocardial ischemia. Patients with 
coronary vasospasm may have ECG findings sug-
gestive of coronary occlusion, including ST-segment 
elevation as well as biochemical evidence of 

myocardial injury with troponin elevation even in 
the absence of occlusive macrovascular disease on 
angiography or computed tomography (CT) imag-
ing of the coronary vessels. Indeed, patients with 
5-FU-related cardiotoxicity have consistently been 
shown to be lacking significant coronary stenosis on 
angiography.51–55 In some cohorts, coronary artery 
vasospasm has directly been visualized during coro-
nary angiography,56–58 as has brachial artery  
vasoconstriction immediately following the admin-
istration of 5-FU injections.19,27 Vasospasm can be 
related to an endothelial-dependent mechanism 
(endothelial dysfunction) or an endothelial-inde-
pendent mechanism (primary smooth muscle dys-
function). Endothelial dysfunction is the unique 
yet almost universal ‘reaction to injury’ of the vascu-
lature to a variety of insults and clinical circum-
stances,59,60 and represents the first stage of 
atherosclerosis. In clinical practice, endothelial dys-
function is most often recognized by an abnormal 
vasodilatory response to increased flow (shear 
stress) or endothelial-dependent vasodilating agents 
such as acetylcholine.61–64 Ordinarily, acetylcholine 
induces vasodilation through a biochemical process 
that releases nitric oxide from endothelial cells, 
which diffuses to the smooth muscle lining the ves-
sel and causes muscle relaxation and in turn vessel 
dilatation through the cyclic-guanosine monophos-
phate (GMP) pathway.65 Thus, any damage to the 
endothelial cells interferes with this process and 
when acetylcholine is infused, it instead leads to 
paradoxical vasoconstriction. In the coronary arter-
ies, endothelial function is assessed by way of inva-
sive pharmacologic provocation during coronary 
angiography with excessive vasoconstriction repre-
senting endothelial dysfunction.63,66–68 Endothelial-
independent primary smooth muscle dysfunction 
leads to vasoconstriction in a similar way, but in the 
presence of a functionally intact endothelium, and 
can also be assessed with invasive pharmacologic 
provocation using nitroglycerin.66 Like atheroscle-
rosis, endothelial dysfunction is a systemic disorder 
affecting peripheral arteries as well as the coronary 
vessels, allowing clinicians the opportunity to meas-
ure endothelial function noninvasively using flow-
mediated dilatation of the brachial arteries, which 
correlates well with invasively measured coronary 
endothelial function.69 Thus, peripherally observed 
vasoconstriction related to 5-FU is anticipated to 
correlate with coronary vasoconstriction, although 
direct observation with coronary angiography would 
be required to confirm this. Furthermore, in an in-
vitro study, the investigators exposed rabbit aorta 
rings to different chemical substances and were  
able to demonstrate concentration-dependent 
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Table 1. Summary of studies evaluating the incidence of cardiotoxicity in patients treated with 5-FU.

Reference Sample 
size

Study design Drug Risk estimate

Pottage 
et al.43

140 Prospective study 5-FU 2.9% developed cardiotoxicity: 2.1% developed chest pain and 
ECG changes and 0.8% developed MI

Labianca 
et al.4

1083 Retrospective review 5-FU 1.6% of all patients developed angina or MI versus 4.5% in 
patients with previous cardiac disease

Eskilsson 
et al.42

76 Prospective study Continuous 
infusions of 5-FU

17.1% developed cardiac events: 13.2% experienced angina 
or ECG changes, 1.3% experienced AF, 1.3% had VF and 1.3% 
experienced sudden death

Rezkalla 
et al.40

25 Prospective study Continuous 
infusions of 5-FU

4% developed angina, 68% developed asymptomatic ECG 
changes and 8% experienced sudden death

Eskilsson 
et al.41

58 Prospective study Continuous 
infusions of 5-FU

5.2% developed angina with ECG changes and 6.9% 
experienced asymptomatic ECG changes

Jeremic 
et al.39

80 Prospective study 5-FU 15% developed angina or ECG changes

Gradishar 
et al.36

244 Retrospective review Continuous 
infusions of 5-FU

1.6% experienced angina or ECG changes, 4.1% experienced 
sudden death and 1.6% developed pulmonary embolism

de Forni 
et al.5

367 Prospective study Continuous 
infusions of 5-FU

7.6% developed cardiotoxicity: 5.4% had chest pain or 
shortness of breath, 2.2% had unstable angina and 1.1% 
experienced sudden death

Akhtar 
et al.44

100 Prospective study Continuous 
infusions of 5-FU

8% developed cardiotoxicity: 5% developed angina and 3% 
developed ECG changes of which one patient had cardiogenic 
shock

Schober 
et al.38

390 Prospective study 5-FU 1.5% developed angina or palpitations, 0.8% had an MI, 0.8% 
had an arrhythmia, 0.3% had acute heart failure and 0.3% 
experienced sudden death

Keefe 
et al.37

910 Prospective study 5-FU 0.6% developed chest pain and ECG changes

Weidmann 
et al.35

231 Prospective study 5-FU 2.6% developed angina and 0.4% developed AF

Meyer 
et al.47

483 Prospective study Continuous 
infusions of 5-FU

1.9% developed cardiotoxicity: 1.3% developed angina, 0.4% 
developed shock and 0.2% experienced sudden death

