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Abstract
Objectives: In some patients with RA, joint pain is more severe than expected based on the amount of joint swelling [referred to as disproportionate
articular pain (DP)]. We assessed DP prevalence and the effects of sarilumab, an IL-6 inhibitor, on DP.

Methods: Data from RA patients treated with placebo or 200mg sarilumab in the phase 3 randomized controlled trials (RCTs) MOBILITY
and TARGET, adalimumab 40mg or sarilumab 200mg in the phase 3 RCT MONARCH and sarilumab 200mg in open-label extensions (OLEs)
were used. DP was defined as an excess tender 28-joint count (TJC28) over swollen 28-joint count (SJC28) of �7 (TJC28�SJC28�7).
Treatment response and disease activity were determined for patients with and without DP.

Results: Of 1531 sarilumab 200mg patients from RCTs, 353 (23%) had baseline DP. On average, patients with DP had higher 28-joint DAS using
CRP (DAS28-CRP) and pain scores than patients without DP, whereas CRP levels were similar. After 12 and 24weeks, patients with baseline DP
treated with sarilumab were more likely to be DP-free than those treated with placebo or adalimumab. In RCTs, more sarilumab-treated patients
achieved low disease activity vs comparators, regardless of baseline DP status. In OLEs, patients were more likely to lose rather than gain DP status.

Conclusion: About one-quarter of patients with RA experienced DP, which responded well to sarilumab. These data support the concept that
other mechanisms (potentially mediated via IL-6) in addition to inflammation may contribute to DP in RA.

Trial registrations: NCT01061736, NCT02332590, NCT01709578, NCT01146652.
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Introduction

RA is estimated to affect up to 1% of the global population
[1, 2]. Pain is a central symptom of RA and is the strongest
predictor of psychosocial health [3]. Consequently, pain is
commonly described by patients as their most important
symptom [4].

Although inflammation and joint damage are known causes
of pain in RA [5, 6], the level of pain and pain-associated

disability reported by some patients is greater than would be
expected based on examination of the extent of joint damage
[7] and inflammation [8, 9]. This is defined here as dispropor-
tionate articular pain (DP) and it is a clinically relevant issue
for patients with RA. Additionally, in some patients, pain
remains constant despite treatment with anti-inflammatory,
disease-modifying, anti-rheumatic drugs [10]. Patients with RA
have been shown to experience enhanced pain sensitivity to a
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variety of stimuli [11] and this sensitivity may be increased
with a longer duration of RA [12]. Thus the greater than
expected level of pain experienced by some patients with RA
may be a result of hyperalgesia.

Both peripheral and central mechanisms of pain may be in-
volved in hyperalgesia in patients with RA [13]. Peripheral
mechanisms of pain in RA are generally well described. Pro-
inflammatory cytokines such as TNF-a, IL-6, IL-1b and IL-17
play a dual role in the peripheral mechanism of pain by pro-
moting inflammation but also by rapidly changing the excit-
ability, ion currents and second messenger systems of
nociceptive neurons [14].

The role of the central mechanism of pain in RA is less well
established. The mechanism underlying central pain dysregu-
lation might include systemic circulation of cytokines and
other neuromodulatory factors [15]. Additionally, circulating
cytokines may directly access the central nervous system
through the blood–brain barrier, which is compromised in
systemic inflammation [16].

A greater understanding of the different mechanisms of
pain may lead to more targeted approaches to analgesia in
RA. When pain is a result of a central mechanism, medica-
tions that are targeted to this mechanism may be more effec-
tive than drugs (e.g. opioids) that treat peripheral or
nociceptive pain [17]. Although opioid prescriptions for pain
in RA doubled in the period 2011–2016 [18], they are not
considered an ideal long-term treatment option for chronic
pain [19].

