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ABSTRACT

Fluoropyrimidines remain some of the most used chemotherapeutics, despite the appearance in the therapeutic
arsenal of targeted therapy and immunotherapy. Fluropyrimidines related cardiotoxicity is an undesirable adverse
event and affects almost 20% of patients. The mechanisms of fluoropyrimidine toxicity are closely related to
deficient allelic variants of DPYD, but considering the low penetrance and interindividual variability, not all adverse
reactions are explained by their presence. In this case, we report a patient with recurrent fluoropyrimidine toxicity
without a deficient allelic variant and how this case was managed by the oncologist and cardiologist, considering the
need to use fluoropyrimidine in the treatment.
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’ INTRODUCTION

Fluoropyrimidines remain one of the most used che-
motherapy drugs worldwide due to their multiple indica-
tions. It is predicted that two million patients are treated
yearly with fluoropyrimidine-based treatment [1]. The indi-
cations for these chemotherapy drugs are head and neck,
breast, gastro-intestinal, and vulvar cancers [2]. Dihydropyrim-
idine dehydrogenase (DPD) deficiency is incriminated in
adverse events following fluoropyrimidine chemotherapy.
The fluoropyrimidines used in clinical practice are 5-fluoro-
uracil (5-FU), Capecitabine, Tegafur and TAS-102 or S-1, the
last two especially in Asia. 5-FU and Capecitabine cardio-
toxicity is well known, and most often manifests as chest
pain, but severe incidents such as sudden death have
been reported [3]. Here we report a case of a patient who
developed recurrent cardiac events after fluoropyrimidine
treatment.

’ CASE REPORT

A 42-year-old Caucasian woman presented in our service
in January 2016 with clinical and imaging suspicion of bowel

obstruction. The surgery revealed the presence of a mass
obstructing the intestinal lumen, for which a segmental
sigmoid resection and a colostomy were performed. The
histopathological and imaging examinations established the
diagnosis of stage IIIB sigmoid colon adenocarcinoma
(pT3N1M0V1R0) and the indication of adjuvant chemother-
apy. The cardiac examination before the beginning of chemo-
therapy showed ECG and ultrasound parameters within
normal limits and did not reveal any associated cardiovas-
cular pathologies.
The patient began CAPOX chemotherapeutic protocol in

February 2016, and the first cycle was without events. Still,
during the first days of the second cycle, the patient
presented intense chest pain associated with Capecitabine
intake, so Capecitabine was discontinued. The oral treatment
with Capecitabine was then replaced with 5-FU. We started
therapy with a 25% dose reduction due to the poor tolerance
of the treatment with Capecitabine, but during the contin-
uous infusion of 5-FU, the patient presented chest pain with
irradiation in the left upper limb up to the fingertips. We
immediately stopped the infusion, performed an ECG that
showed no ischemic changes, and the cardiac enzymes of
myocardial injury (troponin and creatinine-kinase) were
normal. Genetic testing was performed to determine the
allelic variant DPYD*2A (IVS14+1G4A, c.1905+1G4A),
but it was not detected in this patient. Subsequently, the
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patient returned for a new cycle of chemotherapy when
she experienced high-intensity chest pain again. Cardiac
enzymes and ECG were still normal; therefore, we requested
a cardiological consultation. The ultrasound parameters were
kept within normal limits at the cardiological examination,
and the coronary angiography showed no pathological
aspects.
The patient received seven cycles of low-dose chemother-

apy due to cardiac symptoms associated with fluoropyrimi-
dine treatment but without any cardiac morphological or
physiological alteration at routine examinations. After one
year of disease-free survival, in June 2018, a CT scan showed
the presence of multiple liver metastases, and we needed to
restart chemotherapy. Given the presence of the G12D
mutation in codon 12 of the KRAS gene which was tested
when the patient became metastatic, the patient’s history as
well as the response to the prior therapy, we restarted the
treatment with a fluoropyrimidine-based protocol (FOLFOX
4), with 25% dose reductions because of the cardiac toxicity
during the adjuvant setting, associated with VEGF inhibitor,
Bevacizumab. Due to the previous toxicity, we tested the
patient for other three frequent allelic variants of DPYD,
DPYD*9B (c.2846A4T), DPYD*13 (c.1679T4G), and HapB3
(c.1129-5923C4G), but none of them were detected.
During the second cycle in the metastatic setting, shortly

after initiating continuous infusion of 5-FU, the patient
experienced mild chest pain lasting for several seconds. An
ECG was performed but with no specific modifications
(Figure 1). Subsequently, the treatment was resumed with the
reappearance of chest pain but with increased intensity,
constrictive character and irradiation at the left upper limb
and mandible level. We administered Nitroglycerine with
slight pain relief. An ECG showed negative T waves in the

lower territory (Figures 2, 3 and 4), and troponin T showed
an increase but within the normal range (4.31 ng/ml vs.
o 0.04 ng/ml). Despite treatment with Nitroglycerine, the
pain persisted, and an emergency coronary angiography was
performed that showed no changes in the coronary arteries.
Also, the left ventricle ejection fraction was within normal
limits. The diagnosis of unstable angina pectoris was
established, and treatment with Verapamil, Trimetazidine
and Nitroglycerine, as needed, was recommended.

