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Abstract

Background and  Objective Clinical response to
methotrexate in cancer is variable and depends on several
factors including serum drug exposure. This study aimed to
develop a population pharmacokinetic model describing
methotrexate disposition in cancer patients using retro-
spective chart review data available from routine clinical
practice.

Methods A retrospective review of medical records was
conducted for cancer patients in Qatar. Relevant data
(methotrexate dosing/concentrations from multiple occa-
sions, patient history, and laboratory values) were extracted
and analyzed using NONMEM VII®. A population phar-
macokinetic model was developed and used to estimate
inter-individual and inter-occasion variability terms on
methotrexate pharmacokinetic parameters, as well as
patient factors affecting methotrexate pharmacokinetics.
Results Methotrexate disposition was described by a two-
compartment model with clearance (CL) of 15.7 L/h and
central volume of distribution (V) of 79.2 L. Patient
weight and hematocrit levels were significant covariates on
methotrexate V., and CL, respectively. Methotrexate CL
changed by 50 % with changes in hematocrit levels from
23 to 50 %. Inter-occasion variability in methotrexate CL
was estimated for patients administered the drug on mul-
tiple occasions (48 and 31 % for 2nd and 3rd visits,
respectively).
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Conclusion Therapeutic drug monitoring data collected
during routine clinical practice can provide a useful tool for
understanding factors affecting methotrexate pharmacoki-
netics. Patient weight and hematocrit levels may play a
clinically important role in determining methotrexate
serum exposure and dosing requirements. Future prospec-
tive studies are needed to validate results of the developed
model and evaluate its usefulness to predict methotrexate
exposure and optimize dosing regimens.

Key Points

Considerable interpatient and inter-occasion
variability is observed in intravenous methotrexate
pharmacokinetics.

Intravenous methotrexate pharmacokinetics in
patients with hematological malignancies are
affected by patient weight and haematocrit levels.

Routine methotrexate clinical therapeutic drug
monitoring data can be used to provide
understanding of factors affecting methotrexate
pharmacokinetics and inform strategies for
individualized patient therapy.

1 Introduction

The concept of individualized medicine is a rapidly
emerging global trend that strives to optimize both efficacy
and safety of medications [1]. By designing regimens based
on specialized patient-level data, better patient outcomes
can be achieved. For instance, treatment of the Human
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Immunodeficiency Virus has been revolutionized by tar-
geting therapy based on genotyping for resistant viral
strains [2]. In addition, therapeutic drug monitoring and
dosage adjustment based on patient and population phar-
macokinetic data (i.e., through measurement of drug con-
centrations) have proved valuable for optimizing efficacy
and safety of drugs with narrow therapeutic indices and in
special populations [3].

The Middle East is a largely untouched region for
pharmacokinetic-based dosing studies, although it is rich in
diversity of ethnicity and other special populations. Within
our clinical practice in Qatar, we have noticed great vari-
ability in patient response and have had considerable dos-
ing problems when using the antimetabolite agent,
methotrexate, for treatment of cancer patients. Methotrex-
ate is a commonly used agent for many types of cancer in
Qatar, especially for hematological tumors. However, it is
highly toxic (renal, hepatic, and hematologic effects) and
strict monitoring must occur through clinical symptoms,
laboratory markers, and drug concentrations [4]. Specifi-
cally, drug concentrations guide administration of leucov-
orin for rescue and to avoid excessive destruction of host
cells [4].

Therefore, optimization of methotrexate empiric dosing
through determination of both patient and population
pharmacokinetic parameters may lead to better patient
outcomes and a healthier cancer population. Although
methotrexate concentrations are usually monitored as part
of routine clinical practice in the National Center for
Cancer Care and Research (NCCCR) in Qatar, pharma-
cokinetic analyses and dose individualization approaches
are not adequately implemented to optimize patient ther-
apy. Prospective and retrospective use of routinely col-
lected methotrexate therapeutic drug monitoring
information can provide a powerful tool for better under-
standing of methotrexate pharmacokinetics and, hence,
optimization of dosing regimens for cancer patients in the
Middle East.

