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Abstract
Objective

Methotrexate (MTX) is the first choice in the treatment of rheumatoid arthritis (RA), but the doses and regimens vary 
significantly. For this purpose, we conducted an observational study on the use of MTX  for RA in Italy (MARI study).

Methods
The MARI study included 1,327 RA patients on MTX treatment for at least 12 months, at 60 Italian rheumatology units. 

Concomitant medications with corticosteroids, other DMARDs or biological therapies were recorded. The clinical 
assessment included the Disease Activity Score 28 (DAS28) and the serological positivity for the rheumatoid factor or 

for the anti-citrullinated protein antibodies.

Results
The included patients were treated with either oral (n=288) or parenteral (n=1039) MTX. Only 15.5% of the total 

number of the patients was on adequate MTX dose (i.e. ≥15 mg for the oral route of administration and >12 mg for the 
parenteral one). The initially established MTX dose was modified in 37.1% of the patients, for intolerance or clinical 
criteria. A DAS28 remission (DAS28 <2.6) was observed only in 58.5% of the cases, while 52.9% of the patients still 

presenting an active form of the disease were on suboptimal doses of MTX.

Conclusion
The weekly dose of MTX prescribed for the treatment of RA is often suboptimal, even in conditions of inadequate control 
of the disease activity. The recommendations for the use of MTX in RA patients should take into account the efficacy and 

tolerability data derived from its use in real clinical practice.
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Introduction
Methotrexate (MTX) is the disease-mod-
ifying anti-rheumatic drug (DMARD) of 
first choice in the treatment of rheuma-
toid arthritis (RA), due to its efficacy, 
acceptable toxicity profile and low 
costs. It is also used to treat other in-
flammatory conditions, such as psoria-
sis, psoriatic arthritis, sarcoidosis and 
inflammatory bowel disease (1-3).
For patients who did not respond suf-
ficiently, the MTX therapy can either be 
accompanied or replaced by a treatment 
with biologics or other non-biologic 
DMARDs.
The registration of MTX for the treat-
ment of RA, and later for other rheu-
matic diseases, was based on a number 
of small studies, rather than adequately 
powered, randomised, placebo-con-
trolled studies (RCTs), which have 
rigorous dosing, safety and efficacy 
objectives. Thus, despite broad experi-
ence in the field and the existence of of-
ficial guidelines (4, 5), rheumatologists 
still prescribe MTX in a variety of ways 
i.e. at different doses and with different 
routes of administration, and interpret 
the safety profile in very different ways.
Curtis et al. (6) have recently reported 
the prescribing habits of rheumatolo-
gists in their routine practice for RA 
patients in the United States; their study 
was based on administrative databases.
The aim of the MARI study was to mon-
itor patients on MTX in 60 Italian rheu-
matology centers both cross-sectionally 
and longitudinally. We report the clini-
cal data of these patients, with the aim 
of examining the prevalence of dosage, 
the preferred method of administration, 
the effectiveness of the treatment and 
the long-term safety profile.

Patients and methods
RA patients, fulfilling the 1987 classi-
fication criteria for RA of the American 
College of Rheumatology (7), and on 
treatment for at least 12 months with 
MTX, were included in an observa-
tional study at 60 rheumatology units 
across Italy. The centres were commit-
ted to recruit all consecutive patients 
meeting the inclusion criteria, over a 
period of 3–12 months (depending on 
the size of the centre) from the approval 
of the study protocol. The protocol was 

