
554 Clinical and Experimental Rheumatology 2023

1Department of Internal Medicine 
and Therapeutics, Università di Pavia;
2Division of Rheumatology, Fondazione 
IRCCS Policlinico San Matteo, Pavia;
3U.O. di Reumatologia, Ospedale San 
Giovanni Bosco, Napoli;
4Dipartimento di Medicina di 
Precisione, Università della 
Campania L. Vanvitelli, Napoli, 
Italy.
Ludovico De Stefano, MD*
Bernardo D’Onofrio, MD*
Saviana Gandolfo, MD
Emanuele Bozzalla Cassione, MD
Daniele Mauro, MD
Antonio Manzo, MD
Francesco Ciccia, MD
Serena Bugatti, MD
*Contributed equally as first co-authors.
Please address correspondence to:
Serena Bugatti
Division of Rheumatology, 
Fondazione IRCCS Policlinico 
San Matteo,
Viale Golgi 19, 
27100 Pavia, Italy.
E-mail: serena.bugatti@unipv.it
ORCID iD: 0000-0002-5396-7077
Received on March 7, 2023; accepted in 
revised form on March 13, 2023.
Clin Exp Rheumatol 2023; 41: 554-564.
© Copyright Clinical and 
Experimental Rheumatology 2023.

Key words: seronegative rheumatoid 
arthritis, autoantibody-negative, 
autoantibodies, anti-citrullinated 
protein antibodies, ACPA, rheumatoid 
factor

Competing interests: none declared.

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 
1st January to 31st 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 
rs2476601-A in PTPN22 and intronic 
variant rs7731626-A in ANKRD55.2 
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)-1β, IL-
1ra, 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.

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 

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, MFN1, 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 

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 

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 2nd 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 R2 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 DMARDs 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 

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 ΔDAS28>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-

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/l) 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. 



561Clinical and Experimental Rheumatology 2023

One year in review 2023: seronegative RA / L. De Stefano et al.

References
   1.	 LIN CMA, COOLES FAH, ISAACS JD: Preci-

sion medicine: the precision gap in rheu-
matic disease. Nat Rev Rheumatol 2022; 
18(12): 725-33. 

	 https://doi.org/10.1038/s41584-022-00845-w
   2.	 GRAVALLESE EM, FIRESTEIN GS: Rheuma-

toid arthritis - common origins, divergent 
mechanisms. N Engl J Med 2023; 388: 529-
42. 

	 https://doi.org/10.1056/NEJMra2103726
   3.	 VOLKOV M, van SCHIE KA, van der WOUDE 

D: Autoantibodies and B cells: the ABC of 
rheumatoid arthritis pathophysiology. Im-
munol Rev 2020; 294: 148-63. 

	 https://doi.org/10.1111/imr.12829
   4.	 SOKOLOVA MV, SCHETT G, STEFFEN U:  

Autoantibodies in rheumatoid arthritis: his-
torical background and novel findings. Clin 
Rev Allergy Immunol 2022; 63: 138-51. 
https://

	 doi.org/10.1007/s12016-021-08890-1
   5.	 BUGATTI S, BOGLIOLO L, MONTECUCCO C, 

MANZO A: B cell autoimmunity and bone 
damage in rheumatoid arthritis. Reumatis-
mo 2016; 68: 117-25. https://

	 doi.org/10.4081/reumatismo.2016.914
   6.	 BUGATTI S, MANZO A, MONTECUCCO C, 

CAPORALI R: The clinical value of autoan-
tibodies in rheumatoid arthritis. Front Med 
(Lausanne) 2018; 5: 339. 

	 https://doi.org/10.3389/fmed.2018.00339
   7.	 WILLEMZE A, TROUW LA, TOES RE, HUI-

ZINGA TW: The influence of ACPA status 
and characteristics on the course of RA. Nat 
Rev Rheumatol 2012; 8: 144-52. 

	 https://doi.org/10.1038/nrrheum.2011.204
   8.	 LENTI MV, ROSSI CM, MELAZZINI F et al.: 

Seronegative autoimmune diseases: a chal-
lenging diagnosis. Autoimmun Rev 2022; 
21: 103143. https://

	 doi.org/10.1016/j.autrev.2022.103143
   9.	 MATTHIJSSEN XME, NIEMANTSVERDRIET 

E, HUIZINGA TWJ, van der HELM-van MIL 
AHM: Enhanced treatment strategies and 
distinct disease outcomes among autoanti-
body-positive and -negative rheumatoid ar-
thritis patients over 25 years: a longitudinal 
cohort study in the Netherlands. PLoS Med 
2020; 17: e1003296. https://

	 doi.org/10.1371/journal.pmed.1003296
 10.	 MALMSTRÖM V, CATRINA AI, KLARESKOG 

L: The immunopathogenesis of seropositive 
rheumatoid arthritis: from triggering to tar-
geting. Nat Rev Immunol 2017; 17: 60-75. 
https://doi.org/10.1038/nri.2016.124

