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Abstract: Axial spondyloarthritis (axSpA) is a chronic inflammatory condition that predomi-
nantly affects the axial skeleton. All patients receive conservative management measures which
include physiotherapy, patient education and use of nonsteroidal anti-inflammatory drugs
(NSAIDs). Those with significant active disease will require escalation of their treatment with
the use of biologics. Currently, there are five approved TNF inhibitors and two approved IL-17
inhibitors for use in axSpA. However, despite this up to 40% of patients do not respond or are
intolerant to current available treatment. This leaves a significant number of patients with
uncontrolled disease and unmet need for additional therapies. Though many drug classes have
been trialed for axSpA they show poor efficacy; however, over the last few years there are three
which demonstrate much greater promise as novel therapies for axSpA, these include dual
neutralization of IL-17A and IL-17F, Janus kinase (JAK) inhibitors, and granulocyte-
macrophage colony-stimulating factor (GM-CSF) inhibitors. This article reviews the evidence
for these novel emerging therapeutic options for axSpA.
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Plain Language Summary

® Axial spondyloarthritis (axSpA) is a type of inflammatory arthritis that involves
inflammation of the joints in the spine.

® At present the management of this condition includes conservative measures of
physiotherapy and use of nonsteroidal anti-inflammatory medications which helps
control the symptoms but not the disease itself.

® The next step of management is use of a class of drugs called biological therapies but
a significant proportion of patients with axSpA do not respond, or are intolerant to current
available biological therapies, and those that do respond, not all achieve disease remission.

® There is, therefore, an unmet need for newer biological therapies with novel mechan-
isms of action for the treatment of axSpA.

® Of these newer therapies the drugs that have demonstrated the most promising results in
study trials are ones that target specific proteins involved in the pathogenesis of axSpA.
These include dual neutralization of IL-17A and IL-17F, Janus kinase (JAK) inhibitors,
and granulocyte-macrophage colony-stimulating factor (GM-CSF) inhibitors.

Introduction
Axial spondyloarthritis (axSpA) is a chronic inflammatory disease that predominantly
affects the the axial skeleton (sacroiliac joints and spine). AXSpA is a term that
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encompasses patients with having either ankylosing spondy-
litis (abbreviated as AS, also termed radiographic axSpA; rad
axSpA) or nonradiographic axSpA (nr-axSpA). In clinical
practice, distinction between these forms of axSpA in an
individual patient has limited impact on management and
may not be relevant, although the classification is of interest
for epidemiologic and other investigative purposes. Studies
have demonstrated that around 10-40% of patients will pro-
gress from nr-axSpA to rad axSpA over a period of 2-10
years.'

The ASAS-EULAR 2016 guidelines have 13 recommen-
dations regarding the optimal management of axSpA. It
advises that all patients with axSpA (axial or peripheral)
should be educated about their condition and healthy lifestyle
encouraged with regular exercise and stopping smoking. For
pharmacological management it recommends starting with
a nonsteroidal anti-inflammatory drug (NSAIDs) and moving
onto biological therapy in those who are still symptomatic.
Overall, the primary goal of management is to control symp-
toms and inflammation to maximize long-term related quality
of life, prevent progressive structural damage and preserve
function and social participation.®

Patients with symptoms due to active axSpA and an
inadequate response to initial therapy, tumor necrosis factor
inhibitors (TNFi) have demonstrated improved signs and
symptoms and even inhibited radiological progression,
though the evidence on this is conflicting.* Five TNF
inhibiting agents have been approved in Europe for patients
with rad axSpA and four for nr-axSpA* (see Table 1).
Generally, patients who have active and early disease
respond better to TNFi than those with advanced disease.’

However, despite the beneficial effects of TNF inhibition, up
to 40% of patients do not respond (inadequate reduction of
disease activity) or are intolerant and in those that do
respond, not all achieve remission.®

Over the last few years efficacy for several interleukin-
17 inhibitors (IL-171), in the management of axSpA has
been proven.”®* Currently there are two IL-17i available;
secukinumab (SEC) and ixekizumab (IXE) which are both
licensed for rad axSpA and nr-axSpA (see Table 1). TNFi
and IL-17i have not been directly compared in patients
with axSpA; however, both have similar levels of efficacy
and similar safety profiles compared with placebo; and use
of a biologic agent with a different mechanism of action
provides an additional rationale for its use, especially in
patients who have already not responded to either one or
the other. That said unfortunately even with the availabil-
ity of at least one IL-17i ~20-30% of patients do not
observe an improvement.’

