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ABSTRACT

Background: The understanding of non-radio-
graphic axial spondyloarthritis (nr-axSpA) has
accelerated over the last decade, producing a
number of practice-changing developments.
Diagnosis is challenging. No diagnostic criteria

exist, no single finding is diagnostic, and other
causes of back pain may act as confounders.
Aim: To update and expand the 2014 consen-
sus statement on the investigation and man-
agement of non-radiographic axial
spondyloarthritis (nr-axSpA).
Methods: We created search questions based on
our previous statements and four new topics
then searched the MEDLINE and Cochrane
databases. We assessed relevant publications by
full-text review and rated their level of evidence
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using the GRADE system. We compiled a
GRADE evidence summary then produced and
voted on consensus statements.
Results: We identified 5145 relevant publica-
tions, full-text reviewed 504, and included 176
in the evidence summary. We developed and
voted on 22 consensus statements. All had high
agreement. Diagnosis of nr-axSpA should be
made by experienced clinicians, considering
clinical features of spondyloarthritis, blood
tests, and imaging. History and examination
should also assess alternative causes of back
pain and related conditions including non-
specific back pain and fibromyalgia. Initial
investigations should include CRP, HLA-B27,
and AP pelvic radiography. Further imaging by
T1 and STIR MRI of the sacroiliac joints is useful
if radiography does not show definite changes.
MRI provides moderate-to-high sensitivity and
high specificity for nr-axSpA. Acute signs of
sacroiliitis on MRI are not specific and have
been observed in the absence of spondy-
loarthritis. Initial management should involve
NSAIDs and a regular exercise program, while
TNF and IL-17 inhibitors can be used for high
disease activity unresponsive to these interven-
tions. Goals of treatment include improving the
frequent impairment of social and occupational
function that occurs in nr-axSpA.
Conclusions: We provide 22 evidence-based
consensus statements to provide practical
guidance in the assessment and management of
nr-axSpA.

Keywords: Consensus statements; Diagnosis;
MRI; Non-radiographic axial spondyloarthritis;
TNF inhibitor

Key Summary Points

Non-radiographic axial spondyloarthritis
is closely related to ankylosing
spondylitis, but has no definite sacroiliac
changes on plain radiography.

Diagnosis requires consideration of
symptoms, examination, HLA-B27, CRP,
and imaging by a clinician experienced in
this condition.

No single diagnostic feature or test is
perfectly sensitive or specific.

Management should begin with NSAIDs
and an exercise program and can be
escalated to targeted therapy.

INTRODUCTION

Axial spondyloarthritis (axSpA) is an inflam-
matory arthritis that predominantly affects the
axial skeleton. Characteristic changes to the
sacroiliac joints (SIJ) on plain radiography are
seen in ankylosing spondylitis (AS), but not in
non-radiographic axial spondyloarthritis (nr-
axSpA) [1]. For decades AS has been straight-
forward to identify using the modified New
York criteria, which includes clinical features
and definite radiographic changes. The classifi-
cation criteria for axSpA developed by the
SpondyloArthritis international Society (ASAS)
in 2009 includes other objective findings and
has been widely used to identify nr-axSpA for
clinical trials [2, 3]. To meet classification cri-
teria, an individual with predominantly axial
symptoms must have other possible causes of
back pain excluded, and must have either HLA-
B27 plus two other features of spondyloarthritis
(SpA) or sacroiliitis on imaging plus one clinical
feature of SpA (Fig. 1).

In clinical practice and trial cohorts, nr-
axSpA is heterogeneous and often comorbid
with other conditions, including other forms of
SpA and non-specific back pain (NSBP). The
complex presentation and lack of a diagnostic
biomarker makes diagnosis and treatment of nr-
axSpA challenging even for experienced
clinicians.

Diagnosis is based on the expert opinion of a
rheumatologist, with MRI imaging an impor-
tant part of current classification criteria [4].
However, the sensitivity and specificity of MRI
is lower than required for an independent
diagnostic test, and caution needs to be exer-
cised when interpreting MRI findings for diag-
nosis [5]. ASAS have also defined and validated
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an ‘ASAS-positive MRI’ to describe sacroiliitis
highly suggestive of axSpA adequate for classi-
fication, however even this definition is under-
going modification as more information
becomes available [6].

The construct of nr-axSpA has generated
diverse opinions and controversy. As a disease
entity, some authors have described it as part of
the spectrum of axSpA, an early stage of AS, and
as a different but overlapping entity to AS
[7–10]. Confounding the concept that nr-axSpA
is a pre-AS condition are reproducible differ-
ences between the two conditions. Non-radio-
graphic axSpA has a higher proportion of
females, a lower proportion of HLA-B27, and
not all progress to AS. In observational studies,
individuals with solely non-inflammatory con-
ditions have been classified as nr-axSpA [11].

The diverse and complex descriptions and
presentation of nr-axSpA encourage the devel-
opment of practical guidelines to aid clinicians.
The European League Against Rheumatism has
published unified recommendations on axSpA
in 2016, while the American College of
Rheumatology published separate recommen-
dations for AS and nr-axSpA in 2019 [12, 13]. To
provide guiding principles for clinicians in our
region, we published a set of nr-axSpA

consensus statements in 2014 [14]. Here we
update and expand these statements to include
numerous practice-changing developments,
including interpretation of investigations, the
natural history and functional consequences of
disease, use of biologic therapy, and other
interventions.

METHODS

We formed a panel of authors from our previous
consensus statements and other interested par-
ties. Our approach to updating our work was to
update and expand our previous 2014 state-
ments and to search around current topics of
interest suggested by the panel. Author disclo-
sures were declared before search questions
were formulated. This article is based on previ-
ously conducted studies and does not contain
any new studies with human participants or
animals performed by any of the authors.

PICO style search questions were created for
the 14 previous statements and four new topics
of interest (Supplementary data S1–S2). The new
questions ask what impact nr-axSpA has on
function, what the predictors of function and
quality of life are, what predicts response to

Fig. 1 ASAS classification criteria for axSpA [1]
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treatment, and if one biologic class is superior
to others for axial symptoms. To increase sen-
sitivity, we used a pooled search strategy, using
broad search terms for the new topics. The clo-
sely related topics of functional outcomes, pre-
dictors of function, quality of life, and work
outcomes were each covered with a single set of
search terms.

We searched the MEDLINE and Cochrane
Library databases, excluding conference
abstracts and studies of animals or minors.
Relevant studies identified in reference lists
were included, and publications identified by
any question’s literature search could be pro-
gressed to another question’s full-text review.
We searched for the disease state of axial
spondyloarthritis, aiming only to use findings
from AS cohorts if no high-quality, relevant
papers examined nr-axSpA or mixed AS/nr-
axSpA cohorts. Searches performed to update
the previous statements were date limited from
September 1, 2013 until November 1, 2020, and
searches of new topics had no date limit. Search
terms and search questions are listed in Sup-
plementary data S1–S2.