 11.	 DE STEFANO L, D’ONOFRIO B, MANZO A, 
MONTECUCCO C, BUGATTI S: The genetic, 
environmental, and immunopathological 
complexity of autoantibody-negative rheu-
matoid arthritis. Int J Mol Sci 2021; 22: 
12386. 

	 https://doi.org/10.3390/ijms222212386
 12.	 SAEVARSDOTTIR S, STEFANSDOTTIR L, 

SULEM P et al.: Multiomics analysis of 
rheumatoid arthritis yields sequence vari-
ants that have large effects on risk of the 
seropositive subset. Ann Rheum Dis 2022; 
81: 1085-95. https://

	 doi.org/10.1136/annrheumdis-2021-221754
 13.	 YUAN S, LI X, LIN A, LARSSON SC: Inter-

leukins and rheumatoid arthritis: bi-direc-

tional Mendelian randomization investi-
gation. Semin Arthritis Rheum 2022; 53: 
151958. https://

	 doi.org/10.1016/j.semarthrit.2022.151958
 14.	 ZHAO J, WEI K, CHANG C et al.: DNA meth-

ylation of T lymphocytes as a therapeutic 
target: implications for rheumatoid arthritis 
etiology. Front Immunol 2022; 13: 863703. 
https://doi.org/10.3389/fimmu.2022.863703

 15.	 JIANG P, WEI K, XU L et al.: DNA methyla-
tion change of HIPK3 in Chinese rheuma-
toid arthritis and its effect on inflammation. 
Front Immunol 2022; 13: 1087279. https://
doi.org/10.3389/fimmu.2022.1087279

 16.	 ZHAO J, XU L, CHANG C et al.: Circulating 
methylation level of HTR2A is associated 
with inflammation and disease activity in 
rheumatoid arthritis. Front Immunol 2022; 
13: 1054451. https://

	 doi.org/10.3389/fimmu.2022.1054451
 17.	 CHANG C, XU L, ZHANG R et al.: MicroR-

NA-mediated epigenetic regulation of rheu-
matoid arthritis susceptibility and patho-
genesis. Front Immunol 2022; 13: 838884. 
https://doi.org/10.3389/fimmu.2022.838884

 18.	 HAHN J, MALSPEIS S, CHOI MY et al.: As-
sociation of healthy lifestyle behaviors and 
the risk of developing rheumatoid arthritis 
among women. Arthritis Care Res (Hobo-
ken) 2023; 75: 272-6. 

	 https://doi.org/10.1002/acr.24862
 19.	 MARCHAND NE, SPARKS JA, MALSPEIS S et 

al.: Long-term weight changes and risk of 
rheumatoid arthritis among women in a pro-
spective cohort: a marginal structural model 
approach. Rheumatology (Oxford) 2022; 
61: 1430-9. https://

	 doi.org/10.1093/rheumatology/keab535
 20.	 KAIPIAINEN-SEPPANEN O, KAUTIAINEN H: 

Declining trend in the incidence of rheuma-
toid factor-positive rheumatoid arthritis in 
Finland 1980–2000. J Rheumatol 2006; 33: 
2132-8.

 21.	 ENZER I, DUNN G, JACOBSSON L, BENNETT 
PH, KNOWLER WC, SILMAN A: An epide-
miologic study of trends in prevalence of 
rheumatoid factor seropositivity in Pima 
Indians: evidence of a decline due to both 
secular and birth-cohort influences. Arthri-
tis Rheum 2002; 46: 1729-34. 

	 https://doi.org/10.1002/art.10360
 22.	 MYASOEDOVA E, DAVIS J, MATTESON EL, 

CROWSON CS: Is the epidemiology of rheu-
matoid arthritis changing? Results from a 
population-based incidence study, 1985-
2014. Ann Rheum Dis 2020; 79: 440-4. 
https://

	 doi.org/10.1136/annrheumdis-2019-216694
 23.	 MATTHIJSSEN XME, HUIZINGA TWJ, van 

der HELM-van MIL AHM: Increasing inci-
dence of autoantibody-negative RA is rep-
licated and is partly explained by an aging 
population. Ann Rheum Dis 2022; 81: e69. 
https://

	 doi.org/10.1136/annrheumdis-2020-217609
 24.	 TAKANASHI S, TAKEUCHI T, KANEKO Y: 

Effects of aging on rheumatoid factor and 
anticyclic citrullinated peptide antibody 
positivity in patients with rheumatoid ar-
thritis. J Rheumatol 2023; 50: 330-4. 

	 https://doi.org/10.3899/jrheum.220526
 25.	 JASEMI S, ERRE GL, CADONI ML, BO M, 

SECHI LA: Humoral response to microbial 
biomarkers in rheumatoid arthritis patients. 
J Clin Med 2021; 10: 5153. 

	 https://doi.org/10.3390/jcm10215153
 26.	 KRONZER VL, WESTER5LIND H, ALFREDS-

SON L et al.: Allergic conditions and risk of 
rheumatoid arthritis: a Swedish case-control 
study. RMD Open 2022; 8: e002018. https://
doi.org/10.1136/rmdopen-2021-002018