Currently despite TNFi and IL-17i there is still a large
proportion of axSpA patients whose disease is not con-
trolled and, therefore, there remains a significant unmet
need for additional approaches to therapy.

In recent years, numerous drug classes have been
investigated for the treatment of axSpA, however, many
of these drugs have failed to show any significant efficacy.
These include the anti-IL12/23 inhibitors ustekinumab and
risankizumab,lo’11 the T cell co-stimulation inhibitor
abatacept,’> IL-6 receptor inhibitors sarilumab and

13,14

tocilizumab, the IL-1 receptor antagonist anakinra,'”

the anti-CD20 antibody rituximab'® and the phosphodies-

terase-4 inhibitor apremilast.'”'®

Table | Current Approved Biological Therapies for the Management of axSpA

Drug Name Mode of Efficacy Safety Length of Licensed for nr-
Action Follow-up axSpA?
Infliximab'® TNFi 61.2% ASAS20 responders at 24 weeks | 82.2% reported AE. (vs 72% in placebo) 24 weeks No
Adalimumab?® TNFi 58.2% ASAS20 responders at 12 weeks | 75% reported AE. (vs 59.8% in placebo) 24 weeks Yes
Etanercept?' TNFi 60% ASAS20 responders at 12 weeks 15% reported AE. (vs 6% in placebo) 12 weeks Yes
Golimumab?? TNFi 73.3% ASAS20 responders at 16 weeks | 32.4% reported AE. (vs 23% in placebo) 28 weeks Yes
Certolizumab? TNFi Average of 60.7% ASAS20 response at | 70.4% reported AE. (vs 62.6% in placebo) 24 weeks Yes
12 weeks
Secukinumab®* ILI7i Average of 56% ASAS20 response at 16 | Average of 65% reported AE. (vs 60% in 52 weeks Yes
weeks placebo)
Ixekizumab?® ILI7i Average of 50% ASAS40 at 16 weeks 62% reported AE. (vs 49% in placebo) 16 weeks Yes

Abbreviations: nr-axSpA, non-radiographic axial spondyloarthritis; TNFi, tumour necrosis factor inhibitor; IL-17i, interleukin |7-A inhibitor; ASAS20, Assessment in

Spondyloarthritis International Society 20%; AE, adverse event.
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This article reviews the evidence for the novel emer-
ging therapeutic options for axSpA which have demon-
strated promising results in trials and represents
a prospective option for treatment. These include dual
neutralization of IL-17A and IL-17F, Janus kinase (JAK)
inhibitors, granulocyte-macrophage

stimulating factor (GM-CSF) inhibitors.

and colony-

Dual Neutralization of IL-17A and
IL-17F

IL-17 is thought to be a key cytokine that plays a pivotal role
in the pathogenesis of axSpA. Higher levels of serum IL-17
and circulating Th17 cells have been found in axSpA patients
(especially in the facet joints of axSpA patients with greater
IL-17-producing cells in comparison to those with
osteoarthritis).”® Animal studies indicate that IL-17 blockade
reduces receptor activator of nuclear factor k B (RANK)
ligand-dependent osteoclastogenesis upstream of TNFa.?’
IL-17A shares greater than 50% structural homology
with IL-17F and have similar pro-inflammatory function
and signaling via the same receptor complex.”® IL-17A
and IL-17F are both upregulated in a range of inflamed
human tissues and cooperate with other pro-inflammatory
cytokines, TNF, to amplify inflammatory
responses.”’ The impact of IL-17F together with IL-17A
in pathological bone formation would indicate that neutra-

such as

lization of both these cytokines impedes this process to
a larger degree than IL-17A alone.*® In addition, greater
quantities of IL-17A and IL-17F have been found in the
serum of patients with axSpA vs healthy controls, correlat-
ing with markers of systemic inflammation.”'