approved by the different Ethics Com-
mittees between December 2011 and 
October 2012. Recruitment was com-
pleted in October 2013.
The route of MTX administration was 
oral, subcutaneous or intramuscular. For 
the purpose of this report, subcutaneous 
and intramuscular forms of administra-
tion were pooled together and reported 
as ‘parenteral MTX’. The following 
features of the disease were evaluated: 
duration of the symptoms, time elapsed 
since a definite diagnosis, time of first 
MTX treatment, changes in the MTX 
dose or route of administration after the 
first 12 months of therapy. The dose ad-
ministered after the first 6 months since 
initiation of MTX therapy was consid-
ered the ‘initial dose’. From previous 
studies  (8-10). The absorption rate of 
MTX has been reported to decrease 
substantially for doses ≥15 mg/week 
(8), but we accepted this source of error 
for the limited number of patients taking 
such a high dose of MTX (see Results)  
for the oral form, the oral MTX dose 
was multiplied by a factor of 0.8, and 
here reported as ‘oral adjusted dose’.
Concomitant medications were re-
corded, including: non-steroidal anti-
inflammatory drugs, other DMARDs, 
such as leflunomide (LFN), hydrox-
yl-chloroquine (HCQ), sulfasalazine 
(SSZ), cyclosporine (CYC) and biologi-
cal therapies (adalimumab, etanercept, 
infliximab, tocilizumab, golimumab, 
abatacept). The daily dose of corticos-
teroids, expressed as mg of prednisone 
(PN) equivalent, was categorised as <10 
mg/day and ≥10 mg/day for the initial 
therapy, and as ≤5mg, 5–10 mg and >10 
mg/day for the current therapy.
The clinical assessment included: both 
patient and rheumatologist’s visual ana-
logue scale (VAS) of the disease activity, 
the number of tender or swollen joints, 
the DAS28 score, the presence of a posi-
tive test for the rheumatoid factor (RF 
>40 U/ml) or for the anti-citrullinated 
protein antibodies (ACPA >20 U/ml). 
Patients were classified as having ‘ero-
sive arthritis’, when an overt bone ero-
sion was evident at the x-ray of the hand. 
The presence of typical extra-articular 
manifestations of the disease (skin, eyes, 
lung, kidney and heart) was also record-
ed. The study was approved by the lo-
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cal Medical Ethics Committee and all 
patients gave signed Informed Consent.

Statistical analysis
Data are shown as either mean ± stand-
ard deviation (SD) or percentages. The 
distribution of variables was tested for 
normality. Differences between differ-
ent groups of patients were evaluated 
using the ANOVA test for Analysis of 
Variance and followed by an independ-
ent t-test or, when appropriate, by a 
Mann–Whitney test or by a Pearson’s 
χ2-test for dichotomous variables. 
Probability (p) values <0.05 were con-
sidered statistically significant. All 
analyses were performed using a SPSS 
software v. 16.0 (Chicago, SPSS, Inc.).

Results
The initial cohort included 1,336 RA 
patients under treatment with MTX. 
Nine cases were excluded because their 
daily dose of MTX had not been re-
corded. The average age of the patients 
was 61.7±12.7; 80.2% were women. 
The main characteristics of the study 
population, according to the route of 
administration, are listed in Table I. 
The number of evaluable patients on 
oral MTX and parenteral MTX was 288 
and 1039, respectively. Patients on oral 
MTX had a significantly longer dura-
tion of the disease than patients on par-
enteral MTX (13.2 vs. 11.6 years). The 
parenteral group presented higher VAS 
and DAS28 values, and a higher propor-
tion of patients on high prednisone (PN) 
doses or bone erosion features.
MTX was more commonly prescribed 
in combination with HCQ in the oral 
group (p<0.01); while parenteral MTX 
was more frequently associated with 
other DMARDs (p<0.05). In one third 
of the patients in both groups, MTX 
prescription was associated with a bio-
logical therapy (mostly with etanercept, 
adalimumab and infliximab). The pro-
portion of patients with positive RF or 
ACPA test was approximately equal in 
the two groups (63.8% for the oral group 
and 55.9% for the parenteral one).
MTX treatment began within 12 
months of disease onset in 79% of the 
patients, with no observed difference 
between the two groups (Table II). 
Both initial and current mean MTX 

doses were higher in the parenteral 
group; this difference was more obvi-
ous when the oral dose was adjusted for 
a factor 0.8. By considering  ‘adequate’ 

a weekly dose of MTX  ≥15 mg for the 
oral route of administration and >12 mg 
for the parenteral route, the percentage 
of patients on adequate MTX doses was 

Table I. Characteristics of RA patients on different route of administration of MTX. Values 
are reported as percentages or mean ± SD or median and 10–90% CI if not normally dis-
tributed (in brackets). ns: non-significant.