Two authors (ST, TM) performed the sear-
ches, reviewed the title/abstract of each publi-
cation, and progressed relevant articles to full-
text review. Included publications were assessed
by the same two authors for publication quality
and bias using the GRADE system [15]. For the
GRADE population bias assessment, cohorts
with\ 25% nr-axSpA were penalized by two
GRADE levels and those with 25–50% nr-axSpA
one GRADE level (unless nr-axSpA participants
were reported separately).

A GRADE style summary of evidence for each
search question was presented to the panel at an
online meeting. The recommendations were
discussed using the GRADE framework, which
considers risk/benefit, quality of evidence, con-
fidence in patient values, and resource use.

Following the GRADE presentation, the
panel was given the opportunity to modify the
recommendations and review the GRADE sum-
mary. The panel voted anonymously on each of
the finalized recommendations using an online
survey. A scale of 0 (‘do not agree at all’) to 10
(‘fully agree’) was used with the predetermined
requirement that any recommendation scoring

less than seven would be redrafted and voted on
again. The recommendations were forwarded to
relevant stakeholders—two patient representa-
tives and a rheumatology nurse practitioner for
feedback.

RESULTS

Searches of the MEDLINE and Cochrane Library
databases identified 5772 records, of which 504
were assessed by full-text review, and 176 rele-
vant articles included in the GRADE summary
(Fig. 2).

Aside from RCTs, many topics lacked high-
quality evidence, most frequently due to the
lack of nr-axSpA specific data. Evidence was
often from observational studies or reported
without standardization of metrics such as
functional outcomes, abnormal CRP, or disease
activity. Imaging studies were often well con-
ducted but limited in size or had inconsistent
results between cohorts. Exercise and physio-
therapy related interventions had no standard-
ized intervention or reproduced findings. We
found only low quality evidence for use of
NSAIDs, conventional DMARDs, and systemic
or intra-articular corticosteroids.

Voting produced a high level of agreement
for each recommendation (Table 1). Statements
with perfect levels of agreement included those
based on reproducible findings (e.g., sacroiliac
bone marrow edema has been observed in
individuals without axial spondyloarthritis,
including healthy controls, athletes, and post-
partum women) while statements with the
lowest level of agreement tended to have very
low levels of evidence or involve some risk (e.g.,
sacroiliac corticosteroid injections may have a
limited role in the treatment of nr-axSpA).

No recommendation had an agreement score
less than seven. No recommendations were
made specifically mentioning observed effects
of nr-axSpA on natural history, quality or life,
social and occupational function, or predictors
of response to treatment. Instead, we discuss the
best evidence on these topics to summarize the
knowledge base to inform the clinical decisions
of our readers.
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STAKEHOLDER FEEDBACK

The patient and nurse representatives described
the statements as practical and thorough, cov-
ering relevant topics and not missing major
areas of concern. They appreciated the patient-
centric approach used throughout the
statements.

DECISION MAKING

The patient’s views, preferences, and
goals are central and care should be a

partnership between the clinical team
and the patient.
Patient education is a key part of the
management of nr-axSpA.

We regard a patient-centric approach
including informed decision making to be cen-
tral to shared decision making. We found no
directly relevant literature for these recom-
mendations, only evidence detailing diverse
preferences and frequent discordance between
patient and physician global assessment. A sur-
vey of axSpA reported a wide variety of medi-
cation administration route preferences where
only 50% preferred tablets [16]. A single study

Fig. 2 Results of literature search and full-text review
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Table 1 Consensus statements

Statement GRADE
level

GRADE
strength

Level of
agreement
Mean (SD)

The patient’s views, preferences, and goals are central and care should be a

partnership between the clinical team and the patient

Very low Strong 9.6 (0.5)

Patient education is a key part of the management of nr-axSpA Low Strong 9.9 (0.4)

A comprehensive history and physical examination should be carried out for the

assessment of suspected nr-axSpA

Moderate Strong 10 (0)

CRP should be measured when considering the diagnosis of nr-axSpA Low Strong 9.9 (0.4)

HLA-B27 status should be determined when considering the diagnosis of nr-

axSpA

Moderate Strong 9.9 (0.4)

Plain pelvic radiographs should be obtained to evaluate back pain with features

suggestive of spondyloarthritis

Moderate Strong 9.9 (0.4)

Sacroiliac joint pathology observed on radiographs is not specific for sacroiliitis

and should be interpreted within the clinical context

Moderate Strong 9.9 (0.4)

A normal radiograph does not exclude nr-axSpA High Strong 10 (0)

Computed tomography is not recommended for the investigation of suspected nr-

axSpA

Moderate Strong 9.4 (0.8)

Sacroiliac joint MRI should be used in those with clinical suspicion of nr-axSpA.

The recommended protocol is the combination of non-contrast T1 and STIR

Moderate Strong 10 (0)

Sacroiliac bone marrow edema is not unique to spondyloarthritis and should be

interpreted in the clinical context

Moderate Strong 10 (0)

Sacroiliac bone marrow oedema has been observed in individuals without axial

spondyloarthritis, including healthy controls, athletes and post-partum women

Moderate Strong 10 (0)

The components of the classification criteria have value in guiding a diagnosis of

nr-axSpA, but should not be used as diagnostic criteria in individual patients

High Strong 9.7 (0.5)

Management plans should include long-term, regular exercise Very low Strong 9.6 (0.5)

Physiotherapy may be useful in the management of nr-axSpA Very low Strong 8.4 (1.7)

There is no role for DMARDs in the management of axial manifestations in nr-

axSpA

Very low Strong 9.9 (0.4)

Sulfasalazine can be considered for those with peripheral manifestations in nr-

axSpA

Very low Conditional 9.1 (0.7)

Non-steroidal anti-inflammatories are recommended as first-line pharmacological

treatment for the management of nr-axSpA

Low Strong 9.9 (0.4)
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comparing patient global assessment and
physician global assessment found these met-
rics to be significantly discordant at 48% of
encounters [17].

The importance of patient education has
been highlighted by a French axSpA cohort
where strong beliefs were common and influ-
ential, including numerous that might obstruct
management, such as the belief that physical
activity can trigger flares or increase disease
activity [18]. This belief was associated with
higher psychological distress and lower general
education levels. In another cohort of predom-
inantly nr-axSpA, negative illness perceptions
were associated with quality of life, back pain,
and work productivity loss [19]. The follow-up
study of this cohort found coping strategies and
illness perceptions unchanged over 2 years [20].
Negative beliefs included the notions that the
disease has major consequences on one’s life,
the disease causes distress, and that the disease
is from chance or bad luck. This link between
illness-related beliefs, general literacy, and dis-
ease outcomes implies a critical role of health
literacy in axSpA management.

