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CLINICAL SCIENCE

Predictors for severe persisting pain in rheumatoid
arthritis are associated with pain origin and appraisal

of pain
Christoph Baerwald

Bjorn Fritz,” Michael Bernateck,’ Daniela Adolf.* Peter C Taylor

ABSTRACT

Objectives To determine the proportion of patients
with rheumatoid arthritis (RA) with severe persisting
pain and to identify predictive factors despite treatment-
controlled disease activity.

Methods This prospective multicentre study

included outpatients with RA scheduled for escalation
of anti-inflammatory treatment due to active

disease and severe pain (Disease Activity Score 28
(DAS28)>3.2 and Visual Analogue Scale (VAS)>50).

At week 24, patients were stratified into reference
group (DAS28 improvement>1.2 or DAS28<3.2and
VAS pain score<50), non-responders (DAS28
improvement<1.2 and DAS28>3.2, regardless of

VAS pain score) and persisting pain group (DAS28
improvement>1.2 or DAS28<3.2 and VAS pain
score=50). The former two subgroups ended the

study at week 24. The latter continued until week 48.
Demographic data, DAS28-C reactive protein, VAS for
pain, painDETECT Questionnaire (PD-Q) to identify
neuropathic pain (NeP) and the Pain Catastrophising
Scale were assessed and tested for relation to persisting
pain.

Results Of 567 patients, 337 (59.4%) were classified
as reference group, 102 (18.0%) as non-responders

and 128 (22.6%) as patients with persisting pain. 21
(8.8%) responders, 28 (35.0%) non-responders and 27
(26.5%) persisting pain patients tested positive for NeP
at week 24. Pain catastrophising (p=0.002) and number
of tender joints (p=0.004) were positively associated
with persisting pain at week 24. Baseline PD-Q was not
related to subsequent persisting pain.

Conclusions Persisting and non-nociceptive pain occur
frequently in RA. Besides the potential involvement of
NeP, pain catastrophising and a higher number of tender
joints coincide with persisting pain.

INTRODUCTION

Patients diagnosed with rheumatoid arthritis (RA)
highlight pain as their most significant problem with
the highest need for improvement.' > According to
the definition from the International Association
for the Study of Pain, pain is an ‘unpleasant sensory
and emotional experience associated with actual
or potential tissue damage, or described in terms
of such damage’.’ Nociceptive pain in RA usually
results from synovitis or structural joint damage
due to bone loss induced by osteoclastogenesis,

," Edgar Stemmler,? Sixten Gniichtel,” Katharina Jeromin,?

> Ralf Baron®

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Pain is a cardinal symptom of inflammatory
arthritis and represents a critical parameter for
evaluating treatment success.

= Persisting pain leads to considerable limitations
in daily life and occurs in some patients with
rheumatoid arthritis (RA) despite meaningful
improvement of inflammatory disease activity.

WHAT THIS STUDY ADDS

= Persisting and, in particular, neuropathic pain
components are frequent in RA. Neuropathic
pain is present more often in non-responders
to disease-modifying anti-rheumatic drug
treatment and patients with persisting pain
despite controlled disease activity.

= Pain catastrophising and the number of tender
joints are independent predictors of persisting
pain in patients with RA.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= As pain in RA represents a multifactorial
process, screening for pain catastrophising
and the number of tender joints could help
to identify patients at risk for chronic pain
and support pain phenotyping for suitable
treatment. Neuropathic pain and other
contributing factors should be adequately
identified and treated in patients with
persisting pain.

which is caused by pro-inflammatory cytokines
such as tumour necrosis factor (TNF)-alpha, inter-
leukin (IL)-1, IL-2 or IL-6.*° It might be augmented
by central sensitisation, that is, pain facilitation in
the spinal cord. Furthermore, damage to nocicep-
tive nerve endings in the affected joint might induce
neuropathic pain (NeP) due to lesions or diseases
affecting the somatosensory nervous system either
peripherally or centrally.® In 2021, the framework
for pain phenotyping was refined: besides nocicep-
tive pain caused by inflammation and damage of
tissues and NeP resulting from nerve damage, noci-
plastic pain was introduced as a third category.” ®
It arises from altered nociception despite no clear
evidence of disease or lesion of the somatosensory
system, for example, in fibromyalgia. Given that
NeP and nociplastic pain potentially involve the
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central nervous system, it is crucial to acknowledge that reliably
distinguishing these non-nociceptive pain phenotypes is a task
yet to be mastered. In the literature, the proportion of patients
with RA identified to likely have NeP ranges from 5% to 17%;
another roughly 20% is reported to possibly have NeP*™'* NeP,
at the time of the start of this study, not being distinguished from
nociplastic pain and pain catastrophising has already been shown
to interfere with achieving remission in RA and early RA." 7% A
result which fits well findings for depression and anxiety, which
are frequently related to pain and have also been reported to
hinder remission achievement.'® '’ Persisting pain as a potential
consequence of any pain phenotype mentioned above is usually
understood as current and prolonged pain resulting from various
causes, including diseases or damage to musculoskeletal struc-
tures. Recent findings suggest that 59%-79% of patients with
RA have persisting pain.'® To enrich the knowledge on the occur-
rence of persisting pain in RA, the aims of the PAIN-CONTROL
study were: (a) to determine the proportion of patients with RA
having persisting pain and NeP, (b) to compare the clinical and
patient-reported outcomes (PROs) of patients with persisting
pain to reference patients responding to treatment and non-
responders after 24 weeks of disease-modifying anti-rheumatic
drug (DMARD) therapy and (c) to identify characteristics that
may predict persisting pain.