Orditura 
et al.34

43 Prospective study 5-FU 0% developed any significant ECG changes

Blum 
et al.33

162 Phase II prospective 
Study

Capecitabine 0% had any cardiotoxicity

Balloni 
et al.32

25 Prospective study Fluoro-folate 0% developed significant changes in diastolic function on 
echocardiography

Blum 
et al.31

74 Phase II prospective 
Study

Capecitabine 0% had any cardiotoxicity

Van 
Cutsem 
et al.30

602 Phase III randomized 
controlled trial

Capecitabine 
versus 5-FU

0.3% had an MI, 0.3% had heart failure and 0.2% had an 
arrhythmia

Hoff et al.29 605 Phase III randomized 
controlled trial

Capecitabine 
versus 5-FU

0.5% developed angina, 0.2% had myocarditis and 0.2% had an 
MI

Wacker 
et al.45

102 Prospective study 5-FU 19.0% developed angina, 5.1% of which had ‘severe’ symptoms

 (Continued)

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 10

4 journals.sagepub.com/home/tam

Reference Sample 
size

Study design Drug Risk estimate

Oztop 
et al.28

22 Prospective study 5-FU 0% had any cardiotoxicity

Sudhoff 
et al.27

30 Prospective study 5-FU 0% had any cardiotoxicity

Meydan 
et al.26

231 Prospective study Continuous 
infusions of 5-FU

3.9% developed cardiotoxicity: 2.6% experienced an ACS, 0.9% 
had heart failure and 0.4% had AF

Ceyhan 
et al.25

37 Prospective study Continuous 
infusions of 5-FU

5.4% developed angina and ECG changes

Ng et al.24 153 Two prospective 
studies

Capecitabine 6.5% developed cardiotoxicity: 2.6% experienced angina, 
2.0% had an MI, 0.7% had heart failure, 0.7% had ventricular 
tachycardia and 0.7% experienced sudden death

Tsibiribi 
et al.48

1350 Prospective study 5-FU 1.1% developed cardiotoxicity: 1% developed angina and 0.1% 
had an MI

Jensen 
et al.22

668 Retrospective review Capecitabine or 
5-FU

4.3% developed cardiotoxicity: 0.4% had angina on exertion, 
3.6% had angina at rest and 0.3% had an MI

Yilmaz 
et al.21

27 Prospective study Continuous 
infusions of 5-FU

7.4% developed angina

Holubec 
et al.20

42 Prospective study 5-FU 14% had significant troponin elevations and 48% had 
significant BNP elevations

Kosmas 
et al.13

644 Prospective study Capecitabine or 
5-FU

4.0% of all patients developed angina or ECG changes versus 
6.7% of those receiving a continuous infusion

Jensen 
et al.46

106 Prospective study Continuous 
infusions of 5-FU

8.5% developed angina with ECG changes

Salepci 
et al.19

31 Prospective study Bolus 5-FU 16.1% developed angina or ECG changes and 3.2% experienced 
sudden death

Koca 
et al.18

52 Retrospective review Capecitabine 34.6% developed cardiac symptoms, 11.5% developed new 
cardiac signs on exam and 32.6% had new ECG changes

Khan 
et al.17

301 Retrospective review 5-FU 19.9% developed cardiac symptoms, 12.0% developed 
bradycardia and 3.0% died

Lestuzzi 
et al.6

358 Prospective study Continuous 
infusions of 5-FU

5.9% developed angina or ECG changes and amongst 228 
patients who underwent a treadmill stress test 6.9% developed 
exercise-induced ischemia of which 2.6% had angina and 4.3% 
had silent electrocardiographic ischemia

Polk et al.16 452 Retrospective review Capecitabine 5.3% developed angina or palpitations, 2.4% developed ECG 
changes, 0.4% had an MI

Kwakman 
et al.49

1973 Retrospective review 
of three phase 
III randomized 
controlled trials

Capecitabine 5.9% developed cardiotoxicity: 0.8% developed chest pain, 2.9% 
developed ischemia or infarction, 2.0% had an arrhythmia and 
0.4% had heart failure

5-FU, 5-fluorouracil; ACS, acute coronary syndrome; AF, atrial fibrillation; BNP, brain natriuretic peptide; ECG, electrocardiograph; MI, myocardial 
infarction; VF, ventricular fibrillation.

Table 1. (Continued)

vasoconstriction in response to 5-FU and preserved 
relaxation of the vascular wall in response to acetyl-
choline,70 suggesting impaired primary smooth 

muscle function and preserved endothelial function. 
In addition, studies have demonstrated the presence 
of brachial artery vasoconstriction27 or angina with 
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ECG changes with57,58 or without71 directly observed 
coronary vasospasm on initial challenge with 5-FU, 
further suggesting a role for smooth muscle function 
in 5-FU-related coronary vasospasm.

