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ABSTRACT

Background. Cardiotoxicity induced by 5-fluorouracil (5-FU)
is well known but poorly understood. In this study, we
undertook ECG recording (Holter) and analyses of the bio-
markers troponin and copeptin in patients receiving 5-FU to
increase our understanding of the cardiotoxicity.
Subjects, Materials, and Methods. Patients with colorectal
or anal cancer that received first-time treatment with 5-FU-
based chemotherapy were prospectively included. Holter
recording, clinical evaluation, 12-lead electrocardiogram, and
assessment of plasma concentrations of troponin I and
copeptin were performed before (control) and during 5-FU
treatment (intervention).
Results. A total of 108 patients were included, 82 with
colorectal and 26 with anal cancer. The proportion of
patients with myocardial ischemia on Holter recording
was significantly higher during the first 5-FU infusion

(14.1%) than before (3.7%; p = .001). The ischemic bur-
den per day (p = .001), the number of ST depression epi-
sodes per day (p = .003), and the total duration of
ischemic episodes per day (p = .003) were higher during
the first 5-FU infusion than before, as was plasma
copeptin (p < .001), whereas plasma troponin I was simi-
lar (p > 0.999). Six patients (5.6%) developed acute coro-
nary syndromes and two (1.8%) developed symptomatic
arrhythmias during 5-FU treatment.
Conclusion. 5-FU infusion is associated with an increase in
the number of patients with myocardial ischemia on Holter
recording. According to biomarker analyses, 5-FU is associ-
ated with an increase in copeptin, but rarely with increases
in cardiac troponin I. However, 5%–6% of the patients devel-
oped acute coronary syndromes during treatment with 5-FU.
The Oncologist 2021;26:e403–e413

Implications for Practice: Symptomatic 5-fluorouracil (5-FU) cardiotoxicity occurs in 0.6%–19% of patients treated with this
drug, but a small electrocardiographic (Holter) study has revealed silent myocardial ischemia in asymptomatic patients,
suggesting a more prevalent subclinical cardiac influence. This study demonstrated a significant increase in the number of
patients with myocardial ischemia on Holter recording during 5-FU treatment and an increase in ischemic burden. Cardiac
biomarker analyses suggested that 5-FU infusion results in endogenous stress (increased copeptin) but rarely induces
myocyte injury (no change in troponin). These findings suggest a more prevalent cardiac influence from 5-FU and that Holter
recording is an important tool in the evaluation of patients with suspected cardiotoxicity from 5-FU.

INTRODUCTION

The chemotherapeutic agent 5-fluorouracil (5-FU) is one of
the most widely used drugs in oncology [1], and intravenous
5-FU remains an essential part of the treatment of various
solid tumors such as colorectal and anal cancer [2–4].

However, a severe side effect is cardiotoxicity [5, 6]. The inci-
dence of symptomatic cardiotoxicity induced by 5-FU varies
between 0% and 20% in published studies, with larger stud-
ies reporting incidences around 1%–5% [6]. Most studies

Correspondence: Anne Dyhl-Polk, Ph.D., Department of Oncology, Herlev-Gentofte Hospital, University of Copenhagen, Borgmester Ib Juuls
Vej, 2730 Herlev, Denmark. Telephone: 0045 38 68 91 99; e-mail: anne.polk@hotmail.com Received April 1, 2020; accepted for
publication September 4, 2020; published Online First on October 7, 2020. http://dx.doi.org/10.1002/onco.13536
No part of this article may be reproduced, stored, or transmitted in any form or for any means without the prior permission in writing from
the copyright holder. For information on purchasing reprints contact Commercialreprints@wiley.com. For permission information contact
permissions@wiley.com.

© 2020 AlphaMed PressThe Oncologist 2021;26:e403–e413 www.TheOncologist.com

Gastrointestinal Cancer

https://orcid.org/0000-0003-2335-8219
mailto:anne.polk@hotmail.com
http://dx.doi.org/10.1002/onco.13536
Commercialreprints@wiley.com
permissions@wiley.com


report symptomatic cardiotoxicity, but two small studies with
continuous electrocardiographic (Holter) recording reveal
silent myocardial ischemia and ventricular arrhythmias in
asymptomatic patients, indicating a more prevalent subclini-
cal cardiac influence [7, 8]. Furthermore, a study of exercise-
induced myocardial ischemia during 5-FU infusion showed
that silent myocardial ischemia was more prevalent than
angina during a treadmill stress test, substantiating the suspi-
cion of subclinical cardiotoxicity [9]. In addition, several case
reports of patients incurring cardiac arrest or sudden death
during 5-FU have been published [10–13], which underlines
the need for an understanding of the cardiotoxic effects
of 5-FU.

Cardiac troponins are established biomarkers to detect
and rule out myocardial infarction [14]. They are released
from the cardiomyocytes during myocardial damage and are
the most sensitive markers of myocardial injury [15, 16]. Yet,
previous studies of cardiac troponins during 5-FU treatment
have not found a statically significant increase compared
with baseline, but all studies included a small number of
patients [17–21].

