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Summary

Rheumatoid arthritis (RA) is a chronic, systemic, autoimmune inflammatory disease that mainly affects the
joints and peri-articular soft tissues.

In this seminar, we will provide an overview of the main aspects of RA. Epidemiology and recent advances in
the understanding of the RA pathogenesis will be reviewed. We will discuss the clinical manifestations of RA,
classification criteria, and the value of imaging in the diagnostic work-up of the disease.

The advent of new medications and the accumulated scientific evidence demand a continuous updating
regarding the diagnosis and the management, including therapy, of RA. An increasing number of patients are
now able to achieve disease remission. This major improvement in the outcome of RA patients has been
determined by a combination of different factors (early diagnosis, ‘window of opportunity’, ‘treat-to-target
strategy’, advent of targeted-disease modifying anti-rheumatic drugs, combination therapy), which will be
illustrated in the current seminar.

The two most influential societies for Rheumatology worldwide (i.e. American College of Rheumatology and
European Alliance of Associations for Rheumatology) recently updated their recommendations for the
management of RA, which were be discussed. Furthermore, current controversies (i.e. the role of
glucocorticoids in the management of RA, safety profile of JAK-inhibitors) and outstanding research questions,
including precision medicine approach, prevention and cure of RA will be highlighted.



Bullet points

e Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease that primarily affects the joints.

e RA s associated with disability, work-loss, reduced quality of life and premature death.

e RA affects 0.25-1% of the population worldwide, mainly women and individuals >40 years old.

e The pathogenesis of RA involves a complex interplay between genetic (e.g. shared epitope) and
environmental risk factors (e.g. cigarette smoking).

e The production of autoantibodies (e.g. anti-CCP and rheumatoid factor) is a distinguishing feature of
RA.

e These antibodies can precede the onset of the disease by several years; increasing evidence supports
the mucosal area (lung, oral, gut) as the initial site of autoantibody production.

e The ‘rheumatoid pannus’ represents the hallmark sign of RA, which, if left untreated, invades and
destroys the adjacent articular and periarticular structures, leading to irreversible joint damage.

e  RA typically affects the small joints of the hands and feet in a symmetrical fashion.

e Several extra-articular manifestations may occur, especially in patients with long-standing disease
(e.g. rheumatoid nodules, serositis, vasculitis, interstitial lung disease).

e The diagnosis of RA remains clinical, with many rheumatologists relying on the fulfillment of the 2010
ACR/EULAR classification criteria for confirmation.

e Imaging, in particular ultrasound, magnetic resonance imaging and conventional radiography, are
adjunctive in the diagnostic work-up of RA.

e Three categories of disease modifying anti-rheumatic drugs (DMARDs) are used in RA: 1) conventional
synthetic DMARDs (csDMARDs); 2) biologic (b)DMARDs; 3) targeted synthetic (ts)DMARDs.

e Several randomized controlled trials have shown a greater efficacy of combination with a b/tsDMARD
plus a csDMARD versus a b/tsDMARD or csDMARD alone; however, biomarkers that could identify
the most effective cs/b/tsDMARD for an individual patient are lacking.

e ACR and EULAR have recently updated their guidelines/recommendations for the management of
RA.

e Inthese recommendations, initiating treatment as soon as diagnosed, and a ‘treat to target’ strategy
(i.e. frequent follow-up of patients with treatment escalation if a target of disease remission, or low
disease activity, is not achieved) have been confirmed as cardinal principles of RA management.

e While EULAR strongly recommends the use of short-term GCs as ‘bridging therapy’, when initiating
or changing a DMARDs, with tapering and discontinuation as rapidly and clinically feasible, the ACR
cautioned that GCs should not be systematically prescribed.

e The safety of Janus Kinase inhibitors has been questioned as a result of the Oral Surveillance study,
which demonstrated an increased risk of major adverse cardiovascular events and malignancy with
tofacitinib (especially in RA patients >65 years old and smokers) in comparison with TNF inhibitors.

e The advances in the diagnosis and management of RA have led to a dramatic improvement of the
long-term outcomes in most RA patients in comparison with 20 years ago.

e Anincreasing number of RA patients are now able to achieve a status of disease remission.

e Patients in remission for 6 months can often taper therapy successfully without flaring; predictors of
successful tapering are emerging.

e Drug-free remission, which is effectively a cure, remains a more challenging goal, with most patients
experiencing a flare when DMARD therapy is discontinued.

e At the other end of the spectrum, there are those with persistently ‘active’ RA who have failed
multiple cs/b/tsDMARDs (‘Difficult to Treat RA’), which represent an ongoing therapeutic challenge.

e A precision medicine approach to treatment of RA is currently lacking. However, studies focused on
characterizing specific cellular and molecular phenotypes within the RA synovium that will predict
responsiveness to existing and/or future DMARDSs are underway.

2



Despite the development of clinical synovitis being widely accepted as the beginning of RA, increasing
evidence suggest that this is preceded by a complex ‘preclinical phase’, which is characterized by a
series of ‘subclinical’ pathological events (i.e. autoimmunity and inflammation).

Multiple trials using DMARDs in the ‘preclinical’ phase (before the onset of clinical synovitis) have
been carried out in recent years in ‘at-risk’ individuals. These studies have successfully improved signs
and symptoms and have delayed progression to RA but have yet to demonstrate prevention.



Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune inflammatory disease that primarily affects the joints.
RA is associated with progressive disability, premature death, and high socioeconomic costs (1,2). The
prevalence of RA varies significantly around the globe, ranging from 0.25% to 1% in different populations
worldwide (3). RA can affect individuals of any age, showing an increased incidence in people >40 years old.
Women are affected two-three times more frequently than men (4).

