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Abstract

The bioavailability of the two generic methotrexate oral preparations (Emtrexate®, Pharma-
chemie Company, Hollland and Methotrexate Remedica®, Remedica, Cyprus as the test pre-
parations), were compared to the innovator (Methotrexate Lederle®, Lederle, U.S.A. as the reference)
in 10 patients with rheumatoid arthritis. A single 7.5 mg oral dose of each preparation was given
to the subjects in a randomized, double-blind, three-period crossover design with a | week washout
period. Serum methotrexate concentrations were determined by using Fluorescence Polarization
Immunoassay (Abbott TDx®). No significant differences in pharmacokinetic parameters (AUC,
Chaxe and T, ,,) were observed between the test and reference preparations. The mean and 90
per cent CI of the ratio Emtrexate/Methotrexate Lederle® and Methotrexate Remedica®/ Metho-
trexate Lederle® of the Cmax , AUCO_g, and AUCO_a were 0.93 (0.87-1.00), 0.9 (0.82-0.98).
0.88 (0.79-0.99) and 0.97 (0.93-1.02), 0.95 (0.90-0.99), 0.94 (0.86-1.02), respectively. These
values were well within the acceptable bioequivalence range of 0.8-1.25. The mean and 90 per
cent CI of T, ,, difference between Emtrexate®-Methotrexate Lederle® and Methotrexate
Remedica®- Methotrexate Lederle® also overlapped the stipulated bioequivalence range of the
Tiax differences of + 0.25 hour. Thus, Emtrexate® and Methotrexate Remedica® were considered
bioequivalent to the reference Methotrexate Lederle® regarding the rate of absorption and the
extent of absorption.

Methotrexate (MTX) is a folic acid anta-  diseases, including rheumatoid arthritis(1-3). For
gonist used in the treatment of certain neoplastic  the treatment of rheumatoid arthritis, methotrexate
diseases, dermatologic diseases and rheumatic is classified as a disease-modifying agent and has
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been approved for use in severe arthritic cases who
were refractory to conventional therapy(4). Thera-
peutic effects of methotrexate usually occur at 1-3
months after drug initiation and in most cases,
remain effective for several years with continued
therapy(2-5). The recommended dose is a low-
dose pulse regimen ranging from 7.5 to 15 mg per
week(2-5). Although the drug can be given orally,
intramuscularly or intravenously, methotrexate
administered orally is more convenient and less
expensive. However, methotrexate oral absorption
is variable(6-8) and relatively little is known about
the pharmacokinetic profiles of low dose oral metho-
trexate in Thai patients with rheumatoid arthritis.
Oral preparations of methotrexate available in
Thailand comprise the innovator (Methotrexate
Lederle®) and various generic commercial prepa-
rations. Since the price of the generic preparations
are less expensive than the innovator, generic sub-
stitution is strongly recommended by health autho-
rities(9,10). Nevertheless, generic substitution of
methotrexate is problematic due to its narrow
therapeutic window and its serious toxicity(1,2). In
addition, generic substitution of methotrexate in
rheumatoid arthritis patients may lead to the risk of
treatment failure and/or increase in its toxicity. The
purpose of this study was to determine the phar-
macokinetic parameters of methotrexate and to
conduct the bioequivalence testing of the two gene-
ric oral preparations of methotrexate (Emtrexate®
and Methotrexate Remedica®, as the test prepara-
tions) in comparison with the innovator (Methotre-
xate Lederle®, as the reference) after a single oral
administration in Thai patients with rheumatoid
arthritis.

MATERIAL AND METHOD
Subjects

Ten patients with definite rheumatoid
arthritis (3 men and 7 women) were recruited from
the outpatient department of the Division of
Rheumatology of the Faculty of Medicine, Chiang
Mai University Hospital. All patients had a history
of severe arthritis for 1-3 years and had been re-
ceiving oral methotrexate therapy at a dose of 7.5
mg weekly for less than 1 year. Their mean age,
weight, and height were 39.3 + 8.6 years (range
28-53), 50.9 + 6.74 kg (range 42-61), and 156 + 8.5
cm (range 147-172), respectively. None had a his-
tory of alcoholism, hepatic disease, active peptic
ulcer disease, or renal insufficiency. All clinical and
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routine laboratory evaluation tests including com-
plete blood count with differential count, blood urea
nitrogen, and liver function test were within medi-
cally acceptable limits. At least one week before
and during the study day, each subject was in-
structed abstain from taking any drug as well as
alcohol, xanthine and caffeine containing foods and
beverages. Female subjects were not pregnant at
the time of study (confirmed by a urine pregnancy
test). The study protocol was approved by The
Research Ethical Committee of the Faculty of
Medicine, Chaing Mat University and written con-
sent was obtained from each patient before study
enfry.

