Dose and time dependencies of
5-fluorouracil pharmacokinetics

Objectives: The purpose of this study was to examine the interpatient and intrapatient variability of the
Michaelis-Menten plasma parameters of 5-fluorouracil administered according to a schedule combining a
bolus of 400 mg/m?2 followed by 22-hour infusion of 600 mg/m? for 2 consecutive days.

Patients: A pharmacokinetic population approach was used to analyze the data from 21 patients with
colorectal cancer.

Results: The 5-fluorouracil plasma concentrations versus time were best described by a two-compartment
model with nonlinear elimination from the central compartment. The relationships between the pharma-
cokinetic parameters and patient characteristics were tested. On day 1 the mean values (with interindivid-
ual variability as expressed by the coefficient of variation) were 1390 mg - h-1 (20%), and 5.57 mg - L1
(22%) for the maximum rate of elimination, and the half-saturating plasma concentration. The maximum
rate of elimination was positively correlated to the body surface area and the percentage of liver involve-
ment by metastatic disease determined by tomodensitometric examination. The model was successfully
tested with independent data sets corresponding to other schedules. The analysis of this intrapatient vari-
ability showed that the half-saturating plasma concentration increased from day 1 to day 2, especially in
the patients with low lymphocyte cell dihydropyrimidine dehydrogenase activity.

Conclusion: The pharmacokinetic parameters obtained in this study would be useful to predict the 5-fluo-
rouracil plasma concentrations following other schedules of administration of 5-fluorouracil and to study
the possible pharmacokinetic interactions between 5-fluorouracil and other drugs. (Clin Pharmacol Ther

2000;68:270-9.)
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Fluorouracil iswidely used for many types of can-
cers. In particular, 5-fluorouracil remains the first line
of therapy for patients with advanced colorectal can-
cer. However, the optimal infusion regimen for thisdrug
is not known, and it is presently administered with a
wide range of treatment schedules.14 Both the pharma-
codynamics and pharmacokinetics of 5-fluorouracil are
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schedule dependent. The dose-limiting toxicity is
mucositis for continuous infusion and myel osuppres-
sion for the bolus injection. Regarding the mechanisms
of cytotoxicity, prolonged exposure to 5-fluorouracil is
required for thymidylate synthase inhibition, then high
concentrations (such as those reached after short-term
administration) are required for fluoridine triphosphate
incorporation into ribonucleic acid.> The pharmacoki-
netics of 5-fluorouracil have been extensively studied.
There are two major factors of pharmacokinetic vari-
ability. First, the drug displays nonlinear pharmacoki-
netics as a result of saturable metabolism located
mainly in the liver.6.” Then the reported plasma clear-
ance of 5-fluorouracil depends on the schedule of
administration of 5-fluorouracil that varied largely
according to the clinical protocols. During continuous
infusion (infusion rates ranged between 300 and 1000
mg/m2/d are used), clearance of 5-fluorouracil ranged
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Table |, A. Characteristics of the 21 patients studied

Characteristics Median Range
Age (year) 65 40-79
Body surface area (m2) 171 1.46-2.00
Weight (kg) 68 48-97
Serum creatinine (umol - L-1) 81 53-177
Proteinemia (g - L) 71 55-81
Albuminemia (g - L-1) 38 27-44
Bilirubinemia (umol - L-1) 9.4 6.2-33.4
PMNC DPD (pmol - min-t . 140 44-392

mg-1 protein)

PMNC DPD, Peripheral mononuclear cell dihydropyrimidine dehydroge-
nase activity.

between 100 and 350 L/h. After intravenous bolus
injection of doses varying between 300 and 600 mg/m?2,
clearance ranged between 30 and 120 L/h.7 Second,
there is a high interindividual variability of 5-fluo-
rouracil pharmacokinetics. The individual clearance of
5-fluorouracil has been correlated with several covari-
ables. Clearance of 5-fluorouracil was significantly
reduced by increased age8 and was lower in women
compared with men.910 Moreover, the dihydropyrimi-
dine dehydrogenase enzyme plays amajor rolein liver
metabolism of 5-fluorouracil, and it has been shown
that dihydropyrimidine dehydrogenase activity mea-
sured in circulating lymphocytesis positively correlated
to clearance of 5-fluorouracil.11 Dihydropyrimidine
dehydrogenase inhibitors are currently developed
in combination with 5-fluorouracil both to prolong
exposure to 5-fluorouracil and to decrease the interindi-
vidual variability of metabolism. Intraindividua phar-
macokinetic variabilities were also noted. During a
5-day continuous infusion, several groups reported
higher plasma concentrations during the second part of
a 5-day infusion.8.12 Last, circadian variations in the
plasma concentration of 5-fluorouracil probably caused
by circadian pattern for dihydropyrimidine dehydroge-
nase activity were shown.13.14

