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Abstract | The axial spondyloarthritis (axSpA) disease concept has undergone substantial change
from when the entity ankylosing spondylitis was defined by the modified New York criteria in 1984.
Developments in imaging, therapy and genetics have all contributed to changing the concept

of axSpA from one of erosions in the sacroiliac joints to a spectrum of disease with and without
changes evident on plain radiographs. Changes to the previously held concept and construct of
the disease have also necessitated new classification criteria. The use of MRI, primarily of the
sacroiliac joints, has substantially altered the diagnosis and differential diagnosis of axSpA.

Many in the axSpA community believe that the current classification criteria lack specificity, and
the CLASSIC study is underway to examine this area. Although much about the evolving axSpA
disease concept is universally agreed, there remains disagreement about operationalizing aspects
of it, such as the requirement for the objective demonstration of axial inflammation for the
classification of axSpA. New imaging technologies, biomarkers and genetics data will probably
necessitate ongoing revision of axSpA classification criteria. Advances in our knowledge of the
biology of axSpA will settle some differences in opinion as to how the disease concept is applied

to the classification and diagnosis of patients.

Axial spondyloarthritis (axSpA) is a disease commonly
encountered in the field of rheumatology. The concept
of axSpA — that is, the idea of what it is (BOX 1) — is
the result of the recognition of the early phases of the
disease historically termed ankylosing spondylitis (AS).
Historically, in the era of the modified New York criteria,
sacroiliac damage had to be evident on plain radiographs
to fulfil the criteria for AS'. MRI, however, has since
opened our eyes to an expanded disease spectrum. The
recognition that inflammation is present in the spine
and sacroiliac joints prior to the development of ero-
sions revealed an earlier phase of axSpA in an objective
way that was not possible previously. The construct of
the disease, a type of operational definition, has thus had
to evolve to include this expanded spectrum, as illus-
trated in FIC. 1. This new construct in turn led to the
development of new classification criteria for axSpA to
enable investigation of this neglected early part of the
disease spectrum in a reproducible way. The process of
constructing classification criteria highlighted the differ-
ing views of academics and clinicians around the world
about what constitutes the construct of axSpA.

Despite some disagreement, there is much about
the axSpA construct that is universally accepted. First, the

concept of non-radiographic axSpA (nr-axSpA) has been
introduced to complement the widely known and recog-
nized disease entity AS. axSpA is now recognized as an
umbrella term that encompasses both AS and nr-axSpA
and a continuum from early or mild to late or severe dis-
ease. Information from imaging studies, primarily using
MR, is helping to characterize the range of changes seen
in the axial skeleton in health and disease, as only in
understanding the full spectrum of manifestations can
we understand where ‘normal’ stops and ‘disease’ starts.
In addition, in many areas in science and medicine we
learn so much about the fundamentals of a phenomenon
when the ability to influence it becomes available, as with
new therapies. In this way, how axSpA responds to treat-
ment and what this response means about its underlying
biology has given fruitful insights into what the disease is
and what it is not. This Review examines the theoretical
basis for axSpA, the concept and the construct, and the
resultant classification criteria that have been proposed.
In addition, we discuss some of the issues identified in
diagnosing and classifying axSpA, and further explore
the nature of axSpA in the context of theories such as the
philosophical concept of ‘natural kinds’ and latent class
analysis of SpA. Fundamentally redefining a disease is

NATURE REVIEWS |


http://orcid.org/0000-0002-3156-3418
http://orcid.org/0000-0002-0087-0351
http://orcid.org/0000-0003-4704-8311
mailto:philip.robinson@
uq.edu.au
mailto:philip.robinson@
uq.edu.au
https://doi.org/10.1038/s41584-020-00552-4
https://doi.org/10.1038/s41584-020-00552-4
http://crossmark.crossref.org/dialog/?doi=10.1038/s41584-020-00552-4&domain=pdf

Key points

* The concept of axial spondyloarthritis (axSpA) has expanded from ankylosing
spondylitis with evidence of erosions to a spectrum of disease encompassing
non-radiographic axSpA and radiographic axSpA.

* The current classification criteria capture the entire spectrum of axSpA, but many
in the field believe they lack specificity; the CLASSIC study is underway to further

assess this issue.

* The concept of axSpA is largely agreed upon in the research community, but opinion
still diverges about some aspects, for example, the demonstration of objective axial
inflammation for axSpA classification.

* The current definition of a positive sacroiliac joint MRl scan lacks specificity for
axSpA, as demonstrated in imaging studies of individuals with and without back pain

and post-partum women.

* Concepts such as the theory of natural kinds and latent class analysis enable us to
further examine the crucial features of the axSpA concept, with sacroiliitis being the

core feature.

* Advances in our understanding of the biology of axSpA via novel imaging, genetic
and biomarker studies will probably enable the resolution of many current issues in
axSpA diagnosis and classification.

not a common occurrence, and in this Review we also
explore how this considerable change has affected the
recognition of axSpA in the clinic, the use of imaging
and access to therapies. We conclude by discussing
unanswered questions and potentially fruitful areas of
further research.

Spondyloarthritis and axSpA

The SpA umbrella. Any discussion of axSpA must start
with reviewing the overarching concept of spondylo-
arthritis (SpA) as a whole. SpA as a disease label has been
applied to presentations of disease that include a wide
range of individual elements? (FIC. 2). These elements
include spinal inflammatory disease, with the patho-
logical feature being a polyenthesitis of the vertebral
column. In addition, peripheral inflammatory arthritis,
peripheral enthesitis (for example, Achilles tendonitis),

Box 1| axSpA disease construct, concept, classification and diagnosis?®:%2%!