Previous models have been developed to describe
methotrexate pharmacokinetics in cancer and non-cancer
patients [5-8]. To our knowledge, none of these models
have been developed in a diverse Asian/Middle Eastern
population similar to the patient population in Qatar hos-
pitals. Although previous studies have identified numerous
factors associated with changes in methotrexate pharma-
cokinetics in cancer or non-cancer patients [e.g., renal
function, coadministration of non-steroidal anti-inflamma-
tory drugs (NSAIDs) or ciprofloxacin, and genetic poly-
morphisms in organic anion transporting polypeptide 1B
(OATP1B) and multi-drug resistant protein 2 (MRP2)
transporters] [9-12], similar studies are lacking for iden-
tification of such factors in cancer patients in the Middle
Eastern population. Evaluation of factors affecting

A\ Adis

methotrexate pharmacokinetics in cancer patients in Qatar
will help reduce the observed variability in methotrexate
exposure and optimize treatment response. Therefore,
population-based pharmacokinetic modeling approaches
can provide a valuable tool for development of a frame-
work for empiric dosing and dose adjustments in this
special population.

The main goal of this project was to utilize routinely
collected methotrexate monitoring information to under-
stand and quantify methotrexate pharmacokinetics in can-
cer patients in Qatar as well as to identify any patient- or
disease-related factors that affect methotrexate disposition
in this patient population. The objectives were to develop a
population pharmacokinetic model that describes and
quantifies methotrexate disposition and pharmacokinetic
parameters in cancer patients and to use the developed
pharmacokinetic model to quantify the effects of patient
and disease covariates on methotrexate distribution and
elimination in cancer patients.

2 Methods

We employed a population pharmacokinetic modeling
methodology using data collected from retrospective
chart review of patient medical records. All study proce-
dures were pre-approved by Qatar University and Hamad
Medical Corporation institutional review boards.

2.1 Patients

Patient records were identified using pharmacy records for
prescriptions of methotrexate between the dates of Febru-
ary 1, 2011 through February 1, 2014. Patient records were
included in the study if there was at least one measured
methotrexate serum concentration with corresponding
sample collection time and dosage information (adminis-
tered dose and administration time) during the study per-
iod. Only patients who received intravenous (IV)
methotrexate were included in the study. No other inclu-
sion or exclusion criteria were applied.

2.2 Procedures

A data extraction form was developed based on a com-
prehensive literature review of factors known to influence
methotrexate pharmacokinetics and availability of data in
NCCCR patient medical records. Methotrexate dosing
information, methotrexate serum concentrations, and dos-
ing administration and sample collection time records were
collected for each patient within the pre-specified data
collection period. Patient and disease factors to be included
in the pharmacokinetic modeling analysis were collected
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including age, country of origin, gender, weight, height,
body surface area, cancer type, concurrently administered
medications, and documented comorbidities. In addition,
laboratory test results were collected including bilirubin,
hemoglobin, hematocrit, renal function tests (serum crea-
tinine and blood urea nitrogen), and liver enzymes (As-
partate Transaminase “AST”, Alanine Transaminase
“ALT”, and Alkaline Phosphatase “ALP”).

After identification of eligible patient records, electronic
health records as well as paper charts were reviewed for
collection of study-relevant data. At least two investigators
reviewed each patient record to minimize data collection
eITors.

2.3 Population Pharmacokinetic Modeling Analysis

Population pharmacokinetic modeling was conducted using
methotrexate dosing and serum concentration data. Most
patients (n = 33/37) included in our study were adminis-
tered methotrexate on multiple occasions (2—7 occasions)
and data from all occasions were included in the analysis.
Methotrexate doses ranged from 0.5 to 7 g/m? infused over
4-6 h (n = 10) or 24 h (n = 27). A total of 530 samples
were available with an average of 13 samples per patient.
Samples were generally collected every 12 or 24 h after the
methotrexate infusion until the first sample with
methotrexate concentration below the limit of quantification.
Samples with methotrexate concentrations below the limit of
quantification (0.05 uM) were considered missing in this
analysis. In addition, two more methotrexate concentrations
were excluded from the analysis because they were consid-
ered physiologically implausible: a4 h post-dose (2.9 g/m?)
concentration of 246 uM for one subject and a 48 h post-
dose concentration of 3 uM for another subject who had 36
and 60 h post-dose concentrations of 0.48 and 0.11 pM,
respectively.

NONMEM VII® (Icon Development Solutions, Ellicott
City, MD, USA) software was used to develop the popu-
lation pharmacokinetic model using a nonlinear mixed
effects modeling approach with the FOCE INTERACTION
estimation routine. Model development process involved
choice of structural model, inclusion of inter-individual
variability (IIV), inter-occasion variability (IOV), and
residual unexplained variability (RUV) terms, and finally
testing of covariate effects on methotrexate pharmacoki-
netic parameters.

