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Abstract: Pain is a major and common symptom reported as a top priority in patients with 
rheumatoid arthritis (RA). Intuitively, RA-related pain is often considered to be a natural conse-
quence of peripheral inflammation, so treatment of RA is expected to manage pain concurrently as 
part of inflammation control. However, pain in patients with RA can be poorly correlated with 
objective measures of inflammation, for example, in patients who are otherwise in remission. Joint 
damage appears to account for only a fraction of this residual pain. Emerging evidence suggests that 
alteration of peripheral and central pain processing contributes to RA-related pain; this is parallel to, 
but somewhat independent of, joint inflammation. Interleukin (IL)-6 is a proinflammatory cytokine 
that contributes to the pathogenesis of RA. It exerts systemic effects via signaling through soluble 
forms of the IL-6 receptor (“trans-signaling”). Evidence from preclinical studies demonstrates that 
intra-articular IL-6 can produce long-lasting peripheral sensitization to mechanical stimulation and 
suggests an important role for IL-6 in central pain sensitization. This may be partly explained by its 
ability to activate neurons through trans-signaling, affecting nociceptive plasticity and nerve fiber 
regrowth. Local activity at neuron endings may culminate in altered pain processing in the central 
nervous system because of persistent signaling from sensitized peripheral neurons. Peripheral and 
central sensitization can promote the development of chronic pain, which can have a significant 
impact on patients’ health and quality of life. A proportion of pain in RA may be more appropriately 
managed as an entity separate from inflammation. Both the peripheral and central nervous systems 
should be recognized as important potential systems targeted by RA. The substantial burden of RA- 
related chronic pain suggests that pain should be a key focus in RA management and should be 
assessed and addressed early and separately from the inflammatory component. 
Keywords: animal model, non-inflammatory, preclinical

Introduction
Rheumatoid arthritis (RA) is a chronic, autoimmune disease that affects about 1% 
of the global population. It is characterized by synovial joint tissue inflammation 
and pain, and by potential direct and indirect involvement of other organ systems, 
such as the cardiovascular, pulmonary, and skeletal systems, and RA is often 
associated with a significant psychological impact.1,2 The pathogenesis of RA is 
driven by a complex combination of inflammatory cells and mediators, which are 
the targets of disease-modifying agents used in the management of RA.

Pain is the hallmark symptom of RA and can be debilitating. Improvement in pain has 
consistently been rated as the highest priority among health outcomes for patients with 
RA.3,4 Many cytokines, including tumor necrosis factor alpha (TNFα), interleukin (IL)-1, 
IL-6, and IL-10, are known to influence RA pain. However, while pain in RA is presumed 
to be largely a product of cytokine-driven inflammation in the joint, mounting evidence 
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suggests that other non-inflammatory initiators (eg, neuropep-
tides) and cytokines may also mediate pain via a direct effect 
on the nervous system.5 In particular, preclinical evidence 
suggests a key role for IL-6, which might mediate RA-related 
pain through a range of mechanisms, in addition to indirectly 
via inflammation in the joint.6,7

This review presents the concept of non-inflammatory 
pain in RA and the evidence for the role of IL-6 in non- 
inflammatory RA-related pain. Preclinical models of RA 
disease activity and the clinical implications for the man-
agement of patients with RA are discussed. Articles cited 
here were identified via literature reviews or PubMed 
search. Search terms included, but were not limited to, 
IL-6, pain, non-inflammatory, rheumatoid arthritis/RA, 
inflammation, preclinical, and animal model. Articles 
were included based on peer-reviewed publication and 
author assessment of relevant scientific content.

Concept of Non-Inflammatory Pain 
in RA
Most patients with RA report experiencing moderate-to- 
severe pain. Pain in joints is the most common, and often 
the only, complaint of patients with RA. The mechanisms 
of pain are increasingly well understood.

Acute pain is detected by specialized nerve receptors 
(nociceptors) that detect and respond to strong signals that 
relay information about danger to the organism, presum-
ably so that the organism can mobilize defenses. In RA, 
persistent signaling from within inflamed joints can lead to 
lowering of the threshold for stimulation of nociceptors 
with resultant hypersensitivity to nociceptive stimulation 
(peripheral sensitization). It is likely that local factors, 
such as cytokines, may exert direct, non-inflammatory 
effects on sensory neurons.8

Central sensitization refers to anomalies in spinal and 
brain pain processing which result in increased pain sensi-
tivity at diffuse sites and a heightened overall response state 
throughout the central nervous system (CNS) in response to 
sensory impulses, which are interpreted in the brain through 
a complex filter as enhanced pain. This category may 
include psychosocial interplay with pain perception to 
a chronic pain state. In central sensitization, new nocicep-
tive pathways are created, for example by recruiting 
mechanoreceptors to conduct pain. This occurs mainly by 
producing increased sensitization in the spine and, in time, 
this state can become self-perpetuating even in the absence 
of injury, and unrelated to any protective purpose.

