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Abstract: Cardiovascular diseases and cancer are the leading cause of morbidity and mortality
globally. Cardiotoxicity from chemotherapeutic agents results in substantial morbidity and mortality
in cancer survivors and patients with active cancer. Cardiotoxicity induced by 5-fluorouracil (5-FU)
has been well established, yet its incidence, mechanisms, and manifestation remain poorly defined.
Ischemia secondary to coronary artery vasospasm is thought to be the most frequent cardiotoxic
effect of 5-FU. The available evidence of 5-FU-induced epicardial coronary artery spasm and coronary
microvascular dysfunction suggests that endothelial dysfunction or primary vascular smooth muscle
dysfunction (an endothelial-independent mechanism) are the possible contributing factors to this
form of cardiotoxicity. In patients with 5-FU-related coronary artery vasospasm, termination of
chemotherapy and administration of nitrates or calcium channel blockers may improve ischemic
symptoms. However, there are variable results after administration of nitrates or calcium channel
blockers in patients treated with 5-FU presumed to have myocardial ischemia, suggesting mechanisms
other than impaired vasodilatory response. Clinicians should investigate whether chest pain and
ECG changes can reasonably be attributed to 5-FU-induced cardiotoxicity. More prospective data
and clinical randomized trials are required to understand and mitigate potentially adverse outcomes
from 5-FU-induced cardiotoxicity.

Keywords: cardio-oncology; cardiotoxicity; cancer; ischemic heart disease; fluoropyrimidines

1. Introduction

In recent years, important progress in the oncological field has led to an increase in
cancer survival rates in high-income countries [1]. Cardiovascular toxicity is not uncom-
mon, with more and more oncological patients having to co-exist with cardiovascular
comorbidities. This has led to the concept of “cardio-oncology” [2,3].

Fluoropyrimidines, such as 5-fluorouracil (5-FU) and its oral prodrug capecitabine,
are the third most common drug used for the treatment of solid malignancies such as
breast, colorectal, head, neck, gastrointestinal, and bladder cancer [4–6]. These antimetabo-
lite drugs have a structure similar to that of the substrates and enzymes necessary for
DNA replication; specifically, 5-FU is an analogue of uracil with a substitution by fluo-
rine of a hydrogen at position 5′ of the pyrimidine ring [7,8]. Cytotoxicity results from
5-FU inhibiting the activity of thymidylate synthase (TS) and from misincorporating its
metabolites into DNA and RNA [9,10]. Capecitabine is a prodrug converted to 5-FU
through thymidine phosphorylase, an enzyme highly present inside tumor cell. This results
in higher intratumor concentrations of 5-FU compared with normal tissue [11].

Regrettably, fluoropyrimidines are strongly associated with cardiac adverse events and
are the second most common drug associated with cardiotoxicity after anthracyclines [6].
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The clinical manifestations of fluoropyrimidines-induced cardiotoxicity are various, rang-
ing from chest pain, hypotension, or dyspnea to myocardial infarction, life-threatening
arrhythmias, and death [6,12].

Although the pathophysiological mechanisms behind fluoropyrimidines-induced
cardiotoxicity are yet to be fully understood, coronary vasospasm and microcirculatory
dysfunction most likely play a role in the development of myocardial ischemia and chest
pain, which is the predominant manifestation of 5-FU induced cardiotoxicity.

This review aims to examine the characteristics and the role of vasospasm and the
potential role of microcirculatory dysfunction in patients with fluoropyrimidines-induced
ischemic heart disease. The included studies consisted of both prospective and retrospective
studies (Table 1).

Table 1. Summary of studies evaluating the incidence of coronary vasospasm in patients treated
with 5-FU.

Author
[Reference]

Sample
Size, n

Study
Design

Fluoropyrimidine
Type

Overall
Incidence of

5-FU Induced
Cardiotoxicity, %

Presentation of
Cardiotoxicity

Coronary Angiogra-
phy/Ventriculography

Polk et al. [13] 2236 Retrospective 5-FU or
capecitabine 4.6%

• Chest pain
• Myocardial infarction
• Cardiac arrest
• Sudden death
• Heart failure

• Angiography per-
formed in 24 patients:
13% had obstructive
CAD

• Coronary spasm was
not documented at
coronary angiogra-
phy

Polk et al. [14] 452 Retrospective 5-FU 4.9%

• Chest pain
• Myocardial infarction
• Ischemic ECG changes

(ST-deviation followed
by T waves
abnormalities)

• ECG changes or
arrhythmias (atrial
fibrillation, QTc
prolongation)

• Dyspnoea
• Cardiac arrest

N/A

Abdel-Rahman
et al. [15] 3223

Pooled
analysis
of five
RCT

5-FU 7.9%

• Chest pain
• Myocardial infarction
• ECG changes or

arrhythmias (Atrial
flutter, Atrial
fibrillation, AV-block,
BBB, Ventricular
arrhythmias)

N/A

Peng et al. [16] 527 Retrospective 5-FU or
capecitabine 30.6%

• Chest pain
• Myocardial infarction
• Ischemic ECG changes

(ST-deviations/ T wave
abnormalities)

• ECG changes or
arrhythmias (atrial
fibrillation, conduction
blocks)

• Heart failure

N/A

Kwakman et al.
[17] 1973

Pooled
analysis
analysis
of three

RCTs

Capecitabine 5.9%

• Chest pain
• Myocardial

injury/infarction
• Myocardial infarction
• ECG changes or

arrhythmias (Atrial
fibrillation, AV block,
Ventricular fibrillation)

• Heart failure

N/A
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Table 1. Cont.

Author
[Reference]

Sample
Size, n

Study
Design

Fluoropyrimidine
Type

Overall
Incidence of

5-FU Induced
Cardiotoxicity, %

Presentation of
Cardiotoxicity

Coronary Angiogra-
phy/Ventriculography

Tsibiribi et al.
[18] 1350 Prospective 5-FU 1.2% • Chest pain

• Myocardial infarction
N/A

Akhtar et al.
[19] 100 Prospective

5-FU
(Continuous

infusion)
8%

• Chest pain
• ECG changes
• Cardiogenic shock

N/A

Keefe et al. [20] 910 Prospective 5-FU 0.55%

• Chest pain
• Myocardial infarction
• ST-elevation
• Ventricular

arrhythmias
• Cardiac arrest

N/A

de Forni et al.
[21] 367 Prospective

5-FU
(Continuous

infusion)
7.6%

• Chest pain
• Unstable angina
• Ischemic ECG changes

(ST-deviation; T-wave
inversion)

• Sudden death
• Arrhythmias
• Dyspnea

N/A

Jeremic et al.
[22] 80 Prospective 5-FU and

cisplatin 15%

• Chest pain
• Ischemic ECG changes

(ST-T wave
abnormalities)

• Arrhythmias

N/A

Eskilsson et al.
[23] 76 Prospective

5-FU (Continuous
infusion) and

cisplatin
18%

• Chest pain
• ECG changes or

arrhythmias (Atrial
fibrillation, ventricular
fibrillation)

• Sudden death

N/A

Labianca et al.
[24] 1083 Retrospective 5-FU 1.6% • Chest pain

• Myocardial infarction
N/A

Pottage et al.
[25] 140 Prospective 5-FU 2.9%

• Chest pain
• ST segment deviation;

T-wave inversion
• Myocardial Infarction

N/A

Ng et al. [26] 153

Pooled
analysis
of two

prospec-
tive

trials

Capecitabine and
oxaliplatin

6.5%
(Chest pain 4.6%)

• Chest pain at rest
• Chest pain during

exertion
• Elevated troponins
• Ischemic ECG changes

(ST-depression, Q
waves, T waves
abnormalities)

• ECG changes or
arrhythmias
(Ventricular tachycar-
dia/fibrillation)

• Sudden cardiac death
• Heart failure

One patient

Meyer et al.
[27] 483 Prospective

5-FU
(Continuous

infusion)
1.9%

• Chest pain
• ECG changes or

arrhythmias
(bradycardia,
tachycardia, RBBB,
PVCs)

• Hypotension
• Hypertension
• Dyspnea

N/A
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Table 1. Cont.

