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ABSTRACT

In the past 20 years, earlier diagnosis
and more intensive management have
considerably improved the progno-
sis of rheumatoid arthritis (RA), with
milder disease course achieved in par-
ticular in seropositive patients. In con-
trast, seronegative RA has remained
largely neglected, and continues to be
surrounded by uncertainties regarding
its correct diagnosis, clinical pheno-
type, optimal treatment strategies and
relevant outcomes.

The purpose of this review is to summa-
rise new insights about the pathogenic,
clinical and prognostic peculiarities of
seronegative RA that emerged during
2022, and that make this disease subset
at least partially different from its sero-
positive counterpart.

Introduction

Rheumatoid arthritis (RA) is increas-
ingly regarded as a syndrome encom-
passing different clinical phenotypes,
variable response to treatments and
different outcomes (1, 2). The autoim-
mune nature of the disease is supported
by the recognition of RA-associated
autoantibodies, such as rheumatoid fac-
tor (RF), anti-citrullinated protein anti-
bodies (ACPA) and other anti-modified
protein antibodies (AMPA), in most
patients (3, 4). These autoantibodies
are directly involved in several aspects
of RA pathology (3-6) and identify
subjects with a more aggressive course
of the disease in terms of joint destruc-
tion, comorbidities and mortality (6, 7).
Although less frequently, some patients
with RA however do not show any
circulating autoantibody and are thus
bona fide referred to as ‘seronegative’
(8). The many diagnostic uncertainties
surrounding seronegative RA, together
with the common belief of its more
benign nature, have greatly hampered
a proper understanding of this disease

subgroup. However, the recognition
that advances in the management of
seropositive RA over the past two dec-
ades have not led to equally significant
improvements in the prognosis of se-
ronegative patients (9) imposes more
focused analyses stratified for the au-
toantibody status.

The aim of this review is to summarise
and critically discuss the most relevant
data on seronegative RA that have ex-
panded knowledge on this disease sub-
type during the past year. To this end,
we performed a Medline search of Eng-
lish language articles published from
1** January to 31% December 2022, us-
ing MESH terms and free text words
including RF, ACPA, citrullinated,
autoantibodies, seronegative, autoanti-
body-negative.

Pathogenesis

Genetic susceptibility

The pathogenesis of RA, particularly
its seronegative form, is complex and
variously influenced by genetic and
environmental factors, the microbio-
ta, barrier layers and hormones. The
pathogenetic mechanisms involved in
seropositive RA appear more homo-
geneous, with a more substantial con-
tribution of genetic factors, and with a
prominent driving role of adaptive im-
munity (10). In contrast, the develop-
ment of seronegative RA seems to be
related to a lower genetic susceptibil-
ity and a more critical role of environ-
mental factors. Moreover, the greater
heterogeneity in clinical expression,
course and response to therapy sug-
gests it is a more heterogeneous immu-
nopathological entity than seropositive
RA (11).

The genetic susceptibility risk of se-
ronegative RA relies on both HLA
and non-HLA genes. The results of
HLA studies have mainly confirmed
lack of association with the most ro-
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bust HLA genetic loci reported for RA,
the shared epitope, and the presence
of mutations in both HLA class I and
class II genes, with the stronger as-
sociation with the ancestral haplotype
8.1, which contains HLA-B*08 with
aspartate at position 9 and DRB1*03
with serine at position 11 (11). The
importance of non-HLA susceptibility
loci was recently confirmed through
analyses performed in large popula-
tions of patients with seropositive and
seronegative RA. A genome-wide as-
sociation study (GWAS) of 31 313 RA
cases (68% seropositive) and ~1 mil-
lion controls from Northwestern Eu-
rope found 25 sequence variants of the
Janus Kinase (JAK)/ signal transducer
and activator of transcription proteins
(STAT) pathway characterising pa-
tients with RA, 33 for seropositive and
2 for seronegative (12). However, both
signals in seronegative RA were also
found in seropositive RA and pointed
to causal genes: a missense variant
1s2476601-A in PTPN22 and intronic
variant rs7731626-A in ANKRDS55.2
Another study, applying mendelian
randomisation design on 3 GWASs
metanalysis, found differences in cy-
tokine patterns of genetic activity be-
tween seronegative and seropositive
RA (13). However, while the genetic
association of interleukin (IL)-1{, IL-
Ira, and IL-6 activity with seropositive
RA was statistically significant, the
association of seronegative RA with
IL-2 receptor alpha subunit, IL-8, and
IL-18 was not; seronegative RA were
few cases and lacked statistical power.
Susceptibility to developing RA may
also be determined by epigenetic fac-
tors, such as DNA methylation and mi-
croRNAs (14-16). In a recent review,
Chang C et al. (17) summarised the
roles of miRNAs in the susceptibil-
ity, pathogenesis, diagnosis, treatment,
and prognosis of RA. Numerous miR-
NAs, but especially functional genetic
variants of miR-499 and miR-146, are
abnormally expressed in cells involved
in RA, and may putatively explain dis-
ease susceptibility independently of
seropositivity. However, no studies
have specifically addressed the pos-
sible epigenetic differences between
seropositive and seronegative RA.
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Lifestyle and environment

