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Table 1 Disease-modifying antirheumatic drugs (DMARDs)

Class Example

Conventional synthetic DMARD Methotrexate, lefunomide

Targeted synthetic DMARD Tofacitinib

Biological DMARD

  Biological originator Infliximab

  Biosimilar Infliximab-dyyb

EULAR recommendations for disease 
management: guidance not guidelines
David S Pisetsky

The past two decades have witnessed 
remarkable advances in the treatment of 
inflammatory arthritis that have made 
remission in previously untreatable condi-
tions a realistic goal for many patients. 
These advances derive from new insights 
into disease mechanisms; the advent of the 
biologics and other new therapies; the 
development of robust measures of disease 
activity; coherent treatment strategies to 
guide therapy (ie, treat to target or T2T); 
and a sufficient supply of rheumatologists 
to implement the new approaches.1

The advances in rheumatology have 
been unprecedented and, arguably, the 
treatment of inflammatory arthritis has 
progressed faster and further than that of 
any other serious chronic disease in all of 
medicine. Indeed, a patient with rheuma-
toid arthritis (RA) today can lead an essen-
tially normal life, whereas, a few decades 
ago, such a patient would have a restricted 
existence and be easily recognised by the 
appearance of grave illness, wasting and 
deformity.

Along with better outcomes have come 
challenges in the utilisation of the current 
armamentarium of disease modifying anti-
rheumatic drugs or DMARDs (table 1). 
These challenges are, of course, welcome 
since they signify progress. In the face of 
literally hundreds to thousands of ways to 
treat arthritis and the continuing influx 
of novel agents, they also demand guid-
ance for both providers and patients to 
establish a treatment plan, recognising 
potential risks, benefits and costs. The 
publication of three articles on European 
League Against Rheumatism (EULAR) 
recommendations for the treatment of 
early inflammatory arthritis, RA and axial 
spondyloarthritis (axSpA) is therefore 
an important event and provides a much 
needed perspective and framework for the 
delivery of best care.2–4

Each article represents a remarkable 
effort by panels of rheumatologists, health 

professionals and patient representatives 
to encompass an ever-expanding literature 
and provide overarching principles as well 
as specific recommendations. The work of 
the panels followed guidelines established 
by EULAR5 and involved systematic liter-
ature reviews (SLRs) which are published 
separately.6–12 The methodology is state of 
the art and meticulous, reflecting expertise 
of skilled methodologists and exceptional 
work of fellows and medical librarians to 
construct the SLRs. As described in the 
articles, deliberations of panel members 
were fair and democratic, with balloting 
on recommendations conducted until 
there was agreement.

The discussions in these articles are 
detailed and thoughtful as the authors 
explain their reasoning and choice of 
words. ‘Wordsmithing’ is sometimes 
denigrated as a seemingly pedantic exer-
cise. Wordsmithing, however, is a serious 
undertaking to clarify thinking and 
enhance communication. Thus, in the RA 
recommendations, the wording on the 
approach to therapy when the first attempt 
does not reach the treatment target has 
been revised from ‘change to another 
csDMARD strategy should be considered’ 
to ‘other csDMARDs should be consid-
ered.' This difference is important and 
many examples of such word choices illus-
trate the care devoted to their selection. 
Among these is the use of the word recom-
mendation rather than guideline.

Of the recommendations, those on the 
management of early arthritis and RA 
address a central element of rheumatology. 
Given the size of the published litera-
ture, the data underpinning the recom-
mendations are extensive and provide 
a solid evidence base. In many respects, 
the recommendations are consistent 
with the current practice in which T2T 
approaches are widely followed.13 These 

recommendations contain few surprises or 
controversial elements. Perhaps the major 
changes relate to the position of triple 
therapy in the hierarchy of therapy and 
the role of glucocorticoids.

As is the case of many treatment strat-
egies for RA, the role of glucocorticoids 
remains uncertain despite almost 70 years 
of their use. Unquestionably, glucocorti-
coids are potent anti-inflammatory agents. 
For a person with active disease, symptom 
relief is essential and glucocorticoids can 
achieve that goal for many patients. Such 
symptom relief can improve quality of life 
almost immediately, give hope and solidify 
a relationship with a rheumatologist. 
Furthermore, a period of glucocorticoids 
can provide an umbrella until the onset of 
action of a DMARD.

The recommendations on RA manage-
ment state that ‘Short-term glucocorti-
coids should be considered when initiating 
or changing csDMARDs…but should be 
tapered as rapidly as clinically feasible.' 
Such an approach can spare the long-term 
toxicity of high-dose glucocorticoids but 
the rapidity of tapering and clinical feasi-
bility are often unclear. Review of clinical 
trials indicates that a significant number 
of patients with chronic RA remain on 
low-dose glucocorticoids (5–7.5 mg pred-
nisone or equivalent), suggesting that short 
term can be months to years and clinical 
feasibility may not readily occur. Gluco-
corticoids may provide bridge therapy and 
can be included in therapy in a number of 
different dose protocols, including daily 
oral administration as well as intravenous 
pulses, but, in the real world, the bridge 
can be very long especially as these agents 
have benefits on radiographs.14–20

Another issue relates to the recommen-
dation that ‘Treatment should be aimed at 
reaching a target of sustained remission 
or low disease activity.' While composite 
measures (eg, Disease Activity Score 
28 (DAS28), Clinical Disease Activity 
Index and Simple Disease Activity Index) 
are valuable, the difference between a 
state of low disease activity and moderate 
disease activity can be as small as one or 
two tender joints, a small elevation in 
the C-reactive protein (CRP) value or 
a heightened patient global assessment 

Department of Medicine, Duke University Medical 
Center, Durham VAMC, Durham, North Carolina 27705, 
USA

Correspondence to Dr David S Pisetsky, Department 
of Medicine, Medical Research Service, 151G, Durham 
VAMC, Durham, NC 27705, USA;  
 david. pisetsky@ duke. edu

Editorial

group.bmj.com on May 29, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://ard.bmj.com/
http://www.eular.org/
http://ard.bmj.com/
http://group.bmj.com


936 Pisetsky DS. Ann Rheum Dis June 2017 Vol 76 No 6

Patient with Chronic Low Back Pain

OtherGeneralist Orthopedic Surgeon Physiatrist Chiropractor Physical Therapist

Screening questionnaire for in�ammatory back disease

Imaging

Rheumatologist

HLA B27

Figure 1 The flow of patients with chronic low back pain to the rheumatologist. Currently, 
patients with chronic low back pain can seek care from a wide variety of specialists as well as 
generalists. While the rheumatologist could perform the initial evaluation, in most healthcare 
settings, that circumstance would be unusual. Because of the large number of patients with 
chronic low back pain, a screening strategy is needed to assure referral for those with a likelihood 
for axial spondyloarthritis (axSpA). It is therefore essential that primary providers be aware of 
the concept of axSpA and screen patients with inflammatory back pain appropriately so that 
rheumatologists can handle a burgeoning flow of patients for evaluation.

Editorial

on a ‘bad day.' For a patient, a decrease 
in the DAS28 from 6 to 4 can represent 
extraordinary improvement and, even 
if the disease activity rates as moderate, 
there can be reluctance to switch therapy 
especially as the benefits of any new agent 
are unknown and flare is possible. Such 
concerns can represent an important 
patient factor in recommendations on 
T2T.21 Furthermore, in the 2016 recom-
mendations, patient factors are considered 
in the context of the Overarching Prin-
ciple B, with further discussion in the text 
related to Recommendation 2.4

In contrast to the arthritis recommenda-
tions, those for axSpA raise more weighty 
questions reflecting the differences in 
these conditions. The management of 
RA derives from a well-established narra-
tive in which inflammation leads to joint 
destruction, deformity and impaired 
quality of life. Biomarkers (ie, anticy-
clic citrullinated peptide and rheuma-
toid factor) aid in patient diagnosis while 
imaging can show damage by erosions on 
plain X-rays. The situation with axSpA 
is different since diagnosis can be tricky; 
radiographic findings may be scant; and 
diagnostic biomarkers, beyond HLA B-27, 
are generally lacking.22–25

In the face of these conundrums, the 
recommendations on axSpA (a combined 
effort of EULAR and the Assessment of 
SpondyloArthritis international Society) 
are therefore timely. A central challenge in 
formulating recommendations for axSpA 
relates to disease definition. In the past, 
a diagnosis of ankylosing spondylitis was 

based on the presence of sacroiliitis (SI) by 
plain X-rays in a patient with inflamma-
tory back pain. Inflammatory back pain 
entails insidious onset, worsening in the 
morning, improvement with activity and a 
lack of improvement with rest. The diffi-
culty with this construct relates to inherent 
problems with SI joint radiography and, 
indeed, the absence of any X-ray evidence 
of SI disease in some patients with inflam-
matory back disease.26

The more recent conceptualisation 
of axSpA disease takes a different direc-
tion and posits that axSpA can be either 
radiographic or non-radiographic.27 28 
Those with findings of SI can be termed 
ankylosing spondylitis; those without 
such findings are termed non-radio-
graphic axSpA or nr-axSpA. Patients with 
nr-axSpA may have MRI findings but such 
imaging is expensive and often not avail-
able; levels of inflammatory markers such 
as CRP are often not elevated. As a result, 
the diagnosis of nr-axSpA can be uncer-
tain unless there is a ‘classic’ inflammatory 
back pain and other findings (eg, psoriasis, 
uveitis) that support the diagnosis by an 
experienced rheumatologist.

An important issue in managing patients 
with axSpA concerns their care before 
diagnosis. Patients with inflammatory 
back pain can see orthopaedists, phys-
iatrists, chiropractors and physical ther-
apists among others and years may pass 
before the diagnosis of axSpA is made or 
even considered. As shown in studies on 
screening strategies to identify patients 
with axSpA, many patients with chronic 

low back pain may have unrecognised 
axSpA.29–32 Thus, the recommendations 
for management of axSpA are relevant 
only for patients who have a diagnosis but 
it is very likely that many patients with 
axSpA never get a diagnosis.

Treatment of RA and axSpA also differs 
in the impact of biological therapy on 
radiographic outcome. While the effects 
of DMARDs on erosions are clear, studies 
have not definitely shown that agents such 
as tumour necrosis factor (TNF) blockers 
can change the development of syndes-
mophytes likely because the process is 
slow.  Interestingly, non-steroidal anti-in-
flammatory drugs may affect radiographic 
progression.33–38 In the absence of radio-
graphic evidence of disease modification, 
the evaluation of efficacy of therapy is 
based substantially on patient-reported 
outcomes of pain, stiffness and function. 
This situation may have contributed to the 
decision of the Food and Drug Adminis-
tration to withhold approval for the use of 
TNF blockers for nr-axSpA.

Cost is now an important consider-
ation in the formulation of treatment 
recommendations.39 The treatment of RA 
involves both new and old agents. The 
older agents (ie, conventional synthetic 
DMARDs like methotrexate) are not 
costly and can produce results comparable 
to those of the newer, more expensive 
agents, either targeted synthetic DMARDs 
or biological DMARDs. Since the older 
agents can be combined and used in 
conjunction with low-dose prednisone, a 
satisfactory treatment programme can be 
developed at a low cost.40

For axSpA, the situation is different. As 
the recommendations state, in describing 
the agents for axSpA, ‘Some of them are 
very cheap; others are very expensive;' 
there is little middle ground. Thus, as 
stated in the recommendations, ‘For the 
first time, cost considerations received a 
prominent place in the axSpA recommen-
dations.' Given the lack of more strong 
evidence for the effects of treatment on 
radiographic progression, the cost–benefit 
calculation for the new agents will be a 
subject of inquiry and, likely, debate. 
Furthermore, the introduction of biosimi-
lars should yield cost savings in the admin-
istration of biological agents for axSpA as 
well as RA; the extent of these savings will 
likely vary by country and the magnitude 
of cost reduction. As long as the safety and 
efficacy of the biosimilars are comparable 
to the reference products, the cost savings 
can allow more widespread treatment 
with biological agents and a decrease in 
health disparities related to economic 
differences among countries.41 42
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The authors of these three sets of 
recommendations have performed a 
valuable service for the field, facilitating 
best practice, providing guidance that 
is actionable and highlighting areas for 
future research. Thus, as inferred in the 
recommendations on axSpA, the rheuma-
tologist should be facile in using measures 
such as Ankylosing Spondylitis Disease 
Activity Score and Bath Ankylosing Spon-
dylitis Activity Index and the nuances of 
treating a disease where patient-reported 
outcomes predominate.43 Training, espe-
cially at the fellowship level, may be 
necessary to gain those skills. Further-
more, rheumatologists must develop an 
interdisciplinary approach to collaborate 
with other providers to identify among 
the large population of patients with low 
back pain, the minority of patients who 
have an axSpA. The logistical challenges 
for such an undertaking are large but, to 
improve the care of patients with axSpA, 
correct diagnosis is essential. Figure 1 
illustrates the flow of patients to the 
rheumatologist and the importance of 
screening strategies.

Each article concludes with a research 
agenda, addressing such issues as induction 
strategies, remission and drug tapering. 
Such agendas are only likely to increase as 
new products achieve regulatory approval. 
Despite their importance, many of the 
proposed research questions will never 
be fully answered as the field constantly 
shifts and expands. The list of research 
questions, however, is a sign of vitality and 
dynamism in rheumatology and it was not 
so long ago that a central issue in the field 
concerned whether impacting the course 
of serious inflammatory arthritis was at 
all possible. Clearly, much is now possible 
and the research agendas exemplify the 
achievements of today as well as the hopes 
for tomorrow.
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Mitochondrial DNA haplogroups and
ageing mechanisms in osteoarthritis
Ana M Valdes,1,2 Mary B Goldring3,4

MITOCHONDRIAL DNA AND AGEING
Osteoarthritis (OA) is the most common
form of arthritis affecting more than 12%
of people over the age of 60.1 Although
late-onset articular cartilage degeneration
is common and age is one of the most
important risk factors for the disease, the
relationship between old age and OA is
not fully understood.2 In the past it was
believed that the link with age was due to
‘wear and tear’ of articular cartilage by
continuous mechanical stress; we now
know, however, that OA involves an active
response to injury comprising remodelling
of articular cartilage and subchondral
bone, in addition to synovial inflammation
and damage to other joint structures such
as ligaments and menisci.3

Biological ageing is a complex process
and it is now widely accepted that ageing
starts with molecular damage, leading to
cell, tissue and, ultimately, organ dysfunc-
tion.4 Extensive evidence from animal
models and in vitro studies indicates that
mitochondria contribute to specific
aspects of the ageing process, including
cellular senescence, chronic inflammation
and the age-dependent decline in stem
cell activity.5

Perhaps the best known and most long-
standing hypothesis to explain ageing is
the free radical theory that proposes a
central role for the mitochondrion as the
principal source of intracellular reactive
oxygen species (ROS) leading to mito-
chondrial DNA (mtDNA) mutations.4 5

Somatic (acquired) mtDNA mutations and
their association with the decline in mito-
chondrial function during ageing are well
described, but these observations do not
necessarily imply a causal relationship
between mitochondrial dysfunction and
human ageing. The maternally inherited
mtDNA sequences encode the key proteins
involved in energy production, although

the relevance of high sequence variability
of mtDNA had been considered of little
functional relevance. Latorre-Pellicer and
coauthors showed recently that transfer-
ring mtDNA from a mouse strain to the
nuclear DNA (nDNA) background of
another strain results in huge differences in
insulin signalling, obesity and longevity
throughout the life of the mouse.6 The
two mtDNA sequences differ in genetic
variants that confer 12 amino acid substi-
tutions and 12 changes in RNA molecules
involved in mitochondrial protein synthe-
sis; this level of variation is enough to
result in striking differences in the ROS
generation, insulin signalling, obesity and
cell-senescence-related parameters such as
telomere shortening and mitochondrial
dysfunction. Showing the direct relevance
of mtDNA in human ageing and in
age-related diseases, such as OA, is a big
challenge and one which is, at least in part,
addressed in this issue.7

mtDNA in OA
Over the past 10 years, the group led by
Francisco Blanco and Ignacio Rego-Perez
has shown that differences in mtDNA
haplogroups correspond to variations in
the prevalence and progression of cartil-
age loss in large joint OA.8 In a series of
studies from Spanish OA cases and con-
trols, the evidence has accumulated for an
association between OA prevalence and
the J haplogroup9 10 (table 1). However,
two studies in samples from the UK have
failed to find an association with the J
haplotype,9–11 whereas evidence of associ-
ation of the T haplotype with lower
disease risk was found in a small UK
cohort9 (table 1).
The mtDNA haplogroups J and T share

the same phylogenetic origin and a set of
common uncoupling mitochondrial poly-
morphisms.12 These uncoupling poly-
morphisms confer different metabolic
characteristics compared with other mito-
chondrial lineages, particularly the most
common and highly efficient mtDNA hap-
logroup H.13

The jury is still out regarding the role
of mtDNA T and J haplogroups with
regard to genetic susceptibility in popula-
tions with large joint OA, particularly
when compared with the evidence accu-
mulated for nuclear genetic variants

identified from genome wide association
studies (GWAS) or otherwise.14 To date,
eight variants associated with knee OA
have been reported with significance of
p<1×10−7 and 11 variants with hip OA
in Caucasians. At least three other variants
have been reported at high significance
levels in Asians (see ref. 14 for details).

On the other hand, with the exception
of variants mapping to GDF5 and FTO
genes, the mechanisms underlying the risk
conferred by variants linked to knee OA
are yet to be unveiled.14 Importantly, as of
today, very few efforts have been made to
identify genetic risk factors contributing
to risk of progression or incidence of
disease.

The mtDNA haplotypes T, J and the JT
cluster, on the other hand, are signifi-
cantly associated in populations from the
USA, the Netherlands and Spain with
radiographic incidence and progression of
the disease7 15 (table 1). Fernandez-
Moreno and coauthors report that the
mtDNA haplogroup J, the same hap-
logroup associated with lower OA preva-
lence, lower disease progression and
lower cartilage loss, is also associated with
a significantly lower risk of incident knee
OA in a population of 3124 individuals
from two prospective cohorts from the
Netherlands and the USA.7

FUNCTIONAL ANALYSIS OF MTDNA
VARIANTS
From previous studies, it is known that
the low OA risk haplogroup J is associated
with lower serum levels of markers of col-
lagen type-II degradation and of matrix
metalloproteinases, but all of these studies
failed to address the key question arising
from this large body of evidence: ‘What is
the functional role of these mtDNA
haplogroups?’

To answer this question, Fernandez-
Moreno et al7 used cytoplasmic hybrid
(cybrid) cell lines. Cybrids incorporate
mitochondria from human subjects and
perpetuate the mtDNA-encoded compo-
nents while maintaining the nuclear back-
ground of different cybrid lines as
constant.16 Thus, this technique allows
investigators to assess the influence of
mtDNA variation on cell function. To
investigate the role of mtDNA hap-
logroups, they also created cybrids using
osteosarcoma cell lines with the same
nuclear background, one of them har-
bouring the haplogroup J (which protects
against OA) and another harbouring the
haplogroup H (linked to higher risk of
OA).

The cybrids carrying the haplogroup H
produced higher ATP levels than those
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with the haplogroup J, but this higher
energetic efficiency was accompanied by
higher production of ROS and the pro-
portion of cells that survived in the pres-
ence of hydrogen peroxide was almost
half the number of cybrids with hap-
logroup J. In chondrocytes during OA,
oxidative stress may act together with
inflammatory and/or mechanical stress to
accentuate catabolic processes by increas-
ing the levels of ROS relative to antioxi-
dants.17 18 The increased levels of ROS
also contribute to the senescence secretory
phenotype, in which the age-related
decline in the responses of chondrocytes
to anabolic growth factors are related to
increased oxidative stress.19 20 The deple-
tion of antioxidants promotes mitochon-
drial dysfunction in chondrocytes,21

which in turn can amplify the stress
responses through increased production
of nitric oxide and ROS and activation of
NF-κB signalling.21–23

In the presence of staurosporine, which
induces cell apoptosis, the cybrids with
the haplogroup H had over 50% more
apoptotic cells than the cybrids with the
low OA risk haplogroup J.7 These data,
therefore, prove the functional relevance
of mtDNA variation linked to risk of OA
on cell function and survival and is in
agreement with recent work by the same
group showing that OA cartilage exhibits
signs of early molecular ageing compared
with healthy age-matched cartilage.2

CLINICAL RELEVANCE
The data accumulated on the role of
mtDNA on cell function and on OA risk
have potential clinical implications. On
the one hand, it may allow investigators in

the future to define an ‘age-related OA’
genetic type (haplogroup H) versus one
which is protected from the effects of
ageing. This group with lower incidence
and progression can be excluded from
clinical studies that require rapidly pro-
gressing OA populations. At the same
time, haplogroup J carriers are not fully
protected from OA; therefore, studying
risk factors in this haplogroup can help
identify a group of individuals where
other molecular mechanisms linked to
OA, for example, those derived from
bone changes or from inflammation, may
be stronger predictors for progression.
These data also raise the important ques-
tion of the contribution of interactions
between nDNA and mtDNA haplogroups,
which have yet to be investigated. Finally,
OA is a disease that occurs together with
cardiometabolic comorbidities which are
known to be influenced by mitochondrial
dysfunction. Haplogroup H carriers may
therefore be the group of OA sufferers at
higher risk of metabolic syndrome and
cardiovascular disease and with the most
chance to benefit from regenerative ther-
apies targeting early cartilage damage or,
at more advanced stages, early joint
replacement.
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Diagnostic criteria for cryopyrin-associated periodic
syndrome (CAPS)
Jasmin B Kuemmerle-Deschner,1 Seza Ozen,2 Pascal N Tyrrell,3 Isabelle Kone-Paut,4

Raphaela Goldbach-Mansky,5 Helen Lachmann,6 Norbert Blank,7 Hal M Hoffman,8

Elisabeth Weissbarth-Riedel,9 Boris Hugle,10 Tilmann Kallinich,11 Marco Gattorno,12

Ahmet Gul,13 Nienke Ter Haar,14 Marlen Oswald,1 Fatma Dedeoglu,15,16

Luca Cantarini,17 Susanne M Benseler18

ABSTRACT
Cryopyrin-associated periodic syndrome (CAPS) is a rare,
heterogeneous disease entity associated with NLRP3
gene mutations and increased interleukin-1 (IL-1)
secretion. Early diagnosis and rapid initiation of IL-1
inhibition prevent organ damage. The aim of the study
was to develop and validate diagnostic criteria for CAPS.
An innovative process was followed including
interdisciplinary team building, item generation: review
of CAPS registries, systematic literature review, expert
surveys, consensus conferences for item refinement, item
reduction and weighting using 1000Minds decision
software. Resulting CAPS criteria were tested in large
cohorts of CAPS cases and controls using
correspondence analysis. Diagnostic models were
explored using sensitivity analyses. The international
team included 16 experts. Systematic literature and
registry review identified 33 CAPS-typical items; the
consensus conferences reduced these to 14. 1000Minds
exercises ranked variables based on importance for the
diagnosis. Correspondence analysis determined variables
consistently associated with the diagnosis of CAPS using
284 cases and 837 controls. Seven variables were
significantly associated with CAPS (p<0.001). The best
diagnosis model included: Raised inflammatory markers
(C-reactive protein/serum amyloid A) plus ≥two of six
CAPS-typical symptoms: urticaria-like rash, cold-triggered
episodes, sensorineural hearing loss, musculoskeletal
symptoms, chronic aseptic meningitis and skeletal
abnormalities. Sensitivity was 81%, specificity 94%. It
performed well for all CAPS subtypes and regardless of
NLRP3 mutation. The novel approach integrated
traditional methods of evidence synthesis with expert
consensus, web-based decision tools and innovative
statistical methods and may serve as model for other
rare diseases. These criteria will enable a rapid diagnosis
for children and adults with CAPS.

INTRODUCTION
Cryopyrin-associated periodic syndrome (CAPS) is
a rare, heterogeneous disease entity. It encompasses
a spectrum of clinical phenotypes associated with
gain-of-function mutations in the NLRP3 gene
encoding cryopyrin, a key regulatory protein,
resulting in constitutive increased interleukin-1
(IL-1) secretion.1 2 While previously considered
three distinct clinical diseases including familial
cold autoinflammatory syndrome (FCAS),
Muckle-Wells syndrome (MWS) and chronic infant-
ile neurological, cutaneous and articular syndrome

(CINCA)/neonatal-onset multisystem inflammatory
disorder (NOMID), the discovery of a common
causative gene mutation led to an amalgamation
into the entity CAPS.3 NLRP3 gain-of-function
mutations were shown to result in characteristic,
yet diverse clinical symptoms of systemic and
organ-specific inflammation and raise of inflamma-
tory markers, most importantly C-reactive protein
(CRP), serum amyloid A (SAA) and the neutrophil
protein S100A12.4 5

CAPS is rare, affecting an estimated one to three
in a million children and adults worldwide; no
gender or ethnic predilection has been identified.6

CAPS-related inflammation causes fever, fatigue and
organ irritation at the early stages, while long-
standing uncontrolled inflammation results in irre-
versible organ damage. This includes sensorineural
hearing loss, amyloidosis, vision loss, skeletal
deformities and cognitive disability. Early diagnosis
and inflammatory control is critical to prevent irre-
versible organ damage. In clinical practice, establish-
ing the diagnosis of a rare disease, such as CAPS, is
challenging resulting in significant delay to diagno-
sis.7 This delay or even complete lack of recognition
can be attributed to different factors including
limited ability of healthcare providers to recognise
and diagnose a rare disease, the involvement of
multiple subspecialists in the care of these complex
patients with multisystem involvement and their
lack of communication. Commonly, the main sub-
specialty responsible for the care of a patient is
determined by the leading organ manifestation,
such as hearing loss, urticaria-like skin rash, con-
junctivitis or nephritis in a patient with CAPS.
Diagnostic criteria are limited in rare diseases.

Their development heavily relies on international
collaborative efforts of medical experts. Currently,
there are no validated diagnostic criteria available
capturing the entire spectrum of CAPS. This entails a
significant risk for missing a window of opportunity
for the reversal of IL-1-mediated inflammation and
prevention of organ damage in CAPS. Therefore, the
aim of the study was to develop and validate diag-
nostic criteria for children and adults with CAPS to
enable an early diagnosis and prevent irreversible
organ damage secondary to inflammation in CAPS.

METHODS
A rigorous and innovative process was followed
including: (a) an interdisciplinary, international
expert team building of different paediatric and
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adult CAPS subspecialty experts plus rare diseases methods
experts, (b) item generation and refinement: review of CAPS
items in actively recruiting registries, systematic literature review,
CAPS expert surveys and consensus conferences, (c) item reduc-
tion and weighting, (d) diagnostic model building using corres-
pondence analysis and (e) model validation.

Expert team building
The multidisciplinary team had to include international experts
in the care of children and adults with CAPS including rheuma-
tologists and other subspecialists. It gathered experts in rare dis-
eases research and methodology from both Europe and North
America. Participants were invited based on their clinical and
scientific expertise and geographical representation. They
remained connected throughout the process including multiple
surveys, decision analysis exercises and iterative face-to-face
meetings.

Item generation
CAPS items were derived from registries, published literature
and expert opinion surveys and meetings. Any sign or symptom
or laboratory test used to characterise a CAPS patient or group
was considered.

CAPS registry item review: All actively recruiting North
American and European autoinflammation registries were
reviewed for CAPS diagnosis items including Eurofever (Genoa,
Italy), β-confident Canakinumab Registry (Novartis Pharma AG,
Basel, Switzerland), Arthritis and Rheumatology Documentation
and Information System (ARDIS, Tuebingen, Germany) and
AutoInflammatory Disease-Network (AID-NET, Essen,
Germany). All included registries have obtained institutional
ethics board approval.

Systematic literature review: Published studies were identified
through searches of MEDLINE, COCHRANE and EMBASE
databases for the period from 1970 to 2013 following the
European League Against Rheumatism (EULAR) rules for devel-
oping best practices8 (see online supplementary table S1).
Keyword, title and abstract information were used. All syno-
nyms of CAPS, CINCA/NOMID, MWS and FCAS were
searched. In addition, a search for ‘autoinflammatory diseases’
and synonyms was performed; references and reviews were
screened for additional articles. The review was performed as
previously described.9 A total of 33 CAPS items were identified
combined from the review of the CAPS registries and the sys-
tematic literature search.

Item refinement, reduction and weighing
CAPS expert surveys: Using web-based survey methodology,
experts were asked to review all items, add additional items, if
applicable, and evaluate each item for its relevance in making
the diagnosis of CAPS and applicability for CAPS subtypes
including FCAS, FCAS/MWS, MWS, MWS/CINCA/NOMID
and CINCA/NOMID (see online supplementary table S2). The
survey had to be completed and returned by >80% of partici-
pants. Items were considered relevant, if there was ≥80% con-
sensus agreement among experts.

CAPS consensus conference Istanbul, Turkey: Survey results
were shared. All putative items were discussed and refined using
nominal group technique.10 Refined items were voted on for
their relevance for diagnosing CAPS and/or CAPS subtypes.
Items were considered relevant, if there was ≥80% consensus
agreement among experts.

CAPS consensus meeting in Boston, Massachusetts, USA:
CAPS diagnosis items were shared and refined further using

nominal group technique. Fourteen final putative CAPS diagno-
sis items were ranked for their relevance using 1000Minds deci-
sion analysis software.11 Experts were presented pairs of CAPS
items and asked to identify the item of higher relevance for
diagnosing CAPS (eg, sensorineural hearing loss present and
amyloidosis absent or sensorineural hearing loss absent and
amyloidosis present, all other manifestations being considered
equal). The resulting ranking of CAPS items was computed; cor-
relations between expert decisions were calculated.

Diagnostic model development and validation
Multiple correspondence analyses (MCA) were used to assess
the multidimensional relationship between putative CAPS diag-
nosis items and patient diagnoses. MCA allows the optimal rep-
resentation of a contingency table in low-dimensional space.
Items with close relationship to the diagnosis of CAPS were
then tested in multivariable logistic regression models resulting
in a proposed diagnostic model.

Model development was guided by statistical significance.
CAPS expert guidance was considered the gold standard. The
proposed diagnostic model was validated in a large, multicentre
cohort of children and adults with CAPS and true CAPS con-
trols including systemic juvenile idiopathic arthritis (JIA),
Schnitzler syndrome, familial Mediterranean fever (FMF),
unclassified fever syndromes, typical Kawasaki disease (KD) and
incomplete KD. MCA computed the χ2 statistic between each
variable of interest and the outcome and transformed this statis-
tic into a Euclidean distance. The quality of the lower-
dimensional representation of the data is derived from singular
values and is expressed as the percentage of the total inertia that
is explained by each dimension. The total inertia of the data
table can be regarded as the weighted average of the squared
deviations between the subjects’ profiles (the subjects’ scores
proportional to their total score) and the average score profile
representing the amount of variation among the subjects’ score
patterns.12,13 The model was developed using 1000Minds
potentially all pairwise rankings of all possible alternatives
(PAPRIKA) methodology and then applied to a validation data
set using MCA. The model was then refined and tested as
described. For a quantitative interpretation of the correspond-
ence plot results, the χ2 statistics were transformed into Pearson
residuals (a standardised χ2 statistic). Subanalyses were per-
formed for all CAPS subtypes and evidence of NLRP3 mutation.
Sensitivity analyses were performed and the final diagnostic
model was proposed. All analyses were performed using SAS
software, V.9.4 (SAS Institute, Cary, North Carolina, USA).

RESULTS
Expert team
The multidisciplinary CAPS team included a total of 16 paediat-
ric ( JBK-D, SO, IK-P, HMH, EW-R, BH, TK, MG, FD, LC) and
adult (RG-M, HL, NB, AG) subspecialists and methodology
experts in rare diseases research (PNT, SMB) and was supported
by two fellows (NTH, MO). The team members were selected
based on their exceptional expertise in care and research in
autoinflammatory diseases and the clinical severity spectrum of
CAPS.

Item generation
The systematic literature review identified a total of 1698
unique records; 47 articles were selected for full-text screening,
of which 33 were relevant and underwent validity assessment
excluding four. The remaining 29 articles included a total of
794 patients with CAPS and generated a total of 33 putative
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CAPS diagnosis items (figure 1). The review of the CAPS regis-
tries did not yield any additional putative diagnosis items
beyond those identified in the systematic literature review.

Item refinement, reduction and weighing
CAPS expert surveys: Iterative surveys including the 33 putative
CAPS diagnosis items were completed and returned by 100% of
participants. In addition, seven new items were generated based
on responses of CAPS experts.

CAPS consensus conference Istanbul: All 40 items were dis-
cussed, refined and grouped into (1) patient-related items
including positive family history of CAPS and evidence of
NLRP3 mutation, (2) disease course-related items: symptom
onset in infancy, persistent inflammation with/without episodic
attacks with worsening symptoms and induction of characteristic
symptoms after generalised cold exposure, clinical signs and
symptoms of CAPS coupled with laboratory findings of acute
phase response, (3) CAPS-typical symptoms: recurrent episodes
of systemic symptoms of fever and/or chills/rigors and/or
fatigue, diffuse urticaria-like rash (neutrophilic infiltration in
skin biopsy will clarify the origin in uncertain cases), recurrent
eye inflammation including conjunctivitis with/without other
inflammatory ocular findings, sensorineural hearing loss, clin-
ical, laboratory and/or imaging evidence of chronic aseptic men-
ingitis, musculoskeletal signs and symptoms of arthralgia,
myalgia, arthritis and/or periarticular swelling, skeletal abnor-
malities including clubbing and/or frontal bossing and/or epi-
physeal bony overgrowth and amyloidosis. A total of 14 CAPS
items reached ≥80% agreement among experts.

CAPS consensus conference Boston: Items were reviewed and
refined further resulting in the final item list (table 1). All items
had achieved ≥80% agreement. Experts then participated in the
iterative 1000Minds exercise process resulting in a ranking of
items based on their importance for the diagnosis of CAPS.
Mean criterion rankings (weighting) were calculated and ranged
from 4 to 11. Results demonstrated excellent correlations
between experts and for all subtypes.

