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Abstract

Background: The administration of 5-fluorouracil (5FU) in the treatment of gastrointestinal (Gl) malignancies is
associated with common side effects such as mucositis, diarrhoea, and myelosuppression, which are easily managed
with supportive measures and dose adjustments. Cardiotoxicity and neurotoxicity are rare but reversible side effects
of 5-FU and are treated with withdrawal of the drug and conservative measures. The presenting symptoms of 5-FU-
induced leukoencephalopathy are often confusing and pose a diagnostic dilemma in routine clinical practice.

Methods: We report a series of five patients with Gl malignancies who developed 5-FU-induced
leukoencephalopathy.

Results: All (n = 5) had Naranjo scores of 6-7, predictive of 5-FU-related adverse effects, with clinical and radiologi-

cal findings suggestive of 5-FU-induced encephalopathy as described in prior literature. The median time to onset of
symptoms from initiation of 5FU was 3 days (range: 2-4 days). All patients improved after conservative management
with complete neurological recovery.

Conclusion: Prompt recognition of this rare yet severe adverse effect of 5-FU-based chemotherapy aids early with-
drawal of the offending agent (5-FU) and timely initiation of supportive measures and helps plan alternative oncologi-
cal interventions.
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Background

5-Fluorouracil (5-FU) is a pyrimidine uracil analogue
which is the backbone of most chemotherapeutic regi-
mens used in the treatment of gastrointestinal (GI) malig-
nancies; including those of the colon, rectum, stomach,
and pancreas [1]. The active metabolite of 5FU, fluorode-
oxyuridine monophosphate (Fd-UMP), binds with thymi-
dylate synthetase enzyme through competitive inhibition
with uracil and the co-factor resulting in decreased DNA
synthesis, repair, and cell proliferation [2] (Fig. 1).
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Frequently reported side effects of 5-FU including nau-
sea, vomiting, diarrhoea, mucositis, myelosuppression,
and cardiotoxicity are attributed to this metabolite [1, 3].

Individuals with an inherited deficiency in DPD (dihy-
dropyrimidine dehydrogenase) enzyme activity are more
prone to severe and life-threatening 5-FU-related toxic-
ity in the form of mucositis, neutropenia, and diarrhoea
[4, 5]. Neurotoxicity associated with 5-FU is rare and not
associated with DPD enzyme deficiency [6-8]. This entity
is confirmed by its typical clinical presentation, features
on magnetic resonance imaging (MRI), and is managed
conservatively with temporary discontinuation of the
offending chemotherapeutic agent, i.e. 5-FU.
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Fig. 1 Fluoropyrimidine-based drug metabolic pathway (9

Methods

Data of adult patients with GI malignancies who received
5-FU-based chemotherapy at our centre, between Janu-
ary 2017 and December 2019, were captured from the
patient records. Acute 5-FU-related toxic encephalopa-
thy was diagnosed in five patients, based on the temporal
development of encephalopathy during (or) shortly after
completion of 5-FU infusion. This study was approved by
the Institutional Review Board (IRB) and Ethics Commit-
tee (EC) of our centre.

Results

The baseline characteristics of these five patients are
summarised in Table 1, and individual patients are dis-
cussed below.

Case 1

A 22-year-old lady with poorly differentiated adenocarci-
noma of the rectum (cT4bN2) was planned for total neo-
adjuvant therapy with 6 cycles of modified FOLFOX-6
(oxaliplatin 85 mg/m?, leucovorin 400 mg/m?, and 5-fluo-
rouracil (5-FU) 400 mg/m? bolus on day 1, followed by
5-FU 2400 mg/m? by continuous infusion over the next
46 h) and long-course chemoradiation therapy (LCCRT)
prior to surgery. During the first cycle of mFOLFOX-6,
on day 2, she had an episode of transient asymptomatic
bradycardia while on the 5-FU infusion. On the third
day, while on the 5-FU infusion, she manifested features

