
REVIEW
 CURRENT
OPINION Spondyloarthritis evolution: what is in your history?
 Copyrigh

1040-8711 Copyright � 2020 Wolte
a a,b c
Maedeh Ashrafi , Joerg Ermann , and Michael H. Weisman
Purpose of review

This review encompasses a detailed history of spondyloarthritis (SpA) evolution as early as the 17th century,
continues on to the current concept of SpA, and ends with current gaps in our understandings of SpA.

Recent findings

Until the early 1960s, ankylosing spondylitis and other SpA family members were considered to be
variants of rheumatoid arthritis (RA). The formal medical community separated them from RA at that time,
and shortly thereafter they were recognized to be inter-connected based on shared clinical, laboratory, and
imaging features. The last two decades have witnessed the formal distinction between axial and peripheral
SpA and the connections that exist between nonradiographic and radiographic axial SpA. Recent studies
have revealed different microbial compositions among patients with SpA and healthy controls and also
between HLA-B27 positive and negative healthy individuals.

Summary

Further investigation of the roles of intestinal microbiome and physical force transduction toward SpA
pathogenesis, strategies to improve delay in SpA diagnosis, biomarkers to better predict radiographic
progression, and modification of current classification criteria to better address the axial and peripheral
groups are gaps in our understandings that pose top priorities for SpA research.
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INTRODUCTION

Spondyloarthritis (SpA) is the currently accepted
name for a group of inflammatory disorders with
overlapping genetic associations and common
clinical manifestations: sacroiliitis, spondylitis,
peripheral arthritis (typically an asymmetric oli-
goarthritis in the lower extremities) enthesitis,
dactylitis, psoriasis, uveitis, and inflammatory
bowel disease (IBD) are often present in varying
amounts. SpA is then sub-classified as predomi-
nantly axial SpA involving nonradiographic and
radiographic SpA (also known as ankylosing spon-
dylitis) and predominantly peripheral SpA.
Patients with reactive arthritis, psoriatic arthritis,
and IBD-associated SpA often will have predomi-
nantly peripheral SpA. Patients with SpA features
who do not fit these defined categories are thought
to have undifferentiated SpA [1]. The nomencla-
ture of the SpA family members has evolved over
time, and it is useful to trace the changes from their
inception to the present time; that is the purpose of
this review. We will begin by briefly addressing the
history of each of the SpA family members’ names,
the evolution toward SpA as a family, and at the end
focus on current gaps in our understandings of SpA
t © 2020 Wolters Kluwe
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pointing to what should be done in the future to
close those gaps.
HISTORICAL REVIEW

Ankylosing spondylitis

The first pathological description of ankylosing
spondylitis in the medical literature dates back to
1695, when the Irish physician Bernard Connor
reported the features of an unusual skeleton found
in a church graveyard. He wrote that ‘All the bones
whereof so united as to make but one continued
bone without articulation’ and hypothesized with
r Health, Inc. All rights reserved.
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KEY POINTS

� Ankylosing spondylitis, psoriatic arthritis, and other
SpA subtypes were recognized as distinct diseases
from RA in 1964.

� Ankylosing spondylitis and other SpA members were
found to be interrelated and characterized as a family
under the term ‘seronegative Spondarthritides’ in 1974.

� Certolizumab pegol has recently received FDA
approval for the treatment of adults with
nonradiographic SpA after a long debate on whether
to treat nr-axSpA patients with TNF-inhibitors.

� Inflammation on MRI of sacroiliac joints is highly
predictive of radiographic progression; HLA-B27-
positive patients possess a greater effect of MRI
inflammation on radiographic progression in contrast to
HLA-B27-negative individuals.

� SpA is now classified as predominantly axial SpA
(radiographic or nonradiographic) and predominantly
peripheral SpA.

Spondyloarthropathies
regard to the subject’s symptoms that the ‘Body must
have been immovable . . . breathing achieved by dia-
phragmatic movement’ [2,3]. Others whose names
have been tightly linked with the description of the
disease were the Russian Wladimir von Bechterew,
the German Adolf Str€umpell, and the Frenchman
Pierre Marie. Von Bechterew in 1893 described sev-
eral cases of stiffening of the cervical spine progress-
ing caudally and accompanied by neurological
symptoms. Whether Bechterew truly described anky-
losing spondylitis has been a matter of debate [4],
nevertheless, the term ‘Bechterew’s disease’ is still in
use in Germany and some other European countries
today [5]. Str€umpell in 1897 reported two cases with
progressive stiffening of the spine and peripheral
joints [6]. Marie in 1898 gave the most detailed
description of ankylosing spondylitis by this time
period, when he presented in a lecture the cases of
‘two men affected by a singular ailment characterized
from the clinical point of view by an almost complete
ankylosis of the spine (spondylose) and of the proxi-
mal joints (rhizomelique), hips and shoulders, the
latter being less affected than the former’. Marie
named the disease Spondylose Rhizomelique [7].
The term ‘Ankylosing Spondylitis’ first appeared in
the literature in the early 1900s [8] but it took several
decades until ankylosing spondylitis became the
dominant name for the disease. Other names used
throughout history include rheumatoid spondylitis,
spondylitis ankylopoetica, spondylarthritis ankylo-
poetica, atrophic spondylitis, pelvospondylitis ossi-
ficans, spondylitis rhizomelique, von Bechterew’s
 Copyright © 2020 Wolters Kluwer H
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disease, Marie–Str€umpell’s disease, and Morbus Bech-
terev–Marie–Str€umpell [9].
Psoriatic arthritis

A connection between psoriasis and arthritic com-
plaints was first reported in 1813 by the English
physician Thomas Bateman [10]. Six years later,
the French physician Jean Louis Alibert noted an
association between psoriasis and a special form of
arthritis where ‘The small and large joints appear to
be attacked by a kind of numbness and
immobility. . . the nails are attacked and fall off’
[10]. In 1860, Pierre Bazin introduced the term
‘Psoriasis Arthritique’, and Charles Bourdillon used
the term ‘Psoriasis et arthropathies’ in his doctoral
thesis in 1888. Bourdillon reviewed 36 cases con-
cluding that various forms of joint disease can occur
in association with psoriasis [11,12]. Psoriatic arthri-
tis, as we know it today, was defined in a 1973
landmark article by John Moll and Verna Wright;
they defined psoriatic arthritis as ‘psoriasis associ-
ated with inflammatory arthritis usually with a neg-
ative serological test for rheumatoid factor’ [13].
Reactive arthritis

In 1818, Benjamin Brodie described a male patient
with urethritis, conjunctivitis, and arthritis, which
was likely the first description of reactive arthritis
[14]. In 1916, the German Hans Reiter described the
triad of nongonococcal urethritis, conjunctivitis, and
arthritis in a soldier during World War I, and roughly
at the same time Noel Fiessinger and Edgar Leroy
observed four similar cases following outbreaks of
bacillary dysentery [15,16]. In 1942, the Americans
Walter Bauer and Ephraim Engelmann formally
described the triad of polyarthritis or monoarthritis,
conjunctivitis, and urethritis as a syndrome and
named it ‘Reiter’s syndrome’ leading to the wide-
spread use of the term [17]. The term ‘Reactive Arthri-
tis’ entered the rheumatology literature in 1969 [18]
and was increasingly used to describe an arthritis that
developed following anepisodeof infectious diarrhea
or urinary tract infection. In the USA, Reiter’s syn-
drome and reactivearthritis were used synonymously
for many years. In 2007, four rheumatologists includ-
ing Engelmann suggested to retract the Reiter’s term
and replace it with reactive arthritis altogether con-
sidering evidence that had emerged about Reiter’s
past as a Nazi war criminal [19,20].
Inflammatory bowel disease-associated
arthritis

The relationship between intestinal disorder and
arthritis was first noted in 1922 by Rea Smith, a
ealth, Inc. All rights reserved.
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Los Angeles-based surgeon who reported a series of
patients whose arthritis symptoms improved after
ileocecal surgery or right-sided colectomy. Smith
[21] hypothesized that ‘chronic polyarthritis is the
result of a focal infection in the ileocaecal coil’. In
1929, Arnold Bargen et al. [22] reported arthritis in
4.3% of 693 cases of chronic ulcerative colitis at the
Mayo clinic. Philip Hench, Walter Bauer and co-
workers in their third review of the American and
English Rheumatology literature in 1935 acknowl-
edged the occurrence of arthritis in patients with
ulcerative colitis but cautioned that ‘until more
information is forthcoming, the reader will proba-
bly prefer to assume that a coincident and more or
less atrophic [rheumatoid] arthritis was present with
colitis’ [23]. It appears that the ‘coincidence’ of two
conditions (rheumatoid arthritis and ulcerative coli-
tis) was the accepted explanation for these findings
at least from the mainstream group that published
the Rheumatism Reviews.

The idea of IBD-associated arthritis was absent
from the American and English literature until Eric
Bywaters and Barbara Ansell in 1958 put ‘arthritis
associated with ulcerative colitis’ on the map as a
distinct entity in a case series of 37 patients [24–28].
Interestingly, Hench and Bauer had considered the
possibility that ‘symptomless gastrointestinal infec-
tion or ‘faulty elimination’ may play a significant
role either as a primary or predisposing cause of
arthritis’ [23]. At the present time, we may have
come full circle to recognize that their conceptual
idea of an infectious origin or perhaps its trigger for
the disease is not entirely incorrect [29].
DISTINCTION OF SPONDYLOARTHRITIS
FROM RHEUMATOID ARTHRITIS, AND
NOW BECOMING A FAMILY

In the first half of the 20th century, rheumatolo-
gists, particularly in the USA, believed and wrote
that ankylosing spondylitis and the other diseases
known collectively as SpA today were variants of
rheumatoid arthritis (RA). Walter Bauer, one of the
most influential and honored American rheumatol-
ogists, wrote in 1939: ‘rheumatoid spondylitis is
classified as a form of RA because peripheral joints
are often involved preceding or following the first
symptoms referable to the spine’. He acknowledged
that psoriasis may occur in 3% of patients with RA
but concluded that ‘there is little justification for
considering these patients as suffering from a sepa-
rate disease entity’ [30]. In 1957, Charles Short and
Bauer compared 252 cases of patients with chronic
arthritis and little or no spinal involvement with 41
cases of spondylitis; despite differences between the
two groups, such as earlier age of onset, more male
 Copyright © 2020 Wolters Kluwe
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involvement, and infrequent rheumatoid nodules
in the spondylitic group, they concluded that ‘there
is no justification in excluding those patients with
spinal involvement, such an exclusion would render
the series less than more representative of RA severe
enough to warrant hospitalization’ [31].

The discovery of rheumatoid factor by Waaler
[32] in 1940 and Harry Rose [33] later in 1948 was an
important milestone in differentiating SpA from RA.
In subsequent years, several investigators including
Wright and Bywaters in Europe and Currier McEwen
and colleagues in the United States demonstrated
that patients with psoriatic arthritis and IBD-associ-
ated arthritis were typically negative for rheumatoid
factor and constituted separate entities from RA
[28,34,35]. It was a major step forward when in
1963 the American Rheumatism Association Com-
mittee on Nomenclature and Classification of
Arthritis and Rheumatism considered ankylosing
spondylitis, psoriatic arthritis, Reiter’s syndrome,
and IBD-associated arthritis as separate clinical dis-
eases distinct from RA [36].

Another landmark article from Moll and Wright
in 1974 [37] introduced the term ‘Seronegative Spon-
darthritides’; ‘the prefix ‘spond’ emphasizing the
strong association between each member of the
group and ankylosing spondylitis’. They argued that
idiopathic ankylosing spondylitis, psoriatic arthritis,
Reiter’s disease, ulcerative colitis, Crohn’s disease,
Whipple’s disease, and Behcet’s syndrome were inter-
related and should be recognized as a distinct group
of diseases based on the following commonalities:
negative rheumatoid factor; no subcutaneous nod-
ules; inflammatory peripheral arthritis; radiological
sacroiliitis with or without classic ankylosing spon-
dylitis; clinical overlap between the members of
group such as ocular inflammation, psoriasiform
lesions, genito-urinary inflammation, buccal, genital
and intestinal ulceration; and familial aggregation
[37]. Other terms that have been used to describe the
group include spondylarthritis, spondyloarthritis,
and spondyloarthropathy. The EULAR committee
of pathology in 1995 discouraged the use of spondy-
loarthropathy arguing that ‘arthropathy is too vague
and does not indicate the inflammatory nature of the
condition’ [38]. Ultimately, spondyloarthritis
emerged as the preferred name for the group, without
the adjective ‘seronegative’ to avoid confusion with
seronegative RA [39].
GENETICS IN SPONDYLOARTHRITIS

The association of HLA-B27 with ankylosing spon-
dylitis was first reported in 1973 in two simulta-
neously published documents [40,41], and its
association with other SpA subtypes was recognized
r Health, Inc. All rights reserved.
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FIGURE 1. Timeline of major events in the evolution of the axial spondyloarthritis/ankylosing spondylitis concept.

Spondyloarthropathies
within the following year [42]. Although HLA-B27 is
the main genetic risk factor for the SpA family,
genome-wide association studies (GWAS) have
expanded our knowledge of other major histocom-
patibility complex (MHC) and non-MHC associated
genes. The first GWAS study in ankylosing spondy-
litis performed in 2007 identified ERAP-1 and IL-23R
as new susceptibility loci [43]. Since then, more than
100 risk loci for ankylosing spondylitis have been
identified [44]. Family studies suggest shared genetic
risk factors among SpA subtypes, as other SpA sub-
types are found with increased frequency in relatives
of ankylosing spondylitis patients [45]. Indeed, a
recent GWAS meta-analysis showed significant
genetic overlap (shared risk genes) among ankylos-
ing spondylitis, Psoriasis, Crohn’s disease, ulcerative
colitis, and primary sclerosing cholangitis [46]. In
the largest number of ankylosing spondylitis
patients studied to date from several ethnic groups,
using high-resolution HLA typing, HLA class I and II
alleles other than HLA-B27 were confirmed to be
operative in ankylosing spondylitis susceptibility.
This latter study, on the other hand, suggests that
multiple gene areas in the MHC portion of the
genome can affect both the susceptibility as well
as the clinical expression (or phenotype) of anky-
losing spondylitis [47

&&

].
AXIAL AND PERIPHERAL
SPONDYLOARTHRITIS

The European Spondyloarthritis Study Group
(ESSG) proposed classification criteria in the year
1991 in order to encompass all SpA patients, includ-
ing those with undifferentiated SpA [48]. The ESSG
criteria have two arms for patients with predomi-
nantly axial or with peripheral musculoskeletal
complaints but no formal distinction between axial
and peripheral SpA was made at that time.

The term ‘axial Spondyloarthritis’ was subse-
quently introduced in 2004 to capture patients with
ankylosing spondylitis as well as patients with
undifferentiated SpA who had predominantly axial
symptoms but lacked radiographic signs of
 Copyright © 2020 Wolters Kluwer H
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sacroiliitis. On the basis of earlier insights from
MRI studies that demonstrated inflammation in
the sacroiliac joints of patients with inflammatory
back pain without radiographic evidence for sacroi-
liitis [49], Rudwaleit et al. [50] included the use of
MRI in their proposed algorithm for the diagnosis of
axial SpA. This development resulted in the 2009
Assessment of SpondyloArthritis International Soci-
ety (ASAS) classification criteria for axial SpA [51]. A
timeline of events culminating in the development
of the axial SpA criteria is shown in Fig. 1. The ASAS
group subsequently proposed peripheral SpA (pSpA)
classification criteria in 2011 in order to comple-
ment the axial SpA criteria [52].
NONRADIOGRAPHIC AXIAL
SPONDYLOARTHRITIS

Muhammad Asim Khan and colleagues in 1985
studied HLA-B27 positive relatives of patients with
ankylosing spondylitis and found multiple symp-
tomatic individuals who possessed clinical features
of ‘spondylitis disease without radiologic evidence
of sacroiliitis’ [53]. They proposed that the clinical
ankylosing spondylitis spectrum was broader than
what was captured by the Rome and New York
criteria [54] thus anticipating, without using the
name, the presence of nonradiographic axial SpA
(nr-axSpA). In 2009, the largely European-based
ASAS group classified nr-axSpA as those patients
who meet ASAS axial SpA criteria but not the radio-
logical criterion of the 1984 modified New York
criteria for ankylosing spondylitis (bilateral grade
2 or unilateral grade 3 or higher sacroiliac joint
structural change) [51]. As nr-axSpA has a similar
disease burden, measures of disease activity, disease
function, and patient-reported outcomes relative to
ankylosing spondylitis, rheumatologists and their
colleagues in industry felt the need for an Food and
Drug Administration (FDA)-approved drug for nr-
axSpA [55,56

&

]. In 2013, FDA did not approve two
tumor necrosis factor (TNF)-inhibitors for nr-axSpA
because of a number of concerns related to the
robustness of the evidence supplied to the FDA for
ealth, Inc. All rights reserved.
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approval. US regulators did not feel that the case-
definition of this entity was sufficiently developed
to avoid the treatment of patients who had fibro-
myalgia or mechanical pain but were misdiagnosed
as nr-axSpA. They opined that there was the poten-
tial for wholesale treatment of patients who would
otherwise go into remission even in the absence of
treatment. Moreover, regulators were concerned
about unleashing the prescription of biologics by
nonrheumatologists who had insufficient knowl-
edge and experience to make a correct diagnosis
of nr-axspA. Within the following year, the Spon-
dyloarthritis Research and Treatment Network
(SPARTAN) and ASAS addressed the FDA concerns
mainly with the following justification: that treat-
ment of nr-axSpA patients with biologics should
require objective signs of inflammation (elevated
CRP, positive MRI) [57]. Moreover, pharmaceutical
company experts in consultation with academic key
opinion leaders were able to produce a clinical trial
design that addressed many of the FDA objections to
conclusions reached based on prior data. Ulti-
mately, in 2019, the FDA approved Certolizumab
Pegol as the first biologic for nr-axSpA in the United
States, mostly based on the C-axSpAnd study; a 52-
week trial in patients with active nr-axSpA [58

&&

].
HARRISON’S PRINCIPLES OF INTERNAL
MEDICINE AS A PARALLEL VIEW OF THE
HISTORY AND EVOLUTION OF
SPONDYLOARTHRITIS FROM 1950 TO THE
PRESENT TIME

We reviewed all the 20 editions of Harrison’s Princi-
ples of Internal Medicine (historically a Boston-based
 Copyright © 2020 Wolters Kluwe

Table 1. Evolution of the spondyloarthritis nomenclature in Harri

Disease Ankylosing Spondylitis Psoriatic Arthritis

Nomenclature 1950–1958: Rheumatoid
spondylitis (ankylosing
spondylitis, Marie–Str€umpell
disease, Spondylose
Rhizomelique)

1962–2008: Ankylosing
spondylitis (rheumatoid
spondylitis, Marie–Str€umpell
disease, Bechterew disease)

2012–2018: ankylosing
spondylitis, axial
spondyloarthritis, Older
names are no longer
mentioned

1950–1954: psoriatic art
(psoriatic arthropathica)

1958–1962: Psoriatic Art
(Psoriatic Arthropathy)

1966–2018: Psoriatic Art

Data from [59–78]. IBD, inflammatory bowel disease.

1040-8711 Copyright � 2020 Wolters Kluwer Health, Inc. All rights rese
tome with a powerful influence on USA medical
practice) from 1950 to 2018 to examine how the
SpA concept has evolved throughout these years
[59–78].

Major developments are discussed here, for
details regarding the nomenclature of individual
diseases see Table 1.
Distinction of spondyloarthritis from
rheumatoid arthritis

From the first edition (1950) to the fourth edition
(1962), the diseases we now know as SpA were
considered to be RA variants. Since the fifth edition
(1966), they have been separated from RA (Table 2).
HLA-B27 discovery

In the eighth edition (1977), the association of HLA-
B27 with ankylosing spondylitis, psoriatic arthritis,
arthritis associated with gastrointestinal disease,
Reiter’s syndrome, acute anterior uveitis, and Yersi-
nia arthritis was discussed for the first time.
Spondyloarthritis as a family

In the 12th edition (1991), ankylosing spondylitis,
reactive arthritis, psoriatic arthritis and spondylitis,
enteropathic arthritis and spondylitis were consid-
ered as a family for the first time under the name
‘Spondyloarthropathies’. In the 13th edition (1994),
‘undifferentiated Spondyloarthropathy’ and ‘Juve-
nile onset Spondyloarthropathy’ were added.

Beginning with the 16th edition (2005), ‘Spondy-
loarthritis’ has replaced the term spondyloarthropathy.
r Health, Inc. All rights reserved.

son’s Principles of Internal Medicine 1950–2018

Reactive Arthritis IBD associated Arthritis

hritis

hritis

hritis

1950–1958: Reiter’s
syndrome

1962–1970: Reiter’s
syndrome (Reiter’s disease,
venereal arthritis, infectious
uroarthritis, idiopathic
blenorrheal arthritis, arthritis
urethritica)

1977–1983: Reiter’s
syndrome

1987 postvenereal Reiter’s
(reactive arthritis)

1991–2008: reactive arthritis
previously Reiter’s syndrome

2012–2018: reactive arthritis
Reiter’s syndrome is no
longer mentioned

1950–1954: no text on IBD-
associated arthritis

1958: arthritis and ulcerative
colitis

1962–2001: arthritis
associated with
gastrointestinal disease

2005–2018: enteropathic
arthritis

rved. www.co-rheumatology.com 325



Table 2. Changes in the classification of joint disease in Harrison’s Principles of Internal Medicine between 1962 and 1966

Fourth edition, 1962 Fifth edition, 1966

Arthritis in widespread inflammatory connective tissue disease,
cause unknown:

Rheumatoid arthritis and variants:
Adult peripheral type
Juvenile rheumatoid arthritis (Still’s disease)
Ankylosing spondylitis (Marie–Str€umpell disease)
Psoriatic arthritis
Arthritis with ulcerative colitis and other gastrointestinal
disease
Felty’s syndrome
Sjogren’s syndrome

Collagen vascular diseases
Granulomatous reactions

Arthritis possibly caused by specific infection
Reiter’s syndrome

Arthritis in widespread inflammatory disease, cause unknown
Rheumatoid arthritis and variants

Adult peripheral type
Juvenile rheumatoid arthritis (Still’s disease)
Felty’s syndrome
Sjogren’s syndrome
Caplan’s syndrome

Collagen disease
Granulomatous reactions
Others

Ankylosing spondylitis (Marie–Str€umpell disease)
Psoriatic arthritis
Arthritis of ulcerative colitis, regional ileitis, and Whipple’s disease

Arthritis possibly caused by specific infection
Reiter’s syndrome

Modified from [62,63].

Spondyloarthropathies
Axial versus peripheral spondyloarthritis

In the 20th edition (2018), spondyloarthritides were
further divided into predominantly axial SpA or
predominantly peripheral SpA.
WHAT ARE THE GAPS THAT NEED TO BE
FILLED TO FURTHER OUR
UNDERSTANDING OF
SPONDYLOARTHRITIS?

The SpA family is typically depicted as a Venn dia-
gram of overlapping circles, each circle representing
one of the more specific phenotypic entities, such as
ankylosing spondylitis, psoriatic arthritis, axial SpA,
or peripheral SpA [1]. Such Venn diagrams are less
helpful when dealing with complex disease pheno-
types in individual patients and of course, they do
not recognize evolution from one pattern into
another over time. For instance, the current ASAS
criteria exclude patients with current back pain from
the peripheral SpA group but do not exclude
patients with peripheral symptoms from the axial
SpA group [52]. In a recent study from the
Netherlands, of 314 patients fulfilling ASAS criteria
(either for axial or peripheral SpA), 118 had both
axial and peripheral symptoms at the same time.
These patients had higher disease activity relative to
‘pure axial’ and ‘pure peripheral’ groups, yet fewer of
them were treated to target [79

&&

]. The study raises
the question whether the conceptual distinction
between axial and peripheral SpA may lead to sub-
optimal treatment of patients with both axial and
peripheral symptoms.

A recent study demonstrated that patient
cohorts defined by the modified New York classifi-
cation criteria for ankylosing spondylitis or the ASAS
classification criteria for radiographic axial SpA were
 Copyright © 2020 Wolters Kluwer H
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largely identical, providing justification for the syn-
onymous use of these terms [80

&

]. More problematic
is the distinction between nonradiographic and
radiographic axial SpA. Despite the name, nr-axSpA
is not truly nonradiographic in terms of a complete
absence of X-ray abnormalities. Subtle abnormali-
ties may be present on radiographs of the sacroiliac
joints and disagreement is common, even amongst
SpA imaging specialists, whether such abnormalities
fulfill modified New York criteria for sacroiliitis or
not [81]. The difficulty distinguishing between nr-
axSpA and radiographic axial SpA impacted the
interpretation of early clinical trials in axial SpA
[57] and is problematic in clinical practice where
most radiographs are read by radiologists with lim-
ited experience in SpA. Unfortunately, in contrast to
Europe where TNF inhibitors have a single European
Medicines Agency indication for active axial SpA,
the FDA granted Certolizumab separate indications
for active ankylosing spondylitis as well as for active
nr-ax SpA forcing US rheumatologist to use nr-
axSpA as a clinical diagnosis. Time will tell how this
is going to influence the treatment of patients with
axial SpA in the United States.

Studies evaluating progression from nr-axSpA
to radiographic axial SpA have yielded highly vari-
able progression rates [82]. A recent large cohort
study of patients with early axial SpA demonstrated
that inflammation on MRI of sacroiliac joints was
highly predictive of radiographic progression; in
addition, HLA-B27-positive patients show a greater
effect of MRI inflammation on radiographic pro-
gression in contrast to HLA-B27-negative individu-
als [83]. Nevertheless, it seems certain that a
substantial fraction of nr-axSpA patients will not
progress. The conceptual possibilities are that these
patients lack as yet unknown genetic risk factors
ealth, Inc. All rights reserved.
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required for progression, progression may be con-
trolled by environmental factors, or nr-axSpA is an
entirely different disease. It is likely that a greater
understanding of the risk factors for radiographic
positive patients to progress (something that we do
not know, at present) may inform us about the
reasons for the early stage patients to progress, or
not. A genetic risk score developed for ankylosing
spondylitis from the International genetics of
Ankylosing spondylitis Consortium (IGAS) Immu-
nochip project performed less well in patients with
axial SpA (defined as patients fulfilling the 2009
ASAS classification criteria), hinting at the existence
of greater genetic heterogeneity in that population
compared with ankylosing spondylitis defined by
New York criteria but problems with classification
and case ascertainment could not be ruled out in
that study [84].

Another controversial question is whether anky-
losing spondylitis with psoriasis and psoriatic spon-
dylitis are the same or different entities [85

&

]. Studies
comparing the two have shown similar disease bur-
den, however, patients in the ankylosing spondylitis
group were more frequently male, had more axial
involvement, were more commonly HLA-B27 posi-
tive, and had fewer peripheral symptoms [86

&

].
Moreover, a recent study suggested that patients
with psoriatic spondylitis responded better to treat-
ment with systemic corticosteroids than patients
with ankylosing spondylitis [87].

