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Aims

 

To investigate the concentration-effect relationship and pharmacokinetics of lefluno-
mide in patients with rheumatoid arthritis (RA).

 

Methods

 

Data were collected from 23 RA patients on leflunomide therapy (as sole disease
modifying antirheumatic drug (DMARD)) for at least 3 months. Main measures were
A77 1726 (active metabolite of leflunomide) plasma concentrations and disease
activity measures including pain, duration/intensity of morning stiffness, and SF-36
survey. A population estimate was sought for apparent clearance (CL/

 

F

 

) and volume
of distribution was fixed (0.155 l kg

 

-

 

1

 

). Factors screened for influence on CL/

 

F

 

 were
weight, age, gender and estimated creatinine clearance.

 

Results

 

Significantly higher A77 1726 concentrations were seen in patients with less swollen
joints and with higher SF-36 mental summary scores than in those with measures
indicating more active disease (

 

P

 

 

 

<

 

 0.05); concentration-effect trends were seen with
five other disease activity measures. Statistical analysis of all disease activity measures
showed that mean A77 1726 concentrations in groups with greater control of disease
activity were significantly higher than those in whom the measures indicated less
desirable control (

 

P

 

 

 

<

 

 0.05). There was large between subject variability in the dose-
concentration relationship. A steady-state infusion model best described the pharma-
cokinetic data. Inclusion of age as a covariate decreased interindividual variability
(

 

P

 

 

 

<

 

 0.01), but this would not be clinically important in terms of dosage changes.
Final parameter estimate (% CV interindividual variability) for CL/

 

F

 

 was 0.0184 l h

 

-

 

1

 

(50%) (95% CI 0.0146, 0.0222). Residual (unexplained) variability (% CV) was
8.5%.

 

Conclusions

 

This study of leflunomide in patients using the drug clinically indicated a
concentration-effect relationship. From our data, a plasma A77 1726 concentration
of 50 mg l

 

-

 

1

 

 is more likely to indicate someone with less active disease than is a
concentration around 30 mg l

 

-

 

1

 

. The marked variability in pharmacokinetics suggests
a place for individualized dosing of leflunomide in RA therapy.
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Introduction

 

Leflunomide is a novel immunomodulatory agent indi-
cated as a disease modifying antirheumatic drug
(DMARD) for the treatment of rheumatoid arthritis
(RA). Upon oral absorption, it is rapidly converted to
the active metabolite, A77 1726 [1–3]. Double-blind,
placebo-controlled clinical trials have demonstrated the
effectiveness of leflunomide [4–9]. It also has been
shown to have comparable efficacy to other established
DMARDs such as methotrexate and sulfasalazine [5–9],
but except for one study [4], plasma concentrations of
A77 1726 were not reported. Some of the withdrawals
from these studies could have been due to subtherapeu-
tic or toxic concentrations, as lack of efficacy and
adverse events were cited as reasons for withdrawal [4–
9].

The mechanism of immunosuppression by lefluno-
mide is affected by several factors, one being the serum
concentration of A77 1726 [10]. In a study including
398 RA patients, steady-state plasma A77 1726 concen-
trations were slightly better predictors of treatment
success than the leflunomide dose; the probability of
clinical success increased from 25% for placebo to 60%
when steady-state A77 1726 concentrations greater than
13 mg l

 

-

 

1

 

 were observed [11].
Although a relationship between plasma A77 1726

concentrations and efficacy in adults with RA appears
to exist, current practice does not require therapeutic
monitoring and an optimal concentration range for this
drug has not been established. A regimen comprising a
loading dose of 100 mg once daily for 3 days, followed
by a maintenance dose of 20 mg daily is given to
patients [12], and long-term maintenance doses greater
than 20 mg are not recommended [1, 11]. However, the
inflexible, prescriptive nature of this regimen does not
take into account interindividual pharmacokinetic
variability.

