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Current smoking predicts inadequate response to
methotrexate monotherapy in rheumatoid arthritis
patients naive to DMARDs

Results from a retrospective cohort study
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Abstract N\
Identifying predictors of inadequate response to methotrexate (MTX) in rheumatoid arthritis (RA) is key to move from a “trial and error” |
to a “personalized medicine” treatment approach where patients less likely to adequately respond to MTX monotherapy could start
combination therapy at an earlier stage. This study aimed to identify potential predictors of inadequate response to MTX in RA
patients naive to disease modifying anti-rheumatic drugs.

Data from a real-life cohort of newly diagnosed RA patients starting MTX (baseline, TO) as first-line therapy were analyzed.
Outcomes, assessed after 6months (T1), were defined as failure to achieve a disease activity score 28 (DAS28) low disease activity
(LDA) or a good/moderate response to MTX, according to the European League Against Rheumatism (EULAR) response criteria.
Logistic regression was used to assess the associations between baseline variables and the study outcomes.

Overall, 294 patients (60.5% females, median age 54.5 years) with a median disease duration of 7.9 months were recruited. At T1,
47.3% of subjects failed to achieve LDA, and 29.3% did not have any EULAR-response. In multivariate analysis, significant
associations were observed between no LDA and current smoking (adjusted odds ratio [adjOR] 1.79, P=.037), female gender
(adjOR 1.68, P=.048), and higher DAS28 (adjOR 1.31, P=.013); and between no EULAR-response and current smoking (adjOR:
2.04, P=.019), age (adjOR: 0.72 per 10-years increases, P=.001), and higher erythrocyte sedimentation rate (adjOR: 0.49;
P=.020). By contrast, there were no associations between past smoker status and study outcomes.

In summary, in our real-life cohort of disease modifying anti-rheumatic drug naive RA patients, current smoking habit independently
predicts inadequate response to MTX. This, together with other independent predictors of response to treatment identified in our
study, might assist with personalized monitoring in RA patients. Further studies are required to investigate whether smoking quitting
strategies enhance the therapeutic response to MTX.

Abbreviations: ACPA = anti-citrullinated peptide antibodies, adjOR = adjusted odds ratio, Cl = confidence interval, CRP = C-
reactive protein, DAS28 = disease activity score 28 joints, DMARDs = disease modifying anti-rheumatic drugs, ESR = erythrocyte

sedimentation rate, EULAR = European League Against Rheumatism, GC = glucocorticoids, IQR = interquartile range, LDA = low
disease activity, MTX = methotrexate, OR = odds ratio, RA = rheumatoid arthritis, RF = rheumatoid factor, TJC = tender joint count.
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1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease
primarily involving the synovial joints and potentially resulting in
irreversible damage, disability, impaired quality of life, and
inability to work.!"!

There is very good evidence that prompt treatment initiation
and early achievement of remission are among the major
predictors of long-term outcomes in RA.?! Accordingly, the
European League Against Rheumatism (EULAR) recommends
commencing treatment with disease modifying anti-rheumatic
drugs (DMARDs) as soon as the diagnosis is made to
achieve remission or, at least, reasonable control of disease
activity.!

In the current therapeutic algorithms for RA, methotrexate
(MTX) is a first-line DMARD thanks to its widely documented
efficacy and safety, also in reducing complications and mortali-
ty.>=8! However, up to two third of patients treated with MTX
monotherapy fail to achieve treatment targets and require a
combination therapy with other conventional synthetic
(csDMARDs) or biologic DMARDs (bDMARDs).>10!

Identifying predictors of inadequate response to MTX is key to
move from a “trial and error” to a “personalized medicine”
treatment approach where patients less likely to adequately
respond to MTX monotherapy could start combination therapy
at an earlier stage.'! This would have, in turn, immediate
benefits in terms of reduced patient exposure to disease activity,
ineffective drugs and damage accrual, and reduced healthcare
costs.

The aim of this study was to identify potential predictors of
inadequate response to MTX as first-line treatment in RA
patients naive to DMARD:s.

