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THIS SUBJECT
• An oral uracil loading dose is suitable as a
probe for detecting DPD deficiency.

• The oral uracil loading dose has only been

have not yet been established.

WHAT THIS STUDY ADDS
• A limited sampling strategy can replace the
intensive sampling scheme.

• The oral uracil loading dose can effectively
identify patients with reduced DPD activity.
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WHAT IS ALREADY KNOWN ABOUT

AIM
Dihydropyrimidine dehydrogenase (DPD) deficiency can lead to severe
toxicity following 5-fluorouracil (5FU) or capecitabine (CAP) treatment.
Uracil (U) can be used as a probe to determine systemic DPD activity.
The present study was performed to assess the sensitivity and speci-
ficity of a U loading dose for detecting DPD deficiency.
investigated by intensive sampling.

• The sensitivity and specificity of the test

METHODS
Cancer patients with Common Toxicity Score (CTC) grade III or IV
toxicity after the first or second cycle of 5-FU or CAP treatment were
asked to participate. Based on DPD activity in PBMCs, patients were
divided into two groups: DPD activity in peripheral blood mononuclear
cells (PBMCs) <5 nmol mg�1*h�1 (deficient group) and
≥ 5 nmol mg�1*h�1. U 500 mg m–2 was administered orally and plasma
concentrations of U and dihydrouracil (DHU) were determined. In the
deficient group, polymerase chain reaction amplification of all 23
coding exons and flanking intronic regions of DPYD was performed. A
U pharmacokinetic model was developed and used to determine the
maximum enzymatic conversion capacity (Vmax) of the DPD enzyme for
each patient. The sensitivity and specificity of Vmax, U concentration
and the U/DHU concentration ratio were determined.
RESULTS
A total of 47 patients were included (19 DPD deficient, 28 DPD normal).
Of the pharmacokinetic parameters investigated, a sensitivity and
specificity of 80% and 98%, respectively, was obtained for the U/DHU
ratio at t = 120 min.
CONCLUSIONS
The high sensitivity of the U/DHU ratio at t = 120 min for detecting
DPD deficiency, as defined by DPD activity in PBMCs, showed that
the oral U loading dose can effectively identify patients with
reduced DPD activity.
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Introduction minimize the variance caused by the possible circadian
effects of DPD activity and food intake. Plasma concen-
5-Fluorouracil (5-FU) is extensively metabolized by
dihydropyrimidine dehydrogenase (DPD) into fluoro-
dihydrouracil (FDHU) [1–4]. A reduction in DPD activity
will result in altered 5-FU pharmacokinetics (PK) [5–7],
and an increase in exposure to 5FU can cause severe side
effects [8]. Pre-emptive testing followed by dose reduc-
tion for patients with DPD deficiency might prevent
these severe side effects [7]. Despite the fact that several
tests are available to screen for DPD deficiency, only a
few are implemented on a broad scale in a pre-emptive
setting [9]. Previously, we showed that administration
of an oral loading dose of uracil (U) allows the identifica-
tion of patients with normal DPD activity and those with
a DPD deficiency [10]. However, the intensive blood
sampling scheme that was used previously is a major
drawback for a pre-emptive setting [10]. Quantitative
compartmental modelling has proven to be a sensitive
tool in describing the mechanisms involved in PK [7].
The object of the present study was to develop a limited
sampling strategy (LSS), to detect decreased U elimina-
tion in patients with a DPD deficiency and to perform a
more in-depth quantitative compartmental PK analysis
of plasma U concentrations.
Materials and methods