Copeptin is the C-terminal part of the vasopressin
prohormone [22]. It is secreted stoichiometrically together
with arginine-vasopressin from the neurohypophysis as part
of the stress response [22]. The physiological role of copeptin
itself is unknown [23], but the antidiuretic and vasoconstric-
tive effects of the arginine vasopressin hormone results in
increased cardiac output and reduced vascular resistance
[24, 25]. In contrast to arginine-vasopressin, copeptin is sta-
ble in plasma and serum and easy to measure [23, 26].
Hence, copeptin is regarded as a marker of endogenous
stress [27, 28]. In the diagnostics of acute myocardial infarc-
tion, the additional use of copeptin improves the diagnostic
accuracy compared with troponin alone [29]. Furthermore,
copeptin is a predictor of death in patients with coronary
artery disease [30] and in patients with heart failure after
acute myocardial infarction [23]. We measured the incidence
of 5-FU-induced myocardial ischemia (ST elevation and/or ST
depression) using Holter recording and evaluated plasma tro-
ponin I and plasma copeptin during 5-FU treatment. In
addition, we evaluated the incidence of clinical events and
ventricular tachyarrhythmias and monitored the corrected
QT (QTc) interval before and during 5-FU administration.

SUBJECTS, MATERIALS, AND METHODS

Patients
Patients with colorectal cancer treated with 5-FU-based regi-
mens in the adjuvant or metastatic setting (February 2013 to
September 2016) and patients with local or locally advanced
anal cancer treated with concomitant chemoradiation includ-
ing 5-FU (December 2014 to November 2016) were eligible.
All patients were consecutively screened for inclusion.
Exclusion criteria were age <18 years, pacemaker or implant-
able cardioverter defibrillator, prior treatment with fluo-
ropyrimidines, and concurrent treatment with bevacizumab.
Informed consent was obtained from all participants, and
the study was approved by the Regional Committee on

Health Research Ethics (H-1-2012-054) and the Danish Data
Protection Agency (HEH.750.24-59).

Treatment Regimens
In the adjuvant setting, patients with colorectal cancer
received 12 cycles of 5-FU (modified de Gramont schedule)
or 5-FU + oxaliplatin (FOLFOX). In the metastatic setting, che-
motherapy regimens included FOLFOX and 5-FU + irinotecan
(FOLFIRI) � cetuximab or panitumumab. 5-FU was adminis-
tered as a bolus infusion (400 mg/m2) followed by a 46-hour
infusion (2,400 mg/m2). Patients with anal cancer received
two cycles of 5-FU and cisplatin concomitant with radiother-
apy. 5-FU was administered as a 96-hour infusion (3,200
mg/m2; supplemental online Table 1).

Study Examinations
Information on cardiovascular health and risk factors for
cardiovascular disease was obtained from medical records,
and all participants filled in a questionnaire about cardio-
vascular comorbidities, symptoms, and risk factors (supple-
mental online Table 2).

Holter recording, 12-lead ECG, clinical evaluation, and
assessment of cardiac biomarkers were performed before and
during the first cycle and again before and during the third/
fourth cycle of chemotherapy in patients with colorectal can-
cer and during the second cycle in patients with anal cancer.
Holter recording was scheduled to start 1–3 days before 5-FU
initiation and continue for 2 days during infusion in patients
receiving bolus plus 46-hour continuous infusion and for
4 days during infusion in patients receiving 96-hour continu-
ous infusion. 12-lead ECG, clinical evaluation, and assessment
of cardiac biomarkers were performed on the day the Holter
recording was initiated (day 1–3 before 5-FU initiation) and at
the end of 5-FU infusion (day 2 of treatment in patients
receiving bolus plus 46-hour continuous infusion and day 4 of
treatment during infusion in patients receiving 96-hour contin-
uous infusion). Additionally, clinical evaluation, biomarker
assessment, and 12-lead ECG were performed in patients with
cardiac symptoms. Patients were instructed to record cardiac
symptoms in a diary and to contact the department if symp-
toms of possible cardiac origin occurred.

Two-channel Lifecard CF Holter recorders (Delmar Reyn-
olds, Spacelabs Healthcare, Snoqualmie, WA) with a capac-
ity of up to 7 days of recording were used. Electrodes were
placed to obtain the bipolar leads CM5 and CC5 (supple-
mental online Fig. 1).

Analyses of Holter recordings were performed
semimanually in Pathfinder SL v1.7 (Spacelabs Healthcare) by
a trained physician (A.D.-P.). All episodes of myocardial ische-
mia or ventricular tachyarrhythmia were confirmed by an
experienced cardiologist (M.V.-N.). Intraobserver variability
showed good to excellent agreement (intercorrelation coeffi-
cient or κ > 0.80; supplemental online Table 3).

