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Abstract

Despite the development of targeted therapies, conventional synthetic disease-modifying antirheu-
matic drugs (csDMARDs) remain the cornerstone of treatment of rheumatoid arthritis (RA). A litera-
ture search was conducted on treatment recommendations and relevant papers regarding new in-
sights on therapeutics in rheumatoid arthritis. Methotrexate is considered the “anchor drug” due to
its high efficacy as monotherapy and in combination with other conventional and targeted agents.
Leflunomide and sulfasalazine are sound alternatives, whereas (hydroxy)chloroquine is primarily

used in combination with other csDMARDs.

Their use is encouraged in all treatment phases — in combination with targeted agents, and with
other csDMARDs. Combining different csDMARDs is especially attractive in lower income settings
given the evidence proving (almost) equal efficacy and safety of the csDMARD combination ap-
proach compared to the combination of targeted agents with a csDMARD.

The aim of this review is to provide a clinically oriented insight into the pharmacology of each

csDMARD and their place in treatment algorithms.
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Introduction

Rheumatoid arthritis (RA) is a disorder marked by
chronic immune-mediated inflammation. Although it can
affect a variety of tissues, the hallmark of the disease is
synovitis with consequent destruction of the hyaline car-
tilage and the subchondral bone. Classically, the latter is
detected on standard radiographs as joint space narrow-
ing and bone erosions.

Despite the fact that rheumatoid arthritis may affect
a variety of tissues and lead to premature atherosclero-
sis and increased cardiovascular morbidity and mortality,
development of new joint space narrowing and bone
erosions (also termed radiographic progression) can be
detected much earlier in the course of the disease, even
within the first months following disease onset [1].

Thus, prevention of radiographic progression is con-
sidered the key therapeutic goal in rheumatoid arthritis.
To this end, the term “disease modification” has been

coined specifically in the context of RA, referring to the
property of an anti-inflammatory disease-modifying
antirheumatic drug (DMARD) to inhibit radiographic
progression [2]. Other clinically important actions of
DMARDs include improvement of signs and symptoms,
disease activity and functional status.

Prior to the advent of targeted therapies (biologi-
cals and the more recently developed targeted synthetic
molecules) disease-modifying effects had been observed
with the use of several agents including methotrexate,
leflunomide, sulfasalazine, antimalarials and the now
mostly obsolete gold salts.

In that pre-biological era, these drugs were the
first agents approved for RA and were labeled simply
“DMARDs”. They have recently been relabeled/reclas-
sified as conventional synthetic DMARDs (csDMARDs),
in contrast to targeted DMARDs, which encompass an
increasingly expanding group of biologic and targeted
synthetic agents [3].
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The term “conventional” refers to the fact that the
observation of a drug’s clinical efficacy preceded the
in-depth insight into its mechanism of action, which
still seems to be only partially known for most of the
csDMARDs.

In contrast to targeted DMARDs, csDMARDs were
not designed with the intention to act against a specific
molecule (the molecular target) involved in the inflam-
matory pathway relevant to the disease [3].

Although conventional synthetic DMARDs are not in
the limelight of recent treatment developments in RA,
they are still the first line of therapy, the most prescribed
and, what is globally important, the least expensive
treatment of rheumatoid arthritis.

The aim of this review is to provide an overview of
the currently used csDMARDs and their role and place in
the contemporary treatment algorithms.

Methotrexate

Methotrexate is the most widely used csDMARD in
rheumatoid arthritis. It is commonly referred to as the
“anchor drug”, having in mind the following two points:
« itisthe first csDMARD of choice in RA treatment algo-

rithms and
* its use is highly recommended even after treatment
with a targeted agent has been commenced [4, 5].

In addition to its effect on disease activity, symp-
toms and signs, physical function and radiographic pro-
gression, methotrexate has also been shown to improve
survival of RA patients, primarily by decreasing cardio-
vascular mortality [6].

Methotrexate is a structural analogue of folate;
hence it interferes with the role of folate in the synthesis
of purine and pyrimidine nucleosides. This mechanism
explains the drug’s anti-proliferative effects relevant to
its use in the treatment of malignancies and to the de-
velopment of some of the drug-related adverse events.

