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A B S T R A C T

Objectives: We aimed to characterise the synovial pathology of refractory rheumatoid arthritis
(RA) by comparing two hypothesised clinical phenotypes—persistent inflammatory refractory
RA (PIRRA) and noninflammatory refractory RA (NIRRA)—against nonrefractory RA (NORRA).
Methods: We conducted a prospective, observational cohort study at two academic rheumatology
centres. Adult patients with established RA and active disease (Clinical Disease Activity Index
>10) underwent ultrasound-guided synovial tissue biopsies in accordance with European Alli-
ance of Associations for Rheumatology−Outcome Measures in Rheumatology guidelines. Based
on the Physician Global Assessment (>2/10) and C-reactive protein (>5mg/L) thresholds, biolog-
ical and targeted synthetic disease-modifying antirheumatic drugs (b/tsDMARDs)-inadequate
responders patients were classified as PIRRA or NIRRA, whereas b/tsDMARD-naïve were desig-
nated NORRA. Histopathological assessments included the Krenn Synovitis Score (KSS) and
immunohistochemistry pathotype evaluation (lympho-myeloid, diffuse-myeloid, pauci-immune/
fibroid).
Results: Of the 93 biopsied patients, 43 were PIRRA, 21 NIRRA, and 29 NORRA. NIRRA had
lower KSS (P = .012), lymphoid aggregates (P < .001) and predominantly pauci-immune/
fibroid pathotype (n = 21/43, 47.6%), whereas PIRRA displayed more lympho- and diffuse-
myeloid pathotypes, coupled with higher inflammatory markers and ultrasound-power Doppler
scores. The relative risk of having pauci-immune fibroid synovitis for NIRRA was 1.6 (95% CI
1.2 to 2.9, P = .006), indicating a statistically significant increase in risk compared to PIRRA.
Despite having similar overall disease activity scores, NIRRA patients reported significantly
greater pain (P = .005) and higher opioid use (P = .015) than PIRRA, and worse health-related
quality of life than PIRRA or NORRA, underscoring noninflammatory mechanisms.
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Conclusions: Our findings demonstrate distinct synovial and clinical phenotypes in refractory RA.
Although PIRRA appears driven by active synovial inflammation and immune cell infiltration,
NIRRA involves predominantly pauci-immune/fibroid histology with significant noninflamma-
tory contributors to disease burden.
WHAT IS ALREADY KNOWN ON THIS TOPIC

� Refractory rheumatoid arthritis (RA) encompasses a heteroge-
neous group of patients who have persistent disease activity
despite multiple treatments.

� Within refractory RA, noninflammatory drivers (eg, chronic
pain syndromes, comorbidities) can mimic or overlap with per-
sistent inflammatory disease, complicating treatment deci-
sions.

� Synovial tissue biopsy studies in RA have identified 3 main
pathotypes—lymphomyeloid, diffuse myeloid, and fibroid/
pauci-immune—but their specific role in clinically refractory
RA phenotypes has remained unclear.

WHAT THIS STUDY ADDS

� Noninflammatory refractory RA (NIRRA) and persistent inflam-
matory refractory RA (PIRRA) exhibit distinct histopatholog-
ical signatures in synovial tissue. NIRRA is predominantly
associated with the fibroid/pauci-immune pathotype and low
synovitis scores, whereas PIRRA often has higher-grade synovi-
tis with lympho-myeloid/diffuse-myeloid features.

� Despite comparable clinical disease activity scores, NIRRA
patients display more pain, higher opioid usage, and worse
health-related quality of life indices (eg, Short Form-36) in the
setting of limited immune-inflammatory changes.

� Patients with PIRRA demonstrate prominent inflammatory
markers (elevated C-reactive protein, erythrocyte sedimenta-
tion rate) and heavier immune cells infiltration, highlighting a
fundamentally different disease mechanism compared to
NIRRA.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

� Clinicians may need to integrate both inflammatory and nonin-
flammatory factors (including fibromyalgia, depression, pain
sensitisation) when classifying ‘refractory’ RA.

� Incorporating synovial biopsy into routine practice could help
distinguish between inflammatory and noninflammatory driv-
ers of disease, guiding more targeted therapies (eg, advanced
immunosuppression for PIRRA vs a focus on pain-modulating
treatments and other nonimmunosuppressive strategies for
NIRRA).

� In research and policy, these findings highlight the necessity of
phenotyping refractory RA more precisely, which may improve
trial design and resource allocation by sparing patients with
predominantly noninflammatory mechanisms from additional,
potentially unnecessary immunosuppressive drugs.

INTRODUCTION

The introduction of advanced treatments, such as biological
and targeted synthetic disease-modifying antirheumatic drugs
(b/tsDMARDs), has ushered in a novel approach to treating the
‘refractory’ subset of rheumatoid arthritis (RA) [1]. Refractory
RA describes an ill-defined paradox in which patients have
immunological mechanisms that confer failure to multiple dis-
ease-modifying antirheumatic drugs (DMARDs). Persistent syno-
vial hyperplasia, substantial immune cell infiltration, and
increased vascularity are histological hallmarks of refractory RA
[2]. With the increasing use of ultrasound-guided synovial tissue
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biopsy (UGSTB) in clinics [3], the molecular landscape underly-
ing refractory RA has been gradually uncovered, allowing for
the possibility of aiming for a tailored approach based on the
molecular pathways involved in the disease’s pathogenesis.
However, a connection between molecular pathways within the
synovium and clinical clues of refractoriness has not been
proved. To date, in fact, very little is known about the associa-
tion between the main synovial pathotypes (lymphomyeloid,
diffuse myeloid, and pauci-immune fibroid) and clinical pheno-
types [4].

Several noninflammatory factors contribute to refractory RA,
namely comorbidities, pain syndromes, and psychosocial factors
[5−8]. In theory, there are 2 primary clinical subsets of refrac-
tory RA: PIRRA, which stands for persistent inflammatory
refractory RA, and NIRRA, which stands for noninflammatory
refractory RA [9]. Many clinicians generally agree that PIRRA is
defined by persistent inflammation even after treatment,
whereas NIRRA is characterised by the absence of inflammation
with paradoxical persistence of disease activity. It is worth not-
ing that the concepts of absence of inflammation discriminating
between NIRRA and PIRRA also depend on the subjectivity of
the physician because clinicians inevitably integrate multiple
clinical clues when judging whether residual disease activity
reflects persistent synovitis or noninflammatory pain. Therefore,
the 2 groups could be classified using a physician-attributed
measure of disease activity, like the Physician Global Assess-
ment (PhGA) scale, and an objective indicator of inflammation,
like C-reactive protein (CRP). To date, though, the distinction
between NIRRA and PIRRA is theoretical only. Moreover, the
association between PIRRA and NIRRA with underlying synovial
pathology remains unclear.

