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Patients with Rheumatoid Arthritis Treated with
Methotrexate (MTX): Concentrations of Steady-state
Erythrocyte MTX Correlate to Plasma Concentrations
and Clinical Efficacy
NETE HORNUNG, TORKELL ELLINGSEN, JØRN ATTERMANN, KRISTIAN STENGAARD-PEDERSEN,
and JØRGEN HJELM POULSEN

ABSTRACT. Objective. To investigate the accumulation of methotrexate (MTX) in circulating erythrocytes and
the association with pharmacokinetic variables, weekly dose, and clinical efficacy in 2 cohorts of
patients with chronic active rheumatoid arthritis (RA) undergoing MTX monotherapy.
Methods. Seventy-six patients with RA were included in this open prospective study: 40 were
included before initiation of MTX therapy. Laboratory analyses, intracellular MTX concentrations
in erythrocytes (Ery-MTX), and clinical examinations including toxicity data were performed
prospectively for 52 weeks. Plasma concentrations of MTX were measured and area under the plas-
ma concentration versus time curve (AUC) was estimated along with other pharmacokinetic vari-
ables in a population based software model.
Results. Ery-MTX rose after initiation of therapy and reached a steady state after 6–8 weeks. The
correlation between steady-state Ery-MTX and dose was poor (r2 = 0.16), whereas steady-state Ery-
MTX levels correlated strongly with the estimated AUC (r2 = 0.51, log-transformed variables). Both
steady-state Ery-MTX levels and estimated AUC were significantly higher in patients responding to
MTX therapy than in patients classified as nonresponders according to American College of
Rheumatology core criteria and were similar to patients on longterm MTX therapy.
Conclusion. Our results indicate that clinical efficacy and Ery-MTX may have a causal relation and
that measurement of Ery-MTX or estimation of AUC in a software model provides useful guidelines
to the clinician when starting MTX therapy in patients with RA. The latter can be performed imme-
diately after initiation of therapy. (First Release July 15 2008; J Rheumatol 2008;35:1709–15)
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Low-dose orally administered methotrexate (MTX) has
been used in the treatment of rheumatoid arthritis (RA) for
many years. The beneficial effect is well established in large
studies and MTX is still of great importance in the treatment
of RA1-7. MTX is structurally related to folate and has
antifolate properties. Administered in high doses for neo-
plastic diseases, MTX has antiproliferative effects inhibiting
the enzymes dihydrofolate reductase and thymidylate syn-

thetase involved in DNA synthesis. In low-dose regimens,
MTX is retained intracellularly by the addition of glutamic
acids, forming MTX polyglutamates8,9. The antiinflamma-
tory effect is probably mediated by MTX polyglutamates
inhibiting other enzyme systems, resulting in a release of the
antiinflammatory agent adenosine. Although studies have
addressed the issue, a direct inhibitory effect of MTX polyg-
lutamates and the exact mode of action are still not com-
pletely clarified4,10-15.
The initial dose of MTX treatment in RA is usually

between 5 and 10 mg/week. It is administered orally and is
rapidly absorbed from the gastrointestinal tract, although
incompletely and with wide interindividual variability16,17.
It is distributed to extravascular compartments and the
majority of the drug is eliminated from the peripheral circu-
lation within 24 hours. MTX accumulates in the erythro-
cytes as MTX polyglutamates and reaches a steady state
after several weeks. The clinical effect or lack of efficacy is
not concluded until after a minimum 2 months of therapy. At
that time lack of efficacy or presence of side effects results
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in dosage escalation or discontinuation of MTX therapy.
The clinical response is highly variable and unpredictable
between patients and therefore there is a continuous search
for metabolic and genetic biomarkers and the correlation to
clinical response in low-dose regimes. The correlation
between MTX polyglutamates and clinical efficacy of MTX
therapy has been investigated, but with variable and incon-
clusive results18-23. However, 2 recent studies point to a
value in monitoring low-dose MTX therapy by means of
intracellular erythrocyte MTX concentrations24,25.
The pharmacokinetics of low-dose MTX therapy have

been described by many investigators in different clinical
settings and study designs, but the usefulness of measuring
plasma concentrations in low-dose therapy remains to be
clarified16,26-35.
The aim of our open prospective study was to investigate

the use of MTX concentrations in erythrocytes (Ery-MTX)
in the treatment of RA and the correlation between plasma
MTX concentration and intracellular MTX concentrations.
We measured the concentrations of MTX in erythrocytes
and plasma in patients starting MTX therapy and in patients
undergoing longterm treatment with MTX. Pharmacokinetic
variables were estimated in a population based software
model, and area under the plasma concentration versus time
curve (AUC) was calculated by the trapezoidal method.
Clinical efficacy and toxicity were evaluated clinically and
biochemically and the results from MTX responders and
nonresponders were compared. In addition, responders were
compared to patients undergoing longterm MTX treatment.

