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What is already known about this subject
• Dihydropyrimidine dehydrogenase (DPD) deficiency is

currently evaluated as a means of identifying patients with
a risk of toxicity during 5-fluorouracil (5-FU) treatment.

• Therapeutic drug monitoring (TDM) is a complementary
tool already shown to be useful for doses of
1000 mg m-2 day-1.

• We carried out the first analysis of the concentration –
effect relationships of 5-FU administered at a dose of
600 mg m-2 day-1 with concomitant radiotherapy.

What this study adds
• No relationship was found between exposure and toxicity for

5-FU administered at a dose of 600 mg m-2 day-1 with
concomitant radiotherapy.

• The use of TDM to improve tolerance to this treatment
protocol is not supported by our data.

• This study confirms the existence of an exposure – toxicity
relationship for a dose of 1000 mg m-2 day-1 and has
developed a simplified sampling strategy to make TDM easier
to implement with this dose schedule.
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Aims
Toxicity and response are correlated with plasma 5-fluorouracil (5-FU) concentration in
patients treated with 5-FU at a dose of 1000 mg m-2 day-1. Head and neck cancer
patients are treated with various therapeutic regimens, including chemotherapy with
5-FU at a dose of 600 mg m-2 day-1 with radiotherapy. We investigated the plasma
concentration–effect relationship for this regimen, with the aim of developing
recommendations for dose adjustment.

Methods
Patients received 5-FU at doses of 600 or 1000 mg m-2 day-1, as a continuous infusion
over 4 or 5 days, with or without radiotherapy for the 600 mg m-2 day-1 regimen. The
area under the curve (AUC) for 5-FU concentration was estimated, based on a single
morning blood sample taken each day during treatment. AUC values were compared
between patients with and without toxicity. This simplified method for AUC estimation
was compared with the standard two-samples-per-day method in an independent
group of 50 patients.

Results
Forty-six patients, corresponding to 115 courses, were included in this prospective
study. Considerable interindividual variability in estimated AUC was observed for both
doses. Grade 3–4 toxicity occurred in 10 and 21% of patients given doses of 600 and
1000 mg m-2 day-1, respectively. Ths study confirmed the relationship between plasma
5-FU concentration and toxicity previously reported for 1000 mg m-2 day-1, but found
no such relationship for the 600 mg m-2 day-1 regimen with concomitant radiotherapy.

Conclusions
Our results do not support the use of therapeutic drug monitoring to improve tolerance
for the 600 mg m-2 day-1 regimen with concomitant radiotherapy. A simplified method
is proposed for 5-FU monitoring for the 1000 mg m-2 day-1 regimen.
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Introduction
5-Fluorouracil (5-FU) is widely used in systemic che-
motherapy to treat colorectal cancer [1], head and neck
carcinoma [2] and breast cancer [3]. Its toxicity profile
depends on the duration of infusion, and tolerance is
better for continuous infusions than for bolus injections
[4]. For head and neck carcinoma, 5-FU is administered
as a continuous infusion of 600–1000 mg m-2 day-1 over
4 or 5 days. However, outcomes differ considerably
among patients treated with the same dose.

A relationship between plasma 5-FU concentration
and clinical response was first reported in patients with
metastatic colorectal cancer treated for 5 days by con-
tinuous infusion without cisplatin [5]. Further studies in
head and neck cancer patients treated with cisplatin and
5-FU at a dose of 1000 mg m-2 day-1 over 4 or 5 days
showed that both toxicity and response were correlated
with plasma 5-FU concentration [6–10]. Prospective
studies have demonstrated that pharmacokinetically
guided dose adjustment could be used to reduce toxicity
without decreasing efficacy [7, 11]. Lower levels of tox-
icity were observed in patients exposed to no more than
29 000 mg l-1 h-1 than in patients whose dose was calcu-
lated according to body surface area. Therapeutic drug
monitoring (TDM) is thus recommended in head and
neck cancer patients treated with 1000 mg m-2 day-1

over 4 or 5 days without concomitant radiotherapy,
the target level being an AUC0-105 h of 30 000 mg l-1 h-1

