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Because of its efficacy and safety, methotrexate (MTX) is well established as the 
anchor drug for treatment of rheumatoid arthritis. Although MTX is typically 
administered orally, parenteral MTX offers greater bioavailability and may cause 
less gastrointestinal intolerability. Parenteral MTX may be considered for patients 
with rheumatoid arthritis who experience an inadequate response to oral MTX at 
the highest tolerated dose; however, its use remains low in the USA. To facilitate 
the administration of subcutaneous MTX, a state of the art MTX auto-injector that 
enables patients to self-administer prespecified doses of MTX subcutaneously was 
recently developed. This auto-injector may improve patient adherence and the ability 
to reach an optimally effective MTX dose, thereby allowing more patients with 
rheumatoid arthritis to obtain the maximum benefit from MTX.
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Methotrexate (MTX) has been recognized as 
a valuable treatment for rheumatoid arthritis 
(RA) for more than 30 years and, despite the 
emergence of many newer therapies, remains 
the cornerstone of RA treatment [1]. Cur-
rent guidelines from both the ACR [2] and 
the European League Against Rheumatism 
(EULAR) [3] recommend MTX as first-line 
therapy for RA, either alone or in combination 
with other disease-modifying antirheumatic 
drugs (DMARDs). MTX is also an important 
component of long-term therapy, and its use 
has been shown to be sustained for 5 years or 
more by greater than 70% of patients with RA 
[4,5]. The US FDA recently approved a MTX 
auto-injector (MTXAI; Otrexup™, Antares 
Pharma, NJ, USA) [6]. This MTXAI provides 
a mechanism for easy self-administration of 
subcutaneous (sc.) MTX, and serves as an 
alternative to standard oral and injectable (via 
vial, needle, and syringe) MTX formulations. 
This review focuses on the clinical impor-
tance of MTX for the treatment of RA, high-
lighting the value of sc. MTX in particular, in 
the context of the new MTXAI.

Clinical importance of MTX in the 
treatment of RA
Owing to its efficacy and safety, MTX has 
gained wide acceptance as a key treatment 
option for patients with RA. The emergence 
of biologic DMARDs has offered additional 
effective treatment options, delivered either 
alone or concomitantly with conventional 
DMARDs; however, the clinical data regard-
ing the relative efficacies of MTX and biolog-
ics may have contributed to an underestima-
tion of the efficacy of MTX [7]. Many of the 
key studies that identified a greater clinical 
benefit of biologics compared with MTX 
relied on low (≤20 mg) and rigidly standard-
ized MTX doses [8–11]. Treat to target proto-
cols that allow dose escalation may, however, 
be critical in maximizing the benefit from 
MTX [12,13]. Importantly, almost all Phase III 
trials of biologic agents have used baseline 
MTX inadequate responders as compara-
tors [14–21]; by selecting for MTX inadequate 
responders these studies bias patient popula-
tions against continued MTX use and are 
likely to underestimate the effect of MTX.
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Despite these common clinical trial limitations, 
multiple parallel-design studies have been conducted 
in patients who were naive to MTX and biologics, 
thereby offering a more accurate comparison of the 
efficacy of biologics with that of MTX. TEMPO was a 
randomized double-blind study comparing clinical and 
radiographic outcomes of MTX, etanercept, and the 
combination of MTX and etanercept among patients 
not currently receiving either drug [9]. Previous MTX 
use was permitted, provided it was not received within 
6 months of study enrollment and patients had not 
experienced toxic effects or a lack of efficacy. Although 
the combination of MTX with etanercept was found to 
be the most effective treatment option, the clinical effi-
cacies of MTX and etanercept alone were comparable 
over the 3-year duration of the study, with no signifi-
cant differences in mean Disease Activity Score found 
between MTX and etanercept patients at any time 
point measured [22]. Additionally, although MTX was 
associated with greater mean radiographic progression 
(measured by modified total Sharp score and erosion 
scores) than etanercept, this difference was driven by 
a minority of patients. In fact, the majority of patients 
in both treatment groups (57% for MTX and 68% for 
etanercept) experienced no radiographic progression 
(total Sharp score ≤0.5) throughout the study [9].