While these observational studies reinforce
the potential consequences of incorrect disease-
related beliefs, we found no high-quality evi-
dence that education promotes improvement,
although very little has been published. Only
one study has assessed education as an inter-
vention in axSpA, providing a 1-day nurse-led
education session followed by a self-assessment
program [21]. The primary outcome of coping
was unchanged, BASDAI slightly improved, and

the number of participants performing home-
based exercises after 1 year almost doubled,
suggesting this program may provide some
benefit with little risk of harm.

Other practical reasons to recommend dis-
ease education include improved medication
compliance and awareness of adverse reactions,
reporting of extra-articular manifestations, and
improved attendance at appointments. From an
ethical perspective, patient education improves
shared decision making and autonomy. The
desire for patient education is present—a survey
of various rheumatic diseases, including axSpA,
found the majority of patients were interested
in more education as one-on-one from clini-
cians, online, or in group sessions [22]. In other
forms of rheumatic disease, it is recognized that
disease-related education is best provided using
an individualized needs-based framework from
specialist nurses, and can improve self-efficacy,
self-management, adherence, coping skills, and
physical and psychological status [23, 24].

CLINICAL ASSESSMENT

A comprehensive history and physical
examination should be carried out for
the assessment of suspected nr-axSpA.

Diagnosis of nr-axSpA requires a thorough
assessment to identify features of axSpA, dif-
ferential diagnoses, and common comorbidities
such as NSBP and fibromyalgia.

A history of inflammatory back pain (IBP) is
the cardinal feature of axSpA. IBP has high

Table 1 continued

Statement GRADE
level

GRADE
strength

Level of
agreement
Mean (SD)

TNF and IL-17 inhibitors are efficacious in the treatment of nr-axSpA High Strong 9.7 (0.5)

TNF inhibitor dose reductions are associated with an increase in risk of flares,

while TNF inhibitor cessation has a significant risk of flare

High Strong 8.7 (1.3)

Sacroiliac corticosteroid injections may have a limited role in the treatment of nr-

axSpA

Very low Conditional 8.3 (1.5)

Systemic corticosteroids have no definite role in the treatment of nr-axSpA Very low Conditional 8.9 (1.1)

Rheumatol Ther (2022) 9:1–24 7



sensitivity (74%) but low specificity (40%) for
nr-axSpA, similar to values observed in axSpA
(94 and 25%, respectively) [25, 26]. Typical IBP
presents with numerous features not seen in
non-specific or mechanical back pain, such as
no relief from rest, pain overnight, and early
morning pain and stiffness that improves with
movement or exercise [1]. A mixture of
inflammatory and non-specific symptoms are
often present.

A family history of SpA increases the likeli-
hood of nr-axSpA, with low sensitivity and high
specificity for axSpA [26, 27]. However, in a
single cohort of 80% nr-axSpA, once the con-
tribution of HLA-B27 was removed, no value
was found in a positive family history of SpA
[28].

Other clinical features of SpA contain pre-
dictive value for nr-axSpA, including heel
enthesitis, psoriasis, uveitis, inflammatory
bowel disease, peripheral inflammatory arthri-
tis, and a good response to NSAIDs [27]. The
combination of a good response to NSAIDs,
early morning stiffness[30 min, and elevated
CRP has high sensitivity (91%) and moderate
specificity (67%) [29]. The examination finding
with the most evidence is the FABER sacroiliac
provocation test, which demonstrated moder-
ate sensitivity (71%) and specificity (75%) for
MRI sacroiliitis in a small cohort [30].

History and examination of suspected nr-
axSpA should include a consideration of
fibromyalgia, which can present as comorbidity,
consequence, or mimic of axSpA. Prominent
features of central sensitization pain can com-
plicate the diagnostic process, especially if more
non-inflammatory than inflammatory features
are present. Comorbid fibromyalgia is common
in nr-axSpA, identified in 23% of males, 21% of
females, and in 22–38% of axSpA [31–34]. Sim-
ilarly, axSpA has been identified in 10% of a
fibromyalgia cohort, where most of those
meeting ASAS classification criteria had an
ASAS-positive MRI [35].

INITIAL INVESTIGATIONS

CRP should be measured when consid-
ering the diagnosis of nr-axSpA.

Elevated CRP is a recognized feature of SpA
that is present in 36–58% of nr-axSpA [36–38].
AS and AS-containing axSpA cohorts also often
have elevated CRP, probably more often and at
a higher level than nr-axSpA [36, 38–41].

The pitfall of finding a normal CRP in highly
suspected nr-axSpA can be partly addressed by
repeated testing. In the placebo arm of a nr-
axSpA RCT, 50% of subjects with a normal CRP
at baseline developed an elevated CRP within 16
weeks over a mean of seven tests [42].

HLA-B27 status should be determined
when considering the diagnosis of nr-
axSpA.

The presence of HLA-B27 increases the like-
lihood of nr-axSpA in suspected individuals (OR
5.6–5.9) [27, 43]. For axSpA, its predictive value
is even higher (LR 17) with moderate-to-high
sensitivity (41–66%) and positive predictive
value (68%) and high specificity (80–96%)
[26, 44, 45]. There is no nr-axSpA-specific data
reporting the predictive value of HLA-B27 for
extra-articular manifestations of spondy-
loarthritis, however, HLA-B27 in axSpA is asso-
ciated with twice the risk of uveitis and half the
risk of inflammatory bowel disease (IBD) or
psoriasis [46].

Presence of HLA-B27 and an ASAS-positive
MRI is highly suggestive of nr-axSpA, with
specificity reported at 99%, and only 2% with
neither present having axSpA [26, 43]. These
findings reinforce that exclusion of axSpA
should be strongly influenced by the negative
predictive value of HLA-B27 (78%) and
sacroiliitis on imaging (84%) [26].

Plain pelvic radiographs should be
obtained to evaluate back pain with
features suggestive of spondyloarthritis.
Sacroiliac joint pathology observed on
radiographs is not specific for sacroiliitis
and should be interpreted within the
clinical context.
A normal radiograph does not exclude
nr-axSpA.

Non-radiographic axSpA requires features of
axSpA without definite sacroiliac changes on
plain radiographs [1]. Obtaining plain radio-
graphs before MRI is an important step for

8 Rheumatol Ther (2022) 9:1–24



rational use of resources, prognostic value and
to inform an approach to treatment.

Antero-posterior (AP) pelvic views are suffi-
cient for sacroiliac joint assessment and also
assess hip arthritis, which is common in AxSpA
[47]. Sacroiliac joint views uncommonly add
diagnostic information so are not recom-
mended. AP pelvic radiographs are often suffi-
cient for diagnosis in suspected axSpA, so
should be performed before sacroiliac MRI.
They have moderate sensitivity (40–70%) and
high specificity (86–95%) for axSpA compared
to low-dose CT but low sensitivity (20–50%),
and high specificity (80–99%) compared to
expert diagnosis [48–51].