Diagnostic model development
The unique multicentre, multinational cohort included 284
paediatric and adult patients with FCAS (30), MWS (164) and
CINCA/NOMID (90). The CAPS control cohort consisted of
837 children and adults with either systemic JIA (100),
Schnitzler syndrome (13), FMF (178), unclassified fever syn-
dromes (93), typical KD (280) or incomplete KD (173).
Multiple correspondence analysis was performed (see online
supplementary tables S3, S4 and S5) including items from table
1 and identified three distinct entities: CAPS, non-CAPS autoin-
flammatory diseases and monophasic inflammatory diseases
(figure 2). Correspondence analysis was successful in represent-
ing the contingency table in low-dimensional space with an
overall retention of 78.78% (% total inertia) for a two-
dimension solution (see online supplementary table S3) as deter-
mined by trace analysis for dependencies (χ2=2696.6, df=78,
p<0.0001) and test for dimensionality (axis inertia >16.7%).
The quality of representation of a particular row or column has
been provided as contributions to the total χ2 statistic (see

Figure 1 Systematic literature review
of putative cryopyrin-associated
periodic syndrome (CAPS) items.
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online supplementary table S4) and Pearson’s residuals (see
online supplementary table S5).

Key variables consistently associated with the diagnosis of
CAPS included urticaria-like rash, cold-triggered episodes, sen-
sorineural hearing loss, amyloidosis, musculoskeletal symptoms
(arthralgia/arthritis/myalgia), chronic aseptic meningitis and skel-
etal abnormalities (epiphyseal overgrowth/frontal bossing)
(p<0.001 for all). Raised inflammatory markers (CRP and/or
SAA) and systemic symptoms of inflammation (fever/chills/rigor)
were associated with all three entities. In contrast, conjunctivitis
was closely associated with monophasic inflammatory diseases,
while continuous/persistent symptoms and episodic nature of
disease had a closer relationship with non-CAPS autoinflamma-
tory diseases. NLRP3 mutation was removed as predefined and
amyloidosis due to its rarity.

Stepwise logistic regression was used in an attempt to identify
variables independently and significantly (p<0.01) associated
with CAPS. They included urticarial-like rash, cold-triggered
episodes, sensorineural hearing loss, musculoskeletal symptoms,
chronic aseptic meningitis and skeletal abnormalities. However,
the resulting multivariable model was found to be dominated by
musculoskeletal symptoms revealing evidence of lack of fit (H-L
χ2 48.2, p<0.01). These predictors of interest were therefore
considered separately or in combination with each other.

Diagnostic model validation
Different combinations of variables significantly associated with
CAPS were tested for their association. Different models were
explored. The best CAPS diagnosis criteria model included:
raised inflammatory markers (CRP/SAA) plus ≥two of six
CAPS-typical signs/symptoms including (1) urticaria-like rash,
(2) cold-triggered episodes, (3) sensorineural hearing loss, (4)
musculoskeletal symptoms (arthralgia/arthritis/myalgia), (5)
chronic aseptic meningitis and (6) skeletal abnormalities (epi-
physeal overgrowth/frontal bossing) (p<0.001) (figure 3). These

Table 1 Items and definitions for diagnostic criteria for CAPS

CAPS-typical symptoms Definition

Amyloidosis Evidence of organ amyloid deposits eg, kidney

Recurrent episodes of systemic symptoms Evidence of systemic features like fever and/or chills and/or fatigue and/or rigors

Urticaria-like rash Histologically characterised by neutrophilic dermatitis

Chronic aseptic meningitis Evidence of clinical, laboratory and/or imaging evidence of non-infectious inflammation
of the meninges

Recurrent eye inflammation Recurrent non-allergic, non-infectious conjunctivitis with/without other inflammatory
ocular manifestations

Sensorineural hearing loss Evidence of increased hearing thresholds on audiogram

Musculoskeletal signs and symptoms Evidence of arthralgia, myalgia, arthritis and/or periarticular swelling

Skeletal abnormalities Evidence of epiphyseal overgrowth, frontal bossing, clubbing and/or growth failure

Patient-related symptoms

Confirmed NLRP3 mutation Genetic confirmation of NLRP3 mutation

Family history of CAPS Phenotype and or genetic confirmation of CAPS in other family members

CAPS course variables

Early disease onset Age at onset of CAPS-typical symptoms in infancy or early childhood

Episodic disease course characterised by CAPS-typical symptoms with or without
persistent inflammation

Disease course with episodes of clinically active CAPS disease

Triggered inflammatory attacks Triggers: cold or other stress factors

Coupling

Raised inflammatory markers associated with CAPS-typical symptoms Evidence of CAPS-typical clinical signs coupled with increased parameters of systemic
inflammation eg, CRP or ESR

Final CAPS item list (Consensus conference Boston). All items had achieved ≥80% agreement.
CAPS, cryopyrin-associated periodic syndrome; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

Figure 2 Capturing the diagnostic challenge of autoinflammation—
discriminating cryopyrin-associated periodic syndrome (CAPS) from
other inflammatory diseases using correspondence analysis. Multiple
correspondence analyses (MCA) were used to assess the
multidimensional relationship between putative CAPS diagnosis items
and patient diagnoses in 284 CAPS cases including familial cold
autoinflammatory syndrome (FCAS), Muckle-Wells syndrome (MWS) and
chronic infantile neurological, cutaneous and articular syndrome/
neonatal-onset multisystem inflammatory disorder (CINCA/NOMID) and
837 inflammatory controls. MCA computed the chi-squared statistic
between each variable of interest and the outcome and transformed
this statistic into a Euclidean distance. CAPS, non-CAPS
autoinflammatory diseases and monophasic inflammatory diseases
were the three distinct entities identified (see circles). Key variables
consistently associated with the diagnosis of CAPS included
urticaria-like rash, triggered episodes, sensorineural hearing loss,
amyloidosis, musculoskeletal symptoms of arthralgia/arthritis/myalgia,
chronic aseptic meningitis and skeletal abnormalities of epiphyseal
overgrowth/frontal bossing (p<0.01). Raised inflammatory markers
(C-reactive protein/serum amyloid A, (CRP/SAA)) and systemic
symptoms of fever/chills/rigor were associated with all three entities.
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last six criteria had similar mean criterion rankings (weighting)
ranging between 5 and 9.8 and were pooled together in order
to increase ease of use for a clinical setting. The final CAPS
diagnosis criteria model had a specificity of 94% and a sensitiv-
ity of 81%. It performed equally well for all CAPS subtypes and
in subgroups with and without evidence of NLRP3 mutation
(p<0.001).

DISCUSSION
Criteria enabling physicians worldwide to make a diagnosis of
the rare and heterogeneous autoinflammatory disease CAPS were
developed and validated by an international team of experts
using an innovative approach that integrated published evidence,
registry expertise and expert opinion. It resulted in a comprehen-
sive, well-defined list of putative CAPS diagnosis items capturing
both the heterogeneous phenotype and the disease severity spec-
trum in children and adults with CAPS. The iterative review and
refinement strategy using nominal group technique coupled with
the 1000Minds decision analysis tool allowed for the develop-
ment of a CAPS diagnosis model, which contained clinical and
laboratory variables only, resulting in excellent generalisability.
Most importantly, it did not mandate evidence of a disease-
causing NLRP3 mutation. It performed well in a large validation
cohort of more than 1000 patients with CAPS and controls
(p<0.001) achieving a high sensitivity and specificity.

The CAPS diagnosis criteria development followed an innova-
tive, comprehensive process, which integrated diverse clinical
expertise with rare diseases research methodology. The process
was iterative; items were refined and strict rules of communica-
tion and knowledge gain (nominal group technique) were fol-
lowed. It used an easy-to-use web-based decision tool, the
1000Minds instrument. This item generation and refinement
strategy had successfully been used previously for the develop-
ment of classification criteria for adult scleroderma.14 Both the
European and North American rheumatology societies promote
its application.

The unique next step in this study was the exploration of the
relevance of putative diagnosis items using correspondence ana-
lyses. This analysis highlighted the principles of the differential
diagnostic challenges when diagnosing CAPS and its subtypes
and discriminating these from other autoinflammatory and
monophasic inflammatory diseases. It depicted both disease-
specific variables and those representing the overlap between ill-
nesses. It then permitted the development of a highly specific,

sensitive and, most importantly, clinically relevant diagnostic
model for CAPS. This approach may serve as a model for other
rare diseases.

The proposed criteria are diagnostic criteria for CAPS and its
subtypes. The study suggested that the presence of raised inflam-
matory markers (CRP or SAA) plus at least two of six
CAPS-typical signs or symptoms including (1) urticaria-like rash,
(2) cold-triggered episodes, (3) sensorineural hearing loss, (4)
musculoskeletal symptoms of arthralgia/arthritis/myalgia, (5)
chronic aseptic meningitis and (6) skeletal abnormalities of epi-
physeal overgrowth/frontal bossing is highly likely to confirm
the diagnosis of CAPS. This was confirmed in the presence and
absence of a disease-causing NLRP3 mutation.

There are few diagnostic criteria in inflammatory diseases:
The most commonly cited and used criteria are the Jones cri-
teria for acute rheumatic fever15 and the KD criteria.16 Both are
derived from clinical expert observation. The KD criteria were
refined by the American Heart Association in order to capture
the entire disease spectrum, even including children with incom-
plete features using laboratory markers to confirm the diagno-
sis.17 The vast majority of criteria for inflammatory diseases are
classification criteria; developed within a group of overlapping
conditions and aiming to establish well-characterised cohorts for
research.18 19 Recently proposed classification criteria include
the paediatric EULAR/Paediatric Rheumatology INternational
Trials Organisation (PRINTO)/Paediatric Rheumatology
European Society (PRES) criteria for childhood vasculitis,20 the
Eurofever classification criteria for autoinflammatory diseases,19

the FMF criteria21 and the paediatric Behcet’s disease classifica-
tion criteria.22

In daily practice, criteria that enable a rapid diagnosis in rare
diseases are urgently needed, in particular, in autoinflammatory
diseases resulting in preventable organ damage. While the vast
majority of available and stakeholder endorsed criteria sets are
classification criteria—developed to identify homogenous
cohorts for research studies23—the group of CAPS experts
unanimously voted for these criteria being diagnostic criteria
emphasising that care providers of children and adults with rare
diseases need criteria to enable a rapid and reliable diagnosis.

The proposed CAPS diagnosis criteria are primarily clinical cri-
teria. Clinical criteria are operator dependant and therefore carry
the risk of limited sensitivity and specificity, the latter resulting in
a risk of ‘overdiagnosing’ CAPS. This risk has to be considered
prior to initiating therapies as the liability continues to be with
the treating physician. The proposed CAPS criteria were devel-
oped by a group of CAPS experts and validated in a large cohort
of inflammatory conditions. They will likely best perform when
considered by inflammation experts in the context of a suspected
systemic inflammatory disease. They have not been validated in
potential non-inflammatory mimics, infectious or malignant con-
ditions mimicking of CAPS. Robustness to each of the criteria
can be added by symptom diaries such as the auto-inflammatory
diseases activity index (AIDAI) questionnaire, pictures of clinical
signs to be reviewed at clinic visits, serial blood tests for
CAPS-typical inflammatory markers or skin biopsies, when sus-
pecting a neutrophilic dermatitis causing the CAPS-typical
urticaria-like rash. In particular when faced with a mild CAPS
phenotype, these additional investigations should be considered
prior to initiation of targeted therapies.

To our knowledge, the only other initiative aiming to develop
and validate diagnostic criteria for inflammatory diseases is the
Diagnosis and Classification Criteria for Vasculitis Study that
has recruited over 5000 patients—adult vasculitis cases and vas-
culitis mimic controls—from 129 sites worldwide.24 In both

Figure 3 A model for the diagnosis of cryopyrin-associated periodic
syndrome (CAPS). The proposed model for diagnosing CAPS including
one mandatory criterion, namely raised inflammatory markers, plus at
least two of six CAPS-typical symptoms, had a sensitivity of 81% and
a specificity of 94%.
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disease entities, vasculitis and CAPS, a rapid diagnosis and initi-
ation of targeted therapy is essential to prevent organ damage
from inflammation.

The study has several limitations. The number of CAPS cases
and controls was limited and not all possible differential diagno-
ses of CAPS may have been included, potentially leading to an
overestimation of the specificity of the proposed model.
However, the group dedicated long, thorough discussions to the
identification of clinically relevant control populations.
Importantly, the team collected the largest number of CAPS
cases and controls studied to date. Not all subspecialists
involved in the care of children and adults with CAPS were part
of the team. The group did not identify any ear–nose–throat or
ophthalmology CAPS experts, which may have caused an under-
representation of clinical CAPS items generated from these sub-
specialists. However, missing expertise should have been
partially compensated by items generated from the systematic
literature review. Also, all team members provide care in an
interdisciplinary team and felt that all specific organ-related
items were well integrated.

CONCLUSION
The CAPS diagnosis model is the result of a unique collabora-
tive team approach. It captures all diseases in the spectrum of
CAPS and therefore enables a rapid diagnosis and initiation of
treatment for children and adults with CAPS, a rare, heteroge-
neous inflammatory disease. The novel approach integrated
traditional methods of evidence synthesis with expert consensus,
web-based decision tools and innovative statistical methods and
may serve as a model for developing diagnostic criteria for
other rare diseases.
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ABSTRACT
Objectives Since the 2007 recommendations for the
management of early arthritis have been presented,
considerable research has been published in the field of
early arthritis, mandating an update of the 2007
European League Against Rheumatism (EULAR)
recommendations for management of early arthritis.
Methods In accordance with the 2014 EULAR
Standardised Operating Procedures, the expert
committee pursued an approach that was based on
evidence in the literature and on expert opinion. The
committee involved 20 rheumatologists, 2 patients and
1 healthcare professional representing 12 European
countries. The group defined the focus of the expert
committee and target population, formulated a definition
of ‘management’ and selected the research questions.
A systematic literature research (SLR) was performed by
two fellows with the help of a skilled librarian. A set of
draft recommendations was proposed on the basis of the
research questions and the results of the SLR. For each
recommendation, the categories of evidence were
identified, the strength of recommendations was derived
and the level of agreement was determined through a
voting process.
Results The updated recommendations comprise 3
overarching principles and 12 recommendations for
managing early arthritis. The selected statements involve
the recognition of arthritis, referral, diagnosis,
prognostication, treatment (information, education,
pharmacological and non-pharmacological interventions),
monitoring and strategy. Eighteen items were identified
as relevant for future research.
Conclusions These recommendations provide
rheumatologists, general practitioners, healthcare
professionals, patients and other stakeholders with an
updated EULAR consensus on the entire management of
early arthritis.

Peripheral inflammatory arthritis is among the most
common features with which patients present in
clinical rheumatology. Identifying the underlying
disease can be difficult, particularly at an early
stage. In clinical practice, early inflammatory arth-
ritis is frequently undifferentiated.1 Early arthritis
can develop into established rheumatoid arthritis
(RA) or another definite arthropathy, can resolve
spontaneously, or may remain undifferentiated for
indefinite periods. To better evaluate diagnosis and

outcome in arthritis, it has been proposed to first
recognise inflammatory arthritis; then search for a
definite diagnosis (eg, peripheral or axial spondy-
loarthritis; psoriatic arthritis (PsA); systemic lupus
erythematosus, etc), and finally estimate the risk of
developing persistent and/or erosive arthritis and
propose an optimal therapeutic strategy.2 3

Although the prognosis of early arthritis is still dif-
ficult to define, a combination of clinical, labora-
tory and radiographic parameters may help to
predict patients’ outcomes with acceptable
accuracy.
The management of early arthritis has changed

considerably in the past few years under the influence
of new concepts for diagnosis and new effective ther-
apies. Conventional synthetic disease-modifying anti-
rheumatic drugs (csDMARDs) have been shown to
slow disease progression in chronic inflammatory
arthritides such as RA and PsA.4–6 Furthermore, bio-
logical (b) DMARDs have demonstrated rapid and
sustained disease control associated with an arrest of
joint destruction.7 8 A large body of evidence points
to the usefulness of very early DMARD-start for
early chronic inflammatory arthritis, preferably
before the onset of erosions, in order to reduce or
even prevent the risk of (further) joint damage and
disability.5 9 10 Also, the assessment and tight moni-
toring of patients with early arthritis serves to better
adapt therapeutic strategies.9 11 Beyond doubt, the
treatment goal of early arthritis should now be clin-
ical remission and prevention of joint destruction.
Patients with early arthritis should be identified

and referred to rheumatologists to confirm the
presence of arthritis, the (potential) diagnosis and
its prognosis and initiate appropriate treatment
strategies based on these findings. Furthermore,
management of early arthritis should include more
than drug treatment alone, with education, shared
decision making and the role of allied healthcare
professionals as important themes.
A set of recommendations for the management

of arthritis should address all these different
aspects.
The European League Against Rheumatism

(EULAR) recommendations for the management of
early arthritis have been published in 2007.9 In
2010, EULAR presented recommendations for the
management of RA with synthetic and biological
DMARDs, which have been updated in 2013 and
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2016;12 13 in addition, recommendations for the management
of PsA were recently published.6 While the latter recommenda-
tions focused on the pharmacological treatments of PsA and RA,
both in advanced and in early disease, the 2007 recommenda-
tions for the management of early arthritis covered the entire
spectrum of management of early arthritis, including the recog-
nition of arthritis, referral, diagnosis, prognosis, classification,
information, education, non-pharmacological interventions and
monitoring of the disease process as well as pharmacological
treatment. The systematic literature review (SLR) that has
guided the 2007 EULAR recommendations included publica-
tions up to January 2005.9 Between 2005 and 2015, research in
early arthritis has been a major focus, and many studies have
appeared in the peer-reviewed literature. This literature includes
—but is not limited to—topics such as diagnosis and classifica-
tion criteria, window of opportunity, imaging, prognostication,
treatments and therapeutic strategies.

These developments mandated an update of the existing
EULAR recommendations on early arthritis, which is reported
here.

METHODS
The update of the EULAR recommendations for the manage-
ment of early arthritis has followed the 2014 EULAR
Standardised Operating Procedures.14 The definitions (eg, man-
agement and early arthritis) of and the target populations (rheu-
matologists, general practitioners, medical students, healthcare
professionals, patients) addressed by the 2007 expert commit-
tee9 were considered. Briefly, the term ‘management’ was
defined as ‘all organisational, diagnostic, medical and educa-
tional procedures related to patients seeking help for arthritis of
a peripheral joint’ and ‘early arthritis’ was restricted to ‘early
inflammatory joint disease’.

The expert committee
The expert committee comprised 20 rheumatologists, including
2 research fellows (CID and CH), 1 healthcare professional and
2 patients, from 12 European countries.

Fifteen research questions derived from the 2007 process
were proposed by the convenor (BC) and the methodologist
(RL), and subsequently amended and approved by the whole
committee. The selected topics included recognition of arthritis,
referral, diagnosis, prognostics, classification, information, edu-
cation, non-pharmacological interventions, pharmacological
treatments, monitoring of the disease process, strategy and
prevention.

Evidence-based approach
The research questions were adjusted for further literature
research if appropriate, and structured according to the
Patients-Intervention-Comparator-Outcome systematic by four
of the authors (CID, CH, BC, RL). Eligible study types were
also defined.

A systematic search of PubMed, Medline, Embase, CINAHL
and the Cochrane library was performed, with the help of a
skilled librarian (Louise Falzon, Columbia University Medical
Centre, USA). All articles published in English up to December
2015 were included. Abstracts from the 2014 and 2015 EULAR
and American College of Rheumatology (ACR) conferences
were also considered. The search was completed by a hand
search and by questioning experts for additional references. The
SLR process is reported in detail in two separate articles.15 16

Expert opinion approach
Each member of the expert committee obtained insight into the
results of the literature search and the accompanying levels of
evidence before a meeting in January 2016. During the
meeting, the results of the SLR were presented to the committee
in aggregated format. Three break-out groups, chaired by one
expert, were formed to amend the 2007 recommendations (1–
4; 5–8 and 9–12) and to propose new recommendations if con-
sidered appropriate. Each group then reported its proposals and
wording to the entire committee for discussion and consensus,
and the final formulation of the recommendations was obtained
after a vote with at least 85% agreement for each item’s final
wording.

After the meeting the recommendations were circulated by
email to all expert committee members for further minor
amendments if necessary. Categories of evidence and grades of
recommendations were then determined (by CID, CH, RL, BC)
according to the standards of the Oxford Centre for
Evidence-Based Medicine.17 To determine the level of agree-
ment with recommendations, an anonymised email-based voting
on a 0–10 scale was performed, a vote of 0 indicating complete
disagreement with a particular recommendation and 10 indicat-
ing complete agreement. The means and SDs for scores from
the whole group were calculated. The recommendations are pre-
sented in box 1 and figure 1.

RESULTS
The discussions of the expert committee resulted in 3 overarch-
ing principles and 12 recommendations (box 1) (in 2007, 12
recommendations were formulated).

Overarching principles
The expert committee considered that some of the principles on
the care of patients with early arthritis are generic and should be
stated first and separated from individual recommendations on
diagnosis, prognosis and treatment. The committee decided unani-
mously on the following three overarching principles (box 1).
Principle A:
Management of early arthritis should aim at the best care and
must be based on a shared decision between the patient and
the rheumatologist.
The term ‘best care’ is obviously a major principle in medi-

cine. The wording ‘shared decision between the patient and the
rheumatologist’ is more than informing the patient; it rather
refers to the comprehensive process of communication, knowl-
edge exchange and achieving consensus that should lead to a
treatment decision, that is, optimal from the perspectives of
both patient and clinical care provider.
Principle B:
Rheumatologists are the specialists who should primarily care
for patients with early arthritis.
This statement, which was part of recommendation 1 in the

2007 recommendations, was also highlighted in the EULAR
recommendations for the management of RA14 and PsA.6 Its
basis is evidence that patients with chronic arthritis under rheu-
matologists’ care receive an earlier diagnosis, start treatment
earlier and have better outcomes, in particular with respect to
joint damage and physical function.18–20 Rheumatologists have
the expertise to establish an accurate diagnosis of early arthritis,
are familiar with monitoring disease activity and with the poten-
tial severity of the disease in their patients with inflammatory
arthritis and are well aware of the indications, contraindications
and adverse effects of specific therapies.
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However, the expert committee intentionally added the term
‘primarily’ to this statement for three reasons: (1) the manage-
ment of patients with early arthritis includes the care by
primary care physicians and other healthcare professionals in a
multidisciplinary approach; (2) in some places care by rheuma-
tologists is not always available and accessible. Some countries
have a shortage of rheumatologists, and in such situations
patients should receive treatment from other healthcare provi-
ders with experience in the care of patients with inflammatory
arthritis; (3) in some countries, task shifting from rheumatolo-
gists to other healthcare professionals is actively supported in
order to facilitate early access and optimal quality of care, and
to make care cheaper. Such care is still primarily under the
responsibility and supervision of rheumatologists, but may be
provided by other care providers.
Principle C:
A definite diagnosis in a patient with early arthritis should
only be made after a careful history taking and clinical exam-
ination, which should also guide laboratory testing and add-
itional procedures.

In the 2007 recommendations, this important statement was
included as bullet point 3. It was considered that ‘good clinical
practice’ and a ‘high level of training’ suffices an opinion that
was entirely expert-based. The expert group was of the unani-
mous opinion that the statement is so generic that it represents
an overarching principle rather than a recommendation. To
establish a definite diagnosis in a patient with early arthritis, the
group proposed that the minimum diagnostic procedures should
include careful history taking and clinical examination, keeping
the different possible causes of inflammatory arthritis in mind.
After excluding other causes of joint swelling and pain (eg,
septic arthritis, trauma, osteoarthritis, gout), particular attention
should be paid to age, geographical area and travel history,
number and pattern of involved joints, axial/entheseal involve-
ment and extra-articular features (eg, eye, skin, genitourinal and
gastrointestinal symptoms), including recent infections.1 A
minimal laboratory testing panel was proposed in the 2007
recommendations and should include testing for C reactive
protein (CRP)/erythrocyte sedimentation rate (ESR), full blood
cell count, transaminase levels, renal function and urine analysis,

Box 1 2016 update of the EULAR recommendations for management of early arthritis: final recommendations based on
evidence and expert opinion

Overarching principles
A. Management of early arthritis should aim at the best care and must be based on a shared decision between the patient and the

rheumatologist
B. Rheumatologists are the specialists who should primarily care for patients with early arthritis
C. A definitive diagnosis in a patient with early arthritis should only be made after a careful history taking and clinical examination,

which should also guide laboratory testing and additional procedures
Recommendations

1. Patients presenting arthritis (any joint swelling, associated with pain or stiffness) should be referred to, and seen by, a
rheumatologist, within 6 weeks after the onset of symptoms

2. Clinical examination is the method of choice for detecting arthritis, which may be confirmed by ultrasonography
3. If a definite diagnosis cannot be reached and the patient has early undifferentiated arthritis, risk factors for persistent and/or erosive

disease, including number of swollen joints, acute phase reactants, rheumatoid factor, ACPA and imaging findings, should be
considered in management decisions

4. Patients at risk of persistent arthritis should be started on DMARDs as early as possible (ideally within 3 months), even if they do
not fulfil classification criteria for an inflammatory rheumatologic disease

5. Among the DMARDs, methotrexate is considered to be the anchor drug and, unless contraindicated, should be part of the first
treatment strategy in patients at risk of persistent disease

6. NSAIDs are effective symptomatic therapies but should be used at the minimum effective dose for the shortest time possible, after
evaluation of gastrointestinal, renal and cardiovascular risks

7. Systemic glucocorticoids reduce pain, swelling and structural progression, but in view of their cumulative side effects, they should be
used at the lowest dose necessary as temporary (<6 months) adjunctive treatment. Intra-articular glucocorticoid injections should be
considered for the relief of local symptoms of inflammation

8. The main goal of DMARD treatment is to achieve clinical remission, and regular monitoring of disease activity, adverse events and
comorbidities should guide decisions on choice and changes in treatment strategies to reach this target

9. Monitoring of disease activity should include tender and swollen joint counts, patient and physician global assessments, ESR and
CRP, usually by applying a composite measure. Arthritis activity should be assessed at 1-month to 3-month intervals until the
treatment target has been reached. Radiographic and patient-reported outcome measures, such as functional assessments, can be
used to complement disease activity monitoring

10. Non-pharmacological interventions, such as dynamic exercises and occupational therapy, should be considered as adjuncts to drug
treatment in patients with early arthritis

11. In patients with early arthritis smoking cessation, dental care, weight control, assessment of vaccination status and management of
comorbidities should be part of overall patient care

12. Patient information concerning the disease, its outcome (including comorbidities) and its treatment is important. Education
programmes aimed at coping with pain, disability, maintenance of ability to work and social participation may be used as adjunct
interventions

ACPA, anticitrullinated peptide antibodies; CRP, C reactive protein; DMARD, disease-modifying antirheumatic drug; ESR, erythrocyte
sedimentation rate; EULAR, European League Against Rheumatism; NSAIDs, non-steroidal anti-inflammatory drugs.
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rheumatoid factor (RF), anticitrullinated peptide antibodies
(ACPA) and antinuclear antibodies. In addition, the diagnostic
procedure may be expanded with microbiology and/or sero-
logical tests (reactive arthritis, synovial fluid microbial culture,
Lyme disease, parvovirus infection, hepatitis B or C), uric acid
testing, synovial fluid analysis (cell count and polarised light
microscopy if needed), chest and joint radiographs, but depend-
ent on the context and the country.

Recommendations
The discussions of the expert committee culminated into 12
recommendations (box 1). In comparison with 2007, the previ-
ous recommendation 3 was transformed into overarching prin-
ciple C, while a recommendation for prevention (no. 11) was
added. In addition, the order of the bullet points was slightly
amended in order to better assure a logical sequence (and not
for reasons of prioritisation). Table 1 displays the levels of evi-
dence and grades for the following recommendations based on
the Oxford Levels of Evidence assessment as well as level of
agreement after anonymised voting by the expert committee.
Recommendation 1:
Patients presenting with arthritis (any joint swelling, asso-
ciated with pain or stiffness) should be referred to, and seen
by, a rheumatologist, within 6 weeks after the onset of
symptoms.
This recommendation is almost identical to its 2007 counter-

part, but with subtle changes in the wording. After 2005, two
studies have confirmed that patients with inflammatory arthritis
in general, and those with suspected RA in particular, should be
referred to rheumatologists as early as possible.19 20 A delay in
referral is one of the most important causes of late diagnosis
and late start of effective treatment. Patients with early arthritis
referred to a specialist within 3 months show better outcomes in
terms of drug-free remission, radiographic damage and (less)
need for orthopaedic surgery than those with late referral.15

This is also fully in line with standards of care developed for
patients with RA and quality indicators as established by
European Expert committees.21 On the basis of these data as
well as the clinical experience of the committee members, it was
recommended that diagnosis and start of treatment, both by a
rheumatologist, should be established within a relatively short

period after the onset of complaints which justifies the wording
‘within 6 weeks’ in this recommendation.

Joint swelling not due to trauma or bony swelling suggests
early inflammatory arthritis, especially if associated with pain
and morning stiffness >30 min.22 Several referral questionnaires
evaluating swelling, pain and stiffness have been developed to
aid in the detection of early arthritis.15 These questionnaires
have a good sensitivity (86%–90%) and specificity (90%), but
have been tested only in small patient samples and lack confirm-
ation in independent validation cohorts. The committee was of
the opinion that an appropriately validated tool to help general
practitioners in adequately diagnosing and referring patients

Figure 1 Algorithms based on the 2016 update of the European League Against Rheumatism recommendations for management of early arthritis.
(A) Diagnosis and prognosis. (B) Treatment and strategy. &Combination with glucocorticoids preferred. *Low disease activity could be an alternative
target in rare occasions. **Should also include weight loss, smoking cessation, dental care and vaccination. ACPA, anticitrullinated peptide
antibodies; DMARD, disease-modifying antirheumatic drug; NSAID, non-steroidal anti-inflammatory drug, RF, rheumatoid factor.

Table 1 Updated EULAR recommendations for management
of early arthritis, with LoE, GoR and LoA

LoE* GoR* LoA*

A. Shared decision na na 9.87±0.46

B. Rheumatologists na na 9.78±0.67

C. Diagnosis na na 9.78±0.67

1. Early referral Ib B 9.43±1.16

2. Clinical examination IIb C 9.48±0.99

3. Prognosis IIb C 9.83±0.49

4. Early treatment start Ia A 9.35±1.07

5. MTX, the anchor drug Ia A 9.52±0.99

6. NSAIDs IV D 9.00±1.13

7. Glucocorticoids Ia A 9.00±1.28

8. Remission and treatment strategies Ib, IV† A, D 9.52±0.9

9. Regular monitoring Ia, IV A, D‡ 9.13±1.06

10. Non-pharmaceutical interventions Ia B 8.96±1.26

11. Prevention IIb, IV C, D‡ 8.96±1.19

12. Patient information Ia, Ib B 9.35±0.98

*LoE and GoR are based on the recommendations of the Oxford Centre for
Evidence-Based Medicine. LoA was based on an anonymised email voting system with a
0–10 scale by all members of the expert committee (data are mean±SD; 100% of
voters).
†The general statement is evidence-based.
‡The place in the treatment algorithm is based on expert consensus.
EULAR, European League Against Rheumatism; GoR, grade of recommendation; LoA,
level of agreement; LoE, level of evidence; MTX, methotrexate; na, not applicable;
NSAIDs, non-steroidal anti-inflammatory drugs.
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with early arthritis is currently lacking. The strength of this rec-
ommendation was considered ‘good’ (category B) (table 1).
Recommendation 2:
Clinical examination is the method of choice for detecting
arthritis, which may be confirmed by ultrasonography (US).
The expert committee unanimously appreciated the pivotal

role of clinical examination. Clinical examination is still the
cornerstone of detecting synovitis. This appreciation does not
preclude that imaging modalities may be more sensitive in the
detection of synovitis. US, including power Doppler techniques,
may suggest synovitis by showing thickening of the synovial
membrane, bursae and/or tendon sheaths with enhanced vascu-
larity.15 Several controlled studies have suggested a greater sensi-
tivity of US than clinical examination in detecting synovitis in
the knee and in small joints. US has been evaluated in detail in
the ‘EULAR recommendations for the use of imaging of the
joints in the clinical management of rheumatoid arthritis’.23 The
expert committee did not recommend a more prominent role
for US in the detection of synovitis, since it was broadly felt that
potentially decreased specificity and lack of knowledge regard-
ing the long-term consequences of positive US in individual
patients did not currently justify a more prominent position for
US. Furthermore, wording specifically referring to power
Doppler was deleted, because the group considered that power
Doppler should be part of every US joint examination anyway.

MRI has also been suggested to be more sensitive than clinical
examination in the early detection of synovitis,23–25 but may
face a lack of specificity as suggested by the prevalence of MRI
abnormalities in the normal population.26 In contrast with US,
which is now a common tool in many rheumatologist practices,
the long scanning time, limited access and the relatively high
costs limit the widespread use of MRI. Therefore, the expert
committee considered that MRI should be proposed only in
very difficult cases or in patients with specific forms of arthritis,
and that further research is needed to better determine the place
of this imaging modality in the diagnosis of patients with early
arthritis. MRI was part of the 2007 recommendations but was
deleted from the current set.
Recommendation 3:
If a definite diagnosis cannot be reached and the patient has
early undifferentiated arthritis, risk factors for persistent
and/or erosive disease, including number of swollen joints,
acute-phase reactants, RF, ACPA and imaging findings, should
be considered in management decisions.
This recommendation was slightly rephrased because the

group wanted to highlight that early undifferentiated arthritis
should be clearly differentiated from early RA. In addition,
‘imaging’ was used instead of ‘radiographic’ to show that
imaging modalities other than plain radiographs may provide
prognostic information. For patients with early arthritis, after
the exclusion of specific forms of arthritis, the working diagno-
sis is often undifferentiated arthritis. The next step in the diag-
nostic procedure is to evaluate the risk of persistent and/or
erosive arthritis, usually corresponding to the definition of RA,
in an individual patient.27 This prognostic typing is now consid-
ered crucial to guide the optimal therapeutic strategy.

Since the 2007 exercise, many observational studies have eval-
uated the prognostic value of laboratory and imaging procedures
for early arthritis. Most prognostic factors were analysed in a
multivariate manner in these studies, to test their independent
contribution. Commonly tested dependent variables were per-
sistence, erosiveness or radiographic progression.

In most of the studies, ACPA and RF positivity and ACPA and
RF levels have shown some predictive value for the

development of persistent and erosive arthritis. This observation
was clearly highlighted by EULAR and ACR since ACPAs, in
addition to RF, have obtained an important weight in the 2010
ACR/EULAR classification criteria for RA.27 28 In addition,
several recent studies have confirmed the independent associ-
ation of ACPAs with a diagnosis of RA as well as with radio-
graphic progression in patients with early arthritis.29–33 RF has
been assigned a similar weight as ACPAs in the 2010 ACR/
EULAR classification criteria for RA, although recent publica-
tions stemming from early arthritis cohorts and observational
studies have suggested a lower predictive and diagnostic value of
RF compared with ACPAs but RF has a stronger association
with disease activity independent of the presence of ACPA.15

The combination of RF and ACPAs does not provide additional
value to RF or ACPAs alone.28 In addition to ACPA, the number
of swollen joints and the level of CRP and ESR are independent
contributory factors.