It is also uncertain how to incorporate the
disease phenotypes observed in children into the
SpA framework developed in adults. Currently,
juvenile SpA is not recognized as a discrete entity
by the International League of Associations for
Rheumatology (ILAR) criteria for juvenile idio-
pathic arthritis [88]. Most childhood SpAs are clas-
sified as Enthesitis Related Arthritis (ERA), the
remaining cases being either Psoriatic Arthritis or
undifferentiated arthritis. Other SpA subtypes,
including IBD-associated arthritis, reactive arthri-
tis, and juvenile ankylosing spondylitis are not
classified specifically by ILAR criteria [89

&

]. More
than 90% of ankylosing spondylitis adults are HLA-
B27-positive whereas only 50–75% of childhood
ERA are HLA-B27-positive. This could reflect the
differences in classification criteria [90]. Most rheu-
matologists view childhood and adult SpA as a
single disease spectrum; therefore, classification
criteria are needed to recognize the differences
between the childhood and adult SpA, to appreci-
ate the similarities between the two, and to include
the specific SpA subtypes (e.g. juvenile ankylosing
spondylitis and IBD-associated arthritis) [91].

The pathogenesis of SpA remains incompletely
understood. It is thought to involve multiple factors
 Copyright © 2020 Wolters Kluwe
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including intestinal microbiota, genetic risk factors,
and mechanical force. A recent study from Shanghai
in patients with ankylosing spondylitis and healthy
controls revealed significant differences among
their intestinal microbial compositions; certain bac-
teria with anti-inflammatory properties were
depleted in patients with ankylosing spondylitis.
There were also an enrichment of bacterial peptides
matching HLA-B27 epitopes pointing toward molec-
ular mimicry as a possible driver autoimmunity in
ankylosing spondylitis [92

&

]. In another study of
healthy individuals undergoing colorectal cancer
screening and tissue biopsy, significant microbial
differences were seen between HLA-B27-positive
and HLA-B27-negative individuals [93

&&

]. Possible
interactions between inflammation, mechanical
force, and bone formation in SpA have been a sub-
ject of intense investigations. Animal models devel-
oped in a variety of investigator laboratories have
shown that mechanotransduction of physical force
can produce changes or alterations in enthesitis,
arthritis, and bone formation. Imaging studies
performed in normal subjects subjected to intense
athletic activities have revealed changes of inflam-
mation in locations where physical force has been
applied [94

&

]. Experimental results have now linked
mechanosensitive areas (high number of attach-
ment sites for tendons that are conserved in humans
and animals) to arthritis localization where bio-
mechanical loading acts as a decisive factor in
the transition from inflammation to joint damage
[95

&&

]. Questions remain to be explored, such as the
role of HLA B-27 (can it modify the effect of mechan-
ical strain), the choice of occupations/activities for
‘at risk’ subjects, and recommendations for thera-
peutic exercise (is this good, or bad).
CONCLUSION

The current SpA concept is a product of historical
development and will continue to evolve. A careful
examination of our past advances in understanding
and categorizing SpA will likely raise new questions
out of proportion to what we already know. Con-
ceptual advances in the past were preceded by sci-
entific discoveries that resulted in the development
of new biomarkers. Ongoing research efforts to bet-
ter understand the genetic, microbial, and physical
underpinnings of SpA may similarly provide novel
tools to further refine the SpA concept. Finally,
‘History teaches everything, including the future’
(Alphonse de Lamartine [96]).
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Purpose of review

To provide an overview of the heterogeneous human leucocyte antigen (HLA) associations of psoriatic
arthritis, their relationship to particular clinical features of the disease, and how a hypothesis of binding
specific peptides could provide a unifying basis for this heterogeneity.

Recent findings

There have been substantive advances in understanding the role of HLA molecules in binding self-peptides
that select our repertoire of T cells, the specific peptide-binding properties of these HLA allotypes, and their
crystallographic structure. These advances provide a means to envision the significance of the
heterogeneous psoriatic arthritis HLA associations. The clinical relevance of these allotypes if heightened
by emerging knowledge of their relationship to particular clinical features of the disease that serve as
subphenotypes.

Summary

We propose a peptide binding hypothesis of psoriatic arthritis based on a shared pattern of negative
charge in the ‘B’ pocket of the HLA-B and HLA-C molecules encoded by the susceptibility allotypes. This
hypothesis suggests that peptides characterized by the presence of arginine at position 2 or 3 are bound to
the susceptibility allotypes and drive the T-cell clones selected on them to attack molecules containing these
peptides located in sites of psoriatic arthritis inflammation.
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INTRODUCTION

Our present understanding of the human leucocyte
antigen (HLA) allelic associations of psoriasis and
psoriatic arthritis is based on several evolving con-
cepts. Some decades ago, not long after Wright [1]
emphasized both the clinical heterogeneity and the
unifying features of psoriatic arthritis, Brewerton [2]
pointed out that the frequency of B�27 was signifi-
cantly increased in psoriatic arthritis, although not
to the extent found in ankylosing spondylitis. Brew-
erton’s finding importantly crystallized the concept
of psoriatic arthritis as a genetically based clinical
entity. In rough parallel in the field of Dermatology,
the study of large psoriasis cohorts revealed psoriatic
arthritis developed in a subset of nearly 15–30%
psoriasis patients after a decade or more of skin
disease, giving rise to the concept of psoriasis as
an overarching phenotype, with nearly two thirds
of those with psoriasis found to be characterized by
the inheritance of the C�06:02 allele [3–6].
 2020 Wolters Kluwer H
Many efforts over the intervening years made to
further characterize the genetics of psoriatic arthritis
and its relation to the concept of an overarching
psoriasis phenotype were complicated by the impre-
cise definition of HLA alleles made through sero-
logic methods and the lack of validated psoriatic
arthritis classification criteria. These pioneering
studies yielded highly divergent results, see [7].
Moreover, during this time, the understanding of
HLA evolved from its seeming function only as a
transplantation barrier to become the principal
ealth, Inc. All rights reserved.
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KEY POINTS

� Five different HLA alleles are associated with
susceptibility to psoriatic arthritis.

� Certain allotypes are associated with particular
clinical features.

� The allotypes encoded by these different alleles share
negative charge in their peptide binding pockets.

� These allotypes exhibit a shared preference for binding
peptides with positively charged arginine at position 2
or 3 suggesting that an immune response to peptides in
a common target molecule is responsible for shared
features of psoriatic arthritis.

� The individual peptide binding preferences of each
susceptibility allotypes suggests that an additional
component of the spreading autoimmune response is
directed to different molecules.

MHC class I associations beyond HLA-B27 Winchester and FitzGerald
regulator of the specificity of the adaptive immune
response through its role in peptide presentation.
The heterogeneity of the HLA associations
of psoriatic arthritis and the psoriasis
phenotype

The emergence of newer DNA-based methods of
typing HLA alleles and the emergence of the CAS-
PAR classification criteria then allowed clear dem-
onstration of the genetic heterogeneity of psoriatic
arthritis in independent studies from Canada and
 Copyright © 2020 Wolters Kluwe

FIGURE 1. Results of HLA typing are depicted as ovoid area o
that are significantly associated with psoriatic arthritis. The geneti
Ps. There is not a single preponderant HLA allele conferring PsA s
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Ireland [7,8]. Not only were the frequencies of B�27
and C�06:02 significantly elevated in both cohorts,
but three additional alleles were also found at sig-
nificantly increased frequencies compared to psori-
asis cohorts or controls.

Figure 1 summarizes the contrasting genetic
architecture of psoriasis and psoriatic arthritis based
on a study in the same relatively homogeneous Irish
population of cases either referred to a dermatologic
clinic for psoriasis or those referred to a rheumato-
logic clinic for arthritis that met CASPER criteria [7].
Intriguingly, HLA alleles of the individuals compris-
ing the psoriatic arthritis cohort were notably het-
erogeneous. C�06:02, was found, as anticipated, in
58% of those with cutaneous psoriasis, but in only
28% of those with psoriatic arthritis. A difference so
statistically significant that one firmly rejects the
hypothesis that the psoriasis phenotype is geneti-
cally homogeneous. Eighteen percent of psoriatic
arthritis cases were typed as B�27, and in striking
contrast with C�06:02, the frequency of B�27 in
cutaneous psoriasis is not significantly elevated.
Interestingly, B�08 was the major allele in the psori-
atic arthritis cohort, accounting for 37.3% of all
cases, versus 26.1 in controls, but provocatively,
its frequency was significantly reduced, to 15.6%,
in those with psoriasis, suggesting when B�08 is
present in an individual with psoriasis, it may inter-
act with C�06:02 to favor development of a psoriatic
arthritis phenotype. In the Canadian cohort [8],
B�08 was significantly increased among psoriatic
arthritis cases compared to those with psoriasis,
but not compared with healthy controls. Finally,
r Health, Inc. All rights reserved.

f different sizes reflecting the frequency of HLA class I allele
c architecture of PsA differs markedly from that of cutaneous
usceptibility, emphasizing the genetic heterogeneity of PsA.
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Table 1. Comparison of the demographics, clinical, and

genetic features of patients with asymmetrical sacroiliitis

versus those who had bilaterally symmetrical sacroiliitis

Asymmetrical Symmetrical

n¼51 n¼19 P-value

Male (%) 47 74 0.04

psoriatic arthritis
Duration (mean)

22.5�10 23.5 0.7

Spondyloarthropathies
significant associations of psoriatic arthritis with
either B�39 or B�38 were found in 15% of these
psoriatic arthritis cases, bringing the total of differ-
ent allelic associations to five, underlining the
genetic heterogeneity of psoriatic arthritis [7,8].
The reader interested in additional information
about interpreting the significance of the associa-
tion of a disease with a particular HLA allele may
wish to refer to some recent guides [9

&

,10].
Plaque PsO (%) 72.5 100 0.01

Nail disease (%) 86 68 0.08

Osteolysis (%) 33 5 0.01

Peripheral joint Erosions 65 42 0.08

% HLA-B�08:01 63 17 0.001

% HLA-B�27 10 61 <0.001
Elements of the heterogeneous clinical
phenotype of psoriatic arthritis are predicted
by HLA genotype of the individual case

These genotypic associations presented a conundrum
of how to unravel the combination of phenotypic
heterogeneityand genotypic heterogeneity and main-
tain the relationship to a central core set of common
features used to recognize psoriatic arthritis. The first
clue to the relation of genotype to a phenotypic trait
came from the observation that C�06:02 psoriatic
arthritis cases are distinguished by a mean of 11.4
years between the onset of cutaneous and musculo-
skeletal features, suggesting C�06:02 confers a highly
penetrant cutaneous phenotype and a musculoskele-
tal phenotype of lower penetrance. Although, among
the B�27 cases, the onset of skin and musculoskeletal
features occurred more or less synchronously, and the
skin involvement was often subtle and mild, suggest-
ing that B�27 confers a more severe musculoskeletal
phenotype with an equivalently penetrant but milder
cutaneous phenotype [7]. This finding also provided
an explanation for the divergence of the genetic archi-
tecture of patients seen by dermatologists and rheu-
matologists in that the relative predominance of
cutaneous and musculoskeletal phenotypes conferred
by the various alleles differs, directed them to the care
of different specialties.

More recently several studies [11–13] have
advanced our understanding of how genotype is
associated with some additional phenotypic fea-
tures. For example, sacroiliitis in psoriatic arthritis
occurs in either an asymmetric form or a symmetric
form. Table 1 illustrates some contrasting clinical
features, that are associated with either asymmetri-
cal or symmetrical sacroiliitis [12]. Perhaps the most
striking difference is genetic in that B�27 is present
in 61% of those with symmetrical sacroiliitis and
only 10% of those the more common asymmetrical
sacroiliitis, whereas reciprocally B�08 accounts for
63% of those with asymmetrical sacroiliitis, but only
17% of those with symmetrical sacroiliitis. It appears
the B�08 subset exhibits the classic psoriatic arthritis
features of asymmetrical axial disease initially
described by McEwen et al. [14]. One can hypothe-
size that this divergence might reflect a role for an
 Copyright © 2020 Wolters Kluwer H
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endogenous immune mechanism responsible for
the B�27-associated symmetric process and that
B�08 confers an immune response to local mechani-
cal stress-induced factors resulting in asymmetric
disease.

Figure 2 summarizes some additional pheno-
typic features of psoriatic arthritis that are associated
with the inheritance of a particular HLA susceptibil-
ity allotype. Delineating genotype–phenotype rela-
tionships remains an incomplete work in progress,
depending on the methods of phenotype delinea-
tion, that is clinical or imaging, and the contribu-
tion made by the person’s other HLA alleles, also
acting in a dominant fashion. This necessitates
the study of much larger case series of carefully
ascertained psoriatic arthritis cases across multiple
clinics and in different geographic regions to obtain
statistically significant numbers of different HLA
allele combinations.
Simplifying general features suggested by
peptide binding properties of these HLA
susceptibility allotypes: the peptide binding
hypothesis of psoriatic arthritis
susceptibility

The five alleles associated with psoriatic arthritis are
designated by numbers that often merely reflecting
the order of their discovery and not any intrinsic
functional properties of the allotype molecule
encoded by the allele. However, one clue of some-
thing shared by these five psoriatic arthritis suscep-
tibility alleles was that the structure of the molecules
encoded by each of them had shared structural
features. Figure 3 shows that each of the HLA-B
Allotypes B�38, B�39, and B�08, code for the same
negatively charged amino acid at positions 45 and
74 found in the B�27 molecule. Conversely, alleles
ealth, Inc. All rights reserved.
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FIGURE 2. A summary of how psoriatic arthritis susceptibility allele determines particular clinical features of psoriatic arthritis.
Each box summarizes some of the key subphenotypes associated with the particular allele. [11–13].

MHC class I associations beyond HLA-B27 Winchester and FitzGerald
like B�44:02, or B:44:03 that are negatively associ-
ated with psoriatic arthritis susceptibility are char-
acterized by the presence of positively charged
amino acids at position 45.

Peptides are primarily bound to class I HLA-
molecules by the side chains of certain of their
amino acids that fit into pockets within the anti-
gen-binding groove of the HLA molecule (Fig. 4).
Typically, the class I HLA-molecule can contain a
peptide 9 amino acids in length that is anchored by
the side chains of the second or third amino acid
fitting into the B pocket, and the ninth, counting
from the N terminus, that fits into the F pocket. Each
of the HLA allotypes generally differ in the charge,
size, and the extent of hydrophobicity of the amino
acids that define these pockets conferring a prefer-
ence for binding particular amino acid side chains of
the peptide on the allotype [15].

Positions 45 and 74 of the HLA-B molecule form
a critical part of the B pocket, indicating their nega-
tive charge influences preferences for the binding of
a peptide with a positively charged amino acid side
chain, such as arginine, at position 2. Newer infor-
mation about the structure of the C�06:02 allotype
[16] shows it similarly having two negatively
charged amino acids forming a portion of the B
pocket, though its position in the HLA-C allotypes
differ slightly from that in the HLA-B allotypes
(Fig. 3). Strikingly, multiple features of the peptide
binding of this HLA-C allotype resemble those
of HLA-B27. These features argue strongly that
 Copyright © 2020 Wolters Kluwe
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underlying the seemingly disparate heterogeneity
of the psoriatic arthritis susceptibility alleles there
are some unifying structural features, especially
involving the presence of negatively charged amino
acids like aspartate of glutamate in peptide binding
pockets of the HLA molecule encoded by these
alleles that could relate to their common feature
of conferring susceptibility to develop psoriatic
arthritis.

Extensive studies have characterized the pep-
tide-binding preferences for each of the amino acids
across the length of the peptide for all HLA allotypes
and it is available in databases such as the immune
epitope database[15]. Each HLA allotype binds a
distinctive and fairly large repertoire of thousands
of different peptides, with the overall preferences of
each allotype differing considerably from that of
another. However, the repertoires of peptides bound
by closely related allotypes, for example B�27:05 and
B�27:02 have considerable overlaps, and sometimes
involve binding of the same peptide to different
allotypes.

Figure 5 is a simplified diagram showing that
each the allotypes associated with increased suscep-
tibility to psoriatic arthritis preferentially bind pep-
tides containing arginine (R) at position 2, reflecting
the negative charges in their pockets. The B�08
allotype differs slightly from the others associated
with psoriatic arthritis susceptibility in that its B
pocket preferentially anchors the peptide by the
third side chain, but here also the preference of this
r Health, Inc. All rights reserved.
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FIGURE 3. Each of the psoriatic arthritis susceptibility
allotypes have negative charge in their ‘B’ pocket. The
amino acids of the HLA-B or HLA-C molecules form ‘pockets’
of differing physical-chemical properties that anchor the
amino acid side chains of the second or third amino acid of
the peptide through complementary charge-charge and
hydrophobic interactions. The B�27 allotype residue 45 is a
negatively charged glutamic acid (Glu), which preferentially
binds peptides that with a positively charged arginine (Arg).
Conversely, residue 45 of the HLA-B�40 molecule, negatively
associated with psoriatic arthritis susceptibility is a positively
charged lysine (Lys) that preferentially binds peptides with a
negatively charged glutamic acid (Glu). Residue 9 of the
HLA-C�06 molecule predominantly influences the ‘B’ pocket
preference of this allotypes, analogously to residue 45 of
HLA-B. Negatively charged aspartic acid (Asp) at this
position in C�06:02 confers the preference of this allotype to
bind peptides that have a positively charged Arg in position
2 of the peptide, resembling the pattern of the HLA-B
psoriatic arthritis susceptibility allotypes.

Spondyloarthropathies
molecule is to bind peptides with arginine (R), or
with lysine (K), methionine (M) at this position.
Conversely, the HLA-B allotypes negatively associ-
ated with psoriatic arthritis susceptibility, as shown
by B�40, are characterized by a positively charged
amino acid at position 45 in the HLA molecule
exhibit a predominant preference for binding a
distinctly different repertoire of peptides predomi-
nantly characterized by having a negatively charged
glutamate at position 2. We hypothesize that this
shared property of binding arginine containing pep-
tides is the critical feature underlying the property of
these HLA allotypes to confer psoriatic arthritis
susceptibility. At the same time, it must be empha-
sized that while the repertoires of bound peptides of
 Copyright © 2020 Wolters Kluwer H
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each psoriatic arthritis susceptibility allotype have
overlapping features, the overall preferences for
peptides differ among the allotypes [15] as is illus-
trated by the differences in the preferences for bind-
ing peptides with various hydrophobic amino acid
side chains exhibited by their F pockets (Fig. 5).
A hypothetical scenario incorporating the
peptide-binding hypothesis of psoriatic
arthritis susceptibility into the heterogeneous
disease phenotypes of psoriatic arthritis

In our approach to understanding psoriatic arthritis,
we consider that the clinical features of psoriatic
arthritis are the result of injury and inflammation by
T-cell clones specific for self-peptides of molecules
expressed by the target tissues, and that these clones
have been initially selected in the thymus on self-
peptides bound to susceptibility allotypes. However,
the fact that some features of psoriatic arthritis are
shared by most individuals with psoriatic arthritis
regardless of their HLA allotype, thus allowing its
diagnosis, while other more heterogeneous pheno-
typic features, as summarized in Fig. 2 are associated
with particular susceptibility alleles, suggests there
could be at least two components to the psoriatic
arthritis autoimmune response.

We envision one component of this immune
response would account for the clinical features
shared in common among psoriatic arthritis
patients, and that this response results from the
postulated role of the susceptibility allotypes bind-
ing and presenting peptides containing an arginine
at the 2 or 3 position. This peptide binding hypoth-
esis implies these peptides are derived from the same
molecule(s) which is the target of the autoimmune
T-cell response in each patient that initiates psori-
atic arthritis, and which then would account for
some of the common clinical features that enable
the diagnosis and classification of the disease.

However, we also need to account for the dis-
tinctive phenotypic features conferred by each sus-
ceptibility allotype, e.g. asymmetric sacroiliitis or
enthesitis that is associated with that susceptibility
allotype depicted in Fig. 2. Accordingly, we envision
there is a second component of the immune
response in psoriatic arthritis that confer the differ-
ences in immune targets responsible for the partic-
ular clinical subphenotype and that is associated
with a particular susceptibility allotype. This second
component is envisioned to reflect the particular
preferences of the given susceptibility allotypes for
its particular repertoire of peptides, that is the auto-
immune response mediating asymmetric sacroiliitis
that is possibly directed to a stress-induced molecule
is the result of injury by T-cell clones that recognize
ealth, Inc. All rights reserved.
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FIGURE 5. Peptide-binding preferences of the most common HLA molecules associated with psoriatic arthritis. Three allotypes
C�06, B�27, and B�08 increased in frequency in psoriatic arthritis are characterized by negatively charged amino acids in the B
pocket; aspartic acid, D, and glutamic acid, E. These are shown preferentially binding peptides with a positively charged amino
acid at position 2 or 3 of the peptide. Reciprocally, the B�40 allotype significantly decreased in frequency in psoriatic arthritis has a
positively charged lysine, K, at position 45. This allotypes preferentially binds peptides with negatively glutamate (E) at this position.

FIGURE 4. A simplified depiction of the overall interaction between the peptide–HLA complex and the T-cell receptor (TCR).
The second (illustrated) or third amino acid side chains of the peptide anchor it to the HLA class I molecule and intervening
side chains of the peptide are recognized by the TCR.
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Spondyloarthropathies
peptides of this molecule preferentially bound by
B�08, but which is not appreciably bound by B�27.

The duality of the genetic and clinical hetero-
geneity together with the common features of
psoriatic arthritis implies the immune response
underlying psoriatic arthritis consists of different
layers and pathways involving a number of different
T-cell clones driven by the peptide-binding charac-
teristics of the allotype. These different components
are likely brought into the psoriatic arthritis-related
immune response by the dynamic process of epitope
spread among the different T-cell clones, a finding
consistent with the earlier studies of the T-cell rep-
ertoire infiltrating the synovium and joint fluids of
psoriatic arthritis patients[17].

The overarching utility of delineating genetic
susceptibility is for the identified alleles to serve as a
marker denoting the potential to develop a certain
disease, and for that disease to be treated with a
specific therapy. By delineating the immune mech-
anisms through which the binding of particular
peptides results in psoriatic arthritis or one of its
subphenotypes, one anticipates a variety of inter-
ventions or modifications that can be deployed to
prevent development of the disease. It is possible
that features of these parallel immune responses
responsible for psoriatic arthritis in individuals dis-
tinguished by different susceptibility allotypes will
themselves by sufficiently different to respond dif-
ferentially to various therapeutic agents.
CONCLUSION

We can now look forward to modifying the question
from what does it mean for a psoriatic arthritis to
have these HLA associations to the question of
which of the self-peptides that bind to the suscepti-
bility allotype by the amino acid character of their
side chains are used in the T cell autoimmune
response mediating the different psoriatic arthritis
phenotypes? It may be that these shared peptide-
binding preferences across different allotypes can
function as a roadmap to assist in the identification
of candidate triggering peptide and target molecule,
much as Prince Charming sought Cinderella using
only her glass slipper. It is likely in the near future
that the work of psoriatic arthritis genetic suscepti-
bility is about to converge with studies of the psori-
atic arthritis proteome, perhaps introducing the
field of proteogenomics.
 Copyright © 2020 Wolters Kluwer H
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Purpose of review

The body composition and fat distribution is different between men and women, with different levels of
circulating adipokines. These differences become more evident when suffering from an inflammatory
disease, such as spondyloarthritris. In this review, we will explore the influence of obesity, body
composition and adipokines on the differences in disease activity, progression and response to treatment,
between men and women with spondyloarthritis.

Recent findings

Obesity, mainly determined by the body fat content, which is higher in women, is related to worse disease
activity scores. Men with higher disease activity lose more muscle mass than women. Leptin, which is
usually found at higher levels in overweight women, seems to be associated with greater spinal
radiographic progression when it rises during the course of the disease. Being a woman and obesity,
mainly because of the body fat content, are related to a worse response to TNF-a blockers.

Summary

Overlooking biological sex variation in body composition, circulating adipokines and hormonal levels, and
the subsequent differences in clinical presentation, may ultimately hamper clinical treatment.
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INTRODUCTION

Spondyloarthritis (SpA) is a chronic inflammatory
rheumatic disease that can be divided into axial
and predominantly peripheral forms, including
psoriatic arthritis (PsA). Axial SpA (axSpA) encom-
passes ankylosing spondylitis, with radiological
signs of sacroiliitis, and a type without radio-
graphic sacroiliitis, called ‘nonradiographic axial
SpA’ or nr-axSpA [1,2].

As in many diseases, differences between
women and men are important in SpA. The terms
sex and gender, which are often used interchange-
ably, need clarification. ‘Sex differences’ is used to
describe differences in biological processes between
men and women, such as hormonal, genetic and
immunological functions in a disease. ‘Gender’ is
used to describe a person’s self-perception as a man
or woman, and the expression of behavior (such as
coping style and disease perception) [3

&

].
In axial SpA, especially in ankylosing spondylitis ,

which has a higher prevalence in male than female
individuals (3 : 1), being female is a risk factor for
t © 2020 Wolters Kluwe
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delayed diagnosis [4,5]. In addition, recent published
data have shown that women with spondyloarthritis,
including psoriatic arthritis, have a lower retention
rateanda lower response rate tobiological treatments
with tumor necrosis factor alpha (TNF-a) inhibitors
(TNFi) [6–8], worse disease activity and worse physi-
cal function [9], higher prevalence of depression and
alexithymia [10,11], greater presence and persistence
of widespread pain [12], worse quality of life (and sex
life, in particular) [13], and greater risk ofosteoporosis
[14]. Instead, men suffer from more enthesitis [15–
17], more axial radiographic involvement [18], have a
r Health, Inc. All rights reserved.
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KEY POINTS

� Obesity, mainly determined by the body fat content,
which is higher in women, is related to worse disease
activity scores.

� Men with higher disease activity lose more muscle mass
than women.

� Leptin, which is usually found at higher levels in
overweight women, seems to be associated with
greater spinal radiographic progression when it rises
during the course of the disease.

� Being a woman and obesity, mainly because of the
body fat content, are related to a worse response
to TNFi.

Spondyloarthropathies
higher risk of cardiovascular events [19] and cardiac
conduction disturbances [20], greater risk of demen-
tia [21], and greater risk of serious infections associ-
ated with the use of TNFi [22].

An explanation for these sex differences in dis-
ease manifestations and response to treatment in
SpA could be the physiological differences between
men and women. Apart from the differences in
gonadal and sex steroids, male and female bodies
also differ in many more aspects like organ size of
the liver and kidneys, immunological processes and
body composition [23], showing a higher body fat
content in female individuals compared with
male individuals.

