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ABSTRACT

Introduction: Emerging evidence suggests pso-
riatic arthritis (PsA) with axial involvement
(axPsA) and radiographic axial spondyloarthri-
tis (r-axSpA) may possibly represent distinct
disorders, with some differing clinical manifes-
tations, genetic associations, and radiographic
findings. Moreover, axPsA and r-axSpA may
respond differently to therapies: guselkumab
(interleukin [IL]-23p19 subunit inhibitor [i])
and ustekinumab (IL-12/23p40i) demonstrated
improvements in axial symptoms in patients
with PsA; however, neither risankizumab (IL-
23p19i) nor ustekinumab demonstrated efficacy
versus placebo in patients with r-axSpA. Current
analyses aim to further understand potential
molecular distinctions between axPsA and

r-axSpA and examine the pharmacodynamic
effects of guselkumab in patients with axPsA
and those with PsA without axial involvement
(non-axPsA).
Methods: Post hoc analyses utilized biomarker
data from blood and serum samples collected
from a subset of participants in phase 3 studies
of ustekinumab in r-axSpA and guselkumab in
PsA (DISCOVER-1 and DISCOVER-2). Partici-
pants with axPsA were identified by investiga-
tor-verified sacroiliitis (imaging-confirmed) and
axial symptoms. HLA mapping, serum cytokine
analysis, and whole-blood RNA sequencing
were conducted.
Results: Relative to r-axSpA, patients with
axPsA had a lower prevalence of HLA-B27, HLA-
C01, and HLA-C02 alleles and a higher preva-
lence of HLA-B13, HLA-B38, HLA-B57, HLA-C06,
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and HLA-C12 alleles. Compared with r-axSpA,
patients with axPsA had elevated baseline levels
of serum IL-17A and IL-17F cytokines, enrich-
ment of IL-17 and IL-10 pathway-associated
genes, and neutrophil gene markers. Across
axPsA and non-axPsA cohorts, reductions in
cytokine levels and normalization of pathway-
associated gene expression with guselkumab
treatment were comparable.
Conclusion: The differences in HLA genetic
associations, serum cytokines, and enrichment
scores support the concept that axPsA and
r-axSpA may be distinct disorders. The compa-
rable pharmacodynamic effects of guselkumab
on cytokine levels and pathway-associated
genes observed in patients with axPsA and non-
axPsA are consistent with demonstrated clinical
improvements across PsA cohorts. These find-
ings contribute to the understanding of poten-
tial genetic and molecular distinctions between
axPsA and r-axSpA.
Trial Registration: ClinicalTrials.gov identi-
fiers, NCT03162796, NCT0315828,
NCT02437162, and NCT02438787.

Keywords: Axial psoriatic arthritis;
Guselkumab; Interleukin-17; Interleukin-23;
Psoriatic arthritis; Radiographic axial
spondyloarthritis

Key Summary Points

Why carry out this study?

Based on potentially differential genetic
associations, clinical manifestations, and
radiographic findings, it has been
hypothesized that axial psoriatic arthritis
(axPsA) and radiographic axial
spondyloarthritis (r-axSpA) may represent
distinct disorders.

Patients with axPsA and r-axSpA may have
differing responses to interleukin (IL)-
23p19 inhibitor (i) and IL-12/23p40i
therapies, with clinical benefit observed in
axPsA but not in r-axSpA.

These post hoc analyses sought to further
understand molecular differences between
axPsA and r-axSpA to further elucidate
distinctions between these disorders.

What was learned from the study?

Differences were observed between
patients with axPsA and r-axSpA with
respect to HLA alleles, serum cytokine
levels, and cytokine pathway
genes. Treatment with guselkumab, a fully
human antibody targeting the IL-23p19
subunit, significantly reduced IL-17A and
IL-17F levels versus placebo and
normalized PsA-associated gene
expression in patients with axPsA and
non-axPsA.

Reported findings add to the growing body
of evidence suggesting that axPsA and
r-axSpA are distinct disorders.

INTRODUCTION

Spondyloarthritides (SpAs) are a group of inter-
related disorders that include axial spondy-
loarthritis (axSpA), encompassing a spectrum
from nonradiographic axSpA (nr-axSpA) to
radiographic axSpA (r-axSpA); psoriatic arthritis
(PsA); SpA related to inflammatory bowel dis-
ease (IBD); undifferentiated SpA; and reactive
arthritis [1]. PsA and r-axSpA are chronic, pro-
gressive, inflammatory diseases [1] that are
considered to represent prototypical peripheral
and axial SpA, respectively. PsA is characterized
by involvement across several clinical domains,
including peripheral arthritis, axial disease,
enthesitis, dactylitis, and skin and nail disease;
PsA is also associated with IBD and anterior
uveitis [2]. Patients with PsA who have axial
involvement (axPsA) can present with limited
range of motion and tenderness around the
spine and sacroiliac joints [2]. Radiographic
axSpA is characterized by the presence of
inflammatory back pain and includes pain in
the hips or buttocks that improves with activity
and worsens with rest, pain that occurs at night,
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and axial morning stiffness with a duration of
30 min or more [3].