Patients and study design
Patients from ten hospitals in The Netherlands between
August 2006 and December 2013 were included. The
study population consisted of cancer patients who suf-
fered from Common Toxicity Score (CTC) grade III or IV
toxicity after the first or second cycle of treatment sched-
ules containing 5-FU or capecitabine. As the incidence of
DPD deficiency is relatively low in the Caucasian popula-
tion (3–5%) [2], only patients with toxicity were included,
in order to increase the likelihood of finding DPD-deficient
patients. DPD activity in peripheral blood mononuclear
cells (PBMCs) [11] was determined and patients were di-
vided into two groups: patients with DPD activity in PBMCs
<5 nmol mg�1*h�1 were considered deficient (deficient
group), while patients with activity ≥ 5 nmol mg�1*h�1

were classified as normal with respect to DPD status
[normal group, mean ± standard deviation (SD) controls:
9.9 ± 2.8 nmol mg�1*h�1]. The coefficient of variation
(CV) and limit of detection (LOD) of this assay have been
described previously [11]. No discrimination was made
between tumour type or adjuvant treatment vs. metastatic
disease. The study flow diagram is displayed in Figure 1.

In all participants, U 500 mg m–2 as a loading dose
was administered orally, followed by blood sampling as
described previously, using two different sampling
schemes [10]. The U test dose was administered in the
morning, at around 08:00 after an overnight fast, to
554 / 81:3 / Br J Clin Pharmacol
trations following the loading dose of U and its metabo-
lite dihydrouracil (DHU) were determined by high
performance liquid chromatography (HPLC) [12]. The
CVs of U were 4.8% (4 mg l�1) and 3.7% (18 mg l�1),
and of DHU were 8.8% (1 mg l�1) and 5.7% (3 mg l�1).
The LOD was 0.060 mg l�1 for both U and DHU. In the
deficient group, the genetic analysis of DPYD was per-
formed using polymerase chain reaction amplification
of all 23 coding exons and flanking intronic regions,
followed by sequence analysis, essentially as described
previously [8]. In all patients, before the U loading dose
was administered, endogenous concentrations of U,
thymine, DHU, dihydrothymine, N-carbamyl-β-alanine
and N-carbamyl-β-aminoisobutyric acid in the plasma
were determined using reversed-phase HPLC combined
with electrospray tandem mass spectrometry [13, 14].
The CVs and LOD for this method were described previ-
ously [13]. The values of creatinine, alanine transaminase
(ALAT), gamma-glutamyl transpeptidase (gamma-GT)
and white blood cell count, measured before the occur-
rence of fluoropyrimidine-related toxicity, for all subjects
were collected. Toxicity data were collected and scored
by the local investigator at each participating hospital
according to the CTC version 3. The CTC was scored for
the typical fluoropyrimidine side effects of diarrhoea,
stomatitis, neutropenia and hand–foot syndrome. The
cumulative CTC score for each individual was obtained by
calculating the sum of all CTC ratings. The mean
cumulative CTC score for each study group was used to
compare the toxicity burden between the groups. The
study protocol was approved by the Ethics Review
Committee of the Martini Hospital Groningen in The
Netherlands and all patients gavewritten informed consent.

PK analysis
All patients received 500mgm–2 U orally, after which Blood
was being taken shortly before intake, and after intake. A
full sampling scheme (FSS), in which blood samples were
collected at 0, 15, 30, 45, 60, 80, 100, 120, 150, 180 and
240 min, was applied in the first ten patients in both study
groups. A limited sampling scheme (LSS), in which blood
was taken prior to U intake and at 60 min and 120 min,
was applied to all other subjects in both study groups.
The time points of the LSS were determined as the optimal
LSS points based on the results of an interim analysis, as
reported previously [10]. The PK parameters that were in-
vestigated were the U concentration at t = 120 min, the
U/DHU ratio at t = 120 min and the maximum enzymatic
conversion capacity (Vmax) value derived from a PK U
model. To calculate the Vmax of both study groups, the
following approach was used: based on U and DHU
concentrations measured in the blood samples from the
FSS of both study groups, a population one-compartment
model (EURMIX model) with Michaelis–Menten



Figure 1
Flowchart of the study design. 5-FU, 5-fluorouracil;DPD, dihydropyrimidine dehydrogenase; PCR, polymerase chain reaction

