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Pharmacokinetics, a main actor in a many-sided
approach to severe 5-FU toxicity prediction
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5-Fluorouracil (5-FU) is a cornerstone in the treatment
of many cancers, including colorectal, head and neck,
stomach, and breast carcinomas. Recently, 5-FU oral pro-
drugs, such as capecitabine, have been successfully intro-
duced in cancer therapy,and their clinical use is rapidly and
constantly growing. The approach to the prediction of
severe toxicities due to 5-FU (and its oral prodrugs) has
been matter of debate for many years and still remains a
hot topic in oncology. The efforts in this field are almost
entirely focused on the analysis of dihydropyrimidine
dehydrogenase (DPD) gene mutations and of peripheral
blood mononuclear cell (PBMC) DPD activity. For these
reasons, in this letter we would like to suggest a novel,
rational diagnostic algorithm that, integrating the analysis
already available, is centred on the use of 5-FU and
5-fluoro-5,6-dihydrouracil (5-FDHU) pharmacokinetics as a
tool to prevent severe and life-threatening 5-FU toxicities
in patients with impaired 5-FU metabolism.

DPD plays a pivotal role in the metabolism of 5-FU [1]
and,as such,a deficiency of DPD has been recognized as an
important risk factor, predisposing patients to the devel-
opment of severe toxicity. Numerous genetic [2, 3] and
phenotypic (i.e. DPD activity, breath test or plasma
dihydrouracil/uracil ratio) [4–6] approaches have been
proposed to prevent life-threatening toxicities, and, in our
opinion, the time has come to develop an integrated
approach to this clinically relevant issue.

The screening of DPYD mutations [3] and of peripheral
blood mononuclear cell DPD activity [7] in patient candi-
dates for 5-FU treatment has been proposed as a routine
approach to identify severely reduced DPD activity.
However, both the genotype and phenotype options have
some advantages but also limitations, as comprehensively
pointed out by Ezzeldin and Diasio [8]. In order to identify
all patients with impaired 5-FU clearance, no matter which
type of DPYD mutations or DPD activity in PBMC compart-
ment they have, in the last decade some authors have sug-

gested a phenotypic approach of screening, looking at the
systemic 5-FU catabolism and measuring the pharmacoki-
netic parameters of the parental drug and of its principal
metabolite 5-FDHU [9–11].

As an example, our group has recently proposed the
administration of a 5-FU test dose in patient candidates for
5-FU chemotherapy to calculate the pharmacokinetic
parameters,such as 5-FU clearance and t1/2b or 5-FDHU Cmax,
Tmax and t1/2b, that could be profoundly altered in the pres-
ence of an impaired systemic clearance [12]. Indeed, our
study revealed markedly impaired 5-FU and 5-FDHU kinet-
ics in some patients, as previously shown for patients with
severe toxicities in other published studies [13],suggesting
a possible profound alteration of 5-FU metabolism; owing
to the detection of this abnormality, these subjects were
not given a potentially life-threatening standard dose of
5-FU. Moreover, based on our experimental data, statisti-
cally significant relationships have been demonstrated
between 5-FDHU pharmacokinetic parameters and moder-
ate to severe degrees of three major dose-limiting toxicities
related to 5-FU treatments (stomatitis, diarrhoea and neu-
tropenia) after the first cycle of 5-FU standard therapy. In
particular, a prolonged 5-FDHU t1/2b and a 5-FDHU Tmax

higher than the median value of our population (30 min)
could help identify patients at risk of developing moderate
to severe neutropenia or diarrhoea [12].The 5-FU test dose
can be easily performed in a hospital setting with a clinical
pharmacology unit such as those usually present in
medium- or large-sized university hospitals of Western
countries. In particular, an organized regional network
among major clinical oncology units may allow screening
patients within 2–3 days. The analysis can be available in a
few days and the patients can be ready to start the 5-FU
therapy at standard or reduced dose in the following week
when 5-FU and 5-FDHU kinetic parameters are available.

Based on this clinical experience, we detail the prin-
ciples that should guide the decision-making process

British Journal of Clinical
Pharmacology

DOI:10.1111/j.1365-2125.2008.03307.x

132 / Br J Clin Pharmacol / 67:1 / 132–134 © 2008 The Authors
Journal compilation © 2008 The British Pharmacological Society



regarding the prevention of 5-FU severe toxicity and
propose a diagnostic algorithm (Figure 1) in order to
screen candidate patients to fluoropyrimidine therapy. In
the suggested diagnostic algorithm (Figure 1), the predic-
tive 5-FU test dose could be regarded as a triage test,allow-
ing detection of the fraction of patients with normal,
impaired or absent fluoropyrimidine metabolism. Other
analyses, such as DPD genotyping or even DPD PBMC
activity, could be used later as add-on tests and, limited to
the still undiagnosed subgroup, to detect those degrees of
enzyme activity impairment suitable for possible reduc-
tion of 5-FU dose or different treatments. Overall, the

published data strongly suggest the use of a diagnostic
algorithm based on the sequential application of a 5-FU
pharmacokinetic test followed by DPD genotyping and
activity in order to make a highly probable diagnosis of
altered 5-FU metabolism. Moreover, the application of this
model could result in a consistent reduction of costs and
morbidity, by limiting genotyping and PBMC DPD activity
analysis to only selected subgroups of patients.

In conclusion, the published clinical experience sug-
gests that an integrated approach based on pharmacoki-
netic analysis combined with DPD genotyping and/or
phenotyping seems to be a safer strategy for optimizing
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Figure 1
Suggested diagnostic flow chart for the detection of patients with impaired fluoropyrimidine metabolism. 5-FU, 5-fluorouracil; 5-FDHU, 5-fluoro-
5,6-dihydrouracil; DPD, dihydropyrimidine dehydrogenase; PBMC, peripheral blood mononuclear cell; PK, pharmacokinetics; SNP, single nucleotide
polymorphism
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the administration of 5-FU and its oral prodrugs, which
remain major drugs used extensively in clinical oncology.
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