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ABSTRACT

Introduction: Although the introduction of
biologics and targeted synthetic disease-modi-
fying antirheumatic drugs (tsDMARDs) has
reshaped the treatment paradigm for immune-
mediated inflammatory diseases (IMIDs) such as
psoriasis, oral conventional synthetic DMARDs
(csDMARDs) remain the cornerstone in their
treatment. Combinational use of DMARDs is
common in rheumatological practice, but for
the treatment of many skin diseases, dermatol-
ogists typically use a single oral DMARD, with
methotrexate (MTX) being the most commonly
prescribed csDMARD for psoriasis.
Methods: To better understand the potential
benefits of MTX combination therapy in psori-
asis, a literature review was conducted using
Medline (PubMed), Embase, Web of Science,
and the Cochrane Library, covering articles
published from inception until October 2022.
Randomized controlled trials, cohort, open-la-
bel, and observational studies, and case reports

with efficacy and safety results for combination
therapy with MTX, csDMARDs, and tsDMARDs
or comparisons between MTX monotherapy
and combination therapy with other oral
DMARDs in psoriasis were included. Studies
involving MTX monotherapy alone or sequen-
tial treatment with MTX and other oral
DMARDs were excluded, as were non-English
articles. The results are presented as a systematic
review, and the risk of bias was assessed by the
corresponding author using the Cochrane
Handbook for Systematic Reviews of Interven-
tions, version 6.3, and confirmed by an inde-
pendent assessor.
Results: Eleven studies comprising 494 partici-
pants were included in the review. Overall,
combination treatment with MTX and other
oral DMARDs exhibited good efficacy and tol-
erability in psoriasis. However, the included
studies were primarily small scale or retrospec-
tive, and larger prospective randomized trials
are needed to provide stronger evidence.
Conclusion: This literature review suggests that
combination therapy with MTX and csDMARDs
may serve as an efficacious treatment for psori-
asis patients with an inadequate response to
oral DMARD monotherapy.
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Key Summary Points

There is an unmet treatment need for the
optimal use of conventional oral agents in
patients with moderate to severe psoriasis,
despite the growing use of biologics.

Methotrexate is the most commonly used
oral agent in the treatment of psoriasis. It
is usually used as monotherapy, but its
efficacy is only moderate compared to
biologics in psoriasis.

This review summarizes pertinent
literature concerning the safety and
efficacy of the combinational use of
methotrexate and other oral disease-
modifying antirheumatic drugs
(DMARDs) in treating psoriasis.

Cyclosporine, acitretin and apremilast can
be added to methotrexate in patients with
psoriasis who have an inadequate
treatment response to oral DMARD
monotherapy.

INTRODUCTION

Although the introduction of target therapies,
including biologics and targeted synthetic dis-
ease-modifying antirheumatic drugs
(tsDMARDs), has reshaped the treatment of
many immune-mediated inflammatory diseases
(IMIDs), oral conventional synthetic DMARDs
(csDMARDs) remain the cornerstone in the
treatment of most IMIDs, including psoriasis
[1].

Methotrexate (MTX), a synthetic folic acid
analog, has been widely used in dermatology
practices for over half a century since its first use
in psoriasis as an accidental finding by Gubner
et al. [2]. MTX acts through competitive inhi-
bition of dihydrofolate reductase and
aminoimidazole-carboxamide-ribonucleoside
(AICAR) transformylase (ATIC). The inhibition

of dihydrofolate reductase prevents the reduc-
tion of dihydrobiopterin (BH2) to tetrahydro-
biopterin (BH4) and thus leads to the
uncoupling of nitric oxide synthase and T cell
apoptosis. The diminished activity of AICAR
transformylase causes the adenosine to be
released, and the binding of adenosine to cell
surface receptors then suppresses many inflam-
matory and immune reactions [3]. MTX also
increases the expression of long intergenic non-
coding RNA p21 (lincRNA-p21). LincRNA-p21 is
involved in several cellular processes via the
regulation of diverse target gene expression, i.e.,
p21, mouse double minute 2 (MDM2) and
heterogeneous nuclear ribonucleoprotein K
(hnRNP-K) [4]. By modulating cell-specific sig-
naling pathways, MTX is involved in multiple
crucial pro-inflammatory properties of different
cell lineages [5]. Owing to its anti-inflammatory
and anti-proliferative properties, MTX has been
used in a variety of skin disorders, including
psoriasis [6], pityriasis rubra pilaris [7], chronic
urticaria (CU) [8], atopic dermatitis (AD) [9],
blistering disorders [10], localized scleroderma
[11], dermatomyositis [12], cutaneous sar-
coidosis [13], etc.