Similar findings regarding the efficacy of MTX rela-
tive to a biologic therapy were observed in the PRE-
MIER trial, a randomized double-blind study compar-
ing the efficacy and safety of MTX, adalimumab, and 
the combination of MTX and adalimumab among 
MTX-naive patients [8]. Although the combination of 
MTX and adalimumab produced the greatest response 
rates, no significant differences in ACR20, ACR50, 
ACR70 or ACR90 responses were found between 
patients treated with adalimumab or MTX alone, mea-
sured after either 1 or 2 years of treatment, suggesting 
a similar degree of clinical efficacy between the two 
therapies [8]. As was observed with etanercept, MTX 
monotherapy was associated with greater mean radio-
graphic progression than biologic monotherapy; how-
ever probability plots revealed a similar proportion of 
patients in the MTX and adalimumab monotherapy 
groups with significant radiographic progression [23].

Together with other studies [11,24–25], TEMPO and 
PREMIER highlight a high degree of clinical efficacy 
for MTX in the treatment of RA, which is compatible 
with the important role that MTX has played within 
the therapeutic landscape [7,26].

Advantages of subcutaneous MTX for the 
treatment of rheumatoid arthritis
MTX can be delivered either orally or parenterally, 
although the vast majority of patients with RA in 

the USA receive oral treatment [27]. The most com-
mon limitations of oral MTX leading to its discon-
tinuation are poor tolerability and inadequate effi-
cacy [5]. Parenteral MTX appears to enable patients 
to achieve higher concentrations of MTX because of 
increased bioavailability and tolerability, and may be 
an underutilized treatment option.

Although generally well tolerated, oral MTX is 
associated with certain limitations including gastroin-
testinal (GI) symptoms such as nausea and diarrhea. 
Although physicians may regard these as ‘nuisance 
symptoms’, they not infrequently lead to treatment 
discontinuation. GI symptoms have been reported to 
cause approximately 13% of MTX treatment discon-
tinuations [5]; however, we estimate an even greater 
frequency based on our personal clinical experience. 
GI symptoms may become more apparent over the 
course of treatment, as MTX doses typically increase 
[28], and may limit patients’ ability to maintain an 
optimally effective MTX dose. Switching to par-
enteral administration has been shown in multiple 
studies to improve the GI tolerability of MTX and 
therefore allow higher effective doses to be adminis-
tered [29–31]. In addition to the GI symptoms of oral 
MTX, additional safety concerns less frequently lead-
ing to treatment discontinuation are common to both 
oral and parenteral MTX, and include oral ulcers, 
skin rash and hepatic and hematologic laboratory 
abnormalities [5].

The ability to achieve higher doses and greater effi-
cacy with parenteral MTX is supported by a large 
retrospective analysis of patients with RA within the 
US Veterans Administration database, which ana-
lyzed factors associated with MTX dosing patterns 
and therapeutic decisions [32]. Compared to patients 
who received oral MTX, patients in this study who 
were treated with parenteral MTX were found to 
have achieved higher MTX doses, consistent with 
greater tolerability. Furthermore, higher maximum 
MTX doses were associated with a reduced need for 
additional concomitant therapies [32], suggesting that 
higher drug exposure achievable with parenteral MTX 
may have offered enhanced disease control for patients 
who were unable to increase their oral MTX dose.

