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 CURRENT
OPINION Editorial introduction

Current Opinion in Rheumatology was launched in 1989. It is one of a successful series of review journals whose
unique format is designed to provide a systematic and critical assessment of the literature as presented in the many
primary journals. The field of Rheumatology is divided into 15 sections that are reviewed once a year. Each section
is assigned a Section Editor, a leading authority in the area, who identifies the most important topics at that time.
Here we are pleased to introduce the Journal’s Section Editor for this issue.

SECTION EDITOR

Joerg Ermann

Dr Ermann is a rheumatologist at
Brigham and Women’s Hospital
and Assistant Professor of Medi-
cine at Harvard Medical School
in Boston, MA. He is a native of
Germany and received his MD
from the University of Leipzig.
After a postdoctoral fellowship

in immunology at Stanford University and
internal medicine residency at the University of
Tennessee Memphis, he completed his subspe-
cialty training in rheumatology at Brigham and
Women’s Hospital. His laboratory investigates dis-
ease mechanisms relevant to spondyloarthritis
using mouse models and translational research
approaches. He is the vice-chair of SPARTAN
(Spondyloarthritis Research and Treatment Net-
work), an organization of North American rheu-
matologists dedicated to research and education in
the field of spondyloarthritis.
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 CURRENT
OPINION Diagnostic delay in axial spondyloarthritis –

a past or current problem?

Denis Poddubnyya,b and Joachim Siepera

Purpose of review
To evaluate recent data on diagnostic delay in axial spondyloarthritis (axSpA), factors affecting the delay,
potential ways of early diagnosis improvement, and risks associated with early diagnostic approaches.

Recent findings
Although axSpA can be diagnosed nowadays within the first months after symptom onset, the diagnostic
delay remains with several years still remarkably high in many parts of the world. Female gender, human
leukocyte antigen-B27 negativity, and younger age at disease onset are among factors associated with a
delayed referral to a rheumatologist and consequently with a larger diagnostic delay. Early referral
algorithms are helpful in the identification of patients with a high probability of axSpA among patients with
chronic back pain. A careful diagnostic evaluation with correct imaging interpretation is required to avoid
misdiagnosis of axSpA in patients with unspecific back pain.

Summary
The diagnostic delay is still considerable in axSpA. The ways to early diagnosis in axSpA are well defined.
Imaging findings should always be considered in the clinical context to avoid axSpA misdiagnosis.
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INTRODUCTION

Axial spondyloarthritis (axSpA) is a chronic inflam-
matory disease from the group of spondyloarthri-
tides affecting primarily the axial skeleton –
sacroiliac joints and spine [1]. Depending on the
presence or absence of the definite radiographic
sacroiliitis (>¼grade 2 bilaterally or >¼grade 3 uni-
laterally according to the grading system of the
modified New York criteria [2]) axSpA is classified
as radiographic (also termed ankylosing spondylitis
– AS) or nonradiographic, respectively [3]. AxSpA is
associated with the presence of the human leuko-
cyte antigen (HLA)-B27 (in approx. 80–95% in the
Caucasian population) and can manifest with
peripheral musculoskeletal (arthritis, enthesitis, or
dactylitis) or extra-musculoskeletal (acute anterior
uveitis, psoriasis, inflammatory bowel disease) fea-
tures [1]. The disease usually starts in the third or
fourth life decade; onset after 50 years of age is very
rare [1].

The hallmark of axSpA is back pain caused by
inflammation in the sacroiliac joints and/or spine.
Back pain is typically localized in the lower back
and/or in the buttocks and is long-lasting. Back pain
that is present for 3 months and longer is called

chronic back pain. Back pain associated with axSpA
typically has characteristics of so-called inflamma-
tory back pain: slow onset, improvement with exer-
cises, no improvement with rest, night pain,
morning stiffness for >30 min, alternating buttock
pain. Importantly, the presence of inflammatory
back pain does not automatically mean the presence
of an inflammatory origin, i.e., of axSpA; inflamma-
tory back pain can be found in patients with
mechanical, degenerative diseases of the spine
and sacroiliac joints [4].

Imaging for the detection of inflammatory/post-
inflammatory changes in the axial skeleton has been
a cornerstone of the diagnosis of axSpA already for
many years. Radiographic evidence of sacroiliac
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KEY POINTS

� We still face the problem of a large diagnostic delay
(several years) in axial spondyloarthritis, although there
is a substantial geographic variability.

� Early referral of patients with suspicion of axial
spondyloarthritis to a rheumatologist and an
appropriate diagnostic workup are the keys to a
timely diagnosis.

� The increased risk of overdiagnosis is a potential
downside of the early recognition programs that can be
overcome by the application of an appropriate
diagnostic approach.

Spondyloarthropathies including psoriatic arthritis
joints involvement (definite radiographic sacroilii-
tis) is not only a part of the classification criteria for
AS and axSpA but still an important part of the
diagnostic approach [5]. Structural damage develop-
ment in sacroiliac joints and spine takes months to
years to develop – this was a natural reason for the
diagnostic delay in the 1980s and early 1990s. With
the introduction of magnetic resonance imaging
(MRI) in the diagnostic and classification
approaches in axSpA, early detection of inflamma-
tory changes in the axial skeleton became possible
bringing the opportunity of shortening the diagnos-
tic delay in axSpA.

Why is a timely diagnosis of axSpA important?
Short symptom duration has been consistently
shown as a predictor of good response to anti-
inflammatory treatment (most of the data is avail-
able for tumor necrosis factor – blockers) [6–8].
Furthermore, early initiation of effective anti-
inflammatory treatment is likely to be able to pre-
vent or retard development of the structural damage
in the spine – one of the main factors determining
the long-term outcome of axSpA [9].

In this review, we discuss the current diagnostic
delay in axSpA, reasons for a late diagnosis, ways to
improve the early diagnosis, and potential down-
sides of early recognition programs in axSpA.
How long is the diagnostic delay in axial
spondyloarthritis today?

The diagnostic delay is usually defined as the time
between the onset of first symptoms (back pain in
axSpA) and the time-point of the diagnosis. In the
vast majority of cases, the date of the back pain onset
cannot be verified and researchers rely on the
patient-reported date of onset that is associated with
the risk of a recall bias. In any case, it should be
attempted to differentiate between nonspecific back
pain that is very common in the population and
 Copyright © 2021 Wolters Kluwer H
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back pain caused by axSpA that is typically chronic
and has inflammatory characteristics.

Two decades ago, Feldtkeller et al. reported a
diagnostic delay of about 9 years in patients with
AS that was calculated from a survey completed by
1080 members of the German and Austrian patient
organizations [10]. A recent analysis based on a
patient survey linked to insurance claims data in
1677 patients with a confirmed diagnosis on axSpA/
AS showed a mean diagnostic delay of 5.7 years
(median of 2.3 years), however, without a clear
declining trend in the last two decades [11] that
could have been expected after introduction of the
axSpA concept, axSpA classification criteria [3] and
conduction of trails focussing on the nonradio-
graphic axSpA population. A similar conclusion
came out from a study conducted in the UK, which
included 1193 patients with physician-verified diag-
nosis axSpA. Sykes et al. identified a mean diagnostic
delay of 8.5 years (median of 5.0 years) without a
trend for reduction in the last years [12]. In the
PROSpA study conducted in the USA, the diagnostic
delay was with approximately 14 years even longer
[13]. A recent analysis from the European Map of
Ankylosing Spondylitis project [14] that included
2652 patients from 13 European countries with a
self-reported diagnosis of axSpA/AS showed a mean
diagnostic delay of 7.4 years with substantial varia-
tion across countries – Fig. 1 [15]. A recent meta-
analysis of the diagnostic delay included a total of 64
studies from different countries around the world
(most of them – from Europe). The mean diagnostic
delay was 6.7 in this analysis with a high level of
heterogeneity – Fig. 1 [16

&&

]. Again, no improve-
ment over time was observed. Remarkably, high-
income countries exhibited a longer diagnostic
delay than middle-income countries [16

&&

] that
might be related, however, to the fact that severe
cases are recognized relatively quickly, whereas less
severe cases might require longer until diagnosis in
the high-income countries but could remain undi-
agnosed at all in lower-income countries.
What are the reasons for a long diagnostic
delay in axial spondyloarthritis?

Three decades ago the definite diagnosis of axSpA/
AS could only be established based on the detection
of structural damage in the sacroiliac joints and/or
in the spine on the plain radiographs. With modern
imaging techniques (especially MRI) allowing for
the detection of active inflammation, the diagnosis
of axSpA can be potentially established immediately
after disease onset. Despite that, establishing the
diagnosis still might take years as discussed above.
Many factors affect the diagnostic delay. In some
ealth, Inc. All rights reserved.
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FIGURE 1. Mean diagnostic delay in axial spondyloarthritis/ankylosing spondylitis in years reported between 2010 and
2020 in different countries around the world [15,16&&].

Diagnostic delay in axial SpA Poddubnyy and Sieper
cases, nonpersisting mild symptoms at the begin-
ning of the diseases might be considered as not
sufficient enough to consult a doctor, but in many
cases, the delay is related to the healthcare system. It
should be stressed, however, that the timely diag-
nosis within the first months after disease onset is
desirable but not critical in all patients with axSpA.
In cases with persistent high inflammatory activity
(as reflected by elevated C-reactive protein and by
active inflammation on MRI of the sacroiliac joints
and spine – risk factors for structural damage devel-
opment [9]), the early diagnosis is required to start
effective anti-inflammatory treatment. At the same
time, in patients with the low level of inflammation,
low level of symptoms, and nonprogressive disease
course, the role of early diagnosis in the improve-
ment of the long-term disease outcome is less clear
and requires further investigations.

Back pain is very common in the general popu-
lation; according to the recent data from the Ger-
man national cohort study, 23% of the general
population (aged 20–75) suffers or suffered in the
past from chronic back pain (duration>¼3 months)
[17]. With the anticipated prevalence of axSpA of
about 1% in the general population, axSpA would be
responsible for only 4–5% of the cases of chronic
back pain in the general population. Thus, the vast
majority of chronic back pain cases are related to
 Copyright © 2021 Wolters Kluwe
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other, non-inflammatory (degenerative, mechanic)
causes. This represents one of the major challenges –
how to identify patients with a high probability of
axSpA among patients with back pain?

Back pain patients are normally evaluated first
by general practitioners but also by other healthcare
professionals dealing with back pain: orthopaedists,
neurologists, and nonphysician specialists such as
physiotherapists and chiropractors. Thus, lack of
awareness of axSpA as a potential reason for back
pain on this level would be one of the first hurdles
on the way to the early diagnosis bringing patients
from one specialist to another one. The number of
healthcare professionals visited was independently
associated with a longer diagnostic delay in a recent
pan-European study [15].

Several studies showed consistently that HLA-
B27-negativity and female gender are associated
with a longer diagnostic delay [11,15,16

&&

]. The
absence of other SpA-features such as peripheral
and extra-musculoskeletal manifestations was also
found to be associated with a longer diagnostic delay
in a few studies [15], although the presence of
psoriasis was associated with a longer diagnostic
delay in a recent work [11] that might be related
to the impact of psoriasis has on the disease phe-
notype. In addition, young age at back pain onset
[11,16

&&

] was associated with a longer diagnostic
r Health, Inc. All rights reserved.
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Spondyloarthropathies including psoriatic arthritis
delay in some studies that might be related to not
taking seriously back pain in young persons by both
patients and physicians. Further studies addressing
patients’ journey before axSpA diagnosis are needed
to determine the exact role of the factors
described above.
How can the early recognition of axial
spondyloarthritis be improved?

Overall, it seems that an increase of the awareness
among healthcare professionals about the possibil-
ity of inflammatory disease as a reason for chronic
back pain is the leading way to bring patients with
axSpA to appropriate specialists (in most cases – to a
rheumatologist) promptly. How can this be
achieved? We have to offer to nonrheumatology
specialists a simple tool based on ‘red flags’ indicat-
ing a high probability of axSpA in a patient with
chronic back pain. Limiting the age of back pain
onset to 45 years or less seems to be important here
given the epidemiological data on the axSpA onset
(typically between 20 and 40 as discussed above).
However, this combination (chronic back pain þ
onset before 45 years of age) would be still too
frequent in the general population [17] to be used
as a referral strategy. Most likely, a combination of
these entry criteria with at least one additional
parameter typical for SpA should be requested. This
is also reflected in the Assessment of Spondyloar-
thritis International Society (ASAS) recommenda-
tions on the identification and referral of patients
with a high probability of axSpA by nonrheumatol-
ogy specialists [18] that demand the presence of
chronic back pain þ onset before 45 years of age þ
at least one additional feature suggestive of SpA
(e.g., inflammatory back pain, HLA-B27, peripheral
or extra-musculoskeletal manifestation). Several
strategies more or less compatible with this recom-
mendation have been proposed and evaluated in the
last years [18–23]. Remarkably, all these strategies
perform similarly well increasing the probability of
axSpA from 5% (expected prevalence of axSpA
among unselected patients with back pain) to 30–
40% [18] meaning that the rheumatologist would
need to see 2–3 patients to identify one with axSpA.
In any case, a good referral strategy should be easy to
apply and should take into account the local situa-
tion including both referral practices and particular
SpA characteristics in the region. For instance, the
strategy that is being applied already for more than
15 years in Berlin demanding the presence of
chronic back pain that started before 45 years of
age plus inflammatory back pain or HLA-B27 posi-
tivity or sacroiliitis on imaging [24] might not be
applicable in areas where the association with HLA-
 Copyright © 2021 Wolters Kluwer H
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B27 is known to be low (e.g., Arab countries) or
where imaging is normally not performed or not
available at the primary care level. A universal strat-
egy that could be applicable everywhere in the world
could be chronic back painþ age at the onset before
45 þ inflammatory characteristics of back pain.

Importantly, although the ASAS recommenda-
tion for early referral addresses nonrheumatology
specialists, it should be actively offered by rheuma-
tologists with the intention of the improvement or
shaping the referral pathway. We do hope that the
application of early referral strategies is able to
shorten the diagnostic delay in axSpA, the formal
proof of such an effect is still to be demonstrated.
Furthermore, despite the fact that early treatment is
associated with a better treatment response as out-
lined above and is likely to prevent/retard structural
damage progression, the association between earlier
diagnosis and better long-term outcome has not
been shown so far.

Recently, we investigated the possibility of self-
screening and self-referral of patients with chronic
back pain to a rheumatologist using an online
screening tool (https://www.bechterew-check.de/).
Patients who reported chronic back pain with onset
before before 45 years of age plus at least one addi-
tional SpA feature (inflammatory back pain features,
good response to nonsteroidal anti-inflammatory
drugs, enthisitic or articular pain with swelling,
HLA-B27 positivity, elevated acute phase reactants,
history of psoriasis, inflammatory bowel disease or
uveitis, family history of SpA and related disorders)
were evaluated in a specialized SpA center. Those
results were compared to the performance of the
physician-based referral using the above-described
Berlin referral rule. In the end, about 20% of the
patients in the online screening group received the
diagnosis of SpA (as compared to 40% in the physi-
cian-referred group) [25

&

] that is certainly better
than 5% in unselected chronic back patients but
substantially worse than the physician-based path-
way. We concluded, therefore, that the online-based
screening algorithms can be used in specialized
centers and for the general awareness increase but
the focus of early referral activities should be cer-
tainly on physicians primarily seeing patients with
back pain.
What are the potential downsides of early
recognition programs in axial
spondyloarthritis?

Early diagnosis of any diseases always implies a
careful exclusion of other potential reasons
for patient complaints. This is especially true for
axSpA – the probability of non-inflammatory
ealth, Inc. All rights reserved.
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Diagnostic delay in axial SpA Poddubnyy and Sieper
reasons is always higher than the probability of
axSpA in patients with back pain. Rheumatologists
seeing patients with chronic back pain and short
symptom duration (a few months) cannot rely on
the presence of structural damage in the sacroiliac
joints on X-rays that is usually absent at the early
disease stage and often needs MRI to confirm or to
exclude the presence of inflammatory affection of
the axial skeleton [26

&

]. The presence or absence of
MRI changes often drives the diagnostic decision in
one or another direction. Especially important in
this context the potential for overdiagnosis of axSpA
(potentially resulting in overtreatment) because of
the presence of unspecific, mechanically induced
bone marrow edema in the sacroiliac joints and/or
spine. In the last years, there have been several
works showing that bone marrow edema in the
sacroiliac joints resembling bone marrow edema
in axSpA can be observed in joggers, hockey players
[27], postpartum women [28], patients with osteitis
condensans ilii [29] and other mechanical/degener-
ative conditions and even in healthy subjects [30].
Most recently, a population-based study reported
the prevalence of MRI changes suggestive of axSpA
in apparently healthy subjects aged <45. Bone mar-
row edema in sacroiliac joints and spine was
detected in 17.2% and in 27.5% of the cases [31

&

]
suggesting that MRI changes in the sacroiliac joints
have overall higher specificity (about 83%) as com-
pared to the spine (about 72%) for the diagnosis of
axSpA. It is important to stress that the MRI – being
one of the most powerful diagnostic tools for axSpA
in the hand of the rheumatologists – should not
play the all-decisive role and imaging findings
should always be considered in the context of other
findings including other reasons for back pain and
changes seeing in the image.
CONCLUSION

The diagnostic delay in axSpA is still considerable in
many parts of the world. Late referral to a rheuma-
tologist is one of the leading factors resulting in a
late diagnosis. Early identification of patients with a
high probability of axSpA among patients with
chronic back pain and appropriate diagnostic
workup including imaging are keys to the timely
diagnosis of axSpA.
Acknowledgements

None.
Financial support and sponsorship

None.
 Copyright © 2021 Wolters Kluwe

1040-8711 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
Conflicts of interest

D.P.: none declared.
J.S.: none declared.
REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1. Sieper J, Poddubnyy D. Axial spondyloarthritis. Lancet 2017; 390:73–84.
2. van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic criteria for

ankylosing spondylitis. A proposal for modification of the New York criteria.
Arthritis Rheum 1984; 27:361–368.

3. Rudwaleit M, van der Heijde D, Landewe R, et al. The development of
Assessment of SpondyloArthritis international Society classification criteria
for axial spondyloarthritis (part II): validation and final selection. Ann Rheum
Dis 2009; 68:777–783.

4. Poddubnyy D, Callhoff J, Spiller I, et al. Diagnostic accuracy of inflammatory
back pain for axial spondyloarthritis in rheumatological care. RMD Open
2018; 4:e000825.

5. Mandl P, Navarro-Compan V, Terslev L, et al. EULAR recommendations for
the use of imaging in the diagnosis and management of spondyloarthritis in
clinical practice. Ann Rheum Dis 2015; 74:1327–1339.

6. Rudwaleit M, Listing J, Brandt J, et al. Prediction of a major clinical response
(BASDAI 50) to tumour necrosis factor alpha blockers in ankylosing spondy-
litis. Ann Rheum Dis 2004; 63:665–670.

7. Sieper J, Lenaerts J, Wollenhaupt J, et al. Efficacy and safety of infliximab plus
naproxen versus naproxen alone in patients with early, active axial spondy-
loarthritis: results from the double-blind, placebo-controlled INFAST study,
Part 1. Ann Rheum Dis 2014; 73:101–107.

8. Sieper J, van der Heijde D, Dougados M, et al. Efficacy and safety of
adalimumab in patients with nonradiographic axial spondyloarthritis: results
of a randomised placebo-controlled trial (ABILITY-1). Ann Rheum Dis 2013;
72:815–822.

9. Poddubnyy D, Sieper J. Mechanism of new bone formation in axial spondy-
loarthritis. Curr Rheumatol Rep 2017; 19:55.

10. Feldtkeller E, Bruckel J, Khan MA. Scientific contributions of ankylosing
spondylitis patient advocacy groups. Curr Opin Rheumatol 2000;
12:239–247.

11. Redeker I, Callhoff J, Hoffmann F, et al. Determinants of diagnostic delay in
axial spondyloarthritis: an analysis based on linked claims and patient-re-
ported survey data. Rheumatology 2019; 58:1634–1638.

12. Sykes MP, Doll H, Sengupta R, Gaffney K. Delay to diagnosis in axial
spondyloarthritis: are we improving in the UK? Rheumatology 2015;
54:2283–2284.

13. Deodhar A, Mease PJ, Reveille JD, et al. Frequency of axial spondyloarthritis
diagnosis among patients seen by US rheumatologists for evaluation of
chronic back pain. Arthritis Rheumatol 2016; 68:1669–1676.

14. Garrido-Cumbrera M, Poddubnyy D, Gossec L, et al. The European map of
axial spondyloarthritis: capturing the patient perspective-an analysis of 2846
patients across 13 countries. Curr Rheumatol Rep 2019; 21:19.

15. Garrido-Cumbrera M, Navarro-Compán V, Bundy C, et al. Identification of
Parameters Associated with a Diagnostic Delay in Axial Spondyloarthritis:
Results from the European Map of Axial Spondyloarthritis (EMAS). Arthritis
Rheumatol 2020; 72(suppl 10)Abstract 1865.

16.
&&

Zhao SS, Pittam B, Harrison NL, et al. Diagnostic delay in axial spondyloar-
thritis: a systematic review and meta-analysis. Rheumatology 2021;
60:1620–1628.

A recent meta-analysis of the diagnostic delay in axSpA
17. Schmidt CO, Gunther KP, Goronzy J, et al. [Frequencies of musculoskeletal

symptoms and disorders in the population-based German National Cohort
(GNC)]. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz
2020; 63:415–425.

18. Poddubnyy D, van Tubergen A, Landewe R, et al. Development of an ASAS-
endorsed recommendation for the early referral of patients with a suspicion of
axial spondyloarthritis. Ann Rheum Dis 2015; 74:1483–1487.

19. Baraliakos X, Tsiami S, Redeker I, et al. Early recognition of patients with axial
spondyloarthritis-evaluation of referral strategies in primary care. Rheumatol-
ogy 2020; 59:3845–3852.

20. Brandt HC, Spiller I, Song IH, et al. Performance of referral recommendations
in patients with chronic back pain and suspected axial spondyloarthritis. Ann
Rheum Dis 2007; 66:1479–1484.

21. Braun A, Gnann H, Saracbasi E, et al. Optimizing the identification of patients
with axial spondyloarthritis in primary care–the case for a two-step strategy
combining the most relevant clinical items with HLA B27. Rheumatology
2013; 52:1418–1424.
r Health, Inc. All rights reserved.

rved. www.co-rheumatology.com 311



Spondyloarthropathies including psoriatic arthritis
22. Poddubnyy D, Vahldiek J, Spiller I, et al. Evaluation of 2 screening strategies
for early identification of patients with axial spondyloarthritis in primary care. J
Rheumatol 2011; 38:2452–2460.

23. van Hoeven L, Vergouwe Y, de Buck PD, et al. External validation of a referral
rule for axial spondyloarthritis in primary care patients with chronic low back
Pain. PloS One 2015; 10:e0131963.

24. Sieper J, Rudwaleit M. Early referral recommendations for ankylosing spon-
dylitis (including preradiographic and radiographic forms) in primary care. Ann
Rheum Dis 2005; 64:659–663.

25.
&

Proft F, Spiller L, Redeker I, et al. Comparison of an online self-referral tool
with a physician-based referral strategy for early recognition of patients
with a high probability of axial spa. Semin Arthritis Rheum 2020;
50:1015–1021.

Comparison of online screening and physician-based referral tools for early
identification of patients with high probability axSpA
26.
&

Poddubnyy D. Classification vs diagnostic criteria: the challenge of diagnos-
ing axial spondyloarthritis. Rheumatology 2020; 59:iv6–iv17.

A critical appraisal of the diagnostic approach in axSpA and differences to a
classification approach
 Copyright © 2021 Wolters Kluwer H

312 www.co-rheumatology.com
27. Weber U, Jurik AG, Zejden A, et al. Frequency and anatomic distribution 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; 70:736–745.

28. Hoballah A, LukasC, LeplatC,et al.MRI of sacroiliac joints for the diagnosis of axial
SpA: prevalence of inflammatory and structural lesions in nulliparous, early
postpartum and late postpartum women. Ann Rheum Dis 2020; 79:1063–1069.

29. Poddubnyy D, Weineck H, Diekhoff T, et al. Clinical and imaging character-
istics of osteitis condensans ilii as compared with axial spondyloarthritis.
Rheumatology 2020; 59:3798–3806.

30. de Winter J, de Hooge M, van de Sande M, et al. Magnetic Resonance Imaging of
the Sacroiliac Joints Indicating Sacroiliitis According to the Assessment of Spondy-
loArthritis international Society Definition in Healthy Individuals, Runners, and
Women With Postpartum Back Pain. Arthritis Rheumatol 2018; 70:1042–1048.

31.
&

Baraliakos X, Richter A, Feldmann D, et al. Frequency of MRI changes sugges-
tive of axial spondyloarthritis in the axial skeleton in a large population-based
cohort of individuals aged <45 years. Ann Rheum Dis 2020; 79:186–192.

Important data on the prevalence of MRI changes suggestive of SpA in the general
populations
ealth, Inc. All rights reserved.

Volume 33 � Number 4 � July 2021



 Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

 CURRENT
OPINION Educational needs and challenges in

axial spondyloarthritis

Anand Kumthekara, Mohamad Bittarb, and Maureen Dubreuilc,d

Purpose of review
Axial spondyloarthritis (axSpA) affects 0.5–1% of the population in many regions of the world. This review
summarizes the challenges in medical education around axSpA with attention to evidence around delayed
diagnosis, clinician familiarity with typical axSpA features, such as inflammatory back pain and adherence
to accepted management principles.

