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Abstract

Chronic inflammation, such as that present in rheumatoid arthritis (RA) and psoriatic arthritis (PsA), leads to aberrations in bone
remodeling, which is mediated by several signaling pathways, including the Janus kinase-signal transducer and activator of
transcription (JAK-STAT) pathway. In this light, pro-inflammatory cytokines are now clearly implicated in these processes as
they can perturb normal bone remodeling through their action on osteoclasts and osteoblasts at both intra- and extra-articular
skeletal sites. As a selective inhibitor of JAK1 and JAK3, tofacitinib has the potential to play a role in the management of
rheumatic diseases such as RA and PsA. Preclinical studies have demonstrated that tofacitinib can inhibit disturbed osteoclas-
togenesis in RA, which suggests that targeting the JAK-STAT pathway may help limit bone erosion. Evidence from clinical trials
with tofacitinib in RA and PsA is encouraging, as tofacitinib treatment has been shown to decrease articular bone erosion. In this
review, the authors summarize current knowledge on the relationship between the immune system and the skeleton before
examining the involvement of JAK-STAT signaling in bone homeostasis as well as the available preclinical and clinical evidence
on the benefits of tofacitinib on prevention of bone involvement in RA and PsA.

Key Points

* Chronic inflammation in rheumatoid arthritis (RA) and psoriatic arthritis (PsA) leads to disturbances in bone remodeling

* Bone remodeling is mediated by several signaling pathways, including the JAK-STAT pathway

* Tofacitinib, a selective inhibitor of JAKI and JAK3, is active in RA and PsA and may help limit systemic bone loss through inhibiting disturbed
osteoclastogenesis

* Clinical trials show that tofacitinib reduces articular bone erosion
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Introduction of RA patients within 1 year of diagnosis [3] and is correlated

with the presence of prolonged, increased inflammation [4].

Inflammatory rheumatic diseases, including rheumatoid arthritis
(RA) and psoriatic arthritis (PsA), are characterized by distur-
bances in bone remodeling, the process by which the adult skel-
eton is continuously renewed in response to various stimuli [1].
In RA, erosion of articular bone and cartilage degradation leads
to the deformity of peripheral joints and disability [2]. Bone
erosion, which occurs rapidly, can be expected to affect 80%
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Patients with RA are also prone to periarticular and systemic
bone loss, which further contributes to morbidity due to osteo-
porosis and fragility fractures [5—7]. Furthermore, as osteoporo-
sis can facilitate the development of erosions, there is a close
interrelationship between systemic and local bone loss [8, 9].
Bone erosions are also seen in the joints of patients with
PsA, even if in a different scenario [10, 11]. In contrast with
RA, PsA is characterized by the presence of new, abnormal
bone deposition at the entheses, the insertion sites of tendons
and ligaments into bone [10, 11]. Systemic bone involvement
in PsA is less well-established than in RA [12, 13]. However,
a recent population-based study in a longitudinal cohort
showed a 7 to 26% higher incidence of fracture in patients
with PsA and psoriasis, when compared with the general pop-
ulation [14]. Moreover, in those patients with both PsA and
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severe psoriasis, the risk for any fracture was comparable to
that of patients with RA [14].

In healthy adults, bone homeostasis is maintained through
a balance between the activity of osteoclasts (i.e., bone-
resorbing cells) and osteoblasts (i.e., bone-forming cells) [1,
15]. The close relationship between the immune system and
the skeleton is illustrated in several rheumatic diseases, where
chronic inflammation perturbs this balance, leading to exces-
sive bone resorption (RA and PsA), and to either excessive
new bone formation locally (PsA) or blunted bone formation
(RA) [7, 10, 16]. Growing interest in the role of this relation-
ship in inflammatory rheumatic diseases has led to a new field
of research known as “osteoimmunology” [17]. The effects of
chronic inflammation on bone integrity are largely mediated
by cytokines. The pro-inflammatory cytokines tumor necrosis
factor (TNF)-«, interleukin (IL)-6, and IL-17 play key roles in
pathologic bone resorption in RA [1, 18]. Intriguingly, TNF-o
and IL-17 have been shown to inhibit or promote bone forma-
tion depending on the context [10]. In inflammatory arthrop-
athies characterized by concurrent systemic bone loss together
with entheseal inflammation leading to pathologic new bone
formation, activation of the IL-17-IL-23 pathway has been
reported to be a key player in its pathogenesis, as summarized
in Fig. 1 [10, 19, 21].

