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Abstract

Spondyloarthritis (SpA) represents one of the most frequent extraintestinal manifestations of inflammatory bowel disease
(IBD). Evidence of shared genetic and molecular pathways underlying both diseases is emerging, which has led to rational
approaches when treating patients with concomitant diseases. Clinical efficacy of tumor necrosis factor (TNF) antagonists
has been ascertained over the years, and they currently represent the cornerstone of treatment in patients with IBD and SpA,
but the therapeutic armamentarium in these cases has been recently expanded. Evidence for vedolizumab is controversial, as
it was associated both with improvement and development of arthralgias, while ustekinumab, the first anti-interleukin 12/23
(IL-12/23) approved for IBD, has demonstrated good efficacy, especially in peripheral arthritis, and more IL-23 inhibitors
are being developed in IBD. Tofacitinib was the first Janus kinase (JAK) inhibitor to be approved in IBD, and as it demon-
strated efficacy in treating ankylosing spondylitis, it may represent a good choice in axial arthritis, while more selective JAK
inhibitors are yet to be approved. Unexpectedly, the first anti-IL17 that was studied in IBD (secukinumab) has shown not
to be effective in treating IBD, and the role of anti-IL17 drugs in these diseases needs further investigation. Therefore, as
availability of biologics and small molecules is increasing, their positioning in clinical practice is becoming more and more
challenging, and multidisciplinary management needs to be implemented in both research and clinical settings in order to
enhance early recognition of SpA in IBD patients, optimize treatment and ultimately improve the patients’ quality of life.

1 Introduction gastrointestinal tract, extraintestinal manifestations (EIMs),

which are inflammatory manifestations located outside the

Inflammatory bowel disease (IBD) is a group of chronic idi-
opathic conditions, including Crohn’s disease (CD), ulcera-
tive colitis (UC) and IBD-unclassified (IBD-U), which are
characterized by a chronic relapsing—remitting pattern of
inflammation of the gastrointestinal tract due to immune
dysregulation. Though these conditions primarily affect the

Federica Crispino and Mauro Grova equally contributed to this work
and share the first authorship.

< Fabio Salvatore Macaluso
fsmacaluso@gmail.com

Section of Gastroenterology & Hepatology, PROMISE,
University of Palermo, Palermo, Italy

Inflammatory Bowel Disease Unit,
A.O.O.R. Villa Sofia-Cervello Hospital, Viale Strasburgo
233, 90146 Palermo, Italy

3 Internal Medicine Unit, A.0.O.R. Villa Sofia-Cervello
Hospital, Palermo, Italy

gut, are common and have an impact both on morbidity and
treatment strategies [1, 2].

Musculoskeletal manifestations, especially those involving
joints, are the most frequent EIMs [3, 4] and can be seen as
a wide spectrum from unspecific joint pain without inflam-
matory features (arthralgia) to joint inflammation (arthritis)
belonging to the spondyloarthritis (SpA) group. This cat-
egory includes many arthropathies with similar clinical and
imaging features, which encompasses ankylosing spondylitis
(AS), reactive arthritis, psoriatic arthritis (PsA), IBD-related
(or enteropathic) arthritis and undifferentiated SpA. Histori-
cally, these arthropathies have been known as seronegative
due to the negativity of the rheumatoid factor and are associ-
ated with HLA-B27. More recently, these entities have been
considered a continuum and according to the ASAS (Assess-
ment of SpondyloArthritis Society) criteria as either axial
SpA (axSpA) or peripheral SpA (pSpA) [5, 6]. One of the
notable aspects of the new criteria has been the incorporation
of the non-radiographic axial SpA (nr-AxSpA) concept and
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the inclusion of MRI for detection of sacroiliitis, which has
led to earlier diagnosis and treatment. However, there are con-
troversies regarding the lack of specificity of the new criteria,
the high disagreement rates in imaging interpretation among
non-dedicated radiologists and the highly variable progression
rates from nr-AxSpA to radiographic SpA [7]. Similarly, the
proposed reorganization of pSpA entities into groups based on
clinical manifestations has been viewed by some experts as an
advance and by others as detrimental—advances include the
greater importance of enthesitis and dactylitis, and the inclu-
sion of HLA-B27; drawbacks include the decision of not dis-
tinguishing between individual entities, which may confuse the
interpretation of outcome measures and treatment responses.
Moreover, it should be addressed that the diagnostic perfor-
mance of both sets of classification criteria in the outpatient
with low test probability of SpA is low and that these crite-
ria could be misused. Possible overlap and change over time
between degrees of axial and peripheral involvement may also
pose challenges [8, 9].