BMI, which is based on height and weight, does
not distinguish between muscle and fat mass. A
more accurate measurement of body composition
can be obtained using dual energy X-ray absorpti-
ometry (DXA) scanning, computed tomography
(CT) or MRI. These methods can measure the distri-
bution of fat and lean tissue (mainly muscle)
throughout the body, as well as the regional loca-
tion, including the distribution of android and
gynoid fat. DXA has separate reference values for
men and women, stratified by age and ethnicity,
and, compared with the other methods, produces a
very low radiation dose and has lower cost, in com-
bination with a very strong correlation with the gold
standard CT measurements [24,25]. The distribution
of body fat is significantly different between men
and women and is a strong predictor of disease risk.
Women have more subcutaneous adipose tissue
(SAT), creating a ‘pear-shaped’ distribution, whereas
men have fat predominantly distributed to visceral
adipose tissue (VAT) around the abdominal organs
creating an ‘apple-shaped body habit’ [26].

Obesity is a risk factor for many autoimmune
and inflammatory diseases (e.g. systemic lupus
 Copyright © 2020 Wolters Kluwer H
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erythematosus, type 1 diabetes, rheumatoid arthri-
tis, psoriasis). Possible mechanistic links between
obesity and autoimmune/inflammatory dysfunc-
tion include sex-dependent alterations in adipokine
levels produced by adipocytes (e.g. leptin, resistin,
adiponectin, visfatin) and the production of inflam-
matory cytokines (e.g. TNF-a, interleukin-6) [27].
According to their body composition, with higher
body fat percentage, women are generally charac-
terized by higher levels of circulating leptin com-
pared with men, at all ages, even before puberty and
after menopause. Despite the increase in adiposity,
women also have a higher circulating adiponectin,
which is an insulin-sensitizing hormone, and the
most abundant adipokine, that is reduced with an
increase in BMI [28].

In this review, we will explore the influence of
obesity, body composition and adipokines on the
differences on disease activity, progression and
response to treatment between men and women
observed in spondyloarthritis.
INFLUENCE OF OBESITY, BODY
COMPOSITION AND ADIPOKINES IN
CLINICAL MANIFESTATIONS OF
SPONDYLOARTHRITIS IN MEN AND
WOMEN

Disease activity

Obesity is a frequent finding in patients with SpA,
including PsA, especially in those suffering from
axial involvement, and is associated with higher
disease activity scores, as the Bath Ankylosing Spon-
dylitis Disease Activity Index (BASDAI), the Minimal
Disease Activity score (MDA), and the Ankylosing
Spondylitis Disease Activity Score (ASDAS)
[29

&

,30,31]. Overweight and obese patients tend
to be older, have longer symptom duration, and
more comorbidities, especially hypertension, and
they show higher disease activity, worse physical
function, and worse quality of life, with obesity
being a predictor of worse clinical outcome [32,33].

Also, there is a moderately positive correlation
between the Madrid Sonographic Enthesitis Index
for enthesitis on ultrasound and BMI. Sex is a signif-
icant factor to influence this link with one study
correlating ultrasound enthesophyte scores with
BMI in men, but not in women [34

&

,35].
However, these findings are based on the

observed BMI, which, as mentioned before, does
not distinguish between muscle and fat mass. When
the body composition has been analyzed in TNFi-
naı̈ve patients with high disease activity, body fat
content in women was related to higher disease
activity scores, whereas men show a decrease in
ealth, Inc. All rights reserved.
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muscle mass, mainly those with worse disease activ-
ity scores; all these independently of the BMI
[31,36–38].

Sex hormones play important roles in the
growth and maintenance of skeletal muscles. Tes-
tosterone is a potent anabolic factor for maintaining
muscle mass through promoting protein synthesis
and muscular regeneration, which is abundant in
healthy young men. With aging and/or other dis-
eases, testosterone deficiency leads to a more robust
catabolic response in men than women. On the
other hand, estrogens may have a protective effect
on preserving muscle mass and function through
antiinflammation and anticatabolism. Estrogen
deficiency is more likely related to sarcopenia in
postmenopausal women than in older men, though
most evidence exists in preclinical studies [39].
These differences may explain why men with active
SpA suffer from greater muscle wasting.

Thus, differences in body composition, with
their consequent differences in cytokines and circu-
lating hormones, seem to explain, at least in part,
the differences in clinical presentation between men
and women.
Axial radiographic progression

A higher BMI has been also related with new bone
formation including syndesmophytes, entheso-
phytes and also a higher modified Stoke Ankylosing
Spondylitis Spinal (mSASSS) Score [34

&

,35]. In a
recent study, new predictors identified for spinal
radiographic progression were obesity in both sexes
and exposure to bisphosphonates in women (after
multivariate analysis, this last association remained
significant but the number of cases was low), and
among previously known predictors baseline anky-
losing spondylitis-related spinal radiographic alter-
ations predicted radiographic progression in both
sexes, high C- reactive protein (CRP) was a predictor
in men mainly, and smoking was a predictor only in
men [40

&

].
Differences between leptin, adiponectin serum

levels and leptin/adiponectin ratios are present in
overweight persons, where female individuals have
a significantly higher leptin/adiponectin ratio than
men that correlates with anthropometric parame-
ters of visceral obesity like waist circumference and
waist-to-hip ratio [41,42]. Patients with radio-
graphic progression and syndesmophytes have
higher and, specially, increasing leptin concentra-
tions than those without, and this difference persists
after adjustment for BMI [43,44]. Baseline resistin
and visfatin levels have also been associated with
progression of axial disease, but with some contra-
dictory results [44–48]. One other study concluded
 Copyright © 2020 Wolters Kluwe
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that baseline serum leptin and high-molecular-
weight adiponectin (HMW-APN) predict protection
from spinal radiographic progression in patients
with AS, and that, as women generally have higher
leptin and HMW-APN serum levels, it might explain
why they have less structural damage in the spine as
compared to male patients with ankylosing spon-
dylitis [49].

In conclusion, a relationship between the pro-
gression of axial damage and body composition and
circulating adipokines is apparent, but better studies
are required, which assess changes in adipokine
levels and the content and distribution of body
fat during the course of the illness.
Inflammation markers

VAT, SAT, BMI, and waist circumference have all
been significantly associated with CRP-levels. In
exploratory subgroup analyses defined by gender,
BMI, smoking, and use of aspirin or NSAIDs, VAT
was the strongest indicator for increased levels of IL-
6, SAT was the most consistent indicator for
increased levels of CRP, and BMI was the most
consistent indicator for decreased levels of adipo-
nectin [50]. Gender has been identified as the most
important factor modifying the relationship
between BMI and CRP as BMI has a major influence
on CRP levels only in female individuals [51]. Posi-
tive correlations with inflammatory biomarkers
have been observed for leptin (CRP, IL-6, TNF-a)
but not for adiponectin [52].

As previously mentioned, women have higher
concentrations of leptin, less VAT and more SAT
when compared with men. This may partly explain
the differences in clinical presentation in SpA
between men and women with similar levels of
CRP and other markers of inflammation.
INFLUENCE OF OBESITY, BODY
COMPOSITION AND ADIPOKINES IN
DIFFERENCES IN TREATMENT EFFICACY
OF BIOLOGICALS BETWEEN MEN AND
WOMEN

Response to treatment

In SpA, patients receiving TNFi were compared with
those receiving nonbiological treatment, and start-
ing biologic therapy was significantly associated
with lower BMI and waist circumference [53

&&

],
probably as men suffer from muscle wasting when
the disease is active [31].

The odds to reach a good response or achieve
remission in axial SpA as well as PsA are consistently
lower in women and obese patients who are treated
r Health, Inc. All rights reserved.
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with TNFi in several studies [30,33,54
&&

,55,56]. Of
the ankylosing spondylitis patients receiving treat-
ment with adalimumab, those who were obese had
significantly lower serum adalimumab levels and
decreased clinical response without an increase in
immunogenicity [57].

It is important to note again that these obser-
vations are based on BMI and not body composition.
When body composition has been assessed, higher
body fat content at baseline was independently
associated with a worse response to treatment with
TNFi, measured by ASDAS-CRP and BASDAI change,
and might contribute to the observed lower
response rates in female patients [58].

When analyzing these results together, it is
possible to state that the differences between men
and women in the response to treatment with TNFi
are probably explained in an important way by the
body composition, adipokines and hormonal dif-
ferences, which lead to greater muscle wasting in
men, different spinal and peripheral involvement
and different levels of markers of inflammation. It
should be noted that these sex differences in effi-
cacy do not seem to be apparent, so far, with other
therapies in PsA, such as the JAK-inhibitor tofaciti-
nib (only based on pharmacokinetics), or the inter-
leukin 17 inhibitor secukinumab, [59,60], but these
data are very limited, more and different studies
are needed.
Impact of treatment on body composition

The impact of TNFi on body composition has been
assessed, with an increase of fat mass during treat-
ment in the short-term and long-term in all studies,
in men and women. Data on lean mass are more
controversial, but there seems to be a trend toward
muscle mass recovery in male patients after treat-
ment [58]. Two studies found an increase in visceral
or android mass under TNFi [36].
Diet effect on treatment

Adults with SpA, including PsA, can supplement
their standard medical therapies with dietary inter-
ventions to reduce disease severity, and weight loss
could be associated with less inflammation; how-
ever, the evidence to support this is limited [61,62

&

].
Gastric bypass has been associated with a signifi-
cantly reduced risk and improved prognosis of pso-
riasis and psoriatic arthritis [63].
CONCLUSION

Overlooking biological sex variation in body com-
position, circulating adipokines and hormonal
 Copyright © 2020 Wolters Kluwer H
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levels, and the subsequent differences in clinical
presentation in SpA, may ultimately hamper
clinical treatment.

In the different studies, both of clinical and
treatment characteristics, the differences between
men and women should be considered and
reported clearly, otherwise, in spondyloarthritis,
women will continue to be at a clear disadvantage,
being diagnosed late and treated with medications
tested mainly in men with different clinical expres-
sions. In this, the body composition plays an
important role, which should be considered both
for the treatment choice and as a treatment goal
by itself.
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Assessment of SpondyloArthritis international Society classification criteria
for axial spondyloarthritis (part II): validation and final selection. Ann Rheum
Dis 2009; 68:777–783.

2. Rudwaleit M, van der Heijde D, Landewé R, et al. The Assessment of
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Purpose of review

The clinical overlap between spondyloarthritis (SpA) and inflammation of barrier tissues such as the
intestine and skin indicates a role of barrier tissue immunity in the development of SpA. Herein, we review
the recent advances in understanding lymphocyte populations and functions within the intestine and skin
implicated in the pathophysiology of SpA.

Recent findings

A number of unique lymphocyte populations have been identified to be expanded within the gut and skin
of patients with SpA, including gd T cells, mucosa-associated invariant T (MAIT) cells, innate lymphoid cells
(ILCs) and T resident memory (TRM) cells. These cells respond to microbial cues at their barrier surface
causing cellular activation and generation of interleukin (IL)-17, which is hypothesized to be the mechanism
by which they contribute to SpA pathogenesis.

Summary

Understanding how unique lymphocyte populations expand and produce IL-17 in the development of SpA
provides insights into the pathophysiology of this disease as well as potential future therapeutic avenues.
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INTRODUCTION

Barrier surfaces including the gut and skin are
complex environments where the host interfaces
with pathogens and commensal micro-organisms.
The epithelium, associated mucosa and innate
immunity provide the first line of defense in pro-
tecting the host from microbial invasion while still
allowing the presence of those organisms that
benefit the host. Mechanisms of the interactions
between micro-organisms and the host are now
leading to a better understanding of how such
interactions train adaptive immunity. Within
the field of spondyloarthritis (SpA), several studies
indicate alterations in the skin and intestinal bac-
terial communities, and in studies of the intestine,
the changes in bacterial communities associate
with inflammation, which can be found in nearly
60% of patients [1]. Although the pathogenesis of
SpA has yet to be fully elucidated, the connection
between these observations and genetic risk loci
within immune pathways, particularly interleukin
(IL)-17/23 (reviewed in other chapters of this
issue), suggests that microbial training of barrier
lymphocytes may contribute to the pathogenesis
of SpA. In this review, we characterize new devel-
opments within a number of unique T-cell types
that appear to be pertinent in barrier surfaces in
t © 2020 Wolters Kluwe
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the setting of SpA, with a particular focus on the
gut and the skin.
THE GUT

Recent microbiome surveys in individuals with AS
confirm the interrelationship between immunity
and bacterial community members. Although some
of the population changes (often termed dysbiosis)
can be attributed to carriage of the HLA-B27 risk
allele [2], a recent metagenomic study confirmed
alterations previously identified in the genera Clos-
tridiales, Dialister and Faecalibacterium, which were
no longer present in those ankylosing spondylitis
(AS) patients treated with tumour necrosis factor-
inhibitors (TNFi) [3]. Similarly, in a study of mixed
psoriatic arthritis (PsA) and axial SpA patients
treated with TNFi or IL-17 inhibitors, microbial
r Health, Inc. All rights reserved.
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KEY POINTS

� Numerous atypical lymphocytes at barrier surfaces such
as the gut and skin have been observed in patients
with SpA.

� IL-17 producing gd T cells, MAIT and ILC3s are
expanded in the intestinal tissues, circulation and/or
synovial fluid of patients with SpA and are
hypothesized to contribute to the pathogenic Th17 like
immunity observed in SpA.

� Animal models of skin inflammation have identified
potential roles for the observed expansion of gd T cells,
TRM and ILCs in the skin of patients with psoriasis.

� Targeting these unique lymphocyte populations has
potential therapeutic implications for SpA.

Spondyloarthritis
populations shifted with treatment [4], which is an
important consideration when evaluating such
studies. Although these studies computationally
predict microbial function through the presence
of metabolic genes, they have yet to link the micro-
biome to host physiology. Recent data in the HLA-
B27 transgenic rat model of SpA have shown that
perhaps the individual microbial species are less
important, but rather, it is a microbial community
effect within the appropriate genetic background
[5]. Interomic analyses compared gut microbes by
16S presence with inferred metagenomics and host
immune response pathways by RNA sequencing of
intestinal tissues from rat SpA. The findings demon-
strated that bacteria grouped by similar genetic
functions, rather than specific bacterial taxa, corre-
lated with dysregulated inflammatory cytokine
pathways [6

&&

]. Given that bacterial metabolites
and host genetics can intersect, affecting the local
intestinal immunity, many have evaluated for local
‘pathogenic’ IL-17þ lymphocyte development in
the gut. Within the past few years, these have
focused upon the unique lymphocytes gd T cells,
mucosa-associated invariant T cells (MAITs) and
innate lymphocyte cells (ILCs).
gd T cells

gd T cells are a subset of T cells generated from
common lymphocyte progenitor cells and func-
tionally committed in the thymus. Their main func-
tion is thought to be barrier surveillance and tissue
homeostasis/repair, and thus, are found in signifi-
cant amounts in the gut (as well as the skin, which
will be discussed later) [7]. gd T cells are stimulated
by IL-23 and IL-1 to produce IL-17 without T cell
receptor stimulation in the periphery, thus
 Copyright © 2020 Wolters Kluwer H
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allowing for rapid IL-17 production in the periph-
eral tissues [8].

Given that this cell type is a significant producer
of IL-17, it is not unreasonable to presume an asso-
ciation with underlying gut inflammation in an
IL-17 driven disease such as SpA. Indeed, older
literature has established an expansion of gd T cells
in the intestinal tissue of patients with inflamma-
tory bowel disease (IBD) as well as AS with colitis [9]
and, more recent studies have demonstrated a simi-
lar expansion of gd T cells in the peripheral blood
and synovial fluid of patients with SpA [10,11

&

]. gd T
cells in peripheral blood and joints of patients with
SpA express a unique and skewed Th17-like pheno-
type compared with healthy controls: they have
significantly decreased T-bet but increased RORg

and IL-17 expression, particularly in the synovial
fluid. RORgT inhibition was able to block gd T cell
IL-17 secretion while sparing IL-22 [11

&

]. These find-
ings, together, suggest a role for IL-17þ gd T cells
expanding in relevant tissues and contributing to
the overall characteristic IL-17 imbalance in SpA. In
spite of these findings, the mechanistic role of the
microbiome stimulating these cells and the function
of IL-17 producing gd T cells in SpA remains
unknown.
Mucosa-associated invariant T cell cells

MAIT cells are an innate-like subset of T cells that
function to recognize and respond to microbial
metabolites at barrier surfaces [12]. MAIT cell devel-
opment begins in the thymus with extrathymic
maturation involving multiple checkpoints, the
final of which involves the MHC class I-related
(MR1) receptor recognizing bacteria-produced ribo-
flavin metabolites [13], with an associated rapid
immune response characterized by TNFa, IFNg,
IL-17 and IL-22 [14].

Data regarding the role and presence of these
cells in SpA is sparse and mixed. Although two
studies demonstrated decreased circulating MAIT
cells in patients with AS compared with healthy
controls [15,16], one recent study noted increased
IFNg/IL-17Aþ and IL-22þ MAIT cells [17]. No pub-
lished studies to date have assessed the presence of
MAIT cells in the gut in the context of SpA, but
multiple studies have described an expansion of
MAIT cells within the inflamed gut of patients with
IBD as well as decreased peripheral blood levels
[18,19]. These findings could suggest a hypothesis
that there are decreased circulating MAIT cells in AS
patients, as these cells are migrating to a subclini-
cally inflamed gut, but further research is needed
to support this concept. In addition, whether ribo-
flavin-containing compounds are increased that
ealth, Inc. All rights reserved.
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would expand and stimulate MAITs in SpA has yet to
be determined.
Innate lymphoid cells

ILCs are another class of lymphoid cells involved in
tissue homeostasis and inflammation; they are char-
acterized by the lack of lineage-specific immune
markers while mimicking their T cell counterparts
(Th1/ILC1, Th2/ILC2 and Th17/ILC3). ILCs are
known to derive from common lymphoid progen-
itors in the bone marrow, but how they mature or
traffic to sites such as the gut is unclear [20]. Recent
literature has demonstrated an expansion of ILC3s
in sites of the development of SpA such as the gut,
enthesis and synovial fluid [21,22]. One of the main
features of ILC3s in the gut is epithelial and vascular
barrier protection through the production of IL-17
and IL-22 [23]. ILCs are also able to be regulated by
metabolic byproducts of the microbiome such as
tryptophan metabolites or short chain fatty acids,
largely through the constitutively expressed aryl
hydrocarbon receptor (AhR) [24,25].

Although an expansion of ILC3s has been iden-
tified in AS, the cause and relevance of this remains
unclear. Other immune cells such as CX3 CR1þ
mononuclear phagocytes are able to regulate ILC3
function [26], and are also expanded in AS patients
[27

&

], which may enable expansion of ILC3s as well
as contribute to local inflammation. TNF may also
synergize with IL-23 to regulate ILC3s, as a decrease
in the number of ILC3s in the gut has been observed
after treatment with TNFi in the IL-23 minicircle
mouse model of SpA [28]. Nevertheless, how these
cells contribute to SpA pathogenesis remains to
be elucidated as does the role of the SpA microbiome
in expanding and stimulating ILC3s.
THE SKIN

Dysbiosis is also present in the skin microbiome
[29], as well as in the gut [30], of patients with
psoriasis and PsA. In germ-free mice induced for
psoriasis-like skin inflammation with imiquimod,
there is resistance towards the development of pso-
riatic skin disease associated with reduced Th17 cell
infiltration of the skin compared with convention-
ally housed, microbially colonized mice [31], sug-
gesting a role of the immune system responding to
microbes or microbial byproducts in the develop-
ment of psoriasis. Microbial disturbances in psori-
atic skin include reduced immunoregulatory
bacteria such as Staphylococcus epidermidis and Pro-
prionibacterium acnes and increased pathogenic bac-
teria such as Staphylococcus aureus that could
instigate a Th17 response [32

&

]. The understanding
 Copyright © 2020 Wolters Kluwe
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of how skin immunity develops and interacts with
resident bacteria has been led by Belkaid et al.
[33

&

,34–36] mostly using murine models like imi-
quimod. How these relate to human SpA are still
unclear, but there are a number of unique lympho-
cytes in psoriasis-affected skin that are likely to be
relevant in SpA.
gd T cells

Higher numbers of gd T cell subsets are observed
within psoriasis lesional skin of human patients
compared to nonpsoriasis skin [37,38]. Work using
murine models of skin inflammation has provided
insights into the function of these T cells. Heparan
sulfate proteoglycan syndecan-1 (sdc1) appears to
regulate homeostasis of gd T cells and modulate
psoriasis-like skin inflammation in mice. Deficiency
of sdc1 demonstrated increased frequency of gd T
cells in the skin, and imiquimod treatment showed
higher responses with increased skin inflammation
in the scd1 knockout model suggesting a novel role
of sdc1 in controlling homeostasis of gd T cells in
psoriasis-like inflammation [39

&&

]. Dermal-derived
gd T cells also contribute to disease, reducing skin
inflammation due to imiquimod when the gd T cells
are depleted. Intriguingly, when the gd T cells were
depleted, they were partially replaced by ILC3s as
the major source of IL-17 [40].

The mechanisms behind gd T cells in psoriasis
have yet to be fully described, though the STAT3
pathway (and not STAT4) appears to be critical in
orchestrating IL-17 and IL-22 stimulation [41

&&

].
Agerholm et al. [41

&&

] utilized mice without STAT3
expression in gd T cells and found decreased psori-
atic skin, as well as a lack of upregulation of IL-17A,
IL-17F and IL-22 with imiquimod stimuli. STAT4
also appeared relevant in that a deficiency in mice
still demonstrated psoriatic skin but lacked IL-17F
production in the gd T cells [41

&&

]. Recent work by
Xie et al. [42

&

] confirmed the role of STAT3 signalling
for IL-17 mediated disease in the imiquimod model.
Using the herbal anti-inflammatory agent indiru-
bin, BALB/c mice developed a significantly reduced
inflammatory response to imiquimod and allevia-
tion of dermatitis, found to be mediated by inhibi-
tion of the JAK3/STAT3 pathway in gd T cells similar
to the previously mentioned study by Agerholm
et al. [41

&&

]. IL-17 production by these cells is also
regulated, in part, by CD109. CD109 deficiency in
mice caused psoriasis-like skin that occurred spon-
taneously around 8–12 weeks as well as with imi-
quimod treatment, which was determined to be due
to a lack of barrier integrity [43

&&

]. Zhang et al. [43
&&

]
further demonstrated that broad spectrum antibi-
otic treatment of CD109-deficient mice resulted in
r Health, Inc. All rights reserved.

rved. www.co-rheumatology.com 345



Spondyloarthritis
less gd T cell accumulation in the epidermis with a
decreased IL-17 mRNA skin signature, but persis-
tently elevated IL-23 and STAT3 expression.
T resident memory cells

T resident memory cells (TRM) are localized, non-
recirculating, memory T cells characterized by
CD8þCD103þ surface markers without CD62L or
CCR7 that occur largely at epithelial barrier surfaces
including the skin. Cutaneous TRM cells are diverse
and phenotypically and functionally different than
circulating cells [44]. TRM can persist without a
constant antigen presence, and in patients with
psoriasis, there has been an identification of CD8þ

cells producing IL-17 in the skin even after clinical
resolution with appropriate therapy [45]. Earlier
work by Di Meglio et al. [46] in AGR mice assessed
CD8þ T cells by grafting nonpsoriatic skin from
patients with psoriasis, finding a significant expan-
sion of CD8þ T cells after 35 days. There was an
expansion in the epidermis greater than in the
dermis with increased cells producing IL-17A or
doubly expressing IFN and IL-17A or IL-22 and IL-
17A. Additional in-vivo studies involved treating
the xenografted mice with CD8 inhibition and dem-
onstrating a complete blockade of psoriasis devel-
opment, which was equivalent to TNF inhibition
[46]. When using a pan-T cell activating antibody,
OKT-3, to activate T cells within skin explants, there
was an overall increased interferon pathway signa-
ture following OKT-3 stimulation regardless of pso-
riatic skin or control, with an additional increase in
IL-17A pathways in the psoriatic skin. Within psori-
asis-affected skin, RNA sequencing demonstrated
increased IL-17A pathways, along with resolution
of these pathways following UVB treatment [47].
Nonlesional, disease-naive skin from patients with
psoriasis also had increased numbers of TRM cells
and higher IL-17A generating potential that
increased with disease duration [48

&

]. These data
are supported in human psoriasis by Kurihara
et al. [49] who demonstrated significant numbers
of IL-17A producing CD8þCD103þ TRM cells that
were associated with a more aggressive disease
course.

Intriguingly, TRM cell proliferation and survival
require significant energetic expense for antigenic
recognition and stimulation for these tissue resident
cells. Skin TRM cells utilize lipid metabolism of exog-
enous free fatty acids that are internalized from the
surrounding environment to meet metabolic
demands [50]. Although the cellular metabolism
of TRM cells in psoriasis and intersections of exoge-
nous energy sources from the environment (micro-
biome) has yet to be published, it is an intriguing
 Copyright © 2020 Wolters Kluwer H
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area to consider in the pathogenesis and treatment
of psoriasis.
Innate lymphoid cells

ILC3s are expanded in the skin and circulation of
patients with psoriasis compared with healthy indi-
viduals, with increased production of IL-17 and IL-
22 by these cells [51,52]. Using a xenograft model of
healthy human skin into SCID mice, intradermal
transfer of IL-22þ and IL-17/IL-22þ ILC3s resulted
in graft changes that were phenotypically consistent
with psoriasis [53]. Beyond psoriatic skin disease,
patients with PsA have elevated levels of circulating
ILC3s as a potent source of IL-17/IL-22 and
decreased ILC2s with an ILC2/ILC3 ratio that corre-
lated with clinical disease activity scores and clinical
symptoms [54

&

]. In general, human ILCs are quite
plastic, with transcriptional evidence of conversion
from ILC3 to ILC1 in otherwise healthy tissues [55],
and phenotypic evidence of ILC2s switching to IL-
17 producing ILC3s with exposure to IL-1 and IL-23
in psoriatic skin [56]. As the regulation and function
of ILCs are increasingly understood, the connection
between these cells and environmental signals is
likely to shed light on how they contribute to psori-
asis and PsA.
CONCLUSION

Overall, our knowledge of immune-driven diseases
is expanding, and our understanding of the role of
barrier surfaces such as the skin and intestine in the
pathophysiology of SpA is improving. In this review,
we discuss a number of unique lymphocyte popu-
lations that are expanded in SpA, potentially con-
tributing to the development of disease. Given the
IL-17 driven nature of SpA, it is likely that these
particular IL-17 producing cells play more of a func-
tional role than currently has been described. The
exact mechanisms by which these cell types connect
the microbiome to joint inflammation is still being
elucidated and future work requires not only phe-
notypic characterization of these cells in human
tissues but also functional studies.
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55. Cella M, Gamini R, Sécca C, et al. Subsets of ILC3-ILC1-like cells generate a

diversity spectrum of innate lymphoid cells in human mucosal tissues. Nat
Immunol 2019; 20:980–991.

56. Bernink JH, Ohne Y, Teunissen MBM, et al. c-Kit-positive ILC2s exhibit an
ILC3-like signature that may contribute to IL-17-mediated pathologies. Nat
Immunol 2019; 20:992–1003.
ealth, Inc. All rights reserved.