Nevertheless, there have been some inconsistencies 
with the theory of vasospasm and 5-FU administra-
tion. Coronary vasospasm has not been consistently 
demonstrated at angiography during symptomatic 
episodes, even after reintroducing 5-FU in subjects 
known to have had previous cardiac symptoms fol-
lowing 5-FU administration.72,73 Amongst patients 
suspected of having 5-FU-related cardiotoxicity, 
vasospasm was not demonstrated on pharmacologic 
provocation with the alkaloid ergonovine,74 an agent 
that has previously been used to assess coronary 
vasomotor function through its action on smooth 
muscle serotonergic receptors, which in turn leads 
to muscle contraction and vasoconstriction under 
physiologic conditions.75 Furthermore, in one study 
of patients who reported angina in response to a 

5-FU challenge who had ECG changes suggestive 
of ischemia, those who underwent concurrent echo-
cardiography were shown to have global akinesia, 
incompatible with a characteristic territorial distri-
bution of a major coronary artery.5 Despite the sys-
temic distribution of 5-FU, multivessel coronary 
vasospasm is uncommon in patients receiving 
5-FU.76,77 Indeed, when assessing patients with sta-
ble angina de novo at coronary angiography, epicar-
dial vasospasm is also typically observed in a single 
vessel,63,66 which is often the vessel supplying the 
largest territory of myocardium. This may be related 
to an oxygen supply–demand mismatch, but this 
explanation has not been fully elucidated yet. The 
discordance between echocardiographic and angio-
graphic findings could undermine the epicardial 
vessel vasospasm theory in patients receiving 5-FU, 
though does not preclude microvascular vasospasm. 
Endothelial-dependent and -independent dysfunc-
tion also affects the coronary microvasculature, 
often in the absence of affecting the epicardial  

Figure 1. Diagram outlining the two potential mechanisms by which 5-fluorouracil could lead to cardiotoxicity: 
direct cellular damage and ischemia.
5-FU, 5-fluorouracil; DPD, dihydropyrimidine dehydrogenase; NO, nitric oxide; RBC, red blood cell; vWF, von Willebrand 
factor. *Takatsubo cardiomyopathy is typically seen as a structural cardiomyopathic process, though there is some evidence 
which suggests that ischemia may contribute to the pathophysiology of this process. This remains a controversial area that 
requires further investigation.

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 10

6 journals.sagepub.com/home/tam

vessels78 where it leads to diffuse as opposed to seg-
mental ischemia. Since the coronary microvascula-
ture cannot be directly visualized, its function is 
assessed through measurements of coronary blood 
velocity and flow using intravascular Doppler guide-
wires also with pharmacologic provocation at angi-
ography.66 Thus a failure to observe epicardial 
coronary vasospasm may be insufficient to exclude a 
vasospastic pathology and investigators studying 
patients with angina in response to 5-FU should 
also consider microvascular function in their assess-
ment. Other inconsistencies with the vasospasm 
hypothesis include the fact that while vasoconstric-
tion may be observed in patients during or immedi-
ately after 5-FU injection, clinical features of toxicity 
do not typically manifest until after the end of an 
infusion or even hours to days later.1,46,50 Further, 
the role of antianginal therapy such as calcium 
channel blockers to prevent symptoms remains 
unclear. While some studies demonstrated that pre-
treatment of patients with previous 5-FU-induced 
angina with calcium channels prevented subsequent 
angina or coronary spasm on rechallenge with 
5-FU, this has not been consistently shown in other 
studies.14,41,73 There have been no randomized clin-
ical trials to date that have evaluated the role of cal-
cium channel blockers in patients with 5-FU-related 
coronary vasospasm and angina, and so further 
clarification is required here. Lastly, endothelin, a 
potent vasoconstrictor also produced by endothelial 
cells and cardiomyocytes, was found to be elevated 
in one study of patients treated with 5-FU, particu-
larly those experiencing cardiotoxicity including 
angina79 further suggesting 5-FU may be responsi-
ble for a coronary vasospasm process. However, 
though a further study was also able to demonstrate 
elevated levels of a precursor molecule of endothelin 
in patients treated with 5-FU this was not confined 
to patients who developed vasospasm.19 It may be 
that these studies are confounded by differences in 
levels of endothelin produced from the coronary 
endothelium and that from other tissues such as the 
lungs where endothelin is also produced. Further, 
endothelin produced by the endothelium is secreted 
towards the vessel smooth muscle and it may be 
that only small amounts of endothelial endothelin 
reach the vessel lumen and contribute to measured 
serum levels. While a relationship between 5-FU 
and coronary vasospasm seems plausible, further 
clinical studies are required in subjects experiencing 
cardiotoxicity to further clarify this relationship.

The physiological role of the endothelium is not 
limited to modifying vascular tone and lumen 
caliber to meet blood-oxygen demand but extends 