AxXSpA affects the spine and/or the sacroiliac joint and can
be categorized into AS and sacroiliitis, whose prevalence in
patients with IBD has been reported as high as 3% and 10%,
respectively [10]. AS is characterized by persistent inflamma-
tory low back pain and stiffness, which may ultimately lead
to the formation of marginal syndesmophytes with a conse-
quent fusion of vertebral bodies and ankylosis (i.e. bamboo
spine). Sacroiliitis is usually bilateral, and it is characterized
by inflammatory low back and buttock pain, even though
a high prevalence of asymptomatic sacroiliitis has been
observed, making it currently underdiagnosed. Sacroiliitis is
usually HLA-B27 negative, possibly suggesting that AS and
sacroiliitis may be two separate entities [11]. pSpA occurs in
approximately 13% of patients with IBD [12] (10-20% among
CD patients and 5-14% among UC patients) and is character-
ized by little or no joint destruction [12]. IBD and SpA are
undoubtedly closely related, and IBD may also represent an
extra-articular manifestation of SpA, being present in 4—14%
of patients [13—15]. Additionally, gut inflammation has been
observed in almost of 50% patients with SpA who underwent
a colonoscopy [16, 17], even though a minority of patients
eventually develops IBD [18].

This review focuses on the growing understanding of the
underlying pathophysiology of IBD-associated SpA and the
shared targets for pharmacological intervention, leading also
to a brief summary of the most relevant clinical data on this
topic.

2 Pathophysiology
Complex interactions between genetic, immunological,

and microbial factors underlie the etiology of both IBD
and SpA, with major implications for the gut-joint axis of
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inflammation. In an impressive prescient paper published
in 1975, Zvaifler anticipated the currently hypothesized
causative or correlative relationship between the gut and
joint for SpA in IBD. Thanks to advances in technology for
basic research and detailed tracking of well-defined patient
cohorts, research in this field is producing data with unprec-
edented depth [19].

2.1 Genetics

At a genetic level, genealogic studies have shown shared
heritability and familial clustering of IBD and AS [20].
However, even though HLA-B27 is tightly associated with
AS, this link gets weaker when the IBD population with
AS is considered and, in patients with IBD without AS,
its prevalence does not even differ from that of the general
population [21].

More recently, the era of genome-wide association stud-
ies (GWAS) has advanced the search for a shared genetic
architecture between SpA and CD by identifying several
risk loci for both diseases. The study performed by Danoy
et al. [22] can be considered a watershed one as it showed
that eight out of 53 genetic loci associated with CD in three
separate GWAS were risk loci also for AS, namely /IL23R
(rs11465804), IL12B (rs10045431), CDKALI (rs6908425),
LRRK?2 (rs11175593), chri3qi4 (rs3764147), chrig32
(rs11584383), and STAT3 (rs6503695, rs744166). Interest-
ingly, most of these loci are involved in gut homeostasis,
unveiling the importance of the gut microbiome and mucosal
immunity in both AS and CD. These results were confirmed
by subsequent studies in which other risk loci implied in the
gut barrier have been associated with both IBD and SpA
[23-25].

2.2 Immunopathogenesis

It is generally thought that these diseases share immu-
nopathogenesis similarities and that inflammatory events
in the gut precede and lead to inflammatory events in the
joint. Growing evidence suggests that perturbation of gut
barrier homeostasis leads to chronic intestinal inflamma-
tion. In healthy gut tissue, commensal microorganisms and
dietary metabolites regulate Th3 cells (retinoic acid-related
orphan receptor yt+ ILC3s, TC17 cells, and TH17 IL-23 R+
cells) in response to IL-23 stimulation. This results in IL-17
and IL-22 production that promotes epithelial cell-cell
contact through tight junctions and mucus secretion by
goblet cells, limiting the translocation of microorganisms
through the epithelial barrier [26]. That a defective mucosal
immunity is involved in the pathogenesis of AS has been
suggested by Ciccia et al. [27], who observed that AxSpA
patients with bacterial ileitis show increased expression of
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bacterial-induced zonulin, a protein that modulates the per-
meability of the aforementioned tight junctions.