We hypothesised that clinically defined PIRRA and NIRRA
represent biologically distinct entities. Specifically, we antici-
pated that NIRRA would correlate with lower Krenn Synovitis
Scores (KSS) and enrichment of the pauci-immune/fibroid path-
otype, whereas PIRRA would display higher-grade synovitis
with lympho- or diffuse-myeloid architecture. To test this, we
prospectively compared synovial histology across PIRRA,
NIRRA, and nonrefractory RA in a biopsy-based cohort.
METHODS

Study design and setting

MATRIX-D2T is an observational, prospective, longitudinal
cohort study conducted at 2 academic rheumatology units in
Italy (University Hospital of Padova and University Hospital of
Ferrara). The study was approved by 2 territorial ethics commit-
tees (CET-ACEV 6029/AO/24; 698/2020/Sper/AOUFe) in com-
pliance with the principles of the Declaration of Helsinki as
revised in 2000. The study enrolled patients with established RA
who underwent synovial biopsy as part of routine clinical prac-
tice between January 1, 2020, and November 15, 2024. At this
stage, only baseline data are reported. The reporting of the study
follows the Strengthening the Reporting of Observational Stud-
ies in Epidemiology guidelines.
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Inclusion and exclusion criteria

The following inclusion criteria applied: age ≥18 years old,
diagnosis of RA according to 2010 American College of Rheuma-
tology/European Alliance of Associations for Rheumatology
(ACR/EULAR) classification criteria, moderate or high disease
activity (Clinical Disease Activity Index [CDAI] > 10), inade-
quate response to at least 1 conventional synthetic DMARD
(csDMARD). To guard against recruiting patients with true
remission plus nociplastic pain, we also mandated clinical and
ultrasound (grade ≥1) synovitis of at least 1 joint for study
entry. The following exclusion criteria applied: unwillingness to
undergo UGSTB, overlap connective tissue diseases except for
secondary Sjogren’s syndrome (ie, systemic lupus erythemato-
sus, systemic sclerosis, and dermatomyositis), suspected or con-
firmed infectious or crystal arthritis, current glucocorticoid dose
exceeding 10 mg/day of prednisone-equivalent, intra-articular
corticosteroid injection within the previous 6 weeks, and use of
warfarin. The study flow chart is illustrated in Figure 1.

Study definitions

In light of the absence of universally accepted definitions for
NIRRA and PIRRA, the definitions of NIRRA and PIRRA were
formulated through a consensus between 2 principal investiga-
tors (AG and ES). When MATRIX‑D2T was conceived, the formal
EULAR definition of D2T‑RA had not yet been issued and there
was no consensus cut-off for multijoint power Doppler (PD)
activity in refractory RA. We therefore adopted the most widely
accepted operational marker of refractoriness at that time—fail-
ure of at least 1 b/tsDMARD—as used in several earlier biop-
sy‑driven studies, including the stratification of biological
therapies for rheumatoid arthritis by pathobiology (STRAP) tri-
als and the Pathobiology of early/established (PEAC/PEsAC)
cohort studies. Drug discontinuation solely due to intolerance,
in the absence of objective or clinical evidence of persistent dis-
ease activity, did not meet the failure criterion. Therefore, the
definition was based on 3 criteria: failure of at least
1 b/tsDMARD, a standard threshold for CRP (>5 mg/L), due to
stronger associations with synovitis and radiographic progres-
sion than DAS28 [10], and the PhGA. Our pragmatic definition
of refractoriness required failure of ≥1 b/tsDMARD in the pres-
ence of persistent inflammation or pain after csDMARD optimi-
sation. While the EULAR criteria for DT2-RA recommend ≥2
failed b/tsDMARDs with different modes of action, we deliber-
ately chose a lower threshold because, in real‑world practice,
Figure 1. Study flow chart. USGSB, ultrasound-guided synovial biopsy.
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uncontrolled disease after the first b/tsDMARD already repre-
sents a clinically relevant therapeutic impasse. Nonetheless, we
acknowledge that some experts might label such cases as nonre-
sponse rather than true refractoriness; our findings should there-
fore be interpreted within this spectrum. The threshold for PhGA
was derived from latent class analysis of 255 patients fulfilling
the EULAR definition of D2T-RA in the study by Novella-Nav-
arro et al. [11] The upper quartile for PhGA at 24 months for
class 2, which was most prominent in non-DT2-RA patients, was
selected as the cut-off deemed to discriminate between NIRRA
and PIRRA as a provisional, literature‑based threshold, under
the assumption that NIRRA would compare to non-D2T RA
more than PIRRA. Eventually, we defined NIRRA as PhGA ≤20/
100 mm or CRP ≤5 mg/L and PIRRA as PhGA >20/100 mm and
CRP >5 mg/L; patients who were b/tsDMARD-naïve, irrespec-
tive of CRP or PhGA, were designated as nonrefractory RA
(NORRA; Fig 2) and served as a low-inflammation benchmark.

In this study, the term “sex” refers to biological attributes
(male/female) as recorded in patients’ medical records. The
term “gender” is not used, as gender identity was not assessed.

Study procedures

All study procedures and collected data are described thor-
oughly in the Supplementary Material. Briefly, clinical examina-
tion for tender (Tender Joint Count (28 joints)) and swollen
(Swollen Joint Count (28 joints)) joint count in 28 joints was
performed by independent joint assessors (FF, KK, and MC) to
ensure consistency and minimise observer bias. Musculoskeletal
ultrasound (MSUS) of clinically swollen joints was performed by
2 rheumatologists trained in MSUS (MS and CG). The examina-
tion was graded for synovial hypertrophy (SH) (0-3) and PD (0-
3) according to Outcome Measures in Rheumatology consensus
[12]. Each patient underwent a UGSTB by 2 trained rheumatolo-
gists (AG and ES) following the EULAR and European Synovitis
Study Group consensus [10,13]. The procedure is proven to be
efficacious and well-tolerated [14,15]. The UGSTB was per-
formed on the most active joint identified based on the highest
SH and PD scores; as recommended, larger joints were preferen-
tially sampled to optimise tissue yield and quality whenever fea-
sible [16], and a minimum of 6 to 8 tissue fragments were
obtained from each joint [17].
Figure 2. Proposed stratification in PIRRA and NIRRA used to classify
patients in the present study. b/tsDMARD, biological and targeted syn-
thetic disease-modifying antirheumatic drug; CRP, C-reactive protein;
NIRRA, noninflammatory refractory rheumatoid arthritis; NORRA, non-
refractory rheumatoid arthritis; PhGA, Physician Global Assessment;
PIRRA, persistent inflammatory refractory rheumatoid arthritis.
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Synovitis score and synovial pathotypes