All ECGs were performed with the same ECG device
(MAC 5500 HD, GE Healthcare, Chicago, IL). Myocardial
ischemia on 12-lead ECG was defined as significant ST ele-
vation or significant ST depression in at least two adjacent
leads or negative T-waves of ≥0.1 mV in two adjacent leads
with prominent R or R/S >1 (supplemental online Table 4)
[31, 32]. The QTc interval was estimated from 12-lead ECGs
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by use of Bazett’s formula (supplemental online Table 4)
[33]. Troponin I was measured on Li-heparin plasma using
the ADVIA Centaur TnI-Ultra assay (Siemens Healthcare Diag-
nostics Inc, Erlangen, Germany; upper 99th percentile cutoff:
40 ng/L, coefficient of variation at the 99th percentile: 10%,
calibration traceable to NIST standard reference material
2921) [15]. Copeptin was measured on EDTA plasma by use
of Thermo Scientific BRAMS Copeptin provasopressin immu-
nofluorescent assay (Thermo Fisher Diagnostics, Allerød,
DK; lower detection limit: 0.69 pmol/L, intra-assay coeffi-
cient of variation <15%, interassay coefficient of variation
<18%, reference ranges [2.5 and 97.5 percentiles] 1.7 and
11.25 pmol/L) [34].

Endpoints
The primary endpoint was myocardial ischemia on Holter
recording. Secondary endpoints were elevations and fluctua-
tions in troponin I, clinical events, QTc interval prolongation,
and ventricular tachyarrhythmias (for definitions, see supple-
mental online Table 4). Copeptin was explored as a continu-
ous variable. Second, the number of patients with copeptin
levels above the suggested cutoff for myocardial infarction
(>10 pmol/L) was calculated.On the Holter recordings, an
episode of myocardial ischemia was defined as ST elevation
of ≥1 mV measured in the J-point lasting ≥1 minute or down-
sloped or horizontal ST depression of ≥1 mV measured
60 ms after the J-point lasting ≥1 minute. An interval of
≥1 minute with no ST deviations should be present before a
new episode was counted (supplemental online Table 4)
[35]. The PR segment corrected for baseline ST abnormalities
was used as a reference point. The extent of myocardial
ischemia was expressed as the ischemic burden calculated
by multiplication of the amplitude and the duration of ST
deviations in the channel with most pronounced ischemia.
We also recorded the duration of ischemic episodes per day
and number of ST-elevation and ST-depression episodes per
day. Day-to-day variation in ischemic episodes was calculated
by subtracting the “best day” from the “worst day.” New-
onset myocardial ischemia was defined as myocardial ische-
mia during 5-FU treatment in patients without any ischemia
before 5-FU start. Patients with left bundle branch block at
baseline 12-lead ECG were considered unsuitable for ische-
mia analyses at both 12-lead ECG and Holter recordings and
were only evaluated for arrhythmias.

Clinical events were defined as acute coronary syn-
dromes, symptomatic tachyarrhythmias, and cardiac arrest.
Acute coronary syndromes and myocardial infarction were
defined according to current guidelines from the European
Society of Cardiology [14, 36]. For definition of endpoints,
see supplemental online Table 4.

After inclusion of one third of the patients, one patient
developed cardiac arrest after cessation of 5-FU, and Holter
recording revealed ST elevation. After this event, we
reviewed all recordings for myocardial ischemia and ventricu-
lar tachyarrhythmia on the day the Holter recorder was
removed.

Statistical Analysis
Continuous variables and counts on Holter recording were
adjusted for technically acceptable recording time per day.

To compare variables before and during 5-FU infusion, the
McNemar test was used for proportions, a paired t test for
continuous variables with a Gaussian distribution, and the
Wilcoxon signed rank test for continuous outcomes with a
non-Gaussian distribution. For analyses of repeated mea-
sures on continuous outcomes with a non-Gaussian distribu-
tion, the Friedman’s test was used. The Wilcoxon pairwise
test with Bonferroni correction was applied post hoc if the
Friedman’s test was significant. The distribution of plasma
troponin I measurements was non-Gaussian, whereas the
log-transformed copeptin values and log-transformed QTc
values followed a Gaussian distribution. All tests were
two-sided and p < .05 was considered statistically signifi-
cant. Statistical analyses were performed in IBM SPSS Sta-
tistics 22 (IBM, Armonk, NY) and SAS version 9.4M2 (SAS
Institute, Cary, NC).

RESULTS

Of 270 patients asked to participate, 108 accepted (Fig. 1).
Table 1 summarizes baseline characteristics. Eighty-two
patients received bolus 5-FU followed by 46-hour infusion,
whereas 26 patients (24.1%) received 5-FU for 96 hours.

A Holter recording during the first cycle of treatment was
obtained in all patients but one (due to incorrect start of the
recorder). One patient had left bundle branch block and was
excluded from the ischemia analyses (Fig. 1). A Holter record-
ing was obtained during the second/third or fourth cycle in
85 patients, and 84 were evaluable for ischemia analyses
(one left bundle branch block; Fig. 1). Median recording time
before and during 5-FU administration is shown in supple-
mental online Table 7. Twenty-eight patients reported possi-
ble cardiac symptoms (22 in the first cycle, 3 in the second
cycle, 2 in the third cycle, and 1 in the fourth cycle) and
these were interpreted as clinical events in 8 (acute coro-
nary syndromes in 6 and arrhythmias in 2; supplemental
online Fig. 2).