Recent findings
Clinicians who commonly manage patients with chronic back pain or other typical axSpA features are not
consistently aware of the concept of inflammatory back pain and common extra-spinal manifestations.
Further, clinicians may not be familiar with the nonradiographic spectrum of axSpA. Management of
patients with possible axSpA does not consistently follow principles that would establish an axSpA
diagnosis, and diagnosis of axSpA remains delayed by 6–7 years on average, with evidence suggesting
management disparities on the basis of sex and race in some cases. Referral recommendations have
increased the probability of axSpA diagnosis up to about 40% and, may complement educational efforts in
axSpA.

Summary
Educational efforts in axSpA should focus on providing front-line clinicians with a better understanding of
inflammatory back pain, the nonradiographic form of axSpA, and accepted principles in axSpA
management.

Keywords
axial spondyloarthritis, diagnostic delay, education, referral strategies

INTRODUCTION

Recent developments in axial spondyloarthritis
(axSpA) have advanced our understanding of this
complex disease. AxSpA is a spectrum of clinically
related conditions that encompasses radiographic
axSpA (r-axSpA; formerly called ankylosing spondy-
litis) and the more recently defined nonradio-
graphic axial spondyloarthritis (nr-axSpA).
Although an ankylosing spondylitis is established
through clinical findings and sacroiliac joint X-ray,
nr-axSpA is diagnosed based on clinical grounds and
a normal X-ray with or without evidence of sacroi-
liitis on MRI [1].

The prevalence of axSpA differs geographically
depending on multiple factors (e.g. HLA-B27 risk
allele prevalence and race). The 2010 National
Health and Nutrition Examination Survey
(NHANES) estimated that, in the United States,
axSpA prevalence is 1.4%, and r-axSpA specifically
has a prevalence of 0.55% [2]. Without effective
treatment, up to 40% of those with nr-axSpA prog-
ress to the radiographic form over 10 years [3]. Those

with r-axSpA are at risk for syndesmophyte forma-
tion elsewhere in the spine, which results in reduced
mobility and function.

Over the past two decades, major discoveries in
SpA pathogenic mechanisms have led to the intro-
duction of new treatment modalities, specifically
those that target the TNF, IL-17/IL-23, and Janus
Kinase pathways [4,5]. In addition to the benefits of
medications in controlling pain and disease activity,
both observational and trial data suggests that
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KEY POINTS

� Diagnostic delay in axial spondyloarthritis remains 6–
7 years, and likely reflects under-recognition
by clinicians.

� Many front-line nonrheumatologist clinicians who
commonly manage patients with chronic back pain or
other typical axial spondyloarthritis features lack
familiarity with the concepts of inflammatory back pain
and the nonradiographic spectrum of spondyloarthritis.

� Medical education should be enhanced around axial
spondyloarthritis, and healthcare systems should
implement referral rules as a complement to education.

Spondyloarthropathies including psoriatic arthritis
tumor necrosis factor (TNF) inhibitors, especially
with early and prolonged use, may halt or at least
slow radiographic progression [6–8]. Limited data
suggests that radiographic progression is also dimin-
ished with secukinumab [9].

Given advances in identifying axSpA, and the
effects of therapies in both controlling symptoms
and preventing radiographic progression, it is
imperative that those with axSpA are identified
and treated early. However, some aspects of axSpA
management remain suboptimal, and therefore,
form the basis for an educational agenda, which
we will outline here.
THE ICEBERG PHENOMENON: THE GAP
BETWEEN THE EXPECTED AND REPORTED
PREVALENCE OF AXIAL
SPONDYLOARTHRITIS

Low back pain is extremely common among adults
[10,11]. Inflammatory back pain (IBP), the cardinal
feature of axSpA is characterized by morning stiff-
ness, improvement with NSAIDs and exercise, and
worsening with rest. Although IBP is classically
associated with axSpA, the presence of IBP alone
is insufficient to establish an axSpA diagnosis.
According to the NHANES survey, IBP was present
in 5–6% of United States adults, whereas spondy-
loarthritis prevalence was estimated at 0.4–1.4%
[12–14]. However, observational data have shown
a much lower prevalence of diagnosed axSpA; data
from the Northern California Kaiser Permanente
group reported the prevalence axSpA was only
0.2%, with an ankylosing spondylitis prevalence
of 0.1% [15]. Although the discrepancy between
the estimated and observed prevalence of axSpA
may be partly explained by study methods and/or
geographical differences, this gap also raises concern
for under-recognition of axSpA by clinicians. As
with any disease state, some affected people will
 Copyright © 2021 Wolters Kluwer H

314 www.co-rheumatology.com
remain undiagnosed as they do not seek medical
care, either as they perceive pain/stiffness as ‘nor-
mal’, or because symptoms remit spontaneously or
with over-the-counter NSAIDs and or exercise [16].
However, as management of axSpA also targets
radiographic progression and comorbidities, it is
critical that people with axSpA are identified and
diagnosed early in order to optimize disease out-
comes.
CLINICIAN AWARENESS OF
INFLAMMATORY BACK PAIN AND THE
AXIAL SPONDYLOARTHRITIS SPECTRUM
IS LIMITED OUTSIDE OF RHEUMATOLOGY

Patients with chronic back pain often seek care from
primary care physicians or general practitioners,
osteopathic physicians, pain specialists, chiroprac-
tors or physical therapists. However, patients with
axSpA may also present with extra-articular features,
such as psoriasis, inflammatory bowel disease, or
uveitis, prompting evaluation by a dermatologist,
gastroenterologist or ophthalmologist. Therefore, it
is prudent for clinicians within each of these spe-
cialties to be familiar with axSpA.

Unfortunately, data suggests that among gen-
eral practitioners and clinicians who commonly
manage back pain, knowledge of the axSpA spec-
trum and IBP features is poor. A study of general
practitioners found that only 60% were aware that
there was a difference between a mechanical and
inflammatory back pain pattern [17]. Another study
reported that only 5% of the primary care physicians
were able to identify all features of IBP or the four
key symptoms suggestive of IBP [20]. Familiarity
with IBP was better among chiropractors and osteo-
paths, but still imperfect with 23% reporting lack of
confidence with the concept of IBP [18].

Studies of nonrheumatologist clinicians who
commonly evaluate back pain patients showed that
although ankylosing spondylitis is well recognized
and understood, the terms ‘axial spondyloarthritis’
and ‘nonradiographic’ were less well known [18–
20]. For example, 75% of chiropractors and osteo-
paths were not familiar with nonradiographic axSpA
in a 2019 study [20]. Further, accuracy in axSpA
diagnosis and adherence to management guidelines
is variable [21,22]. A retrospective study showed that
the majority of patients diagnosed with ankylosing
spondylitis (63%) were diagnosed by a nonrheuma-
tologist clinician rather than a rheumatologist. Of
such patients, only 42% were found to have anky-
losing spondylitis on a subsequent rheumatology
evaluation [23]. Further, a survey of primary care
physician (PCP) and specialists identified inconsis-
tencies in the perceptions and approach to the
ealth, Inc. All rights reserved.
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diagnosis and management of axSpA, including
infrequently checking HLA-B27 among patients
with IBP and lack of awareness about axSpA treat-
ments [19,20]. More than 20% thought that diag-
nosis of ankylosing spondylitis was a challenge and
unmet need amongst PCPs [19].

Poor awareness of axSpA and its key features is
highlighted by the prolonged average time to axSpA
diagnosis, which is a problem globally. As one exam-
ple, a United States-based study reported an average
of 14 years delay between the onset of symptoms
and axSpA diagnosis [24]. Other studies suggested
an average of 10 years delay, with axSpA tending to
have longer diagnostic delay than psoriatic arthritis
or rheumatoid arthritis [25–27]. Recently, Redeker
et al. [28

&

] examined health insurance data from
Germany, and reported a mean diagnostic delay
of 6–7 years, from 1996 to 2015. Unfortunately,
diagnostic delay was not reduced over time.

Taken together, the continued long diagnostic
delay and gaps in axSpA knowledge among clini-
cians who are likely to encounter axSpA patients
highlights need for improved education in axSpA
among clinicians from multiple disciplines, and
likely throughout their careers as scientific advances
in pathophysiology and axSpA management con-
tinue to evolve.
DISPARITIES IN BACK PAIN AND AXIAL
SPONDYLOARTHRITIS MANAGEMENT

Beyond the diagnostic delay that exists generally for
axSpA diagnosis, there is concern that further dis-
parities may exist based on patient demographic
factors (e.g. sex, educational level, race/ethnicity)
or based on other factors influencing access to
healthcare (e.g. health insurance, location of resi-
dence).

AxSpA has historically been thought to be more
common in male individuals compared with female
individuals by a ratio of 2–3 : 1; however, this ratio is
now known to be approximately 1 : 1. Although
recognition of axSpA has increased in female
patients, women are still under recognized and have
higher average disease activity and reduced quality
of life relative to men [29]. Female patients have a
significant longer delay in diagnosis (8.8 versus
6.5 years), and persistent clinician bias about axSpA
being predominantly a male disease is a contribut-
ing factor [30]. Additionally, differing disease pre-
sentations, slower radiographic progression and
lower response rates to established therapies should
serve as a focus of educational strategies to improve
management of axSpA in female patients [31].

Data also suggests disparities in management
based on patient race/ethnicity. Literature on back
 Copyright © 2021 Wolters Kluwe
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pain more generally, has shown that despite back
pain severity and interference being greater among
black and Hispanic Americans, members of these
groups are less likely to be evaluated with advanced
imaging, less likely to be referred for physical therapy
and less likely to be prescribed opioid analgesics than
whites [32–37]. Although the association of race and
disease outcomes may be partly related to socioeco-
nomic factors, a statistical analysis adjusting for each
of these factors found that race was independently
associated with back pain severity and interference
[38]. This raises concern that clinicians may under-
recognize or under-appreciate the significance and
burden of back pain in nonwhite patients.

A recent study by Singh and Magrey demon-
strates that disparities in back pain management
may also hold true in management of axSpA. This
study, using data from a large United States-based
informatics platform, found that black Americans
with axSpA had greater disease activity and comor-
bidity burden than whites with axSpA [39

&

].
Although there may be true race-based differences
in axSpA manifestations, another explanation is
that clinicians missed axSpA diagnoses more com-
monly among blacks with mild symptoms than
among whites with mild symptoms. One reason
for these findings may be the central role of HLA-
B27 in classification criteria and its relatively lower
prevalence of HLA-B27 among black and Hispanic
Americans [40]. However, given racial disparities in
back pain management more generally, Singh and
Magrey’s finding demonstrate a need to ensure that
educational efforts in axSpA apply diagnostic and
management principles equitably across racial and
ethnic groups.
STRATEGIES TO IMPROVE RECOGNITION
OF AXIAL SPONDYLOARTHRITIS

As the diagnostic delay in axSpA remains a major
challenge, several studies have examined strategies
to prompt appropriate referral of patients with an
increased probability of axSpA to rheumatologists.

The evidence for formal educational in axSpA is
limited. Standardized patient cases simulating
axSpA improved referral rates among general prac-
tice residents (þ71% education group versus þ15%
control group). Authors of this study recommended
such education in combination with a clinician
referral tool targeted at SpA [41].

The majority of data around clinician education
on axSpA has assessed the effects of various referral
strategies in clinical practice. Referral strategies in
axSpA have generally focused on patients with
chronic back pain (Table 1). It is necessary for refer-
ral strategies to have both high sensitivity and
r Health, Inc. All rights reserved.
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Table 1. Studies examining referral strategies for axial spondyloarthritis

Study:
First author, publication year

IBP as a referral
criterion

HLA-B27
positivity

Sacroiliitis on
imaging

Axial SpA
diagnosis

Number of
participants

Location(s)
Ref.

Brandt, 2007 52.9% 51.7% 35.1% 45.4% 350 Germany [42]

Hermann, 2009 90% 80% – 33% 92 Austria [43]

Braun, 2011 100% 30% – 35.1% 322 Germany [44]

Poddubnyy, 2011 (strategy 1) 78% 44.7% 55.7% 41.8% 318 Germany [45]

Sieper, 2013 (strategy 1) 93.2% 27.8% 52.3% 35.6% 504 Multinational [46]

Juanola, 2013 (strategy 1) 100% 11.7% 8.3% 25.4% 60 Spain [47]

Haroon, 2015 (AAU patients) 62% 54% – 40% 72 Ireland [48]

van Hoeven, 2015 100% LBP
33.3% IBP

6.2% – 16.4% 579 Netherlands [49]

Deodhar, 2016 94% 49% 100% 46.8% 751 USA [24]

Proft, 2020 56.1%
56.9%

21.6%
59.8%

– 19.4%
39.2%

180 OSR
181 BRT

Germany [50&]

AAU, acute anterior uveitis; BRT, Berlin physician-based referral tool; IBP, inflammatory back pain; LBP, low back pain; OSR, online self-referral tool; strategy 1:
patients have to meet the criteria of chronic back pain (>3 months in duration) with an early age of onset (<45 years), in addition to at least one of the following:
inflammatory back pain, HLA B27 positivity and sacroiliitis on imaging, in order to be referred to a rheumatologist.

Spondyloarthropathies including psoriatic arthritis
specificity, such that axSpA cases are not missed,
and that rheumatology practices are not overbur-
dened with evaluation of back pain patients.
Although, strictly speaking, referral strategies are
not education, incorporating a referral tool into a
clinical practice workflow or electronic health
record, serves as a reminder to busy clinicians to
consider axSpA among patients who meet referral
criteria.

The majority of studies on referral strategies
have been done in Europe using varying definitions
of IBP or components of IBP. Studies by Poddubnyy
and Sieper (MASTER and RADAR) both included
referral arms based on IBP, HLA-B27, NSAID
response and family history of SpA; finding that
the referral strategies resulted in axSpA diagnoses
among about 40% of referred patients, a marked
increase beyond the 5% expected probability of
axSpA among those with chronic back pain
[2,45,46]. Although it was expected that these sim-
ple referral strategies would be applicable across
geographic locales, similar rules resulted in axSpA
diagnoses among 33% of those referred in Hong
Kong, and 16% of those referred from primary care
providers in the Netherlands [49,51].

In 2015, the Assessment of SpondyloArthritis
international Society (ASAS) published recommen-
dations for referral of patients with a suspicion of
axSpA, including those with chronic back pain with
a young age of onset, and at least one additional
axSpA feature or parameter [52]. Whenever referral
strategies were tested in observational axSpA
cohorts, there was no strategy that combined high
sensitivity and specificity, and it was recommended
that the ideal strategy may vary by geographic
 Copyright © 2021 Wolters Kluwer H
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region, depending on prevalence of each referral
parameter [53].

More recently, a study by Proft and colleagues in
Germany evaluated a self-referral tool and found
that 19% of patients who were self-referred using
the online tool were subsequently diagnosed with
axSpA. This proportion was lower than the 39%
diagnosed with axSpA in the physician-based refer-
ral program, but still above the expected 5% preva-
lence of axSpA [50

&

].
There is limited data on the performance of

referral strategies in the Americas. Deodhar et al.’
study in the United States suggested that it is effec-
tive for front-line clinicians to refer patients with
chronic back pain for at least 3 months beginning at
age less than 45 years, and the presence of at least
one of three SpA features, as this strategy resulted in
axSpA diagnosis among 47% of those referred (spec-
ificity of 79% and sensitivity of 81%) [24].

Beyond chronic back pain populations, Dublin
Uveitis Evaluation Too (DUET) is an Irish cohort
that aimed to select patients with acute anterior
uveitis (AAU) that might benefit from an evaluation
by a rheumatologist [48]. Approximately 40% of the
AAU patients referred were subsequently diagnosed
with axSpA [48].

Despite the fact that most of the tested referral
strategies have increased the probability of early
detection of axSpA, none of them have resulted in
axSpA diagnosis in more than 50% of those referred.
Given limitations in the Rheumatology workforce,
it is necessary to continue to refine referral recom-
mendations as a complement to broader medical
education initiatives in axSpA. However, there are
several key gaps in our understanding of the effects
ealth, Inc. All rights reserved.
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of educational interventions in axSpA beyond the
context of referrals, and whether educational inter-
ventions benefit patient outcomes. It is not known if
different intervention strategies are more effective
than others in improving clinician knowledge.
Finally, it remains unknown if a specific group of
healthcare providers should be the focus of educa-
tional efforts in terms of efficiency, and optimizing
axSpA patient outcomes.
CONCLUSION

Education on axSpA should be enhanced among
healthcare providers globally. The evidence for this
need lies in the continued years-long diagnostic
delay for axSpA, which causes many patients to miss
the ‘window of opportunity’ to treat axSpA early and
prevent radiographic progression, functional limi-
tations, and disability that comes with advanced
disease. Clinicians across many disciplines are unfa-
miliar with the concepts of IBP and nonradiographic
disease and there is variable application of accepted
management principles.

Education in axSpA should be improved, given
that axSpA prevalence is estimated at 0.5–1% in
many locales, and that back pain is highly prevalent
across the world. Outreach needs to target clinicians
who care for patients with chronic back pain or
other typical axSpA features. Education needs to
highlight equitable implementation of manage-
ment principles and referral recommendations,
including application within groups in which
axSpA may have been historically underrecognized.
Clinicians need to have periodic educational
updates as the scientific knowledge in axSpA con-
tinues to advance.
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 CURRENT
OPINION Inflammatory back pain: a concept, not a diagnosis

Fiona Louise Coath and Karl Gaffney

Purpose of review
The concept of inflammatory back pain (IBP) describes a cohort of patients with chronic back pain (CBP)
who have distinct clinical characteristics, rather than being a diagnosis in and of itself. IBP is a common
and important feature of axial spondyloarthritis (axSpA) but this is not the only differential. This review
examines the utility of IBP in both primary and secondary care settings.

Recent findings
There are a number of suggested referral strategies for patients with suspected axSpA that include IBP.
These strategies attempt to strike a balance between ensuring potential axSpA patients are not overlooked,
whilst simultaneously not overwhelming secondary care services. Their success relies on the clinicians who
first encounter these patients being familiar with IBP as a concept; however, it is still poorly recognized by
many healthcare professionals. IBP may be helpful as part of a referral strategy; however, other clinical
features, laboratory investigations and radiology must be incorporated for the final diagnostic outcome in
axSpA.

Summary
Delayed diagnosis is a major clinical problem in axSpA and is associated with worse clinical outcomes.
When recognized and utilized correctly, IBP can be a useful tool to promote prompt referral to
rheumatology services.

Keywords
axial spondyloarthritis, inflammatory back pain, nonradiographic axial spondyloarthritis

INTRODUCTION

Inflammatory back pain (IBP) is an important pre-
senting feature of axial spondyloarthritis (axSpA),
estimated to be present in 75% at initial presenta-
tion and 88% during the course of the disease [1,2

&&

].
However, axSpA is by no means the only differential
diagnosis in patients presenting with IBP. In a cross-
sectional study of primary care patients with IBP, the
prevalence of axSpA was low, ranging from 0.66 to
5.3% depending on the classification criteria used
[3]. The prevalence of axSpA among IBP patients
referred to secondary care is higher given this is an
enriched cohort with an element of selection bias. In
this review, we examine the utility of IBP in the
primary and secondary care setting.

INFLAMMATORY BACK PAIN: A CONCEPT

IBP is a term encompassing a range of clinical features
in patients with chronic back pain (CBP). These
include age of onset less than 40years, insidious onset,
pain persisting for more than 3months, prolonged
morning stiffness lasting more than 30min, improv-
ing with exercise, not relieved by rest, nocturnal pain,
alternating buttock pain and good response to NSAIDs

[4]. This concept was first proposed by Calin et al. [5] in
1977 as a simple, cheap and readily reproducible
screening technique todetect axSpA.Since then,other
IBP classification criteria have been proposed, which
employ various combinations of these features – Ber-
lin and Assessment of SpondyloArthritis international
Society (ASAS) (Table 1) [5–7].

These three IBP criteria attempt to standardize
groups of patients for epidemiology purposes, but
have also been used to evaluate the utility of IBP in
the referral and diagnosis of axSpA. Using these
criteria, the minimum estimated prevalence of IBP
among people with CBP in the UK population is
7.7% (95% confidence interval (CI) 6.2–9.5) by
ASAS, 13.5% (95% CI 11.5–15.8) by Calin and
15.4% (95% CI 13.3–17.8) by Berlin [8]. In this
study, the prevalence of IBP was not significantly
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KEY POINTS

� IBP refers to a set of characteristic symptoms among
patients with CBP.

� IBP can be an important presenting feature of axial
spondyloarthritis but it is not the only differential
diagnosis, which needs to be considered.

� IBP should not be assessed in isolation but in the
context of the wider clinical picture.

� IBP is a useful concept to promote referral to
rheumatology services but its utility is limited beyond
this with regards diagnosis.

Spondyloarthropathies including psoriatic arthritis
different across age groups, despite the cohort hav-
ing an age range of 20–80 years [8]. In a Danish
secondary care cohort of patients aged 18–40 years
with low CBP, 67% met at least one of the criteria
and 16% all three [9]. However, only 11% of the
cohort received an axSpA diagnosis. In DIVERS
(Diagnostic accuracy of inflammatory back pain
study), the physician impression on the presence
or absence of IBP varied depending on whether they
were blinded to the wider clinical history, with only
moderate agreement (kappa¼0.45) [1]. Although
the authors term this ‘diagnostic bias’, it is probably
more reflective of real-life practice. In DIVERS, the
three IBP criteria had similar sensitivities to both
each other and the original data; ASAS (74.4%, 95%
CI 68.1–80.8), Calin (79.4%, 95% CI 73.5–85.4)
Berlin (81.1%, 95% CI 75.4–86.8). However, all
had lower specificity than observed in the original
criteria development studies; Calin (52.1%, 95% CI
19.6–31.3), Berlin (32.3%, 95% CI 26.2–38.6) ASAS
(39.5%, 95% CI 33.0–46.1). Both the blinded and
nonblinded rheumatologist evaluation performed
better, highlighting the importance of wider clinical
correlation. Whether the same would have been
seen for non-rheumatologists was not examined.
Analysis of individual features that make up IBP
 Copyright © 2021 Wolters Kluwer H

Table 1. Summary of inflammatory back pain criteria

Calin (1977) Berlin (2006)

Age <40 at onset Waking in the second half of the
night with back pain

Duration >3 months Alternating buttock pain

Insidious onset Morning stiffness >30 min

Associated with morning stiffness Improvement with exercise, not w

Improves with exercise –

Criteria fulfilled if at least four
parameters met

Criteria fulfilled if at least two
parameters met

Data from [5–7]. Summary of IBP Criteria. ASAS, Assessment of SpondyloArthritis In
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shows variation and inconsistency in their predic-
tive performance. This may, therefore, explain
improved performance of global assessment versus
IBP classification criteria in some studies, something
the experienced rheumatologist will do intuitively
[1]. The Berlin criteria is the only one to include
buttock pain. A recent study by Baraliakos et al.
[10

&&

] found this was the only anatomical location
that helped differentiate axSpA from other nonin-
flammatory lower back pain. Similar trends with
regards lower specificity of IBP criteria have been
observed in other cohorts [11

&

]. A possible reason for
the unexpectedly low specificity may be because of
testing these criteria on unselected primary care
referrals, rather than the enriched axSpA cohorts,
which were used to originally develop them; the
latter introduces a level of circularity bias [11

&

].
Although IBP is an important feature of axSpA, it

is not always present and is not mandatory for
diagnosis [12

&

]. The ASAS classification criteria for
axSpA include it as a feature, not an entry criterion
(Fig. 1) [13]. There is a general consensus that IBP
may be helpful in selection of patients for referral
[12

&

,14
&

]. Although the IBP criteria have low speci-
ficity, they may be helpful as an aide-mémoire for
clinicians less practiced at pattern recognition of
IBP. As diagnostic delay a particular concern in
axSpA, the criteria need not be applied too rigidly,
excluding patients from referral if they just miss the
‘cut off’. It should be remembered the criteria are for
classification, intended to standardize patients for
research purposes. This should not replace clinical
acumen or overrule any ongoing concerns to con-
tinue investigation. However, beyond referral, IBP
appears of less value to the rheumatologist, who will
typically incorporate other clinical features, labora-
tory tests and imaging findings before reaching the
final diagnostic outcome.

A word of caution is required regarding the use
of classification criteria inappropriately. The ASAS
classification criteria have been influential in pro-
moting the concept of early disease before damage is
ealth, Inc. All rights reserved.

ASAS (2009)

Age <40 years at onset

Insidious onset

Improves with exercise

ith rest No improvement with rest

Night back pain that improves on activity (getting up)

Criteria fulfilled if at least four parameters met

ternational Society classification.
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FIGURE 1. Data from [13]. Assessment of SpondyloArthritis International Society classification criteria for axial spondyloarthritis.