Dose optimization of oral MTX is also limited by 
absorption saturability factors, as the uptake of MTX 
by the GI tract relies on a saturable transporter, RFC1 
[33]. Pharmacokinetic studies have demonstrated 
that the absorption of MTX decreases by as much as 
30% at an oral dose of 15 mg or more compared with 
parenteral administration [33,34]. Therefore, paren-
teral administration may provide an opportunity for 
patients with an inadequate response to high doses of 
oral MTX to achieve an optimally effective dose.
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A randomized double-blind trial conducted across 
eight sites provided a direct head-to-head comparison 
of the efficacy and safety of oral versus sc. MTX among 
384 MTX-naive patients with active RA [35]. This 
study randomized patients to receive 15 mg/week oral 
MTX or 15 mg/week sc. MTX and required patients 
to switch to 15 mg/week sc. or 20 mg/week sc., respec-
tively, if ACR20 was not achieved after 16 weeks of 
treatment. A significant benefit of sc. MTX was appar-
ent after 24 weeks of treatment; rates of both ACR20 
and ACR70 responses were significantly greater among 
patients receiving sc. MTX than among those receiv-
ing oral MTX (p < 0.05). Furthermore, among the oral 
MTX ACR20 nonresponders at week 16, switching to 
an equivalent dose of sc. MTX was associated with a 
30% ACR20 response rate at week 24 [35]. The inci-
dence of adverse events was similar between the two 
groups, although the intensity of adverse event was not 
evaluated; a previous study, however, had observed a 
marked decrease in the severity of most GI symptoms 
after switching to sc. MTX [31].

Multiple studies have concluded that switching to sc. 
MTX among patients who were intolerant of or inad-
equately responsive to oral MTX is an effective treat-
ment option. CAMERA was a randomized, 2-year, 
multicenter strategy trial that compared a conventional 
MTX treatment strategy, in which dose adjustments 
were made at the discretion of each rheumatologist, to 
an intensive MTX treatment strategy, in which dose 
adjustments were calculated by a computerized deci-
sion protocol based on various patient parameters [13]. 
Among the specifications of the intensive treatment 
protocol was a requirement that patients switch to sc. 
MTX when the highest tolerated dose of oral MTX 
proved inadequate. Among patients who switched 
from oral to sc. MTX, a significant improvement in 
Disease Activity Score including 28 joints (DAS28) 
was observed 1 month after the switch [29]. Further-
more, among these patients, those who switched due to 
intolerability and those who switched due to inefficacy 
had comparable improvement [29], suggesting that sc. 
MTX may be a valuable treatment option for patients 
regardless of whether they switched from oral MTX 
because of intolerance or inadequate efficacy.

A retrospective analysis of patients with RA fur-
ther assessed the clinical benefits of sc. MTX com-
pared with oral MTX, based on treatment protocols 
established at each treatment center [30]. This study 
examined 78 patients with RA who received sc. MTX 
monotherapy after discontinuing oral MTX due to 
intolerance or inefficacy, matched by disease dura-
tion and baseline Disease Activity Score to a control 
population of 78 patients with RA who received con-
tinuous oral MTX monotherapy. Patients receiving sc. 

MTX experienced significant improvement 6 months 
after switching from oral MTX: DAS28 improved by 
1.2 points or more (a clinically relevant change) in 
74% of patients treated with sc. MTX compared with 
48% of patients treated with oral MTX (p = 0.035), 
and low disease activity (DAS28 <3.2) was achieved by 
29% of patients treated with sc. MTX compared with 
16% of patients treated with oral MTX (p = 0.02) [30].

Taken together, this body of data suggests that 
sc. MTX may be a valuable and underutilized treat-
ment option for patients with RA, particularly 
among patients who are intolerant of or inadequately 
responsive to oral MTX.

Use of a MTXAI to deliver subcutaneous 
MTX: bioavailability & safety
Despite the advantages of sc. MTX, safe and accurate 
sc. delivery with a standard vial, needle, and syringe 
may be difficult for many patients with RA, and these 
difficulties may contribute to the low rate of sc. MTX 
use, particularly in the USA. Manual dexterity, which 
may be limited among patients with RA, is required to 
consistently measure an accurate dose for injection and 
to prevent accidental needle injury. Additionally, a fear 
of needles may cause an aversion to injections for some 
patients. Until recently sc. administration of MTX 
was not approved for RA in the US, and this delivery 
option has mainly been reserved for patients who are 
intolerant of or inadequately responsive to oral MTX. 
The MTXAI Otrexup allows patients to self-admin-
ister prespecified doses of sc. MTX, and was recently 
developed to accommodate the specific needs of the 
RA patient population [27,36]. This MTXAI is approved 
by the FDA [6], and may overcome many of the limi-
tations of standard sc. MTX delivery via vial, needle, 
and syringe. Unlike standard syringes, the MTXAI is 
prefilled, requires no movement of the thumb to ini-
tiate the injection, and keeps the needle hidden from 
view throughout the injection process. Similar auto-
injectors have been shown to cause less pain than 
syringes, to be preferred by patients and healthy volun-
teers [37,38], and to increase long-term treatment adher-
ence [39]. The MTXAI is currently approved for the 
management of patients with severe, active RA who are 
intolerant of or had an inadequate response to first-line 
therapy [6], and may be an important treatment option 
for patients.