	 Oral	 Parenteral	 p-value
	 (n=288)	 (n=1039)	

Female 	 80.5%	 80.1%	 ns
Postmenopausal	 61.8%	 61.5%	 ns
Smoker	 15.3%	 14.8%	 ns
Age	 62.7 ± 13.4	 61.0 ± 12.4	 ns
Body weight	 66.9 ± 13.7	 68.7 ± 13.4	 ns
Height	 162.5 ± 8.1	 163.5 ± 7.9	 ns
Years since diagnosis 	 11 (1-25)	 9 (1-14)	 0.04
Initial oral daily dose of PN equivalent steroids
None	 22.6%	 18.8%	 ns
≤10 mg	 65.3%	 69.9%	
>10 mg	 12.2%	 10.9%	
Current oral daily dose of PN  equivalent steroids
None	 55.9%	 51.4%	 0.003
≤5 mg	 41.7%	 41.7%	
>5 mg	 2.4%	 6.9%	
Other DMARDs			 
HCQ	 35.1%	 26.7%	 0.006
SSZ	 3.8%	 4.2%	
LFN	 2.4%	 3.9%	
CYC	 2.4%	 3.9%	 0.05
Biological therapy	 30.6%	 32.7%	 ns
AINS or analgesics	 60.1%	 58.4%	 ns
Clinical assessment			 
Patient VAS	 6.0 ± 11.5	 5.4 ± 11.5	 0.003
Physician VAS	 4.1 ± 8.4	 4.4 ± 7.3	 ns
DAS28 	 2.29 ± 0.96	 2.51 ± 1.04	 0.026
DAS28 <2.6	 64.1%	 56.6%	 0.014
Bone erosion	 52.4%	 58.7%	 0.034
Extra-articular manifestations	 3.5%	 5.4%	 ns
Positive RF test	 61.5%	 64.4%	 ns
ACPA-positive	 51.4%	 56.4%	 ns

Table II. Characteristics of the MTX treatment in patients on oral or parenteral therapy.   
	
	 Oral	 Parenteral	 p-value

Beginning of MTX treatment
At disease onset	 15.6%	 18.1%	 ns
Within 3–6 months	 12.2%	 16.3%
Within 7–12 months	 53.5%	 46.7%
Within >12 months	 18.1%	 18.6%	
Folate supplements	 96.5%	 95.9%	 ns
Mean initial weekly dose of MTX	 10.8 ±3.2	 11.6 ±3.4	 0.002
	 [8.4 ±3.0]°		  [0.000]°
Initial dose of MTX
5 mg	 1%	 4.2%	
7.5  mg	 12.1%	 26.1%
10–12.5 mg	 49.4%	 53.4%	 0.000
15 mg	 32.2%	 13.6%
≥20 mg	 5.2%	 2.7%	
Mean current weekly dose of MTX	 10.4 ±3.1	 12.1 ±4.0	 0.000
	 [8.3 ±2.6]°	
Current dose of MTX
5 mg	 5.6%	 0.8%
7.5 mg	 29.2%	 13.4%
10 mg 	 39.2%	 43.8%	 0.000
10–12.5 mg	 15.2%	 23.6%
12.5–15 mg	 5.6%	 10.2%
≥15 mg	 5.2%	 8.2%	

