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IMPORTANCE Rheumatoid arthritis (RA) is a chronic autoimmune disease that causes
inflammation and destruction of cartilage and adjacent bone and can lead to irreversible
disability. Rheumatoid arthritis affects 0.53% of adults worldwide and 0.74% of US adults. CME at jamacmelookup.com
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OBSERVATIONS Rheumatoid arthritis is more common among females than males (2:1) and
has a peak incidence at ages 55 to 75 years. Rheumatoid arthritis can affect all synovial joints,
and extra-articular involvement may include rheumatoid nodules, vasculitis, and rheumatoid
lung disease. At diagnosis, approximately 40% to 60% of patients have autoantibodies

(eg, rheumatoid factor and/or anticitrullinated peptide antibodies). There are no formal
diagnostic criteria for RA, so the diagnosis is based on clinical history, characteristic joint
swelling in proximal interphalangeal, metacarpophalangeal, and/or wrist joints and often
presence of autoantibodies and elevated C-reactive protein levels. Early diagnosis, ideally
within 6 weeks of symptom onset, allows rapid initiation of therapy with disease-modifying
antirheumatic drugs (DMARDs), which inhibit inflammation and decrease the risk of joint
destruction. The goal of treatment is to achieve at least 50% improvement in disease activity
by 3 months and remission or low disease activity at 6 months, measured by validated
indexes such as the Clinical Disease Activity Index (CDAI). The European Alliance of
Associations for Rheumatology recommends starting treatment with methotrexate,

7.5 mg to 10 mg orally weekly, increasing to 20 mg to 25 mg weekly within 4 to 8 weeks,

and considering addition of short-term glucocorticoids (eg, prednisone, 5-7.5 mg/d),

tapered and discontinued within 3 months, or 1intramuscular injection of 80 mg to

160 mg depot methylprednisolone. For patients with contraindications to methotrexate,
sulfasalazine (2-4 g/d) or leflunomide (20 mg/d) is recommended. With treatment, about
40% of patients with newly diagnosed RA achieve CDAI remission within 6 months. Patients
who do not achieve remission with first-line DMARDs should be prescribed biological
DMARDs (eg, tumor necrosis factor a inhibitors, costimulation inhibitors, interleukin 6
receptor inhibitors, anti-CD20-targeting B cells), or Janus kinase (JAK) inhibitors (in patients
not at high risk of thromboembolism, cardiovascular disease, or malignancy). With addition of
biological DMARDs or JAK inhibitors to first-line DMARDSs, overall remission or low disease
activity rates increase to approximately 80%.

CONCLUSIONS AND RELEVANCE Rheumatoid arthritis is a chronic autoimmune disease that
causes joint destruction. First-line initial therapy is methotrexate, with consideration of
glucocorticoids as additive therapy. For patients who do not achieve remission with this initial
treatment, adding biological DMARDSs or JAK inhibitors increases overall remission or low
disease activity rates to 80%.

Author Affiliations: Division of
Rheumatology, Department of
Medicine 3, Medical University of
Vienna, Vienna, Austria (Smolen,
Kerschbaumer, Aletaha); Division of
Immunology and Rheumatology,
Stanford University, Stanford,
California (Kerschbaumer, Robinson).

Corresponding Author: Josef S.

Smolen, MD, Division of

Rheumatology, Department of

Medicine 3, Medical University of

Vienna, Spitalgasse 23, 1090 Vienna,
JAMA. doi:10.1001/jama.2026.15455 Austria (josef.smolen@meduniwien.
Published online September 10, 2026. ac.at).

E1

© 2026 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.

Downloaded from jamanetwork.com by Dominican Republic | Access Provided by JAMA, Rui Costa on 09/11/2026


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2026.15455?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2026.15455
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2026.15455?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2026.15455
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2026.15455?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2026.15455
https://edhub.ama-assn.org/jn-learning/module/10.1001/jama.2026.15455?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2026.15455
https://edhub.ama-assn.org/jn-learning/module/10.1001/jama.2026.15455?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2026.15455
mailto:josef.smolen@meduniwien.ac.at
mailto:josef.smolen@meduniwien.ac.at

E2

Clinical Review & Education Review

heumatoid arthritis (RA) is a chronic autoimmune disease
characterized by symmetric synovial inflammation, auto-
antibody formation, and progressive joint destruction.
Rheumatoid arthritis is the most common autoimmune disease in
the US," with an estimated incidence rate of 18.3 per 100 000 and
a global incidence rate of 11.8 per 100 000.%3
If not treated early and intensively to decrease synovial inflam-
mation, RA can cause extra-articular manifestations such as rheu-
matoid nodules, vasculitis, and pulmonary fibrosis.*> Although RA
is a chronic disease, highly effective therapies such as methotrex-
ate plus glucocorticoids, biological disease-modifying antirheu-
matic drugs (DMARDs), and Janus kinase (JAK) inhibitors adminis-
tered to achieve remission or low disease activity within 6 months
frominitiation of treatment often lead to sustained remission.® This
Review discusses the pathogenesis, epidemiology, risk factors, clini-
cal presentation, diagnosis, treatment, and prognosis of RA (Box).