Inflammatory back pain Coath and Gaffney
evident on X-ray, termed non-radiographic axSpA
(nr-axSpA). A 51% increase in new axSpA diagnoses
in the 5 years following publication of these criteria
has been reported [15]. It is of concern that there has
been a tendency for rheumatologists to use these
criteria to establish a diagnosis, rather than their
intended purpose of identifying a homogenous set
of patients for research post-diagnosis, a necessity in
what can be a phenotypically heterogenous condi-
tion. As Poddubnyy et al. [14

&

] highlights, classifica-
tion criteria do not, therefore, consider other
important differentials for back pain including frac-
tures, infection and malignancy. A multinational
study of 478 rheumatologists from the USA, Canada,
Brazil, India and Turkey, found 66% of respondents
commonly used the ASAS classification criteria in
their clinical practice for diagnosis [16

&

]. Interest-
ingly rheumatologists who were early on in their
career (�5 years from completion of training) were
more likely to ‘always’ use the criteria compared
with those with more than 30 years’ experience
(P¼0.046). The imaging arm of the ASAS criteria
has also led to the hasty adoption of MRI for diag-
nosis without full critical analysis. Although
 Copyright © 2021 Wolters Kluwe

1040-8711 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
promising, lack of standardized imaging and report-
ing protocols limit the sensitivity and specificity of
MRI [17]. Recent studies have advised caution, not-
ing a high frequency of inflammatory and degener-
ative change in both axSpA and non-axSpA patients
[18

&&

,19,20], emphasizing the importance of clinical
correlation when interpreting these images and
declaring a scan ‘positive’.
INFLAMMATORY BACK PAIN IN
REFERRAL STRATEGIES

There have been a number of proposed referral
strategies for patients with suspected axSpA, most
of which incorporate IBP. Abawi et al. [21] evaluated
13 strategies in the SPACE (Leiden SPondyloArthritis
Caught Early) cohort. Although all included IBP, the
definitions differed slightly and not all required this
domain to be met to qualify for referral. From
patients who met the ASAS axSpA classification
criteria, 77% would not have been referred by one
or more of the strategies assessed. Of patients with-
out axSpA, 96% would have been referred using at
least one of the strategies. The ASAS and Brandt I
r Health, Inc. All rights reserved.
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were the most sensitive strategies, both achieving
98%. Brandt I triggers referral if a patient is HLA-B27
positive and they have at least one of three specified
IBP features [22]. The ASAS strategy recommends
referral if a patient less than 45 years of age has CBP
for more than 3 months and at least one spondy-
loarthritis feature (IBP, peripheral and extra-articu-
lar manifestations or raised acute phase reactants)
[23]. However, both of these demonstrated low
specificity, 11% and 18%, respectively. The MASTER
strategy was found to have an acceptable balanced
sensitivity and specificity, of 64% and 76%, respec-
tively, and gave the highest liklihood ratio
(LR)þ2.68 [21]. MASTER is, however, a little more
involved, requiring assessment for IBP, HLA-B27,
family history of axSpA and response to NSAIDs,
and then referring if two of these are present [24].

It is apparent that choosing a referral strategy is a
balancebetweenensuring axSpA patients are not over-
looked, whilst simultaneously not overwhelming sec-
ondary care services with inappropriate referrals. It
must also be remembered that those using these strat-
egies will be primary care physicians, who often have
limited appointment times [25

&

]. The RADAR (Recog-
nising and Diagnosing Ankylosing Spondylitis Reli-
ably) study compared a simpler and more complex
strategy yielding similar results [26]. In these circum-
stances, thepragmaticapproachwould be to adopt the
simpler strategy, which is likely to have a better
uptake. A number of referral strategies require knowl-
edge of HLA-B27 status. A recent study by Baraliakos
et al. [10

&&

] recognizes that this may not always be
feasible in primary care, as well as being a potential
unnecessary use of resources. They recommend a two-
step strategy, whereby HLA-B27 is only required if a
patientdoesnotqualifybyclinical featuresalone.Some
would advocate an even simpler strategy of referring
any patient with IBP who is younger than 45 to avoid
both delayed and erroneous diagnosis [27

&

].
UNDERSTANDING OF INFLAMMATORY
BACK PAIN WITHIN PRIMARY CARE

Reliable use of IBP in referral strategies depends on
physicians having a sufficient understanding of the
concept. This has been identified as a significant
knowledge gap, with only 5% of general practi-
tioners being able to identify all recognized IBP
features [4]. Delay to diagnosis in axSpA is multifac-
torial but general practitioners themselves identify
poor awareness of axSpA and attributing back pain
to other causes as part of the problem [25

&

]. Low
agreement between referring clinicians and rheu-
matologists on the presence of IBP has been repeat-
edly observed (kappa¼0.16) [28]. A survey of
chiropractors and osteopaths reported good
 Copyright © 2021 Wolters Kluwer H
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recognition of IBP as a concept but only 63% were
familiar with the term axSpA [29

&

]. A UK survey of
132 musculoskeletal physiotherapists found poor dif-
ferentiation between IBP and axSpA presentations,
from other nonspecific causes of back pain, and poor
recognition of national referral guidelines [30

&

]. Reas-
suringly this is seen to improve with education pro-
grams [12

&

]. A recent study comparing the clinical
impression of allied healthcare professionals with
axSpA training (including physiotherapists, occupa-
tional therapists and advanced care practitioners), to
that of rheumatologists, found there was a moderate
agreement on the likelihood of an axSpA diagnosis in
newly referred patients with CBP (kappa¼0.52) [31

&

].
A significant contributor to diagnostic delay in axSpA
has been inappropriate referral to other musculoskel-
etal services before reaching a rheumatologist. There-
fore, extending education to the clinicians running
these services may help promote timely referral. There
are expanding and easily accessible resources and
initiatives for primary care practitioners, including
programmes developed through the National Axial
Spondyloarthritis Society (NASS) and British Society
for Spondyloarthritis (BRITSpA) [32]. Supporting pri-
mary care is still an unmet need, with only 21% of
clinical commissioning groups having a specific IBP
referral pathway, which typically incorporates a cer-
tain levelof educationon initiation [33

&

]. In the review
of their ‘Early Inflammatory Back Pain Service’, Ads-
head et al. [33

&

] describe the positive impact that an
integrated education and referral pathway had on
both their diagnostic yield and delay, the latter of
which has been reduced to a median of 3years. This
is an improvement on the median 5-year delay
reported within the UK over a similar time period [15].
UNDERSTANDING OF INFLAMMATORY
BACK PAIN WITHIN SECONDARY CARE

Poor recognition of IBP is not confined to primary
care. From a survey of secondary care professionals
likely to encounter extra-articular manifestations of
axSpA (including gastroenterology, ophthalmology,
dermatology, genito-urinary medicine, spinal sur-
gery and orthopaedics), only 28% could identify all
recognized IBP features, and 81% were not aware of
nr-axSpA as a diagnostic term [34]. This is of particu-
lar concern as several studies have identified a signif-
icant burden of undiagnosed axSpA in patients with
extra-articular manifestations. This again has been a
target for NASS educational activities, including the
‘Back Pain Plus’ campaign [35]. The ASPAU study
estimated a minimum axSpA prevalence of 20.2%
from an acute anterior uveitis cohort, of which one
quarter were undiagnosed [36]. In a retrospective
longitudinal study of 124 patients with new-onset
ealth, Inc. All rights reserved.
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IBP, uveitis was identified as one of the most impor-
tant predictors for developing spondyloarthritis,
including axSpA, conferring a five-fold increased risk
over the median 13.2 year follow-up period [37]. In
response, several screening tools have been proposed.
The Dublin Uveitis Evaluation Tool (DUET) recom-
mends rheumatology referral if a patient presenting
with uveitis is under the age of 45 years, with a history
of back or peripheral joints pain, and is either HLA-
B27 positive or has a history of psoriasis [38]. The
SENTINEL working group incorporate aspects of IBP
in their recommendations, suggesting referral in
patients under 45 years of age with a history of
CBP, regardless of HLA-B27 status [39].

Spondyloarthritis is the commonest extra-intes-
tinal manifestation of inflammatory bowel disease
(IBD). Peripheral spondyloarthritis is more prevalent
but sacroiliitis is still estimated to occur in approxi-
mately 10% of patients [40]. Features of IBP are
incorporated into several screening tools. Queiro
et al. [41] proposed a three-question strategy, from
which a patient was considered positive if they met
two or more of the following criteria – CBP, morning
stiffness more than 30 min and night back pain,
which interrupts sleep. When tested on a cohort of
112 patients, this gave a sensitivity of 87.5%, speci-
ficity of 89.8% and LRþ of 8.6 (4.5–16.2). There is a
concern that using CBP as a criteria is not descriptive
enough and does not distinguish from non-inflam-
matory causes. This is seen in the DETAIL (DETection
of Arthritis in Inflammatory boweL diseases) ques-
tionnaire, whereby ‘duration of back pain more than
3 months’ had the lowest LR out of the six included
questions [42]. DETAIL is a self-administered ques-
tionnaire. The study suggested answering affirma-
tively to three or more questions gives a post-test
probability for spondyloarthritis of more than 75%.
Being self-administered, the questions are open to
patient interpretation. Patients answering affirma-
tively to four or more questions but without evidence
of spondyloarthritis were all diagnosed with fibromy-
algia. The IBIS-Q (IBd Identification of Spondyloar-
thritis Questionnaire) is also self-administered but
has tried to overcome the effect of concomitant
conditions, such as fibromyalgia, by using psycho-
metric analysis to remove questions, which may
pertain to non-inflammatory pain [43

&

]. This ques-
tionnaire achieved a sensitivity of 93%, specificity of
77% and positive-predictive value of 77% for spon-
dyloarthritis in IBD.
DIFFERENTIAL DIAGNOSIS

The presence of IBP is not tantamount to a diagnosis
of axSpA. In the retrospective longitudinal study of
IBP by Wang et al. [37], there was a 30% probability
 Copyright © 2021 Wolters Kluwe
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of developing spondyloarthritis but a higher 43%
probability of symptom resolution. Fifteen patients
from the 124-patient cohort were actively identified
to have other conditions including degenerative
disc disease, fibromyalgia and systemic lupus eryth-
ematosus [37]. It is important not to attribute symp-
toms to expected age-related disease. For example,
there is a high prevalence of facet joint osteoarthritis
in individuals over 40 years of age but this correlates
poorly with symptoms [44]. Of course, a primary
concern is not to miss important differentials with
high morbidity and mortality, including vertebral
fracture, discitis, malignancy or cauda equina. Sys-
tematic reviews have shown varying performance of
so-called ‘red flag’ features [45]. Certain features
were more significant, for example, a prior history
of malignancy increased the risk of metastatic spinal
disease. On a pragmatic level, clinicians must
remember that although these other differentials
are rare, so is axSpA. Clinical correlation is key.
CONCLUSION

IBP is an important presenting feature of axSpA that
can persist throughout the disease course. When
understood and utilized correctly, it can be a useful
tool to promote prompt referral to rheumatology
services. This is of vital importance, as despite updated
referral guidelines and recently published quality
standards [46,47

&&

], diagnostic delay remains a signifi-
cant ongoing challenge. Current evidence shows that
delayed diagnosis in axSpA is associated with worse
clinical, humanistic and economic outcomes [48

&&

].
Recognition of IBP by healthcare professionals, with
prompt and appropriate onward referral to rheuma-
tology may help shorten this unacceptable diagnostic
delay and improve long-term outcomes.
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López-Medina C, Ramiro S, van der Heijde, et al. Characteristics and burden
of disease in patients with radiographic and nonradiographic axial Spondy-
loarthritis: a comparison by systematic literature review and meta-analysis.
RMD Open 2019; 5:e001108.

This systematic review with pooled analysis of 60 studies published between 2009
and 2018 compared the clinical characteristics of radiographic and nonradiographic
axial spondyloarthritis. Similar phenotypes were seen between the two, including a
high prevalence of inflammatory back pain. Even though increased structural damage
is by definition observed in the radiographic group, there was no statistically
significant difference in disease activity and patient-reported outcomes.
3. Hamilton L, Macgregor A, Toms A, et al. The prevalence of axial spondyloar-

thritis in the UK: a cross-section cohort study. BMC Musculoskelet Disord
2015; 16:392.

4. Jois RN, Macgregor AJ, Gaffney JK. Recognition of inflammatory back pain
and ankylosing spondylitis in primary care. Rheumatology (Oxford) 2008;
47:1364–1366.

5. Calin A, Porta J, Fries JF, Schurman DJ. Clinical history as a screening test for
ankylosing spondylitis. JAMA 1977; 237:2613–2614.

6. Rudwaleit M, Metter A, Listing J, et al. Inflammatory back pain in ankylosing
spondylitis: a reassessment of the clinical history for application as classifica-
tion and diagnostic criteria. Arthritis Rheum 2006; 54:569–578.

7. Sieper J, van der Heijde D, Landewe R, et al. New criteria for inflammatory
back pain in patients with chronic back pain: a real patient exercise by experts
from the Assessment of SpondyloArthritis international Society (ASAS). Ann
Rheum Dis 2009; 68:784–788.

8. Hamilton L, Macgregor A, Warmington V, et al. The prevalence of inflamma-
tory back pain in a UK primary care population. Rheumatology (Oxford) 2014;
53:161–164.

9. Arnbak B, Hendricks O, Hørslev-Petersen K, et al. The discriminative value of
inflammatory back pain in patients with persistent low back pain. Scand J
Rheumatol 2016; 45:321–328.

10.
&&

Baraliakos X, Styliani T, Redeker I, et al. Early recognition of patients with axial
spondyloarthritis – evaluation of referral strategies in primary care. Rheuma-
tology (Oxford) 2020; 59:3845.

This large prospective multicentre study evaluated the utility of a two-step referral
strategy for patients with chronic back pain. Patients who were under 45 years of
age with chronic back pain were questioned as to whether they had features of
IBP, with the addition of HLA-B27 testing if not enough features are present. Only
using HLA-B27 whenever insufficient clinical features were present would save on
testing and the associated costs of this. It showed good sensitivity and specificity
of several combinations of IBP features.
11.
&

de Hooge M, van Gaalen FA, Renson T, et al. Low specificity but high
sensitivity of inflammatory back pain criteria in rheumatology settings in
Europe: confirmation of findings from a German cohort study. Ann Rheum
Dis 2019; 78:1605–1606.

This study looks at the diagnostic utility of IBP parameters and the ASAS criteria
using multicentre observational data from the Be-Giant and SPACE cohorts. IBP
parameters showed high sensitivity with low specificity for the diagnosis of axSpA.
Therefore, IBP is useful in referral strategies, but of less use to the rheumatologist
in making a final diagnosis.
12.
&

Barnett R, Ingram T, Sengupta R. Axial spondyloarthritis 10 years on: still
looking for the lost tribe. Rheumatology (Oxford) 2020; 59:iv25–iv37.

This review identifies several issues of concern in axial spondyloarthritis that are
contributing to continued diagnostic delay, as well as recommendations for referral
strategies and education.
13. Rudwealeit M, van der Heijde D, Landwew R, et al. The development of

Assessment of Spondyloarthritis international Society classification criteria
for axial spondyloarthritis (part II): validation and final selection. Ann Rheum
Dis 2009; 68:777–783.

14.
&

Poddubnyy D. Classification vs diagnostic criteria: the challenge of diagnos-
ing axial spondyloarthritis. Rheumatology (Oxford) 2020; 59:iv6–iv17.

This review eloquently highlights the important issue of inappropriate use classi-
fication criteria for diagnostic purposes in axial spondyloarthritis.
15. Sykes MP, Doll H, Sengupta R, Gaffney K. Delay to diagnosis in axial

spondyloarthritis: are we improving in the UK? Rheumatology (Oxford)
2015; 54:2283–2284.

16.
&

Rich-Garg N, Danve A, Choi D, et al. Assessing rheumatologists’ attitudes and
utilization of classification criteria for ankylosing spondylitis and axial spon-
dyloarthritis: a global effort. Clin Rheumatol 2020; 40:949–954.

This multinational survey of 478 rheumatologists highlights the inappropriate use
of classification criteria for diagnostic purposes. This was also seen to be done
more frequently by rheumatologists who were relatively early in their careers.
17. Lukas C, Cyteval C, Dougados M, Weber U. MRI for diagnosis of axial

spondyloarthritis: major advance with critical limitations ‘Not everything that
glisters is gold (standard)’. RMD Open 2018; 4:e000586.

18.
&&

Baraliakos X, Richter A, Feldmann D, et al. Frequency of MRI changes
suggestive of axial spondyloarthritis in the axial skeleton in a large popula-
tion-based cohort of individuals aged <45 years. Ann Rheum Dis 2020;
79:186–192.

This large population-based cohort study showed a high frequency of sacroiliac
and spinal MRI changes suggestive of axial spondyloarthritis according to ASAS
definitions. Lesions of smaller size and number were inconclusive for diagnosis,
and increasing lesions were seen with advancing age, suggesting these are
secondary to degenerative change.
 Copyright © 2021 Wolters Kluwer H

324 www.co-rheumatology.com
19. de Bruin F, ter Horst S, Bloem HL, et al. Prevalence of degenerative changes
of the spine on magnetic resonance images and radiographs in patients aged
16-45 years with chronic back pain of short duration in the spondyloarthritis
caught early (space) cohort. Rheumatology 2016; 55:56–65.

20. de Bruin F, Treyvaud MO, Feydy A, et al. Prevalence of degenerative changes
and overlap with spondyloarthritis-associated lesios in the spine of patients
from the DESIR cohort. RMD Open 2018; 4:e000657.

21. Abawi O, van den Berg R, van der Heijde D, van Gaalen FA. Evaluation of
multiple referral strategies for axial spondyloarthritis in the SPACE cohort.
RMD Open 2017; 3:e000389.

22. Brandt HC, Spiller I, Song IH, et al. Performance of referral recommendations
in patients with chronic back pain and suspected axial spondyloarthritis. Ann
Rheum Dis 2007; 66:1479–1484.

23. Poddubnyy D, van Tubergen A, van Landewé R, et al. Development of an
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Kiltz U, Landewé RBM, van der Heijde D, et al. Development of ASAS quality
standards to improve the quality of health and care service for patients with
axial spondyloarthritis. Ann Rheum Dis 2020; 79:193–201.

The ASAS taskforce have identified and agreed nine quality standards for
improving care for axSpA patients. These cover key areas of presentation,
diagnosis and differential diagnosis, treatment and management. They recommend
patients with suspicious symptoms are referred within 3 working days and
assessed by a specialist within 3 weeks of referral.
48.
&&

Yi E, Ahuja A, Rajput T, et al. Clinical, economic, and humanistic burden
associated with delayed diagnosis of axial spondyloarthritis: a systematic
review. Rheumatol Ther 2020; 7:65–87.

This systematic review of 21 studies showed a general trend towards
worse clinical, economic and humanistic outcomes in axSpA patients
with a delayed diagnosis. These patients had a greater likelihood of work
disability.
r Health, Inc. All rights reserved.

rved. www.co-rheumatology.com 325

https://www.nice.org.uk/guidance/ng65


 Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

 CURRENT
OPINION Low-dose computed tomography for axial

spondyloarthritis: update on use and limitations

Robert G.W. Lamberta, Kay Geert A. Hermannb, and Torsten Diekhoffb

Purpose of review
Recent developments in low-dose computed tomography (ldCT) have greatly reduced radiation exposure
levels. This article reviews what a ldCT is and its use and limitations for imaging axial spondyloarthritis.

Recent findings
Detection of structural damage in bone with CT is far superior to radiography and ldCT of the sacroiliac
joints (SIJ) can now be done at radiation exposure levels equivalent to, or even less than, conventional
radiography. ldCT should be considered a ‘first-choice’ test for arthritis imaging, and wherever available,
SIJ ldCT may completely replace conventional radiography. Radiation exposure in the spine with ldCT is
lower than conventional CT. However, it is unclear whether the additional information regarding structural
damage changes in the spine provided by ldCT will alter patient management sufficiently often to merit
switching from spinal radiography to ldCT in routine clinical practice. In addition, ldCT cannot assess
osteitis disease activity for which MRI remains the best test.

Summary
ldCT of the sacroiliac joints (SIJ) can be done at radiation exposure levels equivalent to, or less than,
radiography and ldCT may completely replace SIJ radiography. However, the role of spinal ldCT for
spondyloarthritis is not clear and MRI is far superior for detecting disease activity.

Keywords
computed tomography, low-dose computed tomography, sacroiliac joint, sacroiliitis, spondyloarthritis

INTRODUCTION

For over 100years, the conventional radiograph
(X-ray) has been the mainstay of radiology for arthri-
tis. It offers superb overall assessment on a single
image, high spatial resolution and excellent contrast
between bone and soft-tissues but has limited contrast
betweendifferent soft-tissues. Computed tomography
(CT) is fundamentally based on the same interactions
between X-rays and human tissues with many similar
properties to radiography with the advantage that CT
images are projected as multiplanar, cross-sectional
datasets free of superimposition of overlapping struc-
tures. Radiation exposures with CT are often much
higher than radiography and this has been a limiting
factor in the universal application of CT. In recent
years, low-dose CT (ldCT) has become widely available
and technical advances have broadened the scope of
its ability to investigate arthropathy.

WHAT IS LOW-DOSE COMPUTED
TOMOGRAPHY OF THE AXIAL SKELETON?

Unfortunately, there is no international agreement
as to what constitutes a ldCT scan with no simple

answer to this question. Ideally, there would be a
single radiation exposure limit below which the
scan would be considered ‘Low Dose’. However,
many factors influence exposure dose, especially
patient size and the body part being scanned. Apply-
ing a single limit is not practical and reported radia-
tion exposures vary widely. For example, reported
mean exposure dose for pelvis ldCT [1] was three
times another recent report [2] and 47 times the dose
of a dedicated SIJ protocol [3

&&

]. This latter study
confirmed that by using tin filtration, SIJ ldCT radi-
ation dose can be reduced even further to 0.11 mSv,
which is the same dose as PA and lateral chest
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KEY POINTS

� ldCT of the sacroiliac joints (SIJ) can be done with
radiation exposure levels equivalent to, or even less
than, conventional radiography of the SIJ.

� ldCT of the SIJ is quick to perform and interpret and
should completely replace SIJ radiography in daily
clinical practice, wherever access is available.

� ldCT of the entire spine is ‘very low radiation risk’ and
its superiority over radiography for detecting structural
damage is convincing.

� It is time consuming to review all the joints in the entire
spine on ldCT, and this may hinder the application of
spinal ldCT in routine clinical practice.

LdCT for axial spondyloarthritis Lambert et al.
radiography, while maintaining diagnostic quality.
There is also no agreement on whether any chosen
limit would apply to each location separately or to
the entire body. For example, if the ldCT exposure
limit for any part of the spine or pelvis was 1 mSv,
what would be the exposure limit for scanning the
cervical, thoracic and lumbar spine and sacroiliac
joints? Would it be 1 or 4 mSv? There is no agree-
ment on this issue.

A variety of processes may be used to reduce CT
dose (filtered back projection, iterative reconstruc-
tion, tin filtration); however, these technical details
are beyond the scope of this article. What can be
clearly stated is that: advanced CT technologies
have been able to substantially reduce radiation
exposure (85–95% reduction) [3

&&

,4]; ldCT of the
sacroiliac joints (SIJ) can be consistently done with
less than 1 mSv radiation dose, at exposure levels
equivalent to, or even less than, conventional radi-
ography [3

&&

,5
&

,6] and an effective radiation dose of
less than 1 mSv is considered to be ‘minimal risk’ [7].
The ‘minimal risk’ of 0.5 mSv with SIJ ldCT is equiv-
alent to 1/4 of the annual additional risk because of
cosmic radiation exposure for airline crew or about
100 h of high-altitude flight in jet aircraft, and is 1/6
of the annual exposure to natural background radi-
ation in the USA.
LOW-DOSE COMPUTED TOMOGRAPHY OF
THE AXIAL SKELETON: GENERAL
ADVANTAGES

The output of a CT scan is a high resolution multi-
planar set of images. CT is widely available with no
absolute contraindications. Image acquisition and
reconstruction are much less subject to operator
variation than ultrasound or MRI and the acquisi-
tion is so fast that motion artifact related to patient
 Copyright © 2021 Wolters Kluwe
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discomfort or claustrophobia is almost never a prob-
lem. Consequently, CT is fast, easily tolerated, high
resolution and generally consistent.
LOW-DOSE COMPUTED TOMOGRAPHY OF
THE SACROILIAC JOINTS

The diagnosis of axial spondyloarthritis is most
often confirmed by identifying the presence of
inflammatory arthropathy involving the SIJ – sac-
roiliitis. The structural damage changes that occur
in sacroiliitis may be seen on radiographs. However,
at earlier stages of disease when erosion is mild,
radiographs are notoriously difficult to interpret
with poor intrareader and interreader reliability,
even with expert training [8–10]. The problem is
threefold: the convoluted anatomy of the SIJ means
that it is never possible to get all of the articular
surface in profile, and sometimes none of it is in
profile (Fig. 1); the most critical early-stage finding is
erosion, which is difficult to identify in any joint
when the articular surface is not in profile; and
complex bony anatomy and pelvic structures result
in overlap, including bowel gas and stool, that may
look like erosion superimposed on bone of variable
contour and density. ldCT resolves all of these prob-
lems. The bony anatomy is beautifully demon-
strated, free from all overlap. Erosion, and all the
other radiographic features of arthropathy, such as
sclerosis, joint space narrowing, joint space widen-
ing, intraarticular bone formation, ankylosis, intra-
articular gas, osteophytes and pseudarthrosis, are all
clearly and consistently visualized (Fig. 2).
Diagnostic application

ldCT has been shown to be highly specific (93–
100%) for axial spondyloarthritis (axSpA) in two
studies [6,11

&

]. It has moderate sensitivity (44%)
for nonradiographic axial spondyloarthritis (nr-
axSpA) [11

&

] and is, of course, highly sensitive for
modified New York criteria X-ray positive ankylos-
ing spondyloarthritis with overall sensitivity for
axSpA (ankylosing spondyloarthritis and nr-ax-
SpA) of 77–86% [6,11

&

]. The reliability of interpre-
tation of ldCT is far superior to radiography. For
global positivity for axSpA, ldCT reliability is very
good with substantial agreement (k¼0.62) com-
pared with radiography, which has only fair agree-
ment (k¼0.33) [6]. As it is fast, reliable and specific
for the diagnosis of axSpA with no additional radia-
tion exposure, it has been recommended that ldCT
should completely replace radiography of the SIJ in
adults [3

&&

,5
&

]. At the very least, ldCT is an excellent
method for resolving cases where the radiographic
result is indeterminate.
r Health, Inc. All rights reserved.
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FIGURE 1. Radiographically occult findings may be revealed on low-dose computed tomography. SIJ images in a patient with
known axial spondyloarthritis. Radiography (a) shows clearly defined joint spaces with smooth margins at many locations
(arrows) but with subtle blurring in the midpart (arrowhead). Capsular ossification is noted on the right (open arrowhead) but
there are no definite findings of axial spondyloarthritis. ldCT (b) also shows preserved joint space (arrows) in the
anterosuperior and posteroinferior parts of the SIJ. However, the ldCT scan reveals extensive ankylosis in the midpart of the SIJ
(arrowheads) that is invisible on radiography. The ankylosis is not well depicted in the radiograph as it is present only in parts
of the joint that are not parallel to the X-ray beam. The joint space that is in profile is relatively unremarkable.