Bimekizumab
Bimekizumab is a monoclonal antibody that selectively
neutralize both IL-17A and IL-17F.*

The BE AGILE phase 11b study, was the first dose-
ranging clinical study assessing the efficacy and safety of
bimekizumab in patients with active axSpA.*® This was
a 48-week double-blind controlled study involving 303
patients who were randomly assigned to receive bimeki-
zumab at doses of 16 mg (n=61), 64 mg (n=61), 160 mg
(n=60), or 320 mg (n=61), or placebo (n=60) every four
weeks. At week 12 patients who received placebo, bime-
kizumab 16 mg or 64 mg were re-randomized to bimeki-
zumab 160 or 320 mg every four weeks to week 48.

The patients met modified New York criteria for AS,
had an average Bath Ankylosing Spondylitis Disease

Activity Index (BASDAI) score of about 6.5, an average
total spinal pain score of about 7.0, and were permitted to
have prior exposure to one TNFi.

At week 12, significantly more patients taking bimeki-
zumab than placebo were Assessment in Spondyloarthritis
International Society 40% (ASAS40) responders. The
response rate improved with increasing dose, (6 mg:
29.5%, 64 mg: 42.6%, 160 mg: 46.7%, 320 mg: 45.9%)
compared with placebo (13.3%). Rapid response to bime-
kizumab was observed in all groups but was highest in the
320 mg group with 50.8% achieving ASAS40 by week
four. Similarly, significantly more bimekizumab treated
patients achieved a 50% improvement in BASDALI score,
with dose-response rates ranging from 23.0% in the 16 mg
dose group to 47.5% in the 320 mg group, compared with
11.7% in the placebo group. The mean decreases in
BASDALI score from baseline were a respective 1.7 and
2.9 points vs 1.0 points.

The primary endpoint was supported by all secondary
end points at week 12. More patients in the bimekizumab
achieved ASAS20 and ASAS5/6 which was highest in the
320 mg group (72.1% and 54.1% respectively).

In terms of patient reported outcomes (PROs) there
was an improvement in spinal pain, morning stiffness
and overall quality of life in all bimekizumab groups.
A rapid reduction in C-Reactive Protein (CRP) was also
observed and in 31 patients who had a follow-up MRI
there was reduction in the Spondyloarthritis Research
Consortium of Canada (SPARCC) SI joint scores and
spine Berlin scores in the three highest dosed bimekizu-
mab groups.

After week 12 all patients were re-randomized to
receive either 160 or 320 mg of bimekizumab. There was
a sustained rise in the number of patients achieving
ASAS40 after week 12 and were maintained to week 48
in those remaining on the same dose of the drug (160 mg:
58.6%, 320 mg: 62.3%). Interestingly, in those who ori-
ginally received placebo and then subsequently switched
to bimekizumab, a similar proportion also achieved
ASAS40 (160 mg: 54.2%, 320 mg: 50.0%).

Secondary endpoints also showed continued improve-
ment including ASAS20 and ASAS5/6. BASDAI 50
demonstrated increasing rates up to week 48 with patients
re-randomized to higher doses of bimekizumab achieving
similar response to those were maintained on the same
dose. Reductions in CRP was maintained in the 160 and
320 mg groups and those who were re-randomized also
showed reduction and sustained improvement.

Journal of Experimental Pharmacology 2021:13

629

Dove:


https://www.dovepress.com
https://www.dovepress.com

Tahir et al

Dove

Improvements in PROs were demonstrated in both
groups of patients, decrease in spinal pain, morning stiff-
ness and Bath Ankylosing Spondylitis Functional Index
(BASFI) were observed and there were similar reductions
in fatigue across all dose groups. Patients also reported
improvements in sleep which was sustained in the bime-
kizumab treated group and most importantly patients who
were re-randomized from placebo to a bimekizumab group
reported similar and significant improvement in ankylos-
ing spondylitis quality of life (ASQoL).