[12]. Some studies have also reported a relationship
between 5-FU exposure and toxicity for a dose of
500 mg m-2 day-1, administered with leucovorin [13],
and for a dose of 640 mg m-2 day-1, administered with
leucovorin and interferon [9]. Exposure–effect relation-
ships are less clear for a dose of 750 mg m-2 day-1 over
5 days with concomitant radiotherapy [14]. Finally, no
data are available concerning the toxicity associated
with a dose of 600 mg m-2 day-1 with concomitant radio-
therapy. We prospectively evaluated relationships
between 5-FU exposure and treatment outcome for this
regimen, with the aim of developing recommendations
for dose adjustment. We also evaluated a simplified sam-
pling procedure by investigating exposure–effects rela-
tionships in patients receiving 1000 mg m-2 day-1, for
whom reference AUC values are already available.

Patients and methods
Patients and treatments
We studied patients with squamous cell carcinoma of the
upper aerodigestive tract (including the lips, mouth,
tongue, nose, throat, vocal cords and part of the oesopha-
gus and windpipe), receiving 5-FU for curative care.
Treatment was selected on the basis of tumour site (res-

piratory tract or upper part of the digestive tract), the
extent of the tumour (T), spread to lymph nodes (N), and
metastasis (spread to other parts of the body) (M); (TNM
stage, American Joint Committee on Cancer. AJCC
Cancer Staging Manual, 6th edn. New York, NY:
Springer, 2002). 5-FU was administered as a continuous
intravenous infusion, using a volumetric pump, at a dose
of 600 or 1000 mg m-2 day-1, for 4 or 5 days. Two or three
courses of chemotherapy were administered at 21-day
intervals, followed by surgical resection of the tumour in
some cases. Patients received radiotherapy, 5 days per
week, concurrently with chemotherapy, for the 5-FU dose
of 600 mg m-2 day-1. The total dose of radiation delivered
was 60–70 Gy in 30–37 fractions over 6–7 weeks.

Ethical issues
This pilot study was part of ongoing Phase III studies,
funded and monitored by the French Groupe
d’Oncologie et de Radiothérapie de la Tête et du Cou
(GORTEC group). The protocol and informed consent
forms were reviewed and approved by the University
Hospital of Tours Research Ethics Committee. All
patients provided informed consent before enrolment.

Blood sampling and pharmacokinetic evaluation
Blood samples were drawn from peripheral veins at sites
distant from the infusion site. Samples were obtained
each morning between 08.00 and 10.00 h, the infusion
having begun between 13.00 and 17.00 h on the previous
day. This sampling schedule was chosen to limit fluc-
tuations due to chronopharmacokinetics [15]. Blood
samples were taken on days 2, 3, 4 and 5 for 4-day
treatments and also on day 6 for 5-day infusions. This
sampling schedule is simpler than that previously pro-
posed for 5-FU therapeutic monitoring, based on the
taking of two samples per day, one in the morning and
the other in the afternoon [11]. Blood specimens were
placed on ice and centrifuged within 2 h to prevent 5-FU
degradation [16]. The supernatant was transferred to
polypropylene tubes and stored at -20°C until analysis
by high-performance liquid chromatography (HPLC).
5-FU concentrations were measured within a week,
using the method described by Gamelin et al. [17]. After
precipitation of serum samples (500 ml) with 300 mg
ammonium sulphate, 5-FU and internal standard
(5-chlorouracil, 25 ml of a 20 mg ml-1 solution) were
extracted by vortex mixing with 3 ml ethylacetate-
isopropanol (85/15, v/v). The solvent was evaporated to
dryness and the residue dissolved in 200 ml mobile
phase. The resulting solution (40 ml) was injected into
the HPLC system, consisting of an analytical column
(Spherisorb ODS1, 250 ¥ 4.6 mm i.d.; Waters, Saint-
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Quentin en Yvelines, France), the mobile phase (0.01 m
potassium dihydrogen sulphate in pure water, adjusted
to pH 3 with orthophosphoric acid), delivered at a rate of
1.5 ml mn-1, and a UV detector set at 260 nm. The lower
limit of quantification was 20 mg l -1 and the calibration
curve used in routine practice extended from 50 to
2500 mg l-1. Quality control specimens were analysed in
each analytical run. The within-day coefficient of varia-
tion was 7.6% for 100 mg l -1 and 5.7% for 500 mg l-1.
Our laboratory also participated, throughout the study
period, in the French national quality control pro-
gramme for anticancer drugs, including 5-FU, orga-
nized by the Groupe de Pharmacologie Clinique
Oncologique (GPCO) of the Federation Nationale des
Centres de Lutte Contre le Cancer (FNCLCC; http://
www.fnclcc.fr).