IL-6 is a key component of inflammation and RA [20] and
may be of particular importance in mechanical hyperalgesia
[14]. Sarilumab, a fully human monoclonal antibody directed
against the IL-6 receptor antagonist, is approved for the treat-
ment of moderate–severe active RA [21]. In phase 3 random-
ized controlled trials (RCTs) of sarilumab in patients with
RA, meaningful improvements in pain were demonstrated for
sarilumab 150 mg or 200 mg administered every 2 weeks
(q2w) compared with placebo [22, 23] or adalimumab [24].
Given that IL-6 may play a role in both peripheral and central
pain mechanisms, it is hypothesized that blocking the effects
of IL-6 may reduce both pain pathways, and consequently
may reduce inappropriate opioid use in RA patients.
However, no analysis to date has been conducted about the
potential relationship between sarilumab treatment, disease
activity and DP in patients with RA.

To date, there is no standard way of assessing DP. While
specialized assessments that may identify specific pain mecha-
nisms, such as quantitative sensory testing and neuroimaging,
are available [25], they are not commonly included in clinical
trials. Patient and physician assessment of disease activity has
been used in trials in a number of conditions, including RA
[26]. In RA, a discrepancy between patient global assessment
(PtGA) and physician global assessment (PhGA) may be
driven by the influence of pain, with patients with higher lev-
els of pain reporting more disease activity than physicians
[27], and thus could provide an opportunity to identify
the presence of hyperalgesia. Measures of the number of
tender and swollen joints are a standard measurement in RA
trials, and a large difference between the tender joint count
(TJC) and swollen joint count (SJC) [28] and the SJC:TJC ra-
tio [29] have each statistically predicted pain. Pollard et al.
[28] observed that a 28-joint tender joint count (TJC28) �
28-joint swollen joint count (SJC28) �7 predicts RA with
high levels of pain.

In this post hoc analysis of sarilumab clinical trials we in-
vestigated the prevalence of DP, the effect of sarilumab on DP
and the association between sarilumab treatment, disease ac-
tivity and DP status. In addition, the change in opioid use
over time according to DP status and pain status using a vi-
sual analogue scale (VAS) was also evaluated.

Methods
Data sources

Patient data were collected from three phase 3 trials [placebo-
controlled MOBILITY [30] (patients with inadequate re-
sponse to methotrexate; NCT01061736) and TARGET [31]
(patients with intolerance or an inadequate response to TNF
inhibitors; NCT01709578) and adalimumab-controlled
MONARCH [24] (patients with intolerance or inadequate re-
sponse to methotrexate; NCT02332590)] and their open-
label extensions (OLEs). We selected patients who received
placebo or the recommended sarilumab dose of 200 mg q2w
in MOBILITY and TARGET and adalimumab 40 mg or sari-
lumab 200 mg q2w in MONARCH. In the extension studies
EXTEND (for patients from MOBILITY and TARGET;
NCT01146652) and MONARCH OLE, all patients were
assigned to receive open-label sarilumab 200 mg q2w. The
protocols for the included studies were approved by the ap-
propriate ethics committees/institutional review boards and
each patient gave written consent before participation in the
study. The studies were conducted in compliance with institu-
tional review board regulations, the International Conference
on Harmonization Guidelines for Good Clinical Practice and
the Declaration of Helsinki.

Outcomes

DP was defined as a TJC28 that exceeded the SJC28 by at
least 7 (i.e. TJC28 � SJC28� 7), according to established cri-
teria [28, 32]. Other definitions were also explored: SJC:TJC
ratio <0.5 [29] and a difference between PtGA and PhGA
scores of at least 2 (PtGA � PhGA � 2) [33, 34]. The former
was abandoned because, mathematically, it could not be used
for assessment of patients with a TJC of 0 without imputing
data for a sizeable number of patients. The latter was aban-
doned because the baseline characteristics of that subset were
substantially different from the characteristics of patients se-
lected using the other two definitions.

