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Abstract: Although the pathogenesis of spondyloarthritis (SpA) has still not been elucidated our options to treat SpA have definitely
improved in the last decades. There are two main types of SpA: (i) axial spondyloarthritis (axSpA), also covering the classical
ankylosing spondylitis (AS) which is largely equivalent to radiographic (r)-axSpA but different from non-radiographic (nr)-axSpA,
and (ii) peripheral SpA (pSpA) also covering psoriatic arthritis (PsA) as the main subtype. The subtype nr-axSpA has historically
developed because the approval of drugs for AS did not cover forms without structural changes in the sacroiliac joints which is
mandatory in the 1984 New York criteria. The definitions for axSpA are based on the 2009 Assessments in AxSpA International
Society (ASAS) classification criteria. Several biologic disease modifying anti-rheumatic drugs (bDMARDs) such as the tumor
necrosis factor alpha inhibitors (TNFi) and the interleukin-17-inhibitors (IL-171i) are approved mostly for the whole spectrum of SpA
including axSpA and PsA but L-17i does not work in inflammatory bowel disease (IBD). Targeted synthetic (ts) DMARDs cover
mainly the janus kinase (JAK)-inhibitors which have recently been developed to inhibit inflammation in several rheumatic and other
immune mediated diseases such as IBD. Indeed, the physiologic mechanism of JAK-mediated signal transduction has been recognized
as an important target because the inhibition of its actions was shown to successfully work as a therapeutic mechanism. There are now
4 small molecule JAK inhibitors (JAKi) that currently play a role in theumatology with variable selectivity for the four different JAK
isoforms: tofacitinib, baricitinib, upadacitinib and filgotinib. In this review, we summarize current clinical trial data and evaluate the
use of the JAK1 selective inhibitor upadacitinib in the treatment of axSpA, including nr-axSpA and r-axSpA. Even though the efficacy
and safety of upadacitinib over shorter periods of time has been convincing to date, long-term trials are needed to fully establish its
performance and also evaluate the safety at higher doses, and its use in PsA.
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Introduction

Upadacitinib exerts its mechanism of action by inhibiting the intracellular cytoplasmic enzyme Janus kinase (JAK) 1.
The group of intracellular tyrosine kinase proteins comprises 4 isoforms: JAK 1, JAK 2, JAK 3 and tyrosine kinase
(TYK) 2. These 4 JAK proteins and 7 signal transducer and activator of transcription (STAT) transcription factors
mediate intracellular signal transduction downstream of cytokine receptors implicated in the pathology of autoimmune,
allergic and inflammatory diseases.'  JAKs function by phosphorylation of STATs, regulation of gene expression, and
influence on hematopoiesis and immune cell function including inhibitory effects on interleukins and interferons (Figures
1 and 2). Inhibition of JAK by targeted small-molecule therapies with selective inhibitory profiles have the capacity to
target multiple aspects of those diseases by suppression of intracellular signaling mediated by multiple cytokines
involved in the pathological processes of chronic inflammation.'

Indeed, JAK inhibition has been shown to work in rheumatoid arthritis (RA), ankylosing spondylitis (AS), psoriasis,
psoriatic arthritis (PsA), inflammatory bowel disease (IBD), eg, ulcerative colitis (UC), atopic dermatitis and other immune-
mediated diseases. AS is largely equivalent to radiographic axial spondyloarthritis (r-axSpA) which is differentiated on the
basis of classification according to the modified New York criteria for AS from 1984 and the 2009 ASAS criteria for axSpA°
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Figure | Function and target of JAK kinases. Schematic representation of relevant Janus kinases (JAK) - signal transducers and activators of transcription (STAT) signaling
pathways potentially involved in the pathogenesis of spondyloarthritides. Binding of the different Interleukins (IL) to their specific receptor subunits on different cell
populations, eg T cells, innate lymphoid cells (ILC) or effector cells such as osteoblasts, fibroblasts or keratinocytes leads to activation of JAK-STAT pathways. The different
isoforms of JAK are coupled to specific receptor/cytokine pairs and allow for a targeted inhibition with a specific JAK inhibitor. Adapted with permission from Hammitzsch
A, Lorenz G, Moog P. Impact of Janus Kinase Inhibition on the Treatment of Axial Spondyloarthropathies. Front Immunol. 2020;11:591176.*

from non-radiographic axial spondyloarthritis (nr-axSpA). The cut-off between these two is based on the degree of structural
changes in the sacroiliac joints (SIJ): anything > grade 2 unilateral will lead to a classification of r-axSpA.