METHODS

Patient sample

Patient enrolment started on 8 November 2016 (first patient, first
visit) and was completed on 9 July 2021 (last patient, last visit).
All participants were outpatients recruited from 50 study centres
specialising in rheumatology across Germany. Patients were
required to meet the following criteria for enrolment: (a) adult
patients (=18 years of age) with a previously signed informed
consent regarding study participation and corresponding proce-
dures, (b) confirmed diagnosis of RA according to the ACR/
EULAR 2010 criteria, (c) active disease (Disease Activity Score
28 (DAS28)>3.2) plus swollen joint count (SJC)>3, normal C
reactive protein (CRP) or CRP above the normal upper limits,
and scheduled for escalation of anti-inflammatory treatment, (d)
disease duration (RA)<8 years, (e) patient-reported pain inten-
sity score of =50 on a 0-100 Visual Analogue Scale (VAS) and
(f) intellectual capacity to participate in study-related procedures
and complete individual questionnaires. Patients with active
disease, determined by a distinct inflammatory component
and reporting considerable pain (=50 on a 0-100 VAS), were
deemed most suitable for analysing the impact of persisting pain
on treatment outcomes following therapy escalation.

Study-related procedures

PAIN-CONTROL was a longitudinal study over 24 and 48
weeks, depending on treatment outcome at week 24, which
determined the subgroup classifications as specified below.
PAIN-CONTROL is registered in the German Clinical Trial
Register (DRKS00010717). Study sites entered data via an
electronic case report form with a unique subject ID code on a
web-based encrypted platform. Patient questionnaires were tran-
scribed by hand and stored on-site. Plausibility checks on defined
limits and variable values were conducted using automated feasi-
bility checks. At baseline, anti-inflammatory treatment initiation
or escalation was given, while demographic data (eg, gender,
age, disease duration and body mass index) and baseline labora-
tory values comprising autoantibodies to rheumatoid factor and
anti-citrullinated peptide were collected. Clinical assessments

included measurement of DAS28 using either C reactive protein
(DAS28-CRP) or erythrocyte sedimentation rate (DAS28-ESR).
Additionally, the following PROs were completed: the painDE-
TECT Questionnaire (PD-Q) investigating symptoms of NeP, the
Rheumatoid Arthritis Impact of Disease Questionnaire (RAID)
assessing RA impact on daily life, the Patient Health Question-
naire 9 (PHQ-9) reflecting depressive symptoms, the Health-
Assessment Questionnaire Disability-Index (HAQ-DI) measuring
physical function, and the Pain Catastrophising Scale (PCS) eval-
uating the individual appraisal of pain."”™*® The cut-offs used to
evaluate the extent of NeP symptoms were <12 points (NeP
negative), 13-18 points (inconclusive) and =19 points (NeP
positive).”” Clinical assessments and PROs were scheduled at
each study visit, that is, baseline and weeks 12, 24 and 48. The
anti-inflammatory treatment of study participants was adjustable
at the treating physician’s discretion regarding national treat-
ment guidelines for RA.>* Besides obligatory initiation or esca-
lation of treatment, there were no study-related procedures or
limitations regarding anti-rheumatic treatment, including medi-
cation to manage inflammatory pain. At week 24, patients were
assigned to three subgroups based on their response to treatment
(DAS28-ESR or DAS28-CRP) and reported pain level: patients
with DAS28 improvement from baseline>1.2 or DAS28<3.2 and
VAS pain score<50 were considered the reference control group.
Patients with DAS28 improvement from baseline<1.2and
DAS28>3.2 were considered non-responders, regardless of the
VAS pain score. Patients reporting a VAS pain score =50and
either a DAS28 improvement from baseline>1.2 or DAS28<3.2
were considered the persisting pain group and were followed
up to week 48. This classification was supposed to distinguish
patients with a primary inflammatory disease component
whose pain likely results from inflammation from patients with
persisting pain despite reduced disease activity or patients not
responding to escalation of treatment. For the reference group
and non-responders, the study ended at week 24. Patients with
persisting pain continued until week 48 and were recommended
at week 24 to seek adjunctive pain treatment based on a shared
decision between patient and physician.