Volume 32 � Number 4 � July 2020



REVIEW
 CURRENT
OPINION The IL-23/IL-17A axis in spondyloarthritis:

therapeutics informing pathogenesis?
 Copyrigh

1040-8711 Copyright � 2020 Wolte
Stefan Siebert, Andrew McGucken, and Iain B. McInnes
Purpose of review

To give an overview of the recently published trials relating to IL-23/IL-17 pathway in spondyloarthritis
(SpA).

Recent findings

Recent studies in psoriasis confirmed the efficacy of targeting the IL-23/IL-17 pathway, with emerging
evidence from head-to-head studies suggesting functional hierarchy of these inhibitors. In psoriatic arthritis
(PsA), recent studies have indicated the efficacy of inhibiting IL-23p19, in addition to IL-23p40 and IL-17A,
albeit all with lower hurdle results than those seen in psoriasis. The first head-to-head study of an IL-17A
and tumour necrosis factor inhibitor in PsA has also recently been published. Recent studies have
demonstrated the efficacy of the IL-17A inhibitor, ixekizumab, across the axial SpA spectrum. In contrast,
inhibition of IL-12/IL-23p40 and IL-23p19 both failed in axial SpA. In inflammatory bowel disease (IBD),
recent studies indicate efficacy of IL-23p40 and IL-23p19 inhibition, in contrast to the previous failed
studies of IL-17 inhibition.

Summary

Clinical trials of IL-23/IL-17 inhibition have been transformative in psoriasis, with more mixed results in PsA
and differential responses in axial SpA and IBD. These results pose challenges to our fundamental
understanding of SpA pathogenesis and further head-to-head studies and more subtle evaluation of the
local tissue-specific aspects will be required.
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INTRODUCTION

The spondyloarthritides (SpA) are a group of related
inflammatory conditions with overlapping patho-
genetic and clinical features. In addition to muscu-
loskeletal inflammation (enthesitis, synovitis and
osteitis) and related structural changes (erosions
and new bone formation), they are characterized
by extra-articular manifestations comprising psori-
asis, inflammatory bowel disease (IBD) and uveitis,
comprising the SpA spectrum.

Dysfunction of innate and adaptive immunity
at barrier surfaces and areas of mechanical stress is
implicated in SpA, reflecting their characteristic
pathological tissue distribution. The IL-23/IL-17
pathway has been identified as a common immu-
nological pathway across the SpA spectrum and has
been successfully translated into new therapeutics.
Herein we discuss recent clinical trials targeting the
IL-23/IL-17A pathway across the SpA spectrum,
highlighting data which have informed our patho-
genetic understanding. Detailed review of the safety
t © 2020 Wolters Kluwe

rs Kluwer Health, Inc. All rights rese
data relating to these trials is beyond the scope of
this article and readers are referred to recent system-
atic reviews and meta-analyses [1,2].
IL-23/IL-17 pathway in spondyloarthritis

IL-23 and IL-17 have overlapping but also distinct
biology. IL-23 is heterodimeric cytokine member of
the IL-12 superfamily with a unique p19 subunit and
a shared p40 subunit with IL-12 [3]. IL-23 binds the
IL-23 receptor (IL-23R) which is expressed on a range
of cells including Th17, gdT cells, type 3 innate
r Health, Inc. All rights reserved.
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KEY POINTS

� The IL-23/IL-17 pathway is implicated across the
SpA spectrum.

� Clinical trials of inhibition of the IL-23/IL-17 cytokine
pathway indicate high efficacy in psoriasis, with more
mixed results in PsA and differential responses in axial
SpA and IBD.

� Carefully planned head-to-head studies of IL-23 and IL-
17 inhibitors will be required to further evaluate their
local tissue-specific effects.

Spondyloarthritis
lymphoid cells and natural killer cells. IL-23 induces
and stabilizes the type 17 phenotype resulting in
secretion of inflammatory cytokines and chemo-
kines, including IL-17, IL-21, IL-22, CCL20 and
tumour necrosis factor.

The IL-17 superfamily consists of six cytokines
(named IL-17A to IL-17F) and five receptors (IL-
17RA to IL17RE). IL-17A is the best characterized;
IL-17A and IL-17F share approximately 50%
sequence homology with qualitatively similar
but quantitatively distinct functions [4,5]. IL-17A
and IL-17F are expressed by a number of immune
cells and form homo- or possibly heterodimers
that, on binding to their shared cognate IL-
17RA/RC receptor complex, induce production or
stabilization of a range of proinflammatory cyto-
kines and chemokines, promoting chemoattrac-
tion of neutrophils, monocytes and lymphocytes,
but also driving stromal cell activation. IL-17A and
IL-17F are not potent proinflammatory mediators
on their own, but act synergistically with other
proinflammatory cytokines, such as tumour necro-
sis factor and IL-6, to amplify inflammatory
responses [6]. In addition to transcriptional regu-
lation, IL-17A is also involved in posttranslational
regulation, including stabilization of mRNA from
IL-17A target genes [7

&

].
The IL-23/IL-17A axis is involved in host

defence against a range of bacterial and fungal
pathogens, particularly at epithelial and mucosal
barriers [8,9]. In addition, it regulates barrier func-
tion in the skin and gut, as well as wider tissue
homeostasis, via integration of IL-17A signalling
with growth factor receptors, linking inflammation
with tissue repair [7

&

]. These actions are highly cell-
type and context-specific; it has been postulated
that the IL-23/IL-17 axis might be adapted to deal
with microtrauma and local tissue injury at sites of
high-mechanical stress such as the entheses [10].
The IL-23/IL-17 pathway in health and SpA has
recently been reviewed [7

&

,11].
 Copyright © 2020 Wolters Kluwer H
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LESSONS FROM INHIBITING IL-23/IL-17
PATHWAY ACROSS THE
SPONDYLOARTHRITIS SPECTRUM

The key inhibitors of the IL-23/IL-17 pathway and
their efficacy in phase 2/3 clinical trials across the
SpA spectrum are shown in Table 1.
Psoriasis

The key role of the IL-23/IL-17 pathway in immune
homeostasis in the skin and the pathophysiology of
psoriasis is established. Inhibition of IL-23p19
(guselkumab, risankizumab, tildrakizumab), IL-
23p40 (ustekinumab), IL-17A (secukinumab, ixeki-
zumab) and IL-17RA (brodalumab) is efficacious in
psoriasis, with transformative high-hurdle results
observed in excess of those seen with tumour necro-
sis factor inhibitors. Recent psoriasis clinical trials
have largely focused on the long-term efficacy and
safety of these drugs. Encouragingly, they have also
included active comparator designs.

The two UltIMMa phase 3 replicate randomized
controlled trials (RCTs) demonstrated superior effi-
cacy of risankizumab over both ustekinumab (45 or
90 mg based on weight) and placebo in moderate-to-
severe psoriasis [12]. The coprimary end-points com-
prised PASI90, achieved by 74.8–75.3% and 42.0–
47.5% and static Physician’s Global Assessment
(sPGA) score 0/1 achieved by 83.7–87.8% and
61.6–63% for risankizumab and ustekinumab,
respectively. Treatment emergent adverse event
(TEAE) profiles were similar across the three groups,
with no new safety findings.

The IXORA-S phase 3 head-to-head RCT dem-
onstrated superior efficacy of ixekizumab compared
with ustekinumab over 52 weeks for the treatment
of moderate-to-severe psoriasis [13]. PASI90 was
achieved by 76.5 and 59%, sPGA score 0/1 by 82.1
and 65.1% and sPGA score 0 by 52.9 and 36.1% for
ixekizumab and ustekinumab, respectively. TEAEs
and discontinuation rates were similar overall,
although injection site reactions occurred more fre-
quently in the ixekizumab group (16.3%, compared
with 1.2% for ustekinumab).

The IXORA-R study demonstrated that more
patients with moderate-to-severe psoriasis achieved
the PASI100 endpoint at 12 weeks with ixekizumab
(41%) compared with guselkumab (25%) [14]. Sig-
nificant differences in primary and secondary end-
points were observed from week 1, suggesting IL-
17A inhibition may clear skin psoriasis more quickly
than IL-23p19 inhibition.

The ECLIPSE study compared guselkumab and
secukinumab over 48 weeks [15

&

]. Consistent with
the IXORA-R study, the proportion of patients
ealth, Inc. All rights reserved.
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Spondyloarthritis
achieving early PASI90 response between week 3
and 12 were lower in the guselkumab group com-
pared with the secukinumab group. Intriguingly,
the proportions were similar at weeks 16 and 20,
after which more patients in the guselkumab group
had a PASI90 response with this difference increas-
ing over time, with the primary endpoint of PASI90
at 48 weeks achieved by 84% of the guselkumab
group and 70% of the secukinumab group
(P<0.0001). Although other endpoints followed a
similar pattern, superiority was not established for
the first major secondary endpoint (PASI75 at both
weeks 12 and 48), precluding further formal statisti-
cal testing. Adverse events and discontinuations
were similar between groups and comparable with
previous data. Overall infections were slightly lower
in the guselkumab group (59%) compared with the
secukinumab group (65%), with candida infections
reported in 2% of guselkumab and 6% of secukinu-
mab treated patients. There were two reports of new-
onset Crohn’s disease and one exacerbation of exist-
ing Crohn’s disease, all in the secukinumab group.

Taken together, the IXORA-R and ECLIPSE stud-
ies suggest that IL-17A inhibition may work more
quickly for psoriasis than IL-23p19 inhibition,
although the latter may be more effective over
the longer term. The reasons for this are not cur-
rently known and require confirmation. An intrigu-
ing possibility is that IL-23 is functioning upstream
as a regulatory cytokine, such that pharmacody-
namic effects can exceed drug half-lives, whereas
IL-17A is a downstream effector cytokine whose
inhibition offers more immediate beneficial effects,
but less long-term immune homeostatic recovery.
Significantly, real-world data from the DERMBIO
registry evaluating biologics for psoriasis indicated
that drug survival over 2 years was highest for
ustekinumab (no IL-23p19 inhibitors included in
registry) and lowest for secukinumab, with adverse
events most frequent for secukinumab, although
numbers in this group were lower (n¼196) and
between drug comparisons are limited by differ-
ences in clinical characteristics and prescribing pat-
terns [16]. Two meta-analyses of existing
monoclonal antibodies targeting IL-23p19 and IL-
17A in psoriasis confirmed these agents were all
effective but identified efficacy and safety differ-
ences [17,18]. IL-17A and IL-17RA inhibitors
showed superior efficacy for early outcomes at 12
or 16 weeks of treatment, but worse safety and
discontinuation profiles than the IL-12/IL-23 and
IL-23 inhibitors over this same period.

We do not yet know which molecular compo-
nent(s) in the IL-17 cytokine or receptor superfamily
to optimally target. The BE ABLE 1 phase 2b dose-
finding study of the dual IL-17A and IL-17F inhibitor
 Copyright © 2020 Wolters Kluwer H
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bimekizumab reported rapid and significant dose-
dependent improvements in psoriasis, with 46.2–
79.1% of the bimekizumab treated patients achiev-
ing PASI90 at week 12 [19]. This antibody is mono-
specific but binds an epitope expressed on both IL-
17A and IL-17F – as such it is an unusual ‘bi-specific’
agent. Phase 3 studies are ongoing but head-to-head
studies comparing IL-17A, IL-17RA and dual IL-17A
and IL-17F inhibition in psoriasis and across the SpA
spectrum would be informative for clinical practice
and understanding of pathophysiology.
Psoriatic arthritis

The key role of the IL-23/IL-17 axis has also been
established in psoriatic arthritis (PsA). However, the
pathophysiology of the musculoskeletal component
is more complex and heterogeneous [20] than the
skin with far less impressive results with either IL-
17A or IL-23 inhibition in the joints compared with
the skin in PsA. The efficacy of ustekinumab, secu-
kinumab and ixekizumab in active polyarticular PsA
are established and not further reviewed here.

Guselkumab met the primary endpoints in a
phase 2 [21] and the two phase 3 DISCOVER pla-
cebo-controlled studies in patients with active PsA
[22,23]. ACR20 response rates (RRs) with guselku-
mab 100 mg at 24 weeks were 52.8–64.1%, with
higher rates in the biologic-naı̈ve DISCOVER-2
study, compared with 22.2–32.9% in the placebo
groups. Phase 2b data for tildrakizumab in PsA reveal
ACR20 rates at 24 weeks of 75.3% for tildrakizumab
and 50.6% for placebo [24].

The BE-ACTIVE phase 2b dose-finding RCT eval-
uated dual IL-17A and IL-F inhibitor bimekizumab
in patients with active PsA [25]. Significantly more
patients in the bimekizumab groups achieved the
ACR50 primary endpoint at week 12 (bimekizumab
24–46%; placebo 7%), apart from the highest
320 mg dose which narrowly missed this endpoint
[odds ratio compared with placebo 3.7 (95% confi-
dence interval 1.0–13.7); P¼0.051]. The sequential
pairwise analysis hierarchy meant that other out-
comes were exploratory only. However, individual
groups were small (limiting power), there was a
dose-dependent increase for the other three bime-
kizumab groups and the responses with bimekizu-
mab were numerically better than those seen in
studies of single IL-17A inhibitors; this agent is
moving forward to phase 3. There were no new
IL-17 family-related safety signals with dual IL-
17A and IL-17F inhibition, with no cases of IBD.
The role and relative efficacy of dual IL-17A and IL-
17F inhibition over IL-17A inhibition remains to be
determined and may ultimately require head-to-
head studies.
ealth, Inc. All rights reserved.
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The primary endpoints in the traditional phase 3
studies in PsA have generally been based on ACR
response criteria which focus on the articular com-
ponent of the disease. Other important domains of
PsA, including enthesitis and dactylitis, are largely
reported as secondary endpoints. Current data sug-
gest efficacy of inhibitors of the IL-23/IL-17 pathway
for these components, consistent with the current
proposed pathophysiology of enthesitis [26,27]. The
ECLIPSA open-label study randomized patients with
PsA with active enthesitis to treatment with usteki-
numab or the tumour necrosis factor inhibitor of the
clinician’s choice [28]. Significantly more patients
treated with ustekinumab (73.9%) achieved the pri-
mary endpoint of complete clearance of enthesitis
defined as a SpA Research Consortium of Canada
score of 0 at 24 weeks compared with those treated
with a tumour necrosis factor inhibitor (41.7%). It
remains unclear which approach to inhibiting the
IL-23/IL-17 axis is the best strategy for enthesitis in
PsA and whether this differs for enthesitis in other
SpA conditions.

There has been uncertainty about the efficacy of
IL-23/IL-17 inhibition at preventing radiographic
progression in SpA. Long-term extension data sug-
gest that IL-17A inhibition with secukinumab 300
and 150 mg in PsA results in sustained low rates of
radiographic progression over 52 weeks [29],
although they lack an active tumour necrosis factor
inhibitor comparator arm. The role of IL-17A in
bone erosions and bone formation is complex and
not fully understood, with often contradictory find-
ings and may differ under inflammatory and non-
inflammatory conditions [30,31].

Although head-to-head studies are now com-
mon in psoriasis, the first head-to-head studies of
biologics in PsA were only recently reported. The
SPIRIT-H2H open-label, blinded-assessor study com-
pared IL-17A inhibition with ixekizumab with ada-
limumab in biologic naı̈ve patients with both active
PsA and active skin disease [32

&

]. In contrast to
previous PsA studies, the SPIRIT-H2H study used a
unique primary endpoint of simultaneous achieve-
ment of ACR50 (a laudable higher hurdle bar than
the traditional ACR20) and a PASI100 at week 24.
Significantly more patients in the ixekizumab group
achieved the simultaneous primary endpoint (36%
compared with 28% for adalimumab; P¼0.036);
this was driven mainly by the superior ixekizumab
PASI100 RRs (ixekizumab 60% vs. adalimumab 47%)
with similar ACR50 RRs (ixekizumab 51% vs. adali-
mumab 47%) at week 24. Although this is being
reported in the medical media as evidence for supe-
riority of IL-17A inhibition over tumour necrosis
factor inhibition in PsA, the unique endpoint does
raise some issues. It was already known from
 Copyright © 2020 Wolters Kluwe
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psoriasis studies that IL-17A inhibition was superior
to tumour necrosis factor inhibitors for high-hurdle
skin responses, such as PASI100, so the novel out-
come used in this study favoured ixekizumab a
priori. Moreover, this was an open label study. We
therefore consider that the best agent for the treat-
ment of the peripheral joint disease in PsA remains
unresolved and that it is likely that there will be
differences both between patients and within the
same patient over time. The results of the EXCEED
study comparing secukinumab with adalimumab
head-to-head in a formal blinded trial design with
a validated outcome will be vital in this regard. In
light of the relatively disappointing results in treat-
ing PsA, compared with the impressive results and
functional hierarchy emerging in psoriasis, this
remains an important area of research to help opti-
mize outcomes for patients with PsA. Put simply, are
we missing pathways of pathogenetic importance in
disease that define and mediate resistant disease
manifestations, or are our outcome measures mis-
reporting the impact of agents in PsA by conflating
inflammation sensitive symptoms with other path-
ways arising, for example from fixed articular dam-
age, psychologic disability, metabolic disease and
the like?
Axial spondyloarthritis

The IL-23/IL-17 pathway is also implicated in axial
SpA, with many of the key non-major histocompat-
ability complex single nucleotide polymorphisms
identified by genome-wide association studies
(GWAS) directly or indirectly involved in this path-
way [33–35]. However, studying the pathological
tissue in the spine in humans is limited by difficulty
accessing relevant tissue samples, with much data
from circulating cytokine levels and animal models.
Evaluating the effects of targeted inhibition of this
pathway in humans is highly informative from both
a mechanistic and a therapeutic point of view.

In addition to improving symptoms and disease
activity in ankylosing spondylitis (AS), extension
studies have confirmed secukinumab is associated
with low structural radiographic progression over
4 years in AS patients, with no radiographic progres-
sion in 79% of patients [36].

IL-17A inhibition with ixekizumab has recently
been proven effective for the treatment of active AS,
in both biologic naı̈ve (COAST-V) and tumour
necrosis factor inadequate responder (COAST-W)
patients [37,38]. More recently, the efficacy of ixe-
kizumab has also been demonstrated for nonradio-
graphic axial SpA (COAST-X) [39], confirming the
role of IL-17 and clinical utility of inhibiting this
cytokine across the axial SpA spectrum. Dual IL-17A
r Health, Inc. All rights reserved.
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and IL-17B inhibition with bimekizumab in a phase
2b study in AS reported a dose response for ASAS40
[40] with phase 3 studies underway for AS and non-
radiographic axial SpA.

In light of the foregoing clinical trials, and com-
pelling GWAS and pathophysiological evidence
implicating IL-23 in axial SpA pathogenesis, it was
anticipated that inhibition of IL-23 would be simi-
larly successful in axial SpA. However, inhibition of
both IL-12/IL-23p40 with ustekinumab and IL-23p19
with risankizumab failed to reach their primary and
major secondary endpoints [41

&

,42
&

]. These, unex-
pected at the time, results challenged the existing
view of the primacy of the IL-23/IL-17 axis in SpA,
suggesting tissue-specific differences in SpA and/or
IL-23-independent production of IL-17 [43].
Inflammatory bowel disease

Ustekinumab is licensed and established as induc-
tion and maintenance therapy for moderate-to-
severe Crohn’s disease, supporting the extensive
data implicating the IL-23/IL-17 axis in the patho-
physiology of IBD.

Recently, the efficacy and safety of ustekinumab
has also been demonstrated for ulcerative colitis
[44]. Studies of the IL-23p19 inhibitors guselkumab
and risankizumab are also underway for Crohn’s
disease and ulcerative colitis (following promising
early phase studies).

In contrast, despite the strong evidence for a
dominant role for IL-17 in Crohn’s disease, IL-17A
inhibition with secukinumab [45] and IL-17RA inhi-
bition with brodalumab [46] failed to demonstrate
efficacy and were associated with higher rates of
Candida infections and worsening Crohn’s Disease.

Therefore, IL-23 inhibition but not IL-17 inhibi-
tion is an effective strategy in patients Crohn’s
disease.
Differential effects of IL-23 and IL-17
inhibition in the spine and gut

IL-17A inhibition but not IL-23p19 or IL-23p40
inhibition was effective in the clinical trials in axial
disease in humans. van Tok et al. [47

&

] reported that
in an inducible HLA-B27/Hub2m transgenic rat
model of SpA, anti-IL23R before induction
completely protected against the development of
spinal and peripheral arthritis, whereas treatment
in established disease after induction failed to
reduce the severity of experimental SpA. In contrast,
anti-IL17A treatment reduced arthritis both prophy-
lactically and in established disease in the same rat
model [48]. These data and others [49] suggest the
existence of IL-23-independent IL-17A production
 Copyright © 2020 Wolters Kluwer H
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in established disease, and that IL-23 may be crucial
for the initiation but not for the persistence of SpA.
IL-17A was actively produced despite IL-23R block-
ade in this model. Therefore, inhibiting IL-17A may
be more effective in established axial SpA than
inhibiting IL-23, but it remains unclear whether a
similar therapeutic window for IL-23 inhibition
exists across all musculoskeletal sites in axial SpA.

In contrast, IL-23 inhibition is effective in
Crohn’s disease whereas IL-17A and IL-17RA inhibi-
tion were ineffective, and perhaps even worsened
IBD in human studies. Animal models suggest IL-23
and IL-17 do not appear to act in a functionally
linear fashion in the gut, with an IL-23-independent
role for IL-17A in epithelial/barrier integrity in the
gut [50–52] and gdT cells which can produce IL-17A
in absence of IL-23 signalling in an IBD mouse
model [50].
Biomarkers of treatment response

Precision medicine is now one of the major targets
for immunomodulatory therapeutics. With the
increasing numbers of therapeutic options for
SpA, biomarkers that predict response to therapy
would allow patients to be stratified and allocated
to the most appropriate therapy. Pooled analysis of
the reSURFACE 1 and 2 phase 3 RCTs of the IL-23p19
inhibitor tildrakizumab for moderate-to-severe pso-
riasis [53] indicate that those patients who fail to
respond (PASI<50) to tildrakizumab at week 28
could already be identified by low PASI percentage
change from baseline as early as week 8, while those
likely to achieve PASI of at least 90 at week 28 could
be identified by week 4 [54]. However, no clinically
meaningful differences in baseline characteristics
could be identified to predict response [55]. These
data nevertheless raise the possibility of making
early decisions regarding switching in patients
receiving IL-23p19 blockers for psoriasis, although
the efficacy and cost-effectiveness of this strategy
needs to be formally tested.

Post-hoc analysis of the VOYAGE-2 study of
guselkumab for moderate-to-severe psoriasis indi-
cated that maintenance of efficacy in the skin after
withdrawal of guselkumab in patients who had
achieved PASI90 was associated with suppression
of IL-17A, IL-17F and IL-22 although increases in
these cytokines lagged behind worsening PASI
scores, limiting their utility in predicting reoccur-
rence [56]. Post-hoc analysis of the PSUMMIT phase
3 studies of ustekinumab and the phase 2 study of
guselkumab in PsA demonstrated that baseline IL-
17A, IL-17F and IL-23 levels were significantly cor-
related with baseline skin but not joint scores
[57,58]. Although IL-17A and IL-17F levels reduced
ealth, Inc. All rights reserved.
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with treatment, only baseline IL-17F was associated
with ACR20 response and change in C-reactive pro-
tein was associated with PASI50 or ACR responses to
guselkumab at week 24.
CONCLUSION

Clinical trials of IL-23/IL-17 cytokine axis inhibition
have been transformative in psoriasis, with more
mixed results in PsA and differential responses in
axial SpA and IBD. Although increasing the thera-
peutic options for SpA, these results pose challenges
to our fundamental understanding of SpA patho-
genesis and the optimal management of SpA
patients who often have overlapping and ‘volatile
over time’ clinical phenotypes. The IL-23/IL-17
pathway in SpA represents an intriguing bench-to-
bedside-and-back journey, with preclinical science
informing the development of effective therapies
and clinical trial results in turn informing our
understanding of this key pathway. Several further
iterations of this pathway, including further head-
to-head studies and more subtle evaluation of the
local tissue-specific aspects, will be required to fully
understand how and when to optimally block this
pathway across the SpA spectrum.
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Purpose of review

MRI has, as the only imaging modality, the ability to visualize both the inflammatory and destructive
aspects of sacroiliitis and is a crucial element in the diagnosis and classification of axial spondyloarthritis
(axSpA). However, the MRI appearance of several potential differential diagnoses may resemble axSpA
sacroiliitis.

Recent findings

The appearances of sacroiliac joint (SIJ) MRIs of various diseased and healthy populations have recently
been intensively studied. BME, the key requirement in the Assessment of Spondyloarthritis international
Society (ASAS) definition of a ‘MRI positive of sacroiliitis’ may also be found in degenerative disease,
athletes and healthy persons, and, particularly, postpartum women. Certain pattern of BME (high extent,
large depth from articular surface, close relation to other lesion types) as well as the presence of structural
lesions, particularly bone erosion, backfill or ankylosis increase the likelihood/specificity of being axSpA.
Furthermore, old and novel MRI approaches to best distinguish the sacroiliitis of early axSpA from
differential diagnoses have recently been tested and compared.

Summary

Significant new and clinically relevant knowledge has been gained, but further research is still needed to
optimally distinguish what is and what isn’t sacroiliitis.
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INTRODUCTION

Conventional radiography (X-ray) of sacroiliac
joints (SIJs) is the traditional, and still much used,
method for detecting sacroiliitis and diagnosing
axial spondyloarthritis (axSpA), including ankylos-
ing spondylitis. Limitations to this method are the
high interreader variability, the use of ionizing radi-
ation, that inflammation cannot be visualized, and,
as it takes time to develop structural damage visible
on radiographs, the delay in diagnosis of 8–11 years
[1–4]. In contrast, MRI of SIJs can visualize both
inflammatory lesions and structural damage, and
MRI also more accurately reflects SIJ structural bone
damage than X-ray, as documented by systematic
comparison with the gold standard for bone damage
assessment, that is, computed tomography (CT) [5].
The sensitivity and specificity for structural changes
were 0.85 and 0.92 for MRI whereas only 0.48 and
0.88 for X-ray [5]. A recent study also found that the
agreement with CT damage is higher for MRI struc-
tural changes than for X-ray structural changes [6].
Consequently, using MRI has gained increasing
t © 2020 Wolters Kluwe

rs Kluwer Health, Inc. All rights rese
interest and is now an integral part of the diagnostic
workout on suspicion of axSpA [7]. Furthermore,
MRI has a major role in the Assessment of Spondy-
loarthritis international Society (ASAS) classification
criteria for axSpA, published in 2009 [8,9].

The present review will take its starting point in
the ASAS criteria of a positive MRI for sacroiliitis in
SpA from 2009, list the most important differential
diagnoses, address the findings characteristic of
axSpA and their MRI definitions, discuss the
r Health, Inc. All rights reserved.
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KEY POINTS

� MRI is the only imaging modality that allows
visualization of both the inflammatory and destructive
aspects of sacroiliitis and is a crucial element in the
diagnosis and classification of axSpA.

