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Abstract
Methotrexate is the mainstay of treatment in rheumatoid arthritis (RA). Used for over 40 years as an anchor
treatment in a number of rheumatic diseases, it remains a gold standard of therapy for RA. This review will provide a
concise discussion of the efficacy and safety of methotrexate in rheumatic disease, with a focus on Rheumatoid
Arthritis.
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highly effective in treating RA, the role of MTX remains as an anchor
therapy in many patients.

Part 1: Efficacy, Mechanism of Action, Optimal Dosing

Methotrexate dosing

History

Despite the widespread use of MTX in RA, there is considerable
variability in the way that rheumatologists prescribe MTX therapy,
including dose and route of administration.

The first reported use of Methotrexate (MTX) in 1951 [1] was an
unnoticed event, but it would herald the beginnings of the acceptance
of MTX as conventional therapy for rheumatic disease. Thirty years
would elapse after this initial account before MTX use in
rheumatology became commonplace. Eventually, however, the use of
MTX has become standard therapy in rheumatic disease [2].
Even today, despite the advent of complex biologic agents for the
treatment of rheumatic diseases, MTX remains an anchor therapy,
used as a first line agent in a majority of patients.

Mechanism of action
The precise mechanism of MTX in treating rheumatic disease is
uncertain. The most widely accepted theory is that MTX prevents de
novo pyrimidine and purine synthesis, and therefore inhibits
lymphocyte proliferation [3]. Other putative mechanisms include
increased apoptosis of T cells [4], alteration of expression of cellular
adhesion molecules [5], increased release of the endogenous antinflammatory adenosine [6], reduction in expression of cellular
adhesion molecules [7], and anti-angiogenesis effects via indirect
mechanisms such as disruption of macrophage interaction. The key
message is that MTX likely acts via multiple pathways in RA, with no
single mechanism of action, perhaps explaining the drug’s
effectiveness in patients with different phenotypes.

Efficacy in Rheumatoid Arthritis
The efficacy of MTX in RA is well established. In addition to
reducing signs and symptoms of the disease, MTX therapy has been
shown to reduce radiographic progression of joint damage, improve
quality of life outcomes, and reduce mortality [8-11].
Of interest, MTX in combination with anti- TNF agents appears to
be more effective than monotherapy with anti-TNF therapy [12-14].
This reinforces the notion that while newer biologic therapies are
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Three pivotal RCT studies have directly compared the efficacy of
different oral MTX doses. These studies represent the best available
data comparing doses of MTX in RA, with the primary outcome
measures of efficacy and safety.
Furst et al. compared start doses of 5-10 mg weekly, 12.5-20 mg
weekly and 25-35 mg weekly versus placebo [15] in RA of long
duration who failed other Disease Modifying Antirheumatic Drugs
(DMARDs). The study confirmed MTX 12.5-20 mg weekly had a
significantly larger effect than placebo or lower dose on tender joint
count (TJC), pain, and global status. Dose toxicity was noted with
gastrointestinal (GI) and mucocutaneous toxicity highest in the 22-35
mg weekly group. In this study, radiologic outcomes were not
reported.
In the study reported by Schnabel et al. [16], a start dose of 15-25
mg weekly was evaluated, with increases or decreases dependent on
response and/or toxicity. These patients were of long disease duration,
with characteristics similar to the Furst cohort. The authors reported
that 27% of patients beginning at 15 mg weekly required an increase in
dose to improve efficacy, compared with only 3% of patients who
began at 25 mg weekly. There was no difference in toxicity between the
groups.
The Verstappen et al. [17] evaluated a DMARD naïve, early RA
cohort using a rapid escalation strategy versus slow escalation strategy.
In the first group, start dose was 7.5 mg weekly and then increasing by
5 mg per month to a mean maximum of 25 mg weekly. In the slow
escalation group, MTX was increased by 5 mg every 3 months to a
mean maximum of 18 mg weekly. More patients in the fast escalation
group achieved ACR 50 response with overall better improvements in
TJC, swollen joint count (SJC), pain, global status. Adverse events
(AEs) were similar in characteristics in both groups (Odds Ratio (OR)
2.3 for fast versus slow dose escalation). No additional effect was noted
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with respect to x-ray progression in the fast versus slow dose
escalators.
Parenteral MTX is purported to produce superior response and
fewer side effects. The data to support these statements is limited. An
early study evaluating parenteral administration used a switch from
oral MTX 15 mg weekly to subcutaneous (SC) MTX 15 mg weekly,
showing a slight increase in ACR 20 response (85% versus 77%) [18].
Toxicity was higher in the SC group with more patients withdrawn
due to AEs.
Based on these studies, an international consensus group [19] has
recommended a start dose of 15 mg weekly orally, escalating 5 mg per
month to 25-30 mg weekly as tolerated, and with consideration of
switch to SC dosing if response is inadequate.
These recommendations represent a realistic approach, based upon
the best available evidence.