Concept: a concept is an abstract idea, and can extend to include both known
examples and unknown examples. The idea may or may not refer to something that
exists in the real world. An example of a concept in the field of axial spondyloarthritis
(axSpA) might be the presence of axSpA in the absence of objective signs such as
elevated C-reactive protein or sacroiliac joint inflammation on MRI; this concept is
an abstract idea that may or may not exist.

Construct: a construct is an abstract idea that contains conceptual elements.
Constructs are more specific and less abstract than concepts. Constructs encompass
actual cases, whereas concepts extend over both actual and possible cases. axSpA

is itself a construct, which includes conceptual elements such as sacroiliac joint
inflammation, spinal inflammation and associated features such as anterior uveitis.

Classification criteria: classification criteria provide a standardized definition of

a disease to enable the identification of a homogeneous group of cases for research
purposes. A set of classification criteria does not capture the whole spectrum of
manifestations of a disease, but should be highly specific in order to minimize false-
positive errors. An example in axSpA is the 2009 Assessment of SpondyloArthritis
International Society (ASAS) classification criteria for axSpA'°.

Diagnostic criteria: diagnostic criteria are a set of signs, symptoms and tests for use in
ordinary clinical practice to guide the care of individual patients. They should have near
perfect positive and negative predictive value (which is rare). No diagnostic criteria

exist for axSpA or SpA.

dactylitis, anterior uveitis, skin psoriasis, non-specific
urethritis, conjunctivitis, aortitis and inflammatory
bowel disease (IBD) are also recognizable elements
that make up the constellation of features recognized
as SpA. These features often, but not always, mani-
fest in loosely defined groups, which historically have
then attracted their own (sub)labels, including AS,
psoriatic arthritis (PsA), enteropathic arthritis (IBD-
associated arthritis) and reactive arthritis (formally
referred to as Reiter syndrome’). The term ‘undifferen-
tiated SpA’ has also been used when the constellation
of features is more recognizable as SpA than as another
entity, such as rheumatoid arthritis, but does not fall
within one of the loosely defined (sub)groups, such as
PsA**. Atleast initially, Behget disease was also included
in the schema of SpA owing to descriptions of poly-
arthritis, sacroiliitis and seronegativity in series of patients
with Behget disease®; however, this classification has
not been widely adopted and genetic association studies
have failed to find important shared genetic factors®*.
Historically, vital motivation for devising the SpA con-
cept was to distinguish PsA from rheumatoid arthritis
with coincident psoriasis by the absence of rheumatoid
factor, which generated the terms ‘seronegative arthritis’
and ‘seronegative SpA”.

However, one of the challenges of this historical (sub)
grouping approach has been that patients with similar
clinical features can fall into different groups because of
a marked overlap of clinical features between the entities.
However, some distinct clinical presentations exist that
support a ‘splitting” approach'®'". For example, dactyli-
tis is more closely associated with PsA than with other
forms of SpA, and urethritis and conjunctivitis are more
closely associated with reactive arthritis. The problems
inherent in lumping all spondyloarthropathies together
as SpA or splitting SpA into subgroups such as PsA and
AS has led to a movement to instead describe (or at least
classify) SpA as either axSpA or peripheral SpA (pSpA).
This phenotypic approach has some appeal because sim-
ilar presentations attract the same label. For instance,
PsA and enteropathic arthritis, which both manifest as
lower limb inflammatory oligoarthritis, would both be
referred to as peripheral SpA. As another example, AS
and PsA with predominantly axial involvement would
both be referred to as axSpA. However, this schema
does not address the issue of which descriptor to use
when patients have features that fit with both. Therefore,
axSpA sits as a phenotypic description of a member of
the SpA group with axial involvement. The best way in
which to subdivide SpA remains unclear; some aspects
of subdivision have demonstrable value but myriad
issues arise when subdivision is attempted.

The concept and construct of axSpA. As explained in
BOX 1, generally speaking, concepts are ideas that may
or may not be solely theoretical, whereas constructs
are built-up, operational structures that apply to real
instances. The concept of axSpA is universally accepted
in rheumatology, as evidenced by its inclusion in aca-
demic papers, textbooks and as a topic at clinical and
academic meetings'>"”. Also, doctors seeing patients
with the constellation of symptoms that has come to be
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Sacroiliac joint
inflammation

Early axSpA or mild axSpA
L»

Erosions,
ankylosis

Late axSpA or severe axSpA

Fig. 1| The spectrum of axial spondyloarthritis. In this illustration, the spectrum of
axial spondyloarthritis (axSpA) is shown extending from early (or mild) disease, involving
only inflammation in the sacroiliac joints, through to severe (or late) disease with erosive
damage in the sacroiliac joints. This schematic is not meant to imply that early and

mild disease, or late and severe disease, are synonymous, only that a similar spectrum

concept exists.

known as axSpA is a universal experience. Although this
manuscript is concerned with the concept and construct
of axSpA, from an operational point of view axSpA is
viewed as an inflammatory disorder of the axial spine
and sacroiliac joints, and nr-axSpA is a subcategory of
this disorder, in which plain radiographs of the pelvis do
not show radiographic damage that meets the modified
New York criteria for AS (grade 2 bilateral or grade 3
unilateral damage), whereas in radiographic axSpA
(r-axSpA, or AS) these criteria are met'.