� BME, they key requirement in the ASAS definition of a
‘MRI positive of sacroiliitis’ may also be found in
degenerative disease, athletes and healthy persons,
and, particularly, postpartum women.

� Certain patterns of BME (high extent, large depth from
articular surface, close relation to other lesion types) as
well as the presence of structural lesions, particularly
bone erosion, backfill or ankylosis, increase the
likelihood of an axSpA diagnosis.

� Further research is still needed to optimally differentiate
what is sacroiliitis and what is not.

Table 1. MRI of the sacroiliac joints: differential diagnosis

to axial spondyloarthritis

Anatomical variants, including accessory SIJs, transitional
vertebrae, hemisacralization, vessels

Osteoarthritis/degenerative changes of the SIJs and lower lumbar
spine

Osteitis condensans ilii

Other changes related to strain, overuse, and so forth

Fractures, including fatigue and insufficiency fractures

Infectious sacroiliitis

Tumors/pseudotumors

Other arthritides, including gout, Behcet’s disease

Diffuse idiopathic skeletal hyperostosis (DISH)

Hyperparathyroidism

Synovitis, acne, pustulosis, hyperostosis, osteitis (SAPHO)
syndrome

Chronic recurrent multifocal osteomyelitis (CRMO)

Paget’s disease

Sarcoidosis

SIJs, sacroiliac joints.

Spondyloarthropathies
updated ASAS MRI criteria, and put particular
emphasis on recent studies that describe, which
findings that may be found not only in axSpA but
also in other conditions including healthy controls,
and which findings are most helpful for diagnosing
axSpA. Finally, suggested topics for future research
will be provided. In accordance with the journal
guidelines, this article will focus on very recently
published articles, that is, from 2018 and onwards,
except when earlier articles provide a necessary
background for the new knowledge acquired in
the recent years.
SACROILLITIS: DIFFERENTIAL DIAGNOSIS

The imaging features of various non-axSpA disorders
may mimic sacroiliitis on MRI. On the basis of the
large interest in diagnosing SpA early, allowing early
efficient therapy, there has been a focus on sensitive
tools for detection of sacroiliitis. Setting thresholds/
cut-offs for classification or diagnostic procedures,
no matter whether they are based on clinical, radio-
graphic or MRI features, is a trade-off between sen-
sitivity and specificity. It needs to be realized that
there is a risk of ‘overcalling’ sacroiliitis on MRIs.
Many studies have been performed to try to mini-
mize this, as described later in this review. Further-
more, the relevant differential diagnoses and their
imaging features are obviously very important to
keep in mind in the diagnostic workout in patients
with suspected axSpA, also considering that non-
SpA-related SIJ disorders are much more common in
patients with buttock/low back pain than
axSpA sacroiliitis.

Table 1 lists differential diagnoses, for which the
MRI appearance may – to a variable extent –
 Copyright © 2020 Wolters Kluwer H
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resemble the findings of sacroillitis in axSpA. Space
does not allow a detailed description, and readers are
referred to review articles or textbooks, for instance a
recent review, by Campos-Correia et al. [10

&

,11
&&

],
which describes the most common inflammatory
and noninflammatory entities found on SIJ MRIs in
routine practice, and highlights key learning points
that may help the differentiation from AxSpA sac-
roliitis [11

&&

].
ASSESSMENTS IN SPONDYLOARTHRITIS
INTERNATIONAL SOCIETY
CLASSIFICATION CRITERIA AND
CONSENSUS DOCUMENTS FROM THE
ASSESSMENTS IN SPONDYLOARTHRITIS
INTERNATIONAL SOCIETY MRI WORKING
GROUP

In the ASAS classification criteria for axSpA, MRI is
an integral part, as patients with ‘active sacroiliitis
on MRI’ with one clinical feature [e.g. psoriasis,
enthesitis or uveitis (see [8] for complete list)],
should be classified as axSpA [8]. A consensus-based
definition of the requirements to constitute active
sacroiliitis, that is, to fulfill the MRI criterion of the
ASAS criteria (’ASAS-positive MRI’), has been
defined, and it is required that sacroiliac bone mar-
row edema should be ‘highly suggestive of axSpA’. It
is also specified that bone marrow edema should be
present in at least two sites and/or in at least two
consecutive slices [9]. Subsequent data have demon-
strated that incorporating structural damage lesions
ealth, Inc. All rights reserved.
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(erosions) into the criteria, would improve the diag-
nostic utility of MRI [12–15]. In contrast, sacroiliac
joint fat lesions and/or spine lesions have not been
documented to improve the diagnostic utility of
MRI [16,17]. An update from the ASAS MRI working
group emphasized that subtle bone marrow edema
changes should not be over-interpreted, that deter-
mining their importance should never be made in
isolation of the clinical context, and that presence
or absence of structural changes particularly ero-
sions should be taken into account in case of subtle
bone marrow edema [18].

In 2019, the ASAS MRI working group (Maksy-
mowych et al. [19

&

]) published an update on defi-
nitions of MRI lesions in the sacroiliac joints of
patients with SpA. The actual ‘ASAS definition of
a positive SIJ MRI’ remained unchanged, as did the
definition of subchondral inflammation but other
definitions were revised or added. Typical MRI
examples of the lesions are included [19

&

]. The
updated definitions and some overarching princi-
ples regarding image acquisition, image evaluation
and the importance of interpretation in a clinical
context are provided in Table 2. It is particularly
emphasized that images should not be interpreted
based on MRIs in isolation but should always be
interpreted in a clinical context [19

&

].
SYSTEMATIC LITERATURE REVIEWS

Systematic literature reviews provide valuable infor-
mation on previous studies. A systematic literature
review of the diagnostic value of MRI, published in
2019 by Jones et al. [20

&&

], covering the literature up
to 2017, confirmed the diagnostic utility of MRI in
axSpA. Thirty-one studies were included. Six studies
demonstrated good sensitivity and specificity for SIJ
BME whereas the specificity was increased by the
presence of other structural lesions alongside BME,
particularly erosions or fat infiltration [13–
15,17,21–23]. Four studies addressed the utility of
SIJ fat infiltration, overall finding good sensitivity
but poor specificity [14,17,23,24]. SIJ erosions
showed good specificity in five studies
[14,15,17,22,24]. Fewer studies addressed other
findings. SIJ ankylosis, backfill, high signal in the
SIJ on T1-weighted images (comparable with backfill
definition), capsulitis and enthesitis had been
reported with high specificity but low sensitivity,
whereas sclerosis, fluid signal in the SIJ and vacuum
phenomenon in the SIJ had shown low–moderate
sensitivity and specificity [23,25,26]. Please see
[20

&&

] for further references to specific articles. The
value of spine MRI was also assessed, generally find-
ing poor–moderate sensitivity and specificity. Vari-
able results, depending on the cohort, were found
 Copyright © 2020 Wolters Kluwe
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regarding the added value of spinal MRI over SIJ MRI
alone. Fat-suppressed T2-weighted and short tau
inversion recovery (STIR) MRI were compared in
several studies, finding comparable utility for iden-
tifying BME. Compared with these sequences, T1-
weighted images after contrast injection was found
to have minimal added value for the detection of
BME [20

&&

].
In another systematic literature review from

2019 of MRI in SpA, Swami et al. [27] systematically
looked at studies testing the reliability, criterion
validity, construct validity and responsiveness of
published sacroiliitis MRI scoring systems for assess-
ing and monitoring SIJ inflammation in patients
with diagnosed SpA but did not address differential
diagnostic abilities [27].
FINDINGS IN THE GENERAL POPULATION

In a German retrospective cross-sectional study by
Ziegeler et al. [28

&

], SIJ MRIs of 485 asymptomatic
patients without known rheumatological disease
were evaluated for sacroiliac fat metaplasia, sclero-
sis, osteophytes, erosion and ankylosis. Patients
were divided into seven age groups (15–24 to �75
years). Fat metaplasia was very common and
increased with age, from a prevalence of 50.6% in
the age groups less than 45 years, to 94.4% in
patients at least 75 years. Erosion was only present
in 2.6% of the study population, and in 0.6% of
patients less than 45 years, with no detectable age-
dependent increase. Sclerosis was detected in 13.7%
of patients, slightly more women (16.3%) than men
(11.2%), whereas osteophytes in 37% and ankylosis
in 0%.

Baraliakos et al. [29
&&

] studied MRIs of SIJs and
spine in 793 volunteers less than 45 years, 49% men,
in a cohort from Germany published in 2020. SIJ
BME was seen in 136 (17.2%), whereas BME and fat
lesions in vertebral corners of the spine were seen in
27.5 and 81.4%, respectively. If thresholds for num-
ber of quadrants with BME were applied, it was
found that 17.2, 0.9 and 0.1% of the volunteers
showed SIJ BME in at least one, at least three and
at least five SIJ quadrants, respectively. Vertebral
corner BME and fat above the same thresholds were
markedly more common. BME SIJ was not statisti-
cally related to age, sex, BMI, presence/absence of
back pain within 3 months, HLA-B27, C-reactive
protein or physical activity, in contrast to vertebral
corner BME and fat lesions, which increased with
increasing age. The study indicated that particularly
the mentioned spinal lesions had limited value for
diagnosis and classification of axSpA, and that other
lesions, locations and/or patterns should be investi-
gated.
r Health, Inc. All rights reserved.
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Table 2. Assessments in SpondyloArthritis international Society MRI Working Group consensus definitions for MRI lesions in

the sacroiliac joint of patients with spondyloarthritis

A. Overarching principles

1. Whenever interpreting medical studies of the SIJ in SpA for diagnostic or classification purposes, all available images for that modality should be reviewed
at the same time as different slice orientations or sequences may provide additional information that is important for the correct interpretation of the findings.
MR images that illustrate different features of sacroiliitis compatible with (or highly suggestive of) SpA, such as active disease and structural damage, should
be simultaneously reviewed and interpreted in the context of all findings.

2. Many artefacts occur on MRI of the SIJ, and when a feature of uncertain significance is seen in one orientation then, if possible, the feature should be verified on a
second orientation. This may be more important for imaging studies used for diagnostic or classification purposes.

3. The SIJ lesion(s) must be clearly present, located in a typical anatomical location and its appearance must be highly suggestive of SpA. The presence of
any small solitary lesion should be interpreted with caution. It is rare for a lesion to be ‘clearly present’ if small and solitary, and it is expected that relevant
lesions will be either multiple or seen on multiple images (slices, sequences, orientation). If a lesion appears to be present but it is hard to determine whether
the lesion is ‘highly suggestive of SpA’, then the decision may be influenced by the presence of other concomitant lesions.

4. The visual interpretation of an MRI scan of the SIJ should be performed objectively. In the research setting, the interpretation will usually be done in the
absence of patient data. But the clinician should interpret the MRI report in the total context of the demographic, clinical and laboratory information from the
patient, and although the MRI of the SIJ may be reported as suggestive of SpA, the final decision can still be that the patient has no SpA. Other conditions of
the SIJ, such as fracture, osteoarthritis, sepsis, trauma, neoplasia and artefacts may resemble lesions observed on MRI in patients with SpA.

B. MRI SIJ lesion definitions indicating signs of activity. These observations are made on MRI sequences that are sensitive for the detection of disease activity,
such as T2W sequences with FS that are sensitive for free water (e.g. STIR), or T1W sequences with fat suppression that are sensitive for contrast
enhancement such as T1WFSpost-Gd.

1. ASAS definition of positive MRI for the classification of SpA: MRI evidence of bone marrow inflammation must be present, and the features required for the
definition of active sacroiliitis on MRI are as follows:

a. BME on a T2W sequence sensitive for free water (e.g. STIR and T2FS) or bone marrow contrast enhancement on a T1W sequence (e.g. T1FS post-Gd).
BME is depicted as a hyperintense signal on STIR images and usually as a hypointense signal on T1 images. A hyperintense signal on contrast-enhanced,
T1-weighted, fat-saturated images (T1 post-Gd) reflects increased vascularization and is referred to as osteitis. The sacral interforaminal bone marrow signal
forms the reference for assignment of normal signal in the bone marrow.

b. Inflammation must be clearly present and located in a typical anatomical area (subchondral bone).

c. MRI appearance must be highly suggestive of SpA.

2. Capsulitis: increased signal on STIR and/or T1FS post-Gd, which is observed at the perimeter of the joint (anterior or posterior on axial images, cranial or
caudal on semicoronal images).

3. Joint space enhancement: increased signal on contrast-enhanced images in the joint space of the cartilaginous portion of the SIJ.

4. Inflammation at the site of erosion: increased signal on STIR and/or T1FS post-Gd at the site of erosion.

5. Enthesitis: increased signal in bone marrow and/or soft tissue on STIR and/or T1FS post-Gd at sites where ligaments and tendons attach to bone but not
including the inter-osseous ligaments of the sacroiliac joint.

Joint space fluid: bright signal in the joint space on STIR images equivalent to cerebrospinal fluid.

C. MRI SIJ lesion definitions indicating signs of structural change. These observations are made on MRI sequences that are sensitive for the detection of
structural change. Most of the observations can only be seen clearly on sequences sensitive for fat signal, specifically T1W spin echo without fat suppression

1. Erosion: a defect in subchondral bone associated with full-thickness loss of the dark appearance of the subchondral cortex at its expected location, with loss of signal
on a T1W nonfat-suppressed sequence compared with the normal bright appearance of adjacent bone marrow.

2. Fat lesion (also known as fat metaplasia): bright signal seen on a T1W nonfat-suppressed sequence that is brighter than normal bone marrow, which meets
the following requirements:

a. Homogeneously bright.

b. Located in a typical anatomical area (subchondral bone).

c. Sharply defined along its nonarticular border with normal bone marrow.

3. Fat metaplasia in an erosion cavity (also known as ‘backfill’): bright signal on a T1-weighted sequence in a typical location for an erosion or confluent
erosions, with signal intensity greater than normal bone marrow, which meets the following requirements:

Associated with complete loss of the dark appearance of the subchondral cortex at its expected location.

Clearly demarcated from adjacent bone marrow by an irregular band of dark signal reflecting sclerosis at the border of the original erosion.

4. Sclerosis: very low signal on all sequences located in a typical anatomical area (subchondral bone).

5. Ankylosis: abnormal bright signal on a T1W nonfat-suppressed sequence with similar signal intensity to bone marrow, which is in the expected location of
the sacroiliac joint space and bridges the joint so that there is continuity of bone marrow signal between the ilium and sacrum. It is associated with full-
thickness loss of the dark appearance of the subchondral cortex on both sides of the joint.

6. Bone bud: abnormal bright signal on a T1W nonfat-suppressed sequence with similar signal intensity to bone marrow, which is in the expected location of
the sacroiliac joint space but does not bridge the joint so that it is continuous with the subchondral bone of either the ilium or the sacrum but not both. It is
associated with full-thickness loss of the dark appearance of the subchondral cortex on the corresponding side of the joint, at its expected location.

Data from Maksymowych et al. [19
&

]. ASAS, Assessment of SpondyloArthritis international Society; BME, bone marrow oedema; FS, fat suppression; Gd,
gadolinium; SIJ, sacroiliac joint; SpA, spondyloarthritis; STIR, short tau inversion recovery; T2W, T2-weighted.

Spondyloarthropathies

360 www.co-rheumatology.com Volume 32 � Number 4 � July 2020



MRI of the sacroiliac joints Østergaard
FINDINGS IN POPULATIONS EXPOSED TO
DIFFERENT TYPES OF STRAIN (SPORTS,
PREGNANCY AND LABOUR)

Varkas et al. [30
&&

] performed MRIs of the SIJs of 22
military recruits with no back pain before and after
6 weeks of intense standardized physical training.
Approximately half of the recruits had SIJ BME,
40.9% before and 50% after training; the change
was not statistically significant. An ASAS-positive
MRI was present in 22.7% at baseline, whereas
36.4% after training (not statistically significantly dif-
ferenr). Structural lesions were found in 27.3% of
recruits (erosion in 13.6%, fat lesion in 13.6% and
sclerosis in 4.5%), both before and after training.
Weber et al. [31

&&

] performed SIJ MRIs of 20 recrea-
tional runners before and after running and 22 elite ice
hockey players, and 3 independent readers assessed
the MRIs for BME and structural lesions. Patients with
SpA served for masking when reading. The frequency
of fulfilment of the ASAS definition of positive MRI by
at least two of three readers was 30–35% (runners) and
41% (ice hockey players), respectively. Mean numbers
of SIJ quadrants (assessed in each slice covering the
cartilaginous part, and summed) exhibiting BME was
3.1 before and 3.1 after running and 3.6 in ice hockey
players. For structural lesions, corresponding values
were 1.8, 1.9 and 0.8 for fat metaplasia, whereas
erosion was very rare (1 erosion in each of 3 runners,
and 0 in ice hockey players), and ankylosis absent.
Regarding the distribution of BME, the posterior lower
ilium (40.0–59.1% of athletes had �1 such affected
quadrant) was the single most affected SIJ, followed by
the anterior upper sacrum (13.6–20.0%).

In a subsequent article from the same study,
Weber et al. [32

&

] reported that adding the require-
ment of BME presence in both semiaxial and semi-
coronal planes rather than only in the semicoronal
plane markedly reduced the frequency of BME reg-
istered in non-SpA persons, and concluded that this
approach may be helpful for recognizing nonspe-
cific versus true axSpA BME. Weber et al. [32

&

] also
found that BME in relation to constitutional SIJ
features (vascular partial volume effect, deep iliac
ligament insertion, fluid-filled bone cyst or lumbo-
sacral transitional anomaly) are often present in
runners and ice hockey players. Such constitutional
features should, therefore, be looked for when eval-
uating SIJs, and included in the overall contextual
interpretation.
COMPARISONS OF SPONDYLOARTHRITIS
PATIENTS WITH VARIOUS CONTROL
GROUPS

Agten et al. [33
&&

] in a prospective multicenter age-
matched case–control study, performed SIJ MRIs in
 Copyright © 2020 Wolters Kluwe
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30 healthy postpartum women (mean age 34 years)
within 7 days after birth and 30 age-matched
women (mean age 33.8 years) with axSpA. 63.3%
of postpartum women versus 86.7% of postpartum
women showed SIJ BME. In postpartum women,
erosion was rare (10% versus 56.7% in axSpA),
and fat lesions, backfill and ankylosis were absent.
In subjects with positive MRI according to ASAS
criteria, the SPARCC MRI inflammation score was
not different between the postpartum (mean 13.6)
and AxSpA (mean 13.0) women. Scores of women
having had vaginal versus Caesarean delivery did
not differ, indicating that the cause of postpartum
BME is prolonged mechanical stress during preg-
nancy rather than the (vaginal) delivery.

In a study by de Winter et al. [34
&

], SIJ MRIs of
172 subjects (47 healthy individuals without current
or past back pain, 47 axSpA patients with a previous
MRI confirmed positive for sacroiliitis), 47 controls
with chronic back pain (irrespective of MRI results)
from the a European cohort, 7 women with post-
partum back pain (<3 months after delivery), and 24
frequent runners were scored according to the ASAS
definition of a positive MRI and the SPARCC SIJ
inflammatory index. Limited/minimal clinical
information was available. An ASAS-positive MRI
was found not only in 91.5% of axSpA patients
but also in 57.1% of women with postpartum back
pain, 23.4% of healthy controls, 12.5% of runners
and 6.4% of chronic back pain patients. Comparable
frequencies were found using a SPARCC cutoff of at
least 2 for positivity. Deep BME lesions (>1 cm depth
from joint surface) were not found in healthy vol-
unteers, patients with chronic back pain or runners,
but were found in 89.4% of axSpA patients and in
14.3% women with postpartum back pain. Regard-
ing location (lower/upper, anterior/posterior
sacrum/ilium), BME was fairly equally distributed
in axSpA and runners, but in CBP patients, postpar-
tum women and healthy participants, BME was
most frequent in the lower ilium [34

&

].
Seven et al. [35

&

] performed a prospective, cross-
sectional study of 204 participants, constituting 41
axSpA patients and 163 various nonaxSpA control
subjects, including 25 patients with lumbar disc
herniation, 60 postpartum women (delivery 4–16
months ago) with (46 women) or without (14
women) postpartum buttock/pelvic pain, 26 hospi-
tal cleaners, 23 long-distance runners, and 29
healthy men. Detailed information on participants
was acquired. SIJ MRIs were evaluated indepen-
dently by two readers according to the SPARCC
SIJ inflammation and structural scores, and analysed
based on reader agreement. Ankylosis and backfill
were only seen in axSpA (32 and 37%, respectively),
whereas BME and fat lesions were concordantly
r Health, Inc. All rights reserved.
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detected by both readers in all non-axSpA control
groups (3–39% with BME and 4–14% with fat
lesions, both most frequently in the women with
postpartum pain). Bone erosion was only found in
axSpA and in women with postpartum buttock/
pelvic pain (at SPARCC erosion score cutoffs of >1
and >4, 61 and 34%, respectively, of patients with
axSpA had erosion, while 9 and 2%, respectively, of
women with postpartum pain). A SPARCC BME
score of at least 5 was only found in axSpA patients
(56%) and in women with postpartum pain (24%),
whereas fat lesions were present, although rarely, at
high SPARCC cutoff scores in nearly all groups. Of
the 38 women in the nonpostpartum control groups
who had given birth (time since last delivery mean
9.7 years, range 1.7–22.3 years) 5% had BME,
whereas none had erosion or fat lesions, and none
a SPARCC BME score of at least 4. It was concluded
that BME and fat lesions were most pronounced in
patients with axSpA but also occurred in other
groups, particularly in women with postpartum
buttock/pelvic pain, whereas erosion above a certain
SPARCC score threshold as well as backfill and
ankylosis were highly specific for axSpA.

In a subsequent article using the same cohort,
Seven et al. [36

&

] investigated the diagnostic utility
of different combinations of sacroiliac joint (SIJ)
MRI lesions for differentiating axSpA from other
conditions with and without buttock/pelvic pain.
Predefined MRI lesion combinations with bone mar-
row edema (BME) and fat lesions (FAT) were inves-
tigated. BME adjacent to the joint space (BME@joint
space) was most frequent in axSpA (63.4%), fol-
lowed by women with postpartum pain (43.5%).
but was present in nearly all groups. BME adjacent
to fat lesion (BME@FAT) and BME@erosion were
only present in axSpA patients and in women with
postpartum pain but scores of at least 3 and at least
4, respectively, were only seen in axSpA patients.
FAT@erosion were exclusively recorded in axSpA
patients. FAT@joint space and FAT@sclerosis were
present in most groups but with higher scores in the
axSpA group. In conclusion, presence of BME@joint
space and FAT@joint space were not only frequent in
axSpA but also in other conditions, reducing the
diagnostic utility. Importantly, however, FAT@ero-
sion – and BME@erosion, BME@FAT, and FAT@scle-
rosis above certain thresholds – were exclusively
seen in axSpA patients and may thus have diagnos-
tic utility in the differentiation of axSpA from other
conditions [36

&

].
Motamedi et al. [37

&

] retrospectively studied
lesion distribution and symmetry of SIJ MRI lesions
in 68 patients with axSpA (nr-axSpA: 48, ankylosing
spondylitis: 20). Although both unilateral and bilat-
eral lesions were observed, BME, fat metaplasia,
 Copyright © 2020 Wolters Kluwer H
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sclerosis, erosion and ankylosis were all more fre-
quently bilateral than unilateral, both in nr-axSpA
and ankylosing spondylitis. Lesion distribution and
frequency were not different in the two groups,
except that erosion scores were higher in ankylosing
spondylitis than nr-axSpA. No controls were inves-
tigated. The study highlights the need for future
studies of the diagnostic value of lesion distribution
and symmetry versus relevant differential diagno-
ses.

Molto et al. [38
&

] performed a multicenter cross-
sectional study including SIJ MRI and X-ray, read
centrally and blindedly, of 100 patients with recent
onset axSpA and 98 age-matched and sex-matched
patients with mechanical nonaxSpA chronic back
pain (CBP). In CBP patients, 8.4% had an ASAS-
positive MRI [versus 35% in axSpA; positive likeli-
hood ratio (LRþ) 4.2] and at least three erosions in
10.5% (versus 32% in axSpA, LRþ 3.0). The highest
LRþ was found if ASAS-positive MRI with BME-
depth greater than 1 cm (CBP 1.1% versus ax-SpA
17%; LRþ 17) was present, followed by ASAS-posi-
tive-MRI with BME-signal intensity comparable
with blood vessels (CBP 2.1% versus axSpA 20%;
LRþ 9.5). The study confirmed that lesions typical of
axSpA (including ASAS-positive MRI) can also be
seen in patients with nonaxSpA CBP and also that
SIJ MRI were more valuable for diagnosis than X-rays
of the SIJ and/or MRI of the spine (data not shown
here) [38

&

].
THE IMPACT OF SACROILIAC
INFLAMMATION FOR SUBSEQUENT
DISEASE COURSE

In 2008, a relation between severe SIJ inflammation
and subsequent fulfilment of the radiographic mod-
ified New York criteria [39] was documented [40].
Similar knowledge about the impact in a general low
back pain cohort was until recently not known.
However, a recent study by Arnbak et al. [41

&

],
investigated the impact of various degrees of SIJ
BME on MRI structural damage progression. MRIs
in 604 patients aged 18–40 years, who were referred
with low back pain to an outpatient spine clinic,
were done at baseline and at 4-year follow-up. Lim-
ited, intermediate or extensive BME (corresponding
to <25, 25–50 or >50% of the subcortical bone
region) were, as compared with BME absence, inde-
pendently associated with erosion at follow-up with
odds ratios of 3, 5 and 46, respectively, in analyses
adjusted for age, sex and the presence of erosion at
baseline. Furthermore, regions with limited and
intermediate baseline BME had resolved at follow-
up in 50–60% of cases, whereas only 2–7% had
evolved into extensive BME. Thus, extensive SIJ
ealth, Inc. All rights reserved.
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Table 3. Research agenda

Testing currently proposed MRI approaches for differentiating axSpA from other diagnoses in additional patient and control populations

Further studies of pattern recognition of SIJ MRIs, not only including localization, size (e.g. depth) and distribution of BME but also of other
lesion types, for differentiating axSpA from other diagnoses.

Testing the predictive value of various SIJ MRI approaches with long-term disease course as standard reference

Development of artificial intelligence/machine learning algorithms, and testing of such in different patient and control populations

Testing of different existing MRI sequences, including assessment of their differential diagnostic ability, for example, various cartilage
sequences and diffusion-weighted sequences

Development of novel better/more discriminative MRI sequences

Further testing of the existing ASAS classification criteria and the existing ASAS definition of a positive MRI in an international study of
patients presenting to rheumatologists with current chronic undiagnosed back pain (CLassification of Axial SpondyloarthritiS Inception
Cohort, CLASSIC study)

ASAS, Assessment of Spondyloarthritis international Society; BME, bone marrow edema; SIJ, sacroiliac joint.