Methods

A systematic literature search was conducted in PubMed/
MEDLINE from database inception to July 6, 2026, to identify peer-
reviewed publications related to treatment, pathogenesis, genet-
ics, epidemiology, outcomes, and disease management. The search
strategy is available in the eTable in the Supplement.

We screened 15 886 articles and prioritized inclusion of ran-
domized clinical trials (RCTs), systematic reviews and meta-
analyses, and large cohort studies, focusing on studies published af-
ter the JAMA 2018 narrative review on diagnosis and management
of RA.” Of 620 articles assessed in detail, this Review includes 123
articles, comprising 46 RCTs, 28 cohort studies, 11 systematic re-
views and meta-analyses, 15 society guidelines/management rec-
ommendations, 9 basic/translational science articles, 6 outcomes
research analyses, and 8 narrative reviews.

Pathophysiology

Synovial inflammation due to RA involves cells of the innate and
adaptive immune system, fibroblasts, and increased vasculariza-
tion, which form a hyperplastic and destructive synovial mem-
brane (pannus) that causes joint destruction, mediated by macro-
phage-derived, bone-eroding osteoclasts® and activated fibroblasts
that damage cartilage® (Figure 1).

Chronic inflammation due to RA may be preceded by mucosal
barrier disruption, causing chronicinflammation in the mouth (peri-
odontitis), lungs (induced by environmental factors like smoking),
and intestinal surfaces (increased permeability), allowing bacteria
such as Porphyromonas gingivalis in the mouth or Prevotella in the
gut to interact with the immune system. Citrullinated microbial an-
tigens exposed at mucosal surfaces can trigger and sustain sys-
temnic (auto)antibody production, which may potentially initiate RA.'®

T cells play an important role in initiating RA given the specific
autoantibody response and genetic association of RA with the ma-
jor histocompatibility complex.”? Progressive synovial inflamma-
tion and joint damage is propagated by innate immune cells such as
macrophages, fibroblasts, continuously activated B cells, and plasma
cells that produce autoantibodies with subsequent immune com-
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Box. Common Questions About Adult Rheumatoid Arthritis (RA)

How is RA diagnosed?

Rheumatoid arthritis is typically diagnosed based on clinical
history and characteristic joint swelling in wrist joints,
metacarpophalangeal, and/or proximal interphalangeal joints of
both hands, with sparing of the distal interphalangeal joints. About
75% of patients with RA experience morning joint stiffness of
more than 30 minutes. Most patients with RA have autoantibodies
(rheumatoid factor and/or anticitrullinated peptide antibodies)
and elevated levels of C-reactive protein.

How should RA be clinically assessed?

Patients with active RA should have disease activity evaluated
every 1to 3 months using the Clinical Disease Activity Index
(CDAI), which includes the number of swollen and tender joints,
and patient and physician global assessments. High disease
activity is defined by a CDAI score greater than 22. Patients with
low disease activity have a CDAI score of 10 or less, and remission
is defined as a CDAI score of 2.8 or less. Improvements in CDAI
score of 50%, 75%, and 85% define minimal, moderate, and major
response to treatment, respectively.

How should RA be treated?

Patients should initiate treatment with a disease-modifying
antirheumatic drug (DMARD) on diagnosis with RA. First-line
treatment is oral methotrexate (20-25 mg/wk), with consideration
of the addition of low-dose glucocorticoids (prednisone,

5-7.5 mg/d, for up to 3 months, with subsequent tapering off).

For patients not achieving a reduction in disease activity by at least
50% within 3 months and remission within 6 months, a biological
DMARD (such as a tumor necrosis factor inhibitor, interleukin 6
receptor inhibitor, abatacept, or rituximab) should be added.

A Janus kinase inhibitor may be considered for patients at low risk
of cardiovascular disease, thromboembolism, or malignancy.

plex formation (Figure 1)." The first autoantibody described in RA
was rheumatoid factor, which is directed against the Fc portion of
immunoglobulin G.'* Anticitrullinated peptide antibodies (ACPAs)
are also common among patients with RA. On binding to their an-
tigens, ACPAs can form immune complexes in the joint, and rheu-
matoid factor can increase and further promote formation of im-
mune complexes and complement activation, which may lead to
activation of tumor necrosis factor (TNF) and interleukin 6 (IL-6) by
macrophages (Figure1). In RA, autoantibodies can also form against
other modified proteins.'® These pathogenetic inflammatory path-
ways lead to degradation of cartilage and bone, resulting in joint de-
struction and deformity (Figure 1).

|
Epidemiology and Risk Factors

Rheumatoid arthritis affects females more commonly than males (ra-
tio of 2:1t0 3:1), and peak incidence occurs at ages 55 to 75 years.'®”
Genetic susceptibility accounts for 60% of RA risk, with monozy-
gotic twins having 15% concordance compared with 3.5% concor-
dance in dizygotic twins.'® Among the many associated genes, the
HLA-DRBIT shared epitope family, a set of immune-response genes
carried by 70% to 80% of patients with RA, is the most important.”