A correct lifestyle is important for pre-
venting both seropositive and seron-
egative RA. A recent study conducted
on 1,219 incident RA cases (776 se-
ropositive, 443 seronegative) demon-
strated that a high level of healthy life-
style index score was associated with
a lower RA risk, both in seropositive
and seronegative RA, with hazard ra-
tios of 0.85 and 0.87, respectively (18).
The healthy lifestyle index analysed
5 different aspects of lifestyle: smok-
ing, alcohol consumption, body mass
index, physical activity, and diet; the
higher the index, the healthier the life-
style. Another study followed 108 505
women 25-42 years old without RA for
a median follow-up time of 25.3 years
and found that long-term weight gain
was strongly associated with increased
RA risk, with weight gain of =20 kg
associated with more than a three-fold
increased risk (19). There was no dif-
ference between seronegative and se-
ropositive RA. Despite these similari-
ties, previous epidemiological studies
indirectly suggested a different role
for lifestyle, demographic and envi-
ronmental factors. A decline in the in-
cidence of RF positive RA had been al-
ready reported in Finland in 1980-2000
(20) and in the Pima indian population
(21) and was more recently confirmed
in a large US study (22); although not
proven, these changes were attributed
to public health measures including
smoking cessation. In contrast, seron-
egative RA cases seem to increase (22-
24), possibly due to growing obesity
rates and ageing population.

Among environmental factors, consid-
erations can be deducted from studies
conducted on serum samples, case-
control studies and metanalyses. The
first assessed the prevalence and mag-
nitude of antibody response against
various bacterial and viral immunogen
peptides derived from pathogens pre-
viously associated with RA, including
P. gingivalis, A. actinomycetemcomi-
tans, M. avium, Epstein-Barr virus,
and human endogenous retrovirus in
the sera of RA patients compared with
the general population (25). The study
demonstrated a significantly increased
humoral response against all tested

peptides in patients with RA. Among
them, seronegative patients seemed to
differ from seropositive RA only for
lower titres and prevalence of antibod-
ies against A. actinomycetemcomitans.
A Swedish case-control study includ-
ing 3515 incident RA cases and 5429
matched controls found that some al-
lergic conditions such as atopic der-
matitis were specifically associated
with increased RA risk in older and
ACPA-negative patients (26). Finally,
a systematic review and metanalysis of
all published epidemiological studies
concerning the association between oc-
cupational exposure to free crystalline
silica and subsequent development of
RA confirmed a significant association
in both seropositive and seronegative
patients (27).

Immunopathogenesis

As a primary site of inflammation in
RA, the synovial tissue represents a val-
uable source of information on the im-
munopathogenesis of the disease (28).
Although few studies have evaluated
the differences between seronegative
and seropositive RA, it appears that,
in the latter, more pronounced lym-
phoplasmacytic infiltrates are found,
whereas monocytes and macrophages
predominate in seronegative synovitis
(11). A recent spatial transcriptomics
study confirmed the differences in the
cellular composition of the synovial tis-
sue between seronegative and seroposi-
tive RA. Samples from 3 patients with
seronegative RA and 3 patients with
seropositive RA were analysed, demon-
strating that synovitis of seronegative
patients lacked robust signals of adap-
tive immune responses, and was rather
characterised by an increased presence
of dendritic cells (29). In contrast, tis-
sues of patients with seropositive RA
were much more organised into ec-
topic lymphoid structures. In keeping
with these findings, comprehensive im-
munoprofiling of the synovial CD4* T
cell subsets has convincly shown lower
expression of markers of peripheral
helper cells and lower levels of inhibi-
tory receptors, such as PD-1, in ACPA-
negative compared to ACPA-positive
patients, indicating lower signs of ac-
tivation in the former (30). A milder
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imbalance between CD4* T cell subsets
in seronegative patients has been dem-
onstrated also in the peripheral blood in
a study comparing 145 ACPA-positive,
145 ACPA-negative RA, and 38 healthy
controls (31).