The Janus kinase (JAK)-signal transducer and activator of
transcription (STAT) pathway is a key regulator of various

mammalian cellular processes, including cytokine signal
transduction, and this is also true in bone cells (Fig. 2 [20])
[22, 23]. Not surprisingly, members of the JAK family have
become an attractive development target for orally adminis-
tered, small-molecule inhibitors designed to treat a number of
chronic inflammatory conditions [23, 24]. In this regard,
tofacitinib, a selective inhibitor of JAK1 and JAK3 and, to a
smaller degree, JAK2 [25], was the first targeted synthetic
disease-modifying anti-rheumatic drug (DMARD) to be ap-
proved for the treatment of RA and more recently of PsA. In
the Oral Rheumatoid Arthritis Trial (ORAL) and obesity pre-
vention and lifestyle Oral Psoriatic Arthritis Trial (OPAL)
programs [26-35], the large clinical development program
that evaluated the efficacy and safety of tofacitinib alone or
in combination with methotrexate in patient populations that
included those refractory to standard therapy, tofacitinib was
non-inferior to anti-TNF-« therapy (adalimumab) [28] and
superior to methotrexate in treatment-naive patients [30].
Positive effects of tofacitinib on radiographic disease progres-
sion have also been reported in clinical trials [30, 31, 33-35].

In this review, we provide an overview of the effects of
tofacitinib on bone damage in RA and PsA, briefly reviewing
current knowledge of the relationship between the immune
system and the skeleton before discussing the involvement
of JAK-STAT signaling in bone homeostasis and the available
preclinical and clinical evidence supporting the effects
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Fig. 1 The pathology of bone metabolism in rheumatoid arthritis (RA)
and psoriatic arthritis (PsA). PSA proper pathways are indicated in red.
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Fig. 2 Schematic of signaling by
type I/II cytokine receptors.
While there are more than 200
secreted factors, many of which
are referred to as cytokines, a
smaller subset including interleu-
kins (ILs), interferons (IFNs),
colony-stimulating factors, and

Cytokine, interleukin,
interferon, colony
stimulating factor

Type VI
cytokine receptor

structurally related factors use a
class of receptors designated type
I and type II cytokine receptors.

These receptors rely on Janus
family kinases (JAKs) for intra-
cellular signaling. Cytokine bind-
ing to the extracellular domain of
receptors, activating JAKs, which
in turn, phosphorylate (designated
by “P”’) multiple substrates in-
cluding signal transducers and
activators of transcription
(STATs). STATs directly bind
DNA and regulate gene expres-
sion. JAK inhibitors (Jakinibs) are
small molecules that block cyto-
kine signaling by directly inter-
fering with JAK enzymatic activ-
ity [20]

of tofacitinib on the prevention of bone involvement in
RA and PsA.

Interactions between the immune system
and the skeleton

The relationship between inflammation and the skeleton has
been extensively investigated, and some of the signaling path-
ways involved in pathologic bone changes induced by chronic
inflammation have been identified, especially in RA [7].
Normal bone remodeling is maintained through the highly
coordinated activity of osteoclasts and osteoblasts essential
in preventing a net loss or gain of bone [1, 36]. A number of
factors contribute to the tight regulation of the interaction that
occurs between osteoclasts and osteoblasts. Osteoblasts orig-
inate from mesenchymal cells; in contrast, osteoclasts are de-
rived from hematopoietic stem cells [37, 38]. Osteoblasts con-
trol the synthesis and mineralization of bone while regulating
osteoclast differentiation via the induction or production of
various factors, including macrophage colony-stimulating fac-
tor, receptor activator of NF-«kB ligand (RANKL) (a cytokine
belonging to the TNF superfamily) [18], and osteoprotegerin
(OPQG) [1, 15, 39, 40]. RANKL is essential for osteoclasto-
genesis, as it interacts with the RANK receptor on osteoclast
precursors, thereby promoting osteoclast differentiation,
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whereas OPG is a soluble decoy receptor produced by osteo-
blasts to prevent excessive bone resorption by binding
RANKL and inhibiting osteoclast differentiation [1].