Search strategy and selection criteria

nu ”

The terms “rheumatoid arthritis” combined with “epidemiology”, “pathogenesis”, “clinical manifestations”
“diagnosis”, “classification”, “management”, “therapy”, “prediction” and “prevention”, were searched on
MEDLINE. References of selected articles were considered for the identification of relevant data. Recent ACR
and EULAR guidelines/recommendations for the management of RA (as well as systematic literature reviews
relevant to this topic) were reviewed. We prioritized articles that were published in the past 5 years but also

included impactful older publications.
Disease susceptibility and pathogenesis

The pathogenesis of RA is complex and not fully understood (5,6). Genetic predisposition plays a key role,
with first degree relatives of RA patients carrying a 2-to-5-fold higher risk of developing the disease compared
to the general population (7). Multiple alleles have been associated with an increased risk of RA. The strongest
evidence supports the role of HLA-DRB1 gene, and in particular a key sequence of five amino acid sequence
motif in residues 70-74 of the HLA-DRB chain, the so called ‘shared epitope’ (8,9). Several non-major
histocompatibility complex genes have been linked with RA (e.g. PTPN22, CTLA4, PADI4), but their individual
contribution is modest compared to the HLA region (10,11). Recent large-scale genome-wide association
studies have identified numerous genetic mechanisms/loci associated with RA, such as TNIP2, WISP1 and
TNFRSF11A (12).

Epigenetic factors, such as DNA methylation and histone acetylation, also contribute to RA pathogenesis (13).
In genetically predisposed individuals, environmental risk factors, such as smoking (i.e. the strongest
environmental risk factor for RA), dust exposure, viruses, obesity, low socioeconomic status and changes in
the lung, gut and oral microbiome, have been implicated in the so called ‘break of tolerance’ (i.e. production
of autoantibodies and generation of pro-inflammatory cytokines), which appear to be responsible for disease
initiation and perpetuation (14-16). Conversely, a moderate alcohol intake seems to be protective (17). A
recent study has shown an increasing incidence of rheumatoid factor (RF) negative RA in comparison with
previous decades (18). However, the precise interplay between genetic and environmental risk factors and
how this interaction leads eventually to development of the disease have not been fully elucidated.

The production of autoantibodies and the presence of auto-reactive T cells in blood and synovial structures
are distinguishing features of RA. Anti-citrullinated protein antibodies (ACPA) and, to a lesser extent, RF have
shown the strongest association with RA (19,20). Other autoantibodies have been linked to RA, including
peptidyl arginine deiminase-4 antibodies, carbamylated proteins antibodies and collagen type Il antibodies
(21,22).

It is now accepted that RA-related autoimmunity precedes the onset of clinical disease by up to several years
(23). Recent observations suggest that, in at least some patients, the initial site of autoantibody generation is
distant from the joint, specifically the mucosae of the periodontium, gut or lung (24). This initial phase of
localized mucosal autoimmunity (IgA-related) would be then followed by transition to systemic autoimmunity
(IgG-related) and expansion of ACPAs number and specificities, leading to a complex pro-inflammatory
immune response and eventually disease initiation and perpetuation (25).



Among the different RA-related autoantibodies, ACPAs and in particular the anti-cyclic citrullinated peptide
(CCP) antibodies have shown the highest specificity for RA (26). ACPAs have an important diagnostic role, but
also a potential prognostic value, as their presence has been associated with radiographic progression, extra-
articular manifestations, and response to treatment (27).

From a histological point of view, the ‘rheumatoid pannus’ represents the hallmark sign of RA. This pannus
demonstrates hyperplasia of the normal synovial tissue, neovascularization, and a heterogeneous
inflammatory cell infiltrate of activated T-cells (CD4+ and CD8+), B-cells, immunoglobulin producing plasma
cells, macrophages, fibroblasts, neutrophils and dendritic cells (28,29). If left untreated, this highly aggressive
pannus invades adjacent structures leading to progressive and irreversible damage of bone, cartilage, tendons
and ligaments. Activated osteoclasts, and also chondrocytes, play a direct role in the development of joint
structural damage (30). Several mediators have been identified in the interaction between the cells involved
in this ‘inflammatory network’, such as TNF, IL-6, IL-1 and TGF-B (31).

Clinical manifestations

The clinical presentation of RA in most patients is an insidious and gradual onset of joint pain and swelling,
which may start with one or a few joints but usually develops into a symmetrical polyarthritis (32). The wrists,
small joints of the hands and feet are the most affected joints. Any synovial joint including large joints, such
as shoulders, elbows, knees and ankles, can also be involved. Early morning stiffness lasting 30 minutes or
longer, fatigue and weakness are common features. In patients with severe systemic inflammation, such as
those with markedly elevated C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR), anorexia,
weight loss and low-grade fever may occur.

In the early phases of RA, joint function is mainly impaired by the stiffness (or ‘gelling’) and pain, which are
secondary to the active inflammatory process in the joints and peri-articular soft tissues, such as tendons,
including the recently described peritendinitis of the interossei (33). If not properly treated with disease
modifying anti-rheumatic drugs (DMARDs), this inflammatory process progresses to the development of
irreversible joint damage, with consequent loss of function (Figure 1).

Extra-articular manifestations occur in about 40% of RA patients, especially those with long-standing disease
(34,35). Subcutaneous nodules, also known as rheumatoid nodules, are mainly observed in patients with
positive anti-CCP antibodies and/or RF, and are exacerbated by smoking. Other relatively common extra-
articular manifestations are haematological abnormalities (e.g. anaemia, thrombocytosis and
lymphadenopathy) and interstitial lung disease, while less common and rare manifestations include vasculitis,
neuropathy, serositis, glomerulonephritis, inflammatory eye involvement, Felty syndrome, myopathy and
amyloidosis. The prevalence of many of these extra-articular manifestations has decreased over time,
presumed to be due to better and earlier treatment of inflammation.

Diagnosis and classification of rheumatoid arthritis

To date, no diagnostic criteria exist for RA. In routine practice, many rheumatologists rely on the fulfillment
of the ACR/EULAR classification criteria for RA, which in 2010 replaced the previous 1987 ACR criteria (36,37).

The entry criterion is 21 clinically swollen joint. Other types of arthritis, such as crystal arthritis, reactive
arthritis and connective tissue diseases must be excluded to apply these criteria. Main domains of these
criteria are joint distribution (large joints vs small joints), serological status (positive ACPA and/or RF), acute
phase reactants and duration of symptoms. In 2014, a systematic literature review showed a pooled
sensitivity of 0.82 (95% CI 0.79-0.84) and specificity of 0.61 (95% Cl 0.59-0.64) for the 2010 ACR/EULAR
classification criteria (38).

Imaging is increasingly used in clinical practice to confirm inflammation and identify early structural damage.

Ultrasound (US), magnetic resonance imaging (MRI) and conventional radiography are useful when the
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diagnosis of RA is in question. US has been proven sensitive and accurate for the detection of synovial
hypertrophy and pathological vascularization (i.e. power Doppler signal) in the joints and tendons of RA
patients (39).