Author
[Reference]

Sample
Size, n

Study
Design

Fluoropyrimidine
Type

Overall
Incidence of

5-FU Induced
Cardiotoxicity, %

Presentation of
Cardiotoxicity

Coronary Angiogra-
phy/Ventriculography

Wacker et al.
[28] 102 Prospective

5-FU
(80% continuous

infusion; 20%
bolus)

19%

• Chest pain with ECG
changes

• Ischemic ECG changes
(ST-deviation)

• ECG changes or
arrhythmias
(bradycardia, PVCs,
Prolonged QTc)

Six patients:
• All non-obstructive

CAD
• Coronary spasm was

not documented at
coronary angiogra-
phy

Jensen et al.
[29] 668 Retrospective 5-FU or

capecitabine 4.3% Chest pain N/A

Khan et al. [30] 301 Retrospective 5-FU 19.9%

• Chest pain
• Elevated biomarkers of

myocardial necrosis
• Ischemic ECG changes

(ST-deviation, T wave
changes)

• ECG changes or
arrhythmias
(Bradycardia, AV block,
Ventricular
tachycardia)

• Cardiac arrest
• Hypotension
• Hypertension
• Heart failure

N/A

Rezkalla et al.
[31] 25 Prospective

5-FU
(Continuous

infusion)
24%

• Chest pain at rest
during infusion

• Ischemic ECG changes
(ST-deviation during
infusion)

• Sudden death

N/A

Zafar et al. [32] 4019 Retrospective 5-FU 2.2%

• Chest pain
• Elevated troponins

(conventional or high
sensitivity)

• Ischemic ECG changes
(ST-deviation, T wave
changes)

• Dyspnea
• Syncope

N/A

Kosmas et al.
[33] 644 Prospective 5-FU and oral

capecitabine 4.03%

• Chest pain/discomfort
• Ischemic ECG changes

(ST-deviation, T wave
changes) with or
without raised
biomarkers of
myocardial necrosis

• ECG changes or
arrhythmias (PVCs, AV
blocks)

• Malaise, diaphoresis
• Syncope

N/A

Meydan et al.
[34] 231 Prospective

5-FU
(2 days infusional

regimen)
3.9%

• Unstable angina
• Myocardial infarction
• Pericarditis
• Congestive heart

failure
• Atrial fibrillation

N/A

Eskilsson et al.
[35] 58 Prospective 5-FU 14%

• Chest pain
• Ischemic ECG changes

(ST-segment elevation
followed by T-wave
inversion)

• ECG changes or
arrhythmias (Ectopic
atrial rhythm,
Prolonged PR interval)

N/A
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Table 1. Cont.

Author
[Reference]

Sample
Size, n

Study
Design

Fluoropyrimidine
Type

Overall
Incidence of

5-FU Induced
Cardiotoxicity, %

Presentation of
Cardiotoxicity

Coronary Angiogra-
phy/Ventriculography

Case reports and case series

Lestuzzi et al.
[36] 3 Case

report
5-FU

(Continuous
infusion)

100%

• Chest pain during
effort with ECG
changes (ST-elevation/-
depression; negative T
waves)

N/A

Luwaert et al.
[37] 1 Case

report
5-FU

(Continuous
infusion)

100%
• Chest pain at rest, with

ST-segment elevation
in leads I.aVL, V4-6,
and II,III,aVF

• Non-obstructive
CAD

• Coronary spasm was
not documented at
coronary angiogra-
phy

Henry et al.
[38] 1 Case

report Capecitabine 100% • Chest pain during
effort

N/A

Kleiman et al.
[39] 1 Case

report
5-FU

(Continuous
infusion)

100%
• Chest pain with ECG

changes (ST segment
elevation) and PVCs

N/A

Suresh et al.
[40] 1 Case

report
5-FU

(Continuous
infusion)

100% • Chest pain at rest
during infusion

• Non-obstructive
CAD

• Coronary spasm was
not documented at
coronary angiogra-
phy

Frickhofen et al.
[41] 1 Case

report
5-FU

(Continuous
infusion)

100%

• Chest pain with ECG
changes (negative
T-waves in leads AVL, I
and V4–V6),
unresponsive to
treatment

• Recurring chest pain
with ECG changes (ST-
elevations in leads I, II,
AVL, AVF and V3–V6),
unresponsive to
treatment

• Non-obstructive
CAD

• Coronary spasm was
not documented at
coronary angiogra-
phy

Clasen et al.
[42] 11 Case

series 5-FU 100%

• Persistent chest pain
and ischemic ECG
changes (ST- elevation)

• Intermittent and
recurrent chest pain

• 4 patients: 3 patients
had evidence of non-
obstructive CAD; 1
patient had evidence
of flow limiting steno-
sis on RCA requiring
stent apposition

• 3 patients had coro-
nary CT scans with
no evidence of CAD
or coronary calcifica-
tion

• Coronary spasm was
not documented at
coronary angiogra-
phy

Alter et al. [43] 1 Case
report

5-FU and
cisplatin 100%

• Chest pain during
infusion of 5-FU
relieved by treatment
discontinuation

• Evidence of ischemia in
septal, infero-septal
and in the inferior wall
on SPECT

• Non-obstructive
CAD

• Diffuse spams of the
circumflex artery on
cold pressor test dur-
ing angiography re-
versed by coronary
vasodilators
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Table 1. Cont.

Author
[Reference]

Sample
Size, n

Study
Design

Fluoropyrimidine
Type

Overall
Incidence of

5-FU Induced
Cardiotoxicity, %

Presentation of
Cardiotoxicity

Coronary Angiogra-
phy/Ventriculography

Arbea et al. [44] 1 Case
report

Oxaliplatin and
oral capecitabine 100%

• Chest pain at rest
• Chest pain with ECG

and stress
echocardiography
abnormalities
(ST-elevation in
precordial and inferior
leads and akinesia and
severe hypokinesia in
the territory of the RCA
and LAD)

• Non-obstructive
CAD

• No evidence of in-
ducible epicardial va-
sospasm during er-
gonovine testing

Klag et al. [45] 1 Case
report Capecitabine 100%

• Acute chest pain
• Elevated troponins
• ST-elevation
• Dyspnea

• Non-obstructive
CAD

• Apical dyskinesia
with typical api-
cal ballooning and
systolic dysfunction

• Acetylcholine-
induced diffuse
vasospasm of the
LAD, reversed by
coronary vasodilators

Kim et al. [46] 1 Case
report

5-FU
(Continuous

infusion)
100%

• Acute chest pain
• ST-elevation in lateral

leads

• Significant atheroscle-
rosis in the proximal
left circumflex artery
requiring DES apposi-
tion

• Coronary spasm was
not documented at
coronary angiogra-
phy

Yuan et al. [47] 2 Case
series 5-FU 100%

• Chest pain
• Raised biomarkers of

myocardial necrosis
• Ischemic ECG changes

(hyperacute T waves,
new LBBB)

• Left ventricular
EF≤25% with severe
hypokinesia

• Dyspnea

• Coronary CT re-
vealed normal
coronaries with no
stenosis.

Yildirim et al.
[48] 1 Case

report
5-FU

(Continuous
infusion)

100% • Chest pain
• ST-depression

N/A

Patel et al. [49] 7 Case
series 5-FU 100%

• Chest pain
• Ischemic ECG changes

(new Q waves, ST-
elevation/depression)

• Ventricular tachycardia
• Cardiac arrest
• Hypotension
• Left ventricular

dysfunction

N/A

Akpek et al.
[50] 1 Case

report
5-FU

(Continuous
infusion)

100%

• Recurrent chest pain
during infusions
relieved by treatment
discontinuation and
vasodilators

• Ischemic ECG changes
(ST-elevation followed
by T-wave inversion)

• Normal coronary ar-
teries at coronary an-
giography

• Coronary spasm was
not documented at
coronary angiogra-
phy

Abbreviations: 5-FU = 5- fluorouracil; AV = atrioventricular; BBB = Bundle branch block; CAD = coronary artery
disease; CT = computed tomography; ECG = electrocardiography; EF = ejection fraction; LAD = left anterior
descending artery; LBBB = left bundle branch block; PVCs = premature ventricular contractions; RBBB = right
bundle branch block; RCA = right coronary artery; SPECT = single photon emission computed tomography.
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2. The Quality of Chest-Pain Symptoms

The most common clinical manifestation of 5-FU cardiotoxicity is chest pain, which
can be either nonspecific or anginal and is often, but not always, associated with elec-
trocardiographic (ECG) changes [26] (Table 1). Chest pain may occur at rest or be effort
related. Serum biomarkers of cardiac injury are rarely elevated, as documented by some
observations. ECG evidence of ischemic ST-T changes can be recorded in 69% of patients,
but abnormal cardiac enzymes can be found in only 12% [51]. A recent article has differ-
entiated between a more typical and acute chest pain and a more atypical and persistent
chest pain, both due to fluoropyrimidines [52]. A 42-year-old woman developed a crushing
chest pain across her precordium during the first bolus of 5-FU. The ECG showed diffuse
ST-segment elevation, but coronary angiography showed no epicardial coronary artery
disease (CAD). In contrast, a 54-year-old man experienced a typical retrosternal chest
discomfort at rest. ECG changes were undetectable. Coronary computed tomography
angiography was performed with no evidence of epicardial CAD. Both patients were
diagnosed as having coronary vasospasm. These case reports well illustrate the variety
of chest pain symptoms at presentation that may accompany 5-FU cardiotoxicity, which
may constitute a great source of consternation to practicing physicians. What, therefore,
are the primary implications of this finding? First, although many studies have well doc-
umented that patients are more likely to experience subsequent coronary events if they
present with typical symptoms [53], it is recommended that clinicians do not exclude the
occurrence of coronary vasospasm based only on the quality of the symptoms. Second,
these data do not suggest that all patients presenting with non-specific chest pain require
specific treatment for coronary vasospasm even if they have recurrence of the symptoms.
Conversely, these data reinforce the idea that diagnosis of coronary vasospasm would
be missed in most patients if clinicians rely on the credence that symptoms should fit
with the description of classic angina pectoris. Further investigations, including 24 h ECG
monitoring, angiography, or computed tomography angiography, are required.