Statistical data analysis

Descriptive information from data on interval and ratio levels
is presented as arithmetic mean (SD), including Cls for speci-
fied outcomes of interest, while results for nominal data are
presented using absolute and relative frequencies, n (%). Propor-
tions are presented as relative frequencies only. For patient clas-
sification at week 24, treatment response was assessed either by
DAS28-CRP or DAS28-ESR. For descriptive statistical analysis
and variable selection, only DAS28-CRP values were used. Vari-
able selection for multivariable regression modelling identifying
baseline predictors of persisting pain comparing patients of
the corresponding subgroup to individuals from the reference
group at week 24 was conducted as follows: initial reduction of
variables was obtained by factor analysis, selecting the variable
with the highest factor loading from factors with eigenvalues
>1 obtained by Varimax rotation. Subsequently, study directors
(CB, PCT, RB) reviewed the top variables of each factor, whereas
they could overrule the results in justifiable cases, for example,
when factor loading of a total score was only slightly lower than
the score’s item. Second, a stepwise approach in multivariable
logistic regression modelling (using a criterion of 15% as the
significance level for inclusion and 20% as the significance level
for remaining in the model in order to yield a higher power) using
bootstrapping (bootstrap sample: B=500) was applied. Variables
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included in the model in at least 60% of the bootstrapped models
were selected for the final regression to identify factors for being
assigned to the persisting pain subgroup (in comparison to the
reference group). The results were transformed into individual
risk scores and included in a nomogram, which, for convenience,
can be used to estimate the outcome of an individual patient
given baseline values directly. Data processing and analysis were
performed using SAS V.9.4 (SAS Institute), and the nomogram
was created using R V.4.2.0 (R Foundation, Vienna, Austria). > %
The study results are reported according to the Strengthening
the Reporting of Observational Studies in Epidemiology guide-
lines for observational studies.”’

Sample size determination

Given the exploratory nature of this study, the sample size was
determined by the requirements for predictive modelling. We
assumed patients with persisting pain to be the least common
group compared with the reference group and non-responders.
According to the literature, regression modelling requires at least
10 times the number of independent variables desired for regres-
sion modelling.”® The maximum planned number was 12 inde-
pendent variables as potential predictors, meaning that at least
120 patients would have to be classified as having persisting pain
at week 24, whereas the maximum number of patients to include
in the study was n=700. Therefore, recruitment was stopped
after either 120 patients with persisting pain were identified or
the total number of patients enrolled exceeded 700.

RESULTS

Patient sample characteristics

Patients with a previous RA diagnosis (n=567) were included in
this per-protocol analysis. All patients were scheduled to initiate

Screening Week 0* Week 12*

Inclusion criteria

RA according to ACR/EULAR
classification criteria

DAS28 = 3.2
Swolen Joints = 3

CRP normal or above reference
range

Scheduled for initiation or
escalation of anti-inflammatory
treatment

VAS pain (0-100) = 50

Disease duration < 8 years

Signed informed consent

Intellectual capacity to take part in
the study

Exclusion criteria

Diagnosis of psoriasis or C-Reactive Protein
" N
fibromyalgia syndrome

Diabetic neuropathy Anti-rheumatic medication

Chronic pain

Pharmaceutical pain treatment
DAS28 (SJC, TJC, ESR, VAS-GA) {

Adjunctive therapies (e.g. physiothera

VAS global assessment of disease activity — physician

Figure 1

Week 24*

*Clinical parameters

Patient-Reported Outcomes

or escalate anti-inflammatory treatment due to increased disease
activity (DAS28>3.2). The proportion of female patients in the
total sample was 67.9%. On average, patients had a mean age
(SD) of 57.6 (12.9) years and a disease duration of 2.5 (2.6) years.
At week 24, given corresponding response to anti-inflammatory
treatment, the majority of patients (337, 59.4%) were assigned to
the reference group, while 102 (18.0%) patients were classified
as non-responders and 128 (22.6%) patients fulfilled the criteria
for persisting pain and were followed up to week 48. Patient
recruitment was stopped after 120 patients with persisting pain
were identified, whereas already included patients were allowed
to finish the study, resulting in 128 patients in the respective
subgroup (see figure 1 for study design). The baseline charac-
teristics of the three subgroups did not reveal any differences
regarding demographic background.