The total area under the curve (AUCtotal) was calcu-
lated individually from the plasma 5-FU concentrations
obtained each morning during treatment (i.e. for 96 h
(AUC0-96 h) or 120 h (AUC0-120 h)) using the formula
AUC = SCi ¥ 24, where Ci is the concentration mea-
sured on the ith day of treatment. Previous studies have
shown that the concentrations obtained may be erratic,
particularly if the infusion rate is not strictly regular,
because of the very short half-life of 5-FU [18]. This
phenomenon is familiar to clinical pharmacologists car-
rying out 5-FU TDM on a routine basis. We therefore
decided to calculate AUC using all the concentrations
available for a patient (4 or 5, according to treatment
schedule) only if their coefficient of variation was <50%.
In other cases, if only one measurement was markedly
different from the others (�100% the mean of the
others), it was replaced by the mean of the other values;
if two or more values appeared discrepant, the AUC was
not calculated.

Previous studies have validated a target value of
30 000 mg l-1 h-1 for 5-FU AUC for the dose of
1000 mg m-2 day-1 [7, 11]. No target AUCs have been
defined for other doses and, despite probable dose pro-
portionality, no extrapolation was made for the dose of
600 mg m-2 day-1 due to the presence of associated
radiotherapy. Whatever the schedule used in our study,
individual dose adjustments for the next course were
strictly restricted by the protocols of the main study.
Such adjustments were possible, based on postcourse
toxicity and, exceptionally, in cases of very high AUC
value for the previous course, based on a case-by-case
analysis taking into account the patient’s status and pub-
lished exposure–toxicity data [5–7, 11].

The AUC0-48 h was calculated for each patient, from
the plasma concentrations obtained on days 2 and 3 (first
and second infusion, respectively), for the early identi-

fication of patients with slow 5-FU elimination. Dose
adjustment for subsequent days of treatment (intrac-
ourse dose adjustment) was also strictly restricted, but
was possible, taking into account immediate tolerance or
high values of AUC0-48 h, using the same strategy
described for total AUC.

Comparison of methods for AUC estimation
The simplified sampling schedule used for AUC estima-
tion was designed to facilitate the implementation of a
TDM programme in hospitalized patients. However, as
different estimation methods may give different values,
our AUCs were compared with those estimated with the
reference method of Fety et al. [11] in an independent
group of 50 patients. Reference AUC0-96 h values were
obtained with the trapezoidal method, from measure-
ments taken just before and 2 h after the start of infusion
on day 1, then at 08.00 and 17.00 h on days 2, 3, 4 and
at 08.00 h and just before the end of the infusion on day
5 [11]. The agreement between the two methods of AUC
estimation was analysed, using Bland and Altman’s
method [19].

Toxicity and response assessments
Toxicity was assessed after each course. A physical
examination was carried out to assess nonhaematologi-
cal toxicity, such as mucositis and digestive toxicity
(nausea, vomiting, diarrhoea). Haematological toxicity
was assessed on the basis of blood cell counts 7, 14 and
21 days after each course. All types of toxicity were
graded according to the National Cancer Institute (NCI)
common toxicity criteria classification. The grade of
haematological toxicity was determined from the lowest
blood cell count observed.

Response was evaluated according to the NCI recom-
mendations by measuring tumour size by clinical, fibro-
scopic, ultrasound and/or computed tomography,
magnetic resonance imaging or positron emission
tomography scan examinations. A complete response
(CR) was defined as the disappearance of all lesions. A
partial response (PR) was defined as at least 50% tumour
regression in the absence of new lesions. Stabilization
(S) and progression were defined as <50% tumour
regression and an increase of at least 25% in tumour
mass, respectively.