Analysis of synovial tissue (ST) is described in detail in the
Supplementary Material. Briefly, all ST specimens were exam-
ined by 3 trained and expert pathologists (AA, GL, and MF) who
were blinded to the patients’ clinical and immunologic charac-
teristics. Synovitis severity was assessed using the KSS [18],
which evaluates 3 key features of the synovial tissue—namely,
the synovial lining cell layer, stromal cell density, and inflamma-
tory infiltrates—each graded on a scale from 0 (none) to 3
(strong). The values of the parameters were summed and inter-
preted as follows: a score of 0 to 1, no synovitis; 2 to 4, low-
�grade synovitis; and 5 to 9, high�grade synovitis. ST samples
obtained from patients were processed for pathotype assessment
using immunohistochemistry (IHC) analysis. All IHC markers
were used to stratify lympho-myeloid, diffuse-myeloid, and
pauci-immune fibroid histological patterns (pathotype) accord-
ing to previously published histological features [19]: lympho-
myeloid is characterised by the presence of grades 2 to 3 CD20
+ aggregates, CD20 ≥2, and/or CD138 ≥2; diffuse-myeloid is
characterised by CD68 SL ≥2, CD20 ≤1 and/or CD3 ≥1, and
CD138 ≤2; pauci-immune-fibroid is characterised by the CD68
SL <2 and CD3, CD20, and CD138 <1.

Statistical analysis

Data were first tested for their normality graphically and with
the Kolmogorov−Smirnov test. Continuous variables were pre-
sented as mean ± SD for parametric data and median with inter-
quartile range for nonparametric data. Parametric data were
compared using the independent samples Student’s t-test and
the Mann−Whitney U test used for nonparametric data. Categor-
ical variables were presented using numbers and percentages.
Associations between categorical variables were tested using the
chi-square test, and Fisher’s exact test was used when cells count
less than 5 was expected. Comparisons between NIRRA, PIRRA,
and NORRA were assessed through the Brown-Forsythe and
Welch analysis of variance, with corrections made using
Dunnett’s T3 multiple comparisons tests. Statistical significance
was set at a P value of .05. All statistical analyses were con-
ducted using IBM SPSS version 26.0.

Missing data

All variables analysed had less than 10% of missing data and
thus were considered with no need for imputation, and listwise
deletion was used.

Patients and public involvement

Patients were not involved in the design, conduct, reporting,
or dissemination of this study. The study was investigator-led and
developed based on scientific and clinical considerations without
direct patient input. However, patient-reported outcome meas-
ures (PROMs) were systematically collected to assess the patient’s
perspective on disease impact and treatment burden.

RESULTS

Clinical characteristics of the study population

A total of 98 patients (Padova n = 72, Ferrara n = 26) met
the inclusion criteria and underwent UGSTB. The UGSTB proce-
dure was safe and well-tolerated, with only 6% of participants
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experiencing adverse events (mild bleeding (n = 3), mild swell-
ing (n = 2), and flushing), all of which resolved without inter-
vention. The most frequently biopsied joints were the knees
(80%), wrists (20%), and metacarpophalangeal joints (<10%).
After excluding 5 patients due to inadequate sampling (ie, lack
of gradable synovial tissue), 93 patients were ultimately
included in the study (Fig 2). Of these, we classified 43 as
PIRRA, 21 as NIRRA, and the remaining (n = 29) as nonrefrac-
tory RA (NORRA). In total 29 of the 64 refractory participants
(45 %) fulfilled the full EULAR D2T definition.

Patients enrolled in Ferrara had a significantly longer disease
duration than those in Padova (mean (SD) 15.8 (9.8) vs 7.9
(7.4) years, P < .001). After adjusting for the study centre,
Patient Global Assessment (PtGA), and PhGA, disease duration
did not predict KSS or the pauci-immune fibroid pathotype (Sup-
plementary Table S1). Therefore, both centres enrolled patients
with long-standing RA, and the disparity in disease duration did
not impact the results. Otherwise, there were no significant dif-
ferences in demographic characteristics, MSUS findings, or the
distribution of PIRRA, NIRRA, and NORRA between the 2 enroll-
ing centres; therefore, data were pooled for analysis.

Comparative analysis showed that NIRRA, PIRRA, and
NORRA patients did not differ significantly in terms of sex distri-
bution, age, and extra-articular manifestations (Table 1). As
expected, NORRA patients exhibited significantly shorter dis-
ease duration and fewer radiographic erosions. The PIRRA
group had a higher representation of seropositive patients. With
regard to medications, current use and dose of oral glucocorti-
coids (GCs), current use of csDMARDs, and nonsteroidal anti-
inflammatory drugs were similar between groups; however,
NIRRA patients significantly used opioids more often than
PIRRA and NIRRA. The number of failed b/tsDMARD classes
was similar between NIRRA and PIRRA, with similar and sub-
stantial proportions of patients fulfilling the EULAR D2T-RA def-
inition. By protocol, NORRA were all b/tsDMARD-naïve. One
half of the NORRA group (58%) had received only a single
csDMARD—usually methotrexate or hydroxychloroquine—
whereas a further one-third had tried 2 agents (21%) and the
remaining (21%) 3 or more. Two patients out of 29 were admin-
istered methotrexate and hydroxychloroquine as a combination
of csDMARDs (Supplementary Table S2).

