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ABSTRACT
The key role of pro-inflammatory cyto-
kines in the pathogenesis of rheumatoid 
arthritis (RA) and psoriatic arthritis 
(PsA) is strongly supported by the ob-
servation that their blockage is effec-
tive in the treatment of these diseases. 
Indeed, blockade of cytokine signal 
transduction mechanisms, including the 
JAK-STAT pathway, may be critical in 
the treatment of RA and PsA. The Janus 
kinase (JAK) inhibitors tofacitinib and 
baricitinib target JAKs with high po-
tency and have a well-established ra-
tionale for clinical therapeutic use in 
RA and PsA by affecting multiple cyto-
kines involved in both development and 
propagation of the disease. Nociceptive 
responses are also important to consid-
er in the treatment RA and PsA. In this 
regard, cytokines have also been impli-
cated in modulation of pain and nocic-
eption and the JAK/STAT pathway is re-
ceiving increasing attention in modula-
tion of nociceptive responses given to its 
clear role in cytokine signalling. There-
fore, inhibition of JAK/STAT pathway 
with specific JAK inhibitors has the po-
tential to modulate pain in patients with 
RA and PsA. Data from randomised 
controlled trials and real-world settings 
on large numbers of patients with RA 
(tofacitinib and baricitinib) and ran-
domised controlled trials in patients 
with PsA (tofacitinib) have shown that 
a rapid effect on the pain component 
in these diseases is observed. Thus, it 
can be hypothesised that JAK inhibi-
tors may have a dual therapeutic role 
by modulating inflammation and nocic-
eption, which leads to clinical benefits 
including reduction of pain beyond that 
related to inflammation. The present re-
view will overview the impact of pain 
in patients with rheumatic disease and 
the physiological basis of modulating 
nociceptive pain. Current knowledge 

about the role of cytokines in mediation 
of pain and the involvement of the JAK/
STAT pathway in modulating nocicep-
tive responses will then be summarised, 
followed by an analysis of clinical data 
on pain modulation by JAK inhibitors in 
the treatment of RA and PsA.

Introduction
Psoriatic arthritis (PsA) and rheuma-
toid arthritis (RA) are chronic, inflam-
matory diseases of the joints and sites 
where tendons and ligaments connect 
to bone (1, 2). Although the aetiology 
of both diseases is still elusive, it is 
clear that the aberrant activation of the 
immune system, through hyperexpres-
sion of pro-inflammatory cytokines, 
plays a fundamental role in inducing 
swelling, pain, and stiffness in joints. 
Cytokines are small secreted proteins 
(~5–20 kDa) released by cells that have 
a specific effect on the interactions and 
communications between cells (3). The 
role of pro-inflammatory cytokines 
such as IL-6, IL-1, IL-23/IL-17, and 
TNF-α in the pathogenesis of RA and 
PsA is strongly supported by the evi-
dence that their blockage is effective in 
the treatment of these diseases (4, 5). 
More recently, it has been shown that 
blockade of cytokine signal transduc-
tion mechanisms, many of which are 
mediated by the Janus kinase-signal 
transducers and activators of transcrip-
tion (JAK-STAT) pathway, may also 
be critical in the treatment of RA and 
PsA (6). JAK inhibitors (Jakinibs) tar-
get multiple JAKs with high affinity 
and have a well-established rationale 
for clinical therapeutic use in inflam-
matory and autoimmune diseases by 
blocking multiple cytokines involved 
in both development and propagation 
of the disease (7). 
Tofacitinib and baricitinib are oral, 
reversible inhibitors of JAK3, JAK1 
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(tofacitinib) and JAK1 and JAK2 (ba-
ricitinib) with immunomodulatory and 
anti-inflammatory activities (8). Upon 
administration, tofacitinib and barici-
tinib bind to JAK to prevent the activa-
tion of the JAK-STAT signalling path-
way. This, in turn, decreases the pro-
duction of pro-inflammatory type I and 
II cytokines, such as interleukin (IL)-6, 
IL-7, IL-15, IL-21, IFN-α and IFN-β, 
thus diminishing both an inflammatory 
response and inflammation-induced 
damage caused by dysregulated activa-
tion of immune system (9). Data from 
clinical studies indicate a powerful ef-
fect on modulation of pain in patients 
with RA and PsA (tofacitinib) and RA 
(baricitinib). This raises the question of 
whether the effects of JAK-inhibitors 
on the pain component is linked to an 
indirect effect, due to the shutdown of 
joint inflammation, or if it is an effect 
intrinsically related to the inhibition 
of the JAK/STAT pathway. The latter 
hypothesis does not seem remote given 
the function of JAKs and other major 
regulators of gene expression such as 
cytokines in mediating nociception. 
The present review will firstly over-
view the impact of pain in patients with 
rheumatic diseases and the physiologi-
cal basis of nociceptive pain modula-
tion. Current knowledge on the role of 
type I and type II cytokines on medi-
ating pain and the involvement of the 
JAK/STAT pathway in modulating no-
ciceptive responses will then be sum-
marised, followed by an analysis of the 
clinical data for tofacitinib in the treat-
ment of RA and PsA.