Spondyloarthropathies including psoriatic arthritis
Disadvantages

The critical disadvantage of ldCT is its insensitivity
for the detection of inflammation in soft tissues and
both inflammation and fatty change in bone mar-
row. The presence of bone marrow edema (BME) is a
crucial observation in the detection of the earliest
phase of inflammatory sacroiliitis. BME is the MRI
feature that is most sensitive for the detection of
sacroiliitis and is an essential component of the
classification of nr-axSpA [12]. Consequently, if a
ldCT is negative for axSpA, that does not rule it out
and an MRI may still be necessary. Further, the
limited ability to detect BME prevents the use of
ldCT for the assessment of disease activity or
 Copyright © 2021 Wolters Kluwer H
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response to therapy for which MRI is clearly the
superior test.
Dual-energy computed tomography

Dual-energy CT (DECT) can be used to create a ‘vir-
tual noncalcium CT’ image capable of detecting BME
in the SIJ. The technique appears to be about 90%
sensitive and specific compared with MRI detection
of BME and is reliable (k¼0.8) when sclerotic areas
are excluded [13]. It also allows the detection of
crystal deposition in soft tissues, especially sodium
urate crystal deposits in gout. Unfortunately, DECT
of the axial skeleton cannot be done at low dose as
ealth, Inc. All rights reserved.
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FIGURE 2. Low-dose computed tomography may be easier to interpret than MRI. This 45-year-old, HLA-B27 negative female
patient presented with low back pain for 6 years, including similar pain during pregnancy 4 years previously. C-reactive
protein was normal, there was no evidence of psoriasis, uveitis, dactylitis, or any other clinical feature of SpA. The short-tau
inversion recovery (STIR) MRI sequence (a) shows mild bone marrow edema (BME) of the sacrum (arrow). Heterogeneous
signal in the lower ilium is of uncertain significance but definite sclerosis (arrowhead) is present superiorly, confirmed on T1
MRI (b). Irregularity of the joint space on T1 (arrowheads in b), with possible joint space widening, is concerning for possible
subtle iliac erosion. Fat metaplasia in sacral bone marrow (arrows) is easily seen. The MRI diagnosis was considered
uncertain and ldCT was ordered (c). It shows subchondral sclerosis (arrowheads), joint space narrowing (arrow) and a
pneumatocyst (open arrowhead) in the lower third of the SIJ, with no evidence of erosion. Although all the MRI and CT
findings are consistent with biomechanical changes caused by osteoarthritis and possible mild osteitis condensans ilii (OCI),
the degenerative findings on ldCT scan are much easier to interpret. ldCT, low-dose computed tomography.
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low-energy X-rays are disproportionately absorbed in
larger scan volumes, and the resulting loss of image
quality must be compensated with correspondingly
higher radiation exposure. For example, Wu et al.
reported mean radiation dose of 7.4 mGy for the SIJ,
which is 15 times the mean dose for ldCT [13].
When to perform low-dose computed
tomography?

Which test should be done first will depend on local
factors. ldCT may be the first choice if access to MRI
is restricted. If MRI is readily available, then SIJ MRI
would definitely be recommended. Even then, there
is still an important role for ldCT for cases that are
indeterminate on MRI as ldCT may be an excellent
complementary test for further evaluation of diffi-
cult MRI cases (Fig. 2). However, newer MRI sequen-
ces offer equivalent bone information to CT and
MRI may supplant the role of SIJ ldCT, if cost and
availability are similar [6,14].
LOW-DOSE COMPUTED TOMOGRAPHY OF
THE SPINE

Diagnostic ascertainment of axial spondyloarthritis
is much less frequently an issue for spine imaging as
 Copyright © 2021 Wolters Kluwe
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most axSpA patients have SIJ disease prior to spine
involvement. In contrast, detection of the presence
or progression of structural damage in the spine has
major prognostic significance in SpA and is a focus
of intense research into the disease-modifying prop-
erties of biologic therapies.

The structural damage changes of greatest con-
cern are significantly different in the spine and SIJ. In
the SIJ, the most important structural damage is
erosion. However, erosion is less frequent in the spine
and the primary focus of spinal radiography or CT for
SpA is detection of syndesmophytes and ankylosis
(Fig. 3). The typical syndesmophyte is a small verti-
cally orientated spur of bone arising from the edge of
the vertebral endplate, at the perimeter of the inter-
vertebral disc. Radiographs can show syndesmo-
phytes well where they are seen in profile and free
of superimposed structures, such as at the anterior
aspects of the cervical and lumbar vertebral bodies.
However, it is not always possible to get the vertebral
endplates in profile and detection of fine detail in the
thoracic spine is almost impossible with radiography
because of overlapping ribs and lungs. So for axSpA, it
is standard practice to perform only lateral views of
the cervical and lumbar spine. With CT scanning, all
the vertebral bodies, discs and facet joints are seen in
high contrast and free of superimposition.
r Health, Inc. All rights reserved.
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FIGURE 3. Radiation dose and image quality depend on
patient size. Two patients with known ankylosing spondylitis
(AS) were referred for ldCT assessment of syndesmophytosis
and ankylosis. A large 50 year-old man (201 cm height,
136 kg weight) had ‘low-dose CT’ with exposure dose of
6.47 mGy (a). This is substantially less than would have
been required for a full-dose CT in this patient. Signal
strength is suboptimal and the resultant images are
nondiagnostic quality at the posterior aspects of many
vertebral bodies. However, the ldCT clearly shows multiple
anterior syndesmophytes in the lumbar spine (arrows). A
smaller 56-year-old woman (160 cm weight, 73 kg weight)
had ldCT with exposure dose of 2.83 mGy (b). Image
quality is very good and anterior ankylosis is clearly seen at
T12/L1, although it is not known whether this was related to
AS or an old L1 vertebral body compression injury. Both CT
scans were performed with the same acquisition and
reconstruction algorithms, and are displayed at the identical
window setting. ldCT, low-dose computed tomography.

Spondyloarthropathies including psoriatic arthritis
Radiation exposure

ldCT of the entire spine has been successfully per-
formed in 59 out of 60 subjects with effective radia-
tion dose of 4 mSv, including all 23 discovertebral
units (DVU) from C2 to S1 [15]. This compares with
radiation doses in the range of 2.7 mSv for multiple
radiographic views of the cervical, thoracic and
lumbar spine, and 0.36 mSv for lateral-only views
at each spine level [16,17]. One can argue that
comparison with the multiple-view series is more
appropriate as clinicians would not hesitate to do all
radiographic views if they were of clinical value and
showed the target lesions. Thoracic spine
 Copyright © 2021 Wolters Kluwer H
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radiographs are not performed in this setting as
the images are useless even though the thoracic
spine is involved. Standard dose CT of the entire
spine is seldom performed because of its higher
dose, for example, scanning the thoracolumbar
spine from T5-L4 covering (11 DVU) involves a
mean radiation dose of 8 mSv [18]. So it can be
reasonably stated that ldCT of the entire spine with
4 mSv of radiation dose is: ‘Very Low Risk’ [7], sig-
nificantly lower dose than full-dose CT of the entire
spine (15 mSv [16]), and in the same risk category as,
and only slightly more radiation than, multiple
radiographic views of the entire spine (2.7 mSv
[7,16]). It should be noted that large patients will
be subject to greater radiation dose for both radiog-
raphy and CT than the average numbers quoted
(Fig. 3). However, for very large patients, increasing
the radiation dose with CT almost always improves
image quality but for radiography, the images may
be of nondiagnostic quality no matter how large the
radiation dose.
Diagnostic application

The incentive to do ldCT of the spine is the ability to
see all levels projected free from overlapping struc-
tures. The most commonly used radiographic scor-
ing system, mSASSS, only evaluates 12 DVU in the
cervical and lumbar spine, and only the anterior
corners of the vertebral bodies [19]. Whereas, ldCT
will visualize all 23 DVU levels and with much
greater consistency. With mSASSS, change in score
can only be reliably detected with intervals of two or
more years and new syndesmophytes are typically
observed only in �30% of patients [20,21]. de Bruin
et al. [15] have shown that the thoracic spine con-
tributes about 60% of total CT Syndesmophyte Score
(CTSS) and 65% of the change score in their cohort.
The highest percentage of patients (63%) and the
highest percentage of vertebrae showing new syn-
desmophytes (63–68%) were in the thoracic spine,
which is completely omitted with mSASSS. The
same investigators compared CTSS using ldCT to
mSASSS using radiography and showed that three
to five times the number patients had three or more
new or growing syndesmophytes with CTSS versus
mSASSS, with most progression occurring in the
thoracic spine [22]. These findings are in agreement
with research done with standard-dose CT, which
showed that structural damage changes of axSpA
predominantly occur in the thoracic spine, and in
this cohort, thoracic syndesmophytes were univer-
sally present in patients without visible lumbar
syndesmophytes on either radiographs or CT [18].

ldCT of the entire spine is relatively new, and
multiple aspects of this tool are currently unknown.
ealth, Inc. All rights reserved.
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Can ldCT detect significant change over shorter
intervals, such as 1 year? If this were to be the case,
it could be a game changer for structural damage
research in axSpA. Reader reliability was very good
with CTSS; however, only two readers were used for
this project and many logistical issues were not
revealed, such as the duration and form of reader
training, and the number of exercises required to
reach proficiency. So it is unknown whether this
reliability can be repeated in other settings. Inter-
pretation of spine radiographs usually focusses on
the structural damage changes related to the inter-
vertebral discs even though facet joints and costo-
vertebral joints (CVJ) are commonly involved.
However, it is unknown whether the superior detec-
tion of change in structural damage in these small
joints by ldCT would alter clinical or research
outcomes.
 Copyright © 2021 Wolters Kluwe

FIGURE 4. MRI and low-dose computed tomography provide
patient with known axial spondyloarthritis and new low back pain
ldCT of the spine (c). An inflammatory lesion is present at the ante
STIR [arrowhead in (a)]. Multiple small corner fat lesions are seen
in (b)]. The BME and fat lesions are not visible on ldCT. Foci of sc
clearly seen on ldCT (arrows) but are either not visible at all or ar
is visible at L3/4 on STIR, T1 and ldCT (open arrowheads), more
each image is additive and the nature of the erosion, sclerosis, BM
cannot be fully appreciated without simultaneous interpretation of

1040-8711 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
Disadvantages

The major clinical disadvantage of ldCT is its inabil-
ity to detect active disease in the form of bone
marrow edema in the vertebrae and inflammation
in facet joints and at entheses (Fig. 4). As with the
SIJ, MRI is far better at detecting activity and this
may be the more important question in day-to-
day practice.

Radiography is cheaper, and usually more acces-
sible than CT. In addition, radiographic images are
generally very accessible to the rheumatologist. Two
lateral radiographs of the cervical and lumbar spine
may provide limited information but physicians can
review them in a few seconds. The ldCT datasets are
enormous with thousands of images. Although they
can be reviewed quite quickly by scrolling through
them with high-quality computers, the time needed
to download the data and review each level,
r Health, Inc. All rights reserved.

complimentary information in the spine. A 38-year-old male
underwent MRI with STIR (a) and T1 (b) sequences and

rosuperior corner of L2 with bone marrow edema (BME) on
on T1, best appreciated anteriorly at T12/L1 [arrowheads
lerosis at the anterior corners of multiple vertebral bodies are
e much harder to discern on MRI. Vertebral endplate erosion
obvious at L4 and more subtle at L3. The information on
E, fat metaplasia and inflammation in the erosion cavities

all three images. ldCT, low-dose computed tomography.
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comparing them to previous time points, is a daunt-
ing task and not practical for a busy rheumatologist.
The CTSS score is a research tool that is not intended
for clinical practice; however, the output of an ldCT
is fundamentally identical to a standard dose CT in
terms of both spatial resolution and bone/soft-tissue
contrast and so it may be suitable for an automated
quantitative analysis of syndesmophyte volume and
height, such as described by Tan et al. [18]. Although
this will be hampered by increased noise in low-dose
images, automated techniques are often suitable for
further development with artificial intelligence,
which could resolve many of the logistical obstacles
to its widespread application.

ldCT could be used to assess the spine looking
for complications of disease, such as spinal stenosis,
fractures through areas of ankylosis and fragility
fractures in osteoporosis although standard CT,
scintigraphy and/or MRI are more likely to be used
in these circumstances. Currently, there is no role
for spinal ldCT in children with axSpA because of
radiation exposure.
CONCLUSION

ldCT of the SIJ can be done at exposure levels
equivalent to, or less than, conventional radiogra-
phy and should be considered ‘minimal risk’ for
radiation exposure. SIJ ldCT is fast and reliable with
excellent diagnostic performance, and wherever
available, it should completely replace radiography
of the SIJ in daily clinical practice.

With respect to the spine, the superiority of
ldCT over radiography for detecting structural dam-
age is convincing and ldCT of the entire spine is
‘very low radiation risk’. However, MRI is superior
for detecting disease activity and the critical ques-
tion remains as to whether the additional informa-
tion regarding structural damage in the spine
provided by ldCT is important enough to justify
the slight increase in radiation dose and whether
rheumatologists need this information for the bet-
terment of the care of their patients or only for
research purposes.
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 CURRENT
OPINION Out of the shadow of interleukin-17A: the role of

interleukin-17F and other interleukin-17 family
cytokines in spondyloarthritis

Nataliya Yeremenkoa,b

Purpose of review
The last decade has witnessed tremendous advances in revealing an important role for the interleukin (IL)-
17 cytokine family in the pathogenesis of spondyloarthritis (SpA). Although most attention has been
focused on IL-17A, a potential role of other IL-17 family members in inflammation and tissue remodelling is
emerging. Herein, I review recent studies covering the role of IL-17B-F cytokines in the pathogenesis of
SpA.

Recent findings
Several recent studies provided new insights into the cellular source, regulation and function of IL-17F. IL-
17F/IL-17A expression ratio is higher in psoriatic skin compared to SpA synovitis. IL-17F-expressing T cells
produce different proinflammatory mediators than IL-17A-expressing cells, and IL-17F and IL-17A signal
through different receptor complex. Dual IL-17A and IL-17F neutralization resulted in greater suppression of
downstream inflammatory and tissue remodelling responses. Furthermore, there is additional evidence of IL-
23-independent IL-17 production. In contrast to IL-17A, IL-17F and IL-17C, which play proinflammatory
roles in skin and joint inflammation, an anti-inflammatory function is proposed for IL-17D. An increase in IL-
17E is associated with subclinical gut microbiome alterations after anti-IL-17A therapy in SpA patients.

Summary
IL-17 family cytokines may act as agonists or antagonists to IL-17A contributing in concert to local
inflammatory responses. Understanding their function and identifying their cellular sources, and molecular
mechanisms driving their expression will be the key to designing rational therapies in SpA.

Keywords
interleukin-17C, interleukin-17D, interleukin-17E, interleukin-17F, interleukin-17 family cytokines,
spondyloarthritis

INTRODUCTION

Strong evidence from clinical trials firmly placed
interleukin 17A (IL-17A) in the centre of the patho-
genesis of the spondyloarthritides (SpA), the group
of related but phenotypically heterogeneous condi-
tions that share common genetic and pathogenetic
features [1–6]. Responders to anti-IL-17A therapy
included naı̈ve patients and those who did not
respond to previous treatments [7–10]. Importantly,
emerging evidence indicates that targeting IL-17A
slows down structural damage (including bone ero-
sions and pathological new bone formation) as IL-
17A blockade inhibits radiographic disease progres-
sion in both, psoriatic arthritis (PsA) [6,11] and
ankylosing spondylitis (AS) [12]. In addition, recent
data suggest that IL-17A inhibition improves enthe-
sitis in patients with PsA [13] and AS [14].
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UMR1064, INSERM, Université de Nantes, Boulevard Jacques Monod,
44093 Nantes Cedex 01, France.
E-mail: n.g.yeremenko@amsterdamumc.nl,
nataliya.yeremenko@univ-nantes.fr

Curr Opin Rheumatol 2021, 33:333–340

DOI:10.1097/BOR.0000000000000805

This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or
used commercially without permission from the journal.

1040-8711 Copyright � 2021 The Author(s). Published by Wolters Kluwer Health, Inc. www.co-rheumatology.com

REVIEW

mailto:n.g.yeremenko@amsterdamumc.nl
mailto:nataliya.yeremenko@univ-nantes.fr


KEY POINTS

� Innate cells, including MAIT, gd T cells and ILC3s do
not require IL-23 for IL-17F and IL-17A production.

� IL-17F-expressing and IL-17A-expressing T cells are
differentially regulated and produce different pro-
inflammatory mediators.

� A dominant IL-17F signature has been observed in PsO
skin compared with a stronger IL-17A signature in
SpA synovium.

� Preclinical data support the concept that dual blockade
of IL-17A and IL-17F is required for optimal inhibition of
downstream inflammatory and tissue
remodelling responses.

� Clinical trials of dual IL-17A and IL-17F inhibition
indicate high efficacy in PsO, PsA and AS.

� Head-to-head studies of bimekizumab and anti-IL-17A
treatment are required to further evaluate whether
targeting of both, IL-17A and IL-17F cytokines is
superior to inhibition of IL-17A alone.

� The IL-17 family cytokines may act complementary or
antagonistic to IL-17A contributing to the local
inflammatory responses in SpA.

Spondyloarthropathies including psoriatic arthritis
As to the related extra-articular manifestations,
anti-IL-17A therapy demonstrated impressive clini-
cal efficacy in treating skin psoriasis (PsO) [3,15,16],
but was not effective in treating colitis [17] or uveitis
[18]. In contrast, unexpectedly, blocking IL-23, the
cytokine upstream of IL-17A was not effective in AS
[19,20] though anti-IL-23 therapy did improve colitis
[21,22]. Overall, the IL-17 axis holds great promise for
the development of further disease-modifying thera-
peuticopportunities in SpA. However, the inability of
IL-17A blockers to cover the entire disease spectrum
and to achieve a major clinical response and sus-
tained remission underscores the importance of the
identification of additional drivers of the pathologic
immune responses, tissue-specific pathways, and
hierarchies. The list of attractive candidates com-
prises other IL-17 family members: IL-17B, IL-17C,
IL-17D, IL-17E and IL-17F [23–25]. These structurally
related to IL-17A yet less well-characterized cytokines
could play complementary or antagonistic roles,
hence may affect IL-17A-driven tissue inflammation
and/or remodelling, contributing to the pathology of
SpA. This review highlights the most recent studies
featuring the role of IL-17B-F cytokines in SpA.
INTERLEUKIN-17F

Among the IL-17 family members, IL-17F shares the
highest homology (55%) with IL-17A. Both
334 www.co-rheumatology.com
cytokines can exist as disulphide-linked homo-
dimers or as IL-17A/IL-17F heterodimers [26]. It
was postulated that IL-17F is co-produced with IL-
17A by Th17 cells under the control of STAT3 and
RORgt transcription factors [27] and signals via the
same heterodimeric receptor consisting of IL-17RC
and IL-17RA. Similar to IL-17A, although to a lesser
extent, IL-17F can synergize with other pro-inflam-
matory molecules, particularly with tumor necrosis
factor alpha, but also with IL-1b, interferon (IFN)-g
and lipopolysaccharide, amplifying its inflamma-
tory potential [28]. Therefore, a similar, albeit less
potent pro-inflammatory function has been pro-
posed for IL-17F in driving pathogenic responses.
Recent studies have provided new insights into the
cellular source, regulation and function of IL-17F.
Interleukin-23-independent production of
interleukin-17A and interleukin-17F

Cole and colleagues [29
&&

] present important novel
insight into the biology of IL-17A-producing and IL-
17F-producing innate cells. They demonstrated that
IL-17F is the dominant isoform produced by in vitro-
stimulated mucosal-associated invariant T (MAIT)
cells, a unique population of innate-like T cells with
restricted T cell receptor (TCR) diversity that can
function through both TCR-dependent and -inde-
pendent pathways [30,31]. IL-17A-producing MAIT
cells were identified in PsO skin [32] and PsA and AS
joint [33–35], and their potential role in SpA path-
ogenesis is emerging [36,37]. Importantly, Cole et al.
showed that MAIT cells can produce IL-17F (and IL-
17A) in an IL-23-independent fashion, in response
to TCR triggering combined with IL-12 and IL-18
cytokines stimulation in vitro [29

&&

]. In addition,
ILC3s and gd T cells were also capable of an IL-23-
independent IL-17A and IL-17F production [29

&&

],
supporting recent evidence that human entheseal
gd T cells can produce IL-17A without IL-23 receptor
expression [38]. These data prompt the notion that
IL-23-independent IL-17A and IL-17F production is
a feature shared among innate lymphocyte family
members [29

&&

]. Remarkably, the cytokine milieu
that tunes the IL-17A and IL-17F production seems
to be cell-type dependent. In contrast to MAIT and
gd T cells, which were dependent on IL-12 for IL-23-
independent IL-17A and IL-17F production, ILC3s
did not require IL-12 or IL-23 and produced IL-17A
and IL-17F upon stimulation with IL-1b, IL-2 and IL-
7 [29

&&

]. The ability of T cells and innate(-like)
lymphocytes to produce IL-17A in response to cyto-
kines other than canonical IL-23, in particular to IL-
7 and IL-9 [34,39,40], has been demonstrated before
[41–43]. Such IL-12-IL-23-independent IL-17A and
IL-17F production by these, presumably (but not yet
Volume 33 � Number 4 � July 2021
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proven) pathogenic cellular subsets could explain
why targeting p19 subunit that is unique to IL-23,
or p40 subunit common to both, IL-12 and IL-23,
were not efficacious in AS [19,20]. As to the peripheral
disease, our recent study investigating cellular and
molecular changes in the PsA joint in response to IL-
12/IL-23 blockade with ustekinumab revealed that
although ustekinumab suppressed synovial inflam-
mation through modulation of key pathogenic path-
ways, expression of IL-17A and IL-17F remained
unaffected [44], supporting IL-23-independent IL-
17A and IL-17F production in PsA joint. Whether it
has a pathogenetic significance has to be assessed in
head-to-head clinical trials of IL-17A or IL-17A-IL-17F
versus IL-23 antagonists. Yet, a recent retrospective
study in PsA demonstrated that treatment with secu-
kinumab has a greater persistence rate than the treat-
ment with ustekinumab [45]. Taken together, the
emergence of distinct pathways culminating in the
secretion of IL-17A and IL-17F cytokines, in addition
to the canonical IL-23/IL-17A pathway, underscores
the importance of the IL-17A/IL-17F axis in the path-
ogenesisof SpA,provides insights intounderstanding
results of clinical trials and urges to identify patho-
genic cell populations in target tissues.
Distinct regulation and function of
interleukin-17F

Recent findings challenged the notion that IL-17F
has a redundant role in SpA pathogenesis. In the
study of Cole et al., only a minor population of MAIT
cells produced IL-17A upon in vitro stimulation
despite uniform expression of RORgt. Instead, MAIT
cells as well as ILC3s and gd T cells produced pre-
dominantly IL-17F [29

&&

], supporting the concept
that IL-17A and IL-17F are differentially regulated
[46,47]. High expression of IL-17F can be also
induced in canonical CD4þ T cells [48

&&

], but in
contrast to innate lymphocytes, this process is
dependent on IL-23. In this study, Burns et al. iden-
tified and characterized three CD4þ T cell subsets:
IL-17AþIL-17F-, IL-17AþIL-17Fþ, and IL-17A-IL-
17Fþ. Interestingly, these populations displayed
different cytokine profiles: while all subsets con-
tained similarly high frequencies of cells expressing
TNF, IL-17A-IL-17Fþ cells expressed less IL-10 and
GM-CSF and more IFN-g compared to IL-17AþIL-
17F- CD4þ T cells [48

&&

]. Based on previous molecu-
lar characterization of IL-10-expressing Th17 subsets
[49], the authors proposed that IL-17F-expressing
CD4þ T cells might represent the ‘pathogenic’ sub-
type, although in-depth molecular and functional
characterization of these cells is required to con-
clude about their pathogenicity. Notably, IL-17F
and IL-17A-expressing T cells differ not only in their
1040-8711 Copyright � 2021 The Author(s). Published by Wolters Kluwe
molecular profiles but also are differentially regu-
lated. Comparing the induction of CD4þ T cells by
LPS-activated monocytes versus soluble anti-CD28
mAb and L-1b and IL-23 stimulation, Burns and
colleagues observed that while both stimuli induced
IL-17AþIL-17Fþ CD4þ T cells, only the latter
resulted in IL-17FþIL-17A- CD4þ T cells [48

&&

]. Fur-
ther analysis revealed that IL-17F expression in
CD4þ T cells is driven by high-strength TCR stimu-
lation in the presence of IL-23 and IL-1b. IL-17F
induction is partially mediated via IL-2-dependent
mechanism, as IL-2 blockade significantly reduced
the CD28-mediated increase in frequencies of IL-
17Fþ CD4þ T cells [48

&&

], in line with previous
findings showing that high levels of IL-2 shift the
balance between IL-17A and IL-17F towards IL-17F
production by murine T cells in vitro [50]. Interest-
ingly, another study in mice demonstrated that the
activation of transmembrane TNF (tmTNF)-TNF
Receptor 2 signalling stimulates IL-2 expression
and regulates IL-2 mRNA stability [51]. Given a
marked increase of tmTNF in SpA synovitis and its
impact on key pathological features of SpA [52]
along with the observation that IL-17F levels are
strikingly higher than IL-17A in the blood of
patients with SpA [53] it might be revealing to
examine tmTNF-IL-17F axis in SpA. Importantly,
reports by Cole et al. and Burns et al. demonstrate
that IL-17F is not only differentially regulated but
also significantly contributes to inflammation, as
dual IL-17A and IL-17F blockade were more effective
at reducing IL-17-driven pro-inflammatory
responses by human dermal fibroblasts [29

&&

] and
synovial fibroblasts [48

&&

] compared to blockade of
IL-17A alone, according to previous findings [54]
(Fig. 1). Attempting to detect IL-17F-expressing cells
ex vivo, Cole et al. confirmed the presence of single-
positive for IL-17A or IL-17F, as well as double-
positive MAIT cells in psoriatic lesional skin [29

&&

]
(Fig. 1). In contrast, Burns et al. failed to detect the
presence of IL-17F-expressing cells in PsA synovial
fluid directly ex vivo, although confirmed the poten-
tial of synovial fluid mononuclear cells to produce
IL-17F upon in vitro stimulation [48

&&

]. Could be
these discrepancies explained by tissue-specific
expression of IL-17F? Previous findings demon-
strated that IL-17F levels are approximately 30-fold
higher than IL-17A levels in PsO skin [53]. Our
recent study using paired biopsies of skin and syno-
vium collected from PsA patients with active PsO
confirmed a higher IL-17F to IL-17A ratio in the
inflamed skin and revealed that the relative expres-
sion of IL-17A versus IL-17F is inversed in inflamed
joint and skin compartments with IL-17A being
more than 30-fold higher than IL-17F in the joint
[55

&

] (Fig. 1). Taken together these in vitro and ex vivo
r Health, Inc. www.co-rheumatology.com 335



FIGURE 1. Recent ex vivo, in vitro and in vivo evidence supporting the role of IL-17 family cytokines in the pathogenesis of
SpA. Created with BioRender.com. SpA, spondyloarthritis.