Uracil loading dose to detect DPD deficiency
elimination PK was developed using the ‘KINPOP mod-
ule’ of MwPharm version 3.50 (Mediware, Groningen,
The Netherlands) [15]. The elimination parameters were:
the Michaelis–Menten constant (KM), Vmax, the apparent
volume of the central or plasma compartment in a
one-compartment model (V1) and the absorption con-
stant (ka). PK parameters were assumed to be distributed
log-normally. As no data are available with respect to the
oral bioavailability of U, we assumed that 100% of the
administered dose was absorbed from the gastrointesti-
nal tract as the gastrointestinal absorption of U is a rapid
first-order PK process [16].
The same principle was used to develop population
models for the DPD-deficient (EURDEF model) and nor-
mal DPD (EURNOR model) study groups. The EURMIX
model was used to calculate the Vmax of all individual
subjects based on the LSS, with the use of an iterative
two-stage Bayesian procedure [15, 17]. To establish the
performance of the LSS, the FSS data were used for an
exploratory internal validation. Using the FSS data,
VmaxFSS values were calculated using the EURMIX model.
Subsequently, in the same dataset, VmaxLSS values were
calculated using the EURMIX model, using only U and
DHU data from the t = 60 min and 120 min samples. Both
Br J Clin Pharmacol / 81:3 / 555
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VmaxFSS and VmaxLSS were compared by correlation analy-
sis and the performance of the LSS was considered valid
if the mean prediction error was <5% and the root mean
square error (RSME) was <10%.

Statistical analysis
The data were tested for a normal distribution by
performing the Shapiro–Wilk test. A comparison be-
tween the parameters in the two study groups was
performed by using the two-sample Student’s t-test
and chi-square analysis. Receiver operating characteristic
(ROC) curves were used to determine the bases of sensi-
tivity of the cut-off levels (true positive rate) and the
specificity (true negative rate). The level of significance
was set at P ≤ 0.05. Analysis was performed using the
Statistical Package for the Social Sciences (SPSS), version
19 (IBM SPSS Inc., Chicago, IL, USA).
Results

In total, 47 cancer patients, aged >18 years, were
included, 19 in the DPD-deficient group and 28 in the
normal DPD group based on DPD enzyme measurement
in PBMCs. As several patients were included simulta-
neously, in different hospitals, after starting the study,
the FSS was applied to more than ten patients in each
study group. In the deficient and normal groups, the
FSS was performed in 14 and 12 patients, respectively.
The patient characteristics are displayed in Table 1. Of
all the characteristics, only the DPD activity in PBMCs
differed significantly between the two groups
(P < 0.05). Weight, length, age, liver function and renal
function did not differ significantly. From measurement
of the endogenous pyrimidine metabolites, we found
that none of the metabolite levels or the calculated
metabolite ratios was significantly different between
the two study groups (P > 0.05). In the DPD-deficient
group, all patients had at least one pathogenic DPYD var-
iant: c.1129-5923C > G (n = 4), c.2579delA (n = 2),
c.2846A > T (n = 3), c.1905 + 1G > A (n = 10) and
c.1679 T > G (n = 1). No difference in U PK was observed
between the different variants.

PK analysis of U
Table 2 displays the PK parameters of the EURDEF,
EURNOR and EURMIX models. There were clear differ-
ences between the Vmax values in the different models,
and this value was lowest in the DPD-deficient PK model
(mean ± SD 494 ± 133 mg h�1*1.85 m–2) and highest in
the population with normal DPD activity (mean ± SD
837 ± 130 mg h�1*1.85 m–2).

LSS
Figure 2 displays the correlation between the Vmax calcu-
lated using the EURMIX model for the LSS and full
556 / 81:3 / Br J Clin Pharmacol
sampling for the subjects who underwent the FSS. The
root mean square error and the mean prediction error
were <7.3% and <1.8%, respectively, showing that Vmax

values calculated from the data from the LSS were com-
parable to those calculated from the full sampling sched-
ule. The Vmax values calculated using the EURMIX model
based on the LSS time points in all subjects differed sig-
nificantly between the two study groups (P < 0.001)
(Figure 3).

