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SUMMARY

The aim of the study is to present the current state of knowledge on the rare side effect of 5-fluorouracil,
what is neurotoxicity. Knowledge on this subject comes from a few studies, and many of the
suggested mechanisms are still hypothesized. Also imaging diagnostics (MRI) or EEG do not provide
certain diagnostic guidelines. Also, causal treatment in some patients has not yet been established.
According to the summary of product characteristics, before starting treatment, the concentration of
dihydropyridimine dehydrogenase (DPD) should be determined, the deficiency of which may cause
serious complications, including fatal ones. In clinical practice, the concentration of DPD, due to the
mass use of 5-Fu, is determined only in the presence of clinical symptoms, and before a decision to
continue treatment is made, because DPD evaluation is not financed by the National Health Fund. For
this reason, it is difficult to present a control group, i.e. patients who have the same toxicity as patients
with DPD deficiency, but who have normal levels of it. Taking into account the high popularity of the use
of 5-fluorouracil in the treatment of many neoplastic diseases, and thus the possibility of encountering a
clinical situation in one’s practice related to the suspected neurotoxicity after the use of the drug, it seems
advisable to present a synthetic presentation of the current state of knowledge. The work is summarized
by guidelines and recommendations for action.

Keywords: Chemotherapy; 5-Fluorouracil; Encephalitis

Abbreviations: 5-Fu: 5-Fluorouracil; DPD: Dihydropyridimine Dehydrogenase; FUTP: Fluorouridino
Triphosphate; FAUMP: 5-Fluoro-2’-Deoxyuridine Phosphate; TS: Thymidol Synthetase; TPP: Thiamine
Pyrophosphate; MIL: Multifocal Inflammatory Leukoencephalopathy

Objective of the Work

The aim of the study is to present data on a rare or rarely diag-

upper body motor symptoms, are primarily seen in patients receiving
infusions for head and neck tumours, but neurological toxicity may
also occur with weekly regimens (with 24-hour infusion). (hour is

nosed symptom, which is the toxicity of 5-Fluorouracil (5-Fu) to the
nervous system. 5-Fu, a fluorinated pyrimidine, as an anti-cancer an-
timetabolite introduced into oncological treatment in 1957 and has
found wide application in chemotherapy of a number of cancers. As it
is an antimetabolite, there is no substitute, which makes it necessary
to use it in many multi-drug chemotherapy regimens. The range of
5-Fu toxicity includes gastrointestinal toxicity and cardio-, neuro- and
myelotoxicity. The neurotoxicity of interest can be acute or chronic.
Patients may experience severe neurological toxicity after 5-Fu ther-
apy also in the absence of myelosuppression and gastrointestinal tox-
icity. Acute neurological syndromes, including cerebellar ataxia and

more toxic than bolus) [1].
Clinical Pharmacology of 5-Fu

The drug belongs to the group of antimetabolites - pyrimidine
antagonists, which remains stable for many weeks in solutions at
physiological pH. 5-Fu has a cytotoxic effect after biotransformation
to two appropriate nucleotides: fluorouridino triphosphate (FUTP)
and 5-fluoro-2’-deoxyuridine phosphate (FAUMP). 5-Fu anabolism
proceeds through three pathways, through the conversion of the par-
ent compound to:
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1. 5-fluorouridine-5’-monophosphate (FUMP) with the partici-
pation of phosphorylase and uridine kinase

FUMP mediated by orotate phosphoribosyltransferase and

FAUMP mediated by uridine kinase and thymidine phos-
phorylase.

This third way is considered the least important. A particularly
important mechanism is the inhibition of thymidol synthetase (TS).
The combined administration of 5-Fu with leucovorin increases the
effectiveness of treatment, probably by stabilizing the FAUMP-TS
complex in the presence of the leucovorin metabolite, i.e., 5,10-meth-
ylenetetrahydrofolate, which results in strong inhibition of DNA syn-
thesis, and consequently leads to cell death. From 5 to 20% of the drug
is excreted from the body in an unmetabolized form. The biological
half-life of the drug after rapid intravenous administration is 10 to 20
minutes, and the main route of drug excretion is the gastrointestinal
tract. Long-term intravenous infusion increases total body clearance
from 0.5-2 L/min (for rapid administration) to 3-6 L/min, with the
lungs rather than the gastrointestinal tract becoming the major route
of excretion. Among the side effects of using the drug, apart from the
toxic effect on the bone marrow and intestinal epithelium, there are
also symptoms of brain and cerebellar damage after administration of
high doses of the drug [2].