Plain radiography of the spine is a useful
investigation when spinal fracture is suspected.
Low bone density is an established consequence
of AS, and has been reported in nr-axSpA but
the vertebral fracture rate in an early AxSpA
cohort was low [52–54].

In a cohort of suspected axSpA, diagnosis
was made after history, examination, and blood
tests in 62% [55]. Imaging with radiography and
MRI changed the diagnosis in 14% of remaining
subjects, of which 42% were diagnosed by plain
radiography. Similar rates of definite radio-
graphic sacroiliac changes in 38–40% have been
reported in other groups of suspected axSpA
[36, 56].

Radiography must be considered in con-
junction with other clinical features of back
pain and axSpA. It cannot be used as a sole test
for diagnosis of axSpA as the characteristic fea-
tures of erosions, sclerosis, and joint space
changes, and even ‘radiographic sacroiliitis’ by
modified New York criteria have been identified
in subjects without inflammatory axial disease
[50]. Inflammatory arthritis most typical of
another form of spondyloarthritis often causes
‘radiographic sacroiliitis’, for example in
16–33% of psoriatic arthritis without a signifi-
cant history of back pain [57, 58].

Rates of progression from nr-axSpA to AS
over years have been reported, but their esti-
mates vary greatly. One study found no net
progression over 3.9 years as an equal number
reverted from AS to nr-axSpA, attributed to
inter-reader variability [59]. The ASAS and
DESIR cohorts reported net progression of

19.2% and 6.3% over a mean 4.6 years [60].
Over longer periods, 17% progression at
10 years and 26% at 15 years were observed in a
US cohort, with a median time to progression of
5.9 years and no reported reversion rate [11].

Computed tomography is not recom-
mended for the investigation of sus-
pected nr-axSpA.

Computed tomography (CT) provides excel-
lent resolution of structural bony lesions, but is
unable to detect acute inflammation and has no
diagnostic criteria for axSpA, making it inferior
to MRI for diagnosis. CT is highly useful for
investigation of suspected pelvic fracture.

A direct comparison of low-dose CT and T1
MRI to expert diagnosed nr-axSpA found similar
sensitivity for structural lesions (44% and 46%)
but a higher specificity of CT than T1 MRI (96%
and 69%) [61]. Bone marrow edema (BMO) on
fat-suppressed MRI was highly sensitive (88%)
and moderately specific (67%) favoring the use
of MRI over CT.

Comparison of CT to T1 MRI in an axSpA
cohort with 36% nr-axSpA demonstrated high
agreement for erosions and joint space changes
(kappa 0.74 and 0.8) but not for sclerosis (kappa
0.32) [62]. Sensitivity of T1 MRI for sclerosis was
low (30%), but the same study reported mod-
erate-to-high sensitivity of plain radiographs for
sclerosis (70%). Thus, the combination of pelvic
radiography plus MRI provides high sensitivity
and moderate-to-high specificity for a global
impression of axSpA, while the remaining
lesions detected by CT lack a validated frame-
work for diagnosing axSpA.

MRI USE AND INTERPRETATION

Sacroiliac joint MRI should be used in
those with clinical suspicion of nr-
axSpA. The recommended protocol is
the combination of non-contrast T1 and
STIR.

Signs of sacroiliac joint inflammation are
often present in nr-axSpA when suitable MRI
protocols are used. In the context of suspected
nr-axSpA, we recommend STIR to detect acute

Rheumatol Ther (2022) 9:1–24 9



sacroiliac inflammation (represented as BMO),
and T1 to visualize chronic structural changes,
which add to the global impression.

MRI-positive sacroiliitis is common in
cohorts of IBP and nr-axSpA, where an ASAS-
positive MRI involving highly suggestive BMO
is present in 41–48% of subjects [36, 49, 56].
MRI-positive sacroiliitis is highly specific, and
both sensitivity and specificity improve when
clinical features are added [27]. Presence of
‘Deep BMO’ (extending[1 cm from the SIJ
articular cortex) or BMO plus one structural
lesion increases specificity [5].

Detection of BMO is therefore critical for
diagnosis, and is achieved with fat-nulling MRI
sequences. STIR has been preferred over T2 fat-
suppressed sequences due to more homoge-
neous suppression and has been repeatedly
validated for this purpose, while DWI and T1
with gadolinium offer no additional diagnostic
value over STIR [1, 63–66]. Assessment of the
ligamentous compartment of the SIJ for acute
inflammation very rarely adds diagnostic
information, changing the diagnosis in 0–0.6%
in two nr-axSpA cohorts [67].

AxSpA can cause characteristic changes in
lumbar, thoracic, and cervical spinal MRI, but
these features have insufficient specificity for
diagnostic use and no method of interpretation
has been validated. Vertebral BMO is common
and has been observed concurrently with SIJ
BMO in half of scans in nr-axSpA [68]. Whole-
spine MRI increases sensitivity for nr-axSpA
modestly when the SIJ have no BMO, but one-
third of these spinal MRIs are false-positive, a
rate two–threefold higher than SIJ MRI alone
[69]. Due to these challenges, we have only
made a recommendation regarding interpreta-
tion of sacroiliac MRI and await validation of
diagnostic criteria for spinal lesions.

The interpretation of structural sacroiliac
joint lesions also presents a challenge when
diagnosing axSpA, with variable interpretation
among rheumatologists and radiologists [5].
One high-quality, well-conducted study was
performed to assess frequency of structural
changes in nr-axSpA [70]. The chronic struc-
tural changes of backfill and fat metaplasia were
rare in subjects without BMO, occurring in
0–1.8%, and were far more common when BMO

was present. This and a previous study found
that erosions are uncommon without BMO in
nr-axSpA (7.5–11%), and rarely occur without
BMO in NSBP and healthy controls (1.3–3.8%)
[70, 71]. The presence of multiple structural
lesions is also highly specific ([90%) but
uncommon, and so does not significantly
increase sensitivity [5, 71]. The presence of one
erosion plus at least one BMO lesion achieves
moderate-to-high sensitivity and specificity
which is an improvement but still inadequate
for diagnosis without considering clinical
features.

Currently, no widely used scoring system
combines BMO and structural lesions as a
diagnostic tool, leaving structural lesions a
component of global SIJ assessment for expert
readers. The CANDEN MRI spine scoring system
is a comprehensive system that permits a
detailed description of the involvement of dif-
ferent spinal structures, various topographic
parts of the vertebral bodies, the facet joints, the
spinous processes, the transverse processes, the
ribs, and soft tissue [72]. By covering various
inflammatory and structural lesion types, the
CANDEN MRI spine scoring system may help
identify subgroups of patients and different
disease trajectories. The ASAS MRI group has
also recently proposed the definition for a defi-
nite structural lesion typical of AxSpA as C 3
sacroiliac joint quadrants with erosion, or C 5
quadrants with fat lesions, or structural lesions
at the same location on consecutive slices, or a
deep fat lesion [73].