Data analysis

Description of the data The interindividual variability
of estimated AUCs was analysed for each dose (600 or
1000 mg m-2 day-1), based on all data from individuals,
excluding those for whom dose adaptation was carried
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out. Patients with dose adaptation were also excluded
when studying intraindividual variability, which was
assessed by means of coefficients of variation, for each
dose.

Relationship between AUC and toxicity Analyses were
carried out independently for each dose. All AUCs,
including those corresponding to courses with dose
adaptation, were included. Courses were then separated
into those associated with toxicity and those without
toxicity and descriptive statistics (median, range) were
estimated for each group. We first considered overall
toxicity, whatever its grade, and then toxicity of grade 3
or 4. Haematological toxicity was analysed separately,
according to the same stratification. As radiotherapy is
known to induce mucositis [20], our analysis of the
group of patients treated with 600 mg m-2 day-1 plus
concurrent radiotherapy was also based on overall tox-
icity excluding mucositis.

Logistic regression analysis was then carried out to
determine the probability of toxicity for each dose as a
function of AUC. A log transformation was applied
before data analysis, and analyses were performed in the
framework of marginal logistic regression models [21].
Such models make it possible to take into account the
natural correlation between different courses in the same
patient.

AUCs were stratified and the frequency of toxicity
within each range calculated, to define possible cut-off
AUC values for toxicity for each dose. This stratification
of AUCs was based on published data for the dose of
1000 mg m-2 day-1 and the distribution of observed
values for the dose of 600 mg m-2 day-1 [6–8, 11].

Results
Patients
A total of 46 patients (42 men) with a median age of
59 years (range 41–80) were included in the study
between February 2003 and March 2004 (Table 1). All
patients had an upper aerodigestive tract tumour, which
was located in the oesophagus in 14 cases. Fifteen
patients received induction chemotherapy at the dose of
1000 mg m-2 day-1 (35 courses) and 31 received concur-
rent chemotherapy and radiotherapy (80 courses).

Pharmacokinetic analysis
No AUC was calculated for 18 of the 115 courses avail-
able, because of missing concentration values or major
discrepancies between the values obtained on different
days, as previously indicated. AUCs were adjusted in 12
cases (10.4%), in which only one of the four or five
concentrations differed markedly from the others.
Finally, 68 AUCs from 31 patients and 29 from 15
patients were available for doses of 600 and
1000 mg m-2 day-1, respectively.

The AUCs estimated at each dose differed widely bet-
ween patients (Figure 1). Dose adjustments were made in
four patients (seven courses), involving, in each case, a
decrease in dose for the next course (intercourse adapta-
tion). All the patients concerned were treated with
1000 mg m-2 day-1 and the dose adaptation involved
stopping treatment 1 day early. In each case, the dose was
reduced due to toxicity after the previous course. In those
patients whose dose was not adapted, intraindividual va-
riability was moderate (Figure 2), with a median (range)
coefficient of variation of 20% (1–72) and 25% (6–41) for
doses of 600 and 1000 mg m-2 day-1, respectively.

Table 1
Patients’ characteristics600 mg m-2 day-1

with radiotherapy 1000 mg m-2 day-1

Number of patients 31 15
Male/female 28/3 14/1
Median age (range) 59 (41–71) 57 (43–80)
Median body surface area (range) 1.77 (1.40–2.46) 1.63 (1.45–1.88)
Upper respiratory/oesophageous

localization
18/13 14/1

Number of cycles 80 35
Patients with 1 cycle 1 2
Patients with 2 cycles 10 3
Patients with 3 cycles 19 9
Patients with 4 cycles 1 1

Number of patients with 96-h treatment 29 6
Number of patients with 120-h treatment 2 9

M. Beneton et al.

616 64:5 Br J Clin Pharmacol



The median (range) AUC0-48 h was 8880 (2640–
38 520) mg l-1 h-1 and 20 640 (5520–46 680) mg l-1 h-1,
at doses of 600 and 1000 mg m-2 day-1, respectively.
AUC0-48 h and AUC0-96 h were closely correlated
(r = 0.82; 95% confidence interval 0.74, 0.88,
P < 0.001).