Burden of pain in rheumatic diseases
Pain is the most common symptom 
for consulting a rheumatologist and 
can no longer be viewed as an isolated 
symptom (10, 11). The consequences 
of chronic pain, with its negative ef-
fects on sleep, mood and energy, cause 
global suffering of the individual pa-
tient; as such, reduction of pain should 
be a primary goal of clinical manage-
ment of rheumatic diseases (12). Pain 
also seems to be an influential factor 
of overall health status, and improv-
ing pain during treatment of rheumatic 
diseases may help to reduce socioeco-
nomic inequalities in general health 

status (13). It is recommended that pain 
should be adequately assessed using 
dedicated questionnaires in addition 
to narrative descriptions (12). A recent 
study has shown that patients with di-
verse rheumatic diseases share similar 
patient-reported outcome measures 
and significant patterns of healthcare 
resource utilisation, with substantial 
costs of comorbidities (14). As a major 
burden to society, novel approaches for 
the treatment of pain are thus needed to 
improve care of patients with rheumatic 
diseases (14-16).

The physiological basis of 
pain modulation 
Nociception is the process by which 
thermal, mechanical, or chemical stim-
uli are detected as pain by a specific 
type of peripheral nerve fibre, called 
nociceptors (17). The dorsal root gan-
glia (DRG) contain the cell bodies of 
nociceptors and have a peripheral ax-
onal branch that innervates their target 
organ as well as a central branch that 
innervates the spinal cord. The activa-
tion of the nociceptors takes place only 
when the intensity of the applied stimu-
lus reaches the range of danger and 
damage (17). This selectivity suggests 
that nociceptors have biophysical and 
molecular properties that allow them 
to respond exclusively to potentially 
harmful stimuli. 
Various evidence indicates that differ-
ent pro-inflammatory cytokines can act 
directly or indirectly on nociceptive 
neurons. For example, the endings of 
nociceptive sensory neurons express 
pro-inflammatory cytokine receptors, 
and the application of cytokines in vitro 
to cultured isolated sensory neurons 
activates second messenger systems, 
modifies excitability and ionic currents, 
and regulates molecules involved in 
nociception. In addition, the injection 
of some pro-inflammatory cytokines 
into healthy tissues evokes painful be-
haviours in animals and improves the 
speed of response of nociceptive sen-
sory fibres. Furthermore, neutralisation 
of pro-inflammatory cytokines can re-
duce pain even before the reduction of 
the inflammatory process has occurred 
(18-22). Therefore, cytokines can con-
tribute to pain both indirectly, by induc-

ing the release of other mediators that 
act on neurons (e.g. prostaglandins), 
and directly, on the neurons themselves.