Repeat MRI After a Negative Scan

Repeat MRI scans looking for sacroiliac joint
changes has a role in the diagnosis of nr-axSpA,
although the yield is low, especially if HLA-B27
is negative. In suspected nr-axSpA, repeating
sacroiliac joint MRI yields an ASAS-positive scan
in 2.5–15% of cases, with a similar rate of 9.3%
in diagnosed nr-axSpA [74–77]. Two studies
report that BMO on repeat MRI is more com-
mon in males and far more likely if HLA-B27 is
positive [75, 78]. Both studies report that if
HLA-B27 is negative, the likelihood of an initial
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ASAS-negative MRI changing to positive on
follow-up is\5%.

Sacroiliac bone marrow edema is not
unique to spondyloarthritis and should
be interpreted in the clinical context.
Sacroiliac bone marrow edema has been
observed in individuals without axial
spondyloarthritis, including healthy
controls, athletes, and post-partum
women.

MRI signs of acute and chronic sacroiliitis are
known to occur in the absence of nr-axSpA so
should not be used in isolation for diagnosis.
False-positive ‘sacroiliitis’ is not uncommon
even when using the validated cutoff of an
ASAS-positive MRI, developed to represent a
significant amount of BMO ‘highly suggestive’
of sacroiliitis from axSpA [1]. It has been
observed in 23% of healthy controls, 23% of
military recruits, 30–41% of runners and pro-
fessional ice hockey players, and 40–64% of
postpartum women [79–83]. The most common
site of false-positive sacroiliac BMO is the pos-
terior lower ilium [79].

Structural lesions of the SIJ are also seen in
the absence of SpA, with reports of fatty lesions
occurring in 4–10% of controls, and at least one
erosion in 9–10% of post-partum women and
9.5% of runners and ice hockey players
[79, 80, 84].

DIAGNOSTIC CONSIDERATIONS

The components of the classification
criteria have value in guiding a diagnosis
of nr-axSpA, but should not be used as
diagnostic criteria in individual patients.

Classification criteria exist to select a patient
population for clinical research, assume the pre-
test population has an existing diagnosis, and
that relevant differential diagnoses have been
excluded [7]. When applied to trial populations
in this manner, the ASAS classification criteria
for axSpA show moderate sensitivity and mod-
erate specificity compared to the gold standard
of expert diagnosis [27, 36, 37, 44, 56, 85].
Long-term follow-up has confirmed that

classification of axSpA is reproducible and per-
sists over numerous years [27, 36, 56, 86].
Classification criteria should not be applied as a
diagnostic list. They have not been validated for
this purpose and will fail to completely rule in
or rule out the diagnosis without assessment
from an experienced clinician [8]. Classification
criteria are, however, a valuable list of features
that aid global assessment by experienced clin-
icians who can assess other possible causes of
symptoms, comorbidities, and sequelae.

The specialist’s challenge is to apply recog-
nized disease concepts to replicate the gold
standard of expert diagnosis. Our recommen-
dations describe many practical steps that can
be taken when the diagnosis is not clear, such as
repeating MRI and CRP, and starting low-risk
treatments including NSAIDs, exercise, and
physiotherapy.

EXERCISE AND PHYSIOTHERAPY

Management plans should include long-
term, regular exercise.

An exercise program involving cardiovascu-
lar exertion and range of movement back exer-
cises is a low-risk intervention that will help to
improve musculoskeletal heath and obesity. We
only found very low quality evidence on these
interventions, as trials were only in axSpA, lack
a standardized intervention, and have not been
reproduced.

A single group of authors in Norway have
investigated the benefit of high-intensity inter-
val training (HIIT) for management of axSpA
(30% nr-axSpA, 70% AS). Their RCT of HIIT and
resistance training, three times per week for
3 months, compared to no change in exercise,
saw small improvements in outcome measures
(ASDAS, BASFI, BASMI) and waist circumfer-
ence, and a modest improvement in the symp-
tom-based disease activity measure BASDAI of
1.2 points [87]. Fatigue, vitality, and general
health improved at the end of the intervention
period and reduced to no improvement after
12 months [88]. A Spanish RCT of pool-based
exercise therapy for axSpA also found small
improvements in quality of life, BASFI, BASDAI,
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neck, back and hip pain, and morning stiffness
[89].

Physiotherapy may be useful in the
management of nr-axSpA.

Physiotherapy (physical therapy) is a low-risk
intervention that addresses multiple causes of
back pain, including NSBP, which can occur
secondary to, or as a mimic of, nr-axSpA. Evi-
dence for physiotherapy in nr-axSpA is very
limited, and was rated very low quality using
the GRADE method. We did not identify any
standardized program or reproduced results in
axSpA.

An observational cohort of 50% nr-axSpA
recorded slight improvement in disease activity
and mobility outcomes after 6 months of core
and spinal exercises and brief exertion com-
pared to baseline, but not compared to controls
[90]. A trial of non-controlled physiotherapy in
the DESIR cohort of axSpA found a small
improvement in BASFI but not other outcome
measures [91].

A 2019 Cochrane review of exercise and
physiotherapy for AS found that it probably
slightly improves function and patient-reported
disease activity and may reduce pain, with no
evidence it helps fatigue [92].

USE OF CONVENTIONAL
MEDICATION/PHARMACOTHERAPY

There is no role for conventional syn-
thetic DMARDs in the management of
axial manifestations in nr-axSpA.

There is no evidence base to support the use
of conventional synthetic DMARDs to treat
axial symptoms in axSpA. A placebo-controlled
RCT of sulfasalazine for 230 people with AS
found no benefit for axial symptoms, while a
small RCT of 67 subjects with AS reported small
but significant improvements in outcomes
(ASDAS, BASDAI, BASMI) [93, 94]. Multiple
observational axSpA and AS studies have not
found benefit for axial symptoms [95–97].
Observational data from the control arm of an
etanercept AS trial reported the sulfasalazine
arm achieving ASAS40 33% and ASAS20 52%,

but little improvement in objective measures
[98]. As this result occurred in an AS trial with
no comparison to placebo to remove con-
founding disease activity fluctuation, this is
very low quality evidence. A 2014 Cochrane
review found no significant benefit of SSZ for
axial symptoms in AS [99].

A very low quality study of axSpA reported
superior TNF inhibitor retention in people tak-
ing conventional DMARDs, although the higher
rate of peripheral arthritis in the DMARD group
confounds this result [100].

Sulfasalazine can be considered for those
with peripheral manifestations in nr-
axSpA.

Conventional DMARDs are widely used for
peripheral arthritis in nr-axSpA and are pre-
sumed to have efficacy based on their use in
other forms of SpA. We found no interventional
study of nr-axSpA that reports peripheral
arthritis as an outcome. An AS RCT reported
improvements in patient and physician global
assessment on sulfasalazine, and an observa-
tional study reported an improvement in
peripheral pain score [97, 98]. Neither study
found a clinically significant improvement in
swollen or tender joint count or CRP. Use of
sulfasalazine to treat peripheral arthritis in
spondyloarthritis is common but lacks high-
quality evidence [101, 102].

