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A B S T R A C T

Objectives: The Axial Involvement in Psoriatic Arthritis (AXIS) cohort aimed at evaluating the fre-
quency of and clinical and imaging features of axial involvement in psoriatic arthritis (PsA).
Methods: AXIS (NCT04434885) is a prospective, multicentre, cross-sectional study conducted in
19 countries, by the Assessment of SpondyloArthritis International Society and the Group for
Research and Assessment of Psoriasis and Psoriatic Arthritis. Participants with a diagnosis of
PsA meeting ClASsification criteria for Psoriatic ARthritis with musculoskeletal symptom dura-
tion ≤10 years and no prior exposure to biological or targeted synthetic disease-modifying anti-
rheumatic drugs were consecutively included. Standardised clinical, laboratory, and imaging
assessments (radiography and magnetic resonance imaging of the axial skeleton, including
sacroiliac joints [SIJs] and spine), were performed. Imaging was reviewed locally and centrally
to detect axial involvement. The presence of axial involvement was determined by local investi-
gator judgement before and after central-imaging review.
Results: Among 409 participants, axial involvement was identified in 153 (37.4%) based on the
investigator’s initial assessment and was decreased to 112 (27.4%) in the final evaluation after
incorporating central-imaging review. Participants with axial involvement were younger (45.2
± 13.8 vs 47.6 ± 12.6 years), more often male (56.3% vs 51.5%), and had a higher frequency of
human leukocyte antigen (HLA)-B*27 positivity (22.4% vs 10.8%), inflammatory back pain
(IBP) (74.7% vs 43.4%), and elevated C-reactive protein (CRP) (52.7% vs 37.4%). Active inflam-
matory and structural imaging changes were highly discriminative between participants with
and without axial involvement. The central review identified imaging signs of axial involvement
(active inflammation or structural lesions) in 95 participants (23.2%).
Conclusions: Axial involvement was identified in 27.4% of participants with PsA after final diag-
nostic assessment, with associated features including HLA-B*27 positivity, IBP, elevated CRP,
and imaging changes in SIJ or spine.
INTRODUCTION

Psoriatic disease is a chronic immune-mediated condition
that commonly affects the skin, nails, and musculoskeletal sys-
tem. Psoriatic arthritis (PsA) involves peripheral musculoskele-
tal structures and, in some cases, axial structures such as the
sacroiliac joints (SIJs) and spine and can occur in up to 30% of
patients with psoriasis [1,2]. The prevalence of axial involve-
ment in PsA has been reported to range from 25% to 70% of
patients, depending on the definition used [3−9], and this
involvement is associated with more severe disease and reduced
quality of life [10]. However, there is currently no universally
accepted definition of axial involvement in PsA, which poses
challenges for diagnosis, classification, and research.

Although axial involvement in PsA shares similarities with
axial spondyloarthritis (axSpA), there are features of PsA that
might be relevant for the diagnosis and classification of axial
involvement. These include a reported higher frequency of iso-
lated spinal involvement, later onset of back pain, and lower fre-
quency of inflammatory back pain (IBP) and of human
leukocyte antigen (HLA)-B*27 positivity [11,12]. Furthermore,
the efficacy of biologic or targeted synthetic disease-modifying
antirheumatic drugs (DMARDs) in the axial domain of PsA
remains an area of uncertainty, as few clinical trials have specifi-
cally focused on this subgroup [13], with most analyses being
post hoc from clinical trials for peripheral PsA [14,15].

In response to the need for a more precise definition, the
Assessment of SpondyloArthritis International Society (ASAS)
and the Group for Research and Assessment of Psoriasis and Pso-
riatic Arthritis (GRAPPA) began efforts to determine the preva-
lence of axial involvement, and ultimately to develop a uniform
consensus definition for axial involvement in PsA. To address
the current knowledge gap, the Axial Involvement in Psoriatic
Arthritis Cohort (AXIS) study was initiated [16]. The aims of the
AXIS study were to determine the prevalence of axial
3

involvement in PsA, identify associated factors, and support the
consensus definition development process.

The objective of the present work was to perform a compre-
hensive evaluation of the clinical and imaging characteristics of
the participants with PsA included in the cohort and to identify
similarities and differences between participants with and with-
out axial involvement.
METHODS

Study design, population, and eligibility

The AXIS study (NCT04434885) is a multicentre, multina-
tional, cross-sectional study. It represents an observational
cohort study conducted within the ASAS-GRAPPA collaborative
initiative. The study is designed to generate data to inform the
development of a uniform definition for axial involvement in
PsA. The present manuscript reports the main descriptive find-
ings from this cohort, focusing on the frequency and characteris-
tics of axial involvement in PsA. Further details regarding the
study protocol, eligibility criteria, and data collection methods
have already been published [16]. Briefly, eligible participants
were prospectively recruited from selected study centres and
underwent standardised examinations. A scientific committee
appointed a national coordinator for each participating country.
In total, 41 investigators from 19 countries—rheumatologists
who were members of ASAS or GRAPPA—enrolled participants
consecutively as they presented at their clinics.

Inclusion criteria required participants to be:

� Adults (≥18 years) with a confirmed diagnosis of PsA by
their treating rheumatologist.

� Meeting the ClASsification criteria for Psoriatic ARthritis
[17].



WHAT IS ALREADY KNOWN ON THIS TOPIC

� The prevalence of axial involvement in psoriatic arthritis (PsA)
has been reported to range from 25% to 70% of participants,
depending on the definition used, and this involvement is asso-
ciated with more severe disease and reduced quality of life.

� Axial involvement in PsA is poorly characterised compared
with axial spondyloarthritis, with limited understanding of its
clinical and imaging features.

WHAT THIS STUDY ADDS

� This study systematically evaluated axial involvement in PsA
using a standardised, multicentre approach with comprehen-
sive imaging. This included systematic assessment of 4 axial
imaging modalities (sacroiliac joint [SIJ] and spine radiographs
and magnetic resonance imaging) with both local and central
evaluation.

� Axial involvement was identified in 27.4% of participants with
PsA after final investigator’s diagnostic evaluation. Participants
with axial involvement had distinct clinical and imaging fea-
tures compared with participants without axial involvement,
including a higher frequency of human leukocyte antigen-B*27
positivity, inflammatory back pain, elevated acute phase reac-
tants, and imaging evidence of SIJ and spinal involvement.

� Estimates of axial involvement differed across staged evalua-
tions (local initial, local-final [postcentral imaging], and central
clinical review), illustrating how case definitions vary depend-
ing on the setting. This provides an empirical benchmark for
future study design by clarifying how different evaluation strat-
egies can influence cohort composition and the observed phe-
notype.

� A subset of participants showed spinal imaging abnormalities
in the absence of SIJ changes, supporting evaluation of both
anatomical regions when imaging is used to define axial
involvement.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

� This study underscores the importance of imaging in the objec-
tive confirmation of axial involvement in PsA.

� The findings provide a foundation for developing a uniform
definition for axial involvement in PsA for clinical trials. The
observed shifts across evaluation layers highlight which combi-
nations of clinical imaging a future definition will need to
address explicitly.
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� Having a musculoskeletal symptom duration of PsA
≤10 years.

� Treatment-naïve to biologic or targeted synthetic DMARDs.
� Able to understand and complete study questionnaires.
Data collection

We collected data using a standardised electronic case report
form, which captured information in the following 3 main cate-
gories detailed in the study protocol [16]:

1. Clinical: demographic and disease (both psoriasis and
PsA)-related characteristics were collected as described in
the protocol [16] (Supplementary material Methods).

2. Laboratory: C-reactive protein (CRP), erythrocyte sedi-
mentation rate, and HLA-B*27 status were assessed at the
local laboratories of each centre. In addition, blood
4

samples of participants were sent to the central laboratory
at the University of Leeds for detailed genotyping.

3. Imaging: complete imaging of the axial skeleton that
included both conventional radiographs and magnetic res-
onance imaging (MRI) of the SIJ and the spine according
to a standard imaging protocol [16].

Study procedures and diagnostic assessments

The study diagnostic procedures included 2 main parts: local
investigator’s assessments, and in parallel, central-imaging and
central clinical reviewers’ assessments (Supplementary Fig S1).