Myocardial Ischemia

Day-to-Day Variation in Ischemic Episodes Before and
During 5-FU
The day-to-day variation in number of ischemic episodes at
baseline before the first cycle ranged from 0 to 19
(0%–60%), whereas the day-to-day variation in duration of
ischemic episodes and total ischemic burden ranged from
0 to 65.3 minutes (0%–56%) and from 0 to 188.4 mm*min
(58%), respectively (for detailed description, see supple-
mental online data). Before the second/third or fourth cycle,
the day-to-day variation in number of episodes was 0–3
(0%–100%), the day-to-day variation in total duration of epi-
sodes was 0–42.0 minutes (0%–100%), and the day-to-day
variation in ischemic burden was 0–73.5 (0%–100%).

The day-to-day variability in ischemic burden during
5-FU treatment ranged from 0 to 3,049.6 mm*min. The
ischemic burden for each day of recording in patients with
myocardial ischemia during the first cycle is shown in sup-
plemental online Figure 3 and during the second/third or
fourth cycle in supplemental online Figure 4.
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Myocardial Ischemia During 5-FU Infusion Compared
with Before Infusion
Myocardial ischemia was seen in 20 patients (18.7%) during
Holter recording during either the first cycle or the second/
third/fourth cycle (supplemental online Tables 5, 6). Of
these, 16 patients (15.0% of all patients) had silent myocar-
dial ischemia. The proportion of patients with myocardial
ischemia was significantly higher during the first 5-FU infu-
sion (15 patients, 14.1%) than before 5-FU initiation (four
patients, 3.7%; p = .001; Fig. 2), as were the ischemic bur-
den per day (p = .001), the number of ST depression epi-
sodes per day (p = .003), and the total duration of ischemic
episodes per day (p = .003). The number of ST-elevation
episodes before and during the first infusion was similar
(p = .12; supplemental online Table 8).

During the second Holter recording, two patients (2.4%)
had myocardial ischemia before the start of 5-FU infusion
and six (7.1%) had myocardial ischemia during infusion
(p = .13). Again, the ischemic burden per day was signifi-
cantly higher during 5-FU infusion than before (p = .046), but
the number of ST-elevation episodes (p = .66), the number
of ST-depression episodes (p = .068), and the total duration
of ischemia per day (p = .075) were similar (supplemental
online Table 8).

The incidences of new-onset myocardial ischemia
according to the two 5-FU schedules were similar, 11.1% for
46-hour infusion and 15.3% for 96-hour infusion (difference:

4.2%, 95% confidence interval [CI]: −11.2% to 19.7%,
p = .51). Treatment with 5-FU was stopped because of myo-
cardial ischemia in eight patients (seven during/after the first
cycle and one during the second cycle), while the dose was
reduced in two (after first cycle).

Myocardial Ischemia According to Day in Cycle 1
The occurrence of myocardial ischemia according to the day
in the cycle was examined separately in patients receiving
bolus plus 46-hour or 96-hour infusion. For patients receiving
bolus plus 46-hour infusion, the ischemic burden (p = .027),
the total duration of ischemia (p = .023), and the number of
ST-depression episodes (p = .042) were significantly higher
on day 2 of treatment compared with before 5-FU initiation
(supplemental online Tables 9, 10). In contrast, there were
no differences in ischemic burden (p = .93), total duration of
ischemic episodes (p = .91), and number of ST-elevation
(p = .56) or ST-depression episodes (p = .89) with regard to
day of 5-FU treatment in patients receiving 96-hour infusion
(supplemental online Table 10).

Biomarkers
Elevations in troponin I above the cutoff level were only
observed in the 2 patients with myocardial infarction but
increases in troponin I plasma concentrations larger than
the assay variation but below the cutoff were observed in
7 patients (6.5%) during the first cycle and in 10 patients

Figure 1. Flow diagram of patient inclusion and study examinations. Reasons for stopping treatment due to cardiotoxicity before
second evaluation were as follows: acute coronary syndromes (five patients), silent myocardial ischemia (three patients), non-
sustained ventricular tachycardia (two patients), and asymptomatic but excessive supraventricular ectopy and atrial fibrillation (one
patient).
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Table 1. Patient characteristics

All patients
in the
study
(n = 108)

Patients with
myocardial
ischemia on
Holter
recording
(n = 20)

Patients
with acute
coronary
syndromesa

(n = 6)

Patients with
silent
myocardial
ischemia on
Holter
recording
(n = 16)

Patients
without
symptoms
or myocardial
ischemiab

(n = 84)
n (%) n (%) n (%) n (%) n (%)

Sex, male/female 59/49 (54.6/45.4) 13/7 (65.0/35.0) 2/4 (33.3/66.7) 4/12 (25.0/75.0) 41/45 (47.7/52.3)

Age, median (range), years 66 (35–81) 66 (47–76) 72 (47–78) 66 (47–76) 66 (35–81)

Localization of cancer

Anal 26 (24.1) 6 (30.0) 1 (16.7) 5 (31.3) 20 (23.3)

Colon 63 (58.3) 10 (50.0) 3 (50.0) 8 (50.0) 52 (60.5)

Rectum 19 (17.6) 4 (20.0) 2 (33.3) 3 (18.8) 14 (16.3)