There is also universal acceptance about the clinical
features that constitute the construct (FIG. 2). These ele-
ments make up SpA as a whole, and the specific label
axSpA is applied when axial involvement is predomi-
nantly present. From empirical evidence, however, when
these disease elements are applied by clinicians in differ-
ent settings to reach a diagnosis of axSpA, the resultant
patient cohort is remarkably variable demographically,
genetically and clinically (see the section below on classifi-
cation criteria). This variability suggests that the elements
of the construct are assigned different relative values
by different clinicians when deciding on a diagnosis.

Diagnosis of axSpA

A diagnosis of axSpA is generally considered in the
presence of chronic back pain with onset before the age
of 45 years, although onset of axSpA after this age has
also been described'*". The back pain can be ‘inflam-
matory’ in nature (inflammatory back pain) but this is
not a rule; in typical axSpA cohorts, 63-92% of patients
have inflammatory back pain according to various
classification criteria'®"”. If features typically associated
with axSpA are present (FIC. 2), imaging with plain radio-
graphy of the pelvis is commonly undertaken and if
unequivocal radiographic sacroiliitis is apparent, then
often the diagnosis of axSpA is made at this point. If the
plain radiograph is normal or equivocal, as it often is
because the changes are not advanced or bowel or soft
tissue is overlying, then MRI of the sacroiliac joints
is often ordered. In cases of axSpA, sacroiliac joint MRI
often reveals bone marrow oedema and/or fatty lesions
and sometimes structural changes such as erosions. The
use of gadolinium contrast agent can also enable visu-
alization of synovitis, capsulitis and enthesitis, although
the additive value of using contrast-enhanced MRI for the
diagnosis of axSpA has been shown to be negligible'*".

Research into the value of sacroiliac joint MRI for the
diagnosis of axSpA has yielded a wide range of MRI
sensitivity?’. The only study to use a non-clinician diag-
nostic standard involved analysis of biopsy-obtained
sacroiliac joint tissue, and in this study sacroiliac joint
MRI was found to have a sensitivity of 38%*'. However,
sacroiliac joint biopsy has not been extensively studied
and is not used clinically in the diagnosis of axSpA; thus,
the value of this approach as the gold standard of under-
lying diagnosis is very uncertain. Lacking a positive sac-
roiliac joint on MRI the diagnosis might also be made, at
least provisionally, on the basis of an elevated C-reactive
protein (CRP) concentration (in the absence of any other
explanation for this elevation). This point does, however,
promote robust debate in the axSpA community. MRI
can be repeated with the aim of demonstrating objective
inflammatory sacroiliitis, as an elevated CRP concen-
tration lacks specificity in this context’*. However, it
should be noted that the value of repeat MRI is largely
limited to use in those who are male and/or HLA-B27
positive?>**?*. A CRP test can also be repeated following
an initial normal result, as ‘CRP positivity’ varies over
time in those with nr-axSpA and it is not uncommon
for some individuals with AS to have universally normal
CRP concentrations™. In the clinical diagnostic process,
differential diagnoses are considered (TABLE 1) and alter-
native explanations for abnormal findings are also con-
sidered. For example, an elevated CRP concentration can
be found in obese but otherwise healthy patients, and
can also arise from other diseases, such as IBD*".

Once a diagnosis is assigned, the diagnostic label is
allocated. The field of rheumatology is currently in tran-
sition from using the labels ‘AS” and ‘nr-axSpA’ to using
the overall label axSpA with the sub-labels ‘r-axSpA’
and ‘nr-axSpA. The term AS is losing relevance as the
emphasis is now shifting to considering axSpA as a con-
tinuum from non-radiographic to radiographic disease
(FIG. 3). Notably, this whole label transition now under-
way is based on the long-held erroneous belief that a
diagnosis of AS requires radiographic sacroiliitis. This
was not the intention of the modified New York criteria
for AS', which were called ‘diagnostic criteria’ but were
intended to be applied to groups of patients rather than
individuals (BOX 1). The science of criteria construction
has developed considerably since the publication of the
modified New York criteria in the 1980s. At that time,
criteria intended for epidemiological studies such as
surveys and prevalence estimates were called diagnostic
criteria', whereas diagnostic criteria are now constructed
for use in individual patients and classification criteria
are constructed for groups of patients with a disease***’.

Imaging and the axSpA construct

A detailed discussion of imaging in axSpA is outside the
scope of this article; an excellent contemporary review
on the subject is available elsewhere’. The influence of
imaging on the concept of axSpA has been to demon-
strate the presence of inflammation in the absence
of radiographically evident disease. This advance in
imaging was arguably the stimulus to re-examine the
concept of axSpA, which, as mentioned above, previ-
ously required radiographic evidence of damage in the
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Skin psoriasis
e Inflammatory skin disorder

e Prevalence: 10.2% in AS,
10.9% in nr-axSpA

Aortitis

¢ Inflammation of the aortic
root and ascending aorta
* Rare

Non-specific urethritis

¢ Non-gonococcal urethral
inflammation

e Classically an acute presentation
of reactive arthritis

Peripheral enthesitis

e Achilles tendonitis, plantar fasciitis
* Prevalence: 28.8% in AS, 35.4%
in nr-axSpA

-

Conjunctivitis

e Classically an acute presentation
of reactive arthritis

Anterior uveitis

¢ Inflammation of the iris and/or
anterior ciliary body

e Prevalence: 23% in AS, 15.9% in
nr-axSpA

Inflammatory bowel disease

¢ Classically an ‘undifferentiated
colitis’ but also commonly Crohn's
disease and ulcerative colitis

* Prevalence: 6.4% in AS, 4.1%
in nr-axSpA

Peripheral inflammatory arthritis

¢ Often an inflammatory lower limb
oligoarthritis

* Prevalence: 29.7% in AS, 27.9%
in nr-axSpA

4

Dactylitis

e Tenosynovitis and synovitis of a
finger or toe
e Prevalence: 6% in AS, 6% in nr-axSpa