to regulating coagulation and thrombus forma-
tion. Damaged endothelium exposes tissue fac-
tor, initiating platelet aggregation that is further 
propagated by the release of von Willebrand fac-
tor and fibrin aggregation, resulting in occlusive 
thrombi. Thus, it follows along the endothelial 
dysfunction hypothesis that 5-FU may lead to 
thrombotic occlusive disease and indeed studies 
of rabbit endothelium exposed to 5-FU have 
demonstrated sites of platelet aggregation and 
fibrin formation.80,81 Despite this, coronary angi-
ography amongst patients with chest pain after 
receiving 5-FU has consistently failed to demon-
strate occlusive disease.51–55 Nevertheless, there is 
evidence that 5-FU may play a role in influencing 
intravascular coagulation. One study showed that 
44% of patients with solid tumor had plasma von 
Willebrand levels above the reference range 
before treatment with 5-FU and 92% had ele-
vated levels after treatment.82 These findings sug-
gest that 5-FU could play a role in influencing the 
coagulation-fibrinolytic system, though cancer in 
itself is considered a hypercoagulable state and 
these patients have been shown to have elevated 
serum levels of von Willebrand factor at base-
line,55,56 which could act as a confounding varia-
ble. Nevertheless regulating the initiation of 
thrombus formation represents an additional 
facet of endothelial function and studies have 
characterized abnormal endothelial function by 
identifying altered levels of endothelium-derived 
markers such as von Willebrand factor and 
fibronectin,83,84 suggesting further that endothe-
lial dysfunction in its broader sense could be 
responsible for 5-FU-related cardiotoxicity. 
Additionally, ischemia in its wider sense may still 
play a role in 5-FU-related cardiotoxicity, even in 
the absence of occlusive vascular vasospasm or 
thrombus. Animal models have demonstrated 
reversible changes in erythrocyte morphology, 
notably to echinocytes, associated with increased 
membrane fluidity and altered metabolism result-
ing in more rapid depletion of stored oxygen and 
decreased ATP levels impairing the ability of 
erythrocytes to carry oxygen to the myocar-
dium.85,86 However, as with other observations in 
animal models, whether these changes occur in 
vivo as well, and can be attributed to cardiotoxic-
ity in patients receiving 5-FU treatment remains 
to be proven. Experimental models are necessary 
in uncovering pathological mechanisms and test-
ing a broad range of hypotheses that could other-
wise be challenging or even unethical to attempt 
in human subjects but remain limited in their 
small sample size as well as in their direct clinical 
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application to cardiotoxicity in humans. Isolated 
cells in vitro and isolated organs may not behave 
the same as in a live human subject and more tri-
als in clinical settings will be required.

Other pathological mechanisms that could con-
tribute to 5-FU-induced cardiotoxicity include 
factors that cause direct cellular damage. Animal 
studies have demonstrated gross pathological 
changes to cardiomyocytes in a dose-dependent 
fashion48 as well as directly to endothelial cells,87 
which could represent the initial insult and subse-
quent ‘reaction to injury’ that leads to endothelial 
dysfunction. However, not all of these pathologi-
cal changes have been corroborated in human 
subjects experiencing symptoms of cardiotoxicity. 
Further, biopsies of this nature are difficult to 
obtain and in patients with cancer who have 
received a multitude of different treatments it 
would be difficult to discriminate the role of 5-FU 
in any changes identified. Experimental models 
therefore represent a necessary alternative. The 
nature of these changes is thought to be caused by 
induction of apoptosis with a notable absence of 
necrosis as opposed to that seen with direct cyto-
toxicity,88 as is the mechanism in neoplastic cells, 
which could suggest an alternative mechanism of 
action of 5-FU or a different response of different 
cell types to the same agent. Other animal models 
have demonstrated specific biochemical changes 
in cardiomyocytes, including increased oxygen 
consumption, depletion of high-energy phosphate 
compounds and citrate accumulation,89–91 effects 
which occur independent of changes in blood and 
oxygen supply. This is thought to be caused by 
reduced aerobic efficiency secondary to 
5-FU-related mitochondrial uncoupling,90 which 
in turn leads to hypoxic cell injury. Other studies 
focusing on damage caused at the cellular level 
have postulated the oxidative stress theory, dem-
onstrating increased levels of reactive oxygen spe-
cies such as superoxide anions in rat 
cardiomyocytes after treatment with 5-FU88 and 
diminished activity of antioxidant agents such as 
sodium oxide dismutase and glutathione peroxi-
dase in guinea pigs treated with 5-FU.92 Toxic 
free radical species then lead to oxidation of pro-
teins, lipids and other macromolecules, leading to 
disturbed cellular function; increased levels of 
some of these end products have been identified 
in experimental models.92 This has also been pro-
posed as a potential mechanism for endothelial 
cell damage and in one study the chemical probu-
col, which increases superoxide dismutase and 
glutathione peroxidase activity in animals, 

protected rabbit endothelial cells from putative 
free radical species induced lipid peroxidation 
after treatment with 5-FU.87 All experimental 
data investigating the role of oxidative stress in 
5-FU cardiotoxicity are not consistent however. 
Iron is an important element that catalyzes the 
Haber–Weiss reaction that allows reactive oxygen 
species to generate toxic free radicals and studies 
have not consistently demonstrated altered iron 
levels in animal models treated with 5-FU.92 No 
studies however have looked at the role of iron 
chelation therapies in mitigating 5-FU-related 
cardiotoxicity or even 5-FU-related free radical 
production and this may be a useful next step in 
clarifying the role of this process. Further evi-
dence suggesting a direct toxic effect of 5-FU 
relates to its metabolism whereby 5-FU is initially 
converted to α-fluoro-β-alanine (FBAL) and sub-
sequently to fluoroacetate, the presence of which 
has been correlated with cardiotoxicity.93,94 This 
is further supported when coadministration of 
dihydropyrimidine dehydrogenase (DPD) 
enzyme inhibitors, which inhibit the metabolism 
of 5-FU to FBAL, lead not only to significantly 
reduced levels of FBAL and its metabolites95 but 
also prevent recurrent cardiotoxicity in patients 
who previously experienced 5-FU-related cardio-
toxicity.93 Following on from this, inherited 
enzyme polymorphisms and variations in enzyme 
pathways could influence 5-FU metabolism, 
leading to individualized susceptibility to toxicity. 
This has been demonstrated previously whine 
reduced DPD enzyme activity has led to accumu-
lation of 5-FU and subsequent myelosuppres-
sion, diarrhea, stomatitis and neurotoxicity.96,97 It 
might follow therefore that individuals with DPD 
mutations resulting in aberrant enzyme activity 
would be susceptible to cardiotoxicity, and there 
have been reports of DPD mutations in patients 
with 5-FU-related cardiotoxicity.98 However, 
whether the cardiotoxicity could be attributed to 
the mutation is difficult to prove and as yet this 
association remains unclear.