Despite being outside the scope of this
review, it is worth mentioning the op-
portunity to disentangle some possible
pathogenetic mechanisms of seronega-
tive RA offered by the adverse events
of specific immunotherapies. Exam-
ples have emerged primarily for drugs
capable of altering the IL-4 and IL-13
axes, such as dupilumab, and immune
checkpoint inhibitors (ICIs) used for
cancer. Dupilumab is a monoclonal an-
tibody approved for atopic dermatitis,
asthma and chronic rhinitis. It blocks
the membrane receptor that IL-4 shares
with IL-13, reducing Th2 responses.
Relevantly, the alteration induced by
dupilumab may determine a compensa-
tory immunological switch with activa-
tion of the IL-23/IL-17 axis (32), and
the development of clinical manifesta-
tions typical of seronegative arthritis
(32, 33). By interfering with immune
cell-inhibitory  costimulatory mol-
ecules, such as PD, PD-1 and CTLA-
4, ICIs activate T lymphocytes against
cancer cells. In some patients, ICIs can
trigger several immune-related adverse
events, including chronic arthritis. Ar-
thritis in course of ICIs is mostly pol-
yarticular and seronegative in 80% of
the cases, thus hardly distinguishable
from seronegative RA (34). Pathoge-
netically, ICIs can induce Th17 cell
activation and proliferation, changes
in CD8 immune-effectors profile, and
impaired regulatory T cell survival (35,
36). A specific role of the IL-17 axis
also in seronegative RA, if any, re-
mains to be investigated.

Novel antibodies

Research in recent years has also shown
that newly discovered autoantibodies
are present in a significant percentage
of seropositive and seronegative RA
patients, highlighting a driving role of
adaptive immunity also in these latter
(3, 4). These are mainly AMPA, i.e.,
antibodies directed against proteins that
have undergone posttranslational modi-
fications. Sidiras et al. (37) identified
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eleven novel carbamylated autoanti-
gens in synovial fluid and serum of RA
patients using a combined proteomics
approach. Among them, specific anti-
bodies against carbamylated hemopex-
in and alpha-2-macroglobulin allowed
the diagnosis of 60% seronegative RA
patients in the early arthritis cohort
analysed. Another study investigating
the presence and significance of anti-
mitochondrial antibodies (AMA) found
AMA levels to be elevated in up to 26%
of RA patients (38). AMA levels corre-
lated significantly with erosive disease
and joint space narrowing, independent
of ACPA positivity. Furthermore, anti-
bodies to an outer mitochondrial mem-
brane protein, MFN 1, predicted the de-
velopment of erosive disease in seron-
egative RA. A multiplex immunoassay
with peptides from disease-related pro-
teins in joints of RA patients detected
a set of five peptides composed princi-
pally by new ACPA (cross)reactivities
but also included a peptide without cit-
rulline, that identified 22.5% (n=125)
of seronegative patients (n=556) with
99% specificity (39).

It is interesting to mention that signs of
B cell activation and antibody produc-
tion have also been recently described
in the classical seronegative arthitides
arising in course of ICIs. Cappelli et
al. (40) showed that more than 11% of
patients with seronegative ICI-induced
arthritis had anti-RA33 antibodies,
whereas none of the patients not de-
veloping arthritis had these antibod-
ies. Similarly, a significant increase in
transitional B cells and specific autoan-
tibodies to joint-related proteins was
documented in a prospective cohort of
patients treated with ICI for melanoma
who developed inflammatory arthritis
(41). Altogether, these finding point at
an autoimmune contribution to disease
pathogenesis also in a set of conditions
traditionally considered seronegative.

Pre-clinical disease

In seropositive RA, the typical evolu-
tion is that genetically predisposed
individuals may develop systemic au-
toimmunity under the effect of envi-
ronmental, endogenous and stochastic
factors; of them, some develop joint
symptoms eventually followed by

overt arthritis (42). The natural history
of seronegative RA is in contrast more
difficult to decipher, and disease extrin-
sication is generally considered more
abrupt (43). The recent adiministration
of the Symptoms in Persons at Risk of
Rheumatoid Arthritis (SPARRA) ques-
tionnaire to seropositive and seronega-
tive individuals at risk of developing
RA from four European centres partial-
ly confirmed this evidence (44). It was
indeed shown that specific symptoms
details such as pattern of joint pain,
frequency of joint swelling, presence
of tingling sensations, and frequency
of feeling fatigued provided useful ad-
ditional information to estimate risk of
developing clinical arthritis in subjects
with autoantibodies; in contrast, in the
seronegative subgroup, informative
items were pattern of symptom devel-
opment that increased rapidly and mus-
cle weakness, but the prediction model
was inaccurate. Similarly, results from
imaging studies have shown that sub-
clinical synovial and extra-synovial
inflammation is infrequent in the pre-
arthritis phase of subjects with clini-
cally suspect arthralgia (CSA) lacking
autoantibodies. Among 577 CSA, 80%
of whom autoantibody-negative, in-
trametatarsal bursitis on magnetic reso-
nance imaging (MRI) was present and
specific for RA development in 28%
of ACPA-positive compared to 9% of
ACPA-negative individulas (p<0.001)
(45). In keeping with the very intangi-
ble pre-clinical phase of seronegative
RA, recent proteomic analyses have
shown that multiple serum analytes,
including C-reactive protein (CRP)
levels, serum amyloid A, and soluble
PD-1, effectively identify imminent
cases of RA before diagnosis in ACPA-
positive (n=69), but not ACPA-nega-
tive (n=50) subjects from a cohort of
US military personnel (46).

