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Abstract
Purpose 5-Fluorouracil (5-FU) is a mainstay for treating
various solid tumours in adults, including digestive and
head and neck cancers. 5-FU-related toxicities usually
include haematological, digestive and cutaneous features.
Additionally, 5-FU has been described as being potentially
neurotoxic in patients, but these side eVects are quite rare in
clinical practice. Here, we report two cases of sudden and
unpredictable drug-induced neurotoxicities that occurred in
patients undergoing their Wrst course of 5-FU-based chemo-
therapy.
Patients and methods None of these patients had any
previous neurological disorder history, and both were
treated following standard regimen (LV-5-FU2 and TPF for
patient 1 and 2, respectively). Neurotoxicity included
drowsiness, acute confusion plus dysarthria for the Wrst
patient and seizure, confusion and signs of metabolic
encephalopathy for the second one. In addition, typical
5-FU-related severe toxicities (e.g. neutropenia and mucos-
ities) were observed. Both patients slowly recovered from
these neurological toxicities under supportive treatment. It
was assumed that overexposure to 5-FU could explain the
severe toxicities encountered. To test this hypothesis, we
retrospectively evaluated the dihydropyrimidine dehydro-
genase (DPD) activity of these patients on a phenotypic
basis.

Results Evaluation of the uracil-to-di-hydrouracil (U/UH2)
ratio in plasma revealed a profound DPD deWciency syndrome
in both patients.
Conclusion These cases suggest that 5-FU standard
dosage administration may lead to strong overexposure,
responsible for the severe toxicities observed, including the
neurological features. It implies that DPD deWciency can
cause neurotoxicity in 5-FU-treated patients and advocates
for the prospective screening of DPD deWciency before
starting any 5-FU-containing chemotherapy so as to
prevent such side eVects in the future.

Keywords 5-Fluorouracil · Dihydropyrimidine 
dehydrogenase deWciency · Neurotoxicity · 
Encephalopathy · Hypothyroidism

Introduction

5-FU remains one of the most prescribed anticancer drugs
worldwide, with an estimated number of 2.106 new patients
treated each year, mostly as a part of combination therapies.
Like most other cytotoxics, 5-FU-related side eVects
include digestive and haematological toxicities. Admittedly,
10–25% of patients will experience severe toxicities upon
5-FU intake, including 0.5–3% of toxic deaths, depending
on the regimen [1, 2]. The intensity of 5-FU-induced toxic-
ities can dramatically increase to become life-threatening in
patients with DPD deWciency. This pharmacogenetic syn-
drome results in a partial or complete loss of their ability to
detoxify Xuoropyrimidine derivatives in the liver [3, 4].
Although DPD deWciency is a contra-indication for the
administration of full-dose 5-FU or oral capecitabine, pro-
spective screening of DPD status prior to treatment is still
not oYcially recommended by health authorities like the
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F.D.A. in the United States or the E.M.E.A. in Europe, as it
can be for other pharmacogenetic syndromes having an
impact on the disposition of cytotoxics like UGT1A1
(irinotecan) and TPMT (6-mercaptopurine). Consequently,
today most patients are administered with standard dosage
of 5-FU, regardless of their DPD status. Retrospective stud-
ies have demonstrated that 70% of the severe toxicities and
80% of the toxic deaths could be related to functional DPD
deWciency and therefore could be prevented by prospective
screening and development of DPD-based dose tailoring
strategies [5]. Beside haematological toxicities, some drug-
induced neurotoxicities have been described with 5-FU,
although this latter are by far less frequent and usually are
not dose limiting [6]. It has been recently suggested that
such neurotoxicities could be associated with deregulation
in TYMS, another pharmacogenomic syndrome linked with
outburst of severe toxicities with 5-FU [7]. To date, little
relationships have been evidenced between DPD deWciency
and increased risk of developing neurotoxicity in patients
undergoing 5-FU treatment [8].

