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Abstract: Methotrexate (MTX) is a remarkable drug with a key role in the management of rheumatoid
arthritis (RA) at every stage of its evolution. Its attributes include good overall efficacy for signs
and symptoms, inhibition of structural damage and preservation of function with acceptable and
manageable safety, a large dose-titratable range, options for either an oral or parenteral route of
administration, and currently unrivalled cost-effectiveness. It has a place as a monotherapy and
also as an anchor drug that can be safely used in combination with other conventional synthetic
disease-modifying antirheumatic drugs (csDMARDs) or used concomitantly with biological DMARDs
or targeted synthetic DMARDs. MTX is not without potential issues regarding toxicity, notably
hepatotoxicity and bone marrow toxicity, as well as tolerability problems for some, but not all,
patients. But many of these issues can be mitigated or managed. In the face of a welcome expansion
in available targeted therapies for the treatment of RA, MTX looks set to remain at the foundation
of pharmacotherapy for the majority of people living with RA and other inflammatory rheumatic
diseases. In this article, we provide an evidence-based discussion as to how to achieve the best
outcomes with this versatile drug in the context of a treat-to-target strategy for the management of RA.

Keywords: methotrexate; rheumatoid arthritis; tolerability; efficacy; posology; titration; oral route;
subcutaneous route; bioavailability; effectiveness

1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by inflammation, pain,
stiffness, and progressive joint destruction with a detrimental impact on joint function, work ability, and
health-related quality of life (HrQoL) [1]. The primary goal of treating patients with RA is to maximize
long-term HrQoL through control of symptoms, prevention of structural damage, normalization
of function, and participation in social and work-related activities. Abrogation of inflammation is
considered the most important way to achieve optimal outcomes [2], and its achievement is facilitated
by Treat-to-Target (T2T) recommendations [2].
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The T2T paradigm has emerged during the last decade and was incorporated in recommendations
issued primarily in 2010 and recently updated [2]. The T2T paradigm relies on five principles: the
definition of a treatment target; the close and regular assessment of disease activity using composite
measures that include joint counts; the regular adaptation of therapy, if the target is not achieved within
a particular timeframe; the consideration of individual patients” aspects; and shared decision-making
with the patient. A T2T strategy is more effective in terms of reducing disease activity compared to
routine care [3], and has a beneficial effect on working ability. T2T principles underpin the current
recommendations of European League Against Rheumatism (EULAR) Task Force [4], American
College of Rheumatology (ACR) guidelines [5], and the Canadian Rheumatology Association (CRA)
recommendations [6] and the Asian APLAR guidelines [7]. T2T overarching principles affirm the
necessity of a shared decision between patient and the whole team involved in the care of RA [2].

The ideal treatment target is remission [8], or, if remission cannot be achieved, low disease activity
(LDA). Remission is associated with the best achievable outcomes including limitation or prevention
of joint damage [9], preservation of physical function, and work capacity as well as optimizing overall
quality of life [10,11]. Furthermore, remission reduces comorbidity risks [12]. Treatment targets
should however be adapted according to the presence of comorbidities, individual patient factors
and drug-associated risks [2] to ensure the most favorable benefit: risk ratio for any given patient.
Treatment should be titrated to the therapeutic response assessed by composite measures of disease
activity, ideally with therapy adjustment at least every three months [2] if the patient is not in remission,
a recommendation based on evidence provided by clinical trials [13—15], until the desired treatment
target is reached.

Early treatment [16] and rapid attainment of the targeted endpoint are critical. Disease-modifying
anti-theumatic drugs (DMARDs) are the main therapy of RA. The most commonly prescribed
conventional synthetic (cs) DMARDs are methotrexate (MTX), leflunomide, sulfasalazine, and
hydroxychloroquine [6]. Based on its efficacy, safety, large dose-titratable range, options for either
an oral or parenteral route of administration, and cost-effectiveness, MTX holds a unique place in
the management of RA, with a role at every stage of the evolution of this chronic condition. MTX
monotherapy is recommended as an initial pharmacological strategy [4-6], but it can also be used as an
“anchor drug” in combination with another conventional synthetic disease-modifying antirheumatic
drugs (csDMARD), any biological DMARD (bDMARD), or targeted synthetic DMARD (tsDMARD) [4].
MTX is currently the most commonly used first-line therapy for RA in the world [17].

While recommendations advocate the use of methotrexate at various positions in the contemporary
treatment paradigm, the heterogeneity of presentation of RA and versatility of approaches to effective
MTX use are such that there is need for evidence- and experience-based supplementary information to
enable clinicians to get the most out of MTX for their patients in the T2T era. Notably, this process
includes allaying any misconceptions that patients may have concerning this therapy, adapting dose
and administration routes for optimal efficacy, mitigating toxicity and tolerability issues, and taking
into account the relatively slow kinetic of response, which can be managed by the use of bridging
steroids as appropriate.

In this position paper, we address these and other issues regarding the optimal use of MTX in
a target population comprising adult (age > 18 years) patients meeting current classification criteria
for RA and patients with early inflammatory arthritis suspected of having RA but not yet fulfilling
classification criteria.

2. Pharmacology

2.1. Pharmacokinetics

MTX (4-amino-10-methylfolic acid), an antifolate agent that was licensed for a RA indication
in the 1980s [18], is a prodrug that becomes active when glutamated within cells, exhibiting a high
binding activity for dihydrofolate reductase (DHFR) [19].
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Oral MTX is absorbed from the small gut by an active transport mechanism involving the
proton-coupled folate transporter. Bioavailability ranges from 30% to 70% [20] and plateaus for
single oral dose >15 mg [21], suggesting an absorption limitation [22]. Intracellular MTX is gradually
polyglutamated (MTXGluy,). There is a competitive process between glutamation and deglutamation
and steady-state levels of intracellular MTX are reached in a median time of 28 weeks with variability
between patients due to different polyglutamation rates [23,24]. The major determinants of MTXGlup
concentrations are age, renal function, and MTX dose [25]. Serum concentration of MTX falls rapidly
following an intravenous administration [26]. The plasma half-life is 4.5 h to 10 h [27] but MTX is
retained within cells long after its serum clearance. Excretion of MTX is mainly renal, occurring
through glomerular filtration and active tubular excretion. Seventy-five percent of MTX is excreted
unchanged in the urine with large interpatient variability [28].

The active transport mechanism limits oral MTX absorption resulting in lower bioavailability
of higher MTX doses. Interestingly, bioavailability may increase by splitting the oral dose [22] or
switching to a parenteral route [22]. Polyglutamation is progressive, explaining the slow onset of the
action of MTX [19] and the delay before maximal benefit. In some patients with low glutamation
rates, a relatively low dosing strategy will lengthen the time required for adequate drug concentration
to be achieved [23]. This may be detrimental, as higher intracellular MTXGlu, levels have been
associated with better clinical response [29]. The subcutaneous (SC) administration route is associated
with a significant increase in long-chain MTXGlu, when compared to the oral route [30]. Renal
function impacts the generation of MTXGluy,. The anti-inflammatory effects of MTX in patients with
RA are much more prolonged than its plasma half-life might suggests due to the accumulation of
polyglutamated metabolites in tissues. Since the MTX excretion mainly involves the kidney, renal
failure, or competitive excretion with other drugs in patients receiving multiple treatments will prolong
MTX serum half-life [31].

2.2. Mode of Action

The mechanisms by which low-dose MTX exerts its therapeutic effect in RA remain incompletely
understood [19]. MTX has several important anti-inflammatory actions mediated through a variety of
pathways that do not involve folate antagonism. The main putative mechanisms are the promotion of
adenosine release, inhibition of purine and pyrimidine synthesis, inhibition of methyl donors, generation
of reactive oxygen species, downregulation of adhesion-molecule expression, modification of cytokine
profiles, and downregulation of eicosanoids and matrix metalloproteinases [19]. Adenosine exerts
an anti-inflammatory activity by down-regulating the activation and proliferation of T-Lymphocytes.
Adenosine receptors are overexpressed on immune cells and synoviocytes of patients with RA, probably
because of the high tumor necrosis factor (TNF) levels. Inhibition of DHFR prevents the regeneration
from dihydrofolate to tetrahydrofolate, an essential factor for the production of folate cofactors required
for purine and pyrimidine synthesis [32]. Inhibition of DHFR also inhibits the production of methyl
donors and attenuates the formation of polyamines.

Since the anti-inflammatory properties of MTX are not mediated by folate antagonism, some toxic
effects may be prevented or minimized by folic acid supplementation (not taken on the same day as
MTX) without loss of therapeutic benefit.

In the future, pharmacogenetic advances may help to predict non-responses to MTX, thus
directing patients to combination therapy as initial treatment. Promising results have recently been
published [33,34].

3. MTX: A Forefront Position among csDMARDs

3.1. Flexible

More intensive treatment interventions provide the best chance of achieving remission in RA
patients [35]. However, potential benefits need to be balanced against potential risks and every
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effort must be made to ensure acceptable tolerability of any given therapeutic regime. The most
frequent strategy for management of early RA is a “step-up” approach, where MTX is initiated at a
dose estimated to be well tolerated and then titrated up according to therapeutic response. Current
recommendations for management of RA [5,36] advocate the initial use of MTX as a monotherapy
with a bridging steroid to give more rapid symptomatic relief before the clinic benefits of MTX become
apparent. Some authors have advocated a step-down approach to treatment, initiating MTX at a
high dose and arguing that this takes advantage of a “window of opportunity” for best outcomes
early in the disease [37]. However, this process has the potential disadvantage of making tolerability
issues more challenging to manage. Whatever the strategy, MTX has a central role to play, both
as a monotherapy and as an “anchor drug”, for many successful DMARD combinations whether
conventional, targeted synthetic, or biologic [38]. Some unique attributes of MTX contributing to
this versatility include the wide dose titratable range, choice of administration routes, the favorable
efficacy:toxicity ratio, utility in DMARD combinations, potential ancillary benefits, and outstanding
cost-effectiveness. Unfortunately, despite treatment guidelines, up to 50% of patients [39] do not
continue MTX when treatment with a biologic is initiated. Over the last few years there has been a
discussion about tsDMARD or bDMARD monotherapy. Some authors suggest that MTX administered
in a tolerated dose should be continued as a combination partner until remission is achieved [40]. This
process is recommended because the highest benefits for all targeted therapies are generally observed
when they are used with concomitant MTX.

MTX is marketed in the form of tablets with increments of 2.5, 5, or 10 mg/tablet, and as
prefilled syringes or auto-injectors with various doses per injection, allowing one to finely tune the
weekly dose. Oral and (SC) are the most widely routes used in RA patients. SC injections should
be considered for weekly doses of 15 mg or higher due to the better bioavailability of MTX when
administered parenterally.

3.2. Clinically Efficient

The TEAR study has demonstrated that low disease activity illustrated with the Disease Activity
Score-28 with the erythrocyte sedimentation rate (DAS28-ESR) can be achieved by 28% of patients
with early RA treated with MTX monotherapy [41]. It was a 2 X 2 factorial design comparing four
treatment arms (immediate combination of MTX + etanercept (ETN); immediate combination of MTX
+ hydroxychloquine (HCQ) + sulfasalazine (55Z)); initial MTX with step-up treatment adding ETN;
initial MTX with step-up treatment adding HCQ and SSZ. The study aimed to assess if it was better to
intensively treat all early RA cases with drug combinations or to reserve this procedure for those who
do not achieve low disease activity (DAS28-ESR < 3.2) after 24 weeks. At week 24, 28% of the patients
from step-up groups achieved the treatment target. Similar results were achieved in the BeST study [42].
An even higher rate was demonstrated by Mueller et al in real-life [43]. Moreover, no difference was
found between groups with respect to disease activity after 48 weeks and 102 weeks of treatment.
Favorable results obtained with initial MTX monotherapy in the step-up groups were maintained
until week 102. Moreover, there was no difference in radiologic progression when comparing step-up
with combination therapy in a post-hoc analysis [38]. Since differences in outcomes were negligible
between patient groups that were started at a baseline on an aggressive combination therapy regimen,
or were delayed before stepping up (by 6 months), the authors concluded that there is no penalty
for delaying step-up therapy until it is clinically indicated [38]. In comparison with those patients
exhibiting a sustained, good response to MTX monotherapy, aggressive combined treatment would
only result in a higher risk of side effects and higher costs. Importantly, these results were obtained
employing a strict MTX dosage escalation regime (10 mg/w, escalated to 15 mg/w at week 6 and
20 mg/w at week 12, unless the patients had zero tender joints and zero swollen joints at that visit).
LDA, but not remission, was the key factor that determined whether to step-up to combination therapy
at week 24. The SWEFOT study reported similar results with 29.8% of patients meeting EULAR criteria
for response after 3 months of MTX monotherapy [44].
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3.3. Ancillary Benefits

Besides its efficacy in ameliorating arthritis, MTX may have ancillary benefits. Patients with
RA have a higher risk of cardiovascular disease, infection, and cancer [45-47], resulting in reduced
survival. Low-dose MTX is reported to reduce all-cause mortality in RA by 60% and cardiovascular
mortality by 70%, while other DMARDs have no effect on mortality. Protective effects appear to be
independent of MTX dose [48]. Another study reported that all-cause mortality was reduced by 70% in
a vast cohort of RA patients treated with MTX when compared to those receiving other treatments [49].
Protective effects were evident only after one year of MTX use and were independent of the effect on
RA activity [49]. The biological mechanisms underpinning this protection are not fully understood.
Effects of MTX on the survival of RA patients are likely to be mediated by its anti-inflammatory
properties, since MTX failed to demonstrate any protective effects on cardiovascular events in patients
with previous myocardial infarction or multivessel coronary disease who additionally had type 2
diabetes or metabolic syndrome but no major inflammation [50].

Interstitial lung disease (ILD) is a common extra-articular manifestation of RA [51], affecting
around 10% of patients [52]. Chronic lung disease (CLD) and ILD increase the risk of death in RA
patients [53,54]. Methotrexate has been associated with severe lung toxicity, including ILD [55].
However, there is recent data that questions the results of case studies or observational studies
linking methotrexate to pulmonary damage. Two meta-analyses also failed to associate methotrexate
with ILD; in the first one [56], a meta-analysis of clinical trials (22 studies with 8584 patients with
RA), the use of MTX in patients with RA was associated with an increased risk of total respiratory
complications (RR 1.10), mainly due to an increased risk of respiratory infections (RR 1.11) and acute
pneumonitis (RR: 7.81) but it was not observed that treatment with MTX increased the risk of death
due to lung disease (RR 1.53, 0.46-5.01). In the second one [57], a meta-analysis of the clinical trials of
psoriasis, psoriatic arthritis, and inflammatory bowel disease, all clinical conditions without pulmonary
manifestations, did not find an increase in lung disease in patients treated with MTX. A recent analysis
of a large prospective cohort of predominantly male US Veterans showed no increase in mortality risk
in RA-CLD patients treated with MTX or biologics [54]. Moreover, in a recent study, MTX was a strong
predictor of survival in RA patients with ILD [53].

The role for MTX in the prevention of dementia remains controversial. Inflammation is a common
feature of both RA and dementia [58]. Despite the blood brain barrier, systemic inflammation is
associated with cerebral inflammation [58]. A retrospective population-based study involving more
than 11,000 RA patients, including 70.6% of csDMARD users, revealed that csDMARDs users had a
40% risk reduction of dementia. The strongest effect was with the use of MTX [59].

Felty’s syndrome comprises a triad of RA, neutropenia, and splenomegaly, occurring in less
than 1% of RA patients. Pseudo Felty’s syndrome is characterized by RA, monoclonal expansion of
lymphocytes, and neutropenia. The main complication is infection, whose risk increases with the
depth and duration of neutropenia [60]. MTX is the first-line treatment of Felty’s syndrome and is
indicated, despite neutropenia [61,62].

3.4. Cost-Effectiveness

Therapeutic decisions should also be guided by cost-effectiveness considerations. Based on a
decision analysis model extended to lifetime duration, early MTX monotherapy was more cost-effective
than the early combination of MTX and TNF Inhibitor (TNFi)-based biologics [63]. The cost-effectiveness
ratio of the early MTX strategy was less than $5,000/quality-adjusted life year (QALY) and more than
$150,000/QALY for TNFis. In patients who failed to respond or to tolerate oral MTX; switching to SC
MTX was described as more cost-effective than adding bDMARDs [64], since a large proportion of
these patients achieved adequate response with SC MTX and, therefore, did not require more expensive
therapy [65]. A cost-minimization analysis based on UK costs indicated that a routine use of SC MTX
following oral MTX failure had the potential to save an estimated £7,197 (5536 US$) per patient in
the first year of therapy [64]. Prefilled syringes and auto-injectors facilitate self-administration of SC
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MTX by the patients, thus increasing costs savings. In addition, in some countries, the prescription of
bDMARDSs can be reimbursed only if the patient did not adequately respond to at least 2 csDMARDs,
if not contra-indicated [66,67].