3. Risk Factors for Chest Pain Due to Fluoropyrimidines

Several potential risk factors for 5-FU chest pain have been suggested, including
underlying CAD, older age, and concomitant use of other treatments with cardiac side
effects. Patients with pre-existing cardiac disease were at elevated risk of cardiotoxicity
(risk ratio = 6.83, p-value = 0.0023) in a small cohort in which cardiotoxicity occurred in 7 of
the 209 patients receiving their first course of 5-FU [27]. Nevertheless, there have been some
inconsistencies with such hypotheses, as documented by further studies including patients
who underwent coronary angiography for persisting angina. Coronary angiography did
not show obstructive CAD in any of these patients [28]. Older age was supposed to
be a risk factor for 5-FU chest pain. However, data did not support this belief [29,51].
Concomitant administration of other chemotherapeutic agents with cardiac side effects
has been suggested as a reason for an increased risk of 5-FU cardiotoxicity. Still, this is
a further assumption as there was only some evidence for increased cardiotoxicity with
concomitant cisplatin treatment. The effects of previous or current chest-radiotherapy were
also ambiguous [30].

In summary, to date there are insufficient data to ascertain risk well enough to justify
withholding therapy in patients undergoing 5-FU treatment.

4. The Long-Standing History of Fluoropyrimidines-Induced Vasospasm

Cases of angina or myocardial ischemia following administration of 5-FU or capecitabine
have been reported since the early 1970s [54]. Several case reports and case series suggested
vasospasm as one of the possible mechanisms leading to ischemia of the myocardium
(Table 1). This hypothesis is mainly based on the improvement of symptoms after ad-
ministration of nitrates or calcium channel blockers (CCBs), as well as on the absence of
angiographic evidence of obstructive CAD. Other indirect evidence of vasospasm comes
from the clinical characteristics and ECG findings of patients administered with fluo-
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ropyrimidines. The observation of effort angina pectoris or angina at rest accompanied
by transient ST-segment elevation, mainly recorded during the recovery phase of stress
testing, are all features compatible with an acute, transient, complete obstruction of the
coronary flow rather than with a chronic flow-limiting coronary stenosis [36,55]. In the
early 1990s, Luwaert and colleagues [37] actually documented focal coronary vasospasm in
a 70-year-old man after two boluses of 5-FU. Over the following years, studies conducted
on animal models reinforced the role of vasospasm as a plausible pathophysiologic mecha-
nism leading to myocardial ischemia: Mosseri and colleagues observed increasing rates
of endothelium-independent vasoconstriction in rabbit aorta rings following administra-
tion of progressively higher dosages of 5-FU [56]. Such observations were confirmed in
human models, where 5-FU exerted a higher vasoconstricting effect on brachial arteries
of treatment arm compared with control [57]. Südhoff and colleagues attributed a leading
role in the pathophysiology of fluoropyrimidine-induced cardiotoxicity to vasoconstriction.
This hypothesis was supported by the observation that coronary vasoconstriction occurred
during or immediately after the infusion of 5-FU, disappeared after drug discontinuation,
and reoccurred when further cycles of 5-FU administration were given. Some observa-
tions of vasospasm and vasospasm-induced myocardial ischemia were also made after
administration of capecitabine [38].

5. Uncertainties in Vasospasm Characterization and Its Impact on Management

Despite the clear clinical and pathophysiologic importance of vasospasm as a putative
mechanism of fluoropyrimidine-related cardiotoxicity, this side effect is yet to be fully
characterized (Table 1). Indeed, most studies investigating this issue included small, het-
erogenous samples that did not undergo routine coronary angiography during the onset
of symptoms [39,40]. Chest pain and ECG findings cannot establish a firm diagnosis of
coronary vasospasm. In cancer patients, the perception of chest pain is altered [58], either
by a direct effect exerted by the tumour itself or by the administration of analgesics and
narcotics prescribed to treat cancer pain, such as opioids in combination with non-steroidal
anti-inflammatory drugs [59] or acetaminophen [60]. The lack of a clear symptomatology
suggestive of coronary vasospasm in oncological patients has been confirmed by Rezkall
and colleagues [31]. These authors conducted a prospective study on 25 patients undergo-
ing 5-FU infusion. Following continuous ECG monitoring, 17 patients had asymptomatic
ECG changes during infusion. It follows that the real epidemiology of coronary vasospasm
following fluoropyrimidines administration is complex and needs to be fully understood.

Incidence of coronary vasospasm in 2021, a large cohort study by Zafar and col-
leagues [32], aimed to better define the real incidence of fluoropyrimidine-induced va-
sospasm. The study comprised 4019 patients who received either bolus or infusion therapy
with 5-FU. Of these patients 87 (2.6%) developed coronary vasospasm, mostly after the first
cycle of therapy. These patients were younger (age 58± 13 years vs. 64± 13 years; p = 0.001)
and had fewer cardiovascular risk factors (70.1% vs. 84.5%; p = 0.007) when compared to
those not developing coronary vasospasm. No sex- or race-dependent differences were
observed between the two groups. Although in the analysis by Zafar and colleagues, no
differences in prognosis were observed between patients with and those without coronary
vasospasm, other investigations have observed patients with of severe outcomes, ranging
from development of myocardial infarction to sudden cardiac death [51].

The risk of coronary vasospasm depends on the cumulative dose [41], the schedule [33],
and the route of administration [34] and it is increased in the presence of a concomitant
administration of cisplatin-based chemotherapy which leads to hypomagnesemia [61].
Re-challenge is not advised since there is a higher risk of death, myocardial infarction,
and cardiogenic shock [42]. If re-challenge is needed, the American College of Cardiology
recommends switching to a bolus regimen rather than continuous infusion. Further, it
recommends administering nifedipine and isosorbide mononitrate before treatment, short-
acting diltiazem and sublingual nitroglycerin during the treatment, and the association of
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nifedipine with isosorbide 12 h after the treatment. Finally, it recommends administering
only nifedipine 24 h after the treatment [62].

6. Focal or Diffused Coronary Spasm: An Important Distinction

Coronary vasospasm is not a homogeneous entity. The term “vasospastic angina”
refers to a condition that may be caused by focal coronary artery spasm or by diffuse spasm
of the entire coronary arterial tree, namely vasotonic angina. These two major categories
are distinct entities and should be managed differently [63].

6.1. Focal Coronary Spasm

Focal epicardial coronary artery spasm may be identified in some patients with angio-
graphically normal or near normal coronary arteries. Focal epicardial coronary artery spasm
is often considered a synonymous of variant angina, also called Prinzmetal’s angina. How-
ever, it should be recognized that coronary artery spasm is not specific to Prinzmetal angina.
On selective coronary angiography, 0.5–0.8% of patients could show evidence of coronary
artery spasm stimulated either by the tip of the catheter or the contrast medium [64]. Focal
epicardial coronary vasospasm can be effectively detected through intravenous administra-
tion of ergonovine or acetylcholine [65,66]. It is characterized by local segmental coronary
hyperreactivity of the smooth muscle to a variety of stimuli that produce only mild con-
striction in non-spastic segments of the coronary arteries [67]. Focal coronary vasospasm is
usually found in correspondence of mild atherosclerotic plaques. Atherosclerotic disease
affecting large coronary arteries altered their vasomotor tone and reactivity. There is an
intimate association of spasm with sites of organic stenosis. Atherosclerotic segments may
be deficient in the production of prostacyclin, which has marked endothelial-dependent
vasodilation and platelet aggregation inhibiting properties. This could result in unop-
posed effects of thromboxane A2 released by platelets and subsequent vasoconstriction and
activation of platelet glycoprotein IIb/IIIa receptor [68].

6.2. Diffuse Coronary Spasm: Vasotonic Angina

Diffuse spasm is a manifestation of endothelial dysfunction that alters and enhances
vessel reactivity to normal sympathetic stimulation, partly due to reduced shear-mediated
nitric oxide (NO) release and excess of reactive oxygen species [69,70]. A heightened
direct constrictor response of vascular smooth muscle can also be implied [71]. This
disorder may affect the epicardial coronaries as well as the microcirculation. Coronary
microcirculation includes different anatomically and functionally vascular compartments
(<500 µm diameter) and has a critical role in the physiological regulation of myocardial
perfusion [72]. Since it cannot be seen in invasive procedures such as angiography, its role
is often just an assumption.

A study conducted by a research group of the University of Bologna is crucial to
demonstrate that vasotonic angina actually is a disorder of the entire coronary arterial
tree [66,73]. Patients with vasotonic angina showed epicardial vasoconstriction which
was usually severe and confined to the distal segments of the coronary arteries. Despite
administration of intracoronary nitroglycerin and the resolution of spasm in the epicardial
arteries, the researchers found that the resistance to blood flow was persisting, which
suggests that the microcirculation is still the major culprit. It has been estimated that
coronary microvascular spasm accounts for approximately 27% of patients with myocardial
infarction with non-obstructive coronary artery disease (MINOCA) [72,74].