MRI can detect synovitis, tenosynovitis and osteitis, which is a potential predictor of the development of bone
erosions (40). Conventional radiography remains the first-line imaging test for the detection of joint damage
according to EULAR (41). US and MRI represent promising tools for the assessment of structural joint damage
due to their higher sensitivity compared to conventional radiography (42) (Figure 2). The value of imaging in
the follow-up of RA patients has not been clearly established, with some recent studies failing to show the
additional value of US over clinical measures in the treatment decision making of RA patients (43,44).

Treatment

The prompt initiation of DMARD therapy within a few weeks or months of disease onset when an intervention
has a disproportionate long-term impact has been proven crucial to improve the prognosis and long-term
outcomes in RA (45). The precise timing for this ‘window of opportunity’ has not yet been defined, but is
assumed to be 3 months; nevertheless, there is unequivocal evidence showing that initiation of DMARD
therapy early in the course of the disease decreases structural damage and its progression and improves
physical functioning compared to delayed treatment (46).

As shown in Table 1, three categories of DMARDs constitute the therapeutic armamentarium of RA: 1)
conventional synthetic (cs)DMARDs, which are small-molecular weight synthetic drugs (small chemical drugs)
with unclear anti-inflammatory mechanisms; 2) biologic (b)DMARDs, which are mostly monoclonal
antibodies or, less often, soluble receptor constructs, that specifically target an individual molecule; 3)
targeted synthetic (ts)DMARDs, which target specific enzymes within cells.

Amongst the csDMARDs, methotrexate (MTX) and, to a lesser extent, sulfasalazine (SSZ), leflunomide and
hydroxychloroquine (HCQ) are those most commonly used in RA. MTX is traditionally regarded as the ‘anchor
drug’ in RA (47).

The advent of bDMARDs has dramatically changed the natural history of the disease in the majority of RA
patients (48). Multiple bDMARDs with different mechanisms of actions have been developed, ranging from
direct inhibition of the cytokines TNF (TNFi) and interleukin-6 receptor antagonism (IL-6ra) to blockade of T-
cell co-stimulation and B cell depletion. The safety profile of the bDMARDs has now been established and has
been outlined in Table 1, with most of these drugs sharing an increasing risk of infections as the most common
side effect. In addition, tsDMARDs inhibiting the Janus kinase (JAKi) pathways are also licensed for the
treatment of RA. Several randomized controlled trials (RCTs) demonstrated a greater efficacy of combination
with b/tsDMARD plus csDMARD versus a b/tsDMARD or csDMARD alone (49,50). One action of MTX is to
reduce the development of anti-drug antibodies, particularly against chimeric antibodies (51). Certain less
immunogenic monoclonal antibodies, such as some TNFi or IL-6 inhibitors, are licensed as monotherapy (52).

For some of the bDMARDs originators for which patents have expired, less expensive biosimilars have been
developed and approved as effective and safe options, equivalent to the bio-originators.

The ACR and EULAR recommendations for the management of rheumatoid arthritis

The two most influential organizations for Rheumatology worldwide, namely ACR and EULAR, recently
developed (in 2021 and 2022, respectively) updated versions of recommendations/guidelines for the
management of RA (53,54).

Both ACR and EULAR highlight the importance of the ‘window of opportunity’ according to which DMARDs
should be started as soon as the diagnosis of RA is made, and the ‘treat to target’ strategy, which consists in



a ‘tight control’ with regular follow-up of patients (1 to 3 months according to EULAR) and prompt treatment
escalation if disease remission (or low disease activity if remission is not feasible) is not achieved.

The first-line therapy should be a csDMARD (i.e. mostly MTX), because of the lack of evidence supporting the
higher efficacy of bDMARDs for all patients, in comparison with MTX, and costs.

While the EULAR recommendations suggest using MTX in all newly diagnosed RA patients (unless
contraindicated), the ACR considers the possibility of different csDMARDs according to the patient disease
activity. In DMARD-naive patients with moderate to high disease activity, MTX is strongly recommended over
other csDMARDs, such as HCQ or SSZ. In contrast, in those with low disease activity, HCQ is conditionally
recommended over other csDMARDs because of its tolerability and safety profile. The ability to predict MTX
response at baseline would improve management, and there are some positive developments in this area
that could alter management, which a proof-of-concept study nearing completion should clarify (55).

In patients with inadequate response to a csDMARD, risk-stratification is clinically sound, although the
evidence for treating patients according to prognostic markers is limited. EULAR recommends the use of
another csDMARD:s in patients without poor prognostic factors, such as autoantibodies, high disease activity,
bone erosion or failure of two csDMARDs. Conversely, in those with these poor prognostic factors, a bDMARD
(or a tsDMARD in selected populations) should be added. The ACR does not provide any specific indication
regarding the sequence of these medications in patients with persistently active RA despite csDMARD
therapy, but recommends the addition of a b/tsDMARD over triple therapy (i.e. MTX, SSZ and HCQ).
Importantly, local regulations vary, with mandatory failure of two different csDMARDs required in some
countries, such as the UK, before starting a bDMARD.

e |s there still a role for glucocorticoids in the management of rheumatoid arthritis?
GCs have traditionally represented a cornerstone in the management of RA.

Given their availability in different doses and formulations (i.e. oral, parenteral, or intra-articular) and rapid
onset of anti-inflammatory activity, GCs are commonly used as a ‘bridging therapy’ when DMARD therapy is
initiated, for treating flares and, in some patients, as a long-term maintenance therapy (56).

Multiple studies have demonstrated the ability of GCs to improve disease activity and functional status in RA
patients, and potentially delay the evolution of radiographic joint damage (like DMARDs) (57,58). The NORD-
STAR trial, which included 812 treatment naive RA patients with disease duration <2 years, demonstrated a
non-inferiority of csDMARDs plus GCs compared to certolizumab pegol+MTX and tocilizumab+MTX, while
abatacept+MTX was statistically superior (59). In addition, NORDSTAR showed clinical similarity between
csDMARD+GC therapy and any bDMARD+MTX treatment, with high rates of stringent remission by CDAI at
24 weeks (>40%) for all these therapies. Other clinical trials have shown similar efficacy of combination
between MTX plus GCs vs MTX plus a bDMARD (60).