Study design

This study was a randomized, double-
blind, three-period crossover design. Each subject
received 3 treatments, 1 week apart, given in a ran-
domly assigned order. All subjects, the physician
administering the assigned treatment and the tech-
nician who performed the drug analysis were
blinded. Each treatment consisted of a 7.5 mg (3
tablets of 2.5 mg methotrexate) oral administration
of either Methotrexate Lederle® [lot no. 426-77,
purchased from the Maharaj Nakorn Chiang Mai
Hospital's Pharmacy Service] or Emtrexate® [lot
no. 94HI12N, purchased from Pacific Healthcare
(Thailand)] or Methotrexate Remedica® [lot no.
8338, purchased from Pharmadica (Thailand)], with
200 ml water after an over night fast. The patients
fasted for 2 hours after drug administration. Blood
samples were collected immediately before and at
15, 30 min, 1, 1.5, 2, 4, 6, and 8 hours after the drug
administration. The blood samples were allowed to
clot at room temperature, then centrifuged for 7
minutes at 3,000 rpm to separate the serum. The
serum was immediately kept at -20°C until analysis.

Drug Assay

Blood samples were analyzed for metho-
trexate concentrations by fluorescence polarization
irnmunoassay (FPIA) technique using the Abbott
TDx clinical analyzer (Abbott Laboratory, North
Chicago IL, U.S.A)ID. The FPIA procedure is
automated and rapid. The assay was performed in
Modell, since the methotrexate concentrations in
patients samples were expected to be less than 1.0
pmol/L. The sensitivity of the method was 0.01
pumol/L, therefore, the dynamic range of the assay
was from 0.01 to 1.0 umol/L. The calibration curve
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could be stored for at least 2 weeks and cross-reac-
tivity with 7-hydroxy methotrexate and prednisolone
was less than 1 per cent. The coefficient of variation
(CV) for the within-run and between-run precision
was less than 10.0 per cent and the average re-
covery was 97.6 + 2.8 per cent.

Statistical Methods and Data Analysis

The serum methotrexate concentration-
time curves were analyzed by non-compartmental
model. Maximal serum concentration (Cp,,) and
time to reach the peak concentration (Tp,, ) were
obtained directly by visual inspection of each sub-
ject's serum concentration-time profile. Other phar-
macokinetic parameters including elimination half-
life (t}/p), area under the serum concentration-time
curve (AUC), mean resident time (MRT), plasma
clearance (Cl), and volume of distribution (Vd) were
derived with the use of TopFit 2.0, a pharmacoki-
netic and pharmacodynamic data analysis program
for PC.

A three-way analysis of varience (ANOVA)
was used to determine the statistical differences of
these pharmacokinetic parameters (Cp oy, Tpaxs
and AUC). The ANOVA evaluated variability in
subjects, treatment groups, study period, and formu-
lations. To reduce the possibility of failing to
detect small differences between the test product,
the two one-sided tests procedure was performed.
This procedure is referred to as the confidence in-
terval approach. In this test, presently required by
the FDA, a 90 per cent confidence interval (CI)
about the ratio of means of the two drug products
must be within + 20 per cent for measurement of
the rate and extent of drug bioavailability. Statistic
analysis was performed on the natural log (In)
transformed data and the three-way ANOVA.
Thereafter, using the variance estimate (VAR, or
S2) obtained from the ANOVA, calculated the 90
per cent CI from the formulation :

(MA-HB) = O_(A')_(B )+ tVg 1 /2VAR
n

Where )_(A and -)—(B were the observed
means of the (In) transformed parameters (either
Cmax or AUC) for the test product (A) and the
reference (B), VAR was the error variance obtained
from the three-ways ANOVA (the residual mean
square of a three-way crossover study), n was the
number of subjects and Vg | was the tabulated
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two-tail t value for 90 per cent CI and v was the
number of degree of freedom of the error mean
square from the ANOVA. The antilogarithm of the
confidence interval would express the bioequiva-
lence as a ratio for the test and the reference pro-
ducts. The bioequivalence intervals of 0.8-1.25 for
the ratio [test/reference] of the average AUC and
Chax are accepted by the FDA, the Canadian and
European authorities(10,12), Regarding analysis of
Tmax- the limits for the bioequivalence range were
expressed as untransformed data (absolute dif-
ferences) and the stipulated bioequivalence range
of difference Ty, 4 [test-reference] was + 20 per
cent of the Ty, of the reference formula-
tion(10,12),