There have been few human pharmacokinetic data on
leflunomide reported [1, 13]. The metabolite A77 1726
is extensively protein-bound (99%) and has an apparent
volume of distribution (

 

V

 

/

 

F

 

) reported to range from 6 l
to 30.8 l, average 12 l [1]. Greater than 90% of a single
dose is eliminated, equally via the kidneys (as lefluno-
mide glucuronides and an oxalinic acid derivative of
A77 1726), and in the faeces (as A77 1726) [1]. The
clearance (CL/

 

F

 

) of A77 1726 following 5–25 mg oral
doses was reported to be about 0.020 l h

 

-

 

1

 

, which con-
tributes to a long elimination half-life (2 weeks) in RA
patients [1].

The pharmacokinetic data have mostly come from
intensive monitoring of drug concentrations over a sin-
gle dosing interval, performed in both healthy volun-

teers and patients with RA [1, 13]. These studies provide
little information on inter- and intraindividual variability
[1, 4]. This can be redressed using a population model-
ling approach, but until now information on the popula-
tion pharmacokinetics of leflunomide has only been
incompletely published (for example, without values for
clearance reported), in abstract form [11, 14, 15].

In view of the variable pharmacokinetics of lefluno-
mide, further studies of the concentration-effect rela-
tionship together with more comprehensive population
pharmacokinetic analysis may provide a basis for
improving the clinical use of this drug. Therefore, the
objectives of this study were to investigate the steady-
state A77 1726 plasma concentration-response relation-
ship, and to estimate the population pharmacokinetic
parameters in RA patients receiving leflunomide as the
sole DMARD. We also aimed to identify factors that
explain pharmacokinetic variability.

 

Methods

 

This study was cross sectional, with A77 1726 concen-
tration and disease activity variables measured at one
time in each patient. Patients were also invited to pro-
vide two extra plasma samples (taken on separate occa-
sions within the one dosing interval) to enable the
population pharmacokinetics of leflunomide to be better
characterized. Plasma sampling was predose, 2–3 h
postdose, and 6–12 h postdose.

The study recruited subjects attending the outpatient
rheumatology clinic at the Princess Alexandra Hospital,
Brisbane, Australia, a 600-bed teaching and tertiary
referral hospital. Patients from two private rheumatol-
ogy practices within 100 km of Brisbane also were
recruited. All patients attended their clinic for collection
of blood for A77 1726 concentration measurement, and
for disease assessment. A trained metrologist (VC) who
was unaware of the concentration at the time of clinical
evaluation performed all measurements of RA-related
clinical parameters. The study protocol received prior
written approval from the Princess Alexandra Hospital
Research Ethics Committee, and the Medical Research
Ethics Committee at The University of Queensland
(Clearance no. H/261/PHARM/00/PHD). All patients
gave written informed consent to the plasma sampling
and data collection.

The inclusion criteria for the study were (a) 18 years
or older, (b) taking leflunomide for at least 3 months (to
ensure steady-state A77 1726 concentrations and suffi-
cient time for efficacy, reported to be 2–3 months [5–
7]), (c) RA as diagnosed by the American College of
Rheumatology 1987 revised criteria [16] and (d) not
receiving other concurrent DMARD therapies within the
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previous 3 months. Corticosteroids and nonsteroidal
anti-inflammatory drugs (NSAIDs) were permitted.

The rheumatological assessments involved recording
the number of tender and swollen joints present based
on a 28-joint pictorial diagram, patient assessment of
duration of morning stiffness (none, 

 

<

 

0.5 h, 0.5 to 2 h,

 

>

 

2 h), patient estimate of intensity of morning stiffness
(none, mild, moderate, severe), patient assessment of
current level of pain (100 mm visual analogue scale) and
a measurement of physical and mental health status of
the patient using the Medical Outcomes Short Form-36
(SF-36). Patients and their rheumatologists also were
asked separately for a global assessment of disease
activity (100 mm visual analogue scale).