Local investigators’ assessments of imaging and axial Involvement

Local investigators were responsible for making 3 key
assessments:

1. Imaging assessments: local investigators provided their
assessment of the presence of imaging changes indicative
of axial involvement, including radiographs and MRIs. The
sacroiliac (SI) radiographs were assessed based on the
modified New York (mNY) criteria [18], whereas spinal
radiographs were assessed to determine whether the
changes were indicative of axial involvement of PsA. The
findings on the SI and spinal MRIs included a global evalu-
ation of whether each MRI was indicative of axial involve-
ment, along with evaluations of the presence of typical
active inflammatory and structural changes [16].

2. Initial diagnostic assessment: at this initial step, site princi-
pal investigators integrated clinical, laboratory, and imag-
ing data (interpreted locally at this stage) to determine the
presence of axial involvement. The level of confidence
(LoC) in this determination was recorded on a scale rang-
ing from −5 (definitely not) to +5 (definitely yes).

3. Final diagnostic assessment: in conclusion, after reviewing
all available information, including the central image
review reports (see below), the site principal investigator,
who was the only clinician who actually assessed the
patient, provided a final diagnostic assessment. They indi-
cated whether the participant’s clinical, laboratory, and
imaging findings were compatible with axial involvement,
along with their LoC in this determination.
Central assessments of imaging and axial involvement

Two central assessments were carried out independently by 2
specialised groups: the central-imaging experts and the central
clinical reviewers:

➢ Central-imaging assessment: the central-imaging reviewers
—3 rheumatologists (XB, WPM, and MØ) and 3 musculo-
skeletal radiologists (TD, KGH, and RGWL) with expertise
in axSpA and PsA—conducted an independent review of
the imaging data. Two primary central reviewers, 1 radiol-
ogist and 1 rheumatologist, independently evaluated the
images of each case. If there was a disagreement between
the 2 reviewers, an adjudicator—an independent radiolo-
gist who was not involved in the initial review—resolved
the discrepancy. Further details on the specific imaging
evaluation parameters and detailed evaluation criteria are
provided in the Supplementary material (Methods—Cen-
tral imaging assessment).
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➢ Central clinical assessment: the central clinical reviewers, com-
prising 4 expert rheumatologists (FVdB, DDG, PM, and DP),
undertook a comprehensive reviewof all available clinical, labo-
ratory, and imaging data, including the assessments and reports
provided by the central-imaging reviewers. The local inves-
tigator’s diagnosis was not provided to ensure that the central
clinical reviewers remained blinded to this information during
their data review. Each case was randomly assigned to 2 of the
central clinical reviewers, who then conducted an independent
assessment of whether the overall presentation of the case was
indicative of axial involvement in PsA and indicated their LoC.
In the event of a discrepancy between the 2 reviewers’ assess-
ments regarding the presence of axial involvement, an indepen-
dent adjudicator, who was not involved in the initial review,
resolved the conflicting assessment.
Statistical analysis

Diagnostic assessments were made and presented according
to 3 different diagnostic definitions: the local investigator’s ini-
tial diagnostic assessment, the local investigator’s final diagnos-
tic assessment, and the central clinical reviewers’ diagnostic
assessment. For each of these assessments, participants were
classified into 2 categories: ‘Axial involvement’ and ‘No axial
involvement’. Descriptive statistics summarised participant
ure 1. Parallel set plot showing the flow of changes from the local inve
ntification through 3 successive assessments: local investigator initial ass
essment. Grey bars show at each stage the absolute n and the percentage
tients identified as having no axial involvement by the local investigator’s
esence of axial involvement at that stage. Ribbon labels display ‘n (x.x%)’,
that n expressed as a percentage of the total in the ribbon’s source bar (i
ample: The top blue ribbon (Local No → . . . → Final No) is labelled 223 (8
o’ at initial assessment, had no compatible imaging changes according to
e bottom green ribbon (Local Yes→ . . .→ Final Yes) labelled 61 (39.9%), m
l assessment were identified as having axial involvement by both central im

5

characteristics within these categories (with full details of statis-
tical comparisons provided in the Supplementary material)
[19,20].
RESULTS

A total of 428 participants were screened, and 409 were
enrolled in the AXIS study between July 2021 and November
2023, across 41 centres in 19 countries (Supplementary Figs S1
and S2).

Diagnostic assessments after each step

Figure 1 illustrates the flow of diagnostic assessments across
3 stages: the local investigator’s initial assessment, the central-
imaging review, and the local investigator’s final assessment
after consideration of the central-imaging results. In the local
investigator’s initial assessment, 153 (37.4%) participants were
determined as having the presence of axial involvement. Accord-
ing to the central-imaging review, 96 (23.5%) participants
exhibited evidence of at least 1 imaging modality indicative of
axial involvement. In the final assessment, the local investiga-
tors determined that 112 (27.4%) participants had axial involve-
ment. Overall, reidentification occurred in both directions, and
the full branching structure is shown in Figure 1.
stigator’s initial to the final assessment. The flow of axial�involvement
essment → central reader imaging assessment → local investigator final
of the full study sample (N = 409). Colour coding: blue ribbons denote
initial assessment; green ribbons denote patients identified as having the
where n is the number of patients following that exact pathway and x.x%
e, the group at local investigator initial assessment for that colour). For
7.1%), meaning that 223 of the 256 patients (87.1%) locally defined as
central-imaging readers, and remained ‘No’ on central clinical review.
eaning that 61 of the 153 patients (39.9%) locally defined as ‘Yes’ at ini-
aging and on final assessment.



Figure 2. Parallel set plot showing the flow of changes from local-final assessment to central clinical review consensus assessment. The flow of
axial�involvement identification through 3 successive assessments: local investigator final assessment→ central reader imaging assessment→ central
clinical review. Grey bars show at each stage the absolute n and the percentage of the full study sample (N = 409). Colour coding: blue ribbons denote
patients identified as having no axial involvement by the local investigator’s final assessment; green ribbons denote patients identified the presence of
axial involvement. Ribbon labels display “n (x.x%)”, where n is the number of patients following that exact pathway and x.x% is that n expressed as a
percentage of the total in the ribbon’s source bar (ie, the group at local investigator final assessment for that colour). For example: The top blue ribbon
(Local No → . . . → Clinical No) is labelled 265 (89.2%), meaning that 265 of the 297 patients (89.2%) locally defined as ‘No’ at final assessment, had
no compatible imaging changes according to central-imaging readers, and remained ‘No’ on central clinical review. The bottom green ribbon (Local
Yes → . . . → Clinical Yes) labelled 58 (51.8%), meaning that 58 of the 112 patients (51.8%) locally defined as ‘Yes’ were identified as having axial
involvement by both central imaging and central clinical review.

Central-imaging breakdown among 112 patients who identified as having axial involvement at the final investigator assessment stage: The central
clinical review identified axial involvement in 59 patients (52.7%) and no axial involvement in the remaining 53 patients (47.3%). Among these 59
positive cases, 58⁄59 = 98.3% were identified as ‘Yes’ by central image readers, whereas 1⁄59 = 1.7% were identified as ‘No’. Among the 53 cases
identified as ‘No’ by central clinical review, 45⁄53 = 84.9% had also been identified as ‘No’ by central-imaging readers, while 8⁄53 (15.1%) had
nonetheless been identified as ‘Yes’ by central-imaging readers.
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Of the 256 participants initially identified by the local inves-
tigators as having no axial involvement, 223 (87.1%) remained
identified as such in the final assessment. Eight participants
(3.1%) were reclassified as having axial involvement: 5 based
on positive central-imaging findings and 3 despite negative
central imaging. Among participants initially identified as hav-
ing axial involvement (n = 153), 44 (28.7%) had their diagno-
sis revised to no axial involvement following central-imaging
findings considered not indicative of axial involvement,
whereas 43 (28.1%) remained identified as having axial
involvement despite central-imaging findings not indicative of
axial involvement.

Figure 2 illustrates the flow of assessment of axial involve-
ment in PsA through the following 3 stages: the local investiga-
tor’s final assessment, the central-imaging review, and the
central clinical review. The central clinical review identified 69
(17%) participants as having axial involvement. Of the 112 par-
ticipants with axial involvement in the local investigator’s final
assessment, 59 (52.7%) were identified by the central clinical
review, whereas of the 297 participants without axial involve-
ment, 287 (96.6%) were identified as such by the central clinical
review.
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Demographic characteristics

Comparisons between participants with and without axial
involvement—based on both the local investigators’ initial and
final diagnostic assessments and consensus diagnosis of the cen-
tral clinical review—are provided in the tables. Here, we high-
light key comparisons based on the local investigators’ final
diagnostic assessment (as it reflects an integrated view combin-
ing local clinical judgement and central-imaging information)
and, where necessary, comparison with central clinical review.
This approach provides a balanced overview without implying
that any single assessment represents a definitive reference/
gold standard.