Despite overlapping clinical features, some
evidence to date suggests that axPsA and r-axSpA
may be distinct disorders. For example, while the
presence of inflammatory back pain is considered
essential for a diagnosis of r-axSpA [4], only about
50% of patients with radiographically evident
axPsA report this symptom [2]. Further, a review
of genetic studies found that although patients
with PsA and r-axSpA commonly carry the major
histocompatibility complex (HLA) class I allele
HLA-B27, frequencies differ between these disor-
ders and axPsA is more commonly associated
with other HLA alleles [1]. Additionally, radio-
graphic studies have suggested that patients with
axPsA may have less severe and asymmetric
sacroiliitis, as well as a greater number of coarse
nonmarginal syndesmophytes and fewer classical
syndesmophytes, relative to patients with
r-axSpA. Patients with axPsA may also be more
likely to have asymmetric involvement in other
areas of the spine [1].

Axial PsA and r-axSpA may differ in
response to specific immunomodulatory thera-
pies. In a post hoc analysis of patients with PsA
from the DISCOVER-1 and DISCOVER-2 studies
with investigator-confirmed sacroiliitis as doc-
umented by previous imaging or pelvic radiog-
raphy at screening, guselkumab, a human
monoclonal antibody targeting the interleukin
(IL)-23 p19 subunit, improved axial symptoms
over 24 weeks compared with placebo [5]. Fur-
thermore, greater proportions of patients in the
guselkumab groups achieved meaningful
improvements in axial symptoms (as measured
by the Bath Ankylosing Spondylitis Disease
Activity Index [BASDAI] and Ankylosing
Spondylitis Disease Activity Score using
C-Reactive Protein [ASDAS]) compared with
placebo. Improvements in axial symptoms were
maintained in guselkumab-treated patients
through 1 year in pooled DISCOVER-1 and
DISCOVER-2 patients and through 2 years in
DISCOVER-2 patients [5, 6].

Ustekinumab is a human monoclonal anti-
body targeting the IL-12/23p40 subunit that has
shown clinical benefit and inhibition of the
progression of radiographic damage in periph-
eral joints in patients with PsA in the

PSUMMIT-1 and PSUMMIT-2 studies [7–9]. In a
post hoc analysis of patients with PsA who had
peripheral arthritis and physician-reported
spondylitis, ustekinumab-treated patients
demonstrated significantly greater improve-
ments in axial symptoms (as measured by BAS-
DAI and ASDAS) through week 24 compared
with placebo [10]. An open-label phase 2 study
of ustekinumab in patients with r-axSpA
showed an association between treatment with
ustekinumab and a reduction in the signs and
symptoms of r-axSpA [11]. However, efficacy
was not demonstrated in two randomized, pla-
cebo-controlled, phase 3 studies of ustekinumab
in patients with r-axSpA [12]. Similarly, risan-
kizumab, a humanized monoclonal antibody
targeting the IL-23p19 subunit, did not achieve
the primary endpoint (Assessment in
SpondyloArthritis International Society 40%
response at week 12) in a phase 2 study [13].

To date, comparative molecular and bio-
marker data are limited. This analysis sought to
understand the underlying mechanisms of
axPsA and r-axSpA, and potential molecular
distinctions between these diseases, as well as
the pharmacodynamic effects of guselkumab in
patients with axPsA and r-axSpA.

METHODS

Patients and Study Design

These post hoc analyses utilized biomarker data
from blood and serum samples collected from a
subset of patients with PsA enrolled in the
phase 3 DISCOVER-1 (ClinicalTrials.gov identi-
fier, NCT03162796) and DISCOVER-2
(NCT0315828) studies of guselkumab and in
two phase 3 studies of ustekinumab conducted
in patients with r-axSpA (NCT02437162 and
NCT02438787). Full methods and results of
these studies have been reported previously
[12, 14, 15].

The DISCOVER-1 study enrolled patients
with active PsA (swollen joint count C 3, tender
joint count C 3, and C-reactive protein [CRP]
level C 0.3 mg/dL) despite standard therapies.
The mixed patient population comprised 69%
biologic-naı̈ve patients and 31% who received
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prior therapy with no more than two tumor
necrosis factor inhibitors (TNFi) [14]. The DIS-
COVER-2 study enrolled biologic-naı̈ve patients
with active PsA (swollen joint count C 5, tender
joint count C 5, and CRP level C 0.6 mg/dL)
despite standard therapies [15]. In DISCOVER-1
and DISCOVER-2, patients were randomized
1:1:1 to receive guselkumab 100 mg every
4 weeks (Q4W); guselkumab 100 mg at week 0,
week 4, and then every 8 weeks (Q8W); or pla-
cebo with crossover to guselkumab Q4W at
week 24 [5].

In post hoc analyses of DISCOVER-1 and
DISCOVER-2, patients were categorized as hav-
ing axPsA based on investigator identification
of PsA with axial involvement and evidence of
sacroiliitis on prior radiograph or magnetic res-
onance imaging (MRI) of sacroiliac joints (DIS-
COVER-1 and DISCOVER-2) or pelvic
radiograph at screening (DISCOVER-2 only).
Patients who did not meet these criteria were
categorized as having non-axPsA [5].