Certain environmental factors are associated with increased risk
of RA (Figure1). Ina case-control study in the US, 644 patients with
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Figure 1. lllustration of the Pathophysiology and Evolution of RA
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ACPA indicates anticitrullinated peptide antibody; CR, complement receptor;
FcR, Fc receptor; IFN, interferon; IL, interleukin; MHC, major histocompatibility
complex; MMP, matrix metalloproteinase; RANK, receptor activator of nuclear
factor kB; RA, rheumatoid arthritis; RANKL, RANK ligand; TCR, T-cell receptor,
Tfh, follicular helper T cell; T, T helper cell; TNF, tumor necrosis factor. Panel A
is a schematic of the proposed immunopathogenetic cascade in RA. Left to
right, top to bottom: modified autoantigens (eg, citrullinated proteins) or
foreign peptides (eg, bacterial or viral, potentially cross-reactive) are presented
by an antigen-presenting cell via MHC class Il molecule (shared epitope) with
costimulation (CD80/CD86) to naive CD4 T cells, breaking tolerance. Activated
T cells differentiate into T,;1 or Tfh cells and secrete IL-2 and IFN-y, activating
macrophages and providing B-cell help. B cells differentiate into plasma cells
that produce autoantibodies (eg, ACPA, rheumatoid factor). Immune complexes

engage FcRs and complement receptors on B cells and macrophages,
amplifying inflammation and complement activation. Activated macrophages
produce proinflammatory cytokines, including TNF and IL-6. Antigens
presented via MHC class | activate CD8 T cells, which secrete IFN-y and TNF and
release granzyme K, further enhancing complement activation and joint
inflammation. B cells may also be activated independently by Epstein-Barr
virus, expanding autoreactive responses. Proinflammatory cytokines induce
RANKL expression by synovial fibroblasts, driving macrophage differentiation
from within the synovial compartment into osteoclasts that mediate bone
erosion at the cartilage-bone junction. Activated fibroblasts and chondrocytes
secrete MMPs, degrading cartilage and causing joint space narrowing.
Neovascularization by activated endothelial cells sustains inflammatory cell
influx. Panel B shows evolution of RA from genetic predisposition to disease.

RA were more likely to have ever smoked (57%) than geographi-
cally matched controls (49%) (odds ratio, 1.34; 95% Cl, 1.0-1.81;
P = .05)." Smoking promotes chronic airway inflammation and leads
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to peptidyl arginine deiminase-mediated citrullination (the pro-
cess by which the amino acid arginine is changed to citrulline) and
presentation of citrullinated antigens to the immune system, which
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Figure 2. Photographs and Imaging Depicting Clinical Aspects of RA

A, Early arthritis. Blue arrowheads point toward swelling at proximal
interphalangeal and metacarpophalangeal joints, red arrowhead points toward
tenosynovitis. B, Patient with long-standing rheumatoid arthritis (RA) with
subluxation at the metacarpophalangeal joints (arrowhead) and a so-called
swan-neck deformity of the fifth digit. C, Patient with rheumatoid nodules and
rheumatoid vasculitis. Red arrowhead points toward a nodule, blue arrowhead
toward a vasculitic lesion (black dot). D, Radiograph of the right hand of a
patient with severe joint damage at the metacarpophalangeal (red arrowhead)
and wrrist joints (blue arrowhead), revealing erosions and joint space narrowing.
Compare this image with the same patient's radiograph at the time of early
disease 6 years prior with near normal joints by radiography (E).

treats these altered proteins as foreign targets.2%' Smoking is also
linked to periodontitis, which is associated with RA. In a nation-
wide cohort study in Taiwan, the incidence of RA in people with peri-
odontal disease (n = 628 828) was 23.4 per 10 000 person-years
vs 8.3 per 10 000 person-years in those without periodontal dis-
ease (n = 168 842) (adjusted hazard ratio, 1.90; 95% Cl, 1.57-2.3;
P < .001).22Inthe UK, the incidence of RA was 13.9 per 10 000 per-
son-years for individuals with periodontitis vs 12.4 per 10 000 per-
son-years in those without periodontitis (P < .001).%> Another po-
tential risk factor for RA is Epstein-Barr virus, the reactivation of which
has been associated with RA, although the causal relationship be-
tween RA and Epstein-Barr virus infection is currently unclear.?*2°
Other environmental risk factors for RA include exposure to silica
and air pollutants (Figure 1B).26:%7

. |
Clinical Presentation

Patients with RA typically present with symmetric synovial swell-
ing and pain in multiple joints (polyarthritis); the synovial swelling
is soft, with a fluctuant quality with palpation, in contrast to the hard
swelling associated with osteoarthritis caused by bony changes
(Figure 2A). However, some patients with RA have joint pain and ten-
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derness without clinically evident swelling.2° Among patients with
RA, the most commonly affected joints are the wrist (about 75% of
patients), metacarpophalangeal and proximal interphalangeal joints
(about 65%), knee (about 50%), and metatarsophalangeal joints
(about 45%) (Figure 2A and B).?° Unlike in osteoarthritis and pso-
riatic arthritis, the distal interphalangeal joints are not affected in RA.
Morning joint stiffness for more than 30 minutes and sometimes
many hours occurs in about 75% of patients with RA,3° and teno-
synovitis, especially in the extensor carpi ulnaris tendon with swell-
ing on the ulnar side of the wrist, is clinically evident in about 20%
of patients (Figure 2A).'