The demographic characteristics were largely comparable
between participants with (mean age 45.2 ± 13.8 years, 56.3%
male) and without axial involvement (mean age 47.6 ±
12.6 years, 51.5% male) based on final investigator assessment.
However, according to the central clinical review, participants
with axial involvement were more often male (73.9% vs 48.5%),
younger (43.7 ± 13.9 vs 47.6 ± 12.7), and with lower mean
body mass index (27.7 ± 14.0 vs 28.4 ± 5.9 kg/m2) (Table 1
and Fig 3).



Figure 3. Dumbbell plot highlighting differences in key clinical features between patients with and without axial involvement: (A) at initial assess-
ment by local investigator, (B) at final assessment by local investigator, and (C) at central clinical review. ASAS, Assessment of SpondyloArthritis Inter-
national Society; AxPsA, Axial Psoriatic Arthritis; BP, back pain; CRP, C-reactive protein; EMM, extramusculoskeletal manifestation; HLA, human
leukocyte antigen; IBD, inflammatory bowel disease; IBP, inflammatory back pain; NSAIDs, nonsteroidal anti-inflammatory drugs; SpA, spondyloar-
thritis.
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Disease characteristics, treatments, extra musculoskeletal
manifestations, and family history

In total, 96.3% of participants had a history of or a current
psoriasis (Table 1). The mean symptom duration of psoriasis
and PsA was 14.7 ± 12.7 and 4.1 ± 2.9 years, respectively, and
largely comparable between participants with and without
7

axial involvement. The treatment modalities for psoriasis were
comparable, but treatment patterns for PsA differed between
groups (Table 1), with participants with axial involvement
more frequently treated with nonsteroidal anti-inflammatory
drugs (NSAIDs) (88.4% vs 80.1%) and sulfasalazine (22.3% vs
12.1%) and less frequently with methotrexate (55.4% vs
72.1%) compared with those without axial involvement.
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According to the central clinical review, similar trends were
observed.

Extramusculoskeletal manifestations (EMMs, other than pso-
riasis) were present in 20 participants (4.9%), predominantly
uveitis (n = 18), with inflammatory bowel disease being rare
(n = 3), and these frequencies were similar between groups
(Table 1 and Fig 3A,B). To explore whether this observation
might reflect HLA-B*27-associated phenotypes, EMM frequen-
cies were also examined by HLA-B*27 status and showed no
meaningful difference between HLA-B*27-positive and -nega-
tive participants (8.9% vs 4.0%, respectively). A family history
of spondyloarthritis (SpA) was higher in participants with axial
involvement compared with those without (52.7% vs 42.8%).
The distribution of specific SpA entities in the family history is
provided in Table 1. In comparisons based on the central clinical
review, there were no notable differences observed.
Back pain characteristics

A total of 296 participants (72.3%) reported back pain at the
current visit. The age of onset and duration of current back pain
were similar between participants with and without axial
involvement (Table 2). A higher proportion of participants with
axial involvement reported current IBP according to the inves-
tigator’s global evaluation (74.7% vs 43.4%), more often ful-
filled the ASAS criteria for IBP (59.3% vs 37.6%), and had good
response to NSAIDs (50.5% vs 34.6%). Similar patterns were
observed in the central clinical review. Notably, differences in
NSAID response and fulfilment of ASAS IBP criteria were smaller
in the central clinical review than in the final investigator assess-
ment. Figure 3 summarises these current back pain characteris-
tics across diagnostic evaluations.
Physical examination, disease activity, and laboratory findings

Table 2 also compares the clinical and laboratory characteris-
tics related to psoriasis and PsA. Psoriatic skin and nail involve-
ment and Psoriasis Area and Severity Index scores were similar
between participants with and without axial involvement.
Nearly all participants (97.8%) had either a history of or current
peripheral musculoskeletal manifestations regardless of axial
involvement status. Peripheral manifestations and related
counts (tender/swollen joint counts, enthesitis, and dactylitis)
were broadly comparable between groups. The physician global
assessment was found to be higher in participants with axial
involvement than in those without (4.6 ± 2.3 vs 3.7 ± 2.2).
However, no differences were observed in the Bath Ankylosing
Spondylitis Disease Activity Index (4.7 ± 2.5 vs 4.3 ± 2.5),
whereas both the Axial Spondyloarthritis Disease Activity Score
(ASDAS) and CRP were higher in participants with axial involve-
ment (ASDAS: 2.9 ± 1.1 vs 2.6 ± 1.0; CRP: 9.8 ± 12.3 mg/L vs
6.2 ± 8.7 mg/L). Furthermore, a higher frequency of HLA-B*27
positivity was observed in participants with axial involvement
(22.4% vs 10.8%) (Fig 3B).

In comparisons based on the central clinical review, HLA-
B*27 positivity (31.8% vs 10.4%) and CRP (11.1 ± 14.2 mg/L vs
6.4 ± 8.6 mg/L) remained higher, and even more markedly so,
in participants with axial involvement. However, most remain-
ing clinical variables were similar between groups; the main
exception was peripheral enthesitis, which was less frequent in
participants with axial involvement (37.7% vs 51.8%) (Table 2
and Fig 3C).
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Local investigator imaging interpretation and diagnostic
assessment

Figure 4 presents a comparison of the local investigator’s
imaging assessments according to 3 diagnostic assessment cate-
gories. A total of 175 participants (42.8%) had at least 1 positive
imaging among 4 modalities (radiographs or MRIs of the SIJ, or
spine), indicative of axial involvement. Following the initial
assessment, 143 participants (93.5%) with axial involvement
exhibited at least 1 positive imaging, whereas 10 participants
(6.5%) were diagnosed with axial involvement despite negative
imaging findings (Fig 4A).

Looking at the categories of final investigator assessment,
101 of 112 participants (90.2%) with axial involvement had at
least 1 positive imaging result according to the local investigator
(Fig 4B). Furthermore, 74 of 297 participants (24.9%) without
axial involvement exhibited imaging findings according to the
local investigator’s assessment, but these changes were inter-
preted as not sufficiently specific to support a diagnosis of axial
involvement. Among participants with axial involvement after
the final investigator assessment, SIJ-MRI positivity was more
frequent than definite radiographic sacroiliitis, whereas positive
spinal imaging was observed similarly on both radiographs and
MRI (Fig 4B). Structural lesions were more frequent than active
inflammatory lesions on SIJ MRI according to local investigator
interpretation, but on spinal MRI, active inflammatory and
structural lesions had a similar frequency (Fig 4B).

When considering SIJ and spine together, a subgroup of par-
ticipants showed isolated spinal findings in the absence of SIJ
changes: 21 participants (18.8%) with axial involvement had
mNY-negative SIJ radiographs but positive spinal radiographs,
and 18 participants (16.1%) had no SIJ-MRI findings but typical
changes on spinal MRI according to local investigator imaging
evaluation (Supplementary Table S1). These patterns highlight
that relying on a single anatomical region or modality might
potentially miss a subset of participants with imaging findings
in another region.

Similar trends were observed in the central-imaging readers’
consensus assessments, but with lower proportions across
modalities (Fig 4A,B), consistent with the study design. Stratifi-
cation by central clinical review yielded comparable differences
between participants with and without axial involvement
(Fig 4C).

Supplementary Figure S3A,B illustrates the distribution of
local investigators’ LoC in their diagnostic assessments of axial
involvement. LoC shifted towards higher confidence at the final
assessment after central-imaging review (Supplementary Fig
S3A,B).