Fig. 2 | Clinical features of axial spondyloarthritis in addition to axial disease. The extra-axial features of axial
spondyloarthritis (axSpA) are shown. Prevalence rates in ankylosing spondyloarthritis (AS) and non-radiographic

axial spondyloarthritis (nr-axSpA) are from de Winter et al..

sacroiliac joints. MRI has consequently improved the
confidence of physicians in assigning a diagnosis of
axSpA to patients who formerly in clinical practice would
have had no objective signs of axial inflammation. This
former lack of an objective test for sacroiliac joint inflam-
mation probably contributed to long diagnostic delays in
patients with axSpA*, which were also caused by exces-
sive weight being assigned to the absence of radiographic
sacroiliitis and by difficulty with the interpretation of
plain radiographs of the sacroiliac joints. The application
of MRI has now highlighted that little weight should be
given to negative plain radiography findings.

The use of MRI has enabled us to move to a state where
axSpA can be more confidently identified at an earlier
stage than when sacroiliac joint erosions is demonstrated
on plain radiographs. This state, however, has introduced
additional issues to be addressed. Significant and/or severe
axSpA does not present a diagnostic conundrum; how-
ever, the use of sensitive imaging techniques has presented
challenges such as identifying where normal variation
stops and disease starts.

There remains a high degree of uncertainty about
the implications of ‘abnormal’ findings on MRI. The
issue now is to differentiate early or mild disease from
normal variation in the population. Erosions on plain
radiographs are highly specific for AS (or r-axSpA, to
use the emerging terminology), but when this highly
specific feature is not required for diagnosis or classifi-
cation (because the concept of axSpA is now one of axial
inflammation and does not require axial joint damage)
then diagnostic certainty is reduced. This reduction
in certainty is because the symptom of inflammatory
back pain lacks specificity, inflammatory markers can

commonly be normal and rates of ‘abnormal’ sacroiliac
joint MRI scans are high in non-axSpA populations both
with and without back pain'”****-** (TABLE 2).

The changing classification of axSpA

Historical and current classification. Classification cri-
teria are a research tool that should promote homo-
geneity among groups of patients and should be applied
to patients in whom a clinical diagnosis has already been
made™. Criteria for classification should have a high spe-
cificity (>90%) in order to avoid misclassification (that is,
the inclusion of patients who do not have the disease).

As the concept of AS-axSpA has changed considera-
bly over the past few decades, so have the proposed clas-
sification criteria"'®***" (FIG. 4). Radiographic sacroiliitis
has long been regarded as the hallmark of the disease,
and was required to fulfil either the original or the mod-
ified New York criteria, thus reflecting the prevailing
view of AS as a disease that causes radiographic damage
evident on plain radiographs"'®* (FIC. 4). In retrospect,
the new, broader concept of axSpA first emerged in 1985.
In a study of first-degree relatives of HLA-B27-positive
patients with AS, the presence of “spondylitic disease
without radiologic evidence of sacroiliitis” was reported
in some of these first-degree relatives, many of whom
were female*'. Despite having some of the clinical fea-
tures of SpA, these relatives did not fulfil the modified
New York criteria’.

The new concept is that only a proportion of
patients with nr-axSpA will progress to r-axSpA (AS);
the rest will continue to have nr-axSpA or the disease
will spontaneously resolve (FIG. ). Rates of progression
from nr-axSpA to r-axSpA (AS) have been reported in
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Table 1| Differential diagnosis of axial spondyloarthritis

Diagnosis
Non-specific low back pain

Diffuse idiopathic skeletal
hyperostosis

Fracture

Degenerative arthritis
Septic arthritis of the
sacroiliac joint and/or spine

Crystal arthritis

Osteitis condensans ilii

Non-radiographic axSpA

e Clinical manifestations of
axSpA but no radiographic

evidence of structural damage

* MRI might show active
sacroiliitis

Descriptor
Chronic back pain with normal or abnormal imaging

Ligamentous calcifications and/or ossifications around
the spine

Fracture of the vertebral body, spinous process or
transverse process and osteoporotic stress fracture

Back pain, and abnormal spinal imaging

Back pain, elevated inflammatory markers and/or
abnormalimaging

Inflammatory crystal arthritis that can affect the
spinal column

Back pain and abnormal sacroiliac joint imaging
post-pregnancy

different cohorts as 1-12% over 2 years, 6-46% over
2-9 years and 26-59% over >10 years*~".

In recognition of the broadening concept of axSpA,
the 2009 Assessment of SpondyloArthritis International
Society (ASAS) classification criteria were developed
for the full spectrum of axSpA'*>*". However, these
criteria are not sufficiently specific'®>": their sensiti-
vity and specificity were reported as 82.9% and 84.4%,
respectively'®”2. Which features help to explain the low
specificity of the current ASAS classification criteria for
axSpA? It can be concluded that the lack of specific-
ity of these criteria reflects the way they were derived.
Briefly, the criteria were derived first by experts assess-
ing 71 ‘paper patients’ (theoretical case vignettes), most
of which lacked radiographic sacroiliitis. An additional
649 cases were contributed by ASAS members from
25 centres in 16 countries; these patients had to have
had back pain for >3 months with an onset prior to the
age of 45. In their routine clinical work-up, 391 (60%)
of the 649 patients were diagnosed with axSpA. Among
these 391 patients, 52% were male, 66% were HLA-B27
positive, 62% had a normal CRP concentration and
30% met the modified New York criteria for AS. Of the

Radiographic axSpA (AS)