Extra-articular manifestations such as rheumatoid nodules (eg,
at the forearm near the elbow or the dorsal side of the fingers; see
Figure 2C), rheumatoid vasculitis (Figure 2C), or interstitial lung dis-
ease are uncommon in early RA but may occur in patients who have
had RA for at least 3 years without remission or low disease activity.*
Among 1226 Swedish patients with early RA followed up for amean
of 9.3 years while taking DMARDs, 238 (19.4%) exhibited extra-
articular manifestations, of which 45% had rheumatoid nodules, 22%
had pulmonary fibrosis, and 3% had vasculitis.>?

|
Laboratory Assessment

Patients being evaluated for RA should undergo autoantibody test-
ing; those with rheumatoid factor and/or ACPAs are considered
seropositive and those without these antibodies are considered se-
ronegative. At diagnosis, rheumatoid factor and/or ACPAs are de-
tected inabout 40% to 60% of patients, and the prevalence of these
autoantibodies increases to about 80% in those who have had RA
for 3 years or longer.>3° Inaninception cohort of 242 patients with
RA who were seronegative for rheumatoid factor and ACPAs, 28
(12%) became seropositive over the following 3 years.3® Elevation
of acute-phase reactants (C-reactive protein, erythrocyte sedimen-
tation rate) and anemia of chronic disease with normocytic, normo-
chromicanemia (hemoglobin <12 g/dL) occur in 25% of patients with
RA during the first year after symptom onset.3”

|
Classification, Diagnosis, and Assessment

Formal diagnostic criteria for RA do not exist because the diagnosis
may be made in patients who do not fulfill the full set of classifica-
tion criteria of patients included in clinical trials (Table 1).38-3° How-
ever, the clinical diagnosis of RA can be supported by the American
College of Rheumatology (ACR)-European Alliance of Associations
for Rheumatology (EULAR) classification criteria, which include the
number of involved joints, serologic test results (rheumatoid fac-
torand ACPAs), symptom duration, and presence of acute-phase re-
actants (C-reactive protein and erythrocyte sedimentation rate)
(Table 1).3° The presence of typical erosions, as identified on radi-
ography and defined as cortical breaks or cavities in the surface of
the bone near joints, in at least 3 joints of the hands or feet is strongly
associated with the diagnosis of RA.4° Individuals without joint swell-
ing who are seropositive for RA or ACPAs are considered to have pre-
RA, which is associated with increased risk of developing RA
(Figure 1B). In some patients, the ACPAs can be detected approxi-
mately 14 years before the onset of signs and symptoms of RA, and
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rheumatoid factor may be present approximately 10 years before
clinical manifestations of RA.* The ACR and EULAR have created
criteria for the stratification of these at-risk persons to predict the
likelihood of developing RA.*

Among patients being evaluated for or diagnosed with RA, con-
ventional radiography of affected joints should be performed toiden-
tify joint space narrowing (reflecting cartilage damage) and ero-
sions, most prominently seen in the joints of hands and feet
(Figure 2D). When diagnosis is made early, joint radiographs are usu-
ally normal (Figure 2E). Annual radiographs of affected joint re-
gions should be obtained in patients with active RA, defined as those
havingjoint swelling, pain, and inflammatory markers.** Joint space
narrowing has a stronger association with functionalimpairment than
erosions.** Ultrasound or magnetic resonance imaging may iden-
tify inflammation in the joint (synovitis) or in tendon sheath in prox-
imity to joints (tenosynovitis) that was not visualized on radiogra-
phy, but these imaging modalities provide no additional benefit
beyond clinical assessment or plain radiographs as follow-up or out-
comes tools.*

Several reliable variables that are sensitive to change with
therapy are used to assess RA treatment response (Table 2),
including the swollen and tender joint count (for which the
28-joint count is easy to perform), global disease activity and pain
assessments, acute-phase reactant levels, and physical function
such as by the Health Assessment Questionnaire disability
index*®4” (Table 2). Rheumatologists assess these core compo-
nents and integrate them into composite scores. The Clinical
Disease Activity Index (CDAI) includes 4 components, and the
Simplified Disease Activity Index (SDAI), adds C-reactive protein
to the CDAI formula. The ACR and EULAR define clinical remission
based on a CDAI score of 2.8 or lower or an SDAI score of 3.3 or
lower (Table 2).*®

|
Treatment

The treatment goal for previously untreated patients with an RA dis-
ease duration of 3 years or less is remission within 6 months after
starting DMARDSs (Table 3).54982 For patients with an RA disease
duration of more than 3 years, remission may not be easily achiev-
able, so low disease activity can be an alternative treatment goal.®?
To support decision-making, the ACR and EULAR have developed
management recommendations, most recently updated in 2021
(ACR)*® and 2025 (EULAR).®

DMARDs

All patients with RA should be treated with DMARDs, which are
disease modifying because they prevent irreversible joint dam-
age, unlike medications such as nonsteroidal anti-inflammatory
drugs or analgesics that reduce pain and swelling but do not
modify RA progression. Types of DMARDs include conventional
synthetic DMARDs, biological DMARDs, and targeted synthetic
DMARD:s (Table 3). All DMARDs reduce or inhibit joint swelling,
pain, and joint damage and can reverse physical disability
(Table 3). Pain medications such as nonsteroidal antirheumatic
drugs, acetaminophen (paracetamol), or tramadol should be used
only as adjunctive pain control therapy until the therapeutic tar-
get of remission or low disease activity is reached or for persistent
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Table 1. ACR-EULAR 2010 Classification Criteria for Rheumatoid Arthritis®