EULAR has just published points to consider for the treatment of immune-mediated inflammatory diseases with JAK
inhibitors.® In addition, the usefulness of JAK inhibition is currently studied for the treatment of other autoimmune
diseases such as systemic lupus erythematosus, giant cell arteritis, alopecia areata and allergic disorders, and they have
even been used to reduce the COVID-19-related cytokine storm.” Thus, treatments targeting JAK-STAT pathways have
the potential to improve patient outcomes by reducing disease activity, glucocorticoid doses and/or non-specific
immunosuppressants in immune-mediated inflammatory diseases.

The second-generation selective JAK inhibitor upadacitinib has a selective and potentially more prominent inhibitory
influence on JAK1 relative to the other subtypes and approved for AS (see below), PsA'®"'? and positive data on Crohn’s
disease and ulcerative colitis have been published.'*™'> There are 3 other JAK inhibitors: tofacitinib, baricitinib and
filgotinib which are as approved as upadacitinib for different indications. The first generation agent tofacitinib prefer-
entially inhibits JAK 1 and JAK 3 and baricitinib JAK 1 and JAK 2, while filgotinib also inhibits mainly JAK 1 (1-3,6
and Figures 1 and 2).

The targeted synthetic (ts) disease modifying antirheumatic drug (DMARD) upadacitinib was first approved for the
treatment of moderate to severe RA unresponsive to first-line therapy with conventional (c) disease-modifying antirheu-
matic drugs (DMARDs),® and then those unresponsive to biologic (b) DMARDs.’ The recommended daily dosage of
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Figure 2 Depiction of cytokines that activate and drugs that target Janus kinases (JAKs) presumably involved in the pathogenesis of immune-mediated inflammatory diseases.
Top: efficacy of agents targeting specific JAK-inducing cytokines in different diseases. Centre: cytokines and respective receptors that trigger JAKs, types of JAKs activated
and type of signal transducers and activators of transcription (STATs) activated by the respective JAKs. Bottom: JAK-inhibitors currently approved and their overall (including
clinically derived) selectivity and presumed interference (+ or -) with certain cytokine pathways. Reprinted from Nash P, Kerschbaumer A, Dorner T et al. Points to consider
for the treatment of immune-mediated inflammatory diseases with Janus kinase inhibitors: a consensus statement. Ann Rheum Dis. 2021; 80(1):71-87.°

Abbreviations: axSpA, axial spondyloarthritis; EPO, erythropoietin; GM-CSF, granulocyte- monocyte colony stimulating factor; IBD, inflammatory bowel diseases; IFN,
interferon; IL, interleukin; ND, not done; PsA, psoriatic arthritis; PsO, psoriasis; R, receptor; RA, rheumatoid arthritis; TP, thrombopoietin.

upadacitinib is 15 mg orally as a monotherapy or combined with methotrexate or other nonbiological disease-modifying
antitheumatic drugs (DMARDs) but there are also data for a dosage of 30 mg/day (not approved).

Studies in r-axSpA with Upadacitinib

There are now 3 published papers of one study called SELECT-AXIS on the treatment of patients with r-axSpA with
upadacitinib (UPA).'"'® The first one, entitled “Efficacy and safety of UPA in patients with active AS: a multicentre,
randomised, double-blind, placebo-controlled, Phase 2/3 trial”.'® SELECT-AXIS is a two-period, parallel-group study
that enrolled patients in 20 countries in 62 sites, registered at ClinicalTrials.gov as NCT03178487. Eligible patients who
had to fulfil the modified New York criteria for AS'® also had to have an inadequate response to at least two or
intolerance or contraindication to non-steroidal anti-inflammatory drugs (NSAIDs). Previous treatment with bDMARDs

Drug Design, Development and Therapy 2022:16 heeps: 3611

Dove:


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

Braun et al Dove

was not allowed. A total of 187 patients were randomly assigned 1:1 using interactive response technology to take UPA
15 mg once or one placebo tablet daily up to 14 weeks (study period 1) when the primary endpoint, the Assessment of
SpondyloArthritis international Society (ASAS) 40 response was assessed. Most patients (95%), with no difference
between groups, completed the study. Many more patients achieved an ASAS 40 response in the UPA versus the placebo
group: 52% vs 26% (p = 0.0003). There were slightly but not significantly more adverse events on UPA (62%) than on
placebo (55%). The most common adverse event in the UPA group was any infection (28% versus 20% in verum and
placebo). However, increased creatine phosphokinase and hepatic disorders were also noted: 9% vs 2% on placebo. No
serious infections, herpes zoster, malignancy, venous thromboembolic events, or deaths were reported.

In the second publication the 1-year data of the trial were reported.'” Before entering this open-label extension at
week 14, all patients randomized to receive placebo were switched to UPA. All 178 patients who completed week 14
continued to receive UPA up to week 104. The interim data obtained at week 64 showed that similar proportions of
patients in both groups (continuous UPA or placebo-to-UPA) achieved an ASAS 40 response or an AS Disease Activity
Score (ASDAS) showing low disease activity at week 64. In a nonresponder imputation (NRI) analysis >70% of patients
achieved these endpoints and based on an as-observed analysis >81%. Furthermore, >34% (NRI) and >39% (as-observed
analysis) achieved ASDAS inactive disease or ASAS partial remission at week 64. Mean changes from baseline (week 0)
to week 64 in pain, function, and inflammation showed consistent improvement or sustained maintenance through the
study. Importantly, function, as assessed by BASFI (initially 5.4), also improved substantially.

Among 182 patients receiving UPA (237.6 patient-years), 618 adverse events (260.1 per 100 patient-years) were
reported. No serious infections, major adverse cardiovascular events (MACE), venous thromboembolic events (VTE),
gastrointestinal perforation, or deaths were reported.

In the third paper, the 2-year data of UPA in AS with 187 randomised patients are presented.'® Most patients (n =
144) completed week 104 (77%). The ASAS 40 response rate in patients receiving continuous UPA at week 104 was
85.9% (as observed) and 65.6% (non-responder imputation). Again, there was no difference in patients who switched
from placebo to UPA. See Figures 3 and 4 for more detail.

In the modified Stokes AS Spinal Score (mSASSS), the mean change from baseline to week 104 was 0.7 (95% CI
0.3—1.1). This is rather similar to other DMARD studies. The adverse event rate was 242.7 in 100 patient-years. No
serious infections, adjudicated major adverse cardiovascular events, lymphoma, non-melanoma skin cancer, or gastro-
intestinal perforations were observed.

Thus, UPA 15 mg once daily showed sustained and consistent efficacy over 2 years with no difference in the group
who had placebo in the first 14 weeks.

There is one more recent paper reporting data on 420 patients with active AS who had an insufficient response or
were intolerant to at least one bDMARD (NCT04169373)."° Patients randomised to UPA 15 mg/day (n = 211) achieved
the primary endpoint (ASAS 40) at week 14 significantly more often (45%) than those on placebo (n = 209; 18%).

Response rates are generally lower in patients who had not responded to a first bDMARD. However, a rate of 45%
response is comparatively good in biologic-experienced AS patients,>®>* but these are indirect comparisons.

Positive data of other trials with JAK inhibitors clearly suggest that we are dealing with a class effect.***” No head-
to-head trial has been organized to date.