Early erosion typical of RA is still a major prognostic factor in
early arthritis and automatically leads to a classification of
RA.27 34 Synovitis and erosion detected by MRI or US may
predict further joint damage in early arthritis, but false positivity
has been reported.26 35 MRI-detected bone marrow oedema
and osteitis are independent predictors of radiographic progres-
sion in early RA,23 24 but data are limited in early arthritis.
Finally, two recent studies have shown that hand flexor or exten-
sor tenosynovitis on US36 or MRI25 may be a specific—although
not very sensitive—marker for RA classification.

Several combinations of diagnostic markers have been evalu-
ated, but no one has been formally validated.15 In addition,
multibiomarker tests have been proposed to evaluate disease
activity, prognosis and response to therapy, but current data are
not convincing and further research is warranted.15 Finally, it
has been reported that substituting MRI for clinical examination
in the 2010 ACR/EULAR criteria increases the sensitivity but
decreases the specificity for a diagnosis of RA.15 MRI is there-
fore of limited value in making a diagnosis of RA and is not
recommended as a standard procedure.
Recommendation 4:
Patients at risk of persistent arthritis should be started on
DMARDs as early as possible (ideally within 3 months), even
if they do not fulfil classification criteria for an inflammatory
rheumatologic disease.
This recommendation was slightly reworded and reiterates

the unanimous opinion of the committee that an early treatment
start is pivotal in the management of patients with early chronic
arthritis such as early RA, early PsA or those at risk to develop
persistent and erosive disease. The wording ‘RA’ is not used in
this statement, but the implicit meaning is that persistent and/or
erosive disease is factually synonymous to RA (see previous
item) and justifies an early start with DMARDs. A new element
is the maximum delay of 3 months after the onset of symptoms
before starting the first DMARD. The expert committee was of
the opinion that this time frame constitutes a ‘window of oppor-
tunity’ that should be considered to provide an optimal
outcome in the patients at risk. Eight recent studies have
endorsed an early treatment start. Four studies showed that
introducing DMARDs within 3 months after the onset of symp-
toms leads to better outcome (remission, response to treatment,
Health Assessment Questionnaire disability score or radio-
graphic progression).37–40 Very recently, van Nies et al41 have
suggested, based on data in the Etude et Suivi des Polyarthrites
Indifferenciées Recentes (ESPOIR) and Leiden early arthritis
cohorts, that 12–14 weeks represent an appropriate window
within which therapy should be started in order to prevent
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arthritis persistence. In addition, disease duration at the time of
DMARD initiation was the most important determinant of
response to DMARD therapy in another study.15 This statement
may raise questions about the best definition for ‘early RA’. A
duration of 3 months after the onset of symptoms may be the
longest allowable delay in prescribing the first DMARD.
However, this maximum delay is still difficult to meet in daily
practice, while most of the recent ‘early RA cohorts’ allowed a
delay of 6 months from the onset of symptoms ( joint swelling
usually) for inclusion.28 29 41 A delay of not more than
6 months was also proposed in recent RA guidelines.42 A delay
of more than 1 year from symptom onset must not be consid-
ered ‘early’ anymore.
Recommendation 5:
Among the DMARDs, methotrexate (MTX) is considered the
anchor drug and unless contraindicated, should be part of the
first treatment strategy in patients at risk of persistent disease.
This recommendation (previously no. 9) remains almost

unchanged. Previous SLRs have confirmed the clinical and struc-
tural efficacy as well as the good safety profile of MTX.4 43 44

An important argument to consider MTX an anchor drug as
part of the first treatment strategy in patients at risk of persistent
arthritis (eg, at risk of RA) is its good efficacy in early RA, and
its ‘practicability’, both as monotherapy and in combination
with glucocorticoids (GC), other csDMARDs and
bDMARDs.4 13 45 Recent trials in early DMARD-naïve patients
with RA have evaluated MTX monotherapy versus csDMARDs
combined with different dosages and routes of administration of
GC. Verschueren et al46 have recently reported similar 16-week
remission rates in high-risk patients with early RA receiving
MTX monotherapy, MTX plus sulfasalazine (SSZ) or MTX
plus leflunomide (LEF), all in combination with high-dose pred-
nisone bridging strategies. In another trial, MTX plus temporary
high-dose prednisone was not less effective than MTX plus SSZ
plus temporary high-dose prednisone after 26 weeks.47 The
Treatment in the Rotterdam Early Arthritis CoHort (tREACH)
trial suggested short-lived superiority of MTX combined with
SSZ, hydroxychloroquine and GC versus MTX and GC, but
this superiority was not seen in all aspects, was not clinically
meaningful and did ultimately not sustain after 1 year.48 The
Treatment of Early Aggressive Rheumatoid Arthritis (TEAR)
trial did not support a benefit of an intensive csDMARDs com-
bination regimen over MTX monotherapy either.49 In the
absence of clear signals for superiority of a csDMARDs combin-
ation regimen, and guided by a trend towards lower tolerability
for csDMARD combination,16 the committee was of the
opinion that the first treatment strategy should be MTX mono-
therapy with or without short-term high-dose GC as bridging
therapy for most patients. In that regard, dose optimisation is
an important aspect of first-line DMARD strategy, as previously
reported4 45 (MTX should be titrated rapidly to 20–30 mg/
week, depending on clinical response and tolerability; parenteral
administration should be considered in case of inadequate clin-
ical response or intolerance).

The superiority of bDMARDs plus MTX over MTX mono-
therapy has been proven in many randomised controlled trials
(RCTs) and was confirmed by eight recent studies in the current
SLR.16 In addition, two targeted synthetic DMARDs have
recently demonstrated superiority to MTX, both used as mono-
therapy, in patients with early RA.50 51 Nevertheless, because
the benefit-to-risk ratio of these biological and targeted synthetic
DMARDs was not convincingly favourable in patients with
early disease, because tight monitoring is anyway part of the
current treatment strategy to identify those in need of adding

biologics and also because of their high cost, the expert commit-
tee considered their use as a first treatment strategy inappropri-
ate, except in rare situations.

Recent RCTs comparing other csDMARDs with MTX were
lacking. The clinical efficacy of LEF, and to a lesser extent SSZ,
is similar to MTX in established and recent RA.9 LEF is as
effective as MTX in slowing radiographic damage, and its thera-
peutic maintenance is similar to that of MTX.9 In contrast, SSZ
may be inferior to LEF and MTX in the long term. Although
formal evidence prioritising MTX over other csDMARDs as the
first DMARD used in early arthritis and/or early RA is lacking,
the expert committee does recommend MTX as first-choice
treatment (unless contraindicated) in patients at risk of persist-
ent disease. LEF and (to a lesser extent) SSZ are considered the
best alternatives. Of note, SSZ is considered safe during preg-
nancy in contrast to MTX and LEF. Finally, the committee is of
the opinion that antimalarial drugs, which have shown less clin-
ical efficacy and may not retard radiographic progression in
patients with RA but may have positive metabolic effects, can be
considered as partner in combination therapy or as DMARD
monotherapy in patients with mild disease and comorbidities or
with persistent arthritis other than RA.52

Recommendation 6:
Non-steroidal anti-inflammatory drugs (NSAIDs) are effective
symptomatic therapies, but should be used at the minimum
effective dose for the shortest time possible, after evaluation
of gastrointestinal, renal and cardiovascular risks.
The SLR did not yield new data on NSAIDs in patients with

early arthritis. The expert committee felt that symptomatic
therapy with NSAIDs is still of value in patients presenting
with early arthritis, but only after a careful consideration of
gastrointestinal, renal and cardiovascular contraindications. In
addition to the previous item no. 7 about NSAIDs, the group
now reinforces the need to follow the US Food and Drug
Administration and European Medicines Agency guidelines
about NSAIDs, which includes wording about the shortest pos-
sible treatment duration, the minimum effective dose and the
contraindications for patients at risk (http://www.fda.gov; http://
www.ema.europa.eu).
Recommendation 7:
Systemic GC reduce pain, swelling and structural progression,
but in view of their cumulative side effects, they should be
used at the lowest dose necessary as temporary (<6 months)
adjunctive treatment. Intra-articular glucocorticoid injections
should be considered for the relief of local symptoms of
inflammation.
The expert committee has intensively debated the role of GC

in the management of early arthritis. This discussion was based
on expert opinion and on new information obtained by the
SLR.16 Recently, one meta-analysis of 14 RCTs in patients with
RA and 2 RCTs in patients with ‘early RA’ has confirmed that
systemic GC improve clinical and radiographic outcomes.16 53 54

Preferably, therapy with systemic GC is temporary because of the
risk of side effects, including weight gain, hypertension, diabetes,
cataracts and osteoporosis, which justify careful monitoring and
appropriate prevention. New data stemming from registries,
observational studies and extensions of RCTs have also suggested
an increased risk of severe infections, cardiovascular events and
mortality.16 55–60 In addition, there is evidence that
intra-articular steroids may be an effective adjunct to DMARDs
in relieving joint symptoms in patients presenting with early
arthritis and may improve disease activity up to 24 months.16

The committee has reworded this item (no. 8 in the previous
recommendations) in order to highlight the effectiveness of
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systemic GC for relieving symptoms and disease progression but
also in order to point to the risks of cumulative side effects in
the medium to long term. The committee is of the opinion that
GC can only be justified if used at the lowest possible cumulative
dose, for the shortest possible duration and exclusively as
adjunct (or bridge) therapy to csDMARDs. GC monotherapy
may mask disease activity before a diagnosis has been established
and should be avoided in patients with early arthritis, in order to
expedite a proper diagnosis, and secure an adequate prognosis
and a prompt DMARD treatment start. Despite a fierce debate,
this recommendation was finally approved by 95% of the
members and obtained a high level of agreement (mean of 9.00
±1.28) with anonymous voting. The wording ‘low dose’ and
the optimal regimen (low daily dose or high dose then step-
down or parenteral boosts) in early arthritis are still under
debate and will be mentioned in the research agenda (box 2).
Recommendation 8:
The main goal of DMARD treatment is to achieve clinical
remission, and regular monitoring of disease activity, adverse
events and comorbidities should guide decisions on choice
and changes in treatment strategies to reach this target.
The 2007 recommendations for patients with early arthritis

were among the first guidelines to highlight clinical remission as
the main objective in the care of these patients. In the past
10 years, accumulating data have supported this as a major goal
for the treatment of RA and other inflammatory
arthritides.6 9 11 13 61

The expert committee has decided to keep the wording of
the previous recommendation no. 10 unchanged. A few new
studies have confirmed that achieving clinical remission as early
as possible results in better clinical outcomes and quality of life,
and helps to prevent further structural damage, functional dis-
ability and job loss in patients with early arthritis and early
RA.62 Which particular remission criteria should be used in
practice remains unclear. Composite scores (disease activity
score (DAS), DAS28, Clinical Disease Activity Index, Simplified
Disease Activity Index (SDAI)) should be used, and the
ACR-EULAR remission criteria (Boolean or SDAI) is likely the
most stringent.63 An interesting definition for daily practice is
‘the absence of signs and symptoms of significant inflammatory
disease activity’.11 Recent evidence has suggested that remission
leads to a better outcome than low disease activity
(LDA),62 64 65 and the committee was of the opinion that clin-
ical remission according to the ACR-EULAR Boolean or index-
based definition is the target for every patient presenting with
early arthritis. A LDA state could be an appropriate alternative
goal only in cases in which remission is considered unfeasible.
In this respect, factors such as comorbidities, age or adverse
events must be considered, and may determine the desired treat-
ment target, which will form the basis for the process of shared
decision making with the patient.

The expert committee also discussed whether imaging remis-
sion should be included in the target, as suggested by some
recent recommendations.23 Studies have suggested that ongoing
inflammation seen by US, and to a lesser extent by MRI, in
patients with clinical remission may predict structural progres-
sion. However, the significance thereof and its clinical utility are
questionable and is associated with significant overtreatment
and thus potential waste of societal resources;66 the SLR did not
yield new information.15 16 Therefore, the expert committee
suggested that the value of imaging remission should be part of
the research agenda.

Finally, the committee felt that disease activity should be
closely monitored in order to allow a timely change in DMARD

therapy when necessary. The benefits of the treat-to-target
approach have now amply been shown in patients with RA and
PsA11 67 and there is no reason to assume that the situation is
different for early arthritis.
Recommendation 9:
Monitoring of disease activity should include tender and
swollen joint counts, patient’s and physician’s global assess-
ments, ESR and CRP, usually by applying a composite
measure. Arthritis activity should be assessed at 1-month to
3-month intervals until the treatment target has been reached.

Box 2 Research agenda for management of early
arthritis

Diagnosis and prognosis
1. Which tools could help general practitioners to diagnose

early arthritis and prioritise referral?
2. Can we better define the diagnostic and prognostic value of

ultrasonography in early arthritis?
3. Can we better define the diagnostic and prognostic value of

MRI in early arthritis?
4. What is the diagnostic value of the systematic screening of

antinuclear antibodies in early arthritis?
5. Which new biomarkers/multibiomarkers may help to better

evaluate disease activity, the prognosis and treatment
response in early arthritis?
Treatment and outcome

1. Can we develop prediction models to better define the
therapeutic strategy in early arthritis?

2. Can we define at what level of risk (for developing
persistent arthritis) different pharmacological interventions
have a favourable benefit-to-risk ratios?

3. Do combinations of csDMARDs provide a better benefit-to-
risk ratio than csDMARD monotherapy in early arthritis?

4. Can we better define ‘low dose’ and ‘short term’ use of
glucocorticoids for an optimal medium-term to long-term
benefit-to-risk ratio?

5. What is the optimal regimen (low daily dosage or high
dose then step-down, or parenteral boosts) of
glucocorticoids for better outcome in early arthritis?

6. Does imaging remission have an added benefit to clinical
remission in treatment decisions?

7. What is the optimal interval at which to monitor
radiographic progression in early chronic inflammatory
arthritis?

8. What is the effectiveness of different non-pharmacological
interventions in early arthritis?

9. Can physical activity/exercise reduce cardiovascular risk in
early chronic arthritis?

10. Which study designs can best be used to investigate the
comparative effectiveness and cost-effectiveness of different
therapeutic strategies?

11. Is smoking cessation, oral hygiene, diets or psychological
interventions beneficial for the outcome of patients with
early arthritis?

12. What are the most efficient and effective information and
education interventions and exercise programmes for early
arthritis?

csDMARDs, conventional synthetic disease-modifying
anti-rheumatic drugs; DMARD, disease-modifying antirheumatic
drug.
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Radiographic and patient-reported outcome measures, such as
functional assessments can be used to complement disease
activity monitoring.
In every patient with active arthritis, closely monitoring

disease activity is now considered of particular importance in
the therapeutic strategy to provide a good outcome and this is
highlighted by all of themost recent recommendations.6 9 11 13 42 61

Monitoring disease activity should be as frequent as the level of
disease activity mandates, usually every 1–3 months, then poten-
tially less frequently (such as every 6–12 months) once the treat-
ment target has been achieved.

Nevertheless, three changes were proposed to this item (pre-
viously no. 12). First, a composite measure was recommended
as the method of choice to monitor disease activity; second, a
specific time frame for monitoring structural damage was delib-
erately left out and third, patient-reported outcomes were
expanded beyond functional assessments.

Swollen joint count and progression of joint damage have
been consistently found to be associated.68 69 In addition, many
trials have supported the use of a tight control of disease activity
assessed via composite measures that include joint count evalu-
ation.11 16 67 70 Although it is difficult to formally investigate,
the expert committee was of the opinion that monitoring the
occurrence of radiographic progression is useful in view of one
of the key objectives of managing early arthritis: the prevention
of joint destruction. The determination of an optimal window
for monitoring progression was added as an item for the
research agenda (box 2).

Finally, patient-reported outcomes such as quality of life,
fatigue and physical function are key to evaluate outcome71 72

and the committee has mandated them as part of disease
monitoring.
Recommendation 10:
Non-pharmacological interventions, such as dynamic exer-
cises and occupational therapy, should be considered as
adjuncts to drug treatment in patients with early arthritis.
This recommendation has remained almost unchanged. The

efficacy of non-pharmacological therapy has not been investi-
gated in early arthritis and can only be extrapolated from the
results of several RCTs in established RA. Hydrotherapy in
patients with RA has been evaluated in some studies,73 74 but
with insufficient evidence to support a strong recommendation;
consequently, hydrotherapy was not included in the current
statement but may be considered at the individual patient level.
Previous RCTs have shown that joint-specific dynamic exercises
may improve strength and physical function in RA, but the
current SLR identified some controversial effects on disease
activity.16 74 Occupational therapy may improve functional
ability and self-management but does not have a positive effect
on disease activity; recent studies were not found.75

Finally, psychological counselling can be considered in selected
patients, but trials investigating the efficacy of psychological
interventions are lacking, and the committee did not include
counselling in the statement. Furthermore, the SLR did not iden-
tify appropriate trials that evaluated the effectiveness of diets.

Since dynamic exercises, occupational therapy and to a lesser
extent hydrotherapy have been associated with symptom relief
in patients with established RA, the expert committee has
decided to include them as adjunct therapies to pharmaceutical
therapies in patients with early arthritis.
Recommendation 11:
In patients with early arthritis, smoking cessation, dental care,
weight control, assessment of vaccination status and manage-
ment of comorbidities should be part of overall patient care.

This recommendation is new and largely based on expert
opinion. The expert committee felt that during the last decade
evidence has accumulated that highlights the importance of the
management of comorbidities (eg, cardiovascular diseases, meta-
bolic conditions (eg, hyperlipidaemia, diabetes), lung diseases,
infections, malignancies, osteoporosis and depression) in the
context of the management of early arthritis.76–82

Comorbidities may affect life expectancy and outcomes (phys-
ical function, quality of life) independently of disease activity in
patients with inflammatory arthritis. In addition, coexisting dis-
eases may affect the efficacy and safety of antirheumatic therap-
ies.82 Obesity and smoking may affect the response to treatment
in inflammatory arthritis.80 Prevention is now considered key in
the management of chronic inflammatory rheumatic diseases,
but comorbidities are still not optimally managed.76 Smoking is
the best-established modifiable risk factor in the development of
RA and spondyloarthritis.83 84 Furthermore, tobacco use has
been associated with the presence of extra-articular manifesta-
tions such as rheumatoid nodules and also serum RF and
ACPAs. While smoking does not seem to be associated with the
perpetuation of disease activity or progression of RA,85 it may
affect the outcome of spondyloarthritis.84

RA is associated with periodontal disease, although the direc-
tion of the relationship still remains unclear.86 The microbiome
may play a role in chronic arthritis risk and progression, and
Porphyromonas gingivalis infection could promote aberrant
citrullination and a local breach of tolerance to citrullinated
peptides. The potentially beneficial contribution of oral hygiene
has been put on the research agenda.

Although current data do not prove that risk-factor modifica-
tion is beneficial to patients, the modifiable risk factors identi-
fied in the SLR are so generic in nature that the committee was
unanimously of the opinion that a recommendation aiming at
abolishing their potential influence on arthritis (and general
health) would not harm patients and may convey some benefits.

In addition, the expert committee noted that fewer patients
with chronic arthritis than recommended are currently vacci-
nated,87 and that this should be specifically mentioned.
Recommendation 12:
Patient information concerning the disease, its outcome
(including comorbidities) and its treatment is important.
Education programmes aimed at coping with pain, disability,
maintenance of ability to work and social participation may
be used as adjunct interventions.
This recommendation was very similar to the previous item

no. 6. Obviously, full transparency about the disease and its
treatment options should be an integral part of the management
of any chronic disease, and constitutes the core of overarching
principle A. Other healthcare providers share the responsibility
in the provision of information. Studies have suggested that
adherence to treatment is dependent on the quality of informa-
tion exchange and the quality of the interaction between the
patient and healthcare professionals, including
rheumatologists.16

EULAR has recently recommended that ‘people with inflam-
matory arthritis should have access to and be offered patient
education throughout the course of their disease, including as a
minimum, at diagnosis, at pharmacological treatment change
and when required by the patient’s physical or psychological
condition’.88 The content and delivery of patient education
should be individually tailored, with individual and group ses-
sions representing different approaches to delivery. It is impos-
sible to prioritise a single educational intervention since all
tested interventions have only short-term benefits and feature
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cross-national and cultural variations.16 Improved quality of life
is a major aim for patients and the committee proposed to add
‘social participation’ as one of the objectives of these education
programmes. The expert committee also felt that patients
should be aware that comorbidities may affect the outcome and
treatment of inflammatory arthritis, and that their screening and
management should be part of the global management of early
arthritis.

DISCUSSION
The update of the EULAR recommendations for the manage-
ment of early arthritis followed the 2014 EULAR Standardised
Operating Procedures.14 The committee has proposed an import-
ant revision of the items, but obviously most major recommenda-
tions have remained intact. These updated recommendations for
management of early arthritis contain 3 overarching principles,
12 recommendations and 2 algorithms that integrate all the
recent developments in the management of early arthritis. The
definition of the term ‘management’ was unchanged and includes
all spectra of management of early arthritis, including referral,
diagnosis, prognosis, classification, information, education, non-
pharmacological interventions and pharmacological treatments
and monitoring of the disease. The term ‘early arthritis’ was
restricted to ‘early inflammatory arthritis’ and mainly, but not
only, focused on the risk of chronic arthritis.

The expert committee had to face a limitation in that most of
the published data on treatment and strategy on which they
could build their recommendations involved studies in patients
with early RA or established RA, rather than specific studies of
early arthritis. Despite this limitation, the committee considered
much of the data for early RA sufficiently robust and relevant
for extrapolating to ‘early arthritis with a certain propensity to
become persistent.’ The scope was different compared with the
EULAR recommendations for the management of RA,13 which
focussed on the use of DMARDs in both early and established
disease. However, there are overlaps with regard to the first-line
therapy for early arthritis at risk of persistence (figure 1) and for
early RA (DMARD-naïve and usually <6 months disease dur-
ation). Not surprisingly, the two sets of recommendations are
very congruent on these specific points.

These recommendations have important strengths including
the composition of the expert committee comprising 20 rheu-
matologists, including 2 research fellows, from 12 European
countries and new addition of 1 healthcare professional and 2
patient representatives. The committee chose to grade the level
of evidence provided by every study, which was based on the
methodology of the study, and took this grading into consider-
ation when discussing the content and the strength of the
recommendations. An important consideration in the discus-
sions was always whether the type of study fitted the content of
the research question that was at the basis of the literature
search. The recommendations were based on the most recent
evidence and on expert opinion. For example, the expert com-
mittee felt that evidence supported comorbidities as possibly
affecting the outcome of arthritis and also treatment efficacy
and safety and should be considered in the management of all
early arthritis cases. Despite the sparse evidence, the expert
committee also wanted to indicate that smoking cessation and
dental care could be proposed to patients with early arthritis,
and that both patients and healthcare professionals should be
aware of the importance to improve vaccination coverage. In
this respect, a new recommendation on prevention was added
(item no. 11). Of note, the level of agreement among the
experts was high for each item (means of 9.0–9.9), which

support the appropriateness and validity of the
recommendations.

In light of the current literature and despite important recent
advances, the committee felt that further development of new
tools is needed for early and accurate diagnosis and prognosis,
including new biomarkers, better understanding of the added
value of US and MRI and creation of prediction algorithms for
long-term outcome (box 2). Finally, the expert committee felt that
the comparative effectiveness and cost-effectiveness of the differ-
ent strategic modalities in early arthritis, including the effectiveness
of non-pharmacological interventions, need additional research.

While these ‘recommendations’ are deliberately not called
‘guidelines’, they do reflect a strong view of many European
experts including patient representatives. They should provide
rheumatologists, general practitioners, medical students, health-
care professionals, health authorities and patients a practical
approach to the management of early arthritis, even though
each healthcare professional should choose the most appropriate
management strategy for each individual patient. To that end, it
is hoped that the recommendations will be widely disseminated
and discussed within the community of rheumatologists and
other healthcare professionals caring for patients with early
arthritis and that they will help improve the standard of care for
patients with arthritis across different healthcare systems.
Obviously, these recommendations will probably need amend-
ment after about 5 years to incorporate new scientific evidence.
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Correction notice This article has been corrected since it published Online First.
The legend for figure 1 has been updated.
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Josef S Smolen,1,2 Robert Landewé,3,4 Johannes Bijlsma,5 Gerd Burmester,6

Katerina Chatzidionysiou,7 Maxime Dougados,8 Jackie Nam,9 Sofia Ramiro,10

Marieke Voshaar,11 Ronald van Vollenhoven,3,4 Daniel Aletaha,1 Martin Aringer,12

Maarten Boers,13 Chris D Buckley,14 Frank Buttgereit,6 Vivian Bykerk,15,16

Mario Cardiel,17 Bernard Combe,18 Maurizio Cutolo,19 Yvonne van Eijk-Hustings,20

Paul Emery,10 Axel Finckh,21 Cem Gabay,21 Juan Gomez-Reino,22 Laure Gossec,23

Jacques-Eric Gottenberg,24 Johanna M W Hazes,25 Tom Huizinga,11 Meghna Jani,26

Dmitry Karateev,27 Marios Kouloumas,28,29 Tore Kvien,30 Zhanguo Li,31

Xavier Mariette,32 Iain McInnes,33 Eduardo Mysler,34 Peter Nash,35 Karel Pavelka,36

Gyula Poór,37 Christophe Richez,38 Piet van Riel,39 Andrea Rubbert-Roth,40

Kenneth Saag,41 Jose da Silva,42 Tanja Stamm,43 Tsutomu Takeuchi,44

René Westhovens,45,46 Maarten de Wit,47 Désirée van der Heijde10

ABSTRACT
Recent insights in rheumatoid arthritis (RA) necessitated
updating the European League Against Rheumatism
(EULAR) RA management recommendations. A large
international Task Force based decisions on evidence
from 3 systematic literature reviews, developing 4
overarching principles and 12 recommendations (vs 3
and 14, respectively, in 2013). The recommendations
address conventional synthetic (cs) disease-modifying
antirheumatic drugs (DMARDs) (methotrexate (MTX),
leflunomide, sulfasalazine); glucocorticoids (GC);
biological (b) DMARDs (tumour necrosis factor (TNF)-
inhibitors (adalimumab, certolizumab pegol, etanercept,
golimumab, infliximab), abatacept, rituximab,
tocilizumab, clazakizumab, sarilumab and sirukumab
and biosimilar (bs) DMARDs) and targeted synthetic (ts)
DMARDs ( Janus kinase ( Jak) inhibitors tofacitinib,
baricitinib). Monotherapy, combination therapy,
treatment strategies (treat-to-target) and the targets
of sustained clinical remission (as defined by the
American College of Rheumatology-(ACR)-EULAR
Boolean or index criteria) or low disease activity are
discussed. Cost aspects were taken into consideration.
As first strategy, the Task Force recommends MTX (rapid
escalation to 25 mg/week) plus short-term GC, aiming at
>50% improvement within 3 and target attainment
within 6 months. If this fails stratification is
recommended. Without unfavourable prognostic markers,
switching to—or adding—another csDMARDs (plus
short-term GC) is suggested. In the presence of
unfavourable prognostic markers (autoantibodies, high
disease activity, early erosions, failure of 2 csDMARDs),
any bDMARD (current practice) or Jak-inhibitor should
be added to the csDMARD. If this fails, any other
bDMARD or tsDMARD is recommended. If a patient is in
sustained remission, bDMARDs can be tapered. For each
recommendation, levels of evidence and Task Force
agreement are provided, both mostly very high. These
recommendations intend informing rheumatologists,

patients, national rheumatology societies, hospital
officials, social security agencies and regulators about
EULAR’s most recent consensus on the management of
RA, aimed at attaining best outcomes with current
therapies.

The management of rheumatoid arthritis (RA) has
changed dramatically over the past 30 years. Few
therapeutic agents existed then, which were either
minimally or not efficacious, because of toxicity
and the fact that optimal dosing and onset of
action had not yet been elucidated for some
agents.1–4 Available therapies were started late
rather than early in the course of the disease.5 6

Early arthritis clinics were emerging,7–9 and their
successes fuelled reappraisal of the classification cri-
teria then available that focused primarily on long-
standing disease.10 A therapeutic target had not yet
been defined, because relief of symptoms appeared
to be the most important goal and the concept of
aiming at disease states like remission or low
disease activity was at best aspirational.11

To date, we have available numerous efficacious
agents. Among the conventional synthetic (cs)
disease-modifying antirheumatic drugs (DMARDs),12

we adopted methotrexate (MTX), on its optimal
use, as the anchor drug4; in addition, a number of
biological (b) DMARDs have been approved, more
recently followed (in many countries) by approval of
the first targeted synthetic (ts) DMARD, with more
in development.13 Today, new classification criteria
for RA promote the study of patients earlier in their
disease course than before14 and recommendations
have been developed to treat patients with RA via
strategic algorithms targeting an optimal outcome,
irrespective of the types of available therapies.15–17

A limited number of measures to assess response
in clinical trials and follow disease activity in
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clinical practice are widely used18–21 and the American College
of Rheumatology (ACR) and the European League Against
Rheumatism (EULAR) have jointly developed new definitions
for remission which provide an optimal clinical outcome and
can be achieved in a significant proportion of patients in trials
and practice.22 Attaining remission according to these criteria,
index-based or Boolean, will prevent joint destruction or at least
progression of joint damage irrespective of residual subclinical
changes,23 24 optimise physical function, improve quality of life
and work capacity25 26 and reduce comorbidity risks.27 28

With this recent evolution of evidence supporting stringent
disease control to improve outcomes, interest in purely symp-
tomatic drugs has significantly decreased today and disease
modification has become the pivotal attribute of all modern
drugs and treatment strategies. Nevertheless, symptomatic
agents as well as physical measures, psychological support and
surgery may and do have a place in the overall management of
RA. However, disease modification is the mainstay of RA treat-
ment and constitutes an amalgam of characteristics: relief of
signs and symptoms; normalisation—or at least important
improvement—of impairment in physical function, quality of
life and social and work capacity; and—as the foremost distin-
guishing characteristic of DMARDs compared with symptomatic
agents—inhibition of structural damage to cartilage and bone.
Therefore, showing inhibition of damage progression by radiog-
raphy is still a pivotal outcome for the classification of a drug as
a DMARD, since radiographs can depict bony and cartilage
damage and have proven sensitivity to change even over short-
term intervals and at very low levels of overall progression in a
population.29 30 Rapid attainment of the targeted end point is
now critical, and to achieve the treatment goal of remission or at
least low disease activity within the time frame of 6 months, at
least 50% clinical improvement within 3 months is desirable.31

With rising standards of care and outcomes, RA management
has become increasingly complex over the last decade. Despite
the availability of many efficacious agents, treatment strategies
that have been developed, and outcomes assessments that allow
effective follow-up, the high costs of novel therapies have
limited the widespread use of these therapeutic options, creating
a significant extent of inequity. Therefore, management recommen-
dations on the approach to treating patients with RA have become
increasingly useful in providing physicians, patients, payers, regula-
tors and other healthcare suppliers with evidence-based guidance
supported by the views of experts involved in many of these novel
developments. Indeed, EULAR has recently updated the standar-
dised operating procedures on the development of recommenda-
tions, which include cost aspects in addition to accounting for the
assessment of evidence and expert opinion.32

EULAR developed a first set of recommendations for the man-
agement of RA with DMARDs in 2010 and updated them in
2013. They were originally based on the evidence provided by
five (2010) and three (2013)33–35 systematic literature reviews
(SLRs). The EULAR recommendations have been widely used.
They have been referred to by national rheumatology societies
and regional leagues to inform the development of their own
recommendations (such as Canadian, French, German, Mexican,
Asia Pacific League of Associations for Rheumatology (APLAR),
Pan American League of Associations for Rheumatology
(PANLAR)), as well as by regulatory authorities.36–42

Consistent with our approach to providing recommendations
based on the latest evidence, we have continued to evaluate the
literature on clinical trials of new agents, new information on
established drugs, new strategic studies, new perceptions on out-
comes assessments and new insights related to the research

agenda16 over the last 3 years. An abundance of new informa-
tion motivated us to now further update the EULAR recommen-
dations for the management of RA with DMARDs.

METHODS
After approval by the EULAR Executive Committee, the
Convenor ( JSS) and methodologist (RL) invited a Steering
Committee and a Task Force to work on this update of the
EULAR recommendations for the management of RA. The
2010 recommendations and their 2013 update adhered to
the original EULAR standardised operating procedures for the
development of recommendations43; the 2016 update followed
the recently amended version of these standards,32 which also
suggest adherence to the Appraisal of Guidelines for Research
& Evaluation (AGREE) recommendations in its updated version
(AGREE II).44

Steering Committee
The Steering Committee included seven rheumatologists, one
patient representative and three fellows. This group initially
developed the research questions for the three SLRs. These
SLRs focused on (i) efficacy of synthetic (s) DMARDs (as mono-
therapy or combination therapy, including both csDMARDs
and ts DMARDs) and glucocorticoids (GC); (ii) efficacy of
bDMARDs (as monotherapy or combined with csDMARDs)
and (iii) safety aspects of sDMARDs and biological (b)
DMARDs. To this end, the original SLRs obtained in 201333–35

served as a starting point and an update on the literature pub-
lished between 2013 and 2016 was performed. New informa-
tion on treatment strategies was also evaluated in the present
SLRs. Formal economic analyses were not performed, but cost
aspects were considered throughout the process in line with the
current state of the art of developing recommendations,45 46

EULAR’s own previous SLR on cost aspects in the context of
DMARD therapy47 and the advent of biosimilars.48 The three
rheumatology fellows (KC, JN, SR) performed the SLRs (and
checked each other’s work) exploiting existing publication data-
bases on randomised controlled trials for efficacy and registry
data for safety, and also evaluating recent EULAR and ACR con-
gress abstracts. Summary-of-findings (SoF) tables were generated
and levels of evidence (LoE) were determined using the stan-
dards of the Oxford Centre for Evidence-Based Medicine.49

The three SLRs informing the Task Force and a detailed descrip-
tion of their methods are published separately.50–52

The SoFs of the SLRs were presented to the Steering
Committee that formulated a proposal for an update of the
recommendations based on this information. The SLR data and
the proposals of the Steering Committee were subsequently pre-
sented to the whole Task Force for further discussions and
ultimately development of the updated recommendations.