There were no new safety findings and treatment-
(TEAE) were of mild-to-
moderate intensity and comparable across the treatment

emergent adverse events

groups, at 43.3% in the placebo group vs 29.3—47.5% in
the bimekizumab treatment groups. Nasopharyngitis was
the most frequent adverse event. Only six patients taking
bimekizumab discontinued treatment due to adverse
events. Oral candidiasis was reported by just 1.2% of
patients given bimekizumab.

Overall, there was no unexpected safety finding com-
pared with previous studies on bimekizumab.

This Phase IIb study demonstrated that bimekizumab
provided rapid and sustained improvements in key efficacy
measures in patients with rad axSpA with no unexpected
safety findings.

This has prompted two Phase III trials; BE MOBILE 1
(NCT03928704), which is evaluating the efficacy of bime-
kizumab in patients with nr-axSpA and BE MOBILE 2
(NCT03928743) in patients with rad axSpA.>*>> Both are
in the recruiting stages and estimated to complete by
August 2022.

Targeting Janus Kinase Signaling
Cumulative data indicate that inhibition of JAK-mediated
pathways may be a promising approach to treat inflamma-
tory conditions such as chronic arthritis.*® JAK inhibitors
are already licensed for the treatment of rheumatoid and
psoriatic arthritis.

The result of activated JAK pathways is expression of
various proteins including survival factors, cytokines, che-
mokines, and other molecules that enable leucocyte cellu-
lar trafficking and cell proliferation. Collectively they
contribute to the pathophysiology of autoimmune driven
Thus,
a significant amount of interest in the JAK family, which
has led to the development of JAK inhibitors that have
various affinities for JAK targets (JAK1, JAK2, JAK3 and
nonreceptor tyrosine-protein kinase; TYK2).

inflammatory  conditions.?’ there has been

Several cytokines involved in the pathogenesis of
axSpA are signaled via JAK pathways in combination
with signal transducer and activator of transcription
(STAT) intracellular transcription factors®® (Figure 1).
JAK directly mediates cell signaling for a variety of extra-
cellular cytokines including IFNy, IL-7, IL-12, IL-15, IL-
22, and IL-23. Also, the key pathogenic axis 1L-23/IL-17
is under the influence of JAK signaling. The JAK2/TYK?2
combination signals IL-23 and therefore JAK inhibition
causes direct blockade of IL-23 as well as the other cyto-
kines mentioned above and causes downstream indirect
blockage of IL-17 and other important cytokines such as
TNFa and IL-17.

Ultimately the inhibition of JAK pathways prevents
expression of a variety of cytokines, chemokines and
growth factors which cause bone loss, joint destruction,
and proliferation of inflammatory cells. Therefore, this has
resulted in great interest in the axSpA field as a potential
target for therapy with subsequent development of biolo-
gical therapies.

Tofacitinib

Tofacitinib is a first-in-class pan-JAK inhibitor with major
inhibition of J4K3 and JAKI and minor inhibition of
JAK?2. The drug inhibits the signal transduction of cyto-
kines that promote the atypical autoimmune reaction in
axSpA.*’

In a 16-week Phase II proof of concept study, 208
patients with active rad axSpA were randomized to one
of three tofacitinib groups (2, 5, or 10 mg) or placebo,
which they received twice daily for 12 weeks and addi-
tional follow-up for four weeks.* Patients were evaluated
by MRI at baseline and after 12-weeks of treatment.

The primary endpoint was ASAS20 at week 12, which
was 67.4%, 63.0% and 56.0% for 10 mg, 5 mg and 2 mg
respectively and 40.1% for placebo group. Tofacitinib
10 mg had the highest response rate compared with the
placebo than the other doses (27.3%).

In terms of secondary endpoints, all tofacitinib
groups demonstrated improvement in ASAS40 and
BASDAIS0 of similar magnitude and were significant
compared with placebo (~42.3% and ~43.6% respec-
tively). Ankylosing Spondylitis Disease Activity Score
(ASDAS) clinically important improvement (improve-
ment >1.1 units) response rate was also significantly
higher in all tofacitinib groups but not for ASDAS
>2.0 units).