We leave our 2014 recommendation
unchanged as a low-risk and low-cost initial
treatment option for peripheral arthritis.

Non-steroidal anti-inflammatories are
recommended as first-line pharmaco-
logical treatment for the management of
nr-axSpA.

NSAID use is based on efficacy seen in axSpA,
as there is no nr-axSpA specific evidence. We
recommend NSAIDs for back pain in nr-axSpA
as they can help inflammatory and non-in-
flammatory back pain and improve participa-
tion in an exercise program.

Uncontrolled studies of axSpA found clini-
cally significant improvement from NSAIDs at
the maximum tolerated dose, attaining ASAS40
in 30–57% and BASDAI50 in 29%, which com-
pares favorably to a previously reported placebo
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response of 12.5% in axSpA [103–106].
A Cochrane review of NSAIDs for AS found
high-to-moderate quality evidence of benefit for
axial symptoms [107].

Sacroiliac corticosteroid injections may
have a limited role in the treatment of
nr-axSpA.
Systemic corticosteroids have no definite
role in the treatment of nr-axSpA.

We found no trials that investigate the use of
corticosteroids in nr-axSpA. Sacroiliac corticos-
teroid injections are an established practice in
axSpA with little evidence while systemic cor-
ticosteroids have inconsistent results.

A single study reports response to corticos-
teroid injection of the sacroiliac joints for MRI
sacroiliitis (52% AS, 48% nr-axSpA) [108]. VAS
pain scores halved, which was twice the
improvement seen in the active control group
of peri-articular injection.

Two small double-blind placebo-controlled
RCTs have examined treating axSpA with high-
dose oral prednisone. One describes the incon-
sistent finding of an improvement in BASDAI50
but not ASAS20 or ASAS40 in 32 subjects taking
60 mg prednisone weaned over 18 weeks [109].
The second reports mild-to-moderate improve-
ment in BASDAI (2.4 points) and ASDAS (1.6
points) from 50 mg but not 20 mg prednisone
after 2 weeks [110]. A small improvement was
seen following intramuscular triamcinolone,
where ASDAS fell by 1.4 points in an open,
uncontrolled trial of AS and PsA with axial dis-
ease [111].

Systemic corticosteroids do not have consis-
tent evidence of benefit. Safer and more effica-
cious alternatives are available, leaving no clear
role in the treatment of axial symptoms.
Sacroiliac corticosteroid injections can possibly
be considered for acute management of axSpA
associated sacroiliitis, however their duration of
action is limited.

USE OF BDMARDS

TNF and IL-17 inhibitors are efficacious
in the treatment of nr-axSpA.

The efficacy of TNF inhibitors for the axial
symptoms of nr-axSpA has been demonstrated
by four large placebo-controlled RCTs of indi-
viduals meeting either the clinical or imaging
arms of the ASAS classification criteria
[112–115]. Trials of anti-TNF in nr-axSpA
demonstrated good ASAS40 responses, ranging
from 32 to 57%. AxSpA-associated acute ante-
rior uveitis also responded well to certolizumab
in a single open-label trial where uveitis flares
fell by 87% [116]. Uveitis flares on etanercept
are believed to be more common than on other
TNF inhibitors [117]. TNF blockade is also rec-
ognized to provide significant improvements in
enthesitis in AxSpA, with uncommon adverse
events such as serious infection or injection site
reaction (118). They are also an established
treatment for psoriasis and IBD, favoring its use
when these comorbidities are present.

The efficacy of IL-17 inhibitors for axial
symptoms of nr-axSpA has been demonstrated
by two large placebo-controlled RCTs with
ASAS40 responses of 35–42% [119, 120]. Their
efficacy has not been directly compared to TNF
inhibitors in nr-axSpA, while their serious
adverse event rate is similar [121]. IL-17 block-
ade is highly effective for psoriasis and has a
small but significant effect on enthesitis in AS,
but does not improve IBD and has no evidence
for treatment of anterior uveitis [122, 123].
Large trials of the IL-23 inhibitor ustekinumab
for nr-axSpA and AS found no benefit compared
to placebo [124].

High disease activity is more likely to
respond to TNF inhibition. This is most evident
when measures of disease activity are com-
bined. ASDAS-CRP, which scores symptoms and
CRP, is highly predictive of response to TNF
inhibitors in nr-axSpA RCTs, while the value of
the symptom-only score BASDAI has mixed
results [125–128]. The combination of an ASAS-
positive MRI and elevated CRP appears to have
some predictive value—two secondary analyses
of RCTs observed a modestly higher treatment
response [125, 129].

Elevated CRP alone appears to have low-to-
moderate predictive value for treatment
response, while MRI sacroiliitis alone does not
have definite predictive value. In two nr-axSpA
RCTs, elevated CRP predicted a two-fold
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increase in treatment response, whereas another
RCT found only a very small difference (OR
1.04) [112, 125, 126]. MRI sacroiliitis at baseline
was compared to treatment response in four nr-
axSpA RCTs. Three found no predictive effect
and one a very small effect (OR 1.02)
[112, 125, 126, 130].

Other investigations for predictors of TNF
inhibitor response, including fibromyalgia,
HLA-B27, age, obesity, and smoking have had
negative or inconclusive results. Comorbid
fibromyalgia does not significantly change the
improvement in disease activity scores,
although it does increase their baseline values
[33, 34]. HLA-B27’s predictive value has highly
inconsistent reports from three nr-axSpA RCTs
and one axSpA RCT [112, 125, 126, 130]. Half
found predictive value of moderate size and half
found no value. Age at TNF commencement
and gender have wide estimates of effect, rang-
ing from no association to moderate or large
effect sizes [112, 125, 126, 130–134]. Two very
large longitudinal axSpA cohorts compared
smoking to treatment response—one found a
large detrimental effect and the other no dif-
ference [135, 136]. No interventional studies
directly assess whether obesity influences
response to TNF inhibitors in nr-axSpA, a phe-
nomenon observed in axSpA and SpA
[134, 137]. No difference was observed between
the[70 kg and\70 kg groups in the ABILITY-
1 nr-axSpA RCT [112].

TNF inhibitor dose reductions are asso-
ciated with an increase in risk of flares,
while TNF inhibitor cessation has a sig-
nificant risk of flare.

RCTs of TNF cessation versus continuation in
nr-axSpA report very high flare rates of 70–87%
over 48–68 weeks [138, 139]. Doubling the
dosing interval only slightly increased the flare
rate from 16.3 to 21%. In axSpA, two of three
open-label trials that halved TNF doses observed
an increase in flares of 19–27% within 1 year,
significantly higher than no dose reduction
[140–142].