A central role in the pathophysiology of IBD and SpA
has been attributed to tumor necrosis factor (TNF), as the
efficacy of TNF antagonists in these diseases is well known.
TNF is a cytokine primarily secreted by macrophages, but
also CD4+ lymphocytes, natural killer cells and other cells.
Its primary function consists in regulating immune cells,
with a mainly pro-inflammatory role, even though it is also
involved in apoptosis, cachexia and tumorigenesis [28].

TNF is mainly produced as a transmembrane protein
(mTNF) that can be cleaved by the TNF converting enzyme
into a soluble form (sTNF) and its biological activity is
exerted through its bond to specific receptors (TNFR1 and
TNFR2) [29]. Through TNFRI1 signaling, apoptosis of
intestinal epithelial cells [30] and changes in the epithelial
expression of tight junction proteins are induced [31], hence
exacerbating the inflammation.

The role of TNF in inflammatory disorders has been
investigated; one study showed that overexpression of
TNF-a was associated with the development of chronic
arthritis and colitis in mice [32], and TNF inhibition was
found to attenuate mucosal inflammation in several experi-
mental models of IBD-like colitis [33, 34]. Moreover, there
is also evidence of an association of this cytokine with other
immune-mediated diseases like psoriasis [35] and uveitis
[36].

The first evidence of an association between SpA and
TNF-a came from human sacroiliac joint specimens of
patients with early AS, in which a high amount of TNF-«
mRNA was found [37]. It is believed that TNF is the main
cytokine involved in the early, inflammatory stages of AS,
which is supported by the clinical efficacy reported with
anti-TNFs [38]. TNF also induces osteoclastogenesis, which
eventually leads to bone erosion—relatively mild in AS—
while the role of TNF in the latest stages, with new bone
formation, is less clear [38].

It is well established that dysbiosis in the gut microbiome
is present in both diseases, but whether it occurs as a result
of inflammation or precedes inflammatory changes, is still
debated. Broadly defined, dysbiosis is the imbalance of gut
microbiota associated with an unhealthy outcome, involving
the loss of the beneficial commensal communities and/or the
expansion of the pathogenic ones [39]. Patients with SpA have
decreased fecal gut microbial diversity and increased abun-
dance of Ruminococcus gnavus and the genus Dialister, which
are positively correlated with disease activity [40, 41]. A pos-
sible role for dysbiosis in SpA has also been demonstrated in
murine models, with the improvement of arthritis and inflam-
matory colitis features in germ-free HLA-B27-transgenic rats
[42]. Similarly, the gut microbiota of IBD patients is char-
acterized by low microbial diversity, and distinct dysbiotic
profiles, resulting in lower saturated chain fatty acids (SCFA)

concentrations compared with healthy individuals [43, 44].
However, it seems that the stability of the microbiome over
time, rather than the degree of dysbiosis at a single time point,
is predictive of gut inflammation, and microbiomes of IBD
patients are more prone to fluctuations than those of healthy
individuals [45].

Dysbiosis is thought to drive immune dysregulation through
CXCR1+ CD59+ macrophage production of IL-23 as ILC3s
IL23R + expansion is correlated with bacterial epithelial
infiltration [46]. IL-23 is a heterodimeric cytokine composed
of p19 and p40 subunits, the latter shared with IL-12. It has
a prominent role in antigen-rich barrier surface modulation
(gut barrier, skin barrier, etc.) through innate lymphoid cells
and Th17 CD4+ T-cell production of IL-17 and IL-22 effec-
tor molecules [47]. IL-23 overexpression and Th3 IL-23 R+
cell expansion are the hallmarks of autoimmune diseases like
IBD, SpA and psoriasis; and IL-23 characterizes the subclini-
cal inflamed ileal gut of almost half of SpA patients [48].

In support of the gut—joint trafficking hypothesis, it has
been postulated that Th3 IL-23 R+ cells, which express gut-
specific trafficking receptors such as a4f7 integrin and the
chemokine receptor CCR6, can recirculate from the gut and
migrate to articular tissues, consequently mediating SpA
inflammation [26, 49]. Photoconversion technology studies
have demonstrated that cells labeled in the gut could be found
in the enthesis or synovial tissue of arthritic mice models [50].