The other pharmacokinetic parameters
were expressed as mean + SD. The relative bioavai-
lability of the generic preparation was obtained
from the equation :

Relative bioavailability (Fpe}, %) =
AUC(test)* Dose(reference)  100%
AUC(reference)* Dose(test)

RESULTS

Ten patients with rheumatoid arthritis
tolerated and completed this study without any
serious adverse effect. The mean serum concentra-
tion-times of each preparation were compared and
presented in Fig. 1. The serum concentration-time
profiles of each preparation were relatively consis-
tent with little variation in serum methotrxate levels
at each point of time. The calculated pharmacoki-
netic parameters following a single oral dose of
7.5 mg Methotrexate Lederle®, Emtrexate®, and
Methotrexate Remedica®, respectively were then
summarized and presented as mean + SD to com-
pare between the three preparations (Table 1).

Table 2 illustrates the mean and 90 per
cent CI of the ratio [test/reference] of the Cpay,
AUC(_g, and AUCq_, as well as the differences
of T ax between the test and reference prepara-
tions. The mean and 90 per cent CI of the ratio of
the Cppay, AUC(_g, and AUC(_, were 0.93 (0.87-
1.00), 0.90 (0.82-0.98), 0.88 (0.79-0.99) and 0.97
(0.93-1.02), 0.95 (0.90-0.99), 0.94 (0.86-1.02) for
[Emtrexate®/Methotrexate Lederle® and Metho-
trexate Remedica®/ Methotrexate Lederle®],
respectively. These values were well within the
acceptable bioequivalence ranges of 0.8-1.25, pro-
posed by the US FDA. The means and 90 per cent



Vol. 81 No. 12

08 +

06

0.4

0.2

Serum methotrextate concentration (umol/l.)

BIOAVAILABILITY OF METHOTREXATE 981

—&— Methotrexate Lederle
—8— Emtrexate

—a~ Methotrexate Remedica

4 6 8

Time (hr)

Fig. 1. Mean serum concentration time curve following oral administration of 7.5 mg Methotrexate
Lederle, Emtrexate, and Methotrexate Remedica.

Table 1. Pharmacokinetic parameters following single oral administrations of 7.5 mg methotrexate (Metho-
trexate Lederle®, Emtrexate® and Methotrexate Remedica®) in 10 Thai patients with rheu-
matoid arthritis.

Parameters Methotrexate Lederle® Emtrexate® Methotrexate Remedica®

Crpax (HmOLL) 067 £0.15 0651021 0.66 +0.17

Trnax 120 £0.35 115+ 047 1.10+0.39

MRT (h) 4254143 4.10+1.08 413 +0.87

CL (ml/min) 133.40 + 58.58 147.92 £ 52.02 139.19 £ 50.97

vd (L) 33.25+14.36 37.08 £ 16.74 3470 £ 1041

ty2 (h) 3.03+1.09 291£0.71 2.99 +0.48

AUCq_g (umol.h/L) 2.04+0.81 1.84 + 0.81 1.90 + 0.68

AUC._q (umol.h/L) 2444 1.04 2.14+ 096 2251090

Frel (%)a 91.31 £ 15.28 95.18 £ 10.44

Data expressed as mean + SD.
a: Determined at the time 0-8 h.
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Table 2. Parametric 90 per cent CI for the mean pharmacokinetic parameters of methotrexate 7.5 mg.