Thus, in a patient with underlying inflammatory pain from 
RA which might intrinsically cause mild pain only, this pain is 
exaggerated and experienced as a much more intense pain 
(hyperalgesia). Sensations of pain in this state may also be 
produced from usually nonpainful stimuli such as movement 
(eg, making a fist) which are normally interpreted as informa-
tional inputs (allodynia).8,9 Clinical observation suggests 
a disconnect between pain and inflammation in some cases 
of early RA; for example, bilateral symmetrical small joint 
arthralgias can occur prior to any objective evidence of joint 
inflammation.10 Conversely, some patients with RA may pre-
sent with joint inflammation (and joint damage) only, without 
pain (the “robust rheumatoid” type).11 There may in fact be 
a spectrum of RA presentation with phenotypes ranging from 
patients with mainly identifiable synovitis with accompanying 
pain to those who present with pain only. Attempts have been 
made to identify these latter patients with RA who have non- 
inflammatory pain earlier in the course of disease, for example 
through the use of the swollen to tender joint count ratio.12

Discordance between patient self-reported pain and objec-
tive evaluation of inflammation has been reported, and patient- 
reported pain appears to correlate poorly with physicians’ 
assessments and measures of inflammation across 
studies.13–16 The view that pain is not solely derived from 
inflammation is also supported by observations that anti- 
cytokine treatments produce pain relief well before reduction 
in inflammation,17 and that residual pain persists in some 
12–50% of patients in remission, and in 82% of patients with 
“somewhat to completely controlled” disease following treat-
ment of the inflammatory component of RA.18,19 

Rheumatologists often attribute this residual pain to fibromyal-
gia or to underlying joint damage from RA, but the latter 
explanation seems unlikely given radiographic damage has 
been shown to account for only 2.1% of patient-reported 
pain.20 The proportion of patients with RA fulfilling fibromyal-
gia classification criteria also increases throughout the course 
of disease progression, which again suggests central pain 
augmentation.21

RA is of course a disease involving joints, but pain is 
often reported as being extra-articular and it may be dif-
fuse, with widespread achiness in remote, nonarticular 
sites as well as in joints, and can vary in location and 
time. This pain does not appear to be related to synovitis 
and is likely due to the alteration of central pain 
processing.22 To the perceptive clinician, there are some-
times clues hinting that aspects of pain in patients with RA 
may derive from nervous system involvement, for exam-
ple, when sensations of pain are reported as tingling, 
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burning, or as sharp. CNS involvement is getting clearer; 
a substantial proportion of patients with RA have some 
form of identifiable neuropathic involvement.23 

Autonomic neuropathy too is increasingly identified as 
associated with RA.24 These findings support the concept 
of the CNS being a significant associated organ system 
in RA.

The many clinically apparent dissociations between pain 
and inflammation suggest some RA pain may be an indepen-
dent problem overlapping with, but not solely due to, inflam-
mation, with multiple mechanisms involved.25 The current 
working hypothesis is that patient pain in RA originates with 
some form of inflammation or injury, but, in addition, RA 
patients feel pain that is also concurrently and independently 
triggered (with no or minor sensory stimulation), passed on by 
the peripheral nervous system, amplified in the spinal cord, and 
experienced in the CNS. In the brain, more distal sensations are 
interwoven with external psychosocial factors. Indeed, pain 
has been described as “an opinion.”26 This pain is a distinct 
entity from the pain of inflammation, and this form of pain is at 
least partly due to aberrancies related to cytokine 
dysregulation.

The notion of “unbundling” aspects of the clinical 
manifestations of the disease that we call RA, ie, looking 
at components independently of joint inflammation, is not 
novel and is not unique to pain. Even in those in whom 
synovitis remains active, radiographic progression is slo-
wed in patients taking TNF or IL-6 inhibitors,27 possibly 
suggesting that these processes are somewhat unrelated 
and can perhaps be addressed separately.