However, differences in 95% Cls regarding clinical charac-
teristics and PROs were found between the reference group and
patients with persisting pain regarding RAID, HAQ-DI, PCS and
the Numerical Rating Scale for global disease activity, with the
latter group showing higher baseline scores for these measures
(online supplemental table 1). Similar results were obtained
for DAS28-CRP and VAS pain, whereas the baseline 95% CI
for patients with persisting pain was above the results of both
reference patients and non-responders (DAS28-CRP: 95% CI,
crence = 4.80 10 5.00, 95% CI_ oo, =471 10 5.09, 95% CI,,
pan=3-13 to 5.47; VAS pain: 95% CI . . =66.9 to 69.7, 95%
Clon Responders =06+ t0 71.5, 95% CI, . =71.6 to 76.1). Esca-
lation of RA treatment at baseline was characterised across all
subgroups by an increase in conventional synthetic (cs), biolog-
ical (b) or targeted-synthetic (ts) DMARD prescriptions (AcsD-
MARDs=16.7%, AbDMARDs=13.3%, AtsDMARDs=2.9%)
and glucocorticoids, (Aglucocorticoids=23.2%). Glucocorticoids

Persisting Pain
— e e o o o o o Week 48*

Persisting pain subgroup:
ADAS28 > 1.2 or DAS28 = 3.2
VAS pain (0-100) = 50

Adjunctive
pain treatment

Reference subgroup:
ADAS28 > 1.2 or DAS28 =< 3.2

VAS pain (0-100) < 50

Non-responder subgroup:
ADAS28 < 1.2 and DAS28 > 3.2
regardless of pain improvement

painDETECT (neuropathic pain)
VAS pain

VAS pain global assessment of disease activity - patient

&

N_Pain Catastrophizing Scale (PCS)
N_Rheumatoid Arthritis Impact of Disease Questionnaire (RAID)
\_Patient Health Questionnaire 9 (PHQ9)

PAIN-CONTROL study design. ACR, American College of Rheumatology; CRP, C reactive protein; DAS28, Disease Activity Score 28; ESR,

erythrocyte sedimentation rate; EULAR, European Alliance of Associations for Rheumatology; RA, rheumatoid arthritis; SJC, swollen joint count; TIC,
tender joint count; VAS, Visual Analogue Scale; VAS-GA, Visual Analogue Scale - Global Assessment of Disease Activity.
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Table 1 Patient characteristics according to the subgroup
classification at week 24

Reference group Non-responders Persisting

(N=337) (N=102) pain (N=128)
Female, n (%) 233 (69.1) 65 (63.7) 87 (68.0)
ACPA positivity, n (%) 187 (55.5) 43 (42.2) 73 (57.0)
Age, years, mean (SD)  57.1 (13.2) 59.9 (12.0) 57.1(13.0)
Disease duration, years, 2.5 (2.6) 2.7(2.8) 2.5(2.5)
mean (SD)
DAS28-CRP, mean (SD) 4.9 (0.9) 4.9(1.0) 5.3(1.0)
PD-Q score 14.0 (6.8) | 287 15.5(7.1)| 78 15.5 (6.5) |

m
PD-Q (NeP positive), 82 (28.6)|287  32(41.0)| 78 40 (36.0) | 111
n (%)
RAID 5.8(2.0)|332 6.0 (1.9) | 100 6(1.7)| 125
PHQ-9 7.3(5.1)| 328 8.4 (5.4) | 98 9(5.1)|123
HAQ-DI 1.1(0.7) | 333 1.2(0.6) | 101 3(0.6) | 125
PCS 19.7(12.4)|328 21.5(12.3)| 96 24.1 (12.5)
| 123

VAS pain (0-100), 68.3 (13.0) 69.0 (12.8) 73.8 (13.0)
mean (SD)
NRS disease activity 6.7 (1.5) 6.9 (1.4) 7.2(1.4)
(0-10), mean (SD)
csDMARDs," n (%) 143 (42.4) 50 (49.0) 63 (49.2)
¢sDMARDs,% n (%) 232(70.3)|330 67 (65.7) 83(66.9) | 124
bDMARDs," n (%) 41(12.2) 15 (14.7) 19 (14.8)
bDMARDSs,? n (%) 84 (25.5) | 330 36 (35.3) 37(29.8) | 124
tsDMARDSs," n (%) 6(1.8) 2(2.0) 1(0.8)
tsDMARDs,? n (%) 27 (8.2)]330 5(4.9) 9(7.3)|124
Glucocorticoids,' n (%) 130 (38.6) 49 (48.0) 62 (48.4)
Glucocorticoids,” n (%) 227 (68.8) [330 73(71.2) 94 (75.8) | 124
NSAIDs," n (%) 141 (41.8) 42 (41.2) 46 (35.9)
NSAIDs,% n (%) 79 (23.9) | 330 28 (27.5) 24(19.3) | 124
Coxibs," n (%) 41(12.2) 14 (13.7) 22 (17.2)
Coxibs,? n (%) 25(7.6) | 330 8(7.8) 11(8.9)| 124
Opioids," n (%) 7(2.1) 4(3.9) 6(4.7)
Opioids,? n (%) 11(3.3)| 330 4(3.9 6(4.8)|124
Antidepressants,1 n (%) 8(2.4) 4(3.9) 7 (5.5)
Antidepressants,” n (%) 4 (1.2) | 330 1(1.0) 4(3.2)|124
Ad. pain therapy,* 6(7.9) | 330 15 (14.7) 23(18.5) | 124