Treatment setting

Chemoradiation (curative
intent)

26 (24.1) 6 (30.0) 1 (16.7) 5 (31.3) 20 (23.3)

Adjuvant (curative intent) 76 (70.4) 11 (55.0) 3 (50.0) 9 (56.3) 64 (74.4)

Metastatic (all palliative
intent)

6 (5.6) 3 (15.0) 2 (33.3) 2 (12.5) 2 (2.3)

Schedule of chemotherapy

5-FU and cisplatinc 26 (24.1) 6 (30.0) 1 (16.7) 5 (31.3) 20 (23.3)

FOLFOXd 76 (70.4) 12 (60.0) 4 (66.7) 10 (62.5) 62 (72.1)

de Gramont 2 (1.9) 0 0 0 2 (2.3)

FOLFIRIe 4 (3.7) 2 (10.0) 1 (16.7) 1 (6.3) 2 (2.3)

Dose intensity, start

100% 95 (88.0) 19 (86.3) 4 (66.7) 15 (93.7) 76 (88.4)

75%–85% 13 (12.0) 3 (13.6) 2 (33.3) 1 (6.3) 10 (11.6)

Prior chest irradiation 3 (2.8) 1 (5.0) 0 1 (6.3) 2 (2.3)

Ischemic heart disease 1 (0.9) 1 (5.0) 0 1 (6.3) 0

Previous stroke or transient
cerebral ischemia

8 (7.4) 1 (5.0) 0 1 (6.3) 7 (8.1)

Heart failure 1 (0.9) 0 0 0 1 (1.2)

Atrial fibrillation or fluttering 5 (4.6) 0 0 0 5 (5.8)

Other heart diseasesf 3 (2.7) 1 (5.0) 0 1 (6.3) 2 (2.3)

Hypertension 35 (32.4) 9 (45.0) 3 (50.0) 7 (43.8) 25 (29.1)

Hypercholesterolemia 73 (67.6) 13 (65.0) 4 (66.7) 11 (68.8) 58 (67.4)

Diabetes mellitus 6 (5.6) 0 0 0 6 (7.1)

Smoking status

Current smoker 16 (14.8) 3 (15.0) 0 3 (18.8) 13 (15.1)

Former smoker 58 (53.7) 10 (50.0) 2 (33.3) 8 (50.0) 48 (55.8)

Never smoked 34 (31.5) 7 (35.0) 4 (66.7) 5 (31.3) 25 (29.1)

BMI

Underweight (BMI <18.5) 2 (1.9) 0 0 0 2 (2.3)

Normal (BMI 18.5–24.9) 45 (41.7) 8 (40.0) 3 (50.0) 6 (37.5) 36 (41.9)

Overweight (BMI 25.0–29.9) 45 (41.7) 10 (50.0) 3 (50.0) 8 (50.0) 34 (39.5)

Obese (BMI >29.9) 16 (14.8) 2 (10.0) 0 2 (12.5) 14 (16.3)

Cardiac medications

Beta blocker 8 (7.4) 2 (10.0) 0 2 (12.5) 6 (7.0)

Calcium channel blocker 7 (6.5) 1 (5.0) 1 (16.7) 1 (6.3) 5 (5.8)

Digoxin 0 0 0 0 0

(continued)
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(11.8%) during the second/third/fourth cycle. However,
compared with levels before 5-FU infusion, plasma troponin
I levels remained similar during the first cycle (p > .999) and

during the second/third/fourth cycle (p = .37; Fig. 3). In con-
trast, the geometric mean of copeptin increased from 5.6
pmol/L (95% CI: 5.0–6.3 pmol/L) before to 7.7 pmol/l
(6.8–8.7 pmol/L) during the first infusion (P < .001) and
from 7.0 (95% CI: 6.2–7.9 pmol/L) before to 9.5 pmol/L
(95% CI: 8.3–11.0 pmol/L) during the second/third/fourth
cycle (p < .001; Fig. 4). Copeptin values above the suggested

Table 1. (continued)

All patients
in the
study
(n = 108)

Patients with
myocardial
ischemia on
Holter
recording
(n = 20)

Patients
with acute
coronary
syndromesa

(n = 6)

Patients with
silent
myocardial
ischemia on
Holter
recording
(n = 16)

Patients
without
symptoms
or myocardial
ischemiab

(n = 84)
n (%) n (%) n (%) n (%) n (%)

NYHA class at baseline

1–2 101 (93.5) 18 (90.0) 6 (100.0) 14 (87.5) 81 (94.2)

3 7 (6.5) 2 (10.0) 0 2 (12.5) 5 (5.8)

Baseline troponin I

>40 ng/L (%) 2 (1.9) 1 (4.5) 1 (16.7) 0 1 (1.2)

Low eGFR (<60 mL/min/
1.73 m2)