of encephalopathy including irritability, restlessness,
altered sensorium, hemodynamic instability (tachycardia
and desaturation), and generalised muscle spasms with
associated writhing movement of the hands. She was agi-
tated with tonic posturing of all four limbs, her GCS was
E2V4AM6 (12/15), and deep tendon reflexes were brisk
with mild intention tremor of the right hand. Baseline
complete blood count, renal, liver function tests, elec-
trolytes, serum lactates, vitamin B12, and TSH (thyroid-
stimulating hormone) levels were within normal limits.
Arterial blood gas analysis (ABG) showed features of
respiratory alkalosis. Serum ammonia was monitored
daily; it rose from 36.4 to 91 mcg% (normal range: males,
27-102 mg/dl; females, 18.7-87 mg/ml) and normal-
ised over a duration of 1 week (Fig. 2). MRI brain with
contrast showed T2 FLAIR hyperintensities and diffu-
sion restriction involving centrum semi-ovale bilaterally,
corona radiata, the posterior limb of the internal capsule,
genu, body, and splenium (Fig. 3). Electroencephalogram
(EEGQ) showed a generalized slowing pattern consist-
ent with metabolic encephalopathy. DPD/DPYD muta-
tion analysis on peripheral blood revealed the presence
of a heterozygous mutation in exons 2, 13, and 18. She
required a 24-h ICU (intensive care unit) admission for
monitoring, where she was administered intravenous
thiamine along with oral folic acid, following which she
gradually improved and neurological status normalised
within a week. She completed LCCRT (with concurrent
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Fig. 2 Spider plot of serial serum ammonia levels for all patients (n = 5)

Fig. 3 T2W FLAIR MRI sequence showing hyperintensities and corresponding diffusion-weighted imaging showing diffusion restriction involving

bilateral central semi-ovale, corona radiata, posterior limb of internal capsule and also genu, body, and splenium of corpus callosum
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capecitabine) followed by four cycles of CAPOX chemo-
therapy in the post-LCCRT waiting period of 12 weeks
and then underwent low anterior resection (LAR) with
histopathology showing a residual adenocarcinoma
ypT3NO. She is disease-free at 25 months of follow-up.

Case 2

A 30-year-old male with carcinoma rectum cT3N2MO
was treated with LCCRT 50.4 Gy in 28 fractions with
concurrent capecitabine (825 mg/m?). He was planned
for biweekly 5-FU/leucovorin infusions during the
8-week waiting period prior to surgery. He presented
with headache, slurred speech, and difficulty in swallow-
ing, on day 4 of the first cycle of 5-FU. His higher men-
tal functions were normal, with a GCS score of E3V4M6
(13/15). He had dysarthria with absent gag reflex and ina-
bility to protrude the tongue. His serum ammonia levels
were elevated (116 ug% on day 1 and 56 ug% on day 3)
(Fig. 2). MRI brain with contrast revealed confluent, sym-
metrical long TR hyperintensity with diffusion restriction
involving bilateral centrum semi-ovale, corona radiata,
deep white matter of bilateral frontal and parietal lobes
(with involvement of the periventricular deep white mat-
ter), the corpus callosum, and the posterior limb of the
internal capsule, sparing the subcortical white matter
typical of acute toxic leukoencephalopathy (Fig. 4). EEG
was normal. DPD/DPYD mutation analysis showed no
mutation. He was started on nasogastric feeds and intra-
venous thiamine. His neurological status improved and
normalised with these measures within 48 h of admis-
sion. He underwent low anterior resection after 8 weeks;
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histopathology showed a complete pathological response
(ypTONO). He completed 4 cycles of adjuvant chemother-
apy with CAPOX and is disease-free at a follow-up of 23
months.

Case 3

A 34-year-old male with adenocarcinoma of the rectum
(staged as cT3N2MO0), was planned for LCCRT (50.4 Gy
in 28 fractions) with concurrent biweekly infusional 5FU
followed by surgery. On day 3 of the third biweekly dose
of infusional 5-FU and leucovorin, he presented with
giddiness and fatigue. At admission, he was dehydrated
and had transient hypotension which was responsive to
hydration. Baseline blood investigations were normal
except for elevated serum creatinine (1.8 mg/dl). A day
later, he then developed neurological symptoms: slurred
speech and loss of sensation over lips and mouth with
focal seizures (jerky movements involving lower jaw).
He was managed conservatively with antiepileptics and
intravenous thiamine. Serum ammonia level was 84 ug%
on day 1 and 59 ug% after 48 h. MRI brain showed sym-
metrical long TR hyperintensity with diffusion restric-
tion of bilateral frontoparietal deep white matter, corpus
callosum, corona radiata, centrum semi-ovale, and bilat-
eral posterior limbs of internal capsule suggestive of fea-
tures of drug-induced leukoencephalopathy (Fig. 5), and
EEG was normal. DPD/DPYD mutation analysis showed
no mutation. He was initiated on intravenous methyl-
prednisolone (6), and his neurological status returned
to normal within 3 days with supportive measures. He

Fig. 4 TR hyperintensities with diffusion restriction involving bilateral centrum semi-ovale, corona radiata, deep white matter of bilateral, frontal,
and parietal lobes, the corpus callosum, and the posterior limb of the internal capsule
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Fig. 5 Symmetrical long TR hyperintensity with diffusion restriction of the bilateral frontoparietal deep white matter, the corpus callosum, corona
radiata, centrum semi-ovale, and bilateral posterior limbs of the internal capsule

completed local radiotherapy with no further concurrent
chemotherapy.