Take-home messages

¢ Pathogenetic studies in seronegative
RA are hampered by the difficul-
ties in creating definitive diagnostic
groups (11).

¢ Genetic studies confirm that most of
the susceptibility loci identified in
seropositive RA cannot be replicat-
ed in seronegative patients (12, 13).
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* Endogeneous and environmental fac-
tors contribute to disease pathogen-
esis, but specific risk factors could
differ between seropositive and se-
ronegative RA (18, 19, 22, 23).

¢ Differences in the pathogenic path-
ways between the two subsets of
the disease can be partially captured
from the analysis of the synovial tis-
sue (29, 30).

* The pre-clinical history of seronega-
tive RA appears shorter and more
‘abrupt’ than that of seropositive RA
(43,44).

Epidemiology

The correct estimate of the true preva-
lence and incidence of seronegative
RA is troublesome and likely biased by
the selection criteria as well as by the
natural history of this subset of the dis-
ease. It is indeed well established that,
in national and international registries
of established RA, the proportion of
seronegative patients, mainly based on
RF testing, is as low as 10-40% among
all RA cases in historical cohorts (47)
and has remained around 20-30% in
more recent times (48). Most of these
registries however collect informa-
tion on patients escalated to biologi-
cal (b) and/or targeted synthetic (ts)
disease  modifying anti-rheumatic
drugs (DMARDs). The perception that
absence of autoantibodies ‘protects’
against unfavourable outcomes might
obviously have enriched these regis-
tries of seropositive patients. However,
the proportion of seronegative RA is
low also in non-selected cohorts of es-
tablished RA receiving different types
of treatments (49, 50), possibly due
to the milder/self-remitting nature of
some forms of rheumatoid-like seron-
egative polyarthritides. Data from ear-
ly arthritis cohorts in contrast describe
a different picture, with as many as 50-
60% of the patients fulfilling RA classi-
fication criteria despite lacking autoan-
tibodies (51, 52). Naturally, such a high
proportion may reflect the inclusion of
false-positive cases. However, these
data need to be interpreted also consid-
ering the proposed changing epidemi-
ology of RA, with increasing incidence
of seronegative forms in more recent
years, as alredy discussed (20-23). In
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this perspective, changes possibly at-
tributable to ageing population deserve
discussion. Based on the inclusion rate
of patients with RA in the Leiden Ear-
ly Arthritis Cohort between 1994 and
2015, Matthijssen et al. (23) calculated
an increase of nearly 3% per year in the
crude incidence of ACPA-negative RA;
when adjusting incidence rates for the
changes in age, much of the increase
appeared related to ageing (adjusted
incidence increase 1.7% per year). In-
terestingly, the higher prevalence of
seronegative RA seems to mostly af-
fect women, as recently indicated by
a cohort study (53) and a metanalysis
of 84 publications that included 87 RA
cohorts (54), suggesting possible gen-
der-related/specific differences in RA
risk factors.

Take-home messages

* The frequency of seronegative RA
within general RA cohorts greatly
varies depending on several factors,
including disease duration, persis-
tence and progression (48).

* Due to changes in demographic and
environmental risk factors, the inci-
dence of seronegative RA is increas-
ing (22, 23).

Classification, diagnosis

and differential diagnosis

Since the release and dissemination of
the American College of Rheumatolo-
gy (ACR)/European Alliance of Asso-
ciations for Rheumatology (EULAR)
classification criteria in 2010 (55), the
clinical and serological phenotype of
patients with RA significantly changed
(56). In the context of the score-based
algorithm, autoantibody positivity pro-
vides a high contribution in the final
sum of at least 6 points. Accordingly,
it might be relatively simple to catego-
rise patients with seropositive status.
The same cannot be said for patients
negative for autoantibodies since it is
required a much larger number of in-
volved joints to achieve the score of
6 (57). The 2010 criteria are therefore
being criticised because of low sensi-
tivity for seronegative forms (58). The
analysis of time-trends between 2005
and 2017 in a large early arthritis Ital-
ian cohort recently demonstrated that,

in seronegative patients, the proportion
identified within 12 weeks progres-
sively decreased from 37.9% to 25.6%
(»p=0.08) (59). Of note, the reduction in
the rate of early referral after 2010 was
prominent in patients classified as RA
solely based on the 2010 criteria.