MRI of the sacroiliac joints Østergaard
BME was a strong independent predictor of devel-
opment of structural lesions, whereas limited and
intermediate BME were mostly transient and only
rarely evolved into extensive BME or structural
lesions. The article hypothesized that these different
categories of BME may represent different causes.
SEMIAUTOMATED/AUTOMATED
ASSESSMENT AND ARTIFICIAL
INTELLIGENCE

Semiautomated assessment of SIJ BME was investi-
gated by Kucybała et al. [42

&

] in 22 sacroiliac joints of
patients with confirmed axSpA. The algorithm con-
sisted in the following steps: manual segmentation
of bones, automated detection of reference signal
region, detection of sacroiliac joint central lines and
regions of interest (ROIs), a division of ROIs into
quadrants, automated detection of inflammatory
changes (on STIR sequence). Spearman correlation
coefficients above 0.83 were found with two manual
lesion delineations as standard reference. The results
encourage that this approach, as well as ongoing
and future artificial intelligence procedures, should
be developed and tested.
CONCLUSION

MRI has, as the only imaging modality available, the
ability to visualize both the inflammatory and
destructive aspects of sacroiliitis and is a crucial
element in the diagnosis and classification of axSpA.

However, the MRI appearance of several potential
differential diagnoses may resemble axSpA sacroliitis.

Therefore, the SIJ MRI appearances of various
diseased and healthy populations have recently
been intensively studied, and old and novel MRI
approaches to best distinguish the sacroliitis of early
axSpA from differential diagnoses have been tested.
Significant new and clinically relevant knowledge
 Copyright © 2020 Wolters Kluwe

1040-8711 Copyright � 2020 Wolters Kluwer Health, Inc. All rights rese
has been gained, but further research (see Table 3 for
research agenda) is warranted to optimally identify
what is and what is not sacroiliitis.
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Purpose of review

Physical therapy is recommended for the management of axial spondyloarthritis (axSpA) with the focus of
promoting physical activity and prescribing exercise within four domains, outlined recently by the European
League against Rheumatism (EULAR): aerobic, resistance, flexibility and neuro-motor exercise. There is an
increasing evidence base to support physical therapy interventions in axSpA.

Recent findings

We present evidence supporting the use of exercise as treatment for patients with axSpA, recent updates
among different exercise modalities, and make clear its critical place in the management of this condition.
Recent large, multicentre data have shown that high-intensity exercise can improve disease activity and
also positively impact cardiovascular risk factors in these patients. Although international treatment
guidelines advocate the inclusion of physical activity and exercise for the optimal management of axSpA,
specific guidance about the amount of exercise required to produce a beneficial effect is lacking.

Summary

Exercise must be used in the management of axSpA, and whilst hydrotherapy and flexibility exercises are
traditionally the main focus, other applications, such as strength training, may be underutilized domains. Further
studies are needed to determine the dose–response relationship between exercise and axSpA patient subsets.
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Spondyloarthritis (SpA) encompasses a group of
chronic, inflammatory heterogeneous diseases that
predominantly affects the axial skeleton but can
also present with peripheral (arthritis, enthesitis
and/or dactylitis) and extra-articular (skin, gut
and eye) disease manifestations [1

&&

]. Depending
on the presence of definitive radiographic changes
in the sacroiliac joints, the Assessment of Spondy-
lorthritis International Society (ASAS) classification
criteria have differentiated axSpA into radiographic
and nonradiographic axSpA (nr-axSpA) [2]. Approx-
imately 30% of patients with axSpA have both axial
and peripheral involvement [3] and patients with
axSpA frequently report pain, stiffness, reduced
mobility and fatigue problems, which may lead to
impaired physical activity [4&].

The European League against Rheumatism
(EULAR) produced their ‘Research Roadmap to
transform the lives of people with Rheumatic and
Musculoskeletal Diseases’ (also known as Rheuma-
Map) in 2017, on rheumatic and musculoskeletal
diseases (RMDs). It identifies the priorities and chal-
lenges in RMD research and innovation. In SpA, and
t © 2020 Wolters Kluwe

rs Kluwer Health, Inc. All rights rese
maMap outlines the need to further explore the
impact of physical activity and lifestyle changes
on the progression of SpA and sets out several
research agendas including the need to: identify
markers of response and nonresponse to physical
activity; and evaluate the long-term effectiveness of
physical activity at different intensities and types.
Physical therapy

Whilst the advent of effective biologic disease-
modifying antirheumatic drugs (bDMARDs) have
dramatically benefitted patients with axSpA,
r Health, Inc. All rights reserved.
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KEY POINTS

� Exercise therapy is recommended as an integral part of
standard care in SpA and is purported to have anti-
inflammatory properties.

� Comorbidities, such as CVD and osteoporosis, add to
the burden of disease and limitation in axSpA and
regular participation in cardiorespiratory and muscular
strength training is reported to be beneficial.

� High-intensity exercise has been shown recently to
reduce disease symptoms (pain, fatigue and stiffness)
and also inflammation in patients with axSpA.

� The effect of exercise on muscular strength and
endurance, and body composition, in ankylosing
spondylitis has not been fully investigated.

� Whilst strength training has been recommended in SpA
and other rheumatic conditions further studies are
required in axSpA to explore this fully

� Effects of different dosages (frequency, intensity, type,
duration) of exercise therapy should still be explored
further in axSpA.

Spondyloarthropathies
nonsteroidal anti-inflammatory drugs (NSAIDs) and
physical therapy remain the cornerstones of initial
treatment for all patients with axSpA [5,6]. Physical
therapists, or physiotherapists, are healthcare pro-
fessionals (HCPs) with a key focus on physical activ-
ity education, physical activity promotion and
exercise rehabilitation. The American Physical Ther-
apy Association (APTA) and Chartered Society of
Physiotherapy (CSP) both acclaim their respective
members as being skilled in exercise selection, pre-
scription and management. A recently published
systematic review [7] is physical therapy specific
in its evaluation and identified a lack of standard-
ized exercise programmes in the literature for those
with axSpA. For the purpose of facilitating self-man-
agement within long-term condition management,
this manuscript will henceforth focus on active
physical therapy interventions (exercise), including
both land-based and aquatic therapy (hydrother-
apy), over passive physical therapy interventions
(massage, manipulation and electrotherapy for
example).
EXERCISE AS MEDICINE IN AXIAL
SPONDYLOARTHRITIS

The health benefits from exercise are well known in
the general population [8] and physical activity has
been reported to reduce all-cause mortality more
effectively that medication [9]. ‘Exercise as medi-
cine’ has been coined for some time with anti-
 Copyright © 2020 Wolters Kluwer H
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inflammatory properties and other benefits being
reported as an important treatment for many rheu-
matic diseases [10–12] and at least 26 chronic dis-
eases [13].

Physical activity is defined as ‘any bodily move-
ment produced by skeletal muscles that results in
energy expenditure above resting levels’, whereas
exercise is a subgroup of physical activity that is
planned, structured and with an intended objective
in mind, such as improving physical fitness [14]. To
promote the health benefits of physical activity in
the general population, the World Health Organisa-
tion (WHO) [15] and American College of Sports
Medicine (ACSM; 14) have provided internationally
accepted recommendations for physical activity.
WHO state, along with other recommendations,
that all adults should engage in at least 150 min
of moderate-intensity or at least 75 min of vigorous-
intensity aerobic physical activity each week or an
equivalent combination of moderate-intensity and
vigorous-intensity activity [15].
Guidelines

EULAR set out their physical activity recommenda-
tions for those with SpA [16

&&

], which included four
activity domains: aerobic (cardiorespiratory), flexi-
bility, resistance (strength) and neuro-motor exer-
cise. The EULAR task force established that physical
activity is a ‘safe and integral part of standard care’,
which all HCPs should promote.

The benefits of physical activity for the manage-
ment of axSpA have long been acknowledged; regu-
lar exercise was included in the first set of ASAS–
EULAR guidelines developed in 2006 [17].

According to the recent update on the French
Society for Rheumatology recommendations on
management of SpA [18], treatment objectives
should incorporate principles of: improving quality
of life; preserving or restoring functional capabili-
ties, and participation in social activities. Although
not physical therapy specific, these most current
recommendations for the everyday management
of patients with SpA include providing patients with
an individualized home exercise. Further interna-
tional treatment guidance supports the inclusion of
physical activity for the optimal management of
axSpA [16

&&

,19–21] and the need for referral to a
specialist physiotherapist with a programme con-
sisting of: stretching, strengthening and postural
exercises; deep breathing; spinal extension; spinal
range of motion; aerobic exercise and hydrotherapy
as an adjunctive therapy [20].

The 2019 American College of Rheumatology/
Spondylitis Association of America/Spondyloarthritis
Research and Treatment Network recommendations
ealth, Inc. All rights reserved.
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for patients with active axSpA also note that physical
therapy is strongly recommended [19], yet specific
guidance about the amount of exercise required to
produce a beneficial effect is lacking [22]. A substantial
research calling for evaluation of the effects of physical
therapy in this population has recently been listed
[18].
PHYSICAL ACTIVITY AND EXERCISE IN
SPONDYLOARTHRITIS

A more recent comprehensive review [1
&&

] found
that regular exercise is considered to be a key com-
ponent in the management of axSpA and has been
shown to reduce disease activity, pain and stiffness
and to improve physical functioning, chest expan-
sion, spinal mobility and cardiorespiratory func-
tion. This builds on similar findings from an
earlier Cochrane review [23] and systematic review
[24]. Interestingly, measures of physiologic
responses to exercise are often missing in the liter-
ature, such as resting blood pressure and resting
heart rate [25]. A recent study [26] measured physi-
cal activity and sedentary behaviour with clinical
measures in people with established axSpA. Physical
activity was found to be associated with better func-
tion, exercise capacity and spinal mobility, whereas
sedentary behaviour was associated with lower exer-
cise capacity and poor quality of life. In some stud-
ies, supervised group exercise has shown a greater
improvement in outcomes compared to an unsuper-
vised one [1

&&

,27].
Comorbidity in axial spondyloarthritis

Spinal inflammation and, consequent deformity
appears to be a progressive process in axSpA and
in some patients, such physical deformity further
adds to the development of disability [28]. When
prescribing exercise it is important to remember that
there are several comorbidities associated with the
disease. Patients have an increased risk of cardiovas-
cular disease (CVD) and osteoporosis [29,30], among
others, which add to the burden and limitation of
the condition [31]. Several metabolic abnormalities,
such as obesity and hypertension are considered
CVD risk factors, and chronic inflammatory dis-
eases, such as rheumatoid arthritis (RA) and axSpA
show higher morbidity and mortality rates because
of CVD when compared to the general population
[32].

In a recent cluster analysis of the comorbidity
burden in axSpA [33

&

], the two most common were
hypertension and depression. Exercise has the
potential to reduce depressive symptoms in axSpA
[1

&&

,34] and EULAR [35] outline recommendations
 Copyright © 2020 Wolters Kluwe
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about management of CVD risk in axSpA and regu-
lar participation in cardiorespiratory and muscular
strength training is reported to be beneficial. The
benefits of exercise on both clinical and laboratory
parameters of bone turnover have been studied
[36

&

], however outcomes of quality of life were
not changed and biomarkers were not influenced
by exercise therapy. This indicates that exercise
therapy seems to not affect extracellular
matrix turnover.
Exercise adherence

Despite the positive trend towards exercise therapy
in axSpA, there are several concerning findings that
remain. Reports suggest that the majority of patients
with axSpA fail to meet exercise recommendations
and that physical activity levels in these patients
tend to be lower than those in the general popula-
tion [4&,22]. Additionally, adherence to exercise
appears to decrease with increasing disease duration
[37].

In a cross-sectional study of 203 patients, only
54.7% were exercising at the WHO recommended
level, with the most frequent activities being walk-
ing and swimming [38]. Elsewhere literature sug-
gests fewer than 25% of patients with ankylosing
spondylitis exercise frequently (being three or more
times per week), and among those who did, walking
and stretching were most commonly reported [37].
The data suggest suboptimal exercise dosing and a
potential preferential patient exercise choice. Inter-
estingly, neither disease activity/severity or TNF
inhibitor treatment were predictive of physical
activity levels in their cohort, whilst some authors
have suggested a greater benefit using a combina-
tion of biologic treatment and rehabilitation [39].

Researchers have sought to find ways to opti-
mise exercise behaviour in axSpA. A recent study
[40] reported one third of people with axSpA cur-
rently exercise regularly. Several intervention com-
ponents were selected, including education and goal
setting, and their results found that 64% met the
physical activity guideline and half of patients
(n¼99) were using physical therapy to
facilitate engagement.
Nonradiographic-axial spondyloarthritis

Although the efficacy of physical activity for axSpA
is well documented, there is less available evidence
for ‘early axSpA’ and nr-axSpA. In one study with a
6-month education and exercise intervention using
a combination of modalities, similar clinical efficacy
was observed in both patients with nr-axSpA and
radiographic axSpA [41]. In a follow-up study in the
r Health, Inc. All rights reserved.
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Spondyloarthropathies
same cohort, there were improvements in global
disease activity in both subgroups [36

&

].
In a recent study involving the DESIR cohort, no

functional improvement in patients with early
axSpA treated with early physical therapy (at least
eight supervised during the first 6 months) was
found, and the authors concluded no functional
benefit for patients with early SpA treated early by
physiotherapy in daily clinical practice [42]. Con-
versely, some research has revealed a beneficial
effect of exercise training in early SpA [43]. The
French DESIR cohort is a longitudinal prospective
cohort study in adults aged over 18 and less than
50 years from 25 regional centres [44].
Aerobic (cardiorespiratory)

The addition of aerobic exercise to conventional
stretching and mobility results in superior func-
tional fitness [24]. Although, a recent systematic
review and, meta-analysis evaluated the impact of
aerobic exercise compared to standard physiother-
apy and showed no additional benefit in terms of
Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI) and Bath Ankylosing Spondylitis Func-
tional Index (BASFI) scores [45

&

]. Aerobic exercise
may be most beneficial outside disease activity in
areas such as cardiorespiratory fitness and the anti-
oxidant system, the authors reported. Two limita-
tions to the study were that the exercise dosages
were not defined and BASDAI was the only measure
of disease activity. Although in an early study did
find changes in disease activity scores in response to
aerobic plus resistance training [46].

The safety and efficacy of high-intensity exercise
in patients with axSpA was demonstrated in a ran-
domised controlled pilot study [47] and then further
supported by a large, multicentre randomised trial
[48

&&

]. Here the authors used a 12-week intervention
with two supervised aerobic and strength sessions
using the ACSM prescription plus one own aerobic
exercise session, per week, focusing on major muscle
groups, as assessed by Ankylosing Spondylitis Dis-
ease Activity Score (ASDAS) and BASDAI, and
improved both physical function, as assessed by
BASFI, and cardiovascular health, as measured by
maximal test on a treadmill walking uphill until
exhaustion. They found this combination of aerobic
and strength training yielded the greatest benefits.
Flexibility

Traditionally spinal extension and upper limb and
lower limb stretching have been used in axSpA [24].
Pilates-based exercise have shown statistically sig-
nificant improvements regarding mobility but not
 Copyright © 2020 Wolters Kluwer H
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in disease activity [49]. The added value of hydro-
therapy and education within standard group exer-
cise has been demonstrated [50]. Zäo and Cantista
conducted a comprehensive systematic review of 35
clinical trials, the majority of which showed positive
effects of physical exercise. Flexibility remains fun-
damental but would seem to be better used within a
combined exercise programme along with strength-
ening and aerobic exercise for example.
Resistance (strength)

Muscular strength measured by knee flexion/exten-
sion [51] and functional strength test scores (sit-to-
stand test and arm curl test) [52] are significantly
lower in patients with ankylosing spondylitis than
in controls and a general reduction in muscle
strength has been found to be significantly associ-
ated with muscle wasting [52].

There appears to be a move towards resistance
training in RA with emerging evidence in the liter-
ature of Rheumatoid Cachexia, the body composi-
tional change of muscle loss and fat accumulation
accompanied by increased resting energy expendi-
ture because of overexpression of pro-inflammatory
cytokines and inhibition of muscle protein synthe-
sis [53,54]. Progressive resistance training appears to
convey the greatest benefits at combating this phys-
iological process [54]. It is plausible that a similar
inflammatory mediated accelerated muscle loss
could exist in SpA, though there has not been evi-
dence to support this since 2006 [52]. Further studies
are required to provide conclusive evidence of
cachexia in ankylosing spondylitis [55].

Enthesitis is a characteristic sign in SpA and this
inflammation extends to the fibrocartilage and syn-
ovio-entheseal complex as a result of high mechani-
cal stress [12,56]. This should be a consideration
when prescribing exercise, particularly resistance
training.

Studies often have little evaluation of strength
exercise [1

&&

]. Dagfinrud et al. [23] evaluated the
exercise programmes within 12 trials which
included a total of 826 patients with axSpA. They
found that muscular strength training was a part of
the exercise programme in just five of the included
trials and that the majority provided poor or no
descriptions of the strength exercises. Additionally,
resistance was not dosed according to a standardized
measure in any of these five trials and external load
was not used, indicating low resistance. Valido et al.
[57

&

] reviewed the evidence for the muscle changes
occurring during the SpA process and set out a call-
to-action for an improvement of study designs in
future research to allow a clarification of the diag-
nosis and underlying mechanisms of muscle loss.
ealth, Inc. All rights reserved.
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Neuro-motor

No studies specifically focus on neuro-motor exer-
cises, or at least clearly define this parameter. Mill-
ner et al. [58] describe neuro-motor exercise as the
combination of strength and functional exercises.
Although others describe balance and stability exer-
cises in line with these properties [59]. More research
is needed within this domain.
Wearables and new technologies

Deodhar et al. [60
&

] evaluated how one can measure
physical activity and sleep in patients with axSpA.
This includes the use of tools such as wearable
devices. At present, the majority of measures for
physical activity used in axSpA are subjective and
limited by recall, and are often over relatively short
study intervals. Actigraphy, which measures light
exposure, sleep, activity and the sleep–wake cycle,
will enable less intrusive monitoring of sleep and
physical activity over longer periods of time. Impor-
tantly, actigraphy may be used to evaluate the
impact of treatment interventions on physical activ-
ity and sleep, allowing for identification of appro-
priate management strategies in patients. Further
understanding of sleep disruption and physical
activity and longitudinal changes of this, will allow
further opportunity to therapeutically address these
variables. Objective measurements of physical activ-
ity, such as pedometers and accelerometers, track an
individual’s movement and studies investigating
physical activity in axSpA have utilized technol-
ogy-based assessments, allowing for the use of an
unbiased tool in the patient’s own environment
[51].

The most effective exercise protocol still
remains unclear [1

&&

] and this is a vital part of
physical therapy which needs further evaluation.
In an evidence-based consensus statement, it was
reported that a paucity of detailed information
exists to guide exercise prescription including the
type and dosage of exercise required for the most
benefit in patients with axSpA [58], and although
the tide is changing, this dilemma still remains.
CONCLUSION

The present review explored the current literature
surrounding physical activity and exercise in the
management of axSpA. The evidence suggests a
strong emphasis on the use of physical therapy
and exercise interventions. Application of exercise
therapy should be individualized and involve shared
decision making with the patient’s preferences in
mind whilst meeting all four domains of exercise:
 Copyright © 2020 Wolters Kluwe
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aerobic (cardiorespiratory), flexibility, resistance
(strength) and neuro-motor. The majority of patient
reported physical activity measures can be limited
by patient recall and subjectivity, hence objective
measures of physical activity and new technologies
offer exciting new developments to better track an
individual’s movement. Future exercise based
research is needed to further evaluate exercise pre-
scription, particularly dosing, whilst monitoring its
effects on all disease characteristics of axSpA.
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Purpose of review

To give an overview on the role of therapeutic drug monitoring (TDM) of biologics in patients with
inflammatory bowel disease (IBD).

Recent findings

Numerous prospective exposure–response relationship studies and post-hoc analyses of randomized
controlled trials show a positive correlation between biologic drug concentrations and favorable clinical
outcomes in IBD. These studies also demonstrate that higher drug concentrations appear to be needed to
achieve more stringent objective therapeutic outcomes. Reactive TDM rationalizes the management of
primary nonresponse and secondary loss of response to antitumor necrosis factor (anti-TNF) therapy and is
more cost-effective when compared with empiric dose optimization. Furthermore, recent data suggest that
proactive TDM, with the goal of targeting a threshold drug concentration, is associated with better
therapeutic outcomes when compared with empiric dose escalation and/or reactive TDM of infliximab or
adalimumab. Finally, proactive TDM can also efficiently guide infliximab de-escalation or discontinuation in
patients with IBD in remission.

Summary

Reactive TDM is currently considered as standard of care, whereas proactive TDM is emerging as a new
therapeutic strategy for better optimizing anti-TNF therapy in IBD. However, more data from prospective
studies are needed before a wide implementation of TDM-based algorithms in real life clinical practice for
newer biologics.
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INTRODUCTION

Biologic therapies are very effective for treating mod-
erate to severe inflammatory bowel diseases (IBD),
namely Crohn’s disease and ulcerative colitis. These
agents include the tumor necrosis factor inhibitors
infliximab, adalimumab, certolizumab pegol and
golimumab, the antiintegrin inhibitors vedolizumab
and natalizumab, and the IL-12/23 p40 inhibitor
ustekinumab [1,2]. On the contrary, not all patients
respond to induction therapy, and many others lose
response over time [3,4]. Therapeutic drug monitor-
ing (TDM) helps to explain these negative thera-
peutic outcomes can be attributed to either
pharmacokinetic issues, characterized by low drug
concentrations with or without the development of
antidrug antibodies (ADA), or a mechanistic failure in
patients with adequate drug concentrations [5].

Numerous prospective exposure–response rela-
tionship studies and post-hoc analyses of random-
ized controlled trials (RCTs) show a positive
t © 2020 Wolters Kluwe
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correlation between biologic drug concentrations
and favorable clinical outcomes in IBD [6–17,18

&

–
20

&

,21–37,38
&

,39,40,41
&

]. These studies in IBD also
suggest that higher drug concentrations are required
r Health, Inc. All rights reserved.
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KEY POINTS

� There is a positive correlation between biologic drug
concentrations and favorable therapeutic outcomes
in IBD.

� Reactive TDM can efficiently guide the management of
patients with primary nonresponse and secondary loss
of response to antitumor necrosis factor (anti-TNF)
therapy in IBD and has been proven more cost-effective
when compared with empiric dose escalation.

� Preliminary data suggest that proactive TDM of anti-TNF
therapy is associated with better therapeutic outcomes
when compared with empiric dose optimization and/or
reactive TDM in IBD.

� Proactive TDM can efficiently guide infliximab de-
escalation or discontinuation in patients with IBD
in remission.

Spondyloarthropathies
to achieve more stringent objective therapeutic out-
comes (from clinical response to histologic remis-
sion) [42,43]. On the other hand, low drug
concentrations predispose to ADA formation and
treatment failure [44–46].

Reactive TDM is defined as the evaluation of
drug concentration and ADA levels in the setting of
primary nonresponse or secondary loss of response
(LOR) to a biologic agent. The use of reactive TDM
has rationalized the management of these
unwanted clinical outcomes [47–49] and is more
cost-effective when compared with empiric dose
 Copyright © 2020 Wolters Kluwer H

FIGURE 1. Definition and role of reactive therapeutic drug mo
bowel disease. LOR, loss of response; PNR, primary nonresponse;
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escalation [50–52] (Fig. 1). Patients who will benefit
from more drug (low drug concentrations) are given
it, and those patients who will benefit from another
therapy (adequate drug concentrations or high
ADA) are switched. Proactive TDM is defined as
the evaluation of trough concentration and ADA
levels with the goal of optimizing biological therapy
to achieve a threshold drug concentration. Recent
data suggest that proactive TDM is associated with
better therapeutic outcomes when compared with
empiric dose optimization and/or reactive TDM of
antitumor necrosis factor (anti-TNF) therapy in
IBD [53–56,57

&&

,58,59]. Proactive TDM can also
effectively guide infliximab de-escalation [60,61]
or discontinuation [15,62–64] in patients with
IBD in remission TDM (Fig. 2). However, there
are perceived knowledge gaps regarding the role
of TDM that have hampered the wide implemen-
tation of TDM-based algorithms in real-life
clinical practice, as reflected also in some of the
current guidelines and recommendations (Table 1)
[65–70].

The goal of this review is to provide the most up
to date information regarding the role of TDM for
optimizing biologic therapy in IBD.
EXPOSURE–OUTCOMES RELATIONSHIP
STUDIES

Numerous exposure–outcomes relationship studies
demonstrate that higher biologic drug concentra-
tions, during both induction and maintenance
ealth, Inc. All rights reserved.
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FIGURE 2. Definition and role of proactive therapeutic drug monitoring of anti-tumor necrosis factor therapy in inflammatory
bowel disease. TDM, therapeutic drug monitoring; TNF, tumor necrosis factor.
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therapy, are associated with better therapeutic out-
comes in both Crohn’s disease and ulcerative colitis
[6–17,18

&

–20
&

,21–37,38
&

,39,40,41
&

]. Drug thresh-
olds to target may vary depending on the IBD phe-
notype, investigated therapeutic outcome and type
of TDM assay used; and typically, higher concen-
trations are associated with more stringent out-
comes [31,42,43,71,72]. These studies include
adult populations as well as pediatrics (Table 2)
[7–17]. Furthermore, though not discussed here,
there are several exposure–response studies in other
immune-mediated inflammatory diseases, such as
rheumatoid arthritis, ankylosing spondylitis and
psoriasis [35]. Though most of the data relates to
anti-TNF therapies, all therapies have been shown to
have positive exposure–outcome relationships. We
have chosen to highlight only a few of the more
recent studies.

A post-hoc analysis of the ACT-1 and 2 (A Safety
and Efficacy Study for Infliximab in Patients with
Active Ulcerative Colitis) RCTs showed that inflix-
imab concentrations at least 18.6 mg/ml at week 2
and at least 10.6 mg/ml at week 6 were associated
with an endoscopic improvement at week 8 [18

&

]. A
post-hoc analysis of the TAILORIX (Drug-concen-
tration vs. Symptom-driven Dose Adaptation of
Infliximab in patients with active Crohn’s disease)
RCT identified an infliximab threshold of 23.1 mg/
ml at week 2 and 10 mg/mL at week 6 discriminating
patients with early endoscopic remission at week 12
[19

&

]. The prospective PANTS (personalized anti-
 Copyright © 2020 Wolters Kluwe
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TNF therapy in Crohn’s disease) study showed that
the optimal week 14 drug concentrations associated
with remission at both week 14 and week 54 were
7 mg/l for infliximab and 12 mg/l for adalimumab
[20

&

]. A recent prospective study showed that a
vedolizumab trough concentration cutoff of
16.55 mg/ml at week 14 predicted drug persistence
within the first year of therapy [40]. The VISIBLE 1
(Efficacy and Safety of Vedolizumab Subcutaneously
as Maintenance Therapy in Ulcerative Colitis) RCT
showed that the proportion of patients receiving
vedolizumab subcutaneously for maintenance
who achieved clinical remission increased with
increasing vedolizumab exposure from 50% (quar-
tile 1) to 83% (quartile 4). Similarly, the proportion
of patients with endoscopic improvement increased
with increasing exposure from 50% (quartile 1) to
89% (quartile 4) [41

&

]. The prospective multicenter
LOVE-Crohn’s disease (LOw countries VEdolizumab
in Crohn’s disease) study, including 110 patients
with active Crohn’s disease who received open-label
vedolizumab (300 mg) infusions at weeks 0, 2 and 6,
and every 8 weeks thereafter through week 52,
showed that serum concentrations of vedolizumab
more than 10 mg/ml at week 22 were associated with
endoscopic remission at week 26 [39]. A recent
systemic review and meta-analysis showed that in
patients with ulcerative colitis, week 6 vedolizumab
trough concentrations at least 18.5–20.8 mg/ml, and
maintenance trough concentrations at least 9–
12.6 mg/ml were associated with favorable clinical
r Health, Inc. All rights reserved.
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Table 1. Current recommendations and guidelines from medical societies/organizations as well as expert groups

Medical society/
organization or
expert group

Method Reactive TDM Proactive TDM Ref.