Macrophage colony-stimulating factor and RANKL are
crucial for osteoclastogenesis; however, this process can also
be enhanced by other cytokines. Among pro-inflammatory
cytokines, the most important triggers of bone resorption in
RA are TNF-«, IL-17, and IL-6 [18]. In joints affected by RA,
inflamed synovial tissue (pannus) expands into cortical,
subchondral, and trabecular bone causing erosion [1].
Evidence suggests that combinations of pro-inflammatory cy-
tokines locally produced by synovial fibroblasts, macro-
phages, and lymphocytes from inflamed tissues induce the
expression of RANKL and trigger osteoclastogenesis and
bone loss [39, 41, 42]. For example, the successful treatment
of RA with DMARDs was found to be associated with a
reduction in the ratio between osteoclastogenic RANKL and
its naturally occurring inhibitor OPG [39]. A later study
showed that a combination of TNF-« and IL-6 was capable
of inducing bone resorption in osteoclast-like multinuclear
cells in vitro and in vivo [42].

A number of studies have suggested that pro-inflammatory
cytokines also promote bone resorption by impairing the dif-
ferentiation and function of osteoblasts [1, 16]. In RA, for
example, pro-inflammatory cytokines have been implicated
in the impairment of bone repair mechanisms mediated by
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osteoblasts and chondrocytes [18]. Of note, TNF-« is a potent
inhibitor of osteoblast differentiation [18].

Wingless (Wnt) and the bone morphogenic protein (BMP)
signaling pathways are also crucial for the regulation of oste-
oblast differentiation and function involved in the bone re-
modeling process [1]. The canonical Wnt pathway (the Wnt/
B-catenin pathway) induces osteoblast differentiation and en-
sures the maintenance of balanced bone resorption and forma-
tion [1]. Wnt signaling is blocked by a number of endogenous
inhibitors, including members of the Dickkopf (DKK) family
[1]. Among these, DKK1 has attracted considerable interest in
recent years for its ability to inhibit bone formation by
blocking Wnt signaling. In more detail, preclinical studies
have shown that the overexpression of DKK1 causes
osteopenia in mice, while reduced DKK1 expression is asso-
ciated with high bone mass [43, 44]. Furthermore, altered
serum levels of DKK 1, reported in patients with inflammatory
rheumatic diseases, including RA and ankylosing spondylitis,
suggest the involvement of DKK 1 in bone loss in inflamma-
tory arthropathies [45-49].

Evidence has shown that the pro-inflammatory cytokine
TNF, which is highly expressed in the synovium of inflamed
RA joints, induces the expression of DKK1, which leads to
the suppression of the Wnt pathway and the inhibition of new
bone formation [18]. Thus, in RA, pro-inflammatory cyto-
kines present in the inflamed bone microenvironment have
detrimental effects on bone health not only because they in-
duce osteoclastogenesis, but also because they impair new
bone formation by osteoblasts [1]. In a recent small longitu-
dinal study in patients with RA, treatment with an anti-TNF-&
was associated with rapidly and significantly decreasing levels
of serum DKKI1, along with decreased bone resorption and
increased bone formation [50].