3.5. Combinable with Other Treatments

MTX is a great combination partner with other sDMARDs and bDMARDs. The most popular
¢sDMARDs combinations are MTX and HCQ and the triple combination of MTX, HCQ, and SSZ.
The combination of MTX and HCQ is synergistic and gave better results than MTX alone in a
head-to-head comparison after 6 months of treatment, but the difference was no longer significant after
12 months [68]. Combining MTX and HCQ may be useful in patients who have a good response to
MTX, attaining LDA but not remission [69]. The efficacy of this combination may be explained by
pharmacokinetic interactions. Concomitant administration of HCQ increases the mean area under
the curve (AUC) of MTX blood concentration, decreases the maximum MTX concentration (Cmax),
and extends the time to reach Cmax [67]. A reduced Cmax may also explain the diminution of acute
liver adverse effects. However, extra vigilance for MTX adverse events is recommended, especially
in patients with impaired renal function [67]. Triple therapy combining MTX, HCQ, and SSZ may
be a valuable alternative to the addition of bDMARDs to MTX, in cases of inadequate response
to MTX and in the absence of poor prognosis factors. In a randomized trial comparing a triple
combination of csDMARDs versus a regimen of MTX and etanercept (ETN), patients receiving triple
therapy adhered for a longer time to their regimen than patients receiving MTX + ETN, despite similar
outcomes [70], thus reflecting better acceptability. Infections were more frequent with the MTX+ETN
regimen, whereas gastrointestinal side effects were more frequent with the triple combination [71].
Conversely, in a network meta-analysis of 33 studies, the odds of remission were lower with triple
therapy than with the combination of MTX and TNFi [72]. However, the analysis considered both
patients with inadequate response to MTX and MTX-naive patients. These results were contested
by a recent meta-analysis showing that triple association of csDMARDs and the combination of
MTX and bDMARD as a second-line treatment in patients with insufficient response to MTX gave
similar results [69]. Nonetheless, this result provides additional evidence supporting conventional
combinations over bDMARDs after an inadequate response to MTX.

MTX is also a valuable partner in combined therapy with tsDMARD and bDMARDs. Such
combinations have been shown to significantly improve clinical manifestations of RA [73-76]. Around
two thirds of patients will have to step-up from MTX monotherapy to combined strategies [41].
In addition, RA patients with severe presentation and poor prognostic factors may require combined
therapy upfront to prevent irreversible joint damage and functional impairment. The efficacy of
targeted therapies is enhanced when the bBDMARD is administered in combination with MTX. This
may be due to complementary mechanisms of action, pharmacokinetic interactions, and reduction of
the immunogenicity of the biologic agent.

The CONCERTO study was the first blinded, controlled trial to address the relationship between
MTX dose and serum drug concentrations in RA patients treated with adalimumab. Steady-state trough
serum concentrations of adalimumab were almost two-fold higher in patients concomitantly receiving
MTX [77]. Patients were randomized into four groups with an increasing MTX dose (from 2.5/week
to 20 mg/week, orally). There was no difference between the two highest MTX doses on clinical,
radiographic, and functional response, whereas both doses were associated with better outcomes when
comparing to the two lowest doses [77]. In parallel, adalimumab serum concentrations were higher
with 10 or 20 mg MTX than with 2.5 or 5 mg MTX, mimicking the clinical findings. These results
suggested that MTX at a dose of 10 mg/w reduced the clearance of adalimumab and increased the
adalimumab serum level, thereby enhancing its efficacy. The MUSICA study [78] evaluated the effects
of low and high MTX doses in combination with the initiation of adalimumab in patients who did not
adequately respond to MTX. Patients with a stable MTX dose of at least 15 mg/week prior to screening
were randomized to receive blinded MTX, at either 7.5 or 20 mg/week in combination with open-label
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40 mg of adalimumab every other week. Since low-doses of MTX associated to adalimumab failed to
show non-inferiority as compared to high doses for most clinical, functional, and ultrasound outcomes,
the MUSICA study results do not support routine MTX reduction at the moment of adalimumab
initiation. However, in a proportion of patients who may need to reduce MTX for toxicity reasons,
much of the clinical efficacy in association with adalimumab may be retained, particularly when MTX
dose reductions are modest.

Secondary failure to bDMARDs after an initial response can occur in as many as 30% of
patients [79]. Development of anti-drug antibodies (ADADb) is one of the main drivers of loss of
treatment efficacy [80-84]. ADADb have been described with infliximab, adalimumab, but not with
etanercept. In a recent cross-sectional study on Spanish RA patients experiencing secondary failure
while receiving TNFi, the prevalence of adalimumab ADAb was 29.3%, the one of infliximab ADA
was 27.3%, and none of the patients treated with ETN developed ADAD [84]. Randomized-controlled
trials reported ADAD in a small proportion on patients on golimumab and certolizumab [80]. ADAb
either neutralize the active drug or decrease the serum drug concentration, resulting in a loss of clinical
response [85]. Around 80% of patients who tested positive to ADAb had no detectable drug in the
serum [84]. In a retrospective cohort of RA patients who were biologic-naive at the time of enrolment,
and were then treated with infliximab for a median time of 5.75 years, ADAD against infliximab were
found in 33% of patients, in 24% of responders, and in all non-responder patients [83].

MTX may prevent [84,86] or reverse [87] the formation of ADADb and so maintain efficacy to TNFj,
prolong drug survival, and prevent immune complex-mediated adverse events [80,83]. The pooled
risk ratio for the formation of ADADb in patients receiving combined therapy with immunomodulators
versus that of patients receiving anti-TNF monotherapy was 0.49 in a meta-analysis of 35 studies
involving 6790 patients with inflammatory bowel disease [88]. The development of ADADb is reduced
by the concomitant use of MTX in a dose-dependent manner [89]. It is, therefore, desirable to prescribe
bDMARD:s in combination with concomitant MTX when it is satisfactorily tolerated with toxicity.
However, in the event of tolerability issues with MTX, the dose can be lowered while still providing
efficacy benefits in combination, as illustrated in the CONCERTO [77] and MUSICA [90] studies.

3.6. Challenges Associated with MTX Use

When prescribing MTX as first-line therapy in RA patients, the physician has to face several
challenges, such as explaining the time-course of the clinical benefits to the patient, improving
patient compliance and adherence to therapy and monitoring, and avoiding unnecessary premature
discontinuation of MTX are at the forefront of physician concerns.

The collective findings of combination therapy studies with MTX monotherapy arms, such as
SWEFOT [44], CAMERA [14], TEAR [41], OPTIMA [91], and PREMIER [74], illustrate that, in general,
it takes 6 months to see a full response to MTX. In patients with early RA and no poor prognostic
factors, the relatively slow onset of action of MTX does not jeopardize clinical or functional outcomes.
During this period, and especially during the first months, patients do not experience the full clinical
benefit of MTX but are maybe exposed to adverse events. This is a crucial period in which too many
patients discontinue MTX. The risk of premature stopping can be mitigated by the provision of clear
and complete information to the patient. The slow kinetic of onset of symptomatic improvement with
MTX can be mitigated by co-prescription of corticosteroids as a bridging therapy:.

The best outcomes with the use of MTX are achieved when a shared decision-making approach
to treatment is used in which the patient is an active participant. Patients need to understand and
take responsibility for attendance for blood tests to ensure close monitoring of laboratory parameters,
as well as following recommendations for folic acid supplementation in order to reduce the likelihood
of certain adverse events. Reassuring tolerability and safety of low-dose MTX have recently been
studied confirmed in the large placebo-controlled CIRT study aimed at determining if low-dose MTX
could reduce the incidence of atherosclerotic events in patients with metabolic disorders and a history
of myocardial infarction or multivessel coronary disease [50]. The study included 2391 patients who
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were allocated to the MTX arm. The median follow-up was 2.3 years before the study was stopped
because of its futility. Most frequent AEs were infections, mouth sores and oral pain, unintended
weight loss, leukopenia, and elevation of liver enzymes more than three times the normal range.
Severe AEs are far less frequent. No case of marrow depletion was reported, even if leukopenia was
frequent [50]. However, the report of more non-basal skin cancers in the MTX group was unexpected
and deserves further exploration.

Elevations of liver enzymes must alert the physician to potential hepatotoxicity, in which case
it may be prudent to temporarily reduce the MTX dose or even to discontinue the drug. Acute
elevations of liver enzymes occur relatively frequently but are usually transient and generally resolve
spontaneously. Rarely, persistent abnormal liver function tests reveal hepatotoxic effects of MTX,
justifying treatment cessation. Among 41 patients receiving low-dose MTX for rheumatic diseases,
experiencing elevation of liver enzymes, and underwent liver biopsy, only 2 patients had histological
signs of direct hepatic MTX toxicity. Most frequently, liver biopsies revealed autoimmune hepatitis-like
lesions, especially in patients with RA [92]. However, it is important to avoid the unnecessarily
premature discontinuation of MTX for reasons of small elevations in transaminases. It is important to
bear in mind other causes of transaminitis, such as alcohol consumption or over-the-counter use of
nonsteroidal anti-inflammatory drugs (NSAIDs). The limited data available on the effects of alcohol
consumption on the risk of liver toxicity in patients with RA who are receiving MTX are insufficient
to draw firm conclusions on the amount of alcohol that patients receiving MTX can safely consume.
International guidelines vary. The American College of Rheumatology recommends that alcohol
should be avoided whilst on MTX [93], while EULAR advises avoiding MTX in patients with a history
of alcohol abuse, without specifying a restriction of alcohol consumption otherwise [94]. A systematic
literature review found little evidence to provide specific guidelines regarding alcohol consumption [95].
Following their analysis, they estimated a 3% risk for the development of severe liver disease in
patients who drink over 100 g of alcohol (12.5 units) per week in the absence of additional risk factors
such as obesity, diabetes, or hepatitis. The authors advised caution in using MTX in patients with risk
factors. A more recent study suggested that a weekly consumption of <14 units of alcohol per week
does not appear to be associated with an increased risk of hepatotoxicity as defined by transaminitis
based on aspartate transaminase (AST) or alanine transaminase (ALT), >3 times the upper limit of
normal. Consuming between 15 and 21 units is associated with a “possible risk”, and over 21 units
with a significantly increased risk of transaminitis [96]. However, this definition of hepatotoxicity
is somewhat arbitrary as it is not supported by the use of hepatic scans or histology. Furthermore,
allowing alcohol consumption of up to 14 units/week may place patients at risk of hepatotoxicity,
such as hepatic fibrosis and cirrhosis [97]. In practice, many rheumatologists allow patients without
additional risk factors for hepatotoxicity to consume small to moderate amounts of alcohol while taking
MTX, preferably avoiding alcohol consumption on the days that they take MTX. Decisions regarding
alcohol consumption should be made on an individual patient basis after taking into consideration the
presence of other risk factors.

The next section of this position-paper will detail how to deal with these challenges in real-life
conditions in order to get the most out of MTX as a first-line treatment.

4. How to Get the Most out of MTX as a First-Line Treatment?

Despite the many advantages of MTX, it may still be used suboptimally. Studies indicate that
half of patients discontinue oral MTX within 2 years and that MTX is still frequently stopped rather
than combined with bDMARDs or tsDMARDs when these target therapies are initiated. The risk of
discontinuation is higher in older patients [98-100]. Patients should be treated early since a longer
duration of RA decreases the probability of response [101]. Baseline high disease activity increases the
probability of non-response in most studies [102,103].

When initiating MTX, the choice of dose, route of administration, and approach to subsequent
dose escalation is not an exact science. Choices may depend on several factors, including the age,
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gender, ethnicity, weight, and renal function of the patient. These choices will be made with the
intent to minimize any tolerability issues and drug-related toxicity, as well as to optimize efficacy and
maximize adherence to MTX.

4.1. Dealing with Modifiable Predictors of Response to MTX

Some factors have been shown to impact the response to MTX. Of these, many such as age [104],
gender [104], and pharmacogenetic profile [34] cannot be modified. However, others such as smoking
may be modifiable, and physicians should endeavor to address this.

Smoking may affect the pharmacokinetic and pharmacodynamics properties of MTX [25]. Smoking
habits are predictors of poor response [102,104,105] in a dose-dependent manner [103], with heavy
smokers being at higher risk of non-response. In addition, given the higher cardiovascular risk attached
to RA patients, smoking cessation is highly desirable [106,107]. Even if it is a demanding objective [107],
smoking cessation should be a priority for physicians.

Alcohol consumption, particularly when excessive, has been implicated in the risk of inadequate
response to MTX [103]. For most patients, a modest alcohol intake is acceptable, provided that hepatic
monitoring remains within safe limits.

Setting realistic but positive expectations about the likely magnitude of benefit, speed of onset, and
mitigation strategies to limit toxicity and tolerability issues for MTX may favorably influence the drug’s
efficacy via improved compliance. High quality education plays a crucial role in achieving this goal.
The impact of patient anxiety has also been underscored in limiting the potential benefits of MTX and
can be accentuated by the ready availability of misinformation through the internet and other sources.
In a multivariate model predicting non-response to MTX in a real-life setting, the risk of non-response
was higher in patients who were negative for rheumatoid factor, had a higher Health Assessment
Questionnaire (HAQ) score, a higher tender joint count, a lower DAS28 score, and a higher anxiety
score [108]. Nonetheless, anxiety is a modifiable risk factor. This issue should be addressed during
the shared decision-making process. This process should include exploring the patient’s expectations
regarding the disease and its treatment, providing honest and positive messages about achievable
outcomes, and allaying unfounded fears about adverse effects of therapy. Educating the patient may
lower the level of anxiety and improve clinical outcomes.

4.2. Choosing the Route of Administration

When starting MTX, the physician has the choice between oral or parenteral administration.
Although MTX can be given by intramuscular (IM) injection, the subcutaneous route is the preferred
parenteral administration mode.

Depending on the MTX dose, the bioavailability differs between oral and subcutaneous routes.
Oral MTX at a dose of 7.5 mg/week has a 100 percent bioavailability. However, bioavailability is
reduced by 30% starting at just 15 mg/week due to gut absorption limitations [22,109]. This threshold
is also the point where the bioavailability of oral MTX reaches a plateau in RA patients [21,110].
Consequently, for a patient receiving a weekly dose of 20 mg, intestinal absorption may be reduced by
30% and the effective dose actually received by the patients may be only 14 mg/week. Despite this fact,
orally administered doses greater than 15 mg/week are frequently used to control disease activity.

By contrast, the bioavailability of SC MTX is greater than that of oral MTX and does not depend
on the MTX dose with a linear increase in systemic exposure for increasing doses [21]. The ratio
of dose-normalised AUCy 541, of the SC MTX compared to oral MTX was 127.61 (90% CI 122.30 to
133.15) in a cross-over study comparing the two administration routes of the same MTX dose [21].
The AUC ratio between SC and oral MTX increases with higher doses [110]. Therefore, upon switching
from an oral to SC MTX formulation, a patient may experience a bioequivalent increase of more than
6 mg MTX per week. The practical implication of this is that for many patients, there may be no
advantage to increasing oral MTX dose above 15 mg/week [21]. Rather, RA patients with an inadequate
clinical response to orally administered MTX may benefit from the higher drug exposure offered when
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switched to the SC formulation [21]. Initiating the MTX regimen with SC administration has been
associated with better clinical outcomes at the same dosages [111]. Initial treatment with SC MTX has
been associated with lower rates of treatment change, no difference in toxicity, and some improvements
in disease control compared to oral MTX over the first year, in a large cohort of early RA [112].

4.3. Starting at the Right Dose

As monotherapy, the dose of MTX can range from 7.5 to 25 mg/week, depending on national
guidelines and physician’s preference. Such a range allows a wide variety of practices. Indeed,
considerable heterogeneity exists in rheumatologist prescribing behaviours [113].

The recommended MTX dose at initiation is generally 10-15 mg/week [94] but should be
personalized, depending on age, ethnicity, body weight and prior history of intolerance to other
medications. In the interventional C-OPERA study involving Japanese patients, the initial MTX dose
was 8 mg/week [114]. Considering the average patient body weight in the Japanese population, a MTX
dose of 8 mg/week gave a similar MTX dose, per pound of body weight, to a 10 mg MTX dose in the
USA or Europe [114]. In the French ESPOIR cohort involving 813 patients recruited in 14 regional
centres the median MTX dose at initiation was 12.5 mg/week [113] with two peaks in the distribution at
10 mg and 15 mg/week. An optimal treatment defined by a starting dose of at least 10 mg/week during
the first 3 months, with escalation to at least 20 mg/week at 6 months, has been associated with better
clinical outcomes at two years in this cohort [113]. Of note, only 26.3% of patients were considered to
have had an optimal dose.

Clinical response is associated with longer-chain polyglutamates, which take 3-8 weeks to become
detectable in erythrocytes [23]. These data raise the question as to whether a more rapid attainment of
a steady state could be achieved with alternative dosing strategies, such as more rapid dose escalation
or starting therapy with higher doses. Starting with a high oral dose does not make pharmacologic
sense due to the reduced bioavailability of oral MTX above 15 mg/week. Recent trials have used higher
initial MTX dosage (20-30 mg/week) [115]. However, combining the results of 31 studies involving
5589 patients, a meta-regression analysis did not support higher effectiveness of increasing MTX dose
in monotherapy [116]. In the CONCERTO study which investigated the effects of starting with various
dosages of oral MTX in combination with adalimumab 40 mg every other week, there was no difference
in clinical or radiographic outcomes of patients starting with a 10 mg/week MTX dose, compared
to those starting with a 20 mg/week dose [77]. Starting with higher oral doses may also result in
discontinuation due to adverse events, such as nausea.

In patients who reintroduce MTX after previous discontinuation for tolerability problems, the MTX
dose selection should be determined by the last tolerated dose.

