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ABSTRACT

Background. The fluoropyrimidines, 5-fluorouracil (5-FU) and
capecitabine, are commonly used chemotherapeutic agents
that have been associated with coronary vasospasm.
Methods. In this retrospective case-control study, we identi-
fied patients at our institution who received 5-FU or cap-
ecitabine in 2018. We compared characteristics of patients
who experienced cardiotoxicity with controls. We described
phenotypes and outcomes of cardiotoxic cases.
Results. We identified 177 patients who received fluo-
ropyrimidines. After adjudication, 4.5% of the cohort met
the criteria for cardiovascular toxicity. Coronary artery

disease was more common among cases than controls
(38% vs. 7%, p < .05). There was also a trend toward
increased prevalence of cardiovascular risk factors in cases
compared with controls. Most cardiotoxic cases had chest
pain, although a minority of cases presented with non-
ischemic cardiomyopathy.
Conclusion. Cardiotoxicity phenotypes associated with fluo-
ropyrimidine use are not limited to coronary vasospasm. Car-
diac risk factors and ischemic heart disease were highly
prevalent among patients with cardiotoxicity. The Oncologist
2020;25:e606–e609

INTRODUCTION

Cardiotoxicity is a feared complication of fluoropyrimidines,
occurring in 0%–5% of patients treated with 5-fluorouracil
(5-FU) or capecitabine [1]. Although the most common mani-
festation of fluoropyrimidine cardiotoxicity is angina caused
by coronary vasospasm [2], other severe adverse cardiac
events, including cardiomyopathy, myocarditis, and sudden
cardiac death, have been reported [3]. Cardiotoxicity from
fluoropyrimidines typically occurs shortly after initiation of
therapy, with an onset time of several hours after exposure
[4]. The identification of patients at risk for adverse cardiac
events remains a major challenge, partly because of limited
data on baseline cardiac risk factors in published cancer
treatment trials [1]. Cardioprotective strategies during fluo-
ropyrimidine treatment include concomitant use of aspirin,
calcium channel blockers, and nitrates [5]. Bolus dosing of 5-
FU may also provide a cardioprotective benefit compared
with continuous infusions [6].

In this study, we sought to identify cardiotoxicity pheno-
types associated with fluoropyrimidine use, to compare clin-
ical characteristics and concurrent medication use among
patients with and without cardiotoxicity, and to describe

clinical outcomes in patients who experienced fluo-
ropyrimidine-associated cardiotoxicity.

METHODS

We retrospectively studied all patients in our institution
who received either 5-FU or capecitabine in 2018 as identi-
fied by an online clinical query tool. Cases of cardiotoxicity
were determined based on at least one of the following
signs or symptoms of cardiotoxicity within 2 weeks of fluo-
ropyrimidine treatment: (A) symptoms consistent with coro-
nary vasospasm, where an alternative etiology was felt to
be unlikely, (B) new evidence of ischemia on electrocardiog-
raphy, (C) new left ventricular dysfunction on echocardiog-
raphy, (D) acute change in cardiac biomarkers, or (E)
angiographic evidence of coronary vasospasm. Cases were
adjudicated by two cardiologists. Baseline characteristics,
cardiovascular risk factors, history of coronary artery dis-
ease, pharmacologic information, and outcomes were
obtained from the medical record. Coronary artery disease
history was determined based on documentation of history
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of acute coronary syndrome, positive stress test, or revascu-
larization history by percutaneous coronary intervention or
coronary artery bypass graft. Fisher’s exact test was used to
compare baseline characteristics in cases and controls. This
study was approved by the Institutional Review Board at
Beth Israel Deaconess Medical Center.

RESULTS

Incidence of Cardiotoxicity
A total of 177 patients received either 5-FU or capecitabine at
our institution during 2018. In this cohort, 47% were women
and 53% were men. After adjudication, eight patients were
identified as having an adverse cardiac event associated with
fluoropyrimidine treatment, representing an overall incidence
of 4.5%. Six patients received 5-FU, and two patients received
capecitabine. The incidence of cardiotoxicity was 4.2% among
patients who received 5-FU and 5.3% among patients who
received capecitabine.