2. Methods

2.1. Patients

We retrospectively studied a real-life, monocentric, inception
cohort of Caucasian RA patients followed up at the tertiary
Rheumatology Unit of the AOU University Clinic of Cagliari,
from January 2006 to December 2018.

Eligible patients were:

(1) >18years old,

(2) initially diagnosed with RA in our Centre according to the
1987 American College of Rheumatology or 2010 ACR/
EULAR criteria (depending on the first assessment
year),12:131

(3) with moderate to high disease activity score 28 joints
(DAS28),

(4) naive to any DMARD:s at baseline and prescribed with MTX
as first-line therapy, with or without glucocorticoids (GC),

(5) followed up for at least 6 months.

Patients previously treated with other DMARDs were
excluded. Given the observational nature of the study, the
MTX starting dose was based on individual physicians’ choice
rather than pre-determined trial-based protocols. Patients who
stopped MTX treatment before 6 months, due to side effects or
other reasons, were also excluded.

The study was conducted in accordance with the declaration of
Helsinki and approved by the local AOU University Clinic of
Cagliari (Italy) Ethics Committee (PG/2017/3272). Patients were
enrolled after signing an informed consent.
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2.2. Data collection

The following data were collected from medical records and
clinical files at baseline (TO), before MTX initiation: age at disease
onset, age at diagnosis, disease duration, body mass index,
smoking habits, positivity for rheumatoid factor (RF) and anti-
citrullinated peptide antibodies (ACPA), MTX dosage. Current
smokers were those reporting active smoking at TO. Past smokers
were those who had stopped smoking before T0. Data on smoking
habits duration and average number of cigarettes per day were also
collected. Tender joint count and swollen joint count, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), overall 3
DAS28-ESR (14), and GC dosage were assessed both at TO and
after 6 months (T1).

2.3. Definition of outcomes

The study outcomes were assessed after 6 months (T1). The
primary outcome was the inadequate response to MTX after 6
months, defined as failure to achieve low disease activity (LDA)
expressed by a DAS28 score <3.2. The secondary outcome was
the failure to attain a good or moderate response to MTX (no
EULAR-response), according to the EULAR-response criteria
(DAS28 improvement<0.6 or DAS28 improvement> 0.6 but
<1.2 and 6-month DAS28 > 5.1).'4!

Subjects undergoing therapeutic modification (i.e., increasing
oral GC dose, intravenous, intra-muscular or intra-articular
injection of GC, combination with or switch to other cs- o b-
DMARD:s) for persistently high disease activity before T1 were
classified as inadequate responders both for the primary and the
secondary outcome.

2.4. Statistical analysis

The variables are reported as mean + standard deviation (SD) and
median with interquartile range, for continuous variables; or
frequencies and percentages, for categorical variables.

Age, sex, disease duration, body mass index, status of current
and past smoker, baseline tender joint count, swollen joint count,
ESR, CRP and DAS28, RF and/or ACPA positivity, MTX starting
dose, ongoing GC, and cumulative prednisone dose were analyzed
as potential predictors of failure to achieve LDA or EULAR-
response at T1 through univariate and multivariate logistic
regression. Variables showing associations, P values<.10, in
univariate analysis were included in multivariate analysis.
Multivariate logistic regression models were further adjusted by
classification criteria, 1987 or 2010, as an independent variable.
The Statistical significance was set for P <.05. Statistical analyses
were performed using SPSS software (version 24.0, Armonk, NY).

3. Results
3.1. Patients

Two hundred ninety-four patients were recruited according to the
inclusion criteria. Overall, our cohort represented a fairly typical
population of newly diagnosed RA patients with median duration
of symptoms of 7.9 (3.9-18.6) months. Out of the 294 recruited
patients, 178 (60.5%) were females and the median (interquartile
range) age at enrollment was 54.5 (43.5-64.7) years. The median
DAS28 was 5.3 (4.5-6.1). A total of 88 (29.9%) and 69 (23.4%)
patients were respectively classified as current and past smokers.
The most frequent MTX starting dosages were 10 and 15 mg/week
(in 47.3% and 45.9% of patients, respectively). The dosage was
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Baseline characteristics of the study cohort.