4.4. Escalating and Adapting the MTX Dose

In the context of a treat-to-target strategy, the large dose-titratable range of MTX offers numerous
possibilities of dose adjustment before combining with bDMARDS and tsDMARDs. Around one third
of DMARD-naive patients will respond to MTX monotherapy and maintain favourable outcomes
for several years as reported in the SWEFOT study [117]. The MTX dose should be increased until
remission or at least LDA. In clinical trials comparing bDMARDs to MTX monotherapy, 25% of the
patients allocated to the MTX arm reached ACR70 criterion within 6 months, bringing them in the
range of LDA [118]. With the subcutaneous route [111], the proportion of patients reaching LDA was
even higher.

Titration is highly influenced by the starting dose and initial response to treatment. An optimal
treatment defined by a starting dose of at least 10 mg/week during the first 3 months with escalation
to at least 20 mg/week at 6 months has been associated with better clinical outcomes at two years
in the ESPOIR cohort [113]. In the C-EARLY study comparing certolizumab + MTX and placebo +
MTX in DMARD-RA patients with poor prognostic factors, MTX was started at 10 mg/week and
escalated by 5 mg every 2 weeks, if tolerated, to a maximum of 25 mg/week by week 8. In the MTX
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monotherapy group, 39.4% of patients reached LDA at week 52. Withdrawals due to AEs occurred for
9.2% of patients [119]. These results suggest that the MTX dose should not be less than 10 mg/week
and that dose escalation should be as rapid as tolerated. Maximum dose varies according to the
region. The usual maximum MTX dose is 25 mg/week in USA and Europe although some patients may
benefit from higher doses. The maximum recommended dose in China is 20 mg/week [120] and in
Japan, 16 mg/week [114]. In a randomized controlled trial in patients with active RA despite oral MTX,
intramuscular (IM) MTX, starting at a dose of 15 mg/week then increasing to 45 mg/week, did not
improve disease control; however, higher doses were generally well tolerated [121]. The CRA 2012
Working Group recommends individualized dosing (oral or parenteral) titrated, to a usual maximum
dose of 25 mg/week, by rapid escalation [6]. The French Society for Rheumatology recommends
rapid dose escalation (e.g., 5 mg increments every 1-4 weeks) reaching an optimal dose of MTX (15 to
25 mg/week) within 4-8 weeks [122], depending on effectiveness and safety, as well as individual
characteristics. The use of split oral dosing (2 half-doses at 8 h interval on one day of the week) has
been reported to improve bioavailability, tolerance, adherence, and efficacy [123]. Given the higher
bioavailability of SC MTX beyond 15 mg/week, as compared to oral MTX, switching to SC MTX before
increasing the MTX dose beyond 15 mg/week could be good practice. In addition, switching to SC
MTX may also prevent dose-dependent gastrointestinal side effects [124].

When remission without structural progression is achieved in a patient who is not taking
glucocorticoid therapy, and sustained for many months or even years, therapy de-escalation according
to tight control principles could be considered [122]. However, withdrawing MTX bears the risk of
losing the state of remission and difficulties in regaining a good outcome after a post-withdrawal
flare [118].

4.5. Switching to SC Route

In patients with an inadequate response or intolerance to oral MTX, parenteral administration
should be considered [6]. In Germany, the 2012 adapted EULAR Task Force recommendations
and treatment algorithm in RA support optimization of MTX monotherapy with parenteral
administration [125]. Similarly, the British Society for Rheumatology 2008 guidelines for DMARD use
recommends switching to IM or SC MTX if oral MTX is ineffective or not tolerated [126].

Parenteral administration has been reported to reduce disease activity in patients who have an
inadequate response to oral MTX [127]. Conversely, a change from parenteral to oral MTX has been
associated with disease flare [128], increased disease activity, and greater frequency of gastrointestinal
side effects. Switching back to intramuscular MTX improved disease manifestations and reduced side
effects [129].

Switching patients treated with oral MTX to an SC formulation should be considered when
the maximum tolerated dose has been reached without achieving LDA. The SC route may also be
proposed upfront to the patient at the time of MTX initiation, although this has relatively greater
economic implications. However, data from a randomized controlled trial of 375 MTX-naive RA
patients favoured initiation of 15 mg once weekly MTX therapy by the SC route, which resulted in
higher ACR20 and 70 response rates than oral MTX with a similar safety profile at 24 weeks [111].
Furthermore, in a large retrospective cohort study, Harris et al. reported that patients taking SC MTX
received higher starting and maximum doses than those on oral MTX (>15 mg starting dose and >20
mg maximum dose) [130], perhaps reflecting the better tolerability of the parenterally delivered drug.

There have been advocates in Canada, Germany, and the United Kingdom for the use of SC MTX
in order to optimize achievable efficacy of MTX prior to commencing biologic treatment or even to
prevent or delay the need for biologic therapy with attendant health economic benefits [6,125,126].
Indeed, multiple lines of evidence suggest that SC MTX, which bypasses first-pass metabolism in the
gastrointestinal tract, appears to be an effective option in patients who have had an inadequate response
or are intolerant to oral MTX. Switching such patients to SC MTX has been shown to result in higher
and more constant bioavailability [22], to be more effective at the same dosage [111], and to have less
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intense gastrointestinal side effects compared to oral MTX [124]. Higher bioavailability and increased
long-chain MTXGlu, may translate into efficacy [30,65,131,132]. A retrospective population-based
study in 156 patients who were intolerant or unresponsive to oral MTX found that switching to SC
MTX (n = 78) resulted in a decrease in RA disease severity, with good tolerability reported in these
patients [65]. In the retrospective analysis of the US Veterans Affairs database of patients treated with
injectable MTX after failing prior oral MTX, higher doses of MTX (>20 mg/wk) were achieved more
readily with SC administration, and were associated with a significantly longer duration of MTX
monotherapy before therapeutic change or the addition of other DMARDs/biologic agents, as compared
to the oral formulation [133]. In the previously mentioned clinical trial comparing SC and oral MTX
in 375 RA patients, after 16 weeks, patients from the oral group not fulfilling ACR20 criteria were
switched from 15 mg of oral MTX to 15 mg of SC MTX following which 30% went on to achieve ACR20
responses [111]. In keeping with this observations, but in a real-world setting, retrospective analysis
of 103 RA patients who switched from oral to SC MTX showed significant improvements in DAS-28
scores in patients who switched due to inefficacy or intolerability to prior oral MTX [132].

A prospective survey (i.e., office questionnaires) study evaluating patients (n = 70; each serving as
their own control) with long-lasting RA who were switched from oral MTX to SC MTX due to side
effects reported that when receiving the SC formulation, patients experienced less intense GI side
effects, with no patients reporting vomiting or diarrhoea AEs [124].

SC MTX should also be considered in patients with poor compliance to oral MTX. There is
currently no clear biomarker available to measure adherence to MTX in daily practice, despite some
data suggesting a strong correlation between MTXGlu, and compliance assessed by the electronic
monitoring of treatment intakes with the Medication Event Monitoring System [134].

4.6. Giving Time for MTX to Achieve its Maximum Clinical Benefit and Using Bridge Therapies

Whether MTX is initiated at a higher dose, or a lower dose with upward titration, it will still take
up to six months to achieve a maximum clinical benefit. Nevertheless, therapeutic response to MTX
should be assessed after 3 months of treatment with the objective of a clinical improvement at least
50% [4]. If this short-term target is not reached, treatment adjustment should be considered.

Intra-articular glucocorticoids or short term systemic glucocorticoids may be used as part of the
initial treatment strategy while waiting for MTX to take effect [6]. When MTX and intra-articular
glucocorticoids were used with a treat-to-target approach in patients with early RA in the context
of a clinical trial, this strategy effectively decreased synovitis, osteitis, and tenosynovitis and halted
structural damage progression, as judged by MRI [135]. The EULAR Task Force recommends
using glucocorticoids in combination with csDMARDs primarily as bridging therapy until the
csDMARD reaches its maximum effect but corticosteroids should be tapered as rapidly as clinically
feasible [4,6]. Intra-articular glucocorticoid application may be considered in residually inflamed or
reactivated joint [4].

4.7. Preventing or Dealing with Adverse Events by Folic Acid Supplementation

In clinical practice, MTX-related toxicity may limit optimum treatment. Mild toxicity occurs in
about 60% of patients and roughly seven to 38% of patients discontinue MTX within the first year of
treatment due to toxicity [18,136,137]. Predisposing factors include existing folate deficiency, advanced
age, cumulative MTX dose, renal insufficiency, and concomitant use of other folate inhibitors. A folate
deficiency may cause side effects, such as mouth sores, abdominal pain, elevation of liver enzymes,
or bone marrow depletion. Folate deficiency is frequent in RA patients and even more in those treated
with MTX [138]. In a meta-analysis of six clinical studies, RA patients treated with low-dose MTX and
“dummy” folic or folinic acid frequently experienced side effects: nausea and vomiting were reported
by 35% of patients, abnormal liver blood tests were reported by 21% of patients, 22% of patients
experienced mouth sores [139]. By contrast, genuine folic acid and folinic acid supplementation
greatly reduced discontinuation of MTX compared to placebo supplementation in a placebo-controlled
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double-blind clinical trial. This was mainly due to the MTX stopping rules based on elevations of
liver enzymes [137]. By delaying or preventing a premature switch from MTX to a far more expensive
bDMARD or tsDMARD, folate supplementation may contribute to health costs savings [140].

There is a large variability of folate supplementation practices amongst rheumatologists. In a
study of 2467 incident users of MTX in the Veterans Health Administration database, 27% of patients
were not prescribed folic acid within 30 days of MTX initiation. After 20 months, only 50% of patients
continued to receive folic acid [141].

In a Cochrane review of patients on MTX therapy for RA, folic acid or folinic acid supplementation
reduced the risk of gastrointestinal side effects (nausea, vomiting, and abdominal pain) by 26% (not
statistically significant); abnormal serum transaminase elevations were decreased by 77%; the risk
of premature discontinuations from MTX for any reason was reduced by 61%. A trend towards
a reduction in stomatitis was demonstrated but did not reach statistical significance [139]. Folate
supplementation did not negatively impact the efficacy of MTX. These results were confirmed by a
recent meta-analysis of seven studies involving 709 patients [142]. A third meta-analysis of 68 studies
(not limited to RA) of patients taking MTX revealed that MTX increased the risk of nausea and vomiting,
elevated transaminase levels, mucosal ulcerations, leucopenia, thrombocytopenia and infectious events.
The concomitant prescription of folic acid or folinic acid was associated with a significantly lower risk
of any adverse events [143].

No evidence of a significant difference between folic or folinic acid has been reported, but given
its low-cost, folic acid may be the most cost-effective therapy [139]. Prescription of at least 5 mg folic
acid per week with MTX therapy is strongly recommended [94] to avoid or prevent side effects. Taking
folic acid two days before MTX intake may improve its tolerability. Folic acid supplementation can
be increased to 5 mg/day, other than the methotrexate dosing day;, if needed. However, a pilot study
recently compared two folate supplementation regimens with folic acid (5 mg/week and 0.8 mg/week)
with similar results [144]. Folinic acid should be administered on a weekly basis the day after MTX.
Although daily use of folic acid other than the MTX day does not appear to affect MTX efficacy, dosing
of folinic acid close to MTX administration or dose of folinic acid over 7.5 mg/week may hinder
MTX efficacy.

4.8. Potential Toxicities

Most frequent adverse events of MTX are gastrointestinal and there is a correlation between
the MTX dose and the intensity of side effects [124]. Other possible side effects include anaemia,
neutropenia, increased risk of bruising and dermatitis. Gastric side effects can be reduced both by
switching patients to the SC route [124] and by folate supplementation [139]. Elevation of transaminases
is frequent, but MTX treated patients are not at increased risk of symptomatic or severe liver related
adverse events [55]. The incidence of clinically important cytopenia in patients treated with low dose
MTX is estimated to be less than 1%. A complete blood count, liver and renal biochemistry, and a chest
radiograph should be ordered prior to initiating MTX therapy [6]. Screening for hepatitis B and C
should be considered and HIV testing is recommended in high-risk patients [6].

MTX is excreted via the kidneys and is contraindicated in patients with an estimated glomerular
filtration rate of less than 30 mL/min. Patients with impaired renal function should be closely monitored
particularly for hematologic toxicity.

Concomitant intake of NSAIDs may reduce renal function, thereby increasing MTX bioavailability.
In a registry-based analysis, concomitant use of NSAIDs and MTX increased the risk of serious adverse
events with a higher risk of renal failure and cytopenia [145]. However, it should be remembered
that NSAIDs, per se, may increase liver enzymes. Therefore, if raised transaminases are observed
in patients taking concomitant MTX and NSAIDs, it is worth considering a decrease (or cessation)
in the dose of NSAIDs rather than diminishing the MTX dose. The physician should pay attention
to self-medication with NSAIDs. MTX should not be used with trimethoprim-sulfamethoxazole
when used in a twice-daily regimen for treatment of an infection since the combination may result in
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significant bone marrow toxicity. However, it can be used for patients taking prophylactic doses of
trimethoprim-sulfamethoxazole (dosed three times per week) for prevention of Pneumocysis Carinii.
The main drug interactions are summarized in Table 1.

Table 1. Drug interactions. MTX, methotrexate.

Interactions Source of Interactions

. Allopurinol, triamterene
Increase MTX levels e Decrease renal MTX clearance: ciprofloxacin, cephalothin,
penicillin, probenecid, sulfonamides
Decrease MTX excretion: diuretics, proton pump inhibitors

Increase MTX reabsorption by the kidney tubule: probenecid

Decrease MTX levels e  Decrease intestinal absorption of MTX:

chloramphenicol, tetracyclines

Increase the risk of bone
marrow suppression e Chloramphenicol, co-trimoxazole, pyrimethamine,
sulfonamides, trimethoprine-sulfamethoxazole

Increase liver toxicity . Alcohol leflunomide

MTX-induced pneumonitis is a potentially life-threatening adverse effect [146]. Itis an idiosyncratic
hypersensitivity reaction due to activated T-cell-mediated (CD4 and CD8) stimulation of type 2 alveolar
cells to release cytokines which lead to the recruitment of inflammatory cells, resulting in alveolitis.
Acute or subacute pneumonitis related to methotrexate usually occurs during the first year of
treatment [55,147]. It appears rapidly with low grade fever or high fever, nonproductive cough, and
dyspnea that usually progresses to respiratory failure. The presence of eosinophilia in peripheral
blood but not in bronchoalveolar lavage is common (50%). A diffuse interstitial pattern or a mixed
interstitial-alveolar pattern (nodular or patchy infiltrates) is observed in the chest radiograph and
high-resolution CT usually reveals the pattern of a usual interstitial pneumonia or a nonspecific
interstitial pneumonia. Risk factors for this complication are age (>60 years), previous use of other
DMARDs, hypoalbuminemia, the presence of diabetes mellitus, and a history of pleural disease and/or
prior ILD related to AR (OR: 7.1), the latter being a great confounding factor when establishing a causal
relationship with the drug [148]. It could be difficult to distinguish MTX-induced pneumonitis and
pneumonitis related to Pneumocystis [149]. In a systematic review, 15 of 3463 RA patients (0.43%) who
were receiving MTX developed MTX-induced pneumonitis [150]. Even if rare, this complication needs
to be known and should not be neglected. Its treatment includes withdrawal of MTX, supportive
therapy, and adjunctive steroids. The outcome is good if the condition is recognized early, and if
appropriate treatment is given [146].

Although the overall benefit:risk ratio for MTX is remarkably favourable, as with any drug,
adverse events can occur. Based on known adverse events of MTX treatment, we propose that it is good
practice to assess the patient for several potential risk factors (Table 2). Among these precautions are the
assessment of pre-existing infections, immunosuppression, haematological, kidney or liver diseases,



J. Clin. Med. 2019, 8, 515 15 of 29

neoplasms, the cardiovascular risks, potential interactions with concomitant therapies. In parallel the
psychological status of the patient should be judged or assessed including the coping strategies and
the internal resilience.

Table 2. Preparation of MTX therapy.

Diagnosis of rheumatoid/inflammatory arthritis and/or need for treatment
Diagnosis of chronic kidney or liver diseases

Assessment of cardiovascular risks

Assessment of a neoplastic disease

Discussion on smoking habits and the advantage of smoking cessation
Evaluation/judging of depression and resilience/coping strategies
Assessment of anemia, leukopenia, or thrombocytopenia

Documentation of concomitant drug therapy

Defining therapeutic aim

Shared decision making with the patient

Evaluation of alcohol-consumption

Diagnosis of active/chronic infection with herpes zoster, tuberculosis, hepatitis, HIV, relevant fungal infection
Diagnosis of immunodeficiency

Documentation of vaccination status

Consider testing for tuberculosis
Anticonception/assessing wish of conception/family planning

4.9. Placing MTX as an Anchor Drug

MTX is considered the initial drug of choice in RA pharmacotherapy with subsequent use as
an anchor drug when used in combination due to its efficacy (when used optimally), safety, large
dose-titratable range, and cost-effectiveness [4,5,94].

If the patient is unable to achieve treatment targets on maximally tolerated doses of oral MTX, and
after a switch to the SC route, other treatment strategies must be considered. These include adding
other csDMARDs, and adding or switching to biologic therapies or tsDMARDs, depending on the
absence or presence of poor prognostic factors [4]. In routine practice, several combinations can be
considered with some variations in preference according to country. As an example, physicians may
take advantage of the combination with probenecid [151], the synergistic action of MTX and HCQ [69],
or the triple combination MTX, HCQ, and SSZ [69,70]. In UK or Canada, rheumatologists are required
to use at least two csDMARDs before the application of bPDMARD:s is approved by the payers [4].
The EULAR Task Force strongly recommends that bDMARDs and tsDMARDs should primarily be
added to csDMARDs, such as MTX, since all bDMARD:s have better efficacy when combined with MTX
than as monotherapy [4]. This may be due to complementary mechanisms of action, pharmacokinetic
interactions, and reduction of immunogenicity of the administered biologic agent.