Three weeks later, the patient returned to our hospital to
continue treatment, and we decided to reduce the dose of
5-FU by another 25%. Under therapy with antianginal drugs
and periodic cardiological examinations, the patient fol-
lowed various chemotherapeutic protocols based on 5-FU
with clinical response and local treatment, consisting of
radiofrequency ablation of the liver metastases until October
2019. Afterwards, the patient stopped the treatment by
choice, dying in February 2020 in a palliative care centre.

’ DISCUSSION

Fluoropyrimidines are antimetabolites used in many
cancers, such as head and neck, oesophagal, gastric,
pancreatic, colorectal, breast, and vulvar [2-4]. 5-FU and
Capecitabine, the oral prodrug of 5-FU, are catabolized to
inactive metabolites in the liver by DPD. Severe toxicity can
occur in patients with low DPD activity. Fluoropyrimidines
induce grade 3-4 toxicity in 10-30% of patients and life
threatening toxicity in 0.3-2% of cases [4]. DPD deficiency is
detected in almost 39-61% of cases with severe toxicity,
which makes it a risk factor for fluoropyrimidine toxicity [5].

DPD activity shows significant inter-individual variations
that are partly explained by the presence of multiple genetic

Fig. 1. The first ECG during the second chemotherapy cycle.
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Fig. 2. The ECG during a crisis, after the treatment was resumed.

Fig. 3. The persistence of ECG changes 1 hour after the onset symptoms, despite treatment with Nitroglycerine.
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variants of the DPYD gene, which encodes the DPD enzyme
[5]. Up to now, more than 2000 known variants of the DPYD
gene exist. The most studied deleterious DPYD variants
associated with altered DPD activity and fluoropyrimidine-
based chemotherapy are DPYD*2A, DPYD*9B, DPYD*13
and Haplotype B3 [6]. It is estimated that almost 3 to 15% of
patients possess a partial deficiency and 0.1 to 5% a complete
DPD deficiency [7].
Given the available data on the association between DPYD

gene variants and fluoropyrimidine toxicity, several inter-
national guidelines recommend phenotypic and genotypic
testing before starting fluoropyrimidine treatment and dose
adjustment accordingly. From March 2020, the European
Medicines Agency’s Pharmacovigilance Risk Assessment
Committee recommends testing all patients before under-
going fluoropyrimidine treatment. Furthermore, patients
who have a complete DPD deficiency should not be treated
with fluoropyrimidines. For those with a partial deficiency,
it is necessary to reduce doses from the beginning of the
treatment and adjust doses later, depending on the toxicities.
In our case, we tested the patient for the presence of the

DPYD*2A variant in the adjuvant setting and the result was
negative. Unfortunately, it is the only test available in
Romania and is not reimbursed. Later, when we needed to
decide the treatment for the metastatic disease, and
considering the previous events, we tested, in a research
project, the presence of the following three most frequent
variants (DPYD*9B, DPYD*13, and Haplotype B3), but
the presence of none of the above variants was identified.
The fact that the genetic mutation was not detected was not
of high significance, given the interindividual variability
of the DPYD mutation and the high number of mutational
variants.
Fluoropyrimidines are the second most cardiotoxic che-

motherapy agents after anthracyclines and are estimated to
affect up to 19% of patients [8]. Fluoropyrimidine-associated

cardiotoxicity manifests through chest pain, acute coronary
syndrome, coronary dissection, arrhythmias, QT prolonga-
tion, cardiogenic shock, myopericarditis, heart failure and
sudden death [8,9]. Another manifestation of cardiotoxicity
is the development of silent cardiac ischemia (X1 mm
negative deviation of ST segment). Numerous prospective
and retrospective studies have reported ECG changes of
silent ischemia ranging from 4% to 88% [10]. Several
hypotheses have been formulated regarding the pathogen-
esis of fluoropyrimidine cardiotoxicities, such as coronary
vasospasm, direct myocardial toxicity, metabolites accumu-
lation leading to ischemia, vascular endothelial dysfunction,
hypercoagulable status, erythrocyte membranes alterations
leading to a diminished ability to deliver and release oxygen
and an allergenic reaction with the release of an inflamma-
tory mediator’s storm that can break the atherosclerotic
plague [8-11].