 27.	 MOROTTI A, SOLLAKU I, FRANCESCHINI F 
et al.: Systematic review and meta-analysis 
on the association of occupational exposure 
to free crystalline silica and rheumatoid ar-
thritis. Clin Rev Allergy Immunol 2022; 62: 
333-45. 

	 https://doi.org/10.1007/s12016-021-08846-5
 28.	 BUGATTI S, BOZZALLA CASSIONE E, DE 

STEFANO L, MANZO A: Established rheu-
matoid arthritis. The pathogenic aspects. 
Best Pract Res Clin Rheumatol 2019; 33: 
101478. 

	 https://doi.org/10.1016/j.berh.2019.101478
 29.	 VICKOVIC S, SCHAPIRO D, CARLBERG K 

et al.: Three-dimensional spatial transcrip-
tomics uncovers cell type localizations in 
the human rheumatoid arthritis synovium. 
Commun Biol 2022; 5: 129. 

	 https://doi.org/10.1038/s42003-022-03050-3
 30.	 ARGYRIOU A, WADSWORTH MH 2nd, LEND-

VAI A et al.: Single cell sequencing identifies 
clonally expanded synovial CD4+ TPH cells 
expressing GPR56 in rheumatoid arthritis. 
Nat Commun 2022; 13: 4046. 

	 https://doi.org/10.1038/s41467-022-31519-6
 31.	 LIANG Z, WANG N, SHANG L et al.: Evalu-

ation of the immune feature of ACPA-neg-
ative rheumatoid arthritis and the clinical 
value of matrix metalloproteinase-3. Front 
Immunol 2022; 13: 939265. 

	 https://doi.org/10.3389/fimmu.2022.939265
 32.	 BRIDGEWOOD C, WITTMANN M, MA-

CLEOD T et al.: T helper 2 IL-4/IL-13 dual 
blockade with dupilumab is linked to some 
emergent T helper 17-type diseases, includ-
ing seronegative arthritis and enthesitis/en-
thesopathy, but not to humoral autoimmune 
diseases. J Invest Dermatol 2022; 142: 
2660-7. 

	 https://doi.org/10.1016/j.jid.2022.03.013
 33.	 DE STEFANO L, BOBBIO-PALLAVICINI F, 

MONTECUCCO C, BUGATTI S: Dupilumab-
induced enthesoarthritis and refractory at-
opic dermatitis successfully treated with 
baricitinib. Rheumatology (Oxford) 2022; 
61: e64-e66. https://

	 doi.org/10.1093/rheumatology/keab771
 34.	 GHOSH N, CHAN KK, JIVANELLI B, BASS AR: 

Autoantibodies in patients with immune-re-
lated adverse events from checkpoint inhibi-
tors: A Systematic Literature Review. J Clin 
Rheumatol 2022; 28: e498-e505. https://

	 doi.org/10.1097/RHU.0000000000001777
 35.	 KIM ST, CHU Y, MISOI M et al.: Distinct mo-

lecular and immune hallmarks of inflamma-
tory arthritis induced by immune checkpoint 
inhibitors for cancer therapy. Nat Commun 
2022; 13: 1970. 

	 https://doi.org/10.1038/s41467-022-29539-3
 36.	 BENESOVA K, KRAUS FV, CARVALHO RA et 

al.: Distinct immune-effector and metabolic 
profile of CD8+ T cells in patients with au-
toimmune polyarthritis induced by therapy 



562 Clinical and Experimental Rheumatology 2023

One year in review 2023: seronegative RA / L. De Stefano et al.

with immune checkpoint inhibitors. Ann 
Rheum Dis 2022; 81: 1730-41. 

	 https://doi.org/10.1136/ard-2022-222451
 37.	 SIDIRAS P, LECHANTEUR J, IMBAULT V et 

al.: Human carbamylome description iden-
tifies carbamylated α2-macroglobulin and 
hemopexin as two novel autoantigens in 
early rheumatoid arthritis. Rheumatology 
(Oxford) 2022; 61: 2826-34. https://

	 doi.org/10.1093/rheumatology/keab838.
 38.	 MOORE RE, WANG T, DUVVURI B et al.: 

Anti-mitochondrial antibodies predict ero-
sive disease development in rheumatoid 
arthritis. Arthritis Rheumatol 2022 Dec 29. 
https://doi.org/10.1002/art.42428

 39.	 LÖNNBLOM E, LEU AGELII M, SAREILA O 
et al.: Autoantibodies to disease-related pro-
teins in joints as novel biomarkers for the 
diagnosis of rheumatoid arthritis. Arthritis 
Rheumatol 2023 Jan 31. 