6.3. Type of Coronary Spasm Associated with Fluoropyrimidine Administration

In the case of fluoropyrimidine-induced cardiotoxicity, several case reports and case
series reported clinical pictures compatible with variant angina in patients who had a
history of angiographically documented coronary artery lesions [43]. However, invasive
assessment of the coronary tree was often not repeated after fluoropyrimidine administra-
tion, so a definite causal association between coronary atherosclerotic plaques and coronary



J. Clin. Med. 2022, 11, 1244 10 of 16

vasospasm could not be ascertained. In 1989, Kleinman and colleagues [39] described the
case of a 63-year old man treated with 5-FU who presented with recurrent episodes of
angina followed by transient ST-segment elevation that was promptly relieved by nitrates
administration, and effectively controlled by the use of CCBs. These elements induced the
authors to hypothesize that the patient may have developed Prinzmetal’s angina. Still, no
angiographic testing was conducted to document the occurrence of coronary spasm. In a
study by Luwaert and colleagues [37], the type of coronary spasm detected at angiogra-
phy appeared to be focal, with a 70% narrowing of the left circumflex artery, a degree of
vasoconstriction that may induce chest pain even in the absence of significant ST elevation.
Other investigators, however, were unable to uncover focal spasm during ergonovine test-
ing [44]. Moreover, recent reports described cases of capecitabine-induced diffuse spasm
accompanied by clinical and echocardiographic signs of Takotsubo Syndrome [45].

The evidence of fluoropyrimidine-induced diffuse spasm of the coronary arterial
tree is compliant with the hypothesis that endothelial dysfunction or primary vascular
smooth muscle dysfunction (an endothelial-independent mechanism) is a possible con-
tributing factor to this form of cardiotoxicity. Fluoropyrimidines exert their toxic effect on
the endothelium through a plethora of different mechanisms. Cwikiel and colleagues [75]
observed that these antitumor agents caused direct cytotoxic effect on endothelial cells, as
demonstrated by the high level of vessel wall and endothelial cell contraction, cell edema,
cytolysis, occurrence of denuded areas, platelet adhesion/aggregation and fibrin formation.
These factors certainly act through endothelial nitric oxide synthase (eNOS) [76], as NO pro-
duced by eNOS and its interaction with serine/threonine protein kinase Akt/PKB [77], is a
key determinant of cardiovascular tone [78–80]. These factors have also been demonstrated
to increase the levels of free radicals and endothelin-1, which has a potent vasoconstricting
effect [81].

6.4. The Role of Microcirculation

Microvascular dysfunction appears to be involved in fluoropyrimidine-induced coro-
nary vasospasm. This hypothesis is supported by the evidence of global akinesia or
dyskinesia at echocardiography in myocardial regions not supplied by stenotic coronary
arteries [82]. However, this finding must be interpreted cautiously in light of a recent
report [83]. The combination of endothelial dysfunction (defined as a decrease in luminal
diameter of >20% after intracoronary acetylcholine) and microvascular dysfunction (de-
fined as an index of microcirculatory resistance of ≥25) is present in only 10% of the overall
population of patients with normal or near-normal coronary arteries. Indeed, the majority
of these patients were found to have myocardial bridging (55%), and a substantial number
of patients had some evidence of atherosclerosis based on intravascular ultrasound exami-
nation. It follows that microvascular dysfunction and atherosclerosis, although causally
related in many patients, are distinct problems and may exist separately. Thus, many
patients may show myocardial ischemia subsequent to hidden atherosclerosis, normal
coronary arteries at angiography, and normal microvascular function. Coronary throm-
boemboli, without causing significant obstruction, could induce coronary artery spasm and
cause acute myocardial infarction [84]. Such thromboemboli could occur mainly in patients
with prosthetic valves or cancer [85,86].

7. Type of Spasm and Impact on Therapy

Focal coronary artery spasm can be effectively treated by CCBs and nitrates [43,46–48,86].
The renin–angiotensin system inhibitors may prove to be useful in long-term management
as well. Treatment of diffuse coronary spasm is less defined, with a possible role for
angiotensin-converting enzyme inhibitor therapy and supplementation with folic acid,
which may alleviate the impaired endothelium-dependent arterial vasodilation. Of note,
some studies were at variance and showed that in a few patients with variant angina the
administration of L-type CCBs (nifedipine, verapamil, and diltiazem) or nitrates were not
successful in relieving symptoms [35,49,50,56]. This finding may support the possible role
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of microcirculation at least in some patients, as the microvessels have a greater prevalence
of T-type calcium channels, and L/T-type CCBs (e.g., mibefradil and efonidipine) have a
higher efficacy compared with L-type CCBs [87]. The positive role of L/T-type CCBs on
the microcirculation has been shown by studies that described clinical and angiographic
improvements in the coronary slow flow phenomenon following the administration of
mibefradil [88] or nicardipine [89].

A further caveat should be noted. Shimokawa et al. [90] demonstrated that as the
vessel size of the coronary microcirculation decreases, there is a progressive major role of
endothelium-derived hyperpolarizing factor (EDHF) rather than nitric oxide, the latter
being more important in the vasodilatation of epicardial large vessels.

In summary, the heterogeneity in the response to CCBs and to nitrates could explain
why there are variable results after administration of CCBs or nitrates in some patients
with 5-FU presumed to have myocardial ischemia. Induced chest pain persisted after
the administration of some types of CCBs or nitrates. One point is critical. Testing that
separates those patients whose symptoms are due to myocardial ischemia from those
whose pain is non-ischemic is strictly necessary. Even minimal atherosclerotic disease on
angiography (or intravascular ultrasound imaging) warrants risk-factor modification and
prevention therapies.

8. Management of Cardiotoxicity

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
agent and the cardiac complications associated with its use. The mechanism of 5-FU-
related cardiotoxicity may occur from a combination of ischemia related to epicardial
coronary vasospasm and microvascular dysfunction. Further clinical studies in humans are
required to clarify these mechanisms. Patients with 5-FU based chemotherapy who develop
vasospasm are difficult to manage. Patients who present with chest-pain symptoms should
be routinely referred to cardio-oncology for optimization of their medications. Patients
should receive a baseline ECG. Patients should also be instructed to stop therapy and to
call the emergency department if experiencing any chest discomfort at home. Clinicians
should determine if further 5-FU is required or whether acceptable alternative treatments
can be safely used. When further doses of 5-FU are necessary, clinicians should proceed
cautiously. Management of the affected patients should focus on separating patients whose
symptoms are due to myocardial ischemia from those whose pain is non-ischemic. Coronary
angiography or computed tomography angiography is required as it would seem prudent
to perform a sensitive screen for significant fixed coronary disease prior to performing
any provocative testing for a diagnosis of coronary spasm. Patients with normal or near-
normal coronary arteries may undergo ergonovine or acetylcholine tests, which would
result in a better characterization of the vasospastic disease [91]. The possible coexistence
of coronary spasm in patients with severe coronary disease is clinically irrelevant. Patients
that have severe “fixed” coronary disease at angiography need revascularization. Old, but
still current guidelines support the usefulness of provocative testing for coronary spasm in
patients with “recurrent episodes of apparently ischemic cardiac pain at rest” and “normal
or mildly abnormal coronary angiogram” but no clinical observations, such as ST segment
shifts during rest ECG or 24 h ECG monitoring to substantiate the diagnosis of variant
angina [92]. It should not go unnoticed, however, that physicians have abandoned the use
of intracoronary provocative testing in the last two decades. Some cardiologists believe
that ex juvantibus criteria such as the use of CCBs, possibly combined with nitrates, may
be helpful as provocative testing in the diagnostic evaluation of spasm. We may argue
that chest pain with or without ECG shifts is not synonymous of variant angina. Coronary
spasm in variant angina is a distinct entity and should be managed with CCBs and nitrates.
Symptom-relieving drugs, such as beta blockers, have been found to be effective in patients
with vasotonic angina and/or microvascular dysfunction [93]. Even minimal atherosclerotic
disease warrants risk-factor modification and prevention therapies. Avoiding unnecessary
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medicines and optimizing therapy when linked to the correct diagnosis will benefit patients,
health care providers, and the health care system.

9. Conclusions

In summary, the evidence of coronary vasospasm and microcirculatory dysfunction
in 5-FU-induced ischemic heart disease is still lacking. Physicians would consider urgent
coronarography for patients presenting with suspected acute coronary syndrome and
computed tomography angiography for low-risk patients with persistent minor or mild
symptoms. Additional provocative tests should be performed in patients with unobstructed
coronary arteries. Such an approach permits discrimination of variant angina and vasotonic
angina along with coronary microvascular disorders versus non-cardiac chest pain, which
permits distinct treatments outlined in consensus practice guidelines. When further doses of
5-FU are required, clinicians should proceed cautiously and wait for a definitive diagnosis
of coronary artery disease.