MTX remains the most commonly pre-
scribed csDMARD for psoriasis [1]. In one meta-
analysis published in 2016, 45% of patients
receiving MTX therapy achieved a 75% reduc-
tion in Psoriasis Area Severity Index score (PASI
75) by 12–16 weeks [14]. It is usually given as
monotherapy, but its efficacy is only moderate
compared to biologics [15]. Thus, the optimal
use of MTX is important in patients with mod-
erate to severe psoriasis who failed therapy
using biologics or have no access to biologics,
mainly due to financial barriers or a lack of
reimbursement [16]. Increased oral doses and
the use of injection are usually performed to
increase the efficacy of MTX [17], but the
combination of MTX with other oral DMARDs
or biologics can also be attempted [18]. While
monotherapy using DMARDs is usually given
by dermatology for psoriasis, combinational use
of DMARDs is also common in other specialties,
including rheumatology [19], transplantation,
and gastroenterology (for inflammatory bowel
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disease). In pivotal studies of biologics in
patients with psoriatic arthritis, about 50% of
patients received concomitant MTX [20]. In
general, biologics plus MTX resulted in better
efficacy for psoriasis lesions compared with
biologic monotherapy, with no difference in
tolerability [21]. In this review, we focus on the
efficacy and safety of the combinational use of
MTX and other oral DMARDs in the treatment
of psoriasis.

METHODS

Literature Search

The study protocol was conducted in accor-
dance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA). We performed a literature search of
Medline (PubMed), Embase, Web of Science,
and the Cochrane Library with the following
keywords: psoriasis, psoriatic, combination,
combining, concomitant, add-on, azathioprine,
chloroquine, hydroxychloroquine, cyclospor-
ine, minocycline, leflunomide, acitretin,
apremilast, tofacitinib and upadacitinib
(Table 1). The search strategy is displayed in
Table 1.

Inclusion and Exclusion Criteria

The inclusion criteria include a diagnosis of
psoriasis, combination therapy with MTX,
csDMARDs, and tsDMARDs along with available
results comparing the efficacy and safety of
MTX monotherapy versus combinational ther-
apy with MTX and other oral DMARDs. The
primary outcome was the improvement in the
severity of psoriasis, such as the Psoriasis Area
and Severity Index (PASI). The secondary out-
come was the safety of the combination therapy
(both laboratory and clinical parameters).

All original papers in English published from
inception until October 2022 were included.
The exclusion criteria included studies in which
MTX was used as monotherapy, sequential
treatment with MTX and other oral DMARDs,
an unavailable outcome for the combination

treatment (either efficacy or safety), and studies
of psoriatic arthritis where the primary outcome
was not improvement of psoriatic lesions. There
were no limitations regarding the study type
and sample size.

Table 1 Search strategy

Database String Hits,
n

Medline

(PubMed)

(‘‘Psoriasis’’[Mesh] OR

‘‘psoriasis’’[all fields] OR

‘‘psoriatic’’[all fields]) AND

‘‘methotrexate’’[all fields] AND

(‘‘azathioprine’’[all fields] OR

’’chloroquine’’[all fields] OR

‘‘hydroxychloroquine’’[all fields]

OR ‘‘cyclosporine’’ [all fields] OR

‘‘minocycline’’[all fields] OR

‘‘leflunomide’’[all fields]OR

‘‘acitretin’’[all fields]

OR’’apremilast’’[all fields] OR

‘‘tofacitinib’’[all fields] OR

‘‘upadacitinib’’[all fields]) AND

(‘‘combination’’[all fields] OR

‘‘concomitant’’[all fields] OR

‘‘combining’’[all fields] OR ‘‘add-

on’’[all fields])

293

Embase #1: psoriasis OR psoriatic

#2: exp methotrexate

#3: azathioprine OR chloroquine

OR hydroxychloroquine OR

cyclosporine OR minocycline OR

leflunomide OR acitretin OR

apremilast OR tofacitinib OR

upadacitinib

#4: combination OR combining

OR concomitant OR add-on

#5: 1 AND 2 AND 3 AND 4

1557

Cochrane

Library

Combination AND methotrexate

AND psoriasis AND DMARDs

1

Total 1851
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Data Extraction and Quality Assessment

After the searching process, duplicates were
removed prior to accessing the full-text articles.
Two research personnel (TSH and TFT) inde-
pendently screened the records.