For the RCTs, the proportions of patients with DP and de-
mographic and disease characteristics according to DP status
were reported at baseline. Outcomes assessed included persis-
tence of DP after 12 and 24 weeks of treatment, clinical re-
sponse at week 24 by baseline DP status [ACR 20/50/70
criteria, Clinical Disease Activity Index (CDAI) �10 low dis-
ease activity (LDA), 28-joint DAS using CRP (DAS28-CRP)
�3.2 LDA and Simple Clinical Disease Activity Index (SDAI)
�11 LDA] and mean change from baseline to week 24 in effi-
cacy and patient-reported outcomes by baseline DP status
(CDAI, CRP, PtGA, SJC28 and TJC28).

For the OLEs, demographic and disease characteristics at
baseline and weeks 24 and 48 according to DP status and the
proportion of patients with DP over time were reported.
Outcomes assessed included a shift in DP status in the treat-
ment groups over the OLE period, as well as pain levels in the
treatment groups, measured using a pain visual analogue scale
(VAS), over the combined RCT and OLE periods according
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to DP status. Finally, for the MONARCH OLE, the number
of patients using opioids was assessed over 4 years according
to DP at OLE baseline.

Statistical analysis

Due to the post hoc nature of this analysis, data were ana-
lysed using observed cases and descriptive statistics only; no
inferential statistical analyses were performed. This article fo-
cuses on patients who were assigned the 200 mg q2w dose of
sarilumab at RCT baseline, irrespective of dose changes dur-
ing follow-up.

Results
Prevalence of DP

Of the 1531 participants in the sarilumab 200 mg or placebo/
adalimumab arms of the three RCTs, 353 (23%) had DP at
baseline [MOBILITY, 198 (25%); TARGET, 65 (18%);
MONARCH, 90 (24%)]. The prevalence of DP at RCT base-
line was similar across the trials and treatment groups
(Table 1).

At RCT baseline, sarilumab 200 mg patients with and with-
out DP had similar demographic characteristics overall.
However, as expected, patients with DP had higher TJC28,
CDAI, DAS28-CRP and pain VAS scores than patients with-
out DP. SJC28 levels were somewhat lower in patients with
DP, and CRP levels were similar between the two subsets
(Table 2).

At OLE baseline, patients with DP also had higher levels of
TJC28, CDAI and DAS28-CRP (and in addition attained
higher scores for SJC28, HAQ-DI and CRP) than patients
without DP (Supplementary Table S1, available at
Rheumatology online).

Effect of treatment on DP

In the RCTs, the reduction in the proportion of patients with
DP was numerically larger in patients treated with sarilumab
than in those who were treated with placebo or adalimumab
(Fig. 1). In all three studies, the relative difference in propor-
tions of patients with DP between sarilumab and control
treatments appeared to increase with treatment duration.

As expected, at OLE baseline, patients switching from pla-
cebo or adalimumab had a higher prevalence of DP than
patients previously treated with sarilumab. By week 48 of the
OLEs, the proportions of patients who had switched to

sarilumab and reported DP were similar to those who had
been receiving sarilumab continuously (Fig. 2).

In all three RCTs, a higher proportion of sarilumab-treated
than control patients achieved LDA (CDAI, DAS28 or SDAI)
or ACR20, 50 or 70 responses at week 24, regardless of the
presence of baseline DP (Fig. 3).

In all three RCTs, the mean reduction in pain level was
greater with sarilumab than with the comparators, irrespec-
tive of baseline DP status. In the OLEs, the sarilumab continu-
ation subgroups maintained the improvement in pain, and the
switch groups improved to similar levels (Supplementary Fig.
S1, available at Rheumatology online).

Over 4 years in the MONARCH OLE, patients with and
without DP reported a decrease in opioid use, regardless of
the presence of DP (Supplementary Fig. S2, available at
Rheumatology online).

