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Methotrexate (MTX) is the recognized cornerstone of rheumatoid arthritis (RA) therapy. 
Absorption saturability limitations may compromise the bioavailability (BA) of oral MTX in doses 
>15 mg/wk. Limitations of systemic exposure of oral MTX can affect efficacy, particularly at 
higher doses.1 In contrast, parenteral MTX exhibits a dose-proportional increase in exposure 
throughout the dosing range, which may result in better efficacy.2,3

Despite the clinical superiority of higher doses of parenteral MTX, its use in clinical practice 
in patients with RA remains limited in the United States to <5%4 because of unfamiliarity by 
clinicians; a lack of safe, reliable self-delivery; challenges related to training on sterile, accurate, 
self-injection techniques; a lack of safe disposal for syringes and needles with residual MTX 
contents; historical supply shortages; and compromised manual dexterity, which often makes 
the use of vials, needles, and syringes impractical.

A separate, Phase 2, multicenter, open-label, dose-ranging, crossover, in-clinic study of 
101 adult patients with RA evaluating actual human use of an investigational methotrexate 
auto-injector (MTXAI) showed it was safe and easy to use.5 Although 90.1% of patients 
had moderate to severe functional limitations, all successfully performed the self-injection 
after training. No administration site adverse events (AEs) occurred. Of the 404 postdose 
assessments, 373 (92.3%) noted no erythema and 31 (7.7%) noted very slight, transient, 
barely perceptible erythema.

In this BA study, the pharmacokinetic (PK) properties of a developmental, single-use, 
self-administered auto-injector for subcutaneous (SC) administration of MTX are explored. The 
MTXAI device was developed with 10-, 15-, 20-, and 25-mg doses.
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Statistical Analysis Methods

Using a mixed model analysis, the logarithmically transformed values were derived for Cmax, AUC0-t, 
and AUC0-inf PK parameters; least squares (LS) mean of each treatment; differences between treatment 
LS means; and 90% confidence intervals for differences between treatment LS means. Relative BA 
comparisons were based on route and/or location of administration at each dose level. Safety was 
assessed by evaluating the incidence of treatment-emergent AEs (TEAEs), changes in safety laboratory 
parameters and vital signs, and examination of administration sites.

Study Population

Of 50 patients randomized, 49 were dosed and included in the safety population (Table 1). Forty-seven 
patients completed the study; 2 discontinued from the study after the first dose. Approximately 78% of 
study patients were receiving oral tablets of MTX at enrollment. Patients were assigned to MTX study 
dose groups with dosing that could be different from their previous MTX treatment.

At 4 hours postdose, mean MTX concentration was consistently higher for MTXAI compared with oral 
MTX. PK analysis of the MTXAI group with thigh injections compared with the oral MTX group showed 
that the BA of MTXAI was consistently greater at all dose levels (Figure 1). PK measures for MTXAI thigh 
and MTXAI abdomen were similar.

Relative systemic availability of MTX delivered with MTXAI at 10 mg, 15 mg, 20 mg, and 25 mg 
was 121%, 114%, 131%, and 141% compared with oral dosing, respectively. Peak concentration 
increased in a dose-proportional manner for MTXAI compared with oral MTX. At the 25-mg dose level, 
a dose-proportional increase in peak MTX concentration occurred in the MTXAI abdomen group only 
compared with the thigh or oral group. Oral MTX exposure plateaued at >15 mg; however, no plateau 
was seen with MTXAI administration, which resulted in a higher exposure than the comparable oral 
dose. Relative BA of MTX, as reflected by comparing AUC, was superior for MTXAI. The ratio of the 
dose-normalized AUC0-24h and Cmax of MTXAI compared with oral MTX was 127.61 (90% CI: 122.30-133.15) 
and 94.88 (90% CI: 87.95-102.37), respectively (Table 2).
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Safety
Two serious AEs occurred: 1 death from a myocardial infarction in a 79-year-old man with a prior 
cardiac history and 1 patient developed sick sinus syndrome, neither of which was considered by the  
investigator to be treatment related and occured several weeks after treatment. Treatments in both 
the MTX and MTXAI arms were otherwise safe and well tolerated. Five (10.2%) patients had a TEAE 
during the study; 1 patient in the oral MTX group experienced mild and transient nausea. Two patients 
discontinued from the study, 1 due to death and 1 due to an AE (RA), neither of which was considered 
by the investigator to be related to study drug. No patients experienced bleeding, ecchymosis, or 
hematoma at the injection site or required countermeasures during the study. Some patients in the 
MTXAI group had slight to barely perceptible erythema at the injection site after administration. No 
patients discontinued the study because of an injection site reaction.

The superior BA of SC MTX and dose-exposure limitations of oral MTX of >15 mg were shown in this 
study. This study demonstrates that MTX can be delivered more reliably and predictably by SC injection, 
particularly at higher doses, ensuring adequate systemic exposure. Because treatment with SC MTX 
for RA remains limited to <5% of patients in the United States,4 these data may lead to the adoption of 
clinical strategies to deliver MTX by parenteral routes of administration. Current underutilization of SC 
MTX may be linked to a lack of familiarity by clinicians; a lack of availability of a safe, reliable approach 
for self-delivery; challenges related to training patients on sterile, accurate, self-injection techniques; 
patients’ aversion to needles; a lack of safe disposal of syringes and needles containing residual MTX; 
and manual dexterity challenges among patients with RA that make the use of vials, needles, and 
syringes impractical.

In this study, SC MTX was successfully administered to patients by healthcare professionals using an 
investigational auto-injector intended for self-administration by patients with RA. Delivery of SC MTX 
using the MTXAI provides superior BA compared with oral MTX and is easily used by patients with RA 
who have moderate-to-severe dexterity limitations.5 
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•	 Systemic exposure of oral MTX plateaus at doses ≥15 mg, while SC MTX delivered 
with the MTXAI has a linear, dose-proportional increase in exposure.  