Finally, it should be noted that, in RA, a strong predictor of
bone erosion, besides inflammatory disease, is the presence of
anti-citrullinated protein antibodies (ACPAs) [41]. The pres-
ence of ACPAs precedes the clinical onset of RA, and bone
damage was demonstrated to develop before the clinical man-
ifestations of RA in patients with ACPAs [51]. Moreover, an
increased ACPA titer has been linked to a negative effect on
systemic BMD, especially at femoral sites [52]. These obser-
vations highlight the fact that the loss of immune tolerance can
have detrimental effects on bone and suggest that a close re-
lationship exists between the adaptive immune system and the
skeleton [41].

The absence of new bone formation in RA in response to
pathologic resorption is one of the key differences between
RA and PsA [10]. As pointed out above, in PsA, bone erosion
coexists with excessive new bone formation [10]. While the
factors responsible for bone loss in PsA are fairly well under-
stood and overlapping with those involved in RA [53], at least
in part, pathologic bone formation in PsA, which arises from
aberrant osteoblast differentiation and function, is less well
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characterized [19]. Multiple signaling pathways (including
the Wnt pathway) and pro-inflammatory cytokines (notably
TNF-« and IL-17) have been shown to be involved [10]. In
particular, a recent study addressing serum levels of Wnt path-
way regulators in PsA found significantly lower levels of
DKK1 in PsA patients compared with RA patients and healthy
controls [54]. The highest levels of DKK1 were seen in RA
patients, which might explain the distinct bone phenotype of
RA (erosive) and PsA (erosive-proliferative) [54]. Recently,
we observed a rapid increase in WNT signaling antagonists in
patients with PsA treated with secukinumab, an anti-IL-17
antibody [55]. Differing from TNF«, IL-17 also promotes
osteogenesis, particularly at inflamed sites, such as entheses,
undergoing mechanical stress. In RA, where TNF«x is the
major pro-inflammatory cytokine, although overexpression
of IL-17 also occurs, bone resorption largely predominates
over bone formation. In contrast, the prevailing inflammatory
cytokine in PsA is IL-17, which also promotes osteogenesis.
Furthermore, in PsA and ankylosing spondylitis, where the
involvement of entheses poor in osteoclasts is prevalent, ex-
cess formation of bone may even prevail over excess resorp-
tion of bone [21]. Data from clinical trials supports the differ-
ence in the pathophysiology of bone involvement in chronic
arthritis: the use of anti-TNF«x agents to control inflammation
in PsA has not produced comparable effects on excess bone
formation.

Considering the role of the IL-23/IL-17 axis in PsA, anoth-
er cytokine that acts on osteoblasts downstream is [L-22. IL-
22 is associated with bone formation and is present at elevated
levels in the synovial fluid of patients with PsA, compared
with those with osteoarthritis. In this setting, when IL-23 is
overexpressed, IL-22 is upregulated, inducing osteoblast-
related genes in the enthesis leading to new entheseal bone
formation and osteoblast expansion. Recently, in vitro studies
have shown enhancement of osteogenic differentiation in hu-
man mesenchymal stem cells following IL-22 exposure [56].

Involvement of the JAK-STAT pathway
in bone metabolism

The JAK-STAT pathway is one of the numerous cytokine
signaling pathways found in bone cells. Over the past few
years, several studies have investigated the role of JAK-
STAT signaling in osteoclastogenesis in animal models of
RA, using specific inhibitors of the components of this path-
way [57-59]. Of the seven known mammalian STAT proteins,
STAT3 appears to be the most important transcription factor
that mediates intracellular signaling in bone cells [22]. STAT3
mutations in humans have been found to increase both osteo-
clast number and bone resorption, leading to reduced bone
mass and an increased incidence of bone fractures [22, 60,
61]. STA-21, a potent inhibitor of STAT3, was found to
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suppress arthritis in a mouse model of RA via regulatory ef-
fects on Th17 and Treg cells and to inhibit osteoclast forma-
tion [59]. The effects of STAT3 blockade were also investi-
gated in a recent study with the STAT3 inhibitor Stattic [57].
By interfering with RANKL-induced STAT3 and NF-«kB sig-
naling, the inhibitor reduced osteoclastogenesis and bone loss
both in vitro and in vivo. Another study investigated the effect
of a JAK-2 inhibitor (AG490) on osteoclast differentiation in a
murine osteoclast precursor cell line, wherein JAK-2 inhibi-
tion was associated with reduced RANKL-induced osteoclas-
togenesis [58]. A recent study in a mouse model of bone loss
investigating WHI-131, a potent and specific small-molecule
inhibitor of JAK3, showed that JAK3 inhibition might play a
central role in bone remodeling via simultaneous inhibition of
osteoclast differentiation and function and promotion of oste-
oblast differentiation [38].