However, the anti-inflammatory (and also anti-
atherogenic) effects seem to be mediated via other
pathways, the most relevant of which may be activa-
tion of aminoimidazole carboxamide nucleotide (AICAR)
transformylase, leading to increased levels of adenosine
(Table I).

In contrast to high doses required in the treatment
of malignant neoplasms, anti-inflammatory effects of
methotrexate occur at much lower doses commonly
used in the treatment of RA and other rheumatic dis-
eases [7].

Methotrexate is administered in a weekly oral or
subcutaneous regimen at a dose that should be rapidly
escalated from the initial 7.5-12.5 mg to a weekly dose of
about 0.3 mg/kg (20-25 mg per week would be the op-
timal therapeutic dose in the Western hemisphere) [5].

The subcutaneous route and split oral administra-
tion (i.e. divided into two doses on the same day of
the week) may be associated with its greater bioavail-
ability when the weekly dose exceeds 15 mg, and pos-
sibly also with a lower rate of gastrointestinal intole-
rance [8-10].

Folic acid is commonly co-administered to reduce
the frequency of side effects, usually at a dose of 5 mg
weekly, on the second day following methotrexate.
Importantly, it does not interfere with the anti-inflam-
matory actions of methotrexate.

As indicated above, methotrexate continues to serve
as the first drug of choice in the treatment of rheuma-
toid arthritis. In patients with early rheumatoid arthri-
tis, low disease activity is achieved with methotrexate
monotherapy in up to 25% patients after 6 months of
treatment, and in an even higher proportion when used
with low-dose glucocorticoids.

This success rate is similar to most of the targeted
agents currently used in the treatment of RA, except
for tocilizumab and Janus kinase inhibitors, which have
demonstrated efficacy superior to methotrexate [11-13].
Intriguingly, methotrexate was used at a suboptimal
dose in most of the trials comparing its efficacy with the
efficacy of targeted agents [14].

When used as monotherapy, no other csDMARD has
been shown to have greater efficacy than methotrexate.
Of all currently used csDMARDs, only leflunomide and
sulfasalazine have demonstrated efficacy similar to that
of methotrexate; however, this statement should be tak-
en with caution since it is based on evidence from older
trials where methotrexate was used at doses lower than
those currently recommended [15].

Apart from being used as monotherapy, methotre-
xate can be used in combination with other csDMARDs
or with a targeted agent [5]. Given that both methotre-
xate and its metabolites are excreted via the kidney, the
dose should be adjusted in patients with renal insuffi-
ciency and geriatric patients [16].

Methotrexate is generally contraindicated in the
setting of an acute systemic infection, ongoing herpes
zoster, interstitial pneumonitis/clinically significant pul-
monary fibrosis, moderate to severe cytopenia, severe
hepatic or renal impairment, pregnancy and breastfeed-
ing [17]. It should be withdrawn at least 1-3 months
prior to conception [18].

In a systematic review of 21 prospective studies (in-
volving 3463 patients), adverse events were observed in
72.9% of patients treated with methotrexate. However,
they were mild and associated with a relatively low rate
of drug withdrawal due to toxicity, 10-37%, which was
lower than for sulfasalazine (17-52%) and higher than
for hydroxychloroquine (10-14%).

Reumatologia 2020; 58/6
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Table I. Pharmacological properties of the four conventional synthetic disease-modifying antirheumatic drugs
used in the treatment of rheumatoid arthritis

Parameters Methotrexate Leflunomide Sulfasalazine Hydroxychloroquine/
chloroquine
Proposed Interference with Inhibition of Not fully understood; Not fully understood;
mechanism(s) nucleoside synthesis dihydroorotate sulfasalazine and stabilization of lysosomes,
of action (anti-proliferative); dehydrogenase its metabolite regulation of cytokine
increase of adenosine (DHOOH), thus sulfapyridine found production, antigen
levels (anti- blocking the synthesis in the synovial fluid presentation, beneficial
inflammatory) of pyrimidine metabolic effects, etc.
Dosage Up to 20-25 mg Up to 20 mg daily Up to 3 g daily; folate 200 mg (up to
weekly; usually with co-administration 400 mg) daily for
5 mg of folic acid during pregnancy hydroxychloroquine;
once weekly 250 mg daily for
chloroquine