For the statistical analysis, concentrations of
A77 1726 were dichotomized around the median values
of the assessments, except for morning stiffness, which
was a categorical measure (dichotomized as duration
(none/ 

 

<

 

0.5 h) and (0.5 to 2 h/ 

 

>

 

2 h); intensity (none/
mild) and (moderate/severe)). The SF-36 results were
summed and transformed into a scoring algorithm using
the Windows

 

™

 

 compatible software COES

 

™

 

 (version
2.50; Daw Park, South Australia), with higher scores
reflecting better quality of life. The tender and swollen
joint counts, pain scores, global assessment of disease
activity, and SF-36 summary scores were dichotomized
around the median of the results obtained and concen-
trations of A77 1726 in each of the dichotomized groups
were compared. Differences in A77 1726 concentrations
between the two groups were evaluated for each mea-
sure using the Mann–Whitney U-test and overall using
the Wilcoxon signed-rank test. Probability values of less
than 0.05 were considered to be statistically significant.
The Windows

 

™

 

 compatible analysis software NCSS

 

™

 

2004 (Kaysville, Utah) was used for all statistical
calculations.

The dose of leflunomide, duration of therapy and time
of last dose, together with a list of concurrent therapies,
were recorded. Any adverse reactions reported by the
patients that might have been related to leflunomide
therapy were noted and these reports compared with
any notes in their respective medical records for
confirmation.

Venous blood samples were collected into 10 ml
EDTA tubes for determination of the concentrations of
A77 1726. Plasma samples were separated by centrifu-
gation within 1 h of sample collection (500 

 

g

 

, 15 min),
and subsequently stored at 

 

-

 

20

 

∞

 

C until assayed.
A77 1726 plasma concentrations were measured using
a validated high-performance liquid chromatographic
method [17]. Briefly, the assay was accurate, with intra-
and interday precision (%CV) 

 

<

 

5%. The limit of quan-

tification was 0.8 mg l

 

-

 

1

 

. The absolute recovery of
A77 1726 was approximately 100%. Blood samples col-
lected as part of routine clinical care were used in the
determination of erythrocyte sedimentation rate (ESR),
rheumatoid factor (RF), and C-reactive protein (CRP)
concentrations.

Non-linear mixed effects modelling was performed
using NONMEM (version V, level 1.1; GloboMax

 

®

 

LLC, Hanover, MD) [18], in conjunction with a
Microsoft

 

®

 

 FORTRAN 77 compiler (version 1.00). A
typical population estimate was sought for CL/

 

F

 

; 

 

V

 

/

 

F

 

was fixed to 0.155 l kg

 

-

 

1

 

 [15]. A baseline model centred
on mean weight (CL/

 

F

 

 

 

=

 

 

 

q

 

1, 

 

V

 

/

 

F

 

 

 

=

 

 

 

q

 

2 

 

¥

 

 Weight) was
developed initially incorporating all patients. Deviations
of CL/

 

F

 

j

 

 of the 

 

j

 

th individual from the typical (popula-
tion) value CL/

 

F

 

TV

 

 were modelled using an exponential
error model, CL/

 

F

 

j

 

 

 

=

 

 CL/

 

F

 

TV

 

 

 

¥

 

 e

 

h

 

CL/Fj

 

. Both additive
and exponential residual random error models were
screened to determine which best described the devia-
tions between model-predicted and observed A77 1726
concentrations.

The following covariates were screened: weight, age,
gender, and estimated creatinine clearance (Cockcroft-
Gault). Inclusion of the covariates in the population
model improved the fit if a decrease in the objective
function value (OFV) was observed. The OFV is a
NONMEM-calculated goodness-of-fit parameter, and
corresponds to minus twice the log likelihood value; a
change in the OFV of more than 6.6 for nested models
approximates the chi-square distribution at 

 

a

 

 

 

=

 

 0.01
[18].