•	 Dose-for-dose, systemic exposure for SC MTX delivered with the MTXAI is greater 
compared with oral MTX.

•	 Patients treated with MTXAI had few TEAEs; observed AEs were transient, manageable, 
and required no medical treatment. This study confirms existing findings1 that higher 
systemic exposure to MTX is not associated with any further increase in AEs.

•	 Oral MTX patients with an inadequate clinical response may benefit from higher drug 
exposure levels by switching to SC MTX delivered via the MTXAI.
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Objectives

This study compares the relative BA of MTX delivered by an auto-injector with the BA of oral MTX in adults 
with RA and assesses the safety of the auto-injector. Primary objectives were to compare [by measuring 
the area under the concentration-time curve (AUC) from time 0 to the last measurable concentration 
(AUC0-t), AUC from time 0 to infinity (AUC0-inf), and the maximum observed concentration (Cmax)] the 
following: relative BA of MTX after oral administration with that of SC injection into the abdomen using 
the MTXAI, relative BA of MTX after oral administration with that of SC injection into the thigh using the 
MTXAI, and relative BA of MTX after SC injection (abdomen) with that of SC injection (thigh) using the 
MTXAI. 

Secondary objectives were to compare the time of peak concentration (tmax), apparent terminal rate 
constant (λz), and terminal half-life (t½) of MTX for these 3 methods of administration, and to assess the 
safety and local tolerability of SC MTX administration.

This was a 12-week, randomized, open-label, 3-way crossover study of 49 adult patients (≥18 years 
of age) with RA in the United States, all of whom were undergoing treatment with MTX for ≥3 months 
prior to randomization. The MTX dose group was chosen based on the patient’s current MTX dose 
and disease control. Patients were assigned to 1 of 4 MTX doses (10, 15, 20, or 25 mg). All patients 
received the MTX dose via 1 of 3 randomly assigned (1:1:1) treatments: oral MTX, MTXAI (abdomen), or 
MTXAI  (thigh). Blood samples for PK analysis were collected predose and at 0.25, 0.5, 0.75, 1.0, 1.25, 
1.5, 1.75, 2, 4, 6, 8, 10, and 12 hours postdose and were analyzed by liquid chromatography-mass 
spectrometry. PK measures obtained included AUC, Cmax, and Tmax.

Table 1. Patient demographics

Methotrexate
Overall
(n=49)10 mg

(n=13)
15 mg
(n=12)

20 mg
(n=12)

25 mg
(n=12)

Mean age at informed  
consent, y (Sd)

62.9
 (12.51) 

63.4 
(7.49)

60.0 
(10.40)

59.0 
(11.53)

61.4
(10.53)

Male, n (%) 2 
(15.4)

7 
(58.3)

4 
(33.3)

5
(41.7)

18 
(36.7)

Female, n (%) 11 
(84.6)

5 
(41.7)

8 
(66.7)

7 
(58.3)

31 
(63.3)

White, n (%) 12 
(92.3)

11
(91.7)

10 
(83.3)

11 
(91.7)

44 
(89.9)

African American, n (%) 1 
(7.7)

1 
(8.3)

2 
(16.7)

1 
(8.3)

5
(10.2)

Mean weight at  
screening, kg (Sd)

82.8 
(20.82)

90.1 
(22.30)

85.8 
(19.53)

87.5 
(20.96)

86.5 
(20.48)

Mean height at  
screening, cm (Sd)

164
(8.67)

169
(10.84)

167 
(7.05)

169 
(7.38)

167 
(8.56)

Figure 1. Oral Methotrexate (MtX) exposure Plateaus Above  
                ~15 mg/wk

Table 2. dose-normalized Methotrexate (MtX) Pharmacokinetic 
              (Pk) Parameters by treatment

Pk Parameters
Cmax  

(ng/ml/mg)
tmax 
(h)

λλz
(l/h)

half-life (h) dose-normalization AUC  
(ng • h/ml/mg)

0-t 0-24h 0-inf
Oral MtX (n=47)
     Mean 22.697 1.388 0.188 3.804 107.60 107.64 109.47
     Standard deviation 7.4967 0.8378 0.0333 0.6574 37.788 37.732 39.190
     CV% 33.0 60.4 17.7 17.3 35.1 35.1 35.8
     Median 20.600 1.250 0.183 3.797 99.81 99.81 100.64
     Minimum 9.37 0.50 0.13 2.44 59.2 59.2 59.5
     Maximum 48.10 6.00 0.28 5.42 207.5 207.5 214.3
     geometric mean 21.586 101.65 101.73 103.23
     geometric CV%a 32.7 34.7 34.6 35.3
SC MtX auto-injector (abdomen and thigh) (n=96)
     Mean 20.222 1.523 0.184 3.887 135.98 135.87 138.69
     Standard deviation 7.1509 0.9175 0.0331 0.7017 44.478 44.274 46.477
     CV% 35.4 60.3 18.0 18.1 32.7 32.6 33.5
     Median 19.127 1.275 0.180 3.843 123.19 123.20 126.76
     Minimum 9.52 0.48 0.12 2.61 65.5 65.5 65.8
     Maximum 47.20 6.08 0.27 5.90 288.7 288.6 299.5
     geometric mean 19.081 129.44 129.38 131.72
     geometric CV%a 35.1 32.0 31.9 32.8
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aGeometric CV% is calculated as Geometric CV% = 100*(exp(SD^2)-1)^0.5, where SD is the standard deviation (SD) of the log-transformed data.