Role of cytokines in the 
modulation of pain
Several studies, mostly in animal mod-
els, have indicated that type I and II 
cytokines such as IL-6, IL-1β and IL-
23 may play a central role in mediation 
of pain. IL-1β is an important media-
tor of cell recruitment and activation, 
potentially driving local tissue damage 
evident, for example, in an inflamed ar-
thritic joint. The role of IL-1β in modu-
lating nociception is supported by the 
evidence that the IL-1 receptor (IL-1R) 
is expressed by rat DRG neurons and in-
creased during complete Freund’s adju-
vant (CFA)-induced arthritis (23-25). In 
the rat adjuvant induced arthritis (AIA) 
model, the administration of the IL-1R 
antagonist anakinra resulted in inhibi-
tion of thermal hypersensitivity, mainly 
by inducing the down-regulation of 
TRPV1 (transient receptor potential 
cation channel subfamily V member 
1) in DRG neurons, which is involved 
in thermal hypersensitivity (26). IL-1β 
also increases the mechanosensitivity 
of C fibres, but reduces that of Aδ fi-
bres in the rat knee joint. IL-6 is a key 
cytokine involved in the pathogenesis 
of RA (27). An early study in IL-6 de-
ficient mice indicated that nociceptive 
responses were aberrant in the periph-
eral nerve section, strongly suggesting 
that IL-6 is involved in nociception and 
raising the possibility that IL-6 might 
be a target in the study and modulation 
of pain (28, 29). The fundamental role 
of IL-6 signalling in modulating nocic-
eption is also supported by the evidence 
that DRG neurons and glial cells of the 
spinal cord express IL-6R and gp130, 
and knock-out mice lacking gp130 in 
sensory DRG neurons (SNS-gp130−/−) 
have reduced inflammatory and tu-
mour-induced pain (30-32). In addition, 
IL-6 is likely to be involved in a num-
ber of different types of pain modula-
tion as demonstrated by a recent study 
examining cold stress in a rat model 
of neuropathic pain wherein the alpha 
2-adrenoceptor agonist dexmedetomi-
dine appeared to act by inhibiting IL-6 
and TNF-α (33). IL-6 may also work in 
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coordination with other cytokines such 
as IL-23, IL-17A, and IL-18, as well as 
their receptors, given the increased ex-
pression of all these molecules in a rat 
model of sciatic stimulation (34). 
The IL-23/IL-17 axis also seems to 
be a fundamental pathway involved 
in nociception. In addition to Th17 
cells, IL-17 is also produced by other 
T cell subsets and innate immune cells 
expressing the IL-23 receptor and all 
become pathogenic after exposure to 
IL-23 (35). For signalling, IL-23 trig-
gers heterodimerisation of IL-12Rβ1 
and the IL-23 receptor and subsequent 
activation of downstream signal trans-
duction pathways including JAK/STAT 
(mainly STAT3), MAP kinase, and 
PI3K (35). Conversely, IL-17A signal-
ling requires the formation of a hetero-
trimeric receptor complex comprising 
IL-17RA and IL-17RC that are single 
pass type I membrane receptors con-
taining an intracellular signalling mo-
tif referred to as the SEFIR domain. A 
SEFIR domain is also present in Act1, 
an adaptor protein with E3 ligase activ-
ity that orchestrates homotypic interac-
tions with the SEFIR motif of the IL-17 
receptors, mainly leading to TRAF6-
dependent activation of the NF-κB and 
MAP kinase pathways (36-41). 
Although IL-23 has not been directly 
involved in the modulation of nocic-
eption, several investigations have sug-
gested that IL-17, directly modulated by 
IL-23, is implicated in the mechanisms 
of pain. In this regard, in DRG sections 
and in cultured DRG neurons, the ma-
jority of neurons show cytoplasmatic 
expression of IL-17RA (42, 43). IL-
17 has been demonstrated to be a pro-
nociceptive cytokine in the  boswellic 
acid (BSA)-induced model of arthritis. 
In this model, the pro-nociceptive IL-
17A effect depends on both neutrophil 
migration and various pro-inflamma-
tory mediators, such as TNF-α, IL-1β, 
CXCR1/2 chemokine ligands, MMPs, 
endothelins, prostaglandins, and sym-
pathetic amines (44). IL-17 also con-
tributes to neuroinflammatory respons-
es and pain hypersensitivity following 
neuropathic injury as demonstrated by 
the finding that, compared to wild-type, 
IL-17 knockout mice display signifi-
cantly decreased mechanical pain hy-

persensitivity as well as decreased in-
filtration of T cells and macrophages to 
injured sciatic nerves and L3-L5 dorsal 
root ganglia. These mice showed a de-
creased activation of microglia and as-
trocytes in the L3-5 dorsal and ventral 
horns of the spinal cord (45). In mice 
with unilateral AIA in the knee, an anti-
body against IL-17 improved the guard-
ing score and reduced secondary me-
chanical hyperalgesia at the ipsilateral 
paw. The severity and time course of 
AIA, however, have been demonstrated 
to be indistinguishable in wild-type and 
IL-17A knockout mice even though 
these litter mice show less mechani-
cal hyperalgesia than wild-type mice; 
this indicates that IL-17A contributes 
to pain, even if it is not crucial for ar-
thritis (46). In addition, astrocytes seem 
to be the major cellular source of spinal 
IL-17A and astrocytic IL-17A plays an 
important role in the maintenance of 
neuropathic pain through the CaMKII/
CREB signalling pathway in the spinal 
cord. Together, all these findings raise 
the possibility that a complex type I and 
II cytokine network may be involved in 
pain modulation (34, 47, 48). 