Task Force
The Task Force consisted of 50 individuals, including the
Steering Committee members. Among the Task Force members
were three patients, two health professionals and two delegates
of the EULAR young rheumatologists’ network Emerging Eular
NETwork (EMEUNET). The rheumatologists were all experi-
enced in the treatment of RA and most had frequently partici-
pated in clinical trials; moreover, several of them had
experience in patient registries of their countries or in various
aspects of outcomes research. The patients and health profes-
sionals all had experience in consensus finding activities, as well
as most of the rheumatologists. Since we also wished the Task
Force’s work to be informed by rheumatologists from other
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regions of the world, aside from a broad representation from 14
European countries, 2 colleagues from Asia, 1 from Australia, 2
from Latin America and 2 from North America were invited to
participate. Several of them had actively participated in develop-
ing documents of their regional leagues and/or national soci-
eties. All Task Force members declared their potential conflicts
of interest before the start of the process.

The Task Force agreed on a few principal considerations
upfront. First, all recommendations needed to be discussed in
the context of new evidence; where no new evidence was avail-
able, the former evidence base was followed. Second, any of the
previous recommendations (4 overarching principles and 14
recommendations) could be maintained as they had been pre-
sented in the 2013 version, amended, shifted in sequence or
deleted. Third, drugs that were not (yet) approved in Europe
but used elsewhere in the world, or drugs that had not yet
undergone regulatory assessment but for which evidence from
clinical trials was available, could be considered in recommenda-
tions to allow for some anticipation of a potential uptake in
clinical practice, with all respective caveats. Finally, there was
agreement that all recommendations of 2013, which were either
further supported by new evidence or lacked novel information,
should be incorporated as previously worded, unless certain
components were now considered inappropriate.

After the presentation of the SLR results and the Steering
Committee’s proposals for the amendment of the recommenda-
tions, the Task Force was split into four breakout groups. One
group reviewed bDMARDs, the second group csDMARDs, the
third tsDMARDs and the fourth GC; all groups proposed draft
language for respective recommendations to the whole Task Force.
Safety aspects were addressed in each of these breakout groups.

Consensus finding
Representatives of each breakout group reported the results of
the respective deliberations and presented proposals for the
wording of individual recommendations to the whole Task
Force. Thereafter, the voting process took place.

For an overarching principle or recommendation to be
accepted for the final document without further change, a
majority of 75% of the votes was required in the first ballot. If
this result was not achieved, the respective text was amended
and subjected to a second ballot, for which a 67% majority was
required. If this ballot was not successful, further textual
changes were proposed until a ≥50% majority was attained.
The recommendations are presented as finally voted on. The
results of the respective last ballot are presented as percentage
of voting members. Notes captured the contents of the discus-
sions and the reasoning behind each decision to be presented in
the comments accompanying the individual items. For various
reasons, not every Task Force member was present in the room
throughout the whole meeting and, therefore, there were slight
variations in the numbers of votes. However, at every point in
time >90% of the members participated in the ballots.

After the face-to-face meeting, the recommendations, as
agreed by the Task Force, were subjected to an anonymous vote
(by email) on the levels of agreement (LoA). Each recommenda-
tion received an adjudication on a scale of 0–10, 0 meaning no
agreement whatsoever and 10 absolute agreement. During this
process, several weeks after the meeting, one individual with-
drew from the Task Force, because the inclusion of csDMARD
combination therapy in the recommendations had not found a
majority during the preceding voting process. This colleague
had been present and voted throughout the face-to-face meeting
and the respective votes regarding all recommendations are

accounted for accordingly, but ultimately the person declined
authorship and no vote was cast on the LoA.

The draft of the manuscript was sent to all Task Force
members for their comments. After incorporation of these com-
ments, it was submitted to the EULAR Executive Committee for
review and approval; at this time, it was again sent to the Task
Force members. Final remarks were obtained from members of
the Task Force and the Executive Committee and addressed in
the manuscript, which was then submitted with approval by the
EULAR Executive Committee.

RESULTS
General aspects
As before, the 2016 update of the EULAR RA management
recommendations reflects the balance of clinical, functional and
structural efficacy, safety, costs and patients’ perceptions as per-
ceived by the Task Force. Aspect of drug toxicity were consid-
ered in the overall wording of the recommendations, but data
are presented only in the Safety SLR50 because it is assumed
that prescribers are aware of the safety information provided in
the manufacturers’ package inserts of the various agents. Also,
EULAR has developed a series of documents dealing with safety
aspects of RA drugs,53–58 and various other publications have
addressed these aspects.59–62 In particular, as also suggested by
the safety SLR,50 the major risk of bDMARDs (and also
tsDMARDs) is related to infections, and recommendations for
vaccination56 as well as a score allowing to calculate the risk of
infection in patients exposed to bDMARDs have been recently
developed.63 64 For all medications discussed in this paper, the
summary of product characteristics document provides valuable
information on risks, side effects and need for monitoring. The
recommendations given here should in no way be construed so
as to detract from that information. In any case, when toxicity
constitutes a major issue, a specific warning is provided within
the respective recommendation or the accompanying comments.
Of note, the three SLRs as well as the text accompanying each
item should be regarded as part and parcel of the recommenda-
tion. The individual bullet points represent abbreviated conclu-
sions from the discussions and, as such, do not capture all
aspects related to a particular theme; rather, such aspects are
elucidated in more detail in the respective explanatory part of
the Results section.

When classifying DMARDs, the Task Force adhered to the
previously used nomenclature12 16 as shown in table 1. Table 1
also provides a glossary for terms employed in the recommenda-
tions. The Task Force did not distinguish between early and
established RA regarding the recommendation of the types of
drugs, but rather discerned phases of the treatment process by
differentiating between patients who are naïve to any DMARD
therapy, patients who had an insufficient response (IR) to initial
course(s) of csDMARDs and those who had an IR to
bDMARDs. There is currently no evidence for differential
responses solely based on disease duration, when leaving differ-
ences in baseline damage due to delayed treatment initiation
aside. Indeed, trials on MTX-naïve patients with RA used differ-
ent disease durations for inclusion, which ranged from a few
months to several years, without appreciable differences in out-
comes on indirect comparison.65–68 However, the Task Force
distinguished between early and established RA in terms of the
targeted outcome (see recommendation 2). The Task Force also
took prognostic factors (table 1) into account, which have
similar predictive power irrespective of disease duration.69 Of
note, recommendations for the management of early arthritis,
including undifferentiated arthritis, have been recently
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updated.70 The present recommendations address the manage-
ment of patients with RA from the time of its diagnosis and not
pre-RA or undifferentiated arthritis.

Overarching principles
As in previous versions, the Task Force endorsed the presenta-
tion of general principles for the treatment of patients with RA
as overarching (table 2). Their nature is so generic that there
was no requirement to base them on specific searches or LoE,
but at the same time the group believed it is crucial to commu-
nicate them as a foundation on which the actual recommenda-
tions were based. However, while all three former overarching
principles were maintained as formulated in 2010, the Task
Force added a fourth one as overarching principle B.
A. Treatment of patients with RA should aim at the best care

and must be based on a shared decision between the patient
and the rheumatologist. This principle remained unchanged
both in its textual details and in its place as item A, a
prominent position within the recommendations. Shared
decision-making between patient and rheumatologist
involves all aspects of the disease: information on the disease
and its risks, the modalities of disease assessment, decisions
on the therapeutic target and the potential means to reach
the target, the development of a management plan and dis-
cussions on the benefits and risks of individual therapies.
These aspects have also been detailed in recommendations
on standards of care.82 Naturally, ‘best care’ refers to the
recommendations presented here and inherently ‘shared
decision’ relates to all individual recommendations. To this
end also quality indicators have been developed more
recently.83

B. Treatment decisions are based on disease activity and other
patient factors, such as progression of structural damage,
comorbidities and safety issues. This is a new principle.

It derives from previous recommendation 14, the last item
of the 2013 version, which was deemed by the current
Task Force to represent such a central and self-evident rule
to any therapeutic approach that it should constitute
an overarching principle rather than a recommendation.
Indeed, in line with these considerations, the level of
evidence of this recommendation had been rather low in
2013. Withdrawing this item from the recommendations
elicited some discussions. Especially the patients brought
forward that ending the list of recommendations with an
item on patient-related factors would convey prominence
to patient preferences and patient aspects in the manage-
ment of RA. However, the reasoning that this item would
even benefit more from being a general principle than a
recommendation, which was unlikely to ever be studied in
all its subtleties, prevailed to an extent that principle B was
unanimously accepted (table 2).

C. Rheumatologists are the specialists who should primarily
care for patients with RA. Originally presented as item B,
the wording of this principle was not changed. Of interest,
in 2010 this was even presented as overarching principle
A. However, over the last years, it was recognised that
shared decision-making and considerations of patient factors
should receive the most prominent recognition. Whether
positioned as A, B or C, this item addresses the importance
of specialty care for a complex disease like RA. There is
compelling evidence that being cared for by a rheumatolo-
gist is advantageous for the patients in terms of early initi-
ation of therapy, prevention of damage and reduction
in surgical procedures.84–88 Moreover, rheumatologists
have the most profound experience regarding the use of
csDMARDs and bDMARDs. This includes the adverse event
profiles of these drugs, as well as awareness of and experi-
ence with comorbidities in RA. Therefore, rheumatologists

Table 1 Glossary and definitions

Term Definition

Poor prognostic factors ▸ Moderate (after csDMARD therapy) to high disease
activity according to composite measures71

▸ High acute phase reactant levels72 73

▸ High swollen joint counts72–74

▸ Presence of RF and/or ACPA, especially at high levels72 75

▸ Combinations of the above69 76

▸ Presence of early erosions72

▸ Failure of two or more csDMARDs77

Low-dose glucocorticoid ▸ ≤7.5 mg/day (prednisone equivalent)57 78

Meanings of treatment reduction

Tapering ▸ Usually reduction of drug dose or increase of application interval (‘spacing’)
▸ May include discontinuation (tapering to 0), but then only after slow reduction

Cessation, discontinuation Stopping of a particular drug

Disease activity states

Remission ACR-EULAR Boolean or index-based remission definition22

Low disease activity Low disease activity state according to any of the validated composite disease activity measures that include joint counts79–81

Moderate, high disease activity Respective disease activity state according to any of the validated composite disease activity measures that include joint counts79–81

DMARD nomenclature12

Synthetic DMARDs ▸ Conventional synthetic DMARDs (csDMARDs) For example, methotrexate, leflunomide, sulfasalazine, hydroxychloroquine

▸ Targeted synthetic DMARDs (tsDMARDs) For example, tofacitinib, baricitinib

Biological DMARDs ▸ Biological originator DMARDs (boDMARDs)

▸ Biosimilar DMARDs (bsDMARDs)

ACPA, anticitrullinated protein antibody; ACR, American College of Rheumatology; DMARDs, disease-modifying antirheumatic drugs; EULAR, European League Against Rheumatism; RF,
rheumatoid factor.
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can provide the ‘best care’ in accordance with item A, in the
sense of a holistic approach. The reasoning behind the term
‘primarily’ has been discussed amply in previous versions of
the recommendations and relates to considerations of multi-
disciplinary care, including specialty nurses, and to the fact
that in certain areas of the world rheumatology training is
not sufficiently provided and other experts may have experi-
ence in the management of RA. Moreover, some comorbid-
ities, such as chronic hepatitis or interstitial lung disease,
may require consultation of, and treatment by, other
specialists.

D. RA incurs high individual, medical and societal costs, all of
which should be considered in its management by the treat-
ing rheumatologist. Again, this principle is worded exactly
as last time, except that it was item C, but also last.16 It is
meant to remind all stakeholders that effective RA therapy—
in spite of its direct costs—will reduce the economic burden
on the individual patients, their families and society, which
includes direct medical costs and indirect costs such as work
disability and premature retirement. In this context, it must
be borne in mind that direct medical costs accrue beyond
those attributed to directly treating the overt manifestations
of RA and include costs ensuing from comorbidities related
to the inflammatory process. This point, however, is also
meant to echo that cost-effective treatment approaches must
be preferred as long as safety and outcomes are similar com-
pared with more costly ones and in line with the therapeutic
paradigms.46 In some countries, the high cost of treatment is
an important factor limiting the availability of modern ther-
apies (inequity), and this factor has to be considered when
choosing a treatment strategy.89 In this respect, the advent
of biosimilars provides potential for reduction of pressure
on healthcare budgets.48 At this point, it also must be con-
sidered that many patients still do not attain the therapeutic
targets, despite all of our modern therapies and therapeutic
strategies. Furthermore, any of the bDMARDs, if applied
after at least one csDMARD and a bDMARD has failed,
leads to only about 10% good treatment responses in terms
of ACR70 rates.90 These aspects impose the need to con-
tinue the search for new therapies or strategies.

Recommendations
General aspects
The Task Force’s deliberative process resulted in 12 recommen-
dations. The reduction by two recommendations compared with
the past EULAR document may be somewhat surprising given

Table 2 The 2016 EULAR updated recommendations

Overarching principles

A Treatment of patients with RA should aim at the best care and must be
based on a shared decision between the patient and the rheumatologist

B Treatment decisions are based on disease activity and other patient factors,
such as progression of structural damage, comorbidities and safety issues

C Rheumatologists are the specialists who should primarily care for patients
with RA

D RA incurs high individual, medical and societal costs, all of which should be
considered in its management by the treating rheumatologist

Recommendations

1. Therapy with DMARDs should be started as soon as the diagnosis of RA is
made

2. Treatment should be aimed at reaching a target of sustained remission or
low disease activity in every patient

3. Monitoring should be frequent in active disease (every 1–3 months); if there
is no improvement by at most 3 months after the start of treatment or the
target has not been reached by 6 months, therapy should be adjusted

4. MTX should be part of the first treatment strategy

5. In patients with a contraindication to MTX (or early intolerance), leflunomide
or sulfasalazine should be considered as part of the (first) treatment strategy

6. Short-term glucocorticoids should be considered when initiating or changing
csDMARDs, in different dose regimens and routes of administration, but
should be tapered as rapidly as clinically feasible

7. If the treatment target is not achieved with the first csDMARD strategy, in
the absence of poor prognostic factors, other csDMARDs should be
considered

8. If the treatment target is not achieved with the first csDMARD strategy, when
poor prognostic factors are present, addition of a bDMARD*1,2 or a
tsDMARD*3 should be considered; current practice would be to start a
bDMARD§

9. bDMARDs*1,2 and tsDMARDs#3 should be combined with a csDMARD; in
patients who cannot use csDMARDs as comedication, IL-6 pathway inhibitors
and tsDMARDs may have some advantages compared with other bDMARDs

10. If a bDMARD* or tsDMARD§ has failed, treatment with another bDMARD or
a tsDMARD should be considered; if one TNF-inhibitor therapy has failed,
patients may receive another TNF-inhibitor or an agent with another mode of
action

11. If a patient is in persistent remission after having tapered glucocorticoids,
one can consider tapering bDMARDs, especially if this treatment is combined
with a csDMARD

12. If a patient is in persistent remission, tapering the csDMARD could be
considered

The symbols (*, §, #) indicate different levels of evidence which are correspondingly
provided together with voting results and levels of agreement in table 3.
1TNF-inhibitors: adalimumab, certolizumab pegol, etanercept, golimumb, infliximab
boDMARDs or the respective EMA-approved/FDA-approved biosimilars.
2Abatacept, rituximab (as first bDMARD under special circumstances—see text), or
tocilizumab or respective EMA-approved/FDA-approved biosimilars, as well as other IL-6
pathway inhibitors, sarilumab and/or sirukumab, once approved.
3Jak-inhibitors (where approved).
boDMARDs, biological originator DMARDs; bsDMARD, biosimilar DMARDs; csDMARDs,
conventional synthetic DMARDs; DMARDs, disease-modifying antirheumatic drugs;
EULAR, European League Against Rheumatism; Jak, Janus kinase; MTX, methotrexate;
RA, rheumatoid arthritis; TNF, tumour necrosis factor; tsDMARDs, targeted synthetic
DMARDs.

Table 3 Evidence levels, voting results and agreement

LoE SoR Final vote (%)
Level of
agreement (0–10)

A n.a. n.a. 100 9.9

B n.a. n.a. 100 9.9

C n.a. n.a. 100 9.8

D n.a. n.a. 98 9.7

1. 1a A 96 9.9

2. 1a A 91 9.6

3. 2b 100 9.5

4. 1a A 71 9.8

5. 1a A 85 9.0

6. 1a A 98 8.7

7. 5 D 94 8.5

8. *1b
§5

*A
§D

96 9.0

9. *1a
#1b

*A
#A

96 9.2

10. *1a
§5

A*
§D

71 9.1

11. 2b B 86 9.0

12. 4 C 86 8.5

The symbols (*, §, #) relate to the corresponding symbols in the recommendations
(table 2), showing the respective LoE.
LoE, levels of evidence; n.a., not available; SoR, strength of recommendation.
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the allegedly increasing intricacy of therapeutic modalities and
strategies. However, the content of recommendation 14 was
shifted into the overarching principles as discussed above.
Moreover, item 11 of the 2013 version, which addressed the
use of tofacitinib, was deleted as a separate item, because Janus
kinase ( Jak) inhibitors as tsDMARDs have now entered into
and expanded other recommendations; this will be discussed in
more detail in the context of items 8, 9 and 10. Also former
recommendation 6, which addressed the use of csDMARD com-
binations, was deleted by the Task Force; combination therapy
with csDMARDs and the reasons to remove it from its previous
prominence within the list of recommendations and the algo-
rithm will be addressed in the discussion on recommendations 4
and 5. While three of the 2013 recommendations were deleted
via either complete omission or incorporation into other
items, former recommendation 8 which addressed the absence
or presence of prognostic risk factors was split into new recom-
mendations 7 and 8; a detailed rationale for this decision is
discussed below.

The 12 recommendations form a logical sequence. They start
with the need to initiate effective therapy immediately after
diagnosis and the requirement to set a treatment target and to
assess the disease on the way towards that target, employing a
treat-to-target strategy. Such strategy has been strongly embed-
ded into the recommendations since their first version in 2010.
With these prerequisites in mind, different drugs or combina-
tions of agents are recommended in the course of the thera-
peutic procedures, with suggested sequential increments, taking
prognostic factors and all approved agents into account. They
also mention some agents of potential future interest, even
though not yet approved by international regulatory authorities.
Thus, the recommendations also include a prospective view on
drugs that have undergone phase III trials and were available for
evidence assessment; obviously their actual prescription will
depend on the regulatory approval status in individual countries.
The set of recommendations concludes with suggestions
towards reduction of therapy and even withdrawal of some
drugs when the desired target has been attained and is
sustained.

Individual recommendations
1. Therapy with DMARDs should be started as soon as the diag-
nosis of RA is made. This recommendation remained unchanged
compared with 2013 and is one of the mainstays of any treat-
ment approach to RA. It implies (i) the necessity to establish a
diagnosis as early as possible, as has been reflected also in the
2010 ACR-EULAR classification criteria14 91 92 and (ii) the
advantage of early initiation of DMARD treatment (‘as soon as
possible’), which enables prevention of damage in a large pro-
portion of patients.87 93–95 Because of the generic nature of this
bullet point, the Task Force did not specify the type of DMARD
here. Indeed, all DMARDs enable a better long-term outcome
on early, compared with delayed institution, and the sequence
of the types of DMARD therapies is addressed in subsequent
recommendations. The Task Force did not deal with pre-RA or
undifferentiated arthritis and thus assumed that a diagnosis of
RA had already been made. However, it should be borne in
mind that any chronic arthritis, even if undifferentiated, requires
appropriate treatment, including consideration of DMARD
therapy, because it usually does not subside spontaneously,96 97

and an update of the recommendations for management of
early arthritis has just been presented by EULAR.70 With a LoA
of 9.9, this recommendation achieved the highest agreement of
all items (table 2). LoE 1a; LoA 9.9.

2. Treatment should be aimed at reaching a target of sustained
remission or low disease activity in every patient. This recom-
mendation addresses two treatment targets: remission, especially
in DMARD-naïve patients, and low disease activity, primarily in
patients who failed previous therapies. Since clinical remission
or low disease activity are mentioned as the sole therapeutic
targets, any higher disease activity state has to be regarded as
inadequate disease control, thus mandating a therapeutic
change, obviously unless patient factors preclude this.15

Communication with the patient to clarify and agree on the
treatment goal and the means to attain this goal is of utmost
importance. It allows alignment of the patient’s and provider’s
considerations and aims and enhances adherence. In 2010, the
notion ‘as soon as possible’ was also part of this item98 and in
the current discussion it was specifically decided to mention that
the treatment target should be rapidly attained rather than
aiming to achieve it in a more distant future. Indeed, there is
sufficient evidence that most patients who do not attain signifi-
cant improvement within 3 months, or do not achieve the treat-
ment target within 6 months, will not reach the desired state
subsequently31 99–101; exceptions pertain to those patients
whose disease activity has been reduced to a level close to the
treatment target.

Regarding remission, EULAR and ACR have agreed on
Boolean and index-based definitions, the latter based on the
Simplified or Clinical Disease Activity Index (SDAI, CDAI).22

Both correlate highly with the absence of subclinical synovitis
by MRI and sonography102 103 and absence of progression of
joint damage.23 They can even be reliably used when drugs
that interfere directly with the acute phase response are
employed.104–107 Moreover, recent strategic clinical trials that
compared targeting sonographic remission with targeting clin-
ical remission or low disease activity resulted in the conclusions
that aiming at imaging remission had no advantages over the
clinical target, but had economic disadvantages.108 109 Low
disease activity also needs to be properly defined and measured.
Measures that highly weigh C reactive protein or erythrocyte
sedimentation rate (eg, the disease activity score (DAS)28) may
not convey sufficiently reliable results when used with agents
that interfere with the acute phase response, such as anticyto-
kine agents (especially interleukin (IL)-6 inhibitors) or
Jak-inhibitors.104 107 110

It is important that the target-state should be sustained. The
term ‘sustained’ is still not defined precisely, and different
studies have used different definitions, but some voices in the
Task Force suggested at least 6 months as a minimal time frame.
This requires follow-up and a strategy to adapt therapy intensity
upward or downward, aspects that are dealt with in subsequent
recommendations. However, treatment intensification must take
patient factors into consideration, especially risks and comorbid-
ities (overarching principle B). LoE 1a; LoA 9.6.

3. Monitoring should be frequent in active disease (every 1–3
months); if there is no improvement by at most 3 months after
the start of treatment or the target has not been reached by
6 months, therapy should be adjusted. This recommendation on
treat-to-target is unchanged in position and formulation from
the 2013 version. The frequencies of follow-up examinations
should be adjusted in accordance with the level of disease activ-
ity, namely more frequently, such as monthly, when patients
have high disease activity, and less frequently, such as every 6–
12 months when the treatment target has been attained and sus-
tained. EULAR generally recommends the use of a composite
measure of disease activity that includes joint counts and the
ACR-EULAR definitions for remission.22 111 Improvement by
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3 months refers to the fact that if a minimal change is not
achieved, there is only a low likelihood of reaching the treat-
ment target. Thus, a change to a better disease activity state
should be seen at 3 months or a relative improvement, pertain-
ing to at least 50% improvement in activity by a composite
score, at that point in time, in order to have a considerable
chance of reaching the target.31 100 112 113 Of note, adjustment
of therapy includes the optimisation of MTX (or other
csDMARD) dose or route of administration,4 or intra-articular
injections of GC in the presence of one or few residual active
joints, and refers to a change of drugs only if these measures
have not been successful or are not appropriate. Furthermore,
in an individual patient the treatment target may not have been
fully achieved yet at 6 months. But if disease activity is close to
the target, one may think about continuing the effective
therapy for a few more weeks to make a final judgement, espe-
cially since a considerable proportion of patients may attain
the target at a slightly later time point than at 6 months.114 115

Consequently, the change in disease activity from baseline, and
its slope should be considered when making treatment deci-
sions. LoE 2b; LoA 9.5.

4. MTX should be part of the first treatment strategy.
Compared with 2013, when this item read ‘MTX should be
part of the first treatment strategy in patients with active RA’,
the recommendation was slightly shortened. The Task Force felt
that pointing to active disease was not necessary, since the
EULAR recommendations primarily address patients with active
disease. Based on its efficacy, safety (especially in the presence
of folic acid), the possibility to individualise dose and method
of administration as well as relatively low costs, MTX continues
to be the anchor (‘first’) drug for patients with RA both as
monotherapy as well as in combination with other drugs (‘treat-
ment strategy’; see below). Moreover, MTX appears to reduce
comorbidities and mortality in RA.116 117 In clinical trials of
bDMARDs in early arthritis patients, MTX monotherapy has
been associated with 25% ACR70 response rates (which brings
patients into the range of low disease activity) within 6 months,
even though it had not been combined with de novo GC in
these trials.90 MTX should be rapidly escalated, usually to 25–
30 mg/week, orally or subcutaneously administered, with folic
acid supplementation,4 and the maximal MTX dose, if toler-
ated, should be sustained for about 8–12 weeks to judge the
MTX treatment response. Indeed, when MTX is rapidly esca-
lated to 25 mg/week, the response rate may even be higher
(∼40% low disease activity).118 Of course, contraindications
and the potential of early toxicity have to be taken into
account; this is addressed in item 5. The doses mentioned here
do not pertain to Asian patients. In China, it is not recom-
mended to exceed 20 mg/week115 and in Japan the maximum
recommended dose for MTX is 16 mg/week.119

Of note, at this point in time the Task Force decided to delete
previous recommendation 6 (‘in DMARD-naïve patients, irre-
spective of the addition of GC, csDMARD monotherapy or
combination therapy of csDMARDs should be used’). The inclu-
sion or exclusion of combinations of csDMARDs within the
bullet points elicited long debates within the respective breakout
group and the whole Task Force (and the withdrawal of one
Task Force member).

The first ballot of the Task Force involved a choice of the fol-
lowing two wordings: (a) ‘MTX should be part of the first treat-
ment strategy’ and (b) ‘in DMARD-naïve patients, irrespective
of the addition of GC, csDMARD monotherapy or combination
therapy of csDMARDs should be used’ (identical with the
respective 2013 recommendation), with 23 votes favouring (a),

22 votes favouring (b) and one abstention. Therefore, further
discussions took place. Advocates in favour of including combin-
ation therapy referred to publications suggesting its superior
efficacy compared with csDMARD monotherapy and similar
efficacy compared with biological agents120–124; moreover, in
some countries, csDMARD combination therapy is recom-
mended by the national societies as preferred initial therapy.

Other Task Force members pointed to trials that did not show
a real benefit of combination therapy (especially when
csDMARD monotherapy was combined with GC in the com-
parator arms)125–127; differences in GC cointervention between
combination and monotherapy arms in previous trials128; issues
concerning the design of some investigator initiated trials sug-
gesting superiority of csDMARD combinations129; the signifi-
cantly higher rate of profound responses on combination with
bDMARDs compared with the combination with csDMARD
therapy after IR to MTX123 and the higher level of toxicity of
csDMARD combinations versus monotherapy.126 130

It was also argued that a higher prevalence of adverse events
when using combination therapy, even though often mild, may
preclude escalation of therapy and result in not reaching a full
dose of some of the drugs. Also, the SLR on csDMARDs did
not show evidence for superiority of csDMARD combinations
compared with csDMARD monotherapy.52 Moreover, the ACR
Committee on the 2015 update of the ACR management guide-
line, in contrast to previous versions,131 did not longer recom-
mend csDMARD combination as initial therapy, but prioritised
MTX monotherapy.17 In line, the updated EULAR recommen-
dations for the management of early arthritis do not advocate
the use of csDMARD combination therapy.70 It was also
pointed out that choice (a) included the term ‘treatment strat-
egy’ and thus comprised the option to use csDMARD combina-
tions. These discussions resulted in a new ballot between two
versions for recommendation 4: (a) ‘MTX should be part of the
first treatment strategy’ (as above) and (b) ‘MTX should be the
first csDMARD, either as monotherapy or in combination with
other csDMARDs’. In this second ballot a 71% majority voted
for version (a). Thus, csDMARD combination therapy is no
longer presented explicitly as initial treatment suggestion within
the abbreviated list of recommendations. However, it should be
mentioned that the simple fact that csDMARD combination
therapy is not included in the bullet point anymore does not
preclude using it. This is obviously at the discretion of the phys-
ician and the patient in light of all pros and cons that had been
discussed (‘shared decision’).

This recommendation ultimately attained a very high LoA
(9.8). The Task Force was well aware that in some countries,
such as in the UK or Canada, rheumatologists are required
to use at least two csDMARDs before the application of
bDMARDs is approved by the payers and that combinations of
two or three csDMARDs are accepted in lieu of two csDMARD
courses. However, for the reasons just mentioned, the Task
Force was not in favour of the practice to define an IR to a com-
bination of csDMARDs as a failure of two or more csDMARDs
(when in reality it constitutes only one therapeutic strategy) nor
to preclude the approval of bDMARD use when a first
csDMARD has failed and the patient has bad prognostic
markers (see below item 8 and table 1). LoE 1a; LoA 9.8.

5. In patients with a contraindication to MTX (or early
intolerance), leflunomide or sulfasalazine should be considered
as part of the (first) treatment strategy. The contents of this
recommendation were maintained; however, compared with the
previous version of item 5, the wording ‘in cases of MTX
contraindications’ was slightly amended, because it is patients
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who have contraindications, rather than ‘cases’. The Task Force
reiterated the relative safety of MTX and it was also discussed
that the frequent fears of patients after reading the package
insert should be addressed by providing appropriate information
(overarching principle A). Nevertheless, there are occasional
contraindications (eg, kidney or liver disease) or intolerances.
Under these circumstances, leflunomide (dosed at 20 mg/day
without loading dose)132 or sulfasalazine (escalated to 3 g/day)
are regarded the best alternatives. Older trials have suggested
similar efficacy for both these drugs compared with MTX,
although MTX was used at much lower doses than recom-
mended today.133 134 However, no new trials have been per-
formed to disprove the previous conclusions. Among all the
above agents, only sulfasalazine has an acceptable safety profile
during pregnancy.135 In some countries, parenteral gold is still
used and, while clinical efficacy is undisputed, there are contro-
versies regarding its safety136 137; in other countries, gold salts
are not available any more. In contrast, the use of antimalarials,
such as hydroxychloroquine and chloroquine, is still substantial,
especially in combination therapy122 or as monotherapy in
patients with very mild disease,138 particularly in China.
Interestingly, antimalarials may have significant positive effects
on lipid and glucose metabolism139 and may reduce cardiovas-
cular risk in RA.140 However, joint damage is not retarded to a
similar extent as with other csDMARDs.141 This recommenda-
tion also uses the term ‘treatment strategy’ implying, as with
MTX, that leflunomide and sulfasalazine can be used as mono-
therapy or in combination with other csDMARDs or biological
agents.142–145 Indeed, step-up combination therapy is frequently
employed, even though comparing step-up combination with
switching of csDMARD did not reveal significant differences in
outcomes.146 LoE 1a; LoA 9.0.

6. Short-term GC should be considered when initiating or
changing csDMARDs, in different dose regimens and routes of
administration, but should be tapered as rapidly as clinically
feasible. The added efficacy of GC when combined with
csDMARDs is well established. Indeed, hitherto all trials com-
paring GC plus csDMARD with bDMARDs plus csDMARD
revealed similar efficacy.146 147 In 2013, GC were dealt with in
recommendation 7, but the wording was different: ‘low-dose
GC should be considered as part of the initial treatment strategy
(in combination with one or more csDMARDs) for up to
6 months, but should be tapered as rapidly as clinically feasible’.
The current wording constitutes a compromise attempting to
accommodate most of the concerns and suggestions raised
during the Task Force’s debate.

The term ‘low-dose’ was critically discussed. While all
members of the Task Force agreed that high doses of GC should
not be used for prolonged periods, it also became clear that the
label ‘low-dose’ (which means a daily dose of 7.5 mg or less
prednisone per day),78 148 while preferred by some Task Force
members, does not capture several current ways of GC applica-
tion. Indeed, recent clinical trials have revealed the efficacy of
short-term GC, but at doses >7.5 mg/day, namely orally at
30 mg starting dose,126 as a single intramuscular injection of
120 mg methylprednisolone125 or as a single 250 mg intraven-
ous pulse therapy of methylprednisolone.147 Therefore, the term
‘low-dose’ was deleted and replaced by ‘short-term’, leaving the
choice about ‘dose regimens and routes of administration’
(another new piece of wording in this item) to the individual
rheumatologist and patient. Indeed, it was argued that a single
intramuscular or intravenous application entails a much lower
cumulative dose than a few weeks of oral low-dose therapy, but
this view was not shared by all Task Force members.

Yet another change involved the replacement of the phrase
‘part of the initial treatment strategy’ by ‘when initiating or
changing csDMARDs’. This change clarifies the intention of the
Task Force, in that GC should be considered with all csDMARD
starts, either as part of a first csDMARD therapy at the time of
diagnosis or subsequently if an initial strategy has failed. Finally,
the fact that csDMARDs are mentioned specifically implies that
GC are typically not needed as a bridging therapy when
bDMARDs or tsDMARDs are used, as these usually have a
rapid onset of action and the infection risks may be poten-
tiated.149 150 Thus, it is important to reiterate that the Task
Force recommends using GC in combination with csDMARDs
primarily as bridging therapy until the csDMARD reaches its
maximum effect, and this should be done using one of the
dosing and tapering approaches mentioned above, for which
respective evidence exists. To reflect the position of the Task
Force, the algorithm depicted in figure 1 was modified to show
a ‘+’ for the use of GC in the new version rather than a ‘±’ as
previously.

By stating ‘…tapered as rapidly as clinically feasible’, the Task
Force underlines that GC should be gradually reduced and
ultimately stopped, usually within 3 months from treatment
start and only exceptionally by 6 months. Long-term use of GC,
especially at doses above 5 mg/day, should be avoided because
of the many potential risks presented in the SLR.50 52 57 While
some of these risk associations may be due to confounding by
indication in patients with high disease activity,151 the evidence
for increased overall and cardiovascular mortality at a dose
above a threshold of 7.5 mg/day or a cumulative dose of 40 g is
considerable.152 Of note, applying GC as a sole therapeutic
change in patients with IR to csDMARD therapy does not
convey good efficacy and is associated with significant adverse
events.153 Moreover, if GC cannot be withdrawn within the
time frame mentioned above, the DMARD therapy may have to
be considered a failure. Finally, intra-articular GC application
may have to be considered in certain instances, such as a residu-
ally inflamed or a reactivated joint.

