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Objective. To investigate the prevalence of poly-refractory rheumatoid arthritis (RA) defined as failure of all
biological (b)/targeted synthetic (ts)-disease-modifying drugs (DMARDs). To further investigate whether patients with
persistent inflammatory refractory RA (PIRRA) and noninflammatory refractory RA (NIRRA), determined by objective
ultrasound (US) synovitis, have distinct clinical phenotypes in both EULAR difficult-to-treat RA (D2T-RA) and poly-
refractory RA groups.

Methods. A cross-sectional study of 1,591 patients with RA on b/tsDMARDs that evaluated D2T-RA criteria and
subclassified as poly-refractory if inefficacy/toxicity to at least one drug of all classes. PIRRA was defined if US
synovitis in one or more swollen joint and NIRRA if absent. Univariate tests and multivariate logistic regression were
conducted to investigate factors associated with poly-refractory, PIRRA, and NIRRA phenotypes.

Results. 122 of 1,591 were excluded due to missing data. 247 of 1,469 (16.8%) had D2T-RA and only 40 of 1,469
(2.7%) poly-refractory RA. This latter group had higher disease activity score 28 C-reactive protein (CRP) (median 5.4
vs 5.02, P < 0.05), CRP levels (median 13 vs 5 mg/l, P < 0.01), and smoking (ever) rates (20% vs 4%, P < 0.01)
compared with other D2T patients. Smoking was associated with poly-refractory RA (odds ratio 5.067, 95% CI
1.774–14.472, P = 0.002). Of 107 patients with D2T-RA with recent US, 61 (57%) were PIRRA and 46 (43%), NIRRA.
Patients with NIRRA had elevated body mass index (median 30 vs 26, P < 0.001) and higher fibromyalgia prevalence
(15% vs 3%, P < 0.05), lower swollen joint count (median: 2 vs 5, P < 0.001), and lower CRP levels (5 vs 10, P < 0.01).

Conclusion. Only 2.7% of D2T-RA failed all classes of b/tsDMARDs. Among D2T-RA, less than 60% had objective
signs of inflammation, representing a target for innovative strategies.

INTRODUCTION

In the last two decades, tremendous advancements in the

management of rheumatoid arthritis (RA) have occurred. From

the introduction of methotrexate and the combination of classical

synthetic (cs) disease-modifying drug (DMARD) therapy and then

biologic treatments, the long-term complications of chronic RA,

including accelerated joint destruction, atherosclerosis, and

extra-articular manifestations such as vasculitis, are now relatively

uncommon.1 A major advance in therapeutic management of

RA was the introduction of tumor necrosis factor inhibitors

(TNFi) drugs, and subsequently three other biological (b)-DMARDs

classes and latterly target synthetics (ts) DMARDs; the janus-kinase
inhibitors (JAKis)2 resulted in better disease control, improved

prognosis, and better long-term outcomes in many patients.3–8

The success of b/tsDMARDS resulted in low disease activity or
even remission as the ultimate goal in RA treatment.9

Despite the multiple therapeutic options, a group of patients

remains with signs/symptoms of active disease. “Difficult-to-treat
(D2T) RA” is defined as the failure of two or more different classes
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of b/tsDMARDs post csDMARDs, in the presence of active/
progressive disease as defined by ≥1 of the following: (1) score activ-
ity of at least moderate disease (eg, disease activity score using
C-reactive protein [DAS-CRP] ≥3.2), (2) the presence of extra-
articular manifestations (eg, vasculitis, glomerulonephritis, scleritis,
pleuritis), (3) difficulty to taper down steroids under 7.5mg/day pred-
nisone or equivalent, (4) rapid radiographic progression, and (5) well-
controlled disease according to above standards, but still having RA
symptoms that are causing a reduction in quality of life.10 In addition,
disease management must be perceived as problematic by either
the rheumatologist or the patient.10

The prevalence of D2T-RA is estimated to be between 5%
and 20%.11–13 However, the rate of failure or intolerance to all
available DMARD classes in the real-world setting, which is
described herein as “poly-refractory RA,” is not established. In
clinical practice, failure or intolerance of two or more DMARD
classes is less of a concern than having exhausted all available
therapeutic options—ie, poly-refractory RA. In fact, a recent
systematic literature review on D2T-RA and the possible mecha-
nisms leading to it questioned whether “true refractory,” what
we call here poly-refractory RA, actually exists.14

Furthermore, patients with D2T-RA may have high DAS
scores that are driven not only by persistent recalcitrant synovitis
but also by noninflammatory pain mechanisms or sometimes a
mixture of the two.15 It was recently proposed that these groups
could be defined as persistent inflammatory refractory RA (PIRRA)
or noninflammatory refractory RA (NIRRA) and that this could have
implications for management.16 Identifying D2T and poly-refractory
RA groups could be of major therapeutic relevance, for example,
avoidance of futile therapy cycling in cases without objective inflam-
mation, which is equally helpful even before that, on the first line of
therapy. It is important to note that the EULAR D2T definition is
broad and includes both patients with PIRRA and NIRRA, in which
the latter may not benefit from medication change,16 although fur-
ther research in this regard is needed.

The aim of this work was to investigate the prevalence of
poly-refractory RA, ie, subjects that had failed at least one option
of all available classes of b/tsDMARDs, sometimes including fail-
ure of two or more DMARDs within the same class. We also
aimed to determine whether patients with PIRRA/NIRRA, as
determined by objective signs of synovitis in musculoskeletal
ultrasound (US), have distinct clinical phenotypes in both D2T
and poly-refractory RA groups, which could possibly influence
management decisions.