However, the mucosal vascular addressin cell adhesion
molecule 1 (MADCAM-1), an a4f7 ligand, is found overex-
pressed only on endothelial cells from the gut and bone mar-
row, and not on the synovium, despite the presence of a47
on synovial T cells in SpA [26, 49]. Although conceptually
fascinating, the lack of detectable gut inflammation in a siz-
able proportion of patients with SpA as well as the failure of
some of the novel therapies in SpA and IBD does not sup-
port the causative hypothesis of gut-to-joint inflammation. A
purely correlative scenario of gut—joint inflammation, attrib-
utable only to similarities in their immunopathogenesis, is
still plausible. In this context, it should be noted that IL-23
also has a leading role in antigen-free barrier surfaces such
as the joints, as IL-23-responsive cells appear to respond
to high biomechanical stress [51]. Yet, the nature of the
gut—joint link remains nebulous—profound knowledge of
its underlying mechanisms is certainly desirable, as it has
therapeutic implications for patients with IBD and SpA.

3 Targets for Pharmacological Interventions

3.1 Conventional Therapies
and Immunosuppressants

Non-steroidal anti-inflammatory drugs (NSAIDs) are
used in SpA as a first-line therapy; caution is generally
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recommended by many gastroenterologists in IBD patients,
even the data on NSAID use and relapse of IBD are conflict-
ing [51, 52].

Selective NSAIDs (e.g. celecoxib and etoricoxib) may be
used, and short courses have shown not to induce clinical
and endoscopic relapse both in patients with UC in remis-
sion and with CD [53, 54]. Therefore, selective NSAIDs
may be used for short periods in patients with active SpA
and quiescent IBD [55].

As a matter of fact, clinical practice suggests that sys-
temic corticosteroid therapy, which is widely used as induc-
tion therapy in IBD patients, is also effective for the treat-
ment of both AxSpA and pSpA [56], even though solid
evidence is lacking. However, corticosteroids cannot be
considered a maintenance treatment due to their well-known
severe side effects.

Sulfasalazine and methotrexate are not recommended
in patients with AxSpA [56-58] and their use in pSpA is
provided only by indirect evidence in rheumatoid arthritis
(RA) [59] and PsA, respectively. Sulfasalazine may be used
in UC but not in CD, as two randomized controlled trials
(RCTs) have shown that it was more effective than placebo
for the induction and maintenance of remission in UC, but
not in CD [60-63]. The current UC guideline suggests using
sulfasalazine in patients who are in remission that have
dominant peripheric arthritic symptoms [64]. Current data
support the efficacy of methotrexate monotherapy for main-
tenance of clinical remission in CD [65], but not in UC [66,
67]. Therefore, it may be used as maintenance therapy in
CD with concomitant peripheral arthritis, although definite
data are lacking. Similarly, thiopurines (i.e. azathioprine and
6-mercaptopurine) are not recommended in this setting [56,
68].

3.2 Anti-Tumor Necrosis Factor (TNF)

Due to the involvement of TNF in the pathogenesis of auto-
immune diseases, TNF antagonists have been successfully
developed and applied in the clinical treatment of both IBD
and SpA for 20 years [69-72].

All TNF antagonists target both sTNF and mTNF, but
affinity differs greatly [73]. Accumulating evidence suggests
that the efficacy of this class of drugs is due to neutraliza-
tion of mTNF rather than sTNF: a study observed that the
neutralization of soluble TNF alone was not effective in
dampening inflammation in experimental colitis murine
models [74]; moreover, a paradoxical increase of STNF can
be observed during successful treatment with infliximab or
adalimumab [75]. These findings may explain why etaner-
cept, an anti-TNF that preferentially binds to the soluble
form, was not found to be effective in treating IBD and has
even been associated with paradoxical new onset of IBD in
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patients with SpA, while infliximab and adalimumab, which
preferentially bind to mTNF, are effective [76-78].

Clinical efficacy of TNF antagonists has been ascertained
across many RCTs, and currently represent the cornerstone
of treatment in patients with IBD and/or SpA [55, 68]. Inf-
liximab [79], 80, adalimumab [81-83] and certolizumab
[84] are effective in moderate to severe CD, while in UC,
RCTs have shown infliximab [85], adalimumab [86], 87 and
golimumab [88, 89] to be effective in inducing and maintain-
ing clinical remission in patients with moderate to severe
disease activity.