Author Contributions: N.F., R.B. and M.B., conceived and designed the manuscript, drafted the
manuscript, and revised it for important intellectual content. E.C. and O.M. made substantial
contributions to the conception and design of the manuscript, drafted the manuscript, the table and
revised it for important intellectual content. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We thank Fondazione Donato-Venturi for their continuous effort in promoting
effective and ever-improving research in oncology.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Arnold, M.; Rutherford, M.J.; Bardot, A.; Ferlay, J.; Andersson, T.M.; Myklebust, T.; Tervonen, H.; Thursfield, V.; Ransom,

D.; Shack, L.; et al. Progress in cancer survival, mortality, and incidence in seven high-income countries 1995-2014 (ICBP
SURVMARK-2): A population-based study. Lancet Oncol. 2019, 20, 1493–1505. [CrossRef]

2. Zamorano, J.L.; Lancellotti, P.; Rodriguez Muñoz, D.; Aboyans, V.; Asteggiano, R.; Galderisi, M.; Habib, G.; Lenihan, D.J.; Lip,
G.Y.H.; Lyon, A.R.; et al. 2016 ESC Position Paper on cancer treatments and cardiovascular toxicity developed under the auspices
of the ESC Committee for Practice Guidelines: The Task Force for cancer treatments and cardiovascular toxicity of the European
Society of Cardiology (ESC). Eur. Heart J. 2016, 37, 2768–2801. [CrossRef]

3. Oren, O.; Herrmann, J. Arterial events in cancer patients-the case of acute coronary thrombosis. J. Thorac Dis. 2018, 10, S4367–S4385.
[CrossRef]

4. Blum, J.L.; Barrios, C.H.; Feldman, N.; Verma, S.; McKenna, E.F.; Lee, L.F.; Scotto, N.; Gralow, J. Pooled analysis of individual
patient data from capecitabine monotherapy clinical trials in locally advanced or metastatic breast cancer. Breast Cancer Res. Treat
2012, 136, 777–788. [CrossRef]

5. O’Shaughnessy, J.A.; Kaufmann, M.; Siedentopf, F.; Dalivoust, P.; Debled, M.; Robert, N.J.; Harbeck, N. Capecitabine monotherapy:
Review of studies in first-line HER-2-negative metastatic breast cancer. Oncologist 2012, 17, 476–484. [CrossRef]

6. Sara, J.D.; Kaur, J.; Khodadadi, R.; Rehman, M.; Lobo, R.; Chakrabarti, S.; Herrmann, J.; Lerman, A.; Grothey, A. 5-fluorouracil
and cardiotoxicity: A review. Ther. Adv. Med. Oncol. 2018, 10, 1758835918780140. [CrossRef]

7. Shiga, T.; Hiraide, M. Cardiotoxicities of 5-Fluorouracil and Other Fluoropyrimidines. Curr. Treat Options Oncol. 2020, 21, 27.
[CrossRef]

8. Depetris, I.; Marino, D.; Bonzano, A.; Cagnazzo, C.; Filippi, R.; Aglietta, M.; Leone, F. Fluoropyrimidine-induced cardiotoxicity.
Crit Rev Oncol Hematol 2018, 124, 1–10. [CrossRef]

9. Longley, D.B.; Harkin, D.P.; Johnston, P.G. 5-fluorouracil: Mechanisms of action and clinical strategies. Nat. Rev. Cancer 2003, 3,
330–338. [CrossRef]

10. Alter, P.; Herzum, M.; Soufi, M.; Schaefer, J.R.; Maisch, B. Cardiotoxicity of 5-fluorouracil. Cardiovasc. Hematol. Agents Med. Chem.
2006, 4, 1–5. [CrossRef]

http://doi.org/10.1016/S1470-2045(19)30456-5
http://doi.org/10.1093/eurheartj/ehw211
http://doi.org/10.21037/jtd.2018.12.79
http://doi.org/10.1007/s10549-012-2288-x
http://doi.org/10.1634/theoncologist.2011-0281
http://doi.org/10.1177/1758835918780140
http://doi.org/10.1007/s11864-020-0719-1
http://doi.org/10.1016/j.critrevonc.2018.02.002
http://doi.org/10.1038/nrc1074
http://doi.org/10.2174/187152506775268785


J. Clin. Med. 2022, 11, 1244 13 of 16

11. Adjei, A.A. A review of the pharmacology and clinical activity of new chemotherapy agents for the treatment of colorectal cancer.
Br. J. Clin. Pharmacol. 1999, 48, 265–277. [CrossRef] [PubMed]

12. Polk, A.; Vaage-Nilsen, M.; Vistisen, K.; Nielsen, D.L. Cardiotoxicity in cancer patients treated with 5-fluorouracil or capecitabine:
A systematic review of incidence, manifestations and predisposing factors. Cancer Treat Rev. 2013, 39, 974–984. [CrossRef]
[PubMed]

13. Dyhl-Polk, A.; Vaage-Nilsen, M.; Schou, M.; Vistisen, K.K.; Lund, C.M.; Kumler, T.; Appel, J.M.; Nielsen, D.L. Incidence and
risk markers of 5-fluorouracil and capecitabine cardiotoxicity in patients with colorectal cancer. Acta Oncol. 2020, 59, 475–483.
[CrossRef] [PubMed]

14. Polk, A.; Shahmarvand, N.; Vistisen, K.; Vaage-Nilsen, M.; Larsen, F.O.; Schou, M.; Nielsen, D.L. Incidence and risk factors for
capecitabine-induced symptomatic cardiotoxicity: A retrospective study of 452 consecutive patients with metastatic breast cancer.
BMJ Open 2016, 6, e012798. [CrossRef]

15. Abdel-Rahman, O. 5-Fluorouracil-related Cardiotoxicity; Findings From Five Randomized Studies of 5-Fluorouracil-based
Regimens in Metastatic Colorectal Cancer. Clin Colorectal Cancer 2019, 18, 58–63. [CrossRef]

16. Peng, J.; Dong, C.; Wang, C.; Li, W.; Yu, H.; Zhang, M.; Zhao, Q.; Zhu, B.; Zhang, J.; Li, W.; et al. Cardiotoxicity of 5-fluorouracil
and capecitabine in Chinese patients: A prospective study. Cancer Commun. 2018, 38, 22. [CrossRef]

17. Kwakman, J.J.; Simkens, L.H.; Mol, L.; Kok, W.E.; Koopman, M.; Punt, C.J. Incidence of capecitabine-related cardiotoxicity
in different treatment schedules of metastatic colorectal cancer: A retrospective analysis of the CAIRO studies of the Dutch
Colorectal Cancer Group. Eur. J. Cancer 2017, 76, 93–99. [CrossRef]

18. Tsibiribi, P.; Descotes, J.; Lombard-Bohas, C.; Barel, C.; Bui-Xuan, B.; Belkhiria, M.; Tabib, A.; Timour, Q. Cardiotoxicity of
5-fluorouracil in 1350 patients with no prior history of heart disease. Bull. Cancer 2006, 93, E27–E30.

19. Akhtar, S.S.; Salim, K.P.; Bano, Z.A. Symptomatic cardiotoxicity with high-dose 5-fluorouracil infusion: A prospective study.
Oncology 1993, 50, 441–444. [CrossRef]

20. Keefe, D.L.; Roistacher, N.; Pierri, M.K. Clinical cardiotoxicity of 5-fluorouracil. J. Clin. Pharmacol. 1993, 33, 1060–1070. [CrossRef]
21. de Forni, M.; Malet-Martino, M.C.; Jaillais, P.; Shubinski, R.E.; Bachaud, J.M.; Lemaire, L.; Canal, P.; Chevreau, C.; Carrie, D.;

Soulie, P.; et al. Cardiotoxicity of high-dose continuous infusion fluorouracil: A prospective clinical study. J. Clin. Oncol. 1992, 10,
1795–1801. [CrossRef] [PubMed]

22. Jeremic, B.; Jevremovic, S.; Djuric, L.; Mijatovic, L. Cardiotoxicity during chemotherapy treatment with 5-fluorouracil and
cisplatin. J. Chemother 1990, 2, 264–267. [CrossRef]

23. Eskilsson, J.; Albertsson, M.; Mercke, C. Adverse cardiac effects during induction chemotherapy treatment with cis-platin and
5-fluorouracil. Radiother Oncol. 1988, 13, 41–46. [CrossRef]

24. Labianca, R.; Beretta, G.; Clerici, M.; Fraschini, P.; Luporini, G. Cardiac toxicity of 5-fluorouracil: A study on 1083 patients. Tumori
1982, 68, 505–510. [CrossRef] [PubMed]

25. Pottage, A.; Holt, S.; Ludgate, S.; Langlands, A.O. Fluorouracil cardiotoxicity. Br. Med. J. 1978, 1, 547. [CrossRef]
26. Ng, M.; Cunningham, D.; Norman, A.R. The frequency and pattern of cardiotoxicity observed with capecitabine used in

conjunction with oxaliplatin in patients treated for advanced colorectal cancer (CRC). Eur. J. Cancer 2005, 41, 1542–1546.
[CrossRef]

27. Meyer, C.C.; Calis, K.A.; Burke, L.B.; Walawander, C.A.; Grasela, T.H. Symptomatic cardiotoxicity associated with 5-fluorouracil.
Pharmacotherapy 1997, 17, 729–736.