°Dose corrected by a factor of 0.8.
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as small as 5.2% in the oral group, and 
18.4% in the parenteral group (an over-
all percentage of 15.5%).
A total of 78 patients (25%) initially on 
oral MTX began parenteral administra-
tion; while 113 (11%), initially on par-
enteral treatment began oral adminis-
tration. The number of patients that had 
been on MTX for more than 12 months, 
but less than 18 months, was 278; this 
left 1049 patients for the analysis of 
dosage change after the initial phase. 
For 380 (37.1%) of this selected group 
of patients, the initially established 
dose of MTX was modified after at 
least 6 months from the first administra-
tion (Fig. 1). For 86 patients (8.3%) the 
dose was decreased because the patient 
found the treatment difficult to tolerate 
and for 37 patients (3.6%) the dose was 
decreased as a consequence of altered 
safety blood tests (anaemia or liver 
toxicity). Following clinical criteria, 
the dose was decreased in 19 patients 
(1.8%) and increased in 238 (22.7%). 
The mean increase was 0.43 ±3.73 mg/
week for all subjects and 5.1±2.2 mg/
week (median 5, IQ 3–5) for only those 
patients for whom the dose was in-

creased (Fig. 1). The MTX dose was de-
creased in 39 patients on biological ther-
apy and was instead increased, prior to 
initiation of the therapy, in 205 patients 
(data not shown). A DAS28 remission 
was observed in 58.5% of the patients. 
Table III reports the DAS28 ranks for 
patients on different ‘current’ MTX 
doses, and the relative proportion. The 
MTX adjusted dose was positively 
related with DAS28 remission rates 
(p=0.013) (data not shown). Remark-
ably, 52.9% of the patients who were 
not on remission received suboptimal 
MTX doses (<15 mg/week); 20.6% of 
them were exclusively on MTX, while 
4.5% were assuming MTX in associa-
tion with another DMARD or biologics 
(data not shown).
For all these results no significant dif-
ferences were observed across different 
centres or different structure (medical 
school or general hospital or out-patient 
clinics) or different regions.

Discussion
MTX is widely used for the treatment 
of RA, due to its efficacy, acceptable 
toxicity profile and low costs (1-3, 11). 

Systematic literature reviews recom-
mend an initial therapeutic dose of 15 
mg/week, which should be increased 
up to 25–30 mg/week (4, 5); it is rec-
ognised, though, that the average toler-
able effective dose ranges between 15 
and 20 mg/week. The preferred route of 
administration is generally oral, but as 
the bioavailability of parenteral MTX is 
higher with increasing doses (12, 13), 
a later change to parenteral administra-
tion is recommended, in the case of in-
sufficient response to the drug (3, 14), 
as well as in the case of poor gastroin-
testinal tolerance (15, 16). These rec-
ommendations derive from the results 
of randomised controlled trials (RCTs) 
evaluating different dosages or routes 
of administration of MTX in RA, but 
the actual dose that rheumatologists 
prescribe in their real clinical practice 
is scarcely known. 
In this study, 1,327 RA patients on 
MTX treatment for over one year, 
largely preferred the parenteral route of 
administration (78.3%) (Table I). Doses 
of MTX ≥20 mg/week were very un-
common, and the proportion of patients 
on doses close to what recommended 
by guidelines (3) was only 15.5%. The 
mean weekly dose of MTX was sig-
nificantly higher in the case of the par-
enteral route, a difference even more 
striking when oral doses were adjusted 
for a factor of 0.8, assuming an intesti-
nal absorption rate of 80% (Table II). A 
parenteral route and higher doses were 
prescribed to patients with more severe 
forms of the disease, as reflected by a 
significantly higher mean DAS28, a 
lower proportion of patients on DAS28 
remission (<2.6), by more frequent ero-
sive features and by the associated pre-
scription of other DMARDs (i.e. SSZ, 
LFN and CYC) or a biologic. 
In this study, the current dose of MTX 
was strongly influenced by the sever-
ity of the disease, precluding any con-
clusion on dose efficacy. On the other 
hand, our results suggest that, in com-
mon practice, rheumatologists tend 
to prescribe the lowest possible dose, 
even when the complete remission is 
not achieved. In this cohort, a DAS28 
remission was observed in 58.5% of 
the patients, but 25.2% of them were 
on suboptimal parenteral MTX doses. 