n (%)

Table 1 presents the characteristics of the patients assigned to the respective
subgroups at week 24. If data were missing, the number of patients with valid data
is also presented. Given the escalation/initiation of anti-inflammatory treatment at
baseline, this table presents frequencies for treatment categories until baseline!”
and the treatment prescribed at baseline®.

*Adjunctive pain therapy includes any type of non-drug pain treatment documented
from baseline but not until baseline.

ACPA, anti-citrullinated peptide antibodies; bDMARDs, biologic disease-modifying
anti-rheumatic drugs; CRP, C reactive protein; csDMARDs, conventional synthetic
disease-modifying anti-rheumatic drugs; DAS28, Disease Activity Score 28; HAQ-
DI, Health Assessment Questionnaire-Disability Index; NeP, neuropathic pain; NRS,
Numerical Rating Scale; NSAIDs, non-steroidal anti-inflammatory drugs; PCS, Pain
Catastrophising Scale; PD-Q, painDETECT Questionnaire; PHQ-9, Patient Health
Questionnaire 9; RAID, Rheumatoid Arthritis Impact of Disease Questionnaire;
tsDMARDs, targeted synthetic disease-modifying anti-rheumatic drugs; VAS, Visual
Analogue Scale.

and ¢sDMARDs were the most frequently prescribed anti-
inflammatory treatment for therapy adjustment at baseline,
followed by bDMARDs (see table 1). Interestingly, in contrast
to increasing prescriptions for DMARDs and glucocorti-
coids, non-steroidal anti-inflammatory drugs (NSAIDs) and

cyclo-oxygenase-2 inhibitors were prescribed less frequently.
Non-pharmacological pain management from baseline was used
by 26 (7.9%) patients of the reference group, 15 (14.7%) non-
responders and 23 (18.5%) patients with persisting pain based
on the subgroup classification at week 24. In the 72 patients
discontinuing study participation, 38 (52.8%) declined or did
not attend follow-up visits without any given reason, 20 (27.8%)
wished to withdraw from the study and 7 (9.7%) were unable
to attend follow-up visits due to other illnesses or comorbidities
(figure 2).

Persisting pain and NeP

At week 24, the proportion of patients having a VAS pain score
=50 despite a DAS28 improvement was 22.6%. Until week 24,
the proportion of patients testing positive for NeP decreased
steadily in the reference group (week 0: 28.6%, week 12: 12.7%,
week 24: 8.8%) and declined slightly with a rebound between
weeks 12 and 24 among non-responders (week 0: 41.0%, week
12: 19.7%, week 24: 35.0%). Patients with persisting pain exhib-
ited a relatively constant proportion of NeP after an initial reduc-
tion (week 0: 36.0%, week 12: 21.8%, week 24: 26.5%, week
48: 21.8%) (figure 3A-C). Remarkably, in contrast to patients
with persisting pain, non-responders had the highest proportion
of NeP-positive findings at week 24. However, patients testing
positive for NeP were found across all subgroups, and the overall
proportion of patients reporting a VAS pain score =50 after
24 weeks of (escalated) DMARD treatment was still 69.6%.
Furthermore, residual pain (ie, VAS scores =20and <50) was
common in all subgroups at the end of the study (reference
subgroup: n=188 (55.8%), non-responders: n=26 (25.5%),
persisting pain patients: n=42 (36.5%), table 2). 87 out of 128
patients with persisting pain at week 24 had valid PD-Q scores
at week 48. Of these, 19 patients (21.8%) tested positive for
NeP, of which 9 patients (47.4%) still reported persisting pain at
week 48. 21 patients (24.2%) tested inconclusive for NeP, and
14 (29.8%) of these still reported persisting pain at week 48. 49
patients classified as having persisting pain at week 24 reported
pain alleviation at week 48 and now fulfilled the criteria of the
reference group.