Criteria No. of points
Joints (0-5)
1 Large joint 0
2-10 Large joints 1
1-3 Small joints (large joints not counted) 2
4-10 Small joints (large joints not counted) 3
>10 Joints (21small joint) 5
Serology (0-3)
Negative for rheumatoid factor and negative 0
for anticitrullinated peptide antibodies
Low positive for rheumatoid factor or low positive 2
for anticitrullinated peptide antibodies
High positive for rheumatoid factor or high positive 3
for anticitrullinated peptide antibodies
Symptom duration (0-1)
<6 wk 0
26 wk 1
Acute-phase reactants (0-1)
Normal C-reactive protein and normal erythrocyte 0
sedimentation rate
Abnormal C-reactive protein or abnormal erythrocyte 1

sedimentation rate

Abbreviations: ACR, American College of Rheumatology; EULAR, European
Alliance of Associations for Rheumatology.

2 Adapted from Aletaha et al.3® A patient with 6 or more points can be classified
as having rheumatoid arthritis. There are no explicit diagnostic criteria for
rheumatoid arthritis. A diagnosis must be established by an individual
physician in an individual patient based on that patient's features, which may
occasionally differ from those represented in classification criteria.
Classification criteria are meant to identify patients for consideration of
participation in clinical studies to provide a homogeneous study population.
Nevertheless, classification criteria can aid in diagnosis and are often used so
in teaching.

pain after this therapeutic target has been attained. Of note, tar-
geted therapies, such as biological DMARDs or JAK inhibitors, halt
progression of joint damage even among patients who continue
to have RA symptoms while taking these drugs,®#4 thus reduc-
ing the risk of irreversible physical disability.

After initiating DMARDs, disease activity should be formally
assessed by rheumatologists using standardized disease activity
indexes at least monthly; if at least 50% CDAI improvement is not
achieved by 3 months or remission by 6 months, therapy should be
adjusted by changing DMARDs.®®2 This treat-to-target strategy
has been shown to improve outcomes compared with routine
care.8>86 The TICORA study®® randomized 55 patients with RA to
an intervention of monthly monitoring with disease activity scoring
and protocol-driven treatment escalation (injecting swollen joints
with glucocorticoids, increasing medication dose, or changing to
another drug regimen) and randomized 55 patients to routine care
with quarterly visits without formal disease activity measurement
or predefined treatment escalations. At 18 months, 70% improve-
ment of disease activity according to the ACR response criteria (de-
fined in Table 2) was observed in 71% of patients in the interven-
tion group vs 18% in the routine care group (odds ratio, 11; 95% Cl,
4.5-27).8° The treat-to-target approach includes shared decision-
making to optimize the choice of treatment target and medication
and to increase adherence,®? which improves outcomes.®”
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Conventional Synthetic DMARDs

EULAR recommends methotrexate as the first-line DMARD, which
should be prescribed for all patients with RA without contraindica-
tions (eg, kidney failure, liver disease, heavy alcohol use, preg-
nancy). Based on EULAR recommendations, methotrexate should be
started at 7.5 mg to 10 mg orally weekly and increased to 20 mg to 25
mg weekly (0.3 mg/kg) within 4 to 8 weeks.28 To reduce adverse
events due to methotrexate (eg, nausea, vomiting, abdominal dis-
comfort, elevated transaminases), folic acid should be added (1mg/d
to 15 mg/wk).8° Use of oral methotrexate is noninferior to subcuta-
neous methotrexate. In a meta-analysis of 3 RCTs (557 patients),
among those treated with an oral methotrexate regimen, 26.2% had
a response of at least 70% improvement according to the ACR re-
sponse criteria (ACR70; defined in Table 2); 31.9% treated with par-
enteral methotrexate regimens achieved an ACR70 response (odds
ratio, 0.75; 95% Cl, 0.51-1.09).°° However, for patients who cannot
tolerate oral methotrexate despite folic acid supplementation, sub-
cutaneous methotrexate may be considered.

Among patientsinitiating methotrexate for RA, EULAR also rec-
ommends consideration of adding glucocorticoids (5-7.5 mg/d of oral
prednisone for 6 to 12 weeks, tapered and discontinued within 3
months, or a single dose of 80 mg to 160 mg intramuscular
methylprednisolone).® With methotrexate plus glucocorticoids,
more than 40% of patients with newly diagnosed RA achieve
remission.®>? If this goal is not reached or a if glucocorticoid taper
or discontinuation of glucocorticoids results in an RA flare, defined
as loss of low disease activity response and transition into a mod-
erate or high disease activity state (Table 2), a biological agent (or
JAKinhibitor) should be added.® In contrast to EULAR, the 2021 ACR
management guidelines for RA “conditionally recommended” con-
ventional synthetic DMARD initiation without use of short-term glu-
cocorticoids, albeit with “very low certainty of evidence."*°