The two phase 3 multicenter, randomized,
double-blind, placebo-controlled studies of
ustekinumab in r-axSpA enrolled patients with
active r-axSpA despite previous therapy, radio-
graphic sacroiliitis according to 1984 modified
New York criteria for r-axSpA, BASDAI score C 4
[16], visual analog scale score for back pain C 4,
and CRP level C 0.3 mg/dL [12]. Patients had
inadequate response to or were intolerant of
nonsteroidal anti-inflammatory drugs and
were TNFi-naı̈ve (study 1) or had inadequate
response or intolerance to one TNFi (study 2).
Across studies, patients were randomized 1:1:1
to receive ustekinumab 45 mg or 90 mg at
weeks 0, 4, and 16 and then every 12 weeks
(Q12W) or placebo. Patients randomized to
placebo were re-randomized at week 24 to
receive ustekinumab 45 mg or 90 mg at
weeks 24 and 28 and then Q12W [12].

The four phase 3 studies were conducted in
accordance with the Declaration of Helsinki.
The protocols were approved by the institu-
tional review board or ethics committee at each
site [12, 14, 15]. All patients gave written
informed consent, with an additional consent
provided for voluntary genetic testing (HLA).
An independent data monitoring committee
regularly reviewed unblinded safety data.

Whole-Blood Transcriptomic Profiling
via RNA Sequencing

RNA was isolated from whole blood of patients
with axPsA, non-axPsA, and r-axSpA collected
in PAXgene RNA blood tubes (BD Biosciences,
Franklin Lakes, NJ). PAXgene samples from
demographically matched healthy individuals
were procured independently of the clinical
studies (BioIVT, Westbury, NY) and included as
a control. Globin messenger RNA (mRNA) was
removed using GlobinClearTM (Invitrogen,
Waltham, MA). Whole-blood transcriptome
profiling by paired-end RNA sequencing (Tru-
Seq Stranded mRNA; Illumina, San Diego, CA)
was performed using the Novaseq Sequencing
System (Illumina) at a depth of 30 million reads
per sample.

HLA Genotype Analyses

HLA genotype analyses were performed for
participants with axPsA, non-axPsA, and
r-axSpA and healthy controls who provided
additional consent and had available whole-
blood RNA sequencing data. The primary anal-
yses of HLA genotype were performed in White
patients to minimize potential genetic variabil-
ity in HLA across races [17], because sample
sizes were not sufficient to allow meaningful
comparison of HLA genotypes in patients of
other races. The genotypes of class I HLA alleles
across all cohorts (healthy controls, axPsA, non-
axPsA, and r-axSpA) were determined using
RNA sequencing data as described elsewhere
[18]. Patients were classified as positive for an
allele if they had at least one copy of that allele
[5].

Serum Cytokine Levels

Levels of serum IL-17A and IL-17F were assessed
at baseline across patients with axPsA, non-
axPsA, and r-axSpA with adequate samples.
Serum samples from demographically matched
healthy individuals were procured indepen-
dently of the clinical studies and biomarker and
genetic analyses (BioIVT, Westbury, NY; Bio-
logical Specialty Corporation, Colmar, PA) and
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were included as a control. The pharmacody-
namic effects of guselkumab on serum IL-17A,
IL-17F, and IL-22 levels were assessed at weeks 4
and 24 among patients with axPsA and non-
axPsA. Biomarker data from guselkumab Q4W
and Q8W treatment arms were pooled in the
analysis. Serum IL-17A, IL-17F, and IL-22 con-
centrations were determined using the Singulex
system, as previously described (Alameda, CA)
[12].

Pathway Enrichment Score Analyses

Expression of pathway genes associated with IL-
17 and IL-10, as well as neutrophil gene mark-
ers, were analyzed using RNA sequencing of
whole-blood samples. IL-17 pathway-associated
genes were derived from differentially expressed
genes from cultured normal human bronchial
epithelial cells, normal human airway smooth
muscle cells, and/or keratinocytes with 50 ng/mL
of human IL-17A for 24 h. The IL-17 gene set is
shown in Table S1 in the supplementary mate-
rial. Pathway-associated genes for IL-10 and
neutrophils were as described previously
[19, 20]. Gene Set Variation Analysis (GSVA)
was performed in R (R Foundation for Statistical
Computing, Vienna, Austria) using the GSVA
package to calculate enrichment scores for the
IL-10 and IL-17 pathway gene set [21]. The
enrichment scores were calculated using the
magnitude of difference between the largest
positive and negative random walk deviations.
Neutrophil and leukocyte abundance values
were estimated with the MCP-counter R pack-
age [20]. Disease-related genes up- and down-
regulated in patients with PsA were analyzed
among all patients with PsA as previously
described [22]. Baseline pathway enrichment
scores in patients with axPsA were further
examined in patients stratified by baseline body
surface area (BSA) with psoriasis (PsO) involve-
ment (BSA\3% and BSA C 3%) and HLA-B27
status.