Part 2: Safety
Concerns regarding the safety of MTX in rheumatic disease need to
be placed in the context of a risk-benefit analysis. The remainder of
this review will address the common and rare side effects associated
with low dose weekly MTX, attempting to place these in a commonsense framework.

Frequent, reversible and minor adverse effects
Neurological
Cognitive side effects include lethargy, impaired concentration and
headache. These side effects may limit therapy escalation and can be
assisted by folic acid supplementation. The neurotoxicity of MTX may
be related to the accumulation of adenosine due to the inhibition of
purine synthesis [20].
The effects are reversible, resolving with dose reduction or
cessation.

Gastrointestinal
The major side effects in this category are mucositis, mouth
ulceration, nausea and diarrhea. These are not common, usually
precluded by the adequate use of folic acid supplementation [21], and
resolve with reduction or cessation of therapy. The effects tend to
occur during the initial phases of therapy, often during the 24-48
hours post dose. Most of these effects will resolve with continuing
therapy but if the side effects are dose limiting or disabling, treatment
should be reassessed.

Nodulosis
An uncommon side effect, seen with reduced frequency as
treatment becomes more intensive and extra-articular manifestations
of RA become less frequent. Nevertheless, MTX can certainly increase
the occurrence of nodules, perhaps related to adenosine accumulation
and enhancement of giant cell formation [22].

More serious effects, less common
Hepatotoxicity
Reversible transaminase elevation, liver fibrosis and liver cirrhosis
are the three possible hepatic side effects of weekly low dose MTX. In
practical terms, reversible transaminase elevation is most common
with fibrosis and cirrhosis regarded as rare occurrences, more likely to
occur in the presence of risk factors such as excessive alcohol
consumption or pre-existing liver disease. Transaminase monitoring is
mandatory in all patients on low dose MTX with dose lowering or
cessation dependent on the level of transaminase elevation.
Registry data has provided new insights into the frequency of
transaminase abnormalities in cohorts taking low dose MTX for RA.
The CORRONA data registry conducted a review of patients taking
MTX as monotherapy or MTX and Leflunomide (LEF), a synthetic
DMARD with potential liver toxicity. The two drugs are commonly
used together to control active RA disease. Amino-transfersase (ALT)
elevation was recorded in 31.5% of patients in the combination group
compared with 6.8% in the MTX monotherapy group [23]. The
majority of the elevations (21.5%) were < 2 times the upper limit of
normal. AST elevation was noted in 16.9% of patients compared with
4.6% in the placebo group. The majority (16%) were < 2 times the
upper limit of normal.
The CORRONA registry data was used to establish odds ratio (OR)
for the development of LFT abnormalities with MTX monotherapy or
with the MTX/ LEF combination.
The OR was predominantly dependent on the MTX dose (and not
on the DMARD combination). At a dose of LEF 20 mg per day, in
combination with MTX 7.5 mg, the OR for developing liver
abnormalities was 2.15, increasing to an OR of 3.98 if a dose of MTX at
20 mg weekly was used.
Data from the Safety of Methotrexate and Leflunomide in RA trial
(SMILE) examined a cohort of 2975 patients collating data on
transaminase abnormalities over a 12 month period [24]. Patients
received the following therapies: MTX monotherapy 52.2% (n=1552),
LEF monotherapy 7.3% (n=217), MTX plus LEF 13.9% (n=415), and
neither MTX nor LEF 26.6% (n=791). The mean MTX dose was 14.6
mg weekly (standard deviation [SD] 9.1) in the monotherapy group
and 15.4 mg (SD 5.9) in the MTX/LEF combination group.
Transaminase abnormalities were reported in 12% (n=186) of patients
in the MTX monotherapy group, 16% (n=35) in the LEF monotherapy
group, 19% (n=79) in the MTX/LEF combination group and 14%
(n=109) in the group taking neither medication. There were no reports
of liver fibrosis or cirrhosis. MTX and/or LEF cessation due to AEs
were recorded in only a minority of patients.
The results from both large cohorts are reassuring and reinforce the
notion that serious liver abnormalities in patients using low dose MTX
are rare. Transaminase abnormalities can be regarded as low in
frequency and usually resolve with dose reduction or cessation of
MTX if this is deemed to be the cause.