DAS28 and symptom-specific PROs

Besides the PROs measuring pain, other outcomes of interest
were also considered to provide a more detailed picture of
the treatment effects in the specified subgroups. Among these
measures, the DAS28, which also determined the subgroup
classification, revealed that 192 (57.0%) patients in the refer-
ence group and 26 (20.3%) patients with persisting pain had
a DAS28<2.6 after 24 weeks of DMARD therapy. By then,
another 45 (13.4%) patients in the reference group and 33
(25.8%) persisting pain patients had a DAS28 between 2.6 and
3.2. At week 24, when the reference group and non-responders
had reached the end of the study, mean DAS28-CRP values were
2.3 (0.8) (95%CI: 2.2 to 2.4) for the reference group, 4.7 (1.1)
(95%CI: 4.5 to 4.9) for non-responders and 3.2 (1.2) (95%CI:
2.9 to 3.5) for patients in the persisting pain subgroup. Thus,
as expected, average DAS28-CRP results were lowest for refer-
ence patients, followed by patients with persisting pain and
non-responders. The same pattern of results was observed for
the RAID, PHQ-9, HAQ-DI and PCS, whereas the Cls of the
reference group were lowest and did not overlap for all four
PROs (figure 3D-F, online supplemental table 2). Notably, less
than 25% of non-responders and patients having persisting pain
achieved a RAID acceptable symptom state, corresponding to
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g Week 12

v

Persisting Pain
M"'r“' ek

- Lost to follow-up: n =11
- Withdrawal: n =9

- Non-compliance: n =1

- Elective surgery: n=1

- Otherillness: n=1 n=1

- Lost to follow-up: n =18
- Withdrawal: n =9
- Otherillness: n=1

- Organisational reasons:

- Lost to follow-up: n =9
- Withdrawal: n =2
- Otherillness: n=5

- Anti-rheumatic treatment
side-effects: n=1

- Organisational reasons:
n=3

Figure 2 Patient-derived reasons for study discontinuation.

a RAID-score <2, whereas 43.8% of patients in the reference
group achieved this symptom state.”” Moreover, 25% of non-
responders had a PHQ-9 score =10, which is equal to moderate
symptoms of depression or worse.*!

Prediction of group classification at week 24 using baseline
characteristics

13 baseline variables (online supplemental table 3) and their
pairwise interactions were selected for stepwise regression.
Overall, 421 patients from the reference and persisting pain
subgroups had complete data on the variables to be evaluated
and were included in bootstrapped regression modelling. Base-
line tender joint count (TJC) (84.0%), pain catastrophising
behaviour (81.0%), adjunctive pharmacological pain medica-
tion (eg, opioids, antidepressants, anticonvulsants; 73.6%) and
DMARD:s (68.2%) were included in =60% of the bootstrapped
models and thus chosen as independent variables for the final
regression. Modelling the group affiliation at week 24 (persisting
pain subgroup vs reference subgroup) by the previously chosen
variables resulted in a significant model fit (Likelihood ratio test:

A B

Reference group

[ e negative [l nconciusive [l NeP posiive

Non-responders

[ vep negative [ nconcusive [l neP posiive

p<0.001) with a reduction of the Akaike information criterion
(AIC) from 530.5 (Intercept only) to 512.3 for the model with
intercept and covariates. In this final model, the PCS (p=0.002)
and the TJC (p=0.004) showed the strongest relation to the
group affiliation at week 24 with 95% CI for ORs above 1. In
detail, an increase of one point in the PCS score corresponded to
a 2.8% higher probability of being assigned to the persisting pain
subgroup (95% CI: 1.0% to 4.6%). Similarly, each other tender
joint raised the probability of being classified with persisting
pain by 4.7% (95% CI: 1.5% to 8.1%). The use of DMARDs up
to baseline (p=0.06) and adjunctive pharmacological medication
(p=0.135) also fulfilled the previously specified selection criteria
and were included in the nomogram (figure 4), although their
ORs’ 95% Cl included 1, corresponding to a p value >0.05.

DISCUSSION

To our knowledge, this is the first prospective real-world study in
patients presenting with clinically active RA and RA-related pain,
which shows that both persisting pain and NeP are common in
patients with RA—despite an escalation of DMARD treatment

Cc

Persisting pain
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Figure 3  Patient-reported outcomes for neuropathic pain, the impact of RA on daily life, depressive symptoms and physical function. HAQ-DI,
Health-Assessment Questionnaire Disability-Index; NeP, neuropathic pain; PHQ-9, Patient Health Questionnaire 9; RA, rheumatoid arthritis; RAID,

Rheumatoid Arthritis Impact of Disease Questionnaire.
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Table 2  Pain severity on a 0-100 Visual Analogue Scale at week 24 and week 48