The imprecision (expressed as coefficient of varia-
tion) of estimation for fixed and random effects param-
eters was calculated by expressing the asymptotic
standard error of estimation as a percentage of the esti-
mated parameter value [18].

 

Results

 

Data were collected from 23 RA patients, and the char-
acteristics of these patients are presented in Table 1.
Doses of leflunomide ranged from 5 mg to 20 mg daily,
with most receiving 20 mg daily (83%). A total of 59
plasma concentration-time measurements were col-
lected, and there were between one and three plasma
concentrations per patient, the majority (74%) providing
three samples each. With the exception of eight subjects,
all patients provided a plasma sample for each of the
requested time periods: predose, 2–3 h postdose, and 6–
12 h postdose. The concentration-time profiles were
essentially flat with percentage differences (between the
highest and the lowest concentrations) for each of
the 23 subjects ranging from 2.6% to 13.9%, with a
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mean 

 

±

 

 SD of 7.1 

 

±

 

 3.5%, and a median of 6.2%.
Figure 1 (upper panel) shows the plasma concentration-
time profile of A77 1726 for each patient, while the
lower panel shows the same data normalized to a 20 mg
leflunomide daily dose and normalized per kg body
weight. There was negligible linear correlation between
leflunomide daily dose and mean steady-state plasma
concentration (

 

r

 

2

 

 

 

=

 

 0.08).
Results from the nonparametric statistical analyses of

each individual disease activity assessment, grouped as
mean (

 

±

 

SEM) plasma concentrations of A77 1726 mea-
sured in patients, are presented in Table 2. Statistically
significantly (

 

P

 

 

 

<

 

 0.05) higher plasma A77 1726 con-
centrations were seen in patients with less swollen joints
and with higher SF-36 mental summary scores, than
those in whom the measure indicated more active dis-
ease. Non-significant trends were also observed in
patients with mild or negligible intensity of morning
stiffness; with 

 

<

 

0.5 h duration of morning stiffness; with
lower global assessment of disease activity score as
reported by physician; with lower counts of tender
joints; or with 

 

<

 

20 mm h

 

-

 

1

 

 for ESR having higher drug
concentrations. Wilcoxon signed-rank analysis also
showed that the mean plasma A77 1726 concentrations
in groups indicating overall greater control of disease
activity were significantly higher than those in whom
the disease activity measures indicated less desirable
control (

 

P

 

 

 

<

 

 0.05).
A statistically significant difference (

 

P

 

 

 

<

 

 0.05) was
observed only in patients with better SF-36 mental sum-
mary score when the data were dichotomized an alter-

native way, around the midpoint of the measures (i.e.
50 mm for the pain scale), rather than around the median
measured values. However, the mean plasma A77 1726
concentration in those groups with better control of dis-
ease activity was significantly greater than in those with
more active disease even when endpoints were dichoto-
mized around their midpoints (

 

P

 

 

 

<

 

 0.05).
There were 14 patients who had adverse effects

related to leflunomide use. The most frequent were gas-
trointestinal disturbances and diarrhoea, alopecia, and

 

Mean 

 

±

 

 SD Median Range

 

Demographic data

 

Gender (male : female) 3 : 20
Age (years) 60.7 

 

± 

 

11.0 64 33–73
Weight (kg) 70.2 

 

± 

 

15.3 70 44–110
Creatinine clearance (ml min

 

-

 

1

 

) 81.9 

 

± 

 

25.8 77.5 42.7–131.4
Duration of RA (years) 17.2 

 

± 

 

11.2 14 1–42
Duration of LEF therapy (months) 20.4 

 

± 

 

15.6 17 3–60

 

Concomitant medications

 

Corticosteroids 11
NSAIDs 12
Paracetamol 12

 

Pharmacokinetic data

 