28. Wacker, A.; Lersch, C.; Scherpinski, U.; Reindl, L.; Seyfarth, M. High incidence of angina pectoris in patients treated with
5-fluorouracil. A planned surveillance study with 102 patients. Oncology 2003, 65, 108–112. [CrossRef]

29. Jensen, S.A.; Sorensen, J.B. Risk factors and prevention of cardiotoxicity induced by 5-fluorouracil or capecitabine. Cancer
Chemother Pharmacol 2006, 58, 487–493. [CrossRef]

30. Khan, M.A.; Masood, N.; Husain, N.; Ahmad, B.; Aziz, T.; Naeem, A. A retrospective study of cardiotoxicities induced by
5-fluouracil (5-FU) and 5-FU based chemotherapy regimens in Pakistani adult cancer patients at Shaukat Khanum Memorial
Cancer Hospital & Research Center. J. Pak. Med. Assoc. 2012, 62, 430–434.

31. Rezkalla, S.; Kloner, R.A.; Ensley, J.; al-Sarraf, M.; Revels, S.; Olivenstein, A.; Bhasin, S.; Kerpel-Fronious, S.; Turi, Z.G. Continuous
ambulatory ECG monitoring during fluorouracil therapy: A prospective study. J. Clin. Oncol. 1989, 7, 509–514. [CrossRef]
[PubMed]

32. Zafar, A.; Drobni, Z.D.; Mosarla, R.; Alvi, R.M.; Lei, M.; Lou, U.Y.; Raghu, V.K.; Murphy, S.P.; Jones-O’Connor, M.;
Hartmann, S.; et al. The Incidence, Risk Factors, and Outcomes With 5-Fluorouracil-Associated Coronary Vasospasm. JACC
Cardio Oncol. 2021, 3, 101–109. [CrossRef] [PubMed]

33. Kosmas, C.; Kallistratos, M.S.; Kopterides, P.; Syrios, J.; Skopelitis, H.; Mylonakis, N.; Karabelis, A.; Tsavaris, N. Cardiotoxicity
of fluoropyrimidines in different schedules of administration: A prospective study. J. Cancer Res. Clin. Oncol. 2008, 134, 75–82.
[CrossRef] [PubMed]

34. Meydan, N.; Kundak, I.; Yavuzsen, T.; Oztop, I.; Barutca, S.; Yilmaz, U.; Alakavuklar, M.N. Cardiotoxicity of de Gramont’s
regimen: Incidence, clinical characteristics and long-term follow-up. Jpn. J. Clin. Oncol. 2005, 35, 265–270. [CrossRef]

35. Eskilsson, J.; Albertsson, M. Failure of preventing 5-fluorouracil cardiotoxicity by prophylactic treatment with verapamil. Acta
Oncol. 1990, 29, 1001–1003. [CrossRef]

http://doi.org/10.1046/j.1365-2125.1999.00010.x
http://www.ncbi.nlm.nih.gov/pubmed/10510136
http://doi.org/10.1016/j.ctrv.2013.03.005
http://www.ncbi.nlm.nih.gov/pubmed/23582737
http://doi.org/10.1080/0284186X.2019.1711164
http://www.ncbi.nlm.nih.gov/pubmed/31931649
http://doi.org/10.1136/bmjopen-2016-012798
http://doi.org/10.1016/j.clcc.2018.10.006
http://doi.org/10.1186/s40880-018-0292-1
http://doi.org/10.1016/j.ejca.2017.02.009
http://doi.org/10.1159/000227226
http://doi.org/10.1002/j.1552-4604.1993.tb01943.x
http://doi.org/10.1200/JCO.1992.10.11.1795
http://www.ncbi.nlm.nih.gov/pubmed/1403060
http://doi.org/10.1080/1120009X.1990.11739029
http://doi.org/10.1016/0167-8140(88)90296-4
http://doi.org/10.1177/030089168206800609
http://www.ncbi.nlm.nih.gov/pubmed/7168016
http://doi.org/10.1136/bmj.1.6112.547
http://doi.org/10.1016/j.ejca.2005.03.027
http://doi.org/10.1159/000072334
http://doi.org/10.1007/s00280-005-0178-1
http://doi.org/10.1200/JCO.1989.7.4.509
http://www.ncbi.nlm.nih.gov/pubmed/2466960
http://doi.org/10.1016/j.jaccao.2020.12.005
http://www.ncbi.nlm.nih.gov/pubmed/33817666
http://doi.org/10.1007/s00432-007-0250-9
http://www.ncbi.nlm.nih.gov/pubmed/17636329
http://doi.org/10.1093/jjco/hyi071
http://doi.org/10.3109/02841869009091790


J. Clin. Med. 2022, 11, 1244 14 of 16

36. Lestuzzi, C.; Viel, E.; Picano, E.; Meneguzzo, N. Coronary vasospasm as a cause of effort-related myocardial ischemia during
low-dose chronic continuous infusion of 5-fluorouracil. Am. J. Med. 2001, 111, 316–318. [CrossRef]

37. Luwaert, R.J.; Descamps, O.; Majois, F.; Chaudron, J.M.; Beauduin, M. Coronary artery spasm induced by 5-fluorouracil. Eur.
Heart J. 1991, 12, 468–470. [CrossRef]

38. Henry, D.; Rudzik, F.; Butts, A.; Mathew, A. Capecitabine-Induced Coronary Vasospasm. Case Rep. Oncol. 2016, 9, 629–632.
[CrossRef]

39. Kleiman, N.S.; Lehane, D.E.; Geyer, C.E., Jr.; Pratt, C.M.; Young, J.B. Prinzmetal’s angina during 5-fluorouracil chemotherapy. Am.
J. Med. 1987, 82, 566–568. [CrossRef]

40. Suresh, V.; Khavandi, A.; Hancock, H. 5-flurouracil induced coronary artery vasospasm. Heart 2004, 90, 439. [CrossRef]
41. Frickhofen, N.; Beck, F.J.; Jung, B.; Fuhr, H.G.; Andrasch, H.; Sigmund, M. Capecitabine can induce acute coronary syndrome

similar to 5-fluorouracil. Ann. Oncol. 2002, 13, 797–801. [CrossRef] [PubMed]
42. Clasen, S.C.; Ky, B.; O’Quinn, R.; Giantonio, B.; Teitelbaum, U.; Carver, J.R. Fluoropyrimidine-induced cardiac toxicity: Challeng-

ing the current paradigm. J. Gastrointest Oncol. 2017, 8, 970–979. [CrossRef] [PubMed]
43. Alter, P.; Herzum, M.; Schaefer, J.R.; Maisch, B. Coronary artery spasm induced by 5-fluorouracil. Z. Kardiol. 2005, 94, 33–37.

[CrossRef] [PubMed]
44. Arbea, L.; Coma-Canella, I.; Martinez-Monge, R.; Garcia-Foncillas, J. A case of capecitabine-induced coronary microspasm in a

patient with rectal cancer. World J. Gastroenterol. 2007, 13, 2135–2137. [CrossRef] [PubMed]
45. Klag, T.; Cantara, G.; Ong, P.; Kaufmann, M.; Sechtem, U.; Athanasiadis, A. Epicardial coronary artery spasm as cause of

capecitabine-induced tako tsubo cardiomyopathy. Clin. Res. Cardiol. 2014, 103, 247–250. [CrossRef]
46. Kim, S.M.; Kwak, C.H.; Lee, B.; Kim, S.B.; Sir, J.J.; Cho, W.H.; Choi, S.K. A case of severe coronary spasm associated with

5-fluorouracil chemotherapy. Korean J. Intern. Med. 2012, 27, 342–345. [CrossRef]
47. Yuan, C.; Parekh, H.; Allegra, C.; George, T.J.; Starr, J.S. 5-FU induced cardiotoxicity: Case series and review of the literature.

Cardiooncology 2019, 5, 13. [CrossRef]
48. Yildirim, M.; Parlak, C.; Sezer, C.; Eryilmaz, R.; Kaya, C.; Yildiz, M. Coronary vasospasm secondary to 5-Fluorouracil and its

management: Case report. Eurasian J. Med. 2011, 43, 54–56. [CrossRef]
49. Patel, B.; Kloner, R.A.; Ensley, J.; Al-Sarraf, M.; Kish, J.; Wynne, J. 5-Fluorouracil cardiotoxicity: Left ventricular dysfunction and

effect of coronary vasodilators. Am. J. Med. Sci. 1987, 294, 238–243. [CrossRef]
50. Akpek, G.; Hartshorn, K.L. Failure of oral nitrate and calcium channel blocker therapy to prevent 5-fluorouracil-related myocardial

ischemia: A case report. Cancer Chemother. Pharmacol. 1999, 43, 157–161. [CrossRef]
51. Saif, M.W.; Shah, M.M.; Shah, A.R. Fluoropyrimidine-associated cardiotoxicity: Revisited. Expert Opin. Drug Saf. 2009, 8, 191–202.

