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ABSTRACT

OBJECTIVES: The mechanism of action of methotrexate in rheumatoid arthritis (RA) is complex. It may increase adenosine levels by blocking its
conversion to uric acid (UA). This study was done to determine if methotrexate lowers UA in early RA (ERA).

METHODS: Data were obtained from Canadian Early Arthritis Cohort, an incident ERA cohort. All ERA patients with serial UA measurements were
included, comparing those with methotrexate use vs. no methotrexate exposure (controls). Analyses were exploratory. Patients with concomitant gout or
taking UA-lowering therapies were excluded.

RESULTS: In total, 49 of the 2,524 ERA patients were identified with data available for both pre-methotrexate UA levels and post-methotrexate UA
levels (300 pmol/L and 273 pmol/L, respectively; P = 0.035). The control group not taking methotrexate had a mean baseline UA level of 280 ptmol/L
and a follow-up level of 282 umol/L (P = 0.448); mean change in UA with methotrexate was —26.8 (mol/L vs. 2.3 umol/L in the no methotrexate group
(P=0.042). Methotrexate users with a decrease in UA had a disease activity score of 2.37 for 28 joints when compared with the controls (3.26) at 18 months
(P=10.042). Methotrexate users with decreased UA had a lower swollen joint count (SJC) of 0.9 at 18 months, whereas methotrexate users without lowering
of UA had an SJC of 4.5 (P=0.035). Other analyses were not significant.

CONCLUSIONS: Methotrexate response is associated with lowering of serum UA in ERA compared to nonusers. This may be due to changes in adenos-

ine levels. Methotrexate response is associated with lower UA and fewer swollen joints compared to nonresponders.
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Introduction
Methotrexate is one of the most effective and durable disease-
modifying antirheumatic drugs (DM ARD:s) for the treatment
of rheumatoid arthritis (RA).! It was initially designed in the
late 1940s as a stable derivative of aminopterin for the treat-
ment of childhood leukemia.! Over the last 30 years, metho-
trexate has been used extensively for RA either as monotherapy
or in combination therapy, with high efficacy.!”

However, our understanding of the mechanism of action of
methotrexate continues to evolve. Methotrexate exerts much
of its anti-inflammatory effects in RA by increasing local lev-

els of adenosine in inflamed tissues®!

via inhibition of dihy-
drofolate reductase and 5-aminoimidazole-4-carboxamide

ribonucleotide transformylase.}%1 More specifically, inhibition
of these enzymes involved in folate metabolism and purine
synthesis ultimately leads to inhibition of adenosine deaminase
(ADA), thereby increasing the levels of adenosine.!’ The
increase in adenosine should follow a reciprocal decrease in
xanthine and uric acid (UA; Supplementary Fig. 1).

The clinical response to methotrexate may take several
weeks in early RA (ERA) treatment, and early prediction of
who will respond to methotrexate is imprecise. In addition,
the clinically effective dose of methotrexate and the route of
administration are often debated.’>** Easy methods for early
prediction of methotrexate response would aid in personalized
medicine. Some studies have suggested measuring intracellular
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methotrexate polyglutamates as a biomarker, but cost and lack
of wide availability have been barriers for routine use.!>1
Changes in serum UA may be useful as a surrogate for
the intracellular function of methotrexate. The purpose of this
study was to compare changes in serum UA levels in patients
with ERA who were treated with methotrexate to those who
were not treated with methotrexate and to correlate these

changes with clinical outcomes.

Patients and Methods

Study population. Subjects were enrolled from the
Canadian Early Arthritis Cohort (CATCH) study, a mul-
ticenter, observational, prospective cohort of patients with
ERA. CATCH has been recruiting from 19 sites in Canada
since July 2007. Data as of September 2014 were used from
the database. The inclusion criteria for the CATCH study
are patients who are >16 years of age, between six weeks and
12 months of persistent synovitis, and two or more swollen
joints or one swollen metacarpophalangeal or proximal inter-
phalangeal joint with one or more of the following: posi-
tive rheumatoid factor (RF), positive anticyclic citrullinated
peptide 2, morning stiffness for >45 minutes, response to
nonsteroidal anti-inflammatory drugs, or painful metatar-
sophalangeal squeeze test. Patients are followed up every three
months where case report forms are completed for the first
year and twice a year thereafter. During these standard visits,
regular blood testing is performed. Serum UA levels are mea-
sured in some patients during study visits as part of optional
laboratory tests, as per study cohort protocol, at the discretion
of their physician. Based on the physician’s discretion, treat-
ment is intensive and mostly aligns with Canadian practice
recommendations. All sites had the approval of research ethics
boards, and all patients with ERA provided signed consent.
Our research complied with the principles of the Declaration
of Helsinki. Ethics approval was obtained from the Wstern
University Health Research Ethics Board.