2.3.1 Model Development
One- and two-compartment models were compared to

determine the most appropriate structural pharmacokinetic
model to describe methotrexate disposition following IV

administration. The random effects model was then
developed through inclusion of II'V and IOV terms using an
exponential model (Eq. 1), and RUV using a proportional
error model (Eq. 2).

P, = Pexp(i) (1)

where P; is the true parameter value for individual i, P is
the typical value (population mean) of the parameter, 1? is
the difference between the true value for individual i and
the typical value for the population and is independently,
identically distributed with a mean of 0 and a variance of

2
w .

Cy = Cy(1 +e1y) (2)
where Cj; is the jth measured concentration in individual i,
C;; is the jth model-predicted concentration in individual i,
&; is the proportional residual intra-individual error for the
jth measurement in individual i, with a mean of 0 and a
variance of ¢°.

Several approaches were evaluated for inclusion of IOV
terms in the random effects model. The tested approaches
included: a single IOV term for all visits after visit 1, a
separate IOV term for each visit after visit 1, an IOV term
for only one of the visits after visit 1 (i.e., visit 2 only, visit
3 only, etc.), as well as similar or different IOV terms for
visits 2 and 3 only (visits with largest number of subjects).
Performance of these alternative models was compared
against that of the model without any IOV terms using the
objective function value (OFV).

The developed mixed effects model (base model) was
then used to evaluate and quantify the effects of different
patient and disease covariates on methotrexate pharma-
cokinetic parameters and IIV/IOV terms. Covariate testing
and inclusion in the final model was performed using for-
ward selection—backward elimination process. The likeli-
hood ratio test was used for hypothesis testing to
discriminate among alternative nested models for covariate
testing, with the differences between OFV used to guide
model building.

The stepwise inclusion of covariates involved testing the
effect of each covariate on all appropriate model parame-
ters (CL and/or V) in separate model runs. The covariates
that were found to be significant (p < 0.01, drop in OFV of
>6.64) were included in a model for further evaluation.
The backward elimination process was then started by
comparing the starting model to a model without the par-
ticular covariate—parameter relationship. If insignificant
covariates (p > 0.001, increase in OFV of <10.83) were
found, the covariate relationship that resulted in the least
significant increase in OFV was discarded, and the reduced
model was used as the starting model for the next iteration
of the backward elimination process. This process was
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repeated until no insignificant covariates were left in the
model.

Continuous covariates were entered into the model using
a power function as shown in Eq. 3:

TVVci = 01 X (\K/‘TI<G1'/\7\/’I‘I<Gmediafl)92 (3)

where TVV,; is the typical value of methotrexate central
volume of distribution for an individual i, 0; represents V.
for an individual with median body weight, WTKG,cgian,
and 0, is a scaling exponent relating the fixed effect (body
weight, WTKG,) to V..

Dichotomous covariates (gender, cancer type, origin)
were entered into the model using a multiplicative shift
factor as shown in in Eq. 4:

TVCL; = 0, x 05" (4)

where TVCL,; is the typical value of methotrexate clearance
for individual i, 0; represents methotrexate clearance for a
male subject, and 6, is a shift factor for the change in
clearance in female subjects.

2.3.2 Model Evaluation

Throughout the model development process, the model
adequacy was judged based on standard evaluation criteria
including goodness-of-fit plots (observed concentrations
versus individual and population predictions), residual
plots (conditional weighted residuals versus time and
population predictions), and precision of parameter esti-
mates (relative standard error %) [13].

Additionally, a visual predictive check was used to
evaluate the predictive performance of the final pharma-
cokinetic model. 500 simulated replicates of the dataset
were generated using NONMEM®. Subsequently, the
simulated predictions were compared to the observed data
by superimposing observed concentrations on the median
and 95 % prediction interval of simulated methotrexate
concentrations.