	 https://doi.org/10.1002/art.42463
 40.	 CAPPELLI LC, BINGHAM CO, FORDE PM et 

al.: Anti-RA33 antibodies are present in a 
subset of patients with immune checkpoint 
inhibitor-induced inflammatory arthritis. 
RMD Open 2022; 8: e002511. https://

	 doi.org/10.1136/rmdopen-2022-002511
 41.	 GATTO M, BJURSTEN S, JONSSON CA et al.: 

Early increase of circulating transitional B 
cells and autoantibodies to joint-related pro-
teins in patients with metastatic melanoma 
developing checkpoint inhibitor-induced 
inflammatory arthritis. Arthritis Rheumatol 
2022 Nov 21. 

	 https://doi.org/10.1002/art.42406
 42.	 GERLAG DM, RAZA K, van BAARSEN LG et 

al.: EULAR recommendations for terminolo-
gy and research in individuals at risk of rheu-
matoid arthritis: report from the Study Group 
for Risk Factors for Rheumatoid Arthritis. 
Ann Rheum Dis 2012; 71: 638-41. https://

	 doi.org/10.1136/annrheumdis-2011-200990
 43.	 BURGERS LE, van STEENBERGEN HW, ten 

BRINCK RM, HUIZINGA TW, van der HELM-
van MIL AH: Differences in the symptomatic 
phase preceding ACPA-positive and ACPA-
negative RA: a longitudinal study in arthral-
gia during progression to clinical arthritis. 
Ann Rheum Dis 2017; 76: 1751-4. https://
doi.org/10.1136/annrheumdis-2017-211325

 44.	 van BOHEEMEN L, ter WEE MM, FALAHEE 
M et al.: The Symptoms in Persons At Risk 
of Rheumatoid Arthritis (SPARRA) ques-
tionnaire: predicting clinical arthritis devel-
opment. Scand J Rheumatol 2022 Sep 29:1-
8. https://

	 doi.org/10.1080/03009742.2022.2116806. 
 45.	 van DIJK BT, WOUTERS F, van MULLIGEN 

E, REIJNIERSE M, van der HELM-van MIL 
AHM: During development of rheumatoid 
arthritis, intermetatarsal bursitis may occur 
before clinical joint swelling: a large imag-
ing study in patients with clinically suspect 
arthralgia. Rheumatology (Oxford) 2022; 
61: 2805-14. https://

	 doi.org/10.1093/rheumatology/keab830
 46.	 LOZA MJ, NAGPAL S, COLE S et al.: Sero-

logic biomarkers of progression toward 
diagnosis of rheumatoid arthritis in active 
component military personnel. Arthritis 
Rheumatol 2022; 74: 1766-75. 

	 https://doi.org/10.1002/art.42260

 47.	 CURTIS JR, JAIN A, ASKLING J et al.:               
A comparison of patient characteristics and 
outcomes in selected European and U.S. 
rheumatoid arthritis registries. Semin Arthri-
tis Rheum 2010; 40: 2-14.e1. https://

	 doi.org/10.1016/j.semarthrit.2010.03.003
 48.	 COURVOISIER DS, CHATZIDIONYSIOU 

K, MONGIN D et al.: The impact of sero-
positivity on the effectiveness of biologic 
anti-rheumatic agents: results from a col-
laboration of 16 registries. Rheumatology 
(Oxford) 2021; 60: 820-8. https://

	 doi.org/10.1093/rheumatology/keaa393
 49.	 MAASSEN JM, BERGSTRA SA, CHOPRA A et 

al.: Phenotype and treatment of elderly on-
set compared with younger onset rheuma-
toid arthritis patients in international daily 
practice. Rheumatology (Oxford) 2021; 60: 
4801-10. https://

	 doi.org/10.1093/rheumatology/keab102
 50.	 EINARSSON JT, WILLIM M, SAXNE T, GE-

BOREK P, KAPETANOVIC MC: Secular 
trends of sustained remission in rheumatoid 
arthritis, a nationwide study in Sweden. 
Rheumatology (Oxford) 2020; 59: 205-12. 
https://

	 doi.org/10.1093/rheumatology/kez273
 51.	 BRINKMANN GH, NORVANG V, NORLI 

ES et al.: Treat to target strategy in early 
rheumatoid arthritis versus routine care - a 
comparative clinical practice study. Semin 
Arthritis Rheum 2019; 48: 808-14. https://
doi.org/10.1016/j.semarthrit.2018.07.004.

 52.	 BALDUZZI S, SCIRÈ CA, SAKELLARIOU G et 
al.: In early inflammatory polyarthritis more 
intensive management according to the 
2010 ACR/EULAR criteria leads to higher 
rates of clinical remission: comparison of 
two cohorts treated according to different 
treat-to-target protocols. Clin Exp Rheuma-
tol 2017; 35: 401-5. 