In summary, it is understood that cytokines cause joint 
inflammation (which in turn causes pain), but there appear 
to be other effects of cytokines on peripheral and also 
other parts of the nervous system that lead to pain more 
directly and do not necessarily correlate with inflamma-
tion. As detailed below, the cytokine IL-6 seems to have 
an important role in this.

Overview of IL-6 in RA and 
Preclinical Models
Role and Activity of IL-6 in RA and Pain
IL-6 clearly has a role in inflammation and thus in pain; it 
increasingly appears that it also has a role in pain inde-
pendent from inflammation.

IL-6 exerts its effects through binding to its receptor 
(IL-6R), which leads to dimerization of glycoprotein 130 
(gp130), a component of the transmembrane type 1 

cytokine receptor, and initiation of intracellular signaling 
via the Janus kinase (JAK)–signal transducer and activator 
of transcription and Ras Raf–mitogen-activated protein 
kinase (MAPK) pathways. IL-6 is able to activate cells 
through both membrane-bound and soluble forms of IL- 
6R, referred to as “classic” (cis) and “trans” signaling, 
respectively.28 Gp130 is ubiquitous and is expressed in 
the membrane of all cells. The trans-signaling ability of 
IL-6 allows for pleiotropic effects of this cytokine.6,29 For 
example, IL-6 can signal through neuronal cells and has 
been implicated in many neurologic diseases, including 
multiple sclerosis and Parkinson’s disease, and also 
appears likely to be involved in RA-induced CNS-related 
symptoms and comorbidities.6,30

Animal models of RA demonstrate elevated levels of 
IL-6 in synovial fluid and serum.31,32 Levels of IL-6 can 
also be elevated up to hundreds of times above normal 
values in the synovial fluid of patients with RA, with 
serum levels increased up to 10-fold.33,34 Although IL-6 
can be produced at many sites, in active RA this differ-
ential in concentration may imply that IL-6 is produced 
largely intra-articularly by stromal and immune cells, and 
subsequently migrates into the systemic circulation. 
Elevated IL-6 levels can induce further increases in IL-6 
levels through positive feedback loops. Peripherally, IL-6 
is able to activate primary afferent sensory neurons 
through trans-signaling, which is an initial step leading to 
the sensation of pain.35 IL-6 signaling is linked to noci-
ceptive plasticity through enhanced translation in sensory 
neurons,36 including the upregulation of transient receptor 
potential vanilloid (TRPV)1 and TRPV2 ion channels 
which may lead to lowered neuronal response thresholds, 
potentially resulting in peripheral sensitization.8,37 In addi-
tion, IL-6 has a role in central pain perception; persistent 
signaling from sensitized peripheral neurons can induce 
prolonged hyperexcitability of CNS neurons (central sen-
sitization) resulting in tactile allodynia and secondary 
hyperalgesia, as well as primary hyperalgesia, consistent 
with behavior observed in preclinical models of RA and in 
patients with RA.38,39

Relation of Preclinical Pain Models to RA 
Disease Activity in Patients
Animal models of chronic pain and RA contribute to the 
understanding of pain in RA. While no single animal 
model reflects all aspects of human RA, features from 
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joint inflammation to destruction of bone and cartilage in 
at least 1 peripheral joint provide useful similarities.5,40

Traditional, monoarticular models of RA—complete 
Freund’s adjuvant- and carrageenan-induced arthritis mod-
els—involve subcutaneous or intra-articular injection of 
adjuvants to drive local acute inflammation, mainly as 
a result of the innate immune response.40 These models 
are not fully representative of mechanisms underlying pain 
in human RA, as they do not include aspects of the 
adaptive immune response, which could impact conditions 
leading to sensitization of neurons in the joint.

Immunization and transfer models are more commonly 
used in the study of RA as they provide a longer-lasting 
alternative, and present with additional features similar to 
those of human RA. These include the collagen-induced 
arthritis (CIA), antigen-induced arthritis (AIA), collagen anti-
body-induced arthritis (CAIA), and K/BxN models.40 Pain in 
these models can occur in sites distant from the affected joint, 
suggesting the systemic effects of a mediator. Each of these 
models also presents with other features of RA, including 
immune cell infiltration, synovial inflammation, and bone 
and cartilage destruction, and exhibit pain-like behavior, 
including thermal and mechanical hypersensitivity and 
decreased locomotion/altered gait.5 In the CIA and CAIA 
models, pain-like behavior can be detected prior to the onset 
of joint inflammation, which resembles some human presen-
tations. In the CAIA and K/BxN models pain-like behavior 
can outlast evidence of inflammation, consistent with resi-
dual pain reported by patients with RA, while signs of nerve 
injury have been reported in the CIA, CAIA, and K/BxN 
models, an occurrence observed in human RA.5

Overall, these models suggest involvement of periph-
eral and central neurological factors in RA-related pain 
which have similarities to patient-reported pain.