The Study in nr-axSpA with Upadacitinib

To assess the efficacy and safety of UPA in patients with active nr-axSpA the study SELECT-AXIS 2 (NCT04169373)
combined two independent studies, one in AS patients with an inadequate response to bDMARDs and one in nr-axSpA.
The latter, a randomized, double-blind, PBO-controlled Phase 3 trial enrolled patients >18 years classified as nr-axSpA,
who had objective signs of active inflammation on MRI of the SIJ and/or high sensitivity C-reactive protein (hs-CRP)
>upper limit of normal (2.87 mg/L) at baseline.® In addition, all patients had to have a BASDALI and a total back pain
score >4 (0—10 NRS). Patients were randomized 1:1 to receive UPA 15 mg once daily or PBO during a 52-week double-
blind treatment period but the primary endpoint was an ASAS40 response at week 14 (Figure 5). There were many
secondary endpoints, and adverse events (AEs) reported through week 14 for all patients who received >1 dose of study
drug. Out of 314 pts randomized, 313 received study drug (UPA 15 mg, n = 156; PBO, n = 157), and 295 (94%) received
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Figure 3 (A—C) ASAS 40 response, ASAS partial remission and ASDAS low disease activity in r-axSpA patients treated with upadacitinib 15 mg/day vs placebo over 2 years.
Percentages of patients achieving ASAS40, ASAS PR and ASDAS LD over 104 weeks. Dashed line: all patients randomised to placebo in period | who received open-label
upadacitinib starting from week 14. Descriptive statistics are provided. Reprinted from van der Heijde D, Deodhar A, Maksymowych WP et al. Upadacitinib in active
ankylosing spondylitis: results of the 2-year, double-blind, placebo-controlled SELECT-AXIS | study and open-label extension. RMD Open. 2022;8(2): €002280."°
Abbreviations: r-axSpA, radiographic axial spondyloarthritis; AO, as observed; ASAS, Assessment of SpondyloArthritis international Society; NRI, non-responder
imputation; PR, partial remission; LD, low disease activity; QD, once daily; W, week.
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Figure 4 (A and B) ASDAS and BASFI in r-axSpA patients treated with upadacitinib 15 mg/day vs placebo over 2 years. Reprinted from van der Heijde D, Deodhar A,
Maksymowych WP, Sieper J, Van den Bosch F, Kim TH, Kishimoto M, Ostor AJ, Combe B, Sui Y, Duan Y, Wung PK, Song IH. Upadacitinib in active ankylosing spondylitis:
results of the 2-year, double-blind, placebo-controlled SELECT-AXIS | study and open-label extension. RMD Open. 2022; 8(2): €002280."°

Abbreviations: ASDAS, Ankylosing Spondylitis Disease Activity Score; BASFI, Bath Ankylosing Spondylitis Functional Index; AO, as observed; MMRM, mixed-effect model
for repeated measures; W, week.

study drug through week 14. Baseline demographic and disease characteristics were consistent with an active nr-axSpA
population (58% female; mean age 42.1 years; mean BASDAI 6.9; mean hs-CRP 12.1 mg/L).
A higher ASAS40 response rate at week 14 was achieved with UPA vs PBO (45% vs 23%; P < 0.0001). All

endpoints, except for BASMI and MASES, were statistically superior for UPA vs PBO at week 14 (12 of 14 multiplicity-
controlled secondary endpoints), see Figure 5 for more details.
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Figure 5 ASAS 20, ASAS 40 response, ASAS partial remission, BASDAI 50, ASDAS LDA and ID, ASDAS CRP, SPARCC SlJ, nocturnal back pain, BASFI, ASQoL, ASAS-HI, BASMI and
MASES in nr-axSpA patients treated with upadacitinib |5 mg/day vs placebo. *Nominal p=0 02 . Analysis of multiplicity-controlled primary and key secondary endpoints at week [4. (A)
Based on non-responder imputation incorporating multiple imputation analysis. (B) Multiplicity-controlled key secondary endpoints; ANCOVA analysis based on observed data for
BASMI; MMRM analysis based on observed data for other endpoints; MASES was assessed in patients with baseline enthesitis. (C) Based on ANCOVA analysis; SPARCC MRI was
assessed in patients with available baseline data up to 3 days after the first dose of study drug and available week 14 data up to the first dose of study drug in the open-label period. (D)
Based on MMRM analysis. All endpoints were multiplicity controlled and sequentially tested (appendix p 10), except for SPARCC MRl spine score. Error bars show 95% Cls. MASES was
not tested as part of the multiplicity-controlled test since BASMI did not meet statistical significance; only the nominal p value is presented, nominal p<0 05. Reprinted from Lancet, 400
(10349), Deodhar A, Van den Bosch F, Poddubnyy D et al. Upadacitinib for the treatment of active non-radiographic axial spondyloarthritis (SELECT-AXIS 2): a randomised, double-
blind, placebo-controlled, phase 3 trial. Lancet 369-379, with permission from Elsevier.?®