Gross evidence of myocarditis has been demon-
strated in rabbits exposed to 5-FU48 where left 
ventricular hypertrophy, foci of myocardial necro-
sis, thickening of intra-myocardial arterioles, and 
disseminated apoptosis in myocardial and 
endothelial cells have all been demonstrated. In 
this study, the use of a high single dose of 5-FU 
was intended to differentiate the acute toxic 
effects of 5-FU, which resulted in thrombogene-
sis and spasm due to endothelial lesions, from 
delayed cardiotoxicity after four injections at 
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7-day intervals, which lead to apoptosis of myo-
cardial and endothelial cells without evidence of 
spasm. These results support an alternative 
mechanism for 5-FU cardiotoxicity beyond vasos-
pasm and ischemia. In human subjects as 
well,99,100 biventricular dilatation and diffusely 
scatter necrosis with an inflammatory infiltrate 
and proliferation of the sarcoplasmic reticulum 
with marked vacuolization, similar to that found 
with doxorubicin cardiotoxicity, was also demon-
strated at autopsy amongst subjects who had been 
treated with 5-FU. It may be that this condition 
represents the consequences of some or a combi-
nation of all of the pathological processes 
described above. Further clinical evidence of a 
cardiomyopathic process has been shown in stud-
ies demonstrating echocardiographic evidence of 
left ventricular dysfunction101 and neuroendo-
crine changes characterized by elevated plasma 
brain natriuretic peptide and lactic acid levels in 
patients treated with 5-FU46 even in the absence 
of a significant change to left ventricular ejection 
fraction, suggestive of a subclinical process. In 
other studies, 5-FU has been associated with 
transient myocardial dysfunction associated with 
apical ballooning akin to a Takotsubo cardiomyo-
pathy,52,100,102 which typically arises in the context 
of excess sympathetic stimulation and occurs with 
chest pain, electrocardiographic ST-segment ele-
vation and cardiac enzyme elevation mimicking 
acute myocardial infarction. Indeed a proportion 
of patients with chest pain suggestive of an acute 
coronary syndrome after receiving 5-FU and who 
are shown to have normal coronaries may have 
this syndrome.

Risk factors for cardiotoxicity
While risk factors for cardiotoxicity in patients 
taking fluoropyrimidines are incompletely under-
stood, a number of patient- and drug-administra-
tion-related factors have emerged from 
observational studies, though there have been 
some conflicting results. In one retrospective 
study the authors demonstrated that 72% of all 
patients affected by 5-FU-related cardiotoxicity, 
which was defined as chest pain on rest or exer-
tion or myocardial infarction with cardiac enzyme 
elevation, were aged greater than 55 years. 
However, the authors also showed that pre-exist-
ing renal disease defined as a creatinine clearance 
of less than 30 ml min−1 and pre-existing cardio-
vascular disease were also risk factors for cardio-
toxicity, which may very well have confounded 
the association with age.22 Other studies have 

failed to demonstrate age as an independent risk 
factor for cardiotoxicity,4,14 but have suggested 
that underlying cardiac disease including history 
of ischemic heart disease or myocardial infarc-
tion24,47 or structural disease4 could be linked 
with toxicity. These studies, however, had low 
event rates, an observational study design, and 
defined pre-existing cardiovascular disease 
through patient-reported history rather than 
using objective reproducible criteria. It is also 
important to note that most cases of cardiotoxic-
ity occur in patients who do not have pre-existing 
cardiovascular disease. In one series in which 
patients with colorectal cancer were treated with 
infusions of 5-FU, 9 out of 106 patients had car-
diotoxicity with only one having significant pre-
existing cardiovascular disease; meanwhile 
amongst 7 patients with significant pre-existing 
cardiovascular disease none developed cardiotox-
icity.46 This was demonstrated again in another 
study in which none of a cohort of 102 unselected 
consecutive patients receiving 5-FU chemother-
apy who developed angina had a known history of 
coronary artery disease. It may be that risk factors 
for cardiovascular disease such as hypertension, 
hyperlipidemia and history of smoking are more 
predictive of cardiotoxicity than a history of pre-
existing cardiac disease itself. One review demon-
strated that of 377 cases of 5-FU-associated 
cardiotoxicity, only 14% had a previous history of 
cardiac disease while 37% had at least one tradi-
tional risk factor for cardiovascular disease, of 
which smoking was the most common.14 The pre-
cise roles that pre-existing cardiac disease and risk 
factors for cardiovascular disease play in deter-
mining risk for cardiotoxicity in response to 5-FU 
treatment remain uncertain, and to date there are 
insufficient data to discriminate risk well enough 
to justify withholding therapy in this population. 
Ideally clinically relevant risk factors could be 
identified and compiled into a risk stratification 
model that clinicians could use to inform treat-
ment decisions in patients being considered for 
treatment with 5-FU. Further clinical trials iden-
tifying such risk factors and demonstrating their 
clinical utility in risk prediction are required.