Central-imaging reading consensus assessment for SIJs and spine

Central-imaging readers’ consensus assessment of SI radio-
graphs and MRI is summarised in Table 3. Overall, definite
radiographic sacroiliitis was present in 27 participants (6.6%).
On MRI, 62 (15.2%) had SIJ MRI judged indicative of axial
involvement, 31 (7.6%) showed typical active inflammatory
lesions, and 29 (7.1%) fulfilled ASAS criteria for sacroiliitis on
MRI. Typical active inflammatory lesions represent a stricter
subset than the presence of any inflammatory signal; accord-
ingly, bone marrow oedema (BMO) was observed more fre-
quently than typical active lesions overall. Active inflammatory
SIJ-MRI lesions were most often BMO, observed in 80 partici-
pants (19.6%), whereas other inflammatory features were
uncommon (Table 3). Structural lesions were recorded in 56



Table 1
Demographic, participant, and disease characteristics

Overall Local investigator
initial assessment

of axial involvement

Local investigator
final assessment

of axial involvement

Central clinical review
consensus categories
of axial involvement

Variable N = 409 Yes-Initial
N = 153

No-Initial
N = 256

P value Yes-Final
N = 112

No-Final
N = 297

P value Yes-Central
N = 69

No-Central
N = 340

P value

Demographic and participant
characteristics
Male sex 216 (52.8) 87 (56.9) 129 (50.4) .20 63 (56.3) 153 (51.5) .39 51 (73.9) 165 (48.5) <.001
Age (y) 47.0 ± 13.0 47.2 ± 13.6 46.9 ± 12.6 .75 45.2 ± 13.8 47.6 ± 12.6 .10 43.7 ± 13.9 47.6 ± 12.7 .011
Ethnicity .39 .60 .051
White European 252 (61.6) 102 (66.7) 150 (58.6) 75 (67.0) 177 (59.6) 36 (52.2) 216 (63.5)
White North American 20 (4.9) 5 (3.3) 15 (5.9) 3 (2.7) 17 (5.7) 1 (1.4) 19 (5.6)
Asian 81 (19.8) 24 (15.7) 57 (22.3) 19 (17.0) 62 (20.9) 22 (31.9) 59 (17.4)
White Arabic 7 (1.7) 2 (1.3) 5 (2.0) 1 (0.9) 6 (2.0) 0 (0.0) 7 (2.1)
Black 2 (0.5) 1 (0.7) 1 (0.4) 0 (0.0) 2 (0.7) 0 (0.0) 2 (0.6)
Others 47 (11.5) 19 (12.4) 28 (10.9) 14 (12.5) 33 (11.1) 10 (14.5) 37 (10.9)

Manual occupation 183 (44.7) 71 (46.4) 112 (43.8) .60 56 (50.0) 127 (42.8) .19 33 (47.8) 150 (44.1) .57
Education, college or above 214 (52.3) 76 (49.7) 138 (53.9) .41 57 (50.9) 157 (52.9) .72 41 (59.4) 173 (50.9) .20
Smoking, ever 181 (44.3) 65 (42.5) 116 (45.3) .58 48 (42.9) 133 (44.8) .73 24 (34.8) 157 (46.2) .082
Alcohol, ever 193 (47.2) 78 (51.0) 115 (44.9) .23 53 (47.3) 140 (47.1) .97 26 (37.7) 167 (49.1) .083
Body mass index (kg/m²) 28.3 ± 7.8 28.1 ± 9.9 28.4 ± 6.3 .28 28.1 ± 11.4 28.4 ± 6.0 .17 27.7 ± 14.0 28.4 ± 5.9 .010

Disease characteristics
Patient’s history of psoriasis .29 .92 .92
Current 337 (82.4) 123 (80.4) 214 (83.6) 91 (81.3) 246 (82.8) 57 (82.6) 280 (82.4)
Previous 57 (13.9) 26 (17.0) 31 (12.1) 17 (15.2) 40 (13.5) 9 (13.0) 48 (14.1)
Never 15 (3.7) 4 (2.6) 11 (4.3) 4 (3.6) 11 (3.7) 3 (4.3) 12 (3.5)

Psoriasis symptom duration, y 14.7 ± 12.7 14.3 ± 11.8 14.9 ± 13.3 .91 13.7 ± 11.5 15.0 ± 13.2 .65 13.3 ± 9.8 15.0 ± 13.3 .95
Any topical treatment, ever 348 (85.1) 131 (85.6) 217 (84.8) .81 96 (85.7) 252 (84.8) .83 60 (87.0) 288 (84.7) .63
Phototherapy, ever 58 (14.2) 20 (13.1) 38 (14.8) .62 16 (14.3) 42 (14.1) .97 8 (11.6) 50 (14.7) .50
Systemic corticosteroid for psoriasis,
ever

24 (5.9) 9 (5.9) 15 (5.9) >.99 7 (6.3) 17 (5.7) .84 5 (7.2) 19 (5.6) .58

Systemic retinoid for psoriasis, ever 8 (2.0) 3 (2.0) 5 (2.0) >.99 4 (3.6) 4 (1.3) .22 1 (1.4) 7 (2.1) >.99
Cyclosporine for psoriasis, ever 7 (1.7) 4 (2.6) 3 (1.2) .43 3 (2.7) 4 (1.3) .40 2 (2.9) 5 (1.5) .34
Methotrexate for psoriasis, ever 87 (21.3) 32 (20.9) 55 (21.5) .89 22 (19.6) 65 (21.9) .62 12 (17.4) 75 (22.1) .39
Age of PsA onset, y 42.9 ± 12.9 42.8 ± 13.4 42.9 ± 12.6 .99 41.0 ± 13.8 43.6 ± 12.5 .083 39.2 ± 13.7 43.6 ± 12.6 .006
PsA symptom duration, y 4.1 ± 2.9 4.4 ± 3.0 3.9 ± 2.8 .13 4.2 ± 2.8 4.1 ± 2.9 .57 4.5 ± 2.9 4.0 ± 2.9 .17
Intra-articular corticosteroid for PsA,
ever

94 (23.0) 33 (21.6) 61 (23.8) .60 22 (19.6) 72 (24.2) .32 12 (17.4) 82 (24.1) .23

NSAID for PsA, ever 337 (82.4) 133 (86.9) 204 (79.7) .063 99 (88.4) 238 (80.1) .051 62 (89.9) 275 (80.9) .074
Systemic corticosteroid for PsA, ever 114 (27.9) 43 (28.1) 71 (27.7) .94 34 (30.4) 80 (26.9) .49 18 (26.1) 96 (28.2) .72
Methotrexate for PsA, ever 276 (67.5) 88 (57.5) 188 (73.4) <.001 62 (55.4) 214 (72.1) .001 44 (63.8) 232 (68.2) .47
Leflunomide for PsA, ever 43 (10.5) 19 (12.4) 24 (9.4) .33 14 (12.5) 29 (9.8) .42 11 (15.9) 32 (9.4) .11
Sulfasalazine for PsA, ever 61 (14.9) 23 (15.0) 38 (14.8) .96 25 (22.3) 36 (12.1) .010 23 (33.3) 38 (11.2) <.001
Cyclosporine for PsA, ever 9 (2.2) 3 (2.0) 6 (2.3) >.99 2 (1.8) 7 (2.4) >.99 3 (4.3) 6 (1.8) .18
Any csDMARDs for PsA, ever 291 (71.1) 97 (63.4) 194 (75.8) .007 69 (61.6) 222 (74.7) .009 49 (71.0) 242 (71.2) .98
History of any EMMs 20 (4.9) 6 (3.9) 14 (5.5) .48 5 (4.5) 15 (5.1) .81 4 (5.8) 16 (4.7) .76
History of uveitis 18 (4.4) 5 (3.3) 13 (5.1) .39 5 (4.5) 13 (4.4) >.99 4 (5.8) 14 (4.1) .52
History of IBD 3 (0.7) 2 (1.3) 1 (0.4) .56 0 (0.0) 3 (1.0) .57 0 (0.0) 3 (0.9) >.99
Family history of any SpA in accor-
dance with ASAS definition

186 (45.5) 70 (45.8) 116 (45.3) .93 59 (52.7) 127 (42.8) .072 35 (50.7) 151 (44.4) .34

Family history of psoriasis 138 (33.7) 53 (34.6) 85 (33.2) .77 44 (39.3) 94 (31.6) .15 22 (31.9) 116 (34.1) .72
Family history of PsA 37 (9.0) 15 (9.8) 22 (8.6) .68 12 (10.7) 25 (8.4) .47 8 (11.6) 29 (8.5) .42
Family history of AxSpA 17 (4.2) 7 (4.6) 10 (3.9) .74 7 (6.3) 10 (3.4) .26 4 (5.8) 13 (3.8) .50