Numerous studies described the nonlinear pharmaco-
kinetics of 5-fluorouracil. But only a few of them15-21
stated values for the in vivo pharmacokinetic param-
eters in human beings corresponding to the saturable
metabolism of 5-fluorouracil: the maximum rate of
elimination (V5 and the half-saturating plasma con-
centration (K,,,) for the maximal rate of elimination and
the concentration at which the elimination rate was half
of Vo respectively. Moreover, contradictory mean
values have been proposed, with K, ranging between
1.42 mg - L-1, asreported by Wagner et a,2! and 27 mg
- L-1, asreported by Sandstrom et al,20 and with V 4
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Table |, B. Characteristics of the 21 patients studied

Characteristics No.
Sex
Mae 14
Female 7
Performance status score*
0 1
1 12
2 8
Liver metastatic involvementt
No metastasis 5
<25% 9
>25% and <50% 5
>50% and <75% 2

*From the World Health Organization.
‘tPercentage of liver replaced by tumor determined semiquantitatively by
tomodensitometric examination.

ranging between 944 and 3471 mg - h-1, as reported by
Port et a.18.19

In this study we have investigated the pharmacokinet-
ics of 5-fluorouracil administered according to a schedule
(usually called LV5FU2) combining 2 hours infusion of
folinic acid followed by 10 minutesinfusion of 400 mg/m?2
5-fluorouracil and 22 hours infusion of 600 mg/m2 5-flu-
orouracil for 2 consecutive days every 2 weeks, this sched-
ule was recently described by de Gramont et a22 as more
effective and less toxic than other monthly regimens. The
objectives of our study were to determine the Michaelis-
Menten parameters (ie, V5 and K ;) of 5-fluorouracil by
a pharmacokinetic population approach from plasma con-
centrations versus time data and to test relationships
between these parameters and patient characteristics.

PATIENTSAND METHODS

Patients and treatment schedule. Twenty-one
patients with an advanced, histologically proven colo-
rectal carcinoma were studied. Written informed con-
sent was obtained from al patients. The primary tumor
was within the colon and the rectum for 11 and 10
patients, respectively. Seven of the 21 patients had
undergone prior chemotherapy. Thirteen, five, and three
patients had, respectively, one, two, and three or more
different metastatic sites. Demographic data on the
patients are given in Table 1. All patients received folinic
acid followed by 5-fluorouracil administered daily for
2 consecutive days with a controlled flow pump. The
treatment was given as folinic acid (200 mg/m?2 in 5%
dextrose) by intravenous infusion for 2 hours followed
by 5-fluorouracil by intravenous infusion for 10 min-
utes (400 mg/m? in 5% dextrose) and then continuous
intravenous infusion (600 mg/m2 in 5% dextrose) for 22
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hours. This whole regimen was repeated on day 2 and
was given on a 2-week cycle until disease progression.
Physical examination and full blood cell count were per-
formed every cycle. Hemogram was recorded twice
weekly after the two first cycles.