Spondyloarthropathies including psoriatic arthritis
data point towards a nonredundant role for IL-17F
and provide new pathobiological insights in joint
versus skin inflammation, suggesting that (1) the
contribution of IL-17F to chronic tissue inflamma-
tion may be more prominent in the skin than in
joint; (2) IL-17F has the potential to contribute to
pathology, therefore dual blockade of IL-17A and IL-
17F can further reduce inflammation.

The preclinical data supporting the efficacy of
the dual IL-17A and IL-17F blockade is further
underpinned by recent clinical-trials evidence for
bimekizumab, a humanized monoclonal IgG1
antagonist neutralizing both cytokines [54]. Two
recent Phase 3 studies reported the safety and effi-
cacy of bimekizumab for the treatment of moderate
to severe plaque PsO [56

&

,57
&

] confirming phase 2
findings [58,59] and revealing the superiority of
dual IL-17A and IL-17F targeting to the targeting
of IL-12/IL-23 in achieving complete skin clearance.
Similarly, simultaneous inhibition of IL-17A and IL-
17F in patients with PsO was more effective than
inhibition of TNF in terms of the speed, depth and
durability of skin clearance [60

&

]. Superior efficacy of
IL-17A blockade relative to inhibition of IL-12/IL-
23[61] and TNF [62] in clearing skin PsO has been
demonstrated previously. Ongoing head-to-head
comparator study of bimekizumab and anti-IL-17A
treatment (BE RADIANT, http://clinicaltrials.gov/ct/
show/NCT03536884) will provide important knowl-
edge on whether targeting of both cytokines is
clinically more beneficial than inhibition of IL-
17A alone. Bimekizumab is also effective in treating
336 www.co-rheumatology.com
peripheral and axial SpA. It has been first assessed in
the proof-of-concept study [54] and strengthened in
followed up phase 2b study that patients with PsA,
who were administered bimekizumab, showed
marked and sustained improvements in their con-
dition compared with placebo [63]. Also, for an axial
disease, a phase 2b study revealed a rapid onset and
greater ASAS40 response rates as well as sustained
improvements across secondary outcomes of disease
activity for bimekizumab versus placebo [64

&

].
Role in bone pathology

Another recent study employing an in vitro model of
osteogenic differentiation of human periosteal cells
puts forward the argument that IL-17F does not only
contribute to IL-17A but has equal potency in pro-
moting osteogenic differentiation, in contrast to its
less potent role in driving inflammatory responses
[65

&

] (Fig. 1). IL-17A and IL-17F cytokines, circulat-
ing in the blood of AS patients, are also functionally
active as they were capable of driving osteoprolifer-
ation in vitro [65

&

] (Fig. 1). Accordingly, neutraliza-
tion of both cytokines by bimekizumab resulted in
greater suppression of gd or Th17 T-cell superna-
tants-mediated, or AS patient’s serum-mediated in
vitro bone formation than the blockade of IL-17A or
IL-17F individually [65

&

]. These results provide fur-
ther scientific evidence to validate the clinical rele-
vance of the dual IL-17A and IL-17F blockade in
patients with AS for preventing or suppressing path-
ological periosteal bone formation.
Volume 33 � Number 4 � July 2021
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OTHER MEMBERS OF THE INTERLEUKIN-
17 FAMILY

A very limited number of recent studies address the
role of other IL-17 family members in SpA. Lauffer
et al. demonstrated that IL-17C, a member of the IL-
17 family that, in contrast to IL-17A and IL-17F, is
mainly produced by epithelial cells and keratino-
cytes, is broadly expressed in the inflamed skin of
patients with various inflammatory skin diseases
including but not limited to PsO [66

&

]. The study
revealed that IL-17C establishes a self-amplifying
circuit in synergy with TNF, leading to the secretion
of pro-inflammatory cytokines by keratinocytes and
the recruitment of immune cells to the site of
inflammation (Fig. 1). Using human disease models,
Lauffer et al. demonstrated significant downregula-
tion of PsO-specific genes after neutralization of IL-
17C, considering IL-17C as a promising drug target
for the treatment of inflammatory skin diseases
[66

&

]. However, since IL-17C is regulated by IL-
17A and TNF, as both therapies rapidly reduce IL-
17C expression in PsO skin [67,68], the added-value
of the developing of IL-17C-specific therapy in SpA
needs to be further established.

Another recent study suggests an association
between IL-17A blockade-driven changes in the
gut microbiome of SpA patients and the expansion
of IL-17E-producing tuft cells and ILC2s in the lam-
ina propria [69

&

]. Whether IL-17E drives gut inflam-
mation after IL-17A inhibition remains to be
assessed. IL-17E has been shown to promote PsO
[70], however, its role in gut inflammation is con-
fusing as it has been demonstrated to induce colitis
[71,72] or to protect against colitis [73].

IL-17D is the least investigated member of the
IL-17 family. Our recent data on the cellular source
and function of IL-17D suggest its unique position
among other IL-17 family cytokines [74

&

]. First, IL-
17D is abundantly expressed in inflamed SpA joint,
higher than other IL-17 cytokines. Second, IL-17D is
expressed by stromal cells, in particular, by cells
similar to multipotent mesenchymal stromal cells.
Third, IL-17D expression inversely correlates with
inflammation (Fig. 1). Furthermore, IL-17D is upre-
gulated during osteogenic differentiation of syno-
vial stromal cells in vitro. However, in vitro functional
assays in bone precursor cells and in vivo experi-
ments in IL-17d–/– mice failed to demonstrate a
critical role for IL-17D in bone homeostasis. Instead,
IL-17d–/– mice were more prone to arthritis devel-
opment than littermate controls and presented with
enhanced systemic inflammation at the peak of
serum-transfer arthritis [74

&

]. Based on these data
it is tempting to propose that IL-17D exerts an anti-
inflammatory effect on synovial cells, yet further
1040-8711 Copyright � 2021 The Author(s). Published by Wolters Kluwe
research is required to address its role in the patho-
genesis of SpA.
DIRECTIONS FOR FUTURE RESEARCH

Further investigations of the exact mechanisms of
production and function of IL-17 family members
will provide novel insights into their roles in SpA
pathogenesis and may have direct relevance for the
targeted therapy. Could we imagine other ways to
target IL-17A and IL-17F production? Recently we
demonstrated that PI3Kd inhibition dampens both
IL-17A and IL-17F expression in innate-like lympho-
cytes and Th17 cells in IL-23-independent and the
dependent manner in vitro as well as in primary cells
derived from blood and synovial fluid of SpA
patients [75

&

]. This inhibition has functional anti-
inflammatory and anti-remodelling effects on target
cells, such as synovial fibroblasts. Furthermore, we
demonstrated that the PI3K-Akt-mTOR pathway is
active in the SpA joint and PI3Kd inhibition sup-
presses IL-17A and IL-17F expression in SpA synovial
explant biopsies ex vivo [75

&

]. In light of the results
from in vitro models, simultaneous suppression of
IL-17A and IL-17F is a promising direction in IL-17-
mediated diseases, however, more data is needed to
conclude about its added value on clinical response
over IL-17A inhibition. Moreover, accumulating evi-
dence suggests that IL-17A and IL-17F may exert
distinct, even opposite downstream activities,
which may impact the clinical outcome. For
instance, IL-17A-blockade is ineffective for Crohn’s
disease [17]. It was concluded, that IL-17A is impor-
tant for maintaining barrier integrity and has a
protective role in colitis [76]. However recent data
may suggest an alternative explanation. First, the IL-
17F pathway has been demonstrated to promote
inflammation in the intestines through its effect
on the intestinal microbiome. Consequently, IL-
17F neutralization suppressed the development of
colitis whereas blocking of IL-17A did not [77].
Second, a recent mechanistic study revealed that
IL-17A inhibits the expression of IL17-lineage cyto-
kines through a negative feedback loop. Accord-
ingly, the loss of IL-17A in Th17 cells did not
reduce their pathogenicity, resulting in the elevated
expression of GM-CSF and IL-17F cytokines [78].
Third, recent findings demonstrated that in contrast
to IL-17A homodimers or IL-17A/IL-17F hetero-
dimers that signal via heterodimeric IL-17RA/IL-
17RC receptor, IL-17F preferentially associates with
IL-17RC homodimers, leading to IL-17RA-indepen-
dent signalling [79

&

]. Given that it is plausible to
propose that aggravation of Crohn’s pathology by
IL-17A neutralization could be not due to a decrease
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in IL-17A but rather due to upregulation of IL-17F
and increased signalling via IL-17RC/IL-17F axis. In
this context, it is perhaps not surprising that anti-IL-
17RA treatment with brodalumab resulted in wors-
ening Crohn’s disease [80].
CONCLUSION

Accumulating evidence suggests that IL-17 family
members have tissue-specific functions in inflam-
mation. Their differential cellular sources, expres-
sion levels and function in different target tissues
could contribute to tissue-discrete results for IL-17
axis inhibition across the SpA spectrum. Addition-
ally, there is evidence for interaction between IL-17
cytokines, including self-reinforcing, feed-forward
as well as negative feedback mechanisms leading
to agonistic or antagonistic effects on tissue inflam-
mation and/or remodelling. Therefore understand-
ing the function of IL-17 family cytokines, as well as
detailed characterization of cellular subsets and
molecular mechanisms culminating in their expres-
sion, will be the key to designing rational therapies
in SpA.
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blind, placebo-controlled phase 2 study of brodalumab in patients with
moderate-to-severe Crohn’s disease. Am J Gastroenterol 2016;
111:1599–1607.
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 CURRENT
OPINION Intestinal dysbiosis in spondyloarthritis –

chicken or egg?

Maxime Brebana,b,c, Marie Beaufrèrea,b,c, and Simon Glatignya,c

Purpose of review
The well-established link between intestinal inflammation and spondyloarthritis (SpA) remains largely
unexplained. Recent sequencing technologies have given access to a thorough characterization of the gut
microbiota in healthy and disease conditions. This showed that inflammatory bowel disease (IBD) is
associated with dysbiosis – i.e., disturbed gut microbiota composition – which may contribute to disease
pathogenesis. Whether gut dysbiosis exists in SpA and could contribute to disease development or be a
bystander consequence of chronic inflammation is a question of major interest.

Recent findings
Several metagenomic studies have been performed in SpA. Most of them concerned faecal samples and
showed dysbiosis consisting in a reduction of microbial biodiversity in a way similar to what has been
described in IBD. They also highlighted changes in microbial taxa composition that could contribute to the
inflammatory process. Likewise, healthy carriers of human leukocyte antigen (HLA)-B27 exhibited gut
dysbiosis, indicating that this predisposing allele could exert its pathogenic effect by influencing microbiota
composition, and possibly by driving antigen-specific cross-reactive immune response. On the other hand,
SpA treatments were associated with a reduction of dysbiosis, showing that it is at least in part a
consequence of inflammation.

Summary
Recent insights from metagenomic studies warrant further investigations to identify the mechanisms by
which microbial dysbiosis could contribute to SpA development. This would bring novel therapeutic
opportunities aiming at correcting detrimental changes.

Keywords
ankylosing spondylitis, HLA-B27, inflammatory bowel disease, microbiota, spondyloarthritis

INTRODUCTION

Spondyloarthritis (SpA) refers to a group of inflam-
matory disorders affecting predominantly the axial
skeleton joints and to a lesser extent the peripheral
joints and entheses. These rheumatic disorders are
also characterized by their frequent combination
with several extra-articular inflammatory manifes-
tations, including uveitis, psoriasis and, most inter-
estingly with regard to the present topic,
inflammatory bowel disease (IBD), i.e., Crohn’s dis-
ease (CD) or ulcerative colitis. Hence, the risk of
developing overt IBD is 20-fold higher in SpA than
in the general population [1

&&

]. Furthermore, sys-
tematic ileocolonoscopic examination with intesti-
nal biopsies has shown histological inflammation in
an even larger proportion of patients [1

&&

]. Although
firmly established, the link between gut inflamma-
tion and SpA remains to be fully understood. It may,
at least in part, involve disturbances of gut

microbiota composition and function, a situation
referred to as dysbiosis. Of note, both inflammation
and dysbiosis may contribute to an increased fre-
quency of irritable bowel syndrome symptoms in
SpA patients [2

&

]. An association between IBD and
dysbiosis is now well established, both contributing
reciprocally to each other [3

&&

]. Whether similar
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Saclay, Montigny-le-Bretonneux, bService de Rhumatologie, Hôpital
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KEY POINTS

� Gut dysbiosis in SpA is characterized by a reduction of
microbial diversity as in other inflammatory disorders,
including IBD.

� Both the genetic background (HLA-B27) and the
inflammatory state appear to contribute to gut dysbiosis
in SpA.

� Increased content of R. gnavus, a proinflammatory
bacteria, and reduced content of strict anaerobic
bacteria having antiinflammatory properties could
contribute to SpA development.

� Gut microbiota in SpA is enriched in antigenic peptides
suitable for HLA-B27 binding and reactive with CD8þ T
cells from SpA patients.

Spondyloarthropathies including psoriatic arthritis
phenomena apply to SpA is an unresolved question
of major interest.
DYSBIOSIS IN SPONDYLOARTHRITIS:
WHAT IS THE EVIDENCE?

Gut microbiota refers to the wealth of microbes,
including bacteria, fungi, archæ and viruses, that
populate the digestive tract. The most abundant,
residing in the colon are dominated by strictly
 Copyright © 2021 Wolters Kluwer H

Table 1. Significance of some of the microbiota changes reporte

Consequence of inflammation

Observation Possible mechanism

Faecal samples

Reduction of microbial diversity Loss of strict anaerobes due to
oxidative milieu

Decrease of Lachnospiraceae and
Ruminococceae Clostridiales
� Coprococcus catus
� Eubacterium rectale
� Faecalibacterium prausnitzii
� Roseburia unilinivorans

Loss of species extremely sensiti
to oxygen

Depletion of Bacteroides fragilis Unknown

Enrichment of Ruminococcus
gnavus

Survival advantage of
aerotolerant taxa

Enrichment of adherent-invasive
Escherichia coli a

Survival advantage of facultative
anaerobes

Enrichment of bacterial species
displaying HLA-B27-binding
peptides

Unknown

Mucosal biopsy samples

Increased microbial richness Loss of mucosal barrier integrity

SpA, spondyloarthritis.
aShown in SpA patients with concomitant Crohn’s disease.
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anaerobic bacteria that are largely uncultivable in
routine. It has remained a black box, until the
soaring during the last decade of high throughput
sequencing technologies, including bacterial 16S
rDNA and full genome sequencing. This has opened
the door to decipher the intestinal microbial con-
tent at unprecedented scale in healthy and also in
pathologic conditions [4

&&

].
In SpA patients, those metagenomic studies have

mostly been applied to stool samples, because of their
accessibility. Only two studies have concerned intes-
tinal biopsies, aiming at investigating the mucosal-
associated bacterial community, which is also the
most likely to be directly involved in disease patho-
genesis, owing to its close proximity with the intesti-
nal epithelium and the underlying immune system
[5

&

]. Most of the reported studies have shown that gut
microbiota composition differed between SpA and
healthy controls. One of the most consistent varia-
tions in stool samples appeared to be a reduction of
microbiota diversity in SpA, a finding similar to what
has been described in several other chronic disorders,
notably IBD [6–8,9

&

,10
&&

] (Table 1) In contrast, the
mucosal-associated community appeared enriched
in intestinal biopsies, especially in inflamed areas,
an observation which could potentially be explained
by an alteration of the mucosal barrier integrity with
increased porosity towards luminal microbiota
[17,18].
ealth, Inc. All rights reserved.

d in SpA with regard to disease pathogenesis

Effect on inflammation
ReferencePossible mechanism

Indirect (imbalance between pro
and anti-inflammatory species)

[6–8,9&,10&&,11]

ve Loss of main producers of anti-
inflammatory short chain fatty
acids (butyrate, propionate)

[8,9&,12&]

Loss of anti-inflammatory species [8]

Increased mucus degradation
Production of pro-inflammatory

polysaccharide

[7,13,14&&]

Increased bacterial invasiveness
and induction of Th17 immunity

[15,16]

Stimulation of HLA-B27-restricted
antigen-specific cross-reactive
CD8þ T cell response

[9&,12&]

Microbial invasion of intestinal
mucosa

[17–19]
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Regarding microbial taxonomic differences
between SpA and controls, one of the puzzling issues
with interpreting results of metagenomic studies is
their lack of consistency, even between those per-
formed by the same investigators, as comprehen-
sively reviewed recently [5

&

]. This can be explained
by several limitations due to technical approach
and/or study design. For instance, sequencing of
16S rDNA bacterial genomic region has been the
most frequently used technic, due to its relative
cheapness. However, it does not allow to accurately
identify bacteria at the species level in most cases
but rather gives access to family or gender identifi-
cation, which is quite imprecise. Even the more
expensive and thorough shotgun sequencing is a
continuously evolving field, resulting in the recog-
nition of an increasing variety of bacterial species
that may uncover novel findings as recently shown
in the case of SpA [20

&&

]. Another issue relates to
statistical power limitations, considering the large
variability of gut microbiota composition between
individuals – each harbouring hundreds of species –
and the relatively few numbers of samples analyzed
together in one single study. Moreover, many
parameters related or not to the disease of interest,
including age, gender, body mass index, diet, dis-
ease duration and activity, treatments, comorbid-
ities, are likely to influence microbiota composition
and need to be taken into consideration, reducing
further statistical power [3

&&

].
Keeping such limitations in mind, only four of

the published studies used a replication design to
reduce the risk of false-positive discovery. In our
French study, we applied 16S rDNA sequencing to
stool samples collected in two consecutive cohorts
[7]. In both cohorts, we identified Rumincoccus gna-
vus, a Gram-positive member of the Clostridiales
order, Lachnospiraceae family and Blautia genus as
increased in SpA, as compared to several control
groups, i.e. unrelated healthy controls, healthy sib-
lings of SpA and rheumatoid arthritis patients. Inter-
estingly, the greatest abundance of R. gnavus was
observed in the subgroup of SpA patients having an
history of IBD and correlated positively with disease
activity, even if IBD was in remission in most of the
cases. The three other studies were performed in the
Chinese population using shogun sequencing. Each
of them compared from 85 to 127 SpA with similar
numbers of healthy control samples, that were split
into discovery and validation cohorts for statistical
analyses [8,9

&

,12
&

]. Only a few of the species identi-
fied as differently abundant between SpA and con-
trols overlapped between those studies. This is the
case of Coprococcus comes and Eubacterium rectale,
two Clostridiales bacteria, that were decreased,
whereas Bifidobacterium adolescentis was conversely
 Copyright © 2021 Wolters Kluwe
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increased in SpA, each finding being reported in two
studies. Several other species were shared between
studies but with variations in the opposite direction.
For instance, an increase in Prevotella copri, a Bacter-
oidales bacterium positively associated with early
rheumatoid arthritis, was reported in SpA patients
untreated with disease-modifying drug in two stud-
ies [8,9

&

], but was conversely decreased in untreated
patients in the 3rd one [12

&

]. Similarly, Faecalibacte-
rium prausnitzii, a Clostridiales bacterium of the
Ruminococcaceae family, negatively associated with
IBD was found decreased in SpA in two studies
[9

&

,12
&

] but increased in the 3rd one [8].
Shotgun sequencing gives also access to micro-

biota function prediction, based on genes identifi-
cation. Analysis of such information might be
considered as more relevant than taxonomic differ-
ences, given the redundancy of genes function
between distinct taxa. Several differences were
reported between SpA and controls in the three
foregoing shotgun sequencing studies, but once
again without clear consistency. Among the most
interesting findings, a study showed decreased
abundance in SpA of microbial genes responsible
for the synthesis of several essential amino acids in
human and of vitamin B6, an essential cofactor for
such synthesis [12

&

]. Another showed that SpA
microbiota harboured increased abundance of genes
involved in oxidative phosphorylation, lipopolysac-
charide (LPS) synthesis and glycosaminoglycan deg-
radation, whereas in contrast, genes involved in
butanoate metabolism, glycolysis and neoglucogen-
esis were decreased [9

&

]. Some of those variations -
increased LPS, decreased butyrate synthesis- could
bear pro-inflammatory consequences, as discussed
below.
WHAT FACTORS CONTRIBUTE TO
DYSBIOSIS IN SPONDYLOARTHRITIS?

Identifying the cause of dysbiosis would be impor-
tant to interpret its significance. Dysbiosis may be
driven by factors responsible for the development of
the disease process (e.g. genetic background and
environmental triggers), by the disease process itself
or by some of its consequences, including therapeu-
tic interventions (Table 2).

Common genetic polymorphisms appear to be
weakly associated with microbiome composition in
healthy individual [26,27

&

]. However, this could be
different for genetic variants exerting strong impact
on disease predisposition. Indeed, HLA-B27, the
main factor of susceptibility to SpA, was shown as
associated with specific microbiota composition in
healthy siblings of SpA patients and in unrelated
carriers [7,21

&

]. Those observations indicate that
r Health, Inc. All rights reserved.
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Table 2. Arguments for ‘chicken’ and ‘egg’ hypotheses regarding gut dysbiosis in SpA

List of arguments References

‘‘Chicken’’ hypothesis: gut dysbiosis as a possible cause of SpA

� Evidence that gut dysbiosis may precede SpA development

HLA-B27, the major genetic factor predisposing to SpA, is associated with dysbiosis in healthy carriers,
which could initiate the disease process

[7,21&]

Breastfeeding in the early infancy is associated with lower risk of developing SpA than bottle-feeding,
suggesting that factors influencing microbiota composition could favor the development of SpA

[22]

Tonsilitis and tonsillectomy in infancy are associated with increased risk of SpA, whereas appendicitis and
appendicectomy are protective, suggesting that modification of gut microbiota could influence SpA
development

[23]

� Gut dysbiosis could contribute to SpA development

Decreased Lachnospiraceae and Ruminococceae family species results in reduced synthesis of short chain
fatty acids with anti-inflammatory properties (butyrate, propionate)

[8,9&,12&]

Increased Ruminococcus gnavus could be responsible for inflammation by producing pro-inflammatory
polysaccharide and initiating the degradation of mucus

[7,13,14&&]

Bacteroides vulgatus, a mucus-degrading bacterial species is pathogenic in the HLA-B27 transgenic rat
model of SpA

[5&]

Impairment of the gut mucosal barrier would allow microbes to attach to the mucosa and/or invade it,
thereby triggering inflammation

[19]

Increased LPS synthesis may provide pro-inflammatory constituents [9&,19]

IgAþ-coated E. coli from CD-SpA contained significantly more adherent-invasive Escherichia coli strains that
induced Th17 immunity and more severe colitis and inflammatory arthritis in genetically predisposed mice

[15]

Gut microbiota from SpA patients is enriched in antigenic peptide motifs that could bind to HLA-B27 and
trigger an IFN-g response in CD8þ T cells from those patients

[9&,12&]

� Correcting microbial dysbiosis could ameliorate SpA

Antibiotic treatment improves experimental SpA [19,24&]

‘‘Egg’’ hypothesis:gut dysbiosis as a consequence of SpA

Oxidative stress resulting from inflammation could be responsible for a reduction of microbial diversity by
inducing the loss of species extremely sensitive to oxygen (strict anaerobes)

[11]

SpA treatment attenuates the intensity of dysbiosis, indicating that the importance of inflammation likely
dictates the intensity of dysbiosis

[9&,12&,25&]

SpA, spondyloarthritis.