3 Results

A total of 66 patients were initially identified for inclusion
in the study based on administration of one or more
methotrexate doses during the predetermined study period.
After screening, 37 patient records met the inclusion cri-
teria. Patients were excluded due to intrathecal or intra-
muscular methotrexate administration (n = 9), lack of
dosing information or time (n = 16), and lack of
methotrexate concentration records (n = 4). Demographics
of patients included in the final analysis are given in
Table 1.
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Table 1 Demographic characteristics for patients (n = 37) included
in population pharmacokinetic analysis

Demographic Value

35 + 12 (14-66)
69 £ 15 (50-109)
56 + 13 (36-97)
34 £+ 1.6 (0.9-7.8)
11 £ 1.4 (8.2-15.6)
32 + 5.1 (23.6-49)

Age (years)

Weight (kg)

BUN (mmol/L)

Serum creatinine (umol/L)
Hemoglobin (g/dL)
Hematocrit (%)

AST (IU/L) 28 + 16 (4-70)
ALT (IU/L) 64 £+ 60 (9-279)
ALP (IU/L) 94 + 39 (49-195)
Bilirubin (pmol/L) 7.7 £ 3.9 (3-23)
Gender (M/F) 31/6
Cancer type

Lymphoma 20

Leukemia 17

Values are expressed as mean + SD (range) or numbers

ALP alkaline phosphatase, ALT alanine aminotransferase, AST
aspartate aminotransferase, BUN blood urea nitrogen, SD standard
deviation, IU international unit, M male, F female

3.1 Population Pharmacokinetic Modeling Results

Methotrexate disposition following IV administration was
best described by a two-compartment model with first-
order distribution and elimination. Methotrexate CL and V,
estimates from the final model were 16 L/h and 79 L,
respectively. The model estimated an IIV of 35 %
(shrinkage: 1.23 %) and 63 % (shrinkage: 9.99 %) for
methotrexate CL and V, (volume of distribution for
peripheral compartment), respectively.

Most patients (33/37) included in the analysis adminis-
tered methotrexate IV dosing on more than once occasion
with doses ranging from 0.5 to 7 g/m?. Data from multiple
patient visits were used to estimate IOV in methotrexate
CL and/or V.. The final model included IOV of 48 %
(shrinkage: 13.8 %) and 31 % (shrinkage: 25.7 %) on
methotrexate CL for the second and third dosing occasions,
respectively. Additional IOV terms for subsequent patient
visits or for other methotrexate pharmacokinetic parame-
ters did not improve the model or result in statistically
significant changes in OFV. Similarly, inclusion of an
equal IOV parameter for all dosing occasions (or for
occasions 2 and 3) after the first visit resulted in worse
model performance compared to the current model.

The final model was used to evaluate the effects of
patient covariates on methotrexate CL and V.. Patient
weight and hematocrit level were statistically significant
covariates on methotrexate V. and CL, respectively
(p < 0.001 for each). Inclusion of hematocrit level as a
predictor of methotrexate CL resulted in 3 % decrease in
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Fig. 1 Relationship between individual hematocrit levels and
methotrexate clearance estimates from population pharmacokinetic
base model

IIV as well as IOV terms for CL. The relationship between
hematocrit level and estimated methotrexate CL showed a
slight increase in CL with the increase in hematocrit level
(Fig. 1). Addition of IIV on methotrexate V. did not
improve model predictions or result in significant drop in
OFV. All model parameters were estimated with good
precision [Relative standard error <30 % except for
peripheral volume of distribution (V) and distribution
clearance (CLy)]. Final model parameter estimates are
summarized in Table 2.

3.1.1 Model Evaluation
The goodness-of-fit for the final model was evaluated

graphically. The goodness-of-fit plots of the observed
methotrexate concentrations versus individual- and

Table 2 Estimated methotrexate model parameters from final pop-
ulation pharmacokinetic model

Parameter Population estimate (RSE%)
CL (L/h) 15.7 (17 %)

V. (L) 79.2 (28 %)

Ve (L) 51.4 (38 %)

CLq4 (L/h) 0.97 (31 %)

WT on V, 1.29 (32 %)

HCT on CL 0.85 (21 %)

IV on CL 349 % (14 %)

IV on V, 63.2 % (18 %)

IOV on CL (visit 2)
IOV on CL (visit 3)
Proportional RUV

474 % (21 %)
311 % (21 %)
334 % (7 %)

CL systemic clearance, V. volume of distribution in central com-
partment, V,, volume of distribution in peripheral compartment, CL,
distribution clearance, WT' weight, HCT hematocrit, /IV inter-indi-
vidual variability, IOV inter-occasion variability, RUV residual
unexplained variability, RSE relative standard error

Observed concentrations (ug/L) Q

0.0 25 5.0 7.5 10.0

Population-predicted concentrations (ug/L)

Observed concentrations (ug/L) O

0.0 25 5.0 7.5 10.0

Individual-predicted concentrations (ug/L)

Fig. 2 Goodness-of-fit plots of observed versus model-predicted log-
transformed methotrexate concentrations (a Population predictions,
b Individual predictions)

population-predicted concentrations were randomly dis-
tributed across the line of identity and indicated that the
model adequately described the observations over the
entire methotrexate concentration range (Fig. 2). Similarly,
the conditional weighted residuals for the final model did
not show any major trends when plotted versus either time
or population-predicted concentrations, suggesting that the
model was appropriately unbiased (Fig. 3).