A critical advantage of sc. over oral administration 
of MTX is its improved systemic exposure. The phar-
macokinetics of low-dose MTX has been known for 
over two decades now [40,41]; however, a head-to-head 
(oral vs sc. MTX) pharmacokinetic study with com-
monly used doses to treat RA had until recently not 
been performed. To delineate the pharmacokinetic 
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Figure 1. Mean systemic exposure of methotrexate 
following oral and methotrexate auto-injector 
administration.
AUC: Area under the curve.
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dose exposure with respect to the MTXAI, a random-
ized, open-label, three-way crossover, Phase II study 
was conducted that assessed the bioavailability of 
MTX delivered by the MTXAI, administered either 
in the abdomen or thigh, to that of oral MTX [27]. The 
study enrolled 49 adult patients with RA in the USA 
who had been receiving MTX for at least 3 months; 
approximately 78% of these patients were receiving 
oral MTX. Patients were assigned to a MTX dose most 
consistent with their prior MTX dose and disease status 
(10, 15, 20 or 25 mg) and received a random sequence 
of three MTX treatments: oral MTX, MTXAI deliv-
ered to the abdomen, and MTXAI delivered to the 
thigh. Pharmacokinetic analysis demonstrated a bio-
equivalence between MTXAI delivered to the abdo-
men and thigh; however, the bioavailability of oral 
MTX was consistently lower than that of the MTXAI 
at each of the four dose levels (Figure 1). Furthermore, 
whereas systemic exposure increased in proportion to 
the dose when MTX was delivered by the MTXAI, sys-
temic exposure of orally administered MTX plateaued 
at ≥15 mg, indicating a significant saturability limita-
tion [27]. These findings suggest that the MTXAI may 
overcome the dose limitations of oral MTX and may 
help patients achieve an optimally effective MTX dose.

The pain and the ease of use of the MTXAI were 
assessed in an open-label Phase II study of 101 patients 
with RA, each of whom was trained to use the device 
and successfully completed a single self-injection under 
the observation of site healthcare personnel [36]. Patients 
in this study reported minimal pain; mean and median 
pain scores immediately following self-administration 
were 3.6 and 1.0, respectively, on a 100-point visual 
analog scale, in which 0 indicated no pain and 100 indi-
cated the worst pain imaginable. Injection-site erythema 
was infrequent, with 4–11.7% of patients experiencing 

very slight or barely perceptible erythema. Patients also 
reported minimal difficulties with self-administration; 
98% of patients agreed or strongly agreed that the 
‘device was easy to use’, and 100% of patients indicated 
that ‘written instructions were clear and easy to follow’. 
Safety of the MTXAI was also assessed in both Phase II 
studies, and no unexpected adverse events were identi-
fied based on the known safety profile of MTX [27,36]. 
Together, these Phase II studies support the MTXAI 
as a safe and easy-to-use option for the sc. administra-
tion of MTX to patients with RA, and suggest that 
this device may provide greater opportunities for dose 
optimization than oral MTX.