Spondyloarthropathies including psoriatic arthritis
HLA-B27 may predispose to SpA at least in part by
influencing microbiota composition.
Environment

Environmental cues exert greater influence than
genetic make-up on gut microbiota composition
[26,27

&

]. However, until now, only few retrospective
studies have concerned their potential association
with SpA. Regarding factors known to affect gut
microbiota establishment in the early infancy, an
history of breastfeeding was associated with a lower
risk of developing SpA than bottle-feeding, whereas
there was no significant influence of the mode of
birth delivery, i.e. vaginal vs. caesarean [22,28,29].
Regarding infectious events in childhood, tonsilitis
and tonsillectomy were associated with increased
risk of developing SpA in adulthood, whereas it was
the contrary for appendicitis and appendicectomy
[23]. Those associations could hypothetically unveil
a role of microbiota in determining the risk of SpA,
 Copyright © 2021 Wolters Kluwer H
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considering that those conditions may influence the
control of microbiota colonization directly or indi-
rectly, as a consequence of antibiotic treatments
[27

&

,29].
Inflammation

Dysbiosis could be a direct consequence of inflam-
mation, as shown in IBD. For instance, increased
blood flow and production of reactive species of
oxygen by neutrophils concur to create an oxidative
stress in the gut mucosa, diffusing to the lumen.
This could influence the gut microbiota composi-
tion by inhibiting the growth of strict anaerobes -
particularly, members of the Lachnospiraceae and
Ruminococcaceae families of Clostridiales, including
F. prausnitzii- and favouring an expansion of facul-
tative anaerobes and aerotolerant species, including
Enterobacteriaceae, Streptococcus, lactobacilli and par-
ticular strains of R. gnavus [11,30]. There is however
no direct evidence for such mechanism in SpA, in
ealth, Inc. All rights reserved.
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the absence of overt IBD, except in animal models.
For instance, mice immunized with proteoglycan
(PG) from cartilage or intervertebral disk, develop a
disease very similar to ankylosing spondylitis (AS)
including inter-vertebral disk inflammation and
ossification and peripheral joint arthritis. Dysbiosis
was evidenced in faeces from the PG-immunized
mouse as compared to healthy control group, con-
sisting in a reduced microbial diversity on one hand
and in a relative increase of Firmicutes and Proteo-
bacteria phyla and a decrease of Bacteroidetes, in the
other [24

&

,25
&

].
Treatments

Albeitof interest, the roleof SpAtreatment indysbiosis
has only been marginally studied until now. Dysbiosis
is generally most important in untreated patients with
active disease and the effect of treatments appears
secondary to a reduction of inflammation, rather than
their direct consequence [9

&

,12
&

,25
&

]. This indicates
that at least some of the dysbiosis features are conse-
cutive to the inflammatory process.
DOES DYSBIOSIS CONTRIBUTE TO
DISEASE PATHOGENESIS?

This is the million-dollar question, since positive
answer may open the track for specific therapeutic
intervention. Such possibility has been well docu-
mented in the case of IBD and several arguments
support it as well in the case of SpA.
Alteration of anti-inflammatory functions

A number of strict anaerobes bacteria from the resi-
dent gut microbiota contribute to mucosal tolerance
by producing butyrate and propionate short-chain
fatty acids, that promote regulatory T cell develop-
ment and enhance mucus production from goblet
cells, strengthening the mucosal barrier [10

&&

]. Sev-
eral of them were shown as depleted in SpA in one or
more metagenomic studies. This is the case of Clos-
tridiales from the Ruminococcaceae and Lachnospira-
ceae families, that are extremely sensitive to oxygen,
including F. praunitizii, Coprococcus catus and Rose-
buria inulinivorans [9

&

,12
&

]. Bacteroides fragilis is
another anaerobes involved in mucosal immune tol-
erance maintenance by producing a surface polysac-
charide A, which was also depleted in SpA [8].
Pro-inflammatory properties of taxa
increased in spondyloarthritis

In contrast to strict anaerobes, several strains of R.
gnavus are aerotolerant, a characteristic which may
 Copyright © 2021 Wolters Kluwe
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confer them a survival advantage in oxidative milieu
[30]. This could explain an increased abundance of
this species, proportional to disease activity, in SpA
[7]. Interestingly, this bacterium exhibits several
properties that may contribute to direct pathogenic-
ity. Hence, R. gnavus strains were shown to produce a
glucorhamman polysaccharide that delivers a pro-
inflammatory signal through Toll like receptor 4,
leading to the production of tumor necrosis factora

by dendritic cells [14
&&

]. Moreover, it has the capac-
ity to initiate the degradation of the PG mucin-2,
which is the principal constituent of intestinal
mucus by removing its terminal sialic acid [13]. This
renders the mucin core glycans accessible to enzy-
matic degradation by other bacteria, thus poten-
tially favouring degradation of the mucus and
weakening the mucus barrier.

Alteration of the mucus barrier could contribute
to abnormal presence of adherent and invasive bac-
teria within the gut mucosa, increased intestinal
permeability and increased serum levels of bacterial
products such as LPS that were reported in SpA
patients [19]. Interestingly, Bacteroides vulgatus
another mucin-degrading bacterium, was shown
as pathogenic in the HLA-B27 transgenic rat model
of SpA and bacteria adherent to intestinal epithe-
lium as well as alterations of epithelial tight junc-
tions were also reported in those rats, but restored
after antibiotic treatments [5

&

,19].
Dysbiosis, a putative link between
spondyloarthritis and inflammatory bowel
disease

A causal relationship between dysbiosis and SpA
could be easier to demonstrate in the context of
IBD, where dysbiosis appears more intense than in
isolated SpA. For instance, a correlation between R.
gnavus abundance and SpA activity was most obvi-
ous in patients having a history of IBD. Another
candidate bacterium that takes advantage of oxida-
tive milieu is adherent-invasive Escherichia coli
(AIEC) that was found expanded in IBD and shown
to provoke mucosal inflammation [16]. It was impli-
cated as a possible driver of joint inflammation in a
study performed in HLA-B27-negative patients with
active CD, associated or not with peripheral SpA
[15]. In this study, patients having peripheral SpA
differed from those with isolated CD by an enrich-
ment in the Enterobacteriaceae family of Proteobac-
teria, the abundance of which correlated positively
with SpA activity index. Immunoreactivity to micro-
biota was further assessed by separately sequencing
IgA-coated (IgAþ) and noncoated bacteria from fae-
cal samples. As previously shown, CD patients had
greater richness in IgAþ coated bacteria than healthy
r Health, Inc. All rights reserved.
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controls [3
&&

]. Moreover, significant enrichment of
Escherichia/Shigella was observed in the IgAþ fraction
of CD-SpA patients, as compared to those with
isolated CD, that correlated positively with SpA
activity index. IgAþ-coated E. coli from CD-SpA con-
tained significantly more AIEC strains that induced
Th17 immunity and more severe colitis and inflam-
matory arthritis in genetically predisposed mice
[15].
Dysbiosis could drive antigen-specific
immune response responsible for
spondyloarthritis

Antigen-specific theories suppose that SpA could be
driven by a HLA-B27-restricted pathogenic CD8þ T
cell, directed against microbial antigen and cross-
reactive with self-antigen, by virtue of molecular
mimicry [31]. In that case, the triggering microbe
could originate from the gut. In favor of such ‘arthri-
togenic peptide’, recurrent CD8þ T cell clonotypes
specific for SpA patients were repeatedly detected in
the blood and enriched in the inflamed synovium
from AS patients and bacterial-induced reactive
arthritis, consistent with a common trigger
[32,33,34

&&

]. Two of the metagenomic studies per-
formed in SpA yielded some evidence in support of
those theories [9

&

,12
&

]. The firs one identified an
enrichment among the metagenome sequences of
SpA patients of bacterial peptides homologous to
known HLA-B27 epitopes and several of those pep-
tides were further shown to trigger a CD8þ T cell-
mediated interferon (IFN)-g response in peripheral
blood mononuclear cells (PBMC) from SpA patient
but not from healthy control [12

&

]. The second study
analyzed the proteome from bacteria species signif-
icantly increased in SpA and identified three pep-
tides with significant homology (> 80%) with self-
antigens known to be presented by HLA-B27 to
CD8þ T cells from SpA patients [9

&

]. Those peptides
were tested for their capacity to trigger an INF-g
response in PBMC, as an indicator of CD8þ T cell
activation. Interestingly, one of them, derived from
B. fragilis and homologous to a type II collagen
(a cartilage-specific antigen) peptide was recognized
by SpA but not control PBMC [9

&

].
CONCLUSION

Several metagenomic studies have shown gut micro-
biota dysbiosis in SpA, generally associated with a
reduction of microbial diversity. Dysbiosis appeared
most pronounced in SpA with active disease and
reduced in treated patients, indicating that it is at
least in part consecutive to inflammation. However,
some of the reported microbial changes could
 Copyright © 2021 Wolters Kluwer H

346 www.co-rheumatology.com
directly contribute to SpA pathogenesis, either by
favoring an inflammatory response or by eliciting
antigen-specific immunity. Elucidating those ques-
tions could lead to therapeutic intervention.
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 CURRENT
OPINION Janus kinase–signal transducers and activators of

transcription cell signaling in Spondyloarthritis:
rationale and evidence for JAK inhibition

Suravi Raychaudhuria, Karmtej Singh Cheemac, Smriti K. Raychaudhurib,c,
and Siba P. Raychaudhurib,c

Purpose of review
The Janus kinase–signal transducers and activators of transcription (JAK–STAT) signaling proteins represent
a group of intracellular kinase molecules that play a central role in the signaling pathways induced by
cytokines, chemokines, and certain growth factors associated with systemic and local inflammation of
autoimmune diseases including in Spondyloarthritis (SpA). Here, we will discuss (i) the functional
significance of the JAK–STAT kinase cascades in the inflammatory-proliferative processes of SpA and its
cellular/molecular mechanisms (ii) progress in the development of oral synthetic JAK inhibitors (JAKi) and
their therapeutic efficacies in SpA.

Recent findings
Development JAKi is a fast-moving field in the medical science. Several new-generation JAKi are being
identified for psoriatic arthritis and ankylosing spondylitis. It is expected these JAKi likely to have higher
potency and less adverse effects.

Summary
Here, we are providing an updated review on the significance of JAK–STAT signaling proteins in SpA with
an emphasis on new-generation of JAK–STAT inhibitors for the treatment of SpA.

Keywords
Janus kinase–signal transducers and activators of transcription, signaling molecules, Spondyloarthritis, therapy

INTRODUCTION

Spondyloarthritis (SpA) is a class of heterogeneous
group of immune-mediated inflammatory diseases.
These autoimmune diseases represent overlapping
of genetic predisposition, various similarities in the
inflammatory cascades, clinical features, spinal
inflammation, radiological features and associated
comorbidities. Recent evidences support that cyto-
kine-induced Janus kinases (JAK) signaling system
are important in the pathogenesis of SpA and here
we will discuss the evidence for JAK cell signaling in
SpA and its therapeutic evidence [1,2

&&

].
Enthesitis is considered to be the key pathologic

event for spondyloarthropathy. Inflammation at the
sites where ligaments/tendons get inserted on the
surface of the bone is termed enthesitis. However
advanced imaging more so the molecular imaging,
suggests thatenthesitis isabroaderprocess thataffects
the insertion tendons along with the bone, and the
adjacent soft tissue [3]. Continued biomechanical
stress and chronic micro-injuries at the enthesis trig-
ger a friction-induced local inflammatory response

and angiogenesis. This may help homing of critical
pathologic inflammatory cells and induce enthesitis
and also could be a contributing factor for inflamma-
tion of the adjacent bone and synovium [1,3]. How-
ever, the process likely to be more complex. How a
localized inflammation from a mechanical stress
would interact to induce a systemic immune response
dysregulation remains unclear.

Integrated interactions of antigen-presenting cells
with T-cell phenotypes along with adhesion mole-
cules, and lesional cytokines develop inflammatory
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KEY POINTS

� JAK-STAT signaling proteins regulate proliferation and its
associated cytokine network of various T-cell
subpopulations including the Th17 cells which play a
critical role in the pathogenesis of spondyloarthritis (SpA).

� This is an updated review on the significance of JAK-
STAT signaling proteins in SpA and its clinical use.

� Currently available first generation JAK inhibitors (JAKi)
have shown efficacy with acceptable safety in a
number of SpA conditions.

� Next generation JAKi are currently in trials for treatment
of AS and PsA with the expectations to have a higher
efficacy and less adverse events.
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proliferative cascades which lead to diverse clinical
phenotypes for SpA [1,4,5]. The activated T cells regu-
late the local tissue response and damage through
their cytokines and an integrated interaction with
multiple inflammatory cells with innate functions
such as macrophages and neutrophils [1,6

&&

,7,8]. It
is also well-demonstrated that cytokines have crucial
functions in the development, differentiation, and
regulation of the immune cells.

Cytokines act on its cell surface receptors to
induce intracellular signaling system. Following
interactions with a cytokine the receptor’s extracel-
lular domain produce conformational changes in
the intracellular domain, this leads to phosphory-
lation of the cytoplasmic kinase proteins, activation
of the transcription factors and thus induction of
the signal transduction events (Fig. 1). A family of
intracellular tyrosine kinases (TYK2) known as JAKs
are involved with the signaling process of multiple
cytokines associated for induction of inflammation
(Fig. 2) [9,10

&

]. Because of these functions of JAKs a
new field has emerged to understand the regulatory
role of JAKs in the pathogenesis of SpA and its
therapeutic evidence [1,2

&&

,10
&

,11,12]. In this chap-
ter, we will discuss the functional significance of the
JAK–STAT (signal transducers and activators of tran-
scription) kinase cascades in the inflammatory-pro-
liferative process of autoimmune diseases with a
focus on its role in the pathogenesis of SpA and
possible use of the oral synthetic JAK–STAT kinase
inhibitors in different diseases associated with SpA.
JANUS KINASE–SIGNAL TRANSDUCERS
AND ACTIVATORS OF TRANSCRIPTION
KINASE PATHWAY

The family of JAK constitutes of four JAKs- JAK1,
JAK2, JAK3, and TYK2 and the STAT family has seven
 Copyright © 2021 Wolters Kluwe
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members (STAT 1, 2, 3, 4, 5, 5a, and 6) [1,9,10
&

]. The
JAKs are associated with the intracellular domain of
cytokine receptor subunits of the class I and class II
receptor superfamily. Various cytokines with array
of functions bind to type I and II receptors such as
interferon (IFN)-like cytokines, IFNs, various growth
factors/hormones, and colony-stimulating factors
(Fig. 2) [13].
REGULATORY ROLE OF THE JANUS
KINASE–SIGNAL TRANSDUCERS AND
ACTIVATORS OF TRANSCRIPTION
SIGNALING SYSTEM IN THE
PATHOGENESIS OF SPONDYLOARTHRITIS

The JAK–STAT pathway is one of the major cellular
signaling system and its association with multiple
cytokines which impact growth, apoptosis, and acti-
vation of T and B lymphocytes indicates its regula-
tory role in the pathogenesis of autoimmune
diseases (Fig. 2) [1,9,13–15]. Tyk2 and JAKs are
recruited by multiple cytokines (Fig. 2) which influ-
ences several following possible functions of T cells
which are required for immune-mediated inflam-
mation in autoimmune disease [4,5,6

&&

,7–9,10
&

,
14,15]:
(1)
r H

rved.
IL-2: A growth factor for T cells

(2)
 IL9: A growth factor for T cells and also induce

pannus formation

(3)
 IL-12: An inducing factor for Th1 differentiation

(4)
 IL-22: An inflammatory cytokine for psoriasis,

psoriatic arthritis (PsA) and ankylosing spondy-
litis (AS)
(5)
 IL-23: An inducing factor for Th17 differen-
tiation
(6)
 IFN-g: Proinflammatory cytokine for psoriatic
disease
Thus, these functions of all the above cytokines
substantiate that JAK–STAT kinase cascades are
expected to have a role in the pathogenesis of pso-
riasis, PsA, and AS.

Various studies in animal models substantiate a
regulatory role of JAK–STAT system in SpA. In an IL-
23 dependent SKG mouse model of SpA arthritis was
induced with curdlan. Inhibition of the JAK/STAT
pathway was evaluated by experimental by a JAK
inhibitor (JAKi); which was given by oral gavage
twice daily for 30 days. Treatment with this JAKi
suppressed both inflammation and periosteal/
entheseal bone formation. Clinical and histologic
inflammation scores were significantly decreased by
JAKi in SKG mice (P<0.05) [16]. JAKi of different
selectivity have shown to reduce Th17 type
responses in CD4þ T cells from patients with AS
ealth, Inc. All rights reserved.
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FIGURE 1. Cytokine-induced JAK/STAT signaling transduction. Binding of a cytokine on the cell surface receptor induces
conformational changes to its intracellular domain and leads to phosphorylation of the JAK proteins. Phosphorylation of the
intracellular domain recruits the STATs via their SH2 domains and leads to activation/phosphorylation and dimerization of the
STAT protein. The activated STAT homo/hetero dimmers migrate to the nucleus and binds to specific DNA-binding sites and
participates in gene transcriptions. As mentioned in the Figure 2 JAK/STAT induced signal transduction regulates multiple
biological/cellular functions for immune response, cell trafficking and induction of inflammation. JAK/STAT, Janus kinase/
signal transducers and activators of transcription.

Spondyloarthropathies including psoriatic arthritis
[17]. Further, with siRNA JAK1, JAK2, JAK3 and
TYK2 were silenced in CD4þ T cells and production
of multiple Th17 cytokines (IL-17A, IL-17F, and IL-
22) in these CD4þ T cell could be inhibited [17]. A
 Copyright © 2021 Wolters Kluwer H
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number of SNPs associated with the TYK2 locus can
influence autoimmune diseases including AS. Some
of these exonic SNPs are known to reduce the func-
tion of TYK2 and thereby inhibits inflammatory
ealth, Inc. All rights reserved.
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FIGURE 2. JAK–STAT signaling in spondyloarthritis and its therapeutic importance. This figure describes some of the cytokines
that bind to type I and type II receptors such as interferons, interleukins, interferon-like cytokines, hormones, growth factors,
and colony-stimulating factors. It is important to notice that IL-2, IL-6, IL-9, IL-12 and IL-23 participate in JAK–STAT activation.
All these cytokines have a potential to play a critical role in the immune response which includes T cell proliferation,
differentiation and cell trafficking. IL-23 induced upregulation of IL-17 and IL-22 are known to play critical roles in inducing
synovitis, pannus formation, bone erosion and bone proliferation; the hallmark pathological events in spondyloarthritis. Next
generation JAKi blocks a specific JAK molecule; here several next generation JAKi are mentioned along with their JAK targets.
JAKi, Janus kinase inhibitors; JAK/STAT, Janus kinase/signal transducers and activators of transcription.
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cytokine cell signaling. It has been reported that one
of such SNP is associated with several autoimmune
diseases and thus has a potential to confer protec-
tion, however, this polymorphism does not impact
on nonautoimmune domains and does not make
susceptible to infections [18]. In the SKG mouse
model for SpA NDI-031407A a specific TYK2 inhibi-
tor has been reported to block disease progression
[19

&

]. MRI imaging showed prevention of joint space
narrowing and bone marrow edema. Further, in the
IL-23 mini-circle model NDI-031407 also protected
mice from enthesis-related synovitis and bone mar-
row edema [19

&

]. It also has been noticed that the
frequency of loss of-function of a TYK2 SNP
(rs12720356) was higher in AS patients whose dis-
ease was less progressive evidenced by lower rates of
spinal fusion. This provides further evidence that
targeting TYK2 could be an effective treatment for
AS [19

&

].
Thus, polymorphisms of JAK–STAT kinases may

be another plausible mode of mechanism in the
etiology of spondyloarthritic diseases. In addition
to TYK2; JAK2 polymorphisms have been reported
to be associated with AS [20], nucleotide polymor-
phisms in the JAK–STAT signaling system have also
been noticed in Crohn’s disease (CD) [21] and STAT
3 polymorphism has been linked to psoriasis [22].

JAK1, JAK2, and TYK2 are expressed ubiqui-
tously in mammals, whereas JAK3 is primarily
expressed by hematopoietic/immune cells and asso-
ciates with only the common g-chain. Cytokines
 Copyright © 2021 Wolters Kluwe
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that signal through the common g-chain include IL-
2, IL-4, IL-7, IL-9, IL-15, and IL-21, which are integral
to lymphocyte activation, proliferation, and differ-
entiation. Because of these tofacitinib (C16H20N6O,
MW 312.370 Da), a small organic molecule, has
been primarily prepared to target JAK3 with the
aim to develop the treatment for autoimmune
arthritis [23]. However, there are also reports sug-
gesting that tofacitinib targets JAK1 and JAK2 with
half-maximal inhibitory concentration (IC50) val-
ues similar to those of JAK3 [24].

JAK1 and JAK2 are expressed in nonimmune
cells, including the joint synovial cells. These find-
ings have opened opportunities to investigate other
possible cellular targets for JAKi, such as their regu-
lating role in keratinocyte biology in psoriasis and
synovial cells (fibroblast-like synoviocyte [FLS]), in
PsA, and in rheumatoid arthritis (RA) [25,26].

In vivo studies in PsA suggests that pannus
formation and activation of the Th17 cells in the
synoviym is regulated by the JAK/STAT kinase sys-
tem. In a coculture study of synovial fibroblasts
derived from PsA patients or PsA synovial explants
with tofacitinib reduced expression of JAK phospho-
proteins. This study observed that in PsA explants,
tofacitinib can inhibit JAK1/JAK2, which in turn
inhibits FLS migration and secretion of certain FLS
chemokines [27]. Also, recently we reported that in
PsA the generation of the pathologic IL-17þ TEM
cells and their proliferation are regulated by IL23
induced JAK2/STAT3 signaling proteins, and
r Health, Inc. All rights reserved.
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Table 1. List of JAK–STAT inhibitors: The First Generation

and the Next Generation JAK inhibitors (JAKi)

JAK inhibitors Target

First Generation

Tofacitinib JAK1/JAK3

Ruxolitinib JAK1/JAK2

Baricitinib JAK1/JAK2

Next-Generation

Decernotinib (VX-509) JAK3

Upadacitinib (ABT494) JAK1> JAK2,JAK3

Filgotinib GLPG0634 JAK1>JAK2

Peficitinib (ASP015K) Pan-JAK

Solcitinib (GSK2586184) JAK1

Deucravacitinib (BMS-986165) TYK2

INCB039110 JAK1>JAK2

STA-21 STAT3

PF-06700841 TYK2/JAK1

PF-06651600 JAK3

PF-04965842 JAK1

PF-06263276 Pan-JAK

JAK/STAT, Janus kinase/signal transducers and activators of transcription;
TYK2, intracellular tyrosine kinases.

Spondyloarthropathies including psoriatic arthritis
tofacitinib inhibited IL-23-induced proliferation of
these IL-17þ TEM cells [28].
Janus kinase inhibitors and its clinical use

Many JAKi have been developed over recent years
(Table 1). The first-generation JAKi do not display
high specificity, demonstrating activity against
three or even all four of the JAK family members
(also termed as pan- JAKi). Selectivity against spe-
cific JAKs is a desirable feature of the newer JAKi,
primarily in terms of mitigating side effects.

First-generation Janus kinase inhibitors

First-Generation JAKi are those JAKi that target mul-
tiple JAKs; includes ruxolitinib, tofacitinib, and
baricitinib.

Ruxolitinib

Ruxolitinib is a JAK1 and JAK2 inhibitor [29]; FDA-
approved for polycythemia vera and so far not much
studies have been done in SpA.

Tofacitinib

Tofacitinib is the first JAKi approved for use in
autoimmune diseases. It inhibits JAK1/JAK3 with
some activity against JAK2 and negligible activity
toward TYK2 [30,31]. Therapeutic role of tofacitinib
in SpA is described in the next section.
 Copyright © 2021 Wolters Kluwer H
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Baricitinib

Baricitinib is a selective JAK1/JAK2 inhibitor and so
far not much work is done on SpA [32].

Next-generation Janus kinase inhibitors

Next-generation JAKi have selective inhibitory
activity for a specific JAK. Whereas the first-genera-
tion JAKi such as tofacitinib has shown clinical
efficacy in the treatment of multiple autoimmune
conditions like RA, PsA and inflammatory bowel
disease it is expected that the first-generation non-
selective pan-JAKi likely to be associated with
adverse effects such as leukopenia, neutropenia
and anemia. This raised the potential use and devel-
opment of JAKi with selective activity for a specific
JAK (Fig. 2 and Table 1). In principle these next-
generation JAKi might be used to treat selected
inflammatory disorders with lower dose and less
adverse effects. Array of biotechnology companies
have been successful in developing JAKi with this
goal of making a molecule with a high efficacy but
minimal off target effects (Table 1). These newer
JAKi are isoform specific to JAK1, JAK2, JAK3 and
TYK2. It is postulated that next-generation JAKi may
have a higher efficacy and less adverse events.

A list for these Next Generation JAKi are pro-
vided in the Table 1. Among these upadasitinib is
only FDA approved for RA.
JANUS KINASE INHIBITORS: NOVEL
THERAPIES FOR SPONDYLOARTHRITIS

The possible mechanisms of action of JAKi in SpA
are described in the earlier section. Here we will
discuss the current status of clinical use of JAKi in
SpA and about the JAKi currently going through
clinical trials in SpA.
Psoriatic arthritis

As mentioned above the JAK/STAT pathway medi-
ates cytokine signaling in PsA likely through the IL-
23 and IL-17 cytokine axis [1,28].

A phase III trial demonstrated that tofacitinib at
doses of 5 mg or 10 mg twice daily in patients with
PsA with possible prior DMARD use can improve
clinical burden of disease, in several clinical
domains such as reduction of arthritis, enthesitis,
and dactylitis [33]. This phase III trial was a double-
blind, placebo-controlled and also had an active-
control arm with adalimumab. Compared to 33%
response in the placebo group, it was reported that
ACR20 response rates at month 3 were 50% in the
5 mg tofacitinib group and 61% in the 10-mg tofa-
citinib group (P<0.001 between 10-mg dose with
placebo; P¼0.01 between 5-mg dose with placebo);
ealth, Inc. All rights reserved.
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whereas the ACR20 response rate was 52% in the
adalimumab group. However at 12 month, both the
5 mg and the 10 mg arms of this tofacitinib trial had
ACR20 responses around 60%.

Upadacitinib preferentially inhibits JAK-1. It is
already approved by FDA for RA. Upadacitinib is
currently in phase III trial for PsA. Data from this
phase III trial (RINVOQ) suggest significant efficacy
of updacitinib in PsA. The primary endpoint was
ACR20 response at week 12 compared to the placebo
arm. ACR20 response with daily dose of 15 mg of
upadacitinib was around 60% whereas the placebo
group had only 36% response [34].