Toxicity data
There was no statistical difference observed in the
fluoropyrimidine-specific cumulative toxicity (i.e. diar-
rhoea, stomatitis, neutropenia and hand–foot syndrome)
between the normal DPD and DPD-deficient groups
(P = 0.495). Diarrhoea was the most frequently reported
side effect in both study groups. Chi-square analysis
revealed no significant difference in the reported
frequencies of CTC grade I, II, III or IV toxicity and toxic
side effects (diarrhoea, stomatitis, neutropenia and
hand–foot syndrome) between the two study groups
(all P values >0.05).

ROC curves
The cut-off levels for the VmaxLSS value, U/DHUt = 120 min

ratio and Ut = 120 min concentrations were estimated by
ROC analysis (Figure 4). The data are displayed in Table 3.
For the U/DHUt = 120 min ratio, a cut-off level of 2.4 would
result in a sensitivity of 80% and a specificity of 98%, with
a positive predictive value of 67% and a negative predic-
tive value of 99% to discriminate between subjects with
normal DPD activity and those who are DPD deficient.
The cut-off levels of VmaxLSS and Ut = 120 min showed lower
specificity values when a sensitivity of 80% was chosen.
Discussion

In the present study, we developed an LSS model as a
screening tool for DPD deficiency. Several parameters
were evaluated with respect to the sensitivity and
specificity of DPD deficiency. Based on our experience
in the field of 5-FU PK modelling [7], We investigated
the potential value of a Vmax model to interpretate U
pharmacokinetics. The PK models for a DPD-deficient
population and normal DPD population revealed signifi-
cant differences in Vmax, which in the deficient popula-
tion was 42% lower than in the normal population.
Despite this significant difference, there was an overlap
in Vmax because of the Gaussion distribution within the
population. This result is in line with the results of the
PK analysis of 5-FU plasma levels performed by van
Kuilenburg et al. [7] and also with the fact that the mean
DPD activity in patients who are heterozygous for a DPYD
mutation is 48% of that observed in controls [7]. We val-
idated the VmaxLSS model by using LSS and FSS data in a



Table 1
Patient characteristics. White blood cells (WBC), thymine (Thy), dihydrouracil (DHU), uracil (U), dihydrothymine (Dht), N-carbamyl-β-alanine (NCbala) and
N-carbamyl-β-aminoisobutyric acid (NCbaib)