Route Oral, subcutaneous Oral Oral Oral
of administration
Control of disease Yes Yes Yes No (evidence insufficient)
activity
Control of radiographic Yes Yes Yes No (evidence insufficient)
progression
Compatible with No No Yes Yes

pregnancy and
breastfeeding

Contraindications

Acute systemic
infection, herpes
zoster, interstitial

pneumonitis/
fibrosis, moderate-
severe cytopenia,
severe hepatic/renal
insufficiency

As for methotrexate

Allergy to salicylates
and sulfonamides;
thrombocytopenia,
acute viral hepatitis,

severe liver
disease, deficiency
of 6-phosphate
dehydrogenase

Moderate to severe retinal
disease

Most important
adverse events

Gastrointestinal
intolerance, increased
liver transaminases;
cytopenia,
hypersensitive
pneumonitis (rare)

Gastrointestinal
intolerance, increased
liver transaminases,
arterial hypertension,
distal axonal
polyneuropathy

Nausea,
gastrointestinal
intolerance, non-

specific neurologic
symptoms, rash,
increased liver
transaminases,
cytopenia

Irreversible retinopathy,
gastrointestinal and
neuromuscular events

Gastrointestinal intolerance was the most frequent-
ly observed group of adverse events (30.8%), comprising
stomatitis, oral ulcers, abdominal pain, nausea, vomit-
ing, dyspepsia, diarrhea, gastrointestinal bleeding and
weight/appetite loss. Increased transaminase levels
were the second most common adverse event, observed
in 18.5% [19] (Table I).

Other adverse events described in patients on
methotrexate include cytopenia, acute interstitial
hypersensitive pneumonitis, liver cirrhosis, paradoxi-
cally accelerated nodulosis, rashes, non-specific central
nervous system symptoms, flulike illness, teratogeni-
city and possibly also rare lymphomas associated with
Epstein-Barr virus infection [19, 20]. The risk of (serious)

Reumatologia 2020; 58/6

infections does not seem to exceed the background risk
observed in patients with rheumatoid arthritis [19].

Leflunomide

Leflunomide entered the market in 1998, the same
year that the first biologicals agents, infliximab and
etanercept, received their approval for rheumatoid
arthritis. This may be the reason why leflunomide has
not received as much attention as methotrexate, de-
spite a similar efficacy and safety profile [15].

This can be illustrated by the fact that methotre-
xate, and not leflunomide, was almost exclusively used
as the comparator csDMARD (gold standard) in trials of
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biologic and targeted synthetic agents in rheumatoid
arthritis [14].

Nevertheless, leflunomide is most likely the best
available csDMARD alternative to methotrexate for the
treatment of RA and has been acknowledged as such by
current treatment recommendations [5, 15].

Leflunomide is a prodrug exerting its immunomodu-
latory effects via its metabolite, A771726. The main
molecular target of leflunomide is dihydroorotate de-
hydrogenase (DHODH), an enzyme involved in de novo
synthesis of pyrimidines. Inhibition of this enzyme af-
fects different arms of the immune system of pathoge-
nicimportance in RA, including T-cells, B-cells, activation
and expression of nuclear factor (NF) kappa B, as well as
the production of pro-inflammatory cytokines such as
tumor necrosis factor a. (TNF-ar) [21, 22] (Table I).

Although such an idea might be tempting, the fact
of a known molecular target is not sufficient to classify
leflunomide as a targeted synthetic DMARD (tsDMARD),
because leflunomide was not developed a priori with
the intention to inhibit DHODH, and the drug’s molecu-
lar target was found later [3].

Leflunomide has established its role as an alterna-
tive to methotrexate — as monotherapy in patients with
a contraindication to methotrexate or after methotre-
xate failure, provided that biological therapy is not indi-
cated or not available [5].

Similar to methotrexate, leflunomide has been
shown to induce DAS28 remission (corresponding to low
disease activity according to current standards) in 25%
of early RA patients in a prospective non-interventional
study [23].

In addition to its use as monotherapy, leflunomide
can also be administered in combination with other
csDMARDs and/or targeted agents [5].

The drug is available in its oral formulation and is
prescribed at a usual daily dose of 20 mg. Previous prac-
tice of administering a loading dose (100 mg daily for
three days) has been abandoned due to the lack of ad-
ditional benefit and a slightly higher frequency of ear-
ly adverse events including diarrhea and elevated liver
enzymes [24]. The drug is metabolized in the gut wall
and the hepatocytes, after which its metabolites under-
go elimination — while urinary excretion predominates
within the first four days, fecal excretion predominates
afterwards.