Case reports

We report the cases of two patients treated at Laveran Mili-
tary Hospital of Marseille, France, in 2008 and 2009.
Patient’s characteristics are given in Table 1. Patient 1 was a
65-year-old woman hospitalized for a sigmoid carcinoma
revealed by an occlusive syndrome. After surgical treatment
by colostomy and secondary laparoscopic sigmoidectomy,
she was given LV-5-FU2 (total 5-FU dose: 6400 mg) as a
standard adjuvant setting. Eleven days after 5-FU administra-
tion, the patient came back to the hospital with grade-4
mucosities (standard CTCAE grading) and several skin tox-
icities (hands, breast, face) that started at home on the third
day after the end of the chemotherapy. She also presented
biological signs of haematologic toxicity like grade-4

neutropenia (543 neutrophils per mm3) and grade-2 thrombo-
cytopenia (60 £ 103 platelets per mm3). Conservative treat-
ment, granulocyte growth factors and parenteral nutrition
were undertaken and allowed the patient to recover quickly.
However, grade-3 neurological disorders gradually hap-
pened, such as drowsiness, confusion and dysarthria. Electro-
encephalogram revealed diVuse cerebral suVering without
any epileptic discharge. Brain CT scan and MRI as well as
cerebrospinal Xuid (CSF) analysis were normal (data not
shown). Neurological disorders spontaneously decreased
after several weeks, except for a persistent frontal lobe syn-
drome with cognitive and behavioural features. Forthcoming
administrations of 5-FU courses were cancelled, and
patient’s DPD status was retrospectively checked, based
upon the use of the canonical determination of the U/UH2
ratio in plasma [2]. BrieXy, 500 �l of plasma was extracted
using liquid–liquid procedure with ether/isopropanol. Super-
natant was dried under nitrogen, reconstituted into mobile
phase and injected into a 1100 HPLC–UV system (Agilent,
France) equipped with a RP18 250  £ 4.5 mm 5 �m column
(XTerra, Waters, France) eluted with a pH3, 5 mM KH2PO4

buVer pumped at a 0.6 ml/min Xow rate. UV detection was
set at 210 nm. Data were acquired using the Chemstation
software (Agilent, France). Using this methodology, we
found that this patient was profoundly DPD deWcient
(Fig. 1), with a U/UH2 ratio value of 3.6, i.e. more than 3
times higher than the mean values usually recorded in our
reference population [5]. Owing to the severity of her DPD
deWciency, treatment was deWnitively stopped.

Patient 2 was a 55-year-old man treated with a TPF proto-
col for a head and neck cancer scheduled as following: doce-
taxel (D1), cisplatin (D1) plus continuous 5-FU infusion (D1-
D4, total dose 6,150 mg). Immediate tolerance to the treat-
ment was excellent. However, the patient suddenly presented
grade-4 neurotoxicity starting on D5 (i.e. convulsive seizures
associated with persisting loss of consciousness). The patient
was then transferred to intensive care unit (I.C.U.), where

Table 1 Patient 1 and patient 2 characteristics

* TPF taxol (75 mg/m² D1) + cisplatin (75 mg/m² D1) + 5-FU (750 mg/m²/d D1-D4), ** NCI CTCAE V 4.02, *** ICU: Intensive Care Unit,
**** EEG electroencephalogram

Patient 1 Patient 2

Gender, age Female, 65 years Male, 55 years

Cancer Sigmoid Oesophagus

Regimen LV-5-FU2 TPF*

Total 5-FU dose (mg) 6,400 6,150

Non-neurological toxicities Skin, grade-4** mucosities, grade-3 neutropenia, grade-2 
thrombopenia

Grade-4 neutropenia, + sepsis

Symptomatic care Parenteral nutrition, growth factors Stay in ICU***, growth factors, antibiotherapy

Neurological toxicities Drowsiness, confusion, dysarthria (grade-3) Convulsions, loss of consciousness (grade-4)

Imagery Normal EEG****: signs for metabolic encephalopathy

Neurological recovery Spontaneous, except from persistent frontal lobe syndrome Full and spontaneous
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orotracheal intubation and mechanical ventilation were
undertaken. Physical examination did not show any focal
neurological sign, and pupils were equal and reactive to light.
Biological analysis, cerebral CT scan and cerebrospinal Xuid
analysis were normal. Electroencephalogram showed slow
and unresponsive brain activity, suggesting metabolic
encephalopathy (Fig. 2). While in the ICU, the patient devel-
oped a grade-4 neutropenia with sepsis. With the use of prob-
abilistic antibiotherapy, growth factor administration and
supportive treatment, he fully recovered from both his neuro-
logical and haematological toxicities after 7 days. DPD status
was retrospectively checked, based upon the use of the U/
UH2 ratio determination in plasma by HPLC–UV, as
described previously. As for patient 1, we found that this
patient was deeply DPD deWcient (U/UH2 = 5.6, i.e. 4 times
higher than the mean values of the reference population,
Fig. 1). Further use of 5-FU was excluded, and the patient
was next scheduled for a docetaxel + cisplatin only protocol.