Fig. 1. Percentage of patients who have changed route of administration or dose of MTX. 

Table III. Proportion of DAS28 values for different weekly doses of MTX.

MTX dose	 DAS28 (ranks)

	 <2	 2.01-2.59	 3.50	 >3.51	 >2.6

≤5	 54.2%	 20.8%	   8.3%	 16.7%	 25%
>5 – <10	 47.5%	 16.0%	 18.2%	 18.2%	 36.4%
10 – <12.5	 40.8%	 17.1%	 18.9%	 23.3%	 42.2%
12.5 – 15	 36.0%	 18.7%	 17.3%	 28.0%	 45.3%
>15	 39.7%	 13.2%	 26.5%	 20.6%	 47.1%
All	 41.3%	 17.1%	 18.5%	 23.0%	 41.5%
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A large proportion of these patients 
(20.6% of the total) who was not on 
DAS28 remission and was under inad-
equate MTX treatment, was assuming 
exclusively MTX (no other DMARDs 
or a biologic). 
Our results were compared with those 
obtained from large administrative da-
tabases of RA patients initiating MTX 
therapy in the US (6). The most obvi-
ous difference between our results and 
the US study is the route of administra-
tion, which in the US is parenteral only 
in less than 5% of the patients. The re-
markable difference between the two 
countries (but more generally between 
Europe and the US) is likely explained 
by the cost of injectable MTX (very in-
expensive in Italy) and by the propensi-
ty of Italian towards self-administration 
of parenteral formulations. The Ameri-
can study does not include a direct as-
sessment of the disease activity, but it 
contains important information on the 
patients’ adherence to treatment. This 
aspect will be addressed in the longitu-
dinal part of this study. Here, we have 
collected information from most pa-
tients on the initially established MTX 
therapy and on the MTX therapy admin-
istered one year later. In 37.1% of the 
evaluable patients the MTX dose was 
adjusted within 12 months. In 12% of 
them, the dose was decreased, either for 
subjective or biochemical intolerance, 
indicating that, in a good proportion of 
patients, some degree of treatment intol-
erance may show-up well-beyond the 
first months of treatment. A step-up in 
the MTX dose was also very common 
(22.7% of the patients), with a median 
increase of 5 mg/week. As all these pa-
tients were not on DAS28 remission, 
our results suggest that the general 
preference of Italian rheumatologists is 
to increase the MTX dose very slowly. 
The introduction of the biologic was 
mainly preceded by an increase in the 
MTX dose. It is worth noting that, as 
this study evaluates the changes in the 
MTX dose occurring from the initial 
‘established’ to the ‘current’ dose, we 
cannot exclude that the dose was con-
siderably increased before the introduc-
tion of the biologic and later somewhat 
decreased. A DAS28 remission was ob-
served in 58.5% of the patients on long-

term MTX treatment for RA. Approxi-
mately, half of the patients who were 
not on remission were on suboptimal 
parenteral MTX dose (≤12.5 mg/week) 
and were not on concomitant treatment, 
with other DMARDs or a biologic. It 
appears, therefore, that, at variance with 
also the national guidelines (17, 18)  for 
most rheumatologists the remission of 
the disease is not the primary therapeu-
tic goal, but that patients’ tolerance and 
the safety profile of the drug are more 
relevant (19).

Conclusions
The results of this study indicate that 
the weekly MTX dose for the treatment 
of RA is often suboptimal, despite in-
adequate control of the disease activity. 
Continuous adjustments of the dose are 
commonly required in routine clinical 
practice, even for patients who have 
been on treatment for a long time. The 
recommendations for the use of MTX 
in RA patients should take into account, 
not only data deriving from RCTs, but 
also efficacy and tolerability data de-
rived from actual clinical practice and 
possible pitfalls in order to promote 
best practice in the treatment of RA
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