Conclusion
MTX is an integral component of RA treatment and is 
valuable as both a first-line DMARD and a long-term 
RA treatment. The value of sc. compared with oral 
administration of MTX has been highlighted by mul-
tiple clinical studies that demonstrate significant advan-
tages in MTX bioavailability and significant clinical 
benefits to switching from oral to sc. administration in 
situations of intolerability or inefficacy. A switch to sc. 
MTX in these circumstances has been recommended as 
a therapeutic option by both Canadian guidelines [42] 
and European experts as the result of a systematic litera-
ture search into optimal MTX dosing and administra-
tion [43]. The use of sc. MTX to optimize dosing may 
allow more patients to achieve an adequate response 
to MTX and thereby delay the progression to biologic 
therapies, which may be important because of cost and 
safety concerns associated with the use of biologics.

Although sc. administration of MTX is infrequent 
within clinical practice in the USA, the ease of use and 
minimal pain associated with the MTXAI may make 
it a more attractive treatment option for patients with 
RA. MTX auto-injection may be a valuable treatment 
option for clinicians to consider and can be viewed as 
an important tool to facilitate safe and consistent sc. 
administration.
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Executive summary

Clinical importance of methotrexate in the treatment of rheumatoid arthritis
•	 Methotrexate (MTX) is the cornerstone of treatment for rheumatoid arthritis and is used by most rheumatoid 

arthritis patients, either alone or in combination with additional disease-modifying antirheumatic drugs.
•	 Although available in both oral and parenteral formulations, MTX is typically delivered orally in the USA.
•	 The major limitations of oral MTX are gastrointestinal intolerability and absorption saturability at high doses.
Advantages of subcutaneous MTX for the treatment of rheumatoid arthritis
•	 Compared to oral administration, subcutaneous administration of MTX provides greater bioavailability, and it 

may mitigate gastrointestinal distress.
•	 Switching from oral to subcutaneous administration of MTX when the greatest tolerated oral dose yields an 

inadequate response may be an effective treatment strategy for patients with rheumatoid arthritis.
•	 The use of subcutaneous MTX may be limited by patients’ fear of needles, difficulties administering an 

accurate dose, and manual dexterity limitations.
Use of a MTX auto-injector to deliver subcutaneous MTX: bioavailability & safety
•	 A MTX auto-injector was recently developed that allows patients to self-administer prespecified doses of MTX 

subcutaneously.
•	 The MTX auto-injector was found to provide greater systemic exposure than oral MTX at all doses tested, and 

was reported by patients to be easy to use and nearly pain-free.
•	 Self-administration of MTX using the auto-injector may increase treatment adherence among patients with 

rheumatoid arthritis and may delay the need to progress to biologic drugs.

References
Papers of special note have been highlighted as:  
• of interest; •• of considerable interest

1 Yazdany J, Schmajuk G, Robbins M et al. Choosing wisely: 
the American College of Rheumatology’s top 5 list of things 
physicians and patients should question. Arthritis Care Res. 
(Hoboken) 65(3), 329–339 (2013).

•  Current ACR recommendations for the treatment of 
rheumatoid arthritis.

2 Singh JA, Furst DE, Bharat A et al. 2012 update 
of the 2008 American College of Rheumatology 
recommendations for the use of disease-modifying 
antirheumatic drugs and biologic agents in the treatment of 
rheumatoid arthritis. Arthritis Care Res. (Hoboken) 64(5), 
625–639 (2012).

3 Smolen JS, Landewe R, Breedveld FC et al. EULAR 
recommendations for the management of rheumatoid 
arthritis with synthetic and biological disease-modifying 
antirheumatic drugs: 2013 update. Ann. Rheum. Dis. 73(3), 
492–509 (2014).

•  Current European League Against Rheumatism 
recommendations for the treatment of rheumatoid arthritis.

4 Fleischmann R. Don’t forget traditional DMARDs. 
Rheumatology (Oxford) 50(3), 429–430 (2011).

5 Yazici Y, Sokka T, Kautiainen H, Swearingen C, Kulman I, 
Pincus T. Long term safety of methotrexate in routine 
clinical care: discontinuation is unusual and rarely the 
result of laboratory abnormalities. Ann. Rheum. Dis. 64(2), 
207–211 (2005).