Reference group (N=337)

Non-responders (N=102) Persisting pain (N=128)

Week 24 VAS<20, n (%) 149 (44.2)
20<VAS<50, n (%) 188 (55.8)
VAS=50, n (%) 0(0)
Reference group (study ended at week 24)
Week 48 VAS<20, n (%) -

20<VAS<50, n (%) -
VAS=50, n (%) =

5 (4.9) 0(0)

26 (25.5) 0(0)

71 (69.6) 128 (100)
Non-responders (study ended at week 24)  Persisting pain (N=115)
- 15 (13.0)

- 42 (36.5)

- 58 (50.4)

Table 2 reflects the patient-reported VAS pain categories for the study subgroups at weeks 24 and 48 (patients with persisting pain only). Patients with a VAS pain score =50 and
DAS28 improvement (>1.2) or low disease activity (<3.2) were assigned to the persisting pain subgroup at week 24.

DAS28, Disease Activity Score 28; VAS, Visual Analogue Scale.

including subsequent standard of care therapy. After 24 weeks
of DMARD treatment, 128 of 567 patients (22.6%) still scored
=50 on the VAS pain despite improving DAS28 by =1.20r
attaining low disease activity. Pain of persisting nature despite
remission or low disease activity has been reported in previous
literature, whereas the choice of the remission criterion may play
an essential role.** 3! A recent study also demonstrated that NeP
and comorbidities might hinder patients with RA from achieving
Boolean remission.'" These findings suggest that persisting pain
and NeP do not necessarily prevent patients from responding to
anti-inflammatory therapy but that these factors may diminish the
likelihood of achieving and maintaining remission by impacting
the patient global assessment (PtGA). Although patients and
therapists differ in their perceptions of relevant treatment
outcomes, pain is the strongest predictor for failure to achieve
PtGA<1land, therefore, for not achieving original Boolean
remission criteria.** ** For this reason, the American College of
Rheumatology (ACR) and the European Alliance of Associations
for Rheumatology (EULAR) have recently recommended revised

Boolean 2.0 criteria for remission in RA by employing a higher
threshold for PtGA of 2/10.>* Our results suggest that persisting
pain and NeP represent two different trajectories of RA, with
8.8% of the patients in the reference group scoring positive for
NeP at week 24, compared with 35.0% in the non-responder
group and 26.5% in the persisting pain group. Thus, NeP seems
present irrespective of successful inflammatory suppression or
persisting pain. This outcome is likely to reflect the underlying
mechanisms of NeP, including damage to the peripheral nocicep-
tors in joints, leading to peripheral sensitisation in combination
with secondary central sensitisation related to nerve damage.®*
It remains to be investigated whether lesions or diseases affecting
the nervous system are more frequent in non-responders and
patients with persisting pain than in patients responding to anti-
inflammatory treatment. In clinical practice, the symptoms and
causes of persisting pain and NeP are not easily distinguishable
and, in a worst-case scenario, may remain undetected by standard
RA assessments.*® The independence of NeP and persisting pain
was further confirmed in our study using alternative regression

p value Categories Odds Ratio LCL ucL
X 0 10 20 30 40 50 60 70 80 90 100
Points
no DMARDs vs csDMARDs 0.559 0.350 0.892
no DMARDs vs bDMARDs 0.583 0.298 1.138
csDMARDs vs tsDMARDs 3.748 0.424 33.107
DMARDs flo DMARDs csDMARD 0.060 bDMARDs  vs tsDMARDs 3.592 0.386  33.441
tsDMARD bDMARD no DMARDs vs tsDMARDs 2.093 0.237 18.454
csDMARDs vs bDMARDs 1.043 0.833 2.031
Adjunctive yes
pharmacological | 7Y 0.135 yes vs no 1.797 0.833 3.876
medication no
PCS (German)
0 5 10/ 15 20 25 30 35 40 45 50 55 0-002 1028 1010 1.048
Tender joint count
02 4 6 8 12 16 20 24 28 0.004 1.047 1.015 1.081
Total Points
0 50 100 150 200 250 300 350 400 450
P of persisting
pain at week 24 0.05 0.1 0.2 0.30.40.5060.7 0.8 0.9 0.95

Figure 4 Nomogram for persisting pain-related variables identified by stepwise regression and final multivariable regression. bDMARD, biologic
disease-modifying anti-rheumatic drugs; csDMARD, conventional synthetic disease-modifying anti-rheumatic drugs; PCS, Pain Catastrophising Scale;

tsDMARD, targeted synthetic disease-modifying anti-rheumatic drugs.
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analysis, demonstrating that baseline PD-Q was not related to
persisting pain at week 24 (data not shown).