Abbreviations: ASAS20, Assessment of SpondyloArthritis international Society 20 response; ASAS40, Assessment of SpondyloArthritis international Society 40 response;
ASAS PR, Assessment of SpondyloArthritis international Society partial remission; ASDAS (CRP), Ankylosing Spondylitis (AS) Disease Activity Score C-reactive protein;
ASQol, AS Quality of Life Score; BASDAIS0, at least 50% improvement from baseline in Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath AS Functional Index;
BASMI, Bath AS Metrology Index; MASES, Maastricht AS Enthesitis Score; MMRM, mixed-effect model for repeated measures; SPARCC, Spondyloarthritis Research
Consortium of Canada.
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The proportion of patients with AE was similar (UPA 48%; PBO, 46%). Serious AEs and AEs leading to
discontinuation were reported in 4 (2.6%) patients on UPA and 2 (1.3%) on PBO, respectively. Only few patients had
a serious infection or herpes zoster (1.3% on UPA; 0.6% on PBO, respectively). Uveitis was reported in 1 patient on UPA
who had a history of uveitis and none on PBO. No malignancy other than non-melanoma skin cancer, major adverse
cardiovascular events, venous thromboembolic events, IBD, or death were reported in the study, there was one case of
basal cell carcinoma that occurred on PBO.*®

A daily dose of UPA 15 mg/day was shown to be efficacious in disease activity, pain, function, quality of life, and
MRI-detected SI joint inflammation than PBO after 14 weeks of treatment in patients with active nr-axSpA. The safety
profile of UPA 15 mg/day was consistent with what had been observed in other inflammatory musculoskeletal diseases.

The results of this study were presented at EULAR 2022 in Copenhagen. AbbVie has submitted applications for UPA
(RINVOQ™) in nr-axSpA to FDA and European Medicines Agency (EMA) (EMA) on January 7™ of 2022.** On July
29th 2022 the company announced that the EMA has approved UPA in a daily oral dose of 15mg for this indication.

Pharmacology and Safety

UPA is metabolized in the liver by the cytochrome P450 (CYP) system, mainly the CYP3A4 enzyme, it has a drug half-
life of 8—14 hours and is eliminated in feces and urine. Concomitant use with CYP3A4 Inhibitors and CYP3A4 inducers
should be used with caution since it may intervene with drug pharmacokinetics, hereby increasing or decreasing plasma
concentrations.**"

In reproductive animal studies, UPA has been shown to cause injury to the developing fetus and be present in
breastmilk. During pregnancy, women should be advised and counseled about UPA use and the likely negative effects
while on therapy. Women should use contraceptives while being treated and 4 weeks after discontinuation of treatment.

In RA, the use of UPA in combination with csDMARDs such as methotrexate (MTX) is supported, since, combined
with first-line MTX, UPA was shown to inhibit radiographic progression and maintained clinical efficacy.’*>' In contrast,
the use of UPA with bDMARDS such as infliximab, adalimumab, etanercept, abatacept, and immunosuppressants such as
azathioprine, tacrolimus and ciclosporine is not recommended.

Administration of a live attenuated vaccination soon before or during treatment with UPA should be avoided.
However, approximately two-thirds of patients receiving UPA 15 mg once daily have been reported to achieve a
satisfactory humoral response to 13-valent conjugated pneumococcal vaccination (PCV-13) despite receiving concomi-
tant methotrexate (MTX). In addition, concomitant corticosteroid use did not negatively affect that immune response.””

Since no data are available from registers or Phase 4 trials yet, all safety informations come from placebo-controlled
studies, in which several adverse effects have been observed in subjects administered 15 mg orally of UPA (see list
below). Even more severe adverse effects (SAE) such as herpes zoster virus (HZV) and serious infections (<1%) were
seen in subjects administered the higher dose of 30 mg/day in a double-blind, randomized, controlled phase 3 clinical
trial.>*3! Malignancy, thrombosis, and gastrointestinal perforations with concomitant NSAID use have also been reported
during clinical studies.'>27-*0-%733

In a recent meta-analysis of RCT data and reviews the VTE risk with JAK inhibitors has been defined as a class effect
in patients with immune mediated diseases.'>** ¢ However, the pooled IRRs do not provide evidence that support the
current warnings of VTE risk for JAK inhibitors. These findings will aid continued development of clinical guidelines for
the use of JAK inhibitors in IMIDs.