6 Otrexup, package insert. Antares Pharma, Ewing, NJ, USA 
(2013).

7 Pincus T, Furer V, Sokka T. Underestimation of the efficacy, 
effectiveness, tolerability, and safety of weekly low-dose 
methotrexate in information presented to physicians and 
patients. Clin. Exp. Rheumatol. 28(5 Suppl. 61), S68–S79 
(2010).

8 Breedveld FC, Weisman MH, Kavanaugh AF et al. 
The PREMIER study: a multicenter, randomized, 
double-blind clinical trial of combination therapy with 
adalimumab plus methotrexate versus methotrexate alone 
or adalimumab alone in patients with early, aggressive 
rheumatoid arthritis who had not had previous methotrexate 
treatment. Arthritis Rheum. 54(1), 26–37 (2006).

9 Klareskog L, Van Der Heijde D, De Jager JP et al. 
Therapeutic effect of the combination of etanercept and 
methotrexate compared with each treatment alone in 
patients with rheumatoid arthritis: double-blind randomised 
controlled trial. Lancet 363(9410), 675–681 (2004).

10 Smolen JS, Van Der Heijde DM, St Clair EW et al. 
Predictors of joint damage in patients with early rheumatoid 
arthritis treated with high-dose methotrexate with or without 
concomitant infliximab: results from the ASPIRE trial. 
Arthritis Rheum. 54(3), 702–710 (2006).

11 Westhovens R, Robles M, Ximenes AC et al. Clinical efficacy 
and safety of abatacept in methotrexate-naive patients with 
early rheumatoid arthritis and poor prognostic factors. Ann. 
Rheum. Dis. 68(12), 1870–1877 (2009).

12 Grigor C, Capell H, Stirling A et al. Effect of a treatment 
strategy of tight control for rheumatoid arthritis (the 
TICORA study): a single-blind randomised controlled trial. 
Lancet 364(9430), 263–269 (2004).

13 Verstappen SM, Jacobs JW, Van Der Veen MJ et al. Intensive 
treatment with methotrexate in early rheumatoid arthritis: 



350 Int. J. Clin. Rheumatol. (2014) 9(4) future science group

Drug Evaluation    Keystone & Freundlich

aiming for remission. Computer Assisted Management in 
Early Rheumatoid Arthritis (CAMERA, an open-label 
strategy trial). Ann. Rheum. Dis. 66(11), 1443–1449 (2007).

14 Emery P, Fleischmann R, Filipowicz-Sosnowska A et al. 
The efficacy and safety of rituximab in patients with active 
rheumatoid arthritis despite methotrexate treatment: results 
of a Phase IIb randomized, double-blind, placebo-controlled, 
dose-ranging trial. Arthritis Rheum. 54(5), 1390–1400 
(2006).

15 Kay J, Matteson EL, Dasgupta B et al. Golimumab 
in patients with active rheumatoid arthritis despite 
treatment with methotrexate: a randomized, double-blind, 
placebo-controlled, dose-ranging study. Arthritis 
Rheum. 58(4), 964–975 (2008).

16 Keystone E, van der Heijde D, Mason D Jr et al. 
Certolizumab pegol plus methotrexate is significantly more 
effective than placebo plus methotrexate in active rheumatoid 
arthritis: findings of a fifty-two-week, Phase III, multicenter, 
randomized, double-blind, placebo-controlled, parallel-group 
study. Arthritis Rheum. 58(11), 3319–3329 (2008).

17 Kremer JM, Genant HK, Moreland LW et al. Effects of 
abatacept in patients with methotrexate-resistant active 
rheumatoid arthritis: a randomized trial. Ann. Intern. 
Med. 144(12), 865–876 (2006).

18 Lipsky PE, Van Der Heijde DM, St Clair EW et al. 
Infliximab and methotrexate in the treatment of rheumatoid 
arthritis. Anti-Tumor Necrosis Factor Trial in Rheumatoid 
Arthritis with Concomitant Therapy Study Group. N. Engl. 
J. Med. 343(22), 1594–1602 (2000).