Parameter identity Mean
Standard
deviation

Standard error
of the mean P value

Weight (kg) Normal DPD 70 12 2.187 0.114

DPD deficient 76 14 3.176

Length (m) Normal DPD 170 9 1.697 0.835

DPD deficient 170 8 1.812

Age (year) Normal DPD 63 11 1.997 0.592

DPD deficient 62 10 2.408

Creatinine (μmol l
�1

) Normal DPD 74 19 3.654 0.277

DPD deficient 81 20 4.627

Alanine transaminase (U l
�1

) Normal DPD 28 20 4.268 0.22

DPD deficient 22 6 1.572

Gamma- glutamyl transpeptidase (U l
�1

) Normal DPD 107 131 29.265 0.057

DPD deficient 39 31 7.964

WBC (10
6
l
�1

) Normal DPD 6.0 1.8 0.3761 0.596

DPD deficient 6.4 2.4 0.5878

DPDact in PBMCs (nmol mg
�1

*h
�1

) Normal DPD 9.9 3.5 0.6642 <0.001

DPD deficient 3.8 1.5 0.3426

DHU (μmol l
�1

) Normal DPD 0.93 0.42 0.09 0.522

DPD deficient 0.85 0.33 0.08

Dht (μmol l
�1

) Normal DPD 0.93 0.55 0.11 0.250

DPD deficient 0.77 0.21 0.05

NCbala (μmol l
�1

) Normal DPD 0.19 0.10 0.02 0.284

DPD deficient 0.15 0.10 0.02

NCbaib (μmol l
�1

) Normal DPD 0.13 0.10 0.02 0.060

DPD deficient 0.08 0.03 0.01

U (μmol l
�1

) Normal DPD 0.25 0.10 0.02 0.205

DPD deficient 0.29 0.10 0.02

Thy (μmol l
�1

) Normal DPD 0.05 0.02 0.00 0.995

DPD deficient 0.05 0.03 0.01

U/DHU + NC-bala ratio Normal DPD 0.28 0.15 0.03 0.486

DPD deficient 0.32 0.14 0.03

Thy/Dht + NC-baib ratio Normal DPD 0.06 0.04 0.01 0.949

DPD deficient 0.06 0.04 0.01

U/NC-bala ratio Normal DPD 1.66 1.24 0.2491 0.125

DPD deficient 2.31 1.32 0.3314

Thy/NC-baib ratio Normal DPD 0.56 0.39 0.0789 0.265

DPD deficient 0.77 0.77 0.1921

DPDact, DPD activity; PBMCs, peripheral blood mononuclear cells

Uracil loading dose to detect DPD deficiency
single population. This can be problematic because vali-
dation results and sensitivity/specificity values might be
falsely influenced and elevated by this approach. Our val-
idation involved only an exploratory internal validation
of the model, in which each case acted as its own control.
We realize that this should have been followed by an ex-
ternal validation, in which a different population was
used. There are two reasons why we did not perform this
external validation. First, despite the fact that sensitivity
and specificity results might be falsely influenced and
elevated, the sensitivity and specificity are still low
compared with the U/DHU ratio. We consider it unlikely
that external validation would result in higher sensitivity
and specificity compared to the U/DHU ratio. Secondly,
to work with Vmax and PK modelling, highly sophisticated
software and knowledge of PK are necessary, and these
are not present in every hospital. This latter issue means
that Vmax is not a suitable candidate for use in a test
performed in a prospective setting. The results of the
present study showed that the U/DHUt = 120 min ratio is
superior to Vmax as a discriminating parameter. A possi-
ble explanation for this is that the calculated Vmax value
was based on plasma U data only. Plasma DHU data were
not included in the model. Compared with a previously
Br J Clin Pharmacol / 81:3 / 557



Table 2
Population pharmacokinetic parameter values ± standard deviation es-
timated in dihydropyrimidine dehydrogenase (DPD)-deficient subjects
(EURDEF model), subjects with normal DPD activity (EURNOR model)
and all subjects (EURMIX model)

Km (mg l
�1

)
Vmax

(mg h
�1

*1.85m
�2

) ka po (h
�1

) V(l)

EURDEF 5.99 ± 4.17 494 ± 133 5.61 ± 7.16 0.57 ± 0.09

EURNOR 7.69 ± 1.38 837 ± 130 4.65 ± 3.33 0.51 ± 0.14

EURMIX 7.10 ± 3.33 641 ± 178 5.13 ± 4.87 0.55 ± 0.12

Ka, absorption constant; Km, Michaelis–Menten constant; po, per oral; V, appar-
ent volume of drug distribution; Vmax, maximum enzymatic conversion capacity.