ASAS, Assessment of SpondyloArthritis International Society; AxSpA, axial spondyloarthritis; csDMARDs, conventional disease-modifying antirheumatic drugs;
EMMs, extramusculoskeletal manifestations; IBD, inflammatory bowel disease; NSAIDs, nonsteroidal anti-inflammatory drugs; PsA, psoriatic arthritis; SpA, spon-
dyloarthritis.
The variables are presented as mean ± SD, or as number (%) unless otherwise indicated.
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participants (13.7%), most frequently erosions (10.0%) and fat
lesions (8.3%), whereas other structural features were uncom-
mon. Across all 3 diagnostic levels, mNY-positive SIJ radio-
graphs, SIJ MRI indicative of axial involvement, and typical
active and structural SIJ-MRI lesions were consistently more fre-
quent in participants classified as having axial involvement than
in those without, with the exception of enthesitis, and, to a
lesser extent, capsulitis, for which differences were small and
not clearly discriminative.
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Central readers judged 35 participants (8.6%) as having spi-
nal radiographs indicative of axial involvement (Table 4). The
changes compatible with SpA were uncommon overall but clus-
tered in those classified as having axial involvement. Although
marginal syndesmophytes and ossifications were seen in 25 par-
ticipants (6.1%), other SpA-compatible structural changes were
less, and no erosions, endplate syndesmophytes, or facet fusion
were identified. Degenerative disc disease was frequent, being
reported in 75 participants (18.3%) in the cohort. Spinal MRI



Table 2
Back pain, physical examination, activity, and laboratory characteristics

Overall Local investigator
initial assessment

of axial involvement

Local investigator
final assessment

of axial involvement

Central clinical review
consensus categories
of axial involvement

Variable N = 409 Yes-Initial
N = 153

No-Initial
N = 256

P value Yes-Final
N = 112

No-Final
N = 297

P value Yes-Central
N = 69

No-Central
N = 340

P value

Back pain characteristics
History of BP .005 .035 .49
Current 296 (72.4) 125 (81.7) 171 (66.8) 91 (81.3) 205 (69.0) 54 (78.3) 242 (71.2)
Past 53 (13.0) 13 (8.5) 40 (15.6) 8 (7.1) 45 (15.2) 7 (10.1) 46 (13.5)
Never 60 (14.7) 15 (9.8) 45 (17.6) 13 (11.6) 47 (15.8) 8 (11.6) 52 (15.3)

Current BP* 296 (72.4) 125 (81.7) 171 (66.8) .001 91 (81.3) 205 (69.0) .014 54 (78.3) 242 (71.2) .23
Current BP, buttocks/sacroiliac joints* 131 (44.3) 55 (44.0) 76 (44.4) .94 46 (50.5) 85 (41.5) .15 25 (46.3) 106 (43.8) .74
Current BP, cervical spine* 131 (44.3) 56 (44.8) 75 (43.9) .87 44 (48.4) 87 (42.4) .34 22 (40.7) 109 (45.0) .57
Current BP, thoracic spine* 75 (25.3) 39 (31.2) 36 (21.1) .047 32 (35.2) 43 (21.0) .010 16 (29.6) 59 (24.4) .42
Current BP, lumbar spine* 220 (74.3) 92 (73.6) 128 (74.9) .81 66 (72.5) 154 (75.1) .64 41 (75.9) 179 (74.0) .77
Current BP, spine* 277 (93.6) 118 (94.4) 159 (93.0) .62 86 (94.5) 191 (93.2) .67 51 (94.4) 226 (93.4) >.99
Age of current BP onset <45 y* 218 (73.6) 89 (71.2) 129 (75.4) .41 68 (74.7) 150 (73.2) .78 41 (75.9) 177 (73.1) .67
Duration of current BP, y* 12.1 ± 14.7 11.2 ± 14.9 12.7 ± 14.6 .62 10.8 ± 14.5 12.7 ± 14.8 .37 10.7 ± 14.7 12.4 ± 14.7 .33
Current BP, Insidious onset* 220 (74.3) 111 (88.8) 109 (63.7) <.001 82 (90.1) 138 (67.3) <.001 46 (85.2) 174 (71.9) .043
Current BP, IBP according to global evaluation of investigator* 157 (53.0) 89 (71.2) 68 (39.8) <.001 68 (74.7) 89 (43.4) <.001 38 (70.4) 119 (49.2) .005
Current BP, IBP according to ASAS criteria* 131 (44.3) 66 (52.8) 65 (38.0) .011 54 (59.3) 77 (37.6) <.001 28 (51.9) 103 (42.6) .21
Current BP is much better with NSAIDs* 117 (39.5) 63 (50.4) 54 (31.6) .001 46 (50.5) 71 (34.6) .010 26 (48.1) 91 (37.6) .15

Physical examination
Any psoriatic lesion 344 (84.1) 130 (85.0) 214 (83.6) .71 95 (84.8) 249 (83.8) .81 61 (88.4) 283 (83.2) .28
Any psoriatic nail involvement 220 (53.8) 83 (54.2) 137 (53.5) .89 62 (55.4) 158 (53.2) .70 44 (63.8) 176 (51.8) .068
PASI score 2.8 ± 3.8 3.0 ± 4.3 2.7 ± 3.5 .97 3.2 ± 4.3 2.7 ± 3.7 .45 3.6 ± 4.9 2.7 ± 3.6 .050
Peripheral arthritis, current 251 (61.4) 91 (59.5) 160 (62.5) .54 66 (58.9) 185 (62.3) .53 37 (53.6) 214 (62.9) .15
TJC 4.7 ± 7.7 4.9 ± 8.5 4.5 ± 7.3 .80 5.6 ± 9.4 4.3 ± 7.0 .96 3.8 ± 6.4 4.8 ± 8.0 .15
SJC 2.6 ± 5.0 2.8 ± 5.9 2.4 ± 4.4 .73 3.3 ± 6.9 2.3 ± 4.0 .96 2.6 ± 4.6 2.6 ± 5.1 .53
Enthesitis, current 202 (49.4) 74 (48.4) 128 (50.0) .75 55 (49.1) 147 (49.5) .94 26 (37.7) 176 (51.8) .033
SPARCC enthesitis score 1.7 ± 2.8 1.8 ± 3.1 1.7 ± 2.6 .56 1.9 ± 3.3 1.7 ± 2.6 .64 1.0 ± 2.1 1.8 ± 2.9 .014
MASES enthesitis score 1.3 ± 2.4 1.4 ± 2.5 1.3 ± 2.3 .79 1.4 ± 2.4 1.3 ± 2.4 .87 0.8 ± 1.8 1.4 ± 2.5 .050
LEI enthesitis score 0.8 ± 1.3 0.8 ± 1.3 0.7 ± 1.3 .92 0.9 ± 1.5 0.7 ± 1.2 .65 0.4 ± 0.9 0.8 ± 1.3 <.001
Dactylitis, current 66 (16.1) 25 (16.3) 41 (16.0) .93 19 (17.0) 47 (15.8) .78 11 (15.9) 55 (16.2) .96
Dactylitis count 0.4 ± 1.2 0.5 ± 1.6 0.3 ± 0.8 .74 0.6 ± 1.8 0.3 ± 0.7 .54 0.6 ± 1.6 0.3 ± 1.0 .83
Any peripheral manifestation .20 .27 .17
Current 311 (76.0) 115 (75.2) 196 (76.6) 88 (78.6) 223 (75.1) 48 (69.6) 263 (77.4)
Previous 89 (21.8) 32 (20.9) 57 (22.3) 20 (17.9) 69 (23.2) 18 (26.1) 71 (20.9)
Never 9 (2.2) 6 (3.9) 3 (1.2) 4 (3.6) 5 (1.7) 3 (4.3) 6 (1.8)