 53.	 TAKANASHI S, TAKEUCHI T, KANEKO Y: 
Effects of aging on rheumatoid factor and 
anticyclic citrullinated peptide antibody 
positivity in patients with rheumatoid ar-
thritis. J Rheumatol 2023; 50: 330-4. https://
doi.org/10.3899/jrheum.220526

 54.	 HADWEN B, YU R, CAIRNS E, BARRA L: 
Presence of autoantibodies in males and 
females with rheumatoid arthritis: a system-
atic review and metaanalysis. J Rheumatol 
2022; 49: 663-71. 

	 https://doi.org/10.3899/jrheum.211020
 55.	 ALETAHA D, NEOGI T, SILMAN AJ et al.: 

2010 Rheumatoid arthritis classification cri-
teria: An American College of Rheumatol-
ogy/European League Against Rheumatism 
collaborative initiative. Ann Rheum Dis 
2010; 69: 1580-8. 

	 https://doi.org/10.1136/ard.2010.138461.
 56.	 CADER MZ, FILER A, HAZLEHURST J, DE 

PABLO P, BUCKLEY CD, RAZA K: Perfor-
mance of the 2010 ACR/EULAR criteria 
for rheumatoid arthritis: comparison with 
1987 ACR criteria in a very early synovitis 
cohort. Ann Rheum Dis 2011; 70: 949-55. 
https://

	 doi.org/10.1136/10.1136/ard.2010.143560
 57.	 NORDBERG LB, LILLEGRAVEN S, LIE E et 

al.: Patients with seronegative RA have 
more inflammatory activity compared with 
patients with seropositive RA in an incep-

tion cohort of DMARD-naïve patients clas-
sified according to the 2010 ACR/EULAR 
criteria. Ann Rheum Dis 2017; 76: 341-5. 
https://

	 doi.org/10.1136/annrheumdis-2015-208873
 58.	 BOETERS DM, GAUJOUX-VIALA C, CON-

STANTIN A, van der HELM-van MIL AHM: 
The 2010 ACR/EULAR criteria are not suf-
ficiently accurate in the early identification 
of autoantibody-negative rheumatoid arthri-
tis: Results from the Leiden-EAC and ES-
POIR cohorts. Semin Arthritis Rheum 2017; 
47: 170-4. https://

	 doi.org/10.1016/j.semarthrit.2017.04.009
 59.	 DE STEFANO L, D’ONOFRIO B, SAKELLARI-

OU G, MANZO A, MONTECUCCO C, BUGAT-
TI S: Progressive increase in time to referral 
and persistently severe clinical presentation 
over the years in autoantibody-negative pa-
tients with rheumatoid arthritis in the setting 
of an early arthritis clinic. Ann Rheum Dis 
2022 Apr 29. https://

	 doi.org/10.1136/annrheumdis-2022-222264
 60.	 NORLI ES, BRINKMANN GH, KVIEN TK et 

al.: Self-limiting arthritis among patients 
fulfilling the 2010 ACR/EULAR classifi-
cation criteria for rheumatoid arthritis in a 
very early arthritis cohort. Semin Arthritis 
Rheum 2016; 46: 272-8. https://

	 doi.org/10.1016/j.semarthrit.2016.07.004
 61.	 ARNETT FC, EDWORTHY SM, BLOCH DA et 

al.: The American Rheumatism Association 
1987 revised criteria for the classification of 
rheumatoid arthritis. Arthritis Rheum 1988; 
31: 315-24. 

	 https://doi.org/10.1002/art.1780310302
 62.	 LEU AGELII M, HAFSTRÖM I, SVENSSON B 

et al.: Misdiagnosis of rheumatoid arthritis 
in a long-term cohort of early arthritis based 
on the ACR-1987 Classification Criteria. 
Open Access Rheumatol 2022; 14: 187-94. 
https://doi.org/10.2147/OARRR.S372724

 63.	 KREKELER M, BARALIAKOS X, TSIAMI S, 
BRAUN J: High prevalence of chondrocal-
cinosis and frequent comorbidity with cal-
cium pyrophosphate deposition disease in 
patients with seronegative rheumatoid ar-
thritis. RMD open 2022; 8: e002383. https://
doi.org/10.1136/rmdopen-2022-002383.

 64.	 MEASE PJ, BHUTANI MK, HASS S, YI E, HUR 
P, KIM N: Comparison of clinical manifes-
tations in rheumatoid arthritis vs. spondy-
loarthritis: a systematic literature review. 
Rheumatol Ther 2022; 9: 331-78. https://
doi.org/10.1007/s40744-021-00407-8

 65.	 PANAYI GS, CELINSKA E, EMERY P et al.: 
Seronegative and seropositive rheumatoid 
arthritis: similar diseases. Br J Rheumatol 
1987; 26: 172-80. https://

	 doi.org/10.1093/rheumatology/26.3.172
 66.	 CARBONELL-BOBADILLA N, SOTO-FAJAR-

DO C, AMEZCUA-GUERRA LM et al.: Pa-
tients with seronegative rheumatoid arthritis 
have a different phenotype than seropositive 
patients: A clinical and ultrasound study. 
Front Med (Lausanne) 2022; 9: 978351. 
https://doi.org/10.3389/fmed.2022.978351