AGA GRADE In adults with active IBD treated with anti-TNF
agents reactive TDM to guide treatment
changes is suggested. (conditional
recommendation, very low quality of
evidence)

In adult patients with quiescent IBD treated
with anti-TNF agents, no recommendation
regarding the use of routine proactive
TDM is made. (knowledge gap)

[65]

BSG GRADE Treatment options for failure of initial anti-TNF
therapy (increase dose, shorten dosage
interval, switch to alternative anti-TNF, or
switch to different drug class) may be
informed by the clinical context and by
measurement of serum drug and ADA
concentrations. (Weak recommendation, low-
quality evidence). Patients with LOR to anti-
TNF therapy may have serum drug and ADA
concentrations measured to inform
appropriate changes in treatment. (Weak
recommendation, moderate-quality evidence)

All IBD patients should be reviewed 2–4
weeks after completing loading doses of
anti-TNF therapy to assess response and
optimize maintenance dosing based on
clinical response and measures such as
serum drug and ADA concentrations,
blood inflammatory markers, fecal
biomarkers or endoscopy. (Good practice
recommendation)

[66]

ECCO GRADE In CD patients who have lost response to an
anti-TNF agent, there is currently insufficient
evidence to recommend for or against the use
of reactive TDM to improve clinical outcomes.
(Weak recommendation, low-quality
evidence)

In CD patients in clinical remission under
anti-TNF treatment, there is currently
insufficient evidence to recommend for or
against the use of proactive TDM to
improve clinical outcomes as compared
with routine care. (Weak
recommendation, moderate-quality
evidence)

[67]

Australian IBD,
consensus
working
group

Modified
Delphi

TDM should be performed in patients with
secondary loss-of-response to guide clinical
decision-making

In patients in clinical remission following
anti-TNF therapy induction, TDM should
be considered to guide management.
TDM should be considered periodically in
patients in clinical remission if the results
are likely to impact management

[68]

CAG GRADE In patients with CD who have a suboptimal
clinical response to anti-TNF induction
therapy or LOR to maintenance therapy, we
suggest regimen intensification informed by
TDM. (Conditional recommendation, very low
quality evidence)

N/A [69]

BRIDGe Modified
Delphi

It is appropriate to order drug/antibody
concentration testing for all anti-TNFs in
patients with confirmed LOR. It is appropriate
to order drug/antibody concentration testing
of anti-TNFs at the end of induction in PNRs

It is appropriate to order drug/antibody
concentration testing at least once during
maintenance for patients on all anti-TNFs.
It is appropriate to order drug/antibody
concentration testing in responders at the
end of induction for all anti-TNFs

[42]

ACG GRADE In patients with moderately to severely active
UC who are responders to anti-TNF therapy
and now losing response, we suggest
measuring serum drug levels and ADA (if
there is not a therapeutic level) to assess the
reason for LOR. (Conditional
recommendation, very low quality of
evidence)

N/A [70]

ACG, American College of Gastroenterology; ADA, antidrug antibodies; AGA, American Gastroenterological Association; anti-TNF, antitumor necrosis factor;
BRIDGe, Building Research n IBD Globally; BSG, British Society of Gastroenterology; CAG, Canadian Association of Gastroenterology; CD, Crohn’s disease;
ECCO, European Crohn’s and colitis organization; GRADE, Grading of Recommendations Assessment, Development and Evaluation; IBD, inflammatory bowel
disease; LOR, loss of response; N/A, not applicable; PNRs, primary nonresponders; TDM, therapeutic drug monitoring; TNF, tumor necrosis factor; UC, ulcerative
colitis.
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Table 2. Exposure–outcome relationship data of infliximab in pediatric IBD

IBD type Treatment time point Threshold (mg/ml) Therapeutic outcome and time point TDM assay Ref.

CD Induction (w2) >9.2 Clinical remission (w14) ELISA [7]

CD Induction (w2) �26.7 Clinical response (w14) ELISA [8]

CD Induction (w6) >2.2 Drug retention beyond one year of treatment ELISA [7]

CD Induction (w6) �18 CRP<0.5 mg/dl ELISA [8]

CD Induction (w6) �15.9 Clinical response (w14) ELISA [8]

CD Induction (w6) >8.3 Clinical remission (w14) ELISA [9]

CD/UC Induction (w6) >9.8 CRP<0.5 mg/dl ELISA [10]

CD Postinduction (w10) �9.1 Drug retention (w52) HMSA [11]

CD Postinduction (w14) >12.7 Fistula response (w24) ELISA [12]

CD/UC Postinduction (w14) >5.5 Clinical remission (w54) HMSA [13]

CD/UC Postinduction (w14) >2 ESR<18mm/h ELISA [10]

CD/UC Postinduction (w14) >3.1 Sustained clinical remission ELISA [14]

CD Maintenance �2.5 Relapse after drug withdrawal for remission ELISA [15]

CD Maintenance >4.9 Biochemical remission ELISA [16]

CD Maintenance >5 Mucosal healing ELISA [16]

CD/UC Maintenance >5.4 Endoscopic remission ELISA [17]

CD/UC Maintenance >1.6 ESR<18mm/h ELISA [10]

CD, Crohn’s disease; CRP, C-reactive protein; FC, fecal calprotectin; HMSA, homogeneous mobility shift assay; IBD, inflammatory bowel disease; TDM,
therapeutic drug monitoring; UC, ulcerative colitis; w, week.
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outcomes [37]. In addition, a recent post-hoc analy-
sis of the UNIFI (A Study to Evaluate the Safety and
Efficacy of Ustekinumab Induction and Mainte-
nance Therapy in Participants With Moderately to
Severely Active Ulcerative Colitis) RCT identified a
target concentration threshold at least 3.7 mg/ml at
week 8 for achievement of clinical response at
week 8 and a target concentration threshold at least
1.3 mg/ml for clinical remission at week 44 [38

&

].
REACTIVE THERAPEUTIC DRUG
MONITORING

Reactive TDM has rationalized the management of
LOR to anti-TNF therapy in IBD. It can stratify
patients with subtherapeutic drug concentrations
who will respond to dose escalation from those
patients who already have enough drug exposure
and would benefit from an alternative mechanism
of medication from those patients with high ADA
that cannot be overcome with dose optimization
[47–49]. Yanai et al. [47] showed that at the time of
LOR, infliximab concentrations more than 3.8 mg/
ml and adalimumab concentrations and more than
4.5 mg/ml identify patients who probably have a
mechanistic failure and benefit more from changing
out-of-class than dose escalation or switching
within drug class. Furthermore, Roblin et al. [49]
showed that adalimumab concentrations more than
 Copyright © 2020 Wolters Kluwe
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4.9 mg/ml are associated with failure to a second
anti-TNF, thus helping to identify patients likely
failing adalimumab due to pharmacodynamic issues
who would benefit from a nonanti-TNF agent. In
addition, several studies have demonstrated that
reactive TDM is more cost-effective [50–52] and is
associated with higher rates of endoscopic remission
when compared with empiric infliximab dose opti-
mization [73]. Thus, we recommend reactive TDM
in patients who develop LOR to anti-TNF therapy. A
suggested reactive TDM-based algorithm for opti-
mizing infliximab therapy in IBD is depicted in
Fig. 3. As adequate drug concentrations suggest a
loss mechanistic effect, in practice we do not aban-
don infliximab or adalimumab unless drug concen-
trations are greater than 10–15 mg/ml.

A recent RCT, showed that patients with LOR
and antibodies to a first anti-TNF benefit from the
use of azathioprine in combination with the second
anti-TNF. In these patients the addition of azathio-
prine was associated with a significant reduction in
the risk of developing ADA, low drug concentrations
and LOR to a second anti-TNF [74

&&

]. Thus, if
patients develop ADA to one anti-TNF, the addition
on an immunomodulator (IMM) (or proactive TDM)
should be recommended with the use of a second
anti-TNF. This becomes even more clinically rele-
vant in patients with a genetic predisposition for
developing ADA [75]. Though the data for reactive
r Health, Inc. All rights reserved.
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FIGURE 3. Reactive therapeutic drug monitoring-based algorithm for optimizing infliximab therapy in inflammatory bowel
disease. ATI, antibodies to infliximab; TDM, therapeutic drug monitoring.

Spondyloarthropathies
TDM for new biologics is only theoretical at this
time, though based on exposure–response studies,
makes sense.
PROACTIVE THERAPEUTIC DRUG
MONITORING

Proactive TDM for optimizing medications is not a
new concept. It has been used for cyclosporine and
tacrolimus in treating ulcerative colitis and in solid
organ transplantation as well as with various anti-
biotics (gentamycin and vancomycin). The goal of
proactive TDM is to improve response rates and
prevent secondary LOR by targeting drug concen-
trations which are considered to be in the optimal
therapeutic range. Proactive TDM of anti-TNF ther-
apy has been associated with better therapeutic out-
comes when compared with empiric dose escalation
and/or reactive TDM in IBD including a lower risk of
relapse, improved clinical remission rates, higher
rates of mucosal healing as well as less treatment
failure, need for IBD-related surgery or hospitaliza-
tion, risk of ADA and serious infusion reactions [53–
56,57

&&

,58,59]. Most recently, the PAILOT (Paediat-
ric Crohn’s disease Adalimumab-Level-based Opti-
misation Treatment) RCT randomized 80 biological-
naı̈ve children with luminal Crohn’s disease who
responded to adalimumab induction therapy to
proactive TDM or reactive TDM. This study met
 Copyright © 2020 Wolters Kluwer H
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its primary endpoint and showed that the steroid-
free clinical remission rate at week 72 was higher in
children undergoing proactive compared with those
undergoing reactive TDM [32 (82%) vs. 19 (46%),
P<0.001, respectively] [57

&&

]. Furthermore, the pro-
active TDM group had a higher rate of the stringent
composite remission (defined as corticosteroid-free
clinical remission, C-reactive protein �0.5 mg/dl
and fecal calprotectin �150 mg/g) throughout week
8–72 when compared with those undergoing reac-
tive TDM [16/38 (42%) vs. 5/40 (12%), P¼0.003,
respectively] [57

&&

]. Significantly, in this study 90%
of the proactive group required dose-optimization
compared with almost 60% of the reactive group.
Furthermore, a recent 3-year prospective observa-
tional study showed that proactive TDM compared
with empirical dosing is associated with a signifi-
cant reduction in the risk of treatment failure [haz-
ard ratio: 0.51; 95% confidence interval (CI): 0.27–
0.92; P¼0.037], IBD-related surgery (hazard ratio:
0.14; 95% CI: 0.03–0.65; P¼0.012) and hospitali-
zation (hazard ratio: 0.38; 95% CI: 0.17–0.87;
P¼0.022) [58].

Proactive TDM can also be applied to better
guide biologic withdrawal or de-escalation in
patients in remission [60–63]. A recent observa-
tional study showed that in IBD patients in clinical
remission infliximab de-escalation based on TDM
(when infliximab concentrations at the time of
ealth, Inc. All rights reserved.
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de-escalation were >7 mg/ml) was associated with
less relapse compared with only clinically based
infliximab de-escalation [60]. In our clinical prac-
tice, dose de-escalation is typically performed
patients in stable clinical remission with an inflix-
imab concentration more than 15 mg/ml. Follow-
ing dose de-escalation, patients should continue
to be followed with proactive TDM to maintain
adequate infliximab concentrations and avoid
relapse [61].

Proactive TDM can also be used to support the
concept of ‘optimized monotherapy’ instead of
using combination anti-TNF therapy with an IMM
(thiopurines or methotrexate) which poses a risk for
serious and opportunistic infections and lymphoma
[76]. Two recent observational studies showed that
proactive TDM-based infliximab monotherapy is as
effective as infliximab combination therapy with an
IMM [77,78]. This concept is further reinforced by a
recent post-hoc analysis of the SONIC (Study of
Biologic and IMM Naive Patients in Crohn Disease)
RCT which demonstrated that patients stratified by
infliximab concentration quartiles have comparable
outcomes regardless of concomitant azathioprine
[79

&&

]. In our clinical practice, we perform proactive
TDM, typically optimized monotherapy, with inflix-
imab and adalimumab. For infliximab our goal
threshold is typically 5–10 mg/ml, but in certain
scenarios may be as high as 15 for infliximab. For
adalimumab, our goal threshold is typically more
than 10 mg/ml. If not performing optimized mono-
therapy with anti-TNF, patients with IBD should be
on a concomitant IMM to decrease ADA and
improve outcomes.

However, before a wide implementation of
TDM-based algorithms in real life clinical practice,
several knowledge gaps need to be addressed,
including when to measure biologic drug concen-
trations (peak vs. intermediate vs. trough; induction
vs. postinduction concentrations) and what are the
optimal drug concentrations to target (depending
on the therapeutic outcome, IBD phenotype and
type of TDM assay used). Moreover, the detection,
quantification and interpretation of ADA can be
challenging depending largely on the analytical
properties of the assay used [80]. For example the
previously established cutoff of 8 mg/ml with the
first-generation ELISA seems to correspond to the
cutoff of 374 ng/ml with the second-generation
ELISA and a cutoff of 119 ng/ml in the ready-to-
use ELISA kit [81]. In addition, more data from well
designed prospective studies and RCTs are also
needed. For example, the NOR-DRUM (NORwegian
DRUg Monitoring) randomized, open, controlled,
parallel-group, comparative, multicentre, national,
superiority, phase IV study will aim to assess the
 Copyright © 2020 Wolters Kluwe
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effectiveness of TDM in patients with rheumatoid
arthritis, psoriatic arthritis, spondyloarthritis, ulcer-
ative colitis, Crohn’s disease and psoriasis. Partici-
pants will be randomized 1 : 1 to either TDM of
infliximab (intervention group) or to standard treat-
ment with infliximab without TDM (control group)
[82]. Finally, future perspectives to better optimize
TDM include the incorporation of pharmacokinetic
dashboard models and the use of rapid point of care
assays for an early drug optimization [83,84].
CONCLUSION

Many studies show the positive correlation of drug
concentrations and outcomes. Currently, reactive
TDM is considered the standard of care, whereas
proactive TDM is emerging as a new therapeutic
strategy for better optimizing anti-TNF therapy in
IBD. However, more data from prospective studies
are needed before a wide implementation of TDM-
based algorithms in real life clinical practice for
newer biologics.
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Purpose of review

Enthesitis is a hallmark feature of the spondyloarthropathies (SpA). This review provides an overview of
recent insights on diagnosis and management of enthesitis.

Recent findings

Recent studies support the use of imaging for diagnosis because of its higher sensitivity and specificity
compared with clinical examination. Several new MRI and ultrasound scoring systems have been
developed for enthesitis, which may facilitate the use of imaging in research. Enthesitis has been evaluated
as a primary study outcome mainly in psoriatic arthritis (PsA); however, the use of different indices and
definitions of improvement limits comparison across studies. There is very limited information about the
efficacy of synthetic disease modifying antirheumatic drugs (DMARDs) for the treatment of enthesitis. In
contrast, targeted and biologic DMARDs have all shown efficacy in treating enthesitis compared with
placebo. There have been only a few head-to-head trials that compared two different cytokine inhibitors for
the treatment of enthesitis. Preliminary data suggest that targeting IL-17 or IL12/23 may be more
efficacious for controlling enthesitis than TNF inhibition.

Summary

Emerging data suggest interleukin-17 and 12/23 inhibitors may be the first choice in PsA patients with
enthesitis. Further head-to-head studies are needed before making definitive recommendations.

Keywords

antirheumatic agents, enthesitis, psoriatic arthritis, spondylarthritis
INTRODUCTION

Enthesitis, defined as inflammation of tendon, liga-
ment, and joint capsule insertion into bone, is con-
sidered a hallmark pathological and clinical feature
of the spondyloarthritis (SpA) group of diseases.
Recent advances in understanding the anatomy,
function, and pathophysiology of enthesitis has
increased our knowledge of how to manage this
condition and has been extensively described previ-
ously [1]. In this review, we will address the latest
insights on diagnosis and treatment of enthesitis in
clinical practice.
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CLINICAL RELEVANCE OF ENTHESITIS

Enthesitis affects 30–50% of patients with SpA [2,3]
and is associated with increased measures of disease
activity, higher pain scores, and worse quality of life
[2,4]. Patients with PsA have approximately four
times more entheseal damage on ultrasound than
patients with Ankylosing Spondylitis, with psoriasis
being linked to the severity of damage [5,6]. Recent
studies have shown that enthesitis is associated with
axial involvement in PsA [7], higher levels of back
 2020 Wolters Kluwer H
pain [8], and spinal damage in patients with SpA,
regardless of subtype [5]. A higher frequency of dac-
tylitis, tenosynovitis and uveitis was also found in
patients with enthesitis compared with those with-
out enthesitis [8,9]. Not surprisingly, patients with
enthesitis had lower quality of life and higher patient
reported outcomes in both, early and established
disease [8,9,10

&

]. These data suggest that enthesitis
serves as a marker of disease severity in SpA.
DIAGNOSTIC CHALLENGES IN ENTHESITIS

Several clinical enthesitis indices were developed to
quantify the extent of enthesitis at the patient level
[11]. There is no consensus regarding the optimal
ealth, Inc. All rights reserved.
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KEY POINTS

� Ultrasound assessment can help differentiate enthesitis
from PsA vs. fibromyalgia.

� All tsDMARDs (apremilast, tofacitinib, filgotinib) are
effective in treating enthesitis.

� All approved bDMARDs have shown efficacy in
treating enthesitis.

� Ixekizumab and ustekinumab have shown superiority
over TNF inhibitors in treating enthesitis but more
studies are needed for definitive recommendations.

Management of enthesitis in clinical practice Koppikar and Eder
index as they were all developed with different
patient populations and site selections, making
comparisons difficult. The most frequently used
enthesitis indices in clinical trials are the Maastricht
Ankylosing Spondylitis Enthesitis Score (MASES),
Spondyloarthritis Research Consortium of Canada
(SPARCC) index, and the Leeds Enthesitis Index
(LEI). Mease et al. [12] compared the performance
of LEI, SPARCC and MASES indices in patients with
nonpsoriatic peripheral SpA during treatment with
Adalimumab. They found that LEI and SPARCC
showed better discriminatory capacity and treat-
ment response compared with MASES, likely
because of more peripheral sites in these indices.
A recent study by Palominos et al. [13] found that
the MASES index had a higher correlation with
measures of disease activity and function in both
axial and peripheral SpA. Overall, the selection of
the enthesitis index depends on the setting (clinical
practice vs. research), study population (axial SpA
vs. PsA), feasibility (i.e. time), and personal prefer-
ences.

Although enthesitis indices are useful in clinical
trials, they are less commonly used in clinical prac-
tice because of feasibility issues. Clinical evaluation
of enthesitis relies on detecting tenderness by pres-
sure to each enthesis until blanching of the exam-
iner’s nail bed [11]. This makes diagnosis
challenging as detection of pain may not only be
related to differences in the degree of pressure
administered by the examiner but also dictated by
different pain thresholds of patients. Referred pain
from other structures, such as the adjacent joint, can
also influence the ability to accurately diagnose
enthesitis. Distinction between conditions, such
as tendinitis and enthesitis only based on physical
examination is also challenging. Additionally,
entheseal thickening, which may be associated with
inflammation, is rarely present and physical exam
cannot detect more specific features of enthesitis,
 Copyright © 2020 Wolters Kluwe
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such as erosions or enthesophytes [14]. Further-
more, patients with fibromyalgia can be mistakenly
diagnosed as having enthesitis because of tender-
ness at entheseal sites if only clinical examination is
used [15

&&

]. Overall, as the clinical diagnosis of
enthesitis is based mainly on subjective measures,
it is often not as accurate and can be confounded by
other factors. The advent of imaging techniques to
assess entheses has further demonstrated the limi-
tations of clinical diagnosis.
ADVANCES IN IMAGING TO DIAGNOSE
ENTHESITIS

MRI and ultrasound are more sensitive and specific
than clinical examination for the identification of
enthesitis and may optimize its diagnosis and man-
agement in patients with SpA [16,17].

MRI evaluation of enthesitis is based on soft-
tissue inflammatory changes, such as tendon swell-
ing and increased signal at insertion sites and in the
underlying bone [18]. However, MRI signals can be
low in areas that lack water accumulation, resulting
in limited visualization of bone marrow edema,
which is critical to diagnosing enthesitis. Further-
more, bone marrow edema at entheses can be seen
in other conditions, such as rheumatoid arthritis
and osteoarthritis [19]. Until recently, no validated
MRI scoring systems existed for evaluating enthesi-
tis. To improve on this, in 2019, the Outcome
Measures in Rheumatology (OMERACT) MRI work-
ing group developed and validated an enthesitis
MRI scoring system for SpA/PsA, using the heel as
a model [20

&

]. However, MRI remains time consum-
ing, therefore, it is typically focused on a single joint
area. Whole-body MRI (WBMRI) tries to mitigate
this issue by assessing multiple entheseal sites and
recent efforts have been made by OMERACT to
develop a WBMRI scoring system for peripheral
joints and entheses [21

&

]. This is an improvement
from previous studies as they have included addi-
tional areas, such as the knees, hands and feet, but
still needs validation against healthy controls and
patients with fibromyalgia or those with a higher
BMI. Overall, these scoring systems are currently
dependent on trained readers, and thus may be most
useful for clinical trials but limited in clinical prac-
tice. Furthermore, MRI remains less practical than
other techniques because of its cost and availability
in most places.

Ultrasound (US), like MRI, is useful for identify-
ing enthesitis but has the added advantage of being
accessible, inexpensive, nonionizing, and produc-
ing real-time dynamic images that informs diagno-
sis and treatment. Ultrasound typically employs B
mode/grey scale assessment as a structural indicator
r Health, Inc. All rights reserved.
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FIGURE 1. Ultrasound elementary lesions of enthesitis at the Achilles tendon insertion (longitudinal scans in B-mode and
Power Doppler). (a) B-mode ultrasound: A, Achilles tendon; C, calcaneal bone; E, erosions; #, areas of hypoechogenicity of
the tendon. (b) Power Doppler ultrasound: A, Achilles tendon; C, calcaneal bone; the arrows point to the Doppler signal at the
entheseal insertion and proximally in the tendon; the dashed line represents thickening of the enthesis.

Spondyloarthropathies
to detect typical entheseal lesions, such as thicken-
ing, hypoechogenicity, enthesophytes, erosions,
and Power Doppler as a sensitive measure of vascular
flow, which indicates active inflammation (Fig. 1).
The OMERACT ultrasound working group defined
enthesitis as the presence of hypoechoic and/or
thickened insertion of the tendon within 2 mm of
the bony cortex, which exhibits Doppler signal if
active, with possible erosions and enthesophytes/
calcifications [22

&

]. However, this definition has
been debated as defining enthesitis as being within
2 mm of the bony cortex is controversial when
adjacent structures, such as bursae could be involved
[23

&

,24]. This is consistent with the concept of
‘enthesitis organ’, which constitutes more than just
the joint insertion site [1]. Several ultrasound scor-
ing systems have been developed for diagnosis and
to monitor treatment response [24]. Most of these
have good reliability and sensitivity but focus on
entheses in the lower extremities, which may be
confounded by mechanical changes from physical
activity, obesity and aging [25]. Entheses in the
upper extremities, such as those in the fingers,
which are less affected by bio-mechanical stress,
may be more specific for inflammatory arthritis
activity. A recent study by Marcia-Villa et al. showed
that peritenon extensor tendon inflammation at the
metacarpophalangeal joints may be an enthesitis-
related lesion in PsA [26

&

]. This further adds to
previous studies, which demonstrated peritenon
inflammation in the hands as specific enthesitis
lesions in PsA [27,28].

Enthesitis has been thought to be the initial site
of inflammation in SpA, thus providing an oppor-
tunity to investigate preclinical phases and make
early diagnoses. Numerous recent imaging studies
 Copyright © 2020 Wolters Kluwer H
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have added to the evidence that higher prevalence
of sonographic enthesitis can be found in psoriasis
patients compared with healthy controls, poten-
tially providing a tool to predict evolution to PsA
[29,30,31

&

]. Overall, imaging provides more sensi-
tive and specific tools in addition to physical exam
for diagnosing enthesitis early in clinical practice.
MANAGEMENT

Despite significant advances in the treatment of SpA
and the introduction of novel medications targeting
several inflammatory pathways, no large random-
ized controlled trial (RCT) has been specifically
designed to evaluate enthesitis as the primary study
outcome. Despite this limitation, important infor-
mation about treatment efficacy can be gleaned
from recent clinical trials of these novel therapies
in patients with SpA and PsA (Supplementary
Table 1, http://links.lww.com/COR/A49). Most of
the data that will be discussed is based on studies
in PsA as enthesitis has not been systematically
evaluated in AS or axial SpA trials.

In clinical practice, the aims of treatment are to
resolve symptoms and prevent further inflamma-
tion responses that can result in irreversible damage.
Treatment of clinical enthesitis has been historically
limited to nonsteroidal anti-inflammatory drugs
(NSAIDs), which often controls symptoms and
may slow new bone formation [1]. Local glucocorti-
coid injections are often used in clinical practice for
peripheral enthesitis but few studies have evaluated
their efficacy. Society guidelines differ on recom-
mendations around injections [32–34], and given
the lack of direct evidence, we prefer using NSAIDs
as first-line therapy given its known and proven
ealth, Inc. All rights reserved.
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effects. Local steroid injections around the entheses
are typically used when NSAIDs are contraindicated
or have failed.