Disease activity
PGA (psoriasis and arthritis), 0-10 NRS 5.3 ± 2.5 5.4 ± 2.5 5.2 ± 2.5 .67 5.6 ± 2.5 5.2 ± 2.5 .18 5.2 ± 2.4 5.3 ± 2.5 .77
Participant reported back pain, 0-10 NRS 4.4 ± 3.1 4.8 ± 3.1 4.2 ± 3.0 .070 4.8 ± 3.1 4.3 ± 3.0 .16 4.3 ± 3.1 4.4 ± 3.1 .80
PhGA (MSK and Skin), 0-10 NRS 3.9 ± 2.2 4.3 ± 2.3 3.7 ± 2.2 .011 4.6 ± 2.3 3.7 ± 2.2 <.001 4.2 ± 2.3 3.9 ± 2.2 .21
DAPSA 18.4 ± 14.3 19.2 ± 15.9 18.0 ± 13.2 .67 20.8 ± 17.7 17.5 ± 12.6 .20 17.7 ± 13.3 18.6 ± 14.5 .66
ASDAS 2.7 ± 1.0 2.8 ± 1.1 2.6 ± 1.0 .083 2.9 ± 1.1 2.6 ± 1.0 .007 2.8 ± 1.1 2.6 ± 1.0 .49
BASDAI 4.4 ± 2.5 4.6 ± 2.5 4.4 ± 2.5 .44 4.7 ± 2.5 4.3 ± 2.5 .25 4.3 ± 2.3 4.5 ± 2.6 .75

Laboratory
ESR (mm/h) 18.0 ± 16.6 18.2 ± 16.0 17.9 ± 16.9 .40 19.6 ± 16.1 17.5 ± 16.7 .048 18.5 ± 17.7 18.0 ± 16.4 >.99
CRP (mg/L) 7.2 ± 9.9 8.2 ± 11.0 6.6 ± 9.2 .038 9.8 ± 12.3 6.2 ± 8.7 <.001 11.1 ± 14.2 6.4 ± 8.6 .007
Elevated CRP (≥5 mg/L) 170 (41.6) 71 (46.4) 99 (38.7) .12 59 (52.7) 111 (37.4) .005 34 (49.3) 136 (40.0) .15
HLA-B27 positivity (n = 402) 56 (13.9) 24 (16.3) 32 (12.5) .29 24 (22.4) 32 (10.8) .003 21 (31.8) 35 (10.4) <.001

* n = 296; ASAS, Assessment of SpondyloArthritis International Society; ASDAS, Axial Spondyloarthritis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BP,
back pain; CRP, C-reactive protein; DAPSA, Disease Activity in Psoriatic Arthritis; ESR, erythrocyte sedimentation rate; HLA, human leukocyte antigen; IBP, inflammatory back pain; LEI, Leeds
Enthesitis Index; MASES, Maastricht Ankylosing Spondylitis Enthesitis Score; MSK, musculoskeletal; NRS, Numerical Rating Scale; NSAIDs, nonsteroidal anti-inflammatory drugs; PASI, Psoriasis
Area and Severity Index; PGA, Participant Global Assessment of disease activity (psoriasis and arthritis); PhGA, Physician Global Assessment of disease activity (musculoskeletal and skin); SJC,
swollen joint count; SPARCC, Spondyloarthritis Research Consortium of Canada; TJC, tender joint count.

The variables are presented as mean ± SD, or as number (%) unless otherwise indicated.
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Table 3
Central-imaging readers’ consensus assessment of sacroiliac radiograph and MRI

Overall Local investigator
initial assessment

of axial involvement

Local investigator
final assessment

of axial involvement

Central clinical review
consensus categories
of axial involvement

Variable N = 409 Yes-Initial
N = 153

No-Initial
N = 256

P value Yes-Final
N = 112

No-Final
N = 297

P value Yes-Central
N = 69

No-Central
N = 340

P value

mNY-positive SIJ-radiograph 27 (6.6) 26 (17.0) 1 (0.4) <.001 26 (23.2) 1 (0.3) <.001 24 (34.8) 3 (0.9) <.001
SIJ-MRI indicative of axial involvement 62 (15.2) 53 (34.6) 9 (3.5) <.001 55 (49.1) 7 (2.4) <.001 56 (81.2) 6 (1.8) <.001
Typical active lesions in SIJ-MRI 31 (7.6) 30 (19.6) 1 (0.4) <.001 30 (26.8) 1 (0.3) <.001 29 (42.0) 2 (0.6) <.001
ASAS criteria for SpA 29 (7.1) 28 (18.3) 1 (0.4) <.001 28 (25.0) 1 (0.3) <.001 27 (39.1) 2 (0.6) <.001
Bone marrow oedema 80 (19.6) 53 (34.6) 27 (10.5) <.001 43 (38.4) 37 (12.5) <.001 33 (47.8) 47 (13.8) <.001
Inflammation at the site of erosion cavity 4 (1.0) 4 (2.6) 0 (0.0) .019 4 (3.6) 0 (0.0) .005 4 (5.8) 0 (0.0) <.001
Enthesitis 1 (0.2) 1 (0.7) 0 (0.0) .37 1 (0.9) 0 (0.0) .27 1 (1.4) 0 (0.0) .17
Capsulitis 2 (0.5) 2 (1.3) 0 (0.0) .14 2 (1.8) 0 (0.0) .075 2 (2.9) 0 (0.0) .028

Typical structural lesions in SIJ-MRI 56 (13.7) 46 (30.1) 10 (3.9) <.001 48 (42.9) 8 (2.7) <.001 50 (72.5) 6 (1.8) <.001
Erosion 41 (10.0) 32 (20.9) 9 (3.5) <.001 32 (28.6) 9 (3.0) <.001 32 (46.4) 9 (2.6) <.001
Fat lesion 34 (8.3) 27 (17.6) 7 (2.7) <.001 28 (25.0) 6 (2.0) <.001 27 (39.1) 7 (2.1) <.001
Backfill 15 (3.7) 12 (7.8) 3 (1.2) <.001 14 (12.5) 1 (0.3) <.001 14 (20.3) 1 (0.3) <.001
Sclerosis 30 (7.3) 18 (11.8) 12 (4.7) .008 14 (12.5) 16 (5.4) .014 10 (14.5) 20 (5.9) .012
Bone bud 1 (0.2) 1 (0.7) 0 (0.0) .37 1 (0.9) 0 (0.0) .27 1 (1.4) 0 (0.0) .17
Ankylosis 11 (2.7) 10 (6.5) 1 (0.4) <.001 11 (9.8) 0 (0.0) <.001 11 (15.9) 0 (0.0) <.001

ASAS, Assessment of SpondyloArthritis International Society; mNY, Modified New York Criteria; MRI, magnetic resonance imaging; SIJ, sacroiliac joint; SpA, spon-
dyloarthritis; STIR, Short Tau Inversion Recovery.
The variables are presented as number (%).
Typical acute/active inflammatory lesions in the SIJ are bone oedema/contrast medium enhancement within/adjacent to the SI joints or at entheseal sites; STIR
and/or T1+Gd sequences, or equivalent, are required. Typical structural lesions in the SIJ refer to the clear presence of typical findings such as sclerosis, erosions,
backfill, fat lesions, bony bridges, or ankylosis.
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was considered indicative of axial involvement in 49 partici-
pants (12.0%) (Table 4). Typical active spinal MRI lesions were
present in 41 participants (10.0%), with BMO being the most
frequent active lesion (20.3%). As for SIJ MRI, BMO reflects any
inflammatory signal and was therefore more frequent than the
subset of typical active lesions. Typical structural spinal MRI
lesions were present in 28 participants (6.8%). Fat lesions were
the most common structural change (14.7%), whereas erosions
and new bone formation were infrequent. Across diagnostic cat-
egories, radiographs and active and structural spinal MRI lesions
were more frequent among participants evaluated as having
axial involvement than among those without.

When evaluating radiographic changes in the SIJ and spine
together based on central-imaging reviewers’ reports, we found
that 7 participants (6.3%) with axial involvement had mNY-neg-
ative SIJ radiographs but positive spinal radiographs. We
observed a similar pattern in the global evaluation of SIJ and
spinal MRIs: 8 participants (7.1%) had no SIJ-MRI findings but
typical changes on spinal MRI (Supplementary Table S2). These
lower numbers compared with the local interpretation were con-
sistent with the central-imaging interpretation.

DISCUSSION

The identification and inclusion of individuals with a specific
disease profile in clinical trials or population/cohort studies are
crucial to ensure accurate case selection and enhance the valid-
ity of results. This objective can be primarily achieved through a
precise definition of the condition, especially in the absence of
specific biomarkers. The AXIS study, therefore, contributes to
ongoing efforts aimed at more clearly defining axial involve-
ment in PsA by providing comprehensive data.