FUNCTIONAL OUTCOMES
AND QUALITY OF LIFE

Function and quality of life are frequently
affected by nr-axSpA and are strongly influ-
enced by disease activity and comorbidities.
These outcomes improve in treatment
responders.

Functional impairment in nr-axSpA is similar
to AS with similar scores for axial spondy-
loarthritis disease activity, mental and physical
impairment, quality of life scores, and sleep
outcomes [143–146]. Occupational impairment
is common, causing self-reported decreased
productivity at work in 25–79% and disease-re-
lated absence from work in 8–19% for an aver-
age of 2.5 days per month [147–151].
Functional impairment frequently affects home
life, causing an inability to perform domestic
tasks 6.5 days per month, and missed family,
social and leisure activities 5.4 days per month
[151].

Disease activity is strongly predictive of
quality of life, function, and work participation
scores, and these outcomes improve in treat-
ment responders [152, 153]. Disease activity is
also correlated with fatigue, although only
slight improvement in fatigue has been
observed after starting TNF inhibitors
[143, 154].

Some common comorbidities worsen func-
tion in nr-axSpA. The presence of fibromyalgia
confers higher disease activity scores, with and
without TNF inhibitor treatment [33, 34].
Fibromyalgia in axSpA cohorts is an established
contributor to higher disease activity scores and
lower quality-of-life scores [32, 34, 147, 155].
Depression, fatigue, and negative perceptions of
illness are also predictors of worse function and
quality of life [19, 147, 156, 157].

DISCUSSION

Diagnosis and treatment of nr-axSpA is chal-
lenging for all clinicians, and this area has
progressed rapidly over the last decade. While
the nature of many disease-related concepts are
still unclear or controversial, we present 22
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statements using the best available literature
and summarize evolving disease concepts.

Initial assessment of suspected nr-axSpA
should involve taking a history and examina-
tion for features of spondyloarthritis and alter-
native causes of back symptoms, testing of HLA-
B27, and CRP and plain pelvic radiography. If
radiography does not show definite sacroiliac
changes and nr-axSpA is still suspected,
sacroiliac T1 and STIR MRI adds valuable diag-
nostic information. Signs typical of sacroiliitis
on MRI can occur in the absence of axSpA, and
therefore must be considered alongside other
clinical features.

Initial management should include a regular
exercise program and an NSAID. If the diagnosis
of nr-axSpA is clear and disease activity remains
high despite these interventions, biologic ther-
apy can be considered. Functional impairment,
quality of life, and work impairment is similar
to AS, and improves in treatment responders.
We anticipate that future practice-changing
developments will occur in the fields of MRI
interpretation and pharmacologic and non-
pharmacologic therapy.
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B27 and gender independently determine the like-
lihood of a positive MRI of the sacroiliac joints in
patients with early inflammatory back pain: a 2-year
MRI follow-up study. Ann Rheum Dis. 2011;70(11):
1981–5.

79. Weber U, Jurik AG, Zejden A, Larsen E, Jørgensen
SH, Rufibach K, et al. Frequency and anatomic dis-
tribution of magnetic resonance imaging features in
the sacroiliac joints of young athletes: exploring
‘‘Background Noise’’ toward a data-driven definition
of sacroiliitis in early spondyloarthritis. Arthritis
Rheumatol. 2018;70(5):736–45.

80. Agten CA, Zubler V, Zanetti M, Binkert CA, Kolo-
kythas O, Prentl E, et al. Postpartum bone marrow
edema at the sacroiliac joints may mimic sacroiliitis
of axial spondyloarthritis on MRI. AJR Am J
Roentgenol. 2018;211(6):1306–12.

81. de Winter J, de Hooge M, van de Sande M, de Jong
H, van Hoeven L, de Koning A, et al. Magnetic res-
onance imaging of the sacroiliac joints indicating
sacroiliitis according to the assessment of spondy-
loarthritis international society definition in heal-
thy individuals, runners, and women with
postpartum back pain. Arthritis Rheumatol.
2018;70(7):1042–8.

82. Varkas G, de Hooge M, Renson T, De Mits S, Carron
P, Jacques P, et al. Effect of mechanical stress on
magnetic resonance imaging of the sacroiliac joints:
assessment of military recruits by magnetic reso-
nance imaging study. Rheumatol Oxf Engl.
2018;57(3):508–13.

83. Renson T, Carron P, De Craemer A-S, Deroo L, de
Hooge M, Krabbe S, et al. Axial involvement in
patients with early peripheral spondyloarthritis: a
prospective MRI study of sacroiliac joints and spine.
Ann Rheum Dis. 2020;80(1):103–8.

84. Seven S, Østergaard M, Morsel-Carlsen L, Sørensen
IJ, Bonde B, Thamsborg G, et al. Magnetic resonance
imaging of lesions in the sacroiliac joints for dif-
ferentiation of patients with axial spondyloarthritis
from control subjects with or without pelvic or
buttock pain: a prospective, cross-sectional study of
204 participants. Arthritis Rheumatol. 2019;71(12):
2034–46.

85. Lin Z, Liao Z, Huang J, Jin O, Li Q, Li T, et al.
Evaluation of Assessment of Spondyloarthritis
International Society classification criteria for axial
spondyloarthritis in Chinese patients with chronic
back pain: results of a 2-year follow-up study. Int J
Rheum Dis. 2014;17(7):782–9.

86. Gazeau P, Cornec D, Timsit MA, Dougados M, Sar-
aux A. Classification criteria versus physician’s
opinion for considering a patient with inflamma-
tory back pain as suffering from spondyloarthritis.
Jt Bone Spine. 2018;85(1):85–91.

87. Sveaas S, Bilberg A, Berg I, Provan S, Rollefstad S,
Semb A, et al. High intensity exercise for 3 months
reduces disease activity in axial spondyloarthritis
(axSpA): a multicentre randomised trial of 100
patients. Br J Sports Med. 2020;54(5):292–7.

88. Sveaas S, Dagfinrud H, Berg I, Provan S, Johansen M,
Pedersen E, et al. High-intensity exercise improves
fatigue, sleep, and mood in patients with axial
spondyloarthritis: secondary analysis of a random-
ized controlled trial. Phys Ther. 2020;100(8):
1323–32.

89. Garcı́a RF, de Sánchez LCS, Mdel MLR, Granados
GS. Effects of an exercise and relaxation aquatic
program in patients with spondyloarthritis: a ran-
domized trial. Med Clin (Barc). 2015;145(9):380–4.

90. Levitova A, Hulejova H, Spiritovic M, Pavelka K,
Senolt L, Husakova M. Clinical improvement and
reduction in serum calprotectin levels after an
intensive exercise programme for patients with
ankylosing spondylitis and non-radiographic axial
spondyloarthritis. Arthritis Res Ther. 2016;18(1):
275.