Studies have consistently demonstrated that the 
schedule of administration of 5-FU influences 
risk for cardiotoxicity, with infusional regimens 
being associated with greater risk compared with 
bolus regimens. For patients receiving infusional 
regimens of 5 days or longer, the incidence of tox-
icity varies between 2% and 18%,5,14,47 with some 
differences in risk between studies accounted for 
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by differences in treatment duration, dose, addi-
tional chemotherapy agents and patient charac-
teristics. Meanwhile, amongst patients receiving 
short-term infusional chemotherapy as part of the 
FOLFOX chemotherapy regimen for gastrointes-
tinal cancer, the incidence of cardiotoxicity was 
8.5%,46 while that in patients receiving bolus regi-
mens was no greater than 3%,3,4 suggesting that 
net duration of therapy may play a role in toxicity. 
Indeed, 5-FU is cleared rapidly from the blood-
stream with a half life of 15–20 min, suggesting 
that continuous infusions would allow for drug 
accumulation or at least a continual exposure and 
therefore a greater propensity for cardiotoxicity in 
a way that might not occur with bolus administra-
tion. Alternatively, capecitabine, which is an 
orally available 5-FU prodrug that is metabolized 
in tissues expressing the enzyme thymidine phos-
phorylase and is pharmacokinetically similar to 
administering a continuous infusion of 5-FU, is 
associated with a comparable potential to induce 
coronary vasospasm with an incidence of cardio-
toxicity of 3–9%,13,24,49 which is similar to that for 
short-term infusion therapy. This lends more 
weight to the concept that cardiotoxicity related 
to 5-FU is influenced by drug pharmacokinetics 
and metabolism. However, this theory requires 
greater clarification in clinical studies, particu-
larly because a compelling relationship between 
the administered dose of 5-FU and cardiotoxicity 
has not been demonstrated,47 nor have plasma 
circulating levels of 5-FU in patients presenting 
with cardiotoxicity following 5-FU administra-
tion been significantly different to those in 
patients without toxicity.103

Management of cardiotoxicity
Figure 2 outlines a suggested approach to the 
management of cardiotoxicity related to 5-FU 
administration. 5-FU-related cardiotoxicity is 
potentially fatal14 and so the first step should be to 
discontinue chemotherapy immediately, and then 
to treat symptoms empirically with antianginal 
therapy such as calcium channel blockers or 
nitrates. This approach has been shown to abort 
symptoms in up to 69% of effected subjects.14,22 
In one case series, 11 patients with suspected fluo-
ropyrimidine-induced coronary vasospasm were 
all successfully rechallenged with the culprit drug 
and completed their planned first-line chemother-
apy following cardioprotective pretreatment with 
two calcium channel blockers and a long-acting 
nitrate in conjunction with careful cardiac moni-
toring.104 The pivotal next step is determining 

whether the cardiac symptoms can be reasonably 
attributed to 5-FU, which is a challenging situa-
tion as further administration of the drug could 
lead to potentially avoidable morbidity and mor-
tality, while withholding effective chemotherapy 
unnecessarily could compromise the patient’s 
chance of cure. No definitive test can establish a 
causal link between 5-FU and cardiotoxicity and 
thus clinical judgment is required. Auxiliary test-
ing may be of use but has limitations; ECG can 
detect new ischemic changes but lacks sensitiv-
ity,105 echocardiography can demonstrate seg-
mental or global hypokinesia5,7 but may be normal, 
and laboratory testing for cardiac enzymes or 
brain natriuretic peptide may be elevated7,46 but 
could also be normal, suggesting that cardiotoxic-
ity related to 5-FU is not always severe enough to 
lead to myocardial necrosis. In the outpatient set-
ting ambulatory rhythm monitoring amongst 
patients receiving 5-FU might be a useful strategy 
to identify patients having cardiotoxicity by cap-
turing transient arrhythmias or electrocardio-
graphic signs of ischemia. In one study, 27 patients 
receiving 5-FU as part of the de Gramont regimen 
for gastrointestinal cancers underwent ECG 
Holter monitoring before and during the first 24 h 
of chemotherapy. The investigators found that 
during treatment patients had a significant 
decrease in mean heart rate and a significant 
increase in number of atrial and ventricular pre-
mature complexes per hour compared with before 
treatment,21 which could increase the risk of 
arrhythmia. In another study, 25 patients receiv-
ing infusions of 5-FU were monitored with con-
tinuous ambulatory ECG monitoring both before 
infusion and during infusion. The authors showed 
that while 24% of patients had asymptomatic 
ST-segment changes before infusion, 68% had 
these changes during infusion (p < 0.002) and the 
incidence of ischemic episodes per patient per 
hour as well as the duration of ECG changes was 
significantly higher during the infusion.40 
Ambulatory ECG monitoring may therefore be a 
useful tool to confirm cases of cardiotoxicity and 
may even be able to identify cases of subclinical 
cardiotoxicity, but the exact role this test should 
play in clinical practice remains unclear and needs 
to be further studied. Often therefore the most rel-
evant clue may be the temporal association 
between the administration of 5-FU and symp-
toms of cardiotoxicity. Clinicians should however 
be mindful that even though the median time to 
initiation of symptoms is 12 h after infusion initia-
tion, cardiotoxicity could occur anytime during 
infusion or even up to 1–2 days after infusion,48 
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and in fact may not necessarily manifest during 
the first cycle of administration.46 Reproducibility 
of symptoms on empiric rechallenge may be useful 
but could be life threatening and thus is not rou-
tinely recommended. When 5-FU-attributable 
toxicity is likely, the clinician must decide whether 
an alternative chemotherapy regimen excluding 
5-FU is acceptable, which is often the safest 
option. If a 5-FU-based regimen is preferable, a 
reasonable approach would be to determine if an 
alternative underlying pathological process that 
could explain the patient’s presentation could be 
identified and potentially reversed. In the case of 
angina, patients with risk factors for cardiovascu-
lar disease should undergo coronary angiography. 
If angiography reveals clinically significant occlu-
sive disease that could explain the symptoms, an 
attempt at revascularization followed by a drug 
rechallenge would be reasonable. Even if these 
findings cannot directly explain the patient’s pres-
entation, treating the occlusive disease could play 