Combining conventional synthetic DMARDs (such as metho-
trexate with sulfasalazine and hydroxychloroquine or with lefluno-
mide) is not recommended as first-line therapy due to higher risk
of adverse effects such as anemia and liver toxicity without convey-
ing better efficacy.®' In a prespecified secondary analysis of the
NORD-STAR RCT (217 patients with newly diagnosed RA), CDAI re-
mission rates at 24 weeks were not higher with use of combined con-
ventional synthetic DMARDs (41%; 95% Cl, 29%-54%) vs metho-
trexate monotherapy (47%; 95% Cl, 39%-56%) (P value not
reported).2

For patients with intolerance or contraindications to metho-
trexate, EULAR recommends alternatives of sulfasalazine at 2 to
4 g/d, ideally in an enteric-coated application, or leflunomide at
20 mg/d,® as both have similar efficacy to methotrexate in com-
parative trials.>>93 In a meta-analysis comparing methotrexate and
leflunomide (6 RCTs; 1984 patients with RA), clinical response oc-
curred in 56% of patients taking leflunomide vs 58% taking
methotrexate.®* Nevertheless, methotrexate is the first-line rec-
ommended DMARD because its clinical trial evidence is substan-
tially larger than any other conventional synthetic DMARD. Addi-
tionally, its once-weekly administration is easier to use than 6 daily
tablets of sulfasalazine or daily leflunomide.

Biological DMARDs
Biological DMARDs target specific soluble molecules or surface struc-

tures of cellsinvolved in the inflammatory response (Figure 1). Agents
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targeting TNF-a include adalimumab, certolizumab pegol, etaner-
cept, golimumab, and infliximab. Two biological DMARDs bind
the IL-6 receptor (sarilumab and tocilizumab); abatacept targets
the costimulatory molecule CD80/CD86; and rituximab binds to the
B-cell antigen CD20. All biological DMARDs convey similar efficacy
across all end points in RA clinical trials.®> EULAR guidelines recom-
mend use of any biological DMARD for patients treated with metho-
trexate or other conventional synthetic DMARDs who do not achieve
atarget of 50% reduction of disease activity at 3 months or achieve-
ment of remission or low disease activity at 6 months.

In the NORD-STAR trial, 795 patients with early RA were ran-
domized 1:1:1:1to conventional treatment with methotrexate plus glu-
cocorticoids vs 1 of 3 different regimens that included methotrex-
ate plus 1biological DMARD: certolizumab pegol (a TNF inhibitor),
abatacept (a costimulation inhibitor), or tocilizumab (an IL-6 recep-
tor inhibitor). The CDAI 6-month remission rate (defined as a CDAI
score =2.8) in the methotrexate plus glucocorticoid group was
42.7% (95% Cl, 36.1%-49.3%), which was similar to that of the 3 bio-
logical DMARD strategies (certolizumab pegol: 52.6% [95% ClI,
45.6%-59.7%]; abatacept: 56.3% [95% Cl, 49.6 %-63.0%]; and to-
cilizumab: 48.7% [95% Cl, 41.2%-56.1%]).>>

All biological DMARDs have improved efficacy in combination
with methotrexate compared with use as monotherapy. In a meta-
analysis of 3 RCTs (1601 patients with RA), combination therapy with
TNF inhibitors or IL-6 receptor inhibitors plus methotrexate in-
creased the likelihood of an ACR70 response (34%) compared with
monotherapy with TNF inhibitors or IL-6 receptor inhibitors (25%)
(odds ratio, 1.82; 95% Cl, 1.45-2.28).° Another RCT (351 patients)
reported CDAI remission (CDAI score <2.8) in 42% (95% Cl, 33%-
50%) of patients treated with abatacept plus methotrexate vs 31%
(95% Cl, 23%-39%) in those treated with abatacept monotherapy
(Pvalue not reported).®” Similarly, in an RCT of 223 patients with RA
who had insufficient clinical response to methotrexate, switching
from methotrexate to tocilizumab led to 55% remission at 6 months
while adding tocilizumab to methotrexate conveyed 70% remis-
sion (P = .02).°8 The methotrexate dosage can be as low as 10 mg/wk
tosee this added effect,®® and other conventional synthetic DMARDs
such as sulfasalazine or leflunomide convey a similar benefit with
combination therapy.'® Of note, among patients who do not tol-
erate any conventional synthetic DMARDs, IL-6 receptor inhibitors
may be preferred over other biological DMARDs.'°''°2 |n the double-
blind ADACTA trial, 163 and 162 patients with RA, respectively, were
randomized to receive monotherapy (without methotrexate or other
conventional synthetic DMARDs) with tocilizumab (an anti-IL-6 re-
ceptor antibody) or adalimumab (an anti-TNF antibody); at week 24,
CDAI-measured low disease activity was achieved by 50 patients
(30.7%) taking tocilizumab vs 32 (19.8%) taking adalimumab
(P = .02).1°'Similar results were obtained in an RCT of sarilumab, an-
other anti-IL-6 receptor agent, vs adalimumab.'©?