Despite the plasma half-life of leflunomide being
11 days, its metabolites can be detected for a prolonged
period of time (for months to years), owing to enterohe-
patic recycling and low hepatic clearance [16, 25].

This is the reason why wash-out procedures (using
cholestyramine or activated charcoal) are advocated in
patients on leflunomide who suddenly develop a contra-

indication to the drug (e.g. pregnancy, severe infection)
or a serious adverse event ascribable to the drug[25, 26].

Contraindications for methotrexate and leflunomide
are almost identical [17, 26]. Leflunomide is classically
considered to be incompatible with pregnancy and lac-
tation, owing to reports of adverse maternal and fetal
outcomes associated with its use [17].

Current recommendations advocate a washout pro-
cedure and stopping the drug at least 6 months before
a planned pregnancy and avoidance of the drug during
both pregnancy and breastfeeding [18].

Although recent evidence from a large prospective
cohort study did not confirm an association of lefluno-
mide exposure during pregnancy and adverse pregnan-
cy outcomes, such reassuring results should still be
taken with caution due to the relatively small number of
pregnant women exposed to leflunomide in the study
(and consequently limited statistical power) [27].

Given the prolonged elimination of the drug, a reason-
able approach would be to avoid leflunomide in women
of childbearing age or at least in women planning preg-
nancy.

Most of the adverse events observed in patients
on methotrexate have also been recorded in patients
on leflunomide, with increased levels of liver enzymes
(hepatotoxicity) and gastrointestinal intolerance being
the most frequently observed (as in the case of metho-
trexate).

Two specific adverse events have more frequently
been described in patients on leflunomide: aggravation
of arterial hypertension and distal axonal polyneuropa-
thy (Table 1). The latter should be recognized early be-
cause a greater chance of recovery can be expected if
the drug is withdrawn within 30 days following the onset
of symptoms [26].

Sulfasalazine

Sulfasalazine was introduced into the RA therapeu-
tic armamentarium in the late 1930s, as the first drug
synthetized specifically for this disease. At the time of
its introduction, the rationale for its use was its com-
bined anti-inflammatory and anti-microbial actions,
which were in line with the prevailing concept of RA be-
ing a disease triggered by an infectious agent.

Although the drug’s popularity reached its peak in
the 1980s (before methotrexate was acknowledged as
the anchor drug), sulfasalazine still plays an important
role in current treatment algorithms [16]. This is espe-
cially relevant for the early phases of treatment where
sulfasalazine holds the same place as leflunomide, serv-
ing as an alternative to methotrexate [5].

Although sulfasalazine was shown to be as effica-
cious as methotrexate in an older systematic review of

Reumatologia 2020; 58/6
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the (still) relevant literature, the 95% confidence interval
of this comparison was much wider than for the compari-
son between methotrexate and leflunomide (-1.96-3.15
vs. —0.12-0.30). This can be interpreted as being in favor
of leflunomide compared to sulfasalazine monotherapy,
as the (best) alternative to methotrexate [15].

Furthermore, sulfasalazine is more likely to be
stopped due to adverse events than methotrexate and
leflunomide [28, 29].

As in the case of leflunomide, sulfasalazine can be
prescribed in combination with other DMARDs, both
non-biological and biological [5]. It is worth noting that,
according to data from the NOR-DMARD registry, pa-
tients treated with sulfasalazine as the first csDMARD
of choice generally had lower disease activity and were
more often rheumatoid factor negative [29].

The mechanism of action of sulfasalazine is still not
completely understood. Its two covalently bound com-
ponents — 5-aminosalicylic acid and sulfapyridine — are
released in the large bowel following the cleavage of
sulfasalazine by enzymes of the gut microbiome. 5-ami-
nosalicylic acid largely remains in the bowel, exerting its
anti-inflammatory effects locally, which is a property ex-
ploited in the treatment of inflammatory bowel disease.

On the other hand, both sulfasalazine and sulfa-
pyridine are absorbed and found in the synovial fluid,
which is believed to be important for their effect in the
treatment of rheumatoid arthritis. Although both sulfas-
alazine and sulfapyridine are eliminated via the kidney,
sulfasalazine is excreted in its intact form while sulfapy-
ridine undergoes acetylation in the liver [30].