Comparison of methods for AUC estimation
For the independent dataset, the agreement between the
AUC0-96 h estimated by the reference method of Fety

et al. [11] and by our method, based on the taking of
only one sample per day, is illustrated in Figure 3. The
mean difference between the two methods was estimated
at 3500 mg l-1 h-1. The lower and upper limits of agree-
ment were -15 000 mg l-1 h-1 and 10 000 mg l-1 h-1,
respectively, and the discrepancy tended to be greater for
higher AUC values.

Treatment side-effects
A total of 115 courses from 46 patients (80 at the
dose of 600 mg m-2 day-1 and 35 at the dose of
1000 mg m-2 day-1) were available for the analysis of
side-effects. Eighty-seven adverse events were recorded
for 66 courses in 36 patients. Overall, only 22% of
patients displayed no toxic effect over the entire treat-
ment period, whatever the dose administered. In the
remaining patients, haematological toxicity was the
most frequent, including a number of grade 3–4 toxici-
ties (Table 2 and Table 3). Twenty-one cases of mucosi-
tis were observed, 17 (81%) in patients on concurrent
radio- and chemotherapy. For treatments at the dose of
1000 mg m-2 day-1, 62% of courses were associated
with toxicity, haematological in most cases. For treat-
ments at the dose of 600 mg m-2 day-1, 47% of courses
were associated with toxicity, mostly mucositis or hae-
matological toxicity.

Relationship between AUC and toxicity
We were able to use 96 courses from 46 patients for
analysis of the relationship between AUC and outcome
(Table 2). For the dose of 1000 mg m-2 day-1, median
(range) AUCs were 55 320 (19 560–98 040) mg l-1 h-1

and 46 080 (26 040–64 920) mg l-1 h-1 in patients who
experienced toxicity of any kind and in those who
did not, respectively (P = 0.346). The corresponding
values were 18 840 (9480–40 560) mg l-1 h-1 and
20 880 (7800–10 7520) mg l-1 h-1 for the dose of
600 mg m-2 day-1 (P = 0.299). When only grade 3–4
toxicities were considered, AUCs were higher in
patients who experienced toxicity of any kind
(P = 0.018) or specifically haematological toxicity
(P = 0.038), for the dose of 1000 mg m-2 day-1. There
was no difference for the dose of 600 mg m-2 day-1.

For the dose of 1000 mg m-2 day-1, AUC was stra-
tified as follows: AUC <30 000 mg l-1 h-1, AUC
>50 000 mg l-1 h-1 and AUC between these values. The
proportion of side-effects was as high as 75% for
patients with AUC values >50 000 mg l-1 h-1 and
decreased with decreasing AUC level. Four (66%)
of the six patients presenting grade 3–4 toxicity
had an AUC >50 000 mg l-1 h-1 and none had
an AUC <30 000 mg l-1 h-1 (Table 3). For the dose
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of 600 mg m-2 day-1, AUCs were classified as
<17 000 mg l-1 h-1, >30 000 mg l-1 h-1 or between these
values. The rate of toxicity was similar for all AUC
levels, whether all grades were considered or just grades
3–4.

Clinical response
Clinical response and AUCav were available for 38 of the
46 patients. Three patients died before the end of treat-
ment and AUCav was not calculated for five patients who
did not receive all the scheduled courses of treatment.
Twenty-one patients (55%) were classified as responders
(CR and PR), of whom 18 (67% of patients) were treated
with 600 mg m-2 day-1 and three (27% of patients) were
treated with 1000 mg m-2 day-1. These data were not

analysed further because of the small number of patients
and the heterogeneity of their pathological conditions.

Discussion
Individual dose adaptation based on 5-FU pharmacoki-
netics is routinely performed in most French Centres
Régionaux de Lutte Contre le Cancer (CRLCC; French
regional cancer centres), in line with previous collabo-
rative studies showing that plasma exposure to 5-FU is
related to treatment response [7, 11, 12]. Each CRLCC is
involved in a national quality control programme orga-
nized by the FNCLCC (the French Federation of Cancer
Centres). Some protocols involve dose reduction accord-
ing to exposure measured early in infusion, usually
based on the AUC0-48 h. Low levels of intraindividual