Based on 500 simulations, the VPC for methotrexate
serum concentrations versus time showed that the model
adequately described the central tendency and variability of
the observed data without marked systematic deviations as
shown in Fig. 4.

4 Discussion

To our knowledge, this is the first population pharma-
cokinetic study of methotrexate using retrospective
chart review data in cancer patients in the Middle East.
Nonlinear mixed effects modeling approach was used to
quantify methotrexate pharmacokinetics in this patient
population and determine patient and disease factors
affecting methotrexate disposition.
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Fig. 3 Conditional weighted residuals versus time (a) and population
predictions (b)
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Fig. 4 Prediction-corrected visual predictive check on log scale

Methotrexate CL estimated in our study (16 L/h) was
slightly higher compared to that estimated in previous
population pharmacokinetic studies in non-Middle Eastern
populations (4-14 L/h) [5-8, 14, 16]. Several factors (e.g.,
age, weight, CLcg, genetic polymorphisms) may account
for the observed differences. However, such a difference
may not be attributed to differences in renal function
between patients included in our study and those included
in previous studies. Calculated creatinine clearance in
patients included in our study ranged from 9 to 98 mL/min
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(median: 30 mL/min) which covers a wide range of renal
function levels. Additionally, the age and body weight
ranges for subjects included in our study are comparable to
those reported for subjects in previous studies reporting
lower estimates for methotrexate systemic clearance.
Hence, future larger prospective studies may be needed to
evaluate factors (e.g., genetic polymorphisms) contributing
to the higher estimated methotrexate clearance in this
Middle Eastern population.

Despite the inclusion of patients with a wide range of
estimated glomerular filtration rate, serum creatinine or
creatinine clearance (CLcgr) was not identified as signifi-
cant covariates on methotrexate CL in our model. Given
the high precision (RSE: 17 %) in CL estimate and the very
low eta-shrinkage for IIV on CL (1.23 %), the observation
of no significant effect of CLcg on methotrexate CL may
be a true finding. Although, previous population pharma-
cokinetic studies of methotrexate in cancer patients have
reported significant effects of CLcg or serum creatinine on
methotrexate CL [5, 7, 8, 14-17], the effects were mostly
minimal. For example, Dupuis et al. reported only 10 %
difference in methotrexate CL for patients with creatinine
clearance above or below 89 mL/min [15]. Similarly,
Fukuhara et al. and Johansson et al. reported only 16 and
17 % decrease in methotrexate CL (for the drop in CLcgr
from 100 to 20 mL/min or increase in serum creatinine
from 0.3 to 3 mg/dL), respectively [5, 16].

Hematocrit level was determined to be a significant
covariate on methotrexate CL in our model. To our
knowledge, this is the first report of the effect of hematocrit
on methotrexate CL. Dupuis et al. have previously reported
an effect of hemoglobin level on methotrexate volume of
distribution with only 3 % change between patients with
hemoglobin levels above and below 13.45 g/dL [15].
Hemoglobin was initially detected as a significant covariate
on methotrexate CL in the forward selection process in our
model. However, due to its high correlation with hemat-
ocrit levels, it was not retained in the model following
inclusion of hematocrit effect on methotrexate CL.

According to the estimated hematocrit—-CL covariate
relationship, a 50 % difference in methotrexate CL is
predicted for patients with lowest and highest hematocrit
levels in our study (23 and 50 %, respectively). Such a
difference in methotrexate CL may have clinically impor-
tant effects on methotrexate exposure and response to
treatment. Differences in hematocrit levels between
patients or changes within the same patient during the
course of treatment may require dose adjustments to
account for differences in methotrexate CL.