NIRRA and PIRRA differentiate into distinct pathotypes

The most common pathotype of NIRRA was pauci-immune
fibroid, which contributed to 47.6% of all cases (n = 10/21). It
was followed by diffuse myeloid (n = 6/21, 28.6%) and lym-
phomyeloid (n = 5/21, 23.8%). In PIRRA, diffuse myeloid
(n = 14/43, 33%) and lymphomyeloid (n = 23/43, 53%) were
the most prevalent pathotypes, with only a minority of patients
presenting with the pauci-immune fibroid pathotype (n = 6/43,
13.9%) (Fig 3A). The relative risk (RR) of having pauci-immune
fibroid synovitis for NIRRA was 1.6 (95% CI 1.2 to 2.7,
P = .006; Fig 3B), indicating a statistically significant increase
in risk compared to PIRRA. We have repeated the main analysis
in D2T-RA patients only (PIRRA, n = 19/43; NIRRA, n = 10/
21; Fig 3B), finding an even stronger association (RR = 2.0,
95% CI 1.1 to 4.9, P= .045).

NIRRA also had low-grade synovitis and scarce plasmacellu-
lar infiltrate. The mean (SD) synovial inflammatory score in
NIRRA was 1.7 (1.0), comparable to NORRA (1.3 (0.6);
P = .235), whereas it was significantly higher in PIRRA
(2 (1.1); P = .015), indicating a 33% relative increase. Scores
for SH and stromal density were comparable between groups.



Table 1
Clinical characteristics of the study population (n = 93)

n (%) or median (25th, 95th percentile) PIRRA
N= 43

NIRRA
N= 21

NORRA
N= 29

PIRRA vs NIRRA PIRRA vs NORRA NIRRA vs NORRA

Female sex 77.1 77.3 63 0.396
Age, y 61 (44.8, 68) 59 (54, 68) 60 (46, 65) 0.848
Disease duration, y 10.5 (5, 16.5) 10 (5.5, 16) 3 (1, 5) 0.985 0.002 0.024
Erosions 66.7 47.8 12 <0.001
RF or ACPA positive 80.6 65.0 60.0 0.007
Extra-articular manifestations 20.8 26.1 22.2 0.949
Current GCs 52.1 52.4 26.9 0.100
PDN, mg daily 5 (5, 8.8) 5 (4.4, 5) 5 (3.8, 6.3) 0.158
NSAID 37.5 52.4 38.5 0.517
Opioid 8.3 23.8 0 0.014
csDMARDs, n 2 (1, 3) 2 (1, 3) 1 (1, 1) 0.999 0.002 0.141
Current
csDMARD

52.1 57.1 34.6 0.229

b/tsDMARDs
- TNFi
- Abatacept
- Anti-IL6
- Rituximab
- JAKis

1 (1, 3)
82.5
22.9
22.9
8.3
31.3

1 (1, 3)
77.8
21.7
21.7
17.4
39.1

0 0.944 <0.001 <0.01

D2T RA (≥2 classes) 41.7 43.5 0 <0.001

ACPA, Anti-citrullinated protein antibodies; ANOVA, analysis of variance; b/tsDMARDs, biologic or targeted synthetic disease-modifying antirheumatic
drugs; D2T RA, difficult-to-treat rheumatoid arthritis; GC, glucocorticoid; IL6, interleukin-6; JAKis, Janus kinase inhibitors; NIRRA, noninflammatory
refractory RA; NORRA, nonrefractory rheumatoid arthritis; NSAID, nonsteroidal anti-inflammatory drug; PDN, prednisone; PIRRA, persistent inflamma-
tory refractory rheumatoid arthritis; RF, rheumatoid factor; TNFi, tumour necrosis factor inhibitor.
P values refer to chi-square or Fisher test for categorical variables and ANOVA with Dunnett’s T3 multiple comparisons tests for continuous variables.
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The median (IQR) KSS of NIRRA (4; IQR: 2, 6) was signifi-
cantly lower than that of PIRRA (6; IQR: 3, 8), P = .012;
Fig 4A). Compared to PIRRA, NIRRA exhibited significantly
fewer lymphoid aggregates (P < .001; Fig 4B) and fewer plasma-
cellular (CD138+) infiltrates (Fig 4C). In addition, macrophages
(CD68+), lymphocytes (CD3+), and B cells (CD20+) markers
showed numerically lower values for NIRRA (Fig 4C), reflecting
lower inflammatory scores. The key histopathological contrasts
between PIRRA and NIRRA—higher KSS, number of aggregates
—were reproduced almost verbatim within the EULAR‑defined
difficult‑to‑treat subset (Supplementary Table S3).

Physical function and comorbidities across the refractory RA
continuum

NIRRA patients had the worst physical function among all
patients’ subgroups. In the majority of the Short Form (SF)-36
domains (5/8), NIRRA patients scored the lowest, and their
physical functioning scores were significantly worse than those
of NORRA (P= .041; Fig 5).

Although there was no significant difference in Health
Assessment Questionnaire Disability Index (HAQ-DI) scores
between NIRRA and PIRRA, both were significantly higher than
NORRA (P= .019 and P= .002, respectively).
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Fibromyalgia (17.4 % in NIRRA vs 6.3 % in PIRRA) and
depression (17.4 % vs 8.3 %) were numerically more frequent in
NIRRA; however, neither difference reached statistical signifi-
cance (both P > .05). Body mass index, obesity, and comorbid-
ities of NIRRA patients were the same as those of PIRRA
patients.

Differences in disease activity across PIRRA, NIRRA, and
NORRA

In comparison to PIRRA, NIRRA exhibited a significantly
reduced number of swollen joints, increased pain, and morning
stiffness scores while maintaining comparable overall disease
activity scores (Table 2). CRP and erythrocyte sedimentation
rate (ESR) were also significantly elevated in PIRRA compared
to NIRRA or NORRA, whereas there were no significant differen-
ces in the levels of inflammatory markers between NIRRA and
NORRA.

MSUS differences across PIRRA, NIRRA, and NORRA

The gradings of PD, grey scale (GS) and the combined scores
of the target joint and global joint assessment in the 3 groups
are illustrated in Figure 6. To confirm whether the chosen joint
Figure 3. The pauci-immune fibroid pathotype is more abun-
dant in NIRRA patients. (A, B) Pauci-immune was the most
prevalent pathotype in NIRRA, accounting for 47.6% of all
cases. In PIRRA, diffuse myeloid (33%) and lympho-myeloid
(53%) were the most prevalent pathotypes. (C) Pauci-immune
fibroid was the most prevalent pathotype in NIRRA-D2T. D2T,
difficult-to-treat; DM, diffuse-myeloid; LM, lympho-myeloid;
NIRRA, noninflammatory refractory rheumatoid arthritis;
NORRA, nonrefractory rheumatoid arthritis; PIF, pauci-immune
fibroid; PIRRA, persistent inflammatory refractory rheumatoid
arthritis; RR, relative risk.