Radiographic

sacroiliitis Syndesmophytes

Time (years)

Fig. 3 | The concept of axial spondyloarthritis. The concept of axial spondyloarthritis
(axSpA) now encompasses non-radiographic (nr-axSpA) and radiographic axSpA

(or ankylosing spondylitis (AS)). The arbitrary division between these two entities is
becoming less relevant clinically. The decreasing sizes of the three chevrons emphasizes
that a decreasing proportion of patients progress to each subsequent stage. In other
words, only some patients with nr-axSpA will develop radiographic axSpA (AS), whereas
others might continue to have nr-axSpA, perhaps forever, or have a self-limiting disease
course. This figure also illustrates that not all patients with radiographic sacroiliitis
progress to form syndesmophytes and consequently spinal ankylosis. Adapted with
permission from Rudwaleit et al.*°, Wiley.

remaining non-axSpA patients, 28% were HLA-B27 pos-
itive, three times the background population prevalence
of HLA-B27 in white populations. The variance between
contributing centres in HLA-B27 was not reported in
these papers.

Of note, a subsequent study of genetic profiling™ in
a subset of the patient cohort used in developing the
ASAS axSpA classification criteria provides some clues
to understanding the low (84.4%) specificity of those
criteria'®>*. In this study, the patients, who were from
nine centres in six countries, were classified according to
the ASAS criteria for axSpA and, using the clinical data
supplied, further classified according to the modified
New York criteria for AS***. The results indicate that dif-
ferent centres had very different views on how to arrive
ata clinical diagnosis, as evidenced by the differing prev-
alence of HLA-B27 between the centres (even within
the same country), which might reflect either issues
with recruiting into the cohort or differences between
physicians in what they consider the axSpA construct
to be. For example, the HLA-B27 prevalence ranged
from 21% to 70%, the proportion of female patients from
5% to 71%, the proportion of patients with axSpA was
between 37% and 90%, and the proportion of patients
meeting the modified New York criteria ranged from
0% to 48%"".

In the presence of a gold standard for a disease (for
example, in gout, the clear demonstration of urate crys-
tals in a sterile inflamed joint) one might expect a cor-
rect diagnosis in all cases, and classification criteria for
that disease would have 100% specificity. However, the
situation is quite different for a disease such as axSpA,
with a broader concept of disease that newly includes
the notion of non-radiographic disease, a condition
for which there is no gold standard. In this context, the
diagnosis can only be based on expert opinion, taking
into consideration a plethora of clinical signs and symp-
toms, a few highly non-specific biomarkers (HLA-B27
and CRP concentration) and imaging results (MRI)".
Therefore, it seems very probable that the demonstrated
heterogeneity in establishing a clinical diagnosis of
axSpA on the basis of experts’ opinions is responsible
for the subsequent substantial lack of specificity of the
ASAS classification criteria for axSpA.

Fundamental to some of the disagreements in the
axSpA community is the idea that axSpA can be clas-
sified in the absence of objective signs of inflammation.
Therefore, it is important to address the issues around
the lack of specificity of sacroiliac joint MRI findings.
Thus, for some the axSpA construct requires objective
inflammation (and therefore it is definitely required for
classification) and for others it does not.

Diseases as natural kinds. Thinking about SpA as a
natural kind (BOX 2) might help to clarify the distinc-
tions between the disorders included under the SpA
umbrella and how to identify the cluster of properties
that are characteristic of each disease kind. For exam-
ple, radiographic ankylosis of the sacroiliac joints is a
pathognomonic feature of AS, yet many people with AS
do not and never will exhibit this degree of sacroiliitis
and others who are diagnosed in the early stage of disease
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do not manifest any degree of radiographic sacroiliitis™.
Similarly, HLA-B27 is found in more people without SpA
than with SpA but HLA-B27 positivity is considered to be
a disposition towards certain modes of antigen presenta-
tion that can manifest in AS®. The precise label (AS or
axSpA) is less important than the concept of the disease
as akind. On the other hand, the disposition to sacroiliac
joint ankylosis is not especially necessary or sufficient for
PsA, whereas the disposition towards psoriasis is much
more important. The recognition that it is possible to
fulfil the CASPAR classification criteria for PsA without
actually having manifest psoriasis underscores the recog-
nition that it is the disposition towards psoriasis, rather
than its manifestation, that is most salient™.

Latent class analysis. Latent class analysis is a mod-
elling methodology that can be used to classify items.

The basic tenet of this methodology is that unob-
served (latent) categories (classes) in a system or model
differ by observable characteristics®. Class mem-
bership can be estimated using assumptions of inde-
pendence of the observable variables. The latent class
analysis of patients with SpA within the DEvenir des
Spondylarthropathies Indifférenciées Récentes (DESIR)
and the SpondyloArthritis Caught Early (SPACE) cohorts
provides some support for a dispositional perspective™.
These cohorts include people with inflammatory back
pain and clinically diagnosed axSpA (DESIR) and those
with chronic low back pain with onset before age 45 years
(SPACE). Latent class analysis of the SPACE cohort iden-
tified four clusters of individuals: those with axial disease,
which was most strongly associated with imaging evi-
dence of sacroiliitis and HLA-B27; those at risk of disease,
which was most strongly associated with a family history

Table 2 | Studies reporting positive MRI scans in populations with and without axSpA