TNF antagonists also demonstrated efficacy in patients
with SpA; infliximab [90], adalimumab [91] and golimumab
[92] were all found to be effective in several RCTs in AS. As
mentioned before, etanercept is also effective in this setting
[72]. Although no RCT specifically addressed the efficacy
of TNF antagonists in IBD-related SpA, their effectiveness
has been clearly demonstrated by real-world experience [93].

However, a safety issue has emerged for anti-TNFs; due
to the physiological role of TNF-a in defense against micro-
bial pathogens and tumorigenesis, a thorough diagnostic
workup is required to exclude any latent or manifest infec-
tion or malignancy before initiating treatment with anti-TNF
[94], 95]. Moreover, longstanding therapy with anti-TNFs
has been associated with the onset of psoriasiform skin
eruptions, which can be considered paradoxical, as these
agents are used to treat psoriasis. The study of Tillack et al.
[96] showed the presence in these lesions of infiltrates of
interferon-y-secreting Th1 cells and IL-17A/IL-22-secreting
Th17 cells. As a good response to ustekinumab, an anti-
IL-12/IL-23 antibody was observed; the switch to this bio-
logic agent may be an option in CD patients with psoriasi-
form skin lesions not responding to topical therapies.

3.3 Anti-Intestinal T-Cell Trafficking Drugs

Vedolizumab is a monoclonal antibody approved for IBD
that targets a4f7 integrin to prevent the trafficking of
immune cells to the gut [97, 98]. The efficacy of vedoli-
zumab for the treatment of musculoskeletal manifestations
in IBD is controversial.

On one hand, if a correlative relationship of the gut—joint
axis is hypothesized, the gut-specificity of vedolizumab
should make it ineffective for arthritis manifestations. As
mentioned above, the lack of MADCAM-1 expression in
synovial tissue despite the presence of a4f7 on synovial T
cells in SpA provides a scientific rationale for the differential
response to joint versus gut symptoms. On the other hand,
the causative relationship of the gut—joint axis may explain
the improvement in arthralgias in vedolizumab-treated
IBD patients shown in other studies [99, 100]. Moreover, a
recent post-hoc analysis of GEMINI trials in IBD reported
a decreased likelihood of new or worsening arthralgia in
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CD and no increased incidence of these events in UC upon
vedolizumab administration [101], suggesting that the con-
trol of gut inflammation may drive the response at least
on arthralgias. Notably, the same study assessed that the
worsening or the new onset arthralgias seen in vedolizumab-
treated patients can be attributed to corticosteroid tapering/
withdrawal instead of a paradoxical mechanism of action of
vedolizumab.

Sphingosine 1-phosphate (S1P) modulation is another
strategy to control leukocyte traffic by blocking T-cell egress
from lymph nodes into the circulation. In contrast to o4p7
blockade, SIPR1 agonists may be able to downregulate both
gut and joint inflammation that depends on circulating lym-
phocytes. Ozanimod and etrasimod have shown promising
results in IBD [102—104]; etrasimod has also shown efficacy
in a collagen-induced model of arthritis [105]. Recently,
IMMHOO01 (SYL930), an S1PR1 and S1PR4 modulator,
inhibited arthritis progression in Sprague-Dawley rats,
diminishing pro-inflammatory cytokines and chemokines
in damaged joints. Despite these encouraging results, there
are no ongoing clinical studies in RA, nor specific data on
IBD-associated SpA [106].

3.4 Anti-IL-17/23 Axis Drugs

Knowledge of Th3 cells has translated into the development
of effective IL-23— and IL-17A-blocking antibodies for the
treatment of SpA and IBD, although some discrepancies in
efficacy between the two diseases need to be noted.

Ustekinumab is a fully humanized IgG1 monoclonal anti-
body that binds to the p40 subunit of both IL-23 and IL-12,
subsequently blocking Th17 and Thl immune responses
mediated by IL-23 and IL-12, respectively. Ustekinumab,
first approved for psoriasis and PsA, also showed efficacy
in both CD and UC [107, 108]. Although the pivotal trials
did not evaluate EIMs, a recent literature review showed
ustekinumab effectiveness for arthralgia and PsA in 152 out
of 254 IBD patients through three high-quality studies [109].
Also, an Italian real-world multicenter study has demon-
strated that ustekinumab was able to obtain a response on
articular symptoms in nearly half of the patients with CD
and active SpA, even though patients with purely axial forms
did not respond [110].