Parameters [Emtrexate®/Methotrexate Lederle®] ratio  [Methotrexate Remedica®/ Methotrexate Lederle®] ratio
Mean 90% CI Mean 90% CI
Cmax (pmol/L) 0.93 0.87 - 1.00 0.97 0.93-1.02
AUCg_g (umol.h/L) 0.90 0.82-0.98 0.95 0.90 - 0.99
AUC(_¢ (umol.W/L) 0.88 0.79 - 0.99 0.94 0.86-1.02
Parameter Difference between Difference between [Methotrexate
[Emtrexate®- Methotrexate Lederle®] Remedica®- Methotrexate Lederle®]
Mean 90% CI Mean 90% CI
Tmax -0.05 -0.25-0.15 -0.10 -0.31-0.11
Table 3. Mean (+ SD) of pharmacokinetic parameters following a single 7.5 mg oral administration of
methotrexate from this study and previous studies.
Parameters This study Other studies *
Chax (nmol/L) 0.66 +0.17 0.51 +0.19(14)
Tihax (B 1.15 +0.40 1.47 +0.49(14)
1.3 +0.4(15)
AUC(_g (umol.h/L) 1.93+£0.75 -
AUC()_o, (umol.h/L) 2284094 276 + 1.2(14)
MRT (h) 416+ 1.11 42 +0.5(15)
CL (ml/min) 140.17 +52.42 95.8 +37.9(14)
vd (L) 35.01 + 13.68 20.9 +2.49(16)
typ (h) 2.98 +0.78 33+ 1.1U3)
1.23 +0.05(16)

* The values from various studies(13-16)
Data expressed as mean + SD.

CI of T,y differences [Emtrexate®-Methotre-
xate Lederle® and Methotrexate Remedica®-
Methotrexate Lederle®] were -0.05 (-0.25-0.15)
and -0.10 (-0.31-0.11) hour, respectively. The
values also overlapped the stipulated bioequiva-
lence range of T, ., differences (+ 20% of the
Thax of the reference formulation) of + 0.25 hour.

Methotrexate was rapidly absorbed after
oral administration. Average times to attain the
peak concentration (T, .., hour) were 1.20 + 0.35,
1.15 + 0.47 and 1.10 + 0.39 for Methotrexate
Lederle®, Emtrexate® and Methotrexate Reme-
dica®, respectively. The mean differences of Ty,
between the test and reference products were less
than 20 per cent, an US-FDA acceptable value for
bioequivalence. The T, value were also similar
to the ones reported in the literature (1-2 hours)
(Table 3).

The average Cmax value (umol/L)
observed after 7.5 mg Methotrexate Lederle®,
Emtrexate®, and Methotrexate Remedica® were
0.67 £ 0.15, 0.65 £ 0.21 and 0.66 + 0.17, respec-
tively. The average areas under the plasma con-
centration (AUCO_8 and AUCO_a, pmol.h./L)
were 2.04 + 0.81 and 2.44 + 1.04, 1.84 + 0.81 and
2.14 £ 0.96, 1.90 + 0.68 and 2.25 + 0.90 for Metho-
trexate Lederle®, Emtrexate®, and Methotrexate
Remedica®, respectively. The means (parametric
90% confidence intervals) of the ratios of AUC
and Cpay [ 1 Emtrexate®, (test)/ p Methotrexate
Lederle® (reference)] were 0.88 (0.79-0.99) and
0.93 (0.87-1.00), respectively. The means (para-
meric 90% confidence intervals) of the ratios of
AUC and C,,, [ 1 Methotrexate Remedica® (test)/
u Methotrexate Lederle® (reference)] were 0.94
(0.86-1.02) and 0.97 (0.93-1.02), respectively. These
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values were well within the bioequivalence range
of 0.8-1.25 for the mean ratio (test/reference) of
AUC and Cy,,, as established by the US-FDA
(Table 1). The average AUC and Cp,, 4 of metho-
trexate in this study were also comparable to those
values reported in the literature (Table 3).

The mean resident times (MRT, hour) of
the three products were nearly identical (4.25 +
1.43, 4.10 £ 1.08, and 4.13 + 0.87 for Methotrexate
Lederle®, Emtrexate®, and Methotrexate Reme-
dica®, respectively). The average half-life (ty2)
clearance (CL) and volume of distribution (Vd)
were comparable between the three preparations
(Table 1). The average typ , CL and Vd of the
three preparations were 2.98 + 0.78 hours, 140.17
+ 52.42 ml/min, and 35.01 + 13.68 L, respectively,
which were consistent with those values reported
in previous studies (Table 3).

DISCUSSION

Low dose mehtotrexate given weekly for
rheumatoid arthritis refractory to conventional
therapy was well tolerated in our study. Serious
adverse effects, including elevated liver enzymes,
myelosuppression (leukopenia), and mucositis were
not observed.