IL-6 and Pain Sensitization
Peripheral Nervous System
Healthy synovial tissue contains sympathetic neurons 
located around the vascular networks that control articular 
blood flow, as well as unmyelinated C-fibers (nociceptive 
fibers) that are responsible for the transmission of pain 
during potential tissue damage, and also potentially in 
inflammatory conditions.41 Joints are supplied by nerve 
branches from muscles acting on the joint which innervate 
the fibrous capsule, with some neurons reaching the syno-
vial membrane and extending into the intimal layers.

In RA, changes in nerve distribution occur in and 
around inflamed joints. Proliferation of blood vessels in 

inflamed synovial tissue from patients with RA is accom-
panied by a simultaneous proliferation of new sympathetic 
nerve fibers,42 although the superficial intimal region of 
the synovium does not seem to be innervated. This could 
be a result of damage to the peripheral terminals of nerve 
fibers from exposure to active proinflammatory mediators 
or rapid proliferation of synovium41,43,44 which outpaces 
nerve growth.

Several lines of evidence point to an important role for 
IL-6 in peripherally induced pain. For example, in humans 
IL-6 is rapidly produced at high concentrations at the sites 
of surgical wounds. Serum levels appear to correlate with 
the magnitude of injury, and the degree of IL-6 elevation 
appears to correlate with the magnitude of pain.45 In 
a simple animal model, IL-6 injection in rats causes hyper-
sensitivity to stimuli from both mechanical and thermal 
sources.46–49 After nerve injury in a rat model, a clear 
relationship was found between mechanical allodynia and 
IL-6-positive cells in the sciatic nerve. Rats with no allo-
dynia had the fewest IL-6-responsive cells.50 There is 
evidence that IL-6 has a role in neuron regeneration and 
nerve survival,51 and that injured nerves that have regen-
erated, particularly mechanoreceptors, can demonstrate 
increased sensitivity.52

In the specific settings of inflammation, nerve damage, 
and/or constant stimulation, adrenergic sprouting may 
occur, which is linked to increased sensitivity to mechanical 
stimulation. IL-6 is able to induce such nerve fiber sprouting 
in response to injury of peripheral neurons in vivo and 
in vitro, and in hippocampal cultures in vitro.30,53,54 In 
animal models, this can be demonstrated in IL-6 knock- 
out (KO) mice by the decrease in adrenergic sprouting 
observed following sciatic nerve injury, and these mice 
also display a significant delay in the onset of mechanical 
allodynia, and a reduction in its severity,51,54 implying a key 
role for IL-6 in pain induction associated with microana-
tomic changes.

The role of IL-6 in mediating mechanical hyperalgesia 
is evidenced by the observation that the magnitude of the 
hyperalgesia exhibited by IL-6 KO mice was lower than in 
IL-6 wild-type mice following subcutaneous carrageenan 
injection.55 Moreover, injection of IL-6 into rat hind paw 
is sufficient to produce mechanical hyperalgesia,56 induced 
by the upregulation of C-fibers which results in nonloca-
lized mechanoreceptor pain.49 Interestingly, although 
injected into only one hind paw, pain was evoked in both 
hind paws, mimicking the symmetry of pain usually seen 
in RA. The onset of contralateral pain was both delayed 
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and dose-related, suggesting systemic absorption of some 
factor from the joint, or possibly the induction of another 
pain mechanism that signals to the contralateral joint. 
Intraplantar co-injection of an IL-6 inhibitor (indometha-
cin or Lys-D-Pro-Thr) resulted in mitigation of this pain in 
both hind paws,56 demonstrating that the effect of IL-6 in 
the generation of peripheral pain is systemic rather than 
local.