1 (6.3) 1 (5.0) 0 1 (6.3) 0

Anemiag 40 (37.0) 11 (55.0) 4 (66.7) 8 (50.0) 28 (32.6)
aOne of six patients had chest pain without objective evidence of myocardial ischemia on Holter recording or 12-lead ECG.
bPatients with acute coronary syndromes and myocardial ischemia and the two patients with symptomatic arrhythmias are not included in this
column.
cOne patient received only 5-FU and no cisplatin.
dOne patient received treatment with FOLFOX + epidermal growth factor receptor inhibitor.
eOne patient received treatment with FOLFIRI + epidermal growth factor receptor inhibitor.
fAortic and mitral valve diseases.
gDefined according to World Health Organization: hemoglobin <7.4 mmol/L for nonpregnant women and <8.1 mmol/L for men >15 years.
Abbreviations: 5-FU, 5-fluorouracil; BMI, body mass index; eGFR, estimated glomerular filtration rate; FOLFIRI, 5-FU + irinotecan; FOLFOX,
5-FU + oxaliplatin; NYHA, New York Heart Association.
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Figure 2. The proportion of patients with myocardial ischemia
on Holter recording before and during 5-FU infusion for the
first cycle and the second/third/fourth cycle, respectively. The
error bars illustrate the 95% confidence interval and * indicates
a statistically significant difference between the proportion of
patients with myocardial ischemia before 5-FU infusion and
proportion of patients with myocardial ischemia during 5-FU
infusion.
Abbreviation: 5-FU, 5-fluorouracil.
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Figure 3. The proportion of patients with detectable troponin I
(lower limit of detection: 10 ng/L) before and during 5-FU infu-
sion for the first cycle and the second/third/fourth cycle,
respectively. The error bars illustrate the 95% confidence inter-
val. No significant differences in troponin I levels before and
during 5-FU infusion were found (first cycle: p > .999; second/
third/fourth cycle, p = .37).
Abbreviation: 5-FU, 5-fluorouracil.
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cutoff for myocardial infarction (>10 pmol/L) were observed
in 17 patients (16.0%) before the first infusion, in
30 patients (29.4%) during the first infusion (p = 0), and in
23 patients (27.7%) before and 36 patients (42.4%) during
the second/third/fourth cycle (p = .013). Among the
patients with myocardial ischemia on Holter recording dur-
ing the first infusion, 4 of 15 (27%) had copeptin levels >10
pmol/L, and during the second/third/fourth cycle, 3 of 6
(50%) patients with myocardial ischemia had copeptin >10
pmol/L. Only one patient with copeptin >10 pmol/L had ele-
vated troponin above the cutoff for myocardial infarction
(during the first cycle).

Nonsustained Ventricular Tachyarrhythmias
Nonsustained ventricular tachycardia (NSVT) was observed in
14 patients (13.0%) before and in 12 patients (11.2%) during
the first 5-FU infusion (p = .36). On the second Holter record-
ing, NSVT was observed in nine patients (10.7%) before and
in nine patients (10.7%) during 5-FU infusion (p > .999).
Treatment was stopped owing to NSVT in two patients after
the first cycle. There was no statistically significant difference
in the number of NSVT episodes according to days of treat-
ment (46-hour infusion: p = .62; 96-hour infusion: p = .31).

QTc on 12-Lead ECG
The geometric mean of the QTc interval decreased from
420 ms (95% CI: 415–425 ms) before to 410 ms (95% CI:
404–415 ms) during the first 5-FU infusion (p = .001). There
was no significant difference in the geometric mean of the
QTc interval before (414 ms, 95% CI: 408–419 ms) and

during (410 ms, 95% CI: 404–415 ms) the second/third/
fourth cycle (p = .13).

Clinical Events
Six patients (5.6%) developed acute coronary syndromes: five
during the first and one during the second cycle (supplemen-
tal online Table 5). One had unstable angina without ische-
mia (0.9%), two had unstable angina with ischemia on Holter
recordings (1.9%), two had myocardial infarction confirmed
by elevated troponin I (one ST-elevation myocardial infarc-
tion and one non-ST elevation myocardial infarction) (1.9%),
and one patient sustained cardiac arrest (0.9%). None of
these patients had symptoms or silent ischemia before the
start of 5-FU treatment. During 5-FU treatment, three of six
patients (50%) presented with silent ischemia on Holter
recording before debut of clinical symptoms.

Two patients receiving 96-hour infusion had symptomatic
arrhythmias with palpitations and supraventricular tachycar-
dia in one and dizziness and NSVT in one.

DISCUSSION

The main finding in the present study is that myocardial
ischemia measured on Holter recordings is increased during
5-FU administration compared with before treatment. Also,
our cardiac biomarker analyses showed that myocyte injury
rarely occurs, while increases in copeptin suggest that endog-
enous stress is present. Furthermore, treatment with 5-FU
did not result in an increased number of NSVT episodes, and
the QTc interval remained within normal limits (<460 ms).
However, 5%–6% of the patients developed acute coronary
syndromes, and 1%–2% developed symptomatic tachyar-
rhythmia during treatment.