Together with sensitivity, specificity
remains an issue for any classification
criteria, and careful exclusion of other
possible forms of arthritis is manda-
tory. The risk of misdiagnosis with the
2010 criteria is particularly high in se-
ronegative patients, in whom self-lim-
iting arthritis may occur in nearly 30%
of the cases (60). In this setting, the ap-
plication of the 1987 criteria (61) for
classification purposes might be more
specific. Using data from the BAR-
FOT (Better Anti-Rheumatic Phar-
macOTherapy) early arthritis cohort
(n=2543), only 3% of ACPA-negative
patients fulfilling the 1987 criteria at
disease presentation were misdiag-
nosed over a follow-up of 5 years, as
recently shown (62). The differential
diagnosis of seronegative polyarthrit-
des remains however troublesome and
includes inflammatory, infectious and
non-rheumatic disease. As an example,
calcium pyrophosphate deposition dis-
ease (CPPD) often mimicks seronega-
tive RA. In a recent paper, Krekeler et
al. (63) retrospectively evaluated the
prevalence of CPPD in a large cohort
of patients with chronic inflammatory
arthritis. Among them, the prevalence
of CPPD on hands radiographs was sig-
nificantly higher in seronegative versus
seropositive RA. Of note, no clinical
nor laboratory feature could precisely
discriminate between polyarticular
CPPD and RA in that cohort, and syno-
vial fluid analysis was often not avail-
able. Indeed, more than 25% of patient
primarily diagnosed with seronegative
RA fulfilled the diagnostic criteria for
CPPD. Another crucial diagnostic is-
sue is to differentiate between spondy-
larthritis (SpA) and seronegative RA.
Mease et al. (64) recently conducted a
systematic literature review to compare
clinical features between SpA and RA.
Among 79 records analysed published
between 1997 and 2020, the Authors
pointed out at differences that may help
to distinguish between the two entities.
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For instance, enthesitis was present sig-
nificantly more often in SpA compared
to RA and, among the latter, seronega-
tive patients displayed higher entheseal
abnormalities. In addition, skin or nails
psoriasis and dactylitis were almost ex-
clusively reported in SpA patients. At
the same time, the presence of destruc-
tive peripheral arthritis, high disabil-
ity, increased risk for cardiovascular
comorbidities and pain were described
as quite overlapping between the dis-
eases, thus not helping in differential
diagnosis. Interestingly, the Authors
noted some differences also compar-
ing early versus late and seropositive
versus seronegative RA. In particular,
autoantibody-negativity was associ-
ated with greater fatigue, less frequent
metacarpophalangeal (MCP), inter-
phalangeal and ankle joints involve-
ment, and more common enthesopathy
at ultrasonography (US).

Take-home messages

¢ Classification criteria developed for
RA may have insufficient sensitiv-
ity and specificity for seronegative
forms (58, 59).

* Due to the many mimickers, im-
provement in sensitivity may come
at the expenses of reduced specific-
ity (60, 63).

¢ Differential diagnosis remains most-
ly based on clinical experience (64).

Imaging

Imaging techniques such as US and
MRI potentially offer several opportu-
nities in patients with seronegative RA,
including improvement of early and
differential diagnosis and better identi-
fication of the anatomical lesions that
sustain the disease process.

Literature dating back more than 30
years ago had suggested that, notwith-
standing the overall clinical similarities
between seropositive and seronegative
RA, a proportion of patients in this lat-
ter subgroup could be characterised by
larger joint and carpal involvement de-
spite relative sparing of the small joints
of the hands and feet (65). Interesting-
ly, this evidence appears now somehow
confirmed in a small Mexican study
that compared US findings of twelve-
joints, including the elbows, knees and
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ankles, in 21 seronegative and 49 se-
ropositive patients (66). The Authors
reported a non-significant trend for
higher frequency of grey-scale (GS)
and power Doppler (PD) synovitis
at the knees in the former (76% and
38%, respectively, vs. 57% and 18%;
p=0.13 and p=0.08). In contrast, fewer
seronegative patients showed involve-
ment of the 2" MCP joint (38% vs.
71%, p=0.008), which was very rarely
PD-positive (9% vs. 53%, p<0.001).
The less frequent involvement of the
small joints of the hands could in part
explain the lower US scores found in
seronegative vs seropositive RA pa-
tients in the same range of swollen
joints when imaging assessment is
restricted to the wrist, the MCPs 2/3
and proximal interphalangeals 2/3 of
the dominant hand (67). Wang et al.
(68) reported on the differential US
patterns of hand joints and tendons in
seronegative RA compared to osteoar-
thritis (OA) of similar age and gender
and with relatively short disease dura-
tion (approximatively 10 months in
both groups). The study is limited by
the small sample size (83 RA, 40 OA),
absence of a control group of seroposi-
tive RA and, more importantly, lack of
information on the number of clinically
swollen joints. However, the analysis
confirmed the important role of teno-
synovitis in RA. Patients with seroneg-
ative RA were indeed more frequently
characterised by abnormal tendon GS
scores (39% vs. 8%), which were more
commonly of grade 2 as compared to
grade 1 in OA. Furthermore, PD scores
>2 were found in 23% of RA tendons
and in none of OA, underscoring the
inflammatory vs degenerative nature
of the two diseases. Although one of
the most challenging differential di-
agnoses of seronegative RA is repre-
sented by psoriatic arthritis (PsA), no
US studies on the topic were published
in 2022. In contrast, novel use of MRI
shows promise in clinical practice and
reaserch. By applying computing sys-
tems based on artificial neural networks
to MRI sequences, Folle et al. (69), in
a cohort of 135 seronegative RA, 190
seropositive RA, 177 PsA, and 147
psoriasis was able to demonstrate good
discriminatory capacity for RA (both