Some Task Force members advocated the chronic use of GC
as a possibility for some patients; however, this proposal was
not endorsed by the majority. While the bullet point on GC
was, as in previous years, most heavily debated, the final
wording received a 98% majority vote. However, the LoA was
much lower (8.7), in line with previous versions of the recom-
mendations. This relatively low LoA is presumably due to the
fact that many Task Force members felt that this point was too
liberal and the use of GC should be more restricted, while
others were of the opinion that it was too restrictive. LoE 1a;
LoA 8.7.

7. If the treatment target is not achieved with the first
csDMARD strategy, in the absence of poor prognostic factors,
other csDMARDs should be considered. This sentence constitutes
the first part of previous recommendation 8. It is essentially
worded in an identical way, except that the last portion, ‘change
to another csDMARD strategy should be considered’, was
reworded as ‘other csDMARDs should be considered’, in light of
the fact that combination with GC has now been recommended
clearly also for this step of the treatment algorithm (item 6) and
combinations of csDMARDs are not specifically recommended
as initial treatment strategy anymore. The poor prognostic
factors are presented in table 1. The Task Force also discussed
that early intolerance for a csDMARD should not be considered
as a treatment failure, which would imply moving immediately
to the next phase of the algorithm, but rather require reinstitu-
tion of another first csDMARD (replacement). LoE 5; LoA 8.5.
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Figure 1 Algorithm based on the 2016 European League Against Rheumatism (EULAR) recommendations on rheumatoid arthritis (RA)
management. ACPA, anticitrullinated protein antibody; ACR, American College of Rheumatology; bDMARD, biological DMARD; bsDMARD, biosimilar
DMARDs; csDMARDs, conventional synthetic DMARDs; DMARDs, disease-modifying antirheumatic drugs; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IL, interleukin; MTX, methotrexate; RF, rheumatoid factor; TNF, tumour necrosis factor; tsDMARDs, targeted synthetic
DMARDs.
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8. If the treatment target is not achieved with the first
csDMARD strategy, when poor prognostic factors are present,
addition of a bDMARD* or a tsDMARD* should be considered;
current practice would be to start a bDMARD§. The separation
of the second part of previous recommendation 8 (‘when poor
prognostic factors are present, addition of a bDMARD should
be considered’) and the new item 7 reflect the Task Force’s
desire to give stratification by prognostic factors more promin-
ence. The bDMARDs currently available include a series of
tumour necrosis factor (TNF)-inhibitors (adalimumab, certolizu-
mab, etanercept, golimumab and infliximab); abatacept (a costi-
mulation inhibitor); tocilizumab (an IL-6 receptor blocker, but
in the future also possibly another IL-6 receptor inhibitor, sari-
lumab and IL-6 inhibitors, such as clazakizumab or sirukumab);
rituximab (an anti-B-cell agent); both as biological originator
(bo) DMARDs and as European Medicines Agency (EMA)-
approved or Food and Drug Administration (FDA)-approved
biosimilar (bs) DMARDs.

This recommendation was also expanded to include
tsDMARDs, namely the Jak-inhibitor tofacitinib and further
Jak-inhibitors, such as baricitinib. In the 2013 update,
tsDMARDs (then recommendation 11) were recommended for
use after a bDMARD had failed. Since then, more data on tofa-
citinib, especially regarding long-term safety aspects, and new
data for baricitinib have been published. The data suggest that
baricitinib may be more efficacious than a TNF-inhibitor.154

Currently, the term tsDMARDs refers only to Jak inhibition.
Tofacitinib is approved in many countries, such as in the USA,
Latin America and Asia as well as some European countries,
but at the time of developing the present recommendations
still not in the European Union; baricitinib had completed
phase III trials and was under regulatory review at that time and
filgotinib and other Jak-inhibitors are undergoing evaluation in
clinical trials (in the meantime baricitinib has been approved in
the EU). However, similar to the 2010 recommendations, in
which TNF-inhibitors had been given a slight preference over
other biologics due to availability of long-term registry data for
the former but not the latter, preference is given here to
bDMARDs over Jak-inhibitors for the same reason. This notion
on current practice is an expert opinion and not based on solid
evidence. This bullet point still received a very high vote at the
meeting and a high LoA.

The recommendation to use these agents in patients who have
bad prognostic factors (rather than those who have not) is also not
based on solid evidence in the literature. However, in most trials of
bDMARDs and tsDMARDs, the existing inclusion criteria, such as
high disease activity, presence of autoantibodies and pre-existing
joint damage, assured that patients with bad prognostic factors
were included. Nevertheless, formal trials comparing the use of
any of these agents in patients with and without bad prognostic
markers do not exist. On the other hand, several post hoc analyses
revealed the value of using TNF-inhibitors in patients with bad
prognostic markers (table 1) relative to those without.69 76

The footnote to bDMARDs mentions that all approved
bDMARDs may be used without hierarchical positioning, and
that EMA-approved or FDA-approved bsDMARDs have similar
efficacy and safety as the respective boDMARDs, and should be
preferred if they are indeed appreciably cheaper than originator
or other bDMARDs or tsDMARDs. Since the 2013 update,
several bsDMARDs targeting TNF have been approved in
Europe and some in the USA.155–157 Among the bDMARDs,
there is no difference in outcomes, irrespective of their target.
This conclusion rests on head-to-head trials, meta-analyses, the
results of the SLRs50–52 158 and indirect comparison (the latter

being less reliable and therefore least informative).13 159 160 Of
note, the SLR also included available data from clinical trials of
sarilumab, a human anti-IL-6 receptor antibody, and sirukumab,
a human anti-IL-6 antibody, both of which are not approved at
the present time; based on the SLR, the Task Force regarded
these two antibodies and tocilizumab as having overall similar
efficacy and safety.51

While rituximab is approved for use after TNF-inhibitors have
failed, there is ample evidence for its efficacy in bDMARD-naïve
patients and early RA.60 159 It is, therefore, frequently used after
IR to csDMARDs, especially when there are specific contraindica-
tions to other biological agents, such as past lymphoma or
demyelinating disorders, given its efficacy in these diseases.161 162

The separation of points 7 and 8 was also based on the
reason that the previous bullet point comprised two recommen-
dations and that separating them would give the stratification by
prognostic factors better visibility. The poor prognostic factors
are presented in table 1 and now also include failure of two
csDMARDs; if patients have insufficient efficacy to two
csDMARD courses, a further csDMARD may have only little
additional impact.77 127

The Task Force also discussed whether the use of a bDMARD
as first-line therapy should be reconsidered, as had been the case
in the original 2010 recommendations. Such use has been tested
in a large number of randomised trials and has consistently been
found to be statistically superior to MTX monotherapy.
Importantly, however, none of the respective phase III trials used
a combination with de novo GC in the MTX monotherapy arm
and the few investigator-initiated studies that compared first-line
bDMARDs plus MTX with GC plus MTX (or with a combin-
ation of csDMARDs) did not show a clear clinical or structural
advantage of early bDMARD therapy.127 147 Also, embedded
within responders to initial treatment with bDMARDs+MTX
are 20%–25% good responders to MTX alone, leading to over-
treatment of these patients.13 Finally, it was shown that patients
who had an IR to MTX but then rapidly received bDMARD
responded to a similar extent as those who had started with the
bDMARD plus MTX.68 Thus, this proposal for the early use of
bDMARDs did not find a majority vote.

Nevertheless, it is still conceivable that an induction regimen
followed by the subsequent cessation of the bDMARD and con-
tinuation of the csDMARD may become a valuable option in
the future; there is some support in the literature for such an
approach.68 163–166 However, this would need further confirm-
ation by additional trials before it could be put into place, espe-
cially also because the number of initial responders in whom
tapering could be considered does not comprise a majority of
the patients. The recommendation, as worded above, received
94% of the Task Force members’ votes. LoE *1b, §5; LoA 9.0.

9. bDMARDs* and tsDMARDs# should be combined with a
csDMARD; in patients who cannot use csDMARDs as comedica-
tion, IL-6 pathway inhibitors and tsDMARDs may have some
advantages compared with other bDMARDs. This recommenda-
tion replaces former no. 9 (‘in patients responding insufficiently
to MTX and/or other csDMARD strategies, with or without
GC, bDMARDs (TNF-inhibitors, abatacept or tocilizumab, and,
under certain circumstances, rituximab) should be commenced
with MTX’). While the individual bDMARDs and tsDMARDs
have been already discussed above, item 9 now refers to the fact
that all bDMARDs have superior efficacy when combined with
MTX than as monotherapy. Compared with the 2013 update,
more evidence has now accrued in favour of combination, even
for tocilizumab.167–169 Also for baricitinib, combination therapy
conveys better structural, although not clinical or functional
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efficacy than monotherapy.170 However, regarding signs and
symptoms, physical function and joint damage, there are indica-
tions for a somewhat better efficacy of tocilizumab monother-
apy, and more strongly so for Jak-inhibitors compared with
MTX.170–172 Monotherapy of the other biological agents has
not been found clinically superior to MTX monotherapy.66 67 173

MTX can be used at 7.5–10 mg to provide added efficacy to
TNF-inhibitors174 175 and intolerance at these low doses leading
to discontinuation is very rare. Moreover, biologics can also be
effectively combined with other csDMARDs.142 144

Another aspect, namely the occurrence of antidrug antibodies
(immunogenicity), was discussed, especially regarding secondary
non-response. In this context, the lack of knowledge about the
role of non-adherence and non-persistence was also addressed.
The Task Force then discussed routine testing of antidrug anti-
bodies and drug levels and felt that there was little place for
these in clinical practice, since a good clinical response would
not lead to cessation of therapy even in the presence of antidrug
antibodies, or low drug levels, and vice versa. Of note, the use
of MTX at the doses mentioned above reduces the incidence of
antidrug antibodies.174 175

For all these reasons the Task Force felt strongly (96% major-
ity) that bDMARDs (and tsDMARDs) should primarily be
added to, that is, combined with csDMARDs, such as MTX or
leflunomide, leaving the option of monotherapy, with a prefer-
ence for certain drugs, as an exception in case of intolerance or
contraindication to all csDMARDs. LoE *1a, #1b; LOA 9.2.

10. If a bDMARD* or tsDMARD§ has failed, treatment with
another bDMARD or a tsDMARD should be considered; if one
TNF-inhibitor therapy has failed, patients may receive another
TNF-inhibitor or an agent with another mode of action. A
similar recommendation was presented in 2013: ‘If a first
bDMARD has failed, patients should be treated with another
bDMARD; if a first TNF-inhibitor therapy has failed, patients
may receive another TNF-inhibitor or a biological agent with
another mode of action’. Indeed, in a trial published after the
elaboration of these recommendations, even primary non-
responders to a TNF-inhibitor were shown to have some
response to another anti-TNF, making it difficult to draw differ-
ent conclusions for subsequent therapy for primary compared
with secondary failures to TNF-blockers.176 The addition in the
first part (‘or tsDMARD’) was partly needed because
tsDMARDs ( Jak inhibition) are now included in the earlier
recommendations 8 and 9; ‘first’ was deleted, because the Task
Force did not decide to distinguish between failure of one or
more bDMARDs. However, it must be noted that it is currently
neither known if a Jak-inhibitor is effective once another one
has failed nor established that a second IL-6 receptor inhibitor
or inhibitors of the IL-6 ligand are effective if tocilizumab has
failed—this is still part of the research agenda. We also lack
studies exploring if TNF-inhibitors are efficacious and safe after
bDMARDs with other modes of action have failed, and also
studies investigating switching between these other modes of
action. A few members raised the question if the use of
csDMARDs should also be considered when bDMARDs had
failed, but this suggestion did not find a majority.

The Task Force was also clear about its recommendations that
any bDMARD, including another TNF-inhibitor, could be used
if a TNF-inhibitor has previously failed. Thus, drugs with the
same or with another mode of action are recommended in this
situation. This was based on the data of clinical trials including
meta-analyses158 and on the fact that in contrast to registry data,
which may be affected by a variety of confounders, several new
prospective studies suggest that there is no difference between

these two approaches.177 178 If a second TNF-inhibitor fails,
patients should receive an agent with another mode of action.
However, it is self-evident (and supported by the vast majority
of the Task Force members) that a bsDMARD of any of the ref-
erence boDMARDs should not be used if the respective
boDMARD (or another bsDMARD of the same molecule) has
failed to induce sufficient efficacy or vice versa. LoE *1a, §5;
LoA 9.2.

11. If a patient is in persistent remission after having tapered
GC, one can consider tapering bDMARDs, especially if this
treatment is combined with a csDMARD. This item remained
unchanged compared with the 2013 publication. No new data
have been published that contest this conclusion. Tapering here
means reduction of dose or extension of interval between
applications (‘spacing’). It does not necessarily imply discon-
tinuation of a bDMARD, which may lead to a recurrence of
disease in a majority of patients.179 180 However, even if treat-
ment is stopped and patients flare, the majority of them
(>80%) will recover their previous good outcome on reinstitu-
tion of therapy (but some do not),180 181 and patients should
be informed accordingly. There exist certain predictors in
whom tapering will be likely successful and these relate primar-
ily to early RA, depth of improvement and duration of
remission182; prospective trials taking these aspects into con-
sideration are needed in the future. This item also indirectly
bolsters recommendation 9 on combination therapy of
bDMARDs with MTX or another csDMARD, since it implies
that bDMARDs should primarily, if not only, be tapered and
possibly discontinued when combined with a csDMARD,
while tapering and stopping of bDMARD monotherapy was
not yet sufficiently studied. LoE 2b; LoA 9.0.

12. If a patient is in persistent remission, tapering the
csDMARD could be considered. The 2013 version of the respect-
ive point 13 reads: ‘In cases of sustained long-term remission,
cautious reduction of the csDMARD dose could be considered,
as a shared decision between patient and physician’. This item
elicited significant discussions, since it would mean leaving
patients with RA either without any or with a low dose of a
csDMARD. But in general, no new evidence for or against this
view has been found over the last years. In the discussion, con-
troversies emerged. It was mentioned that here tapering means
primarily reducing the dose and that discontinuing csDMARDs
may be possible only in exceptional cases. Many rheumatolo-
gists on the Task Force panel expressed a view stating that
csDMARDs should never be stopped. Consequently, this item
received the lowest LoA (8.5) of all, although still quite high on
the scale of 0–10. Of note, the portion worded ‘as a shared
decision between patient and physician’ was now deleted. It was
felt by the Task Force that mentioning the shared decision for
this item among all 12 would imply that the other recommenda-
tions may not need to involve the patient, or single out this spe-
cific recommendation in comparison with all other ones and
thus offset overarching principle A. Obviously, the removal of
this phrase does not mean that shared decision making with the
patients is not important, on the contrary: in line with principle
A it is of utmost importance for this and for all other recom-
mendations. LoE 4; LoA 8.5.

The updated recommendations are depicted in an abbreviated
way in figure 1. Part and parcel of this figure are the respective
footnotes as well as the full text as presented here.

DISCUSSION
The 2016 update of the EULAR RA management recommenda-
tions was developed by 50 experts, including patients,
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rheumatologists and other healthcare professionals. This was the
largest Task Force ever convened for the development of
EULAR recommendations, both with respect to the overall
number of members and the number of European countries
involved, and it is also the first EULAR Task Force with a broad
international representation, since rheumatologists from several
other continents participated in this activity. This allowed us to
also include some views from Asia, and Latin America and
North America in the development of the recommendations, an
input desired given the information provided in the recent pub-
lications of the updated ACR and the APLAR
recommendations.17 39

The 2016 update presents the hitherto ‘leanest’ EULAR
recommendations for RA management. While in 2010 the docu-
ment comprised 3 overarching principles and 15 recommenda-
tions and in 2013 it contained 3 overarching principles and 14
recommendations, the 2016 update arrived with 4 principles
and 12 recommendations. Despite this reduction, in light of a
continuously increasing spectrum of therapeutic options and
new information on existing agents and therapeutic strategies,
this update covers more treatment aspects and is built on a
better evidence base than ever before. This is due to the avail-
ability of at least partial answers to several of the research ques-
tions posed in 2013, such as items 4, 6, 9 and 21,16 and of
many new data on established and novel drugs as well as thera-
peutic strategies.

The Task Force adhered to several principles established in
the course of the development of the 2013 update and even in
2010. For example, aside from evidence on efficacy and safety,
economic aspects were generally considered in line with respect-
ive general specifications.45 46 Also, agents that have not yet
been approved by regulatory authorities but for which data
from phase III trials were available, were considered with the
caveat that their use would be only possible on such approval.
This pertains to bsDMARDs, for which the Task Force relies on
the stringency of the regulatory processes of EMA and FDA, for
new IL-6 inhibitors and for Jak-inhibitors, the first of which was
only licensed in some parts of the world at the time of develop-
ing these recommendations, with increasing availability of data
on others. However, in the meantime baricitinib has been
approved in the European Union. Finally, the Task Force reiter-
ated its previous conclusions on the importance of stratification
according to risk factors of adverse RA outcome,69 76 once an
initial therapy has failed.

The individual recommendations are not numbered by
importance, but rather by a logical sequence: what is the treat-
ment target and how should the patient be followed? What is
the most prudent treatment approach once the diagnosis has
been made? How can therapeutic success be maximised? Which
therapies should follow a first treatment failure (phase I) and
under which circumstances? Which agent or type of drug
should be preferred in the course of the development of the
treatment strategies?

Consequently, the first three items, which were either left
fully unchanged or were only minimally changed, deal with the
time point of starting effective therapy (as soon as the diagnosis
is made and thus without any loss of time); with the definition
of the treatment target (sustained remission or low disease activ-
ity); and with monitoring and the need to reach a significant
improvement of disease activity within 3 months and attainment
of the targeted state within 6 months. The preferred instruments
to be used when following patients have been defined in previ-
ous EULAR activities22 111 and comprise composite measures
that include joint counts, such as the CDAI, DAS28 and SDAI as

well as the ACR/EULAR remission definitions. Of note, instru-
ments weighing acute phase reactants highly may exaggerate
response, especially with IL-6 or Jak-inhibitors.

The treatment target (stringent remission or low disease
activity) continues to be clinically defined, since focusing at
ultrasonographic remission has not shown better outcomes com-
pared with targeting clinical low disease activity or stringent
remission, but rather induced overtreatment and thus inefficient
use of healthcare resources.108 109 Moreover, no strategy trial is
available comparing the use of the serologic multibiomarker
disease activity (MBDA) test with targeting remission using clin-
ical disease activity assessment by a clinical composite measure
(with which MBDA correlates anyway); of note, the MBDA test
has been reported to improve to a larger extent on using a
bDMARD that directly targets a cytokine compared with one
that targets T-cell costimulation, despite similar clinical, func-
tional and radiographic outcomes.183 Moreover, it must be
assumed that such test would falsely indicate high disease activ-
ity when an infection occurs. For all these reasons, the Task
Force recommends to follow patients in clinical practice using a
composite measure which comprises joint counts and may
include an acute phase reactant. This clinical assessment is per-
tinent for every therapeutic phase (figure 1).

Subsequent recommendations, however, have undergone
some significant changes compared with the 2013 update.
While MTX (or in the presence of intolerance another
csDMARD) continues to be considered the pivotal drug once
the RA diagnosis has been made (item 4), it is recommended
more strongly than before to escalate MTX to a dose of
25–30 mg weekly (with folate supplementation), given further
recent insights on the high response rate with such strategy.4 118

Moreover, the combination of csDMARDs, as monotherapy,
with GC is more strongly suggested than before in light of
increasing evidence that this combination is not surpassed by
csDMARD combinations, even if they are applied with GC, or
bDMARDs plus MTX in terms of efficacy and safety.126 147 In
the treatment algorithm (figure 1, phase I), this is reflected by
the respective change from ‘±’ to ‘+’ for the addition of GC to
csDMARDs. The term ‘low-dose’ GC has now been replaced by
‘short-term’ GC, given that various modes of application at dif-
ferent doses have shown to be efficacious. Moreover, the most
important factors to reduce the risk of adverse event, such
as cardiovascular events, infections, diabetes or hyperten-
sion,151 152 184 was deemed to be rapid tapering to discontinu-
ation and a low cumulative dose of GC. This is, indeed, the case
with these alternative GC treatment modalities.

In contrast to the 2013 update, csDMARD combination
therapy, with or without GC, is no longer an explicit part of the
recommendations. This conclusion was based on the accruing
evidence that this csDMARD combination therapy may not be
superior to MTX monotherapy plus GC, but may be associated
with an increase in adverse events.126 130 A recent indirect-
comparison meta-analysis has suggested a superiority of
csDMARD combination versus MTX monotherapy.185 This
study was at odds with a previous direct-comparison meta-
analysis35 186 and with our own SLRs,35 52 133 and indirect
comparisons should also be considered with reservation since
their rigour and value is insufficiently understood to date.
Interestingly, using a somewhat different approach and based on
an independent SLR, the ACR guideline has arrived at a similar
conclusion as presented here and recommends MTX monother-
apy as the first DMARD in early or established RA.17 However,
the use of csDMARD combination therapy is not precluded by
the new recommendations, rather it is at the discretion of the
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rheumatologist to apply it in the context of the recommendation
on the use of MTX as a (first) treatment ‘strategy’.

Once phase I has failed to reach the treatment target, either in
the presence of bad prognostic markers or in the absence of bad
prognostic markers after a second csDMARD strategy has failed,
the Task Force recommends to add any bDMARD or, less prefer-
ably, a tsDMARD. If phase II as depicted in the algorithm fails to
arrive at the treatment target, another bDMARD or a tsDMARD
should be used. The Task Force reiterated its position that if a
TNF-inhibitor fails, another TNF-inhibitor—but not a biosimilar
of the same molecule!—can be as effective as changing the mode
of action. Vice versa, an effective biological agent should not be
switched to another bDMARD for non-medical reasons.
However, important data are missing for some of the drugs; for
example, clinical trials did not address the efficacy of a
TNF-inhibitor after bDMARDs with other modes of action or a
Jak-inhibitor has failed. Similar questions arise for the other
agents and also for the use of IL-6R or IL-6 inhibitors, such as
sarilumab or sirukumab, after tocilizumab has failed (box 1).

Early bDMARD treatment, including an induction regimen
with subsequent withdrawal of bDMARDs as supported by
some strategy trials, was discussed but did not find a majority
among the Task Force members. This decision was based on the
lack of evidence for superiority of such therapy compared with
the use of MTX plus GC. Moreover, when placed in the context
of a treat-to-target strategy, the initial use of csDMARDs yields
equal results in the long-term. Finally, the cost-effectiveness of

first-line bDMARD therapy, especially in light of the reasons just
mentioned, is very poor.

The 2016 update of the EULAR recommendations is based
on the most recent evidence in the area of RA management
and on discussions by a large and broadly international Task
Force. The recommendations synthesise the current thinking
on approaching RA treatment in a set of overarching principles
and recommendations. These have been informed by SLRs on
the efficacy and safety of the drugs. The Task Force is con-
vinced that adhering to these recommendations, including
shared decision making, defining the treatment target, assessing
disease activity regularly with appropriate instruments and
applying the sequence of drugs as proposed and in a
treat-to-target strategy, will maximise the overall outcome in a
vast majority of patients with RA. Still, a considerable propor-
tion of patients will not reach the target despite all efforts, and
for these patients new drugs will be needed. Also, new infor-
mation from research activities on treatment strategies, predict-
ive markers and other aspects will become available in the near
future and will likely necessitate yet another update of the
recommendations in about 3 years; maybe we will then have
new data on the research agenda, including precision medicine
approaches in RA which allow predicting who will best
respond to which drug at which stage of the disease. Until then
we hope that the 2016 update will be broadly applied in clin-
ical practice and/or serve as a template for national societies to
develop local recommendations.

Box 1 Research agenda

1. How does MTX monotherapy in combination with glucocorticoids compare with monotherapies of sulfasalazine or leflunomide in
combination with glucocorticoids, at the doses of csDMARDs as used today?

2. In what proportion of patients is an induction therapy with a bDMARD+MTX with subsequent cessation of the bDMARD effective in
inducing sustained remission?

3. Is the application of a TNF-inhibitor after abatacept, tocilizumab, rituximab or a Jak-inhibitor has failed, safe and efficacious?
4. How safe and efficacious are abatacept, tocilizumab and rituximab after any of the other non-TNF-inhibitor-bDMARDs or a

tsDMARD has failed?
5. How safe and efficacious is the use of an IL-6 pathway inhibitor if another IL-6 pathway inhibitor/a Jak-inhibitor has failed?
6. How safe and efficacious is the use of a Jak-inhibitor after another IL-6 pathway inhibitor/another Jak-inhibitor has failed?
7. Is the risk stratification as recommended by EULAR after failure of MTX improving outcome in those with risk factors and not

harming those without bad prognostic markers? Do patients who lack bad prognostic factors benefit as much from a switch or
addition of a csDMARD as from the addition of a bDMARD?

8. Can we find predictors of differential response to the different bDMARDs and tsDMARDs?
9. When starting a DMARD, how can we best predict who will attain the treatment target (remission or low disease activity) and who

not?
10. Can we predict who will maintain remission after withdrawal of a bDMARD?
11. Will we be able to develop precision (personalised, stratified) medicine approaches in RA?
12. Is tapering of bDMARD monotherapy, where potentially indicated, comparable with bDMARD tapering in the presence of

csDMARDs?
13. Will RCTs on tapering of bDMARDs following the deducted predictors for successful withdrawal of bDMARDs show success?
14. How good is patient adherence to a bDMARD or tsDMARD and can non-adherence explain secondary loss of efficacy?
15. Is measurement of serum drug or antidrug antibody levels useful in clinical practice?
16. Which biomarkers will help to find better predictors of bad outcome or response and which have failed in the numerous clinical

trials that evaluated gene-expression and other biomarkers?
17. What is the effect of csDMARD, tsDMARD and bDMARD therapies on cardiovascular outcomes and to which extent is a potential

effect dependent on a clinical response?
Is the use of telemedicine or e-medicine approaches as effective as direct contact in the clinic for treat-to-target strategies? bDMARDs, biological DMARDs;
csDMARDs, conventional synthetic DMARDs; DMARDs, disease-modifying antirheumatic drugs; EULAR, European League Against Rheumatism; Jak, Janus kinase;
MTX, methotrexate; RA, rheumatoid arthritis; RCT, randomised controlled trial; TNF, tumour necrosis factor; tsDMARDs, targeted synthetic DMARDs.
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2016 update of the ASAS-EULAR management
recommendations for axial spondyloarthritis
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ABSTRACT
To update and integrate the recommendations for
ankylosing spondylitis and the recommendations for the
use of tumour necrosis factor inhibitors (TNFi) in axial
spondyloarthritis (axSpA) into one set applicable to the
full spectrum of patients with axSpA. Following the
latest version of the European League Against
Rheumatism (EULAR) Standardised Operating
Procedures, two systematic literature reviews first
collected the evidence regarding all treatment options
(pharmacological and non-pharmacological) that were
published since 2009. After a discussion of the results
in the steering group and presentation to the task force,
overarching principles and recommendations were
formulated, and consensus was obtained by informal
voting. A total of 5 overarching principles and 13
recommendations were agreed on. The first three
recommendations deal with personalised medicine
including treatment target and monitoring.
Recommendation 4 covers non-pharmacological
management. Recommendation 5 describes the central
role of non-steroidal anti-inflammatory drugs (NSAIDs)
as first-choice drug treatment. Recommendations 6–8
define the rather modest role of analgesics, and
disprove glucocorticoids and conventional synthetic
disease-modifying antirheumatic drugs (DMARDs) for
axSpA patents with predominant axial involvement.
Recommendation 9 refers to biological DMARDs
(bDMARDs) including TNFi and IL-17 inhibitors (IL-17i)
for patients with high disease activity despite the use
(or intolerance/contraindication) of at least two NSAIDs.
In addition, they should either have an elevated C
reactive protein and/or definite inflammation on MRI
and/or radiographic evidence of sacroiliitis. Current
practice is to start with a TNFi. Switching to another
TNFi or an IL-17i is recommended in case TNFi fails
(recommendation 10). Tapering, but not stopping a
bDMARD, can be considered in patients in sustained
remission (recommendation 11). The final two
recommendations (12, 13) deal with surgery and spinal
fractures. The 2016 Assessment of SpondyloArthritis
international Society-EULAR recommendations provide
up-to-date guidance on the management of patients
with axSpA.

INTRODUCTION
Axial spondyloarthritis (axSpA) is an inflammatory
rheumatic disease with a diverse clinical presenta-
tion.1 Chronic back pain is the leading symptom of
the disease and often inflammatory in nature with
pronounced stiffness and improvement of pain and
stiffness with exercise. Other musculoskeletal mani-
festations of axSpA are arthritis, enthesitis and dac-
tylitis. Extra-articular manifestations such as
anterior uveitis, psoriasis and inflammatory bowel
disease (IBD) (in order of decreasing prevalence)
are also characteristic for axSpA.2 Historically, end-
stage patients were recognised by a characteristic
stooped posture and by the presence of syndesmo-
phytes on radiographs of the spine. Later, radio-
graphic sacroiliitis became a crucial finding in the
diagnosis and classification of patients. The modi-
fied New York criteria for ankylosing spondylitis
(AS) were most frequently used in studies and drug
trials.3 Only recently it has been properly acknowl-
edged that radiographic sacroiliitis is a rather late
finding in the disease course of many patients, that
MRI may show signs of inflammation much earlier
than radiographs show structural damage, and that
patients can also be diagnosed based on a typical
clinical pattern, even in the presence of normal
imaging tests.1 4 The term axSpA comprises the
whole spectrum of patients with radiographic
sacroiliitis (AS or radiographic axSpA) and without
radiographic sacroiliitis (non-radiographic axSpA).4

There is still some debate as to whether radio-
graphic and non-radiographic axSpA should be
considered as two different entities or as a continu-
ous disease spectrum. The currently prevailing
opinion is that axSpA encompasses one disease
spectrum in which single patients with non-
radiographic axSpA may develop radiographic
changes over time.5 However, not all patients with
non-radiographic axSpA will ultimately develop
radiographic sacroiliitis. Similarly, not all patients
with radiographic sacroiliitis will ultimately develop
syndesmophytes. In fact, radiographic sacroiliitis
artificially divides the spectrum of axSpA in two
groups, and it is unlikely that the sole presence of
radiographic sacroiliitis is relevant for the outcome

978 van der Heijde D, et al. Ann Rheum Dis 2017;76:978–991. doi:10.1136/annrheumdis-2016-210770

Recommendation

To cite: van der Heijde D, 
Ramiro S, Landewé R, 
et al. Ann Rheum Dis 
2017;76:978–991.

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http://dx.doi.org/10.1136/
annrheumdis-2016-210770).

For numbered affiliations see 
end of article.

Correspondence to
Professor Désirée van der Heijde, 
Department of Rheumatology, 
Leiden University Medical 
Center, PO Box 9600, Leiden 
2300 RC, The Netherlands; 
mail@dvanderheijde.nl

Received 4 November 2016
Revised 29 November 2016
Accepted 5 December 2016
Published Online First 
13 January 2017

 ► http://dx.doi.org/10.1136/
annrheumdis-2016-211005

group.bmj.com on May 29, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2016-210770&domain=pdf&date_stamp=2017-03-18
http://www.eular.org/
http://ard.bmj.com/
http://ard.bmj.com/
http://group.bmj.com


of the disease. In addition, recent studies and trials have cast
doubt on the reliability of establishing radiographic abnormal-
ities.6–10 Taken together, there is ample argument to use only
the term axSpA in clinical practice.11 Especially in the context
of studies, it may be of value to add certain characteristics to the
profile of patients, such as the presence of radiographic sacroilii-
tis, the presence of inflammation on MRI, the presence of arth-
ritis, of extra-articular manifestations, to describe in detail the
type of patients included.5

Apart from historical reasons, drug development has played a
major role in distinguishing patients based on the presence of
radiographic sacroiliitis: tumour necrosis factor inhibitor (TNFi)
therapy was historically approved for patients with AS, and
companies sought the additional regulatory approval for
patients without radiographic sacroiliitis.12–17 The newest draft
guidance document of the European Medicines Agency now
proposes to study patients with axSpA as one entity, which testi-
fies of the progress in the field of axSpA.18

Historically, the Assessment of SpondyloArthritis inter-
national Society (ASAS) has drafted two sets of treatment
recommendations, dating back to the time when TNFi were the
only class of biological disease-modifying antirheumatic drugs
(bDMARDs) and the concept of axSpA was not yet well estab-
lished. However, it should be noted that there is no formal
proof that TNFi are in fact disease modifying in axSpA. The
first set included the ASAS recommendations for the use of
TNFi therapy in patients with AS published first in 2003 and
updated in 2006 and 2010.19–21 In contrast to existing recom-
mendations for the use of bDMARDs in rheumatoid arthritis
(RA) and psoriatic arthritis (PsA), the ASAS recommendations
on the use of TNFi in AS include specific definitions for the
level of disease activity required before a TNFi can be
installed.22 23 The second set of recommendations that ASAS
has drafted in collaboration with the European League Against
Rheumatism (EULAR) included recommendations for the man-
agement of AS published first in 2006 and updated in
2010.24 25 In line with a better delineation and acceptance of
axSpA, in follow-up of the advent and approval of another class
of bDMARDs (IL-17 inhibitors (IL-17i)), and after the publica-
tion of studies with patients covering the entire spectrum of
axSpA, it was felt timely to integrate all different aspects of
management into one set of recommendations and update the
recommendations accordingly.26–28 However, we have to
acknowledge that the term bDMARDs is not completely correct
as the disease-modifying aspect has not yet been proven in
axSpA.

This document presents the 2016 ASAS-EULAR management
recommendations for the management of patients with axSpA
and details the process of their development.

METHODS
This was a combined project endorsed and financed by both
ASAS and EULAR. One aim of this update was to aggregate the
existing ASAS-EULAR management recommendations of AS
and the ASAS recommendations for the management of axSpA
with TNFi into one set of recommendations. The objective of
this aggregated set of recommendations is to give guidance on
the non-pharmacological and pharmacological management of
patients with axSpA.