METHODS

Study design. This was a cross-sectional observational
study focused on the D2T-RA population and conducted as an
approved retrospective service evaluation (audit) of the Leeds
Teaching Hospitals Trust’s specialist RA Biologics Clinic; there-
fore, a formal ethical approval was not required. The reporting of

the study follows the Strengthening the Reporting of observa-
tional studies in Epidemiology (STROBE) guidelines.17

Population, variables, and data collection. All
patients treated with b/tsDMARDs were identified and included
if they had tried two or more classes of b/tsDMARD and either
the DAS-28-CRP score was 3.2 or greater in the last consulta-
tion, or there were active RA extra-articular manifestations
(eg, glomerulonephritis, pericarditis, scleritis, vasculitis) consid-
ered as D2T-RA. Patients who were less than 3 months under
treatment of their second class of b/tsDMARD were not consid-
ered to have tried two classes, because there was not enough
time to assess efficacy and thus were excluded from the initial
analysis. Similarly, the classification according to the number
of b/tsDMARDs classes that the patient was exposed to follow
the same logic, and, for example, a patient that was in his fourth
class, but for less than 3 months, was considered as failing
three.

Data were collected by reviewing electronic medical records
(EMRs) from the most recent clinical visit. Data encompassed
routine clinical and demographic data, including date of birth,
sex, height, weight, body mass index (BMI), date of diagnosis,
current treatment, use of steroids, use of each drug, and reason
for discontinuation, main joint involvement, extra-articular
manifestation (active or past), tender joint count (TJC), swollen
joint count (SJC), visual analog scale (VAS), CRP levels, rheuma-
toid factor and anti-CCP, and antinuclear antibodies. We also
looked into other diagnoses according to EMR (osteoarthritis
[OA] [as diagnosed by clinical or radiographic features], fibromyal-
gia [clinically diagnosed], depression, osteoporosis, hypertension,
diabetes, ischemic heart disease, cerebral vascular accident,
dyslipidemia, asthma, chronic obstructive pulmonary disease,
interstitial lung disease, liver disease, kidney disease, inflamma-
tory bowel syndrome, and others), history of osteoporotic frac-
tures (number), joint replacement surgeries (number), and
smoking status. We collected data of all patients that had their
most recent consultation between January 2018 and March 2023.

Within the D2T-RA group, poly-refractory RA was defined as
failure (either inefficacy or intolerance) of one or more medication
of all available classes of b/tsDMARDs (ie, TNFi, interleukin
6 receptor inhibitors, anti-CD20 [ie, Rituximab]), T cell receptors
costimulatory blockade with anti-CTLA4-Ig (ie, abatacept), and
JAKi. Other than drug inefficacy (primary or secondary), we also
looked at discontinuation for any major toxicity (eg, severe infec-
tions or patient intolerance). We appreciate that intolerance/
toxicity and actual drug failure are biologically distinct. However,
we decided to include intolerance and toxicity, as in this “real-
world” setting, the same drug would not be used after an unac-
ceptable side effect again. Moreover, Roodenrijs et al14 recently
suggested that side effects could also be shaped by immune
mechanisms, including epigenetics and clinical characteristics.
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US assessment and objective definition of PIRRA or
NIRRA. Of all the patients included (D2T-RA), the ones with a
recent US (performed within the last year) were divided into the
following two groups: PIRRA and NIRRA, defined as the
presence/absence of US synovitis and/or tenosynovitis, respec-
tively, in one or more joint that was deemed to be clinically
inflamed (ie, tender and swollen) on physical examinatio18,19

(Figure 1). The US scans were performed by one of three rheuma-
tologists experienced in the use of US, using a GE Logiq E9
machine with a linear ML 15-6 MHz transducer. Pulse repletion
frequency was set at 700–1,000 Hz, and Doppler frequency at
10 MHz.

The sonographers were blinded to all clinical data except for
the physical examination findings. The US protocol consisted of
scanning all joints that were deemed to be clinically swollen by a
rheumatologist assessing the patients with RA independently of
the sonographer. Clinically swollen joints alone were scanned
and tender joints without swelling were not scanned because it
is well known that clinically swollen joints are the best predictors
of future damage and poor outcomes.20 Tenderness without
swelling is less likely to be associated with damage.21 US synovitis
was defined as a combination of greyscale changes and power
Doppler signal (greyscale ≥1 + power Doppler ≥1) as described by
EULAR/Outcome Measures in Rheumatology.22

Statistical analysis. Data were first tested for their normal-
ity graphically and with the Kolmogorov-Smirnov test. Continuous
variables were presented as mean ± SD for parametric data and
median with interquartile range for nonparametric data. Paramet-
ric data were compared using the independent samples
Student’s t-test and the Mann–Whitney U test used for nonpara-
metric data. Categorical 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 five was expected. The
cutoff for significance was an α of 0.05. Analyses assessed the
two dependent variables: poly-refractory RA versus nonpoly-
refractory RA groups (ie, D2T patients that failed 2, 3 or 4 classes).
Secondly, within the entire D2T-RA group, we employed US
synovitis to sample and define features of the PIRRA versus
NIRRA groups. A Multivariate (MV) Logistic regression model
was performed to investigate factors associated with poly-
refractory RA, testing independent variables that were found
to be significant in univariate tests in an effort to neutralize
possible confounders and/or were of clinical interest. The final
MV model included just the variables remaining statistically
significant in age- and sex-adjusted logistic regression
analysis and where we felt there was a clinical rationale to
investigate an association with the outcome (ie, poly-refractory
status). The cutoff for significance was an α of 0.05. Statistical
analysis was performed by IBM SPSS Statistics 28 version
software.

Missing data. All variables analyzed had less than 10% of
missing data and thus were considered with no need for imputa-
tion, and listwise deletion was used. Missing variables were not
included in the final analysis but are shown in the supplemental
material (Supplementary Tables 1–4).

RESULTS

Of 1,591 patients with RA receiving b/tsDMARDs,
848 (53.2%) had only received one class and were excluded from
the initial evaluation. Of the 743 (46.7%) exposed to at least
two b/tsDMARDs with different mechanisms of action, half
(374 of 743) were in remission or low disease activity and
122 of 743 (16.4%) were excluded due to missing clinical data to
define disease activity (Figure 1). The remaining 247 of 743 cases ful-
filled the criteria for D2T-RA as previously described and represented
16.8% of all 1,469 patients that tried at least two b/tsDMARDs and
had available data on disease activity (Figure 1). All D2T-RA of
our patients had DAS-CRP-28 greater than 3.2. Only 40 of 1,469
patients fulfilled the poly-refractory RA definition (2.7%), representing
16.2% of the D2T RA (40 of 247). Just 42 patients were tested for
Human Leukocyte Antigen -B27, all seronegative, and 16.7% (7 of
42) were positive.