seropositive and seronegative) vs. PSA,
and moderate for seropositive vs. se-
ronegative RA. These findings are also
relevant from a pathophysiological
perspective, underscoring the existence
of ‘true’ differences between RA (as a
whole) and PsA.

At the anatomical level, imaging may
reveal important peculiarities of seron-
egative RA, in which extra-synovial
compartments may have a prominent
involvement. The best discriminatory
capacity for relevant outcomes in se-
ronegative patients appears to be of-
fered by tenosynovitis. A recent longit-
dinal study on 390 ACPA-negative UA
patients revealed that MRI-detected
tenosynovitis was associated with RA
development with an AUC of 0.795
(70). Application of MRI increased the
positive predictive value (PPV) from
19% to 28%, with the highest perfor-
mance improvement compared to clini-
cal assessment in patients with seron-
egative oligoarthritis (PPV from 19%
to 27%). These findings were indepen-
dently confirmed in a US study of 19
bilateral joints and 16 bilateral tendon
compartments in 150 UA patients,
74% of whom were ACPA-negative
(71). After applying principal compo-
nent analysis to identify non-redudant
variables that accounted for the largest
proportion of the variance, digit flexor
tendon GS independently predicted
seronegative persistent arthritis, with
a Nagelkerke R? value of 0.304. Rel-
evantly, in patients with seronegative
RA, tenosynovitis would appear not
only as earliest and most specific site of
disease localisation, but also the most
sensitive to change. Longitudinal MRI
analyses in 198 RA patients (47% of
whom ACPA-negative) from the Lei-
den Early Arthritis Clinic have indeed
revealed that, among seronegative pa-
tients undergoing sustained drug-free
remission, tenosynovitis and osteitis
decreased significantly, whilst synovi-
tis scores remained mostly unchanged
(72). In contrast, the small group of
ACPA-positive patients experiencing
disease resolution showed lower MRI
inflammatory scores already at disease
presentation, and a greater reduction of
synovitis over time. It is important to
emphasise that, in our view, these data
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do not dispute the central role of syno-
vitis also in seronegative RA. Howev-
er, similarly to other seronegative arth-
ritides such as PsA, the involvement of
extra-synovial compartmets might be
equally important.

Take-home messages

¢ Conventional imaging techniques
have thus far failed to demonstrate
specific lesions that could distin-
guish the various forms of chronic
polyarthritis (66, 67).

* The precocious and common invol-
ment of tendons in seronegative RA
might underlie specific pathogenetic
processes (70, 71).

Response to therapy

The association between autoantibody
status and response to conventional
synthetic (cs), b or ts DMARD:s is con-
troversial for most drugs.
Methotrexate (MTX) is believed to
have similar efficacy in seropositive
and seronegative RA patients, to the
point of being recommended as the an-
chor drug regardless of autoantibody
status (73). The speed and magnitude
of clinical response could however be
lower in seronegative patients (74, 75).
Recently published studies reinforced
the hypothesis of greater drug efficacy
in seropositive RA. Duong et al. (76)
performed machine learning data anal-
ysis of 4 randomised controlled trials
(RCTs) involving of 775 patients with
early RA of <24 months duration. Out-
come of interest was improvement of
disease activity at 24 weeks. Together
with lower 28-joints disease activity
score (DAS28) and disability scores at
baseline, ACPA positivity was predic-
tive of better response. The non-com-
plete appropriateness for seronegative
RA is also suggested by recent studies
independently demonstrating that MTX
reduces withdrawal rates of tumor ne-
crosis factor inhibitors (TNFis) due to
ineffectiveness in seropositive, but not
seronegative RA patients (77, 78).