Risankizumab, mirikizumab, brazikumab and
guselkumab specifically bind to the p19 subunit of IL-23,
producing a selective inhibition of IL-23 [111]. It has been
speculated that this more restricted targeting could increase
overall safety, by sparing IL-12-mediated Th1 responses
that are crucial for both malignancy surveillance and host
immunity [112-114]. Among the IL-23p19 inhibitors,
guselkumab has been approved for PsA and risankizumab
for both PsA and CD by the US FDA.

The DISCOVER-1 and -2 pooled analyses in axial PsA
patients showed that patients in guselkumab treatment
groups had a significantly higher percentage of achiev-
ing BASDAIS0 scores when compared with placebo [115,
116]. This result was quite encouraging since ustekinumab
and risankizumab did not show efficacy in clinical trials of
axSpA and hence IL-23 inhibitors were initially thought to
be not effective on the axial skeleton. Phase I1a/IIb and IIT
studies on these drugs are still ongoing in IBD [117-120]
and promising results of phase IIl ADVANCE and MOTI-
VATE risankizumab trials have recently been published
[121]. Interestingly, in three head-to-head phase II and phase
IIT RCTs in psoriatic patients, risankizumab has resulted in
improved treatment efficacy compared with ustekinumab
[122, 123]. This enhanced efficacy was also demonstrated
in the NAVIGATE trial with guselkumab being superior
to ustekinumab in patients with moderate to severe plaque
psoriasis [124].

Interestingly, all IL-23 inhibitors have a good safety pro-
file with a low risk of serious and opportunistic infections.
This clinical observation is concordant with colitis-resistant
IL-23p19—/— mice that developed normal Thl responses
while being severely impaired in the development of IL-
17-producing T cells [125].

IL-17A, IL-17F and IL17A/F heterodimers are prominent
members of the IL-17 family of cytokines that via a com-
mon receptor subunit (IL-17RA) regulate both innate and
adaptive immunity. The IL-17A-blocking secukinumab is
currently approved in Europe for the treatment of axSpA,
psoriasis and PsA. Considering its efficacy in these dis-
eases and animal models of autoimmunity [126], Hueber
et al. in 2012 conducted a multicentric phase Ila RCT of
secukinumab in patients with moderate to severe CD. Unex-
pectedly, this trial was prematurely stopped as it showed a
statistically significant difference in mean Crohn's Disease
Activity Index (CDAI) in favor of placebo [127]. Crohn’s
symptoms worsening was also observed by Targan et al.
assessing the efficacy of brodalumab, an IL-17RA antibody
currently approved for psoriasis with promising results
on PsA [128, 129]. Multiple uncontrolled case series also
support the new onset or worsening of pre-existing IBD in
secukinumab-treated patients [130]. A possible explanation
for this is that IL-23-independent IL-17 suppression leads
to gut expansion of Candida albicans, and consequently to
CD disease exacerbation [131].

On the other hand, the long-term safety results of clinical
trials carried out with secukinumab for dermatological and
rheumatic diseases describe a low incidence of exacerba-
tions or new cases of IBD [132, 133]. Indeed, it should be
noted that whether secukinumab unmasks subclinical IBD
or induces de novo IBD is hard to prove, since psoriasis
patients have already an increased risk of IBD.
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Interestingly, studies in murine colitis models showed
that IL-17F deficiency protected against colitis symptoms
[134]. Indeed, IL-17F promotes inflammation by inhibiting
the colonization of the gut by regulatory T-cell-promoting
commensals. These findings indicate that specific IL-17F
inhibitors, instead of anti—IL-17A ones, could be a potential
option for treatment of IBD.

3.5 Janus Kinase (JAK) Inhibitors

Janus kinase (JAK) and signal transducer and activator of
transcription (STAT) molecules are crucial transducers for
various pro-inflammatory pathways implicated in both IBD
and SpA. Respective of the several cytokines relying on
JAK-STAT signaling, the inhibition of this pathway offers
multiple possibilities to modulate the immune response,
offering an advantage over selective cytokine inhibitors such
as anti-TNFa, anti-a4f7, or anti-IL-12/23.

The JAK family is comprised of four members (JAKI,
JAK?2, JAK3 and TYK?2) that pair to each other. For this rea-
son, the different combinations of JAKSs are associated with
different cytokine receptors; thus, the inhibition of each type
of JAK leads to inhibition of signaling of a specific subset of
cytokines and different effects.