Despite the fact that sulfasalazine had previously
been prescribed in doses usually not higher than 2 g
daily, the previous European League Against Rheuma-
tism (EULAR) recommendations advocate a rapid dose
escalation to a daily dose of up to 3 g [5, 31] (Table ).

Similar to methotrexate but probably to a lesser ex-
tent, such high(-er) doses may be associated with folate
deficiency [16]. For this reason, some authorities advo-
cate co-administration of folic acid, which may be espe-
cially warranted during pregnancy, when the daily dose
of sulfasalazine should probably not exceed 2 g [18].

Despite concerns about the side effects of sulfasa-
lazine (and mesalazine) when used for the treatment
of inflammatory bowel disease, sulfasalazine is gene-
rally considered a safe drug in rheumatoid arthritis. In
contrast to methotrexate and leflunomide, its use is
compatible with both pregnancy and lactation, making
the drug an attractive option in women planning preg-
nancy [18].

Sulfasalazine is contraindicated in patients allergic
to salicylates and sulfonamides. Moreover, it should be
avoided in patients with thrombocytopenia, acute viral

Reumatologia 2020; 58/6

hepatitis, severe liver disease, deficiency of 6-phos-
phate-dehydrogenase and porphyria [16].

Most of the adverse events usually occur within the
first months of treatment and are usually benign. With-
drawal due to adverse events was observed in about
25% of patients in randomized trials. Nausea was the
most frequent event, which could be circumvented by
gradually increasing the dose.

Other common adverse events included non-spe-
cific neurologic symptoms and gastrointestinal intole-
rance, which accounted for two thirds of adverse events
(Table I).

Other, less commonly described events were rash
(usually maculopapular pruritic, much less frequently
Stevens-Johnson syndrome), increased liver enzymes,
cytopenia (mostly leukopenia and neutropenia), pulmo-
nary infiltrates with peripheral eosinophilia and reversi-
ble oligospermia [16, 30, 32].

Antimalarials — hydroxychloroquine
and chloroquine

Two antimalarials, chloroquine and its derivative
hydroxychloroquine, have been used in the treatment of
RA since the 1950s. They are traditionally classified as
csDMARDs primarily due to their historical role as a first
line treatment in the pre-methotrexate era, the time
when successful control of disease activity and radio-
graphic progression had been considered an unrealistic
goal achieved in only a minority of patients [33].

Despite the fact that antimalarial monotherapy has
demonstrated “moderate” efficacy in RA, having an im-
pact on various indicators of disease activity (joint counts,
patient-reported scores, the erythrocyte sedimentation
rate and ACR20 response) in two meta-analyses, the ob-
served effects are far from meeting the current standards
of disease remission [15, 34].

In fact, there is no evidence proving efficacy of anti-
malarial monotherapy in controlling disease activity or
preventing/inhibiting radiographic progression in pa-
tients with rheumatoid arthritis [35].

Nevertheless, antimalarials are still included in RA
therapeutic algorithms, especially in very mild disease
(with few or none of the adverse prognostic factors)
and as adjunctive agents in combination with other
DMARDs [5, 31].

Modes of action of hydroxychloroquine and chloro-
quine are still poorly understood and most of the pro-
posed mechanisms are based on in vitro observations.
They include stabilization of lysosomes, regulation of
cytokine production, interference with antigen presen-
tation and toll-like receptor activation, as well as protec-
tion of the cartilage [36].
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Moreover, antimalarials have been shown to exhibit
beneficial metabolic and anti-atherosclerotic effects,
and to reduce the risk of thrombosis, owing to their in-
terference with the binding of antiphospholipid-p2-gli-
coprotein complexes to components of the cell mem-
brane [37, 38].

These features are of primary relevance in patients
with systemic lupus erythematosus (SLE), where anti-
malarials are of the same therapeutic importance as as-
pirin in the treatment of ischemic heart disease, due to
their efficacy in prevention of lupus flares and inhibition
of organ damage [38].

However, two recent systematic reviews have
demonstrated that the beneficial metabolic effects of
hydroxychloroquine, as well as its impact on prevention
of cardiovascular events, may be of additional therapeu-
tic value in patients with rheumatoid arthritis [6, 39].