A greater treatment effect was seen in those patients

major response rates (improvement
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Figure | (A) The JAK-Stat signalling pathway. (B) Cytokine signally through JAK/STAT combination. Adapted from Bechman K, Yates M, Golloway J. The new entries in the
therapeutic armamentarium: The small molecule JAK inhibitors. Pharmacol Res. 2020; 153: 104634.3% This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/). Adapted from Kisseleva T, Bhattacharya S, Braunstein J, Schindler CWV. Signaling through the JAK/STAT pathway, recent advances and
future challenges. Gene. 2002;285 (1-2):1-24. Feb 20. Copyright 2002, with permission from Elsevier.>* Adapted from Hodge AJ, Kawabata TT, Krishnaswami S, et al. The
mechanism of action of tofacitinib — an oral Janus kinase inhibitor for the treatment of rheumatoid arthritis. Clin Exp Rheumatol. 2016; 34 (2):318-328.%*
Abbreviations: JAK, Janus kinase; TYK, tyrosine kinase; STAT, signal transducer and activator of transcription; IFN, interferon; IL, interleukin; EPO, erythropoietin; GM-CSF,
granulocyte-macrophage colony-stimulating factor; TPO, thrombopoietin.
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with a positive baseline MRI in all doses of tofacitinib
and those with high combined CRP/MRI activity had
greater treatment effect at 12 weeks compared with
placebo, especially in the tofacitinib 5 mg group.

No new safety concerns were raised by patients treated
with tofacitinib, and dose-dependent laboratory measures
also appeared normal, resolving back to baseline values by
week 16 of treatment. On the whole, tofacitinib 5 and
10 mg showed greater clinical and radiological improve-
ment compared with placebo.

There is a completed Phase III trial on tofacitinib
comparing 5 mg twice daily regimen with placebo, how-
ever, formal publication of results is still awaited
(NCT03502616).*' Preliminary results reveal the primary
and secondary endpoint of ASAS20 and ASAS40 respec-
tively was met. 56.4% of patients in the tofacitinib group
achieved ASAS20 compared with 29.4% of the placebo
group and 40.6% in the tofacitinib group achieved
ASAS40 compared with 12.5% in the placebo group.

The results for tofacitinib are encouraging but the data
from the Phase III trial is required to further evaluate its
efficacy.

Upadacitinib
Upadacitinib is a JAK inhibitor with preferential effects on
JAK-1.

SELECT AXIS 1 was a Phase II/IIl double-blind,
placebo-controlled two period study in which 187 patients
with rad axSpA and an inadequate response to NSAIDs
were randomly assigned 1:1 to oral upadacitinib 15 mg
once daily or oral placebo for the 14-week period.*

The primary endpoint of ASAS40 was met with
a clinical and statistical improvement with 52% in the
upadacitinib group compared with 26% in the placebo
group. There was also a significant improvement in
BASDAIS0 scores, SPARCC SI joint and spine scores
especially (—6.93 vs —0.22). It also had a relatively rapid
onset of response of approximately two weeks. Adverse
events were reported in 62% of patients of the upadacitinib
group compared with 55% in the placebo group with the
most common being an increase in creatinine phosphoki-
nase and the most common infection was nasopharyngitis.
However, no new safety risks were detected, and the safety
profile was consistent with previous studies.

Opverall upadacitinib was found to be efficacious and well
tolerated by patients. This has led to the development of
a Phase III trial (SELECT AXIS 2) (NCT04169373), which

is currently in its early stages and due to complete in 2023.*

Filgotinib
Filgotinib is another JAK inhibitor with preferential
effects on JAK-1.

TORTUGA was a Phase II, randomized, double blind
placebo-controlled study involving 116 patients with
active axSpA with inadequate responses or intolerance to
NSAIDs.*

Patients were randomized to receive either filgotinib
200 mg once daily or placebo for 12 weeks. The primary
endpoint ASDAS was measured at week 12, which was
significantly better in the filgotinib group compared with
placebo (mean change from baseline —1.47 vs —0.57, least
squares mean difference 0.85, 95%CI: —1.17 to —0.53).

Out of the three JAK inhibitors described the onset of
response was quickest with filgotinib ~1-week with sig-
nificant improvement in ASDAS by the end of the first
week.