Baseline characteristics. The mean age was 60, and
most were females (n = 197 of 247, 80%) with a higher-
than-average BMI (median = 27.7). The median disease duration
was 17 years,13–17 and the median DAS28 was 5.11 (Table 1).
Therapeutic details are also shown in Table 1, including the num-
ber of cases failing three and four classes and the poly-refractory
RA having failed all five classes of b/tsDMARDs. Regarding previ-
ous DMARD history (ie, all b/tsDMARDs since disease onset),
most patients were exposed to TNFis (94%). The second most
used therapy was rituximab with 73% of patients’ exposure fol-
lowed by interleukin 6 receptor inhibitors (60%), abatacept
(49%), and JAKis (44%).

It is notable that across the bDMARDs, the most common
reason for interrupting a drug was inefficacy (primary and second-
ary together), whereas for csDMARDs it was intolerance. In the
JAKi era, most of the patients that tried this class are currently still
under this treatment. The reasons for discontinuation and propor-
tions for each drug separately are detailed in Figure 2.

Poly-refractory RA (failed 5 b/tsDMARD classes)
versus nonpoly-refractory RA (failed 2–4 classes). Within
the 247 patients with D2T-RA, 40 (16%) were defined as poly-
refractory RA, representing 2.7% of all patients treated with
b/tsDMARDs (40 of 1,469). The baseline characteristics of
patients with poly-refractory were generally similar to the
nonpoly-refractory group (n = 207). However, more patients
in the poly-refractory group had a current or past smoking his-
tory (n = 8 of 40 [20%] vs n = 9 of 207 [4%] P = 0.002) (Table 1).

INVESTIGATING POLY-REFRACTORY RA PHENOTYPES 3
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In addition, poly-refractory cases had a slightly longer disease
duration (median, 18 vs 16 years, P < 0.01). Current steroid
use was higher in the poly-refractory group (19 of 40, 48% vs
41 of 207, 20%, P < 0.001) as well as a higher DAS28 score
(median, 5.4 vs 5.02, P < 0.05) and a higher CRP (median,
13 vs 5 mg/l P < 0.01). Of note, the TJC, SJC, and VAS were

not significantly different from the rest of the D2T-RA defined
group, suggesting that the higher DAS was driven by CRP
(Table 1).

Factors associated with poly-refractory RA. Age- and
sex-adjusted multiple logistic regression analysis was used to

Figure 1. Flow diagram of patients included in the study and proportions of poly-refractory RA, PIRRA, and NIRRA. b/tsDMARD, biological/
targeted synthetic-disease-modifying drug; D2T, difficult-to-treat; DAS-CRP-28, disease activity score C-reactive protein 28; GS, greyscale;
NIRRA, noninflammatory refractory rheumatoid arthritis; PD, powder-doppler; PIRRA, persistent inflammatory refractory rheumatoid arthritis;
RA, rheumatoid arthritis; US, ultrasonography.

DAVID ET AL4
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Table 1. Total D2T and poly-refractory vs non-pookly-refractory RA characteristics*

Total D2T-RA
(n = 247)

Nonpoly-refractory
RA (n = 207), ie, failed

2, 3, or 4 classes

Poly-refractory
RA (n = 40), ie,

failed all 5 classes P value

Age, mean ± SD 60 ± 14 59 ± 14 61 ± 13 0.318
Female, n (%) 197/247 (80) 168/207 (81) 29/40 (73) 0.281
BMI, median (IQR) 27.7 (24–32) 27.7 (24–33) 27.2 (23–32) 0.579
Cardiovascular risk factors, n (%)
Obese 83/247 (33.6) 68/188 (36) 15/39 (39) 0.856
Smoking (past or current) 17/247 (6.8) 9/207 (4) 8/40 (20) 0.002
Hypertension 46/247 (6.5) 37/207 (18) 9/40 (23) 0.508
Diabetes 23/247 (9.3) 19/207 (9) 4/40 (10) 0.773
Ischemic heart disease 19/247 (7.7) 15/207 (7) 4/40 (10) 0.522
CVA/TIA 11/247 (4.6) 8/207 (4) 3/40 (8) 0.393
Dyslipidaemia 14/247 (5.7) 12/207 (6) 2/40 (5) 1.000
OSA 10/247 (4) 8/207 (4) 2/40 (5) 0.667

Patients with autoimmune diseases, n (%)
Coeliac 5/247 (2) 4/207 (2) 1/40 (3) 0.590
CTD overlap 0/247 (0) 0/207 (0) 1/40 (3) 0.162
Sjogren syndrome 6/247 (2.4) 4/207 (2) 2/40 (5) 0.251
Discoid lupus 1/247 (0.4) 0/207 (0) 1/40 (3) 0.162
SLE 1/247 (0.4) 1/207 (1) 0/40 (0) 1.000
IBD 7/247 (2.8) 6/207 (3) 1/40 (3) 0.751

Hypothyroidism, n (%) 21/247 (8.5) 16/207 (8) 5/40 (13) 0.351
Osteoarthritis, n (%) 153/247 (61.9) 123/207 (59) 30/40 (75) 0.076
Fibromyalgia, n (%) 13/247 (5.2) 12/207 (6) 1/40 (3) 0.699
Depression, n (%) 10/247 (4) 9/207 (4) 1/40 (3) 1.000
Chronic widespread pain, n (%) 12/247 (4.9) 9/207 (4) 3/40 (8) 0.418
Osteoporosis, n (%) 42/247 (9.7) 33/207 (16) 9/40 (23) 0.357
Osteoporotic fractures, median (IQR) 0 (0–0) 0 (0–0) 0 (0–0) 0.869
Joint replacements, median (IQR) 0 (0–1) 0 (0–1) 0 (0–2) 0.003
Disease duration in years, median (IQR) — 16 (12–19) 18 (15–19) 0.008
TJC28, median (IQR) 10 (6–16) 10 (6–15) 11 (8–18) 0.160
SJC28, median (IQR) 4 (2–8) 4 (2–8) 5 (2–8) 0.503
Main joint involvement, n (%)
Smalla 175/247 (71) 146/207 (71) 29/40 (73) 0.852
Largeb 9/247 (4) 7/207 (3) 2/40 (5) 0.642
Both 63/247 (25) 54/207 (26) 9/40 (23) 0.697