The most recognized mechanism of cardiotoxicity is
coronary vasospasm which can lead to ischemic events.
Patients may present manifestations of the acute coronary
syndrome; sometimes, ECG can show ST segment and T
wave changes [12]. Also, cardiac biomarkers such as
troponin T can increase. Even in symptomatic patients with
ECG changes, coronary angiography is usually normal,
without signs of thrombotic events [12]. Studies have proven
that high levels of protein kinase C and endothelin-1 can
induce endothelium vasoconstriction in case of overexposure
to 5-FU [13,14]. This evidence supports the theory of
coronary vasospasm as a pathophysiological mechanism of
fluoropyrimidine cardiotoxicity and, therefore, the benefit
that antianginal therapy may have.

Classically, symptoms occur during the first two cycles
of 5-FU infusion, and if treatment is continued during the
following cycles, symptoms reappear and are more intense.
As for capecitabine, although its intake is oral, its metabolism
is similar to that of intravenous 5-FU. Therefore, the pattern

Fig. 4. Maintenance of ECG changes 3 hours after the onset of symptoms.
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of cardiotoxicity symptoms is like the infusion pattern [15].
Many studies displayed that continuous infusion of 5-FU
compared with bolus intravenous administration is asso-
ciated with an increased risk of cardiotoxicity [16].
In front of a patient with significant fluoropyrimidine

cardiotoxicity, we have the possibility of rechallenging with
the same drug, the use of an alternative fluoropyrimidine or
non-fluoropyrimidine agents. Clasen et al., based on their
case series, have made some recommendations regarding
rechallenge with the same drug. They suggest the following:
1) switching from continuous infusion to bolus administra-
tion of the drug, 2) pre-treatment with extended-release
calcium channel blockers and nitrates three to four hours
before 5-FU infusion, 3) treatment during the infusion of 5-
FU with short-acting calcium channel blockers and Nitrogly-
cerine as needed, 4) posttreatment with extended-release
calcium channel blockers and Nitrates 12 or 24 hours after
the first dose of pre-treatment with the same drugs [15]. In
cases of life-threatening adverse events, in 2015 FDA
approved uridine triacetate (Vistogard) as an antidote for
fluoropyrimidine toxicity [17].
Our patient presented several episodes of chest pain,

starting right from the first cycle of treatment. After each
such episode, we performed cardiac enzymes testing and
ECGs that were normal. When we changed Capecitabine
with 5-FU, we reduced with 25% the dose of 5-FU from the
beginning and maintained the decreased dose. Later, when
the disease recurred, out of the desire to give our patient the
best treatment and considering that she responded well to
the adjuvant regimens, we decided to rechallenge with
fluoropyrimidine treatment with a further 25% reduction in
the continuous infusion dose. During the second cycle of the
metastatic setting, the chest pain reappeared, but it was more
intense than before, and Nitroglycerine did not improve it.
Moreover, there were ischemic changes on the ECG, and

the biochemical tests showed increased troponin levels, but
without exceeding the upper limit of normal. The next step
was to perform an emergency coronary angiography, which
did not show any pathological alterations. Considering the
symptomatology and evaluations, the diagnosis of unstable
angina pectoris due to coronary vasospasm was established,
and long-term treatment with Verapamil and Nitroglycerine
as needed was recommended. Considering the cardiologist’s
advice and therapy schedule, we continued the fluoropyrim-
idine treatment of the patient, with the total dose reduced by
50%, without other acute episodes.

’ CONCLUSION

In conclusion, we present a complicated case of fluoropyrim-
idine cardiotoxicity with recurrent episodes of chest pain
caused by coronary vasospasm, which led to cardiac
ischemia certified by ECG changes and increased troponin
levels. The management of such a patient, besides a specific
cardiological treatment, requires a therapeutic decision
regarding the continuation or discontinuation of the oncolo-
gical treatment. Treatment individualization by detecting
certain genetic mutations can prevent situations in which
chemotherapy, even for curative purposes, can endanger the
patient’s life through the severe side effects it can cause. Even
though we did not find an allelic variant of DPYD, we

strongly recommend pre-therapeutic mutation testing or in
case of severe or recurrent toxicity. We also emphasize the
collaboration with the cardiologists with the help of their
recommendations, the patient being able to continue the
treatment, in doses adapted to the previous events.
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