Spinal mobility measured by Bath Ankylosing
Spondylitis Metrology Index (BASMI) also demonstrated
greater improvement with filgotinib at week 12 (mean
change from baseline —0.75 vs —0.39). There was also
a significant improvement in both SPARCC SI and spine
scores. A post hoc analysis of the MRIs conducted at
baseline and week 12 were re-evaluated which were
observed to show a decrease in erosion scores and increase
in backfill scores in the filgotinib group whereas in the
placebo group the opposite was true supporting the struc-
tural effect filgotinib can have in axSpA.**

The quantity of adverse events was the same in both
the treatment and placebo group (n=18). The most fre-
quent was nasopharyngitis and there was one patient who
discontinued the trial due to a case of pneumonia. Overall
filgotinib was found to be safe and no new safety concerns
were raised.

The phase II trial concluded that filgotinib was effica-
cious and that further investigation were warranted.
Therefore, two Phase III trials were developed
SEALION1-IR (NCT04483687) and SEALION2-NAIVE
[NCT04483700],**” but both have recently been sus-
pended due to concerns from the US Food and Drug
Administration (FDA) on the risk-benefit profile of the
drug especially on sperm concentration.*®

Granulocyte-Macrophage

Colony-Stimulating Factor (GM-CSF)
GM-CSF is a pro-inflammatory cytokine that has a pleiotropic

effect on myeloid cells including monocytes, macrophages,
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and dendritic cells and mediates their differentiation into
a more inflammatory phenotype.*’ In health GM-CSF plays
an important role in injury or infection by mediating the inter-
face between innate and adaptive immunity. GM-CSF is
induced by other cytokines including IL-1p, IL-6 and TNFa,
which are produced by a variety of cells.

Overexpression of GM-CSF and its receptor have been
found in the synovial joints of those with axSpA and
considered to stimulate joint damage by recruiting granu-
locyte and macrophage precursors from adjacent bone
marrow and then inducing their differentiation into
a more inflammatory phenotype. In addition, GM-CSF
induces matrix metalloproteinases and osteoclasts via
RANK ligand activation, which results in cartilage
destruction and bone resorption.

GM-CSF receptors have also been found to be over-
expressed on nerve endings in arthritic mice and, there-
fore, thought to contribute to arthritic pain. Neutralizing
GM-CSF in arthritic mice with monoclonal antibodies
resulted in significant alleviation of pain and improvement
in joint inflammation.’’ This has developed an interest in
targeting GM-CSF in patients with axSpA to help reduce
their disease burden.

Namilumab
Namilumab is a human monoclonal antibody targeting gran-
ulocyte macrophage-colony stimulating factor (GM-CSF).
A Phase Ila proof of concept trial NAMASTE) is cur-
rently trailing the efficacy of namliumab in axSpA
patients.”’ Forty-two patients have been randomly assigned
to receive the drug or placebo and the primary endpoint of
ASAS20 is being assessed at week 12. Though this study
has just been completed no results have been published but
the results are eagerly awaited to assess the drug’s efficacy
and to see if a phase III trial would be beneficial.
Namilumab has also been trialed for rheumatoid arthri-
tis and has demonstrated statistically significant improve-
ment in a phase 2 trial meetings its primary endpoint.’>
The drug was thought to be safe overall and had an
acceptable tolerability profile, with dyspnea, bronchitis
and headaches being the most common TEAE.

Conclusion

There still remains an unmet need in the pharmacological
management of axSpA with ~20-40% of patients not respond-
ing or intolerant to TNFi or IL-17i. Large numbers of trials
examining potential targets have shown mixed results. Three
new targets namely, dual neutralization of IL-17A and IL-17F,

janus kinase (JAK) inhibitors, and granulocyte-macrophage
colony-stimulating factor (GM-CSF) inhibitors have shown
promise in phase II trials. Some of these are to progress to
phase 111 trials whilst results of other completed phase 111 trials
are eagerly awaited. It is hoped that these drugs will exhibit
efficacy and safety in their phase III trials, and subsequently
provide additional therapies for this condition and broaden the
armamentarium of drugs for axSpA.
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