VAS in mm, median (IQR) 70 (60–80) 70 (60–80) 70 (60–80) 0.821
DAS28-CRP, median (IQR) 5.10 (4.4–5.7) 5.02 (4.4–5.7) 5.4 (4.7–6.1) 0.041
Patients with extra-articular

manifestations, n (%)
Vasculitis 4/247 (1.6) 3/207 (1) 1/40 (3) 0.509
Glomerulonephritis 0/247 (0) 0/207 (0) 0/40 (0) CNC
Scleritis 6/247 (2.4) 3/207 (1) 3/40 (8) 0.056
Pericarditis 6/247 (2.4) 4/207 (2) 2/40 (5) 0.251

CRP, median (IQR) 5 (5–15) 5 (5–11) 13 (5–28) 0.006
CRP elevated >10, n (%) 79/247 (32) 58/207 (28) 21/40 (53) 0.005
RF positive, n (%) 185/247 (74.9) 153/207 (74) 32/40 (80) 0.550
Anti-CCP positive, n (%) 189/247 (76.5) 154/207 (74) 35/40 (88) 0.102
Number of patients on current class, n (%)
csDMARDs only 10/245 (4) 8/207 (4) 2/40 (5) 0.669
TNFi 38/245 (15.4) 29/207 (14) 9/40 (22.5) 0.230
Anti CD20 68/245 (27.5) 66/207 (32) 2/40 (5) <0.001
Anti IL-6 26/245 (10.6) 23/207 (11) 3/40 (7.5) 0.587
JAKi 57/245 (23.0) 40/207 (19.5) 17/40 (42.5) <0.001
Abatacept 38/245 (15.5) 36/207 (17) 2/40 (5) 0.054
Other 1/245 (0.4) 1/207 (0.5) 0/40 (0) 1.000
None 9/245 (3.6) 4/207 (2) 5/40 (12.5) 0.001

Use of glucocorticoid therapy in the last year, n (%) 74/247 (29.9) 49/207 (24) 25/40 (62) <0.001
Current e of glucocorticoid therapy, n (%) 60/247 (24.2) 41/207 (20) 19/40 (48) <0.001
Number of patients exposed to a specific class, n (%)
TNFi 223/247 (94.3) 193/207 (93) 40/40 (100) 0.135
Anti CD20 180/247 (72.9) 140/207 (68) 40/40 (100) <0.001
Anti IL-6 147/247 (59.5) 107/207 (52) 40/40 (100) <0.001

(Continued)
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identify factors associated with poly-refractory RA. The logistic
regression model was adjusted for sex and age and included
variables that we felt there was a clinical rationale to investigate
an association and remained statistically significant in the
adjusted MV model. In this model, smoking (current or past) was
positively associated with poly-refractory RA (odds ratio 5.067,
95% CI 1.774–14.472, P = 0.002). Other variables were tested
in the model and dropped out, such as disease duration,
DAS-28, CRP, TJC, and SJC, independently. The fitness of the
model and the model itself are found in Table 2. Other variables
were tested in the model and dropped out, such as disease dura-
tion, DAS-28, CRP, TJC, and SJC independently. The fitness of
the model and the model itself are found in Table 2.

PIRRA versus NIRRA in D2T-RA including Poly-
refractory RA. US data were available for almost half of all
patients with D2T-RA and 85% of the poly-refractory group to
evaluate the relevance of clinically determined joint swelling
thought to represent synovitis. Out of 247, 107 patients were US
scanned recently, and up to a maximum of 12 months, 61 (57%)
patients showed US synovitis in one or more clinically swollen joint
(designated PIRRA group), and 46 (43%) did not have US synovi-
tis in clinically swollen joints (NIRRA). The patient characteristics
were generally similar between PIRRA and NIRRA groups, but
the NIRRA group had significantly higher BMI values (median
30 vs 26, P < 0.001). Patients with NIRRA had higher rates of
obesity (n = 24, 55% vs n = 15, 26%, P = 0.004) and fibromyalgia
(n = 7, 15% vs n = 2, 3%, P = 0.037) (Table 3). On the other
hand, the PIRRA group had significantly elevated DAS-28-CRP

disease activity scores (median 5.3 vs 4.3, P < 0.05), SJC
(median 5 vs 2, P < 0.001), and the CRP (median 10 vs 5 mg/l,
P < 0.01). The patients with PIRRA also had a higher rate of
steroid use contemporaneously with the US assessment
(n = 25, 41% vs n = 7, 15%, P < 0.01). Other factors, such as
age, sex, time of disease, and time on biologics, did not differ
between the two groups (Table 3).

PIRRA and NIRRA among the poly-refractory
patients with RA only. Out of 40 patients with poly-refractory,
34 (85%) patients had US scans available, of those 23 of
34 (67.6%) were classified as PIRRA, and 11 of 34 (32.4%) were
classified as NIRRA (Figure 1). As per the aforementioned
D2T-RA results, the patients classified as PIRRA had more indica-
tors of disease activity than patients with NIRRA, such as a signif-
icantly higher SJC (median, 7 vs 1, P < 0.001), a higher DAS28
(median, 5.42 vs 4.75, P = 0.05), and higher steroids use in the
past year (17% vs 3%, P < 0.05). Both BMI and CRP were
numerically higher but not statistically different between the two
groups, (15 mg/l patients with PIRRA vs 5 mg/l in NIRRA) and
BMI higher was in NIRRA (27 in PIRRA vs 30 in NIRRA). As
expected, the patients with NIRRA had a numerically higher
prevalence of OA (82%) against 70% in PIRRA group (Table 4).