Samples 59
Plasma concentrations (mg l-1) 42.6 ± 27.1 29.4 11.8–101.5
Postdose sampling time (h) 14.1 ± 14.9 6.75 0.3–72.2
Samples per patient 2.6 ± 0.8 3 1–3
Dose of leflunomide daily (mg) 18.1 ± 4.5 20 5–20

Table 1
Characteristics of study patients (n = 23)

Figure 1
Concentration-time profile of the study population. Upper graph: Observed 

plasma A77 1726 concentration vs time postdose. Lower graph: Observed 

plasma A77 1726 concentration (normalized to a 20 mg dose) per kg 

weight vs time postdose
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Disease activity measure

Mean (±SEM) plasma 
concentrations
(mg l-1) P value 

(Mann–Whitney U-test)Group 1 Group 2

Swollen joints* 52 (± 10) 30 (± 5) 0.04
n = 10 n = 13

Tender joints** 45 (± 8) 35 (± 7) 0.21
n = 11 n = 12

Pain*** 41 (± 10) 39 (± 6) 0.78
n = 10 n = 13

Morning stiffness (duration)**** 44 (± 7) 29 (± 6) 0.20
n = 16 n = 7

Morning stiffness (intensity)† 44 (± 7) 29 (± 6) 0.20
n = 16 n = 7

SF-36 Physical summary scores†† 41 (± 8) 39 (± 7) 0.88
n = 12 n = 11

SF-36 Mental summary scores††† 50 (± 8) 30 (± 6) 0.02
n = 11 n = 12

Patients global assessment†††† 48 (± 9) 32 (± 5) 0.35
n = 11 n = 12

Physicians global assessment§ 49 (± 9) 31 (± 5) 0.26
n = 11 n = 12

ESR§§ 44 (± 9) 35 (± 8) 0.20
n = 11 n = 10

RF§§§ 37 (± 9) 37 (± 6) 0.92
n = 8 n = 14

Wilcoxon signed-rank test indicates Group 1 and 2 are significantly different
(P = 0.003).
Group 1: * < 5 joints; ** < 8 joints; *** < 20 mm; **** < 0.5 h; † none/mild; †† > 36;
††† > 45; †††† < 24.5 mm; § < 38.5 mm; §§ < 20 mm h-1; §§§ negative.
Group 2: * > 5 joints; ** > 8 joints; *** > 20 mm; **** > 0.5 h; † moderate/severe;
†† < 36; ††† < 45; †††† > 24.5 mm; § > 38.5 mm; §§ > 20 mm h-1; §§§ positive.

rash. Previous abnormalities in liver function tests
(LFT) were in medical records of some patients, but all
LFT were normal at the time of study. Mean A77 1726
plasma concentration in patients experiencing adverse
reactions (37 ± 26 mg l-1) was not significantly different
from those of patients reporting no adverse reactions
(44 ± 28 mg l-1; P > 0.05, Mann–Whitney U-test).

A ‘steady-state infusion’ model with exponential
residual random error best described the pharmacoki-
netic data. In model building, age significantly reduced
the OFV by 8 units when compared against the base
model, posthoc empirical Bayesian estimates of CL/F
decreased linearly with increasing age, while the resid-
ual variability remain unchanged at 8.5%.

Figure 2 shows a plot of measured A77 1726 vs pop-
ulation model-predicted concentrations for the final
model. In the plot of weighted residual vs population

Table 2
A77 1726 plasma concentrations 
(mean ± SEM) and disease activity 
assessments in RA patients with less 
(Group 1) or more (Group 2) disease 
activity. Data were dichotomized around 
the median values observed for each 
disease activity measure (except for 
morning stiffness, which was a categorical 
measure)

Figure 2
Observed vs model-predicted A77 1726 plasma concentrations obtained 

from final model. The solid line represents the line of identity
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Parameter estimation Value
Precision of
estimate (% CV)

Structural model
CL/F (l h-1) = q1 ¥ (1 + q3 ¥ (AGE-60))
V/F (l) = q2 ¥ WT
q1 0.0184 10.7