Tofacitinib, a pan-JAK inhibitor, was first approved
for RA patients with incomplete response to conventional
disease-modifying anti-rheumatic drugs [135—-137]. Sub-
sequently, tofacitinib has proven to be effective for PsA
[138, 139], AS [140] and UC [141]. Disappointingly, simi-
lar efficacy data were not found in two phase IIb trials in
CD patients, therefore the further development of tofaci-
tinib in CD was stopped [142, 143]. The randomized, non-
inferiority, phase IIIb/IV, ORAL Surveillance safety study
compared the relative risk of major adverse cardiovascular
events and malignancies of tofacitinib at two doses (5 mg
or 10 mg twice daily) with anti-TNF therapy in RA patients
aged >50 years with at least one cardiovascular risk factor
[144]. Results showed that for the two co-primary endpoints,
the non-inferiority criteria for both doses of tofacitinib com-
pared with anti-TNFs were not met. Moreover, an increased
risk of venous thromboembolism and mortality rates with
the tofacitinib 10-mg dose relative to the tofacitinib 5-mg
dose and anti-TNFs was found.

Despite conflicting opinions on the design and gener-
alization of the study’s results, the ORAL study has led to
changes in FDA recommendations for the use of JAK inhibi-
tors, raising safety concerns for a higher dose of tofacitinib
in a high-risk population [145, 146]. In addition, this study
has evoked the question of whether more selective agents
might result in fewer adverse effects. Filgotinib and upadaci-
tinib are oral JAK1 selective inhibitors whose efficacy has
been studied for both SpA and IBD.
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Filgotinib has been evaluated as monotherapy or in com-
bination with methotrexate in several RCTs in patients with
RA [147-149], PsA [150] and AS [151]. The phase IIb/III
SELECTION trial has demonstrated good efficacy and safety
data of filgotinib in inducing and maintaining remission in
patients with UC [152]; though the same exciting results,
once again, were not shown for CD patients [153]. However,
despite the disappointing rates for mucosal healing in these
patients, the overall positive data resulted in a large phase
III induction and maintenance trial for moderate to severe
CD, a phase II trial for fistulizing CD and a phase II trial for
small bowel CD. Efficacy of upadacitinib in PsA has also
recently been reported, with the 30-mg upadacitinib group
found to be superior to adalimumab [154, 155]. Upadaci-
tinib 45 mg was also superior to placebo for induction of
clinical remission in both UC and CD patients according to
data presented from phase III trials [156—158]. In a recent
network meta-analysis including biologics and small mol-
ecule drugs, Lasa et al. found that upadacitinib was the best
performing agent for induction of clinical remission in UC
patients, according to SUCRA (surface under the cumulative
ranking curve) [159].

Moreover, ritlecitinib (PF-06651600), a selective JAK-3
inhibitor, is in a phase III clinical trial for UC and phase II
for RA. Additional promising JAK inhibitors that are being
investigated for both rheumatological diseases and IBD are
ivarmacitinib (SHR0302), a JAK 1 inhibitor; PF-06700841,
a TYK2/JAKI inhibitor; deucravacitinib (BMS-986165), a
TYK2 inhibitor and PF-06826647, a TYK?2 inhibitor.

4 From Pathophysiology to Clinical Practice

Given the increasing shared immunosuppressive treatments,
the management of patients with coexisting IBD and SpA
represents a challenge for a single specialist. In fact, a mul-
tidisciplinary approach should be implemented to improve
early recognition of SpA, especially if some red flags are
identified (i.e. chronic low back pain, dactylitis, enthesi-
tis and pain/swelling of peripheral joints) [160], in order
to optimize treatment and decision making and ultimately
improve the patients’ quality of life [161].