91. Escalas C, Dalichampt M, Dougados M, Poiraudeau
S. Evaluation of physiotherapy in a prospective
cohort of early axial spondyloarthritis. Data from
the DESIR cohort. Jt Bone Spine. 2016;83(2):185–90.

92. Regnaux J, Davergne T, Palazzo C, Roren A, Rannou
F, Boutron I, et al. Exercise programmes for anky-
losing spondylitis. Cochrane Database Syst Rev.
2019. https://doi.org/10.1002/14651858.
CD011321.pub2.

93. Braun J, Zochling J, Baraliakos X, Alten R, Burmester
G, Grasedyck K, et al. Efficacy of sulfasalazine in
patients with inflammatory back pain due to

20 Rheumatol Ther (2022) 9:1–24

https://doi.org/10.1002/14651858.CD011321.pub2
https://doi.org/10.1002/14651858.CD011321.pub2


undifferentiated spondyloarthritis and early anky-
losing spondylitis: a multicentre randomised con-
trolled trial. Ann Rheum Dis. 2006;65(9):1147–53.

94. Sharma SK, Kadiyala V, Naidu G, Dhir V. A ran-
domized controlled trial to study the efficacy of
sulfasalazine for axial disease in ankylosing
spondylitis. Int J Rheum Dis. 2018;21(1):308–14.

95. Hernández-Breijo B, Plasencia-Rodrı́guez C,
Navarro-Compán V, Martı́nez-Feito A, Jochems A,
Kneepkens EL, et al. Association between con-
comitant csDMARDs and clinical response to TNF
inhibitors in overweight patients with axial
spondyloarthritis. Arthritis Res Ther. 2019;21(1):66.

96. Ganapati A, Gowri M, Antonisamy B, Danda D.
Combination of methotrexate and sulfasalazine is
an efficacious option for axial spondyloarthritis in a
resource-limited, real-world clinical setting: a
prospective cohort study. Clin Rheumatol.
2020;40(5):1871–9.

97. Fagerli KM, van der Heijde D, Heiberg MS, Wierød
A, Kalstad S, Rødevand E, et al. Is there a role for
sulphasalazine in axial spondyloarthritis in the era
of TNF inhibition? Data from the NOR-DMARD
longitudinal observational study. Rheumatol Oxf
Engl. 2014;53(6):1087–94.

98. Braun J, van der Horst-Bruinsma I, Huang F, Burgos-
Vargas R, Vlahos B, Koenig A, et al. Clinical efficacy
and safety of etanercept versus sulfasalazine in
patients with ankylosing spondylitis: a randomized,
double-blind trial. Arthritis Rheum. 2011;63(6):
1543–51.

99. Chen J, Lin S, Liu C. Sulfasalazine for ankylosing
spondylitis. Cochrane Database Syst Rev. 2014.
https://doi.org/10.1002/14651858.CD004800.pub3.

100. Nissen MJ, Ciurea A, Bernhard J, Tamborrini G,
Mueller R, Weiss B, et al. The effect of comedication
with a conventional synthetic disease-modifying
antirheumatic drug on drug retention and clinical
effectiveness of anti-tumor necrosis factor therapy
in patients with axial spondyloarthritis. Arthritis
Rheumatol. 2016;68(9):2141–50.

101. Cantini F, Niccoli L, Nannini C, Kaloudi O, Bertoni
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126. Sieper J, Landewé R, Magrey M, Anderson JK, Zhong
S, Wang X, et al. Predictors of remission in patients
with non-radiographic axial spondyloarthritis
receiving open-label adalimumab in the ABILITY-3
study. RMD Open. 2019;5(1): e000917.

127. van der Heijde D, Deodhar A, Fleischmann R, Mease
PJ, Rudwaleit M, Nurminen T, et al. Early disease
activity or clinical response as predictors of long-
term outcomes with certolizumab pegol in axial
spondyloarthritis or psoriatic arthritis. Arthritis
Care Res. 2017;69(7):1030–9.

128. Tam HKJ, Nash P, Robinson PC. The effect of etan-
ercept in nonradiographic axial spondyloarthritis
by stratified C-reactive protein levels. ACR Open
Rheumatol. 2021;3(10):699–706.

129. van der Heijde D, Sieper J, Maksymowych W,
Lambert R, Chen S, Hojnik M, et al. Clinical and
MRI remission in patients with nonradiographic
axial spondyloarthritis who received long-term
open-label adalimumab treatment: 3-year results of
the ABILITY-1 trial. Arthritis Res Ther. 2018;20(1):
61.

130. Sieper J, Rudwaleit M, Lenaerts J, Wollenhaupt J,
Myasoutova L, Park S, et al. Partial remission in
ankylosing spondylitis and non-radiographic axial
spondyloarthritis in treatment with infliximab plus

22 Rheumatol Ther (2022) 9:1–24



naproxen or naproxen alone: associations between
partial remission and baseline disease characteris-
tics. Rheumatol Oxf Engl. 2016;55(11):1946–53.

131. Alazmi M, Sari I, Krishnan B, Inman RD, Haroon N.
Profiling response to tumor necrosis factor inhibitor
treatment in axial spondyloarthritis. Arthritis Care
Res. 2018;70(9):1393–9.

132. Neuenschwander R, Hebeisen M, Micheroli R, Bürki
K, Exer P, Niedermann K, et al. Differences between
men and women with nonradiographic axial
spondyloarthritis: clinical characteristics and treat-
ment effectiveness in a real-life prospective cohort.
Arthritis Res Ther. 2020;22(1):233.

133. Yahya F, Gaffney K, Hamilton L, Lonsdale E, Leeder
J, Brooksby A, et al. Tumour necrosis factor inhi-
bitor survival and predictors of response in axial
spondyloarthritis-findings from a United Kingdom
cohort. Rheumatol Oxf Engl. 2018;57(4):619–24.

134. Gremese E, Bernardi S, Bonazza S, Nowik M, Peluso
G, Massara A, et al. Body weight, gender and
response to TNF-a blockers in axial spondy-
loarthritis. Rheumatol Oxf Engl. 2014;53(5):875–81.

135. Ciurea A, Scherer A, Weber U, Exer P, Bernhard J,
Tamborrini G, et al. Impaired response to treatment
with tumour necrosis factor alpha inhibitors in
smokers with axial spondyloarthritis. Ann Rheum
Dis. 2016;75(3):532–9.

136. Zhao SS, Yoshida K, Jones GT, Hughes DM, Tedeschi
SK, Lyu H, et al. Impact of smoking in response to
tumor necrosis factor inhibitors in axial spondy-
loarthritis: methodologic considerations for longi-
tudinal observational studies. Arthritis Care Res.
2020;72(4):591–9.

137. Micheroli R, Hebeisen M, Wildi LM, Exer P, Tam-
borrini G, Bernhard J, et al. Impact of obesity on the
response to tumor necrosis factor inhibitors in axial
spondyloarthritis. Arthritis Res Ther. 2017;19(1):
164.
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