(0.0146, 0.0222)†
q2 0.155*
q3 -0.0216 39.5

(-0.0383, -0.0049)†
Variance model

Inter-individual variability in CL/F (%) 50.2 25.5
Residual random error (%) 8.5 21.3

WT: Weight. * Fixed in all modelling. † 95% confidence interval.

model-predicted concentrations (Figure 3), the majority
of deviations of the population model from the data were
within 2 units of the zero ordinate. The typical parame-
ter estimate for CL/F was 0.0184 l h-1 with considerable
interindividual variability (CV = 50%). The 95% confi-
dence interval (CI) was 0.0146–0.0222 l h-1. The resid-
ual variability (% CV) was 8.5%. A summary of the final
population pharmacokinetic model parameter values is
provided in Table 3.

Discussion
This study supported the existence of a concentration-
effect relationship for leflunomide in RA. Plasma con-
centration of A77 1726 of 50 mg l-1 was more likely to
indicate someone with less active disease than a con-
centration around 30 mg l-1. Improved RA, measured
by fewer swollen joints and higher SF-36 mental sum-
mary scores, was associated with statistically signifi-
cant higher plasma concentrations and there were
trends observed in other measures. In addition, results
from all 11 individual disease activity assessments indi-
cated that overall the groups with greater control of the
disease had significantly higher plasma A77 1726
concentrations.

It is likely that because of the small number of
patients, only large differences could be observed. How-
ever, it is the large differences that are of most interest
to clinicians when individualizing doses and looking for
true clinical differences related to drug concentration. A
statistical correction can be applied to account for the
multiple hypothesis testing, but while this is of interest
statistically, it is the large clinical differences which are
of relevance in these data.

A lack of sufficient sensitivity in some of the mea-
sures might blunt some differences. For example, the
visual analogue scale (VAS) for pain assessment, while
easy to administer, can be hindered by the ability of the
patient to assess precisely their level of pain at one point
in time on a 100 mm scale [19–21]. Such a scale may
be more useful in a time sequence, observing relative
changes in pain control.

Table 3
Final population pharmacokinetic model of 
A77 1726 in RA patients

Figure 3
Weighted residuals vs model-predicted A77 1726 plasma concentrations 

obtained from final model
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The generic nature of the SF-36 health survey is not
sensitive to small differences [22]. However, it does
enable an overall assessment of the disease by the
patient [22] and again, it may be more useful in a time
sequence, looking at relative changes in quality of life
outcomes with therapy (and drug concentration).

Fifty percent of the patients were receiving concom-
itant corticosteroids, NSAIDs, or paracetamol (22%
received the triple combination), which may influence
disease activity measures. However, comparison of the
disease activity measures between the two groups
(receiving/not receiving the concomitant drugs) for each
of the three drugs did not yield any significant differ-
ences (P > 0.05, Mann–Whitney U-test), indicating a
lack of confounding.

Our results provided some indications that improved
control of RA could be related to higher plasma concen-
trations of A77 1726. However, there was no obvious
relationship between concentration and toxicity. Due to
the low number of such events, the data were analyzed
in a gross, nonspecific way using a dichotomous
approach of adverse event/no adverse event, and plasma
concentrations were not collected at the actual times the
patients were experiencing these adverse events. Fur-
thermore, in a recent case report, a patient accidentally
ingested 120 mg leflunomide daily for 1 month and pre-
sented with plasma concentration of 100 mg l-1, yet
experienced no adverse reactions [25]. The absence of
a clear limit to which the concentration can be increased
is an inherent problem with studies of cross-sectional
design, and dosage recommendations are difficult to
define from the results. This is a hypothesis-generating
study, as opposed to hypothesis testing. As such, a pro-
spective study evaluating whether achievement of
higher concentrations actually does lead to better out-
comes would be the next step. We hypothesize that
achieving plasma concentrations of A77 1726 of 50–
60 mg l-1 would lead to lower disease activity than con-
centrations of 30 mg l-1, or less.