MATERIALS AND METHODS
Eighty-one patients initially gave written consent and were included in the
study. Of these, 5 patients were excluded because they proved not to fulfil
the 1987 revised criteria for RA of the American College of Rheumatology
(ACR)36 or withdrew for personal reasons before any data were obtained.
Of the remaining 76 patients, 6 withdrew after 10–24 weeks of followup, 1
died, and in 2 patients MTX therapy was discontinued because of side
effects in the followup period.

All patients had chronic active RA and were treated with orally admin-
istered MTX. Forty patients were included before the initiation of MTX
therapy after at least 4 weeks of washout if the patient had received other
disease modifying antirheumatic drugs (DMARD). MTX dose was regulat-
ed by a rheumatologist independently from the study. The initial dose was
5 to 10 mg (5 mg in 4, 7.5 mg in 32, and 10 mg in 4 patients). The remain-
ing 36 patients had been treated with MTX for 41 ± 25 months (mean ± SD)
at the time of inclusion, with doses of 5 to 20 mg per week (5 mg in one
patient, 7.5 mg in 9, 10 mg in 8, 12.5 mg in 6, 15 mg in 5, 17.5 mg in 6,
and 20 mg in one patient). The dose had been stable for at least 3 months
and no patient was receiving other DMARD. Change of dosage was inde-
pendent of the study and followed a treatment strategy based on optimal
balance between efficacy and side effects, increasing the weekly dose with
2.5 mg every 2 to 3 months until the desired clinical effect was achieved.

The study complied with the Declaration of Helsinki, and the research
protocol was approved by the ethical committee, Aarhus, Denmark.

Clinical evaluation. Patients were evaluated clinically by the same physi-
cian at Weeks 0, 12–16, 28, and 52. Disease activity was assessed by
swollen joint count (maximum 38), tender joint count (maximum 40), and
global assessment of disease activity by the physician on a 5-point verbal
rating scale. Questionnaires with global assessment of disease activity and

pain on a numerical rating scale (0–10) and Stanford Health Assessment
Questionnaire (HAQ score) for functional activity were completed by all
patients at time intervals similar to blood sampling. Simultaneously, toxic-
ity data were obtained by questionnaires and laboratory tests.

Response to MTX was evaluated according to preliminary ACR core
criteria; response categories were none, 20%, or 50%27. Patients were clas-
sified as responders if they fulfilled the core criteria on at least one occa-
sion during the followup period.

Laboratory assessments. Blood samples were drawn at Weeks 0, 1, 2, 4, 6,
8, 12, 16, 20, 24, 28, and 52 and analyzed for C-reactive protein level, ery-
throcyte sedimentation rate (ESR), complete blood cell count, fraction of
neutrophils, platelet count, and serum analyses of alanine aminotransferase
(ALT), alkaline phosphatase and creatinine. Analyses were performed by
routine methods.

Erythrocyte MTX analysis. MTX content in erythrocytes was measured in
all blood samples by a radio chemical-ligand binding assay18. Briefly, ery-
throcyte concentrate was lyzed with phosphate buffer and the hemoglobin
(mmol/l) determined photometrically (wavelength 540 nm). The samples
were boiled for 10 min and centrifuged at 3000 rpm for 10 min, and the
clear supernatants were stored at –80°C until tested for MTX content. This
was performed with bovine dihydrofolate reductase (Sigma, St. Louis, MO,
USA) as binder, [3H]MTX (Moravek Biochemicals, La Brea, CA, USA) as
tracer, and NADPH tetrasodium salt (Boehringer Mannheim, Indianapolis,
IN, USA) as cofactor. Unlabeled MTX (Bie Berntsen, Denmark) diluted
with phosphate buffer was prepared in concentrations from 2 to 12 nmol/l
and used as standards. The standards were aliquoted in vials and kept
frozen at –80°C. A new set of standard aliquots was thawed for each run.
Controls were prepared at levels of 0.7, 2.0, and 5.0 nmol/l and were test-
ed as unknown samples before being used as controls. The controls were
kept frozen at –80°C and new preparation sets of standards and controls
were never brought into use simultaneously. The reaction was performed in
reaction buffer (phosphate buffer and NADPH tetrasodium salt) and termi-
nated with ice-cold (4°C) dextran-coated charcoal (Sigma). This was fol-
lowed by centrifugation at 2600 rpm for 15 min to pellet the charcoal, and
radioactivity in supernatants was counted in a liquid scintillation beta
counter. Standards, controls, and samples were run in duplicates. Quality
criteria were linearity of the standard curve and accuracy of the controls.
The sensitivity of the assay was < 1 nmol/l as determined by the activity of
a blank plus 3 times the standard deviation of the lowest control. The coef-
ficient of variation (CV%) of the assay was below 20% as determined by
the largest CV% of the controls based on day to day results. Steady-state
Ery-MTX was calculated as the mean level fromWeek 6, unless Ery-MTX
increased even further, in which case steady-state Ery-MTX was calculated
from Week 8.