Discussion

In general, most physicians would expect joint pain due to
RA to be associated with synovitis. There are accumulating
data however that a proportion of pain experienced by
patients with RA may not be directly ascribable to the magni-
tude of joint inflammation. Therefore DP can be considered
as joint pain with little sign of inflammation and it is a clini-
cally relevant issue for patients with RA. In our data, nearly
one in four patients may have had a component of DP at base-
line, a prevalence that was consistent across three sarilumab
phase 3 trials. Similar findings were recently reported in a
study of 243 Japanese patients with RA (NCT02293902), of
whom 15% had DP at baseline. After 24 weeks, sarilumab
treatment was associated with a reduction in the prevalence
of DP and with better clinical outcomes in patients with DP
compared with placebo [35]. Similarly, in another analysis of
these trials, sarilumab-treated patients with unacceptable pain
(VAS �40 mm) despite control of inflammation had lower
odds of unacceptable or refractory pain vs comparators [36].
Improvements in total pain scores, regardless of whether in-
flammation was reduced, have also been observed with tocili-
zumab [37]. However, in the current analysis, some patients
continued to have DP, which may suggest a local articular ef-
fect. Therefore the causes of DP may be multifactorial.

Given that the duration of nociceptive pain may be a factor
in central pain dysregulation (neuroplasticity), there is a com-
pelling argument to selectively address active pain in RA early
and robustly [38]. It seems reasonable to assume that the

Table 1. Prevalence of DP at RCT baseline

MOBILITY, n (%)

Placebo (n¼398) Sarilumab 200 mg (n¼399) Both arms (N¼797)

106 (27) 92 (23) 198 (25)

TARGET, n (%)

Placebo (n¼181) Sarilumab 200 mg (n¼184) Both arms (N¼365)

30 (17) 35 (19) 65 (18)

MONARCH, n (%)

Adalimumab 40 mg (n¼185) Sarilumab 200 mg (n¼184) Both arms (N¼369)

47 (25) 43 (23) 90 (24)

DP was defined as TJC28� SJC28� 7.

Disproportionate articular pain in RA responds to treatment with sarilumab 3
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Table 2. Baseline demographic and disease characteristics: sarilumab 200mg patients (pooled MOBILITY, TARGET and MONARCH data)

Parameter With DP (n¼170, 22% of total) Without DP (n¼597, 78% of total)

Age, mean (S.D.), years 54 (11) 51 (13)
Women, n (%) 143 (84) 502 (84)
Race, n (%)

White 149 (88) 495 (83)
Black 3 (2) 11 (2)
Asian 3 (2) 33 (6)
Other 15 (9) 154 (10)

Hispanic ethnicity, n (%) 55 (32) 230 (39)
Weight, mean (S.D.), kg 77 (18)a 74 (20)
BMI group, n (%)
<25 kg/m2 50 (30)a 210 (35)
�25–<30 kg/m2 56 (33)a 195 (33)
�30 kg/m2 63 (37)a 192 (32)

NSAIDs use, n (%) 112 (66) 399 (67)
Glucocorticoids use, n (%) 97 (57) 366 (61)
Opioid use, n (%) 23 (14) 72 (12)
Duration of RA, years, mean (S.D.) 9.1 (8.7) 9.5 (8.0)
TJC28, mean (S.D.) 21.4 (4.9) 14.7 (6.3)
SJC28, mean (S.D.) 10.3 (4.3) 13.2 (6.2)
CRP, mg/L, mean (S.D.) 22.9 (26.3) 23.2 (24.4)
HAQ-DI (range 0–3), mean (S.D.) 1.8 (0.6) 1.7 (0.6)
DAS28-CRP, mean (S.D.) 6.4 (0.7) 6.0 (0.9)
CDAI, mean (S.D.) 45.3 (9.6) 41.1 (13.4)
Pain VAS (range 1–100), mean (S.D.) 75 (18) 68 (21)

DP was defined as TJC28� SJC28� 7.
a n¼ 169.