Injection of soluble gp130 (an antagonist of IL-6 acti-
vation) reduced pain behavior in the AIA rodent model 
and did not reduce inflammation.57 Other studies too show 
that intra-articular injections of gp130 in animal models of 
RA have led to significant attenuation of pain-related 
behavior.6,58 This effect is less pronounced when soluble 
gp130 is administered systemically, which again implies 
that local intra-articular effects (presumably on nerve con-
duction) are more important than extra-articular effects. 
This seems to suggest that IL-6 has an effect on nerve 
conduction unrelated to inflammation.57 Intra-articular 
injection of IL-6 into healthy rat knee joints can result in 
long-lasting sensitization of C-fibers in the joint in 
response to mechanical stimulation of the knee joint.49,59

Taken together, these data suggest that IL-6 is impor-
tant in driving sensitization at the neuron level in the 
peripheral nervous system and, importantly, this seems to 
occur with or without inflammation in the joint.

CNS
The effects of IL-6 on the nervous system are not limited 
to the stimulation of peripheral nerves and spinal transmis-
sion; there is a key role for IL-6 in central pain processing 
and enhancement in both the spinal cord and the brain. Of 
note, pain experienced in higher brain centers is clearly 
moderated by psychological status60 and psychosocial 
considerations are intimately interwoven with both periph-
eral and central pain processing.

IL-6 is present in glial and neuronal cells and, because 
of its pleiotropism, all cells are susceptible to IL-6 trans- 
signaling, including the neurons and glial cells of the 
spinal cord and dorsal root ganglia (DRG).6,28 These 
cells not only express receptors but neurons, astrocytes, 
and microglia also produce IL-6 so it seems unsurprising 
that IL-6 is elevated in the spinal cord and DRG in various 
models of non-inflammatory pain.7 In addition, circulating 
IL-6 may also cross the blood–brain barrier to access the 
CNS, particularly when this is compromised during states 
of chronic inflammation as is observed in the CIA model 
of RA.30,61

Of note, many pharmacologic treatments for RA, 
including IL-6 inhibitors, are too large to cross the 
blood–brain barrier, and it thus follows that central effects 
of IL-6 may persist or be only partially remediated, despite 
biologic disease-modifying anti-rheumatic drug 
(DMARD) treatment.

IL-6 appears to have an effect on the DRG, which is 
regarded as an amplification source of nociceptive pain. 
The cell bodies of peripheral sensory neurons are located 
within the DRG, from where the peripheral portion of 
the axon extends to the periphery of the body and the 
central portion extends into the CNS enabling the trans-
mission of peripheral sensory information, including 
nociceptive information, to the CNS.62 Mice with 
gp130 KO specifically in sensory DRG neurons dis-
played reduced inflammation-induced pain.63 Moreover, 
co-injection of IL-6 and soluble IL-6R into the knee joint 
or spinal cord of healthy rats resulted in increased 
responses of dorsal horn neurons to mechanical stimula-
tion of the knee or ankle, which could be blocked 
through spinal application of gp130.59 This suggests 
that the increase of sensitization in noninjected joints 
reflects increased central pain sensitization, not local 
pain.

In the absence of IL-6 expression in KO mice, vincris-
tine-induced mechanical allodynia was reduced and spinal 
nerve lesion-induced mechanical allodynia was 
delayed.51,64 Furthermore, in a rat model of osteoarthritis, 
inhibition of IL-6 signaling with tocilizumab reduced the 
activation of astrocytes and microglia in DRG and miti-
gated mechanical allodynia,65 while systemic administra-
tion of an IL-6 inhibitor to mice with spinal cord injury 
suppressed allodynia and hyperalgesia.66

Intrathecal administration of IL-6 induced hyperalgesia 
or allodynia in animal models that had an induced sciatic 
injury and, interestingly, these animals experienced con-
tralateral hyperalgesia on the noninjured side.48 In the 
same study, intracerebroventricular injection of IL-6 
induced an immediate thermal hyperalgesia. Together 
these observations imply a substantial role for IL-6 in 
transmission of sensation via central mechanisms.