These findings have strengthened the role of antima-
larials (hydroxychloroquine, but it is reasonable to ex-
pect that the same applies to chloroquine) as adjunctive
agents in combination with (more) potent csDMARDs.

Hydroxychloroguine is available in 200 mg tablets,
whereas chloroquine usually comes in 250 mg tablets.
Although some authorities advocate the standard dose
of one tablet daily, in some patients such an approach
may lead to underdosing since the dose of hydroxychlo-
roquine should be 5 mg/kg and the dose of chloroquine
3 mg/kg [16] (Table I).

Both hydroxychloroquine and chloroquine are rela-
tively safe, and their use is compatible both with preg-
nancy and lactation [18].

Hydroxychloroquine is preferred over chloroquine
due to a lower risk of retinal toxicity, the most dreaded
but relatively rare adverse event (occurring in < 2% in
the first decade of use, rising to 20% after 20 years) [16].
The toxic effects are believed to be mediated by binding
of the drug to melanin in the retinal pigment epithelium
(RPE).

Although retinopathy is not reversible, its early detec-
tion and withholding the drug before any evidence of RPE
may prevent central visual loss. The American College of
Ophthalmology has recently issued recommendations,
advising annual retinal screening (after mandatory base-
line screening) in the presence of any of the following
major risk factors: drug dose higher than recommended,
longer treatment duration (> 5 years usually defined
as prolonged use), renal disease, concomitant use of
tamoxifen and underlying retinal/macular disease. Older
age and liver disease have been identified as additional
risk factors for retinal toxicity [40].

Gastrointestinal and neuromuscular adverse events
are more common, but usually mild and non-spe-
cific (Table ). Less frequently observed, but potentially

serious adverse events include heart conduction distur-
bances, congestive heart failure and neuromyopathy
of insidious onset [37].

The role of disease-modifying
antirheumatic drugs in current treatment
algorithms

Combining conventional synthetic
disease-modifying antirheumatic drugs

According to the current European recommenda-
tions for the management of RA, addition of a second
csDMARD (“step-up” approach) may be advised in pa-
tients without unfavorable prognostic factors, after fail-
ure of csDMARD monotherapy (due to lacking efficacy
and/or toxicity) and prior to institution of a targeted
agent [5].

However, the recommendations also leave the
option of switching to monotherapy with another
csDMARD, being in line with the BeSt study, in which
similar outcomes were observed between a switch of
monotherapy and a csDMARD step-up approach [5, 41].

Both options have been allowed in the newest up-
date of the treatment guidelines issued by the American
College of Rheumatology [42].

Of note, the onset of action of each csDMARD can
be expected to occur not earlier than 2-3 months fol-
lowing the drug’s institution, which often requires
“bridging” with a shorter course of glucocorticoids,
while waiting for the newly added csDMARD to start
exerting its therapeutic effect.

Combination ¢sDMARD regimens, primarily based
on combining methotrexate with one or two other
agents (such as the popular “triple therapy” regimen,
a combination of methotrexate with sulfasalazine and
hydroxychloroquine), have been shown to be superior
to csDMARD monotherapy and, even more strikingly,
as efficacious and safe as combinations of a biological
agent with methotrexate in several randomized trials
(extensively reviewed by Cannella and O’Dell [16], Sethi
and O’Dell [43], and Zanwar et al. [44]).

These observations have been further strength-
ened by a recent Cochrane network meta-analysis of
158 trials, in which triple therapy was shown to be su-
perior to methotrexate monotherapy and not different
from the combination of methotrexate with any of the
biological agents or tofacitinib (a targeted synthetic
DMARD) in inducing the American College of Rheuma-
tology (ACR)50 response (a composite outcome mea-
sure reflecting a decline in disease activity by 50%).
Interestingly, this was confirmed both in methotrexate-
naive patients and patients who failed to respond to
methotrexate monotherapy [45].

Reumatologia 2020; 58/6
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The findings of this meta-analysis are similar to the
results of another network meta-analysis of 33 studies.
The only major exception to the conclusions of the
previous network meta-analysis was that inadequate
responders to methotrexate tended to achieve deeper
ACR70 responses (a composite outcome measure re-
flecting improvement of disease activity by 70%) to the
combination of a TNF-a inhibitor and methotrexate at
6 months, when compared to triple therapy.