DISCUSSION

In this retrospective observational study using real-world
data in the contemporary JAKi therapy era, only 2.7% of cases
of RA treated with b/tsDMARDs had poly-refractory disease.

Table 1. (Cont’d)

Total D2T-RA
(n = 247)

Nonpoly-refractory
RA (n = 207), ie, failed

2, 3, or 4 classes

Poly-refractory
RA (n = 40), ie,

failed all 5 classes P value

Abatacept 122/247 (49.4) 82/207 (40) 40/40 (100) <0.001
JAKi 109/247 (44.1) 69/207 (34) 40/40 (100) <0.001

Number of drugs tried in-class, median (IQR)
csDMARDs — 2 (2–3) 3 (2–4) 0.007
bDMARDs — 3 (2–4) 5 (5–7) <0.001
TNFi — 2 (1–2) 2 (2–3) <0.001
Anti-IL6 — 1 (0–1) 1 (1–1) <0.001
JAKi — 0 (0–1) 1 (1–2) <0.001
tsDMARDs — 0 (0–1) 1 (1–2) <0.001

Number of patients tried X classes, n (%)
2 88/247 (35.6) 88 (43) —

3 61/247 (24.7) 61 (30) —

4 58/247 (23.5) 58 (28) —

5 40/247 (16.2) 0 (0) 40 (100)

* Anti-CCP, anti-cyclic-citrullinated peptide; bDMARD, biological DMARD; BMI, body mass index; CNC, cannot be calculated; csDMARD, conven-
tional synthetic DMARD; CTD, connective tissue disease; CVA, cerebral vascular accident; D2T, difficulty-to-treat; DAS-28-CRP, disease activity
score C-reactive protein; DMARD, disease-modifying antirheumatic drug; IBD, inflammatory bowel disease; IL, interleukin; IQR, interquartile
range; JAKi, Janus-kinase inhibitors; OSA, obstructive sleep apnea; RA, rheumatoid arthritis; RF, rheumatoid factor; SD, standard deviation;
SJC, swollen joint count; SLE, systemic lupus erythematosus; TIA, transient ischemic accident; TJC, tender joint count; TNFi, tumour necrosis fac-
tor inhibitor; tsDMARD, target synthetic DMARD; US, ultrasound; VAS, visual analogue scale.
a Small joints were considered: metacarpophalangeal, proximal interphalangeal, and metatarsophalangeal joints and wrists.
b Large joints were shoulders, elbows, hips, knees, and ankles.
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Furthermore, DT2-RA encompassing poly-refractory RA could be
split into two distinct subgroups (PIRRA and NIRRA), with more
than 40% having the NIRRA phenotype. Of particular note, the
sonographically defined NIRRA phenotype was identified within
all D2T-RA groups and appears clinically relevant because it was
strongly linked to both obesity and clinically diagnosed fibromyal-
gia. In the smaller poly-refractory RA group, the NIRRA group still
represented one-third of cases (32.3%). This suggests that a sub-
stantial proportion of D2T-RA, including poly-refractory RA, may

be cycling through different therapies without actual objective evi-
dence of recalcitrant synovitis.

Because many mechanisms are operational in D2T-RA, the
use of US to divide them into PIRRA and NIRRA to reduce
the confounding factors was previously proposed.14,23 The pres-
ence of objective signs of synovitis in the US (PIRRA) would imply
that the b/tsDMARD is not adequately suppressing inflammation,
indicating the need of cycling to a new drug, whereas their
absence suggests that despite the symptoms, the drug is likely
controlling the inflammation and switching the treatment would
not necessarily resolve the problem. Noting that US-guided man-
agement of early RA was no better than “DAS-driven” treat-
to-target strategies,24,25 it will be interesting to see if US applied
to NIRRA and PIRRA groups would predict responses to therapy
switches. Regardless, considering that just 23 of 34 (67%) of
patients with poly-refractory RA with recent US were PIRRA, the
actual number of patients who have exhausted all available clas-
ses and may benefit from a further immunosuppressive approach
is very low (23 of 1,469 of all patients treated with biologic and
available clinical data or just 1.6%). These findings may be impor-
tant for planning novel immunotherapy studies in genuinely
refractory RA.

Figure 2. Most common reasons for interrupting each DMARD in percentage. Figure showing the reasons for interrupting each DMARD.
N points to the number of patients exposed to this specific drug who have stopped taking it at any point of their disease course. csDMARDs were
mainly stopped due to intolerance or are still in use in combination with other b/tsDMARD. Apart from Upadacitinib, more than 50% of patients
stopped the b/tsDMARDs because of primary or secondary nonresponse. The drugs being used at the moment of the data collection were not
included in this graph (current use). b/tsDMARD, biological/targeted synthetic disease-modifying drug; csDMARD, classical synthetic disease
modifying drug.

Table 2. Age and sex-adjusted logistic regression poly-refractory
vs. non-poly-refractory

OR (β) 95% CI Sig.

Smokinga 5.067 1.774–14.472 0.002
Ageb 1.010 0.984–1.036 0.450
Sexc 1.282 0.560–2.932 0.557

* Total Nagelkerke R2 = 0.071. Logistic regression model adjusted
for age and sex to explore associations with poly-refractory disease.
Themodel included female andmale, and age was used as a contin-
uous variable. The adjusted-model found an association between
poly-refractory disease and smoking (both active and past
smokers).
a Considered both active and past smokers.
b Used as a continuous variable to adjust for age.
c The model included both male and female.