Filgotinib, a selective JAK1 inhibitor has also
demonstrated a promise in PsA. A phase II clinical
trial (EQUATOR) has reported that at 16th week 52
among 65 patients (80%) achieved a ACR20
response in the filgotinib group compared to 22
(33%) among 66 subjects in the placebo group [35].
Ankylosing spondylitis
Tofacitinib

In a Phase 2 trial with tofacitinib favorable results
have been reported in placebo-controlled, dose-rang-
ing study. In this 12 weeks study AS patients were
randomized to one of three doses of tofacitinib (2 mg,
5 mg, 10 mg; all twice daily). Patients on 5 mg twice
daily dose achieved the primary end point ASAS20
response (Assessment in AS 20% improvement)] at
week 12, at significantly higher rates compared with
placebo [36]. Further the follow-up Phase 3 study has
also demonstrated a very promising outcomes. In this
16 weeks double-blind placebo-controlled study
patients on tofacitinib (5 mg twice daily) showed
ASAS20 response of 56.4% compared to 29.4% in
placebo; and ASAS 40% responders were 40.6% com-
pared to 12.5% in the placebo group [37].

Filgotinib

In a Phase II placebo-controlled study filgotinib has
demonstrated improved disease activity signifi-
cantly more than the placebo group; separation of
various outcome measures from the placebo group
was observed at 4–8 weeks [38]. Filgotinib at 200 mg
once daily was assessed in patients with active AS. In
this 12 week phase 2 study activity was assessed by
the AS Disease Activity Score (ASDAS). ASDAS was
noted to improve with filgotinib in 33% compared
2% in the pacebo group.

Upadacitinib

Similarly in a placebo-controlled Phase 2/3 trial
upadasitinib at 15 mg daily was assessed in active
 Copyright © 2021 Wolters Kluwe
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AS patients refractory to NSAIDs. Significantly more
patients on upadacitinib had an ASAS 40 response at
week 14 compared to the placebo group (52% versus
26%) [39]. Other outcomes like sacroiliac joint
inflammation by MRI spine, were found to be supe-
rior for upadacitinib,
Inflammatory bowel disease
Tofacitinib

Tofacitinib is FDA approved indication for the treat-
ment of adult patients with ulcerative colitis (UC)
who have had an inadequate therapeutic response
with either conventional therapies or with a bio-
logic agent [40]. In UC compared to PsA and RA
higher doses of tofacitinib such as 10 mg twice daily
may be required for treatment [40].

Upadacitinib and peficitinib have also shown
efficacy in UC in early phases of clinical trials
and currently going through further evaluations
[41,42].

In CD, tofacitinib failed to show any clinical
efficacy [43]. However current studied with upada-
citinib and filgocitinib are promising [44,45].

Psoriasis

Several JAKi and TYK2 inhibitors have been evalu-
ated in psoriasis. Both tofacitinib and baricitinib
have shown superior clinical efficacy in respect to
PASI 75 response compared to the placebo. How-
ever, PASI 75 response was found to be much lower
than bDMARDS currently in use [46,47]. Whereas,
TYK2 inhibitor BMS-986165 seems to be very
promising for psoriasis with PASI 75 response
around 75% [48]. Trials with other JAK/STAT
inhibitors are ongoing and it is expected JAK/STAT
inhibitors to be a new option for treatment of
psoriasis.
Safety of Janus kinase inhibitors

In this article discussion of safety and adverse effect
of JAKi in details is out of scope. Overall, the safety
profile of JAKi is reasonably good and does not vary
among the different inhibitors. Cytopenias, espe-
cially low neutrophils and lymphocytes may occur
but this was not observed to be more frequent
compared to the placebo arm [49]. Also, incidence
rates for serious infections overall were similar to the
subjects treated with biological disease-modifying
antirheumatic drugs (bDMARDs) and which was
about 2.5–3.8 per 100 patient-years [50

&&

,51–53].
It appears that tofacitinib is likely to have a higher
risk for herpes zoster infection compared with
r Health, Inc. All rights reserved.
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bDMARDs; which is generally mild and limited to a
single dermatotome [54,55].

Overall with tofacitinib the frequency of malig-
nancies (other than nonmelanoma skin cancer)
remained stable over time, and was found to be of
same range compared to biologics among RA
patients [56].

Numerically higher rates of deep vein thrombo-
sis and pulmonary embolism (DVT/PE) were seen in
some studies in JAKi-treated patients compared to
the placebo; which suggests possibility of increased
risk for venous thromboembolism (VTE) [50

&&

,57
&&

].
For brief information on this issue: (i) we are refer-
ring this FDA report about more VTE/PE for barici-
tinib at 4 mg [58

&&

] and (ii) to the EMA report on a
still ongoing trial with tofacitinib versus anti-TNFs
among patients with RA with cardiovascular risk
factors; here also more VTE/PE and deaths were
noticed with significantly higher dose of tofacitinib
that is 10 mg twice daily but numerically more
events of thromboembolism were also noticed for
tofacitinib 5 mg BID dose [59

&&

,60
&&

]. These impor-
tant information are now in the package inserts of
all available JAKi (black box warnings); more long-
term data and further studies are needed to address
this issue [61,62].
SUMMARY

The novel oral JAKi have brought a paradigm shift in
the treatment of autoimmune rheumatologic dis-
eases.
(1)
354
The JAK–STAT kinase system plays a pivotal role
in the development and surveillance of the
immune system. The JAK–STAT signaling pro-
teins modulate proliferation/activation of the
effector memory T cells and is associated with
the cytokine network of various T-cell subpopu-
lations including its regulatory role on the Th7
cells which play a pivotal role in the pathogen-
esis of SpA.
(2)
 Owing to their ability to simultaneously block
multiple signaling pathways it is expected that
that new generations of JAKi likely to deliver
higher potency and less adverse effects.
(3)
 Already several JAKi have shown efficacy with
acceptable safety in a number of SpA conditions.
Encouraging findings of the undergoing clinical
trials with JAKi in SpA are promising and suggest
that JAK based more therapeutic options for SpA
are on the way.
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 CURRENT
OPINION Patient educational needs and challenges in

psoriatic arthritis

Adewale O. Adebajoa and Richard O. Akintayob

Purpose of review
To provide an overview of the recent research publications on educational needs of patients with psoriatic
arthritis (PsA) and the associated challenges.

Recent findings
The rate of good treatment adherence in PsA can be as low as 57.7% and successful patient education can
help improve treatment adherence. Also, 78.7% of patients who stopped their disease modifying anti-rheumatic
drugs during the first wave of the COVID-19 pandemic did so without the advice of their clinician. In delivering
educational needs, the aspects of disease process, treatment, self-help measures, managing pain, movement,
psychological and social needs should all be addressed, whilst at the same time, recognising that PsA patients
with multidomain disease, are likely to be dealing with more than just pain. Arthritis self-care management
education is potentially beneficial, but up to 11% of educational YouTube videos may contain misleading
patient opinion and many existing apps do not meet the needs of the patients with PsA.

Summary
Significant room for improvement exists in treatment adherence in PsA and patient education addressing
the relevant educational needs could assist with this issue. However, patients should be advised to be wary
of internet videos and other educational aids that were not created by health professionals.

Keywords
health literacy, patient education, psoriatic arthritis

INTRODUCTION

Psoriatic arthritis (PsA) is a complex chronic
immune-mediated disease of the joints and extra-
articular organs which is characterised by flare-ups
and diverse domains of manifestations. As a part of
pursuing patient-centred holistic care, requisite
patient education is vital for empowering the patient
as a partner in their care [1]. With clinical domains of
PsA including peripheral arthritis and tenosynovitis,
enthesitis, dactylitis, and skin and nail disease; it is
unsurprising that a newly diagnosed patient is faced
with a learning curve that could be steep and chal-
lenging, depending on the individual PsA patient
characteristics and their access to appropriate educa-
tion about their condition. In addition, comorbid-
ities have the tendency to complicate the course,
management and quality of life in PsA. Patients with
PsA often develop not only uveitis and inflammatory
bowel disease, but also excess cardiovascular disease,
pulmonary and psychiatric morbidities [2]. In this
review, we discuss the evolution and benefit of
patient education, as well as the needs and challenges
as applicable to patients with PsA.

The changing landscape of patient education

Patient education has undergone immense evolu-
tion over the last few decades. It used to be delivered
by the healthcare provider from an authoritarian
and paternalistic standpoint in which the patient is
a passive recipient and told what is best for them [3].
However, this approach has now shifted into a more
effective patient-centred one, which actively embra-
ces patient engagement and shared decision mak-
ing, whilst recognising that patient education is a
fundamental and crucial step to successful patient
management [3]. The concept of Health Literacy
Universal Precautions as recommended by experts
proposes that the delivery of patient education be
done from an approach that presumes that all of the
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KEY POINTS

� Treatment adherence in PsA can be as low as 57.7%
but therapeutic patient education can improve
treatment adherence.

� Patient education should address the educational needs
of the patients while covering aspects of disease
process, treatment, self-help measures, pain
management, movement, psychological and
social needs.

� Patients may be exposed to conflicting information from
different sources and online videos on PsA may contain
misleading information particularly if they were not
made by healthcare professionals.

Challenges in psoriatic arthritis Adebajo and Akintayo
targeted individuals have literacy challenges. The
Agency for Healthcare Research and Quality Health
Literacy Universal Precautions Toolkit is an excel-
lent resource for advancing organisational priorities
to promote a more effective health literacy environ-
ment [3,4]. Patients and patient relatives and carers-
targeted health education on PsA and its manage-
ment has to rely on methods that are mindful of the
complexities of the content and the potential chal-
lenges to its delivery and reception. To foster inclu-
siveness and patient-centred health education
programmes, it is essential for organizations to cre-
ate an environment that equips the workforce with a
heightened sensitivity for health literacy [4]. This is
the ability of an individual to access, interpret and
apply health information in a process that includes
the vital role of the society in making the compre-
hensible information available [5].
Therapeutic patient education: an enabler
towards treatment adherence

Effective therapeutic patient education as part of
PsA management, can promote treatment adher-
ence, an issue that currently requires further
improvement among patients with PsA. In a retro-
spective real-world study of 10-year treatment of PsA
with Adalimumab and Etanercept among Italian
patients, an adherence level of 0.83 was found for
Adalimumab and 0.84 for Etanercept [6

&

]. The
amount of these PsA medications the patients actu-
ally used, may in reality have been significantly less,
since the definition of adherence used was based on
the ratio of the daily dose received from the phar-
macy to the prescribed daily dose. Using the Morisky
Medication Adherence Scale (MMAS-4TM), the per-
centage of PsA patients with good adherence to
subcutaneous anti-tumour necrosis factor agents
 Copyright © 2021 Wolters Kluwe
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after being subjected to some form of therapeutic
patient education mode was 75.7% [7

&

]. Depending
on the treatment, the proportions of patients with
good adherence in the multinational study from the
ALIGN cohort of patients was found to be between
57.7% and 70.4% [8

&

]. Similarly, the ADhER-1 study
of adherence to biological therapies, also using the
MMAS-4TM, found a value of 62.5% of good adher-
ence among patients with PsA [9

&

]. This was higher
than the adherence among rheumatoid arthritis
patients, but lower than the level of adherence
among the ankylosing spondylitis patients.
Educational needs: the conceptional
structure that should be adopted and
delivered

Effective needs-based patient education is the spring-
board for patient empowerment to enable successful
management of the multidimensional impacts of
PsA. Delivering either generic or personalised patient
education asapartofongoing care isbestbuilt around
a framework of needs, that if met, could yield the
result of best treatment outcomes and high quality of
life. The Educational Needs Assessment Tool (ENAT)
that was developed in the UK and has now seen
several cross-cultural adaptations, is a clinically prac-
tical instrument for determining needs-based patient
education [10,11

&

,12]. Without the proper determi-
nation of educational needs and targeting of the
relevant aspectswitheducational interventions, valu-
able amounts of educational time and activities could
end up being deployed to low-impact educational
interventions, with crucial aspects of patient educa-
tion being overlooked. Afterall, more than 10% of
patients with PsA in a Portuguese study were not
interested in being given any form of education
regarding their disease [11

&

]. The ENAT is a self-
administered questionnaire that can also be used
by researchers to determine the educational needs
of the patient at the time of administration. In an
online survey of educational needs of patients with
various rheumatic and musculoskeletal diseases
(RMDs), Hirsch et al. identified that the educational
needs of patients vary by disease groups and that
healthcare professionals need to assess disease-spe-
cific needs for education in order to achieve high
quality of care [13].
Disease process education

Receiving the diagnosis of a chronic disease such as
PsA, for the first time, can be a lot to take in and can
be quite a shock for a patient. In a recent systematic
review of nonadherent behaviour among patients
with RMDs, the provision of education to patients
r Health, Inc. All rights reserved.
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on disease process was identified as one of the ways
to reduce nonadherence [14

&

]. However, it can also
be overwhelming to be faced with a seemingly end-
less amount of information about the disease at the
point of diagnosis. Patients with PsA and other
rheumatic diseases often find themselves in a posi-
tion of significant lack of knowledge about their
disease and this can add to patient anxiety and
distress. The layering of information can greatly
assist with this. Layering requires the provision of
graded amounts of education using practical meth-
ods. The minimum amount of required information
should form the base layer on which practical inter-
ests and theoretical interests may be layered in turn
[15]. In general, clinicians should resist the urge to
subject the patient to cognitive overload even when
the patient appears to be welcoming more in a single
session, since the processing and practical utiliza-
tion of the information will become challenging
soon after the patient leaves the consultation [16].
Treatment decision making

With an ever-expanding therapeutic armamentar-
ium and the complexities of therapeutic decision
making, there has never been a time when patients
needed to be more informed about their treatment
than now. In addition, the therapeutic goal in PsA of
‘treat to target’ which aims to move patient’s disease
activity into remission or low disease activity state,
will benefit from adequate patient education, either
in terms of achieving the intended therapeutic goal
or with the patient coming to terms with the diffi-
culty in achieving this goal [2]. Since the outbreak of
the COVID-19 pandemic, various aspects of health-
care have relied more heavily on virtual interactions
than ever before and educational programmes and
consultations are now frequently adapted for tele-
health. In an analysis of the survey conducted
through the Arthritis Power Patient-Powered
Research Network and the CreakyJoints patient
community conducted by George et al. 14.9%
stopped their disease modifying anti-rheumatic
drugs (DMARDs), of which 78.7% of these were
not recommended by a clinician [17

&

]. The lack of
access to telehealth was identified to confer an odds
ratio of 2.26 for discontinuing DMARDs [17

&

]. In a
published guideline based on literature review and
expert consensus, a French group recommended
that ‘knowledge both of the disease and of the
treatment and patients’ perceptions of the bene-
fit/risk of the treatment are key elements in drug
adherence’ and ‘In the context of shared decision-
making/therapeutic alliance, caregiver-patient com-
munication about treatment is a key factor in drug
adherence’ ([18] page 8).
 Copyright © 2021 Wolters Kluwer H
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Self-help measures and self-efficacy
Most patients tend to prefer to have an active role in
their own care. These self-help efforts may instil more
confidence in the patient if their overall condition
improves and may promote a positive attitude
towards long-term care. Self-efficacy is being increas-
ingly recognised as an important aspect of chronic
disease management. A recent randomised controlled
trial assessing the efficacy of a self-management pro-
gram for joint protection and physical activity among
Taiwanese patients determined that the self-manage-
ment program based on self-efficacy theory led to
statisticallysignificant improvement inphysical func-
tioning and self-management behaviours 6 months
after initiation of the intervention [19]. In a quasi-
experimental study, Oroh et al. assessed the effect of
Arthritis Self-Care Management Education and
Home-Based Exercise on self-efficacy and Activities
of Daily Living (ADL) of patients [20

&

]. Their study
found that both interventions improved self-efficacy
and ADL, leading to the recommendation that nurses
incorporate these methods into independent nursing
management of patients with arthritis [20

&

]. Li et al.
conducted a prospective study of the efficacy of a
multifaceted counselling intervention to improve
physical activities and patient-reported outcomes
(PROs) [21]. They recruited patients with RMDs and
provided education and counselling as the interven-
tions. Outcomes were measuredusing a Fitbit and web
application to obtain physical activity-related feed-
back and four follow-up calls were undertaken to
collect PROs. Their results revealed a significant
impact of the intervention on pain and perceived
walking habit, whereas time spent on moderate-to-
vigorous physical activities increased but did not
reach statistical significance. If unsupportedbyappro-
priate education, self-help attempts may be counter-
productive to the primary goalof treatment, as seen in
many patients who discontinued their DMARDs in
the midst of the COVID-19 pandemic for fear that this
treatment might predispose them to catch the SARS-
CoV-2 virus [17

&

].
Mobile health applications have gained more

popularity in the last 5 years. Barring the limitation
of technological illiteracy among mostly the elderly
patients, mobile apps designed for the purposeof self-
help tend to be useful among patients with inflam-
matory arthropathies. In a study that involved
patients in Europe, the United States, Canada and
Australia; half of the patients had used a self-help
mobile app before [22

&

]. Various existing apps were
described by these patients as time-wasting and they
generally felt that they failed to meet the patients’
needs. All participants agreed to the need for bespoke
apps. Patients were particularly interested in apps
that could help them achieve self-monitoring of
ealth, Inc. All rights reserved.
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relevant parameters (74.9%), monitoring of disease
activity (63.9%), and facilitate communication
directly with their clinicians (57.8%) [22

&

].
Pain management education

The sources of pain in PsA are quite diverse. In
addition to musculoskeletal pain, pain could also
arise from the skin as part of the manifestations of
psoriasis. In a recently published protocol for a
systematic scoping review, researchers from Croatia
have set out to review the body of evidence regard-
ing pain in psoriasis while excluding papers refer-
ring to pruritus or other nonnociceptive aspects of
the disease [23]. Typically, rheumatologists are less
likely to pay attention to the skin as part of the
sources of the patient’s pain. Consequently, the
outcome of this project may shed some light on
the weight of evidence and the possible need to pay
more attention to skincare advice provision as part
of PsA education. A study based on the analysis of
data from the Corrona PsA/Spondyloarthritis Regis-
try, which compared disease attributes, quality of
life and work productivity between PsA patients
with single domain disease, against those with mul-
tidomain disease, concluded that the multidomain
presenters are more likely to have pain and fibro-
myalgia among other problems [24

&

]. Multidomain
presentation may thus be a surrogate for early rec-
ognition of the likelihood of greater pain. For these
patients, self-help measures for coping with fibro-
myalgia may be beneficial.
Mobility management education

The educational needs of Portuguese patients with
ankylosing spondylitis and PsA were assessed in a
recently published cross sectional analytical study
[11

&

]. Using the Portuguese version of the ENAT to
assess educational needs, a negative correlation was
found between the duration of disease and an inter-
est in educational need in the movement domain.
At first sight, this finding is unexpected, but may
reflect the possibility that those patients with long-
standing disease, some of whom have developed
irreversible limitation of range of motion in one
or more joints, may have come to terms with their
disability and do not wish to be bothered with
mobility-related information, which they consider
unlikely to change their situation.
Psychological needs-related education

The skin component of PsA is a major cause of
psychological disturbance in PsA patients. In a com-
parative study of patients with severe skin disease
 Copyright © 2021 Wolters Kluwe
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and articular disease on one arm, against those PsA
patients with only mild skin disease on the other
arm, Brihan et al. used the Rosenberg Self-Esteem
Scale and found that patients with severe skin dis-
ease had lower self-esteem [25

&

]. Among the male
patients with both severe cutaneous disease and PsA,
those with higher education (college or tertiary) also
had lower self-esteem than those with only second-
ary education.

In a study involving patients with PsA in
Australia and New Zealand, focus groups of patients
were interviewed along three themes [26]. One of
these themes was the ‘impact on daily life leading to
social withdrawal and reduced work productivity’.
The study concluded that foot problems led to
functional disability and altered self-concept lead-
ing to a cascade of socio-economic and psychologi-
cal consequences. A recent cross-sectional study of
patients attending outpatient clinics for PsA showed
that anxiety and depression as well as being unem-
ployed, having high fatigue scores, sleep disturban-
ces, disability measured by the Modified Health
Assessment Questionnaire and the presence of co-
morbidities, all predicted a low quality of life [27].
Social needs-related education

The social support requirements of patients with PsA
are diverse. Often, social support may help patients
cope with the nonmodifiable aspects of their disease
and can also provide them with the knowledge to
improve their coping strategies. Hammer et al. in a
Danish nationwide cross-sectional study of 664
patients, found that younger patients were inter-
ested in one-to-one sessions with psychologists, or
another patient [28

&

]. In general, they were also
interested in educational sessions, events and online
support services. Older patients were more inter-
ested in listening to researchers. Women were more
likely to be interested in having one-to-one sessions
with healthcare workers, question-and-answer ses-
sions with occupational therapists, physical activity
and online resources. Patients with spondyloarthri-
tis were significantly more interested than patients
with rheumatoid arthritis in attending discussion
groups, seeing psychologists, discussing with other
patients, attending stress and anger management
sessions and online communications. Also, patients
with shorter duration of disease were found to be
more likely to be interested in one-to-one sessions
with rheumatology professionals, listening to talks
of experienced patients and online support services.
Other studies have shown that there is value in
promoting more educational sessions on sexual
health [29], and the supportive role that spouses
and other relatives can play [30,31].
r Health, Inc. All rights reserved.
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As part of ongoing PsA holistic management,
health education around lifestyle adjustments such
as smoking cessation and weight loss, offer vital
adjuncts to therapy as cardiovascular risk is reduced
and dermatological and articular symptoms may be
drastically alleviated [32]. Education around preg-
nancy and the extent of available evidence on the
safety of specific DMARDs for pregnant and lactat-
ing women may provide the clinician with insights
into the thought process of the patient around
reproductive health and help to address concerns
and forestall surprising patient decisions, based on
the patient being ill-informed.
Overview of challenges of patient education

As highlighted already, on the road to effective
patient education with regards to PsA and its man-
agement, stand a long list of challenges to the
tradition and practice of teaching, counselling
and informing patients, thereby making a one-
size-fits-all model impractical. As a result, there is
now an increasing recognition of the need to under-
take personalised patient education alongside per-
sonalised medicine for these patients.
Organisational factors

Organisational priorities and pressures may push
the necessity for structured patient educational pro-
grammes down the list of importance. If, as a result,
there is no allocated time for rheumatologists, nurse
practitioners or other relevant healthcare professio-
nals to deliver education to patients with PsA, this
reduces the options of sources from which, these
patients can derive accurate and reliable informa-
tion about their disease. The structure, resource and
processes committed to patient education are
strongly linked to the organisational culture [3].
Where organisational will is lacking, this can be a
major impediment to meeting the educational
aspect of the care needs of these patients. Clinicians
may struggle to rush through the educational con-
tents of the consultation within the limit of time
available and this will potentially set the stage for
information overload and for ineffective educa-
tional delivery [16,33].
Educational materials

The traditional methods of delivering patient edu-
cation such as group teaching and handing out
educational manuals are increasingly being supple-
mented with a range of tools which include online
resources, multimedia, mobile apps, Virtual Reality
devices and other new technologies. The quality of
 Copyright © 2021 Wolters Kluwer H
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the information from these various sources and
teaching aids can vary greatly. To complicate mat-
ters, patients can sometimes come across conflict-
ing information from online support groups,
friends, relatives, media and their healthcare
worker [16]. Elangovan et al. studied the content,
reliability and quality of the top 200 English-lan-
guage YouTube videos on spondyloarthritis [34

&

].
Viewer interactions with the videos in the form of
number of views, likes, dislikes, comments and
subscribers were documented. Using a modified
five-point DISCERN tool and a five-point Global
Quality Scale to assess reliability and quality respec-
tively, the researchers determined that 11% and 3%
had misleading patient opinion and misleading
information, respectively. The main areas of misin-
formation were with regards to clinical features and
treatment. Another study on the quality of Secuki-
numab information videos on YouTube showed
that there was no difference between the rate of
viewer interactions with the videos between the
high, intermediate and low-quality categories
[35]. Since online educational materials developed
by healthcare professionals are more likely to con-
tain high-quality information, it may be a worth-
while idea for healthcare organisations to consider
injecting more relevant educational materials into
their online presence. Conversely, online patient
organisations and support groups may consider the
use of healthcare professional moderators on their
forums, where appropriate, to steer the sharing of
educational materials among patients away
from misinformation.
Educator factors

A lot depends on the communication skills, extent
of knowledge and the style of delivery of informa-
tion by the person giving the disease-related patient
education. Barriers to effective communication
may include the use of medical jargon without
providing adequate explanation [36]. Communica-
tion can even be more difficult, irrespective of the
robustness of the communication skill of the edu-
cator, if the depth of knowledge on the topic is
shallow [37]. For example, this factor played a major
role in the chaos of health education regarding the
COVID-19 infection that took place in the early
stage of the pandemic, when there were too many
unknowns [38]. If the educator fails to adopt a
patient-centred approach that pays attention to
the patient’s literacy level and does not refrain from
delivering information overload, the success of the
effort may be significantly limited. Using the
patient-centred education model in the training
of patient educators could increase the confidence
ealth, Inc. All rights reserved.
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of the educators and promote better shared deci-
sion-making practices [39].
Patient factors

Individual patient characteristics may offer a long list
of obstacles to successful patient education. This is
one of the reasons why a generic approach to deliv-
ering patient education Is often unlikely to work. The
health literacy level of the target person is often the
first barrier and for this reason, it is best to approach
each patient initially with a simple and clear message,
with the intention of providing as basic a level of
knowledge as their likelihood of comprehension
demands and to present written educational materi-
als at a primary school reading level [3]. In addition,
problems such as dementia, anxiety, social phobias,
visual and hearing impairment, depression, fibromy-
algia and fatigue may also present a major challenge.
These complexities have to be put into context,
whilst pursuing effective learning.