Discussion

In the literature on the subject, we can find several clinical papers
devoted to the issue of 5-Fu neurotoxicity, the vast majority of which
are case studies [3]. Two main patterns of encephalopathy are recog-
nized. The acute form is associated with hyperammonaemia and usu-
ally resolves with medical management. The delayed form is associat-
ed with multifocal inflammatory leukoencephalopathy and has been
reported in patients receiving 5-FU in combination with levamisole.

Acute Effects of High Doses of 5-Fu

Although administration of 5-FU alone is not considered a risk
factor for the development of hyperammonemia, the drug may induce
encephalopathies (posterior reversible, Wernicke-Korsakoff and hy-
perammonaemic), which usually occur after high cumulative doses of
the drug, and clinically manifests as altered mental status and con-
vulsions - the frequency of these symptoms is estimated at 0.6%. The
differential diagnosis includes stroke, nonconvulsive status epilepti-
cus, other encephalopathies (e.g, uremic, hepatic, drug-induced) as
well as infections and psychogenic disorders. However, the history
of recent administration of 5-FU is crucial. Acute encephalopathies
are usually rare, reversible and do not require treatment, although
fatalities have also been reported rarely. In the described large group
of 30 cases of hyperammonemic encephalopathies from the years
1986-2018, the mortality rate due to them was 17% (although the
standards of diagnosis and treatment have changed over the last 30
years); 57% of patients were admitted to the ICU and 70% achieved

complete neurological recovery within 5 [2-10] days. Rechallenge
with 5-FU was considered in 14 (67%) neurologically recovered pa-
tients, and relapse was observed in 57% of these. No recurrence of
5-FU-induced hyperammonaemic encephalopathy was observed as
long as repeated 5-FU administration was performed with a reduced
dose of 5-FU [4]. 5-FU-induced encephalopathy occurs in 5.7% of
patients treated with high-dose 5-FU chemotherapy. Although some
theories have been proposed, the mechanisms of 5-FU neurotoxicity
are still poorly understood.

Risk factors described in the literature include azotemia, infec-
tions, dehydration and chronic constipation. Two mechanisms are
known to contribute to its development. The first is dihydropyrimi-
dine dehydrogenase (DPD) deficiency. DPD is the main enzyme that
inactivates 5-FU, and patients with DPD deficiency may experience
symptoms related to 5-FU accumulation. DPD deficiency is reported
in 2.7% of cancer patients and is believed to be caused by a muta-
tion in the DPD gene encoding the DPD enzymes. High concentrations
of 5-FU in DPD deficiency penetrate into the cerebrospinal fluid and
cause acute demyelination of neurons. The second mechanism is the
catabolic type of 5-FU, which is known to be a milder type than DPD
deficiency. Consistent with this mechanism, major catabolic path-
ways remain unaffected and transient accumulation of 5-FU catab-
olite causes encephalopathy by high infusion rates of 5-FU. Koenig
and Patel postulate that administration of high doses of 5-FU induces
fluoroacetate accumulation and directly inhibits the Krebs tricarbox-
ylic acid cycle, which in turn impairs the adenosine triphosphate-de-
pendent urea cycle, causing hyperammonemia. The osmotic effect of
accumulated intracellular glutamine, which is the major metabolic
product of ammonia metabolism in the brain, has been implicated in
the pathophysiology of elevated intracranial pressure and cerebral
edema exhibited in many cases of hyperammonemic encephalopathy.
Hypovolemia leads to increased reabsorption of urea from the renal
tubules.