Pharmacokinetic and biologic investigations. The
pharmacokinetic study was performed during the first
cycle of the 5-fluorouracil protocol. Blood samples (4
mL each into tubes containing lithium heparin) were
obtained from a small heparinized catheter introduced
into a peripheral vein in the arm opposite of the infu-
sion arm. Blood sampling times were as follows: before
administration of 5-fluorouracil, at 0, 0.25, 0.5, 1, 2, 6,
12, and 21 hours after the end of the first 10 minutes
of infusion, and at 0, 1, and 21 hours after the end of
the second 10 minutes of infusion. The plasma was
immediately separated by centrifugation at 4°C and
stored at —20°C until analysis. Plasma concentrations
of 5-fluorouracil were measured by reverse-phase
HPL C with the previously described method,23 with
some modifications regarding the extraction part of the
analysis. Briefly, the compounds, with 5-fluorouracil
and 5-fluorocytosine used as an interna standard, were
extracted from plasma by isopropanol-ethyl acetate
(85:15 vol/vol) in the presence of ammonium sulfate to
precipitate the proteins according to the previously
described method.24 The organic phase was dried at
56°C under nitrogen. Liquid chromatography was car-
ried out by use of a Nucleosil C18 (7 um, 250 x 4.6
mm) column (Bischoff, Leonberg, Germany) eluted by
amobil phase consisting of 50 mmol/L potassium phos-
phate buffer (pH 3.0) (1.0 mL/min) and an ultraviolet
detection at 265 nm. The limit of quantification was 50
ng/mL plasma. The accuracy and precision of the
method was assessed by seeding two plasma at 5-fluo-
rouracil at nominal values of 500 and 2500 ng/mL: the
interassay (n = 6) coefficients of variation for precision
were, respectively, 9.2% and 8.3%. The concentrations
for the seeded control samples were found to be within
—11% and +15% of the nominal values.

In addition, 20 mL blood was collected in Vacutainer
cell preparation tubes (Becton Dickinson & Co, Ruther-
ford, NJ) before administration of 5-fluorouracil for
peripheral mononuclear cell dihydropyrimidine dehy-
drogenase determination. Contaminating red blood
cellswere hypotonically lysed. Peripheral mononuclear
cells were suspended in 35 mmol/L sodium phosphate
buffer containing 10% glycerol and stored at —80°C
until analysis (within 2 months). The cytosolic dihy-
dropyrimidine dehydrogenase activity was measured
with the previously reported method# after selective
ultracentrifugation of peripheral mononuclear cell. The
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assay consisted of the incubation of 50 pL of periph-
eral mononuclear cell cytosol (0.05 to 0.10 mg of
cytosolic protein) with 14C-5FUH, (20 pmol/L final),
B-reduced nicotinamide adenine dinucleotide phos-
phate (250 umol/L final), and magnesium chloride (2.5
mmol/L final). Total volume was 125 pL (in 35 mmol
sodium phosphate buffer pH 7.5 containing sodium
azide 0.001 mol/L). The duration of incubation was 30
minutes at 37°C. The reaction was stopped by addition
of 125 pL ice-cold ethanol followed by 30 minutes stor-
age at —20°C. After centrifugation, the 14C-5FUH, in
the supernatant was analyzed by use of the previously
reported reverse-phase HPLC method. Mobil phase at
aflow rate of 0.8 mL/min was eluted in fractions of 0.8
mL. The radioactivity of the fractions eluted between
7 and 10 minutes corresponded to the formed SFUH,.
Cytosolic protein concentrations were determined by
the dye-binding method (Bio-Rad SA, lvry sur Seine,
France) with bovine y-globulin used as standard. Thus
enzyme activity was expressed as nmoles of 5FUH,
formed per minute and per milligram of protein.

Pharmacokinetic analysis. Plasma 5-fluorouracil
levels were analyzed with the nonlinear mixed-effects
modeling program (NONMEM,25 version V, level 1.1)
with the first-order method and the PREDPP package
(University of California, San Francisco, Calif).26 A
proportional error model was used for the interpatient
variables. A combination model (ie, additive plus pro-
portional) was used for residual variability.

In thefirst phase of analysis, the data collected within
the first 24-hour period of treatment (day 1) were used
to test the different pharmacokinetic models: linear
elimination (according to arate constant [k;]) and non-
linear elimination (according to the Michaelis-Menten
parameters). For each of these models, one- (corre-
sponding parameter: central volume [V c]) and two-com-
partment (corresponding parameters: V¢, rate constant
from central to peripheral volume [k4,], and rate con-
stant from peripheral to central volume [k,4]) models
were tested. Then the influence of 13 patient covari-
ables on the pharmacokinetic parameters was tested.
These covariables were weight, height, body surface
area calculated according to the formula of Dubois and
Dubois,27 sex, age, proteinemia, albuminemia, biliru-
binemia, presence of hepatic metastasis (a score ranged
between 0 and 3 was alocated to hepatic metastasis
covariable in function of the percentage of liver
replaced by tumor determined semiquantitatively by
tomodensitometric examination: score of O if no liver
metastasis, 1 for <25% of liver replaced by tumor, 2 for
>25% and <50%, 3 for >50% and < 75%), performance
status score from the World Health Organization,
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Fig 1. Analysis of 5-fluorouracil plasma concentrations according to two-compartment model with
nonlinear elimination from central compartment: individual model-predicted concentrations versus
observed concentrations (n = 21 patients). Continuous line is the line of identity.