Any disagreement regarding the selection
process between the reviewers was resolved by
thorough discussion and a final agreement. One
author (TSH) reviewed reference lists and con-
ference abstracts to identify any studies missing
from the initial search process.

The data extraction was performed in a
standardized manner. The following data were
extracted independently by two reviewers (TSH
and TFT) from the included studies: author, year
of publication, country, study design, case
numbers, combination therapy, the dose of
combination therapy, the observation periods,
the efficacy of the treatment, and the safety
outcomes of each study (including lab and
clinical abnormalities). In addition, the efficacy
of treatment was evaluated using the PASI. In
some of these papers, however, the efficacy data
were descriptive. Owing to the heterogeneous
nature of the studies included, a meta-analysis
of the results is not currently feasible.

The results are presented as a systematic
review, and the risk of bias was assessed by the
corresponding author using the Cochrane
Handbook for Systematic Reviews of Interven-
tions, version 6.3 (www.training.cochrane.org/
handbook, updated February 2022) [22], and
confirmed by an independent assessor (not lis-
ted as an author; listed in Supplementary
Table 1). This article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors.

RESULTS

Literature Search

The literature search yielded 1852 articles. After
removing duplicates and screening titles/ab-
stracts, we included 338 articles in the full-text
review. A total of 267 were then excluded, and
11 studies published from 1990 to 2022 were

included in the review. The process of the lit-
erature search is listed in the PRISMA flow dia-
gram shown in Fig. 1.

Characteristics of the Included Studies

The quality assessment of the included papers is
listed in the supplementary tables. The study
design included case reports (n = 2), case series
(n = 3), retrospective cohort studies (n = 3),
prospective cohort studies (n =1), and random-
ized controlled trials (n = 2). The number of
participants included in the studies ranged from
1 to 160 patients. The geographical origins of
the studies were diverse, and included the
Netherlands, Turkey, India, the United King-
dom, Australia, the United States, China, Thai-
land and Canada. The observational period
ranged from 16 days to 5 years.

Previous Treatment Before Combination
Therapy

Before combination therapy, patients were
treated with cyclosporin (CsA) monotherapy
[23], MTX monotherapy [24, 25], either CsA or
MTX as monotherapy [25, 26], or at least one
topical/systemic agent [27–35]. Reasons for
combining with another oral DMARD included
an inadequate response to monotherapy or an
aim to lower the side effects by using a combi-
nation of two DMARDs at lower doses.

Fig. 1 Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flow diagram for combina-
tion therapy with methotrexate and DMARDs for
psoriasis. EULAR European Alliance of Associations for
Rheumatology
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Safety and Adverse Events

Overall, combination therapy of MTX with
another oral DMARD did not show a signifi-
cantly higher rate of adverse events compared
with MTX monotherapy. However, both com-
bination therapy and monotherapy showed
certain percentages of laboratory and/or clinical
abnormalities (as listed in Table 2). Thus, regu-
lar monitoring for the side effects of each
medication is still needed.

Combination Therapy in Psoriasis

In this review, we focus on the efficacy and
safety of combination therapy in psoriasis
treatment (the results of combination therapy
are presented in Table 3).

In studies focusing on psoriasis, combination
therapy was used due to an inadequate response
to monotherapy. Singh et al. [28] conducted a
randomized controlled trial and demonstrated
that significantly higher percentages of patients
reached PASI 75/90/100 responses at week 12.
In other studies, most of the patients’ skin
conditions improved under combination
therapy.

Cyclosporin in Combination with MTX

Cyclosporin (CsA) is an immunomodulatory
agent which inhibits the transcription of inter-
leukin 2 and prevents the activation of T cells.
In dermatology, the concurrent use of MTX and
CsA was once considered contraindicated in
psoriasis due to the shared risk of nephrotoxic-
ity caused by MTX and CsA decreasing each
other’s elimination [23]. However, Clark et al.
[29] reported the use of combination treatment
with CsA and MTX in 19 patients who suffered
from severe and recalcitrant psoriasis (most of
the patients had previously undergone two or
more systemic treatments). Before the combi-
nation therapy, the patients were taking the
maximum tolerated dose of either CsA or MTX.
The combination therapy enabled them to
receive each therapy at a lower dose, i.e., a
reduction in CsA dose from 4.2 ± 1.2 mg/kg/day
to 2.6 ± 0.9 mg/kg/day and a reduction in MTX

dose from 21.6 ± 6.7 to 13.9 ± 4.4 mg/week,
while still achieving satisfactory results. The
duration of the combination ranged from 7
weeks to 500 weeks [29].