Hematological abnormalities
Neutropenia and lymphopenia are the commonest abnormalities
encountered in RA. With the reduction in incidence of extra-articular
manifestations, such as Felty’s syndrome, thrombocytopenia has
become uncommon.
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Pancytopenia in patients taking MTX for treatment of RA is well
reported. At risk patients include the elderly, [25] those with
concomitant use of dihydrofolate reductase inhibitors [26], and
patients with renal impairment [27].
In the cross sectional study published by our group, across all
treatment groups, neutropenia as defined by a neutrophil count of <
2.0 x 109/L, was reported in 2.3% of the MTX monotherapy group,
5.5% of the LEF monotherapy group, 3.9% of the MTX/LEF
combination group and 4.2% of the group taking neither drug. It is
interesting to note that the rate of neutropenia was higher in patients
not taking MTX, than those taking MTX as monotherapy.
Additionally, these values did not correspond to an increased
incidence of infection.
The data is reassuring. A full blood count should remain as a
monitoring tool in patients taking low dose MTX for RA, but
reduction of the neutrophil count is very uncommon.

Pulmonary abnormalities
Lung disease associated with MTX therapy, either alone or in
combination with other drugs is a well-recognized but rare
complication (0.08% of treated patients) of therapy [28]. Factors
contributing to the risk of MTX- induced lung injury include preexisting interstitial lung diseases (ILD), cigarette smoking, and low
body weight [29].

Intercurrent infection risk
It has long been recognized that patients with RA have a higher risk
of infection. Case control studies comparing RA cohorts with healthy
populations show an increased risk of infection (positive microbial
results or imaging) in RA patients (19.6/100 person years compared
with 12.8/100 person years in healthy controls) [30]. The most
common infections occur in the broncho-pulmonary and urinary tract
[31].
In this context, low dose weekly MTX can be considered an
immunosuppressive, but the question is whether MTX is associated
with an increased risk of typical or atypical infections. To this end the
data is conflicting in part due to the inclusion of long term cohorts
with severe disease in analyses [32]. In other cohorts, steroids appear
to demonstrate a higher risk of infection compared with MTX [33]
and several large cohorts have not demonstrated a clear relationship
between MTX and increased infection risk [34-36].
Atypical infections have been linked to low dose MTX in case
reports but these cases appear to be isolated, associated with comorbidities and not common in clinical practice.

Drug therapy in patients with RA does appear to increase this risk
although caution should be used in interpreting this data given the
increased background incidence in RA patients.
In a Canadian study of 23,810 patients with RA, spanning years
1980–2003, hematologic malignancies was found to be developed in
619 patients (including lymphoma in 346, leukemia in 178 and
myeloma in 95). Analysis was performed to assess the effect of
DMARD therapy. The analysis showed the unadjusted ratios for
hematologic malignancy after drug exposures were: MTX 1.18 (95% CI
0.99-1.40), Azathioprine 1.44 (95% CI 1.01-2.03) and
cyclophosphamide 2.21 (95% CI, 1.52-3.20) [41].
The data are reassuring for MTX. Whilst there is an increase in risk,
this remains at a low level.

Summary
Weekly low dose MTX provides an efficacious, cost effective,
generally well tolerated treatment for RA. Physicians must be aware of
the risks associated with its use and monitor accordingly.
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