IL-6 may also have an orchestrating role in regulating 
cytokines that modulate pain in and around the spine. 
Specifically, inhibition of IL-6 suppressed the elevation 
of TNFα, IL-1, and IL-6 messenger RNA in the spinal 
cord and inhibited the release of TNFα and IL-1 protein 
into cerebrospinal fluid.67
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These data suggest that, in animal models at least, in 
the context of IL-6 dysregulation, normal descending inhi-
bitory tracts are less functional and ascending pain con-
duction may be amplified, resulting in enhanced ascending 
activation and reduced descending inhibition, promoting 
pain. Whether this is also the case in human RA-related 
pain is not yet clear, although there is some evidence of 
altered central sensory processing in response to pressure 
pain in patients with RA of >5 years’ duration.68

In the brain, preclinical and in vivo data provide 
evidence for elevated CNS IL-6 under conditions of 
neuroinflammation or brain injury. For example, the 
rate of post-traumatic healing of brain tissue is lowered 
in IL-6 KO mice and accelerated in transgenic mice 
overexpressing IL-6 in the CNS, likely due to the role 
of IL-6 in nerve regrowth discussed above.30

In humans, RA patients have been shown to have an 
enhanced cortical response to painful stimuli.69 

A “damping” in cortical pain response to heat stimulus 
(evaluated by positron emission tomography scan) was 
seen in the brains of RA patients when compared with 
healthy controls, and the authors inferred that the mechan-
ism of pain perception may be different in RA and that there 
may be a possible thalamocortical control.70 A review of 
brain changes by imaging concluded that there are signifi-
cant changes in cortical blood flow in RA.71

IL-6 plays a role in several RA symptoms and comor-
bidities with CNS involvement, including psychologic dis-
orders (depression, anxiety), fatigue, and pain. Pain and 
fatigue/depression are well correlated in RA72 and are 
likely to be bidirectional. Fatigue in RA is multifactorial, 
although growing evidence indicates disruption of the 
hypothalamic–pituitary–adrenal axis, which can be regu-
lated by IL-6.6,29 Hyperactivity of this axis has also been 
connected to severe depression, and levels of IL-6 are 
significantly increased in depressed individuals, so it is 
possible that IL-6 may be involved in depression in 
RA.30,73

Taken together, there appears to be a link between 
higher CNS processing and IL-6 in the joint, IL-6 in the 
spinal cord, and central sensitization, suggesting 
a potential overlap in mechanisms of persistent local 
joint pain and persistent widespread pain.8,59

IL-6 in Chronic Pain
Chronic pain should not be regarded as acute pain of 
extended duration. Unlike prolonged acute pain, the 
mechanism for chronic pain in RA may be related to the 

duration and/or intensity of prior pain (the pain “area 
under the curve”), or the source of pain exposure.74

Chronic pain is pain that lasts at least 3–6 months and 
in this present discussion an apt definition is “pain that 
extends beyond the expected period of healing”; for exam-
ple, unanticipated prolonged pain in patients with RA who 
appear to be in remission.75 Chronic pain is often asso-
ciated with central sensitization and may be 
a manifestation of aberrant neuronal activity from periph-
eral sensitization of primary sensory neurons and subse-
quent or additional sensitization of neurons in the CNS.76 

There may be little or no relationship to prior or current 
inflammation in this state.

Interestingly, the immune system (obviously impor-
tant in RA with respect to inflammation) also has a role 
in modulating pain and may play a role in the develop-
ment of chronic pain.77 Macrophages and monocytes are 
attracted to the DRG after adjuvant injection into the 
paw of healthy rats and may modulate neuronal activity 
through the secretion of pronociceptive or anti- 
nociceptive cytokines.78 As discussed above, increased 
levels of inflammatory cytokines, including IL-6, have 
been demonstrated in the DRG and serum of rats with 
chronic pain.37

Elevated levels of IL-6 and IL-6R were evident in 
a mouse model of chronic back pain (intervertebral disc 
injury model), and on administration of an IL-6 inhibitor, 
expression of the pain-related neuropeptide calcitonin 
gene-related peptide in the DRG was reduced.79 In clinical 
studies, anti-IL-6R inhibitors have been reported to sup-
press pain. Tocilizumab has been shown to reduce leg and 
lower back pain in a small proof-of-concept trial of 
patients with sciatica.80

It is possible that short episodes of acute inflammation 
may drive long-lasting sensory neuron plasticity which 
contributes to chronic pain74 and also to reciprocal sig-
naling between neurons and immune cells in the CNS.81 

IL-6 and its receptor are upregulated after nerve injury, 
and IL-6 is linked to microglia activation; in turn, micro-
glia directly influence the establishment of neuropathic 
pain.82 Therefore, the processes leading to development 
of chronic pain have the potential to become self- 
perpetuating.