Figure 1. Proportions of patients with baseline DP who still had DP at weeks 12 and 24

Figure 2. Proportion of patients with DP over time in the OLEs. (A) EXTEND (MOBILITY/TARGET) and (B) MONARCH OLE. DP was defined as

TJC28�SJC28� 7. For MOBILITY and TARGET, data are shown only for patients who received sarilumab 200mg
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window of opportunity for improvement in DP (and perhaps
all pain) would narrow with prolonged disease duration. In
RA, DP may be partly due to peripheral sensitization, which
in turn may lead to central pain dysregulation [38]. If this hy-
pothesis is correct, early, adequate and targeted treatment of
pain could prevent central pain dysregulation and the spread

of pain to non-articular locations, which would be of interest
for further research.

Data from the MONARCH OLE suggest that sarilumab
treatment may have an opioid-sparing effect, since treatment
with sarilumab over 4 years was associated with a decline in
opioid use, regardless of DP status or general pain level.

Figure 3. Clinical responses in the RCTs at week 24. (A) MOBILITY, (B) TARGET and (C) MONARCH. DP was defined as TJC28�SJC28� 7. For

MOBILITY and TARGET, data are shown only for patients who received sarilumab 200mg

Disproportionate articular pain in RA responds to treatment with sarilumab 5
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However, interpretation of these results is limited by the small
number of patients with DP.

Our data suggest that sarilumab may be a better option than
adalimumab for reducing DP and achieving LDA in patients
with DP, but this difference in reducing DP would need to be
confirmed in prospective, adequately designed trials. It is possi-
ble that some patients with DP have a particular phenotype
with a greater concentration of fibroblasts and more neovascu-
larization, which is more sensitive to IL-6 inhibition, whereas
other patients may have a higher level of T-cells and macro-
phages and may be equally susceptible to TNF and IL-6 inhibi-
tors. Regardless, these observations provide support for early
intervention to reverse IL-6-dependent nerve sensitization.

This study has the usual limitations associated with
open-label extensions and post hoc analyses, such as patient
selection bias, inadequate sample size, unmasking bias and a
non-randomized sample. These limitations may result in dif-
ferences that may not be due to treatment alone. There was a
slight imbalance in the proportion of patients with a BMI
>30 between patients with and without DP in the RCTs.
While the difference is small, it is possible that this may have
had an effect on results, as pain complaints are common in
obese patients [39] and circulating IL-6 levels are known to
be higher in these patients [40]. The greater reduction from
baseline in TJC28 observed in patients with DP compared
with those without DP may be due to the former group of
patients having lower TJC at baseline. In addition, the preva-
lence of DP may not be generalizable to the general popula-
tion of patients with RA, because all participants in these
trials had high disease activity, which may have predisposed
them to meeting the DP criterion that we used. It is also possi-
ble that a component of the residual pain is inflammatory: in
some cases, the pain could be related to tendinopathy [41],
which might account for some of the improvement over time.
This hypothesis is supported by observations that subclinical
inflammation in both joints and tendons has been discovered
using ultrasound and MRI in a substantial proportion of RA
patients who are in clinical remission [42, 43]. Despite these
limitations, it is notable that these clinical findings are consis-
tent with preclinical studies of IL-6 and pain [38]. These data
provide further support for the hypothesis that other mecha-
nisms (mediated via IL-6 signalling) in addition to direct
inflammation contribute to pain in RA.

In conclusion, our data support the view that DP is com-
mon in patients with RA who have active disease. These data
support the concept that other mechanisms (potentially medi-
ated via IL-6) in addition to inflammation may contribute to
DP in RA.

Supplementary data

Supplementary data are available at Rheumatology online.

Data availability
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and related study documents including the clinical study re-
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form, statistical analysis plan, and data set specifications.
Patient-level data will be anonymised, and study documents
will be redacted to protect the privacy of trial participants.
Further details on Sanofi’s data sharing criteria, eligible

studies and process for requesting access can be found at:
https://www.vivli.org/.
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