The 2014 updated EULAR standardised operating procedures
have been applied.29 These prescribe that the process set out in
Appraisal of Guidelines for Research & Evaluation II (AGREE II)
should be followed in order to design the recommendations
and to write the manuscript.29 30 The convenors formed first a

task force with a steering committee. The steering committee
included the convenor (DvdH), co-convenor ( JB), methodolo-
gist (SR), two fellows who performed the systematic literature
reviews (SLRs) (AS, AR) and three expert rheumatologists (RL,
XB, FVdB). The steering committee defined the research ques-
tions for the SLRs and prepared the 1-day meeting of the task
force. This task force included in addition to the steering com-
mittee 18 rheumatologists (two of them with axSpA), including
three members of EMerging EUlar NETwork (EMEUNET)
(AM, PM, VN-C), one healthcare professional (HD) and two
patient partners (MJ, DW). The members of the task force rep-
resent 14 countries in Europe, North America and South
America. All members of the task force disclosed their potential
conflicts of interest before the start of the process.

Two fellows under the guidance of the methodologist per-
formed two SLRs: one on non-pharmacological and non-
biological pharmacological treatment (AR) and one on bio-
logical and targeted synthetic DMARDs (AS). These SLRs
focused on the studies published after the locking date of the
SLRs for the previous update, that is, 2009. The two SLRs are
published in detail separately (Sepriano et al. Efficacy and safety
of biological and targeted synthetic DMARDs: an SLR inform-
ing the 2016 update of the ASAS-EULAR recommendations for
the management of axSpA. 2016, submitted for publication;
Regel et al. Efficacy and safety of non-pharmacological and non-
biological pharmacological treatment: an SLR informing the
2016 update of the ASAS-EULAR recommendations for the
management of axSpA. 2016, submitted for publication). These
SLRs and the current recommendations manuscript form an
integral and inseparable part and should be read as such. Both
SLRs addressed efficacy and safety, but because the literature on
safety of specific drugs in axSpA was, as shown by the SLRs,
somewhat limited, more extensive evidence collected on these
drugs in SLRs for RA were also taken into account (Sepriano
et al, 2016, submitted for publication; Regel et al, 2016, sub-
mitted for publication).31 The evidence collected was presented
in summary of findings (SoF) tables and included judgements
about risk of bias, which was determined for every study.32 33

SoF tables were presented to the steering committee in writing
and by presentation, and served as the basis for the discussion in
the full task force. When discussing the update of the recom-
mendations, the evidence collected in the previous SLRs was
also taken into consideration.34–36

In addition, the fellows performed an SLR on the research
question whether AS Disease Activity Score (ASDAS) or Bath AS
Disease Activity Index (BASDAI) should be applied to best
define disease activity for the start and continuation of
bDMARDs (see online supplementary material).

Based on the data obtained from the SLR, the steering com-
mittee prepared wording for the update of the overarching prin-
ciples and recommendations. The overarching principles and
recommendations from the 2010 update were used as a basis
and were updated if considered necessary. It was decided that
recommendations could only be updated if there was new evi-
dence available that justified such an update according to the
task force.

The task force met for a 1-day meeting. First, the results of
the SLRs were presented to the participants. Thereafter, the
updating process of the overarching principles and recommen-
dations was done by discussion in the group. For every over-
arching principle and recommendation proposed, formulations
were presented, discussed and voted on (informal voting). If at
least 75% approved the new wording, this was accepted. If not,
discussion was resumed and changes to the wording were
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proposed. In the second voting round, a 67% majority was
required to accept the recommendation. If this was not reached,
a further round of discussion followed and completed with a
vote in which a simple majority was deemed sufficient.

After the meeting, the levels of evidence (LoE) and grades of
recommendation (GoR) derived from the SLRs following the
standards of the Oxford Centre for Evidence Based Medicine
were added to each of the recommendations.37 In summary,
level 1A refers to evidence stemming from a meta-analysis of
randomised controlled trials (RCTs), level 1B corresponds to at
least one RCT, level 2A means that there was at least one con-
trolled study without randomisation, level 2B at least one type
of quasi-experimental study, level 3 corresponds to descriptive
studies, such as comparative studies, correlation studies or case-
control studies and level 4 means from expert committee
reports or opinions and/or clinical experience of respected
authorities. The GoR are A, which means consistent level 1
studies, B indicating consistent level 2 or 3 studies or extrapola-
tions from level 1 studies, grade C meaning level 4 studies or
extrapolations from level 2 or 3 studies and grade D reflecting
level 5 evidence or troublingly inconsistent or inconclusive
studies of any level. Finally, the overarching principles and
recommendations were sent to the task force members and they
were asked to add the level of agreement anonymously to each
of the statements. This was done by numerical rating scale (0–
10) with the anchors ‘do not agree at all’ at 0 and ‘fully agree’
at 10. The average, SD and range of the level of agreement per
recommendation, as well as the percentage of participants with
a score of at least 8, are presented.

The exact wording of the recommendations was considered
final after the end of the 1-day task force meeting. The final
manuscript was drafted after the meeting, reviewed, revised and
approved by all task force members, followed by final review
and ratification by the EULAR Executive Committee and ASAS
Executive Committee before submission to the journal.

RESULTS
It was decided to use the same terminology for DMARDs as
proposed recently: conventional synthetic (cs) DMARDs for
drugs such as sulfasalazine and methotrexate (MTX); targeted
synthetic DMARDs for drugs such as tofacitinib and bDMARDs
for drugs such as TNFi and IL-17i. bDMARDs can further be
subdivided into bio-originator (bo) and biosimilar (bs)
DMARDs. Only DMARDs that were approved in at least one
country with an indication for axSpA were considered in the
recommendations process.38 However, all DMARDs were
looked at in the SLRs.

The target-users of these recommendations are: ‘All health-
care professionals taking care of patients with axSpA’. While
this definition will mainly include practicing rheumatologists, it
may also include medical specialists of a different discipline,
general practitioners, physical therapists and other healthcare
professionals, as well as medical students. These recommenda-
tions further aim at patients to be educated for informed/shared
decision-making. The final target group is pharmaceutical indus-
try in its broadest sense, national drug agencies and policy
makers, as well as health insurance companies.

The recommendations describe all aspects of the management
of patients with a diagnosis of axSpA. Many of these patients
will also fulfil the ASAS classification criteria for axSpA.39 The
focus of these recommendations is on the musculoskeletal signs
and symptoms of the disease. But when appropriate and rele-
vant, extra-articular manifestations such as psoriasis, uveitis and
IBD, as well as comorbidities including osteoporosis and

cardiovascular diseases, will also be discussed. However, the
actual management of these extra-articular manifestations and
comorbid conditions are beyond the scope of these management
recommendations. For the optimal management of these dis-
eases, specific EULAR recommendations and respective medical
specialists should be consulted.40–42

As the concept and term of axSpA is relatively new, the older
studies in the literature are based only on patients with AS. This
applies mainly to non-pharmacological treatments and to drugs
that are already on the market for a long time, such as non-
steroidal anti-inflammatory drugs (NSAIDs). However, the two
SLRs revealed many trials that have included patients with the
whole spectrum of axSpA, mainly trials with TNFi but also
trials with NSAIDs and DMARDs. The task force agreed expli-
citly that these recommendations apply to all patients with
axSpA.

Overarching principles
As in the 2010 update, the recommendations start with over-
arching principles, which are considered so generic and implicit
in nature that they serve as a basis for the state-of-the-art man-
agement of patients with axSpA. As such, they reflect the state
of practice rather than the state of science. There are in total
five overarching principles; four are identical to the previous
version and one new overarching principle was formulated.
Only the order of the previous overarching principles 3 and 4
was switched. We present the LoA of each overarching principle
in table 1.

1. axSpA is a potentially severe disease with diverse
manifestations, usually requiring multidisciplinary management
coordinated by the rheumatologist
This overarching principle is important, because it stresses
that musculoskeletal manifestations of the disease may import-
antly interfere with patients’ daily living and it points to the
fact that patients with axSpA frequently experience extra-
articular manifestations: approximately 40% of the patients
experience at least one extra-articular manifestation during
the course of the disease.2 43 Some of these extra-articular
manifestations require the immediate consultation of other
experts, pointing to the presence of multidisciplinary net-
works for the best care of patients with axSpA. Some of the
available (biological) drugs are efficacious for both musculo-
skeletal and the extra-articular manifestations, while others
have effects limited to the musculoskeletal symptoms. These
factors should be taken into account when choosing a drug.
Since the treating rheumatologist should have extensive
knowledge of the entire disease spectrum, it is crucial that
the rheumatologist is the coordinator in a multidisciplinary
network of care for patients with axSpA. In this network,
other medical specialists and care professionals do of course
also have their place.

2. The primary goal of treating the patient with axSpA is to
maximise long-term health-related quality of life through control
of symptoms and inflammation, prevention of progressive
structural damage, preservation/normalisation of function and
social participation
Management should aim at the best possible health-related
quality of life. Many studies have clearly shown that patients
with axSpA have a reduced quality of life in comparison to the
non-diseased population.44 45 Problems experienced by patients
with axSpA can be summarised according to the International
Classification of Functioning, Disability and Health (ICF) and

980 van der Heijde D, et al. Ann Rheum Dis 2017;76:978–991. doi:10.1136/annrheumdis-2016-210770

Recommendation

group.bmj.com on May 29, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


can be assessed using the ASAS Health Index, which is based on
the ICF.46–48 As axSpA is an inflammatory disease, suppression
of inflammation by drugs has a prominent place, in order to
relieve symptoms, preserve physical function and maintain
quality of life. And indeed, data have accrued that suggest a
direct relation between clinical disease activity and syndesmo-
phyte formation and between disease activity and function.49–51

Moreover, patients who have inactive disease have a better
health-related quality of life.52

3. The optimal management of patients with axSpA requires a
combination of non-pharmacological and pharmacological
treatment modalities
This overarching principle is identical to number 4 in the 2010
set of recommendations.

In comparison to other chronic inflammatory rheumatic dis-
eases such as RA and PsA, non-pharmacological management
has a relatively important place in the management of patients
with axSpA. While this will be highlighted in the separate

recommendations, the task force wanted to draw attention to
the importance of non-pharmacological treatment by formulat-
ing it as an overarching principle.

4. Treatment of axSpA should aim at the best care and must be
based on a shared decision between the patient and the
rheumatologist
This is an unchanged principle but is now listed as the fourth
overarching principle. ‘Best care’ is an important concept and
closely relates to overarching principle 2: ‘to maximise
health-related quality of life’. But ‘best care’ here refers to the
‘best possible care’ for individual patients, and still prevails
when costs of treatment are taken into account, as indicated in
the following fifth overarching principle.

‘Shared decision-making’ is the second important concept in
this overarching principle and refers to the formal and informal
relationship between patient and rheumatologist, that partner
during all phases of their encounters, in order to collectively
decide on the best possible management, given all factors that

Table 1 2016 Update of the ASAS-EULAR recommendations for the management of axSpA

Overarching principles LoE GoR LoA (0–10)

1 axSpA is a potentially severe disease with diverse manifestations, usually requiring multidisciplinary management coordinated by
the rheumatologist

9.9 (0.31)
100% ≥8

2 The primary goal of treating the patient with axSpA is to maximise health-related quality of life through control of symptoms
and inflammation, prevention of progressive structural damage, preservation/normalisation of function and social participation

9.8 (0.47)
100% ≥8

3 The optimal management of patients with axSpA requires a combination of non-pharmacological and pharmacological treatment
modalities

9.8 (0.45)
100% ≥8

4 Treatment of axSpA should aim at the best care and must be based on a shared decision between the patient and the
rheumatologist

9.5 (0.91)
100% ≥8

5 axSpA incurs high individual, medical and societal costs, all of which should be considered in its management by the treating
rheumatologist

9.3 (1.17)
97% ≥8

Recommendations

1 The treatment of patients with axSpA should be individualised according to the current signs and symptoms of the disease
(axial, peripheral, extra-articular manifestations) and the patient characteristics including comorbidities and psychosocial factors

5 D 9.7 (0.65)
100% ≥8

2 Disease monitoring of patients with axSpA should include patient-reported outcomes, clinical findings, laboratory tests and
imaging, all with the appropriate instruments and relevant to the clinical presentation. The frequency of monitoring should be
decided on an individual basis depending on symptoms, severity and treatment

5 D 9.6 (0.78)
100% ≥8

3 Treatment should be guided according to a predefined treatment target 5 D 8.9 (1.45)
93% ≥8

4 Patients should be educated* about axSpA and encouraged to exercise* on a regular basis and stop smoking‡; physical
therapy† should be considered

2* 5‡ 1a† B* D‡ A† 9.6 (0.78)
100% ≥8

5 Patients suffering from pain and stiffness should use an NSAID as first-line drug treatment up to the maximum dose, taking
risks and benefits into account. For patients who respond well to NSAIDs continuous use is preferred if symptomatic otherwise

1a A 9.4 (0.94)
100% ≥8

6 Analgesics, such as paracetamol and opioid-(like) drugs, might be considered for residual pain after previously recommended
treatments have failed, are contraindicated, and/or poorly tolerated

5 D 8.8 (0.94)
100% ≥8

7 Glucocorticoid injections* directed to the local site of musculoskeletal inflammation may be considered. Patients with axial
disease should not receive long-term treatment with systemic glucocorticoids‡

2* 5‡ B* D‡ 9.4 (0.78)
100% ≥8

8 Patients with purely axial disease should normally not be treated with csDMARDs§; sulfasalazine† may be considered in patients
with peripheral arthritis

1a† A 9.2 (0.78)
100% ≥8

9 bDMARDs should be considered in patients with persistently high disease activity despite conventional treatments (figure 1);
current practice is to start with TNFi therapy

1a (TNFi);
1b (IL-17i)

A 9.6 (1.09)
93% ≥8

10 If TNFi therapy fails, switching to another TNFi* or IL-17i** therapy should be considered 2* 1b** B* A** 9.6 (0.95)
97% ≥8

11 If a patient is in sustained remission, tapering of a bDMARD can be considered 2 B 9.1 (1.57)
97% ≥8

12 Total hip arthroplasty should be considered in patients with refractory pain or disability and radiographic evidence of structural
damage, independent of age; spinal corrective osteotomy in specialised centres may be considered in patients with severe
disabling deformity

4 C 9.4 (0.82)
100% ≥8

13 If a significant change in the course of the disease occurs, causes other than inflammation, such as a spinal fracture, should be
considered and appropriate evaluation, including imaging, should be performed

5 D 9.9 (0.31)
97% ≥8

§1a (sulfasalazine; methotrexate); 1b (leflunomide); 4 other csDMARDs.
axSpA, axial spondyloarthritis; bDMARD, biological disease-modifying antirheumatic drug; csDMARD, conventional synthetic disease-modifying antirheumatic drug; GoR, grade of
recommendation; IL-17i, interleukin-17 inhibitor; LoA, level of agreement; LoE, level of evidence; NSAIDs, non-steroidal anti-inflammatory drugs; TNFi, tumour necrosis factor inhibitor.
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may be relevant for such a decision. ‘Shared decision’ refers to
the choice of a particular drug and pertains to all phases of the
process: defining a treatment-goal (target), investigating poten-
tial barriers to achieve that target, choosing the best strategy to
achieve the target (given the potential barriers), considering
alternative strategies if the target is not reached or the treatment
is not tolerated, considering tapering strategies if a target is ‘sus-
tained’, etc. Shared decision-making requires sufficient educa-
tion about the disease, appropriate information (ie,
comprehensible risk communication) about risks and benefits of
separate treatment options and the design of a feasible manage-
ment plan as well as strategies to monitor treatment success. In
this process of shared decision-making, rheumatologists and
patients have different roles and responsibilities that ideally
should merge into one management plan with full commitment
from patient and care-giver, so that the likelihood of treatment
success and good compliance is highest.

5. axSpA incurs high individual, medical and societal costs, all of
which should be considered in its management by the treating
rheumatologist
This is a new overarching principle, which has been taken from
the EULAR recommendations on RA and PsA.22 23 This over-
arching principle first points to the fact that there are high costs
associated with the disease itself and with its treatment. This
relates to the patient (individual costs) and can be seen as mon-
etary costs, and also as burden of the disease. When assessing
the financial burden for society, the direct medical costs as well
as indirect costs due to work productivity loss should be taken
into account. And when evaluating the cost-effectiveness of
(potentially expensive) treatments, all these aspects should be
considered.53

axSpA is a disease for which the treatment options rapidly
increase. Some of them are very cheap; others are very expen-
sive. When a choice between treatments has to be made in clin-
ical practice, costs in its broadest sense are relevant factors. This
should only be done taking ‘best care’ as worded in overarching
principle number 4 into account. Consequently, only if the
outcome for the patient is expected to be similar under either
treatment, healthcare costs can drive the choice. This is an
important principle in light of the fact that in many (western)
countries, the pressure to reduce cost of healthcare through cuts
on drug expenditure has increased significantly. Several task
force members, including patients, expressed major concerns
regarding this overarching principle, because of the historical—
but currently untenable—premise that physicians should not be
influenced by drug costs when making decisions, and because of
the fear to be hindered in choosing the treatment that may
provide ‘best care’. Nevertheless, the vast majority (see LoA) of
task force members were supportive of this principle after high-
lighting the fact that the principle of ‘best care’ (and that of
shared decision-making) should always prevail. An appropriate
example of the above-mentioned discussion could be the choice
between a cheaper bsDMARD and a (likely) more expensive
boDMARD. In this scenario, similar (efficacy and safety) out-
comes can be reasonably expected, and the price of the drug
may become a prevailing argument, provided that the patient is
fully informed and agrees with this choice under the premise of
‘shared decision-making’. Moreover, drug costs as well as costs
of treatment can vary tremendously across countries, and
between different regions within the same country (eg, due to
price negotiations among payers). Therefore, it is strongly
recommended to consider costs of treatment in the context of
the local situation.

The task force is keen to point out that although no dedicated
SLR on cost-effectiveness was performed, costs have been taken
into account at all times during the development of these
recommendations.

RECOMMENDATIONS
A total of 13 recommendations have been formulated (table 1).
Two of these (#3, #11) are new from previous publications,
one recommendation was split into two (old #9 into new #9,
#10) and one recommendation has been deleted (old #4). The
deleted recommendation dealt with the management of extra-
articular manifestations and comorbidities. The task force
decided that these aspects were already sufficiently covered by
the overarching principles and by other recommendations.
Compared with the 2010 recommendations, the new recom-
mendations are far better formulated as recommendations. In
hindsight, the 2010 recommendations represented in reality
‘statements’, which were based on findings of evidence in the lit-
erature and/or on expert opinion. The current recommendations
are far more specific and prescribe what should be done in par-
ticular clinically relevant situations. These improvements reflect
a general tendency of moving insight into recommendation
development over the last decade. Moreover, LoE and GoR are
now clearly added to each recommendation (table 1).

Recommendation 1
The treatment of patients with axSpA should be individualised
according to the current signs and symptoms of the disease
(axial, peripheral, extra-articular manifestations) and the patient
characteristics including comorbidities and psychosocial factors
The content of the first recommendation is largely unchanged,
and indicates the importance of personalised management in a
disease with a very heterogeneous phenotype. All the factors
mentioned in the body of the text may play a role in making
decisions about aspects of management. It also points to the fact
that group-level results of trials in patients with axSpA often
suggest a certain level of homogeneity, but that individual
patients with axSpA in clinical practice may deviate from this
supposedly homogeneous pattern. Rheumatologists should take
this principle of generalisability into consideration when treating
patients with axSpA.

Recommendation 2
Disease monitoring of patients with axSpA should include
patient-reported outcomes, clinical findings, laboratory tests and
imaging, all with the appropriate instruments and relevant to the
clinical presentation. The frequency of monitoring should be
decided on an individual basis depending on symptoms, severity
and treatment
Due to the heterogeneous presentation of the disease, monitor-
ing should include a broad variety of assessments. In principle,
the ASAS core set for monitoring in clinical practice is still
guiding.54 This includes questionnaires for levels of pain,
disease activity (BASDAI) and physical function (Bath AS
Functional Index), swollen joint counts, spinal mobility and
assessment of extra-articular manifestations if appropriate.54

Acute phase reactants now play a more prominent role in moni-
toring patients with axSpA than before. The ASDAS is a rela-
tively new disease activity score, which combines
patient-reported outcomes and C reactive protein (CRP) (or
erythrocyte sedimentation rate) into one index.55 It has been
proven that there is a longitudinal relationship between ASDAS
and subsequent syndesmophyte formation, while such a rela-
tionship between BASDAI (even if combined with CRP in the
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model) and syndesmophytes was far weaker.49 Although not
(yet) included in the ASAS core set (which was defined before
the development of the ASDAS), ASDAS seems a relevant
measure to assess disease activity.

MRI is an imaging modality that can provide information on
inflammation. Both MRI of the sacro-iliac (SI) joints and of the
spine can be used for this purpose. In early disease, MRI of the
SI joints may be most relevant, while in later stages especially
the MRI of the spine may be informative.28 56 However, the
correlation between clinical disease activity measures and MRI
inflammation is modest at best.57–60 To date, the role (if any) of
MRI in monitoring the disease remains unclear. Apart from the
fact that the meaning of MRI inflammation in patients who
have clinically inactive disease (they are free of symptoms) is
unclear and that it is unknown if residual MRI inflammation
can and should be treated, it is simply not feasible in most set-
tings and far too expensive to repeat MRIs frequently. This
explains why MRI is currently not recommended for monitor-
ing. However, MRI can be used to define the level of present
inflammation, and may add arguments to the global opinion to
start or continue a particular treatment in a particular patient.

Radiographs of the SI joints are useless to monitor the disease
course, but may be necessary to define if a patient is fulfilling
criteria for a bDMARD start (see later). In contrast, radiographs
of the spine provide important information about the presence
of syndesmophytes, and about the prognosis of an individual
patient, since evidences show that this is a risk factor for devel-
oping more syndesmophytes.49 51 However, monitoring the
disease by consecutive spinal radiographs is of limited value,
because of the very slow rate of progression in the majority of
patients. If applied, it should not be performed more frequently
than once every 2 years.

Recommendation 3
Treatment should be guided according to a predefined treatment
target
This is an important aspect of the treat-to-target concept and is
newly added to the recommendations. For the first time in the
history of SpA research, evidence has been accrued to suggest
the value of ‘targeting disease activity’ because disease activity
leads to new syndesmophytes in patients with axSpA.49 51 As
described in the overarching principles, a target should be a
shared decision between patient and rheumatologist, taking all
relevant situational factors into consideration. Treatment, once
started, should be monitored in order to investigate if the target
is reached. While amply discussed, the task force did not want
to establish a preferred target (as has been done in RA and PsA).
In principle, inactive disease is the ultimate goal, but depending
on the phase of the disease and the treatments already used pre-
viously, it was felt that the required treatment for reaching this
target (including its inherent risks) could imply an unrealistic
goal. So after discussion it was decided that it is important to
recommend that a target should be defined and documented,
but refrain from mentioning the content of such target.

Recommendation 4
Patients should be educated about axSpA and encouraged to
exercise on a regular basis and stop smoking; physical therapy
should be considered
Education is an important aspect of management, it is essential
for patients to make informed shared decisions and has been
proven to be efficacious.61–63 In axSpA, it is known that home
exercises are efficacious and these are therefore recommended
to patients.64 However, physical therapy is proven to be more

efficacious than home exercises.64 Physiotherapy is certainly
more expensive and less feasible than home exercises but may
be required in some patients. Consequently, it is recommended
that rheumatologists always consider if physical therapy could
be beneficial for a particular patient. While quitting smoking
likely has favourable health effects for every individual, it is of
particular interest for patients with axSpA, since there is an
established association between smoking and disease activity,
inflammation on MRI and syndesmophyte formation.65–67 In
spite of these positive associations, to date there are no data
showing a beneficial effect of smoking cessation on signs and
symptoms of patients with axSpA.

Recommendation 5
Patients suffering from pain and stiffness should use an NSAID as
first-line drug treatment up to the maximum dose, taking risks
and benefits into account. For patients who respond well to
NSAIDs continuous use is preferred if symptomatic otherwise
The most important aspect of this 2010 recommendation on the
use of NSAIDs as first-line drug was maintained in the text of
this recommendation. All task force members were still con-
vinced of the virtues of NSAIDs administered in a full anti-
inflammatory dosage. This can be based on the ASAS20 response
of >70%, an ASAS40 response in >50% of the patients starting
with an NSAID in early disease or 35% of patients in ASAS
partial remission.68 Important consideration however needs to
be given to the potential side effects of NSAIDs, especially when
administered chronically. NSAIDs should therefore only be pre-
scribed if patients are symptomatic. If so, treatment should be
advised to the maximum tolerated dose, continuously weighing
the risks against the benefits. Moreover, while there is much dis-
cussion on the long-term safety of NSAIDs especially in rela-
tively young patients, data from two studies have suggested that
lack of exposure to NSAIDs is associated with an increase in
mortality.69 70 This argues against a major or important safety
problem associated with the use of NSAIDs.

Given the risks of long-term NSAID use, the question about
which patients require continuous NSAID treatment is valid: trial
data have suggested that the continuous use of NSAIDs in
patients with an elevated CRP results in reduced progression of
structural damage in the spine in comparison to on-demand use
only.71 72 Similar results were found in a cohort study comparing
high-dose and low-dose NSAID use.73 However, a recent rando-
mised trial did not confirm this effect, casting doubts on the
potential structural effects of NSAIDs.74 It was suggested during
the task force discussions that the protective effects of NSAIDs
may be specific for certain NSAIDs.74 In the absence of equivocal
evidence, it was finally decided to base a decision of continuous
use of NSAIDs to the symptoms of the patient rather than on a
possible protective effect regarding structural progression: if
symptoms recur after stopping or dose reduction of an NSAID,
continuous use should be advised. This was accepted by a
two-third majority in the second round of voting. Whether con-
tinuous NSAID use may be beneficial in patients with risk factors
for syndesmophyte progression (presence of syndesmophytes,
elevated CRP, longstanding disease, spinal inflammation on MRI)
remains a topic on the research agenda.49 51 65 72 73 75–78

Recommendation 6
Analgesics, such as paracetamol and opioid-(like) drugs, might be
considered for residual pain after previously recommended
treatments have failed, are contraindicated and/or poorly tolerated
This recommendation remained unchanged. It is formulated as
a rather weak recommendation since formal evidence that
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analgesics are efficacious in axSpA is lacking (not tested).
Nevertheless, common sense justifies a statement that analgesics
may relieve painful conditions, but only if positively recom-
mended treatments for axSpA, including bDMARDs when indi-
cated, have failed.

Recommendation 7
Glucocorticoid injections directed to the local site of
musculoskeletal inflammation may be considered. Patients with
axial disease should not receive long-term treatment with
systemic glucocorticoids
This recommendation combines, as in the previous version,
two means of glucocorticoid use: local and systemic. The for-
mulation about the use of local injections is unchanged and indi-
cates that the task force is still of the opinion that injections
with glucocorticoids may be an option to treat arthritis and
enthesitis, although direct evidence is lacking. The formulation
about the use of systemic glucocorticoids has changed slightly.
While systemic glucocorticoids were not specifically discouraged
entirely in previous recommendations, positive data were also
lacking. New data now have suggested that short-term high dose
of glucocorticoids (50 mg/day) may have a very modest effect
on signs and symptoms in patients with axial disease.79

However, the task force still had the conviction that patients
with axial disease should not be treated long-term with systemic
glucocorticoids irrespective of the dose.

Recommendation 8
Patients with purely axial disease should normally not be treated
with csDMARDs; sulfasalazine may be considered in patients with
peripheral arthritis
Again this recommendation consists of two parts: the first part
refers to patients with purely axial disease and the second part
to patients with peripheral arthritis. The latter remained identi-
cal: sulfasalazine as a treatment option in patients with periph-
eral arthritis. The statement pertaining to patients with axial
disease has been reworded into a real recommendation, while
the previous version was rather a statement on the lack of effi-
cacy of csDMARDs in patients with axSpA. There were no new
studies on csDMARDs in axSpA. Already in the SLR informing
the previous version of the recommendations, and on the basis
of older studies, it had been shown that csDMARDs were not
efficacious in axSpA.

The word ‘normally’ in the text of the recommendation
created a lot of argument. Only in the third round of voting,
65% of the participants voted in favour of adding the word
‘normally’. In principle, the task force was of the opinion that
patients with purely axial disease should not be treated with
csDMARDs. While there is evidence that sulfasalazine, MTX
and leflunomide are not efficacious for axial symptoms, there
may be exceptional situations in which there is no other
pharmacological treatment option left for a particular patient
for reasons of toxicity, contraindications or costs.80–82 In such
exceptional (‘not normal’) situations, a shared decision could be
to try a csDMARD for a limited period of time. This policy vio-
lates the (ethical) principle of ‘best care’, knowing the low likeli-
hood of treatment success, but not the principle of ‘shared
decision-making’ since the patient should be fully informed
about the low likelihood of treatment success and the likelihood
of side effects, before the decision is made. This reasoning con-
vinced the majority of the task force to accept the wording of
the recommendation in such a manner that the use of
csDMARDs in patients with purely axial disease can only excep-
tionally be defended.

Recommendation 9
bDMARDs should be considered in patients with persistently high
disease activity despite conventional treatments (figure 1); current
practice is to start with TNFi therapy
The previous recommendation 9 only included TNFi therapy,
because no other class of bDMARDs was available. Moreover,
the details about the use of TNFi therapy was discussed in the
separate ASAS recommendations. Now both are integrated in
the current recommendations. The first part of the recommen-
dation remained essentially unchanged: bDMARDs (in general
and not limited anymore to TNFi therapy) should be considered
in patients with persistently high disease activity despite conven-
tional treatments. These conventional treatments obviously
include non-pharmacological management as well as NSAIDs.
And in patients with (mainly) peripheral symptoms, ‘conven-
tional management’ may also include a local glucocorticoid
injection (if considered appropriate) and normally a treatment
with sulfasalazine (in case of peripheral arthritis). This recom-
mendation emphasises that a treatment ‘should be considered’
and the outcome of this process of consideration is dependent
on an evaluation of the risks and benefits to be expected. As
always, shared decision-making is key.

Figure 1 summarises the different requirements before a
bDMARD could be started. The first step is the diagnosis of
axSpA by a rheumatologist. Only formally fulfilling classification
criteria (such as the ASAS axSpA criteria) does not suffice. A
knowledgeable rheumatologist should make a diagnosis based
on the full evaluation of all clinical, laboratory and imaging
information, and should also exclude other potentially more
likely diagnoses. While the large majority of these patients will
also fulfil the ASAS axSpA criteria, the opposite is not necessar-
ily true: solely checking and ticking boxes in order to test fulfil-
ment of separate elements is inappropriate and obsolete.

Figure 1 ASAS-EULAR recommendations for the treatment of patients
with axSpA with bDMARDs. CRP, C-reactive protein; MRI, magnetic
resonance imaging; NSAIDs, non-steroidal anti-inflammatory drugs;
ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath
Ankylosing Spondylitis Disease Activity Index; IL17i, interleukin-17
inhibitor.
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The next step is to judge if a patient fulfils ‘labelling criteria’:
elevated CRP, the presence of inflammation on MRI of the SI
joints and/or spine or the presence of radiographic sacroiliitis
(defined according to the modified New York grading: at least
grade 2 bilaterally or at least grade 3 unilaterally). The clarifica-
tion of the content and order of this step is as follows:

TNFi therapy is approved in many countries for patients with
radiographic axSpA (AS) without further limitations, and in
patients with non-radiographic axSpA only if there is an ele-
vated CRP and/or inflammation on MRI. This means that if a
patient with axSpA has radiographic sacroiliitis or when this
patient has either an elevated CRP or inflammation on MRI, the
patient formally complies with the requirements for bDMARD
therapy mentioned in the label of the respective drugs. While
not brought up as a limitative factor, the task force was of the
opinion that many studies have now suggested that also patients
with radiographic axSpA who have an increased CRP have the
highest likelihood of treatment success.83 84 In addition, recent
observational studies, as well as re-evaluations of clinical trials,
have cast doubts on the reliability of the finding of radiographic
sacroiliitis by (untrained) single evaluators.6 7 Elaborating on
this principle, one may argue that—albeit formally justifiable—a
sole finding of radiographic sacroiliitis in a patient without
further indication of objective disease activity may be too
meagre to justify proper bDMARD treatment in the spirit of
‘best possible care’ as defined in overarching principle number
4. Therefore, the task force decided to start with ‘elevated CRP’
as being the strongest predictor of a good response to TNFi
therapy, both in patients with radiographic axSpA and non-
radiographic axSpA.15 85 In addition, inflammation on MRI
appeared to be second-best predictor of response to TNFi
therapy, again irrespective of the presence of radiographic
sacroiliitis.13 15 17 The task force hopes that rheumatologists
will take CRP and (when available) MRI into consideration
when deciding about the appropriateness of starting a
bDMARD, irrespective of whether radiographic sacroiliitis is
present or not.13 15 17 85 Radiographic sacroiliitis is not a pre-
dictor of response: a study stratified on radiographic sacroiliitis
has shown that patients with radiographic and non-radiographic
sacroiliitis have similar response rates.28 But there is one proviso
here: while figure 1 pertains to treatment with bDMARDs, cur-
rently the use of IL-17i therapy and of infliximab in patients
with non-radiographic axSpA is not approved by the agencies
and therefore for IL-17i therapy and infliximab radiographic
sacroiliitis is mandatory.

Step 3 refers to the failure of standard treatment as explained
above. A treatment with sulfasalazine should be evaluated after
3 months of treatment reaching a dose of 3 g/day if tolerated.
This is different in comparison to the 2010 ASAS recommenda-
tions, as in those recommendations MTX was also advocated as
a possible treatment for patients with peripheral symptoms. As
there are no data proving the efficacy of MTX and there are
with regard to sulfasalazine, this was changed back to sulfasala-
zine in accordance with earlier recommendations.20 21

Step 4 is to define the level of disease activity. Historically,
active disease has been defined by a BASDAI level of at least
4. But ASDAS is a better index than BASDAI (see below), and
active disease can also be defined by ASDAS of at least 2.1.86

ASDAS is placed first, as it is the preferred measure. This deci-
sion was based on data from the SLR of the fellows and on
expert opinion (see online supplementary material). The
BASDAI is a fully patient-reported outcome, while the ASDAS is
a combination of patient-reported outcomes and CRP. BASDAI
and physicians’ opinion on disease activity only correlate

weakly, while ASDAS correlates far better with both patients’
and physicians’ level of disease activity.55 87 Another argument
is that increased ASDAS may lead to syndesmophyte formation,
while this has not been proven for BASDAI alone (BASDAI
works only if combined with CRP).49 Moreover, a high
BASDAI appeared to be a predictor for stopping TNFi therapy,
while a high ASDAS was a predictor for continuation of TNFi,
which can be seen as a surrogate outcome for efficacy.83

Frequently, there is concordance between a BASDAI ≥4 and
ASDAS ≥2.1, but in discordant cases an elevated ASDAS was
more predictive of a good response than an elevated
BASDAI.88 89 Finally, the ASDAS cut-offs for disease activity
states and response criteria were based on a thorough validation
process, while the BASDAI cut-offs were arbitrarily chosen.86

In addition to the level of high disease activity, the rheuma-
tologist should be convinced that in a particular patient there is
a favourable benefit/risk profile before a treatment with a
bDMARD is started. In order to construct this profile intuitively,
the rheumatologist can take ‘positive factors’ such as inflamma-
tion on MRI, into consideration, but should also weigh poten-
tial contraindications such as risk for side effects, or
compliance. Ultimately, only a shared decision between patient
and rheumatologist will result in the start of a bDMARD.