Evidence from preclinical and human studies sug-
gests a role for IL-6 in chronic pain conditions; thus, 
IL-6 has been targeted for the treatment of chronic pain 
(Figure 1).
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Clinical Implications
Implications of Long-Term Chronic Pain 
for Patients
The existence of chronic pain in and of itself is not benign. 
Undertreatment of non-inflammatory pain in RA can lead 
to a continued, substantial burden on patients’ overall 
health, with impact on numerous patient-reported out-
comes (PROs).83–87 Moreover, patients who have chronic 
pain have a higher incidence of diabetes, hypertension, 
depression and fatigue, and are ultimately at increased 
risk of premature death.72,88 There are also initial hints 
that pain itself may be proinflammatory; patients with 
juvenile RA who were exposed to a painful stimulus had 
enhanced IL-6 production by peripheral blood cells.89,90

In addition, diffuse anatomic changes in the body, 
including structural changes in the brain, have been asso-
ciated with chronic pain. A reduction in gray matter has 
been described across a range of chronic pain conditions, 
including chronic back pain, fibromyalgia, and osteoarthri-
tis, as well as RA.91 Reductions in gray matter have been 
linked to pain duration in a study of patients with chronic 
back pain, and the authors suggested that changes were 
reflective of neurodegeneration.92 The structural changes 
in the RA brain may be similarly linked to chronic pain, 

and it is possible this may contribute to the cognitive 
impairment observed in patients with RA.93 Structural 
changes in the brain may also help to explain the mechan-
ism behind the bidirectional relationship of mental health, 
including depression and anxiety, with pain in RA.94–96 

Intriguingly, both functional and anatomic changes may 
potentially reverse with pain mitigation.97,98

Pain is usually independently treated for reasons of 
compassion, to help provide the patient with relief from 
this unpleasant sensory experience while waiting for the 
improvement of the disease with one or other DMARD. 
Given that pain duration is a major factor in central sensi-
tization, however, there is a compelling argument to selec-
tively address active pain in RA early and robustly.

Accurately Identifying a Different Target 
in RA
Accurate identification of the problem of pain as an entity on 
its own needs to be addressed. Since painful or tender joints 
contribute toward disease activity scores (eg, the Disease 
Activity Score with 28-joint count, which increases with the 
number of tender joints),99,100 high levels of patient-reported 
pain in early stages of the disease may lead to misidentifica-
tion of the target in these patients whose treatment can be 

Figure 1 Potential mechanisms of IL-6 in RA-related pain, independent of clinical joint inflammation. 
Abbreviations: CNS, central nervous system; DRG, dorsal root ganglion; IL-6, interleukin-6; RA, rheumatoid arthritis.
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accelerated by “treat-to-target” approaches, exposing the 
patient to unnecessary risk.

At the other end of the treatment spectrum, residual 
RA-related pain in the absence of inflammation suggests 
that for many currently available therapies the treatment of 
pain is insufficient compared with the treatment of inflam-
mation. Many rheumatologists would assess these patients 
for inflammation by examination, or by evaluating labora-
tory tests of inflammation. If inflammation is apparent, 
switching biologics would be considered. Perhaps 
a failure of pain relief (even in a patient in a low disease 
state) should be considered in a similar way by the treating 
physician. The issue of residual pain should not necessa-
rily be treated by switching biologics, but (pending 
a specific treatment for central and peripheral sensitiza-
tion) a switch in mechanism of action might be considered 
in cases where current treatment has demonstrated unsa-
tisfactory pain reduction even in the absence of signs of 
inflammation.

Other therapeutic options may, in due course, provide 
an alternative for the treatment of peripheral and central 
pain sensitization, although they are not well trialed in 
RA.21

Does Mechanism of Action Differentially 
Affect Selection of Pain Treatment?
Adequate treatment of pain in RA is an unmet need, with 
most patients reporting dissatisfaction with their RA pain 
management.19 Guidelines recommend nonsteroidal anti- 
inflammatory drugs (NSAIDs) for the pharmacologic man-
agement of pain in RA,101 yet these and other standard RA 
treatments frequently do not sufficiently improve pain 
outcomes.21,102 NSAIDs and inhibition of certain cyto-
kines (including TNFα) seem to decrease pain-like beha-
vior only during inflammatory disease in animal models of 
RA, suggesting that reversal of central sensitization may 
depend on specific and potentially different inhibition of 
involved neuroimmune mechanisms.103–105

The move from preclinical evaluation of pain in rodent 
models to humans is starting to take place and there are 
now the beginnings of data in RA patients that support the 
disconnect between assessed disease activity and pain. 
Treatment with the JAK inhibitor baricitinib improved 
pain independently of inflammation in patients with 
RA,106 which is of interest, given the suppression of IL-6 
signaling by JAK inhibitors in such patients.107