Study design, variables, and outcomes. This was a nested
case—control study within the CATCH. All patients who met
the 2010 ACR/EULAR criteria for RAY were included if
they had serum UA levels performed before and after starting
DMARD:s and available disease activity score of 28 joints and
ESR (DAS(ESR)28) and swollen joint count using 28 joints
(SJC28). UA could have been remeasured at any point, while
the patient was on a DMARD. Patients were excluded if they
were taking oral methotrexate concurrently with oral sulfasala-
zine, as some data in the literature suggest that a significant
drug—drug interaction may lead to poor methotrexate absorp-
tion.!® Simultaneous use of subcutaneous methotrexate and oral
sulfasalazine was allowed. Data were exploratory, so outcomes
included clinical and radiographic outcomes between groups
(methotrexate users vs. nonusers and methotrexate users who
decreased UA vs. those who did not). Patients were also excluded
if they were taking allopurinol or had a history of gout. Patients
who were taking an average of =14 mg of methotrexate a week

were excluded. An average methotrexate dose between 14 mg
and 15 mg was allowed to include patients who up-titrated to
a stable dose of =15 mg per week. Patients with ERA who
did not receive any methotrexate were used as controls (Fig. 1),
recognizing that the treatment was at the discretion of each
enrolling rheumatologist.

'The following demographic data were obtained: age, sex,
the duration of symptoms, the number of DMARDs used,
and biological and steroid exposure. Disease activity was mea-
sured using the DAS(ESR)28, SJC28, and presence of ero-
sions. Erosions in the CATCH study were determined using
the radiographs of the hands and feet performed at baseline,
6 months, and 12 months and then annually, as reported by
the local radiologist and/or reviewed by the rheumatologist.

Statistical analysis. All statistical analyses were per-
formed using the SAS software version 9.3 (SAS Institute).
Continuous variables were reported as mean values, and the
changes in serum UA, DAS(ESR)28, and SJC were compared
using the Student’s #test (P < 0.05 was considered signifi-
cant). Within groups, UA changes were analyzed by one-tailed
#-tests, whereas all other analyses were analyzed by two-tailed
t-tests. 'The analyses for UA changes were one-tailed #tests
because mechanistically we expected the UA levels to change
in one direction only (ie, decrease). Comparisons of subsequent
demographic and clinical characteristics were performed using
one-way analysis of variance (ANOVA) tests and Pearson’s chi-
squared analyses. Regression analyses could not be performed
due to the small sample size of patients with available data.

Results

There were 2,524 patients in the CATCH database, and
385 subjects with ER A had serial UA measurements performed
(Fig. 1). In total, 40 of the 385 patients were not treated with
methotrexate (controls). Of the remaining 345 patients, 132
patients were on methotrexate at an average dose of >14 mg
per week and were not taking oral methotrexate and sulfasala-
zine or allopurinol simultaneously. Forty-nine of the metho-
trexate users had two or more UA results before and during
methotrexate treatment and were appropriate for data analyses.
The majority of UA levels before methotrexate exposure were
taken at baseline, and a large proportion of UA levels after ini-
tiation of methotrexate were repeated at 12 months.

Patient demographics are shown in Table 1. Methotrexate
users vs. nonusers (controls) were similar with respect to age,
proportion of females, baseline, DAS28, SJC, and erosions,
whereas the duration of symptoms for methotrexate users was
longer than for the control group (197 days vs. 144 days) and
the number of DM ARD medications also differed (3 vs. 1).