If MTX is well tolerated in combination with concomitant csDMARDs or targeted therapies,
the dose does not need to be tapered while waiting to achieve the desired treatment target. In case of poor
tolerability, MTX can be used at 7.5-10 mg/week to provide additional efficacy to TNF-inhibitors [77]
and intolerance at these low doses leading to discontinuation is very rare. Stopping MTX should be
limited to patients with contraindications or very poor tolerance to MTX.

Current application of these guidelines is far from optimal. Analysing a database of 35,640 US
patients with RA starting oral MTX, Rohr et al. [152] reported that over the 20,041 patients who had to
change the treatment over a 5 year follow-up, only 13% switched to SC MTX. In those who added
or switched to a biologic, only 37% were on >15 mg/week of oral MTX when a biologic was started.
The addition or switch to a biologic occurred in the first 3 months of MTX therapy in 41% of patients,
and in the first 6 months in 51% of patients. As stated by the authors, this study revealed that the MTX
was dramatically underutilized as an efficacious anchor drug in clinical practice
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4.10. Conception and Pregnancy

This section applies to RA patients who are planning to become pregnant and/or breastfeeding,
men planning to conceive and patients who have accidentally conceived while taking MTX.

MTX is pro-abortive and teratogenic but does not decrease fertility [153]. Therefore, MTX at
any dose should be avoided during pregnancy [154]. The optimal delay between the last MTX dose
and conception is still a matter of debate and may vary between countries. Guidelines from the
British Society for Rheumatology (BSR) and the British Health Professionals Society in Rheumatology
recommend to stop MTX three months in advance of conception [154]. On the other hand, MTX is
recommended to be stopped between 48 h and 6 months before conception, in France and in Spain,
respectively. Thus, to avoid medicolegal issues, we recommend following the legal label of your country.
In the case of accidental pregnancy on low-dose MTX, the drug should be stopped immediately [154].

MTX cannot be recommended in breastfeeding because [154] MTX is excreted into breast milk
and may be toxic for the neonate.

If a woman has received MTX within 3 months prior to conception, or in the case of accidental
pregnancy on MTX, folate supplementation should be continued prior to and throughout pregnancy at
a dose of 5 mg/day [154].

Data regarding preconception exposure to MTX in men are reassuring, and, indeed, recent BSR
guidelines state there is no need for men wishing to father children to stop MTX [154]. A study involving
a very large cohort concluded that paternal exposure to MTX within 90 days before pregnancy was not
associated with congenital malformations, stillbirths, and preterm birth [155]. Older recommendations
suggest to stop MTX three months prior to conception, but this is not evidenced by an understanding
of the impact of MTX on spermatogenesis or paternal-mediated teratogenicity, but rather relies on the
timeframe of spermatogenesis [156].

4.11. Vaccinations

RA patients are more prone to infections than healthy subjects due to the immune dysfunction
associated with the condition. DMARDs inhibit cellular and humoral immunity, thus aggravating
the susceptibility to infections. For these reasons, vaccines against preventable diseases should be
counselled in patients with RA. Influenza, pneumococcal, and shingles are important for all patients
with RA whereas human papilloma virus, hepatitis B virus, and yellow fever (YF) vaccines are relevant
only in selected patients, such as those living in or traveling to a YF-endemic country [157]. Protection
is far from optimal. In 2012, in the United States, only 28.5% of patients older than 60 with rheumatic
diseases were vaccinated against pneumococcal pneumonia; 45.8% were optimally vaccinated against
influenza, and only 4.0% of patients were vaccinated against shingles [158].

MTX significantly decreases vaccine response to pneumococcal [159,160] and seasonal influenza
vaccines [159] in a dose-dependent manner [161]. A recent randomized controlled trial showed that,
in order to impair the response to vaccines, MTX had to be present just before or at the same time
of vaccination [162]. It is, therefore, recommended that vaccination be done before a DMARD is
started, where practically feasible [5]. However, it may be necessary to prioritize control of the disease.
In such circumstances, and for seasonal vaccinations, MTX dosing can be temporarily interrupted.
In a prospective randomized parallel-group trial, patients with RA taking a stable dose of MTX were
randomly assigned at a ratio of 1:1:1:1 to continue MTX (group 1), suspend MTX for 4 weeks before
vaccination (group 2), suspend MTX for 2 weeks before and 2 weeks after vaccination (group 3), or
suspend MTX for 4 weeks after vaccination (group 4). All participants were vaccinated with trivalent
influenza vaccine. Temporary MTX discontinuation improved the immunogenicity of vaccination. No
difference was found between groups three and four [162]. These results were confirmed in another
study [161] that demonstrated improvement in immunogenicity of seasonal influenza vaccination
in patients receiving methotrexate in whom the drug was withheld for 2 weeks immediately after
immunisation, compared with those who continued to receive methotrexate with a satisfactory vaccine
response seen in 76% of the former compared with 55% of the latter group. However, there was a
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slightly higher incidence of flares in those patients who withheld methotrexate compared with those
who had remained on methotrexate (11% vs. 5%). Therefore, suspending MTX administration for
2 weeks after the vaccination seems to be good practice.

Shingles vaccine can be used safely with low-dose MTX (i.e., up to 25 mg/week) [157].

Live vaccines, such as yellow fever, measles/mumps/rubella, varicella, and oral typhoid
vaccinations, are contra-indicated in patients receiving MTX. Information remains too scarce to
question the current guidelines.

4.12. No Need for MTX Discontinuation in Case of Surgery

Despite the efficacy of DMARDs, 58% of RA patients will ultimately undergo orthopaedic surgery,
with nearly 24% undergoing large-joint arthroplasty [163]. Patients receiving DMARD are potentially
at higher risk of infections and delay in wound healing due to the anti-inflammatory properties of
these compounds. A study involving 388 patients with RA who underwent surgery found that patients
who continued MTX through surgery had fewer complications, infections, and RA flares than patients
who discontinued MTX for 2 weeks before and after surgery [164]. A special consideration should
be given to patients who develop renal dysfunction postoperatively, since the risk of MTX toxicity is
increased in cases of renal failure.

4.13. Sharing the Decision Making with the Patient

Adherence to treatment has been shown to depend on the level of appropriate information
provided to patients and the amount of good interaction with the rheumatologist [165]. Non-adherent
patients flare four times more frequently than adherent patients [100]. Most arthritis patients prefer to be
involved in decisions about their medication [166], and this has been linked to higher patient satisfaction.

Patients exhibit a complex range of beliefs related to DMARD therapy [167]. Furthermore,
the degree to which patients desire to be directed by their physician regarding treatment choice
varies tremendously and may evolve over time to become more collaborative [168]. Sympathetic
understanding will facilitate the provision of appropriate information to allow the patient to make
informed decisions [169]. Furthermore, it is crucial to educate patients about the importance of a T2T
strategy, since it has been shown that patient preference is among the leading barriers to treatment
adjustment to T2T in RA [170].

The EULAR Task Force recently reiterated the relative safety of MTX and recommended that
the frequent fears of patients after reading the package insert should be addressed by providing
appropriate information [4]. The overemphasis on the risk of side effects that are widely spread on
social media can generally be overcome by an open, balanced, and reassuring discussion regarding
the benefits/risks and risk mitigation at the time of the first prescription. The other crucial points
to address are the importance of maintained therapy, especially in those patients in remission who
want to stop MTX, and patient adherence (in particular, for patients who tell their practitioner that
they are taking MTX when, actually, this is not the case). Available data suggest that adherence to
RA therapy does not exceed 66% [171], but this proportion is enhanced by the belief in the necessity
of the medication. For this reason, when explaining the achievable goals of treatment to the patient,
the rheumatologist should emphasise the availability of long-term observational data demonstrating
the numerous benefits and good overall tolerability of MTX.

When initiating MTX, we recommend that rheumatologists adopt a shared decision-making
approach to the recommended regime. Key points to be emphasised in dialogue with the patient are
summarized on Table 3.
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Table 3. Key points patients will need to be counselled about when rheumatologists adopt
a shared decision-making approach to the recommended regime. NSAIDs, non-steroidal
anti-inflammatory drugs.

Topics to Discuss with Patients

e The choice of routes of administration and the advantages of each

e Expected time to experiencing benefits (this is very important as a patient may experience transient
tolerability problems such as nausea prior to experiencing and improvement in symptoms and there will
therefore be a danger of non-adherence if there has not been appropriate counselling)

e Potential toxicities with reassurance about the capability to mitigate these risks through regular and
appropriate blood monitoring

o The potential tolerability issues, especially nausea with appropriate reassurance that this can be lessened or
mitigated with use of folic acid supplementation or parenteral administration

e Women of childbearing potential need to be counselled about pregnancy and family planning.

e Vaccinations and how to ensure optimum outcomes of vaccination

e Alcohol consumption

o Interactions between MTX and other medication with particular advice about NSAIDs

5. Conclusions

In conclusion, MTX is a remarkable drug with a unique place in the pharmacotherapeutic
management of RA. Key recommendations for clinical use are listed in Table 4. In the last 2 decades,
the cumulative experience of rheumatologists has helped to refine the possibility of achieving the
best outcomes with MTX. It has a large dose titratable range and can be administered as a once
weekly dose regimen by either oral or subcutaneous routes. Parenteral administration of MTX has
the advantages of maximising bioavailability, reducing gastrointestinal intolerance, and potentially
enhancing compliance and adherence. MTX is recommended as the first-line csDMARD treatment for
RA and can also be used in combination with other csDMARDs, bDMARDSs, or tsDMARDs. In the
case of concomitant use with targeted therapies, MTX facilitates optimum achievable efficacy, and
also has the advantage, when used with bDMARDs, of reducing ADAb responses to administered
biologic. MTX is also highly cost-effective and has a favourable benefit/risk profile overall. Nonetheless,
adverse events associated with MTX are well-described and tolerability issues can be a troublesome
complication of this treatment. However, with appropriate risk-mitigation strategies, including folic
acid supplementation, blood monitoring, and patient education, one can optimise achievable outcomes.

Table 4. Key recommendations for clinical use of MTX. ¢sDMARD, conventional synthetic
disease-modifying antirheumatic drugs; bDMARDs, biological DMARDs; tsDMARDs, targeted
synthetic DMARDs; SC, subcutaneous.

Key Points for Clinical Use of MTX

Modify predictors of response to MTX

Encourage smoking cessation

Limit alcohol consumption

Ensure appropriate education on how to optimise outcomes

Manage anxiety and depression

Start at the right dose

Generally 10-15 mg/week, but should be personalized
There is no need to start with higher dose

Choose between oral and parenteral route.
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Table 4. Cont.

Key Points for Clinical Use of MTX

Escalate as quickly as tolerated

Titrate dose according to individual clinical response
Generally aim to reach a dose of at least 20 mg/week after 6 months
Consider local recommendations and clinical context

Switch to SC route for doses higher than 15 mg/week to enhance MTX bioavailability
Prevent side effects

Start folic acid supplementation at a dose of at least 5 mg/week and up to 5 mg/day other than the day of
methotrexate (or folinic acid at a dose lower than 7.5 mg/week)

Instruct the patient to not take folic acid on the day of MTX administration

Folinic acid should be administered on a weekly basis the day after MTX administration

Counsel patients about risk mitigation through blood monitoring according to local protocols

Be aware of potential drug to drug interactions

Instruct the patients to seek advice from their rheumatologist about compatibility with methotrexate of
self-medicated drugs or drugs prescribed by another physician

In case of poor tolerability

Diminish gastrointestinal side effects by switching to SC route

In case of inadequate response

Enhance MTX bioavailability by splitting oral dose or switching to SC route

Consider combination with csDMARD, bDMARDs or tsDMARDs
Do not stop MTX nor reduce MTX dose unless there are toxicity or tolerability concerns

Give time for MTX achieving maximum clinical benefit

Use intra-articular or systemic glucocorticoids as bridging therapies

Educate the patient and adopt a shared decision-making approach

Author Contributions: Conceptualization P.C.T., A.B.C., AB.M,, J.A,, HM.,, R.B.M,, Funding acquisition P.C.T,,
AB.C,ABM,JA, HM, RBM, Investigation PC.T., A.B.C.,, A.BM,, ]J.A.,, HM., RB.M,, Validation PC.T., A.B.C,,
ABM,, J.A.,, HM., R.B.M,, Writing, original draft PC.T., R.B.M., Writing, review and editing P.C.T., A.B.C., ABM.,,
J.A.,, HM., RB.M.

Funding: Nordic Pharma SAS provided funding for assistance from Pierre Clerson and Yann Fardini (Soladis
Clinical Studies) in the preparation of the manuscript.

Acknowledgments: The authors thanks Pierre Clerson and Yann Fardini (Soladis Clinical Studies) for assistance
in the preparation of the manuscript. This assistance was funded by Nordic Pharma SAS. PCT would like to thank
Oxford BRC and AR UK for support.

Conflicts of Interest: P.C.T. has received research grants from Celgene, Galapagos Lilly and Janssen and served as
a consultant to AbbVie, Biogen, Gilead, GlaxoSmithKline, Janssen, Lilly, Pfizer, Roche, Fresenius, Sandoz, Sanofi,
Nordic Pharma and UCB; A.B.C. has/ahd consultancy relationship and/or has received research funding from
AbbVie, Pfizer, Novartis, Nordic Pharma, Sanofi, Bristol Myers Squibb, Sandoz, Lilly, UCB; A.B.M. declares no
conflict of interest; J.A. has/had consultancy relationship and/or has received research funding from Boehringer,
Bristol Myers Squibb, Nordic Pharma, Pfizer and Sanofi; H.M. has/had consultancy relationship and/or has
received research funding from Pfizer, AbbVie, Nordic Pharma, MSD, UCB, Bristol Myers Squibb, Novartis,
Roche-Chugai, Janssen, Biogen, Biogaran, Sanofi; R.M. has/had consultancy relationship with Nordic Pharma and
has received research funding from Gebro; The funders had no role in the writing of the manuscript, or in the
decision to publish the results.



J. Clin. Med. 2019, 8, 515 20 of 29

References

1.

10.

11.

12.

13.

14.

15.

Heinimann, K.; von Kempis, J.; Sauter, R.; Schiff, M.; Sokka-Isler, T.; Schulze-Koops, H.; Muller, R. Long-Term
Increase of Radiographic Damage and Disability in Patients with RA in Relation to Disease Duration in the
Era of Biologics. Results from the SCQM Cohort. J. Clin. Med. 2018, 7, 57. [CrossRef] [PubMed]

Smolen, ].S.; Breedveld, EC.; Burmester, G.R.; Bykerk, V., Dougados, M.; Emery, P; Kvien, TK,;
Navarro-Compan, M.V.; Oliver, S.; Schoels, M.; et al. Treating rheumatoid arthritis to target: 2014
update of the recommendations of an international task force. Ann. Rheum. Dis. 2016, 75, 3-15. [CrossRef]
Brinkmann, G.H.; Norvang, V.; Norli, E.S.; Grovle, L.; Haugen, A.J.; Lexberg, A.S.; Rodevand, E.; Bakland, G.;
Nygaard, H.; Kroll, E; et al. Treat to target strategy in early rheumatoid arthritis versus routine care—A
comparative clinical practice study. Semin. Arthritis Rheum. 2018. [CrossRef]

Smolen, J.S.; Landewe, R.; Bijlsma, J.; Burmester, G.; Chatzidionysiou, K.; Dougados, M.; Nam, J.; Ramiro, S.;
Voshaar, M; van Vollenhoven, R; et al. EULAR recommendations for the management of rheumatoid arthritis
with synthetic and biological disease-modifying antirheumatic drugs: 2016 update. Ann. Rheum. Dis. 2017,
76,960-977. [CrossRef]

Singh, J.A.; Saag, K.G.; Bridges, S.L., Jr.; Akl, E.A.; Bannuru, R.R.; Sullivan, M.C.; Vaysbrot, E.; McNaughton, C.;
Osani, M.; Shmerling, R.H.; et al. 2015 American College of Rheumatology Guideline for the Treatment of
Rheumatoid Arthritis. Arthritis Care Res. (Hoboken) 2016, 68, 1-25. [CrossRef] [PubMed]

Bykerk, V.P; Akhavan, P; Hazlewood, G.S.; Schieir, O.; Dooley, A.; Haraoui, B.; Khraishi, M.; Leclercq, S.A.;
Legare, J.; Mosher, D.P; et al. Canadian Rheumatology Association recommendations for pharmacological
management of rheumatoid arthritis with traditional and biologic disease-modifying antirheumatic drugs.
J. Rheumatol. 2012, 39, 1559-1582. [CrossRef]

Lau, C.S,; Chia, F; Harrison, A.; Hsieh, T.Y,; Jain, R.; Jung, S.M.; Kishimoto, M.; Kumar, A.; Leong, K.P;
Li, Z.; et al. APLAR rheumatoid arthritis treatment recommendations. Int. J. Rheum. Dis. 2015, 18, 685-713.
[CrossRef] [PubMed]