Table 1. Testing of the pharmacokinetics and the covariable model from data of day 1

Model investigated Change in objective function* P value
Pharmacokinetic model Two-compartment and non-linear eliminationt — —
Two-compartment and linear eliminationt +228 <.0005
One-compartment and non-linear eliminations +92 <.0005
Covariable model Vimax = 01 - BSA - (1 + 62 - METAS) — —
with mean value (£Cl95%): 61 = 751
(£ 105) mg - h1 - m=2, 62 = 0.068 (+ 0.052) T
V max independent of BSA ¥ +10 <.01
V max independent of METAZ +5 <.05

BSA, Body surface areain m2,

*By comparison with the final model.
tFinal model.

FAlternative model tested.

§Hepatic metastases status: META = 0 if no liver metastasis, 1 if <25% of liver replaced by tumor, 2 if >25% and <50%, and 3 if >50% and <75%.

peripheral mononuclear cell dihydropyrimidine dehy-
drogenase activity, creatinine clearance calculated
according to the Cockcroft-Gault equation,28 and clock-
time (0 if sample obtained between 7 am and 7 pm, 1
in other cases). In a second phase of analysis, the data
collected during day 2 were analyzed simultaneously
with those of day 1 according to the best pharmacoki-
netic model. In fitting the data, NONMEM computed
the value of a statistical function, the minimal value of
the objective function, which is equal to minus twice the
log likelihood. Both structural model selection and the
testing of the relationships between covariables and
pharmacokinetic parameters were based on the objec-
tive function value. The structural model that was

selected gave the lowest value of the objective function.
If two models gave the same or similar values, then the
most parsimonious model was chosen. For testing of the
covariables, the different models were compared by use
of the approximation to the x2 distribution of the objec-
tive function value of the reduced model (eg, model with-
out covariable) minus that of the full model (eg, model
with covariable); the number of degrees of freedom is
equal to the difference in the number of parameters
between two nested models. For example, a difference
in the objective function larger than 3.8 (associated with
a P value of < .05 and degree of freedom of 1) was
reguired to consider the model with nonlinear elimina
tion (corresponding parameters: V5, and K) more
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Fig 2. Plasma concentrations of 5-fluorouracil given by 10-minute infusion of 400 mg/m? followed
by 22-hour infusion of 600 mg/m2 in one patient. Curve corresponding to the two-compartment
model with nonlinear elimination from the central compartment is shown.

appropriate than the model with linear elimination (cor-
responding parameter for elimination was clearance).
Testing of the pharmacokinetic model with inde-
pendent data. The final pharmacokinetic model was
tested with four independent data sets corresponding to
other schedules of 5-fluorouracil administration by
comparing graphically the observed concentrations and
the model predicted values. Plasma data of 5-fluo-
rouracil from the Department of Medicine and Thera-
peutics of the University of Aberdeen were obtained in
10 patients with colorectal cancer after 10 minutes
intravenous infusion of 370 mg/m2.29 Data from the
Centre Paul-Papin (Angers) corresponded to 4- and 8-
hour intravenous infusion of 1000 and 1250 mg/m2 (20
patients for each group, randomly chosen from alarger
database30), respectively. Finally, data from the Centre
René-Gauducheau (Nantes) were obtained during 96-
hour continuous intravenous infusion of 1 g/m2/d.12

RESULTS

Pharmacokinetic model. Pharmacokinetic data of 5-
fluorouracil were available in 21 patients. The data of
5-fluorouracil at day 1 were best described by a two-
compartment model with a nonlinear elimination from
the central compartment (Table I1). No interindividual
variability on k;, was used because the elimination of
this intersubject variability term improved the precision
on estimates of the remaining parameters. There was
good agreement between model-predicted and observed
concentrations (Figs 1 and 2). Mean (£ SD) maximum
plasma concentrations (end of 10-minute infusion) and

concentration before the end of the 22-hour infusion
were, respectively, 31.3 + 8.9 and 0.178 + 0.046 mg/L.
The estimated parameters for residual variability were
10.4% and 0.062 mg - L1 for, respectively, the propor-
tional and the additional part of the combination model.