No. of recruited patients

Gender, n (%) female

Age at enrollment, median (IQR) (yrs)
Disease duration, median (IQR) (mo)
BMI, median (IQR) (ka/m?)

Current smokers, n (%)

Past smokers, n (%)

ACPA positive, n (%)

RF positive, n (%)"

TJC28, median (IQR)

SJC28, median (IQR)

ESR (mm/first hour), median (IQR)
DAS28-ESR, median (IQR)

PDN prescribed at baseline, n (%)
PDN at 6mo, n (%)

MTX dosage, mean (SD) (mg/wk)

294
178 (60.5%)
54.5 (43.5-64.7)
7.9 (3.9-18.6)
23.7 (21.7-26.0)
88 (29.9%)

69 (23.4%)

158 (54.3%)
155 (53.1)

9.0 (5.0-14.5)
5.0 (2.0-10.0)
35.0 (21.0-57.0)
53 (4.5-6.1)
217 (73.8%)
164 (55.5%)
12.4 (2.6)

ACPA =anti-citrullinated peptide antibodies; BMI=hody mass index; DAS-28 = disease activity score
on 28 joints; ESR=erythrocyte sedimentation rate; IR = interquartile range; MTX = methotrexate;
RF =rheumatoid factor; SUC=swollen joint count; TJC=tender joint count.

“Value referred to a total of 291 patients who had available data.

"Value referred to a total of 292 patients who had available data.

gradually increased according to individual disease characteristics
(up to a maximum dose of 20 mg/week within the first 3 months in
all patients). The median cumulative dose of prednisone (PDN) or
equivalent was 0.83 (0.31-1.17) g.

Baseline characteristics of recruited patients are described in
Table 1.

3.2. Predictors of no-LDA achievement

A total of 139 (47.3%) patients failed to achieve LDA at T1. In
univariate analysis, factors significantly associated with no-LDA
achievement included female gender (odds ratio [OR] 1.87, 95%
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confidence interval [CI] 1.16-3.02, P=.010), younger age at
disease onset (OR 0.81, 95%CI 0.69-0.95 per 10-year increase,
P=.009), and diagnosis (OR 0.81, 95%CI 0.69-0.95 per 10-year
increase, P=.008), current smoking (OR 1.85, 95%CI 1.12-
3.06, P=.017), past smoking (OR 0.43, 95%CI 0.24-0.76,
P=.004), cumulative PDN dose (OR 1.38,95%CI 1.01-1.87 per
1g increases, P=.041), and baseline DAS-28 (OR 1.34, 95%CI
1.10-1.64, P=.003) (Table 2).

In multivariate analysis, only current smoking (adjusted odds
ratio [adjOR] 1.79, 95%CI 1.04-3.08, P=.037), female gender
(adjOR 1.68,95%CI11.01-2.81, P=.048), and higher DAS-28 at
baseline (adjOR 1.31, 95%CI 1.06-1.62, P=.013) remained
independently associated with failure to achieve LDA (Fig. 1a).

3.3. Predictors of no EULAR-response

A total of 86 (29.3%) patients were non-responders, according to
the EULAR-response criteria. In univariate analysis, baseline
factors significantly associated with no EULAR-response includ-
ed younger age at the onset of symptoms (OR 0.73, 95%CI 0.62—
0.87 per 10-year increase, P <.001) and diagnosis (OR 0.73,
95%CI 0.61-0.87 per 10-year increase, P <.001), current (OR
1.87, 95%CI 1.10-3.17, P=.022) and past smoking (OR 0.48,
95%CI 0.25-0.94, P=.032), higher ESR (OR 0.50, 95%CI
0.28-0.90, P=.020) and CRP (OR 0.50, 95%CI 0.28-0.90,
P=.020), and lower DAS-28 (OR 0.74, 95%CI 0.59-0.91,
P=.0035) (Table 2).