GCs have a well-known risk profile of side effects, especially if exposure to high doses is protracted (61).

In a multicentric RCT (GLORIA study), 451 patients with established RA and age >65 years were randomized
to receive prednisolone 5 mg/day or placebo for 2 years (62). RA patients who received prednisolone achieved
better disease activity outcomes and showed less radiographic progression than those receiving placebo. In
the former group, there was a higher incidence of side effects compared to placebo, but these were mainly
non severe infections. However, because it is the cumulative dose of GCs that has been mainly associated
with increased mortality, longer term observation would be needed to discern the safety profile of GCs in this
susceptible (i.e. >65 years old and active RA) population.

The position of ACR and EULAR regarding the use of GCs in the management of RA is slightly divergent (53,54).
While EULAR strongly recommends the use of short-term GCs as ‘bridging therapy’, when initiating or
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changing a DMARDs, with tapering and discontinuation as rapidly as clinically feasible (ideally within 3
months), the ACR cautioned that GCs should not be systematically prescribed. They however, acknowledge
the conditionality of this statement given the need at times to alleviate patients’ symptoms prior to the onset
of action of DMARDs (or in case of a flare). Intramuscular steroid is commonly used as being effective for
minimum dose with little rebound on steroid withdrawal, as suggested by EULAR.

e The use of JAKi in rheumatoid arthritis patients

Among the available treatment options for RA, JAKi represent the newest class of drugs. JAKi are small,
targeted molecules which act through inhibition of a family of protein kinases (including JAK 1, JAK 2, JAK 3,
and tyrosine kinase 2), thus blocking production of multiple cytokines implicated in the pathogenesis of RA
with a different mechanism of action compared to bDMARDs (63). Unlike bDMARDs, JAKi are orally
administered. Known side effects are an increase both in reactivation of Herpes Zoster and in venous
thromboembolism (VTE) (64,65). The efficacy, both in improvement in clinical signs/symptoms and in the
inhibition of progression of structural joint damage, and safety of JAKi in RA patients have been documented
in clinical trials (64,65). In contrast to most bDMARDs, JAKi have proven higher efficacy than MTX
monotherapy and have shown superiority to bDMARDs when both combined with MTX (66-69).

Indeed, both EULAR in 2019 (70) (before the most recently updated 2022 recommendations) and ACR latest
guidelines recommended that JAKi could be used as first-line advanced therapy, in patients who do not
achieve the treatment target despite csDMARD therapy.

An unexpected twist in the plot occurred after the publication of the results of the ORAL Surveillance in 2022
(71). In this randomized, open-label, post-authorization, phase 3b-4 safety end-point trial, the incidence
of major adverse cardiovascular events (MACE) and cancer (excluding non-melanoma skin cancer) was
compared between tofacinitib (5 mg twice daily, which is the approved dose for RA, or 10 mg twice daily as
per treatment for ulcerative colitis) vs adalimumab or etanercept in more than 4000 patients >50 years of age
with active moderate-to-severe RA despite MTX treatment, who had >1 one cardiovascular (CV) risk factor. In
this study, MACE and cancers occurred more frequently in patients taking tofacitinib (combined dose) than in
those on TNFi, with a hazard ratio (HR) of 1.33 (95%CI 0.91-1.94) for MACE and 1.48 (95% CI 1.04-2.09) for
cancers. In addition, during the trial, the investigators reduced the dose of tofacitinib from 10 mg twice daily
to 5 mg twice daily after the observation of a higher incidence of pulmonary embolism and mortality in
patients receiving tofacitinib 10 mg twice daily in comparison with those receiving a TNFi.

The results of the ORAL Surveillance triggered an immediate response by the Food and Drug Administration
(FDA), which produced a warning (Drug Safety communication) regarding the increased risk of serious heart-
related events, cancer, blood clots, and death for JAKi (72). In this document, the FDA stated these drugs
should be reserved to patients who have had an inadequate response or intolerance to 21 TNFi, thus
downgrading JAKi to second line among advanced therapies. A similar document was subsequently published
by the European Medicine Agency (EMA) (73).

In contrast to the previous recommendations in 2019, the new EULAR recommendations suggest using JAKi
only in those patients without CV risk factors, such as age >65 years, previous/current smoking, diabetes,
obesity, hypertension, predisposing conditions for thromboembolic events, and malignancy (54). Therefore,
despite retaining the placement of JAKi as first-line therapy after csDMARDs in these latest EULAR
recommendations, the safety profile will limit the use of these medications to a selected population, <65
years old and without CV risk factors.

Several important questions concerning the safety of JAKi and therefore their use in RA patients remain

unanswered. Whether the risk profile which emerged in the ORAL Surveillance would be applicable to more

selective JAKi (JAK1 or JAK 1/2) than tofacitinib (a pan JAKi) or in RA patients without predisposing CV risk

factors needs to be established. Recent observational studies including a large number of RA patients have
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provided reassuring data on the safety profile of baricitinib and tofacitinib regarding the risk of MACE, VTE
and malignancy (with the exception of non-melanoma skin cancer), when compared to TNFi (74,75). A post-
hoc analysis of the ORAL Surveillance study showed that RA patients without history of atherosclerotic CV
disease did not show an increased incidence of MACE when exposed to tofacitinib 5 mg twice a daily in
comparison with TNFi (76).

In addition, in a very recent post hoc analysis of the ORAL Surveillance, a subpopulation with higher risk of
MACE and malignancies was identified based by the presence of age (265 years) and smoking (ever smoked),
with no significant risk in those without the risk factors, providing useful information on the risk assessment
and decision-making on treatment with tofacitinib in RA patients (77). Interestingly, in a nationwide cohort
from Sweden including more 27000 RA patients, treated with JAKi, TNFi or other bDMARDs, therapy with IL-
6ra showed a non-significant increased VTE risk in comparison with TNFi, especially in males (78).

Remission in rheumatoid arthritis

The improvement in outcome of RA patients is reflected in various registries worldwide. An increasing number
of RA patients are now able to achieve disease remission (79,80).

Various composite indices are used in RA to define states of disease activity (including remission) and
response to treatment. The most used is the Disease Activity Index (DAS), which uses a complex mathematical
formula including as variables the number of tender and swollen joints out of 28, inflammatory markers (CRP
or ESR) and the patient assessment of global health status (81,82). Other composite indices are the Clinical
Disease Activity Index (CDAI) and the Simple Disease Activity Index (SDAI) for RA (83,84). Recently, the ACR
and EULAR have developed stringent remission criteria (ACR/EULAR Boolean criteria), in which the included
variables [tender joint count, swollen joint count, patient global assessment (PGA), CRP] must all have a value
of <1 (revised to <2 for PGA) (85).