Figure 3
Mean difference in the AUCs measured with

reference and simplified methods, plotted

against their mean
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Table 2
5-FU exposure according to toxicity at each dose level

No
toxicity

Overall toxicity Haematological toxicity
Toxicity apart from
mucositis

Grade 1–4 Grade 3–4 Grade 1–4 Grade 3–4 Grade 1–4

600 mg m-2 day-1

Number of courses 36 32 7 28 2 28
Median AUC (mg l-1 h-1) 20 880 18 840 20 640 18 720 28 200 18 720
Minimum AUC (mg l-1 h-1) 7 800 9 480 10 320 9 480 23 040 9 480
Maximum AUC (mg l-1 h-1) 107 520 40 560 33 360 40 560 33 360 40 560

1000 mg m-2 day-1

Number of courses 9 20 6 19 5 19
Median AUC (mg l-1 h-1) 46 080 55 320 67 380 57 360 70 680 57 360
Minimum AUC (mg l-1 h-1) 26 040 19 560 45 794 19 560 48 480 19 560
Maximum AUC (mg l-1 h-1) 64 920 98 040 98 040 98 040 98 040 98 040
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variability of AUCtotal also make it possible to adapt the
dose between courses. These methods have been applied
only to protocols in which 5-FU is given at a dose of
1000 mg m-2 day-1 over 4 or 5 days, with cisplatin, but
without concurrent radiotherapy or other associated che-
motherapy. Depending on the site and stage of the
tumour, head and neck cancer patients are now treated
with various therapeutic regimens, the most common
being concurrent radiotherapy and chemotherapy with
cisplatin and 5-FU at a dose of 600 mg m-2 day-1. For
this regimen, the relationship between exposure and
effect remains unknown.

We monitored plasma 5-FU concentrations under two
dose regimens, 600 mg m-2 day-1 with radiotherapy and
1000 mg m-2 day-1 without radiotherapy, in patients
treated for an upper aerodigestive tract cancer. Great
interindividual variability in plasma 5-FU concentration
was observed for both doses. Despite the small number
of courses analysed for the dose of 1000 mg m-2 day-1

(n = 29), we found that AUC was an independent pre-
dictor of grade 3–4 toxicity, thus confirming the link
between plasma 5-FU concentration and toxicity already
demonstrated for this schedule [11]. In the absence of
dose adjustment, this treatment was associated with high
exposure to the drug in a large proportion of patients.
Based on the target value of 30 000 mg l-1 h-1 proposed
by Fety et al., 89% of our patients would have had their
dose reduced to prevent toxicity. According to the results
obtained in our cohort, and using a simplified sampling
schedule, we can set the toxicity threshold at
50 000 mg l-1 h-1, values above this level being associ-
ated with significantly higher levels of toxicity.

The analysis of agreement between our method of
AUC estimation and that proposed by Fety et al. showed

nonnegligible discrepancies. Indeed, AUC estimated
by our method may be 15 000 mg l-1 h-1 below or
10 000 mg l-1 h-1 above that estimated using the refer-
ence method, particularly for high AUC values. Circa-
dian variations in 5-FU pharmacokinetics are known to
occur [22] and may partly explain our results. Indeed, in
our independent dataset, median (range) morning con-
centrations were higher [345 mg l-1 (47–2054)] than
afternoon concentrations [295 mg l-1 (20–947)]. The dis-
crepancy between the two methods may have been
caused by the use of six afternoon samples and only four
morning samples for the standard method, whereas our
method used morning samples only. These results do not
call into question the reported exposure–toxicity rela-
tionships, but show that AUC estimation methods cannot
be used interchangeably. For a TDM programme, it is
essential to know how the target values were calculated,
to ensure that the same method is used throughout, or at
least to ensure that the results obtained with another
method can be extrapolated. The target value for dose
adaptation must therefore be chosen according to the
method used for AUC estimation. The actual sampling
period used must also be considered. For example, at a
dose of 1000 mg m-2 day-1, some published AUC targets
refer to the AUC0-105 h [7, 8], whereas others refer to the
AUC0-96 h [11]. We determined the AUC0-120 h for 25.7%
of patients, giving higher overall AUC values.