In a recent trial comparing the combined tofacitinib doses with a TNF inhibitor in a cardiovascular risk-enriched
population,® risks of MACE and cancers were higher with tofacitinib and did not meet noninferiority criteria. Several
adverse events were more common with tofacitinib.

In a recent meta analysis on the performance of UPA in ulcerative colitis®' this agent was the best performing agent
for the induction of clinical remission (the primary outcome) but the worst performing agent in terms of adverse events in
patients with moderate-to-severe ulcerative colitis.

Reported adverse effects of UPA include:
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e Upper respiratory tract infections (14%)
o Nausea (4%)
o Elevated liver enzymes (2%)
o Fever (1%)

Cough (2%)

e Upper respiratory tract infections include:

o

Acute sinusitis
Laryngitis
Nasopharyngitis
Oropharyngeal pain
Pharyngitis
Pharyngotonsillitis
Rhinitis

Sinusitis

Tonsillitis

0O 0 0o o O 0o o o o o

Viral upper respiratory tract infection

JAKi Boxed Warning by the FDA and Comment by the ACR
On September 1% of 2021, the Federal Drug Administration (FDA) of the United States had announced required revisions
to the Boxed Warning for all JAK inhibitors approved for RA, PsA, polyarticular-course Juvenile Idiopathic Arthritis
(pcJIA) and.’” The American College of Rheumatology (ACR) statement on the safety of JAK inhibitors was updated on
January 28" of 2022.>® The 2021 ACR RA Clinical Practice Guideline has recommended the addition of either a b or
tsDMARD such as a JAK inhibitor to MTX non-responders.® The guideline did note potential emerging safety signals
and anticipated upcoming results of an FDA-mandated long term prospective open label non-inferiority safety clinical
trial in RA patients. The recently completed international ORAL surveillance study®® compared two doses of tofacitinib
(5 mg and 10 mg bid) to the TNFi adalimumab and etanercept concentrating on 2 co-primary endpoints of major adverse
cardiac events (MACE) and malignancy. The study performed on 4362 RA patients older than 50 years who had at least
one additional cardiovascular risk factor was published on January 27™ of 2022.%¢ Although the trial was done in patients
treated with tofacitinib, the FDA, citing a similar mechanism of action, broadened the change in indication to cover all
JAK inhibitors approved across all approved indications related to the risks of serious heart-related events, cancer, blood
clots, and death.’” Thus, these drugs are now approved for patients who have not responded to, or cannot tolerate, one or
more TNFi.

The ACR has recommended to aim for a shared decision making between patient and provider regarding the risk/
benefit of JAKi as a potential treatment option for patients in whom continued TNFi use is not a viable option.

Practical Issues and Monitoring
UPA is available as 15 mg extended-release tablets for oral consumption. The medication can be taken with or without
food and recommended as a whole tablet without splitting or crushing it.

Before the initiation of treatment with UPA, screening for latent tuberculosis (TB) with a tuberculin skin test (TST) or
interferon-y release assay (IGRA) is required as the treatment may possibly activate a latent TB infection. Patients with a
positive TB test must be treated according to national guidelines before starting UPA. During treatment with UPA,
patients should routinely be tested for TB.*°

A complete blood count (CBC) before starting therapy and also routinely is advised as it is relatively contraindicated
to initiate UPA in subjects with an absolute lymphocyte count (ALC) below 500 cells/mm® and absolute neutrophil count
(ANC) below 1.000 cells/mm’. Lymphopenia, neutropenia, and anemia during therapy with UPA have been reported.

Liver function tests (LFT) should be checked before therapy with UPA and regularly thereafter, as patients with
severe hepatic impairment are not recommended to start with or stay on treatment.
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The lipid panel should be monitored about 3 months after treatment, as increases in total cholesterol, low-density
lipoprotein (LDL) cholesterol, and high-density lipoprotein (HDL) cholesterol may occur on treatment.*’

Patients should also be monitored for serious infections before and while on therapy, as severe bacterial, viral, fungal,
tuberculous, and opportunistic infections have occurred, which have led to hospitalization and mortality in patients
receiving upadacitinib. In that case, treatment must be interrupted.