Targeted Synthetic DMARDs

Janus kinase inhibitors, which target signal transduction molecules
activated by various cytokines, include baricitinib, filgotinib, pefici-
tinib, tofacitinib, and upadacitinib.’®® Although comparative
RCTs are lacking, the EULAR recommendations conclude that JAK
inhibitors have similar efficacies in achieving low disease activity
when added to methotrexate, with ACR70 responses (Table 2)
ranging from 20% to 30%.° A network meta-analysis of 39
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placebo-controlled RCTs (16 894 patients) reported that ACR20 rates
of clinical response (defined in Table 2) were similar among JAK in-
hibitors, with relative risks vs placebo ranging from1.57 (95% Cl, 1.25-
1.97) for filgotinib to 2.02 (95% Cl, 1.67-2.44) for tofacitinib.'®*

Similar to biological DMARDs, patients with RA that is not well
controlled with conventional synthetic DMARDs benefit from ad-
dition of, rather than switching to, a JAK inhibitor. In a trial of 1146
patients, 384 taking tofacitinib monotherapy, 376 taking tofaci-
tinib plus methotrexate, and 386 taking adalimumab plus metho-
trexate, ACR50 response rates (defined in Table 2) were 38% (147/
384), 46% (173/376), and 44% (169/386), respectively; the
difference between tofacitinib plus methotrexate vs adalimumab
plus methotrexate was 2.2% (95% Cl, -6.4% to 10.9%); between
tofacitinib monotherapy and adalimumab plus methotrexate, -5.5%
(95% Cl, -14.0% to 3.0%); and between tofacitinib monotherapy
and tofacitinib plus methotrexate, -=7.7% (95% Cl, -16.3% to 0.8%)—
exceeding the predefined noninferiority margin of -13%.°° A 2022
meta-analysis of 3 RCTs (n = 2290) showed a higher ACR70 re-
sponse rate with the combination of a JAK inhibitor and methotrex-
ate vs JAK inhibitor monotherapy (40.4% vs 32.3%; risk differ-
ence, 5.6%; 95% Cl, 1.2%-10%; P = .01).'%°

In a September 2021 regulatory decision based on findings of
increased risk of cardiovascular events, thromboembolic events, and
malignancy, the US Food and Drug Administration concluded that
JAK inhibitors should be reserved for patients not improving with
ornot able to tolerate 1or more TNF inhibitor.'°%1%” In contrast, the
European Medicines Agency, like EULAR, does not recommend
against use of JAK inhibitors in patients with insufficient response
to methotrexate who are at low risk of cardiovascular events, throm-
boembolic events, or malignancy.61°®

Adverse Events

All biological and targeted synthetic DMARDs are associated with
increased risk of serious infections. In a matched cohort study from
Denmark, the 12-month risk of developing a serious infection among
patients with RA starting a biological DMARD was 5.9% (352/
5985) vs 1.5% (880/59 848) in the general population matched for
age, sex, and postal code.'®® In a systematic review and meta-
analysis, the risk of serious infections with TNF inhibitors vs con-
ventional DMARDs such as methotrexate was increased, with arela-
tiverisk of 1.48 (95% Cl, 1.18-1.85), based on 7 registry studies (total
sample size not reported)"; similar data were obtained in a more
recent analysis that included JAK inhibitors.™" Because TNF inhibi-
tors and, to a lesser extent, other biological DMARDs and JAK in-
hibitors can activate tuberculosis, testing for latent tuberculosis is
mandatory before starting therapy; prophylactic treatment with iso-
niazid should be started in those testing positive for latent tuber-
culosis before initiating biological DMARDs or JAK inhibitors. Her-
pes zoster occurs in up to 7.5% of patients taking JAK inhibitors for
1year (possibly with the exception of filgotinib)."2'* Therefore, all
vaccinations, including herpes zoster vaccination, should be up-
dated or newly obtained before treatment initiation; the 2022 ACR
guideline on vaccinations for patients with RA recommends pneu-
mococcal, herpes zoster, influenza, COVID-19, all age-appropriate
vaccines, human papillomavirus for those aged 26 to 45 years, and
hepatitis B for previously unvaccinated persons younger than 60
years.""® Medications affecting the IL-6 pathway such as tocili-
zumab, sarilumab, and JAK inhibitors are associated with in-
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creased risk of diverticulitis and bowel perforation, especially among
those with a history of diverticulitis.”®

The JAK inhibitor tofacitinib has been associated with a higher
risk of major adverse cardiovascular events and malignancies com-
pared with TNF inhibitors,'°® and several JAK inhibitors have also
been connected to thromboembolic events.""'? A trial of patients
with RA aged 50 years or older with at least 1additional cardiovas-
cular risk factor (1455 patients receiving tofacitinib, 5 mg twice daily;
1456 receiving tofacitinib, 10 mg twice daily; and 1451 receivinga TNF
inhibitor) reported major adverse cardiovascular events in 3.4% pa-
tients randomized to tofacitinib vs 2.5% randomized to the TNF in-
hibitor (hazard ratio, 1.33; 95% Cl, 0.91-1.94, which exceeded the non-
inferiority margin of 1.8) and cancers (excluding nonmelanoma skin
cancer) in 4.2% receiving tofacitinib vs 2.9% receiving the TNF in-
hibitor (hazard ratio, 1.48; 95% Cl, 1.04-2.09; likewise beyond the
1.8 noninferiority boundary).'®