Felson, D.T.; Smolen, ].S.; Wells, G.; Zhang, B.; van Tuyl, L.H.; Funovits, J.; Aletaha, D.; Allaart, C.E; Bathon, J.;
Bombardieri, S.; et al. American College of Rheumatology/European League against Rheumatism provisional
definition of remission in rheumatoid arthritis for clinical trials. Ann. Rheum. Dis. 2011, 70, 404-413.
[CrossRef]

Kavanaugh, A.; Fleischmann, R.M.; Emery, P.; Kupper, H.; Redden, L.; Guerette, B.; Santra, S.; Smolen, J.S.
Clinical, functional and radiographic consequences of achieving stable low disease activity and remission
with adalimumab plus methotrexate or methotrexate alone in early rheumatoid arthritis: 26-week results
from the randomised, controlled OPTIMA study. Ann. Rheum. Dis. 2013, 72, 64-71. [CrossRef]

Radner, H.; Smolen, J.S.; Aletaha, D. Remission in theumatoid arthritis: Benefit over low disease activity in
patient-reported outcomes and costs. Arthritis Res. Ther. 2014, 16, R56. [CrossRef]

Linde, L.; Hetland, M.L.; Ostergaard, M. Drug survival and reasons for discontinuation of intramuscular
methotrexate: A study of 212 consecutive patients switching from oral methotrexate. Scand. J. Rheumatol.
2006, 35, 102-106. [CrossRef]

Thiele, K.; Huscher, D.; Bischoff, S.; Spathling-Mestekemper, S.; Backhaus, M.; Aringer, M.; Kohlmann, T.;
Zink, A.; German Collaborative Arthritis Centres. Performance of the 2011 ACR/EULAR preliminary
remission criteria compared with DAS28 remission in unselected patients with rheumatoid arthritis.
Ann. Rheum. Dis. 2013, 72, 1194-1199. [CrossRef]

Grigor, C.; Capell, H.; Stirling, A.; McMahon, A.D.; Lock, P; Vallance, R.; Kincaid, W.; Porter, D. Effect of a
treatment strategy of tight control for rheumatoid arthritis (the TICORA study): A single-blind randomised
controlled trial. Lancet 2004, 364, 263-269. [CrossRef]

Verstappen, S.M.; Jacobs, ].W.; van der Veen, M.].; Heurkens, A.H.; Schenk, Y.; ter Borg, E.J.; Blaauw, A.A;
Bijlsma, ].W.; The Utrecht Rheumatoid Arthritis Cohort Study Group. Intensive treatment with methotrexate
in early rheumatoid arthritis: Aiming for remission. Computer Assisted Management in Early Rheumatoid
Arthritis (CAMERA, an open-label strategy trial). Ann. Rheum. Dis. 2007, 66, 1443-1449. [CrossRef]
Mueller, R.B.; Spaeth, M.; von Restorff, C.; Ackerman, C.; Schulze-Koops, H.; Von Kempis, J. Superiority of a
Treat-to Target Strategy over conventional treatment with csDMARD and corticosteroids: A multi-center
randomized controlled trial in RA patients with an inadequate response to conventional synthetic DMARDs,
and new therapy with certolizumab pegol. J. Clin. Med. 2019, 8, 302.


http://dx.doi.org/10.3390/jcm7030057
http://www.ncbi.nlm.nih.gov/pubmed/29533997
http://dx.doi.org/10.1136/annrheumdis-2015-207524
http://dx.doi.org/10.1016/j.semarthrit.2018.07.004
http://dx.doi.org/10.1136/annrheumdis-2016-210715
http://dx.doi.org/10.1002/acr.22783
http://www.ncbi.nlm.nih.gov/pubmed/26545825
http://dx.doi.org/10.3899/jrheum.110207
http://dx.doi.org/10.1111/1756-185X.12754
http://www.ncbi.nlm.nih.gov/pubmed/26334449
http://dx.doi.org/10.1136/ard.2011.149765
http://dx.doi.org/10.1136/annrheumdis-2011-201247
http://dx.doi.org/10.1186/ar4491
http://dx.doi.org/10.1080/03009740500343294
http://dx.doi.org/10.1136/annrheumdis-2012-201821
http://dx.doi.org/10.1016/S0140-6736(04)16676-2
http://dx.doi.org/10.1136/ard.2007.071092

J. Clin. Med. 2019, 8, 515 21 of 29

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kyburz, D.; Gabay, C.; Michel, B.A; Finckh, A. The long-term impact of early treatment of rheumatoid arthritis on
radiographic progression: A population-based cohort study. Rheumatology (Oxford) 2011, 50, 1106-1110. [CrossRef]
Weinblatt, M.E. Methotrexate in rheumatoid arthritis: A quarter century of development. Trans. Am. Clin.
Climatol. Assoc. 2013, 124, 16-25.

Weinblatt, M.E.; Coblyn, J.S.; Fox, D.A,; Fraser, PA.; Holdsworth, D.E.; Glass, D.N.; Trentham, D.E. Efficacy
of low-dose methotrexate in rheumatoid arthritis. N. Engl. J. Med. 1985, 312, 818-822. [CrossRef]

Brown, PM.; Pratt, A.G.; Isaacs, ].D. Mechanism of action of methotrexate in rheumatoid arthritis, and the
search for biomarkers. Nat. Rev. Rheumatol. 2016, 12, 731-742. [CrossRef]

Lebbe, C.; Beyeler, C.; Gerber, N.J.; Reichen, J. Intraindividual variability of the bioavailability of low
dose methotrexate after oral administration in rheumatoid arthritis. Ann. Rheum. Dis. 1994, 53, 475-477.
[CrossRef]

Schiff, M.H.; Jaffe, ].S.; Freundlich, B. Head-to-head, randomised, crossover study of oral versus 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. 2014, 73, 1549-1551.
[CrossRef]

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. 2004, 31, 645-648.

Dalrymple, ].M.; Stamp, L.K.; O’'Donnell, J.L.; Chapman, P.T.; Zhang, M.; Barclay, M.L. Pharmacokinetics of
oral methotrexate in patients with theumatoid arthritis. Arthritis Rheum. 2008, 58, 3299-3308. [CrossRef]
Dervieux, T.; Greenstein, N.; Kremer, J. Pharmacogenomic and metabolic biomarkers in the folate pathway
and their association with methotrexate effects during dosage escalation in rheumatoid arthritis. Arthritis
Rheum. 2006, 54, 3095-3103. [CrossRef]

Stamp, L.K.; O'Donnell, J.L.; Chapman, P.T.; Zhang, M.; Frampton, C.; James, J.; Barclay, M.L. Determinants
of red blood cell methotrexate polyglutamate concentrations in rheumatoid arthritis patients receiving
long-term methotrexate treatment. Arthritis Rheum. 2009, 60, 2248-2256. [CrossRef]

Tishler, M.; Caspi, D.; Graff, E.; Segal, R.; Peretz, H.; Yaron, M. Synovial and serum levels of methotrexate
during methotrexate therapy of rheumatoid arthritis. Br. J. Rheumatol. 1989, 28, 422-423. [CrossRef]
Herman, R.A.; Veng-Pedersen, P.; Hoffman, ]J.; Koehnke, R.; Furst, D.E. Pharmacokinetics of low-dose
methotrexate in rheumatoid arthritis patients. J. Pharm. Sci. 1989, 78, 165-171. [CrossRef]

Chladek, J.; Martinkova, J.; Simkova, M.; Vaneckova, J.; Koudelkova, V.; Nozickova, M. Pharmacokinetics of low
doses of methotrexate in patients with psoriasis over the early period of treatment. Eur. |. Clin. Pharmacol. 1998,
53, 437-444. [CrossRef]

Dervieux, T,; Furst, D.; Lein, D.O.; Capps, R.; Smith, K.; Caldwell, ].; Kremer, ]. Pharmacogenetic and metabolite
measurements are associated with clinical status in patients with theumatoid arthritis treated with methotrexate:
Results of a multicentred cross sectional observational study. Ann. Rheum. Dis. 2005, 64, 1180-1185. [CrossRef]
Stamp, L.K.; Barclay, M.L.; O'Donnell, J.L.; Zhang, M.; Drake, J.; Frampton, C.; Chapman, P.T. Effects
of changing from oral to subcutaneous methotrexate on red blood cell methotrexate polyglutamate
concentrations and disease activity in patients with rheumatoid arthritis. J. Rheumatol. 2011, 38, 2540-2547.
[CrossRef]

Bressolle, E; Bologna, C.; Kinowski, ].M.; Sany, J.; Combe, B. Effects of moderate renal insufficiency on
pharmacokinetics of methotrexate in rheumatoid arthritis patients. Ann. Rheum. Dis. 1998, 57, 110-113.
[CrossRef] [PubMed]

Chan, E.S.; Cronstein, B.N. Methotrexate—How does it really work? Nat. Rev. Rheumatol. 2010, 6, 175-178.
[CrossRef] [PubMed]

Wessels, ].A.; van der Kooij, S.M.; le Cessie, S.; Kievit, W.; Barerra, P; Allaart, C.E; Huizinga, TW.; Guchelaar, H].;
Pharmacogenetics Collaborative Research, G. A clinical pharmacogenetic model to predict the efficacy of methotrexate
monotherapy in recent-onset rheumatoid arthritis. Arthritis Rheum. 2007, 56, 1765-1775. [CrossRef] [PubMed]
Lopez-Rodriguez, R.; Ferreiro-Iglesias, A.; Lima, A.; Bernardes, M.; Pawlik, A.; Paradowska-Gorycka, A.; Swierkot, J.;
Slezak, R.; Gonzalez-Alvaro, I; Narvaez, J.; et al. Evaluation of a clinical pharmacogenetics model to predict
methotrexate response in patients with rheumatoid arthritis. Pharmacogenom. . 2018, 18, 539-545. [CrossRef]
[PubMed]


http://dx.doi.org/10.1093/rheumatology/keq424
http://dx.doi.org/10.1056/NEJM198503283121303
http://dx.doi.org/10.1038/nrrheum.2016.175
http://dx.doi.org/10.1136/ard.53.7.475
http://dx.doi.org/10.1136/annrheumdis-2014-205228
http://dx.doi.org/10.1002/art.24034
http://dx.doi.org/10.1002/art.22129
http://dx.doi.org/10.1002/art.24653
http://dx.doi.org/10.1093/rheumatology/28.5.422
http://dx.doi.org/10.1002/jps.2600780219
http://dx.doi.org/10.1007/s002280050404
http://dx.doi.org/10.1136/ard.2004.033399
http://dx.doi.org/10.3899/jrheum.110481
http://dx.doi.org/10.1136/ard.57.2.110
http://www.ncbi.nlm.nih.gov/pubmed/9613341
http://dx.doi.org/10.1038/nrrheum.2010.5
http://www.ncbi.nlm.nih.gov/pubmed/20197777
http://dx.doi.org/10.1002/art.22640
http://www.ncbi.nlm.nih.gov/pubmed/17530705
http://dx.doi.org/10.1038/s41397-018-0017-5
http://www.ncbi.nlm.nih.gov/pubmed/29520081

J. Clin. Med. 2019, 8, 515 22 of 29

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Hughes, C.D,; Scott, D.L.; Ibrahim, F.; Investigators, T.P. Intensive therapy and remissions in rheumatoid
arthritis: A systematic review. BMC Musculoskelet. Disord. 2018, 19, 389. [CrossRef] [PubMed]

Smolen, ].S.; Aletaha, D.; Bijlsma, ].W.; Breedveld, F.C.; Boumpas, D.; Burmester, G.; Combe, B.; Cutolo, M.; de
Wit, M.; Dougados, M.; et al. Treating rheumatoid arthritis to target: Recommendations of an international
task force. Ann. Rheum. Dis. 2010, 69, 631-637. [CrossRef]

Van Nies, J.A.; Tsonaka, R.; Gaujoux-Viala, C.; Fautrel, B.; van der Helm-van Mil, A .H. Evaluating relationships
between symptom duration and persistence of rheumatoid arthritis: Does a window of opportunity exist?
Results on the Leiden early arthritis clinic and ESPOIR cohorts. Ann. Rheum. Dis. 2015, 74, 806-812.
[CrossRef] [PubMed]

ODell, ].R,; Curtis, ].R.; Mikuls, TR.; Cofield, S.S.; Bridges, S.L., Jr.; Ranganath, VK.; Moreland, L.W.; Investigators, T.T.
Validation of the methotrexate-first strategy in patients with early, poor-prognosis theumatoid arthritis: Results from
a two-year randomized, double-blind trial. Arthritis Rheum. 2013, 65, 1985-1994. [CrossRef]

O’Dell, J.R.; Cohen, S.B.; Thorne, ].C.; Kremer, J. Treatment of rheumatoid arthritis in the USA: Premature use
of tumor necrosis factor inhibition and underutilization of concomitant methotrexate. Open Access Rheumatol.
2018, 10, 97-101. [CrossRef]

Mueller, R.B.; Graninger, W.; Sidiropoulos, P; Goger, C.; von Kempis, ]. Median time to low disease activity is shorter
in tocilizumab combination therapy with csDMARDs as compared to tocilizumab monotherapy in patients with
active rheumatoid arthritis and inadequate responses to csDMARDs and/or TNF inhibitors: Sub-analysis of the
Swiss and Austrian patients from the ACT-SURE study. Clin. Rheumatol. 2017, 36, 2187-2192. [CrossRef]
Moreland, L.W.; O’Dell, J.R.; Paulus, H.E.; Curtis, ].R.; Bathon, ].M.; St Clair, EW.,; Bridges, S.L., Jr.; Zhang, J.;
McVie, T.; Howard, G.; et al. A randomized comparative effectiveness study of oral triple therapy versus
etanercept plus methotrexate in early aggressive rheumatoid arthritis: The treatment of Early Aggressive
Rheumatoid Arthritis Trial. Arthritis Rheum. 2012, 64, 2824-2835. [CrossRef]

Goekoop-Ruiterman, Y.P; de Vries-Bouwstra, ].K.; Allaart, C.F.; van Zeben, D.; Kerstens, PJ.; Hazes, ] M.;
Zwinderman, A.H.; Ronday, HK.; Han, K.H.; Westedt, M.L.; et al. Clinical and radiographic outcomes of
four different treatment strategies in patients with early rheumatoid arthritis (the BeSt study): A randomized,
controlled trial. Arthritis Rheum. 2005, 52, 3381-3390. [CrossRef]

Muller, R.B.; von Kempis, J.; Haile, S.R.; Schiff, M.H. Effectiveness, tolerability, and safety of subcutaneous
methotrexate in early rheumatoid arthritis: A retrospective analysis of real-world data from the St. Gallen
cohort. Semin. Arthritis Rheum. 2015, 45, 28-34. [CrossRef]

Van Vollenhoven, R.E.; Ernestam, S.; Geborek, P.; Petersson, I.F.; Coster, L.; Waltbrand, E.; Zickert, A.;
Theander, J.; Thorner, A.; Hellstrom, H.; et al. Addition of infliximab compared with addition of sulfasalazine
and hydroxychloroquine to methotrexate in patients with early rheumatoid arthritis (Swefot trial): 1-year
results of a randomised trial. Lancet 2009, 374, 459-466. [CrossRef]

Gabriel, S.E.; Michaud, K. Epidemiological studies in incidence, prevalence, mortality, and comorbidity of
the rheumatic diseases. Arthritis Res. Ther. 2009, 11, 229. [CrossRef]

Young, A.; Koduri, G.; Batley, M.; Kulinskaya, E.; Gough, A.; Norton, S.; Dixey, J.; Early Rheumatoid Arthritis
Study (ERAS) Group. Mortality in theumatoid arthritis. Increased in the early course of disease, in ischaemic
heart disease and in pulmonary fibrosis. Rheumatology (Oxford) 2007, 46, 350-357. [CrossRef]

Gonzalez, A.; Maradit Kremers, H.; Crowson, C.S.; Nicola, PJ.; Davis, ].M., 3rd; Therneau, TM.; Roger, V.L.;
Gabriel, S.E. The widening mortality gap between rheumatoid arthritis patients and the general population.
Arthritis Rheum. 2007, 56, 3583-3587. [CrossRef]

Choi, HK.; Hernan, M.A.; Seeger, ].D.; Robins, ].M.; Wolfe, F. Methotrexate and mortality in patients with
rheumatoid arthritis: A prospective study. Lancet 2002, 359, 1173-1177. [CrossRef]

Wasko, M.C.; Dasgupta, A.; Hubert, H.; Fries, ].F.; Ward, M.M. Propensity-adjusted association of methotrexate
with overall survival in rheumatoid arthritis. Arthritis Rheum. 2013, 65, 334-342. [CrossRef]

Ridker, PM.; Everett, B.M.; Pradhan, A.; MacFadyen, ].G.; Solomon, D.H.; Zaharris, E.; Mam, V.; Hasan, A;
Rosenberg, Y.; Iturriaga, E.; et al. Low-Dose Methotrexate for the Prevention of Atherosclerotic Events. N. Engl.
J. Med. 2019, 380, 752-762. [CrossRef]

Atzeni, F; Boiardi, L.; Salli, S.; Benucci, M.; Sarzi-Puttini, P. Lung involvement and drug-induced lung
disease in patients with rheumatoid arthritis. Expert Rev. Clin. Immunol. 2013, 9, 649-657. [CrossRef]