Role of the JAK/STAT pathway 
in modulating nociception 
The JAK/STAT pathway is a pleiotropic 
pathway used to transduce a multitude 
of signals for development and homeo-
stasis in animals, from humans to flies 
(49). The JAK-STAT pathway is also 

implicated in the pathogenesis of vari-
ous inflammatory and autoimmune dis-
eases, including RA, PsA, and chronic 
inflammatory bowel diseases (49), 
since many of the cytokines involved 
use JAK and STAT to transduce intra-
cellular signals. The success of small 
molecule Jakinibs in the treatment of 
various rheumatological diseases shows 
that intracellular signalling pathways 
can be therapeutically targeted to treat 
chronic inflammatory diseases. Be-
yond the powerful anti-inflammatory 
effect mediated by Jakinibs, clinical 
use in real-life settings demonstrates a 
dramatic effect on the pain component 
of RA and PsA patients (50, 51). This 
effect appears to be attributable to the 
action of these drugs in reducing the 
concentration of type I and II cytokines 
involved in the induction of inflamma-
tion and pain in these diseases. Several 
lines of evidence, however, suggest that 
the JAK/STAT pathway may be directly 
involved in the mechanisms that regu-
late nociception. Alterations in the JAK/
STAT pathway have been directly im-
plicated in pain modulation in a number 
of animal studies on pain. JAK/STAT3 
signalling also plays a major role in spi-
nal cord plasticity and mechanical allo-
dynia associated with peripheral nerve 
injury. Spinal nerve lesion leads, in fact, 
to rapid activation of the JAK/STAT3 
pathway in dorsal spinal cord micro-
glia in relation with enhanced levels of 
spinal IL-6. Inactivation of JAK/STAT3 

Table I. Cytokines involved in the pathogenesis of RA and PsA in the modulation of pain 
and role of tofacitinib in directly or indirectly modulating their expression.

Cytokine RA PsA Effect on Pain Direct Tofa  Indirect Tofa
    effect effect

IFN-α/β + - - + -
IFN-γ - + - + -
IL-1 + + + - +
IL-2 - + - + -
IL-6 + + + + -
IL-7 + + - + -
IL-10 + + - + -
IL-12 + + - + -
IL-15 + + - + -
IL-17 + + + - +
IL-18 + + - - -
IL-21 + - - + -
IL-22 - + - + -
IL-23 + + ± + -
GM-CSF + - - - +
TGF-β + - - - -
TNF-α + + - - -
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signalling in rat dorsal spinal cord glia 
through local, lentiviral-mediated pro-
duction of the suppressor of cytokine 
signalling SOCS3, a physiologic inhibi-
tory protein of JAK/STAT3, prevented 
the abnormal expression of IL-6, CC 
chemokine ligand CCL2, and activat-
ing transcription factor ATF3 induced 
in the spinal cord by chronic constric-
tion injury of the sciatic nerve and 
substantially attenuated mechanical al-
lodynia in rats (52). Emerging lines of 
evidence indicate that peripheral nerve 
injury converts resting spinal cord glia 
into reactive cells that are required for 
the development and maintenance of 
neuropathic pain. Tsuda et al. recently 
demonstrated that nerve injury-induced 
astrocyte proliferation requires the 
JAK/STAT3 signalling pathway (53). 
Nerve injury induces, in fact, marked 
STAT3 nuclear translocation in dorsal 
horn astrocytes. Intrathecally admin-
istration of inhibitors of JAK signal 
transducers and ATF3 signalling to rats 
with nerve injury reduced the number of 
proliferating dorsal horn astrocytes and 
produced a recovery from established 
tactile allodynia, a cardinal symptom of 
neuropathic pain that is characterised by 
pain hypersensitivity evoked by innocu-
ous stimuli (53). JAK/STAT3 altera-
tions have also been shown in diverse 
models of pain such as that induced by 
electroacupuncture and by oxaliplatin, 
both of which show common increases 
in activation of STAT3 (54, 55). JAK/
STAT3 involvement is also found in 
models of pain in collagen-induced ar-
thritis in mice, as the anti-inflammatory 
agent baicalin improves pain and con-
comitantly suppresses JAK1/STAT3 
signalling (56). In addition, the RAGE/
STAT3 pathway has been reported to 
be activated during central spinal cen-
tral sensitisation and persistent lumbar 
disc pain related to herniation (57, 58). 
A complexity of molecules has been 
implicated in JAK/STAT signalling as 
mediator of neuropathic pain, including 
IL-33 and its receptor ST2 (59) as well 
as CAV-1-NR2B (60), miR-98 (61), 
leptin (62), Nav1.6 (63), NLRP3 (64), 
and PKM2 (65). These findings sup-
port the fundamental role of JAK/STAT 
pathway in directly modulating differ-
ent nociceptive pathways.