Figure 2
Comparison of maximum enzymatic conversion capacity (Vmax

mg h�1*1.85 m�2) values calculated for the limited sampling and full
sampling strategy using the EURMIX model. The diagonal line
represents y = x

Figure 3
Vmaxlim (mg h�1*1.85 m�2) values calculated using the limited sampling
strategy model in normal dihydropyrimidine dehydrogenase (DPD) and
DPD-deficient patients. The top line, bottom line and middle line
through the box correspond to the 75th, 50th and 25th percentiles,
respectively. The grey circle represents an outlier

Figure 4
Receiver operating characteristic (ROC) curves for (A) the uracil/
dihydropyrimidine dehydrogenase (U/DHU) ratio at t = 120 min; (B) U
concentration at t = 120 min; and (C) maximum enzymatic conversion
capacity for the limited sampling strategy (VmaxLSS). The areas under
the curve are 0.981; 0.957 and 0.874 for U/DHU at t = 120 min, U con-
centration at t = 120 min and VmaxLSS, respectively

M. C. van Staveren et al.
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developed intravenous 5FU PK model [7], the oral U PK
model is more complex owing to interindividual variabil-
ity in bioavailability. Theoretically, the prediction of Vmax



Table 3
Sensitivity, specificity and cut-off levels for maximum enzymatic conversion capacity (Vmax) limited sampling

Test parameter Cut-off level Sensitivity (%) Specificity (%) npv% ppv%

Vmax (mg h
�1

*1.85 m
�2

) 667 80 78 99 16

U/DHUt = 120 min ratio 2.4 80 98 99 67

Ut = 120 min (mg l
�1

) 6.4 80 96 99 51

The uracil/dihydropyrimidine dehydrogenase ratio at t = 120 min (U/DHUt = 120 min) and U concentration at t = 120 min (Ut = 120 min) were derived from receiver operating
characteristic curves. npv, negative predictive value; ppv, = positive predictive value.

Uracil loading dose to detect DPD deficiency
might improve when DHU data are included in a
Michaelis–Menten PK model.

The arrangement of the two study groups was based
on the DPD activity in PBMCs. This enzymatic assay is
influenced by factors such as the lymphocyte, granulo-
cyte and monocyte composition in peripheral blood
and the protein concentration. In the present study,
however, we took into account all of the potential pitfalls
of this assay, as identified previously [11]. The results of
the analysis in the present study did not identify any
outliers in the study population. The power of the DPD
activity assay was further demonstrated by the fact that,
in the deficient group, pathogenic DPYD variants were
detected in all subjects.

The study population consisted of patients with a
history of severe toxicity while treated with 5-FU or
capecitabine in order to increase the likelihood to find
DPD deficient subjects. The results can therefore only be
interpreted for this population. Theoretically, it is highly
possible that patients in the DPD normal group might have
varying degrees of DPD deficiency. This makes it difficult to
apply the results to the general cancer population that also
consists of patients without toxicity. Further research is
needed to determine if the results of the present study also
apply to the general population. In our study, we defined
patients with a DPD activity in PBMCs <5 nmol mg�1*h�1

as DPD deficient. This might lead to the discussion if a
different value for DPD activity will result in a different sen-
sitivity and specificity. In order to investigate this, we per-
formed a sensitivity analysis in which we calculated the
sensitivity and specificity by ROC analysis, based on DPD
activity cut-off levels of <5.5 nmol mg�1*h�1 and
<6.0 nmol mg�1*h�1; this resulted in a specificity of
92.3% and 90.9%, respectively, at a sensitivity of 80%. This
shows that the cut-off chosen in the present study will have
had the smallest percentage of false-positive test results.

The LSS is an important improvement compared with
the full sampling scheme that was used previously [9],
and is more convenient for the patient. As the prevalence
of partial DPD deficiency in the general population is at
least 3–5% [2], a prospective test in order to detect defi-
ciency has to be applied to a large number of patients to
find those few individuals with a low DPD activity. We de-
cided to choose a cut-off level for our test whereby the
number of individuals with true-positive results favours
the number of individuals with false-positive results. In
a population of 1000 persons and an incidence of 5%, a
sensitivity of 80% and a specificity of 98%, there will be
40 individuals with a true-positive test result and 19 with
a false-positive test result, leading to a positive predictive
value of 67%. As positive test cases are at risk of develop-
ing severe toxicity when fully dosed, we recommend that
a dose reduction of 50% should at least be considered, in
line with the recommendations of the Royal Dutch Asso-
ciation for the Advancement of Pharmacy for DPYD
genotyping [19]. After an initial dose reduction and no
toxicity, a dose-escalation strategy could be followed in
small steps, based on the clinical tolerability observed
after each treatment cycle.