Few more data are recently available
about response to second-line therapies.
A systematic literature review published
in 2022 on 99 laboratory markers from
41 studies failed to show an association
between RF and ACPA and response to
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TNFis (79). This data is however not
confirmed in all trials, as seropositivity
has been described to be a risk factor
for worse response to TNFis in some
studies (80, 81). Although the possible
differences in TNFi outcomes in rela-
tion to autoantibody subgroups have
not been further addressed, indirect evi-
dence that this class of drugs is effec-
tive in seronegative RA comes from the
aforementioned studies indicating good
retention rates irrespective of the con-
comitant use of MTX (77, 78). Further-
more, a recent analysis from Shipa et
al. (82) suggested that cycling between
TNFis rather than swapping to other
mechanisms of action is effective in se-
ronegative but not seropositive RA. The
authors evaluated drug survival of 435
RA patients refractory to a first TNFi
and subsequently treated with a second
TNFi or a different bDMARD, includ-
ing abatacept, tocilizumab or rituxi-
mab. Over 2 years, the retention rate for
biologics with a different mechanism of
action was longer compared to that of a
second TNFi only in seropositive RA,
whilst seronegative patients did not
show any advantage in drug survival
with the use of non-TNFis.

Anti-lymphocyte therapy was previous-
ly shown to be more effective in sero-
positive compared to seronegative RA
patients (83, 84). More recently, Norris-
Grey et al. (85) assessed long-term per-
sistence of rituximab and investigated
possible predictors of drug discontinu-
ation. Data from 404 patients were re-
trieved from medical records, under
a real-life treatment setting. Of note,
most patients had long-standing disease
before the first cycle of treatment with
rituximab (median disease duration: 10
years), and had already failed at least 1
bDMARD; moreover, the large major-
ity (>90%) was seropositive (for RF,
ACPA or both). Major reasons for stop-
ping rituximab were primary or second-
ary failure, and autoantibody negativity
appeared to be an independent predic-
tor of drug discontinuation. Similarly,
the already cited work from Shipa et al.
(82) showed prolonged retention rate in
RA patients treated with rituximab, but
only in the presence of autoantibodies.
Alten et al. (86) reported long-term re-
tention rate of subcutaneous abatacept

in RA patients from the Abatacept Sub-
CutaneOus in Routine clinical practice
(ASCORE) prospective multicenter
trial. Among 2892 studied patients,
47% was still on abatacept therapy at
2 years. Higher retention of abatacept
was observed in patients with lower
exposure to previous biologics and in
those with RF and/or ACPA positivity.
This data suggests a lower persistence
in treatment for seronegative RA, thus
a lower efficacy or a higher burden of
side effects in this subgroup of patients.
Only little information is currently
available regarding predictive factors
for response to JAK inhibitors (JAKis)
in RA. One single post-hoc analysis of
five RCTs previously showed that tofac-
itinib response was higher in seroposi-
tive compared to seronegative patients
at 3 months (87). A similar trend was
recently described by Sugawara and
colleagues (88). The Authors retrospec-
tively collected data from 132 patients
with RA treated with tofacitinib or ba-
ricitnib. Through a cluster analysis, the
study population was divided into 3
subgroups according to common clini-
cal, serological and radiological char-
acteristics. The primary outcome was
the evaluation of inadequate response
to JAKis, defined both as non-response
(achieving neither American College of
Rheumatology 20 - ACR20 response
nor ADAS28>1.2 at 12 weeks), and
intolerance. Interestingly, the authors
identified a specific subgroup of pa-
tients — negative for autoantibodies and
interstitial lung disease, positive for ad-
vanced joint destruction — that was par-
ticularly prone to interrupt treatment.
Furthermore, in the whole population,
univariate analysis showed a tendency
of inadequate response to JAKi in 16%
seropositive and 44% seronegative
patients. Better response of seroposi-
tive RA to JAKis was also found in the
Korean nationwide database includ-
ing 300 patients receiving tofacitinib
(89). In logistic regression analysis,
the only variables that predicted lower
drug discontinuation were positivity of
RF (OR 0.06, 95% CI: 0.01-0.55) and
ACPA (OR 0.11, 95% CI 0.02-0.71).
Data remain however controversial.
Results from the CorEvitas’ RA Reg-
istry including 429 tofacitinib initiators
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rather failed to demonstrate significant
differences in relation to ACPA status
for several outcomes, including chang-
es in Clinical Disease Activity Index,
modified Health Assessment Question-
naire (HAQ), patient global assess-
ment (PGA) scores, and proportion of
patients achieving a clinical response
(90).

Take-home messages

* Methotrexate is effective in both
seropositive and seronegative RA;
however, its benefits are more con-
vincent in seropositive forms (76).

* Drugs targeting pro-inflammatory
cytokines such as TNFis convey
similar benefits in seropositive and
seronegative patients (77, 78).

* Drugs targeting adaptive immunity
have lower retention in seronegative
patients (85, 86).