Monitoring for reactivation of previous hepatitis B virus (HBV) or Herpes zoster (HZV) infections is recommended.
UPA should be temporarily discontinued until an infection with HZV is resolved.*’

Subjects at high risk for skin cancer who receive treatment with UPA are advised to have routine skin examinations as
they have an increased chance for non-melanoma skin cancers (NMSCs).

Patients receiving UPA with concomitant use of non-steroidal anti-inflammatory agents (NSAIDs) should be monitored
for gastrointestinal (GI) side effects as ulcers and GI perforations have occurred in clinical studies.'>=%3'-373¢

Patients should generally be informed about the range of adverse effects that may occur during therapy, especially
about the increased risk of severe infections. Routine follow-ups with are essential to prevent complications, hospitaliza-
tion, and mortality. The rheumatologist and the interdisciplinary team in cooperation with general practitioners should
should monitor patients and blood tests regularly.

International Recommendations

The most recent national and international recommendations for the treatment of AxXxSpA [from Assessment of
SpondyloArthritis international Society (ASAS) and EULAR in 2016 did not include JAK inhibitors (JAKi) due to
limited evidence at this point in time.*' An update of the recommendations, however, is in press. EULAR recommenda-
tions from 2020 consider using JAKi as second-line option for the treatment of PsA, namely following the inadequate
response to csDMARDS and bDMARD:s, including TNFi, and inhibitors of IL-17A and IL-12/23.** Recommendations
for RA* have been updated by the points to consider when using JAK inhibitors.®

Structural Changes in the Sacroiliac Joints of Patients with axSpA
AXSpA 1is characterised by inflammation and new bone formation which are mainly assessed by conventional radio-
graphy (CR) and magnetic resonance imaging (MRI). TNFi and IL-17 antagonists have been shown to be efficacious in
patients with axSpA. This treatment seems to also inhibit structural damage or at least retard radiographic progression. A
reduction of new bone formation as assessed by CR of the spine has been reported to occur after about 4 years of
therapy.** Recently, a reduction of erosions and ankylosis in the SIJ has also been observed in axSpA patients treated
with etanercept and filgotinib.*>*® However, there is some evidence that the clinical significance of very small changes in
the structure of SIJ in patients with axSpA is rather limited.*” Indeed, the frequency of vertebral erosions in patients with
AS is rather low*® which makes it unlikely that this pathology will be clinically relevant for clinical outcomes.

In summary, the rather small effect of b- and tsDMARDS on structural SIJ changes as assessed by MRI recently
reported is not sufficient to make a claim for structural modification of any drug tested. Effects on new bone formation in
axSpA need to be rather assessed in the spine.*’

Conclusion

JAK inhibitors are important orally administered agents conferring different degrees of selectivity toward JAK1, JAK2, and
JAK3 which may have implications on efficacy and safety in axSpA and PsA. Phase 2 and 3 clinical trials in PsA for tofacitinib
and upadacitinib and phase 2 for filgotinib confirmed efficacy comparable to bDMARDs. In axSpA/AS, phase 2 and 2/3 studies
confirmed significant efficacy of tofacitinib, filgotinib and upadacitinib compared to placebo. Safety was comparable to clinical
trial, long-term extension, and registry data for rheumatoid arthritis. However, long-term data are still lacking.

Even though our understanding of the pathogenesis of SpA is still limited, the role of JAK-mediated signal
transduction and inhibiting its actions as a therapeutic mechanism is constantly increasing, since several small molecule
inhibitors of JAK have been shown to work. The significance of the variable selectivity of the different JAK isoforms is
still not completely clear — and this is potentially relevant for efficacy and safety. This also includes the dosage which
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includes the observation that the higher dose is usually associated with more adverse events. Whether selective JAK1
inhibition is in the end advantageous remains to be demonstrated.

In this review, we have summarized the current clinical trial data, evaluating the use of JAK1 selective inhibitors
especially in the treatment of r-axSpA/AS and nr-axSpA. Selective JAK1 inhibition offers a promising therapeutic
approach; however, more long-term trials are needed to fully establish their efficacy and safety, especially at higher
doses, and their use in the greater continuum of patients with SpA. Another review on emerging biological therapies in
axSpA and PsA (without UPA) is currently in press.”®
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