In multivariate analysis, current smoking (adjOR: 2.04, 95%
CIL: 1.12-3.71; P=.020), age at diagnosis (adjOR: 0.72, 95%CI
0.59-0.88 per 10-year increase, P=.001), and higher ESR
(adjOR: 0.49, 95%CI: 0.25-0.95; P=.036), remained indepen-
dently associated with no EULAR-response to MTX (Fig. 1b).

Notably, the MTX starting dosage did not predict the study
endpoints (P>.05). Similarly, the duration of exposure to
tobacco and the number of cigarettes per day were not

Univariate analysis for factors associated with no LDA and no EULAR-response, at 6mo from MTX initiation.

No LDA No EULAR-response

Candidate predictor OR (95%Cl) P OR (95%Cl) P

Female 1.87 (1.16-3.02) .010 1.32 (0.78-2.22) .303
Onset age, per 10-yrs increases 0.81 (0.69-0.95) .009 0.73 (0.62-0.87) <.001
Diagnosis age, per 10-yrs increases 0.81 (0.69-0.95) .008 0.73 (0.61-0.87) <.001
Disease duration, per 1mo increases 0.98 (0.96-0.99) .969 1.00 (1.00-1.01) .670
BMI 0.99 (0.93-1.05) .989 0.96 (0.90-1.02) .956
Current smoking 1.85 (1.12-3.06) 017 1.87 (1.10-3.17) .022
Past smoking 0.43 (0.24-0.76) .004 0.48 (0.25-0.94) .032
ESR 1 1.52 (0.86-2.70) 151 0.50 (0.28-0.90) .020
CRP t 0.88 (0.51-1.52) 651 0.50 (0.28-0.90) .020
TJC-28 1.02 (0.99-1.05) 291 0.97 (0.93-1.01) .090
SJC-28 1.03 (1.00-1.07) .097 0.99 (0.95-1.03) .988
DAS-28 1.34 (1.10-1.64) .003 0.74 (0.59-0.91) .005
ACPA+ 1.33 (0.84-2.12) 224 1.18 (0.71-1.96) 535
RF+ 1.10 (0.70-1.75) 682 0.99 (0.60-0.91) 975
ACPA and/or RF+ 1.20 (0.74-1.93) 464 1.15 (0.71-1.96) 613
ACPA and/or RF HT 1.29 (0.81-2.07) 283 0.95 (0.57-1.58) .847
MTX dose 1.12 (0.34-3.71) .851 0.67 (0.19-0.24) 527
PDN ongoing at 6mo 0.73 (0.46-1.17) 187 1.18 (0.70-1.99) .529
Cum. PDN dose, per 19 increases 1.38 (1.01-1.87) 041 1.10 (1.00-1.01) .054

ACPA =anti-citrullinated peptide antibody; BMI=body mass index; Cl=confidence interval; CRP = C-reactive protein; Cum. PDN = cumulative prednisolone or equivalents; DAS28 = disease activity score 28;
ESR =erythrocyte sedimentation rate; EULAR =European League Against Rheumatism; LDA =low disease activity; MTX = methotrexate; OR =odds ratio; RF =rheumatoid factor; SJC=swollen joint count;

TJC=tender joint count.
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Figure 1. Factors independently associated in multivariate analysis with failure to achieve LDA (a) and a good/moderate EULAR-response to treatment (b), at 6mo
from MTX initiation. Associations are presented as adjusted odds ratios (adjOR) with 95% confidence intervals (95%Cl). § OR for 10-years increments. MTX=

methotrexate.

significantly associated with the study outcomes, both in current
and past smokers (P>.05).

4. Discussion

In this real-life cohort of DMARD naive RA patients, after 6
months of MTX treatment as monotherapy, 47.3% of subjects
failed to achieve LDA, and 29.3% had no EULAR-response.
Significant associations were observed between no LDA
achievement and current smoking, female gender and higher
DAS28; as well as between no EULAR-response and current
smoking, normal ESR and younger age at diagnosis. The reported
association between current smoking, a modifiable risk factor,
and inadequate response to MTX is potentially of clinical
relevance, particularly given that it was independent of
phenotypical RA features, such as ACPA positivity, and that
the same relationship was not recorded for past smoking. Past
smokers had, in fact, similar response to MTX when compared
with never smokers.