Aydin et al. [27] and Mobhanan et al. [25]
further conducted prospective and retrospective
cohort studies on severe psoriasis patients. In
both cohort studies, the results seemed
promising and safe for the short-term use of
combination therapy. Aydin et al. further con-
ducted a follow-up study of patients from the
same cohort who were previously treated with
combination therapy and found that 17 out of
20 patients were not diagnosed with cancer (3
were lost to follow-up and the median follow-
up period was 76 months). Recently, a ran-
domized, non-blinded, controlled trial demon-
strated that combination therapy showed an
earlier onset of action compared to MTX
monotherapy and to better outcomes for PASI
75, PASI 90, and PASI 100 responses in inten-
tion-to-treat analysis, with similar adverse
effects to MTX monotherapy [28].

Acitretin in Combination with MTX

Acitretin, a second-generation retinoid, sup-
presses the proliferation of epidermal ker-
atinocytes, reduces Th1/Th17 inflammatory cell
infiltration, and downregulates the expression
of interferon-gamma. It is particularly useful for
treating pustular psoriasis [36] and palmoplan-
tar psoriasis (10–50 mg daily) [37]. A daily dose
starting from 10 mg was found to be effective
for the patients [38]. The Food and Drug
Administration (FDA) labeled the concurrent
use of acitretin with MTX as contraindicated
based on previous data showing increased rates
of hepatitis when using the combination of
etretinate and MTX. Acitretin is a metabolite of
etretinate, so it is likely to have a similar issue.
In this study, only the additive effect of acitretin
was considered because etretinate is no longer
used in most countries except for Japan. Nev-
ertheless, a study has shown better efficacy and
a decreased rate of hepatotoxicity when using
this combination therapy, except in patients
with alcohol intake [39].
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An et al. further performed studies in both
humans and mice. The results demonstrated
that better skin effects were achieved in the
combination group without incurring signifi-
cantly increased adverse effects on liver func-
tion in both humans and mice. In addition, the
combination group showed significantly less
elevation of the laminin level in hepatic stellate
cells (MTX: 69.70 lg/L; combination therapy of
MTX and acitretin: 27.54 lg/L, P \ 0.05) [40].
The results were also supported by a real-life
registry showing a similar incidence of hepatic
fibrosis as determined by transient elastography
in a MTX monotherapy group and a group
concurrently using both MTX and acitretin.
Instead, the risk factors for hepatic fibrosis
identified in that retrospective cohort study
were type 2 diabetes mellitus and obesity [41].

Apremilast in Combination with MTX

Apremilast, a small molecular inhibitor of
phosphodiesterase 4 (PDE4), modulates the
innate immune system by increasing the intra-
cellular cAMP level, leading to a reduction in
interferon-a production and T cell cytokines
[42]. It was approved by the Food and Drug
Administration for the treatment of psoriasis,
psoriatic arthritis and oral ulcers in Behcet’s
syndrome [43].

Abuhilal et al. [33] conducted a retrospective
study that included 81 patients with plaque
psoriasis treated with a combination therapy of
apremilast and at least one other therapy (NB-
UVB, methotrexate, acitretin, cyclosporin,
etanercept, adalimumab, infliximab or ustek-
inumab). Overall, 81% of patients achieved a
PASI 75 response at week 12 after the combi-
nation therapy. Among the combination ther-
apies, 15 patients were on the combination
therapy of MTX and apremilast and had an
average improvement in PASI score from 8.7
before the addition of apremilast to 2.8 at week
12.

Real-world experience of apremilast for pso-
riasis in Canada demonstrated that out of 81
patients who were treated with apremilast, 6
patients were on combination therapy of MTX
and apremilast; nevertheless, the article didn’t
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specify the efficacy of MTX combination ther-
apy with apremilast [44].

DISCUSSION AND CONCLUSION

The use of combinational csDMARDs therapy
by rheumatologists [45] for various IMIDs,
including psoriatic arthritis and rheumatoid
arthritis, is common. Triple therapy of hydrox-
ychloroquine, sulfasalazine, and MTX is not
only as effective as [46] but also safer than [47]
etanercept in patients with rheumatoid arthri-
tis. It is also more cost effective [48] and has
better drug survival [49]. A combination of
leflunomide and MTX was also shown to have
biologic-sparing effects in refractory rheuma-
toid arthritis [50].