Plasma MTX concentrations. For measurement of MTX plasma concentra-
tions, heparinized venous blood samples (2 ml) were drawn before intake
of MTX and at 1, 2, 4, 6, 12, and 24 hours after MTX intake. This was per-
formed once for each patient in order to calculate the AUC for the current
MTX dose.

Tubes were centrifuged at 1800 rpm for 10 min and plasma was col-
lected and kept frozen at –80°C until analyzed for MTX content. MTX con-
centrations were measured by a fluorescence polarization immunoassay
using a commercial kit for measuring low concentrations of MTX (Abbott
Diagnostics, Abbott Park, IL, USA). Detection limit was 0.02 µmol/l and
CV% of the assay was between 5% and 15% depending on the level.

Pharmacokinetic analysis. Data were analyzed in a 2-compartment model
with first-order kinetics, which has been shown to characterize the disposi-
tion of MTX28,33,34,37. The following parameters were used: ka: oral
absorption rate constant (h–1); Cl: systemic clearance (l/h); Vc: distribution
volume of central compartment (l); Q: intercompartmental clearance (l/h);
Vp: distribution volume of peripheral compartment (l). As usual in pharma-
cokinetic analyses of orally administered drugs, all clearance and volume
terms are apparent parameters, i.e., Cl, Vc, Q, and Vp are scaled by the
bioavailability (the fraction of the administered dose absorbed intact), F, of
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MTX; i.e., Cl = Clu/F, etc., where Clu is the unscaled clearance. The
unscaled parameters are what would have been measured in the hypotheti-
cal clinical situation with 100% bioavailability. To determine the unscaled
parameters the scaled parameters should be multiplied by the bioavailabil-
ity, which was not estimated in this study, however.

Data were analyzed in a nonlinear mixed-effects model where pharma-
cokinetic variables were assumed to follow normal distributions across
individuals, and where the residual error was multiplicative and normally
distributed. These assumptions were checked by graphic examination by
QC plots of best linear unbiased predictors (BLUP). The model was fitted
with the NLMIXED procedure in SAS rel. 8.02 (http://www.sas.com), with
possibility for nonlinear mixed effects modeling using a first-order approx-
imation and initial parameter values taken from Godfrey, et al34. For each
patient the scaled BLUP for ka, Cl, Vc, Q, and Vp were estimated and AUC
(AUC_BLUP) was calculated as dose/Cl. AUC was also calculated by the
trapezoidal rule (AUC_Trap).

Statistical analysis. Statistical analysis was performed by paired Student t-
test (unpaired when appropriate), and Mann-Whitney test if data were not
normally distributed. Comparison of frequencies was by Fisher’s exact test.
Correlation of data was estimated by weighted linear regression analysis.
Differences were considered significant if p values were less than 0.05, and
all statistical tests were performed using GraphPad Prism software and
GraphPad Instat software or SAS rel. 8.02.

RESULTS
We obtained data for 93 series of MTX concentration meas-
urements for a total of 73 patients. Fifty-four patients had
only one series of measurements, 18 patients had 2, and one
patient had 3. The reason for some patients having more
than one series of measurements was change of the weekly
dose for at least 8 weeks. The number of measurements

within series was 3 for one series, 4 for one, 5 for 11, 6 for
18, and 7 measurements for 62 series. There were no plasma
MTX results for 3 patients because of discontinuation of
MTX therapy before the blood samples were drawn or for
practical reasons.
Demographic data, clinical characteristics, and laborato-

ry results at study entry are shown in Table 1. The demo-
graphic data were similar in the 2 groups, whereas disease
activity was lower in the group established on MTX therapy.
In Group 1, a total of 61% of the patients responded to MTX
treatment, 46% had an ACR 50% response, and 15%
obtained an ACR 20% response.