A robust comparison with the results of previous studies is
difficult because of the wide heterogeneity in terms of outcome
measures and follow-up, the different study design (e.g., clinical
trial, observational cohort studies) and the variable assessment of
MTX as mono- or combined therapy. In particular, smoking has
been investigated as a potential predictor of response to MTX in
several studies, but with inconsistent results. Indeed, a significant
association between smoking and inadequate response to MTX
was reported by several®!®51°! but not all authors?%*!
(Table 3). In this context, our results provide strong evidence on
the key role of smoking in independently predicting an
inadequate response to MTX. Differently from previous reports,
our findings stem from a population-based study specifically
designed to identify the predictors of responsiveness to MTX in a
real-life setting, which facilitates the translation of our results into
routine clinical management. Further strengths of our study are
represented by the selection of therapeutic strategies, follow-up
time points, and outcome measures which are based on current
EULAR recommendations for RA and therefore immediately
transferable to patient care. Moreover, to reduce a potential
source of bias, all enrolled patients were DMARDSs naive and
received first-line MTX treatment as monotherapy. Finally, the
status of both current and past smokers was separately assessed
as predictors of inadequate response to methotrexate.

Increasing epidemiologic and biological evidence supports the
role of smoking in RA susceptibility and phenotypical presenta-
tion. Indeed, smoking is the best-established environmental risk
factor for RA, with a likelihood of disease development that is

approximately twice as high for smokers than for non-
smokers.??! Furthermore, smoking status is associated with
ACPA positive RA and, albeit not consistently, higher levels of
disease activity and increased severity in terms of damage
accrual.”?! Notably, in our study, the association between
smoking status and inadequate response to MTX was indepen-
dent of other demographic and clinical characteristics, including
ACPA and/or RF positivity and baseline disease activity.

Smoking may contribute to the persistence of the systemic pro-
inflammatory state by different mechanisms, including enhanced
oxidative stress, induction of epigenetic changes, and increased
expression of CRP, adhesion molecules (e.g., ICAM ed E-
selectine), matrix metalloproteinases, and pro-inflammatory
cytokines (e.g., TNF-a, IL-1B, IL-6), all key factors in the
pathogenesis of RA.**! Further potential mechanisms explaining
the reduced likelihood of response to MTX in RA smokers are
related to the drug’s pharmacokinetics. Stamp et al showed that
smoker RA patients had lower concentrations of MTX
polyglutamates, the active metabolites retained in cells that have
been reported to correlate with clinical response.**! Metsios
et al'®® found that RA patients who smoke have higher basal
metabolic rates than non-smokers, which might also lead to
excessive metabolism of anti-rheumatic drugs.

Notably, in our study as well as others,['%!! past smokers had
similar response to MTX when compared with never smokers,
suggesting that smoking discontinuation at treatment initiation
may enhance response. Pending the results of adequately
designed studies, this hypothesis is of potential clinical relevance
and further supports the benefits of smoking quitting strategies in
the management of RA patients.

The identification of the other factors that were significantly
associated with inadequate response to MTX in our cohortisin line
with the results of previous studies. Indeed, a negative correlation,
although not always statistically significant, was reported between
female gender and higher DAS28 and failure to achieve remission
in several cohorts of MTX treated patients.""! Similarly, younger
age was described to negatively correlate with the likelihood of
MTX response by different authors.""! The influence of these
factors on MTX response may be at least partially due to the their
widely described association with higher disease severity. This, in
turn, may explain why the same factors have been frequently
identified as potential predictors of inadequate response to other
treatments.'>”>>®! Finally, the negative association between lower
ESR and EULAR-response, described also in other studies,!'! may
be due to the fact that lower baseline ESR (included in the DAS28
calculation) may impair the sensitivity to detect significant
reductions of disease activity from baseline.
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e Current smoking associated with lower EULAR-response
(OR 0.35, 95%Cl 0.20-0.63), as well as other outcome
measures, such as SDAI and CDAI.