This relative superiority was confirmed neither with
the use of other endpoints (other outcome measures)
nor at other time points in the analysis (3 months, 1 year
and 2 years following treatment initiation) [46].

The option of initiating treatment with a combi-
nation of two or three csDMARDs (in csDMARD-naive
patients) is no longer explicitly recommended and prio-
ritized in the current versions of the European recom-
mendations and guidelines of the American College
of Rheumatology (despite being included in the 2013
version of EULAR recommendations and the previous
issue of ACR guidelines) due to potential concerns over
csDMARD combination toxicity and methodological con-
cerns over trials comparing treatment with csDMARD
combinations and monotherapy, especially when used
in treatment-naive patients [5, 42, 47, 48].

On the other hand, a combined csDMARD regimen
seems to be a reasonable step between csDMARD
monotherapy and the initiation of a targeted agent:
such an approach is both efficacious and cost-effective,
especially given that access to the (still) expensive tar-
geted agents is limited [45].

The latter has been clearly illustrated in a recent
work by Bergstra et al. [49], who demonstrated a large
discrepancy between the use of biological DMARDs
across 12 countries (from < 1% in South Africa and India
to > 45% in the United States, France, Ireland and Japan).

Therefore, regimens combining different csDMARDs
may be justified especially in low/moderate-income set-
tings, even irrespective of the presence of unfavorable
prognostic factors [44].

When initiating a ¢csDMARD combination regimen,
the potential benefit (i.e. control of disease activity) and
risk (i.e. adverse events) of each potential csDMARD
combination should be weighed carefully. The aforemen-
tioned “triple therapy” regimen has demonstrated its
high efficacy with an acceptable safety profile [16, 43, 44].

Although this combination seems to have a good
effect (if not the best among csDMARD combinations),
taking three different medications concomitantly has
been associated with low persistence [50].

The combination of leflunomide and methotrexate
has been shown to be superior to methotrexate in con-
trolling disease activity, although the use of this com-
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bination requires caution due to a higher likelihood of
elevated liver enzymes [51, 52].

Apart from the “triple therapy” regimen, the addition
of hydroxychloroquine/chloroquine to leflunomide and
sulfasalazine does not seem to yield additional benefit
to the efficacy of leflunomide or sulfasalazine mono-
therapy [53, 54].

Thus, the latter combinations seem to be the least
favorable. An exception is the combination of metho-
trexate and hydroxychloroquine, where the antimalar-
ial has been shown to increase the bioavailability of
methotrexate [55].

Combining conventional synthetic
disease-modifying antirheumatic drugs
with targeted agents

Available evidence implemented in the current Euro-
pean recommendations and the guidelines issued by
the American College of Rheumatology supports the
combination of targeted agents (both biologicals and
the more recently introduced Janus kinase inhibitors)
with a csDMARD (preferably methotrexate at a dose of
at least 7.5-10 mg weekly) [5, 42].

In the case of biologic agents, the rationale for such
an approach is superior efficacy of combination therapy
compared to biologic monotherapy. Interestingly, such
a benefit of csDMARD co-therapy has not been as un-
equivocally demonstrated in the case of Janus kinase
(JAK) inhibitors.

Baricitinib plus methotrexate combination therapy
has shown similar ACR responses to baricitinib mono-
therapy, but with superior efficacy of combination thera-
py on radiographic progression [56].

On the other hand, tofacitinib combined with metho-
trexate seems to exceed the efficacy of tofacitinib
monotherapy, although this observation is based on re-
sults obtained in a non-inferiority setting [57].

Intriguingly, recent experimental evidence suggests
that csDMARDs, primarily methotrexate and leflunomide,
may exert at least some of their pharmacological effects
by interfering with JAK-STAT signaling (methotrexate in-
hibiting JAK1 and JAK2, leflunomide inhibiting JAK3).

This may explain why the addition of methotrexate
(a proposed JAK1/JAK2 inhibitor) demonstrated an addi-
tive effect only in patients treated with tofacitinib JAK1/
JAK3 inhibitor), and not also in patients on baricitinib
(JAK1/JAK2 inhibitor). In the case of tofacitinib, metho-
trexate-driven JAK2 inhibition may have served as an
additional anti-inflammatory mechanism.