With respect to IL-6 inhibitors in patients with RA, 
sarilumab and tocilizumab have demonstrated positive 
effects on inflammation and also pain outcomes 
(MOBILITY and OPTION/LITHE/TOWARD trials, 
respectively) in patients with inadequate response to 
methotrexate, as well as in patients with inadequate 
response to TNF inhibitors (TARGET and RADIATE 
trials, respectively).108–114 It is difficult to establish 
whether the improvement in pain in these studies is 
related to impacts on the mechanisms of pain themselves 
or mainly to the reduction in inflammation. However, 
a recently published abstract demonstrated that patients 
treated with tocilizumab had a numerically similar 
improvement in pain, irrespective of whether they did 
or did not achieve a 20% reduction in swollen joint 
count.115 This again implies that pain can be relieved 
despite minimal reduction in inflammation.

Looking at traditional metrics of improvements in trials 
(eg, American College of Rheumatology scores or Clinical 
Disease Activity Index), cytokine inhibitors seem to result 
in broadly similar treatment outcomes in RA. It is worth 
considering whether targeting pain (and other PROs) in 
RA should be a goal in clinical practice. This would 
certainly be helpful in terms of patient satisfaction.

It is possible that by looking at specific cytokines 
involved in peripheral and/or central sensitization and 
then comparing these in trials with pain as a target, differ-
ences might emerge. In this regard, both sarilumab and 
tocilizumab, in very similarly designed head-to-head stu-
dies, with no confounding co-treatment with other 
DMARDs, demonstrated superiority to the TNF inhibitor 
adalimumab (MONARCH and ADACTA, respectively) 
with respect to changes in pain measurements (in 
MONARCH in a prespecified analysis and in ADACTA 
in a post hoc analysis).111,116–118 This could be due to 
a differential favoring IL-6-specific inhibition of mechan-
isms around pain sensitization with IL-6 inhibitors and/or 
a differential in the anti-inflammatory effect, as changes in 
disease activity scores were also superior with tocilizumab 
and sarilumab vs adalimumab. Regardless of the mechan-
ism of action, there was a consistent difference, favoring 
IL-6 inhibitors, with respect to pain experienced by 
patients in both of these comparator studies. It therefore 
seems reasonable to consider whether this difference in 
pain may be related to the different cytokine targets.

Ideally, pharmacologic treatment of RA would of 
course manage inflammatory mechanisms of disease as 
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well as non-inflammatory mechanisms contributing to RA- 
related pain.

The selection of RA treatment focused on the PRO of 
pain rather than more traditional metrics is a relatively 
novel concept, but further evaluation of this seems to be 
supported by the studies above. Many newer studies do 
report on pain as a PRO but standard metrics are tradi-
tionally the primary endpoints of trials.

Conclusions
As inflammation and joint damage are commonly assumed 
to be the proximate causes of RA-related pain, treatment 
of RA directed largely at inflammation is expected to 
manage pain in conjunction with inflammation.119,120 

Recent studies suggest that multiple mechanisms are 
involved in the generation of RA-related pain, with IL-6 
playing a key role. There can be a disconnect between pain 
and inflammation in RA, and the substantial burden of 
long-term chronic pain (and sequelae) in patients with 
RA indicates that pain alleviation should perhaps be con-
sidered as seriously as the prevention of joint erosions. 
These concerns call for thorough pain assessment in addi-
tion to and in parallel with measurements of inflammation 
at baseline and subsequent visits. In view of the fact that 
central sensitization seems to be related partially to dura-
tion of pain exposure at a minimum, pain should be 
considered as potentially distinct from joint inflammation 
and should be measured and addressed separately and 
early.

Rheumatologists are aware of other conditions that 
may be comorbid with RA (eg, osteoporosis, cardiovascu-
lar disease), but they do not typically think of CNS invol-
vement as part of the comorbid process of RA. Evidence 
seems to suggest this should change and that we should be 
cognizant of nervous system involvement as a fairly com-
mon and major target organ that merits separate considera-
tion when treating patients.

There is a need for additional studies to investigate the 
persistence of central sensitization in RA and how its devel-
opment may be prevented early in the disease course. 
Prospective studies that are specifically designed to study non- 
inflammatory pain in patients with RA will further our under-
standing of RA-related pain and help to inform patient 
management.
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