 67.	 LIN D, ZHAO M, ZHANG Y, XIE Y, CAO J, 
PAN Y: Seronegative rheumatic arthritis has 
milder inflammation and bone erosion in an 
ultrasound study of disease-modifying anti-
rheumatic drugs (DMARDs)-naïve Chinese 



563Clinical and Experimental Rheumatology 2023

One year in review 2023: seronegative RA / L. De Stefano et al.

cohort. Ann Transl Med 2022; 10: 661. 
	 https://doi.org/10.21037/atm-22-2171
 68.	 WANG J, WANG M, QI Q, WU Z, WEN J: High-

frequency ultrasound in patients with seron-
egative rheumatoid arthritis. Sci Rep 2022; 
12: 21372. 

	 https://doi.org/10.1038/s41598-022-25958-w
 69.	 FOLLE L, BAYAT S, KLEYER A et al.: Ad-

vanced neural networks for classification of 
MRI in psoriatic arthritis, seronegative, and 
seropositive rheumatoid arthritis. Rheuma-
tology (Oxford) 2022; 61: 4945-51. https://
doi.org/10.1093/rheumatology/keac197

 70.	 den HOLLANDER NK, VERSTAPPEN M, 
SIDHU N, van MULLIGEN E, REIJNIERSE 
M, van der HELM-van MIL AHM: Hand and 
foot MRI in contemporary undifferentiated 
arthritis: in which patients is MRI valuable 
to detect rheumatoid arthritis early? A large 
prospective study. Rheumatology (Oxford) 
2022; 61: 3963-73. https://

	 doi.org/10.1093/rheumatology/keac017
 71.	 SAHBUDIN I, SINGH R, DE PABLO P et al.: 

The value of ultrasound-defined tenosyno-
vitis and synovitis in the prediction of per-
sistent arthritis. Rheumatology (Oxford) 
2023; 62: 1057-68. https://

	 doi.org/10.1093/rheumatology/keac199
 72.	 VERSTAPPEN M, MATTHIJSSEN XME, CON-

NOLLY SE, MALDONADO MA, HUIZINGA 
TWJ, van der HELM-van MIL AHM: ACPA-
negative and ACPA-positive RA patients 
achieving disease resolution demonstrate 
distinct patterns of MRI-detected joint-in-
flammation. Rheumatology (Oxford) 2022; 
62: 124-34. https://

	 doi.org/10.1093/rheumatology/keac294
 73.	 SMOLEN JS, LANDEWÉ RBM, BERGSTRA 

SA et al.: EULAR recommendations for the 
management of rheumatoid arthritis with 
synthetic and biological disease-modifying 
antirheumatic drugs: 2022 update. Ann 
Rheum Dis 2023; 82: 3-18. 

	 https://doi.org/10.1136/ard-2022-223356
 74.	 WEVERS-de BOER K, VISSER K, HEIMANS 

L et al.: Remission induction therapy with 
methotrexate and prednisone in patients 
with early rheumatoid and undifferenti-
ated arthritis (the IMPROVED study). Ann 
Rheum Dis 2012; 71: 1472-7. https://

	 doi.org/10.1136/annrheumdis-2011-200736
 75.	 NORDBERG LB, LILLEGRAVEN S, AGA AB 

et al.: Comparing the disease course of pa-
tients with seronegative and seropositive 
rheumatoid arthritis fulfilling the 2010 ACR/
EULAR classification criteria in a treat-to-
target setting: 2-year data from the ARCTIC 
trial. RMD Open 2018; 4: e000752. https://
doi.org/10.1136/rmdopen-2018-000752

 76.	 DUONG SQ, CROWSON CS, ATHREYA A et 
al.: Clinical predictors of response to metho-
trexate in patients with rheumatoid arthritis: 
a machine learning approach using clinical 
trial data. Arthritis Res Ther 2022; 24: 162. 

	 https://doi.org/10.1186/s13075-022-02851-5
 77.	 GREENWOOD M, SHIPA M, YEOH S, ROUS-

SOU E, MUKERJEE D, EHRENSTEIN MR: 
Methotrexate reduces withdrawal rates of 
TNF inhibitors due to ineffectiveness in 
rheumatoid arthritis but only in patients 
who are seropositive. Ann Rheum Dis 2020: 
79: 1516-7. https://

	 doi.org/10.1136/annrheumdis-2020-217725
 78.	 HERNÁNDEZ-BREIJO B, BRENIS CM, 

PLASENCIA-RODRÍGUEZ C et al.: Metho-
trexate reduces the probability of discon-
tinuation of TNF inhibitors in seropositive 
patients with rheumatoid arthritis. a real-
world data analysis. Front Med (Lausanne) 
2021; 8: 692557. 

	 https://doi.org/10.3389/fmed.2021.692557
 79.	 WIENTJES MHM, den BROEDER AA, WELS-