In PsA, on the other hand, the innate immune pathway,
which is predominantly mediated by neutrophils and mast
cells, may be more relevant than the adaptive immune re-
sponse mediated by Th17. In particular, the yd T cells, a minor
subset of T cells, have been shown to secrete IL-17, and are of
importance in mucosal and epithelial tissue, where their role is
to help to bridge innate and adaptive immunity. The majority
of'the production of IL-17 by v T cells follows stimulation by
IL-23, but also occurs via IL-23-independent pathways [62].
Recently, IL-17A produced by yd T cells was shown to in-
crease the proliferation and osteoblastic differentiation of mes-
enchymal progenitor cells and to promote bone formation in
IL-17A—/— mice [63]. Recent findings point to the JAK-STAT
kinase signaling cascade being responsible for the regulation
of activation and proliferation of IL-17 effector memory T
cells, which suggest a potential role in the pathogenesis of
PsA. Moreover, in PsA, IL-22 overexpression leads to the
formation of new periosteal bone via STAT3 activation togeth-
er with the increased expression of genes responsible for reg-
ulating bone formation, including members of the Wnt family
[64]. In another inflammatory disease characterized by exces-
sive bone formation, namely ankylosing spondylitis, IL-17A
has been found to be involved in osteoblast differentiation
through the JAK2/STAT3 pathway [65].

Besides cytokines, there are also other mediators that influ-
ence bone, among which the metabolic and endocrine mole-
cules such as parathormone, fibroblast growth factor 23
(FGF23), growth hormone, and vitamin D. JAK-STAT path-
ways are also involved in some of these mechanisms. FGF23
has been found to be increased in a mouse model of postmen-
opausal osteoporosis, together with increased phosphorylation
of JAK2, STAT1, and STAT?3. In the same model, antibodies
against FGF23 or AG490 compound (an inhibitor of
JAK?2/STAT1) were able to increase osteoformation markers
such as osteocalcin [66]. Interestingly, calcification can be
inhibited in situations of ectopic ossification such as spinal

cord injury with the use of ruxolitinib (a JAK1/2 inhibitor)
and in aortic valve with tofacitinib [67, 68].

Effects of tofacitinib on bone remodeling
in RA and PsA

There are several potential ways in which tofacitinib affects
bone remodeling, suggesting a favorable net outcome on bone
in both RA and PsA, as summarized in Fig. 3. These include
direct effects on bone signaling, effects on cytokines and im-
mune cells, and the RANKL-OPG axis, as well as acting on
non-immune pathways involving growth factors.

Preclinical evidence

A study in rats with adjuvant-induced arthritis (AIA), an
in vivo model for addressing early events in RA, investigated
the role of JAK inhibition with tofacitinib on osteoclast-
mediated bone resorption; the study also investigated the ef-
fects of tofacitinib on RANKL production by human T lym-
phocytes and on the differentiation of human osteoclasts [69].
After 7 days of treatment with tofacitinib, edema, inflamma-
tion, and osteoclast-mediated bone resorption were all sub-
stantially reduced in AIA rats. The reported effects correlated
with a reduction in the numbers of CD3+, CD68/ED-1+, and
RANKL+ cells in rat paws; levels of IL-6 in both transcript
and protein rapidly reduced within 4 h of tofacitinib adminis-
tration, while the decrease in RANKL levels was slower
(within 4-7 days). Tofacitinib had no effect on human osteo-
clast differentiation or function; however, a dose-dependent
decrease in RANKL production was observed in human T
lymphocytes. These findings indicate that tofacitinib may sup-
press osteoclast-mediated structural damage in the arthritic
joint by decreasing the expression of RANKL.