* The impact of autoantibody-positiv-
ity on the effectiveness of JAKis has
been poorly analysed and remains
debated (88-90).

Outcomes

Despite being considered overall
‘milder’ compared to its seropositive
counterpart, seronegative RA has ex-
tremely viariable clinical outcomes. A
proportion of patients requires life long
DMARD therapy and is characterised
by persistent or progressive disease (9).
On the other side, sustained drug-free
remission, which is very uncommon
in seropositive RA, can be achieved
in up 40% of the patients lacking au-
toantibodies (91). If clinical prognosis
cannot be predicted by demographic
and clinical variables alone (92), serum
biomarkers and early assessment of
response appear to offer relevant dis-
criminatory ability. In a recently pub-
lished study on 266 early RA patients
from the Leiden Early Arthritis cohort,
50% of whom ACPA-negative, higher
baseline levels of CRP (=15 mg/l) and
early achievement of DAS remission
identified a subgroup of seronega-
tive patients with 80% probability of
achieving drug-free remission, com-
pared with 45% chances in subjects
lacking these combined characteristics
(93). Further adding information to the
diverse clinical outcomes of seronega-
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tive RA, Cagnotto et al. (94), based on
two different Swedish early RA cohorts
recruited in different time periods, de-
scribed particularly favourable out-
comes in terms of clinical remission
and response to therapy among male
seronegative patients. In contrast, the
proportion of patients in remission was
low in seronegative females, although
barriers limiting the achievement of a
satisfactory response were mainly con-
fined to subjective components of the
DAS28 and acute phase reactants.

It is well established that seronegative
RA patients are characterised by a less
severe course of the disease in terms of
joint and systemic bone damage (95-
97). A recent post-hoc analysis of the
BARFOT study evaluated the presence
of joint erosions by conventional radi-
ography at different time points in 608
patients with early RA (98). Despite a
similar course of DAS28, PGA, VAS
pain and HAQ, 24% of the patients
never developed erosions over 8 years
of follow-up. Relevantly, the propor-
tion of never-erosive RA was 14%
among ACPA-positive subjects, and
30% among ACPA-negatives; in multi-
variable analysis, absence of ACPA was
the strongest predictor of erosion-free
status over and above disease duration
and activity. In addition with mainta-
ing better joint integrity, seronegative
patients were confirmed to experience
less bone density loss over time than
seropositives, with significant 3-years
decrease of bone mineral density at the
femoral neck but not the total hip and
lumbar spine (99).

Collectively, the evidence that a large
proportion of seronegative RA achieves
adequate control of inflammatory activ-
ity and never develops erosions reassur-
ingly confirms the more ‘benign’ nature
of this subgroup of the disease, but also
raises uncertainties about which out-
comes should be assessed in these pa-
tients. It is indeed common experience
that, in clinical practice, seronegative
patients are less often satisfied with
their treatment (100), more frequently
complain of non-nociceptive pain (101)
and develop concomitant fibromyalgia
(102). Poor self-perception of the dis-
ease is often the limiting factor to the
achievement of remission (103), and

painful symptoms apparently dissoci-
ate from objective inflammation early
during the patients’ history (104). As
a matter of fact, the management of
chronic pain remains the greatest chal-
lenge in seronegative RA (9). No stud-
ies have specifically addressed neither
the magnitude of persistent pain nor
its management based on autoantibody
characteristics, and the poor response to
immunosuppressive treatmet escalation
is more theoretical than scientifically
proven. In a recently published post
hoc analysis of pooled data from nine
RCTs of tofacitinib in RA and PsA,
pain reduction was significant even in
those patients with abrogated inflam-
mation (no swollen joints and CRP <6
mg/1) after 3 months (105). Disappoint-
ingly, this data refers to the typical RA
population enrolled in RCTs, with high
disease activity and autoantibody-pos-
itivity in >90% of the cases. Whether
apparently  non-inflammatory  pain
may improve with DMARDs also in
seronegative patients needs to be spe-
cifically analysed. The lower rates of
pain improvement in PsA compared to
RA in the aforementioned study (105),
toghether with the possibile clinical
and pathophysiological similarities be-
tween seronegative RA and PsA, do not
appear encouraging.

Take-home messages

* Many seronegative patients achieve
satisfatory suppression of joint and
systemic inflammation, and many
remain erosion-free (93, 98).

¢ Despite such favourable outcomes,
many seronegative patients miss
their target because of persistent pain
(103, 104).

Conclusions

The scientific community has been
struggling for years to try to identify
the peculiarities of seronegative RA
compared to its seropositive coun-
terpart. Research is hampered by the
many diagnostic and management dif-
ficulties offered by this subgroup of the
disease. We have tried to summarise
and critically present the most relevant
literature published in the last year and
hope to continue updating the review
with further discovieries to come.
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