Statistical Analyses

The prevalence of HLA alleles was compared
across cohorts using the Fisher’s exact test with

p values adjusted for multiplicity of testing.
Alleles included in these analyses were present
in at least four carriers in all disease cohorts. A
generalized linear model was performed using
log2-transformed data to determine the signifi-
cance of differential baseline serum cytokine
levels across disease cohorts and the effect of
guselkumab on serum cytokine levels versus
placebo among patients with axPsA and non-
axPsA. Analysis of variance testing was used to
compare enrichment scores across disease
cohorts (baseline), and between treatment
groups (week 4 and 24), as well as changes in
enrichment scores from baseline (week 4 and
24) within each treatment group. Sensitivity
analyses for HLA prevalence were conducted in
the overall population (all races) and for path-
way enrichment scores in the White population
to assess the effects of differing populations on
those analyses. As analyses were post hoc (i.e.,
exploratory), all p values presented are nominal.

RESULTS

Patient Characteristics

Overall, biomarker data were available from 996
patients, including 483 with non-axPsA, 190
with axPsA, and 323 with r-axSpA (Figure S1 in
the supplementary material). In all three disease
cohorts, baseline patient demographics, disease
characteristics, and use of conventional syn-
thetic disease-modifying antirheumatic drugs
were consistent with attributes of patients with
active disease (Table 1). Mean CRP levels were
2.8, 2.4, and 1.5 mg/dL in patients with axPsA,
r-axSpA, and non-axPsA, respectively, suggest-
ing potential differences in systemic inflamma-
tion across diseases. For patients included in the
HLA genotype analysis, except for race, the
baseline demographic and disease characteris-
tics of the White patients were consistent with
those of the overall study cohorts (Table S2 in
the supplementary material). Baseline demo-
graphics and disease characteristics of patients
included in the cytokine analyses were consis-
tent with the overall study cohorts (Table S3 in
the supplementary material).
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Table 1 Baseline characteristics in healthy controls and participants with axPsA, non-axPsA, and r-axSpA

Characteristica Healthy control
(N = 46)

Non-axPsA
(N = 483)

axPsA
(N = 190)

r-axSpA
(N = 323)

Age (years) 46.5 (11.3) 47.3 (11.6) 44.6 (11.0) 40.0 (10.9)

Sex, n (%)

Female 18 (39.1) 241 (49.9) 64 (33.7) 44 (13.6)

Male 28 (60.9) 242 (50.1) 126 (66.3) 279 (86.4)

Race, n (%)

White 37 (80.4) 460 (95.2) 186 (97.9) 234 (72.5)

Asian 6 (13.0) 21 (4.4) 4 (2.1) 81 (25.1)

Black 1 (2.2) 0 0 2 (0.6)

Other or unknown 2 (4.4) 2 (0.4) 0 6 (1.9)

Weight (kg) – 85.6 (18.8) 83.3 (19.7) 78.4 (16.2)

ASDAS score (0–10) – – 6.7 (1.1)b 4.3 (0.8)

BASDAI score (0–10) – – 6.4 (1.7)b 7.4 (1.3)

Swollen joint count (0–66) – 11.1 (6.8) 11.1 (6.7) –

Tender joint count (0–68) – 20.4 (13.0) 22.4 (14.7) –

DAS28 – 5.1 (1.0) 5.3 (1.0) –

CRP (mg/dL) – 1.6 (3.9) 2.8 (3.4) 2.2 (2.6)

PsO BSA (0–100%) – 13.9 (17.5) 19.7 (22.5) –

PASI score (0–72) – 8.3 (9.1) 11.3 (11.5) –

Medication use at baseline, n (%)

csDMARD – 313 (64.8) 149 (78.4) 141 (43.7)

Methotrexate – 268 (55.5) 133 (70.0) 36 (11.2)

Sulfasalazine – 30 (6.2) 7 (3.7) 108 (33.4)

NSAID – 323 (66.9) 130 (68.4) 284 (87.9)

Corticosteroids – 83 (17.2) 44 (23.2) 40 (12.4)

Prior TNF inhibitor use, n (%) – 56 (11.6) 12 (6.3) 173 (53.6)

ASDAS Ankylosing Spondylitis Disease Activity Score using CRP, axPsA axial psoriatic arthritis, BASDAI Bath Ankylosing
Spondylitis Disease Activity Index, BSA body surface area, CRP C-reactive protein, csDMARD conventional synthetic
disease-modifying antirheumatic drug, DAS28 28-joint Disease Activity Score, NSAID nonsteroidal anti-inflammatory drug,
PASI Psoriasis Area and Severity Index, PsO psoriasis, r-axSpA radiographic axial spondyloarthritis, SD standard deviation,
TNF tumor necrosis factor
aData are presented as mean (SD) unless otherwise noted
bn = 171
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HLA Genotype Analysis

The prevalence of class I HLA alleles examined
in this analysis is shown in Fig. 1. Significantly
lower proportions of patients with axPsA versus
those with r-axSpA were carriers of HLA-B27
(31% vs 92%), HLA-C01 (6% vs 32%), and HLA-
C02 (28% vs 62%) alleles. Significantly higher
proportions of patients with axPsA than with
r-axSpA were carriers of HLA-B13 (15% vs 5%),
HLA-B38 (18% vs 4%), HLA-B57 (14% vs 2%),
HLA-C06 (36% vs 9%), and HLA-C12 (30% vs
10%) alleles. The prevalence of HLA alleles was
comparable between the axPsA and non-axPsA
cohorts. In a sensitivity analysis in the overall
cohort, the prevalence of these HLA alleles, with
the exception of HLA-C12, remained signifi-
cantly different between patients with axPsA
and r-axSpA (data not shown).