Arecent RCT of the JAK inhibitor baricitinib at 2 different doses
(2433 patients) compared with TNF inhibitors (1207 patients) in
those with increased risk of venous thromboembolic events sug-
gested similar major adverse cardiovascular event outcomes (1.8%
vs 1.9%, respectively; hazard ratio, 1.06; 95% Cl, 0.64-1.76; below
the upper margin of noninferiority of 1.8). However, venous events
in those randomized to baricitinib did not show noninferiority (0.79
vs 0.51events per 100 person-years, respectively; hazard ratio, 1.61;
95% Cl, 0.97-2.66; P = .07), while malignancies excluding nonmela-
noma skin cancer did not have statistically different rates (3.6% vs
2.8%; hazard ratio, 1.27; 95% Cl, 0.85-1.89; P = .24).""”

|
Prognosis

In an inception cohort of 521 patients with newly diagnosed RA,
approximately 40% achieved sustained CDAI remission at 10 years
after start of treatment."™® Low disease activity, the primary goal in
long-standing RA (>3 years), is achieved by an additional 40%. There-
fore, RA remission or low disease activity is achieved in about 80%
of patients, and about 20% experience insufficient control of symp-
toms despite use of biological DMARDs and JAK inhibitors.

Seropositivity is associated with a higher risk of damage pro-
gression. In a meta-analysis of 10 cohort studies (2727 patients) in-
vestigating long-term radiographic progression, the relative risk of
damage progression by radiography was 2.07 (95% Cl, 1.61-2.65)
among those with rheumatoid factor positivity."® In a meta-
analysis of 5 cohort studies (1100 patients), the relative risk of dam-
age progression by radiography was 2.49 (95% Cl, 1.96-3.15) among
those with ACPA positivity." In a prospective observational study
of 242 seronegative and 375 seropositive patients with early RA, ra-
diographic erosions were identified in 62.7% of seropositive pa-
tients vs in 29.3% of seronegative patients over the first 3 years of
follow-up despite use of conventional synthetic and biological
DMARDs in 80.8% of seropositive patients vs 55.6% of seronega-
tive patients.3®

A registry study (8908 patients) showed that compared with
individuals without RA, RA overall is associated with an increased
standardized mortality ratio (females: 1.5[95% Cl, 1.3-1.7]; males: 1.4
[95% Cl, 1.2-1.6])."2° The association is primarily due to those with
high disease activity (Disease Activity Score in 28 joints >5.1), as those
with low disease activity (Disease Activity Score in 28 joints <3.2)
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had no increase in standardized mortality ratio compared with the
general population.'?©

. |
Practical Considerations

If remission or low disease activity is not achieved with a first bio-
logical agent or JAK inhibitor, another agent with the same or a dif-
ferent mechanism of action can be prescribed. However, ifimprove-
ment does not occur with a second drug of the same mode of action,
patients should subsequently receive treatment with a biological or
targeted synthetic DMARD that has a different mechanism of action.®

In addition to DMARDs, nonsteroidal anti-inflammatory drugs
and pain medications such as acetaminophen (paracetamol) and tra-
madol may be useful to treat joint pain in patients with RA. Physio-
therapy, occupational therapy (including provision of splints to pre-
vent or improve joint malalignment), and psychological counseling
or antidepressive therapy may be appropriate for certain patients
with RA. Also, because RA is associated with higher risk of myocar-
dial infarction, congestive heart failure, and cerebrovascular acci-
dent, guideline-recommended preventive measures such as use of
statins and blood pressure control should be implemented as
needed. Clinicians treating patients with RA who smoke should pro-
vide smoking cessation therapy because in addition to its cardio-
vascular and malignancy risk, smoking is associated with higher RA
disease activity, and smoking cessation reduces disease activity."'

The best predictor of remission is the clinical response after 3
months of therapy. Among 2393 patients with early RA and high dis-
ease activity at baseline (SDAI score >26; mean, 40.0 [SD, 12.8]).
those with an SDAI score greater than 40 at 3 months after DMARD
initiation had an 80% probability of continued active disease at 1
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year."?? In contrast, those whose disease activity had improved to
an SDAI score of 12 or less at 3 months (decreasing by >50%) had a
75% probability of remission or low disease activity at 1year.'

Over the last decade, biosimilars for several biological agents
(adalimumab, etanercept, infliximab, rituximab, and tocilizumab)
have been approved by US, European, and other regulatory agen-
cies (Table 3). These biosimilars have similar efficacy and safety as
the originator products but are less expensive.'?

|
Limitations

This Review has several limitations. First, this was not a systematic
review, and the quality of the selected articles was not formally as-
sessed. Second, only articles published in English were included.
Third, some relevant articles may have been missed. Fourth, de-
tailed discussion of certain topics (preclinical RA, difficult-to-treat
RA, treatment of RA during pregnancy and lactation, biomarkers of
response, and potential future RA therapies, such as chimeric anti-
gen receptor T-cell or bispecific T-cell engager approaches) was be-
yond the scope of this article.

. |
Conclusions

Rheumatoid arthritis is a chronic autoimmune disease that causes
joint destruction. First-line initial therapy is methotrexate, with con-
sideration of glucocorticoids as additive therapy. For patients who
do not achieve remission with this initial treatment, adding biologi-
cal DMARDs or JAK inhibitors increases overall remission or low dis-
ease activity rates to 80%.
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