The increase in myocardial ischemia during 5-FU infusion
is in line with findings in a previous Holter study of 25
patients [7]. Yet, the previous study reported a markedly
higher prevalence (68%) of myocardial ischemia during
5-FU. The difference can partly be explained by differences
in the prevalence of coronary artery disease and myocardial
ischemia at baseline [7]. In contrast, a study of exercise-
induced myocardial ischemia during 5-FU reported an inci-
dence of myocardial ischemia of 10.3% [9], which is in
concordance with our findings of myocardial ischemia in
14.1% of patients during the first infusion. Additionally, the
pattern of a higher ischemic burden on day 2 of the 46-hour
infusion is in keeping with the observation that major events
often appear toward the end of infusion or during the first
days after infusion [37–39].

Approximately three fourths of patients with myocardial
ischemia on Holter recording had silent myocardial ischemia.
Silent myocardial ischemia may carry an adverse prognosis,
but the clinical significance is unclarified. In coronary heart
disease and among middle-aged and elderly individuals with
no apparent heart disease, silent myocardial ischemia has
been reported to be associated with increased risk of myo-
cardial infarction and sudden death [40–44], although results
are inconsistent [45]. Because ST elevation was the major
finding on Holter recording in the patient sustaining cardiac
arrest and ST elevations on Holter recording presented
before symptoms in the two patients with myocardial
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Figure 4. The geometric mean of plasma copeptin before and
during 5-FU infusion for the first cycle and for the second/
third/fourth, respectively. The error bars illustrate the 95% con-
fidence interval for the geometric mean and * indicate a statis-
tically significant difference between the geometric mean
before 5-FU infusion and the geometric mean during 5-FU infu-
sion. Normal range for copeptin in healthy volunteers is
1.70–11.25 pmol/L (2.5 and 97.5 percentile, respectively).
Abbreviation: 5-FU, 5-fluorouracil.
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infarction, myocardial ischemia may be a forerunner of
severe cardiac events. Then again, only some patients with
silent myocardial ischemia progressed to severe cardiac
events, and some patients with silent myocardial ischemia
during the first cycle did not have myocardial ischemia
during the second recording and completed planned treat-
ment without cardiac symptoms. Therefore, discontinuation
of treatment because of silent myocardial ischemia may
deprive patients of a beneficial treatment.

Furthermore, studies of patients with chronic ischemic
heart disease have demonstrated a marked day-to-day varia-
tion in number and duration of ischemic episodes on Holter
recording [46–49]. In line with these findings, the patients
with myocardial ischemia on Holter recording before 5-FU
start showed considerable variability in number and duration
of episodes and in total ischemic burden per day. Thus, it is
possible that some of the increments in myocardial ischemia
during 5-FU treatment may not be due to 5-FU treatment
but may reflect the day-to-day variability of ischemic epi-
sodes, particularly in patients with minor increases in ische-
mic episodes.

The incidence of new-onset myocardial ischemia was
numerically higher in patients receiving the 96-hour continu-
ous 5-FU infusion compared with patients receiving 46-hour
infusion (15.3% vs. 11.1%); however, the difference was not
statistically significant. The lack of statistical significance may
be due to the small number of patients receiving 96-hour
continuous infusion in our study. Based on our study, it can-
not be concluded whether there are differences in the inci-
dence or risk of myocardial ischemia according to the
different 5-FU infusion protocols. However, a prior study of
symptomatic cardiotoxicity has suggested that the incidence
of cardiotoxicity is lower for short 5-FU infusion schedules
(<3 hours) [5], and in a case-series of 10 patients with 5-FU
or capecitabine cardiotoxicity, retreatment with bolus 5-FU
infusion resulted in no further cardiac symptoms [50]. For
patients with metastatic colorectal cancer, the overall sur-
vival is comparable for bolus 5-FU and 5-FU administered
according to the De Gramont schedule, but the De Gramont
schedule is associated with higher response rates and
reduced noncardiac toxicity (reduced incidence of grade 3–4
toxicities, granulocytopenia, diarrhea, and mucositis) [51].

Another alternative is the fluoropyrimidine S-1, that is, a
combination of tegafur, oteracil, and the DPD inhibitor gim-
eracil. Retreatment with S-1 in patients with prior
cardiotoxicity on 5-FU or capecitabine is associated with a
low rate of recurrent cardiotoxicity [52, 53].

Overall, we found no difference in troponin I levels
before and during 5-FU infusion. This might be due to lack of
power but may also suggest that myocyte injury is uncom-
mon and only occurs in severe cases of cardiotoxicity. Prior
studies of troponin levels during 5-FU treatment have shown
comparable findings, with no change in troponin during
treatment [17–21]. However, the number of patients
included in the individual studies of troponin levels during
5-FU treatment was small (n = 22–59). We found fluctua-
tions in plasma troponin I concentrations below the upper
99th percentile in some patients during 5-FU infusion. The
clinical significance of such fluctuations in relation to
5-FU cardiotoxicity is unknown. However, in the general

population and in apparently healthy older adults, low levels
of detectable cardiac troponin I have been associated with
all-cause mortality and cardiovascular death [54, 55],
suggesting that even small amounts of detectable troponin
are associated with adverse outcomes. Larger studies are
needed to clarify the role of fluctuations in troponin during
5-FU treatment.