Figure 4. NIRRA is associated with low-grade, pauci-immune synovitis. (A) The KSS of NIRRA was significantly lower than that of PIRRA. (B) Com-
pared to PIRRA, NIRRA exhibited significantly fewer lymphoid aggregates and fewer CD138 infiltrates. (C) All IHC markers showed lower values for
NIRRA. IHC, immunohistochemistry; KSS, Krenn Synovitis Score; NIRRA, noninflammatory refractory rheumatoid arthritis; NORRA, nonrefractory
rheumatoid arthritis; PIRRA, persistent inflammatory refractory rheumatoid arthritis.
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was representative of each patient’s overall inflammatory bur-
den, we correlated its target-joint Global OMERACT-EULAR
Synovitis Score (GLOESS) with the patient-level sum of GS
scores, PD scores and combined scores (GLOESS) from all exam-
ined joints in a post hoc sensitivity analysis. The Spearman cor-
relation coefficient was 0.548 (P < .001), 0.548 (P < .001) and
0.699 (P < .001), respectively, indicating that the index joint
signal tracked well with the global ultrasound burden.

At the target joint level (illustrated in Fig 6A), the chi-
squared test revealed a significant association between MSUS
score and refractoriness (χ²(4) = 18.78, P < .001; Cram�er’s
V = 0.32). Post hoc analysis of standardised residuals indicated
Figure 5. Physical and social function of NIRRA, PIRRA and NORRA
patients, according to SF-36 in 60 out of 93 patients. * P<0.05 for
between groups comparisons. BP, Bodily pain; GH, general health; MH,
mental health; NIRRA, noninflammatory refractory rheumatoid arthritis;
NORRA, nonrefractory rheumatoid arthritis; PF, physical functioning;
PIRRA, persistent inflammatory refractory rheumatoid arthritis; RE, role
emotional; RP, role physical; SF, social functioning; VT, vitality.
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that PIRRA with grade 3 synovitis (R = 2.19, P < .05) and
NORRA with grade 1 synovitis (R = 2.17, P < .05) were signifi-
cantly overrepresented, whereas NORRA (R = −2.12, P < .05)
grade 3 synovitis was significantly under-represented compared
to expected frequencies. In contrast, the distribution of NIRRA
MSUS scores were uniform across all subgroups, indicating that
there was no clinically significant correlation between NIRRA
and the MSUS grade of synovitis.

At the global joint level (Fig 6B), mean (SD) GLOESS was
significantly higher in PIRRA (8.3 (4.5)) compared to NIRRA
(5.2 (2.8), P = .020) and compared to NORRA (1.5 (0.8),
P < .001), with statistical significance also for single compo-
nents GS (P = .017) and PD (P = .099). However, NIRRA and
NORRA had comparable GLOESS scores (P = .542), as well as
PD (P > .999) and GS (P= .2870) scores.

The area under the receiver operating characteristic curve to
predict a pauci‑immune fibroid pathotype was 0.39 (95% CI
0.18 to 0.48) for PD alone of the target joint and 0.40 (0.21 to
0.59) for the global PD score, below the performance of the CRP
plus PhGA criterion (0.66, 95% CI 0.54 to 0.78).

Sensitivity analyses

In order to verify the primary findings of this investigation,
we implemented numerous sensitivity analyses.

First, we repeated the primary analyses after reclassifying
patients according to having PD ≥ 1 in any swollen joint as
PIRRA and PD = 0 as NIRRA. Of 64 refractory patients, 43 out
of 43 PIRRA met the PD‑based PIRRA definition, and 9 out of
21 NIRRA met the PD‑based NIRRA definition. The synovial
findings replicated those obtained with the clinical CRP/PhGA
criteria: the pauci‑immune/fibroid pathotype remained
enriched in NIRRA (60% vs 18.5%), whereas lympho‑/diffu-
se‑myeloid patterns predominated in PIRRA (81.5% vs 40%;
P= .009 for Fisher’s exact test).

Second, all 29 NORRA participants were observed for a
median (IQR) of 23.0 (16.1, 25.4) months after the index biopsy.
During this time-frame, only 3 out of 29 (10.3%) initiated their
first b/tsDMARD; one of those (3.4%) subsequently fulfilled the
PIRRA definition as well as the DT2-RA definition. Importantly,
removing these 3 individuals from the baseline analyses did not
alter any of the key histopathological contrasts (Supplementary
Table S4).



Table 2
Disease activity of the study population (n = 93)

n (%) or median (25th, 95th percentile) PIRRA
N= 43

NIRRA
N= 21

NORRA
N= 29

PIRRA vs NIRRA PIRRA vs NORRA NIRRA vs NORRA

SDAI 23.6 (17.3, 31.2) 20.2 (14.1, 30.4) 22.3 (10.8, 28.5) 0.244
CDAI 22.3 (15.6, 34.4) 19.7 (14, 30.3) 21.4 (10.4, 23.8) 0.502
DAS28 4.3 (3.8, 5.2) 4 (3.3, 4.7) 3.8 (2.8, 4.8) 0.148
TJC28 3 (2, 10) 4 (2, 9) 2 (1, 4) 0.997 <0.001 0.022
SJC28 5 (2, 10) 2 (1, 4) 6 (4, 7) 0.029 <0.001 0.016
PhGA 60 (50, 79) 50 (30, 60) 20 (10, 30) 0.093 <0.001 0.003
PtGA 72 (50, 90) 62 (50, 81) 49 (22, 68) 0.960 0.005 0.008
VAS-Pain 62 (28) 69 (17) 38 (27) 0.492 0.005 <0.001
VAS-MS 61 (29) 73 (22) 39 (30) 0.518 0.031 0.011

ANOVA, analysis of variance; CDAI, Clinical Disease Activity Index; DAS28, Disease Activity Score using 28 joints; NIRRA, noninflammatory refractory rheumatoid
arthritis; NORRA, nonrefractory rheumatoid arthritis; PIRRA, persistent inflammatory refractory rheumatoid arthritis; PhGA, Physician Global Assessment; PtGA,
Patient Global Assessment; SDAI, Simplified Disease Activity Index; SJC28, Swollen Joint Count (28 joints); TJC28, Tender Joint Count (28 joints); VAS-MS, Visual
Analog Scale for Morning Stiffness; VAS-Pain, Visual Analog Scale for Pain.
P values refer to ANOVA with Dunnett’s T3 multiple comparisons tests for continuous variables.
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Third, we revisited the NORRA cohort to distinguish an
inflammatory phenotype from a noninflammatory one within
the NORRA group. We applied the same a priori thresholds that
were used to define PIRRA and NIRRA, with only 2 out of 29
NORRA patients having PhGA>2 and CRP>5 mg/L; hence, anal-
ysis of this post hoc reclassification was not feasible.