Suda, T. Up-to-Date Information on Rheumatoid Arthritis-Associated Interstitial Lung Disease. Clin. Med.
Insights Circ. Respir. Pulm. Med. 2015, 9, 155-162. [CrossRef]


http://dx.doi.org/10.1186/s12891-018-2302-5
http://www.ncbi.nlm.nih.gov/pubmed/30376836
http://dx.doi.org/10.1136/ard.2009.123919
http://dx.doi.org/10.1136/annrheumdis-2014-206047
http://www.ncbi.nlm.nih.gov/pubmed/25561360
http://dx.doi.org/10.1002/art.38012
http://dx.doi.org/10.2147/OARRR.S169152
http://dx.doi.org/10.1007/s10067-017-3779-2
http://dx.doi.org/10.1002/art.34498
http://dx.doi.org/10.1002/art.21405
http://dx.doi.org/10.1016/j.semarthrit.2015.02.009
http://dx.doi.org/10.1016/S0140-6736(09)60944-2
http://dx.doi.org/10.1186/ar2669
http://dx.doi.org/10.1093/rheumatology/kel253
http://dx.doi.org/10.1002/art.22979
http://dx.doi.org/10.1016/S0140-6736(02)08213-2
http://dx.doi.org/10.1002/art.37723
http://dx.doi.org/10.1056/NEJMoa1809798
http://dx.doi.org/10.1586/1744666X.2013.811173
http://dx.doi.org/10.4137/CCRPM.S23289

J. Clin. Med. 2019, 8, 515 23 of 29

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Rojas-Serrano, J.; Herrera-Bringas, D.; Perez-Roman, D.I.; Perez-Dorame, R.; Mateos-Toledo, H.; Mejia, M.
Rheumatoid arthritis-related interstitial lung disease (RA-ILD): Methotrexate and the severity of lung disease
are associated to prognosis. Clin. Rheumatol. 2017, 36, 1493-1500. [CrossRef]

England, B.R,; Sayles, H.; Michaud, K.; Thiele, G.M.; Poole, ]J.A.; Caplan, L.; Sauer, B.C.; Cannon, G.W.;
Reimold, A.; Kerr, G.S,; et al. Chronic lung disease in U.S. Veterans with rheumatoid arthritis and the impact
on survival. Clin. Rheumatol. 2018, 37, 2907-2915. [CrossRef]

Conway, R; Carey, ].J. Methotrexate and lung disease in rheumatoid arthritis. Panminerva Med. 2017, 59, 33-46.
[CrossRef]

Conway, R.; Low, C.; Coughlan, R.J.; O’'Donnell, M.].; Carey, ].]. Methotrexate and lung disease in rheumatoid
arthritis: A meta-analysis of randomized controlled trials. Arthritis Rheumatol. 2014, 66, 803-812. [CrossRef]
Conway, R.; Low, C.; Coughlan, R.J.; O’Donnell, M.].; Carey, ].J]. Methotrexate use and risk of lung disease in
psoriasis, psoriatic arthritis, and inflammatory bowel disease: Systematic literature review and meta-analysis
of randomised controlled trials. BM]J 2015, 350, h1269. [CrossRef]

Mason, A.; Holmes, C.; Edwards, C.J. Inflammation and dementia: Using rheumatoid arthritis as a model to
develop treatments? Autoimmun. Rev. 2018, 17, 919-925. [CrossRef]

Judge, A; Garriga, C.; Arden, N.K,; Lovestone, S.; Prieto-Alhambra, D.; Cooper, C.; Edwards, C.J. Protective
effect of antirheumatic drugs on dementia in rheumatoid arthritis patients. Alzheimers Dement. (N.Y.) 2017,
3, 612-621. [CrossRef]

Lazaro, E.; Morel, ]. Management of neutropenia in patients with rheumatoid arthritis. Jt. Bone Spine 2015,
82,235-239. [CrossRef]

Allen, L.S.; Groff, G. Treatment of Felty’s syndrome with low-dose oral methotrexate. Arthritis Rheum. 1986,
29, 902-905. [CrossRef]

Isasi, C.; Lopez-Martin, J.A.; Angeles Trujillo, M.; Andreu, ].L.; Palacio, S.; Mulero, J. Felty’s syndrome:
Response to low dose oral methotrexate. J. Rheumatol. 1989, 16, 983-985. [PubMed]

Finckh, A.; Bansback, N.; Marra, C.A.; Anis, A.H.; Michaud, K; Lubin, S.; White, M.; Sizto, S.; Liang, M.H.
Treatment of very early rheumatoid arthritis with symptomatic therapy, disease-modifying antirheumatic
drugs, or biologic agents: A cost-effectiveness analysis. Ann. Intern. Med. 2009, 151, 612-621. [CrossRef]
Fitzpatrick, R.; Scott, D.G.; Keary, I. Cost-minimisation analysis of subcutaneous methotrexate versus biologic
therapy for the treatment of patients with rheumatoid arthritis who have had an insufficient response or
intolerance to oral methotrexate. Clin. Rheumatol. 2013, 32, 1605-1612. [CrossRef]

Mainman, H.; McClaren, E.; Heycock, C.; Saravanan, V.; Hamilton, J.; Kelly, C. When should we use parenteral
methotrexate? Clin. Rheumatol. 2010, 29, 1093-1098. [CrossRef]

Deighton, C.; Hyrich, K.; Ding, T.; Ledingham, J.; Lunt, M.; Lugmani, R.; Kiely, P.; Bukhari, M.; Abernethy, R.;
Ostor, A.; et al. BSR and BHPR rheumatoid arthritis guidelines on eligibility criteria for the first biological
therapy. Rheumatology (Oxford) 2010, 49, 1197-1199. [CrossRef]

Carmichael, S.J.; Beal, ].; Day, R.O.; Tett, S.E. Combination therapy with methotrexate and hydroxychloroquine
for rheumatoid arthritis increases exposure to methotrexate. J. Rheumatol. 2002, 29, 2077-2083. [PubMed]
Schapink, L.; van den Ende, C.H.M.; Gevers, L.; van Ede, A.E.; den Broeder, A.A. The effects of methotrexate
and hydroxychloroquine combination therapy vs methotrexate monotherapy in early rheumatoid arthritis
patients. Rheumatology (Oxford) 2018, 58, 131-134. [CrossRef]

Hazlewood, G.S.; Barnabe, C.; Tomlinson, G.; Marshall, D.; Devoe, D.].; Bombardier, C. Methotrexate
monotherapy and methotrexate combination therapy with traditional and biologic disease modifying
anti-theumatic drugs for rheumatoid arthritis: A network meta-analysis. Cochrane Database Syst. Rev. 2016,
CD010227. [CrossRef]

Peper, S.M.; Lew, R.; Mikuls, T.; Brophy, M.; Rybin, D.; Wu, H.; O’Dell, ]. Rheumatoid Arthritis Treatment
After Methotrexate: The Durability of Triple Therapy Versus Etanercept. Arthritis Care Res. (Hoboken) 2017,
69, 1467-1472. [CrossRef] [PubMed]

Quach, L.T.; Chang, B.H.; Brophy, M.T; Soe Thwin, S.; Hannagan, K.; O'Dell, ].R. Rheumatoid arthritis triple
therapy compared with etanercept: Difference in infectious and gastrointestinal adverse events. Rheumatology
(Oxford) 2017, 56, 378-383. [CrossRef]

Fleischmann, R.; Tongbram, V.; van Vollenhoven, R.; Tang, D.H.; Chung, J.; Collier, D.; Urs, S.; Ndirangu, K.;
Wells, G.; Pope, ]. Systematic review and network meta-analysis of the efficacy and safety of tumour necrosis


http://dx.doi.org/10.1007/s10067-017-3707-5
http://dx.doi.org/10.1007/s10067-018-4314-9
http://dx.doi.org/10.23736/S0031-0808.16.03260-2
http://dx.doi.org/10.1002/art.38322
http://dx.doi.org/10.1136/bmj.h1269
http://dx.doi.org/10.1016/j.autrev.2018.04.001
http://dx.doi.org/10.1016/j.trci.2017.10.002
http://dx.doi.org/10.1016/j.jbspin.2015.01.005
http://dx.doi.org/10.1002/art.1780290713
http://www.ncbi.nlm.nih.gov/pubmed/2504919
http://dx.doi.org/10.7326/0003-4819-151-9-200911030-00006
http://dx.doi.org/10.1007/s10067-013-2318-z
http://dx.doi.org/10.1007/s10067-010-1500-9
http://dx.doi.org/10.1093/rheumatology/keq006a
http://www.ncbi.nlm.nih.gov/pubmed/12375315
http://dx.doi.org/10.1093/rheumatology/key275
http://dx.doi.org/10.1002/14651858.CD010227.pub2
http://dx.doi.org/10.1002/acr.23255
http://www.ncbi.nlm.nih.gov/pubmed/28388820
http://dx.doi.org/10.1093/rheumatology/kew412

J. Clin. Med. 2019, 8, 515 24 of 29

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

factor inhibitor-methotrexate combination therapy versus triple therapy in theumatoid arthritis. RMD Open
2017, 3, e000371. [CrossRef]

Bathon, J.M.; Martin, RW.; Fleischmann, R.M.; Tesser, J.R.; Schiff, M.H.; Keystone, E.C.; Genovese, M.C.;
Wasko, M.C.; Moreland, L.W.; Weaver, A.L.; et al. A comparison of etanercept and methotrexate in patients
with early theumatoid arthritis. N. Engl. . Med. 2000, 343, 1586-1593. [CrossRef]

Breedveld, F.C.; Weisman, M.H.; Kavanaugh, A.E; Cohen, S.B.; Pavelka, K.; van Vollenhoven, R.; Sharp, J.;
Perez, ].L.; Spencer-Green, G.T. 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. 2006, 54, 26-37. [CrossRef]

Emery, P; Breedveld, F.C.; Hall, S.; Durez, P.; Chang, D.J.; Robertson, D.; Singh, A.; Pedersen, R.D.; Koenig, A.S.;
Freundlich, B. Comparison of methotrexate monotherapy with a combination of methotrexate and etanercept
in active, early, moderate to severe rheumatoid arthritis (COMET): A randomised, double-blind, parallel
treatment trial. Lancet 2008, 372, 375-382. [CrossRef]

Emery, P; Fleischmann, R.; van der Heijde, D.; Keystone, E.C.; Genovese, M.C.; Conaghan, P.G.; Hsia, E.C.;
Xu, W.; Baratelle, A.; Beutler, A ; et al. The effects of golimumab on radiographic progression in rheumatoid
arthritis: Results of randomized controlled studies of golimumab before methotrexate therapy and golimumab
after methotrexate therapy. Arthritis Rheum. 2011, 63, 1200-1210. [CrossRef] [PubMed]

Burmester, G.R.; Kivitz, A.J.; Kupper, H.; Arulmani, U.; Florentinus, S.; Goss, S.L.; Rathmann, S.S.;
Fleischmann, R.M. Efficacy and safety of ascending methotrexate dose in combination with adalimumab:
The randomised CONCERTO trial. Ann. Rheum. Dis. 2015, 74, 1037-1044. [CrossRef]

Kaeley, G.S.; MacCarter, D.K.; Goyal, J.R.; Liu, S.; Chen, K.; Griffith, J.; Kupper, H.; Garg, V.; Kalabic, J.
Similar Improvements in Patient-Reported Outcomes Among Rheumatoid Arthritis Patients Treated with
Two Different Doses of Methotrexate in Combination with Adalimumab: Results From the MUSICA Trial.
Rheumatol. Ther. 2018, 5, 123-134. [CrossRef]

Bandres Ciga, S.; Salvatierra, J.; Lopez-Sidro, M.; Garcia-Sanchez, A.; Duran, R.; Vives, E; Raya-Alvarez, E.
An examination of the mechanisms involved in secondary clinical failure to adalimumab or etanercept in
inflammatory arthropathies. J. Clin. Rheumatol. 2015, 21, 115-119. [CrossRef]

Jani, M.; Barton, A.; Warren, R.B.; Griffiths, C.E.; Chinoy, H. The role of DMARDs in reducing the
immunogenicity of TNF inhibitors in chronic inflammatory diseases. Rheumatology (Oxford) 2014, 53, 213-222.
[CrossRef]

Jani, M.; Chinoy, H.; Warren, R.B.; Griffiths, C.E.; Plant, D.; Fu, B.; Morgan, A.W.; Wilson, A.G.; Isaacs, ].D.;
Hyrich, K.; et al. Clinical utility of random anti-tumor necrosis factor drug-level testing and measurement of
antidrug antibodies on the long-term treatment response in rheumatoid arthritis. Arthritis Rheumatol. 2015,
67,2011-2019. [CrossRef]

Bartelds, G.M.; Krieckaert, C.L.; Nurmohamed, M.T.; van Schouwenburg, PA.; Lems, WE; Twisk, ] W.; Dijkmans, B.A.;
Aarden, L.; Wolbink, G.J. Development of antidrug antibodies against adalimumab and association with disease
activity and treatment failure during long-term follow-up. JAMA 2011, 305, 1460-1468. [CrossRef]
Pascual-Salcedo, D.; Plasencia, C.; Ramiro, S.; Nuno, L.; Bonilla, G.; Nagore, D.; Ruiz Del Agua, A;
Martinez, A.; Aarden, L.; Martin-Mola, E.; et al. Influence of immunogenicity on the efficacy of long-term
treatment with infliximab in theumatoid arthritis. Rheumatology (Oxford) 2011, 50, 1445-1452. [CrossRef]
Balsa, A.; Sanmarti, R.; Rosas, J.; Martin, V.; Cabez, A.; Gomez, S.; Montoro, M. Drug immunogenicity in
patients with inflammatory arthritis and secondary failure to tumour necrosis factor inhibitor therapies: The
REASON study. Rheumatology (Oxford) 2018, 57, 688—693. [CrossRef] [PubMed]

Vogelzang, E.H.; Kneepkens, E.L; Nurmohamed, M.T.; van Kuijk, A\W.; Rispens, T.; Wolbink, G.;
Krieckaert, C.L. Anti-adalimumab antibodies and adalimumab concentrations in psoriatic arthritis; an
association with disease activity at 28 and 52 weeks of follow-up. Ann. Rheum. Dis. 2014, 73, 2178-2182.
[CrossRef]

Bartelds, G.M.; Wijbrandts, C.A.; Nurmohamed, M.T.; Stapel, S.; Lems, W.E,; Aarden, L.; Dijkmans, B.A.;
Tak, P.P; Wolbink, G.J. Clinical response to adalimumab: Relationship to anti-adalimumab antibodies and
serum adalimumab concentrations in rheumatoid arthritis. Ann. Rheum. Dis. 2007, 66, 921-926. [CrossRef]


http://dx.doi.org/10.1136/rmdopen-2016-000371
http://dx.doi.org/10.1056/NEJM200011303432201
http://dx.doi.org/10.1002/art.21519
http://dx.doi.org/10.1016/S0140-6736(08)61000-4
http://dx.doi.org/10.1002/art.30263
http://www.ncbi.nlm.nih.gov/pubmed/21305524
http://dx.doi.org/10.1136/annrheumdis-2013-204769
http://dx.doi.org/10.1007/s40744-018-0105-7
http://dx.doi.org/10.1097/RHU.0000000000000229
http://dx.doi.org/10.1093/rheumatology/ket260
http://dx.doi.org/10.1002/art.39169
http://dx.doi.org/10.1001/jama.2011.406
http://dx.doi.org/10.1093/rheumatology/ker124
http://dx.doi.org/10.1093/rheumatology/kex474
http://www.ncbi.nlm.nih.gov/pubmed/29365183
http://dx.doi.org/10.1136/annrheumdis-2014-205554
http://dx.doi.org/10.1136/ard.2006.065615

J. Clin. Med. 2019, 8, 515 25 of 29

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Ungar, B.; Kopylov, U.; Engel, T.; Yavzori, M.; Fudim, E.; Picard, O.; Lang, A.; Williet, N.; Paul, S.; Chowers, Y.; et al.
Addition of an immunomodulator can reverse antibody formation and loss of response in patients treated with
adalimumab. Aliment. Pharmacol. Ther. 2017, 45, 276-282. [CrossRef]

Qiu, Y.; Mao, R.; Chen, B.L.; Zhang, S.H.; Guo, ].; He, Y.; Zeng, Z.R.; Ben-Horin, S.; Chen, M.H. Effects of
Combination Therapy With Immunomodulators on Trough Levels and Antibodies Against Tumor Necrosis
Factor Antagonists in Patients With Inflammatory Bowel Disease: A Meta-analysis. Clin. Gastroenterol.
Hepatol. 2017, 15, 1359.e6-1372.e6. [CrossRef]

Krieckaert, C.L.; Nurmohamed, M.T.; Wolbink, G.]. Methotrexate reduces immunogenicity in adalimumab
treated rheumatoid arthritis patients in a dose dependent manner. Ann. Rheum. Dis. 2012, 71, 1914-1915.
[CrossRef] [PubMed]

Kaeley, G.S.; Evangelisto, A.M.; Nishio, M.]J.; Goss, S.L.; Liu, S.; Kalabic, ].; Kupper, H. Methotrexate dosage
reduction upon adalimumab initiation: Clinical and ultrasonographic outcomes from the randomized
noninferiority MUSICA trial. J. Rheumatol. 2016, 43, 1480-1489. [CrossRef] [PubMed]

Klareskog, L.; van der Heijde, D.; de Jager, ].P.; Gough, A.; Kalden, J.; Malaise, M.; Martin Mola, E.; Pavelka, K.;
Sany, J.; Settas, L.; 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
2004, 363, 675-681. [CrossRef]

Quintin, E.; Scoazec, ].Y.; Marotte, H.; Miossec, P. Rare incidence of methotrexate-specific lesions in liver
biopsy of patients with arthritis and elevated liver enzymes. Arthritis Res. Ther. 2010, 12, R143. [CrossRef]
Simms, RW.; Kwoh, C.K,; Anderson, L.G.; Erlandson, D.M.; Greene, ]. M.; Kelleher, M.; O'Dell, ] R.; Partridge, AJ.;
Roberts, W.N.; Robbins, M.L. Guidelines for monitoring drug therapy in rheumatoid arthritis: American College of
Rheumatology Ad Hoc Committee on Clinical Guidelines. Arthritis Rheum. 1996, 39, 723-731.