Tofacitinib and baricitinib 
in the modulation of pain: 
data from randomised clinical 
trials in rheumatoid arthritis 
and psoriatic arthritis
Tofacitinib is a selective JAK inhibitor 
that preferentially inhibits JAK1 and 
JAK3. Tofacitinib, directly or indirect-
ly, modulates many of the pro-inflam-
matory cytokines involved in modula-
tion of pain (Table I). Several clinical 
studies of ≤24 months duration showed 
that tofacitinib monotherapy (as first or 
second-line treatment) and combination 
therapy with a conventional synthetic 
DMARD (csDMARD; as second or 
third-line treatment) was effective in re-
ducing signs and symptoms of disease 
and improving health-related quality of 
life (66, 67). Based on these results, to-
facitinib was approved by the FDA and 
EMA for the treatment of moderate to 
severe RA and PsA. 
Baricitinib is a small molecule that se-
lectively inhibits JAK1 and JAK2, and 
is approved for use as monotherapy, 
or in combination with methotrexate, 
for the treatment of adult patients with 
moderate to severe active RA whith in-
adequate response or intolerance to ≥1 
DMARD (68).
Given the extensive clinical trials with 
tofacitinib in RA and PsA and barici-
tinib in RA, it is worthwhile to over-
view the effects that these JAK inhibi-
tors have on pain in these inflammatory 
conditions. 

Tofacitinib in RA
The efficacy of tofacitinib in improv-
ing patient reported outcomes (PRO), 
including pain, has been demonstrated 

in several placebo-controlled, double-
blind phase III RCT studies, all of which 
assessed the impact of tofacitinib on 
pain in patients with RA: ORAL Start 
(69), ORAL Scan (70), ORAL Sync 
(51), ORAL Standard (71), ORAL Step 
(72), and ORAL SOLO (73) (Table II). 
These studies lasted 6–24 months and 
patients were randomised to receive 
tofacitinib 5 mg twice daily (BID), to-
facitinib 10 mg BID, or placebo except 
in the ORAL Standard study, where 
patients were also randomised to an ac-
tive control arm of adalimumab 40 mg 
once every 2 weeks. In the ORAL Step 
study, evaluating patients with RA and 
inadequate response to csDMARD, 
significant improvements in pain score 
were evident as early as week 2 and 
were observed at months 3 and 6 with 
tofacitinib 5 mg and 10 mg BID com-
pared to placebo. At month 3, changes 
in least square mean (LSM) from base-
line outweighed the differences clini-
cally important minimum (MCID) in 
pain (>10 points) for both doses of to-
facitinib (72). 
In the 24-month randomised controlled 
phase III ORAL Start study, patients 
with moderately to severely active RA 
who were naive for MTX, reported sta-
tistically significant improvements in 
pain with tofacitinib 5 and 10 mg mon-
otherapy, which was maintained for 24 
months (69). 
In the 12-month randomised controlled 
phase III trial (ORAL Sync), patients 
with active RA and previous inadequate 
response to ≤1 conventional or biologi-
cal DMARD therapy were randomised 
to tofacitinib 5 mg BID, tofacitinib 10 
mg BID, placebo, in combination with 

Table II. Patient-reported assessment of pain with tofacitinib in rheumatoid arthritis.