Relationships between covariables and day 1 phar-
macokinetic parameters. The mean pharmacokinetic
parameters and their interindividual variables are sum-
marized in Table I11. No covariable was found corre-
lated with K, or kyq. During theindividual testing, four
covariables were significantly and positively correlated
with V. body surface area (BSA), peripheral
mononuclear cell dihydropyrimidine dehydrogenase
activity (DPD), percentage of liver involvement by
metastatic disease (META), and proteinemia (PROT).
After independent deletion of each of these covariables
from an intermediate model, such as follows:

Vimax

01-BSA - (1+62-DPD) - (1 + 63 - META) - (1 + 84 - PROT)

the final model was as follows (Table I1):
Vi = 01 - BSA - (1 + 02 - META)

Testing of the pharmacokinetic model with inde-
pendent data. Fig 3 shows the mean observed 5-fluo-
rouracil plasma concentrations corresponding to the
four independent data sets and concentrations predicted
according to the two-compartment model with nonlin-
ear elimination, the mean pharmacokinetic parameters
(day 1) shown in Table Il (for central volume of dis-
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Fig 3. Testing of two-compartment model and nonlinear elimination with independent data sets.
Model predicted according to mean pharmacokinetic parameters and mean (+95% confidence inter-
vals) observed 5-fluorouracil concentrations after 10-minute intravenous infusion of 370 mg/m?
(A), horizontal bars correspond to the range of sample time) or 4-hour (1000 mg/m2), 8-hour
(1250 mg/m2), and 96-hour (4000 mg/m?2) intravenous infusion (B).

tribution, K15, ko1, and K)), and V., = 61 - BSA (with
01 = 831 mg - h=1 - m=2 corresponding to the final
model when the covariable “ percentage of liver involve-
ment by metastatic disease” is not available).
Comparison of pharmacokinetic parameters between
day 1 and day 2. Graphical examination of the mean
plasma concentrations versus time showed that elimina
tion of 5-fluorouracil decreased from day 1 to day 2 of
treatment (Fig 4). To investigate the modification of phar-
macokinetic parameters between the two days, the param-
eters K, and V 5 were allowed to vary from one day to

the other for each patient. In first time, no covariable was
taken into account. The results were compared with those
when K, and V 5 Were constant within the 2 days. With
the objective function used as criterion, best fit was
obtained for K ,, as parameter varying from day 1 to day
2 (Table IV). Then relationships between K, at day 2
and covariables were tested. K, at day 2 was found to
be significantly correlated with dihydropyrimidine dehy-
drogenase according to the equation:

Kmpay 2 = 61 - (1 — 62 - DPD)
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Fig 4. Mean (+95% confidence interval) plasma concentrations of 5-fluorouracil after intravenous
administration according to 10-minute infusion 400 mg/m?2 5-fluorouracil immediately followed by
22-hour infusion 600 mg/m2 5-fluorouracil for 2 consecutive days (n = 21 patients).

Table I11. Pharmacokinetic parameters of 5-fluorouracil at day 1

Parameters

Mean
(95% confidence interval)

Interindividual variability*
(95% confidence interval)

Central volume of distribution (L)

k1, (rate constant from central to peripheral volume) (h-2)
ko; (rate constant from peripheral to central volume) (h-1)
V max (Maximum rate of elimination) (mg - h-1)

Km (mg - L)

12.7 (9.6-15.8) 31% (11%-42%)
5.35 (3.32-7.38) —t

5.69 (4.00-7.38) 27% (0%-43%)
1390 (1213-1567) 20% (2%-28%)
5.57 (4.36-6.78) 22% (0%-36%)

*Coefficient of variation.
tinterindividual variability on k;, was fixed to zero.

with 81 = 11.6 mg/L (95% confidence interval: 7.5 to
15.7 mg/L) and 62 = 0.99 nmol~1 - min - mg (95% CI:
0.48 to 1.50 nmol-1 - min - mg).