Study population n Sex Back Proportion witha Study Ref.
pain positive MRI scan®

Healthy men 29 Male No 0% Seven et al. (2019) 22

Hospital cleaning staff 26 Female No 4% Seven et al.(2019) 32

Long-distance runners 23 Male and No 4% Sevenetal.(2019) B2
female

Individuals with chronic 47 Male and Yes 6% De Winter et al. (2018) e

back pain female

Individuals with lumbar disc 25 Male and Yes 8% Seven et al. (2019) 22

herniation female

Runners 24 Male and No 13% De Winter et al. (2019) 3
female

Participants in a community 793 Male and 57%® 17% Baraliakos et al. (2019) 32

health study female

Women without post-partum 14 Female No 21% Seven et al.(2019) 3

buttock and/or pelvic pain

Individuals with chronic 1,020 Male and Yes 21% Arnbak et al. (2016) &

back pain female

Healthy individuals 47 Male and No 23% De Winter et al. (2018) =
female

Runners (post-running) 20 Male and NS 30% Weber et al. (2018) &
female

Runners (pre-running) 20 Male and NS 35% Weber et al. (2018) 3
female

Military recruits (at baseline) 11 Male and No 41% Varkas et al. (2018) L
female

Women with post-partum 46 Female Yes 41% Sevenetal.(2019) B

buttock and/or pelvic pain

Elite ice hockey players 22 Male NS 41% Weber et al. (2018) ¥

Military recruits after 6 weeks' 11 Male and No 50% Varkas et al. (2018) %

training female

Individuals with axSpA 41 Male and Yes 56% Sevenetal.(2019) 3
female

Women with post-partum 7 Female Yes 57% De Winter et al. (2018) "

back pain

Post-partum women within 25 Female 31% 64% Renson et al. (2020) &

10 days of vaginal delivery

Individuals with axSpA 47 Male and Yes 92% De Winter et al. (2018) o
female

axSpA, axial spondyloarthritis; NRS, numeric rating scale; NS, not specified; SpA, spondyloarthritis. *According to the current
Assessment of SpondyloArthritis International Society definition of a positive sacroiliac joint MRI for the classification of SpAZ.
°On a 0-10 NRS for back pain, of 0, 28% NRS between 1 and 3, and 29% NRS >4.
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Rome criteria for AS (1961) New York criteria for AS (1968)
(ref.®) (ref.?®)

Clinical criteria:

1. Low back pain and stiffness of
>3 months’ duration that is not
relieved by rest.

. Pain and stiffness in the
thoracic region.

. Limited motion in the lumbar

spine.

Limited chest expansion.

. History or evidence of iritis or
its sequelae.

w N

v

Radiological criterion:

6. X-ray showing bilateral
sacroiliac changes
characteristic of AS (this would
exclude bilateral osteoarthrosis
of sacroiliac joints).

Definite diagnosis of AS:

 Four of the five clinical criteria
are fulfilled; or

¢ Radiological criterion plus one
other criterion are fulfilled.

Clinical criteria:

1. Limitation of motion of the
lumbar spine in all 3 planes
(anterior flexion, lateral flexion,
and extension)

2. A history of pain or the presence
of pain at the dorsolumbar
junction or in the lumbar spine.

3. Limitation of chest expansion to
1inch (2.5cm) or less, measured
at the level of the fourth
intercostal space.

Definite AS:

e Grade 3-4 bilateral sacroiliitis
associated with at least 1 clinical
criterion; or

e Grade 3—4 unilateral or grade 2
bilateral sacroiliitis associated
with clinical criterion 1 or with
both clinical criteria 2 and 3.

Probable AS:

¢ Grade 3-4 bilateral sacroiliitis
without any signs or symptoms
satisfying the clinical criteria.

Modified New York criteria for AS
(1984) (ref.?)

Clinical criteria:

1. Low back pain and stiffness for
more than 3 months, which
improves with exercise but is not
relieved by rest.

2. Limitation of motion of the
lumbar spine in both the sagittal
and frontal planes.

3. Limitation of chest expansion
relative to normal values
corrected for age and sex.

Radiological criterion:

¢ Grade 2—4 bilateral or grade 3—4
unilateral sacroiliitis.

Definite AS:

e Radiological criterion fulfilled in
association with at least one
clinical criterion.

Probable AS:

* Three clinical criteria are fulfilled;
or

e Radiological criterion is fulfilled
without any signs or symptoms
satisfying the clinical criteria.

REVIEWS

ASAS criteria for axSpA (2009)
(ref.*®)

Entry criterion:

* Back pain of 23 months’ duration and
age at onset <45 years.

Classification of axSpA by imaging arm:

e Sacroiliitis on imaging and at least one
SpA feature.

Classification of axSpA by HLA-B27 arm:

¢ HLA-B27-positive plus two or more
SpA features.

SpA features:

¢ Inflammatory back pain, arthritis, heel
enthesitis, uveitis, dactylitis, psoriasis,
Crohn’s disease or ulcerative colitis,
good response to NSAIDs, family
history of SpA HLA-B27, elevated CRP
concentration.

Sacroiliitis on imaging:

* Active (acute) inflammation on MRI
highly suggestive of sacroiliitis
associated with SpA; or

(Other causes of sacroiliitis
should be considered.)

¢ Definite radiographic sacroiliitis as
per the modified New York criteria.

Fig. 4 | Classification criteria for axSpA. Proposed classification criteria for ankylosing spondylitis (AS) and axial
spondyloarthritis (axSpA) have changed considerably over the past few decades, reflecting changes in the concept of the
disease. ASAS, Assessment of SpondyloArthritis International Society; CRP, C-reactive protein.

of SpA and HLA-B27; those with no SpA; and those with
back pain as well as peripheral arthritis and/or enthesitis.
Furthermore, these phenotypes tended to remain stable
over time in the DESIR cohort””.