INVESTIGATING POLY-REFRACTORY RA PHENOTYPES 7
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Table 3. PIRRA vs. NIRRA

NIRRA n = 46 PIRRA n = 61 P value

Age, mean ± SD 58 ± 13 61 ± 15 0.110
Female, n (%) 35 (76) 49 (80) 0.640
BMI, median (IQR) 30.3 (27–37) 26.1 (23–30) <0.001
Comorbidities
Cardiovascular risk factors, n (%)
Obese 24/44 (55) 15/57 (26) 0.004
Smoking 2/46 (4) 6/61 (10) 0.462
Hypertension 9/46 (20) 15/61 (25) 0.642
Diabetes 4/46 (9) 7/61 (12) 0.754
Ischemic heart disease 1/46 (2) 6/61 (10) 0.235
CVA/TIA 1/46 (2) 4/61 (7) 0.388
Dyslipidaemia 2/46 (4) 3/61 (5) 1.000
OSA 2/46 (4) 3/61 (5) 1.000

Number of cardiovascular risk factors, median (IQR) 1 (0–2) 1 (0–1) 0.321
Osteoarthritis, n (%) 30/46 (65) 43/61 (71) 0.676
Fibromyalgia, n (%) 7/46 (15) 2/61 (3) 0.037
Depression, n (%) 5/46 (11) 1/61 (2) 0.082
Chronic widespread pain, n (%) 3/46 (7) 7/61 (12) 0.510
Osteoporosis, n (%) 8/46 (17) 13/61 (21) 0.806
Osteoporotic fractures, median 0 (0–0) 0 (0–0) 0.098
Joint replacements, median 0 (0–0) 0 (0–1) 0.685
Patients with autoimmune diseases, n (%)
Coeliac, n (%) 1/46 (2) 2/61 (3) 1.000
CTD overlap, n (%) 0/46 (0) 1/61 (2) 1.000
Sjogren syndrome, n (%) 1/46 (2) 1/61 (2) 1.000
Discoid lupus, n (%) 1/46 (2) 0/61 (0) 0.430
SLE, n (%) 0/46 (0) 0/61 (0) CNC
IBD, n (%) 2/46 (4) 1/61 (2) 0.576
Hypothyroidism, n (%) 1/46 (2) 8/61 (13) 0.075
Age at diagnosis in years, mean ± SD 40 ± 12 43 ± 14 0.176
Disease duration in years, median (IQR) 17 (14–19) 16 (14–19) 0.876
TJC28, median (IQR) 14 (8–18) 11 (8–16) 0.258
SJC28, median (IQR) 2 (0–4) 5 (2–9) <0.001
Main joint involvement, n (%)
Smalla 30/46 (65) 43/61 (71) 0.676
Largeb 3/46 (6.5) 0/61 (0) 0.076
Both 13/46 (28) 18/61 (30) 1.000

VAS in mm, median (IQR) 70 (60–80) 70 (60–80) 0.198
DAS28, mean ± SD 4.93 (4.4–5.5) 5.30 (4.6–6.0) 0.017
Patients with extra-articular manifestations, n (%)
Vasculitis 2/46 (4) 0/61 (0) 0.183
Glomerulonephritis 0/46 (0) 0/61 (0) CNC
Scleritis 0/46 (0) 4/61 (7) 0.133
Pericarditis 2/46 (4) 1/61 (2) 0.576

CRP (mg/l), median (IQR) 5 (5–10) 10 (5–29) 0.007
CRP elevated (mg/l) >10, n (%) 11/46 (24) 30/61 (49) 0.009
RF positive, n (%) 29/46 (63) 44/61 (72) 0.403
Anti-CCP positive, n (%) 31/46 (67) 45/61 (74) 0.522
Drug-related characteristics
Number of patients on current class, n (%)
csDMARDs only 0/46 (0) 3/61 (5) 0.260
TNFi 7/46 (15.3) 13/61 (21) 0.616
Anti CD20 6/46 (13) 6/61 (10) 0.758
Anti-IL-6 2/46 (4.3) 8/61 (13) 0.184
JAKi 20/46 (43.5) 17/61 (28) 0.100
Abatacept 7/46 (15.3) 10/61 (16) 1.000
Other 2/46 (4.3) 0/61 (0) 0.178
None 2/46 (4.3) 4/61 (7) 0.392

Currently under glucocorticoid therapy, n (%) 7/46 (15) 25/61 (41) 0.005
Use of steroids in the last year (oral or IM), n (%) 11/46 (24) 29/61 (48) 0.016
Number of patients exposed to a specific class, n (%)
TNFi 45/46 (98) 60/61 (98) 1.000
Anti CD20 32/46 (70) 44/61 (72) 0.831

(Continued)
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For practical reasons, our study did not include all the
factors typically considered as indicators of disease activity in
the EULAR criteria for D2T-RA.10 These factors include progres-
sive radiographic changes, the challenge of tapering corticoste-
roids, and subjective symptoms that can affect the patient’s
quality of life, as assessed by either the physician or the patient.10

The exclusion of these factors included lack of availability of com-
munity data on corticosteroid administration and tapering regi-
mens by general physicians and the infrequent use of x-rays to
assess rapid disease progression in our clinical practice. Addi-
tionally, patients’ subjective impressions of disease activity were
not consistently documented. As a result, individuals who would
meet the D2T-RA criteria because of one of those three factors,
but had a DAS-CRP score of less than 3.2 and lacked extra-
articular manifestations, were not included in our study cohort.
Furthermore, we did not have access to patients with RA who
were solely on conventional DMARDs and had not been exposed
to b/tsDMARDs so that we could have calculated the frequency of
DT2 RA in the overall population of treated patients and not just
on the biologic exposed cases as presently reported. Monitoring
of such cases had shifted to the community, preventing us from
determining the true prevalence of D2T in the overall RA popula-
tion, including those who had never received b/tsDMARDs.
Nevertheless, although the full gamut of suggested D2T compo-
nents was lacking, the routine available clinical data tallied
strongly with the sonographically determined NIRRA and PIRRA
phenotypes.