DISCUSSION

Simultaneous analysis of concentrations versus time
data from 21 patients allowed us to use a relatively
complex pharmacokinetic model: two-compartment
model with nonlinear elimination. A similar model was
previously proposed by Collins et al,15 who determined,
by comparison of model simulations with literature
data, a K, value lower than the mean value obtained in
this study (1.95 versus 5.57 mg - L-1, respectively).
More generally, the discrepancies between the values
of Ky, and V5 proposed in the literature can be
explained by the diversity of the methodologies used
for determining 5-fluorouracil concentrations: positron
emission tomography,17 nuclear magnetic resonance

spectroscopy,18.19 or HPL C measurements.15.16.21 For
positron emission tomography and nuclear magnetic
resonance spectroscopy methods, liver concentrations
were obtained. Hepatic arterial infusion and sampling
were also used.1521 |n fact, the study performed by
Sandstrém et al20 is the only one in which the method
was similar to that of our analysis: population pharma-
cokinetic analysis with NONMEM of plasma 5-fluo-
rouracil after intravenous bolusinjections of 600 mg/m?
in patients with breast cancer. They obtained mean K,
and V(27 mg - L~ and 2528 mg - h-1, respectively)
that differ largely from our values (5.57 mg - L-1 and
1390 mg - h-1, respectively). This schedule of adminis-
tration combining two very different rates of adminis-
tration (ie, 2400 mg/m2/h and 27 mg/m2/h) was more
appropriate to determine the parameters corresponding
to a saturable process than the unique bolus injection.
The Vo and K, can be estimated more accurately
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Table V. Mean values (95% confidence interval) of maximum rate of elimination (V) and Michaglis constant

(K, of 5-fluorouracil at day 1 and day 2

Kmn Vinax Change in objective function* P value
Final model
K, varying, V . constant — —
Day 1 6.08 (3.81-8.35)
Day 2 9.83 (6.68-13.2)
Constant 1400 (1093-1707)

Alternative models tested
Both K, and V 5« constant

Constant 6.05 (4.50-7.60)
Ky constant, V., varying

Day 1

Day 2

Constant 7.24 (4.38-10.1)
Both K, and V5 Varying

Day 1 5.83 (4.07-7.59)
Day 2 10.4 (0-19.1)

738 <.0005
1260 (1050-1470)

21.7
1520 (1123-1917)
1240 (954-1526)

14.9 <.001

1370 (1152-1588)
1490 (688-2292)

*By comparison with the final model.

when data corresponding to different levels of satura-
tion are available.

The interest in knowing these parametersisin being
able to predict the concentrations after administration of
higher doses of 5-fluorouracil. For drugs with nonlinear
pharmacokinetics, simulations require the knowledge of
parameters such asK,,, and V . Now the good toler-
ance of the protocol LV5FU2 has already stimulated clin-
ical trials with higher doses of 5-fluorouracil to increase
the probability of efficacy.3 For example, an increase of
25% of 5-fluorouracil bolus dose administered in
this study would lead to an increase of 100% plasma
5-fluorouracil concentrations at 30 minutes after admin-
istration. The testing of the pharmacokinetic model with
independent data sets confirmed that it is possible to pre-
dict accurately the mean observed 5-fluorouracil plasma
concentrations (particularly those corresponding to the
10-minute and 4-hour intravenous infusions) from the
mean pharmacokinetic parameters of this study. For
the 8-hour and 96-hour intravenous infusions, good
agreement was observed for the first observed concen-
trations, but the later observed values were larger than
the predicted ones; this point will be discussed bel ow.
Finally, the mean values we obtained for K, and V .,
are consistent with the mean 5-fluorouracil clearance
previously observed during 5-day continuous venous
infusion of 1 g/m?/d: 235 L - h-1.8 Indeed, the ratio
V ma/Km = 250 L - h~1 approximates the clearance when
plasma 5-fluorouracil concentrations are far below K,
which is the case for this schedule of administration.

The second advantage of having an adequate pharma-
cokinetic model for 5-fluorouracil over the model-inde-

pendent analysis is the possihility to test relationships
between the corresponding pharmacokinetic parameters
(ie, Vinax @nd K,) and patients covariables. The final
model for covariables indicates that V,,,, tends to
increase with body surface area and the liver metasta-
tic volume of involvement. If arelationship between
body surface area and V .5, iS not surprising, an oppo-
site relationship would be more expected with liver
involvement: lower is the volume of normal hepatic tis-
sue, lower are the hepatic capacities of 5-fluorouracil
elimination. But Boisdron et al3! have previously
observed a positive correlation between 5-fluorouracil
clearance and the volume of hepatic metastases in
advanced colorectal cancer, suggesting an increase of
the 5-fluorouracil uptake by the tumor that is known to
be substantial .32

Peripheral mononuclear cell dihydropyrimidine
dehydrogenase activity proposed as a predictive marker
of 5-fluorouracil catabolism1.14 was poorly correlated
with theV ,,, when tested individually and did not per-
sist in the final model. This emphasized the limits of
this mononuclear cell determination that is not neces-
sarily representative of the dihydropyrimidine dehydro-
genase activity in the liver,33 particularly in the case of
liver metastases. This study confirmed the influence of
some covariables (ie, body surface area and liver
metastatic volume of involvement) on 5-fluorouracil
pharmacokinetics but without allowing to control the
interindividual variability of this drug.