[CrossRef] [PubMed]
52. Padegimas, A.; Carver, J.R. How to Diagnose and Manage Patients With Fluoropyrimidine-Induced Chest Pain: A Single Center

Approach. JACC Cardio Oncol. 2020, 2, 650–654. [CrossRef] [PubMed]
53. Milner, K.A.; Funk, M.; Arnold, A.; Vaccarino, V. Typical symptoms are predictive of acute coronary syndromes in women. Am.

Heart J. 2002, 143, 283–288. [CrossRef] [PubMed]
54. Stevenson, D.L.; Mikhailidis, D.P.; Gillett, D.S. Cardiotoxicity of 5-fluorouracil. Lancet 1977, 2, 406–407. [CrossRef]
55. Maseri, A.; Lanza, G. Fluorouracil-induced coronary artery spasm. Am. J. Med. 2001, 111, 326–327. [CrossRef]
56. Mosseri, M.; Fingert, H.J.; Varticovski, L.; Chokshi, S.; Isner, J.M. In vitro evidence that myocardial ischemia resulting from

5-fluorouracil chemotherapy is due to protein kinase C-mediated vasoconstriction of vascular smooth muscle. Cancer Res. 1993,
53, 3028–3033. [PubMed]

57. Südhoff, T.; Enderle, M.D.; Pahlke, M.; Petz, C.; Teschendorf, C.; Graeven, U.; Schmiegel, W. 5-Fluorouracil induces arterial
vasocontractions. Ann. Oncol. 2004, 15, 661–664. [CrossRef]

58. Manfrini, O.; Ricci, B.; Cenko, E.; Dorobantu, M.; Kalpak, O.; Kedev, S.; Knezevic, B.; Koller, A.; Milicic, D.; Vasiljevic, Z.; et al.
Association between comorbidities and absence of chest pain in acute coronary syndrome with in-hospital outcome. Int. J. Cardiol.
2016, 217, S37–S43. [CrossRef]

59. Wood, H.; Dickman, A.; Star, A.; Boland, J.W. Updates in palliative care—Overview and recent advancements in the pharmaco-
logical management of cancer pain. Clin. Med. (Lond.) 2018, 18, 17–22. [CrossRef]

60. Neufeld, N.J.; Elnahal, S.M.; Alvarez, R.H. Cancer pain: A review of epidemiology, clinical quality and value impact. Future
Oncol. 2017, 13, 833–841. [CrossRef]

61. Schilsky, R.L.; Anderson, T. Hypomagnesemia and renal magnesium wasting in patients receiving cisplatin. Ann. Intern. Med.
1979, 90, 929–931. [CrossRef] [PubMed]

62. Kanduri, J.; More, L.A.; Godishala, A.; Asnani, A. Fluoropyrimidine-Associated Cardiotoxicity. Cardiol. Clin. 2019, 37, 399–405.
[CrossRef] [PubMed]

63. Bugiardini, R.; Cenko, E. A Short History of Vasospastic Angina. J. Am. Coll. Cardiol. 2017, 70, 2359–2362. [CrossRef] [PubMed]
64. Mishra, P.K. Variations in presentation and various options in management of variant angina. Eur. J. Cardiothorac. Surg. 2006, 29,

748–759. [CrossRef]
65. Previtali, M.; Ardissino, D.; Barberis, P.; Panciroli, C.; Chimienti, M.; Salerno, J.A. Hyperventilation and ergonovine tests in

Prinzmetal’s variant angina pectoris in men. Am. J. Cardiol. 1989, 63, 17–20. [CrossRef]

http://doi.org/10.1016/S0002-9343(01)00808-7
http://doi.org/10.1093/oxfordjournals.eurheartj.a059919
http://doi.org/10.1159/000450544
http://doi.org/10.1016/0002-9343(87)90465-7
http://doi.org/10.1136/hrt.2003.022277
http://doi.org/10.1093/annonc/mdf035
http://www.ncbi.nlm.nih.gov/pubmed/12075751
http://doi.org/10.21037/jgo.2017.09.07
http://www.ncbi.nlm.nih.gov/pubmed/29299356
http://doi.org/10.1007/s00392-005-0159-8
http://www.ncbi.nlm.nih.gov/pubmed/15668828
http://doi.org/10.3748/wjg.v13.i14.2135
http://www.ncbi.nlm.nih.gov/pubmed/17465463
http://doi.org/10.1007/s00392-013-0636-4
http://doi.org/10.3904/kjim.2012.27.3.342
http://doi.org/10.1186/s40959-019-0048-3
http://doi.org/10.5152/eajm.2011.11
http://doi.org/10.1097/00000441-198710000-00004
http://doi.org/10.1007/s002800050877
http://doi.org/10.1517/14740330902733961
http://www.ncbi.nlm.nih.gov/pubmed/19309247
http://doi.org/10.1016/j.jaccao.2020.06.012
http://www.ncbi.nlm.nih.gov/pubmed/34396276
http://doi.org/10.1067/mhj.2002.119759
http://www.ncbi.nlm.nih.gov/pubmed/11835032
http://doi.org/10.1016/S0140-6736(77)90339-7
http://doi.org/10.1016/S0002-9343(01)00930-5
http://www.ncbi.nlm.nih.gov/pubmed/8391384
http://doi.org/10.1093/annonc/mdh150
http://doi.org/10.1016/j.ijcard.2016.06.221
http://doi.org/10.7861/clinmedicine.18-1-17
http://doi.org/10.2217/fon-2016-0423
http://doi.org/10.7326/0003-4819-90-6-929
http://www.ncbi.nlm.nih.gov/pubmed/375794
http://doi.org/10.1016/j.ccl.2019.07.004
http://www.ncbi.nlm.nih.gov/pubmed/31587781
http://doi.org/10.1016/j.jacc.2017.09.034
http://www.ncbi.nlm.nih.gov/pubmed/29096806
http://doi.org/10.1016/j.ejcts.2006.01.033
http://doi.org/10.1016/0002-9149(89)91068-0


J. Clin. Med. 2022, 11, 1244 15 of 16

66. Cenko, E.; Bugiardini, R. Vasotonic Angina as a Cause of Myocardial Ischemia in Women. Cardiovasc. Drugs Ther. 2015, 29,
339–345. [CrossRef] [PubMed]

67. Maseri, A.; Severi, S.; Nes, M.D.; L’Abbate, A.; Chierchia, S.; Marzilli, M.; Ballestra, A.M.; Parodi, O.; Biagini, A.; Distante, A.
“Variant” angina: One aspect of a continuous spectrum of vasospastic myocardial ischemia. Pathogenetic mechanisms, estimated
incidence and clinical and coronary arteriographic findings in 138 patients. Am. J. Cardiol. 1978, 42, 1019–1035. [CrossRef]

68. Gries, A.; Bode, C.; Peter, K.; Herr, A.; Böhrer, H.; Motsch, J.; Martin, E. Inhaled nitric oxide inhibits human platelet aggregation,
P-selectin expression, and fibrinogen binding in vitro and in vivo. Circulation 1998, 97, 1481–1487. [CrossRef]

69. Vrints, C.J.; Bult, H.; Hitter, E.; Herman, A.G.; Snoeck, J.P. Impaired endothelium-dependent cholinergic coronary vasodilation in
patients with angina and normal coronary arteriograms. J. Am. Coll. Cardiol. 1992, 19, 21–31. [CrossRef]

70. Quyyumi, A.A.; Dakak, N.; Andrews, N.P.; Gilligan, D.M.; Panza, J.A.; Cannon, R.O., 3rd. Contribution of nitric oxide to
metabolic coronary vasodilation in the human heart. Circulation 1995, 92, 320–326. [CrossRef]

71. Pries, A.R.; Badimon, L.; Bugiardini, R.; Camici, P.G.; Dorobantu, M.; Duncker, D.J.; Escaned, J.; Koller, A.; Piek, J.J.; de Wit, C.
Coronary vascular regulation, remodelling, and collateralization: Mechanisms and clinical implications on behalf of the working
group on coronary pathophysiology and microcirculation. Eur. Heart J. 2015, 36, 3134–3146. [CrossRef] [PubMed]

72. Padro, T.; Manfrini, O.; Bugiardini, R.; Canty, J.; Cenko, E.; De Luca, G.; Duncker, D.J.; Eringa, E.C.; Koller, A.; Tousoulis, D.; et al.
ESC Working Group on Coronary Pathophysiology and Microcirculation position paper on ‘coronary microvascular dysfunction
in cardiovascular disease’. Cardiovasc. Res. 2020, 116, 741–755. [CrossRef] [PubMed]

73. Bugiardini, R.; Pozzati, A.; Ottani, F.; Morgagni, G.L.; Puddu, P. Vasotonic angina: A spectrum of ischemic syndromes involving
functional abnormalities of the epicardial and microvascular coronary circulation. J. Am. Coll. Cardiol. 1993, 22, 417–425.
[CrossRef]

74. Pasupathy, S.; Air, T.; Dreyer, R.P.; Tavella, R.; Beltrame, J.F. Systematic review of patients presenting with suspected myocardial
infarction and nonobstructive coronary arteries. Circulation 2015, 131, 861–870. [CrossRef]