Discussion

In cancer patients, central nervous system (CNS) disorders
can have many origins like cerebral metastasis, carcinoma-
tous meningitis or paraneoplastic syndromes [6]. Such
manifestations can also be induced by anticancer treatments

like surgery, radiotherapy or chemotherapy. Although
occasionally described in the literature, neurotoxicity is
rarely dose limiting with 5-FU, as it can be for other cyto-
toxic drugs like oxaliplatin. To date, little is known about
the biochemical or pharmacological basis for such side
eVects. The combination with leucovorin, which proved to

Fig. 1 DPD status of patient 1 and patient 2, as evaluated following
the U/UH2 ratio HPLC method in plasma. Both patients were found to
be profoundly DPD deWcient with regard to our reference population
[5]
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Fig. 2 Patient 2 electroencephalogram: slow and unresponsive activity with delta waves, suggesting metabolic encephalopathy
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be neurotoxic by itself, could trigger the neurological disor-
ders observed in individuals undergoing a Xuoropyrimi-
dine-based therapy [9]. Additionally, 5-FU-induced
thiamine deWciency could have caused the cerebellar ataxia
reported in some other patients [10]. This latter hypothesis
is supported by the successful management of 5-FU-
induced encephalopathy by thiamine infusion, as reported
by various groups [11, 12]. However, because here, at least
partial spontaneous recovery was observed in both cases,
the actual role thiamine administration had played in the
recovery of patients described in the past with 5-FU-
induced neurological disorders can be questioned. Here, we
report two cases of severe CNS toxicities that occurred
after the Wrst course of standard 5-FU-containing regimen.
This led to the cancellation of further 5-FU-based treat-
ment, with selection for other treatment modalities or com-
plete stop of the chemotherapy. These toxicities were
unpredictable because none of these patients had previously
experienced such neurological features. In both patients,
canonical side eVects usually related to 5-FU (e.g. neutro-
penia, skin toxicity, mucosities) were observed as well.
Because of the severity of these latter toxicities, we hypoth-
esized that DPD deWciency could have caused the unusual
neurotoxicity we observed. DPD deWciency is known to
alter 5-FU pharmacokinetic proWle in individuals given full
dosage, with subsequent higher risk to experience severe or
lethal toxicities upon drug intake. To test this hypothesis,
we evaluated the DPD status in these patients. Here, we
based our DPD evaluation on a simple and rapid functional
testing, which clinical relevance had already been demon-
strated [5, 13]. Several other functional approaches (e.g.
uracil breath test, uracil challenge test, to name but a few)
to establish the DPD status in patients had been proposed in
the literature, with similar beneWt compared to genotypic-
based techniques [2, 14]. After phenotypic investigations,
both patients proved to be severely DPD deWcient (Fig. 1),
thus strongly suggesting that overexposure to 5-FU had
caused the severe toxicities we observed, much probably
including the neurological ones. Recent treatment with a
full dose of 5-FU and proven severe DPD deWciency were
the only common points for these two patients. Addition-
ally, it has to be underlined that both patients suVered from
hypothyroidism, successfully treated by substitutive ther-
apy. However, based upon our current knowledge of 5-FU
pharmacology and pharmacokinetics, it is unlikely that this
condition could be at the origin of the severe neurotoxicity
the patients had experienced. However, the repeated occur-
rence of similar cases in the future may lead this hypothesis
to be reconsidered. Overall, the present clinical observa-
tions, although concerning only two patients, indicate that
DPD deWciency can be responsible for severe neurotoxicity

in 5-FU-treated patients, even if no neurological predisposi-
tion is known. Prospective screening for DPD deWciency
could help to reduce the risk of developing such side eVects
in the future.
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