Methotrexate users and controls did not have significantly
different baseline UA levels (P =0.23). Between methotrexate
users and controls, the mean follow-up UA levels did not dif-
fer significantly owing to high variability within each group.
Within each group, the controls had a baseline UA level of
280 pmol/L and follow-up level of 282 umol/L, providing
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2524 patient with early rheumatoid arthritis (ERA)
in the CATCH database

Insufficient serum uric
acid data (2136)

385 patients with ERA and sequential serum uric
acid measurements

i l

345 patients treated with 40 patients NOT treated
methotrexate therapy with methotrexate

l I

319 patients treated with 40 patients inclluded
>14 mg of methotrexate as control

}
! }

162 patients also 157 patients NOT 49 patients with
taking sulfasalazine taking sulfasalazine eligible data
116 patients NOT taking PO methotrexate 17 patients with

and sulfasalazine at the same time eligible data >

33 patients with | Taking allopurinol (1)

eligible data

32 patients with
eligible data

Figure 1. Flow diagram of inclusion and exclusion criteria for patients with ERA.

a net difference of +2 wmol/L (P = 0.448, one-tailed #test).
Methotrexate users had a baseline UA level of 300 umol/L
prior to methotrexate and a follow-up level of 273 pmol/L,
with a mean difference of =27 wmol/L (P = 0.035, one-tailed
#-test). This statistically significant difference was lost when
recalculated with patients taking concurrent sulfasalazine and
oral methotrexate. Of the 49 methotrexate users, 32 (65%) had
a decrease in UA compared to 18 (45%) of the 40 controls.
"There was no significant change in mean serum creatinine.

At 18 months, the mean score of DAS(ESR)28 was 2.4
for the 32 methotrexate users who experienced a decrease in
UA, while the control group had a higher score of 3.3 (#test,
P=0.042), as shown in Table 1. In the former group, the SJC
at 18 months was 0.9 compared to the 17 patients on metho-
trexate who did not experience a decrease in UA where the
SJC at 18 months was 4.5 (z-test, P = 0.035). The values of
DAS(ESR)28 and SJC were not statistically different between
the groups at 12 months or 24 months.

Discussion

This study of ERA patients participating in a large multi-
center Canadian prospective cohort showed that those treated
with methotrexate experienced a decrease in their serum UA
levels that correlated with their response to this therapy.

These findings support the postulated mechanism of action of
methotrexate whereby inhibition of purine synthesis enzymes
increases adenosine levels, while it reciprocally decreases
UA. Although this mechanism requires further validation,
our analysis also revealed that patients were found to have
a decrease in their serum UA while receiving methotrexate
therapy and were also found to have better clinical outcomes
at 18 months by achieving a DAS(ESR)28 defined remission
and an SJC28 score of <1.

Our finding that serum UA decreases with methotrexate
therapy is in contrast to a previously published work.!? A study
published in 2000 by Emery and the Multinational Lefluno-
mide Study Group compared leflunomide versus methotrex-
ate in the treatment of RA. Here, methotrexate was shown to
increase UA levels at one year and two years. However, these
increases in serum UA levels were also associated with a statis-
tically significant increase in serum creatinine levels. As UA is
mainly eliminated via renal excretion, their UA increases may
have been subject to confounding. To date, there are no other
published reports that examine the effects of methotrexate on
serum UA levels.

The mechanism of action of methotrexate is complex.
However, major advances in research over the last 30 years
indicate that increase in adenosine is a key mechanism in how
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DAS28, mean = SD

<0.001
0.085
0.277

5.02+1.50 4.94£1.41 4.93+£1.37 4.96 £1.53 4.35+1.38 4.61+£1.49

49+15

Baseline

2.93+1.42 3.11+£1.55 2.93+1.52 3.43 £1.60 261+£1.18 2.86+1.36

29+14

12 months
18 Months

2.86+£1.43 2.67+£1.52 2.37+£1.37 3.19+1.66 2.73+1.36 3.26£1.70

28+14

0.591

2.78+1.38 2.70+1.48 2.43+£1.29 3.26+£1.75 2.67+1.80 297+1.35

28+14

24 Months

Notes: One-way ANOVA and Pearson’s chi-squared analyses were used. DAS28 = 2.6 was defined as remission.