The prevalence of other class I HLA alleles
among HLA-B27-positive patients is shown in
Table S4 in the supplementary material. Among
HLA-B27-positive patients, greater proportions
of those with axPsA versus those with r-axSpA
were carriers of HLA-C02 (79% vs 51%) and
HLA-C06 (21% vs 5%), while lower proportions
of patients with axPsA versus r-axSpA were car-
riers of HLA-A11 (5% vs 28%), HLA-B40 (0% vs
14%), and HLA-C03 (5% vs 19%). Differences
were also observed among axPsA patients, with
lower prevalence of HLA-B40 (0% vs 14%), HLA-
C03 (5% vs 24%), and HLA-C06 alleles in HLA-

B27-positive compared with HLA-B27-negative
patients. Conversely, a higher prevalence of
HLA-C02 was observed for HLA-B27-positive
compared with HLA-B27-negative patients (79%
vs 5%) with axPsA.

Baseline Serum Cytokine Levels

Serum cytokine levels were determined in a
subset of patients with available samples,
including 229 with non-axPsA, 71 with axPsA,
and 58 with r-axSpA. Participants of any race
were included in this analysis. At baseline,
serum IL-17A levels were higher in both
patients with non-axPsA and axPsA than in
healthy controls (nominal p\0.05), with
comparable levels between patients with non-
axPsA and axPsA (Fig. 2). IL-17A levels were
higher in patients with axPsA than patients
with r-axSpA (nominal p\ 0.05). Similar results
were observed for IL-17F levels at baseline.

Serum cytokine levels were assessed accord-
ing to HLA-B27 carrier status. In patients with
axPsA, IL-17A and IL-17F levels were compara-
ble between HLA-B27-positive and HLA-B27-
negative patients (Fig. S2 in the supplementary
material). When disease cohorts were com-
pared, HLA-B27-positive patients with r-axSpA
had significantly lower levels of IL-17A and IL-
17F than HLA-B27-positive or HLA-B27-negative
patients with axPsA.

Fig. 1 Prevalence of class I HLA alleles in White HCs and
participants with axPsA, non-axPsA, and r-axSpA.
*p\ 0.01; �p\ 0.001. �HC group was included as a
descriptive reference. Alleles included in this analysis were

present in at least four carriers in all disease groups. axPsA
axial psoriatic arthritis, HC healthy control, HLA human
leukocyte antigen, r-axSpA radiographic axial
spondyloarthritis
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Baseline Pathway Enrichment Scores

Whole-blood transcriptome profiling was con-
ducted at baseline for genes related to the IL-17
and IL-10 pathways, which are involved in
T helper (Th)17 development [23], and neu-
trophil gene markers. At baseline, enrichment
scores for genes related to IL-17 and IL-10

pathways and for neutrophil markers were
higher in patients with axPsA, non-axPsA, and
r-axSpA than in healthy controls (Fig. 3).
Moreover, patients with axPsA had higher IL-
17- and IL-10-related pathway and neutrophil
marker enrichment scores compared with
patients with r-axSpA. Patients with axPsA also
had higher IL-10-related pathway and

Fig. 2 Baseline serum levels of a IL-17A and b IL-17F in
HCs and participants with axPsA, non-axPsA, and
r-axSpA. Error bars represent standard error. axPsA axial

psoriatic arthritis, HC healthy control, IL interleukin,
r-axSpA radiographic axial spondyloarthritis
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neutrophil marker enrichment scores compared
with patients with non-axPsA (Fig. 3). In a sen-
sitivity analysis of White patients only, differ-
ences in these enrichment scores at baseline
were also observed across disease cohorts
(nominal p\ 0.05; data not shown).

When baseline pathway scores for genes
related to the IL-17 and IL-10 pathways and
neutrophil gene markers were stratified by
patient baseline PsO BSA involvement (\ 3%
and C 3%), enrichment scores were comparable
for both BSA subgroups in patients with axPsA.
Enrichment scores were also similar between
patients with axPsA and those with r-axSpA re-
gardless of baseline PsO BSA involvement
(Fig. S3 in the supplementary material).

No differences in enrichment scores were
observed between patients with axPsA who were
HLA-B27-positive and -negative (Fig. S4 in the
supplementary material). Consistent with the
overall cohorts, HLA-B27-positive patients with
axPsA had higher enrichment scores for genes
related to IL-17 and IL-10 pathways and for
neutrophil markers than HLA-B27-positive
patients with r-axSpA.

PharmacodynamicResponse toGuselkumab
Treatment in Patients with PsA

Guselkumab significantly reduced serum IL-
17A, IL-17F, and IL-22 levels versus placebo at
week 4 and also at week 24 in both patients
with axPsA and non-axPsA (nominal p\ 0.05;
Fig. 4).