The effect of hematocrit on methotrexate CL may be a
result of methotrexate distribution into red blood cells;
resulting in decreased serum concentrations and a higher
estimated CL. Methotrexate is known to be transported into
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cells through the reduced folate carrier as well as folate
receptors o and B and methotrexate metabolite concentra-
tions in red blood cells have been linked to treatment
outcomes in rheumatoid arthritis patients [18]. Similar
results have been reported before for the effects of hema-
tocrit levels on tacrolimus pharmacokinetics (also known
to distribute to blood cells). In 2004, Minematsu et al.
showed that hematocrit levels affect tacrolimus pharma-
cokinetics and recommended that such effects should be
taken into consideration upon dosing tacrolimus to trans-
plant patients [19].

Patient body weight was found to be a significant
covariate in our model on methotrexate V.. Similar effects of
body size on methotrexate volume of distribution have been
reported before [8, 15]. The estimated covariate relationship
for patient weight and V. results in 2.7-fold difference in V,
between patients with lowest and highest body weights
enrolled in our study (50 and 109 kg, respectively).

In addition to estimation of IIV and RUV in methotrexate
pharmacokinetics, our population pharmacokinetic model
included IOV terms on methotrexate CL. Our final model
estimated 47 and 31 % IOV in methotrexate CL for the
second and third patient visits, respectively. Previous studies
have also reported IOV on methotrexate CL with estimates
ranging from 12 to 17 % [7, 14, 16]. Although most patients
included in our study administered methotrexate on multiple
occasions (n = 33/37), only a few administered the drug on
more than 3 occasions (4 occasions: 15/37, >5 occasions:
4/37). Consequently, inclusion of additional IOV terms for
subsequent visits beyond the third visit (as similar or dif-
ferent from IOV for visit 3) did not result in significant model
improvement or markedly better prediction of observed
concentrations.

Individualized medicine is trending as a popular concept
worldwide. While standard empirical dosing is likely suf-
ficient for the majority of medications, our results show
that methotrexate pharmacokinetics is dependent on patient
factors and that therapeutic drug monitoring should remain
as an important strategy to provide further information
regarding pharmacokinetics in special populations. Future
studies in the Middle Eastern population should include
relevant clinical outcomes and should be designed to fur-
ther investigate patient and disease factors that may influ-
ence clinical efficacy of methotrexate through impact on
drug exposure. This concept provides a great opportunity
for clinical pharmacists and other healthcare professionals
to work collaboratively with an aim of improving dosing
regimens to optimize outcomes achieved.

Some limitations of our study should be noted. Firstly,
the retrospective nature of the study enabled only collec-
tion of data available in electronic and paper medical
records. For example, the impact of genetic polymorphisms
in drug transporters previously reported to impact

methotrexate disposition could not be studied due to lack of
such information. In addition, assessment of the impact of
ethnicity on methotrexate pharmacokinetics was not per-
formed due to lack of such information in patient medical
records at the time of data collection. However, the country
of origin was tested as a covariate in the population phar-
macokinetic model and did not result in statistically sig-
nificant effects on methotrexate pharmacokinetics. This can
be partially explained by the fact that most of subjects
included in the study (24/37) were from the same geo-
graphical area. Secondly, our study did not include
assessment of methotrexate exposure—response relationship
in cancer patients in Qatar. Although such analysis was
initially planned, it was determined to be unfeasible due to
lack of reliable clinical outcome data in patient medical
records. Thirdly, our study relied on routine clinical mon-
itoring practices at the NCCCR in Qatar; which does not
include measurement of methotrexate metabolite concen-
trations. Inclusion of methotrexate metabolite information
in the population pharmacokinetic model could provide
more insight into methotrexate disposition. However, it is
important to note that the main objective of our study was
to demonstrate usefulness of routine clinical monitoring
parameters rather than requiring additional measurements
or sampling times in addition to what is already being done
in hospital protocols. Lastly, the sample size included in
our final analysis was relatively small due to several
exclusions for lack of complete data. While the sample size
was small, the subjects included in our analysis provide
good representation of the general population in this area
over the specific time period. The current study serves as
an exploratory and hypothesis generating analysis that calls
for future studies to further assess potential differences in
methotrexate pharmacokinetics between the Middle East-
ern population and other previously studied patient
populations.

5 Conclusion

In conclusion, our study demonstrates the usefulness of
routinely collected TDM data together with pharmacoki-
netic analyses to provide better understanding of
methotrexate pharmacokinetics in cancer patients and
identify clinically important factors affecting methotrexate
exposure. Optimization of methotrexate dosing and clinical
outcomes is an emerging role for clinical pharmacists that
should be further explored in future prospective studies.
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