         VAS* pain changes from baseline in units (%)
  
Reference Duration                         Tofacitinib  Placebo Comparator  
  5 mg BID 10 mg BID  DMARD
    
Strand et al. (71) 3 months -26.74 -27.82 -9.50 Adalimumab
     -22.49
Strand et al. (72) 3 months -27.16 -24.95 -8.26 -
Strand et al. (69) 24 months -34.79 -37.62 - Methotrexate 
     -29.67
Strand et al. (51)  3 months -24.2 -26.8 -11.4 -
Strand et al. (70) 24 months -20.5 -21.3 - -
Strand et al. (73) 6 months -29.19 -34.11 - -

*VAS: visual analogue scale for pain is a unidimensional measure of pain intensity consisting in a straight 
line with the endpoints defining extreme limits of pain perception such as ‘no pain’ and “worse pain”
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stable background DMARD therapy. 
At month 3, treatment with tofacitinib 
5 mg twice daily and 10 mg BID led 
to significantly greater improvements 
from baseline in patient assessment of 
pain score than placebo. These changes 
from baseline were sustained through 
month 12 (51). 
The randomised controlled phase 3 
ORAL Scan study evaluated the impact 
of 24 months tofacitinib treatment on 
PROs in patients with active RA and 
inadequate responses to methotrex-
ate (MTX-IR). Patients who received 
tofacitinib reported significant reduc-
tions in pain compared to placebo at 
month 3, sustained through month 24, 
similarly to placebo-treated patients af-
ter advancement (70). 
In the ORAL Solo study 6-month ran-
domised, placebo-controlled, phase 
III trial in patients with inadequate re-
sponse to disease-modifying antirheu-
matic drugs (DMARD-IR), tofacitinib 
5 mg and 10 mg BID was evaluated 
versus placebo monotherapy. The re-
sults showed improvement in pain 
from baseline as early as 3 days after 
starting tofacitinib treatment. Statisti-
cally significant changes from baseline 
and further improvements occurred 
until month 6 in both active treatment 
groups (73). All these studies support 
the efficacy of tofacitinib in reducing 
pain in RA patients (Fig. 1). 

Tofacitinib in PsA 
The impact of tofacitinib on pain as a 
PRO in PsA in patients with PSA and  
an inadequate response to TNF inhibi-

tors and in those with inadequate re-
sponse to conventional DMARDs has 
been extensively studied (50, 74). In 
both patient populations, tofacitinib was 
associated with clinically-meaningful 
benefits on pain. Improvements were 
relatively rapid, significant vs placebo 
and sustained throughout the treatment 
period of 6 or 12 months. These im-
provements were reflected in patients 
advancing from placebo to tofacitinib 
5 or 10 mg BID, who reported similar 
improvements after month 3. 
More recently, mediation modelling 
was used to examine data from the 
Phase 3 OPAL Broaden and Beyond 
trials (75). Mediation modelling at-
tempts to understand the mechanisms 
behind an observed relationship and 
independent and dependent variables 
using other explanatory variables (i.e. 
mediators). In this model, pain was 
the designated dependent variable, to-
facitinib 5 mg BID versus placebo the 
independent variable, and inflammation 
[measured by swollen joint count (SJC) 
and C-reactive protein (CRP)] was the 
mediator. It was found that 25.9% of 
the treatment effect of tofacitinib on 
pain was mediated by CRP/SJC (indi-
rect effect), of which changes via CRP 
and SJC were 17.8% and 8.1%, respec-
tively. The treatment effect on pain not 
attributable to CRP/SJC (direct effect) 
was 74.1%. This appears to suggest 
that CRP/SJC-associated inflammation 
might only partially account for the 
observed improvement in pain in PsA, 
and that other potential mediators may 
be responsible for part of the observed 