ING PMJ, VERHOEF LM, van den BEMT 
BJF: Prediction of response to anti-TNF 
treatment using laboratory biomarkers in 
patients with rheumatoid arthritis: a system-
atic review. RMD Open 2022; 8: e002570. 
https://

	 doi.org/10.1136/rmdopen-2022-002570
 80.	 TAKEUCHI T, MIYASAKA N, INUI T et al.: 

High titers of both rheumatoid factor and 
anti-CCP antibodies at baseline in patients 
with rheumatoid arthritis are associated 
with increased circulating baseline TNF 
level, low drug levels, and reduced clinical 
responses: a post hoc analysis of the RISIN. 
Arthritis Res Ther 2017; 19: 194. 

	 https://doi.org/10.1186/s13075-017-1401-2
 81.	 HAMBARDZUMYAN K, HERMANRUD C, 

MARITS P et al.: Association of female sex 
and positive rheumatoid factor with low 
serum infliximab and anti-drug antibodies, 
related to treatment failure in early rheu-
matoid arthritis: results from the SWEFOT 
trial population. Scand J Rheumatol 2019; 
48: 362-6. https://

	 doi.org/10.1080/03009742.2019.1602670
 82.	 SHIPA MRA, DI CICCO M, BALOGH E et al.: 

Drug-survival profiling of second-line bio-
logic therapy in rheumatoid arthritis: choice 
of another TNFi or a biologic of different 
mode of action? Mod Rheumatol 2022 Aug 
3. https://doi.org/10.1093/mr/roac086

 83.	 ISAACS JD, COHEN SB, EMERY P et al.:     
Effect of baseline rheumatoid factor and an-
ticitrullinated peptide antibody serotype on 
rituximab clinical response: a meta-analysis. 
Ann Rheum Dis 2013; 72: 329-36. https://
doi.org/10.1136/annrheumdis-2011-201117

 84.	 SOKOLOVE J, SCHIFF M, FLEISCHMANN R 
et al.: Impact of baseline anti-cyclic citrul-
linated peptide-2 antibody concentration on 
efficacy outcomes following treatment with 
subcutaneous abatacept or adalimumab: 
2-year results from the AMPLE trial. Ann 
Rheum Dis 2016; 75: 709-14. https://doi.
org/10.1136/annrheumdis-2015-207942

 85.	 NORRIS-GREY C, CAMBRIDGE G, MOORE 
S, REDDY V, LEANDRO M: Long-term per-
sistence of rituximab in patients with rheu-
matoid arthritis: an evaluation of the UCL 
cohort from 1998 to 2020. Rheumatology 
(Oxford) 2022; 61: 591-6. https://

	 doi.org/10.1093/rheumatology/keab248
 86.	 ALTEN R, MARIETTE X, FLIPO R-M et al.: 

Retention of subcutaneous abatacept for the 
treatment of rheumatoid arthritis: real-world 
results from the ASCORE study: an inter-
national 2-year observational study. Clin 
Rheumatol 2022; 41: 2361-73. 

	 https://doi.org/10.1007/s10067-022-06176-1
 87.	 BIRD P, HALL S, NASH P et al.: Treatment 

outcomes in patients with seropositive ver-
sus seronegative rheumatoid arthritis in 

Phase III randomised clinical trials of tofac-
itinib. RMD Open 2019; 5: e000742. https://
doi.org/10.1136/rmdopen-2018-000742

 88.	 SUGAWARA M, FUJIEDA Y, NOGUCHI A et 
al.: Prediction of the intolerance or non-
responder to Janus kinase inhibitors in pa-
tients with rheumatoid arthritis: a prelimi-
nary retrospective study with integrative 
cluster analysis. Clin Exp Rheumatol 2022; 
40: 1674-80. https://

	 doi.org/10.55563/clinexprheumatol/czhc93
 89.	 JUNG JY, LEE E, KIM JW, SUH CH, KIM HA: 

Efficacy and drug retention of tofacitinib in 
rheumatoid arthritis: from the nationwide 
Korean College of Rheumatology Biologics 
registry. Clin Exp Rheumatol 2022 Aug 31. 
https://

	 doi.org/10.55563/clinexprheumatol/6fcyza
 90.	 HARROLD LR, CONNOLLY SE, WITTSTOCK K 

et al.: Baseline anti-citrullinated protein anti-
body status and response to abatacept or Non-
TNFi biologic/targeted-synthetic DMARDs: 
US observational study of patients with RA. 
Rheumatol Ther 2022; 9: 465-80. 

	 https://doi.org/10.1007/s40744-021-00401-0
 91.	 D’ONOFRIO B, van der HELM-van MIL A, W 

J HUIZINGA T, van MULLIGEN E: Inducibil-
ity or predestination? Queries and concepts 
around drug-free remission in rheumatoid 
arthritis. Expert Rev Clin Immunol 2023; 
19: 217-25. https://doi.org/10.1080/174466
6X.2023.2157814

 92.	 de ROOY DP, WILLEMZE A, MERTENS B, 
HUIZINGA TW, van der HELM-van MIL AH: 
Can anti-cyclic citrullinated peptide anti-
body-negative RA be subdivided into clini-
cal subphenotypes? Arthritis Res Ther 2011; 
13: R180. https://doi.org/10.1186/ar3505