Finally, to test whether the 20 mm cut-off for PhGA exerts
undue influence on our results, we re‑analysed the data using an
additional, stricter threshold (PhGA >50 mm). For this scenario
we reclassified patients with CRP ≤5 mg/L accordingly and
repeated all primary histopathological comparisons (data
shown in Supplementary Table S5). After applying this stricter
threshold, NIRRA remained significantly enriched for the pauci-
immune fibroid pathotype (39.3%), whereas the KSS gap
between PIRRA and NIRRA slightly decreased. This finding is
consistent with NIRRA patients with PhGA between 20 and
50 mm having slightly higher synovitis severity than NIRRA
with PhGA ≤20 mm.

DISCUSSION

We showed that a pragmatic bedside tool (PhGA and CRP)
stratifies refractory RA into 2 histologically divergent pheno-
types. Almost half of NIRRA patients exhibited pauci-immune
fibroid synovitis, whereas PIRRA was dominated by lympho- or
diffuse-myeloid patterns; inflammatory pathotypes were 3-fold
more common in PIRRA. The RR of pauci-immune synovitis in
NIRRA versus PIRRA was 1.6 (95 % CI 1.2 to 2.9), confirming a
biological separation that routine composite scores alone cannot
capture.

The clinical tool was derived from physician-subjective dis-
ease activity assessment and objective inflammation without
incorporating the patient’s perception of disease activity. How-
ever, the optimal PhGA threshold may differ between ear-
ly‑stage refractory and fully EULAR‑defined D2T disease, and
prospective validation in independent cohorts will be required
before the tool can be adopted in routine practice.

Our findings support the relevance of clinical anchors for
contextualising histological heterogeneity while also highlight-
ing their limitations as surrogates for synovial inflammation.
Because composite scores alone are heavily influenced by sub-
jective components (as shown in Supplementary Table S6), they
cannot disentangle inflammatory from noninflammatory refrac-
toriness; the identification of distinct pathotypes in patients
with similar clinical profiles underscores the potential of tissue
analysis as an independent and complementary metric. Because
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PtGA correlates more strongly with pain amplification and psy-
chosocial factors than with objective synovitis in several
[20,21] reports, we elected not to incorporate it into the algo-
rithm, recognising that its discriminatory value for PIRRA versus
NIRRA remains to be formally tested. Alternatively, PtGA
thresholds—analysed alongside other patient‑reported out-
comes—should be assessed to determine whether PtGA provides
incremental phenotypic discrimination beyond CRP and PhGA.

The association of NIRRA with poor functional outcomes
despite limited synovial inflammation highlights the multidi-
mensional impact of noninflammatory drivers in RA. Physical
function, as assessed by SF-36 and HAQ-DI scores, was worst in
NIRRA patients. NIRRA had significantly lower SF-36-physical
functioning and SF-36-social functioning compared to NORRA,
while the scores were numerically lower in 5 out of 8 domains
compared to PIRRA. This finding likely reflects SF-36 capturing
more refined physical functioning than visual analogue scale-
pain. Notwithstanding the greater pain amplification observed
in NIRRA, vitality did not differ significantly between pheno-
types. The vitality scale, although widely adopted, may lack sen-
sitivity to the multidimensional fatigue experienced in RA and is
influenced by mood, anaemia, and sleep quality, factors that
were distributed evenly across groups in our study. Future work
should incorporate RA‑specific fatigue instruments such as Func-
tional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F)
to clarify whether central sensitisation contributes distinctly to
fatigue as well as pain.

Many patients with NIRRA were codiagnosed with fibromyal-
gia and depression, an observation aligned with prior research
identifying fibromyalgia and depression as significant contribu-
tors to disability in refractory RA populations [5,9,22,23] and
from studies delineating different RA trajectories according to
function and mental states [24]. The elevated pain and morning
stiffness in NIRRA, despite low inflammatory markers, reflect
noninflammatory mechanisms, potentially linked to central sen-
sitisation or altered pain perception, as suggested by recent stud-
ies exploring the neuro-immune axis in RA [25]. Opioid use was
markedly higher in NIRRA than in PIRRA (39% vs 11%), mirror-
ing both a significantly worse SF‑36 Bodily Pain score and
greater fibromyalgia‑screen positivity. When such nociplastic
pain is misinterpreted as persistent synovitis, treatment is fre-
quently intensified with additional biologic DMARDs or
Janus‑kinase inhibitors, exposing patients to unnecessary immu-
nosuppression and increasing healthcare costs. Recognition of a
pauci‑immune fibroid synovial pattern—and the concomitant
absence of systemic inflammation—should instead redirect



Figure 6. Musculoskeletal ultrasound findings in the target joint (A-C) and in all swollen joints scanned (D), according to the clinical phenotype group
(PIRRA, NIRRA, NORRA). GS, grey scale; NIRRA, noninflammatory refractory rheumatoid arthritis; NORRA, nonrefractory rheumatoid arthritis;
PD, power Doppler; PIRRA, persistent inflammatory refractory rheumatoid arthritis.
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management towards non‑immunological strategies, including
opioid‑sparing analgesics (eg, serotonin‑noradrenaline reuptake
inhibitors), structured exercise programmes, cognitive−behav-
ioural therapy, and referral to multidisciplinary pain services.

Our findings align with the NIRRA phenotype proposed in lit-
erature, which associates persistent symptoms with mechanisms
beyond overt inflammation, such as central sensitisation and
fibromyalgia [26,27]. Compared to NIRRA, PIRRA exhibited a
significantly higher number of swollen joints and inflammatory
markers. PIRRA is predominantly associated with lympho-mye-
loid or diffuse-myeloid pathotypes, characterised by higher lev-
els of CRP, ESR, and higher-grade synovial inflammation with a
greater number of plasma cells and lymphoid aggregates, cor-
roborating prior studies emphasising the inflammatory burden
in D2T RA [28,29].
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Refractoriness resulting from inadequate treatment response

A major issue with understanding refractoriness is that most
research on synovial tissue has focused on treatment-naive
patients rather than those with multi-failure to b/tsDMARDs.
While synovial pathology in treatment-naive RA can change due
to persistent inflammation [30], medications may affect refrac-
toriness, for instance, prolonged use of GCs [31,32], or poor
optimisation of methotrexate [31,32]. Although some studies
have reported an overall shift towards lymphocyte‑poor synovi-
tis after prolonged exposure to biologic DMARDs [33], our data
provide evidence that this trend is not universal: patients classi-
fied here as PIRRA, despite extensive prior immunomodulation,
still exhibited a predominantly lympho‑ or diffuse‑myeloid path-
otype. This finding underscores that treatment history interacts
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with, but does not fully determine, the underlying tissue pheno-
type.