The pharmacokinetics and bioequiva-
lence of the three preparations of mehtotrexate
tablets (Methotrxate Lederle® vs Emtrexate® and
Methotrexate Remedica®) were evaluated in this
study. No significant differences in AUC, C., or
Tihax between the three preparations were
observed individually or collectively in our rheu-
matoid arthritis patients. The FDA criterion for
relative bioequivalence of the ratio test/reference
[Emtrexate®/Methotrexate Lederle® and Metho-
trexate Remedica®/Methotrexate Lederle®] within
90 per cent CI of 0.8-1.25 were demonstrated for
the above parameters, representing the similar rate
and extent of methotrexate absorption. The 90 per
cent CI of Emtrexate®/Methotrexate Lederle®
were 0.87-1.00, 0.82-0.98 and 0.79-0.99 for the
Cmax’ AUCj g and AUCO_a, respectively. Simi-
larly, the 90 per cent CI of Methotrexate Reme-
dica®/Methotrexate Lederle® were 0.93-1.02,
0.90-0.99 and 0.86-1.02 for the Cp .y, AUCq_g
and AUC(_, respectively. A small range of 90
per cent CI of the Cmax’ AUCq_g and AUC()-a
observed in this study, verified that an adequate
number of subjects were enrolled and the three
methotrexate preparations possessed a high pro-
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bability of demonstrating practical equivalence.
Although this study was considered preliminary
because of a small sample size, our data supported
that the generic Emtrexate® and Methotrexate
Remedica® could be used interchangeably with
Methotrexate Lederle®.

The pharmacokinetic variables for metho-
trexate in this study were quite similar to those
values observed previously in patients with rheu-
matoid arthritis (Table 3). Absorption of oral
methotrexate was rapid (T, 1.15 + 0.40 hour)
and a wide inter-patient variability in the Cp .
ranged from 0.36-0.96 pumol/l. was found. The
mean volume of distribution (Vd) was 35.01 +
13.68 L or approximately 0.5-1 L/kg. The mean
methotrexate clearance (CL) was 140.17 + 52.42
ml/min. A wide inter-patient variation in metho-
trexate clearance was due to individual renal func-
tion, since the drug was mainly eliminated by
glomerular filtration and tubular secretion. In our
study, patients with normal BUN levels were in-
cluded and this selection procedure did not exclude
the possibility that some of the patients had mild
impaired renal function. Generally, methotrexate
clearance ranges from one to as much as two times
the creatinine clearance (CrCL), therefore, patients
with low methotrexate clearance should receive
close monitoring for renal functions and risk of
drug toxicity. The average half-life of methotrexate
in this study was 2.98 + 0.78 hours. This value
represented primary renal elimination (ty/pa),
ranges from 3-5 hours. Triphasic elimination has
been reported in the literature. The terminal phase
half-life ranged from 8-26 hours which represented
redistribution of methotrexate from deep tissue
sites and has been correlated with methotrexate
toxicity(17). The sampling interval of 8 hours
seemed appropriate because it exceeded the two
drug half-lives and the drug concentrations during
the 8-hour sample period approximated the limits
of detection of the assay.

The use of nonsteroid anti-imflammatory
drugs (NSAIDs) except aspirin were allowed
during the study period since there was no obser-
vable interaction between low dose methotrexate
and various NSAIDs, with respect to the AUC,
?mlg)max/dose Tpax and serum half-life(14,

The metabolite 7-hydroxymethotrexate
has displayed significant blood concentration
during metabolism and may contribute to the cli-
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nical effect of methotrexate. However, the con-
centration of this metabolite was not determined in
this study, because its formation did not influence
the extent of drug absorption.

SUMMARY

We conducted a bioequivalence testing of
three different preparations of 7.5 mg formulations
of Methotrexate Lederle® (the innovator) vs the
generic Emtrexate® and Methotrexate Remedica®
in 10 Thai patients with rheumatoid arthritis. The
result showed no significant difference between the
three brands concerning the rate of absorption
(Cmax’ Tmax’ MRT) and the extent of bioavailabi-
lity (AUC). The parametric 90 per cent CI and point
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estimates of the mean difference of these para-
meters were within the acceptable range based on
standard bioequivalence guidelines. Methotrexate
plasma clearance (CL), volume of distribution (Vd)
and elimination half-life (ty,,) obtained from this
study were also comparable to those values re-
ported in the literature. Therefore, the generic
Methotrexate Lederle®, Emtrexate® and Metho-
trexate Remedica® can be used interchangeably
when cost-effectiveness is concerned.
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