At week 24 in patients treated with guselk-
umab, both patients with axPsA and non-axPsA
had comparable decreases in IL-17 and IL-10
pathway enrichment scores from baseline
(nominal p\ 0.05; Fig. 5). The same pattern was
also observed for both neutrophil enrichment
score and neutrophil to leukocyte ratios (NLRs).
No significant reductions were observed in pla-
cebo-treated patients for any enrichment scores
post baseline. Patients with non-axPsA treated
with guselkumab had lower enrichment scores
at week 24 compared with those who received
placebo (nominal p\ 0.05). A numerical dif-
ference was also observed in patients with

axPsA, with a nominal p value[0.05 as a likely
artifact of a smaller sample size.

For PsA disease-related genes from expres-
sion profiling that were elevated at baseline
relative to healthy controls, both patients with
axPsA and non-axPsA treated with guselkumab
had significant and comparable decreases in the
enrichment score from baseline at week 24
(Fig. 6). Similarly, among PsA-related genes with
lower expression at baseline compared with
healthy controls, both patients with axPsA and
non-axPsA treated with guselkumab had sig-
nificant and comparable increases in the
enrichment scores from baseline at week 24. A
significant treatment effect in genes both
upregulated and downregulated at baseline was
observed as early as week 4 in patients with
non-axPsA; a similar nonsignificant trend was
observed in patients with axPsA, though the
sample size was smaller. No changes in PsA-re-
lated gene expression were observed in patients
who received placebo.

DISCUSSION

The results of these analyses indicate that
patients with axPsA and r-axSpA show differ-
ences in HLA genetic associations, serum IL-17A
and IL-17F levels, enrichment of IL-17 and IL-10
gene expression pathways, and neutrophil gene
markers. These results contribute to evidence
suggesting that axPsA and r-axSpA may be dis-
tinct diseases with overlapping clinical features.

The differences observed in class I HLA alle-
les between axPsA and r-axSpA were consistent
with previous reports demonstrating that axPsA
and r-axSpA overlap with respect to the contri-
bution of HLA-B27 but also have distinct
genetic risk factors [1, 24]. Previous studies have
reported that approximately 80% of patients
with r-axSpA are HLA-B27-positive [25, 26],
whereas approximately 20% of patients with
axPsA are HLA-B27-positive [26, 27]. Results of
this analysis, which found rates of HLA-B27
alleles of 92% for patients with r-axSpA versus
31% for those with axPsA, are thus generally
consistent with previous reports. A moderated
role of HLA-B27 status in predicting response to
treatment in patients with axPsA was also
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Fig. 3 Baseline enrichment scores of a IL-17 pathway,
b IL-10 pathway, and c neutrophil-associated genes in
HCs and participants with axPsA, non-axPsA, and

r-axSpA. Error bars represent standard error. axPsA axial
psoriatic arthritis, HC healthy control, IL interleukin,
r-axSpA radiographic axial spondyloarthritis
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reflected in a previous analysis of the DIS-
COVER-1 and DISCOVER-2 studies that showed
consistent guselkumab efficacy across HLA-B27-
positive and HLA-B27-negative participants [5].
The current analysis also found higher preva-
lence of the HLA-C01 and HLA-C02 alleles in
patients with r-axSpA compared with axPsA.
The HLA-C01 finding is consistent with a pre-
vious report [28]. To our knowledge, this is the
first comparison of prevalence of the HLA-C02
allele between patients with axPsA and r-axSpA.
In patients with axPsA, higher prevalences of
HLA-B13, HLA-B38, HLA-B57, HLA-C06, and
HLA-C12 alleles were found compared with
r-axSpA. With the exception of the HLA-B13
allele, these have been previously reported to be
more common in patients with PsA, and the
HLA-B38 allele has been reported to be more
common in patients with axPsA compared with
patients with r-axSpA [1]. When patients were
examined by HLA-B27 carrier status, the
majority of those with r-axSpA or axPsA who
were HLA-B27 carriers were also HLA-C02 carri-
ers (51% and 79%, respectively). The increased
frequency of HLA-C06 in patients with axPsA
compared with r-axSpA remained consistent

between the overall cohort and patients with
HLA-B27. Other than a higher proportion of
HLA-C02 carriers among HLA-B27-positive ver-
sus HLA-B27-negative patients with axPsA, no
clear patterns were observed by HLA-B27 status.
These results, however, should be interpreted
with caution due to the limited number of
patients with axPsA who were HLA-B27 carriers
(n = 57).