a role in helping the patient better tolerate a 
rechallenge. Patients without conventional cardio-
vascular risk factors could be screened for coro-
nary disease using a noninvasive test such as CT 
coronary angiography and managed accordingly. 
For patients with clinically insignificant coronary 
disease/normal coronaries, a presumptive diagno-
sis of 5-FU-related cardiotoxicity is made and fur-
ther 5-FU should be avoided if possible (see 
below). Of note, the presence of significant coro-
nary stenosis does not exclude the possibility of 
superimposed 5-FU-related cardiotoxicity and 
any readministration of 5-FU must be undertaken 
cautiously with close monitoring. Invasive phar-
macologic provocation at coronary angiography 
could yield diagnostically useful information by 
identifying coronary endothelial dysfunction or 
primary smooth muscle dysfunction evidenced by 
excessive vasospasm in response to acetylcholine 
or nitroglycerin respectively. This testing has been 
shown to be safe106 and is the reference standard 

Figure 2. Flow diagram demonstrating a suggested treatment approach for patients who have experienced 
suspected cardiotoxicity related to 5-fluorouracil chemotherapy.
5-FU, 5-fluorouracil; CAD, coronary artery disease; CCB, calcium channel blocker. *When significant CAD has not been 
demonstrated clinicians could consider invasive pharmacologic provocation testing to identify reproducible coronary 
vasospasm, though this should only be undertaken by experienced operators in appropriately resourced centers.

https://journals.sagepub.com/home/tam


JD Sara, J Kaur et al.

journals.sagepub.com/home/tam 11

Table 2. Summary of medical treatments for 5-FU-related cardiotoxicity.

Effective treatment 
methods

Rechallenge •	 Controversial
-	 Recurrence up to 90%; death up to 13%5,14

•	 Avoid if possible
•	 Individualized decision weighing risks and benefits
•	 Patients with significant CAD who undergo revascularization: can retreat if 

close observation and if benefits > risks
•	 Patients with nonsignificant CAD: avoid 5-FU if possible
- if not possible and risk/benefit ratio acceptable attempt cautious challenge 

with BOLUS regimen6,7,109,110

- pretreat with 48 h of aspirin, CCB and long-acting nitrate
- careful observation and continuous ECG monitoring
- discontinue 5-FU if any symptoms/signs of cardiac event

 Use of alternative 
non-FU drugs

•	 Difficult in patients with gastrointestinal cancers when FU is an integral 
component of treatment

•	 Good options in metastatic disease, i.e. for colorectal cancer:
- Irinotecan alone
- Irinotecan plus oxaliplatin, cetuximab or panitumumab (for patients with 

RAS/BRAF wild-type tumors)
- Trifluridine-tipiracil, regorafenib and ramucirumab or raltitrexed alone or in 

combination regimens111,112

•	 In patients with adjuvant therapy for resected, node-positive colorectal 
cancer:

- Global standard is oxaliplatin + FU containing regimen (also recommended 
for patients with node-negative disease but presumed to be at high enough 
risk)

- In those with FU-related cardiotoxicity, trial of FU BOLUS containing regimen 
(Roswell Park weekly regimen)113,114

- or if patients need oxaliplatin use FLOX (FU, leucovorin and oxaliplatin) with 
pretreatment using antianginal therapy, empiric aspirin and close monitoring

 Use of alternative 
FU drugs

•	 UFT
- Contains tefagur which is a FU prodrug, and uracil which competitively 

inhibits the degradation of FU
- < 1% incidence of cardiotoxicity115,116

- Not available in the USA (available in Japan and other Asian and South 
American countries)

•	 S-1
- Contains tefagur, gimeracil which inhibits the enzyme DPD that breaks down 

FU and oteracil which inhibits phosphorylation of FU
- No reported cardiotoxicity to date117–119

- Not available in the USA (available in several Asian and European countries)

 Alternative 
treatment 
modalities

•	 Patients who are not candidates for alternative chemotherapy drugs 
or have limited disease could undergo locally directed therapy, e.g. 
surgery, radiofrequency ablation radioembolization or transarterial 
chemoembolization

•	 Requires careful patient selection and evaluation of risks and benefits

Ineffective 
treatment methods

Dose reduction •	 The dose dependence of 5-FU-related cardiotoxicity is unclear14,22,110