A recent study in AIA rats assessed, for the first time, the
impact of tofacitinib treatment on bone microstructure using
micro-CT images [70]. This study is of particular relevance
because most available evidence comes from studies assessing
intra-articular bone, while data on the effects of tofacitinib on
extra-articular bone are lacking. In the study, an adjuvant-
induced animal model of arthritis, comprehensive structural
and functional bone analysis was used to demonstrate that
arthritis severely affected morphometric parameters in trabec-
ular and cortical bone. A 22-day treatment with tofacitinib,
initiated in the clinically overt phase of arthritis, was unable
to reverse the changes in microarchitectural bone parameters,
but was associated with increased hardness in cortical and
trabecular bone. A decrease in the secretion of the
osteoclast-stimulating cytokines TNF-« and IL-17 and inhib-
itory effects on bone resorption due to improved RANKL to
OPG ratio were also observed [71].
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Potential mechanisms of tofacitinib
effects on bone in RA and PsA
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bone cells
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Fig. 3 Potential mechanisms of tofacitinib effects on bone in rheumatoid arthritis (RA) and psoriatic arthritis (PsA). OPG osteoprotegerin; RANKL

receptor activator of NF-«B ligand

Preliminary data from a study investigating the impact of
tofacitinib on bone regeneration, including recruitment of hu-
man mesenchymal stromal cells, and chondrogenesis, osteo-
genesis, and osteoclastogenesis, have shown that tofacitinib
may contribute to bone healing by promoting bone formation
and reducing bone resorption in a model of fracture-like tissue
environment [72].

Evidence from clinical studies

The 24-month phase III ORAL scan study assessed structural
preservation, benefits in reducing the signs and symptoms of
RA, and parameters of physical functioning following
24 months of treatment with tofacitinib at a twice-daily dose
of 5 and 10 mg in patients with RA who had an inadequate
response to methotrexate treatment [31]. Tofacitinib improved
the signs and symptoms of RA and was associated with sta-
tistically significant improvements in physical function. The
study also highlighted the potential of tofacitinib to reduce the
progression of structural joint damage; both doses of
tofacitinib resulted in lower rates of progression from baseline
in both components of the van der Heijde modified total Sharp
score (erosion score and joint space narrowing score) versus
placebo at months 6 and 12. After 6 and 12 months of treat-
ment, similar proportions of patients in both tofacitinib groups
were without evidence of radiographic progression (defined as
a <0.5 unit increase from baseline in the van der Heijde mod-
ified total Sharp score), with significant differences versus
placebo for both tofacitinib groups. Furthermore, at month
12, the proportion of patients without progression in erosion
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score (<0.5 increase from baseline) was significantly greater
in the two tofacitinib treatment groups, compared with
placebo.

The ORAL Start study compared tofacitinib monotherapy
with methotrexate monotherapy in RA patients not previously
treated with methotrexate [30]. Overall, 958 patients were
randomized to receive one of three regimens: twice-daily
tofacitinib 5 or 10 mg, or methotrexate at a starting dose of
10 mg per week, incrementally increased to 20 mg per week
over 8 weeks. The co-primary endpoints at month 6 were
mean change from baseline in the van der Heijde modified
total Sharp score and the proportion of patients with an
ACR70 response. At 6 months, mean changes from baseline
van der Heijde modified total Sharp scores were significantly
lower in the two tofacitinib groups than in patients receiving
methotrexate. However, in all three groups, the changes were
modest; 0.2 points in the tofacitinib 5 mg group, < 0.1 point in
the tofacitinib 10 mg group, and 0.8 points in the methotrexate
group (p<0.001 for both comparisons). Twenty-five-point
five percent of patients receiving tofacitinib 5 mg and 37.7%
receiving tofacitinib 10 mg had an ACR70 response at month
6, versus 12.0% of methotrexate recipients (p < 0.001 for both
comparisons). Notably, monotherapy with tofacitinib was su-
perior to methotrexate in inhibiting structural joint damage
progression and reducing the signs and symptoms of RA in
patients not previously treated with methotrexate. Post-hoc
analysis of the ORAL Start and ORAL Scan studies investi-
gated the relationship between levels of disease activity with
tofacitinib, long-term radiographically determined structural
progression, and patient-reported parameters of physical
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functioning [73]. Of interest, tofacitinib was shown to inhibit
joint damage regardless of disease activity, even in the pres-
ence of persistent inflammation, a finding that might support a
direct effect on bone unrelated to inflammation control.