The results of our study underscore the variability in diagnos-
ing axial involvement, depending on the diagnostic approach
taken. Local investigators identified axial involvement in 37.6%
of participants at the initial assessment and 27.3% at the final
11
assessment, which incorporated the central-imaging review,
whereas the central clinical review provided a more conserva-
tive estimate and identified axial involvement in 16.9%. This
variability highlights a critical insight of the study: local assess-
ments, while sensitive and informative, may overestimate axial
involvement compared with central expert evaluations. At the
same time, the central clinical reviewers’ evaluation might have
underestimated the frequency of axial disease by assessing par-
ticipants in a ‘paper-based’ way, focusing mainly on objective
signs such as CRP, HLA-B*27, and imaging. Overall, this vari-
ability illustrates different scenarios for patient inclusion in clin-
ical studies, including the impact of central-imaging evaluation.

Various definitions of axial involvement in PsA are heteroge-
neous and still evolving [4]. Although both PsA and axSpA fall
under the broader SpA spectrum, the distinctive characteristics
of the axial form of PsA result in differences that are not fully
captured by the axSpA framework. In contrast to axSpA, where
back pain is a sine qua non and is importantly associated with
HLA-B*27 positivity, axial involvement in PsA shows a weaker
association with HLA-B*27 [6,7]. On the other hand, a strong
correlation has been identified between the presence of the
HLA-B*27 allele and more severe PsA, with a higher frequency
observed in those presenting with axial involvement [21−23].
In addition, previous studies have suggested that other HLA-B
alleles, particularly HLA-B*08, may be associated with specific
axial phenotypes. However, such genotype-phenotype relation-
ships could not be evaluated in AXIS, as extended HLA genotyp-
ing was unavailable at the time. Our findings also demonstrated
that HLA-B*27 positivity was less prevalent (13.9% in the entire
cohort) than historically observed in axSpA [24], yet our find-
ings suggest it still plays a role in the diagnosis of a subset of
patients with axial involvement, particularly as an important
determining factor in the assessment of central clinical
reviewers. Furthermore, previous publications suggest that IBP
is less prevalent in axial PsA, and the IBP definitions developed
for axSpA may not perform as well in this form of PsA, further



Figure 4. Dumbbell plot highlighting differences in imaging characteristics between patients with and without axial involvement: (A) at initial assess-
ment by local investigator, (B) at final assessment by local investigator, and (C) at central clinical review. AxPsA, Axial Psoriatic Arthritis; mNY, modi-
fied New York Criteria; MRI, magnetic resonance imaging; SIJ, sacroiliac Joint; XR, X-ray.
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complicating its identification [11,25]. The AXIS study showed
that 25% to 30% of participants with axial involvement had no
IBP according to the investigators’ clinical judgement, which is
close to the data reported for axSpA [26]. Of note, enthesitis
was observed less frequently among participants with axial
involvement by the central clinical review. This pattern was
seen only with this definition of axial involvement, which relied
12
on recorded data and emphasised axial imaging findings, and
may therefore have selected a more axial-dominant phenotype
with relatively less peripheral entheseal disease. Therefore, this
observation should be interpreted with caution.

The present findings underscore the important role of imag-
ing in diagnosing axial involvement in PsA. The higher rates of
axial involvement identified in local assessments suggest that



Table 4
Central-imaging readers’ consensus assessment of spinal radiograph and MRI

Overall Local investigator
initial assessment

of axial involvement

Local investigator
final assessment

of axial involvement

Central clinical review
consensus categories
of axial involvement

Variable N = 409 Yes-Initial
N = 153

No-Initial
N = 256

P value Yes-Final
N = 112

No-Final
N= 297

P value Yes-Central
N = 69

No-Central
N = 340

P value

Spine radiograph indicative of axial involvement 35 (8.6) 18 (11.8) 17 (6.6) .073 18 (16.1) 17 (5.7) <.001 18 (26.1) 17 (5.0) <.001
Erosion 0 (0.0) 0 (0.0) 0 (0.0) >.99 0 (0.0) 0 (0.0) >.99 0 (0.0) 0 (0.0) >.99
Squaring 3 (0.7) 3 (2.0) 0 (0.0) .052 3 (2.7) 0 (0.0) .020 3 (4.3) 0 (0.0) .005
Sclerosis 1 (0.2) 1 (0.7) 0 (0.0) .37 0 (0.0) 1 (0.3) >.99 1 (1.4) 0 (0.0) .17
Marginal syndesmophyte 25 (6.1) 11 (7.2) 14 (5.5) .48 9 (8.0) 16 (5.4) .32 9 (13.0) 16 (4.7) .022
Endplate syndesmophyte 0 (0.0) 0 (0.0) 0 (0.0) >.99 0 (0.0) 0 (0.0) >.99 0 (0.0) 0 (0.0) >.99
Nonmarginal syndesmophyte 17 (4.2) 7 (4.6) 10 (3.9) .74 5 (4.5) 12 (4.0) .79 3 (4.3) 14 (4.1) >.99
Ossification 25 (6.1) 6 (3.9) 19 (7.4) .15 5 (4.5) 20 (6.7) .39 3 (4.3) 22 (6.5) .78
Paravertebral ossification 2 (0.5) 0 (0.0) 2 (0.8) .53 0 (0.0) 2 (0.7) >.99 0 (0.0) 2 (0.6) >.99
Ankylosis 8 (2.0) 5 (3.3) 3 (1.2) .16 5 (4.5) 3 (1.0) .038 4 (5.8) 4 (1.2) .031
Paravertebral ankylosis 2 (0.5) 0 (0.0) 2 (0.8) .53 1 (0.9) 1 (0.3) .47 1 (1.4) 1 (0.3) .31
Endplate ankylosis 1 (0.2) 1 (0.7) 0 (0.0) .37 1 (0.9) 0 (0.0) .27 1 (1.4) 0 (0.0) .17
Facet fusion 0 (0.0) 0 (0.0) 0 (0.0) >.99 0 (0.0) 0 (0.0) >.99 0 (0.0) 0 (0.0) >.99
Degenerative disc disease 75 (18.3) 30 (19.6) 45 (17.6) .61 15 (13.4) 60 (20.2) .11 5 (7.2) 70 (20.6) .009

Spine-MRI indicative of axial involvement 49 (12.0) 38 (24.8) 11 (4.3) <.001 40 (35.7) 9 (3.0) <.001 40 (58.0) 9 (2.6) <.001
Typical active lesions in spine-MRI 41 (10.0) 34 (22.2) 7 (2.7) <.001 36 (32.1) 5 (1.7) <.001 35 (50.7) 6 (1.8) <.001
Any bone marrow oedema 83 (20.3) 47 (30.7) 36 (14.1) <.001 43 (38.4) 40 (13.5) <.001 30 (43.5) 53 (15.6) <.001

Typical structural lesions in spine-MRI 28 (6.8) 21 (13.7) 7 (2.7) <.001 21 (18.8) 7 (2.4) <.001 21 (30.4) 7 (2.1) <.001
Any fat lesion 60 (14.7) 36 (23.5) 24 (9.4) <.001 28 (25.0) 32 (10.8) <.001 23 (33.3) 37 (10.9) <.001
Any erosion 3 (0.7) 3 (2.0) 0 (0.0) .052 3 (2.7) 0 (0.0) .020 3 (4.3) 0 (0.0) .005
Any new bone formation (spurs, ankylosis, syndesmophyte) 13 (3.2) 8 (5.2) 5 (2.0) .083 6 (5.4) 7 (2.4) .20 6 (8.7) 7 (2.1) .012