Baseline Characteristics
Of the eight patients who experienced fluoropyrimidine-
associated cardiotoxicity, seven were male and one was
female (Table 1). The median age was similar in cases and
controls and was 63 years across the cohort. There was a
trend toward increased prevalence of cardiac risk factors in
cases versus controls: 75% versus 35% had high cholesterol,
75% versus 43% had hypertension, 75% versus 39% were
current or prior tobacco users, and 37.5% versus 16% had
diabetes. In addition, 37.5% versus 7% had a history of cor-
onary artery disease (p < .05).

Pharmacologic Data
Baseline use of cardiac medications was high across the
cohort. More patients who experienced cardiotoxicity were
prescribed cardiac medications, either for preexisting cardio-
vascular disease or for initiation of fluoropyrimidines, prior to
the development of cardiotoxicity than their counterparts in
the control group, including aspirin, statins, calcium channel
blockers, and nitrates (Table 1). A majority of patients treated
with 5-FU received a combination of bolus dosing and contin-
uous infusion (69%). The remainder received continuous
infusions (27%) or bolus dosing alone (4%). Three cases of
5-FU cardiotoxicity occurred within the first cycle of treatment,
two cases occurred during the second cycle of treatment, and
one case occurred during the third cycle of treatment.
Capecitabine cardiotoxicity cases occurred after 3 days and
6 days of treatment. None of the patients who experienced a
cardiotoxic event had received other cardiotoxic cancer medi-
cations, including anthracyclines and trastuzumab.

Clinical Outcomes
Anginal symptoms were the most common manifestation of
cardiotoxicity and were present in all cases. Two patients
(25% of cases) had new left ventricular dysfunction as deter-
mined by comparison with prior echocardiograms, although
baseline echocardiography was not available for the entire
cohort. After experiencing a cardiotoxic event, half of patients

ultimately discontinued 5-FU or capecitabine (Table 2). Of the
four patients who stopped fluoropyrimidine treatment and
were transitioned to alternate chemotherapies, three
achieved remission, and one is still undergoing active
treatment (Table 2). Of the patients who continued fluo-
ropyrimidines, one patient completed the regimen, and
three were transitioned to comfort care because of cancer
progression and other side effects. A majority (75%) of all
patients who developed cardiotoxicity were started on
new cardiac medications, most commonly nitrates, calcium
channel blockers, and aspirin.

Table 1. Baseline characteristics, pharmacologic data,
cardiotoxicity phenotypes, and clinical outcomes for
patients treated with fluoropyrimidines

Data

Cases
(n = 8),
n (%)

Controls
(n = 169),
n (%)

Baseline characteristics

Male 7 (87.5) 90 (53)

Hyperlipidemia 6 (75) 59 (35)

Hypertension 6 (75) 72 (43)

Tobacco use 6 (75) 66 (39)

Diabetes 3 (37.5) 27 (16)

Coronary artery disease 3 (37.5)a 12 (7)a

Age, median (IQR), years 62 (67–77) 63 (54–71)

Pharmacologic data

Type of fluoropyrimidine

5-FU 6 (75) 133 (79)

Capecitabine 2 (25) 32 (19)

5-FU and capecitabine 0 (0) 4 (2)

Type of administration

Bolus dosing + continuous infusion 5 (83) 93 (68)

Continuous infusion 1 (17) 38 (28)

Baseline cardiac medications

Aspirin 5 (62.5) 35 (21)

Statin 4 (50) 45 (27)

Calcium channel blockers 5 (62.5) 26 (16)

Nitrates 2 (25) 1 (1)

Cardiotoxicity phenotypes

Chest pain 8 (100)

Elevated troponin 3 (37.5)

Ischemic ECG changes 3 (37.5)

New left ventricular
systolic dysfunction

2 (25)

Clinical outcomes

Fluoropyrimidine
therapy discontinued

4 (50)

New cardiac
medication initiated

6 (75)

ap < .05 by Fisher’s exact test.
Abbreviations: 5-FU, 5-fluorouracil; ECG, echocardiogram; IQR,
interquartile range.
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DISCUSSION