Copeptin, the C-terminal part of the vasopressin
prohormone, increased during 5-FU infusion, indicating a
stress response [22]. However, copeptin is not specific for
cardiac diseases, and copeptin elevations are seen during
critical illness, for example, sepsis, diabetes, and respiratory
infections [23]. Thus, the implications of the observed
increase in the geometric mean of copeptin in our study are
unknown. Importantly, our study was not designed to test
copeptin as a diagnostic marker. We measured copeptin
before infusion and at the end of the 5-FU infusion simulta-
neously with troponin. In patients with myocardial infarc-
tion, copeptin is released early after symptom onset and
decreases to values below the upper 99th percentile after
approximately 10 hours [56]. Thus, the timing of copeptin
measurements according to symptom onset is important,
and because of the fixed time points for copeptin measure-
ments in our study, the timing may not have been optimal.
Furthermore, before the start of 5-FU, 16% of the patients in
our study had copeptin levels above the cutoff for myocar-
dial infarction, indicating that the arginine-vasopressin sys-
tem was activated in some patients with colorectal or anal
cancer even before start of chemotherapy. Future studies of
the role of copeptin in 5-FU cardiotoxicity should evaluate
the biomarker together with cardiac troponins at symptom
presentation.

We observed no increase in the number of NSVT epi-
sodes and changes in QTc interval during 5-FU. These find-
ings suggest that ventricular tachyarrhythmias are not the
primary cause of cardiac arrest during 5-FU but may occur
secondary to myocardial ischemia. Comparable findings were
reported in one prior Holter study of 5-FU [7], whereas
another reported an increased number and complexity of
ventricular premature complexes [8]. Prior studies of QTc
interval during 5-FU treatment have revealed diverging find-
ings, with significant prolongation of QTc interval in one study
but no prolongation of the QTc interval in another study [57].
Most patients treated with 5-FU receive antiemetics such as
5HT-3 antagonists that can cause QTc interval prolongation,
and this may have influenced the findings [58].

The incidence and patterns of clinical events in our
study are consistent with findings in previous studies [59],
and five of six patients undergoing coronary arteriography
in our study had no significant stenosis (only the patient
with symptomatic NSVT had stenoses on coronary angiogra-
phy). Furthermore, troponin I levels rarely increased, and
symptoms and ECG findings were transient and ceased a
few days after cessation of 5-FU, indicating that sustained
occlusion was unlikely. These findings agree with the theory
of coronary vasospasm. Coronary vasospasm is one of the
leading theories regarding the cause of 5-FU cardiotoxicity
because of the clinical findings suggestive of coronary occlu-
sion but the absence of coronary artery stenosis on coro-
nary arteriography [38, 60]. This theory is further supported
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by visualization of coronary artery vasospasm during coro-
nary angiography [61, 62] and brachial artery vasoconstric-
tion demonstrated immediately after 5-FU infusion [20, 63].
However, vasospasm is not always observed in the epicar-
dial vessels in patients with 5-FU cardiotoxicity [60, 64].
Therefore, Sara et al. [65] recently suggested that microvas-
cular vasospasm may be involved in the pathophysiology of
5-FU cardiotoxicity.

Strengths and Limitations
We did not quantify the degree of coronary atherosclerosis
at baseline but relied on information from medical records
and patient reporting regarding a history of ischemic heart
disease. Hence, some patients may have had unrecognized
coronary atherosclerosis, and this may have influenced the
incidence of myocardial ischemia. We chose Holter recording
to assess myocardial ischemia, because Holter recording can
quantify myocardial ischemia during daily life, is inexpensive
and noninvasive, and can detect both cardiac arrhythmias
and episodes of myocardial ischemia [44]. A disadvantage is
that only a few leads are used. Only myocardial ischemia in
the areas covered by these leads is detected. Yet, lead CM5
has been reported to detect myocardial ischemia with a sen-
sitivity of 89% compared with 12-lead ECG [66]. Further-
more, interpretation of the ST segment on Holter recording
can be challenging because left ventricular strain patterns
may be difficult to differentiate from myocardial ischemia,
and elevations in blood pressure can result in ST depression
[44]. However, we observed a prevalence of myocardial
ischemia of 3.7% before 5-FU, which is lower than the inci-
dences reported in population-based studies of middle-aged
to elderly subjects (6%–35%) [42, 43, 67], indicating that we
did not overestimate the incidence of myocardial ischemia.

Assays for troponin assessment are continuously improv-
ing, and more sensitive assays are now available on the mar-
ket [15]. Thus, we may not have detected the smallest
fluctuations in troponin.

Finally, we reviewed two thirds of Holter recordings for
ischemic episodes and ventricular arrhythmias on the day
the Holter recorder was removed. In five patients, we

stopped 5-FU owing to silent ischemia or nonsustained VT,
which might have prevented clinical events.

CONCLUSION

5-FU infusion is associated with a significant increase in the
number of patients with myocardial ischemia on Holter
recording and a significant increase in ischemic burden.
Analyses of biomarkers suggest that 5-FU infusion results in
increases in copeptin levels but rarely induces myocyte
injury. Acute coronary syndromes occurred in 5.6% of the
patients during treatment. The presence of silent myocar-
dial ischemia should alert the clinician about the risk of life-
threatening events.
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