All NIRRA patients with the pauci-immune fibroid pathotype
in our cohort were inadequate responders to tumour necrosis
factor inhibitors (TNFis), which is consistent with a previous
observation from the PEAC/PEsAC cohorts where a significantly
higher number of patients with a lympho-myeloid and diffuse-
myeloid pathotype achieved a clinical response to certolizumab-
pegol in comparison with the pauci-immune pathotype [34].
Cell signatures that decreased following TNFi treatment were
predominantly associated with lymphocytes, and fewer were
associated with myeloid and fibroblast populations [35].
Another interesting finding is that 17.4% of NIRRA patients who
were given rituximab did not achieve a response. This is in line
with the STRAP trials, which found that none of the pauci-
immune fibroid patients had an ACR50 or ACR70 response.
[36]. Sustained cytokine blockade can attenuate lymphocyte
recruitment and thereby contribute to the pauci‑immune histol-
ogy observed in a subset of refractory patients. Whether such
treatment‑conditioned states persist after drug withdrawal, or
merely mask an inflammatory potential that re‑emerges once
the inhibitory pressure is lifted, remains to be determined.

In this regard, Zhang et al. [37] investigated whether cell-
type abundance phenotypes (CTAPs) changed over time in a
cohort of 45 TNFi-inadequate responder RA patients from the
R4RA trial who had synovial tissue biopsies before and 16 weeks
after starting treatment (tocilizumab and rituximab). Although
CTAPs partially explained variance in Krenn’s synovial patho-
types (notably, the inflammation and stromal density compo-
nents), it is relevant that CTAPs were dynamic, with 30/45
(67%) patients changing to a different CTAP after treatment,
irrespective of treatment response. Among patients who
changed CTAPs, CTAP with enriched fibroblasts was the most
common CTAP at week 16 (n = 16/30 (53%)), consistent with
rituximab and tocilizumab targeting inflammatory cells and
pathways. Our NIRRA- and PIRRA-stratified synovial tissue anal-
ysis could be applied to the multi-drug-experienced patients
described by Zhang and colleagues. It is crucial to note that, in
accordance with our findings, they did not observe any correla-
tion between CTAP assignment and disease activity measures,
yet indisputably important data like SF-36, PROMs, and,
remarkably, PhGA, were not provided. While this limitation pre-
vents fully comparing the 2 cohorts, this result corroborates the
hypothesis that CTAPs are indicative of distinct inflammatory
phenotypes that are responsible for synovitis, rather than varia-
tions in clinical disease activity. Finally, almost all NORRA
patients could not be classified as ‘inflammatory’ post hoc, fur-
ther supporting the evidence that RA refractory to b/tsDMARDs
is biologically distinct from RA refractory to csDMARDs, as it
indicates a reduced inflammatory burden that is comparable to
a nonrefractory status.

MSUS may not adequately characterise NIRRA

A clinically active joint with synovial thickening on MSUS
does not necessarily indicate the presence of immune cells in
the corresponding biopsy. On the other hand, a definition of
NIRRA that hinges on the absence of PD may miss patients with
low‑grade but biologically relevant inflammation.

Despite the lack of high-quality direct evidence, MSUS may
have an additional value in assessing the presence of inflamma-
tory activity in EULAR‑defined D2T‑RA patients, including those
with concomitant obesity or fibromyalgia [38]. Ultrasound
assessment of synovial tissue faithfully reflects synovial
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vascularity [39]. In early RA, both greyscale and PD synovitis
are associated with a proinflammatory cellular and cytokine pro-
file, providing considerable validity in their use as an objective
assessment of synovial inflammation in clinical practice [39].
We observed reduced GS and PD scores in NIRRA relative to
PIRRA; however, it is important to note that MSUS lacked ade-
quate discriminatory capability in distinguishing between
PIRRA and NIRRA. This finding implies that NIRRA and PIRRA
cannot be distinguished solely based on MSUS. One single-cen-
tre study defined PIRRA if MSUS synovitis (GS ≥1 and PD ≥1)
was detectable in one or more swollen joints and NIRRA if
absent, and classified 57% of EULAR‑defined D2T‑RA patients
as PIRRA and 43% as NIRRA [27]. Our results show that defin-
ing NIRRA by only a nonclinical criterion of complete absence
of MSUS synovitis may risk missing the nuances of the NIRRA
phenotype and forgo a consistent subset of patients with nonin-
flammatory symptoms but true low-grade active inflammation.
For this reason, all patients in our study had to demonstrate
MSUS synovitis (GS ≥1) for being included. Although in our
study PD scores were lower in NIRRA compared to PIRRA, GS
was consistently increased across NIRRA and PIRRA joints, a
finding that is corroborated by a recent systematic literature
review [40]. Future iterations of the algorithm may well inte-
grate quantitative multi‑joint PD scores once robust, externally
validated cut‑offs become available; for the present, the
CRP plus PhGA tool offers a pragmatic approximation that aligns
closely with objective synovial histology in our cohort.

Proposed pathophysiology of NIRRA

The predominance of pauci-immune synovitis in NIRRA
underscores the need for further exploration of its pathophysio-
logical basis.

NIRRA had levels of pain comparable to PIRRA despite hav-
ing more pauci-immune synovitis. It has previously been shown
that concomitant noninflammatory pain was more prevalent in
EULAR‑defined D2T‑RA patients compared to good-responders
non-D2T patients [41,42]. A recent study from the AMP-RA con-
sortium revealed that pain scores do not correlate with stromal
cell density in RA patients with low inflammatory synovium;
interestingly, although, imaging of solvent-cleared synovial tis-
sue with scarce inflammation from humans with RA revealed
Calcitonin Gene-Related Peptide (CGRP)+ pain-sensing neurons
encasing blood vessels growing into synovial hypertrophic
papilla. Together, these findings support a model whereby syno-
vial lining fibroblasts express genes associated with pain that
enhance the growth of pain-sensing neurones into regions of
synovial hypertrophy in RA [25].