Ontheotherhand,JAK-inhibiting properties of metho-
trexate may be redundant in the case of (co-)treatment
with baricitinib [58]. Despite these tempting theoreti-
cal presumptions, there is no evidence suggesting that
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JAK/STAT inhibition represents a dominant mechanism
of action of any of the csDMARDs.

An argument against the latter dominant role is the
csDMARDs’ late onset of action (2-3 months), which is
in stark contrast with the prompt onset of action of cur-
rently available JAK inhibitors.

The use of disease-modifying
antirheumatic drugs in selected comorbid
conditions/scenarios

The existing therapeutic algorithms and the choice
of medication should be tailored according to the indi-
vidual patient’s comorbid conditions and specific clini-
cal circumstances. The approach to the treatment with
each drug in pregnant and breastfeeding patients has
already been addressed in the previous text.

Specifically in the case of csDMARDs, the most note-
worthy comorbid conditions include advanced chronic
renal and hepatic failure, conditions necessitating dose
adjustments or even drug discontinuation.

In patients with renal failure, sulfasalazine seems
to be the csDMARD of choice, requiring no dose adjust-
ments. On the other hand, the dose of methotrexate
should be halved or the drug even avoided in patients
with a GFR < 50 ml/min. The dose of antimalarials
should also be reduced by 50% in patients with a GFR
< 30 ml/min [59].

Although it has been reported that no dose modifi-
cation of leflunomide is warranted in patients on dialy-
sis, available evidence on the use of leflunomide in the
context of advanced renal disease is still scarce [60].

While methotrexate and leflunomide should be
avoided in patients with chronic liver failure, sulfasala-
zine and antimalarials can be administered at lower
doses and with caution [61].

According to the current guidelines of the American
College of Rheumatology, the decision to treat a patient
with a single ¢csDMARD or a csDMARD combination
should not be influenced by a patient’s history of hepa-
titis B or C infection, episodes of previous serious infec-
tions and previously treated malignancy (skin non-mela-
noma, melanoma, solid organ or lymphoproliferative).

In fact, csDMARD are preferred over TNF-a inhibi-
tors in patients with congestive heart failure, hepatitis C
patients not receiving antiviral agents, patients with
previous serious infections and those with a history of
a previously treated lymphoproliferative condition.

Furthermore, csDMARDs are preferred over all tar-
geted agents in patients with a history of skin cancer
[42]. Due to a very low level of evidence backing these
recommendations (with the exception of congestive
heart failure), they should be taken with caution and
probably implemented on a patient-by-patient basis.

Regarding cardiovascular comorbidities of patients
treated with csDMARDs, methotrexate and hydroxy-
chloroquine have been shown to reduce the cardiovas-
cular risk in RA, as mentioned previously [6]. Sulfasala-
zine may potentially reduce cardiovascular morbidity
by inhibition of platelet function. A degree of caution is
warranted with leflunomide due to its association with
hypertension [7].

Another relevant issue is the use of csDMARDSs in the
perioperative period. The most recent guidelines for the
perioperative approach to patients undergoing elective
total hip or knee arthroplasty advocate continuation of
each of the csDMARDs (methotrexate, leflunomide, sul-
fasalazine and antimalarials), due to a low risk of infec-
tions and the drugs’ beneficial impact on decreasing the
risk of post-operative flares [62].

Although these guidelines may serve as a valuable
step forward towards harmonization of the periopera-
tive therapeutic approach, it is still not clear to what ex-
tent they can be extrapolated to “less sterile” settings
such as emergency and abdominal surgery. In the latter
circumstances, the more cautious approach accepted by
some authorities to withhold methotrexate and lefluno-
mide may be justified.

Conclusions

Despite the current therapeutic (and pharmaceuti-
cal) interest being focused primarily on targeted agents,
csDMARDs still remain the most commonly prescribed
drugs in rheumatoid arthritis.

The reason for this is that they are always part of the
first treatment strategy and, if not contraindicated, they
continue to play an adjunct role with other medications
in further attempts (treatment strategies) to achieve re-
mission or low disease activity.

From a public health and global perspective, the low
cost of csDMARDs, or, alternatively, high cost of target-
ed therapy, makes csDMARDs and their combinations
a reasonable and sometimes the only available thera-
peutic option, especially in lower to medium income
countries.

The authors declare no conflict of interests.
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