 Prophylactic 
treatment with 
CCB or nitrates

•	 Much data have shown no benefit with either CCB or nitrates3,14,100,111,120 or 
CCB in isolation41

•	 Some data have shown a benefit with prophylactic CCB69,121,122 and 
prophylactic nitrates110

•	 Overall conflicting data derived from retrospective studies and case series or 
reports

•	 No randomized trial evaluating the role of CCBs or nitrates in this setting
•	 Could be used in selected situations when they are unlikely to lead to harm

 (Continued)
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for diagnosing functional coronary abnormali-
ties.107 Nevertheless, invasive testing of this nature 
requires specialist resources and expertise, is cur-
rently not widely available, and its role in this set-
ting has not been validated. At present the 
American College of Cardiology/American Heart 
Association assigns this testing a class IIB recom-
mendation in appropriately selected patient 
groups.108 Further, the role of invasive pharmaco-
logic provocation in risk-stratifying patients with 
suspected 5-FU cardiotoxicity is unclear, as there 
is currently no evidence that a positive provoca-
tion test predicts cardiotoxicity. Indeed success-
fully identifying endothelial dysfunction or 
primary smooth muscle dysfunction does not nec-
essarily yield the mechanism behind each patient’s 
symptoms as this testing can only identify coro-
nary vasospasm, which is one potential mecha-
nism of 5-FU-induced cardiotoxicity and ignores 
the potential role of other mechanisms such as 
direct cellular toxicity. Further studies clarifying 
the potential role of invasive pharmacologic test-
ing are required.

Table 2 outlines potential management strategies 
that have been shown to be effective and those 
which are ineffective or for which evidence is lack-
ing when approaching chemotherapy for patients 
with suspected 5-FU-related cardiotoxicity. 
Important principles that should be considered 
include treatment intent and the availability of 
treatment regimens containing non-fluoropyrimi-
dine or alternative fluoropyrimidine with more 
acceptable toxicity profiles. When rechallenging 
with a fluoropyrimidine is being considered, clini-
cians and patients should undergo a detailed and 
informed discussion about the potential risks and 
benefits of such a strategy. Further, appropriate 
precautions including pretreating patients with 

cardioprotective medication such as calcium chan-
nel blockers and nitrates and careful cardiac moni-
toring could help to mitigate risk. Additionally, if 
the risk to benefit ratio of rechallenging with 5-FU 
is deemed acceptable, using a bolus regimen has 
consistently been proven to be safer than a con-
tinuous infusion and should be the method of 
choice for drug administration.6,7,109,110

Preventing 5-FU-induced coronary vasospasm in 
the first place is a further approach that clinicians 
could consider by determining in advance which 
patients have endothelial dysfunction using non-
invasive testing such as ultrasound-guided flow-
mediated dilation. Those with suspected 
endothelial dysfunction demonstrated noninva-
sively could then be pretreated in a prophylactic 
fashion with calcium channel blockers or other 
vasodilatory cardiovascular medication prior to 
administering 5-FU. This approach may prevent 
symptoms and adverse health consequences 
amongst patients receiving 5-FU and could addi-
tionally have benefits in healthcare resource allo-
cation and cost-effectiveness. However, to date 
this technique has not been investigated as part of 
any controlled trial and should be studied and 
validated before being recommended as part of 
routine clinical practice.

Conclusion
Cardiotoxicity related to 5-FU administration is a 
poorly understood but relatively common clinical 
entity that deserves special consideration given 
the frequent use of this chemotherapeutic agent 
and the potential morbidity and mortality associ-
ated with its use. Patients with pre-existing car-
diovascular disease receiving continuous infusions 
of FU, as opposed to a bolus-based regimen, may 

 Antidote therapy? •	 Toxicity is thought to be related to metabolite FUTP
-	 Uridine is a naturally occurring nucleoside: competes with FUTP for 

incorporation into RNA
- Can reduce FU toxicity to normal tissues123

- Has not been studied in FU-related cardiotoxicity
- Can cause phlebitis and requires central access for administration
•	 Uridine triacetate is an oral active prodrug of uridine
- Higher bioavailability
- Approved by FDA in 2015 (for FU or capecitabine overdose in patients with 

severe/life-threatening toxicity of cardiovascular or central nervous system)
- Could be used in severe toxicity124

CAD, coronary artery disease; CCB, calcium channel blocker; DPD, Dihydropyrimidine Dehydrogenase; ECG, electrocardiograph; FDA, US Food and 
Drug Administration; FU, fluorouracil; FUTP, 5-fluorouridine triphosphate; UFT, Uracil-tegafur.

Table 2. (Continued)
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be at increased risk. The mechanism of 
5-FU-related cardiotoxicity is incompletely 
understood and may arise from a combination of 
ischemia related to coronary vasospasm and 
direct myocardial cell toxicity, though further 
clinical studies in human subjects are required to 
clarify this. Management of affected patients 
focuses on determining whether 5-FU can rea-
sonably be attributed to the cardiotoxicity, identi-
fying and treating other coexisting coronary 
disease and determining if further 5-FU is 
required or whether acceptable alternative treat-
ments can be safely used. When further doses of 
5-FU are required, clinicians should proceed cau-
tiously, consider using prophylactic antianginal 
therapy and monitor patients closely with a low 
threshold to discontinue therapy. Randomized 
clinical trials comparing different approaches to 
managing these patients will be essential to clarify 
the optimal strategy.
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