Visser, K.; Katchamart, W.; Loza, E.; Martinez-Lopez, ].; Salliot, C.; Trudeau, J.; Bombardier, C.; Carmona, L.;
Van der Heijde, D.; Bijlsma, J.; et al. Multinational evidence-based recommendations for the use of
methotrexate in rheumatic disorders with a focus on rheumatoid arthritis: Integrating systematic literature
research and expert opinion of a broad international panel of rheumatologists in the 3E Initiative. Ann.
Rheum. Dis. 2009, 68, 1086-1093.

Price, S.; James, C.; Deighton, C. Methotrexate use and alcohol. Clin. Exp. Rheumatol. 2010, 28, S114-5116.
Humphreys, J.H.; Warner, A.; Costello, R.; Lunt, M.; Verstappen, SM.M.; Dixon, W.G. Quantifying
the hepatotoxic risk of alcohol consumption in patients with rheumatoid arthritis taking methotrexate.
Ann. Rheum. Dis. 2017, 76, 1509-1514. [CrossRef]

Kremer, ].M.; Weinblatt, M.E. Quantifying the hepatotoxic risk of alcohol consumption in patients with
rheumatoid arthritis taking methotrexate. Ann. Rheum. Dis. 2018, 77, e4. [CrossRef]

Bernatsky, S.; Ehrmann Feldman, D. Discontinuation of methotrexate therapy in older patients with newly
diagnosed rheumatoid arthritis: Analysis of administrative health databases in Quebec, Canada. Drugs Aging
2008, 25, 879-884. [CrossRef]

Van den Bemt, B.].F; van den Hoogen, FH.].; Benraad, B.; Hekster, Y.A.; van Riel, PL.C.M.; van Lankveld, W.
Adherence Rates and Associations with Nonadherence in Patients with Rheumatoid Arthritis Using Disease
Modifying Antirheumatic Drugs. . Rheumatol. 2009, 36, 2164-2170. [CrossRef]

Contreras-Yanez, I.; Ponce De Leon, S.; Cabiedes, ].; Rull-Gabayet, M.; Pascual-Ramos, V. Inadequate therapy
behavior is associated to disease flares in patients with rheumatoid arthritis who have achieved remission
with disease-modifying antirheumatic drugs. Am. J. Med. Sci. 2010, 340, 282-290. [CrossRef]

Anderson, ].J.; Wells, G.; Verhoeven, A.C.; Felson, D.T. Factors predicting response to treatment in rheumatoid
arthritis: The importance of disease duration. Arthritis Rheum. 2000, 43, 22-29. [CrossRef]

Saevarsdottir, S.; Wallin, H.; Seddighzadeh, M.; Ernestam, S.; Geborek, P.; Petersson, LF.; Bratt, J.; van
Vollenhoven, R.F.; SWEFOT Trial Investigators Group. Predictors of response to methotrexate in early
DMARD naive rheumatoid arthritis: Results from the initial open-label phase of the SWEFOT trial.
Ann. Rheum. Dis. 2011, 70, 469-475. [CrossRef]

Teitsma, X.M.; Jacobs, ] W.G.; Welsing, PM.].; de Jong, PH.P,; Hazes, ] M.W.; Weel, A.; Petho-Schramm, A.;
Borm, M.E.A.; van Laar, ].M.; Lafeber, E; et al. Inadequate response to treat-to-target methotrexate
therapy in patients with new-onset rheumatoid arthritis: Development and validation of clinical predictors.
Ann. Rheum. Dis. 2018, 77, 1261-1267. [CrossRef]


http://dx.doi.org/10.1111/apt.13862
http://dx.doi.org/10.1016/j.cgh.2017.02.005
http://dx.doi.org/10.1136/annrheumdis-2012-201544
http://www.ncbi.nlm.nih.gov/pubmed/22586169
http://dx.doi.org/10.3899/jrheum.151009
http://www.ncbi.nlm.nih.gov/pubmed/27307526
http://dx.doi.org/10.1016/S0140-6736(04)15640-7
http://dx.doi.org/10.1186/ar3085
http://dx.doi.org/10.1136/annrheumdis-2016-210629
http://dx.doi.org/10.1136/annrheumdis-2017-211632
http://dx.doi.org/10.2165/00002512-200825100-00007
http://dx.doi.org/10.3899/jrheum.081204
http://dx.doi.org/10.1097/MAJ.0b013e3181e8bcb0
http://dx.doi.org/10.1002/1529-0131(200001)43:1&lt;22::AID-ANR4&gt;3.0.CO;2-9
http://dx.doi.org/10.1136/ard.2010.139212
http://dx.doi.org/10.1136/annrheumdis-2018-213035

J. Clin. Med. 2019, 8, 515 26 of 29

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Romao, V.C.; Canhao, H.; Fonseca, J.E. Old drugs, old problems: Where do we stand in prediction of
rheumatoid arthritis responsiveness to methotrexate and other synthetic DMARDs? BMC Med. 2013, 11, 17.
[CrossRef]

Saevarsdottir, S.; Wedren, S.; Seddighzadeh, M.; Bengtsson, C.; Wesley, A.; Lindblad, S.; Askling, J.;
Alfredsson, L.; Klareskog, L. Patients with early rheumatoid arthritis who smoke are less likely to respond to
treatment with methotrexate and tumor necrosis factor inhibitors: Observations from the Epidemiological
Investigation of Rheumatoid Arthritis and the Swedish Rheumatology Register cohorts. Arthritis Rheum.
2011, 63, 26-36. [CrossRef]

Crowson, C.S.; Rollefstad, S.; Ikdahl, E.; Kitas, G.D.; van Riel, P.; Gabriel, S.E.; Matteson, E.L.; Kvien, T.K.;
Douglas, K.; Sandoo, A.; et al. Impact of risk factors associated with cardiovascular outcomes in patients
with rheumatoid arthritis. Ann. Rheum. Dis. 2018, 77, 48-54. [CrossRef]

Joseph, RM.; Movahedi, M.; Dixon, W.G.; Symmons, D.P. Smoking-Related Mortality in Patients With Early
Rheumatoid Arthritis: A Retrospective Cohort Study Using the Clinical Practice Research Datalink. Arthritis Care Res.
(Hoboken) 2016, 68, 1598-1606. [CrossRef]

Sergeant, J.C.; Hyrich, K.L.; Anderson, J.; Kopec-Harding, K; Hope, H.F; Symmons, D.PM.;
Co-Investigators, R.; Barton, A.; Verstappen, S.M.M. Prediction of primary non-response to methotrexate
therapy using demographic, clinical and psychosocial variables: Results from the UK Rheumatoid Arthritis
Medication Study (RAMS). Arthritis Res. Ther. 2018, 20, 147. [CrossRef]

Hamilton, R.A.; Kremer, ].M. Why intramuscular methotrexate may be more efficacious than oral dosing in
patients with theumatoid arthritis. Br. . Rheumatol. 1997, 36, 86-90. [CrossRef]

Pichlmeier, U.; Heuer, K.U. Subcutaneous administration of methotrexate with a prefilled autoinjector pen results
in a higher relative bioavailability compared with oral administration of methotrexate. Clin. Exp. Rheumatol. 2014,
32,563-571.

Braun, J.; Kastner, P.; Flaxenberg, P.; Wahrisch, J.; Hanke, P.; Demary, W.; von Hinuber, U.; Rockwitz, K.;
Heitz, W.; Pichlmeier, U.; 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, randomized, double-blind, controlled, phase IV trial. Arthritis Rheum. 2008, 58, 73-81. [CrossRef]
Hazlewood, G.S.; Thorne, ].C.; Pope, ].E.; Lin, D.; Tin, D.; Boire, G.; Haraoui, B.; Hitchon, C.A.; Keystone, E.C.;
Jamal, S.; et al. The comparative effectiveness of oral versus subcutaneous methotrexate for the treatment of
early rheumatoid arthritis. Ann. Rheum. Dis. 2016, 75, 1003-1008. [CrossRef]

Gaujoux-Viala, C.; Rincheval, N.; Dougados, M.; Combe, B.; Fautrel, B. Optimal methotrexate dose is
associated with better clinical outcomes than non-optimal dose in daily practice: Results from the ESPOIR
early arthritis cohort. Ann. Rheum. Dis. 2017, 76, 2054-2060. [CrossRef]

Atsumi, T.; Yamamoto, K.; Takeuchi, T.; Yamanaka, H.; Ishiguro, N.; Tanaka, Y.; Eguchi, K.; Watanabe, A.;
Origasa, H.; Yasuda, S.; et al. The first double-blind, randomised, parallel-group certolizumab pegol study
in methotrexate-naive early rheumatoid arthritis patients with poor prognostic factors, C-OPERA, shows
inhibition of radiographic progression. Ann. Rheum. Dis. 2016, 75, 75-83. [CrossRef]

Wevers-de Boer, K,; Visser, K.; Heimans, L.; Ronday, H.K.; Molenaar, E.; Groenendael, ]. H.; Peeters, A.J.; Westedt, M.L.;
Collee, G.; de Sonnaville, PB.; et al. Remission induction therapy with methotrexate and prednisone in patients
with early rheumatoid and undifferentiated arthritis (the IMPROVED study). Ann. Rheum. Dis. 2012, 71, 1472-1477.
[CrossRef]

Bergstra, S.A.; Allaart, C.F.; Stijnen, T.; Landewe, R.B.M. Meta-Regression of a Dose-Response Relationship
of Methotrexate in Mono- and Combination Therapy in Disease-Modifying Antirheumatic Drug-Naive Early
Rheumatoid Arthritis Patients. Arthritis Care Res. (Hoboken) 2017, 69, 1473-1483. [CrossRef]

Rezaei, H.; Saevarsdottir, S.; Forslind, K.; Albertsson, K.; Wallin, H.; Bratt, J.; Ernestam, S.; Geborek, P.;
Pettersson, LE,; van Vollenhoven, R E. In early theumatoid arthritis, patients with a good initial response to
methotrexate have excellent 2-year clinical outcomes, but radiological progression is not fully prevented:
Data from the methotrexate responders population in the SWEFOT trial. Ann. Rheum. Dis. 2012, 71, 186-191.
[CrossRef]

Smolen, ].S.; Aletaha, D. Rheumatoid arthritis therapy reappraisal: Strategies, opportunities and challenges.
Nat. Rev. Rheumatol. 2015, 11, 276-289. [CrossRef]

Emery, P; Bingham, C.O., 3rd; Burmester, G.R.; Bykerk, V.P; Furst, D.E.; Mariette, X.; van der Heijde, D.; van
Vollenhoven, R.; Arendt, C.; Mountian, L; et al. Certolizumab pegol in combination with dose-optimised methotrexate


http://dx.doi.org/10.1186/1741-7015-11-17
http://dx.doi.org/10.1002/art.27758
http://dx.doi.org/10.1136/annrheumdis-2017-211735
http://dx.doi.org/10.1002/acr.22882
http://dx.doi.org/10.1186/s13075-018-1645-5
http://dx.doi.org/10.1093/rheumatology/36.1.86
http://dx.doi.org/10.1002/art.23144
http://dx.doi.org/10.1136/annrheumdis-2014-206504
http://dx.doi.org/10.1136/annrheumdis-2017-211268
http://dx.doi.org/10.1136/annrheumdis-2015-207511
http://dx.doi.org/10.1136/annrheumdis-2011-200736
http://dx.doi.org/10.1002/acr.23164
http://dx.doi.org/10.1136/annrheumdis-2011-200038
http://dx.doi.org/10.1038/nrrheum.2015.8

J. Clin. Med. 2019, 8, 515 27 of 29

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

in DMARD-naive patients with early, active theumatoid arthritis with poor prognostic factors: 1-year results from
C-EARLY, a randomised, double-blind, placebo-controlled phase III study. Ann. Rheum. Dis. 2017, 76, 96-104.
[CrossRef]

Li, R;; Zhao, J.X,; Su, Y.; He, J.; Chen, L.N.; Gu, E; Zhao, C.; Deng, X.R.; Zhou, W.; Hao, YJ.; et al. High
remission and low relapse with prolonged intensive DMARD therapy in rheumatoid arthritis (PRINT): A
multicenter randomized clinical trial. Medicine (Baltimore) 2016, 95, €3968. [CrossRef]

Lambert, C.M.; Sandhu, S.; Lochhead, A.; Hurst, N.P.; McRorie, E.; Dhillon, V. Dose escalation of parenteral
methotrexate in active rheumatoid arthritis that has been unresponsive to conventional doses of methotrexate:
A randomized, controlled trial. Arthritis Rheum. 2004, 50, 364-371. [CrossRef]

Daien, C.; Hua, C.; Gaujoux-Viala, C.; Cantagrel, A.; Dubremetz, M.; Dougados, M.; Fautrel, B.; Mariette, X;
Nayral, N.; Richez, C.; et al. Update of French Society for Rheumatology Recommendations for Managing
Rheumatoid Arthritis. Jt. Bone Spine 2019, 86, 135-150. [CrossRef]

Dhaon, P; Das, S.K,; Srivastava, R.; Agarwal, G.; Asthana, A. Oral Methotrexate in split dose weekly versus
oral or parenteral Methotrexate once weekly in Rheumatoid Arthritis: A short-term study. Int. ]. Rheum. Dis.
2018, 21, 1010-1017. [CrossRef]

Rutkowska-Sak, L.; Rell-Bakalarska, M.; Lisowska, B. Oral vs. subcutaneous low-dose methotrexate treatment
in reducing gastrointestinal side effects. Reumatol /Rheumatol. 2009, 47, 207-211.

Kruger, K.; Wollenhaupt, J.; Albrecht, K.; Alten, R.; Backhaus, M.; Baerwald, C.; Bolten, W.; Braun, J.;
Burkhardt, H.; Burmester, G.; et al. German 2012 guidelines for the sequential medical treatment of
rheumatoid arthritis. Adapted EULAR recommendations and updated treatment algorithm. Z. Rheumatol.
2012, 71, 592-603. [CrossRef]

Chakravarty, K,; McDonald, H.; Pullar, T, Taggart, A.; Chalmers, R; Oliver, S.; Mooney, ].; Somerville, M.; Bosworth, A ;
Kennedy, T, et al. BSR/BHPR guideline for disease-modifying anti-theumatic drug (DMARD) therapy in consultation
with the British Association of Dermatologists. Rheumatology (Oxford) 2008, 47, 924-925. [CrossRef]

Bingham, S.J.; Buch, M.H.; Lindsay, S.; Pollard, A.; White, J.; Emery, P. Parenteral methotrexate should be
given before biological therapy. Rheumatology (Oxford) 2003, 42, 1009-1010. [CrossRef]

Rozin, A.; Schapira, D.; Balbir-Gurman, A.; Braun-Moscovici, Y.; Markovits, D.; Militianu, D.; Nahir, M. A.
Relapse of rheumatoid arthritis after substitution of oral for parenteral administration of methotrexate.
Ann. Rheum. Dis. 2002, 61, 756-757. [CrossRef]

Wegrzyn, ].; Adeleine, P.; Miossec, P. Better efficacy of methotrexate given by intramuscular injection than
orally in patients with rheumatoid arthritis. Ann. Rheum. Dis. 2004, 63, 1232-1234. [CrossRef]

Harris, E.; Ng, B. Using subcutaneous methotrexate to prolong duration of methotrexate therapy in
rheumatoid arthritis. Eur. |. Rheumatol. 2018, 5, 85-91. [CrossRef]

Bakker, M.E; Jacobs, ] W.; Welsing, PM.; van der Werf, ].H.; Linn-Rasker, S.P,; van der Veen, M.].; Lafeber, FP.;
Bijlsma, ].W.; Utrecht Arthritis Cohort Study Group. 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. 2010, 69, 1849-1852. [CrossRef]
[PubMed]

Hameed, B.; Jones, H. Subcutaneous methotrexate is well tolerated and superior to oral methotrexate in the
treatment of rheumatoid arthritis. Int. J. Rheum. Dis. 2010, 13, e83—e84. [CrossRef] [PubMed]

Ng, B.; Chu, A. Factors associated with methotrexate dosing and therapeutic decisions in veterans with
rheumatoid arthritis. Clin. Rheumatol. 2014, 33, 21-30. [CrossRef] [PubMed]

Pasma, A.; den Boer, E.; van’t Spijker, A.; Timman, R.; van den Bemt, B.; Busschbach, J.J.; Hazes, ]. M.
Nonadherence to disease modifying antirheumatic drugs in the first year after diagnosis: Comparing
three adherence measures in early arthritis patients. Rheumatology (Oxford) 2016, 55, 1812-1819. [CrossRef]
[PubMed]