Our study showed that patients with poly-refractory RA had
a slightly higher disease activity than the rest of the D2T-RA cohort,
with a higher DAS-28-CRP median score (5.4 vs 5.02) and a higher

proportion of patients with increased CRP (53% vs 28%), which
probably explains the higher rate of systemic (oral or intramuscu-
lar) corticosteroid use in the past year (62% vs 24%). Further-
more, there was a noticeably increased prevalence of smokers
(current or past) among the poly-refractory group (that included
patients with PIRRA and NIRRA) when compared with the other
patients with D2T-RA (20% vs 4%), and smoking increased the
odds of having poly-refractory RA nearly five-fold. This finding is
consistent with studies demonstrating that smokers have a
poorer response to TNF inhibitors,26–28 which was the most used
b/tsDMARD in our cohort. Our data suggest an adverse impact of
smoking goes right through to the poly-refractory RA group,
despite evidence that the JAKi response is unaffected by smoking
status.29–31

We also noted that the poly-refractory RA group had longer
disease duration than the remaining D2T RA group (18 vs
16 years), which was statistically significant (P = 0.008) and points
to fact that at least in part, RA chronicity may be a factor in the
emerging poly-refractory state, which needs further investigation.

Regarding the patients with PIRRA and NIRRA, we found
results in keeping with previously reported literature, with one
group with no objective inflammation (NIRRA) and commonly
more patients with obesity (BMI median 30 vs 26) that are more
likely to have fibromyalgia (15% vs 3%) and depression.32 We
did not find significant differences in depression rates between
PIRRA and NIRRA groups, but no objective questionnaires were
applied, and our data were exclusively extracted from EMR, pos-
sibly underestimating the depression prevalence rates. In general,
anxiety and depression, as well as obesity and other cardiovascu-
lar risk factor conditions, were previously correlated to D2T-RA

Table 3. (Cont’d)

NIRRA n = 46 PIRRA n = 61 P value

Anti IL-6 37/46 (80) 49/61 (80) 1.000
Abatacept 26/46 (57) 45/61 (74) 0.067
JAKi 30/46 (65) 40/61 (66) 1.000

Number of drugs tried in-class, median (IQR)
csDMARDs 2 (2–2) 2 (2–3) 0.385
bDMARDs 4 (3–5) 5 (3–6) 0.102
tsDMARDs 1 (0–1) 1 (0–1) 0.819

Number of patients tried X classes, n (%)
2 9/46 (20) 7/61 (12)
3 7/46 (15) 15/61 (25)
4 19/46 (41) 16/61 (26)
5 11/46 (24) 23/61 (38)

* Anti-CCP, anti-cyclic-citrullinated peptide; bDMARD, biological disease-modifying antirheumatic drug; BMI, body
mass index; CNC, cannot be calculated; csDMARD, conventional synthetic disease-modifying antirheumatic drug;
CTD, connective tissue disease; CVA, cerebral vascular accident; DAS-28-CRP, disease activity score C-reactive
protein; IBD, inflammatory bowel disease; IL, interleukin; IQR, interquartile range; JAKi, Janus-kinase inhibitors;
NIRRA, noninflammatory refractory rheumatoid arthritis; OSA, obstructive sleep apnoea; PIRRA, persistent inflam-
matory refractory rheumatoid arthritis; RF, rheumatoid factor; SD, standard deviation; SJC, swollen joint count;
SLE, systemic lupus erythematosus; TIA, transient ischemic accident; TJC, tender joint count; TNFi tumour necrosis
factor inhibitor; tsDMARD, target synthetic disease-modifying antirheumatic drug; US, ultrasound; VAS, visual
analog scale.
a Small joints were considered: metacarpophalangeal, proximal interphalangeal, and metatarsophalangeal joints
and wrists.
b Large were shoulders, elbows, hips, knees, and ankles.

INVESTIGATING POLY-REFRACTORY RA PHENOTYPES 9
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Table 4. PIRRA vs. NIRRA characteristics among poly-refractory RA*

Poly-refractory RA valid with US scan N= 34

NIRRA n = 11 PIRRA n = 23 Significance

Demographics
Age, median (IQR) 59 (46–69) 64 (57–73) 0.543
Female, n (%) 6 (55) 19 (83) 0.111
BMI, median (IQR) 30 (26–33) 27 (23–31) 0.344

Cardiovascular risk factors, n (%)
Obese 6 (55) 15 (65) 0.458
Smoking 1 (9) 4 (17) 1.000
Hypertension 2 (18) 7 (30) 0.682
Diabetes 1 (9) 2 (9) 1.000
Ischemic heart disease 1 (9) 2 (9) 1.000
CVA/TIA 0 (0) 2 (9) 1.000
Dyslipidaemia 0 (0) 1 (4) 1.000
OSA 1 (9) 0 (0) 0.324

Patients with autoimmune diseases, n (%)
Coeliac 0 (0) 1 (4) 1.000
CTD overlap 0 (0) 1 (4) 1.000
Sjogren syndrome 0 (0) 1 (4) 1.000
Discoid lupus 1 (9) 0 (0) 0.324
SLE 0 (0) 0 (0) CNC
IBD 1 (9) 0 (0) 0.324
Hypothyroidism 1 (9) 3 (13) 1.000

Current use of steroids, n (%) 3 (27) 17 (74) 0.023
Current use of oral glucocorticoid
therapy, n (%)

1 (9) 14 (61) 0.008

Osteoarthritis, n (%) 9 (82) 16 (70) 0.682
Fibromyalgia, n (%) 1 (9) 0 (0) 0.324
Depression, n (%) 0 (0) 1 (4) 1.000
Chronic widespread pain 1 (9) 2 (9) 1.000
Osteoporosis, n (%) 4 (36) 4 (17) 0.388
Osteoporotic fractures, median 0 (0–0) 0 (0–0) 0.580
Joint replacements, median 1 (0–3) 0.5 (0–1) 0.458
Disease characteristics
Age at onset 45 (31–51) 45 (34–49) 0.824
Disease duration in years,
median (IQR)

18 (14–19) 18 (15–20) 0.915

TJC28, median (IQR) 15 (7–21) 11 (9–15) 0.630
SJC28, median (IQR) 1 (0–2) 7 (5–9) <0.001

Main joint involvement, n (%)
Smalla 8 (72) 17 (74) 1.000
Largeb 1 (9) 0 (0) 0.324
Both 2 (18) 6 (26) 1.000