The second part of recommendation 9 refers to ‘current prac-
tice’, in which it is normal to start with TNFi therapy. TNFis
registered for the indication of axSpA are (in alphabetical order)
adalimumab, certolizumab pegol, etanercept, golimumab and
infliximab. The wording for this recommendation was borrowed
from previous EULAR recommendations for RA at the time that
TNFis were already on the market for a long time; there was
extensive experience with the use of TNFi; TNFi were also used
in clinical practice in a wide variety of patients; registry data
suggested positive long-term safety.22 This is exactly how the
situation is in axSpA in 2016. For the first time, there is a differ-
ent class of bDMARDs on the market with a different mode of
action: an IL-17 pathway inhibition. Currently, only secukinu-
mab is approved, but several other agents are far in their devel-
opment. To date, only trial data on IL-17i in radiographic
axSpA are available and data in patients with non-radiographic
axSpA are still lacking. So it is obvious that the body of experi-
ence with TNFi in axSpA on efficacy, safety and variety of indi-
cations greatly outweighs that with IL-17 pathway inhibition,
both in terms of volume and time of follow-up. This is why the
task force has decided to recommend TNFi as the first
bDMARD, use the wording ‘current practice’ to justify that
choice and implicitly give endorsement to this practice.
Moreover, the use of IL-17i therapy should be avoided in
patients with active IBD, as secukinumab in comparison to
placebo was not efficacious in Crohn’s disease and resulted in
more adverse events.90 Secukinumab has proven efficacy for the
treatment of psoriasis.91 Apart from IL-17i therapy, there is no
other non-TNFi bDMARD on the market. Various IL-6is have
been tried in well-designed trials but were proven not
efficacious.

Several TNFis have been approved for axSpA. All, except
infliximab, have indications for both radiographic and non-
radiographic axSpA. Their efficacy with regard to musculoskel-
etal signs and symptoms seems very comparable, although no
head-to-head comparisons are available. However, there seems
to be a difference in efficacy with regard to extra-articular mani-
festations. Monoclonal antibodies (infliximab, adalimumab, cer-
tolizumab, golimumab) are efficacious in the treatment of IBD
and in preventing the recurrence of uveitis (no data on golimu-
mab) and, whereas etanercept has shown contradictory results
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for uveitis and no efficacy in IBD.92–101 Etanercept seems to be
less efficacious for psoriatic skin involvement than other TNFi,
although no head-to-head comparisons are available.23

In this entire document, we refer to both boDMARDs as well as
bsDMARDs when we mention TNFi therapy. The price of a
bDMARD should be taken into account when choosing a particu-
lar drug. The choice is very much dependent on local situations,
and general recommendations cannot be made, but given the
similar expected safety and efficacy with regard to alleviating mus-
culoskeletal symptoms, cost is potentially an important consider-
ation in making a choice between a boDMARD and a bsDMARD.
In many countries and regions within countries, this choice is
increasingly determined by payers based on cost considerations
rather than by individual rheumatologists and their patients.

Finally, figure 2 clarifies when and how should efficacy of
bDMARDs be evaluated and in which circumstances it is recom-
mended to continue. First, the wording has changed from ‘stop-
ping’ a bDMARD in the previous versions of the ASAS
recommendations to ‘continuation’ in the current recommenda-
tions. The response should be defined by the same outcome
used to initiate: either ASDAS or BASDAI. For ASDAS, a clinic-
ally important improvement of ≥1.1 is required, while this is
≥2.0 for BASDAI. Importantly, such an evaluation should coin-
cide with the positive opinion from the rheumatologist, who
will take all potential risks and benefits into consideration,
before deciding together with the patient whether treatment
with a bDMARD should be continued.

Recommendation 10
If TNFi therapy fails, switching to another TNFi or an anti-IL-17
therapy should be considered
With the advent of a second class of bDMARDs available, there
is a potential choice after failure of TNFi therapy. Data suggest
that a second TNFi (after failure of the first TNFi) can still be
efficacious, although the level of efficacy may be lower than
with the first TNFi.102 IL-17i therapy has proven efficacy in
patients who had failed a TNFi but this was also less than in
TNFi-naïve patients.26 27 In patients with a primary non-
response to the first TNFi, it may be more rational to switch to
another class of drugs, that is, an IL-17i. However, before doing
so, it is important to reconsider if the indication for the start of
the first TNFi was indeed correct. Rather than drug failure,
primary failure can also be the consequence of an incorrect
diagnosis, in which no clinical efficacy can be expected. The
task force was of the opinion that true primary failure is an

infrequent observation in correctly diagnosed patients with
axSpA with active disease.

Toxicity to a TNFi may also be a reason to switch directly to
an IL-17i. Data proving whether a TNFi is efficacious in patients
who have failed IL-17i therapy are still lacking. Therefore,
evidence-based guidance cannot be provided, but the task force
felt it is reasonable to assume that a TNFi in this situation
makes sense. It is important to formally investigate the efficacy
of a TNFi after failure of an IL-17i (research agenda).

Figure 3 summarises all the various phases of treatment in a
graphical representation.

Recommendation 11
If a patient is in sustained remission, tapering of a bDMARD can
be considered
This recommendation is a completely new one. Since the SLRs
in 2009 new data have become available that suggest the possi-
bility of successful tapering of bDMARDs and acceptable effi-
cacy after restart.103 104 However, complete discontinuation of
bDMARDs seems to lead to a high percentage of patients that
experience flares.105 106 Given the high costs of long-term
bDMARD use, it is considered appropriate to slowly taper
bDMARDs in patients who are in sustained remission. Although
remission is not defined here, ASDAS inactive disease is a clin-
ical remission-like definition, which could be used. Currently, it
is unclear what the definition of ‘sustained’ should be, but the
task force was of the opinion that this should be at least
6 months, possibly longer. Data should be collected that provide
insight on predictors of a flare after tapering treatment. It is, for
instance, important to know if residual inflammation on MRI
may predict a flare or if there is an association between the
length of time in remission and likelihood of flare. In principle,
tapering can be done by either dose reduction or increasing the
interval (‘spacing’). Again it is unclear if one method is better
than the other, but ‘spacing’ seems to be the most practical
approach. Although tapering can theoretically be continued
until zero (discontinuation), it is recommended to do this only
very slowly and assuring a sufficient period of time remaining in
remission after the previous step of tapering. Shared decision-
making is pivotal in tapering. This opinion was specifically
expressed by the patients since they fear that the need for cost
reduction will outweigh principles of ‘best care’ as the most
important driving factor. Needless to say that—for the quality
of life of patients with axSpA—principles of ‘best care’ and
‘shared decision-making’ should outweigh cost considerations,
but the latter remain significant.

Recommendation 12
Total hip arthroplasty should be considered in patients with
refractory pain or disability and radiographic evidence of
structural damage, independent of age; spinal corrective
osteotomy in specialised centres may be considered in patients
with severe disabling deformity
The old recommendation on surgery consisted of the above
aspects on total hip arthroplasty and corrective osteotomy, which
remained unchanged for the current recommendation. However,
a third item, referring to the consultation of a spinal surgeon in
case of an acute vertebral fracture, was deleted. It was broadly
felt that this item is already sufficiently covered by the last recom-
mendation. Hip involvement is a frequent problem in patients
with axSpA.107 In case of symptoms and a compatible radiograph
with destruction, patients at any age should be considered candi-
dates for a total hip arthroplasty. Especially in young patients,
cementless prostheses are preferred. Corrective spine osteotomy

Figure 2 ASAS-EULAR recommendations for the continuation of
bDMARDs. ASDAS, Ankylosing Spondylitis Disease Activity Score;
axSpA, axial spondyloarthritis; BASDAI, Bath Ankylosing Spondylitis
Disease Activity Index; bDMARD, biological disease modifying anti-
rheumatic drug.
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is available only in specialised centres, and patients with severe
deformities could consult a specialised spinal surgeon to discuss
risks and benefits of this procedure.108

Recommendation 13
If a significant change in the course of the disease occurs, causes
other than inflammation, such as a spinal fracture, should be
considered and appropriate evaluation, including imaging, should
be performed
The final recommendation was kept unchanged. Frequently,
axial symptoms in patients with axSpA are caused by inflamma-
tion, but other causes should always be considered. This is espe-
cially important if a patient is not responding to
pharmacological treatment and if there is a major, frequently
sudden, change in the course of the disease. In this case, a

spinal fracture should be suspected, since these are more preva-
lent than often expected.109 They may occur with neurological
symptoms but most frequently are without neurological symp-
toms and can even occur without preceding trauma. In case of
suspicion, proper imaging such as MRI and/or CT scanning
should be performed, and an experienced spinal surgeon may
need to be consulted.110

DISCUSSION
The 2010 ASAS-EULAR recommendations on the management
of AS and the 2010 ASAS recommendation on the use of TNFi
in axSpA have been updated and aggregated into one set of
management recommendations intended for patients with
axSpA. The integrated set is more ‘user friendly’ and clearer to
users than two separate sets. There are two major novelties: (1)

Figure 3 Algorithm based on the ASAS-EULAR recommendations for the management of axial spondyloarthritis. ASDAS, Ankylosing Spondylitis
Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; bDMARD, biological disease-modifying antirheumatic drug; TNFi,
tumor necrosis factor inhibitor; IL17-inhibitor, interleukin-17 inhibitor. *Either BASDAI or ASDAS, but the same outcome per patient.
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unlike the previous sets, these recommendations apply to
patients with radiographic axSpA (AS) and to all patients with
axSpA, irrespective of the presence of radiographic sacroiliitis;
(2) these recommendations include a new class of bDMARDs,
IL-17 pathway inhibiting therapy, which recently has become
available for the treatment of patients with (radiographic)
axSpA. Both aspects are integrated into figure 1 explaining
requirements to start a bDMARD. As a first step, there is
emphasis on the fact that a proper diagnosis is key, that such a
diagnosis should be made by an expert rheumatologist and that
classification criteria do not suffice to make a diagnosis. On the
contrary, a proper diagnosis of axSpA includes a credible
pattern of axSpA and exclusion of more likely diagnoses.

Thereafter, the various aspects that are mentioned in the
labelling of bDMARDs are combined. All TNFis except inflixi-
mab have been approved for the treatment of patients with AS
(radiographic sacroiliitis) and for patients with non-radiographic
axSpA. But in this latter group, the presence of an elevated CRP
or inflammation on MRI is mandatory. By combining this into
one step as a requirement in addition to a diagnosis of axSpA,
we have integrated two separate lines of drug registration
(bDMARDs for AS and bDMARDs for non-radiographic
axSpA) into one workable definition with profound predictive
validity: while increased CRP is formally not required to indi-
cate a patient with AS for a treatment with a bDMARD, ample
evidence suggests that elevated CRP (and to a lesser extent:
inflammation on MRI) predisposes to clinical efficacy, both in
radiographic and non-radiographic axSpA.

It may even be questioned if patients with radiographic sacroi-
liitis only (without syndesmophytes), normal CRP and no
inflammation on MRI are good candidates for bDMARD
therapy. Given the lack of reliability of assessing SI joints for
radiographic sacroillitis, misdiagnosis could be an important
aspect in this group of patients and more information on the
efficacy of bDMARDs in these patients is warranted.6 7

It needs to be stressed that this formulation formally does not
apply to IL-17i therapy, which has been approved for axSpA
with radiographic sacroiliitis only.26 27

Another new aspect is the use of ASDAS to assess the level of
disease activity, the response to bDMARDs and the decision on
continuation of the bDMARD. Taking several aspects as dis-
cussed into account, the ASDAS is likely to be the preferred
assessment. Although the task force has decided to include a
treat-to-target principle and has formulated one recommenda-
tion on the definition of a target, it was considered too early to
give a recommendation on the content of the target. A task
force that is updating the current treat-to-target recommenda-
tions for SpA will further work on this aspect.

Although a lot of attention is paid to the use of bDMARDs, it
is important to stress that non-pharmacological management
remains an important aspect of management in patients with
axSpA. This applies to all phases of the disease, and is irrespect-
ive of the pharmacological treatment. In addition, NSAIDs con-
tinue to be the first-line drug in axSpA.

For the first time, cost considerations received a prominent
place in the axSpA recommendations. The task force considers
this an important aspect, given the extreme drug costs for indi-
vidual patients and society, and feels a responsibility to help
minimising total health care expenditures for patients with
axSpA. However, here lies also a clear responsibility for the
pharmaceutical industry.111 But it is clearly stated in this docu-
ment that this should not go at the cost of access to ‘best pos-
sible care’. In case of similar efficacy and safety, the cheapest
treatment option can be chosen. Tapering of a bDMARD is also

recommended as an option, but again under the condition of
maximising health-related quality of life.

For an easier understanding and presentation, the recommen-
dations are presented in table 1 and figures 1–3. However, we
like to underline these cannot be read and interpreted without
the accompanying text. Furthermore, the text of the current
manuscript cannot be well understood without the accompany-
ing SLRs, which form an integrated whole (Sepriano et al,
2016, submitted for publication; Regel et al, 2016, submitted
for publication). Even the SLRs of the previous recommenda-
tions need to be consulted in order to be informed about the
complete body of evidence published in the literature.34–36 The
SLRs also give information on the quality of the publications,
for example, by presenting the risk of bias estimates.

The American College of Rheumatology (ACR) and
SpondyloArthritis Research & Treatment Network (SPARTAN)
have published recommendations for the treatment of AS and
non-radiographic axSpA in 2015.112 While these have been
developed according to the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) method-
ology, and our recommendations have applied the Oxford LoE
to assess the evidence of the literature, the overall recommenda-
tions are very similar. Differences are mainly in those areas
where strong evidence is lacking (eg, corrective osteotomy, injec-
tions with glucocortiocids). The presentation, although, is fun-
damentally different. The ACR-SPARTAN recommendations are
grouped for various stages and presentations of the disease (eg,
patients with AS with active disease, with stable disease, with
various extra-articular conditions), while the ASAS-EULAR
recommendations are more condensed and integrated. The
ACR-SPARTAN set of recommendations comprises 38 separate
recommendations and the ASAS-EULAR set comprises 13
recommendations. A few of the unique aspects of the
ASAS-EULAR recommendations are: treatment according to a
target, the explicit conditions in which a bDMARD should be
started, tapering of a bDMARD, the use of IL-17i, taking
aspects of costs into account and treating axSpA as one con-
tinuum of the disease.

The 2016 ASAS-EULAR recommendations for the manage-
ment of axSpA provide in a single set of recommendations guid-
ance for the management of patients from the whole spectrum
of the disease, including radiographic and non-radiographic
axSpA, and address the whole disease management, including
non-pharmacological and pharmacological treatment. While this
aspect can be seen as a facilitator of these recommendations, a
potential barrier is that it implies acceptance of the concept of
axSpA. There are clear signs confirming that this is the world-
spread movement, but still some challenges remain. Efforts shall
be made towards the implementation of these recommenda-
tions, namely through dissemination across national societies,
websites and presentations made in congresses, as well as in edu-
cational sessions to physicians. Both ASAS and EULAR will lead
these efforts, and support implementation efforts at a national
level, preferably involving all the stakeholders, namely patient
groups, national rheumatologist societies and policy makers.

This was the first update since 2010 and this relatively long
period could be explained by an absence of new treatment
options until recently. The next update will be undertaken when
there are sufficient new data on existing treatments or when
data on new treatment options will become available. Until
then, we hope that the current recommendations will be useful
for healthcare professionals taking care of patients with axSpA,
for patients themselves, for the pharmaceutical industry and for
payers.
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EXTENDED REPORT

Short-term changes on MRI predict long-term
changes on radiography in rheumatoid arthritis:
an analysis by an OMERACT Task Force of pooled
data from four randomised controlled trials
Charles Peterfy,1 Vibeke Strand,2 Lu Tian,3 Mikkel Østergaard,4,5 Ying Lu,3

Julie DiCarlo,1 Peter Countryman,1 Atul Deodhar,6 Robert Landewé,7,8

Veena K Ranganath,9,10 Orrin Troum,11,12 Philip G Conaghan13,14

ABSTRACT
Objective In rheumatoid arthritis (RA), MRI provides
earlier detection of structural damage than radiography
(X-ray) and more sensitive detection of intra-articular
inflammation than clinical examination. This analysis was
designed to evaluate the ability of early MRI findings to
predict subsequent structural damage by X-ray.
Methods Pooled data from four randomised controlled
trials (RCTs) involving 1022 RA hands and wrists in early
and established RA were analysed. X-rays were scored
using van der Heijde-modified or Genant-modified Sharp
methods. MRIs were scored using Outcome Measures in
Rheumatology (OMERACT) RA MRI Score (RAMRIS).
Data were analysed at the patient level using
multivariable logistic regression and receiver operating
characteristic curve analyses.
Results Progression of MRI erosion scores at Weeks 12
and 24 predicted progression of X-ray erosions at Weeks
24 and 52, with areas under the curve (AUCs) of 0.64
and 0.74, respectively. 12-week and 24-week changes
in MRI osteitis scores were similarly predictive of 24-
week and 52-week X-ray erosion progressions; pooled
AUCs were 0.78 and 0.77, respectively. MRI changes in
synovitis at Weeks 12 and 24 also predicted progression
of X-ray joint damage (erosion and joint-space
narrowing) at Weeks 24 and 52 (AUCs=0.72 and 0.65,
respectively).
Conclusions Early changes in joint damage and
inflammation detected with MRI predict changes in joint
damage evident on subsequent X-rays. These findings
support the use of MRI as a valid method for monitoring
structural damage in short-duration RCTs.

INTRODUCTION
Radiography has been the standard for assessing struc-
tural damage in rheumatoid arthritis (RA) randomised
controlled trials (RCTs) for many years. Recently,
however, discriminating differences in the rates of
progression of X-ray damage between treatment arms
has become more challenging. The most important
reason for this has been recognition that exposing
subjects with active RA to placebo for longer than
12 weeks is unethical.1 Accordingly, current US Food
and Drug Administration (FDA) guidance states that
trials of >12 weeks should include an active compara-
tor as the control or make provisions for rescue

therapy.2 This poses a major obstacle to using X-ray in
RCTs, because 24 weeks is typically necessary for
radiographic demonstration of inhibition of structural
progression, and longer treatment duration and larger
numbers are necessary to resolve differences between
active comparators. A method that more reliably
detects structural progression within a 3-month time
frame would therefore be helpful.
MRI has demonstrated criterion validity for oste-

itis and synovitis with histology and construct valid-
ity for erosions when compared with CT.3 4

Numerous studies have demonstrated MRI to be
more sensitive than X-ray in detecting joint damage
and to detect synovitis and osteitis more sensitively
than clinical examination does. Consequently, there
has been a rapid increase in the use of MRI in RA
RCTs over the past decade.4 A recent report by the
imaging subcommittee of the American College of
Rheumatology (ACR) Clinical Trials Task Force5

concluded that MRI met the Outcome Measures in
Rheumatology (OMERACT) validation filter for
‘truth, discrimination and feasibility’.6 7 It con-
cluded that ‘among all of the currently available
imaging modalities that have been validated with
supportive data, MRI best serves the purpose of
achieving sensitive ascertainment of structural
damage in RCTs while also providing objective
measures of inflammatory predictors of damage’.
The report proposed analysing recently completed
RCTs that included both MRI and X-ray assess-
ments to evaluate the predictive validity of MRI.
Accordingly, under the auspices of OMERACT, a

task force of the members of the imaging subcom-
mittee of the ACR Clinical Trials Task Force
obtained and pooled data from four RCTs that
included both serial MRIs (baseline to 12 and/or
24 weeks) and X-rays (baseline to 24 and/or
52 weeks) to evaluate the ability of MRI to predict
long-term structural damage on X-rays at the indi-
vidual patient level using a statistical meta-analysis
approach. The overall prediction performance for
the patient population was evaluated by receiver
operating characteristic (ROC) analysis.

METHODS
Data from four placebo RCTs (table 1) in patients
with active RA were included, in which 1022 hands
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and wrists had both MRI and X-ray erosion scores at baseline.
Information included RCT design, MRI protocols and baseline
MRI and X-ray scores. Individual patient identification, study
identification and treatment assignments remained blinded. To
maintain confidentiality, the RCTs are referred to as Trials A–D.
Measurement schedules are summarised in table 1. Additional
methodological details are provided in the online
supplementary material. Multivariable logistic regression ana-
lysis coupled with a non-parametric spline method was per-
formed to assess the ability of
1. baseline MRI erosion scores and changes from baseline to

Weeks 12 or 24 to predict X-ray progression (increase >0.5
in X-ray erosion scores from baseline to Weeks 24 or 52),

2. baseline MRI osteitis scores and changes from baseline to
Weeks 12 or 24 to predict X-ray progression (increase >0.5
in X-ray erosion scores from baseline to Weeks 24 or 52),

3. Baseline MRI synovitis scores and changes from baseline to
Weeks 12 or 24 to predict X-ray progression (increases >0.5
in X-ray total modified Sharp scores from baseline to Weeks
24 or 52).
Specifically, the regression included three dummy variables

indicating the four studies and five basis functions,
MRI0; DMRI; D2

MRI; (DMRI � 0:5)þ; (DMRI)þ and (DMRI þ 0:5)þ,
as independent variables, where MRI0 and ΔMRI were the base-
line MRI measure and short-term change in MRI measure
(erosion, osteitis or synovitis score), respectively, and x+ repre-
sented the positive part of x. The dummy variables representing
four RCTs accounted for different progression rates among
patients enrolled in each trial. The association between baseline
and short-term changes in MRI and longer-term X-ray progres-
sion was characterised by the estimated linear combination of
the aforementioned basis functions. The ROC curves of the
estimated linear combination and area under the curve (AUC)
measurements were derived to determine the discriminative

power of early changes in MRI endpoints for detecting subse-
quent structural progression by X-ray (AUC 0.5–0.7=poor,
0.7–0.8=acceptable, 0.8–0.9=excellent, >0.9=outstanding dis-
crimination5). All statistical analyses were performed using
R-3.2.2 (The R foundation of Statistical Computing).

RESULTS
Table 2 shows baseline X-ray and MRI scores of included
patients from the four trials. The association between 12-week
change in MRI erosion score and 24-week change in X-ray
erosion score was examined in Trials A, B and C; Week 12 MRI
data were not available for Trial D. After excluding patients
with missing information, the proportions of patients with
X-ray erosion progression >0.5 Sharp units at Week 24 in Trials
A, B, C and the pooled cohort were 5.7% (10/166), 7.5% (69/
855), 4.0% (22/534) and 6.1% (101/1555), respectively. ROC
curve analysis of the prediction of X-ray progression at Week 24
based on a logistic regression model of baseline MRI erosion
score and 12-week MRI progression in erosion score showed an
AUC of 0.64 (95% CIs 0.54 to 0.75) (figure 1). Since we were
interested in the predictive value of MRI beyond that due to
varying progression rates across trials, we also performed a
logistic regression with trial indicators as the only independent
variables, and the AUC for this was only 0.51 (95% CI 0.41 to
0.62). Adjusted for trial indicators, the predictiveness of
12-week MRI changes combined with baseline MRI erosion
scores was statistically significantly greater than that using the
trial indicator alone (p=0.031). The results by trial are shown
in table 3.

The association between 24-week change in MRI erosion
score and 52-week change in X-ray erosion score was exam-
ined using data from Trials B, C and D, as Trial A did not
include Week 52 X-ray data (table 1). The proportions of
patients with X-ray erosion progression at Week 52 were 9.0%
(79/799), 4.3% (22/494), 7.8% (31/364) and 7.4% (132/
1657) in Trials B, C, D and the pooled cohort, respectively.
The AUC for predicting X-ray erosion progression at Week 52
based on MRI erosion scores at baseline and change at Week
24 was 0.74 (95% CI 0.66 to 0.82) (figure 1), which is con-
sidered acceptable.5 If the logistic regression model considered
only the trial as a variable, the AUC was poor (0.55; 95% CI
0.48 to 0.62). Adjusted for the trials, the predictiveness of
24-week change combined with baseline MRI erosion scores
was highly statistically significantly greater than that using the
trial indicator alone (p<0.001). The results by trial are shown
in table 3.

Table 1 Imaging schedule for included trials

Trial Baseline Week 12 Week 24 Week 52
Rescue treatment
information

A MRI, X-ray MRI MRI, X-ray N/A Available

B MRI, X-ray MRI MRI, X-ray MRI, X-ray N/A

C MRI, X-ray MRI MRI, X-ray MRI, X-ray N/A

D MRI, X-ray N/A MRI*, X-ray X-ray Available

*Only erosion scores available.
N/A, not available.

Table 2 Baseline X-ray and MRI scores

Trial
X-ray
Erosion

X-ray
Total

MRI
Erosion

MRI
Osteitis

MRI
Synovitis

A
(n=185)

3.25 (3.68),
2.00 (0.75, 4.00)

5.36 (6.52),
3.00 (1.00, 7.00)

13.63 (12.44),
10.00 (4.50, 20.00)

7.23 (8.06),
4.50 (1.00, 10.50)

7.82 (4.60),
7.00 (4.50, 11.00)

B
(n=1272)

3.50 (6.29),
1.00 (0.50, 3.50)

6.52 (12.40),
1.50 (0.50, 6.00)

22.17 (22.96),
14.50 (10.50, 23.50)

10.02 (11.21),
6.00 (2.50, 13.50)

10.14 (6.80),
9.00 (5.00, 13.50)

C
(n=888)

5.44 (8.97),
1.50 (0.00, 7.00)

12.06 (18.07),
3.00 (0.50, 16.50)

23.50 (24.71),
14.75 (6.88, 30.12)

4.98 (7.54),
2.00 (0.00, 6.63)

7.15 (5.26),
6.50 (3.50, 9.50)

D
(n=450)

5.90 (7.07),
3.50 (1.00, 8.50)

12.42 (15.19),
6.50 (1.50, 18.50)

18.72 (18.17),
12.50 (5.25, 26.31)

N/A N/A

Pooled
(n=2795)

4.47 (7.17),
1.50 (0.50, 3.25)

9.05 (14.62),
2.50 (0.50, 11.00)

19.42 (20.03),
13.12 (6.50, 25.00)

7.76 (9.59),
4.25 (1.00, 11.00)

8.59 (5.92),
7.50 (4.50, 11.50)

Values are mean (SD), median (upper, lower quartiles).
n, all hands, including those with missing measurements at baseline or follow-up; N/A, not available.
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Figure 1 Receiver operating characteristic curves for predicting 24-week (A, C and E) and 52-week (B, D and F) changes in X-ray erosion (A–D) or
total modified Sharp (E and F) scores using 12-week (A, C and E) or 24-week (B, D and F) MRI changes in erosion (A and B), osteitis (C and D) and
synovitis (E and F) scores based on pooled trial data. Red line: only trial information; black line: trial and MRI information (baseline scores and
12-week or 24-week change scores); grey line: theoretical absence of discrimination.
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The association between 12-week change in MRI osteitis
score and 24-week change in X-ray erosion score was exam-
ined in Trials A, B and C; Trial D did not include osteitis
scores. ROC analysis of the prediction of X-ray erosion pro-
gression at Week 24 based on 12-week MRI progression in
osteitis showed a near excellent AUC of 0.78 (95% CI 0.70 to
0.86) (figure 1). As a reference, if only trial indicators were
included as the predictors, the AUC of the logistic regression
was very poor (0.51; 95% CI 0.41 to 0.62) suggesting that
trial indicators alone are not predictive of X-ray erosion pro-
gression. Adjusted for the trials, the predictiveness of 12-week
change and baseline MRI osteitis scores was highly statistically
significantly greater than that using the trial indicator alone
(p<0.001). The association between 24-week change in MRI
osteitis score and 52-week change in X-ray erosion score was
examined in Trials B and C; Trial A lacked Week 52 X-ray
data and Trial D lacked osteitis scores. The AUC for predicting
X-ray erosion progression based on MRI osteitis scores at
baseline and change at Week 24 was also near excellent (0.77;
95% CI0 .66 to 0.88) (figure 1) and again significantly greater
(p<0.001) than that observed if only the trial indicator
was considered in the regression model (0.57; 95% CI 0.47
to 0.67).

The association between 12-week change in MRI synovitis
score and 24-week change in X-ray total modified Sharp score
was examined in Trials A, B and C, as Trial D did not include
synovitis scores. At Week 24, 9.7% (17/159), 9.7% (90/834),
8.6% (48/508) and 9.4% (155/1501) of hands demonstrated
X-ray progression in Trials A, B, C and the combined cohort,
respectively. The AUC for predicting X-ray progression by MRI
was acceptable (0.72; 95% CI 0.64 to 0.81) (figure 1) and sig-
nificantly greater (p<0.001) than that observed if only the trial
was considered (0.55; 95% CI 0.47 to 0.63).

The association between 24-week change in MRI synovitis
score and 52-week change in X-ray total modified Sharp score
was examined in Trials B and C; Trial A did not include Week
52 X-ray data and Trial D did not include synovitis scores. At
Week 52, 12.0% (105/773), 9.7% (50/466) and 11.1% (155/
1239) of hands demonstrated X-ray progression in Trials B, C
and the pooled cohort, respectively. The AUC of the ROC curve
of MRI scores at baseline, Week 24 MRI changes and trial data
predicting X-ray progression at 52 weeks was 0.65 (95% CI
0.55 to 0.75) (figure 1), compared with 0.51 (95% CI 0.42 to
0.59, p=0.063) if only the trial was considered in the regression
model.

DISCUSSION
This analysis shows that changes in joint damage and inflamma-
tion detected with MRI as early as 12 weeks predict changes in
joint damage evident on subsequent X-rays. The current analysis
of pooled data from four RCTs that included both MRI and
X-ray demonstrated that progression of MRI erosion scores at
Weeks 12 and 24 predict progression of X-ray erosions at Weeks
24 and 52. Twelve-week and 24-week changes in MRI osteitis
scores and synovitis scores were similarly predictive of 24-week
and 52-week X-ray erosion progressions. These findings corrob-
orate those of Baker et al8 who further showed that MRI could
allow a large reduction in the number of patients needed to
assess structural damage in RA RCTs relative to that required
with X-ray.9

MRI has been used in 13 multicentre, placebo RCTs reported
until now,10–22 involving 10 different biological therapies. Nine
RCTs11 13–18 21 22 included follow-up intervals ≤12–16 weeks,
and in seven of the nine, MRI demonstrated statistically signifi-
cant inhibition of progression of bone erosions with active treat-
ment compared with placebo within that time frame14 15 17 18

or showed a lack of inhibition consistent with later X-ray data
within the trial16 22 or in subsequent trials.23 Two of the nine
RCTs were underpowered, but did show numerical suppression
of erosion progression on early MRI (one RCT included only
20–21 patients per arm, and in contrast to the other RCTs, used
only a single reader;13 the second RCT included 28–35 patients
per arm and showed numerical suppression of MRI erosion rela-
tive to placebo at 4 and 12 weeks and statistically significant
suppression by 24 weeks).21

Two of the nine RCTs discussed above17 21 and an active-
comparator trial24 included MRI follow-up intervals of 4 weeks
or less. Two of these trials demonstrated statistically significant
suppression of synovitis and osteitis with MRI after only
2 weeks of active therapy, using 30–3224 and 30–3117 patients
per arm, respectively. Both trials also showed inhibition of
erosion with MRI at later time points. The third study21 was
underpowered for RA MRI Score(RAMRIS), as noted above,
but showed numerical decreases in osteitis, synovitis as well as
in erosion progression with treatment compared with placebo at
4 weeks.

There were a number of limitations to this analysis. Some
trial data sets could not be included because they did not have
earlier MRI followed by later X-ray outcomes. Of the three
studies referred to above with MRI follow-up intervals
<12 weeks, one17 did not include X-ray and the other24 used

Table 3 AUC (95% CI) values based on ROC curve analysis for individual trials

Trial A Trial B Trial C Trial D

12-week MRI erosion versus 24-week X-ray erosion 0.60 (0.44 to 0.77)
n=169 hands

0.67 (0.46 to 0.88)
n=218 hands

0.65 (0.51 to 0.78)
n=153 hands

N/A

24-week MRI erosion versus 52-week X-ray erosion 0.77 (0.62 to 0.93)
n=208 hands

N/A 0.70 (0.44 to 0.95)
n=148 hands

0.73 (0.62 to 0.85)
n=387 hands

12-week MRI osteitis versus 24-week X-ray erosion 0.78 (0.63 to 0.93)
n=169 hands

0.82 (0.71 to 0.94)
n=218 hands

0.51 (0.24 to 0.78)
n=153 hands

N/A

24-week MRI osteitis versus 52-week X-ray erosion N/A 0.77 (0.64 to 0.90)
n=208 hands

0.67 (0.38 to 0.96)
n=148 hands

N/A

12-week MRI synovitis versus 24-week X-ray total 0.70 (0.56 to 0.84)
n=169 hands

0.69 (0.54 to 0.84)
n=218 hands

0.76 (0.65 to 0.88)
n=153 hands

N/A

24-week MRI synovitis versus 52-week X-ray total N/A 0.66 (0.52 to 0.80)
n=208 hands

0.65 (0.50 to 0.79)
n=148 hands

N/A

AUC, area under the curve; N/A, not available; ROC, receiver operating characteristic.
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0.2T rather than 1.5T MRI, so we were unable to examine
whether very early MRI inflammation measures would be pre-
dictive of X-ray structural outcomes. Another limitation was
that all but one of the four data sets rescued placebo patients
with active therapy by 24 weeks, confounding analyses based on
X-ray data over longer time intervals. This is, however, an issue
for all modern RCTs given current restrictions on the duration
of placebo treatment. If by 24 weeks the most rapidly progres-
sing patients in the placebo arm of a trial have received rescue
treatment, X-rays acquired at 24 weeks will underestimate the
true placebo progression rate and thus the effect size of treat-
ment. This limitation highlights why a method, such as MRI,
that is sensitive enough to discriminate treatment effect within
only 12 weeks, that is, before rescue treatment, is needed.
Similarly, in this analysis, 24-week X-rays of patients rescued
prior to 24 weeks will categorise some 12-week MRI progres-
sors incorrectly as false positives and artificially reduce the
AUC. Which patients received rescue therapy was known in two
of the four RCTs analysed. However, removing these patients
from analysis in one trial (A) did not significantly change the
results (data not shown).