Axelsen, M.B.; Eshed, I.; Horslev-Petersen, K.; Stengaard-Pedersen, K.; Hetland, M.L.; Moller, J.; Junker, P;
Podenphant, J.; Schlemmer, A.; Ellingsen, T.; et al. A treat-to-target strategy with methotrexate and
intra-articular triamcinolone with or without adalimumab effectively reduces MRI synovitis, osteitis and
tenosynovitis and halts structural damage progression in early rheumatoid arthritis: Results from the OPERA
randomised controlled trial. Ann. Rheum. Dis. 2015, 74, 867-875. [CrossRef] [PubMed]

Alarcon, G.S.; Tracy, 1.C.; Blackburn, W.D., Jr. Methotrexate in theumatoid arthritis. Toxic effects as the major
factor in limiting long-term treatment. Arthritis Rheum. 1989, 32, 671-676. [CrossRef]


http://dx.doi.org/10.1136/annrheumdis-2015-209057
http://dx.doi.org/10.1097/MD.0000000000003968
http://dx.doi.org/10.1002/art.20167
http://dx.doi.org/10.1016/j.jbspin.2018.10.002
http://dx.doi.org/10.1111/1756-185X.12910
http://dx.doi.org/10.1007/s00393-012-1038-0
http://dx.doi.org/10.1093/rheumatology/kel216a
http://dx.doi.org/10.1093/rheumatology/keg246
http://dx.doi.org/10.1136/ard.61.8.756
http://dx.doi.org/10.1136/ard.2003.011593
http://dx.doi.org/10.5152/eurjrheum.2018.17113
http://dx.doi.org/10.1136/ard.2009.124065
http://www.ncbi.nlm.nih.gov/pubmed/20511610
http://dx.doi.org/10.1111/j.1756-185X.2010.01482.x
http://www.ncbi.nlm.nih.gov/pubmed/21199461
http://dx.doi.org/10.1007/s10067-013-2353-9
http://www.ncbi.nlm.nih.gov/pubmed/23934386
http://dx.doi.org/10.1093/rheumatology/kew247
http://www.ncbi.nlm.nih.gov/pubmed/27354686
http://dx.doi.org/10.1136/annrheumdis-2013-204537
http://www.ncbi.nlm.nih.gov/pubmed/24412895
http://dx.doi.org/10.1002/anr.1780320603

J. Clin. Med. 2019, 8, 515 28 of 29

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Van Ede, A.E.; Laan, RF; Rood, M.].; Huizinga, TW.; van de Laar, M.A.; van Denderen, C.J.; Westgeest, T.A.;
Romme, T.C.; de Rooij, D.J.; Jacobs, M.].; et al. Effect of folic or folinic acid supplementation on the toxicity and
efficacy of methotrexate in theumatoid arthritis: A forty-eight week, multicenter, randomized, double-blind,
placebo-controlled study. Arthritis Rheum. 2001, 44, 1515-1524. [CrossRef]

Leeb, B.F.; Witzmann, G.; Ogris, E.; Studnicka-Benke, A.; Andel, I.; Schweitzer, H.; Smolen, ].S. Folic acid and
cyanocobalamin levels in serum and erythrocytes during low-dose methotrexate therapy of rheumatoid
arthritis and psoriatic arthritis patients. Clin. Exp. Rheumatol. 1995, 13, 459-463. [PubMed]

Shea, B.; Swinden, M.V,; Tanjong Ghogomu, E.; Ortiz, Z.; Katchamart, W.; Rader, T.; Bombardier, C.;
Wells, G.A.; Tugwell, P. Folic acid and folinic acid for reducing side effects in patients receiving methotrexate
for rheumatoid arthritis. Cochrane Database Syst. Rev. 2013, CD000951. [CrossRef] [PubMed]

Hartman, M.; van Ede, A.; Severens, ].L.; Laan, R.E; van de Putte, L.; van der Wilt, G.J. Economic evaluation of folate
supplementation during methotrexate treatment in rheumatoid arthritis. J. Rheumatol. 2004, 31, 902-908.
Schmajuk, G.; Tonner, C.; Miao, Y.; Yazdany, J.; Gannon, J.; Boscardin, W.J.; Daikh, D.I.; Steinman, M.A.
Folic Acid Supplementation Is Suboptimal in a National Cohort of Older Veterans Receiving Low Dose Oral
Methotrexate. PLoS ONE 2016, 11, e0168369. [CrossRef] [PubMed]

Liu, L.; Liu, S.;; Wang, C.; Guan, W.; Zhang, Y.; Hu, W,; Zhang, L.; He, Y;; Lu, J.; Li, T et al. Folate
Supplementation for Methotrexate Therapy in Patients With Rheumatoid Arthritis: A Systematic Review. |
Clin. Rheumatol. 2018. [CrossRef] [PubMed]

Mazaud, C.; Fardet, L. Relative risk of and determinants for adverse events of methotrexate prescribed at a
low dose: A systematic review and meta-analysis of randomized placebo-controlled trials. Br. . Dermatol.
2017, 177,978-986. [CrossRef] [PubMed]

Stamp, L.K.; O'Donnell, J.L.; Frampton, C.; Drake, J.; Zhang, M.; Barclay, M.; Chapman, PT. A Pilot
Randomized Controlled Double-Blind Trial of High- Versus Low-Dose Weekly Folic Acid in People With
Rheumatoid Arthritis Receiving Methotrexate. J. Clin. Rheumatol. 2018. [CrossRef]

Svanstrom, H.; Lund, M.; Melbye, M.; Pasternak, B. Concomitant use of low-dose methotrexate and NSAIDs and
the risk of serious adverse events among patients with rheumatoid arthritis. Pharmacoepidemiol. Drug Saf. 2018,
27,885-893. [CrossRef]

Iyyadurai, R.; Carey, R.A.; Satyendra, S. Low-dose methotrexate-induced acute interstitial pneumonitis:
Report of two cases from South India and review of literature. J. Fam. Med. Prim. Care 2016, 5, 875-878.
[CrossRef]

Kremer, ].M.; Alarcon, G.S.; Weinblatt, M.E.; Kaymakcian, M.V.; Macaluso, M.; Cannon, G.W.; Palmer, WR.;
Sundy, J.S.; St Clair, EEW.; Alexander, R.W.,; et al. Clinical, laboratory, radiographic, and histopathologic
features of methotrexate-associated lung injury in patients with rheumatoid arthritis: A multicenter study
with literature review. Arthritis Rheum. 1997, 40, 1829-1837. [CrossRef]

Alarcon, G.S.; Kremer, ].M.; Macaluso, M.; Weinblatt, M.E.; Cannon, G.W.; Palmer, W.R.; St Clair, EW.;
Sundy, J.S.; Alexander, RW.; Smith, G.J.; et al. Risk factors for methotrexate-induced lung injury in patients
with rheumatoid arthritis. A multicenter, case-control study. Ann. Intern. Med. 1997, 127, 356-364. [CrossRef]
Tokuda, H.; Sakai, E; Yamada, H.; Johkoh, T.; Imamura, A.; Dohi, M.; Hirakata, M.; Yamada, T.; Kamatani, N.;
Kikuchi, Y.; et al. Clinical and radiological features of Pneumocystis pneumonia in patients with
rheumatoid arthritis, in comparison with methotrexate pneumonitis and Pneumocystis pneumonia in
acquired immunodeficiency syndrome: A multicenter study. Intern. Med. 2008, 47, 915-923. [CrossRef]
Maetzel, A.; Wong, A.; Strand, V.; Tugwell, P.; Wells, G.; Bombardier, C. Meta-analysis of treatment termination
rates among rheumatoid arthritis patients receiving disease-modifying anti-rheumatic drugs. Rheumatology
(Oxford) 2000, 39, 975-981. [CrossRef]

Furst, D.E. Practical clinical pharmacology and drug interactions of low-dose methotrexate therapy in
rheumatoid arthritis. Br. J. Rheumatol. 1995, 34 (Suppl. 2), 20-25. [CrossRef]

Rohr, M.K.; Mikuls, T.R.; Cohen, S.B.; Thorne, ]J.C.; O'Dell, ].R. Underuse of Methotrexate in the Treatment of
Rheumatoid Arthritis: A National Analysis of Prescribing Practices in the US. Arthritis Care Res. (Hoboken)
2017, 69, 794-800. [CrossRef]

Boots, C.E.; Gustofson, R.L.; Feinberg, E.C. Does methotrexate administration for ectopic pregnancy after
in vitro fertilization impact ovarian reserve or ovarian responsiveness? Fertil. Steril. 2013, 100, 1590-1593.
[CrossRef]


http://dx.doi.org/10.1002/1529-0131(200107)44:7&lt;1515::AID-ART273&gt;3.0.CO;2-7
http://www.ncbi.nlm.nih.gov/pubmed/7586777
http://dx.doi.org/10.1002/14651858.CD000951.pub2
http://www.ncbi.nlm.nih.gov/pubmed/23728635
http://dx.doi.org/10.1371/journal.pone.0168369
http://www.ncbi.nlm.nih.gov/pubmed/27977768
http://dx.doi.org/10.1097/RHU.0000000000000810
http://www.ncbi.nlm.nih.gov/pubmed/29975207
http://dx.doi.org/10.1111/bjd.15377
http://www.ncbi.nlm.nih.gov/pubmed/28182264
http://dx.doi.org/10.1097/RHU.0000000000000848
http://dx.doi.org/10.1002/pds.4555
http://dx.doi.org/10.4103/2249-4863.201163
http://dx.doi.org/10.1002/art.1780401016
http://dx.doi.org/10.7326/0003-4819-127-5-199709010-00003
http://dx.doi.org/10.2169/internalmedicine.47.0702
http://dx.doi.org/10.1093/rheumatology/39.9.975
http://dx.doi.org/10.1093/rheumatology/XXXIV.suppl_2.20
http://dx.doi.org/10.1002/acr.23152
http://dx.doi.org/10.1016/j.fertnstert.2013.08.007

J. Clin. Med. 2019, 8, 515 29 of 29

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Flint, J.; Panchal, S.; Hurrell, A.; van de Venne, M.; Gayed, M.; Schreiber, K.; Arthanari, S.; Cunningham, J.;
Flanders, L.; Moore, L.; et al. BSR and BHPR guideline on prescribing drugs in pregnancy and
breastfeeding—Part I: Standard and biologic disease modifying anti-rheumatic drugs and corticosteroids.
Rheumatology (Oxford) 2016, 55, 1693-1697. [CrossRef]

Eck, LK, Jensen, T.B.; Mastrogiannis, D.; Torp-Pedersen, A.; Askaa, B.; Nielsen, TK.; Poulsen, H.E.;
Jimenez-Solem, E.; Andersen, J.T. Risk of Adverse Pregnancy Outcome After Paternal Exposure to
Methotrexate Within 90 Days Before Pregnancy. Obstet. Gynecol. 2017, 129, 707-714. [CrossRef]

Gutierrez, ].C.; Hwang, K. The toxicity of methotrexate in male fertility and paternal teratogenicity. Expert Opin.
Drug Metab. Toxicol. 2017, 13, 51-58. [CrossRef]

Friedman, M.A; Winthrop, K.L. Vaccines and Disease-Modifying Antirheumatic Drugs: Practical Implications
for the Rheumatologist. Rheum. Dis. Clin. N. Am. 2017, 43, 1-13. [CrossRef]

Hmamouchi, I.; Winthrop, K.; Launay, O.; Dougados, M. Low rate of influenza and pneumococcal vaccine
coverage in rheumatoid arthritis: Data from the international COMORA cohort. Vaccine 2015, 33, 1446-1452.
[CrossRef]

Hua, C.; Barnetche, T.; Combe, B.; Morel, J. Effect of methotrexate, anti-tumor necrosis factor alpha, and
rituximab on the immune response to influenza and pneumococcal vaccines in patients with rheumatoid
arthritis: A systematic review and meta-analysis. Arthritis Care Res. (Hoboken) 2014, 66, 1016-1026. [CrossRef]
Van Aalst, M.; Langedijk, A.C.; Spijker, R.; de Bree, G.J.; Grobusch, M.P.; Goorhuis, A. The effect of
immunosuppressive agents on immunogenicity of pneumococcal vaccination: A systematic review and
meta-analysis. Vaccine 2018, 36, 5832-5845. [CrossRef]

Park, J.K.; Lee, Y.J.; Shin, K;; Ha, YJ.; Lee, E.Y,; Song, Y.W.; Choi, Y.; Winthrop, K.L.; Lee, E.B. Impact of
temporary methotrexate discontinuation for 2 weeks on immunogenicity of seasonal influenza vaccination
in patients with rheumatoid arthritis: A randomised clinical trial. Ann. Rheum. Dis. 2018, 77, 898-904.
[CrossRef]

Park, J.K.; Lee, M.A.; Lee, E.Y,; Song, Y.W.; Choi, Y.; Winthrop, K.L.; Lee, E.B. Effect of methotrexate
discontinuation on efficacy of seasonal influenza vaccination in patients with rheumatoid arthritis:
A randomised clinical trial. Ann. Rheum. Dis. 2017, 76, 1559-1565. [CrossRef]

Goodman, S.M. Rheumatoid arthritis: Perioperative management of biologics and DMARDs. Semin. Arthritis Rheum.
2015, 44, 627-632. [CrossRef]

Grennan, D.M.; Gray, |J.; Loudon, J.; Fear, S. Methotrexate and early postoperative complications in patients
with rheumatoid arthritis undergoing elective orthopaedic surgery. Ann. Rheum. Dis. 2001, 60, 214-217.
[CrossRef]

Viller, E; Guillemin, F,; Briancon, S.; Moum, T.; Suurmeijer, T.; van den Heuvel, W. Compliance to drug
treatment of patients with rheumatoid arthritis: A 3 year longitudinal study. J. Rheumatol. 1999, 26, 2114-2122.
Nota, I; Drossaert, C.H.; Taal, E.; Vonkeman, H.E.; van de Laar, M. A. Patient participation in decisions about
disease modifying anti-rheumatic drugs: A cross-sectional survey. BMC Musculoskelet. Disord. 2014, 15, 333.
[CrossRef]

Fraenkel, L.; Nowell, WB.; Michel, G.; Wiedmeyer, C. Preference phenotypes to facilitate shared
decision-making in rheumatoid arthritis. Ann. Rheum. Dis. 2018, 77, 678-683. [CrossRef]

Mathews, A.L.; Coleska, A.; Burns, P.B.; Chung, K.C. Evolution of Patient Decision-Making Regarding
Medical Treatment of Rheumatoid Arthritis. Arthritis Care Res. (Hoboken) 2016, 68, 318-324. [CrossRef]
Fraenkel, L.; Peters, E.; Charpentier, P.; Olsen, B.; Errante, L.; Schoen, R.T.; Reyna, V. Decision tool to improve
the quality of care in rheumatoid arthritis. Arthritis Care Res. (Hoboken) 2012, 64, 977-985. [CrossRef]

Zak, A.; Corrigan, C.; Yu, Z,; Bitton, A.; Fraenkel, L.; Harrold, L.; Smolen, ].S.; Solomon, D.H. Barriers to
treatment adjustment within a treat to target strategy in rheumatoid arthritis: A secondary analysis of the
TRACTION trial. Rheumatology (Oxford) 2018, 57, 1933-1937. [CrossRef]

Scheiman-Elazary, A.; Duan, L.; Shourt, C.; Agrawal, H.; Ellashof, D.; Cameron-Hay, M.; Furst, D.E. The Rate
of Adherence to Antiarthritis Medications and Associated Factors among Patients with Rheumatoid Arthritis:
A Systematic Literature Review and Metaanalysis. J. Rheumatol. 2016, 43, 512-523. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1093/rheumatology/kev404
http://dx.doi.org/10.1097/AOG.0000000000001936
http://dx.doi.org/10.1080/17425255.2017.1230198
http://dx.doi.org/10.1016/j.rdc.2016.09.003
http://dx.doi.org/10.1016/j.vaccine.2015.01.065
http://dx.doi.org/10.1002/acr.22246
http://dx.doi.org/10.1016/j.vaccine.2018.07.039
http://dx.doi.org/10.1136/annrheumdis-2018-213222
http://dx.doi.org/10.1136/annrheumdis-2017-211128
http://dx.doi.org/10.1016/j.semarthrit.2015.01.008
http://dx.doi.org/10.1136/ard.60.3.214
http://dx.doi.org/10.1186/1471-2474-15-333
http://dx.doi.org/10.1136/annrheumdis-2017-212407
http://dx.doi.org/10.1002/acr.22688
http://dx.doi.org/10.1002/acr.21657
http://dx.doi.org/10.1093/rheumatology/key179
http://dx.doi.org/10.3899/jrheum.141371
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Pharmacology 
	Pharmacokinetics 
	Mode of Action 

	MTX: A Forefront Position among csDMARDs 
	Flexible 
	Clinically Efficient 
	Ancillary Benefits 
	Cost-Effectiveness 
	Combinable with Other Treatments 
	Challenges Associated with MTX Use 

	How to Get the Most out of MTX as a First-Line Treatment? 
	Dealing with Modifiable Predictors of Response to MTX 
	Choosing the Route of Administration 
	Starting at the Right Dose 
	Escalating and Adapting the MTX Dose 
	Switching to SC Route 
	Giving Time for MTX to Achieve its Maximum Clinical Benefit and Using Bridge Therapies 
	Preventing or Dealing with Adverse Events by Folic Acid Supplementation 
	Potential Toxicities 
	Placing MTX as an Anchor Drug 
	Conception and Pregnancy 
	Vaccinations 
	No Need for MTX Discontinuation in Case of Surgery 
	Sharing the Decision Making with the Patient 

	Conclusions 
	References