The average daily dose was 18 mg with the majority
of patients taking the current recommended guideline of
20 mg, once daily [12]. A recent report suggested that
doses up to 40 mg daily increased the effectiveness of
leflunomide therapy, and can be considered in patients
exhibiting subclinical response to 20 mg daily [24].
However, this is still an empirical result and it is more
likely, from our data, that dose individualization target-
ing specific concentrations would provide more efficacy,
rather than an empirical doubling of dose, which could
be accompanied by an increased risk of adverse events
in a proportion of the population.

The population estimate of CL/F for A77 1726

(0.0184 l h-1), derived from the final pharmacokinetic
model with age as a covariate, was similar to the mean
value (0.022 l h-1) reported in a brief abstract of a pre-
vious population kinetic study [15]. The A77 1726
plasma concentrations were reported to be analyzed
using a one-compartment model in two other studies,
but details were absent in these abstract reports [14, 15].
However, an apparent ‘steady-state infusion’ model had
to be used for describing the disposition of A77 1726 in
the present study because of difficulty in estimating the
first-order absorption rate constant (Ka) and volume of
distribution due to lack of absorption phase and distri-
bution phase data. The combination of short dosing
intervals and long half-life contributed to the plateau-
effect observed in the concentration-time profiles, and
mimicked the profiles typically seen with drugs admin-
istered as a constant infusion (Figure 1).

Inclusion of age as a covariate for clearance, although
significant in reducing the OFV, did not decrease the
variability considerably (56–50%). Other covariates,
including weight, failed to reduce the interindividual
variability associated with CL/F. The patient weights
were quite similar, ranging from 50 to 80 kg. Shi et al.
[14], who studied three different patient groups, includ-
ing children, with wider weight ranges (10–19.9 kg, 20–
40 kg, and >40 kg), concluded that leflunomide dosage
should be adjusted according to weight.

For a pharmacokinetic study that utilizes cross-sec-
tional data, limitations are inherent. Factors responsible
for the large interindividual variability in CL/F remain
unexplained. It is likely that other covariates such as
concomitant medication would explain some variability
for A77 1726, but only one or a few patients used each
concomitant therapy. Evaluation of posthoc clearance
against concomitant medications failed to detect the
influence of any particular drugs.

It was necessary to fix V/F per kg to an average value
reported previously [15], as attempts to estimate volume
failed due to the flat concentration-time profiles which
gave very limited information about both volume and
absorption rate parameters. In terms of long-term dosing
and dosage predictions with leflunomide, CL/F and not
V/F is the relevant pharmacokinetic parameter.

Including patients on combination DMARD thera-
pies, with leflunomide, might increase the amount of
available data to characterize better A77 1726 kinetics
in future studies. The value of the specific data
reported here is that they were collected without these
added confounders as no patient was receiving other
concomitant DMARDs. In clinical practice, combina-
tion DMARD therapy is now routine and future stud-
ies will have to take account of these as covariates
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(for kinetic studies) or as confounders (for dynamic
studies).

The results of this study of leflunomide in RA patients
indicated a concentration-effect relationship. Patients
with concentrations of A77 1726 of around 50 mg
l-1 had less active disease measures than those with con-
centrations around 30 mg l-1. However, this hypothesis
remains to be tested in a prospective study. Furthermore,
a population pharmacokinetic profile of A77 1726 was
generated. The marked pharmacokinetic variability sug-
gests a place for more flexible dosing of leflunomide,
targeting specific plasma concentrations of A77 1726 in
RA therapy.

This work was financially supported by a grant funded
by the National Health and Medical Research Council
(#210173). The authors gratefully thank Dr Peter Nash,
Dr Julien de Jager, Dr Phillip Vecchio, and their clinics
for assistance throughout the study.
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