Both ACR and EULAR considered the opportunity of tapering therapy in patients with sustained (26 months)
clinical remission (EULAR) and/or low disease activity (ACR) (53,54). ACR takes into account the high risk of
flares that follows therapy discontinuation, with a potential negative impact on a patient’s quality of life and
function, and conditionally recommend DMARD continuation at their current dose over therapy tapering (86).
If tapering is to be considered, both societies recommend a gradual tapering (i.e. dose reduction or interval
increase) over abrupt drug interruption.

Indeed, a large proportion of patients will experience a flare when their treatment with DMARD:s is tapered
or discontinued (87,88). This is mitigated by the fact that disease control is usually recaptured (about 90% of
patients) when treatment is resumed (89).

The observation of frequent disease reactivation following therapy reduction or discontinuation has raised
the hypothesis that the achievement of a threshold of disease remission according to the routinely used
disease activity indices might not be sufficient to define a status of ‘true’ disease remission. Some studies
have demonstrated the presence of US sub-clinical synovitis in patients in clinical remission, and this could
arguably explain the radiographic progression observed in some RA patients with no apparent clinically
‘active’ disease (90,91).

Recently, the concept of ‘multi-dimension’ remission has emerged, which is based on the following levels of
remission: 1) clinical (i.e. absence of clinical signs of inflammation); 2) serological and imaging; 3)
immunological (i.e. disappearance of autoantibodies) (92). While the achievement of a clinical, serological
and imaging remission might represent an obtainable goal with the current RA therapeutic strategies,
immunological remission has been observed infrequently in RA patients, including those in sustained drug-
free remission (93). An alternative immunological remission, based on normalization of T-cell subsets,
proposed by Gul et al. may be more practical (94).



Objective biomarkers that can reliably predict the future risk of disease relapse are lacking (95). A shorter
disease duration, early remission induction with use of bDMARDs, absence of radiographic damage and low
disease activity have been associated with successful therapy tapering in RA patients in clinical remission (96-
98). On the other hand, abnormal T-cell subsets, US sub-clinical inflammation and inflammatory markers have
been associated with disease relapse after therapy reduction or discontinuation (99-101).

Challenges and future directions
o Difficult to treat rheumatoid arthritis

One of the most challenging issues in RA is management of patients with persistent ‘active’ disease (including
those achieving low disease activity), despite successive trials of cs/b/and tsDMARDs with varying
mechanisms of action (i.e. 22 b/tsDMARDs with different mechanisms of actions according to EULAR). This
group of patients with multi-drug resistant RA, who has been recently termed ‘Difficult to Treat RA’ (D2TRA)
by EULAR, represents an ongoing therapeutic challenge (102,103).

The prevalence of D2TRA reached 6% in a recent UK registry, however this appears to be higher when cs-
DMARDs (which are not accepted as criteria for D2TRA in the EULAR definitions) are also considered
(104,105).

In RA patients, and especially in this group of D2TRA, the correct identification of persistent active disease
(and the distinction from joint pain/swelling from other causes, such as damage, osteoarthritis, or chronic
non-articular pain) is crucial to guide pharmacological and non-pharmacological interventions. Indeed,
continuous cycling of further DMARD therapy might be unnecessary in those without definitive evidence of
an ongoing inflammatory joint process.

Two categories of patients with D2TRA have been recently proposed: 1) RA patients with persistent
inflammatory refractory RA (PIRRA), defined as the presence of unequivocal signs of ongoing inflammation
(US inflammation and/or abnormal inflammatory markers); 2) RA patients in whom symptoms persist despite
the absence of discernible inflammation (non-inflammatory refractory RA, NIRRA) (Figure 4) (106). Despite
this intriguing hypothesis, future investigations will have to clarify whether patients with PIRRA have different
genetic/epigenetic mechanisms and immune pathways, which contribute to the immunopathogenesis of
refractory inflammation in comparison with NIRRA, and therefore a different prognosis, long-term outcomes
and response to therapy. In addition, novel approaches in which dual therapies, or bi-valent antibodies, are
utilized to simultaneously inhibit two different molecular pathways are current under consideration, but risk
of infection may be a limiting factor (107).

e  Precision medicine approach

In those patients with insufficient response to MTX, which occurs in up to 50%, and poor prognostic factors,
treatment escalation to b/tsDMARD should be undertaken. The answer to the question “which patients will
respond to which type of treatment?” remains unclear as several meta-analysis and head-to-head clinical
trials have failed to clearly demonstrate a higher efficacy of any of the bDMARDs (some positive results have
been published for tsDMARDSs) over the others when combined with MTX (108).

Therefore, the decision of which bDMARD to start is currently arbitrary and mainly based on cost. However,
a few additional considerations include patients’ comorbidities and preferences, including frequency or route
of administration, and, to a lesser extent, the presence of some biomarkers that have been inconsistently
associated with better response following specific therapy, such as positive RA auto-antibodies for abatacept,
rituximab, and TNFi responses, or increased CRP for IL-6ra response (109,110).

In those where b/tsDMARDs therapy is commenced, there are three possible outcomes, provided that the
drug is well tolerated: 1) good response (ideally disease remission); 2) no response after 3-6 months of
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therapy (primary non-response); 3) initial good response, which is then followed by loss of response
(secondary non-response) (111).

This poses the relevant question whether, in non-responders to one bDMARD, an agent with a different
mechanism of action versus a second agent with the same mode of action should be used. The scientific
evidence is inconclusive, even though some studies have demonstrated that using a drug with the same
mechanism of action can be associated with positive outcomes (112,113). Drug immunogenicity (i.e.
development of anti-drug antibodies) has been regarded as one of the mechanisms responsible for
therapeutic failure of b(DMARDs, secondary non-response (114). An important aspect to consider is that the
response rate to bDMARDs decreases with multiple drug failure (115).