How do the results of the present study compare with
other strategies that are developed to detect DPD defi-
ciency or prevent fluoropyrimidine-related toxicity?
There have been several genotyping studies in which
sensitivity and specificity were established [20, 21] but
it is difficult to compare our study results with these as
the previous studies used different endpoints to the
DPD activity that was used in our study. Only a head-
to-head study would enable a fair comparison to be
made between a genotyping and phenotyping strategy.

Compared with genotyping, one advantage of phe-
notyping test strategies is that genetic variants outside
the DPYD coding region resulting in either systemically
altered DPD activity or altered 5-FU metabolism will be
detected using these approaches. The incidence of these
genetic variants is very low, however, as was proved by
the fact that all subjects in the deficient group had
variants inside the DPYD coding region.

Among the included subjects, we identified one
individual with a normal DPD activity in PBMCs of
8.3 nmolmg�1*h�1 who had highly elevated U and
DHU levels equal to the U and DHU levels in the DPD de-
ficient group. Mutation analysis of DPYD in this individual
revealed the presence of the pathogenic c.1905 + 1G> A
variant. Heterozygosity for this mutation, in combination
with a low but normal DPD activity, has been described
previously by van Kuilenburg et al. [18]. Another individ-
ual included in the present study had a very low DPD
activity in PBMCs of 1.0 nmol mg�1*h�1 but the oral
loading dose test results showed U and DHU levels con-
siderably lower than those in the other DPD-deficient
Br J Clin Pharmacol / 81:3 / 559
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subjects. Additional sequence analysis of DPYD in this
case showed that there were no DPYD variants present.
This observation has been previously described by others
investigators [8]. These two cases showed that the results
of the oral U loading test in these individuals correlated
better with the results of genotyping than did the DPD
activity in PBMCs which was used as the gold standard
for inclusion in the present study.

It has been reported that homozygosity for mutant
DPD alleles can lead to complete DPD deficiency,
resulting in elevated concentrations of endogenous
pyrimidine degradation metabolites [22] and neurologi-
cal disorders in children. In the present study, all patients
were heterozygous for mutant DPD alleles and were only
partially DPD deficient. Catabolism of the pyrimidine
bases thymine and U consists of three consecutive steps
[13]. The high concentrations of pyrimidine metabolites
that accumulate in patients with a defect in the enzyme
responsible for pyrimidine degradation, compared with
controls, could make identification of such patients feasi-
ble. DHU is not a metabolic end-product but is further
degraded into N-carbamyl-β-alanine. In the present
study, we found no statistical differences in the levels
of any pyrimidine metabolites between the two study
groups. Based on our results, we see no beneficial effect
in measuring these metabolites in heterozygous
DPD-deficient patients.

The U/DHU ratio at t = 2 h after U ingestion appears
to be an easy-to-calculate biomarker for predicting the
U to DHU conversion rate, and can be implemented in
daily practice in most hospitals. The HPLC equipment
needed for the U and DHU assay is present in most
hospital laboratories or pharmacies. Based on our ex-
perience, we estimate that the cost price of the oral U
loading dose currently stands at around 110 euros.
Additional improvement in the test principle and
assay could decrease this price further. A thorough
analysis of cost-effectiveness should be performed to
establish the total cost when this test is used in a
prospective setting in all patients with an indication
for fluoropyrimidine-containing therapy. Based on our re-
sults, we conclude that the U/DHU ratio a t = 120 min
following an oral loading dose, is a suitable parameter
for identifying patients at risk of developing severe
toxicity as a result of DPD deficiency with a high sensitivity
and specificity.
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