 93.	 VERSTAPPEN M, van STEENBERGEN HW, 
de JONG PHP, van der HELM-van MIL AHM: 
Unraveling heterogeneity within ACPA-
negative rheumatoid arthritis: the subgroup 
of patients with a strong clinical and sero-
logical response to initiation of DMARD 
treatment favor disease resolution. Arthritis 
Res Ther 2022; 24: 4. 

	 https://doi.org/10.1186/s13075-021-02671-z
 94.	 CAGNOTTO G, JACOBSSON LTH, RYDELL E, 

EBERHARD A, COMPAGNO M, TURESSON 
C: Male sex predicts a favorable outcome in 
early ACPA-negative rheumatoid arthritis: 
data from an observational study. J Rheu-
matol 2022; 49: 990-7. 

	 https://doi.org/10.3899/jrheum.211199
 95.	 AMAYA-AMAYA J, CALIXTO OJ, SAADE-LE-

MUS S et al.: Does non-erosive rheumatoid 
arthritis exist? A cross-sectional analysis 
and a systematic literature review. Semin 
Arthritis Rheum 2015; 44: 489-98. https://
doi.org/10.1016/j.semarthrit.2014.09.006

 96.	 ANDERSSON ML, SVENSSON B, FORSLIND 
K: Distribution of erosions in hands and feet 
at the time for the diagnosis of RA and dur-
ing 8-year follow-up. Clin Rheumatol 2021; 
40: 1799-810. https://

	 doi.org/10.1007/s10067-020-05465-x
 97.	 BUGATTI S, BOGLIOLO L, MANZO A et al.: 

Impact of anti-citrullinated protein antibod-
ies on progressive systemic bone mineral 
density loss in patients with early rheuma-
toid arthritis after two years of treat-to-
target. Front Immunol 2021; 12: 701922. 



564 Clinical and Experimental Rheumatology 2023

One year in review 2023: seronegative RA / L. De Stefano et al.

https://doi.org/10.3389/fimmu.2021.701922
 98.	 SVENSSON B, ANDERSSON MLE, GJERTS-

SON I, HAFSTRÖM I, AJEGANOVA S, FOR-
SLIND K: Erosion-free rheumatoid arthritis: 
clinical and conceptional implications-a 
BARFOT study. BMC Rheumatol 2022; 6: 
88. 

	 https://doi.org/10.1186/s41927-022-00317-4
 99.	 YU S-F, CHEN J-F, CHEN Y-C et al.: The im-

pact of seropositivity on systemic bone loss 
in rheumatoid arthritis - a 3-year interim 
analysis of a longitudinal observational 
cohort study. Front Med 2022; 9: 885801. 
https://doi.org/10.3389/fmed.2022.885801

100.	SCHÄFER M, ALBRECHT K, KEKOW J et al.: 
Factors associated with treatment satisfac-
tion in patients with rheumatoid arthritis: 
data from the biological register RABBIT. 

RMD Open 2020; 6: e001290. https://
	 doi.org/10.1136/rmdopen-2020-001290
101.	ten KLOOSTER PM, de GRAAF N, VONKE-

MAN HE: Association between pain phe-
notype and disease activity in rheumatoid 
arthritis patients: a non-interventional, lon-
gitudinal cohort study. Arthritis Res Ther 
2019; 21: 257. 

	 https://doi.org/10.1186/s13075-019-2042-4
102.	DUFFIELD SJ, MILLER N, ZHAO S, GOOD-

SON NJ: Concomitant fibromyalgia compli-
cating chronic inflammatory arthritis: a sys-
tematic review and meta-analysis. Rheuma-
tology (Oxford) 2018; 57: 1453-60. https://
doi.org/10.1093/rheumatology/key112

103.	BUGATTI S, DE STEFANO L, MANZO A, 
SAKELLARIOU G, XOXI B, MONTECUCCO 
C: Limiting factors to Boolean remission 

differ between autoantibody-positive and 
-negative patients in early rheumatoid ar-
thritis. Ther Adv Musculoskelet Dis 2021; 
13: 1759720X211011826. 

	 https://doi.org/10.1177/1759720X211011826
104.	BUGATTI S, DE STEFANO L, D’ONOFRIO B 

et al.: Inflammatory correlates of the Patient 
Global Assessment of Disease Activity vary 
in relation to disease duration and autoanti-
body status in patients with rheumatoid ar-
thritis. Ann Rheum Dis 2022 May 27. https://
doi.org/10.1136/annrheumdis-2022-222436

105.	DOUGADOS M, TAYLOR PC, BINGHAM CO 
3RD et al.: The effect of tofacitinib on resid-
ual pain in patients with rheumatoid arthritis 
and psoriatic arthritis. RMD Open 2022; 8: 
e002478. https://

	 doi.org/10.1136/rmdopen-2022-002478