For the disease entity of AS-axSpA, it seems that the
disposition towards sacroiliitis is crucial to the concept
of this disease. Sacroiliitis is central to the modified
New York criteria'. For the 2009 ASAS axSpA classifi-
cation criteria, features contributing to the classification
of axSpA included radiographic sacroiliitis, which had
an odds ratio (OR) of 32.3, and active inflammation
of sacroiliac joints on MRI, which had an OR of 66.7;
by comparison, all other features had ORs of approx-
imately 1-7 (REF.'). These ORs also suggest that clini-
cians feel that sacroiliitis is the crucial feature of the
concept of axSpA.

Towards improving axSpA classification. A way for-
ward for improving the specificity of classification criteria
to approach 100% would be to develop new classification
criteria, beginning with a thorough discussion among
their developers with the aim of building consensus
about the diagnosis using a wide variety of real patients.
One should define the construct of the disease: which
clinical and biologic dispositions characterize the disease
to be classified and which features would be aberrant?
This approach seems particularly important to consider
in the context of a new, broadened disease concept in
the absence of a gold standard. The consensus about the
disease construct should of course be properly assessed
by thorough appraisal of observer variation. Other issues
to be addressed to improve specificity include the need
for standardized diagnostic work-up and comparability
across referral patterns, to avoid or reduce diagnostic bias.

One issue that has generated considerable debate is
that, at its core, axSpA is defined by axial inflammation,
more specifically sacroiliac joint inflammation. However,
the ASAS 2009 criteria enable classification of axSpA
without objective evidence of axial inflammation. For the
purposes of diagnosis and the inherent pragmatism
that it requires, this issue is not so important. However,
to be true to the aim of classification criteria — that
is, to assemble a homogeneous group of patients for clin-
ical study — classification of axSpA without objective
evidence of inflammation moves away from the accepted
core concept of the disease. Newer imaging techniques
and/or biomarkers might enable us to demonstrate
sacroiliac joint inflammation in different ways, but at
present the absence of objective evidence is a challenge
to the long-held concept of axial inflammation.

The basic framework for classification criteria in
rheumatology, which has generally been followed since
the development of the 2010 ACR-EULAR rheumatoid
arthritis criteria, consists of the following elements:
a statement regarding to whom the criteria should be
applied; specification of the elements or items of the
criteria; determination of the relative weight of the indi-
vidual elements, and a statement of how the elements of
the criteria should be combined to arrive at a (usually)
binary result (that is, the presence or absence of the
health condition of interest); and determination of
the accuracy of all the criteria. Overall accuracy is gener-
ally expressed as the proportion of people who have the
health condition of interest who are also deemed to have
the condition according to the criteria (sensitivity), and
as the proportion of people do not have the health con-
dition who are also deemed to not to have the condition
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Box 2 | Natural kinds

In philosophy, ‘natural kinds’ refer to the idea that some objects can be classified and
resemble each other in important ways°’“. The classical example of natural kinds in
physical sciences are the chemical elements in the periodic table: each elementis a
natural kind. An understanding of what it is to be a natural kind might help with disease
nosology and conceptualization of disease kinds, if it were the case that diseases are

in fact natural kinds. Although that claim is not altogether settled, it is still potentially
useful to consider spondyloarthritis conditions through this lens.

One important concept of natural kinds is the homeostatic property cluster (HPC)
theory of kinds, which roughly holds that kind membership is about sharing a cluster of
properties and that causal forces exist that explain the co-instantiation of these property
clusters®’. When applying the HPC concept of natural kinds to disease, a useful extension
is to consider a key property of the kind to be a disposition, rather than a manifestation.
For example, radiographic juxta-articular erosions are a characteristic manifestation of
rheumatoid arthritis, but not all patients with rheumatoid arthritis exhibit this
manifestation, especially in early-stage disease. The disposition towards erosive disease
can be considered one of the cluster of properties that characterize rheumatoid arthritis.
Similarly, acute anterior uveitis is characteristic of SpA diseases, but only occursin a
minority of cases’”. Thus, a disposition towards developing acute anterior uveitis is
a member of the HPC.

according to the criteria (specificity). Some of these ele-
ments can be derived from empirical data, but some rely
greatly on expert knowledge and opinion.

To independently validate the 2009 ASAS criteria,
the Classification of Axial SpondyloarthritiS Inception
Cohort (CLASSIC) study has been established™. This
multinational study will largely replicate the methods of
the original ASAS classification study'®. The CLASSIC
study investigators aim to recruit 1,000 consecutive
patients referred to a rheumatologist because of back
pain for >3 months and who are <45 years of age™. If the
specificity of the ASAS criteria is 290% and the sensi-
tivity 275%, no further investigation of the criteria will
reportedly be undertaken; however, if the criteria do not
meet these thresholds then refinements will reportedly
be made and tested™. The current ASAS criteria for
axSpA were not derived using relative weighting of each
element of the disease, and this technique might be one
to consider to better align the construct of axSpA with
the resultant classification criteria.