Toxicity.We noted 82.5% in Group 1 and 67.7% in Group 2
reported signs of side effects at at least one visit during the
followup period. In Group 1, MTX therapy had to be dis-
continued in 2 patients for toxicity reasons. The most fre-
quently reported side effects were gastrointestinal or muco-
cutaneous effects such as nausea, mouth ulcers, stomatitis,
and diarrhea (55% of patients in Group 1 and 50% in Group
2). Other side effects reported were rashes, cough, flu-like
symptoms, itch, and loss of hair (62.5% in Group 1; 38.9%
in Group 2). The frequency of side effects was not signifi-
cantly different in the 2 groups (p = 0.12), and there was no
difference between responders and nonresponders in Group
1 (p = 0.86).

Intracellular concentration of MTX and correlation to MTX
dose. The concentration of MTX measured in hemolyzed
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Table 1. Demographic data and disease activity in patients starting MTX therapy (Group 1) and in patients well
established on MTX therapy (Group 2). There was no difference between the 2 groups in demographic data, but
disease activity was significantly higher in Group 1.

Characteristic Group 1, Group 2,
n = 40 n = 36

Age, yrs 55.2 (12.4) 57.7 (10.7)
Female, % 68 75
Weight, kg 71.9 (15.4) 70 (11.3)
Height, cm 169 (10) 168 (9)
Disease duration, yrs 11.8 (10.2) 13.5 (9.4)
MTX dose, mg/wk 7.5 (5–10) 11.9 (5–20)
MTX therapy, yrs 0 3.4 (2.1)
Patients (%) with concurrent use of
Mild analgesic 83 72
Opioid analgesic 25 25
Corticosteroid 18 33

Creatinine (µmol/l), females 67 (9) 67 (13)
Creatinine (µmol/l), males 74 (8) 80 (8)
Disease activity
No. tender joints (max. 40) 10.8 (9.6) 4.5 (4.5) p < 0.01
No. swollen joints (max. 38) 6.7 (6.5) 1.8 (2.4) p < 0.001
Doctor’s disease activity score (1–10) 4.7 (2.3) 3.3 (2.3) p < 0.001
Doctor’s global score (0–4) 1.9 (0.9) 1.2 (0.8) p < 0.001
ESR, mm/h 31 (23) 27 (18) NS
C-reactive protein, mmol/l 265 (217) 184 (141) NS
HAQ 0.85 (0.59) 0.77 (0.56) NS
Patient’s disease activity score (1–10) 4.7 (2.3) 3.3 (2.3) p < 0.01

HAQ: Health Assessment Questionnaire.
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erythrocytes (Ery-MTX) increased during the first 6 to 8
weeks of therapy and reached a steady-state level in most
patients at that time. Figure 1 shows mean ± 1 SD data of
intracellular MTX concentrations measured in 32 patients
starting MTX therapy of 7.5 mg weekly. Mean steady-state
levels of Ery-MTX in 9 patients treated with 7.5 mg/week
MTX for a longer period (Group 2) are shown in Figure 2.
Weekly dose of MTX and steady-state Ery-MTX levels
were only feebly correlated (r2 = 0.16).

Pharmacokinetic results. The estimates of pharmacokinetic
measures are shown in Table 2. The median AUC was 10
mg/(3.87 l/h) = 2.6 mg/l h. Steady-state Ery-MTX for a
given series was estimated as the average of the Ery-MTX
measurements, when the patient was considered to be in
steady state. Figure 3 shows the relation between steady-
state Ery-MTX and AUC_BLUP (untransformed values).

The correlation between plasma and intracellular MTX con-
centrations was estimated by weighted linear regression of
the logarithm of steady-state Ery-MTX on the logarithm of
AUC, with weights being the number of measurements on
which the average concentration was based. Logarithmically
transformed values were applied in order to obtain normal
distribution of the residuals. AUC_BLUP was found to be
significantly correlated with steady-state level of Ery-MTX
(p = 0.0001, r2 = 0.51, log values). Our results show that for
a given value of AUC_BLUP, the mean Ery-MTX is approx-
imately 9.97 ×AUC_BLUP1.02. Moreover, the coefficient of
variation (CV) of the random prediction error is approxi-
mately 99.9%.
AUC calculated by the trapezoidal method showed the

same association to steady-state Ery-MTX level (r2 = 0.51,
log values), but here the residuals were not normally dis-
tributed and the correlation is therefore less interpretable.