A possible practical clinical management of patients with
both IBD and SpA is summarized in Table 1. However, in
every clinical scenario, a rheumatological or gastroenter-
ological consult is strongly recommended, especially in
patients unresponsive to several lines of therapy and persis-
tent clinical activity. Note that the quality of the evidence
behind some of these recommendations is low, as few high-
quality studies are available, especially regarding recently
approved drugs. Finally, this brief table does not consider
drugs that are not yet approved for CD or UC and may have
an important role in the future, such as upadacitinib.
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Table 1 A practical clinical management of patients with both IBD and SpA

Clinical scenario Proposed management

1. Active axSpA and active IBD

1. Anti-TNFs (gastroenterological doses)

2. If one anti-TNF is ineffective or not tolerated, consider switching to another anti-TNF or swap to

tofacitinib (if UC)

2. Active axSpA and IBD in remission 1. Short cycles of coxibs

2. Anti-TNFs (rtheumatological doses)
3. If one anti-TNF is ineffective or not tolerated, consider switching to another anti-TNF or swap to

tofacitinib (if UC)
3. Active pSpA and active IBD

1. Sulfasalazine (if UC) or methotrexate (if CD)

2. Anti-TNFs (gastroenterological doses)
3. If one anti-TNF is ineffective or not tolerated, consider switching to another anti-TNF or swap to
vedolizumab*, ustekinumab or tofacitinib (if UC), or to vedolizumab* or ustekinumab (if CD)

4. Active pSpA and IBD in remission

1. Sulfasalazine (if UC) or methotrexate (if CD)

2. Anti-TNFs (rtheumatological doses)
3. If one anti-TNF is ineffective or not tolerated, consider switching to another anti-TNF or swap to
ustekinumab or tofacitinib (if UC) or ustekinumab (if CD)

When clinically needed, short cycles of systemic steroids may be considered for a rapid induction of remission in both IBD and pSpA

axSpA axial SpA, CD Crohn’s disease, coxibs cyclooxygenase 2 inhibitors, /BD inflammatory bowel disease, pSpA peripheral SpA, SpA spondy-

loarthritis, TNF tumor necrosis factor, UC ulcerative colitis

“Vedolizumab may be considered for arthritic flares associated with intestinal flares

5 A Personalized Treatment Approach
for IBD-Associated SpA: Future
Perspectives

Understanding whether the pathophysiology of the gut—joint
axis is of correlative or causative nature would have major
clinical practice implications. If inflammation in the gut is
indeed causative of joint inflammation, targeting key path-
ways in the gut should prevent joint manifestations. Con-
versely, if a simple correlation exists between gut and joint
inflammation, they should be independently targeted. In this
regard, almost every currently approved therapy for IBD has
been designed for and experimented first in rheumatologic
diseases and only at a later time in IBD; that this modus
operandi is not ideal was proved by the unexpected failure
of IL-17 blockade in IBD, which resulted in improving our
knowledge on the gut barrier, but ultimately failed in provid-
ing new effective treatments despite the resources invested.

As availability of biologics and small molecules
is increasing, their positioning in clinical practice is
becoming more and more challenging. In fact, in real-
world clinical practice, costs and bureaucratic difficulties
in prescribing novel therapies, rather than their actual
efficacy, play a huge role in choosing between one drug
and another, an approach that, in addition to the com-
mon loss of response to treatments, leads to unsatisfac-
tory results for a non-irrelevant percentage of patients
and subsequently has an impact on their quality of life.
An additional challenge is represented by the different
response to these agents between CD and UC, whose

underlying mechanisms are still basically unknown. In
an ideal world, drug positioning would be personalized
and based on objective findings (e.g. genetics, biomark-
ers, radiological or endoscopic findings, etc.) but so far
clinical management has continued to rely on a ‘trial and
error’ approach.

An appealing concept that could change our perspective
as clinicians is represented by the association of two phar-
macological agents (biologics and/or small molecules; i.e.
dual targeted therapy), which is usually only considered
as a ‘rescue’ therapy in cases of refractoriness. However,
as new, more selective targeted therapies have been and
will be developed, dual targeted therapy has the potential
to become the new standard of care in patients with IBD
with concomitant SpA resistant to one biological agent, if
no additional safety concerns emerge.

Another crucial point is that EIMs are often overlooked
in RCTs, and head-to-head comparisons of drug efficacy in
patients with IBD and SpA are still lacking. Moreover, as
highlighted in a recent literature review, the studies ana-
lyzing IBD-SpA cohorts are often clinical-based, single-
center and cross-sectional in design with no validation of
the recognized ASAS criteria [162].

In conclusion, it is undeniable that an individualized
approach that involves different specialists within a mul-
tidisciplinary team is desirable and often necessary, and
should be encouraged not only in the management of these
patients but also in the design of clinical trials while hop-
ing for breakthroughs provided by translational research
in the field of immune-mediated diseases.
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