Case 4

A 45-year-old lady diagnosed with metastatic poorly dif-
ferentiated adenocarcinoma of the stomach was planned
for palliative chemotherapy with FLOT regimen. Dur-
ing the first cycle, on day 2, while on infusional 5-FU
and leucovorin, she developed aphasia and extrapyrami-
dal symptoms. Serum ammonia level was 200 ug% on
day 1 and 108 ug% after 1 week (Fig. 2). MRI brain with
contrast showed diffuse bilaterally symmetric diffusion
restriction involving the deep white matter in the cere-
bral hemisphere, also involving the corpus callosum and
pyramidal tracts, sparing the subcortical U fibres and
periventricular white matter, suggestive of drug-induced
leukoencephalopathy. She underwent a cerebrospinal
fluid (CSF) analysis, inclusive of CSF cytospin, bacterial,
AFB, and fungal cultures and multiple PCR for viruses
which were all normal. She was initiated on supportive
measures and intravenous methylprednisolone for 3 days,
following which her neurological status was normalised.
No DPD testing was done. She completed 4 cycles of
CAPOX chemotherapy with a partial response and is on
maintenance capecitabine at 6 months of follow-up.

Case 5

A 60-year-old gentleman with metastatic adenocarci-
noma of the rectum with pulmonary metastases was
planned for palliative chemotherapy with FOLFIRINOX
(infusional 5-FU, 2400 mg/m? oxaliplatin, 85mg/m?; iri-
notecan, 150 mg/m?). Immediately following completion

of his second cycle of infusional 5-FU, on day 3, he pre-
sented with altered sensorium, agitation, and disorienta-
tion. Serum ammonia level was within normal limits on
day 1 (56 ug%). MRI brain with contrast showed subtle
symmetric long TR hyperintensity in the thalami with-
out any diffusion restriction. He was started on aggres-
sive hydration and intravenous methylprednisolone for 3
days, and his neurological status was normalised within
24 h. He is continuing palliative chemotherapy with
CAPOX regimen with bevacizumab.

Discussion

Our series of five patients illustrates the clinical pres-
entation, radiological features, and treatment of 5-FU-
induced acute toxic leukoencephalopathy. This is a rare
complication reported in less than 5% of patients receiv-
ing 5-FU-based chemotherapy [10]. Also known as toxic
spongiform leukoencephalopathy, it happens due to pro-
gressive structural damage of white matter tracts involved
in higher mental function [2]. Other chemotherapeutic
agents implicated in toxic leukoencephalopathy include
methotrexate, vincristine, ifosfamide, fludarabine, cyta-
rabine, cisplatin, and interferons [11]. The commonest
presenting symptoms for toxic leukoencephalopathy are
confusion, agitation, ataxia, seizures, or even coma.

The exact mechanism of 5-FU-related neurotoxicity is
poorly understood. Koenig et al. attribute the accumu-
lation of fluoroacetate, a product of 5-FU catabolism,
leading to the inhibition of the thymidylate synthetase
in Krebs’s cycle with impairment of urea cycle, lead-
ing to accumulation of ammonia in the blood, which in
turn is responsible for the encephalopathy [12].. This
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accumulation of ammonia in the blood is aggravated by
factors like concomitant infection, dehydration, and renal
dysfunction [13]. An alternative theory attributed the
neurologic adverse effects of 5-FU is the deficiency of thi-
amine [14]. Exposure to 5-FU increases thiamine pyroph-
osphate (TPP) level, the active form of thiamine [14, 15].
It leads to an increase in the cellular thiamine metabo-
lism, which in turn exacerbates thiamine deficiency [14].
The similarities in the clinical presentation between 5-FU
leukoencephalopathy and Wernicke-Korsakoft syndrome,
including ataxia, nystagmus, mental confusion, and cog-
nitive changes, are supportive of this theory.