Therapy and the axSpA construct
In trying to clarify where normal variation ends and
disease begins, the response of symptoms to effective
therapies can potentially provide insight. Most patients
with non-inflammatory causes of low back pain do not
respond well to treatment with TNF inhibitors®; thus,
it is possible that response to TNF inhibitors could be
helpful in distinguishing normal variation on MRI from
axSpA. In clinical trials of adalimumab, golimumab and
etanercept, patients with axSpA with elevated CRP
concentration and/or sacroiliitis on MRI at baseline
responded better to treatment than those with a normal
CRP concentration and/or no sacroiliitis on MRI®'~*.
Advisory bodies for single-payer systems such as
The National Institute for Health and Care Excellence
in the UK and the Pharmaceutical Benefits Advisory
Committee in Australia have made increasingly rig-
orous assessments of applications to licence and fund
new therapies for axSpA®>*. The FDA has also meticu-
lously assessed applications to register biologics for the

treatment of nr-axSpA, and after holding public hearings
initially elected not to register the TNF inhibitors adali-
mumab and certolizumab pegol for this indication on the
basis of the trial data presented®"*. Questions raised
by the FDA and EMA when examining applications for
the registration of biologics for nr-axSpA concerned the
natural history of nr-axSpA, the rate of spontaneous
remission and the potential for over-treatment with TNF
inhibitors®”*. Although the response rates in patients
without sacroiliitis on MRI and/or normal CRP con-
centration were lower than in those with objective signs
of disease, they were not numerically similar to placebo.
Is this observation a demonstration that the axSpA con-
struct should apply in the absence of an elevated CRP
concentration or an abnormal MRI? Is this mild disease,
early disease or both, and what is the prognosis of
this type of disease? These are questions that remain
unanswered at present.

Another trial of certolizumab pegol in nr-axSpA has
since been performed and in 2019 the FDA approved
this agent for use in the treatment of nr-axSpA”™. The
issue around the registration of certolizumab had cen-
tred on how trial participants’ plain pelvic radiographs
were read in the RAPID-axSpA trial®. Initially, radio-
graphs were read locally at each centre where patients
were enrolled and managed. However, when this pro-
cedure was revised and radiographs were read cen-
trally by a small group of expert readers, an appreciable
proportion of patients had their films assessed as AS
rather than nr-axSpA; as the reported cohort included a
proportion of patients with AS® the FDA therefore felt
that the outcome of the trial could not be relied upon
as a good assessment of the efficacy of certolizumab
in nr-axSpA. This incident is an example of the limi-
tations of plain radiographs of the sacroiliac joints, the
examination of which has very low inter-reader and
intra-reader reliability, and which are increasingly seen
as having little relevance to the wider concept of axSpA’'.
The reduced therapeutic response to TNF inhibitors in
those who lack objective evidence of inflammation led
regulators (such as the EMA and FDA) and agencies
that make funding recommendations (for example, the
Pharmaceutical Benefits Advisory Committee) to stip-
ulate the presence of inflammation as a requirement for
treatment with TNF inhibitors for nr-axSpA when the
medications were first registered®.

Consensus, disagreement and questions

We have moved to a new era in which it is broadly
agreed that axial inflammation, and specifically sacro-
iliac joint inflammation, is a core element of the axSpA
construct. However, there remains a divergence of
opinion concerning individuals who have symptoms
that could be attributed to axSpA but who lack MRI or
CRP evidence of axial inflammation. That such patients
could potentially fulfil the 2009 ASAS classification cri-
teria for nr-axSpA has caused debate in the SpA com-
munity, as some do not believe that patients without
objective evidence of inflammation should be included
in the axSpA construct™*”””7*, Therefore, the 2009
ASAS classification criteria are believed by some to lack
specificity®.
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Owing to the absence of explicit diagnostic criteria
for axSpA, classification criteria have, at times, been pre-
sented as an alternative. However, diagnosis is not their
primary purpose. As mentioned above, the sensitivity and
specificity of the 2009 ASAS axSpA criteria are 83%
and 84%, respectively, which means that an appreciable
proportion of axSpA cases are missed, or individuals
without axSpA are included, when classification criteria
are used directly in the clinic; classification criteria also
do not exclude ‘disease mimickers’ or look-alikes™**”.

The unanswered questions in the field revolve firstly
around the specificity and sensitivity of sacroiliac joint
MRI. A growing body of evidence suggests that healthy
individuals have a high rate of positive sacroiliac joint
MRI (TABLE 2), as it is currently defined by ASAS®; in
some subgroups, such as post-partum women, this rate
can be as high as 64%. Part of the issue could be the
lack of familiarity of radiologists with axSpA imaging,
or the scanning technique used, but more important is
the lack of specificity of the ASAS definition of a positive
sacroiliac joint MRI scan®’*-%. There is evidence that
including structural or erosive change, in addition to evi-
dence of inflammatory activity (bone marrow oedema),
increases the specificity of the definition®"*”. Progress in
this area is already being made via proposed changes to
imaging protocols®. Second, and linked to the first point,
is the question of the value (or not) of scanning the spine
in addition to the sacroiliac joints. To date, the conclusion
has been that there is a limited role for this additional

imaging; however, some evidence suggests that a pro-
portion of patients have spine-limited disease that spares
the sacroiliac joints®-*. Third, what is the natural his-
tory of nr-axSpA, including prognostic factors, rates of
spontaneous remission and risk factors for progression?
Finally, the role of other biomarkers such as genetics and
the microbiome®* requires better clarification. Research
aimed at addressing these questions could provide
clarity on prognosis and identify predictors of response
to therapy, as well as potential new therapies.

Conclusions

Owing to advances in imaging techniques, the concept of
axSpA has expanded to include axial inflammation that
does not (or has not) caused erosive damage. This shift
has enabled the recognition and treatment of disease in
many people who previously would not have received
a diagnosis of axSpA. It has also brought a new set of
challenges, primarily distinguishing normal variation
from early or mild disease; research to try to clarify this
difficult issue is ongoing. The intensity of interest on the
part of the public, industry and academia is encouraging,
as axSpA has been blighted by long diagnostic delays
and a lack of effective treatment since the disease has
been recognized. This situation is starting to change, but
there is certainly ample scope to improve further for the
benefit of our patients.
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