The IL-23 pathway is associated with the
pathogenesis of PsO, IBD, and SpA. IL-23 pro-
motes activation of the Th17 pathway, which
induces expression of IL-17. The clinical benefit
of IL-17 inhibition in patients with axPsA and
r-axSpA supports a role for IL-17 in the patho-
genesis of both diseases [29, 30]. While post hoc
analyses of data collected in the DISCOVER-1
and DISCOVER-2 studies showed that guselk-
umab provided significant and sustained
improvement in signs and symptoms of axial
disease in patients with PsA [5], the negative
results in studies of ustekinumab and risanki-
zumab in patients with r-axSpA [12, 13] suggest
that biologic consequences of alterations in the
IL-17/IL-23 axis may differ between diseases.
However, an alternative explanation for the

Fig. 4 Changes in serum a IL-17A, b IL-17F, and c IL-22
levels through week 24 in participants with axPsA and
non-axPsA treated with guselkumab or placebo. *p\ 0.05
guselkumab vs placebo in each subgroup. Error bars

represent standard error. axPsA axial psoriatic arthritis, BL
baseline, GUS guselkumab, IL interleukin, PBO placebo
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discrepant clinical results noted for ustek-
inumab in axPsA as compared with r-axSpA is
that the outcome measures used (e.g., BASDAI)
may capture improvements in domains not
specific to axial involvement in patients with
PsA. Although the role of the IL-17/IL-23 axis in

the pathogenesis of axPsA and r-axSpA is
unclear, IL-17 secretion can occur indepen-
dently of IL-23 in skeletal inflammation in
patients with r-axSpA, possibly driven by cd
T cells and mucosal-associated invariant T cells
[31]. In addition, in rat models of HLA-B27-

Fig. 5 Changes from baseline through week 24 in a IL-17
pathway enrichment scores, b IL-10 pathway enrichment
scores, c neutrophil marker enrichment score, and d neu-
trophil to leukocyte ratio in patients with axPsA and non-
axPsA treated with guselkumab or placebo. *p\ 0.05

guselkumab vs placebo in each subgroup; �p\ 0.05 post-
treatment versus baseline in each subgroup. Error bars
represent standard error. axPsA axial psoriatic arthritis, BL
baseline, GUS guselkumab, IL interleukin, PBO placebo
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associated SpA, IL-23 blockade prevented the
development of SpA when given prophylacti-
cally, but did not affect spondylitis and arthritis
severity when given therapeutically [32]. These
results also suggest that although IL-23 may be
involved in the initial stages of r-axSpA, it may
perhaps not be a predominant factor influenc-
ing later stages of disease. Further research is
necessary to better understand the role of these
cells and cytokines in axPsA and r-axSpA,
including the association between disease
activity and circulating levels of the IL-17
cytokines.

Findings from previous investigations of the
role of IL-17 cytokines in r-axSpA have varied.
Serum IL-17A levels were similar between
patients with r-axSpA and control participants
in one study [33], whereas other studies repor-
ted higher serum IL-17 levels in patients with
r-axSpA than in healthy controls [34, 35].
Another study found that serum levels of IL-17
and IL-23 were not associated with disease
activity in patients with r-axSpA [36]. Results of
our analyses showed distinct differences in

baseline serum IL-17A and IL-17F levels, with
patients with axPsA having higher levels than
those with r-axSpA and healthy controls, and
patients with r-axSpA exhibiting IL-17A and IL-
17F levels similar to healthy controls. These
findings remained consistent in the subgroup of
HLA-B27-positive patients, with higher levels of
IL-17A and IL-17F observed in axPsA versus
r-axSpA. IL-17A and IL-17F levels were similar
between HLA-B27-positive and HLA-B27-nega-
tive patients; this is in line with the HLA-B27
status-independent improvements in patients
with axPsA treated with guselkumab [5].

Consistent observations were seen when
comparing the IL-17 pathway enrichment
scores from whole-blood transcriptome in these
diseases. Thus, although the IL-17/IL-23 path-
way has been implicated in the pathogenesis of
both r-axSpA and PsA, the results of the cyto-
kine analyses presented here, together with
clinical evidence from IL-23p19-subunit inhi-
bitor-treated patients with PsA, suggest that the
IL-17/IL-23 pathway might be involved in dif-
ferent aspects of pathogenesis in each disease.

Fig. 6 Effect of guselkumab on PsA disease-related genes
that are a upregulated or b downregulated in patients with
PsA through week 24. *p\ 0.05 guselkumab vs placebo in
each subgroup; �p\ 0.05 post treatment versus baseline in
each subgroup. Error bars represent standard error. axPsA

axial psoriatic arthritis, BL baseline, GUS guselkumab,
PBO placebo, PsA psoriatic arthritis
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Further examination of the whole-blood
transcriptome of patients with axPsA and
r-axSpA also showed distinct differences in gene
enrichment scores for neutrophil markers and
the IL-10 pathway. Activation and accumula-
tion of neutrophils in synovium and psoriatic
lesions is one of the distinguishing features of
PsA [37], and IL-17 can stimulate the activation
and migration of neutrophils primarily through
the production of other factors such as granu-
locyte macrophage colony-stimulating factor
and IL-8 [38, 39]. IL-10 is generally considered
an anti-inflammatory cytokine that functions as
a negative regulator of inflammation. It can be
produced in response to pro-inflammatory sig-
nals by virtually all immune cells, including
Th17 cells [40, 41]. In this analysis, baseline
levels of neutrophil markers were higher across
patients with non-axPsA, axPsA, and r-axSpA
compared with healthy controls, with higher
levels observed in those with axPsA than
r-axSpA. This is consistent with the observed
elevated levels of IL-17A and IL-17F and the
known role of IL-17 in promoting activation
and recruitment of neutrophils to the skin and
joints, and subsequent inflammation [42, 43].
The similar pattern observed for the IL-10
pathway enrichment score suggests a relatively
heightened inflammatory state and perhaps
greater stimulation of the negative regulator in
axPsA than in r-axSpA in response to greater
systemic inflammation. To our knowledge, this
is the first comparison of these markers between
axPsA and r-axSpA. Previous studies have
reported both higher [44] and similar [45] NLRs
in patients with r-axSpA versus controls.
Although the NLR has been suggested to be a
poor marker of severe disease activity in
patients with r-axSpA [44, 45], it has shown
significant association with the development of
PsA in patients with PsO [46]. In our analyses,
significant increases in enrichment scores for IL-
17 and IL-10 pathway genes and neutrophil
markers in axPsA versus r-axSpA were observed
regardless of the degree of BSA with PsO
involvement in patients with axPsA, suggesting
that these differences were not driven solely by
skin inflammation. These findings support fur-
ther investigation of the utility of neutrophil