In our patients treated with 600 mg m-2 day-1 plus
concurrent radiotherapy, median AUCs were similar in
patients who experienced toxicity and in those who did
not. This result may be explained by the small number of
patients studied, resulting in insufficient power to test
this hypothesis. Indeed, with 68 observations, the effect
size was estimated to 0.275 (after log transformation)

Table 3
Number of courses associated with toxicity and type of toxicity at each AUC level for doses of 1000 mg m-2 day-1 and
600 mg m-2 day-1

AUC (mg l-1 h-1)
Number
of courses

Overall toxicity Mucositis Haematological toxicity Digestive toxicity
Grade 1–4 Grade 3–4 Grade 1–4 Grade 3–4 Grade 1–4 Grade 3–4 Grade 1–4

600 mg m-2 day-1

>30 000 13 6 (46%) 2 (15%) 4 2 5 1 0
17–30 000 36 15 (42%) 3 (8.3%) 5 2 13 1 0
<17 000 19 11 (58%) 2 (10%) 8 2 10 0 0
Total 68 32 (47%) 7 (10%) 17 6 28 2 0

1000 mg m-2 day-1

>50 000 16 12 (75%) 4 (25%) 3 3 12 4 2
30–50 000 10 5 (50%) 2 (20%) 1 2 5 1 1
<30 000 3 1 (33%) 0 0 0 2 0 0
Total 29 18 (62%) 6 (21%) 4 5 19 5 3

5-FU exposure and outcome with or without concomitant radiotherapy
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and should have been >0.7 to be detected with an 80%
power. Several studies have evaluated exposure–toxicity
relationships for combinations of 5-FU with pharmaco-
modulating agents, such as leucovorin [9, 13]. In these
treatment schedules, the dose of 5-FU is decreased
because of the expected greater toxicity of the combina-
tion. Schneider et al. found that mean plasma 5-FU con-
centration over the course was significantly correlated
with haematological toxicity grade or mucositis grade
for a dose of 500 mg m-2 day-1 over 5 days [13]. Simi-
larly, Vokes et al. found that afternoon plasma 5-FU
concentration on day 3 was correlated with both mucosi-
tis grade and the nadir of white blood cell counts, for
a dose of 640 mg m-2 day-1 [9]. The situation is less
clear for the combination of 5-FU with radiotherapy.
Bensadoun et al. [14] evaluated a strategy in which
radiotherapy was given concurrently with 750 mg
5-FU m-2 day-1 for 5 days. They observed a high fre-
quency of toxicity in cycle 1 that was not related to 5-FU
exposure. During the second cycle, 5-FU was adminis-
tered at a fixed dose of 750 mg day-1 (i.e. corresponding
to 430 mg m-2 for a 1.73 m2 body surface area); AUC
was higher in patients with grade 3–4 neutropenia,
whereas no relationship between AUC and mucositis
was observed. A detailed examination of previously pub-
lished data revealed a wide overlap in concentrations
between patients with and without toxicity. This overlap
may provide further insight into the difficulties encoun-
tered when trying to detect differences in diverse groups
of patients.

Our results confirm the relationship between exposure
and toxicity for a dose of 1000 mg m-2 day-1. We were
not able to show such an association for the
600 mg m-2 day-1 regimen with concurrent radiotherapy
and therefore cannot currently recommend the use of
systematic drug monitoring for improving tolerance to
this particular treatment protocol. At a dose of
1000 mg m-2 day-1, we have shown that pharmacoki-
netic monitoring could be simplified by analysing a
single sample taken in the morning rather than two
samples per day. However, based on our exposure–
toxicity relationship data, the target AUC should be
revised upwards if this method is used. In our small
dataset, values >50 000 mg l-1 h-1 were associated with a
higher rate of toxicity, and haematologic toxicity in par-
ticular. We thus propose to use this threshold for 5-FU
monitoring, using our method of AUC estimation. The
good correlation found between AUC0-48 h and AUC0-96 h

values indicates that, measured in real time, AUC0-48 h

can be used once the treatment has been initiated, to
identify patients with unusual pharmacokinetic behav-
iour. Whatever the method used, if a TDM programme

is to be implemented, the infusion rate must be strictly
controlled to prevent erratic fluctuations in blood
concentrations of the drug.
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