MTX concentrations and clinical effect. Mean steady-state
Ery-MTX levels and AUC_BLUP of responders in Group
1 were significantly higher than in nonresponders (Table
3). There was no significant difference between respon-
ders and nonresponders when AUC was calculated by the
trapezoidal method. Patients who were classified as
responders received significantly higher MTX doses than
the nonresponding patients. There was no significant dif-
ference between Group 2 and responders in Group 1. The
findings were similar if ACR 50% responders were evalu-
ated [mean (SD) weekly dose 11.6 mg (3.7); Ery-MTX:
27.24 nmol/l (14.9); AUC_BLUP: 2.70 mg/l h (0.98);
AUC_Trap: 2.30 mg/l h (0.78)], and were not statistically
different from the “minimum ACR 20% response” crite-
ria. The latter is expected since the majority were ACR
50% responders.

DISCUSSION
Low-dose MTX is widely used in the treatment of RA and
is tolerated relatively well compared to other DMARD.
Moreover, the average treatment period is significantly
longer than with other drugs38-40. The main reasons for ter-
mination of MTX therapy are lack of efficacy and unaccept-
able side effects. Treatment with MTX usually requires dose
adjustments until efficacy and side effects are balanced to a
tolerable level. The clinical efficacy is evaluated according
to several variables and it often lasts several weeks until a
definite response/or nonresponse is concluded.
It is well known that MTX accumulates in erythrocytes

during the first 6–8 weeks of treatment, as confirmed in our
study. The steady-state Ery-MTX levels showed consider-
able interindividual variation, which may be explained by
the well known variations in oral absorption and renal excre-
tion of the drug. The correlation between dose and steady-
state Ery-MTX was statistically significant, but weak, and
was not applicable to predict the steady-state Ery-MTX
level in a specific patient. Ery-MTX levels were significant-
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Figure 1. Ery-MTX levels (mean ± 1 SD) of 32 patients in Group 1 start-
ing treatment with 7.5 mg MTX weekly. Results are from each visit during
the first 28 weeks of followup.

Figure 2. Ery-MTX levels (mean ± 1 SD) in 9 patients from Group 2 treat-
ed with 7.5 mg/week. Results are from each visit during the first 28 weeks
of followup.

 www.jrheum.orgDownloaded on April 10, 2024 from 

http://www.jrheum.org/


ly higher in responders than in nonresponders, which is in
agreement with other studies demonstrating a correlation
between intracellular MTX and efficacy or adverse effects,
although conflicting results have been described18-25. It is
interesting that nonresponders were treated with significant-
ly lower doses than the responders in our study, and in this
context it is worth emphasizing that the rheumatologist
advising a specific dose regimen was independent of the
study. Thus, nonresponders may have been found to be
MTX responders if treated with a higher dose. A possible
explanation may be that the nonresponders were maintained
in a low-dose regimen because of signs of side effects,
although there was no significant difference in the presence
of side effects in the 2 groups. This underlines the need for

markers to monitor MTX therapy, and that Ery-MTX may
be a useful tool for the rheumatologist to increase dosages
more aggressively in order to prevent undertreatment.
Steady-state Ery-MTX levels were significantly higher in

responders than in nonresponders, and were similar in
responders and in patients on longterm MTX therapy. It has
been shown that the duration of MTX monotherapy without
addition of other DMARD indicates effectiveness of the
drug, and it is clear that patients well established on MTX
therapy obviously tolerate MTX treatment and represent
prolonged MTX responders41. Therefore it is tempting to
speculate that clinical response is achieved when steady-
state Ery-MTX reaches a certain level and that a certain
steady-state Ery-MTX level is indicative of the therapeutic
effect. This is in agreement with a recent study in which low
levels of erythrocyte MTX polyglutamates were associated
with high disease activity, although that study did not dis-
tinguish between patients well established on MTX therapy
and patients starting MTX therapy24. Our study presents fur-
ther evidence of the significance of intracellular levels of
MTX and supports the hypothesis that the antiinflammatory
effect is related to intracellular accumulation of MTX,
although a direct causal relationship remains to be proven.
There was no correlation between the presence of side
effects and Ery-MTX concentrations in our study. This may
probably be due to the relatively low dosing regimes and
small variations in Ery-MTX levels. A larger study group
with more pronounced variation in dose and Ery-MTX con-
centrations is needed to investigate this further.
Similar to the interindividual variation in steady-state

Ery-MTX levels, we also found considerable interindividual
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Table 2. Estimates of pharmacokinetic parameters (scaled by bioavailability).