marker scores, NLRs, and IL-10 pathway activity
in further differentiating axPsA from r-axSpA.

Although not the focus of the present study,
differences in IL-10 and neutrophil marker
scores were also observed between patients with
axPsA and non-axPsA. The significance of this
finding is unclear, although it may represent a
heightened inflammatory state in patients with
axPsA compared with non-axPsA. As a result of
the post hoc nature of the present analysis,
further studies are required to confirm these
findings.

In patients with axPsA and non-axPsA,
guselkumab significantly reduced levels of
serum IL-17A, IL-17F, and IL-22 versus
placebo as early as week 4 and through week 24.
This is consistent with the known clinical effect
of guselkumab in patients with axPsA and non-
axPsA. Guselkumab-treated patients had greater
improvements in axial symptoms, as assessed by
the BASDAI, modified BASDAI, and ASDAS
instruments, from baseline at week 24 com-
pared with placebo regardless of HLA-B27 status
[5]. Improvements in axial symptoms were
maintained through 1 year in DISCOVER-1 and
DISCOVER-2 (pooled) and 2 years in DIS-
COVER-2 among guselkumab-treated patients
[5, 6]. The changes in IL-17A, IL-17F, and IL-22
levels observed in the current analysis were
similar between axPsA and non-axPsA cohorts,
as were IL-17 and IL-10 pathway-associated
genes and neutrophil markers, demonstrating
that guselkumab has suppressive effects on
these immune pathways across distinct groups
of patients with PsA. The NLR was decreased
with guselkumab treatment at week 24 to simi-
lar levels in patients with axPsA and non-axPsA.
Finally, guselkumab normalized PsA-associated
gene expression, which could lead to long-term
disease control. These changes were observed in
whole-blood samples. However, tissue-specific
variation exists between IL-17 and IL-23 (such
as those observed between the gut and skin) due
to the presence of different local and resident
T cell populations. Such differences can be fur-
ther compounded between diseases; additional
studies are necessary to determine tissue-speci-
fic changes and any differences between axPsA
and r-axSpA.
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The current analyses were limited by their
post hoc nature and lack of prespecified end-
points. Numbers of available samples were lim-
ited for some analyses, particularly for patients
with axPsA, thus reducing the likelihood of
detecting significant between-cohort differ-
ences. Data on the effect of guselkumab in
patients with r-axSpA were not available, pre-
cluding evaluation of pharmacologic effects in
this cohort, and the small number of non-
White patients included in these studies pre-
vented analysis of HLA genotypes in more
diverse patient populations. Additionally, the
axPsA cohort in DISCOVER-1 and DISCOVER-2
was identified by locally read, imaging-con-
firmed sacroiliitis, which excluded assessment
of spinal involvement in axPsA; as a result of
the inclusion criteria used in the DISCOVER-1
and DISCOVER-2 studies, the axPsA group may
have included some patients with non-axPsA.
These clinical trials also did not collect data on
the duration of axial symptoms, which would
aid differentiation of axPsA from early axSpA
and potentially explain differences in response
to IL-23 inhibitors. Results from an ongoing
randomized placebo-controlled clinical trial
dedicated to evaluating the effects of guselk-
umab in patients with MRI-confirmed axPsA
(C 3 swollen and C 3 tender joints, CRP
level C 0.3 mg/dL despite prior therapy,
MRI Spondyloarthritis Research Consortium of
Canada score C 3 and BASDAI score C 4;
NCT04929210) [47] will aid in further charac-
terizing the role of IL-23p19-subunit inhibitors
in treating patients with axPsA.

CONCLUSIONS

Patients with axPsA and r-axSpA exhibited dif-
ferences in genetic markers and serum cytokine
levels, supporting the concept that axPsA and
r-axSpA may be distinct disorders. Guselkumab
demonstrated significant pharmacodynamic
effects in patients with axPsA similar to patients
with non-axPsA, consistent with observed clin-
ical improvement. These findings may con-
tribute to our understanding of the potential
genetic and molecular distinctions between
axPsA and r-axSpA and will be further evaluated

in the context of anticipated clinical trial data
that could inform treatment paradigms in the
future.
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