Importantly, our results showed that the baseline number of tender
joints (TJC28) and pain catastrophising are independently related to
the persisting pain classification at week 24. Pain catastrophising, a
construct focusing on the individual appraisal of pain perception,
is much less commonly assessed in RA routine assessments than
the TJC28. Compared with non-catastrophisers, pain catastroph-
isers have more difficulty controlling and suppressing pain-related
thoughts.”” Pain catastrophising has also been shown to be linked
to certain aspects of personality, whereas the discussion about state
(situational) or trait (constant) characteristics of pain catastrophising
is still ongoing.*® ** However, recent findings suggest that JAKi may
positively affect pain-related outcomes in patients with active RA,
including catastrophising thoughts when pain results from extra-
synovial mechanisms.”” ** *' Interestingly, the proportion of pain
catastrophisers seems similar across rheumatic diseases, whereas PCS
scores =4 were reported to be particularly related to PROs focusing
on the biological domain.** The way patients appraise their health
condition — including pain or tender joints—and how they react to
feelings resulting from this evaluation process may explain the associ-
ation of pain and depression in rheumatic diseases.*™* According to
our findings, non-responders who also had the highest proportion of
NeP-positive findings at week 24 seem particularly prone to depres-
sive symptomatology (25% reported moderate symptoms of depres-
sion or worse), supporting the pain-depression relation frequently
reported. Our results are consistent with previous prospective obser-
vational studies reporting similar prevalence rates for depression.***’
Importantly, our results also highlight that improving persisting pain
after 24 weeks of DMARD treatment is still possible. The use of
adjunctive pharmacological therapy, glucocorticoids or NSAIDs may
explain this finding only to a minor degree, given that the number
of prescriptions for these therapies did not increase between weeks
24 and 48. Thus, it may be hypothesised that late treatment effects
of DMARD therapy account for this finding. Concerning potential
limitations, 72 patients discontinued their participation in the study.
This finding may be attributed to the study conduct overlapping
with the SARS-CoV-2 pandemic, resulting in missed or postponed
appointments. Moreover, 20 patients withdrew from the study
since they no longer wished to complete the study-related question-
naires. However, the total number of patients withdrawing was still
acceptable compared with the analysis population (11.7% of 567
patients). Although the sample size was estimated assuming that
patients with persisting pain would comprise the smallest subgroup,
non-responders were. However, given that only four variables were
included in the regression at the final step of the analysis, the ratio
of patients to independent variables in the model can be assumed to
return valid results. As a limitation of the study design, the extent to
which non-responders represent a persistent inflammatory or rather
persisting pain phenotype cannot be answered satisfactorily, given
that such categories may not be mutually exclusive. This also extends
to measuring NeP using the PD-Q which has not been designed to
distinguish NeP from nociplastic pain, a novel pain phenotype intro-
duced when this study had started. Thus, although patients with
primary fibromyalgia and other interfering comorbidities were not
eligible to participate in the study, it is possible that patients testing
PD-Q positive had nociplastic pain instead of NeP or a combination
of both, for example, in cases of secondary fibromyalgia. Hence, the
development of diagnostic tools for reliable and valid pain pheno-
typing according to the new framework remains a crucial task and
requires large longitudinal data samples. Moreover, the generalis-
ability of our findings may be limited by the selection of the DAS28
and VAS pain criteria for response/improvement, whereas direc-
tional changes stay the same irrespective of applying the DAS28-ESR

in case of DAS28-CRP absence. Thus, it remains debatable whether
results would be different if remission criteria (eg, Clinical Disease
Activity Index (CDAI), Simplified Disease Activity Index (SDAI),
Boolean) had been chosen to define the reference group. With
this observational study including real-world data, various therapy
combinations could have led to our findings. For the future research
schedule, investigating the response of the mentioned pain pheno-
types to available (adjunctive) treatments remains of high priority. In
the analysis presented, the proportion of patients with persisting pain
receiving adjunctive pain treatment between weeks 24 and 48 was
too small for statistical analysis. From the findings of our study, it is
evident that persisting pain and NeP (as well as potential nociplastic
pain) are frequently found in patients with RA undergoing standard-
of-care treatment. As a consequence, for clinical practice, if pain-
relevant comorbidities have been excluded and patients consistently
score on the upper half of a pain VAS, present with a large number
of tender joints, or do not respond to DMARD therapy, NeP and
nociplastic pain should be considered as explanation to this finding.
PROs such as the RAID or the PD-Q may help facilitate patient-
physician communication when the response to anti-inflammatory
treatment does not extend to patient-reported symptom domains.
Thus, these tools may be considered as a starting point for further
diagnostic procedures and planning of tailored treatment following
underlying pain mechanisms.
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