Parameter Estimate LCL (95%) UCL (95%) CV%

ka Oral absorption rate constant (h
-1) 2.06 1.68 2.53 800

CI Systemic clearance (l/h) 3.87 3.52 4.25 37
Vc Distribution volume of central compartment (l) 18.29 16.21 20.64 35
Q Intercompartmental clearance (l/h) 1.32 1.03 1.69 86
Vp Distribution volume of peripheral compartment (l) 13.01 9.05 18.70 152

LCL/UCL: lower and upper 95% confidence interval and coefficient of variation (CV%) of the estimated value.

Figure 3. Relation of steady-state Ery-MTX and nontransformed
AUC_BLUP values in all patients.

Table 3. Mean (SD) Ery-MTX, AUC, and dose for group 1 and Group 2. Group 1 is divided into responders and
nonresponders. The first column of p values compares responders and nonresponders; second column of p val-
ues compares responders in Group q and Group 2.

Group 1 Group 2
Responders Nonresponders p p

Ery-MTX, nmol/l 25.74 (12.99) 17.44 (7.51) 0.013 32.52 (17.10) 0.138
whole blood
AUC_BLUP, mg/l h 2.70 (0.86) 1.99 (0.75) 0.002 2.84 (1.27) 0.646
AUC_Trap, mg/l h 2.35 (0.79) 1.95 (1.40) 0.206 2.85 (1.35) 0.099
MTX dose, mg/wk 11.1 (4.2) 7.9 (1.9) < 0.001* 11.4 (3.8) 0.648*

* Mann-Whitney test.
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variation in MTX plasma concentrations. The findings are in
accord with the variation in bioavailability, Cmax, and AUC
observed in other studies16,17,27,34,37. The pharmacokinetic
variables of MTX may also be influenced by use of nons-
teroidal antiinflammatory drugs (NSAID), which have been
reported to decrease total clearance of MTX. This may have
occurred in some patients in our study, although other inves-
tigators have not been able to show an influence of NSAID
on MTX clearance30,31,42-44.
In order to estimate pharmacokinetic parameters and pre-

dicted pharmacokinetic variables for each patient a software
model was applied. The mean Cl 3.87 l/h found in our study
is comparable to Cl values reported by others27,34,45. The
correlation between AUC_BLUP and AUC_Trap was very
poor for some patients, most likely because of the limited
number of measurements in these patients. Since a credible
AUC calculated with the trapezoidal method requires sever-
al blood samples the software model is useful in clinical sit-
uations where multiple blood sampling is inapplicable.
AUC_BLUP and steady-state Ery-MTX levels were highly
correlated, implying that MTX plasma concentrations pre-
dict steady-state Ery-MTX level, which may be indicative of
the MTX response.
The pharmacokinetics of low-dose MTX have been

described previously, but few studies have compared the
pharmacokinetic variables with clinical outcome and intra-
cellular MTX concentrations. In these studies there was
either no correlation of the pharmacokinetic parameters with
the clinical effect or there were correlations to one clinical
parameter16,35,45-47.
In summary we show that AUC estimated in a software

model is highly correlated to steady-state Ery-MTX concen-
trations. We also show that MTX responders have signifi-
cantly higher concentrations of intracellular MTX than non-
responders, which suggests an association between the level
of intracellular MTX and clinical effect. Our findings are in
agreement with the hypothesis that the effect is related to
intracellular accumulation of MTX, and that the intracellu-
lar level is directly correlated to plasma concentrations and
less closely correlated to the dose. It also indicates that
either Ery-MTX or plasma MTX measurements, easily
implemented in a standard laboratory, may be useful in
optimizing MTX treatment and guiding the clinician in
determining the appropriate dosage regimen for a given
patient, thereby achieving the desired clinical efficacy more
quickly.
Further studies are needed to validate and establish a rou-

tine method to predict Ery-MTX. It is necessary to investi-
gate the prediction model as intended with a dosage strate-
gy with simultaneous analysis of pharmacokinetic measures
and individual Ery-MTX measurements and to combine this
with a distinct clinical outcome. Finally, a limited sampling
strategy is relevant to verify the prediction model with fewer
plasma measurements, and such studies are in progress48.
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