Additionally, the cultural background and
beliefs of the patient may present further difficul-
ties. In this age of ‘fake news’, a concept of mistrust
of information which has even been promoted by
politicians [40–42]; conspiracy theories and strong
negative beliefs not backed by evidence, can make
the patient impervious to useful information [43].
This is often encountered, for example, among anti-
vaxxers thereby creating impediments for the rec-
ommended standard vaccinations for patients
treated with DMARDs for their PsA and as part of
the campaign against COVID-19 [44].
CONCLUSION

PsA is a complex disease that is best managed
through a holistic approach that empowers the
patient and their relatives with the knowledge that
enables them to be active partners in their own care.
Adopting a patient-centred model of patient educa-
tion that recognises the impact of the various clini-
cal domains of the disease as well as the co-
morbidities, provides a robust process for achieving
good care and outcomes as long as Health Literacy
Universal Precautions are observed.

Needs-based patient education should capture
the evidence-based aspects of educational require-
ments of PsA and PsA management for each patient
with this condition. This could give the patient
increased confidence in living with their disease,
as well as providing a better chance of preventing
nonadherence or treatment discontinuation against
medical advice. To ensure effectiveness, these inter-
ventions should include education on the disease
process, treatment, self-help measures, managing
 Copyright © 2021 Wolters Kluwe
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pain, mobility, psychological and social needs.
However, standing in the way of delivering high-
quality patient education are a range of obstacles
that can be divided into challenges related to organ-
isational factors, educational materials, educator
factors and patient factors. As more of these
obstacles are overcome, there is likely to be an
accompanying increase in the effectiveness and
the recognition of the importance of educational
interventions in the management of PsA.
r

rv
Best practices for educating patients
with PsA in the rheumatology clinic

� Recognise the level of health literacy of patient and
present information as simple as possible.

� Assess and address the educational needs of patients.

� Recognise the manifest PsA domains in the patient as
well as co-morbidities and provide relevant
educational needs.

� Address the risk of misinformation from nonprofessional
online sources.

� Provide access for urgent advice.

� Adopt a partnership approach and avoid taking an
authoritarian stance.

� Consider layering of information and avoid
information overload.

� Assign reasonable self-help roles to the patient and
provide them with the needed knowledge.
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 CURRENT
OPINION Twenty years of clinical trials in axial

spondyloarthritis: what can we learn for
the future?

Joachim Sieper and Denis Poddubnyy

Purpose of review
We have now about 20 years of experience with the treatment of axial spondyloarthritis with biologics,
which raises the question what we can learn from past experience, and which open questions should be
addressed in future investigations.

Recent findings
Many studies have shown that axSpA patients – both patients in their nonradiological and radiological
stage – respond similarly well to biologic treatment and these patients should be seen as having the
same disease at different stages. AxSpA respond best to TNF-blocker – and probably also to other
biologics – if the disease duration is short and if objective parameters of inflammation, such as C-reactive
protein or MRI are positive. Primary aim of treatment is to reach and maintain clinical remission. Once
remission is achieved, it can be maintained by continuing treatment, and in a proportion of yet not well
defined patients the drug dose can be reduced without inducing a flare. The recent demonstration of a
good efficacy, in addition to TNF blockers, also of IL-17 inhibitors and JAK-inhibitors in axSpA patients
raises the question how to select the best patients for the best treatment. Radiographic progression can
best be stopped by effectively suppressing inflammation, whether different drugs have here a different
effect has still to be defined. More sensitive measurements of radiographic progression are urgently
needed.

Summary
Reaching and maintaining clinical remission and preventing structural bony damage is the primary
treatment target in patients with axSpA. How to reach this aim best has to be further explored in the future.

Keywords
axial spondyloarthritis, prediction and maintenance of treatment response, strategy trials for defining best
treatment

INTRODUCTION

When we conducted the first clinical trials in axial
spondyloarthritis (axSpA) about 20 years ago only
patients who had already reached the stage of anky-
losing spondylitis could be included and the only
effective treatment available were NSAIDs [1]. How-
ever, it soon became clear that tumour necrosis
factor (TNF) blockers were very effective in active
ankylosing spondylitis patients who had failed pre-
vious NSAID treatment and that the anti-TNF-effect
was a class effect. This situation raised a few impor-
tant questions, which had to be answered, which are
still valid today also with respect to other biological
and targeted synthetic disease modifying anti-rheu-
matic drugs (bsDMARDs and tsDMARDs) and which
will be discussed in Table 1.

ARE TUMOUR NECROSIS FACTOR
BLOCKERS ALSO EFFECTIVE IN PATIENTS
IN THE NONRADIOGRAPHIC STAGE OF
AXIAL SPONDYLOARTHRITIS?

With the emergence of MRI investigations of the
sacroiliac joints and the spine since the mid-90s of
the last century, it became increasingly clear that
before the occurrence of structural damage in the
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KEY POINTS

� Axial spondyloarthritis patients should be seen as one
group for treatment and treatment trials; the subgroups
of nonradiographic and radiographic axSpA can be
analysed separately in addition.

� Axial spondyloarthritis patients in the early phase of
their disease and with objective signs of inflammation
respond best to effective anti-inflammatory treatments.

� It has still to be determined with which biologic or
targeted synthetic DMARD treatment of axSpA should
be started and whether a combination therapy of these
drugs is an option.

Spondyloarthropathies including psoriatic arthritis
sacroiliac joints and the spine, there is bony inflam-
mation, starting in the subchondral bone marrow
[2]. Following from this, it was an important step
forward to develop classification criteria for axSpA
covering all axSpA patients, both in the nonradio-
graphic and radiographic (the latter also termed
ankylosing spondylitis) stage [3]. Subsequently, it
was shown that nonradiographic-axSpA (nr-axSpA)
patients also respond well to TNF-blocker treatment,
and currently there is approval for the treatment of
the whole group of axSpA with the TNF blockers
etanercept, adalimumab, golimumab and certolizu-
mab pegol (infliximab was not yet formally tested in
nr-axSpA patients) in the European Union and
many other parts of the world [4].

The ‘Food and Drug Administration’ (FDA) in
the United States had been reluctant to accept nr-
axSpA as part of axSpA and was afraid that there is a
high spontaneous remission rate in these patients.
For this reason, they asked the TNF-blocker compa-
nies to conduct placebo-controlled clinical trials
over 1 year; a study design with such a long pla-
cebo-controlled phase was regarded to be ethically
not possible in the EU and other countries. Until
now such a trial –as asked for by the FDA – had been
successfully conducted for the TNF-blocker certoli-
zumab pegol by UCB, which resulted in approval for
this drug for nr-axSpA also in the United States [5

&&

].
In this study, the percentage of patients still being
 Copyright © 2021 Wolters Kluwer H

Table 1. Questions to be addressed in this article

(1) Patients with ankylosing spondylitis have already reached the stage o
stage. Are the bDMARDs and tsDMARDs also effective – and similarly

2. How can we predict good clinical response to TNF blockers and othe

3. Can we (and how do we do this) taper the dose of a TNF-blocker (an

4. How does the effect of TNF blockers compare with the effect of other

5. Can any of these treatments also stop structural bony damage (radiog

DMARDs, disease modifying anti-rheumatic drugs; TNF, tumour necrosis factor.
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on drug after 52 weeks was 79% in the certolizumab
arm versus 34% in the placebo-arm and the primary
outcome parameter of Assessment of SpondyloAr-
thritis international Society (ASAS) major improve-
ment (MI) was reached in 47.2% (75 out of 159
included patients) for certolizumab pegol treated
patients versus 7% (11 our 158) in the placebo
group, with similar results for the outcome parame-
ter ASAS 40 response: 56.6 versus 15.8%, respec-
tively. A similar 52-week placebo-controlled study
– with comparable results – was performed with the
IL-17A inhibitor ixekizumab in nr-axSpA (see also
below). After 52 weeks, 34 (32%) of 105 patients in
the placebo group had completed the full 52-week
period on their originally assigned study medication
versus 52 (54%) of 96 in the ixekizumab 80 mg every
4 weeks group; ASAS 40 response at week 52 was 13%
out of 105 patients and 30% out of 96 patients,
respectively [6

&&

] (Ixekizumab is currently the only
IL-17 inhibitor approved for the indication of nr-
axSpA by the US FDA). Thus, taken together, these
results showed that TNF blockers and IL-17 inhib-
itors (see also below) are effective for the treatment
of nr-axSpA and that the spontaneous remission rate
(response in the placebo group) is not higher than
expected. So far, there is no data available for
tsDMARDs in nr-axSpA but we would expect very
similar results as compared with bDMARDs.

The next question was whether the response to
TNF blockers is similar in r-axSpA and nr-axSpA or
not. The ASAS/EULAR recommendations for the
management of axSpA demand – in addition to a
correct diagnosis, evidence of disease activity and
failure of conventional treatment – that patients
treated with a biologic should have either radio-
graphic evidence of sacroiliitis or typical subchon-
dral bone marrow edema on MRI in the sacroiliac
joints or a positive C-reactive protein (CRP) [7].
Thus, for nr-axSpA objective signs of inflammation
– bone marrow oedema on MRI or elevated CRP – is
mandatory while this is not the case for r-axSpA
(¼ankylosing spondylitis). This aspect of the recom-
mendations is further supported by the fact that in
the nr-axSpA trials, patients did not respond better
or only slightly to TNF blockers as compared with
ealth, Inc. All rights reserved.

f structural damage of the bone after a previous purely inflammatory
effective – in patients in this early (nonradiographic) phase?

r biological (b)DMARDs and targeted synthetic (ts)DMARDs?

d other bDMARDs and tsDMARDs) in good responder patients?

bDMARDs and tsDMARDs? Which DMARD to use first?

raphic progression)?
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placebo if they were negative for both CRP and MRI
inflammation at baseline [8,9]. The presence of
radiographic sacroiliitis can be seen as an (indirect)
objective sign of previous or ongoing inflammation
having resulted in structural damage (radiographic
sacroiliitis). When clinical trials in r-axSpA and nr-
axSpA are compared indirectly the response rates are
very similar if patients were included according to
the ASAS/EULAR criteria [10]. Interestingly, such a
difference between nr-axSpA and r-axSpA has not
been made in a recent update of American College of
Rheumatology/Spondylitis Association of America/
Spondyloarthritis Research and Treatment Network
recommendations for the treatment of axSpA [11

&

].
But there are also a few studies in which the

effect of TNF-blocker treatment in r-SpA and nr-
axSpA could be compared directly:
(1)
1040
In the ESTHER trial, active axSpA patients with a
disease duration less than 5 years and subchon-
dral bone marrow oedema on sacroiliac joints or
spine MRI at baseline were treated with etaner-
cept or sulfasalazine for 1 year. In the etanercept
group, 20 patients had a diagnosis of nr-axSpA
and 20 patients of r-axSpA. The response rate
was the same in both groups if they had a similar
level of activity at baseline [12].
(2)
 In a phase 3 trial, about 300 axSpA patients with
both nr-axSpA and r-axSpA – about half each –
were treated in three arms with two different
dosages of certolizumab pegol or with placebo
[13]. All patients had a disease duration of less
than 5 years and had to be CRP or MRI-inflam-
mation positive. After 12 and 24 weeks of treat-
ment, the response rates in the nr-axSpA and r-
axSpA subgroups were the same: for example,
ASAS 40 response 47.8 versus 56.5%, respec-
tively, in the 200 mg certolizmab pegol every
2 weeks group at week 24.
(3)
 In another trial, 736 active axSpA patients
according to the ASAS/EULAR recommendation
with a disease duration of less than 5 years were
treated in the first phase of this open-labelled
trial for 48 weeks with certolizumab. Those
patients reaching sustained remission [defined
as an ankylosing spondylitis disease activity
score (ASDAS) <1.3] continued then in the
dose-reduction part of this trial (see below for
further details). The remission rate was similar
in the r-axSpA (42.%; 174/407) und the nr-
axSpA (45.3%; 149/329) subgroups [14

&&

].
Thus, taken together, the treatment responses to
TNF-blocking agents is similar in axSpA patients
fulfilling the ASAS/EULAR requirements for initia-
tion of bDMARDs. It is of great importance that the
 Copyright © 2021 Wolters Kluwe
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diagnosis is correct and that patients’ symptoms are
caused by inflammation and not by other reasons.
Failing here is a likely explanation for the increase in
higher placebo responses and relatively high-screen-
ing failures for inclusion in clinical trials seen over
the recent years. On the basis of this reasoning,
future trials should be conducted for the whole
group of axSpA patients, subgroup analyses of nr-
axSpA and r-axSpA can be performed dependent on
the question addressed in the study. It should be
kept in mind that the shorter the disease duration in
axSpA trials will be in the future the higher the
proportion of nr-xSpA patients will be in such an
axSpA study.
HOW CAN WE PREDICT GOOD RESPONSE
TO TUMOUR NECROSIS FACTOR
BLOCKERS AND OTHER bDMARDS AND
tsDMARDS?

In analysing the early ankylosing spondylosis treat-
ment trials with TNF blockers it could be shown that
patients with shorter disease duration (in this anal-
ysis:<10 years), patients with an elevated CRP and a
higher score of MRI inflammation responded better
[15]. This could be confirmed subsequently in a
series of additional investigation:
(1)
r H

rved.
AxSpA patients with a disease duration less than
3 years, MRI inflammation in the sarcoiliac
joints and HLA-B27 positivity reached an ASAS
partial remission rate of 56% (versus 12% in the
placebo group) after 16 weeks of treatment with
infliximab [16].
(2)
 In the INFAST trial, axSpA patients also with a
disease duration less than 3 years with MRI
inflammation in the sarcoiliac joints and not
yet refractory to NSAID treatment were included
and were treated either with a combination of
infliximab with naproxen or with naproxen
alone. The ASAS partial remission rate was
62% in the infliximab and 35% in the nap-
roxen-alone group [17]. For indirect compari-
son, in the older ankylosing spondylitis trials
with a mean disease duration clearly above
10 years and without selection for objective
signs of inflammation, the remission rate was
not much better than about 20% [18].
(3)
 In two phase 3 trials in nr-axSpA patients treated
either with adalimumab [9] or with golimumab
[8], the response rates in the TNF-blocker-
treated groups was not better or not much better
than placebo if patients were negative for both
CRP and MRI inflammation at baseline. Inter-
estingly, CRP was an even better predictor of
good response than MRI inflammation.
ealth, Inc. All rights reserved.
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(4)
366
In the phase 3 trial for the treatment of nr-axSpA
patients with etanercept, the response rate was
higher the higher the CRP level or the higher the
MRI-inflammation score was; again CRP was a
better predictor than MRI [19].
(5)
 In an analysis of pooled data of two axSpA trials
with adalimumab and etanercept CRP positivity
was especially a better predictor of a good
response in patients with longer disease dura-
tion (in this analysis >4 years), while the differ-
ence between CRP-positive and CRP-negative
patients was smaller in the subgroup of patients
with a disease duration less than 4 years [20].
(6)
 In the Ability 3 trial, 673 active nr-axSpA
patients were treated for 28 weeks open-label
with adalimumab (for more details and for the
second phase of this study, see below) [21].
Strong baseline predictors of reaching remission
(ASDAS <1.3) included younger age, male sex,
HLA-B27 positivity and higher MRI-inflamma-
tion score of the sarcoiliac joints [22

&

].

(7)
 The relevance of an objective sign of inflamma-

tion as a predictor for a good TNF-blocker treat-
ment response could also be seen in an
observational cohort (the French DESIR cohort)
in which patients with a diagnosis of axSpA and
a disease duration of 3 years or less were
included. Patients with an inflammatory MRI
sacroiliitis showed clearly a better response to
TNF blockers than patient without such an MRI
sacroiliitis: ASAS 40 response 46 versus 21%,
respectively [23].
Thus, the most consistent findings for predict-
ing a good response to TNF-blocker therapy are short
disease duration (or young age) with objective signs
of inflammation, such as subchondral bone marrow
inflammation on MRI or CRP. Correlations with
other parameters, such as HLA-B27-positivtiy, have
been reported but are less strong.
CAN WE (AND HOW DO WE DO THIS)
TAPER THE DOSE OF A TUMOUR
NECROSIS FACTOR BLOCKER AND OTHER
bDMARDS AND tsDMARDS IN GOOD
RESPONDER PATIENTS?

It is common rheumatological practise to taper
down treatment of axSpA with TNF blockers if
patients respond well. However, there has been until
recently only limited data how to do this. Some
earlier studies investigated whether treatment can
be stopped at all:
(1)
 In the ESTHER trial (for more detail see above),
axSpA patients treated with etanercept for 1 year
 Copyright © 2021 Wolters Kluwer Hea
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stopped treatment if they were in clinical remis-
sion (ASAS partial remission) and if there was no
longer MRI inflammation on whole-body MRI.
Only 3 out of 13 (32%) remained in drug-free
remission after 1 year, the majority of relapses
occurred in the second half of the follow-up year
[24].
(2)
 In the INFAST trial (for more details see above),
all patients who reached remission after
6 months of treatment with a combination of
infliximab and naproxen were taken off inflix-
imab and followed up for another 6 months.
Half of these patients were randomized to be
treated with naproxen, the other half without
any drug at all. Relapse rate (defined as failing
remission) was 52% in patients treated with
naproxen and 60% in patients without any
treatment; however – a limitation of this study
– the follow-up in this study ended already after
6 months [25]. Interestingly, 93.8 and 87.1%,
respectively, remained in a status of low disease
activity, defined as a BASDAI less than 3.
(3)
 In a larger trial, active nr-axSpA patients were
treated for 28 weeks open-label with adalimu-
mab (ability 3). Out of 673 enrolled patients,
305 (45%) achieved sustained remission and
were randomized to be treated for another
48 weeks with adalimumab or placebo. Seventy
percent of patients continuing adalimumab did
not experience a flare versus 47% in the placebo
group [21]. In this study, flare was defined as
ASDAS of at least 2.1. Whenever analysed how
many patients remained in remission (ASDAS
<1.3) 57 versus 33%, respectively, kept the sta-
tus of ASDAS inactive disease.
However, none of these studies compared con-
tinuous versus tapering versus stopping treatment
in good responders. This was done recently in
another study with certolizumab pegol (already
mentioned briefly above). AxSpA patients who
achieved sustained remission, defined by ASDAS less
than 1.3, were randomized to be treated with certo-
lizumab pegol 200 mg every 2 weeks, certolizumab
200 mg every 4 weeks or placebo. During weeks 48–
96, 83.7% (87/104), 79% (83/105) and 20.2% (21/
104) of patients receiving the full maintenance dose,
reduced maintenance dose or placebo, respectively,
were flare-free, which was defined as an ASDAS less
than 2.1 [14

&&

]. Thus, certolizumab full dose and
certolizimab half dose were similarly effective in
avoiding a flare and clearly superior to the placebo
group. However, the results look a bit different
whenever analysed whether patients remained in
remission (ASDAS<1.3) or not: this was achieved by
84% (87/104) in the full dose in certolizumab group,
lth, Inc. All rights reserved.
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by 55% (58/105) in the reduced certolizumab group
and by 13% (14/104) in the placebo group. Predic-
tive parameters for relapse or for keeping remission
could not be identified but would be needed
urgently.

Thus, the results across the different studies are
relatively consistent: when stopping or reducing a
TNF blocker (no comparable data yet available for
the other biologics/tsDMARDs) a 1-year follow-up is
necessary, stopping the drug results in a great major-
ity of patients in a flare, and reducing the dose in
good responders is acceptable if a status of low
disease activity is acceptable; however, a substantial
proportion of patients will lose the status of remis-
sion if the dose is reduced and it will be an important
question for the future to identify markers predict-
ing in which patients such a reduction is possible
HOW DOES THE EFFECT OF TUMOUR
NECROSIS FACTOR BLOCKERS COMPARE
TO THE EFFECT OF OTHER bDMARDS AND
tsDMARDS? WHICH DMARD TO USE
FIRST?

For a long time, TNF blockers had been the only
disease modifying anti-rheumatic drugs (DMARDs)
being effective in axSpA. Even conventional syn-
thetic DMARDs do not play a role for the treatment
of axSpA [10]. Targeted therapies, such as interleu-
kin (IL)-6-inhibitors [26] or IL-23-inhibitors [27

&

]
failed, although some kind of efficacy was
expected, indicating that we do not yet understand
the pathogenesis well enough and that we still
depend heavily on the conduction of clinical trials
to identify new effective drugs. More recently, it
was shown that IL-17A inhibitors (shown for nr-
axSpA and r-axSpA) [6

&&

,28,29
&

,30] and tsDMARDs
[31] [currently shown only for Janus kinase (JAK)
inhibitors in r-axSpA/AS – but no JAK inhibitor is
yet approved for this indication by the FDA; and
upadacitinib only by the European Medicines
Agency (EMA) for the European Union] reach a
similar efficacy in axSpA trials, which is – by indi-
rect comparison – comparable with TNF-blocking
agents. These two types of drugs are discussed in
more detail elsewhere in this issue. However, it is
not possible to judge on inferiority or superiority or
equality of one drug compared with another one by
this kind of indirect comparison. For such a com-
parison, head-to-head trials are essential. The only
one ongoing at the moment is the one by Novartis
comparing secukinumab with adalimumab in
ankylosing spondylitis patients treated over 2 years
with radiographic progression as the primary out-
come parameter (see also below), but efficacy
regarding parameters of disease activity will also
 Copyright © 2021 Wolters Kluwe
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be compared as secondary outcome parameters
(clinicaltrials.gov; NCT03259074).

But such head-to head trials allow only compar-
isons on the group level and do not answer the
following important – especially for daily clinical
practice – questions [32]:
(1)
r H

rved.
which patient to select for which drug;

(2)
 do the same or different patients respond to the

two types of drugs in question;

(3)
 when and how to switch from one drug class to

the other;

(4)
 finally, is a combination of drugs possible

(safety) and under certain circumstances more
effective than a single drug.
On the basis of the fact that we have now
different types of (effective) DMARDs available
and that we reach still at the best a remission rate
of about 40–50% of axSpA patients with our current
treatment strategies carefully conducted strategy
trials with a cross-over design are urgently needed
and an unmet need in axSpA for the future [32].
CAN ANY OF THESE TREATMENTS ALSO
STOP STRUCTURAL BONY DAMAGE
(RADIOGRAPHIC PROGRESSION)?

Syndesmophyte formation in the spine is responsi-
ble on the long-term for restriction of spinal mobil-
ity and restriction of function in axSpA patients.
New bone formation is normally preceded by bony
inflammation, which induces subchondral granula-
tion tissue with subsequent (and delayed) stimuli for
new bone formation [2]. It has become clearer over
the last years that long-term suppression of inflam-
mation by TNF-blocking agents (longer than 2–
4 years) is necessary to show also an effect of such
treatment on new bone formation (syndesmo-
phytes) [2]. It is currently not clear whether
any of the available treatments for axSpA – NSAIDs,
TNF blockers, IL-17-inhibitors, or JAK-inhibitors) –
have an additional retarding effect on new bone
formation in axSpA beyond through suppression
of inflammation.

Structural damage of the spine is most fre-
quently assessed in clinical studies by the modified
Stoke Ankylosing Spondylitis Spine Score (mSASSS),
which captures mostly new syndesmophyte forma-
tion and growth of syndesmophyte seen on conven-
tional X-rays. Structural damage progression in
axSpA is slow, and therefore, follow-up periods of
at least 2 years are necessary to see any changes/any
effects of treatment. Furthermore, to see a treatment
effect, investigated patients should be enriched by
patients who are positive for known predictors of
ealth, Inc. All rights reserved.
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progression: male sex, CRP-positivity, presence of
syndesmophytes at baseline. For the mSASSS, only
the cervical spine and the lumbar spine are scored
and not the thoracic spine (because of overlying
lung and ribs), although it has been shown that
more changes and more progression is found in
the thoracic spine compared with the rest of the
spine [33]. As mentioned above, there is an ongoing
head-to-head trial comparing treatment with adali-
mumab versus secukinumab over 2 years in ankylos-
ing spondylitis, enriched for patients positive for
predictors of radiographic progression, but still
using normal X-rays and the mSASSS as outcome
parameter (clinicaltrials.gov; NCT03259074). We
are eagerly waiting for the results of this first
head-to head trial in axSpA with radiographic pro-
gression as the primary outcome parameter.

However, in the future, other imaging methods
should be considered for the measurement of pro-
gression of structural damage in the spine. Until now
low-dose computer tomography had been investi-
gated and compared with conventional X-rays [33]
(for more details see elsewhere in this issue), which
has the advantage to score also the thoracic spine and
bony changes can be seen and scored clearer. Using
such a method (or other newer imaging methods), it
can be expected that the currently necessary obser-
vational period of at least 2 years can be shortened
and that the treatment groups can be kept smaller.
However, it has also to be kept in mind that a poten-
tial effect of any treatment on retarding bone forma-
tion and on long-term worsening of function is small
compared with an effective therapy’s immediate (and
normally long-lasting) effect on disease activity,
function, spinal mobility and well being through
direct suppression of inflammation [34].
CONCLUSION

AxSpA should be regarded as one disease at different
stages, a similar treatment response can be expected
if nr-axSpA and r-axSpA show a similar level of
disease activity. Short disease duration (and in this
context: early and reliable diagnosis) and the pres-
ence of objective parameters of inflammation are
currently the best predictors of a good treatment
response. However, a rather small subgroup of CRP-
negative and MRI-negative patients can also show a
treatment response, probably because CRP and MRI
inflammation do not cover all aspects of inflamma-
tion. In patients having achieved remission, the
majority will relapse if treatment is stopped, in a
proportion of patients the dose can be reduced. It
has still to be better defined in which patients this is
possible. The availability of several different
bDMARDs and tsDMARDs opens the possibility to
 Copyright © 2021 Wolters Kluwer H
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find the best drug for a specific patient, which is yet
not clearly defined. For this, more strategy trials
should be conducted in the future.
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