effect of tofacitinib on pain. The effects 
of tofacitinib on residual pain in PsA 
has also been investigated using data 
from OPAL Broaden trial (76). This 
analysis examined patients with ‘resid-
ual pain’ at month 3, which was consid-
ered as pain in patients with complete 
attenuation of inflammation, SJC of 0, 
and CRP levels <6 mg/L. At month 3, 
23.5% of patients had achieved SJC of 
0 and CRP <6 mg/L; more tofacitinib-
treated (tofacitinib 5 mg BID; tofacitin-
ib 10 mg BID) and adalimumab-treated 
patients achieved SJC of 0 and CRP <6 
mg/L versus placebo. When consider-
ing absolute (residual) pain at month 3, 
mean residual pain was similar across 
treatment groups, despite higher base-
line pain in the tofacitinib groups. 
Changes from baseline in pain and ab-
solute pain at month 3 suggested that in 
patients with PsA whose inflammation 
was completely attenuated, tofacitinib 
might have an effect on residual pain 
that was not obviously attributable to 
inflammation. This analysis would ap-
pear to indirectly confirm the results 
with mediation modelling, although 
additional studies will be needed to 
confirm these data. Taken together, in 
addition to objective improvements 
in clinical disease responses to tofaci-
tinib in both RA and PsA, meaningful 
improvements have been reported in 
patient-reported pain in both diseases.

Baricitinib in RA
In the recent randomised, double-blind 
trial RA-BEAM (NCT0170358), the 
proportion of patients who achieve 

Fig. 1. Schema show-
ing the hypothesised 
role of tofacitinib in 
modulating inflamma-
tion and nociception.



673Clinical and Experimental Rheumatology 2021

JAK/STAT and nociceptive cytokine signalling in RA / N. Crispino & F. Ciccia

pain relief thresholds, the time needed 
to reach the thresholds, and the rela-
tionship between pain and inflamma-
tion among patients with RA and an 
inadequate response to methotrexate 
was assessed (77). The trial compared 
baricitinib, adalimumab, and placebo 
plus methotrexate. Pain was evalu-
ated by patient’s assessment on a 0-100 
mm visual analogue scale (VAS). Ba-
ricitinib-treated patients more likely 
achieved ≥30%, ≥50%, and ≥70% pain 
relief than placebo- and adalimumab-
treated patients, as early as Week 1 ver-
sus placebo and at Week 4 versus adal-
imumab. Baricitinib-treated patients 
demonstrated consistent pain relief in-
dependently of levels of inflammation. 
A recent study compared improve-
ment in pain and physical function in 
RA patients treated with baricitinib, 
adalimumab, tocilizumab and tofaci-
tinib monotherapy derived from ran-
domised, methotrexate (MTX)-con-
trolled trials in csDMARDs/bDMARD 
naïve RA patients by using matching-
adjusted indirect comparisons. Results 
from the study indicated greater pain 
reduction and improved physical func-
tion for baricitinib monotherapy when 
compared with tocilizumab and adali-
mumab. Interestingly, no statistically 
significant differences in pain reduc-
tion and improved physical function 
were observed between baricitinib and 
tofacitinib with the MAIC analyses 
(78). No data are currently available on 
the effect of baricitinib on pain in PsA 
patients.

Conclusions
Nociceptive responses are important 
aspects to consider in the treatment 
of rheumatic diseases such as RA and 
PsA. Cytokines have been implicated 
in the modulation of pain and nocic-
eption in these diseases and due to its 
clear involvement in cytokine signal-
ling, the JAK/STAT pathway is receiv-
ing increasing attention in modulating 
nociceptive responses. Inhibition of the 
JAK/STAT pathway by specific Jakin-
ibs has the potential to directly or indi-
rectly mediate pain in patients with RA 
and PsA. Given the fundamental role of 
both type I and II cytokines in modulat-
ing nociception and the direct role of 

JAK/STAT pathway in modulating dif-
ferent nociceptive pathways, it seems 
reasonable to imagine that JAK/STAT 
inhibitors can play a fundamental role, 
direct or indirect, in the modulation of 
pain in patients with RA or PsA. Sup-
porting this theoretical consideration 
are data from randomised controlled 
trials and real-world settings on large 
numbers of patients with RA (tofaci-
tinib and baricitinib) and data from 
randomised controlled trials in patients 
with PsA (tofacitinib), which demon-
strate a dramatic and rapid effect on the 
pain component of these patients, even 
before the resolution of the inflamma-
tory process. Based on these data, it is 
possible to speculate that Jakinibs may 
have a dual therapeutic role: i) modu-
lation of inflammation, producing the 
observed clinical benefits, and ii) mod-
ulation of nociception, which leads to 
a pain reduction beyond that related 
to inflammation. The impact of these 
drugs on other disease manifestations 
such as fatigue or on syndromes where 
pain is predominant, such as fibromyal-
gia, remains to be clarified.
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