The dose of immunosuppressants is also
crucial in determining its effect on the immune
system. Taking CsA for example, CsA at a higher
dose is immunosuppressive, but lower-dose CsA
has immunomodulatory, anti-graft-versus-host,
and anti-cancer effects [51]. In general, doses
below 3 mg/kg/day are regarded as low doses,
and doses above 4 mg/kg/day can be defined as
high doses [51]. In patients with atopic der-
matitis, low-dose CsA increased [52] while high-
dose CsA reduced [53] the T-reg population. In
addition, CsA commonly serves as a rescue
therapy in severe psoriasis patients to achieve a
rapid treatment response and is commonly used
in pregnant women (although it is listed as a
pregnancy category C drug) due to its relative
safety compared to other oral DMARDs. It is
known for adverse events such as nephrotoxic-
ity (interstitial fibrosis and renal tubular atro-
phy), hypertension, and an increased risk of
squamous cell carcinoma/lymphoproliferative
disorders [54]. CsA added to MTX treatment in
early rheumatoid arthritis patients significantly
increased the peak plasma MTX concentration,
but other pharmacokinetic parameters and
measurements of MTX were unchanged [55]. A
similar concept of a dose-related effect for MTX
was also proved in the Tight Control of Psoriatic
Arthritis (TICOPA) trial, in which higher pro-
portions of patients receiving over 15 mg of
MTX per week achieved an American College of

Rheumatology (ACR) 20 response (41% versus
34%) [56].

The combination of MTX with other oral
DMARDs used in dermatology, especially in
psoriasis, is relatively uncommon. Based on the
current literature review, the combination of
MTX with either csDMARDs or tsDMARDs may
provide additional therapeutic benefits com-
pared with MTX monotherapy. Current litera-
ture on the combination of MTX with other oral
DMARDs remains limited. However, based on
this review, the combination of MTX with other
oral DMARDs seemingly does not significantly
increase safety concerns compared to MTX
monotherapy.

Theoretically, side effects may be reduced if
the combination therapy successfully lowers the
dosage of the individual drug compared to
when it is used as monotherapy [57]. This was
demonstrated by the significant lowering of
profibrotic factors such as laminin in the com-
bination group versus the MTX group [40].
Hepatic fibrosis was a major concern during
MTX treatment, and in one retrospective cohort
study, the incidence of hepatic fibrosis during
MTX monotherapy was not significantly differ-
ent compared to that during combination
therapy with acitretin and MTX (16.4% in the
monotherapy group vs. 12.5% in the combina-
tion group, P = 0.59) [41].

Although no significant increases in adverse
events were observed during combination
therapy with MTX and other oral DMARDs, the
clinician should be alert to the potential side
effects of each DMARD and follow the labora-
tory data according to the known adverse
events. The main safety concerns in laboratory
data are still liver toxicity and a deterioration of
kidney function (as in MYX combination ther-
apy with CsA). The major clinical adverse effects
are gastrointestinal discomfort (nausea, vomit-
ing, dyspepsia, abdominal discomfort, and
anorexia). Still, constitutional symptoms, men-
tal problems (anxiety/insomnia), and infection
are also reported.

There are several limitations of our study.
Except for some controlled trials [28, 40], most
studies were small case series, and most of the
current literature has limitations regarding
sample size, study design, follow-up period,
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etc. Racial factors are also worth taking into
account: different racial factors have been
found to affect the drug metabolism, efficacy
and safety of oral immunomodulatory agents in
psoriasis [58–60]. However, their effect on the
combinational use of oral DMARDs in psoriasis
has not been specifically studied. In addition,
there were also several limitations regarding
methodology, i.e., the restriction to English
publications and the limited database search.

Although biologics have become the gold
standard in the treatment of patients with
moderate to severe psoriasis and psoriatic
arthritis, the high cost of biologics has limited
the number of patients who can be treated with
them. In many parts of the world, there are still
significant barriers to using biologics due to a
reimbursement requirement for economic rea-
sons. This is especially true for patients who
have a Body Surface Area (BSA) or PASI of less
than 10 but still have a significantly impacted
quality of life. Thus, for these patients, the
combinational use of two oral conventional
DMARDs might be needed.

Also, despite their relative safety with regard
to major organ toxicities, biologics present a
potential concern due to an increased risk of
infection and decreased efficacy after long-term
use. Theoretically, the combination of
csDMARDs with different modes of action has
potential benefits in terms of increasing treat-
ment efficacy and improving biologic survival.

In conclusion, the concurrent use of MTX
with other oral DMARDs might optimize the
treatment potential of MTX in psoriasis. It is
especially valuable for patients who have no
access to biologics due to financial barriers or an
ineligibility for reimbursement. However, while
its benefits have been partially demonstrated in
patients with rheumatoid arthritis, more studies
are still needed to confirm them in psoriasis.
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