With respect to conventional synthetic disease-
modifying antirheumatic drugs (csDMARDS), meth-
otrexate has shown some efficacy in treating enthe-
sitis, albeit not to the same degree as synovitis. In
the TIght COntrol of Psoriatic Arthritis (TICOPA)
study, a multicenter open-label RCT in patients with
PsA, 25.7% of patients with enthesitis had complete
resolution at 12 weeks on methotrexate but the
median change in enthesitis score was 0 [35]. In
the SEAM-PsA RCT, which compared methotrexate
monotherapy, etanercept monotherapy, and com-
bination therapy of methotrexate and etanercept in
patients with early PsA, there was a complete reso-
lution of enthesitis in 43.1% of patients in the
methotrexate monotherapy arm [36

&

]. Sulfasalazine
was found to be ineffective in reducing the number
of enthesitis sites in several older studies [37,38]. To
our knowledge, no other trials have demonstrated
any effectiveness of csDMARDS in treating enthesi-
tis, and therefore are not recommended.

By contrast, the phosphodiesterase 4 inhibitor
apremilast, a targeted synthetic DMARD (tsDMARD)
approved for treatment of PsA has shown efficacy in
enthesitis. Apremilast indirectly inhibits IL-17A, IL-
23, and tumor necrosis factor (TNF) cytokines as well
as neutrophil migration, thereby interfering with
the key players in enthesitis pathogenesis. In the
pooled analysis of PALACE 1–3 trials comparing
apremilast to placebo, a higher percentage of
patients with enthesitis had complete resolution
on apremilast (27.5%) compared with placebo
(22.5%) at 24 weeks but this was not statistically
significant. Recent long-term data from PALACE 1–
3 studies show that the percentage of patients
achieving complete resolution of enthesitis (by
MASES) increased to 55 and 62.4% at 3 and 5 years,
respectively [39,40]. Similar results were found in
biologically naı̈ve PsA patients, with 46.4% of
patients on apremilast achieving a Gladman Enthe-
sitis Index (GEI) of 0 at 16 weeks compared with
33.3% of placebo [41]. The improvements contin-
ued up to 52 weeks with 69.8% of patients on
apremilast achieving complete resolution
of enthesitis.

Another oral tsDMARD is tofacitinib, a Janus-
kinase (JAK) inhibitor. A pooled analysis of two
phase-3 trials, OPAL Broaden and OPAL Beyond,
showed a higher proportion of tofacitinib-treated
patients achieved enthesitis resolution at 3 months
compared with placebo, as measured by LEI (36.7%)
and SPARCC (29.4%) indices compared with 21.5
and 23.5%, respectively, in the placebo arm [42

&

].
Further improvements were seen at month 6.
 Copyright © 2020 Wolters Kluwe
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Filgotonib is another JAK inhibitor that was investi-
gated in PsA. In the EQUATOR trial with biologic
naı̈ve PsA patients that had enthesitis at baseline,
more patients who received filgotinib achieved
enthesitis resolution compared with placebo using
LEI (treatment difference 26%). This difference was
not statistically significant when using the SPARCC
index, although the treatment difference was 12%
favouring filgotinib [43

&&

]. These results are promis-
ing and provide good options in patients who prefer
oral treatments.

The effectiveness of the first anti-TNF agents
approved for PsA and AS, such as adalimumab
and etanercept, on enthesitis was not specifically
assessed. Later trials, such as the open-label
ACCLAIM study with adalimumab in PsA showed
a statistically significant improvement in resolution
of enthesitis at the achilles tendon and plantar fascia
at 12 weeks [44]. One RCT, which used adalimumab
as the active reference arm, showed a complete
resolution of enthesitis (33%) compared with pla-
cebo (19.3%) at 24 weeks in PsA [45]. With respect to
etanercept, the PRESTA study reported an improve-
ment in enthesitis (defined as improvement in �1
tendon/ligament insertion) in 81.3% of patients
with PsA treated with etanercept 50 mg weekly
[46]. The SEAM-PsA study also reported complete
resolution of enthesitis on etanercept monotherapy
(52.6%) and combination therapy with methotrex-
ate (47.5%) [36

&

]. Infliximab was also shown to be
effective in the IMPACT study, with fewer PsA
patients treated with infliximab (20%) than placebo
(37%) having active enthesitis at week 24 [47].

The newer anti-TNF drugs, certolizumab and
golimumab, provided further evidence of the effi-
cacy of TNF blockers in treating enthesitis. In the
GO-REVEAL study, golimumab 50 mg every 4 weeks
reduced the prevalence of active enthesitis (49%)
compared with placebo (69%) at 24 weeks [48]. In
the RAPID-PsA trial, LEI change from baseline to
week 24 was significantly higher in the certolizumab
arms, with a mean change of �2.0 in certolizumab
200 mg every 2 weeks and �1.8 in CZP 400 mg every
4 weeks, compared with placebo �1.1 [49]. These
improvements were maintained in the 4-year long-
term follow-up with more than 6 in every 10
patients achieving complete resolution of enthesitis
[50]. We can, therefore, conclude, at least based on
more recent, high-quality clinical trial data, that
anti-TNF agents are effective for enthesitis as a class.

More robust evidence is available in drugs that
inhibit the Th17 pathway. Ustekinumab, an IL-12/
23 p40 inhibitor has shown to effectively treat
enthesitis in 47% of PsA patients with peripheral
and axial disease compared with placebo (16%) [51].
Recent work shows that ustekinumab is effective
r Health, Inc. All rights reserved.
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irrespective of prior csDMARD use and disease dura-
tion [52]. Real-life effectiveness has also been dem-
onstrated in observational studies of peripheral PsA
when ustekinumab was used as first-line therapy or
in multiple biologic failures [53]. A significant
decrease in mean LEI (1.2–0.5) was noted at
24 months for all patients being treated with uste-
kinumab. It should be noted that ustekinumab is
not effective for axial involvement in SpA. A recent
potential explanation for this finding was proposed
by Cuthbert et al. [54

&

] whereby human spinal gdT-
cells have shown to produce IL-17 independent of
IL-23 expression. Guselkumab, an IL-23 p19 inhibi-
tor has also shown promising results in phase 3 trials
for the treatment of enthesitis in PsA. Pooled data
from DISCOVER-1 and DISCOVER-2 showed a total
of 44.9 and 49.6% of patients, given guselkumab
every 4 and 8 weeks, respectively, achieved com-
plete resolution of enthesitis, compared with only
29.4% in the placebo group [55].

With respect to the IL-17 inhibitors, a pooled
analysis of four phase-3 PsA studies (FUTURE 2–5)
and 1 phase 3 AS study (MEASURE 2) showed the
consistent efficacy of secukinumab in achieving
complete resolution of enthesitis in the 300 mg
(53.2%) and 150 mg (44.4%) groups compared with
placebo (29%) [56

&

]. Ixekizumab, a second IL-17A
inhibitor with a higher affinity, demonstrated effi-
cacy for enthesitis in both SPIRIT-P1 and SPIRIT-P2
trials. In a recent pooled data analysis, among PsA
patients with preexisting enthesitis, ixekizumab
every 2 and 4 weeks achieved significantly more
resolution than placebo at 24 weeks (35, 39, and
21%, respectively) [57

&

]. This translated to improve-
ments in patients’ function, pain and health-related
quality of life (HRQoL) as well. A third IL-17 blocker,
brodalumab, was studied in PsA patients over
12 weeks and no statistically significant reduction
in enthesitis was found compared with placebo.
However, there was a greater numerical improve-
ment in enthesitis in those on higher doses of
brodalumab [58]. Taken together, all the current
studies provide strong evidence that IL-17-blocking
agents are effective for therapy of enthesitis.

There are limited head-to-head studies compar-
ing the efficacy of two classes of medications for
enthesitis. Indirect comparisons between drugs with
different mechanisms of action reveal contradicting
results. A recent meta-analysis that assessed indirect
efficacy of biologic agents vs. placebo for enthesitis
showed an overlap in the effect size of anti-TNF and
newer biologics targeting IL-17 and IL-23 [59]. How-
ever, in the relatively small and nonblinded
ECLIPSA study, which specifically assessed resolu-
tion of enthesitis by the SPARCC index as the pri-
mary endpoint in PsA patients after 24 weeks, 73.9%
 Copyright © 2020 Wolters Kluwer H
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of UST patients and only 41.7% of anti-TNF patients
reached the primary endpoint [60

&&

]. In another
head-to-head study (SPIRIT-H2H), ixekizumab was
found to be superior to adalimumab for complete
resolution of enthesitis by SPARCC (56.6 vs. 45%)
but not LEI (59.7 vs. 55.1%) at 24 weeks [61

&&

]. This
discrepancy is likely explained by the fact that
SPARCC has more entheseal sites than LEI, which
is associated with higher responsiveness of the for-
mer. Both studies showed superiority of ustekinu-
mab and ixekinumab over adalimumab for psoriatic
skin disease. These emerging data suggest that IL-17
and IL-23 inhibitors may be the first choice in PsA
patients with enthesitis. However, additional
blinded head-to-head studies comparing different
cytokine blocking agents in PsA are needed before
definitive recommendations can be made. No simi-
lar head-to-head studies were published in patients
with AS or axial SpA.
CONCLUSION AND FUTURE DIRECTIONS

Enthesitis is an important and distinct feature of SpA
where management still remains challenging for
rheumatologists. Despite advances in understand-
ing pathogenesis, imaging techniques and treat-
ment options, there are still many unmet needs.
Future imaging studies should focus on identifying
accurate imaging tools to assist in clinical diagnosis
and provide an objective measure to monitor treat-
ment response. Further studies are also needed to
provide insights to guide treatment selection for
patients with enthesitis in the context of other
clinical manifestations of SpA.
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Purpose of review

The field of osteoporosis research has been active for the past 20 years and has allowed significant
advancement in the management of osteoporosis. This review will give an overview of the latest data from
international cohorts that relate to current and recent osteoporosis research.

Recent findings

The clinical diagnosis of osteoporosis relies heavily on bone mineral density (BMD) measured at femoral
neck or spine and although BMD has excellent predictive value for future fractures, fracture risk assessment
has evolved over the years, resulting in the birth of fracture prediction tools. Fracture risk factors not
currently featured in these tools are being considered for inclusion, including imminent risk fracture
following a sentinel fracture, number of falls, and previous vertebral fractures. Data from groups with
comorbidities such as chronic obstructive pulmonary disease are helping us understand how to best
manage patients with multiple comorbidities. Finally, the prevalence of vertebral fracture in the older
general population and other selected populations has been explored, alongside the global burden of
osteoporosis and its consequences.

Summary

Our understanding of osteoporosis continues to expand, but knowledge gaps remain.
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INTRODUCTION

Globally, we are living in an aging world. Therefore,
the concept of healthy aging is of paramount impor-
tance [1]. The latest report published from the Inter-
national Osteoporosis Foundation (IOF), ‘Broken
bones, broken lives: A roadmap to solve the fragility
fracture crisis in Europe’ estimates there are 2.68
million new broken bones each year within the EU6
countries, comprising of France, Germany, Italy,
Spain, Sweden, and the United Kingdom [2

&&

]. The
risk of fracture increases with a diagnosis of osteo-
porosis, which has been defined as a condition
characterized by low bone mass and microarchitec-
tural deterioration of bone tissue, leading to
enhanced bone fragility and therefore higher risk
of fracture [3]. In 1994, WHO defined osteoporosis
as bone mineral density (BMD) measurement by
dual X-ray absorptiometry (DXA) of at least 2.5
standard deviations below the sex-matched young
adult mean [3]. More recently the advent of algo-
rithms capable of assessing clinical risk factors for
fractures as part of osteoporosis screening, of which
the most widely used is the Fracture Risk Assessment
t © 2020 Wolters Kluwe
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Tool (FRAX) [4
&&

], has moved the era of assessment
toward an individualized basis. Despite these advan-
ces in the last 20 years, the economic burden from
fragility fractures remains substantial; in 2017, the
estimated fracture-related cost totaled £4.52 billion
(s5.25 billion) and these costs are set to increase to
£5.89 billion (s6.83 billion) by 2030 [2

&&

].
In this review, we will provide a review of the

diagnosis of osteoporosis, explore emerging fracture
risk factors, and expand on current epidemiology
r Health, Inc. All rights reserved.
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KEY POINTS

� Osteoporosis is defined as BMD value at 2.5 or less
standard deviation measured at femoral neck or spine.

� Vertebral fracture is often clinically silent but associated
with significant disease burden.

� Imminent fracture risk is an important factor contributing
to subsequent fractures.

� Osteoporosis can coexist with multiple comorbidities
such as COPD and cancer therefore require careful
assessment of bone protection if co-morbidities
are present.

Special commentary
data and the burden of osteoporosis on populations
using international cohorts.
DIAGNOSIS OF OSTEOPOROSIS

Noninvasive imaging techniques, in particular DXA
scanning, has been adopted as the method of mea-
suring BMD and this has been universally accepted
as the gold standard for diagnosing osteoporosis [5].
BMD has an excellent predictive ability for future
fracture and its predictive ability is not only compa-
rable to that of blood pressure with stroke, it is
superior to the predictive power of serum choles-
terol concentration for cardiovascular disease [6].
However, it is important to recognize that fracture
may not occur despite the presence of osteoporosis.

The original WHO criteria for diagnosis of osteo-
porosis set the numerical value of BMD value at 2.5 or
less standard deviation of the mean for a young adult
at any site (spine, hip and mid-radius) [5]. The latest
European guideline published in 2019 states the T
score of BMD assessed by DXA should be taken at the
femoral neck or spine [7

&&

] which was also echoed in
the National Osteoporosis Foundation guidelines [8].
However, the National Osteoporosis Guideline
Group’s guidelines in 2017 highlighted that measure-
ments made at the femoral neck have a higher pre-
dictive value for fracture risk [9], as the accuracy of
measurement at spine can be affected by degenera-
tive changes, and should therefore avoided in older
adults where degenerative change is common [9,10].
PREVALENCE AND INCIDENCE OF
OSTEOPOROTIC FRACTURES

The IOF EU6 report estimates approximately 16
million women and 4 million men are affected by
osteoporosis, and that prevalence is evenly spread
out across the six countries in the European Union
[2

&&

]. Osteoporosis can increase the risk of fracture
 Copyright © 2020 Wolters Kluwer H
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but the actual risk of developing fracture is depen-
dent upon many factors including fracture site,
gender, and country. Vertebral fracture, one of the
most common osteoporotic fractures, has been
closely studied in the past few years. It is often
clinically silent, but can be associated with signifi-
cant disease burden [11], and has very important
implications for future fracture risk [12

&

]. There is
currently no definitive method of clinically diag-
nosing vertebral fractures. There are four main
approaches: qualitative visual assessment, semi-
quantitative method, pure morphometric analysis,
and algorithm-based qualitative method. The most
widely used methodology is the semiquantitative
method described by Genant et al. [13]. This is also
the methodology endorsed by the International
Society for Clinical Densitometry and IOF [14,15].
Vertebral fracture

Prevalence of vertebral fracture for women varies
from region to region; in the Europe the highest rate
was seen in Scandinavia (26%) and the lowest in
Eastern Europe (18%), and in the Asia the highest
was observed in Japan (24%), and the lowest in
Indonesia (9%) [16]. Recent studies reported a prev-
alence rate of 4.3% in a Spanish cohort of postmen-
opausal women [17], which is lower than observed
previously [16], whereas recent prevalence data in
women noted from a Japanese study were 19.1%
[18]. The variation amongst the regions is likely to
be partially because of ethnic differences; however,
the sharp decrease in prevalence rate noted in Spain
compared with the Japanese data begs the question
whether this reflects differences in secular trends
between East and West.

A recent study showed elderly women, aged
more than 70 years old were more likely to have
severe vertebral fracture than elderly men, but an
increase in severe vertebral fracture was noted in
both genders as age increases [18]. On the contrary,
mild vertebral fracture prevalence was significantly
higher in men as a whole than women [16,18] and in
particular those in their 50s and 60s [18]. Interest-
ingly back pain was not significantly associated with
multiple vertebral fracture after adjustments but is
significantly associated with severe vertebral frac-
ture in both men and women [18]. This suggests it is
the extent of vertebral deformity rather than the
number of affected vertebrae causing symptomatic
outcomes. After four years of follow-up from the
initial FRacturas Osteoporoticas De OSona study, a
population-based cohort of postmenopausal Span-
ish women, the cumulative incidence rate of verte-
bral fracture was 6.6% [17]. Risk factors affecting the
incidence included prevalent vertebral fracture,
ealth, Inc. All rights reserved.
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minor vertebral deformities, age, lower bone mass,
glucocorticoid use, and rheumatoid arthritis [17].
The presence of baseline vertebral fracture was asso-
ciated with five times the increase in relative risk for
a new vertebral fracture, 24% with prevalent fracture
and 5.8% without prevalent fracture [17].
Fragility fracture

Fragility fracture is commonly defined according to
sites affected including hip, vertebral, wrist, and
humerus. Hip fracture and its impact has been well
documented in the scientific literature. However,
recently the Dubbo Osteoporosis Epidemiology
Study (DOES), one of the world’s longest running
longitudinal cohort studying osteoporosis, has
highlighted the incidence of nonhip and nonverte-
bral fractures dominates in all age groups and that
this incidence is higher than that of either hip or
vertebral fractures alone [19], therefore, highlight-
ing the need to include our focus on nonhip and
nonvertebral fractures on prevention and manage-
ment. The importance of including lumbar BMD in
assessment of fracture risk as a proportion of women
with significantly lower BMD at lumbar than that of
femoral neck is at a higher absolute risk of fracture
was highlighted [19], although this sits in contrast
to recommendations to use femoral BMD where
possible because of the high prevalence of degener-
ative change in older adults. This risk is more notice-
able in those with osteopenic/osteoporotic femoral
neck BMD values or older in age [19].
Secular trends

A literature on the secular trend of major osteopo-
rotic fractures in various regions continues to
emerge. In Denmark, data from 1995 to 2010
showed a general decline in the incidence rate of
major osteoporotic fractures in both men and
women, but a slight increase in clinical vertebral
fractures for men [20]. Similarly, the trend in Italy
from 2007 to 2014 showed overall there is a decline
in incidence rate of hip fractures in older women
[21]. Data from Lebanon between 2006 and 2017
revealed the overall annual incidence rate of frac-
tures increased for both men (2015–2017) and
women (2014–2017) [22]. Like Italy, there is a gen-
eral decline in incidence rate of hip fractures from
2006 in women and from 2009 in men but the trend
reverses in both sexes after 2015 [22]. Despite an
observed decline in certain fracture types and
regions, the overall incident rate of fragility fracture
is predicted to increase by 23% from 2017 to 2030
[2

&&

], which will impact on the overall global frac-
ture-related burden.
 Copyright © 2020 Wolters Kluwe
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FRACTURE RISK ASSESSMENT
The diagnosis of osteoporosis alone does not fully
capture all risk factors contributable to a person’s
fracture risk and fracture risk scores have been devel-
oped to attempt address this complex issue. The
most commonly used score is the FRAX, which
has been incorporated in 120 guidelines worldwide
[23] and has the advantage of been calibrated for
target populations if the epidemiology of fracture
and death is available from studies conducted in
that population. FRAX currently incorporates risk
factors including age, gender, BMI, previous frac-
ture, parental hip fracture, smoking status, rheu-
matoid arthritis, glucocorticoid use at least three
months, secondary osteoporosis, alcohol intake of
at least 3 units/day, and optional femoral neck
BMD or T score [24]. Emerging evidence has shown
the risk of further fracture after a sentinel fracture is
markedly increased within the next 12–24
months, a phenomenon known as the imminent
risk of fracture, and as time elapses this risk
decreases as illustrated in Fig. 1 [12

&

,25
&

]. In a
recent retrospective, observational cohort Swedish
study of women aged at least 50 years with a
fragility fracture, the rate of subsequent fracture
was found to be highest in the first month follow-
ing fracture (15 fractures per 1000 patient-years)
and remains consistently increased at 5 fractures/
1000 patient-years between four and 24 months
[26]. The overall cumulative incidence of fracture
rate was 7.1% at 12 months and 12.0% at
24 months [26], which is comparable to an Ameri-
can retrospective cohort study of women at least
65 years, where the rate was 10% at 12 months, and
18% at 24 months [27]. However, the rate was
much higher in an Icelandic study with 31–45%
sustaining another fracture within one year of the
sentinel fracture [12

&

]. Sentinel vertebral fracture
was associated with the highest imminent fracture
risk [26,27] and has been identified as an indepen-
dent risk factor for imminent fracture risk relative
to the index hip fracture [26].

Other independent risk factors for imminent
fracture risk for older women include number of
falls in the past 12 months, low physical function,
and low total hip T score [28]. The number of falls in
the previous year was captured in a Canadian cohort
study and was found to be strongly associated with
incident fracture risk, despite adjusting for age, gen-
der, BMD, and baseline fracture probability [29].
This relationship showed a dose–response pattern,
where up 3 falls leads to a higher risk than a single
fall, but more than 3 falls was not found to contrib-
ute to the risk further [29]. Age and osteoporosis are
well-known independent risk factors, however,
recent data from the DOES has shown only 34%
r Health, Inc. All rights reserved.
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FIGURE 1. Rate of any subsequent fracture during the 24 months after sentinel fracture (Banefelt et al. [26] previously
published).

Special commentary
of total fractures in women and 35% in men were
because of advancing age or low BMD, with similar
trends observed in each different fracture site [30

&

].
In fact, advancing age has been demonstrated to
contribute a higher proportion of the risk than low
BMD [30

&

], which points toward a temporal aspect
to the relationship between BMD and fracture where
the strength of association between low BMD and
fracture is highest at time of fracture and gradually
decreases with time.
OSTEOPOROSIS AND COMORBIDITIES

FRAX incorporates some comorbidities either con-
sidered independently (such as Rheumatoid Arthri-
tis) or under the heading of secondary osteoporosis,
to take into account associated increased risk of
fractures in sufferers with that condition. However,
currently fracture prediction algorithms are not
inclusive of all the major comorbidities that may
impact osteoporosis risk. A recent Swedish study
looking at imminent fracture risk indicated chronic
diseases such as cerebrovascular disease, congestive
heart failure, dementia, diabetes without chronic
complications, mild liver disease, renal disease,
and rheumatic disease were predictors of subsequent
fracture at 12 and 24 months [26]. The epidemiology
of osteoporosis and fracture incidence in selected
population with particular comorbidities is less
well established.
Osteoporosis and chronic obstructive
pulmonary disease

Chronic obstructive pulmonary disease (COPD) is
known to increase the risk of osteoporosis. A recent
population-based UK cohort study revealed a higher
prevalence of osteoporosis diagnosis in COPD
 Copyright © 2020 Wolters Kluwer H
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patients (5.7%) compared with matched controls
(3.9%) at an index date using The Health Improve-
ment Network, which represents 6.2% of the total
UK population [31]. However, the global prevalence
of osteoporosis in the COPD population reported by
a recent systematic review was much higher at 38%
from 58 studies, with very similar trend in many of
the countries [32

&&

]. Cumulative incidence of verte-
bral fracture in this select population group was
recently found to be 10.1% within one year and
24.0% within three years in a Dutch study [33].
Similar to the general population, the risk of further
vertebral fracture is increased with the presence of
prevalent vertebral fracture; of those patients with
COPD with a new vertebral fracture within the first
year, 57.3% had a subsequent vertebral fracture
within the next two years [33]. There are conflicting
data with regards to whether COPD itself increases
the risk of major osteoporotic fracture. Data from
one UK study showed that increased risk seemed to
be mediated by age, smoking status, BMI, inhaled
corticosteroid use and cumulative oral corticoster-
oid use [31], whereas a Taiwanese study showed
COPD remains as a risk factor for hip fracture, after
adjusting for a slightly different set of confounders
including age, sex, hypertension, stroke, hyperlip-
idemia and diabetes, autoimmune disease, and non-
steroidal antiinflammatory drugs [34]. Currently,
COPD is not featured in the FRAX algorithm, but
this tool remains a reasonable assessment for this
select population. In a cohort of advanced COPD
participants, using the FRAX tool, almost 40% of the
cohort was calculated to be at intermediate or high
risk of developing fragility fractures [35]. Certain
markers of disease progression for COPD such as
Forced Expiratory Volume in 1 second were associ-
ated with an increased FRAX calculated fracture
risk [35].
ealth, Inc. All rights reserved.

Volume 32 � Number 4 � July 2020



Osteoporosis epidemiology using international cohorts Zhang et al.
Osteoporosis and aromatase inhibitor
therapy

Aromatase inhibitor therapy is part of the main-
stream management in estrogen receptor-positive
breast cancer, and through its physiological effect,
can be associated with accelerated bone loss, there-
fore negatively impacting BMD and increasing frac-
ture risk for the users [36]. BMD has been
demonstrated to decrease at femoral neck and total
hip after use of aromatase inhibitor without anti-
resorptive medication [37,38], and rate of osteopo-
rosis ranges from 6.5% [39] with up to five years of
aromatase inhibitor exposure to 11% with 10 years
of exposure [40]. In contrast, a recent study using a
population-based BMD registry showed aromatase
inhibitor users were not at greater risk for hip frac-
ture (hazard ratio, 0.90) compared with the general
population [41

&

]. The aromatase inhibitor users in
this particular study cohort at baseline had a higher
average BMI, BMD and a lower prevalence of prior
fracture [41

&

]. In the same group, there was no
significant difference between observed and pre-
dicted fracture risk using FRAX, when BMD was
included [42].
OSTEOPOROSIS AND ECONOMIC
BURDEN

The burden of osteoporosis is substantial and wide-
ranging. Economically, the estimated fracture-
related cost in 2017 for EU6 countries was s37.5
billion [2

&&

], for Latin American Countries (Brazil,
Mexico, Colombia, and Argentina) the total cost was
 Copyright © 2020 Wolters Kluwe
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published) [2&&].
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US$ 1.7 billion in 2018 [43], and in Australia, the
estimate of total direct cost from osteoporosis was
US$ 2.77 billion in 2017, which was three times
higher than the 2007 estimate [44]. A systematic
review of US healthcare-related costs estimated the
hospitalization cost for hip fractures ranged from
US$ 8358–32 195 per encounter [45]. In Asia, the
median hospitalization cost for hip fracture was
found to be US$ 2943.74 (range US$774–
US$14 198.90), and on average this represents
18.95% of the countries’ GDP per capita in 2014
[46].

The burden from osteoporosis related fractures
is long-lasting. The annual loss of quality-adjusted
life years for EU6 countries totaled more than 2.6
million and within EU6 countries it is the 4th lead-
ing cause of chronic disease morbidity as shown in
Fig. 2 [2

&&

]. This will impact on one’s independence,
well-being and number of sick days taken in the
affected working-age population. One year after hip
fractures, 60% were found to have difficulty with at
least one essential activity of daily living and 27%
entered a nursing home for the first time [47]. This is
likely as a result of reduced mobility, lingering side-
effects such as pain and an increased need for care
support [47].
CONCLUSION

Osteoporosis is a chronic condition that has far-
reaching consequence on those affected. Our
increasing understanding about factors affecting
fracture risk will enhance our current tools in
r Health, Inc. All rights reserved.
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targeting individualized fracture risk assessment.
However, despite reports of decline in hip fracture
incidence in parts of world, in the aging society that
we live in, the burden from osteoporosis and its
related sequelae will continue to increase. Further
research is warranted to close the remaining
knowledge gaps.
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