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Parameter Mean [95% CI] % IIV (SE) 
Coefficient of CL (L/h) 7.95 [6.51, 9.39] 31.9 (22.3) 
Exponent for WT on CL  0.308 [0.217, 0.399]  
RFC1 on CL  0.919 [0.883, 0.955]  
V1 (L/25 kg) 14.2 [10.1, 18.3] 49.2 (32.9) 
V2 (L) 3.81 [2.91, 4.71] 45.9 (39.1) 
Q (L/h) 0.132 [0.104, 0.160] 64.2 (46.4) 
Between-occasion variability 
κCL (L/h) 0.97 (0.48) 
Residual variability 
σ1 (%CV) 67.9 (34.5) 
σ2 (μmol/L) 0.065 (0.048) 
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y = 1.9745x0.3609
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Initial exploration of the individual Bayesian 
estimates of the base model and covariates
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Expected time course of MTX concentration (mean, 
95% CI) in an average child (25 kg, heterozygous 
for RFC1) following a dose of 5 g/m2

Final model

CL [L/h]=7.95 * (WT [kg]/25)0.308 * 0.919RFC1F

V1 [L] =14.2 * WT [kg]/25
V2 [L]=3.81
Q [L/h]=0.132

RFC1F=0 in patients heterozygous for RFC1 (GA), or RFC1F=1 otherwise (GG and AA).
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Diagnostic plots of the final model
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Results

Measured methotrexate concentrations were best described with a two-compartment 
model with exponential error model for interindividual variability and combination  
model, including proportional and additive components for residual variability. Scatter 
plots obtained with the base model suggested a strong association between CL and 
V1 and covariates related to body size: WT, BSA and age, and weak effect of RFC1 
polymorphism on CL. Contrary to the results of Laverdiere, et al [3] who found that 
MTX plasma levels were higher in the AA group than in AG and GG groups of 
patients, in the present study MTX clearance was higher in patients heterozygous for 
G80A compared to patients homozygous for G80A for both alleles. As all covariates 
associated with body size strongly correlated, only the effect of WT was considered for 
inclusion into the full model. From the plot of CL and V1 versus WT nonlinear  
relationship was observed and consequently power model was used to evaluate this 
effect. However, only the exponent for the effect of WT on CL was retained in the 
backward elimination step. In patients, heterozygous for G80A clearance was 8% 
higher (95%CI: 5-12%) compared to patients homozygous for G80A for both alleles. 
Although minor, the effect of RFC1 polymorphism was marginally significant (p<0.05) 
and was included in the final model because the 95% confidence interval excluded the 
value of 1. 

Parameters of the final model

Conclusions

Developed population pharmacokinetic model is suitable for individualization of MTX 
dosing in children. Significant effect of RFC1 polymorphism on MTX clearance was 
observed, however this effect is hard to explain. Additional study including P- 
glycoprotein and methylenetetrahydrofolate reductase genotype is underway.
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Objectives

High dose methotrexate (MTX) regimen accompanied with folinic acid rescue is  
included in the treatment protocols of lymphoid malignancy (Burkitt’s lymphoma, large 
cell lymphoma and acute lymphoblastic leukemia). Due to high inter and intra  
individual variability therapeutic drug monitoring of MTX is essential [1]. In children 
with acute lymphoblastic leukemia improvement of the treatment outcome by  
adjustment of the MTX dose to individual patient’s clearance has been demonstrated 
[2]. Recently, genetic polymorphisms in the major MTX transporter - the reduced folate 
carrier gene 1 (RFC1) [3] and methylenetetrahydrofolate reductase (MTHFR) [4] have 
been described and their effects on MTX plasma levels have been shown. However, 
the results of these studies were not subjected to any formal pharmacokinetic analysis. 
Consequently, estimation of the clinical relevance of this polymorphism is difficult. Our 
study aims to assess population pharmacokinetics of MTX in children and to estimate 
the influence of RFC1 polymorphism G80A on systemic exposure.

Patients and treatment

Pharmacokinetic analysis based on retrospectively collected clinical data from 62 patients, 6.6 +/- 5.0 years of age. 
All patients received 4 courses of MTX separated by a period of two weeks. MTX (2.0 - 5.7 g/m2) was infused over 
24 h (10% of the dose in the first hour and the rest in the remaining 23 hours). Pre-hydration and urine alkalinization 
with sodium bicarbonate was performed. Folinic acid rescue was adjusted to MTX concentrations according to 
standard protocol guidelines. Venous blood samples were collected at 24, 36, 42, 48, 54, 60 and 66 hours following 
initiation of infusion. MTX plasma concentrations were determined by fluorescence polarisation immunoassay. A 
total of 881 MTX concentrations (5 - 24 per patient) were available for the analysis. 50

Pharmacokinetic analysis

Population analyses were performed using NONMEM (Version V, level 1.1, GloboMax LLC, Ellicott City, MD, USA) 
and Visual-NM (Version V, R.D.P.P., Montpellier, France), a Windows based interface to NONMEM. The structural 
model describing methotrexate pharmacokinetics was a two compartment model with first-order elimination as 
implemented in ADVAN3/TRANS4 PREDPP subroutine. The parameters estimated were clearance (CL), volume of 
distribution of the central (V1) and peripheral (V2) compartment and distribution clearance (Q). Additive,  
proportional, and exponential models were evaluated to describe interindividual variability of parameters (ω2), while 
for residual variability of methotrexate concentration (σ2) additive, proportional and combination error models were 
compared. Additionally, between-occasion variability (BOV) of clearance was estimated as there were samples 
from four different methotrexate courses available. First order conditional estimation (FOCE) method was used. 

Modelling strategy aimed at a model with minimal structural and variability parameters needed to adequately 
describe the data. The model adequacy was evaluated by standard diagnostic plots. Additional criteria were 
convergence of minimization, number of significant digits more than 3, successful covariance step and gradients in 
the final iteration in the range between 10-3 and 102. Alternative models were compared by the likelihood ratio test. 
Criterion for selection of a model was a change in minimum value of objective function (ΔOBJ) of at least 3.84 per 
one additional parameter, corresponding to p < 0.05.

In the first step base model was derived, while in the second step covariates were included into the base model one 
at a time and their effect was evaluated using the likelihood ratio test. Other diagnostic criteria for inclusion of 
covariate were reduction of interindividual variability, closer association between the observed and model predicted 
methotrexate concentrations and that the 95% confidence interval for the structural parameters did not include zero. 
Covariates investigated were patient weight (WT), body surface area (BSA), age and RFC1 polymorphism. 
Significant covariates according to the likelihood ratio test were rank-ordered and introduced into the full model. The 
final model was determined by backward elimination of covariates one by one from the full model to see if they 
should remain using a likelihood ratio test. 
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