Past smoking did not associate with the study outcomes.

o Other associated factors: HAQ, age, prednisolone, gender,
and symptom duration.

e Current smoking inversely associated with good EULAR-
response to MTX both at 3 (adjOR 0.60, 95%Cl 0.39—
0.940) and 6 mo (analysis on 436 patients) (adjOR 0.58,
95%Cl 0.39-0.94). A significant association was also
recorded with EULAR remission at 6mo (OR 0.41, 95%Cl
0.24-0.71).

e Packs/day and past smoking did not associate with the

study outcomes.

Other associated factors: not separately assessed.

e Current smoking associated with no-ACR50 achievement

(OR 3.58, 95%Cl 1.23-11.22; P<0.008).

Other associated factors: none.

e Current smoking inversely associated with good EULAR-

response both at 3 (OR 0.64, 95%Cl 0.47-0.87,

P=.004), 6 (OR 0.66, 95%Cl 0.48-0.91, P=.011),

and 12mo (OR 0.69, 95%Cl 0.50-0.93, P=.02).

Past smoking did not associate with the study outcomes.

e Current smoking (ORadj 3.02, 95%Cl 1.1-8.0, P=.027)

was associated with failure to achieve remission within

12mo.

Other associated factors: alcohol consumption.

o Current smoking (OR 2.01, 95%Cl 1.19-3.41, P<.001)
associated with insufficient response.

o Other associated factors: higher DAS28, higher HAQ
score, and higher BMI.

e Current smoking associated with no EULAR-response in

univariable (OR 1.78, 95%Cl 1.28-2.48, P<.001).

Past smoker did not associate with no EULAR-response.

o Other associated factors: lower DAS28, RF negative,
higher TJC and HAQ, higher Hospital Anxiety and
Depression score.

e Current smoking: no differences in the mean DAS28
score between 48 and 102wk based on smoking status
for the overall group (P=.881) or by specific treatment
assignment.

e Current smoking: status had no influence EULAR-
response and EULAR remission. Inversely, association
with reduced 1-year radiographic disease progression
was described.

e Other associated factors: male sex, HLA-DRB1 shared
epitope. Factors associated with DAS28 remission at 1yr
included male sex and older age.

e Current smoking associated with no LDA achievement
(OR 1.79 95%Cl 1.04-3.08, P=.037). Association also
with no EULAR-response achievement (OR: 2.04, 95%Cl:
1.12-3.71; P=.019).

e Past smoking and duration of smoking exposure did not
associate with the study outcomes.

e Other associated factors: female gender and higher
DAS?28 associated to no-LDA; increased ESR and
diagnosis age inversely associated to no EULAR-
response.

adjOR =adjusted odds ratio; ACR =American College of Rheumatology criteria; BMI=body mass index; CDAI = Clinical Disease Activity Index; Cl=confidence interval; DAS28 = disease activity score 28 joints;
DMARDs = disease modifying anti-rheumatic drugs; ESR = erythrocyte sedimentation rate; EULAR = European League Against Rheumatism; HAQ = Health Assessment Questionnaire; HCQ = hydroxychloroquine;
LDA=low disease activity; OR=odds ratio; RF =rheumatoid factor; SDAI=Simple Disease Activity Index; SLZ=sulfasalazine; TJC=tender joint count; TNFi=TNF inhibitors.

’ Including undifferentiated polyarthritis.
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The main limitations of our study are its retrospective and
monocentric design. Further, the lack of data on possible
smoking cessation over the 6 months might have affected our
results.

In conclusion, in a cohort of newly diagnosed DMARD:s naive
patients, current, but not past smokers, had an increased
likelihood of inadequate response to MTX, as assessed by
established definitions. Pending additional studies on the effects
of smoking quitting strategies on MTX response, smoking status,
together with other well-known predictors of response identified
in our study, might assist with personalized treatment selection
and monitoring in RA patients.
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