We were unable to detect an increase in stromal density
scores in NIRRA with respect to other groups. Notwithstanding
that, our NIRRA samples do share the leukocyte paucity with
noninflammatory synovium RA patients. This divergence indi-
cates that pauci‑immune synovitis may represent a spectrum in
which fibroblast expansion, nociplastic pain, and immune quies-
cence can be variably coupled. Absence of a fibroblast‑dominant
signal in NIRRA may reflect biological heterogeneity, limitations
of histological stromal quantification, or both. Future single‑cell
or spatial‑transcriptomic profiling will be required to determine
whether a subset of NIRRA indeed harbours the NOTCH3‑de-
pendent fibroblast programme or whether alternative pathways
underlie their symptom burden.

NIRRA had the lowest levels of acute phase reactants, rheu-
matoid factor (RF), and anti-citrullinated protein antibody
(ACPA) positivity, despite the presence of active disease,
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reflecting the high prevalence of the pauci-immune pathotype in
this group [19,40]. As we characterised it, this subset closely
resembles that reported in the seminal study by Humby et al.
[19], in which the pauci-immune pathotype was the least associ-
ated with RF positivity (50%) or ACPA positivity (52.9%), and it
was characterised by significantly lower CRP and ESR in com-
parison with lympho-myeloid. A previous study of early RA
patients from the PEAC cohort described 10 gene−gene interac-
tion clusters in the pauci-immune pathotype, with most of them
showing enrichment in pathways involved in extracellular
matrix, proinflammatory activation of fibroblasts, nerve, vascu-
lar endothelial, and growth factors [43]. Hence, NIRRA with
pauci-immune fibroid synovitis may be related more to stromal
activation and synovial fibroblasts, although our findings also
suggest that paucity of immune cells does not inevitably coin-
cide with fibroblast hyperplasia, and nociplastic pain in NIRRA
may arise through mechanisms other than the stromal pro-
gramme. In treatment-naive patients, pauci-immune histology is
associated with increased Axl/MerTK synovial expression,
which is influenced by interleukin (IL)-6 inhibition [44].
Accordingly, many of our NIRRA patients were exposed to IL-6
inhibition. The observation of a high proportion of mast cells in
the pauci-immune pathotype [45] is consistent with the high
number of DMARDs that failed due to intolerance or hypersensi-
tivity reactions in the NIRRA subgroup. Finally, the presence of
diffuse-myeloid pathotype in a subset of NIRRA patients is con-
sistent with the previous observation that a subset of patients
has overlapping characteristics with both pauci-immune and
lympho-myeloid pathotypes [43]. The absence of B and plasma
cell aggregates in diffuse myeloid is a feature in common with
the pauci-immune fibroid pathotype.

Implications for therapeutic decision-making in RA

The identification of distinct PIRRA and NIRRA synovial phe-
notypes has critical implications for therapeutic decision-mak-
ing. For PIRRA, targeting inflammation through aggressive use
of advanced targeted therapies remains paramount. This aligns
with a previous study that demonstrated a positive association
between high-grade KSS and clinical response to therapy in
chronic inflammatory arthritis patients [46]. Inhibition of IL-6
or multiple cytokines through the JAK/STAT pathways, shown
to modulate myeloid-driven pathways effectively, may offer sub-
stantial benefits in this subgroup [47,48]. Conversely, NIRRA
may benefit from approaches directed to stromal cells rather
than immunosuppression. Approaches targeted to synovial
fibroblasts could potentially be combined with DMARDs to
improve control of RA without increasing immunosuppression
in NIRRA [49]. Moreover, NIRRA management may require a
broader approach, incorporating non-pharmacological interven-
tions aimed at central pain modulation, such as cognitive
−behavioural therapy, exercise programs, and neuromodulation
techniques [29]. Pharmacologically, adjunctive use of agents
targeting pain mechanisms, such as duloxetine or pregabalin,
could be considered over trialling b/tsDMARDs with several
mechanisms of action [50]. Avoiding unnecessary immunosup-
pression in this group is essential to mitigate side effects and
healthcare costs. Routine incorporation of ultrasound‑guided
synovial biopsy with validated histopathological scoring into
the clinical work‑up of refractory RA could enable the identifica-
tion of inflammatory versus non‑inflammatory pathotypes at the
point of care, thereby facilitating a truly mechanistic, preci-
sion‑based selection of immunomodulatory or nonimmunologi-
cal interventions for each individual patient.
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Limitations and strengths

A potential limitation of the study is the use of PhGA and CRP
as criteria for subclassifying refractory RA. Although these
markers are widely used, they may not capture the full spectrum
of disease activity. However, this approach is consistent with
current guidelines and supported by prior research highlighting
the relevance of these parameters in distinguishing inflamma-
tory versus noninflammatory disease drivers [9,51]. Because
phenotype assignments depended on the PhGA threshold, we
cannot exclude the possibility that physician subjectivity intro-
duced misclassification bias. Although we standardised assess-
ment procedures and documented high test−retest reliability,
objective tissue‑level read‑outs such as synovial cellular compo-
sition or transcriptomic modules may ultimately supplant global
ratings in phenotype algorithms. However, this was beyond the
aim of this study. Additionally, stratifying refractory RA patients
based on longitudinal disease patterns—persistent versus epi-
sodic—could refine treatment algorithms and improve outcome
prediction [29]. Other limitations include the under-representa-
tion of patients from diverse ethnic backgrounds in this cohort.
Finally, we acknowledge that some experts might label refrac-
tory RA patients as nonresponders rather than true refractory
cases; our findings should therefore be interpreted within the
spectrum of failure of ≥1 b/tsDMARD in the presence of persis-
tent inflammation or pain after csDMARD optimisation.

The methodological rigour of this study is grounded in its
prospective, multicentre design, which enhances generalisabil-
ity. The incorporation of MSUS-guided synovial biopsy, a proven
method for evaluating synovitis, guaranteed precise characteri-
sation of synovial pathotypes. Moreover, reliance on validated
scoring systems, such as the KSS, adds robustness to the find-
ings. The stratification of patients into NIRRA and PIRRA
subgroups based on consensus definitions and inflammatory
markers aligns with emerging classifications of refractory RA
[9,51].

Conclusions

This study highlights the necessity of phenotypic classifi-
cation through UGSTB in refractory RA to guide treatment
decisions.
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