A randomized exploratory study in 109 patients with RA
investigated the progression of structural damage using, for the
first time, three different MRI techniques [74]. Besides the com-
prehensive range of highly sensitive MRI endpoints, the study
also used the validated RAMRIS (RA MRI score) technique
[75], as well as novel quantitative techniques. Significant differ-
ences in RA MRI score bone marrow edema score were seen
after 6 months for both tofacitinib alone and when combined with
methotrexate [74]. Moreover, differences in quantitative RA MRI
score synovitis were significant by month 3. Therefore, treatment
with tofacitinib 10 mg, both as monotherapy or combined with
methotrexate, was associated with an early reduction of inflam-
mation and reduced progression of bone erosion.

As for the potential role of tofacitinib in preventing systemic
bone loss, the available clinical data are very limited. A small
study explored the early effects on bone homeostasis in 14 RA
patients treated with tofacitinib, with a focus on osteoclast reg-
ulating factors [76]. The study was the first to show that
tofacitinib improves inflammatory bone metabolism via the
regulation of serum RANKL levels and serum RANKL/OPG
ratio in RA. Based on the findings from a previous study in RA
showing that tofacitinib regulates synovitis through the inhibi-
tion of IL-17 secretion by CD4+ T cells and IL-6 secretion by
synovial fibroblasts, the authors hypothesized that tofacitinib
controls RANKL induction through inhibition of IL-17 and
IL-6 production in the inflamed synovium [77].

With regard to the effects of tofacitinib on bone in patients
with PsA, data related to radiographic disease progression are
just beginning to emerge. The OPAL Broaden trial assessed
radiographic disease progression in PsA patients treated for
12 months with twice-daily tofacitinib 5 mg, twice-daily
tofacitinib 10 mg, or adalimumab 40 mg once every 2 weeks,
all added to background conventional synthetic DMARDs
[78]. Radiographic non-progression was defined as an in-
crease from baseline in van der Heijde-modified total Sharp
score for PsA <0.5, <0, or <0.66. At 12 months, >90% of
patients treated with tofacitinib or adalimumab did not show
any radiographic progression. Changes in radiographic scores
were minimal and influenced by baseline levels of C-reactive
protein (CRP). The ongoing long-term extension trial OPAL
Balance will provide further information on the effects of
tofacitinib on the radiographic progression of PsA [79].

Discussion

The effects of chronic inflammation on cells responsible for
bone integrity are complex and mediated by several signaling
pathways, including the JAK-STAT pathway. By acting on

osteoclasts as well as osteoblasts at intra- as well as extra-
articular skeletal sites, pro-inflammatory cytokines perturb
normal bone remodeling. Data showing that tofacitinib can
inhibit unbalanced osteoclastogenesis in RA suggests that
targeting the JAK-STAT pathway may halt bone erosion,
which is supported by encouraging results in RA and PsA,
where tofacitinib has been shown to reduce articular bone
erosion. Emerging insights into the effects of tofacitinib on
the main pathogenetic factors, including IL-17, IL-22, bone
morphogenetic proteins, and WNT inhibitors, may further dif-
ferentiate bone resorption and repair mechanisms in these dis-
eases. However, further clinical study is needed to fully char-
acterize the role of tofacitinib in preventing systemic bone loss
in RA and PsA, and in the important treatment goal of
preventing pathologic bone formation at the entheses in PsA.
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