Recently, attention has turned to investigation and characterization of prominent cellular and molecular
pathways and patterns within RA synovia across an array of patients, utilizing US-guided synovial biopsy
techniques (5). Indeed, a number of specific effector cell states in RA synovia have been identified as potential
targets for therapy development, including MERTK+ macrophages, NOTCH3+ synovial fibroblasts, CD11c+
autoimmune-associated B cells, PD-1hi peripheral helper T (TPH) cells, and others (116-118). Moreover in a
recent clinical trial comparing an anti-CD20 antibody (rituximab) to an anti-IL-6ra (tocilizumab), patients with
a low or absent synovial B cell molecular signature had lower responses to rituximab than to tocilizumab
(119,120). Although still in early stages, these strategies offer excitement and hope that a precision medicine
approach in RA, in which a DMARD is selected based upon the synovial characteristics of each patient’s tissue,
may be forthcoming in the near future.

e Prediction and prevention of rheumatoid arthritis

The development of clinical synovitis is widely accepted as the beginning of RA. Despite the considerable
advances in the treatment and management of RA, it is evident that once the disease develops there is no
cure for most patients. Indeed, long-term therapy is usually required, with important implications on patient’s
quality of life and ability to work, and socioeconomic costs.

The detection in the stored serum of RA patients of RA-related autoantibodies, particularly the relatively
specific anti-CCP, years before the development of clinically evident disease, has represented a milestone in
the understanding of ‘pre-clinical’ RA (121-123). The concept of an ‘RA continuum’ has emerged. As shown
in Figure 5, in this ‘continuum’ clinical synovitis is not the beginning of the disease (as per traditional view)
but the culmination of a whole series of mainly ‘sub-clinical’ pathological events, such as autoimmunity and
inflammation.

Lessons from the early arthritis paradigm have demonstrated that it is possible to modify the natural history
of the disease and improve patients’ long-term outcome. This has raised the hypothesis that the initiation of
a treatment in the early stages of the ‘RA continuum’, before the development of clinically evident disease,
might prevent, or at least delay, the onset of RA in individuals ‘at-risk’ (124,125).

In clinical trials on RA prevention, where individuals ‘at-risk’ are offered anti-rheumatic treatments, an
accurate risk stratification is of paramount importance, especially to avoid over-treatment of those who will
never develop the disease. In recent years, several research groups worldwide have built models for optimum
risk prediction, which variably combine genetic, clinical, serological, and imaging risk factors for RA
development (126,127). A very recent paper studied an extensive pre-RA population and provided scores for
whom to refer from primary care, and whom would be appropriate for intervention in secondary care (128).

Clearly, the most impactful intervention in RA would be its prevention. Multiple trials on RA prevention based
on the use of drugs have been completed recently, while others are actively enrolling (129).
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The first study, ADJUST, demonstrated that abatacept therapy for 6 months could delay the onset of RA in
undifferentiated arthritis, whilst reducing anti-CCP levels and reducing erosions (130).

In a RCT, 83 patients with arthralgia and positive anti-CCP antibody or RF received two intramuscular
injections of 100 mg dexamethasone (at baseline and 6 weeks) or placebo (131). Patients receiving
dexamethasone showed a significant and sustained reduction of autoantibodies (the primary end point) in
comparison with the placebo group. However, the rate of progression to RA was similar in the two groups
(20% vs 21%, respectively) over 26 months.

In the PRAIRI Trial, 81 individuals with positive anti-CCP antibodies and RF with either MRI/US evidence of
inflammation or increased CRP were randomized to receive a single dose of rituximab (1000 mg + 100 mg
methylprednisolone premedication) or placebo (132). In individuals receiving rituximab, there was a
significant delay in the development of RA (12 months) compared to the placebo group, even though the
rates of RA development after a follow-up of 29 months did not differ between the two groups (34% vs 40,
respectively).

In a recent RCT, 236 individuals with clinically suspect arthralgia and MRI-detected subclinical joint
inflammation were randomly assigned to 12-months therapy of oral MTX (up to 25 mg/week) plus a single
intramuscular steroid injection (n=119), or placebo (n=117) (133). This RCT failed to demonstrate the ability
of MTX versus placebo to reduce the rate of progression to RA after 2 years, although improvement in
symptoms and MRI features was superior in the MTX group.

Other studies have shown the potential ability of abatacept to suppress sub-clinical synovitis on MRl in ACPA
positive ‘at-risk’ individuals with MRl signs of inflammation (134). The preliminary results of another recently
completed trial, Arthritis Prevention In the Pre-clinical Phase of Rheumatoid Arthritis with Abatacept
(APPIPPRA), which started in 2014, showed a reduction in the development of RA over two years in individuals
‘at-risk’ treated with abatacept (135). On the other hand, an interim analysis of the stop-RA trial, which
included 144 CCP3 positive individuals with or without arthralgia and imaging inflammation, failed to
demonstrate the ability of HCQ to prevent the development of inflammatory arthritis in comparison with
placebo; therefore, the trial was stopped before its expected conclusion (136).

A potential interpretation for these studies is that an earlier stage in the ‘RA continuum’ (i.e. before the
development of subclinical joint disease) might be the correct target for prevention (137,138). On the other
hand, not all patients with arthralgia and subclinical joint disease progress to RA (139), those that do, have
other risk factors present (140).

The pivotal mechanisms implicated in progressing from subclinical to clinical disease are poorly understood,
and targets for interventions not been definitively identified. What is also clear is that ‘pre-clinical’ RA,
however defined, has a considerable morbidity which responds to treatment, guidelines for management are
in development.

Conclusions

The management and outcomes of RA patients have drastically improved in the last two decades. The
recommendations for managing RA are changing rapidly, due to newly developed therapies and evolving
scientific evidence. In this seminar, the new ACR and EULAR recommendations are discussed. The
controversies regarding the use of GCs have been highlighted, as well as the uncertainty around JAKi, and
approaches to tapering therapy in those in remission outlined. There is a clear a need for reliable biomarkers
for diagnosis, prognosis and especially for therapy, due to a not irrelevant proportion of patients not
responding to multiple b/tsDMARDs. New areas of research have been illustrated, including D2TRA, ‘precision
medicine’, and attempts to delay/prevent arthritis.
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Table 1. Main characteristics of glucocorticoids, csDMARDs, bDMARDs and tsDMARDs, which are currently approved for the treatment of rheumatoid arthritis

(USA and Europe).