Infection may lead to increased tissue catabolism and may cause
dehydration with or without prerenal azotemia. Chronic constipation
can lead to increased production of ammonia in the colon through
the action of bacterial urease and amino acid oxidase. As an aggra-
vating factor for 5-FU-induced encephalopathy, its development can
be attributed to renal dysfunction and dehydration, constipation and
weight loss. In patients with renal dysfunction or patients who are
dehydrated, blood levels of 5-FU catabolites such as fluoroacetate or
ammonia will increase, causing encephalopathy [5]. Another theory
to explain the neurological adverse effects of 5-FU therapy is that
the drug causes thiamine deficiency. The active form of the vitamin
is thiamine pyrophosphate (TPP). Exposure to 5-FU may increase
TPP levels. This theory is supported by the fact that the symptoms
of Wernicke-Korsakoff syndrome, including ataxia, nystagmus, con-
fusion and cognitive changes, are similar to the neurotoxic effects of
fluorouracil. Dehydropyrimidine dehydrogenase (DPD) is an enzyme
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that breaks down 5-FU, and DPD is distributed in the liver, gastroin-
testinal mucosa, and peripheral lymphocytes. More than 80% of the
administered 5-FU is catabolized by DPD. Thus, a deficiency of this
enzyme can cause life-threatening or fatal toxicity in patients treated
with fluoropuridine-based chemotherapy. The incidence of DPD defi-
ciency in cancer patients is estimated at 2.7%, and this disease may
be accompanied by severe fluorouracil toxicity [6]. In addition, inhi-
bition of ATP production is believed to be the cause of lactic acidosis,
often seen with 5-fluorouracil toxicity [7].

Acute Effects of Low Doses of 5-Fu

Encephalopathy due to low doses of 5-fluorouracil is very rare
and not well documented in the literature. Few cases have been re-
ported, and in most patients the neurologic symptoms were transient,
usually resolving after discontinuation of the drug, and recovery was
often complete within a few weeks. Neurological toxicity manifested
by somnolence, confusion, convulsions, cerebellar ataxia and rarely
encephalopathy was uncommon. Treatment included hydration and
supportive care. Leucovorin, which is commonly combined with 5-FU
in regimens, enhanced the anticancer effect and, at the same time, the

toxicity [8].
Chronic Consequences of 5-Fu Use

Neurological toxicity includes peripheral neuropathy and en-
cephalopathy. Clinically, it manifests as cerebellar disorders and
multifocal inflammatory leukoencephalopathy (MIL), in which the
addition of levamisole to 5-Fu was a risk factor. These diseases do not
have an established causal treatment [9]. 5-FU encephalopathy is less
frequent and less well defined, with clinical features more typical of
diffuse metabolic encephalopathy. It often occurs with concomitant
metabolic abnormalities. Drug interactions with levamisole and pos-
sibly other chemotherapeutic agents may play an important, though
undetermined, role in the pathogenesis of this syndrome. MIL is a
cerebral demyelinating syndrome that develops after chemotherapy
with 5-fluorouracil (5-FU) and levamisole, although a case of a patient
who developed MIL after administration of 5-FU alone has been de-
scribed. This patient was diagnosed with a partial deficiency in dihy-
dropyrimidine dehydrogenase, an enzyme necessary for the catabo-
lism of 5-FU, suggesting that MIL appears to present a distinct clinical
and radiographic syndrome with 5-FU alone and that patients with
dihydropyrimidine dehydrogenase deficiency are at increased risk for
this condition. and other toxic effects of 5-FU [10].

Conclusion
1) Clinical criteria for the diagnosis of 5-fluorourail-associated
encephalopathy are as follows:
a) Development of an encephalopathy during or shortly after
5-FU administration;
b) Absence of other metabolic factors that may affect con-
sciousness and mental functioning, such as hypoglycemia, organ

failure, electrolyte imbalances, sepsis, and central nervous system
involvement by cancer;

c¢) The absence of any side effects resulting from the concomi-
tant use of other drugs [11].

2) Hospital emergency department physicians, family physi-
cians and oncologists should be aware of the potential for rare
side effects of 5-FU chemotherapy and how to diagnose and treat
them.

3)  After excluding other causes of deterioration by MRI and
EEG (stroke, central nervous system metastases), a history of re-
cent 5-Fu use is important.

4)  The neurological and psychiatric examination of a patient
receiving 5-Fu should include the assessment of ammonia levels.

5) Proper identification and diagnosis of 5-Fu-associated hy-
perammonemic encephalopathy is critical as recovery from treat-
ment can be rapid [12].

6) Uridine triacetate, an antidote to 5-Fu, is used to treat severe
forms [13].
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