19 Maini R, St Clair EW, Breedveld F et al. Infliximab 
(chimeric anti-tumour necrosis factor alpha monoclonal 
antibody) versus placebo in rheumatoid arthritis patients 
receiving concomitant methotrexate: a randomised 
Phase III trial. ATTRACT Study Group. Lancet 354(9194), 
1932–1939 (1999).

20 Maini RN, Taylor PC, Szechinski J et al. Double-blind 
randomized controlled clinical trial of the interleukin-6 
receptor antagonist, tocilizumab, in European patients with 
rheumatoid arthritis who had an incomplete response to 
methotrexate. Arthritis Rheum. 54(9), 2817–2829 (2006).

21 Weinblatt ME, Keystone EC, Furst DE et al. Adalimumab, 
a fully human anti-tumor necrosis factor alpha monoclonal 
antibody, for the treatment of rheumatoid arthritis in 
patients taking concomitant methotrexate: the ARMADA 
trial. Arthritis Rheum. 48(1), 35–45 (2003).

22 Van Der Heijde D, Klareskog L, Landewe R et al. Disease 
remission and sustained halting of radiographic progression 
with combination etanercept and methotrexate in patients 
with rheumatoid arthritis. Arthritis Rheum. 56(12), 
3928–3939 (2007).

23 Emery P, Genovese MC, Van Vollenhoven R, Sharp JT, 
Patra K, Sasso EH. Less radiographic progression with 
adalimumab plus methotrexate versus methotrexate 
monotherapy across the spectrum of clinical response in 
early rheumatoid arthritis. J. Rheumatol. 36(7), 1429–1441 
(2009).

24 Emery P, Breedveld F, Van Der Heijde D et al. Two-year 
clinical and radiographic results with combination 

etanercept-methotrexate therapy versus monotherapy in early 
rheumatoid arthritis: a two-year, double-blind, randomized 
study. Arthritis Rheum. 62(3), 674–682 (2010).

25 O’Dell JR, Curtis JR, Mikuls TR et al. Validation of the 
methotrexate-first strategy in patients with early, poor-
prognosis rheumatoid arthritis: results from a two-year 
randomized, double-blind trial. Arthritis Rheum. 65(8), 
1985–1994 (2013).

26 Sokka T, Kautiainen H, Toloza S et al. QUEST-RA: 
quantitative clinical assessment of patients with rheumatoid 
arthritis seen in standard rheumatology care in 15 countries. 
Ann. Rheum. Dis. 66(11), 1491–1496 (2007).

27 Schiff MH, Jaffe JS, Freundlich B. Head-to-head, 
randomized, crossover study of oral vs subcutaneous 
methotrexate in patients with rheumatoid arthritis: 
drug-exposure limitations of oral methotrexate at doses 
≥15 mg may be overcome with subcutaneous administration. 
Ann. Rheum. Dis. 73, 1549–1551 (2014). 

••	 Bioavailability	study	comparing	oral	methotrexate	(MTX)	
with	the	MTX	auto-injector	delivered	to	the	abdomen	
and thigh.

28 Van Der Heijden JW, Dijkmans BA, Scheper RJ, Jansen G. 
Drug Insight: resistance to methotrexate and other disease-
modifying antirheumatic drugs – from bench to bedside. 
Nat. Clin. Pract. Rheumatol. 3(1), 26–34 (2007).

29 Bakker MF, Jacobs JW, Welsing PM et al. Are switches from 
oral to subcutaneous methotrexate or addition of ciclosporin to 
methotrexate useful steps in a tight control treatment strategy 
for rheumatoid arthritis? A post hoc analysis of the CAMERA 
study. Ann. Rheum. Dis. 69(10), 1849–1852 (2010). 

•  Post hoc	analysis	of	the	effectiveness	of	switching	from	oral	
to	subcutaneous	(sc.)	MTX	owing	to	inefficacy.

30 Mainman H, McClaren E, Heycock C, Saravanan V, 
Hamilton J, Kelly C. When should we use parenteral 
methotrexate? Clin. Rheumatol. 29(10), 1093–1098 (2010).