methotrexate exerts its anti-inflammatory effects. Subsequently,
this has led to further research of adenosine signaling pathways
with further therapeutic implications.?® Increased adenosine lev-
els, theoretically, result from decreased xanthine and UA syn-
thesis.” ™ Our outcomes lend further support to this postulated
mechanism of action. Furthermore, if the decrease in serum UA
levels is from this mechanism of action, it stands to reason that
serum UA levels may serve as a surrogate marker for methotrex-
ate therapeutic monitoring. In our cohort, we were able to differ-
entiate patients who respond clinically to methotrexate therapy
versus those who do not based on their UA status.

Optimal methotrexate dosing, frequency, and route of
administration in RA have been debated.»'?7# Ideally, for
optimal use, all of the abovementioned variables in medica-
tion administration would be personalized according to the
pharmacodynamic response. In fact, if our hypothesis is that
the adenosine-UA pathway is directly linked to the inher-
ent mechanism of action of methotrexate, it is conceivable
that serum UA levels may be used to guide the dosing, fre-
quency, and route of administration. A change in UA lev-
els could also be used to explore how well methotrexate is
absorbed. Hoekstra et al in 2006 suggested that splitting of
methotrexate doses may increase the area under the curve and
the intracellular uptake of methotrexate.!> The UA-lowering
effect after a single dose of methotrexate lasted only a few
days with return to baseline by one week, but steady-state
dosing was not done in this study.” Serial serum UA levels
could potentially inform whether splitting of methotrexate
dosing could be more effective within an individual, but this
has not been studied.

These results are only hypothesis generating. Perhaps
early lowering of UA with methotrexate may predict clini-
cal outcomes at 18 months, and a lack of UA reduction could
determine a need for methotrexate dose adjustment to obtain
optimal pharmacokinetics. It is conceivable that patients tol-
erating only lower doses of methotrexate have innate enzyme
variants that will still increase adenosine levels via this path-
way. Further research is needed to test these hypotheses.

There are limitations to this study. This study was a post
hoc exploratory analysis of a subset of CATCH patients with
a small sample size, and it may have been underpowered, as
UA is not routinely performed, especially serially, in the man-
agement of ERA. 'The earliest follow-up UA levels were usu-
ally done at 12 months, which was many months following
methotrexate initiation. Despite this, we were able to show a
significant change in serum UA levels in patients taking meth-
otrexate. In addition, due to limited data, we were not able to
perform complex analyses to adjust for potential confound-
ing, such as alcohol consumption, diet, or antihypertensive
medications, such as diuretics or angiotensin receptor blockers.
Using these prospectively collected data across multiple cen-
ters throughout Canada, clinical outcomes were predicted by
lowering UA from methotrexate therapy. Baseline character-
istics such as antibody status, percentage of patients meeting
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the 2010 ACR/EULAR classification criteria for RA, the
number of DMARDs used, and clinical measures, such as
SJC28 and DAS28, did differ between groups. These statistical
confounders are likely reflected in certain differences such as
that seen between the RF positive group compared to the anti-
CCP antibody positive group. Therefore, beyond the primary
outcome measure of change in UA in response to methotrex-
ate, these results cannot be generalized. However, within the
methotrexate user group, baseline characteristics were very
similar between patients who experienced a decrease in UA
levels vs. those who did not. Due to small numbers and side
effects being uncommon, we did not study UA response and
adverse drug reactions to methotrexate.

Conclusions

Methotrexate may be effective in RA via an increase in ade-
nosine levels. In accordance with our hypothesis that this
is directly linked to xanthine metabolism, UA levels were
shown to be reciprocally decreased in a clinical setting for
patients taking methotrexate for ERA. Those who decreased
serum UA levels with methotrexate had improved clinical
responses compared to controls. More studies are needed to
test this hypothesis.

Key Messages

—  Methotrexate therapy for the treatment of ERA was
associated with a decrease in serum UA levels.

—  Monitoring of serum UA levels in response to metho-
trexate therapy may allow an early prediction of clinical
outcomes.

—  Further research is needed to elucidate the predictive
power of serum UA levels in response to methotrexate

therapy in RA.
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