DMARD

Target

Route of

administration (dose)

Adverse events

Management of RA

Glucocorticoids

Genomic and
non-genomic

Oral, IM, IV, IA (dose

depends on the route of

Depending on dose and duration of therapy. Most
common adverse events: diabetes, hypertension,

‘Bridging therapy’ when DMARD therapy is initiated or
switched and treating flares. In some patients it is

pathways administration and infections, Gl diseases, skin atrophy, psychiatric, sometimes used as a long-term maintenance therapy
clinical indication) osteoporosis and ophthalmological diseases (like a DMARD)
(cataract and glaucoma)
Conventional DMARDs
Synthetic First-line therapy in DMARDSs naive patients
e Methotrexate Unknown Oral, SC, IM (10-25 Gl, increased liver enzymes, bone marrow First choice among csDMARDs
mg/week) suppression, stomatitis, hair loss, teratogenicity,
interstitial pneumonitis
e Sulfasalazine Unknown Oral (2-3 g/day) Gl, skin rash, temporary oligospermia, drug Combination therapy with MTX (or monotherapy if MTX

induced SLE

is contraindicated)

e Leflunomide

Dihydroorotate

Oral (20 mg/day)

Gl, increased liver enzymes, leukopenia,

Monotherapy if MTX is contraindicated (combination

dehydrogenase hypertension, teratogenicity therapy with MTX uncommon)
e Hydroxychloroquine Unknown Oral (200-400 mg/day) Gl, skin rash, retinopathy Combination therapy with MTX (or monotherapy if MTX
is contraindicated in patients with low disease activity)
Targeted Gl, infections, colonic perforation, increased CK In patients who failed >1 csDMARDs, after 21 TNFi
levels, TB/HZ reactivation, cytopenia, increased failure (ACR) or as first-line therapy (EULAR) in selected
risk of VTE, lipids abnormalities populations*. Might have some advantages in
monotherapy compared to others bDMARDs
e Tofacitinib JAK 1,2,3 Oral (10 mg/day) Possible increased risk of MACE and neoplasm
(especially in smokers and >65 years)
e  Baricitinib JAK 1,2 Oral (2-4 mg/day)
e Upatacitinib JAK 1 (2) Oral (15 mg/day)
e Filgotinib JAK 1 Oral (200 mg/day)

Biologic DMARDs

First-line therapy in patients who failed 21 csDMARD

TNFi

Infections, TB reactivation, cytopenia, drug
induced SLE, NMSC, demyelinating syndromes,

Commonly used as first-line therapy among bDMARDs
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congestive heart failure, infusion/injections
related reactions

e Adalimumab TNF SC (40 mg/2 weeks)

e Etanercept TNF SC (50 mg/week)

e Golimumab TNF IV (2 mg/kg at week O, 4

and every 8 weeks)
SC (50 mg/4 weeks)

e Certolizumab pegol TNF SC (400 mg at 0, 2 and 4,

then 200 mg/2 weeks)

o Infliximab TNF IV (3 mg/kg at week O, 2

and 6 and every 8 weeks)
SC (120 mg/2 weeks)

Anti-B cell In patients, who failed 21 csDMARD, usually after TNFi.
ACR suggests use after inadequate response to TNFi or
in patients with history of lymphoproliferative disorder

e Rituximab CD20 IV (1-2 g/6 months) Infusion reactions, reduced response to vaccines,

infections, hepatitis B reactivation, PML

Anti T-cell co-stimulation

First-line therapy in patients who failed 21 cs/bDMARD

e Abatacept

CD80-CD86 co-
stimulation

IV (500-1000 mg
depending on weight)
SC (125 mg/week)

Infections, infusion/injections site reaction,
reduced response to vaccines, TB reactivation,
leukopenia

Anti-IL6

Infections, colonic perforation, lipid
abnormalities, cytopenia, liver enzyme elevations,
infusion/injections related reactions

First-line therapy in patients who failed 21 csDMARD.
Might have some advantages in comparison with b-
DMARDs in monotherapy

e Tocilizumab

IL-6 receptor

IV (4-8 mg/kg/4 weeks —
max 800 mg)
SC: 162 mg/week

e Sarilumab

IL-6 receptor

SC (150-200 mg/2 weeks)

*: Risk factors for cardiovascular events and malignancies to consider before prescribing a JAKi: age >65 years, previous or current smoking, diabetes, obesity, hypertension, current or previous malignancy (other than
NMSC), risk factors for thromboembolic events (history of myocardial infarction or heart failure, history of blood clots or inherited disorders of coagulation, combined contraceptives/hormonal replacement therapy,
immobility, undergoing major surgery).
Abbreviations. ACR: American College of Rheumatology; b: biologic; CK: creatinine kinase; cs: conventional synthetic; DMARD: disease modifying anti-rheumatic drug; EULAR: European Alliance of Association for
Rheumatology; Gl: gastrointestinal; HZ: Herpes Zoster; IA: intra-articular; IL: interleukin; IM: intramuscular; IV: intravenous; JAKi: Janus kinase inhibitors; LDA: low disease activity; MACE: major adverse cardiovascular
events; MTX: methotrexate; NMSC: non-melanoma skin cancer; PML: progressive multifocal leukoencephalopathy; RA: rheumatoid arthritis; SC: subcutaneous; SLE: systemic lupus erythematosus; TNFi: TNF inhibitors; TB:
tuberculosis; USA: United States of America; ts: targeted synthetic; VTE: venous thromboembolism.
Anakinra is approved for the treatment of RA in USA and Europe, however clinical trials showed modest therapeutic effects in RA (drug not mentioned in EULAR/ACR recommendations)
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Figure 1. Long-standing rheumatoid arthritis.

Legend. In Figure a, polyarticular synovitis and joint deformities are illustrated in the hands of a patient with long-standing RA (>20 years disease
duration).

In Figure b, x-rays show diffuse structural damage (severe cartilage loss and bone erosions in multiple MCP and PIP joints bilaterally), with complete
loss of the normal joint architecture (i.e. ulnar deviation, joint subluxation, multiple bone erosions) in the MCPs and PIPs circles in red.

A longitudinal US scan of the medial aspect of the 2" right MCP joint (c, ¢’) and 2" left MCP joint (d, d’) demonstrates diffuse synovial hypertrophy
(asterisks) and large bone erosions (arrowheads) in the metacarpal head filled with power Doppler signal (intra-synovial red spots) indicating ‘active’
synovitis (‘hot’ bone erosions).