All our five patients had clinical and radiological
findings suggestive of 5-FU-induced encephalopathy
(Table 1). This was supported by the presence of hyper-
ammonaemia in all patients (Fig. 2). The median time to
onset of symptoms from initiation of 5-FU was 3 days
(range: 2—4 days), consistent with earlier reports [13, 16].
The criteria to diagnose 5-FU-related encephalopathy
include the following features [7, 9, 17]:

a) Development of encephalopathic features during (or)
after completion of 5-FU therapy

b) Exclusion of other metabolic or physical features
causing altered conscious level

¢) Exclusion of other drugs or concomitant medications

Contrast-enhanced MRI brain with diffusion-weighted
imaging (DWI) is the gold standard for radiological
diagnosis of toxic leukoencephalopathy [2, 18, 19]. MRI
features aiding the diagnosis are diffuse bilateral sym-
metrical hyperintensities in the T2W flair images with
corresponding areas of diffusion restriction in perive-
ntricular, deep white matter and corpus callosum with
sparing of cortex and subcortical white matter as well as
basal ganglia [20]. Two of our patients had focal neuro-
logical deficits mimicking a stroke; this entity has been
described earlier in a case report, where the patient was
treated with thrombolysis [21]. Ideally, reversibility of
these findings on MRI can be demonstrated after 4-8
weeks. However, none of our patients underwent a repeat
MRI imaging.

Dihydropyrimidine dehydrogenase (DPD) is an
enzyme that mediates breakdown of 80% of the admin-
istered 5-FU and is distributed in the liver, gastroin-
testinal mucosa, and peripheral lymphocytes (Fig. 1).
Thus, a complete deficiency of this enzyme is known to
cause life-threatening or fatal toxicity when a patient
is treated with fluoropyrimidine-based chemotherapy
[4]. The incidence of DPD deficiency overall among
cancer patients has been estimated to be 2.7% and
27% among the largest prior cohort of 30 patients with
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fluoropyrimidine-related encephalopathy [16, 22]. In
our cohort, 3 patients underwent DPYD testing, and
one (33%) showed a pathogenic heterozygous mutation.

The dosing of 5-FU also plays a contributory role
towards predisposition to 5-FU-induced leukoenceph-
alopathy, with patients receiving doses higher than
1800-2600 mg/m?/day, being more susceptible for
the same [13]. Kim et al. demonstrated elevated levels
of DPD enzyme, among a cohort of patients follow-
ing treatment with an “intermediate-dose” 5FU and
suggested that the transient stagnation of catabolites
of 5-FU would play an important role in the develop-
ment of neurotoxicity [15]. In our cohort, one patient
on FLOT chemotherapy for gastric cancer received this
“high-dose” 5-FU (2600 mg/m?*/day), while the rest (n
= 4) received a lower dose of infusional 5-FU while on
the m-FOLFOX 6 (1200 mg/m?/day).

There is no current definitive treatment for acute
toxic leukoencephalopathy. Prompt identification and
withdrawal of the offending agent are the most cru-
cial step, followed by supportive measures like plasma
exchange and thiamine infusion (20). Although there
is no role for prophylactic steroids, some reports sup-
port the use of steroids in the setting of severe enceph-
alopathy and florid MRI changes (20). Three of our
patients were given methylprednisolone and responded
to the same. All our patients had complete neurologi-
cal recovery within a week. Though early initiation
(within 96 h) of uridine triacetate following life-threat-
ening fluoropyrimidine toxicity has been approved,
the access to this drug is difficult [23, 24]. None of our
patients underwent a 5-FU rechallenge. Though this
is described as an option, the risk of relapse of 5FU
encephalopathy is as high as 57%, even if the rechal-
lenge is done in a monitored setting, with lower doses
of 5-FU, DPYD testing, and stringent monitoring [16].
We treated four patients with another fluoropyrimi-
dine (capecitabine), and they all successfully completed
subsequent treatment without any major toxicity. Our
study is limited by its small numbers, lack of informa-
tion of DPYD status among two patients, and lack of
uniformity among treatment approaches and its retro-
spective nature, which does not account for an accurate
assessment of neurological status and hence may lead
to underestimation of mild neurological toxicity. Nev-
ertheless, considering the rarity, severity of this entity,
and the differences in the pharmacogenomics between
Caucasians and Asians, this first series from the Indian
subcontinent will increase awareness of fluoropyrimi-
dine-related neurotoxicity and aid early diagnosis and
treatment, thus reducing morbidity and mortality.
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Conclusion

5-FU-induced toxic leukoencephalopathy is a rare
entity encountered during 5-FU-based chemotherapy
for GI malignancies. This should be considered among
patients on 5-FU presenting with new onset of neuro-
logical symptoms. The typical clinical presentation is
encephalopathy, with hyperammonaemia. MRI brain
shows characteristic features of diffusion-restricted
lesions in the deep cerebral white matter and corpus
callosum. Management is conservative and involves
immediate discontinuation of the offending drug with
supportive measures. Awareness of this clinical-radio-
logical syndrome among oncologists helps early recog-
nition of this entity and timely initiation of appropriate
interventions.
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