75. Cwikiel, M.; Zhang, B.; Eskilsson, J.; Wieslander, J.B.; Albertsson, M. The influence of 5-fluorouracil on the endothelium in small
arteries. An electron microscopic study in rabbits. Scanning Microsc. 1995, 9, 561–576. [PubMed]

76. Senkus, E.; Jassem, J. Cardiovascular effects of systemic cancer treatment. Cancer Treat Rev. 2011, 37, 300–311. [CrossRef] [PubMed]
77. Isenberg, J.S.; Martin-Manso, G.; Maxhimer, J.B.; Roberts, D.D. Regulation of nitric oxide signalling by thrombospondin 1:

Implications for anti-angiogenic therapies. Nat. Rev. Cancer 2009, 9, 182–194. [CrossRef]
78. Fichtlscherer, S.; Dimmeler, S.; Breuer, S.; Busse, R.; Zeiher, A.M.; Fleming, I. Inhibition of cytochrome P450 2C9 improves

endothelium-dependent, nitric oxide-mediated vasodilatation in patients with coronary artery disease. Circulation 2004, 109,
178–183. [CrossRef]

79. Fleming, I.; Fisslthaler, B.; Dimmeler, S.; Kemp, B.E.; Busse, R. Phosphorylation of Thr495 regulates Ca2+/calmodulin-dependent
endothelial nitric oxide synthase activity. Circ. Res. 2001, 88, E68–E75. [CrossRef]

80. Dimmeler, S.; Fleming, I.; Fisslthaler, B.; Hermann, C.; Busse, R.; Zeiher, A.M. Activation of nitric oxide synthase in endothelial
cells by Akt-dependent phosphorylation. Nature 1999, 399, 601–605. [CrossRef]

81. Thyss, A.; Gaspard, M.H.; Marsault, R.; Milano, G.; Frelin, C.; Schneider, M. Very high endothelin plasma levels in patients with
5-FU cardiotoxicity. Ann. Oncol. 1992, 3, 88. [CrossRef] [PubMed]

82. Grunwald, M.R.; Howie, L.; Diaz, L.A., Jr. Takotsubo cardiomyopathy and Fluorouracil: Case report and review of the literature.
J. Clin. Oncol. 2012, 30, e11–e14. [CrossRef]

83. Lee, B.K.; Lim, H.S.; Fearon, W.F.; Yong, A.S.; Yamada, R.; Tanaka, S.; Lee, D.P.; Yeung, A.C.; Tremmel, J.A. Invasive evaluation of
patients with angina in the absence of obstructive coronary artery disease. Circulation 2015, 131, 1054–1060. [CrossRef] [PubMed]

84. Cenko, E.; van der Schaar, M.; Yoon, J.; Kedev, S.; Valvukis, M.; Vasiljevic, Z.; Asanin, M.; Milicic, D.; Manfrini, O.; Badimon, L.;
et al. Sex-Specific Treatment Effects After Primary Percutaneous Intervention: A Study on Coronary Blood Flow and Delay to
Hospital Presentation. J. Am. Heart Assoc. 2019, 8, e011190. [CrossRef] [PubMed]

85. Navi, B.B.; Reiner, A.S.; Kamel, H.; Iadecola, C.; Okin, P.M.; Elkind, M.S.V.; Panageas, K.S.; DeAngelis, L.M. Risk of Arterial
Thromboembolism in Patients With Cancer. J. Am. Coll. Cardiol. 2017, 70, 926–938. [CrossRef]

86. Polk, A.; Vistisen, K.; Vaage-Nilsen, M.; Nielsen, D.L. A systematic review of the pathophysiology of 5-fluorouracil-induced
cardiotoxicity. BMC Pharmacol. Toxicol. 2014, 15, 47. [CrossRef]

87. Ball, C.J.; Wilson, D.P.; Turner, S.P.; Saint, D.A.; Beltrame, J.F. Heterogeneity of L- and T-channels in the vasculature: Rationale for
the efficacy of combined L- and T-blockade. Hypertension 2009, 53, 654–660. [CrossRef]

88. Beltrame, J.F.; Turner, S.P.; Leslie, S.L.; Solomon, P.; Freedman, S.B.; Horowitz, J.D. The angiographic and clinical benefits of
mibefradil in the coronary slow flow phenomenon. J. Am. Coll. Cardiol. 2004, 44, 57–62. [CrossRef]

89. Mehta, H.H.; Morris, M.; Fischman, D.L.; Finley, J.J.t.; Ruggiero, N.; Walinsky, P.; McCarey, M.; Savage, M.P. The Spontaneous
Coronary Slow-Flow Phenomenon: Reversal by Intracoronary Nicardipine. J. Invasive Cardiol. 2019, 31, 42–45.

90. Shimokawa, H.; Yasutake, H.; Fujii, K.; Owada, M.K.; Nakaike, R.; Fukumoto, Y.; Takayanagi, T.; Nagao, T.; Egashira, K.;
Fujishima, M.; et al. The importance of the hyperpolarizing mechanism increases as the vessel size decreases in endothelium-
dependent relaxations in rat mesenteric circulation. J. Cardiovasc. Pharmacol. 1996, 28, 703–711. [CrossRef]

91. Bugiardini, R.; Bairey Merz, C.N. Angina with “normal” coronary arteries: A changing philosophy. JAMA 2005, 293, 477–484.
[CrossRef] [PubMed]

http://doi.org/10.1007/s10557-015-6595-4
http://www.ncbi.nlm.nih.gov/pubmed/26017335
http://doi.org/10.1016/0002-9149(78)90691-4
http://doi.org/10.1161/01.CIR.97.15.1481
http://doi.org/10.1016/0735-1097(92)90046-P
http://doi.org/10.1161/01.CIR.92.3.320
http://doi.org/10.1093/eurheartj/ehv100
http://www.ncbi.nlm.nih.gov/pubmed/26112888
http://doi.org/10.1093/cvr/cvaa003
http://www.ncbi.nlm.nih.gov/pubmed/32034397
http://doi.org/10.1016/0735-1097(93)90045-3
http://doi.org/10.1161/CIRCULATIONAHA.114.011201
http://www.ncbi.nlm.nih.gov/pubmed/8714749
http://doi.org/10.1016/j.ctrv.2010.11.001
http://www.ncbi.nlm.nih.gov/pubmed/21126826
http://doi.org/10.1038/nrc2561
http://doi.org/10.1161/01.CIR.0000105763.51286.7F
http://doi.org/10.1161/hh1101.092677
http://doi.org/10.1038/21224
http://doi.org/10.1093/oxfordjournals.annonc.a058084
http://www.ncbi.nlm.nih.gov/pubmed/1606078
http://doi.org/10.1200/JCO.2011.38.5278
http://doi.org/10.1161/CIRCULATIONAHA.114.012636
http://www.ncbi.nlm.nih.gov/pubmed/25712205
http://doi.org/10.1161/JAHA.118.011190
http://www.ncbi.nlm.nih.gov/pubmed/30764687
http://doi.org/10.1016/j.jacc.2017.06.047
http://doi.org/10.1186/2050-6511-15-47
http://doi.org/10.1161/HYPERTENSIONAHA.108.125831
http://doi.org/10.1016/j.jacc.2004.03.055
http://doi.org/10.1097/00005344-199611000-00014
http://doi.org/10.1001/jama.293.4.477
http://www.ncbi.nlm.nih.gov/pubmed/15671433


J. Clin. Med. 2022, 11, 1244 16 of 16

92. Scanlon, P.J.; Faxon, D.P.; Audet, A.M.; Carabello, B.; Dehmer, G.J.; Eagle, K.A.; Legako, R.D.; Leon, D.F.; Murray, J.A.;
Nissen, S.E.; et al. ACC/AHA guidelines for coronary angiography. A report of the American College of Cardiology/American
Heart Association Task Force on practice guidelines (Committee on Coronary Angiography). Developed in collaboration with the
Society for Cardiac Angiography and Interventions. J. Am. Coll. Cardiol. 1999, 33, 1756–1824. [CrossRef] [PubMed]

93. Bugiardini, R.; Borghi, A.; Biagetti, L.; Puddu, P. Comparison of verapamil versus propranolol therapy in syndrome X. Am. J.
Cardiol. 1989, 63, 286–290. [CrossRef]

http://doi.org/10.1016/s0735-1097(99)00126-6
http://www.ncbi.nlm.nih.gov/pubmed/10334456
http://doi.org/10.1016/0002-9149(89)90332-9

	Introduction 
	The Quality of Chest-Pain Symptoms 
	Risk Factors for Chest Pain Due to Fluoropyrimidines 
	The Long-Standing History of Fluoropyrimidines-Induced Vasospasm 
	Uncertainties in Vasospasm Characterization and Its Impact on Management 
	Focal or Diffused Coronary Spasm: An Important Distinction 
	Focal Coronary Spasm 
	Diffuse Coronary Spasm: Vasotonic Angina 
	Type of Coronary Spasm Associated with Fluoropyrimidine Administration 
	The Role of Microcirculation 

	Type of Spasm and Impact on Therapy 
	Management of Cardiotoxicity 
	Conclusions 
	References