Acronyms. MCP: metacarpophalangeal; PIP: proximal interphalangeal; RA: rheumatoid arthritis; US: ultrasound.
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Figure 2. Conventional radiography and ultrasound findings in ‘early’ rheumatoid arthritis.

Legend. Longitudinal ultrasound scans (a, a’, b, b’) and x-rays (c) of the right 3rd MCP joint in a patient with ‘early’ rheumatoid arthritis (disease
duration 16 week).

The US images, which were obtained using a 15 MHz (a, a’) and 18 MHz (b, b’) probe, show synovial hypertrophy (asterisks) and diffuse power
Doppler signal (red spots) indicating ‘active’ inflammation.

High frequency probes (i.e. 18 MHz probe) provide a detailed morphological evaluation of the superficial structures. In this patient, loss of sharpness
of the bony cortex suggestive for a pre-erosive change can be appreciated in figure b’ (arrowheads). The presence of highly vascularized synovial
hypertrophy (asterisks and red spots) in close contact with the bone surface (arrowheads) is shown in Figure b.

No abnormality was reported in the x-rays of this patient (c).

Abbreviations. MCP: metacarpophalangeal; mh: metacarpal head; US: ultrasound.
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Figure 3. The therapeutic management of rheumatoid arthritis according to ACR and EULAR
guidelines/recommendations.
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Legend.

*: Treatment target: remission (according to the ACR-EULAR definition) or low disease activity at 6 months. According to EULAR, therapy should be
adapted if 50% improvement is not achieved at 3 months.

**: In presence of poor prognostic factor (autoantibodies, high disease activity, bone erosion or failure of two csDMARDs), a b/tsDMARD should be
added. Otherwise, another csDMARD should be considered.

**%: Risk factors for cardiovascular events and malignancies to consider before prescribing a JAKi: age >65 years, previous or current smoking,
diabetes, obesity, hypertension, current or previous malignancy (other than NMSC), risk factors for thromboembolic events (history of myocardial
infarction or heart failure, history of blood clots or inherited disorders of coagulation, combined contraceptives/hormonal replacement therapy,
immobility, undergoing major surgery).

****: |n patients with D2TRA, after failure of a 22 b/tsDMARD (particularly TNFi), a b/tsDMARD with a different target (i.e. mechanism of action)
should be considered.

Abbreviations. ACR: American College of Rheumatology; b: biologic; cs: conventional synthetic; DMARD: disease modifying anti-rheumatic drugs;
DT2RA: difficult to treat rheumatoid arthritis; EULAR: European Alliance of Associations for Rheumatology; FDA: food and drug administration; GCs:
glucocorticoids; HCQ: hydroxychloroquine; JAKi: Janus kinase inhibitors; LDA: low disease activity; MTX: methotrexate; NMSC: non-melanoma skin
cancer; RA: rheumatoid arthritis; TNFi: Tumor Necrosis Factor inhibitors; ts: targeted synthetic.
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Figure 4. Difficult to treat rheumatoid arthritis patients with different sonographic scenarios.

Legend. This mosaic shows different ultrasound (US) scenarios (a’, b’) in two patients with D2TRA. Both these patients had failed at 21 csDMARD and
>2 bDMARDs with different mechanisms of action and had a DAS-28 CRP >3.2 and reduced quality of life related to RA disease activity at the time of
the clinical visit. None of these two patients was on glucocorticoids.

The MCP joints circled in red (Figure a) and yellow (Figure b) were judged as swollen (and painful) on clinical examination. In both patients, intra-
articular synovial hypertrophy could be appreciated (asterisks) on US (a’,b’).

While in Figure a’ there is evidence of diffuse power Doppler signal (red spots) indicating ‘active’ inflammation, the US features in Figure b’ suggest
advanced structural damage (arrowheads), mainly involving the metacarpal head (joint subluxation and multiple bone erosions). In addition, no power
Doppler signal is detectable in Figure b’ but an area of joint effusion (white dots), which (together with the bony deformity involving the metacarpal
head) could be responsible for the clinical swelling.

The presence of power Doppler signal could indicate a persistent inflammatory process (and therefore be useful to define PIRRA). On the other hand,
the chronic joint damage rather than ‘active’ inflammation could explain the clinical signs and symptoms of the patient represented in Figure b’
(NIRRA). However, further studies are needed to define the prognostic value and implications of the different US abnormalities in this D2TRA
population.

Abbreviations. CRP: C-reactive protein; cs: conventional synthetic; DAS-28: disease activity score using 28 joints; DMARD: disease modifying anti-
rheumatic drug; D2TRA: difficult to treat rheumatoid arthritis et: extensor tendon; MCP: metacarpophalangeal; mh: metacarpal head; NIRRA: non-
inflammatory refractory rheumatoid arthritis; PIP: proximal interphalangeal; PIRRA: persistent inflammatory refractory rheumatoid arthritis; pp:
proximal phalanx; US: ultrasound.
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Figure 5. The ‘rheumatoid arthritis continuum’: an overview of the rheumatoid arthritis pre-clinical phase.

‘RHEUMATOID ARTHRITIS CONTINUUM’
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arthritis
Localised Subclinical
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autoimmunity imaging

Legend. Six stages along the ‘RA continuum’ were defined in 2012 by the EULAR Committee on Investigative Rheumatology (Gerlag et al. reference
124): genetic risk factors for RA (phase A), environmental risk factors for RA (phase B), systemic autoimmunity associated with RA (phase C),
musculoskeletal symptoms without clinical arthritis (phase D), unclassified arthritis (phase E) and RA (phase F).

These phases do not occur necessarily in all patients (i.e. seronegative RA), or in the same order in all patients. Increasing evidence suggests that
systemic autoimmunity is preceded by a phase of mucosal dysbiosis with localized production of RA-related antibody, mainly in the oral, lung or gut
mucosa (localized mucosal autoimmunity). In addition, several studies have demonstrated that a great proportion of RA patients go through a stage
of sub-clinical synovitis on imaging (US or MRI), which is, in at-risk individuals, associated with a great increase in the risk of progression to
inflammatory arthritis (subclinical inflammation on imaging).

Abbreviations. EULAR: European Alliance of Associations for Rheumatology; MRI: magnetic resonance imaging; RA: rheumatoid arthritis; UA:
undifferentiated arthritis; US: ultrasound.
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