VAS in mm, median (IQR) 60 (50–70) 70 (60–80) 0.095
DAS28, mean ± SD 4.75 (4.1–5.6) 5.42 (4.9–6.1) 0.05
Patients with extra-articular manifestations, n (%)
Vasculitis 1 (9) 0 (0) 0.324
Glomerulonephritis 0 (0) 0 (0) CNC
Scleritis 0 (0) 3 (13) 0.535
Pericarditis 1 (9) 0 (0) 0.324

CRP, median (IQR) 5 (5–16) 15 (5–29) 0.069
CRP elevated >10, n (%) 3 (27) 13 (57) 0.152
RF positive, n (%) 9 (82) 17 (74) 1.000
Anti-CCP positive, n (%) 11 (100) 18 (78) 0.150

* CNC, value of 0.
Anti-CCP, anti-cyclic-citrullinated peptide; BMI, body mass index; CNC, cannot be calculated; CTD, connective tissue
disease; CVA, cerebral vascular accident; DAS-28-CRP, disease activity score C-reactive protein; IBD, inflammatory
bowel disease; IQR, interquartile range; NIRRA, noninflammatory refractory rheumatoid arthritis; OSA, obstructive
sleep apnoea; PIRRA, persistent inflammatory refractory rheumatoid arthritis; RA, rheumatoid arthritis;
RF, rheumatoid factor; SD, standard deviation; SJC, swollen joint count; SLE, systemic lupus erythematosus; TIA,
transient ischemic accident; TJC, tender joint count; US, ultrasound; VAS, visual analogue scale.
a Small joints were considered: metacarpophalangeal, proximal interphalangeal, and metatarsophalangeal joints
and wrists.
b Large joints were shoulders, elbows, hips, knees, and ankles.
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when compared with patients with non-D2T-RA,32,33 and
although the studies did not compare between those with objec-
tive and nonobjective inflammation, they suggest that those vari-
ables to possibly contribute to a misclassification as D2T-RA.

In our study, the PIRRA group had higher SJC (median 5 vs 2)
and DAS-28-CRP score (median 5.3 vs 4.93), as well as higher
CRP levels (median 10 vs 5), suggesting a genuinely greater inflam-
matory disease burden. In line with this, patients with PIRRA had a
higher rate of current (at the moment of US) corticosteroid use than
NIRRA (41% vs 15%). A recent study also associated the use of
steroids with patients with PIRRA, although their PIRRA definition
was examiner-based and not defined by objective signs on US.34

Our findings showed how US could help stratify the NIRRA and
PIRRA phenotypes, which could be relevant for therapy switching
or not, but we recognize that USmay not be widely available in clin-
ical practice to facilitate this decision. Clinically, the presence of
multiple swollen joints instead of one or a few joints and elevation
of CRP in the absence of obesity and chronic pain/fibromyalgia
may best identify the groups with genuinely active synovitis that tar-
geted therapy should be switched from a clinical perspective. The
mechanisms responsible for the NIRRA phenotype are still unclear,
but factors including secondary OA, fibromyalgia, peripheral nerve
sensitization, and central sensitization are likely important.16 For
example, apart from fibromyalgia, when specifically looking into
patients with poly-refractory RA (Table 4), although not statistically
significant, numerically, the OA prevalence was higher in patients
with NIRRA (82%), against 70% of patients with PIRRA. This is of
extreme importance because the management of secondary OA
in advance RA is clearly different from the one of actual active RA
disease. Hence, these patients may not benefit from b/tsDMARD
cycling, because of the absence of inflammation. In the real-world
setting, the presence or absence of US inflammation has been
widely used to help rheumatologists with decision-making on con-
tinuing or switching the cs/b/tsDMARD, being especially useful in
patients with a low SJC and DAS-28-CRP pointing to only moder-
ate disease, because SJC was shown to be closely related to US
synovitis and a high SJC may suggest a higher likelihood of PIRRA
status.35

Our study had some limitations. Firstly, although, all patients
met the three essential EULAR criteria for D2T-RA, as a cross-
sectional study based on EMR, patients that would be considered
D2T-RA because of (1) difficulty tapering down corticosteroids
under 7.5 mg were not included because of incomplete, data
including primary care corticosteroid data; (2) rapid radiographic
progression because routine follow up radiographs is not part of
our standard of care; and (3) RA symptoms deemed to impair
quality of life as documented by either patient or physician, were
not included. So, despite of all our patients having symptoms
reducing their quality of life, some might have been left out too
because of a disease activity score of less than moderate, possi-
bly underestimating the total number of D2T-RA. On the other
hand, our study could overestimate the prevalence of D2T and

poly-refractory patients among patients with RA because our
center is in a tertiary hospital and receives referrals from difficult
cases from other cities nearby. Secondly, as our data comes from
a “real-world” clinical setting, the US was not taken according to
a prespecified protocol but performed only in clinically swollen
joints and according to the physician’s examination and opinion,
which could possibly underestimate subclinical synovitis at other
sites. Nevertheless, the combined use of US and clinical data
clearly showed evidence for two distinct phenotypes in D2T-RA
encompassing poly-refractory RA, namely a PIRRA and NIRRA
phenotype, with our univariate analysis still showing differences
between the groups, specifically in the NIRRA group with more
obesity and fibromyalgia.

In conclusion, only 2.7% of patients on b/tsDMARD cases
could be classified as poly-refractory RA, having explored at least
one drug of each available class and was linked to smoking. Of
the patients with D2T-RA, including poly-refractory RA that had
US, 57% were PIRRA and 43% had no US detected synovitis or
NIRRA, and this group was shown to have a higher fibromyalgia
prevalence rate and also obesity. US may be useful for phenotyp-
ing D2T-RA and to guide the next step in management, especially
in patients with a lower SJC and DAS-28-CRP that are not under
steroid treatment. The use of US to stratify NIRRA and PIRRA
strongly correlated with obesity and fibromyalgia and lower CRP
in the NIRRA group and suggests that this US-driven designation
is clinically robust. Our study highlights the existence of the poly-
refractory RA subgroup as an important clinical challenge with
no therapeutic options and also suggests that patients with
D2T-RA have at least two different clinical profiles that could ben-
efit from different therapeutic strategies.
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