Bressolle et a0 recently performed a NONMEM
analysis of 5-fluorouracil plasma concentrations after the
same schedule of 5-fluorouracil administration. The main
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covariable for pharmacokinetic variability was the time
showing a circadian rhythm defined by the sum of two
cyclic components (peak times for 5-fluorouracil concen-
trations were 4.2 and 0.41 hours). We failed to observe
any circadian rhythm because only 27 from the 176 blood
samples were performed during the 12 pv to 9 Am inter-
val. Moreover, it was al so shown recently that no uniform
time of peak or trough concentration was observed
between individuals.34 This finding complemented an
earlier study on the high interindividua variability in the
circadian pattern of dihydropyrimidine dehydrogenase
enzyme activity.35 Then the time would not be expected
as asgnificant covariable for our andysis.

In terms of time-dependency, we confirmed in this
schedule of administration that was previously shown
in continuous 5-fluorouracil infusion: 5-fluorouracil
clearance decreases during the 5-day infusion.8.12 |_ater
observation of the 5-fluorouracil concentrations corre-
sponding to the data sets of intravenous infusion for 8
and 96 hours that were used for the independent evalu-
ation of this pharmacokinetic model confirms this ten-
dency (Fig 3, B). The simultaneous analysis of our
5-fluorouracil plasma concentrations at day 1 and day
2 showed that the rate of elimination was lower during
the second day. The best fit corresponded to the model
where K, was free to vary from one day to another: the
mean K, increased from 6.08 to 9.83 mg - L-1, sug-
gesting alower affinity of 5-fluorouracil for the dihy-
dropyrimidine dehydrogenase enzyme. McLeod et al36
have shown an autoregulation of 5-fluorouracil metab-
olism: administration of 5-fluorouracil induced a
decrease of mononuclear cell dihydropyrimidine dehy-
drogenase activity in human beings and of liver
dihydropyrimidine dehydrogenase activity in rats. This
inhibition appeared to be specific for dihydropyrimi-
dine dehydrogenase, but the mechanism was not clear.
Repression of the transcription or messenger RNA
translation would be associated with a decrease of V 5,
rather than an increase of K,,. A possible mechanism
for increased K, could be the accumulation of endoge-
nous substrates of dihydropyrimidine dehydrogenase,
such as uracil, as aresult of the first day of treatment.
When the 5-fluorouracil is administered during the sec-
ond day of the schedule, a competitive interaction
would occur between these substrates and 5-fluo-
rouracil, leading to an apparent Michaelis constant,
K, With

Ko =Ky - (1 + [11/Ki)

where [I] and Ki are, respectively, the concentration of
inhibitor and the inhibition constant. Because K, a day
2 isnegatively correlated with dihydropyrimidine dehy-
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drogenase activity, we could make the hypothesis that
the amount of accumulated substrate is dependent on
this activity.

Finally, this model will allow one to study the possi-
ble pharmacokinetic interactions between 5-fluorouracil
and other drugs such as oxaliplatin or irinotecan that are
planed to be combined into the LV5FU2 protocol.
Indeed, it would be possible to evaluate whether a drug
combined to 5-fluorouracil had an impact on V ,, or
K., by simultaneous analysis of 5-fluorouracil plasma
concentrations obtained in absence and in combination
with this drug. The model could also be useful to ana-
lyze the pharmacokinetic data after administration of
5-fluorouracil prodrugs such as capecitabine when both
unchanged drug and metabolites were quantified.

We thank the nursing staff of the “Unité de Pharmacologie Clin-
ique” for its help and cooperation, Dr Richard Aziza for the assis-
tance in tomodensitometric interpretation, and Dr Jean-Pierre Jaffré-
zou for editing.
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