•		 Retrospective	analysis	of	the	effectiveness	of	switching	
from	oral	to	sc.	MTX	owing	to	intolerance	or	inefficacy.

31 Rutkowska-Sak L, Rall-Bakalarska M, Lisowska B. Oral vs. 
subcutaneous low-dose methotrexate treatment in reducing 
gastrointestinal side effects. Reumatologia 47(4), 207–211 
(2009).

32 Ng B, Chu A. Factors associated with methotrexate dosing 
and therapeutic decisions in veterans with rheumatoid 
arthritis. Clin. Rheumatol. 33(1), 21–30 (2014).

33 Tian H, Cronstein BN. Understanding the mechanisms 
of action of methotrexate: implications for the treatment 
of rheumatoid arthritis. Bull. NYU Hosp. Jt. Dis. 65(3), 
168–173 (2007).

34 Hoekstra M, Haagsma C, Neef C, Proost J, Knuif A, 
Van De Laar M. Bioavailability of higher dose methotrexate 
comparing oral and subcutaneous administration in patients 
with rheumatoid arthritis. J. Rheumatol. 31(4), 645–648 
(2004).

35 Braun J, Kastner P, Flaxenberg P et al. Comparison of the 
clinical efficacy and safety of subcutaneous versus oral 
administration of methotrexate in patients with active 
rheumatoid arthritis: results of a six-month, multicenter, 



www.futuremedicine.com 351future science group

Methotrexate in rheumatoid arthritis    Drug Evaluation

randomized, double-blind, controlled, Phase IV trial. 
Arthritis Rheum. 58(1), 73–81 (2008).

•		 Head-to-head	comparison	of	the	efficacy	and	safety	of	oral	
and	sc.	MTX.

36 Freundlich B, Kivitz A, Jaffe J. Nearly pain-free 
self-administration of subcutaneous methotrexate with an 
auto-injector: results of a Phase 2 clinical trial in patients 
with rheumatoid arthritis who have functional limitations. 
J. Clin. Rheumatol. 20(5), 256–260 (2014). 

••	 Actual	human	use	study	assessing	the	pain	and	ease	of	use	
of	the	MTX	auto-injector.

37 Berteau C, Schwarzenbach F, Donazzolo Y et al. Evaluation 
of performance, safety, subject acceptance, and compliance 
of a disposable autoinjector for subcutaneous injections in 
healthy volunteers. Patient Prefer Adher. 4, 379–388 (2010).

38 Kivitz A, Cohen S, Dowd JE et al. Clinical assessment of 
pain, tolerability, and preference of an autoinjection pen 
versus a prefilled syringe for patient self-administration of 
the fully human, monoclonal antibody adalimumab: the 
TOUCH trial. Clin. Ther. 28(10), 1619–1629 (2006).

39 Pozzilli C, Schweikert B, Ecari U, Oentrich W, Betaplus 
Study G. Supportive strategies to improve adherence to 
IFN beta-1b in multiple sclerosis – results of the betaPlus 
observational cohort study. J. Neurol. Sci. 307(1–2), 120–126 
(2011).

40 Herman RA, Veng-Pedersen P, Hoffman J, Koehnke R, 
Furst DE. Pharmacokinetics of low-dose methotrexate in 
rheumatoid arthritis patients. J. Pharm. Sci. 78(2), 165–171 
(1989).

41 Van Roon EN, Van De Laar MA. Methotrexate 
bioavailability. Clin. Exp. Rheumatol. 28(5 Suppl. 61), 
S27–S32 (2010).

42 Katchamart W, Bourre-Tessier J, Donka T et al. Canadian 
recommendations for use of methotrexate in patients with 
rheumatoid arthritis. J. Rheumatol. 37(7), 1422–1430 
(2010).

43 Visser K, Van Der Heijde D. Optimal dosage and route of 
administration of methotrexate in rheumatoid arthritis: a 
systematic review of the literature. Ann. Rheum. Dis. 68(7), 
1094–1099 (2009).