MRI, magnetic resonance imaging.
The variables are presented as number (%).
Typical acute/active inflammatory lesions in the spine are bone marrow oedema/osteitis involving vertebral bodies and/or posterior structures (facet joints, costo-vertebral, costotransversal
joints, and spinal processes). Typical structural lesions in the spine refer to the clear presence of typical findings such as fat lesions in the bone marrow, erosions, and syndesmophytes (bone prolif-
eration)/ankylosis.
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radiographs and MRIs, although valuable, are prone to subjec-
tive interpretation—a phenomenon, which is also well known in
axSpA. The central-imaging reviewers, composed of experienced
radiologists and rheumatologists, likely provided a more conser-
vative view of axial involvement in the absence of clinical infor-
mation. Furthermore, the lack of an established definition for
the spinal radiographic changes for axial involvement in PsA
contributed to even more subjectivity in the interpretation of
this imaging study. As a result, we noted a significant discrep-
ancy between the assessments of local and central-imaging read-
ers regarding spinal radiographs. The discrepancy regarding
positive imaging findings in participants without axial involve-
ment further emphasises the need for a standardised definition
for axial involvement. Conversely, the AXIS study demonstrated
that, despite imaging being integral to diagnosing axial involve-
ment, nearly 10% of the participants diagnosed with axial
involvement did not have any imaging evidence, suggesting that
clinical assessment remains an important component of the
diagnosis. Similarly, in 28% of the participants with negative
central imaging, the investigator maintained the diagnosis of
axial involvement. These observations underline the importance
of clinical evaluation, particularly back pain and HLA-B*27 posi-
tivity, and they deserve detailed consideration in the future. MRI
was emphasised in the AXIS as a critical tool for identifying
active inflammation and structural damage. However, the chal-
lenge of accurately interpreting MRI findings—especially distin-
guishing inflammatory changes from mechanical or
degenerative issues—remains. Recently, McGonagle et al [27]
suggested that axial PsA may involve ligament-centric soft-tissue
pathology, which can be called ‘ligamentitis’, unlike the bone-
centric changes in axSpA. Further research is needed to confirm
this theory and explore its mechanisms, but this theory might
explain some discrepancies between the clinical judgement and
findings of MRI, which might not be sensitive enough to detect
soft-tissue inflammation in the absence of bone involvement. A
detailed analysis of the images generated in AXIS might be able
to shed some light on the imaging manifestations of PsA in the
spine. In AXIS, central-imaging readers performed detailed
radiographic and MRI assessments of both the spine and SIJs,
including structural features beyond the mSASSS (modified
Stoke Ankylosing Spondylitis Spinal Score) for spinal radio-
graphs and detailed inflammatory and structural lesions in
MRIs. Taken together, the central-imaging evaluations confirm
that imaging remains a cornerstone for identifying axial involve-
ment in PsA. At a more granular level, lesion-based scoring
showed that SIJ and spinal MRI patterns were discriminative at
the group level, especially when active and structural abnormal-
ities were considered together, but this was also true for individ-
ual lesion levels at MRIs. In contrast, specific lesions on spinal
radiographs, although numerically more frequent in participants
with axial involvement, were not sufficiently discriminative
when considered in isolation. These observations may suggest
that proposed soft-tissue−dominated mechanisms of axial PsA
require further dedicated imaging studies with targeted proto-
cols/imaging modalities, and that, for now, axial disease in PsA
is best approached through an overall integrated interpretation
of radiographic and MRI findings rather than reliance on indi-
vidual features.

This study’s strengths include its multicentre and multina-
tional design, which provides a large, internationally generalis-
able PsA cohort assessed with a standardised clinical and
imaging protocol. AXIS is the first study to combine systematic
evaluation of 4 axial imaging modalities (radiographs and MRIs
of the SIJs and spine) with staged local and central review,
14
enabling direct quantification of how the determination of axial
involvement and the associated phenotype shift across diagnos-
tic layers. Beyond quantifying variability across diagnostic
layers, AXIS provides several concrete empirical insights that
were previously unavailable. First, the study establishes bench-
mark frequencies of axial involvement under 3 clearly defined
evaluation strategies, demonstrating that the estimated preva-
lence can differ by almost 2-fold depending on how clinical and
imaging information are integrated. Second, AXIS identifies spe-
cific patterns driving reclassification, including cases with clini-
cal features suggestive of axial disease but negative central
imaging, as well as participants with imaging abnormalities
interpreted as nonspecific in the absence of a convincing clinical
context. Third, the systematic and parallel assessment of SIJs
and spine confirms that a measurable subset of participants
exhibits spinal imaging abnormalities in the absence of SI
changes, a finding that has implications for future definition
work and argues against restricting imaging assessment to a sin-
gle anatomical region. Together, these observations move the
field from heterogeneous prevalence estimates towards a struc-
tured understanding of how case definition strategies shape
cohort composition and phenotype. The data further suggest
that different entry strategies for clinical studies—such as reli-
ance on local assessment alone vs mandatory central-imaging
confirmation—are likely to yield populations with distinct clini-
cal and imaging profiles. This may have implications for the
interpretation and comparability of therapeutic trials targeting
axial manifestations in PsA.

Although the AXIS study provides comprehensive data using
a standardised international protocol, several limitations should
be considered. First, the cross-sectional design precludes conclu-
sions regarding the temporal evolution of axial involvement, the
progression of imaging findings, or the stability of diagnostic
classification over time. AXIS was conceived as a descriptive
foundation for definition development; longitudinal validation
will be required to determine prognostic relevance and repro-
ducibility of the proposed diagnostic constructs. Second,
although central-imaging review enhances standardisation, it is
performed without direct clinical context, whereas the central
clinical review is necessarily ‘paper-based’. Both approaches
may weigh objective findings differently than bedside assess-
ment by the treating physician. Conversely, local investigators
integrate clinical judgement with real-time patient interaction
but may be influenced by pre-existing diagnostic impressions.
These structural differences between evaluation layers are
intrinsic to the study design and likely contribute to the
observed shifts across assessments. Third, in the absence of a
validated reference standard for axial involvement in PsA, no
assessment strategy can be considered a formal gold standard.
The final local investigator assessment was used as a pragmatic
midpoint integrating clinical and centrally reviewed imaging
information. However, several features evaluated in the study—
such as HLA-B*27 status, IBP, and imaging abnormalities—are
also elements considered during diagnostic judgement. This
overlap introduces the possibility of circular reasoning and lim-
its the ability to assess independent diagnostic performance.
Fourth, imaging interpretation remains challenging. Despite
standardised protocols and expert central reading, MRI findings
—particularly BMO and structural changes at the SIJs and spine
—may be influenced by mechanical or degenerative changes.
Pregnancy history was not systematically collected, which may
be relevant when interpreting SI MRI findings in women
[28,29]. Furthermore, although central reading reduced vari-
ability, discrepancies between local and central-imaging
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interpretations highlight the inherent subjectivity of current
imaging definitions, particularly for spinal radiographic
changes, where no consensus criteria specific to axial PsA exist.
Fifth, the cohort was restricted to patients with musculoskeletal
symptom duration ≤10 years and without prior exposure to bio-
logic or targeted synthetic DMARDs. Although this design mini-
mises treatment-related confounding and reflects an earlier
disease spectrum, it may limit generalisability to long-standing
or previously treated populations, in whom structural damage
patterns and phenotype distribution may differ. Finally,
although AXIS systematically evaluated both SIJs and spine
using 4 imaging modalities, the study was not designed to estab-
lish diagnostic cut-offs or validate specific lesion-based scoring
systems. The findings, therefore, inform, but do not by them-
selves define, a consensus definition of axial involvement.

In conclusion, the AXIS study provides an important contri-
bution toward improving the understanding of axial disease in
PsA, whereas acknowledging that important challenges remain
in fully characterising the spectrum of axial involvement. Pres-
ence of back pain (including IBP), HLA-B*27 positivity, higher
levels of CRP, and the presence of active inflammatory and
structural changes in the SIJ and spine were associated with the
final assessments for the presence of axial involvement, both by
the local investigator and the central clinical reviewers, reflect-
ing current understanding of axial PsA, likely influenced by
existing knowledge from conventional axSpA. This is supported
by the staged evaluations, which highlight that the determina-
tion of axial involvement and associated phenotype varies
depending on how clinical information and imaging are
weighted, reinforcing the need for an explicit and standardised
definition. Although the direction of these shifts across evalua-
tion settings is anticipated, AXIS offers a standardised frame-
work for quantification and delineates specific clinical-imaging
combinations.

As efforts continue to refine the definition of axial involve-
ment in PsA, the findings from the AXIS study will be instrumen-
tal in shaping future diagnostic frameworks and treatment
strategies. A logical subsequent step, which is already underway,
is to translate these findings into a consensus definition and a
unified nomenclature for axial involvement in PsA. Concur-
rently, these findings define a clear research agenda, including
the development of explicit rules for integrating clinical and
imaging data, more rigorous evaluation of imaging specificity,
and longitudinal validation after a consensus definition has
been established. The objective of this endeavour is to enable
the identification of a homogeneous subgroup for research and
clinical trials. Ultimately, these advances will help improve out-
comes for patients with this challenging form of PsA. Going for-
ward, further research utilising advanced imaging techniques
and high-throughput molecular technologies is needed to com-
prehensively evaluate the full spectrum of axial involvement in
PsA.
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