This retrospective case-control study describes a number of
findings that are hypothesis-generating and worthy of future
investigation. First, our event rate of 4.5% is consistent with
contemporary incidence rates of fluoropyrimidine-associated
cardiotoxicity. Second, men were highly represented in cases
of cardiotoxicity in our study. This is in contrast to prior
observations implicating vasomotor dysfunction in the path-
ogenesis of fluoropyrimidine-associated cardiotoxicity, an
entity which is thought to disproportionately affect women
compared with men [7]. Third, patients in this study had rel-
atively high rates of cardiovascular risk factors such as hyper-
lipidemia, hypertension, and smoking. We also found that
patients with cardiotoxic events had higher rates of coronary
artery disease at baseline. This is not readily explained by
increased testing, as patients with and without cardiovascu-
lar risk factors had similar rates of electrocardiograms
obtained prior to chemotherapy. Fourth, a majority of
patients in our study who experienced cardiotoxicity were
taking at least one cardiac medication prior to fluo-
ropyrimidine initiation, including calcium channel blockers,
nitrates, and aspirin. Fifth, we found that some patients with
fluoropyrimidine cardiotoxicity had left ventricular dysfunc-
tion in the absence of overt ischemia, which may reflect a
separate mechanism of cardiotoxicity [2, 8].

Cardiotoxicity from fluoropyrimidines can range in sever-
ity. Severe cases may require emergent administration of uri-
dine triacetate, a pyrimidine analog that was approved as an
antidote for fluoropyrimidine toxicity in 2015 [9]. When the

diagnosis of fluoropyrimidine cardiotoxicity is unclear, testing
for genetic variants in thymidylate synthase and dihy-
dropyrimidine dehydrogenase may help support the diag-
nosis [10, 11]. Patients who will be rechallenged with
fluoropyrimidines should be initiated on aspirin, calcium
channel blockers, and nitrates prior to administration of che-
motherapy, although there are few data from randomized
controlled trials to support the efficacy of this approach.
Cardiology or cardio-oncology consultation is encouraged
to aid in the diagnosis, treatment, and prevention of fluo-
ropyrimidine cardiotoxicity.

Study Limitations
This study was limited to a single institution and may not
reflect broader patient populations and practice patterns.
The small sample size may conceal clinically significant dif-
ferences between cases and controls. The retrospective
design of the study is subject to confounders.

CONCLUSION

Cardiotoxicity can be a life-threatening complication of fluo-
ropyrimidine therapy that limits appropriate treatment of
highly morbid and metastatic cancers. Cardiac risk factors and
history of ischemic heart disease were prevalent among
patients who experienced cardiotoxic events after fluo-
ropyrimidine use at our institution. Cardiotoxic events
often resulted in discontinuation of fluoropyrimidine
chemotherapy.

Table 2. Cardiac medications and clinical outcomes of patients with cardiotoxic events

Patient Cancer Treatment
Cardiac
medications Cardiotoxic event Clinical outcomes

Patient 1 Esophageal
adenocarcinoma

5-FU Statin Chest pain,
troponin elevation,
ischemic ECG
changes, reduced
ejection fraction

Discontinued 5-FU;
started on
carboplatin,
paclitaxel,
trastuzumab

Patient 2 Rectal
adenocarcinoma

5-FU Aspirin, Calcium
channel blocker,
Nitrates

Chest pain Discontinued 5-FU;
no further
treatment

Patient 3 Rectal
adenocarcinoma

Capecitabine None Chest pain,
troponin elevation,
ischemic ECG
changes, reduced
ejection fraction

Discontinued
capecitabine; no
further treatment

Patient 4 Pancreatic ductal
adenocarcinoma

Capecitabine Aspirin, calcium
channel blocker

Chest pain Continued
capecitabine

Patient 5 Pancreatic ductal
adenocarcinoma

5-FU Aspirin, statin,
calcium channel
blocker, nitrates

Chest pain Continued 5-FU

Patient 6 Pancreatic ductal
adenocarcinoma

5-FU Aspirin, statin Chest pain Continued 5-FU

Patient 7 Colon adenocarcinoma 5-FU Aspirin, statin,
calcium channel
blocker

Chest pain,
ischemic ECG
changes

Discontinued 5-FU;
started on
carboplatin,
paclitaxel

Patient 8 Pancreatic ductal
adenocarcinoma

5-FU Statin, calcium
channel blocker

Chest pain,
troponin elevation

Continued 5-FU

Abbreviations: 5-FU, 5-fluorouracil; ECG, echocardiogram.
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