While the non-parametric spline fitting method used in this
analysis is a flexible non-parametric approach, the resulting
model may not have been optimal, and higher AUCs for the
MRI measures could potentially have been attained by includ-
ing, for example, additional information about the individual
patients and more flexible basis functions of the MRI measures.
Nevertheless, the estimated predictive value of MRI measures
summarised by the AUCs of the ROC curves offers a conserva-
tive estimate of the true predictive value.

Lastly, we did not have access to MRI cartilage loss or MRI
joint-space narrowing scores for any of the trials included in this
analysis. However, the validity of assessing cartilage loss and
joint-space narrowing with MRI has been well documented,25–28

and six RA RCTs have included MRI scoring of cartilage
loss14 17 18 22 26 or joint-space narrowing;20 all have demon-
strated good responsiveness.

In summary, on the basis of this analysis and previous studies,
we conclude that MRI can detect progression of structural
damage in RA RCTs as soon as 3 months and discriminate inhib-
ition of progression of joint damage within this time frame in
placebo-controlled trials with approximately 30–70 patients per
treatment arm. We therefore recommend MRI as an imaging
modality to assess inflammation and joint damage in short-
duration RCTs in RA to reduce the number of patients and trial
duration required to demonstrate inhibition of structural
damage.
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EXTENDED REPORT

Filgotinib (GLPG0634/GS-6034), an oral JAK1
selective inhibitor, is effective in combination
with methotrexate (MTX) in patients with active
rheumatoid arthritis and insufficient response
to MTX: results from a randomised, dose-finding
study (DARWIN 1)
R Westhovens,1,2 P C Taylor,3 R Alten,4 D Pavlova,5 F Enríquez-Sosa,6 M Mazur,7

M Greenwald,8 A Van der Aa,9 F Vanhoutte,9 C Tasset,9 P Harrison9

ABSTRACT
Objectives To evaluate the efficacy and safety of
different doses and regimens of filgotinib, an oral Janus
kinase 1 inhibitor, as add-on treatment to methotrexate
(MTX) in patients with active rheumatoid arthritis (RA)
and inadequate response to MTX.
Methods In this 24-week phase IIb study, patients
with moderate-to-severe active RA receiving a stable
dose of MTX were randomised (1:1:1:1:1:1:1) to receive
placebo or 50, 100 or 200 mg filgotinib, administered
once daily or twice daily. Primary end point was the
percentage of patients achieving a week 12 American
College of Rheumatology (ACR)20 response.
Results Overall, 594 patients were randomised and
treated. At week 12, significantly more patients receiving
filgotinib 100 mg once daily or 200 mg daily (both
regimens) achieved an ACR20 response versus placebo.
For other key end points at week 12 (ACR50, ACR-N,
Disease Activity Score based on 28 joints and C reactive
protein value, Clinical Disease Activity Index, Simplified
Disease Activity Index and Health Assessment
Questionnaire-Disability Index), differences in favour of
100 or 200 mg filgotinib daily were seen versus
placebo; responses were maintained or improved
through to week 24. Rapid onset of action and dose-
dependent responses were observed for most efficacy
end points and were associated with an increased
haemoglobin concentration. No significant differences
between once-daily and twice-daily regimens were seen.
Treatment-emergent adverse event rates were similar in
placebo and filgotinib groups. Serious infections occurred
in one and five patients in the placebo and filgotinib
groups, respectively. No tuberculosis or opportunistic
infections were reported.
Conclusions Filgotinib as add-on to MTX improved the
signs and symptoms of active RA over 24 weeks and
was associated with a rapid onset of action. Filgotinib
was generally well tolerated.
Trial registration number: NCT01888874.

INTRODUCTION
Current rheumatoid arthritis (RA) guidelines advise
treat-to-target strategies, with a focus on patient
involvement in treatment decisions.1 2 With the

emergence of novel and effective therapeutic agents
for the treatment of RA, patients and physicians are
able to consider factors alongside efficacy and
safety, including the rapidity with which agents
reduce pain and inflammation and the convenience
of administration. Since conventional disease-
modifying antirheumatic drugs (cDMARDs) are
often slow acting, and biological DMARDs
(bDMARDs) are limited to intravenous or subcuta-
neous use, and also have the potential for immuno-
genicity (responsible both for immune-related side
effects and loss of efficacy),3 there remains a need
for novel, rapidly acting agents that can be orally
administered.4 5 In addition to improved conveni-
ence for patients, such agents may reduce the need
for glucocorticoid-bridging therapy.
The Janus kinase ( JAK) receptor JAK1 is im-

plicated in the RA disease process through its
role in cytokine signalling. For example, the pro-
inflammatory cytokine interleukin-6, which is
known to play a major role in RA pathogenesis, acts
through a JAK1/JAK2 heterodimer-mediated signal-
ling cascade.6 7 By contrast, other signal transduc-
tion pathways can function independently of JAK1,
such as erythropoietin signalling in erythrocyte pre-
cursors, which exclusively uses a JAK2 homodimer.
JAK inhibitors are low-molecular-weight products
that can be administered orally. The pan-JAK inhibi-
tor tofacitinib has been approved by the US Food
and Drug Administration for use in patients with
moderately to severely active RA as a second-line
agent after methotrexate (MTX), and other JAK
inhibitors are in development.8 9 Filgotinib
(GLPG0634/GS-6034) is a potent and selective
inhibitor of JAK1,10–12 currently under investigation
for the treatment of RA and inflammatory bowel
disease. Pharmacokinetic–pharmacodynamic studies
of filgotinib and its active metabolite indicate that
both moieties contribute to pharmacodynamic
effects, resulting in a relatively long duration of
JAK1 inhibition,13 suggesting that filgotinib has the
potential to be active not only in twice-daily dosing
but also in a once-daily regimen. The efficacy and
safety of filgotinib in patients with RA has previ-
ously been investigated in two 4-week phase IIa
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studies;14–16 results from these studies informed the design of
this phase IIb dose-finding study.

DARWIN 1 was designed to evaluate the efficacy and safety
of different doses of filgotinib, administered as once-daily or
twice-daily regimens, as add-on treatment to MTX, in patients
with moderate-to-severe active RA and an inadequate response
to MTX.

METHODS
Study design and treatments
This was a 24-week, multicentre, randomised, double-blind,
placebo-controlled, phase IIb, dose-finding study of oral filgoti-
nib, administered as add-on treatment to patients’ stable dose of
MTX (ClinicalTrials.gov identifier: NCT01888874). The study
was conducted at 106 centres in 21 countries in four predefined
geographical regions.

Eligible patients were randomly assigned to treatment using
a computerised IXRS system (S-Clinica, 6, Chaussée de
Boondael, 1050 Brussels, Belgium) to receive placebo twice-
daily or three daily dose levels of filgotinib—50, 100 or 200 mg
—administered twice daily or once daily, in a 1:1:1:1:1:1:1
ratio, stratified by geographical region and previous use of
bDMARDs. At each study visit, numbered kits containing study
medication were dispensed via the IXRS system. Patients, inves-
tigators, study coordinators, the sponsor and study team were
blinded to treatment assignment. At week 12, patients on
placebo who had not achieved a 20% improvement in swollen
joint count based on 66 joints (SJC66) and tender joint count
based on 68 joints (TJC68) were reassigned to receive filgotinib
100 mg once daily or 50 mg twice daily; patients who had not
achieved this target who were receiving filgotinib 50 mg once
daily were reassigned to receive filgotinib 100 mg once daily,
and patients on filgotinib 25 mg twice daily received filgotinib
50 mg twice daily, continuing on their new dose until week 24.

Patients
Enrolled patients were ≥18 years of age with a diagnosis of RA
for ≥6 months prior to screening, met the 2010 American
College of Rheumatology (ACR)/European League Against
Rheumatism (EULAR) criteria for RA and ACR functional class
I–III, had ≥6/66 SJC and ≥8/68 TJC, a screening serum C react-
ive protein (CRP) ≥0.7×upper limit of laboratory normal range
(ULN) (changed from ≥1.5×ULN in May 2014 to facilitate
recruitment), had been receiving MTX for ≥6 months and on a
stable dose (15–25 mg/week, oral or parenteral) 4 weeks prior
to screening, and if receiving oral glucocorticoids (≤10 mg/day)
or non-steroidal anti-inflammatory drugs were on a stable dose
for ≥4 and ≥2 weeks, respectively, prior to baseline. Females of
childbearing potential were required to be using a medically
acceptable means of contraception. Details of laboratory-defined
inclusion criteria are listed in the online supplementary
materials.

Patients were excluded if they were receiving current therapy
with any DMARD other than MTX, or if they were receiving
or had previous RA treatment with a bDMARD. The only
exception to this was if a biological agent had been received in a
single clinical study >6 months prior to enrolment and if the
drug was effective. Patients were also excluded if they had ever
used a JAK inhibitor, a cytotoxic agent other than MTX or had
received intra-articular or parenteral glucocorticoids within
four weeks of screening. Further details of the exclusion criteria,
including a list of infections that precluded enrolment in the
study, are listed in the online supplementary materials.

Outcomes and assessments
Efficacy assessments were performed at screening ( joint counts
and Patient’s Global Assessment of Disease Activity only), base-
line and at weeks 1, 2, 4, 8, 12, 16, 20 and 24. The primary
efficacy end point was the percentage of patients achieving an
ACR20 response at week 12. Key secondary end points were
the percentages of patients achieving ACR20, ACR50, ACR70
and ACR-N responses, Disease Activity Score based on 28 joints
and CRP value (DAS28 (CRP), including remission and low-
disease activity (LDA)/remission), EULAR response and ACR/
EULAR remission, Clinical Disease Activity Index (CDAI) and
Simplified Disease Activity Index (SDAI) at every visit from
baseline to week 24. Health-related quality of life (HRQoL)
was evaluated to week 24 using the Health Assessment
Questionnaire-Disability Index (HAQ-DI).

Safety variables included adverse events (AEs) throughout the
study period; vital signs (at each visit); physical examinations (at
screening, baseline, week 12 and week 24); and 12-lead ECG
(at screening, week 12 and week 24). Haematology and clinical
chemistry laboratory assessments were performed at each visit.
The National Institute of Health Common Terminology Criteria
for Adverse Events (CTCAE) V.3.0 was used to describe labora-
tory changes during the study.

Sample sizes and statistical analyses
All randomised patients who received at least one dose of study
drug were included in the intent-to-treat (ITT) and safety popu-
lations. Patients who discontinued the study prior to week 12
were treated as non-responders for the primary analysis, and
those who switched treatments at week 12 were handled as dis-
continuations and data were imputed from week 12 onwards.

Efficacy data were analysed using non-responder imputation
(NRI) for the ITT population and confirmed using last observa-
tion carried forward (LOCF) and observed case imputations in
the ITT population; NRI and LOCF imputations were used for
efficacy data in the per-protocol population.

The primary analysis was conducted using a logistic regression
model including treatment, geographical region and previous
use of bDMARDs as covariates. Continuous parameters were
analysed using analysis of covariance. Time-to-first response
(ACR20/50/70) was analysed using Kaplan-Meier survival tech-
niques, with treatment groups compared with placebo using a
Cox proportional hazard regression model. Treatment versus
placebo comparisons were carried out for each dose group
versus placebo using Hommel’s closed-testing correction pro-
cedure to adjust for multiplicity. Differences between the once-
daily and twice-daily regimens were analysed exploratively.

A sample size of n=85 per study group (N=595) was esti-
mated to provide 90% power to detect minimum 28–30% treat-
ment difference versus placebo, assuming a 20–40% placebo
ACR20 response at week 12.

RESULTS
The study was initiated in July 2013 and completed in May
2015. Of the 1255 patients screened, 599 were randomised and
594 received at least one dose of study drug and were included in
the ITT and safety populations. At week 12, 66 non-responders
were re-randomised to 100 mg daily dose of filgotinib (figure 1).
The overall treatment discontinuation rate was low (n=61,
10.3%), and there was no significant difference in the number of
patients who discontinued between the filgotinib and placebo
groups. In addition, dropout rates did not increase with increas-
ing doses of filgotinib or over time (weeks 0–12 vs weeks 12–24).
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Baseline patient demographics and disease characteristics were
well balanced (table 1), apart from a trend towards (non-
significant, p=0.0555) lower mean CRP in the placebo group.

Efficacy
Primary efficacy analysis
The primary end point of the study was met: at week 12, statis-
tically significantly more patients achieved an ACR20 response
compared with placebo (44% (38/86)) in the filgotinib 100 mg
once-daily (64% (54/85), p=0.0435), 200 mg once-daily (69%
(59/86), p=0.0068) and 100 mg twice-daily (79% (66/84),
p<0.0001) dose groups (figure 2A). Raw ACR20 data for each
time point are presented in online supplementary table S1.

Secondary efficacy analyses
A dose–response was observed for all three ACR parameters
(ACR20, ACR50 and ACR70; figure 2), and no statistically sig-
nificant difference was found between the filgotinib once-daily
and twice-daily regimens. An early onset of response was
observed for ACR20 (from week 2 in the filgotinib 200 mg
once-daily and 100 mg twice-daily dose groups (figure 2A)) and
ACR50 (from week 2 in the filgotinib 100 mg once-daily and
100 mg twice-daily dose groups (figure 2B)).

At week 24, the percentage of patients meeting ACR20
response criteria was also significantly higher compared with
placebo in the 100 mg once-daily, 200 mg once-daily, 50 mg
twice-daily and 100 mg twice-daily dose groups (A). An increase
in the ACR20 response over time was observed that appeared to
plateau at week 8 in the majority of filgotinib treatment groups
and was maintained up to week 24. The percentage of ACR50
responders was statistically significantly higher compared with
placebo across all filgotinib dose groups and regimens at weeks
12; this response was maintained or improved to week 24
(figure 2B) and 100 mg twice-daily dose groups compared with
placebo at week 12; this response was improved or maintained
at week 24, such that a significant response was observed across
all filgotinib dose groups and regimens at week 24 (figure 2C).

Statistically significant improvements compared with placebo
were observed after 1 week of treatment in the filgotinib 200 mg
daily dose group for some components of the ACR index (TJC and
serum CRP) (data not shown). ACR20/50/70 responses improved
up to week 24 in non-responders who switched to 100 mg daily fil-
gotinib at week 12 (see online supplementary table S2).

At both weeks 12 and 24, disease activity (CDAI) had
decreased to a significant extent versus placebo in all dose
groups, with the exception of the lowest dose of filgotinib at
week 12. An effect was observed early, with significant reductions
versus placebo noted by week 2 in the 100 mg once-daily and
100 mg twice-daily dose groups (figure 2D). Similarly, at both
weeks 12 and 24, the mean decrease in DAS28 (CRP) was statis-
tically significantly greater across all filgotinib dose groups and
regimens compared with placebo (figure 2E). An early onset of
effect was observed in DAS28 (CRP) (from week 1 in the 100 mg
once-daily, 200 mg once-daily and 100 mg twice-daily dose
groups) (figure 2E). Both indices of disease activity showed a
dose–response relationship and no statistical differences were
noted between the once-daily and twice-daily regimens. For
HAQ-DI, significant improvements versus placebo were noted as
early as week 2 for filgotinib 200 mg daily. By week 12, these
improvements were also noted in the 100 mg once-daily group,
and by week 24, significant improvements compared with
placebo were observed across all filgotinib groups (figure 2F).
Raw data for each of the secondary efficacy end points illustrated
in figure 2 are presented in online supplementary table S1.

As detailed in table 2, a dose–response relationship was
observed for all other efficacy variables. There were too few
patients in each dose group who had previously received and
responded to a biological agent to make valid comparisons of
the efficacy of filgotinib in this patient population versus
patients who were naive to biological treatments.

Safety
Adverse events
Treatment-emergent adverse events (TEAEs) were reported at
similar frequencies across all dose groups and treatment

Figure 1 Patient disposition. Patients were randomised across 106 sites in 21 countries (Argentina, Australia, Belgium, Bulgaria, Chile, Columbia,
Czech Republic, France, Germany, Guatemala, Hungary, Israel, Latvia, Mexico, Moldova, New Zealand, Poland, Russian Federation, Spain, Ukraine
and the USA). b.i.d., twice daily; q.d., once daily.
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regimens (table 3). Fifteen patients had ≥1 serious TEAE
(table 3), and of these, one patient (in the filgotinib 100 mg
twice-daily group) died due to pneumonia and septic shock; this
was the only death in the study and was considered by the inves-
tigator as possibly treatment related. Two patients had serious
cardiovascular events: one patient (with a history of myocardial
infarction and cardiac failure) experienced unstable angina and
subsequent myocardial infarction and one patient experienced
an ischaemic cerebral infarction; these events were not consid-
ered to be treatment related. Serious TE infections were
reported in one patient receiving placebo and five patients
receiving filgotinib (see table 3 for details). TEAEs considered
related to study treatment occurred more frequently in the filgo-
tinib groups (20.9%) compared with placebo (10.7%). Few
patients in any group discontinued due to TEAE (table 3); infec-
tions led to discontinuation in one patient receiving placebo and
five patients receiving filgotinib. Herpes zoster infections were
observed in five patients, one receiving placebo and four receiv-
ing filgotinib; all of these cases resolved without complications.
No cases of tuberculosis (TB), opportunistic infections, lymph-
oma or cancer were reported throughout the study.

Haematology
Data for haematology parameters are presented in online
supplementary table S3. Up to week 12, dose-dependent
increases were observed in mean haemoglobin concentrations
in all filgotinib groups, but appeared to plateau thereafter
(figure 3A). Overall, no decreases in mean absolute lymphocyte

counts were observed, although there were individual fluctua-
tions. Dose-dependent decreases in neutrophil counts were seen
in all filgotinib groups (figure 3B). These stabilised at week 4,
with the exception of the filgotinib 100 mg twice-daily group,
in which a further decrease was seen from weeks 16 to 24.
Non-responders who switched to filgotinib 100 mg also experi-
enced a reduction in mean neutrophil count from week 12 (data
not shown). Dose-dependent decreases in mean absolute platelet
count were observed in the filgotinib treatment groups up to
week 4, following which counts appeared to plateau, with some
fluctuations (figure 3C). There were no dose-dependent changes
in mean natural killer (NK) cell counts over time. The number
of CTCAE grade 3 or 4 laboratory abnormalities was low, and
in most cases did not lead to study discontinuation (table 3).

Clinical chemistry
Up to week 4, dose-dependent increases in mean creatinine con-
centrations in filgotinib groups were observed, which plateaued
in most treatment groups thereafter (data not shown). A mean
increase of 6.1 mmol/L (11.5%) from baseline value of
58.9 mmol/L was observed in the filgotinib 100 mg twice-daily
group. No CTCAE grade 3 or grade 4 abnormally high alanine
transaminase (ALT) values were observed. One patient in the fil-
gotinib 100 mg once-daily group had a CTCAE grade 3 aspar-
tate transaminase (AST) value (table 3), not considered to be
related to study medication; this subject had AST grade 2 abnor-
mality at baseline and discontinued the study. Up to week 4,
dose-dependent increases in both high-density lipoprotein

Table 1 Baseline patient demographics, disease characteristics and treatment history (safety population)

Filgotinib once-daily dose groups Filgotinib twice-daily dose groups

Placebo
(N=86)

50 mg
(N=82)

100 mg
(N=85)

200 mg
(N=86)

2×25 mg
(N=86)

2×50 mg
(N=85)

2×100 mg
(N=84)

Patient demographics

Age, mean (SE), years 52 (1.4) 53 (1.5) 52 (1.4) 55 (1.3) 52 (1.4) 55 (1.3) 54 (1.3)

Female, n (%) 70 (81.4) 69 (84.1) 65 (76.5) 74 (86.0) 68 (79.1) 65 (76.5) 70 (83.3)

Disease characteristics

Duration of RA, mean (SE), years 8 (0.8) 7 (0.6) 8 (0.7) 9 (0.9) 9 (0.8) 8 (0.7) 10 (1.0)

Anti-CCP positive, n (%) 72 (83.7) 64 (78.0) 60 (70.6) 69 (80.2) 70 (82.4) 70 (82.4) 68 (81.0)

RF positive, n (%) 65 (76.5) 64 (78.0) 57 (67.1) 65 (75.6) 66 (76.7) 64 (75.3) 65 (77.4)

DAS28 (CRP), mean (SE) 5.98 (0.088) 6.08 (0.093) 6.14 (0.091) 6.22 (0.088) 6.05 (0.086) 6.10 (0.098) 6.14 (0.090)

CDAI, mean (SE) 42 (1.2) 41 (1.2) 43 (1.3) 43 (1.3) 41 (1.2) 42 (1.3) 42 (1.2)

SDAI, mean (SE) 44 (1.3) 44 (1.3) 45 (1.4) 46 (1.3) 44 (1.3) 45 (1.4) 45 (1.3)

ACR components

CRP, mean (SE), mg/L 16.25 (1.567) 27.71 (3.235) 24.54 (2.849) 27.10 (2.780) 26.01 (3.142) 24.60 (2.627) 26.86 (2.729)

TJC68, mean (SE) 24.98 (1.345) 24.91 (1.499) 25.32 (1.490) 28.84 (1.650) 25.43 (1.420) 27.16 (1.546) 25.95 (1.525)

SJC66, mean (SE) 16.13 (0.8990) 17.02 (1.116) 16.31 (0.9387) 17.36 (0.958) 15.66 (0.8839) 17.53 (1.124) 16.36 (0.9372)

HAQ-DI total score, mean (SE) 1.692 (0.0576) 1.705 (0.0690) 1.700 (0.0687) 1.764 (0.0606) 1.696 (0.0515) 1.779 (0.0611) 1.775 (0.0707)

Patient’s global assessment, mean (SE) 64.2 (1.96) 68.2 (2.23) 67.6 (2.09) 68.7 (2.09) 64.3 (1.95) 65.7 (1.92) 66.6 (2.20)

Investigator‘s global assessment, mean (SE) 66.5 (1.62) 66.2 (1.55) 66.4 (1.67) 65.8 (1.79) 63.4 (1.59) 66.6 (1.71) 64.6 (1.72)

Patient’s pain (VAS), mean (SE) 65.7 (2.16) 66.9 (2.20) 65.4 (2.41) 67.0 (2.16) 65.7 (2.23) 67.8 (2.12) 67.2 (2.19)

Treatments

Methotrexate dose, mean (SE), mg/week 16.5 (0.46) 16.4 (0.45) 16.6 (0.44) 17.3 (0.47) 17.5 (0.53) 16.7 (0.45) 17.3 (0.43)

Methotrexate duration, mean (SE), years 5 (0.4) 5 (0.5) 6 (0.6) 5 (0.6) 5 (0.6) 5 (0.6) 4 (0.5)

Corticosteroids, n (%) 50 (58.1) 48 (58.5) 47 (55.3) 49 (57.0) 51 (59.3) 57 (67.1) 50 (59.5)

Previous bDMARDs, n (%) 8 (9.3) 6 (7.3) 6 (7.1) 11 (12.8) 6 (7.0) 6 (7.1) 7 (8.3)

No significant differences for all parameters apart from a trend towards (non-significant, p=0.0555) lower mean CRP in the placebo group.
ACR, American College of Rheumatology; bDMARD, biological disease-modifying antirheumatic drugs; CCP, cyclic citrullinated peptide; CDAI, Clinical Disease Activity Index; DAS28 (CRP),
Disease Activity Score based on 28 joints and C reactive protein value; HAQ-DI, Health Assessment Questionnaire-Disability Index; N, number of patients per treatment group; n, number
of patients per category; RA, rheumatoid arthritis; RF, rheumatoid factor; SDAI, Simple Disease Activity Index; SJC66, swollen joint count based on 66 joints; TJC68, tender joint count
based on 68 joints; VAS, visual analogue score.
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(HDL) and low-density lipoprotein (LDL) cholesterol were
observed in all filgotinib groups, which stabilised thereafter. The
LDL:HDL ratio decreased over this period, indicating a greater
proportional increase in HDL versus LDL.

DISCUSSION
In this study, clinical efficacy in patients treated with filgotinib
added to a stable dose of background MTX was evident in a
dose-dependent manner, with an early onset of action. By week
12, statistically significantly higher proportions of patients who
received 100 mg once daily, or 200 mg daily, regardless of the
dose regimen used, achieved ACR20 response, compared with

placebo. This response was maintained at week 24. Baseline
imbalances in CRP level between the active treatment groups
and placebo were explored in a logistic regression model: the
discrepancy in baseline levels of inflammation did not influence
the primary end point. At week 12, dose-dependent, statistically
significant beneficial effects were also seen across the majority of
secondary end points, which were maintained or exceeded at
week 24, as illustrated by improving responses between weeks
12 and 24 in two major relevant outcomes, ACR70 and DAS28
(CRP) remission.17 18 The remission rates observed for CDAI
also support a clinical benefit of filgotinib that is independent of
CRP levels. A fast onset of effect was observed for ACR20/50/

Figure 2 Efficacy end points: the percentage of patients achieving an improvement in American College of Rheumatology (ACR) of (A) 20%
(ACR20), (B) 50% (ACR50) or (C) 70% (ACR70) over time though 24 weeks; (D) mean change from baseline in Clinical Disease Activity Index (CDAI)
over time; (E) mean change from baseline in Disease Activity Score based on 28 joints and C reactive protein value (DAS28) (CRP) over time; (F)
mean change from baseline in Health Assessment Questionnaire-Disability Index (HAQ-DI) over time. The vertical line at 12 weeks in (A) indicates
the primary efficacy time point (non-responder imputation (NRI) (intent-to-treat population)). Patients who switched at week 12 were handled as if
they discontinued at week 12 and were imputed using NRI (A–C) or last observation carried forward (D and E). *p<0.05; **p<0.01; ***p<0.001.
b.i.d., twice daily; N, number of subjects per group; q.d., once daily.
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Table 2 Efficacy assessments and disease activity assessments at weeks 12 and 24 (NRI (ITT population) and LOCF (ITT population))

Filgotinib once-daily dose groups Filgotinib twice-daily dose groups

Time point Placebo (N=86) 50 mg (N=82) 100 mg (N=85) 200 mg (N=86) 2×25 mg (N=86) 2×50 mg (N=85) 2×100 mg (N=84)

ACR20†

Week 12, n (%) 38 (44.2) 46 (56.1) 54 (63.5)* 59 (68.6)** 49 (57.0) 51 (60.0) 66 (78.6)***

Week 24, n (%) 36 (41.9) 45 (54.9)* 52 (61.2)*** 63 (73.3) 48 (55.8) 51 (60.0)* 67 (79.8)***

ACR50†

Week 12, n (%) 13 (15.1) 27 (32.9)* 32 (37.6)** 37 (43.0)*** 24 (27.9)* 29 (34.1)* 46 (54.8)***

Week 24, n (%) 14 (16.3) 29 (35.4)** 40 (47.1)*** 43 (50.0)*** 30 (34.9)** 30 (35.3)** 46 (54.8)***

ACR70†

Week 12, n (%) 7 (8.1) 13 (15.9) 18 (21.2) 21 (24.4)* 12 (14.0) 16 (18.8) 26 (31.0)**

Week 24, n (%) 8 (9.3) 18 (22.0)* 28 (32.9)** 25 (29.1)** 18 (20.9)* 20 (23.5)* 33 (39.3)***

ACR-N‡

Week 12, mean (SE) 23.09 (2.911) 34.03 (3.335)* 39.87 (3.449)*** 42.10 (3.277)*** 34.12 (3.144)* 35.86 (3.290)** 51.17 (3.379)***

Week 24, mean (SE) 22.06 (2.846) 37.13 (3.582)** 50.86 (3.645)*** 50.40 (3.291)*** 38.56 (3.384)*** 40.50 (3.299)*** 58.69 (3.204)***

CRP‡

Week 12, mean (SE), mg/L 2.67 (2.219) −13.15 (2.890)* −13.57 (2.771)*** −17.24 (3.322)*** −10.26 (2.873)* −12.97 (2.277)** −20.54 (2.665)***

Week 24, mean (SE), mg/L 2.00 (1.776) −15.22 (3.316)** −14.89 (2.712)*** −15.57 (4.112)** −11.68 (3.020)* −11.96 (2.488)* −20.82 (2.264)***

Change from baseline in TJC68‡

Week 12, mean (SE) change −9.2 (1.35) −12.2 (1.34)* −14.1 (1.33)** −17.6 (1.33)*** −14.2 (1.37)** −15.0 (1.37)** −18.0 (1.31)***

Week 24, mean (SE) change −8.9 (1.43) −12.7 (1.42)* −17.1 (1.32)*** −20.6 (1.49)*** −15.9 (1.51)*** −18.1 (1.44)*** −21.4 (1.38)***

Change from baseline in SJC66‡

Week 12, mean (SE) change −7.6 (0.89) −8.5 (1.01) −9.8 (0.97) −11.0 (0.95)* −8.8 (0.87) −11.0 (1.10) −12.2 (0.84)***

Week 24, mean (SE) change −7.3 (1.00) −9.2 (1.05) −12.6 (0.91)*** −13.2 (0.87)*** −10.2 (0.93)** −12.9 (1.29)*** −13.8 (0.85)***

Change from baseline in HAQ-DI

Week 12, mean (SE) change −0.383 (0.0691) −0.577 (0.789) −0.653 (0.0728)* −0.753 (0.0648)*** −0.590 (0.0659) −0.584 (0.0677) −0.840 (0.0726)***

Week 24, mean (SE) change −0.365 (0.0671) −0.633 (0.0795)** −0.783 (0.0761)*** −0.818 (0.0675)*** −0.618 (0.0660)** −0.659 (0.0702)** −0.903 (0.0813)***

Change from baseline in DAS28 (CRP)‡

Week 12, mean (SE) decrease −1.19 (0.148) −1.75 (0.152)** −2.23 (0.151)*** −2.47 (0.136)*** −1.88 (0.145)** −2.10 (0.161)*** −2.84 (0.146)***

Week 24, mean (SE) decrease −1.18 (0.163) −1.98 (0.179)*** −2.70 (0.156)*** −2.80 (0.139)*** −2.19 (0.157)*** −2.40 (0.175)*** −3.23 (0.138)***

DAS28 (CRP) LDA‡

Week 12, n (%) 6 (7.0) 10 (12.2) 10 (11.8) 13 (15.1) 11 (12.8) 9 (10.6) 12 (14.3)

Week 24, n (%) 8 (9.3) 10 (12.2) 12 (14.1) 22 (25.6) 14 (16.3) 12 (14.1) 20 (23.8)

DAS28 (CRP) remission‡

Week 12, n (%) 6 (7.0) 10 (12.2) 19 (22.4)* 19 (22.1)* 13 (15.1) 15 (17.6) 30 (35.7)***

Week 24, n (%) 8 (9.3) 17 (20.7)* 31 (36.5)*** 22 (25.6)* 20 (23.3)* 20 (23.5)* 34 (40.5)***

DAS28 (CRP) remission/LDA‡

Week 12, n (%) 12 (14.0) 20 (24.4) 29 (34.1)** 32 (37.2)** 24 (27.9) 24 (28.2)* 41 (50.0)***

Week 24, n (%) 16 (18.6) 27 (32.9)* 43 (50.6)*** 44 (51.2)*** 34 (39.5)** 32 (37.6)* 54 (64.3)***

DAS 28 (CRP) EULAR response‡

Continued
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Table 2 Continued

Filgotinib once-daily dose groups Filgotinib twice-daily dose groups

Time point Placebo (N=86) 50 mg (N=82) 100 mg (N=85) 200 mg (N=86) 2×25 mg (N=86) 2×50 mg (N=85) 2×100 mg (N=84)

Week 12, n (%)

Moderate 39 (45) 36 (44) 41 (48) 47 (55) 38 (44) 48 (56) 36 (43)

Good 12 (14) 19 (23) 29 (34)** 32 (37)*** 24 (28)* 24 (28)** 42 (50)***

Week 24, n (%)

Moderate 29 (34) 29 (35) 32 (38) 33 (38) 32 (37) 42 (49) 26 (31)

Good 16 (19) 26 (32) 43 (51)*** 44 (51)*** 34 (40)** 31 (36)*** 54 (64)***

ACR/EULAR remission†

Week 12, n (%) 3 (3.5) 3 (3.7) 3 (3.5) 5 (5.8) 4 (4.7) 4 (4.7) 8 (9.5)

Week 24, n (%) 1 (1.2) 9 (11.0) 7 (8.2) 10 (11.6) 5 (5.8) 3 (3.5) 16 (19.0)*

Change from baseline in SDAI‡

Week 12, mean (SE) decrease −16.3 (1.84) −21.0 (1.84)* −25.2 (1.69)*** −27.2 (1.55)*** −22.3 (1.71)* −24.5 (1.87)*** −30.6 (1.57)***

Week 24, mean (SE) decrease −15.8 (2.00) −22.8 (2.07)** −30.1 (1.66)*** −31.0 (1.62)*** −24.9 (1.85)*** −27.9 (2.00)*** −34.4 (1.47)***

SDAI LDA‡

Week 12, n (%) 8 (9.3) 19 (23.2) 22 (25.9) 23 (26.7) 19 (22.1) 18 (21.2) 27 (32.1)

Week 24, n (%) 17 (19.8) 17 (20.7) 32 (37.6) 29 (33.7) 29 (33.7) 27 (31.7) 34 (40.5)

SDAI remission†

Week 12, n (%) 4 (4.7) 6 (7.3) 6 (7.1) 10 (11.6) 7 (8.1) 8 (9.4) 14 (16.7)

Week 24, n (%) 1 (1.2) 13 (15.9)* 13 (15.3)* 12 (14.0)* 10 (11.6)* 12 (14.1)* 16 (19.0)*

Change from baseline in CDAI‡

Week 12, mean (SE) decrease −16.6 (1.84) −19.7 (1.77) −23.8 (1.66)** −25.5 (1.50)*** −21.3 (1.65)* −23.2 (1.81)** −28.5 (1.49)***

Week 24, mean (SE) decrease −16.0 (1.95) −21.3 (1.97)** −28.6 (1.63)*** −29.4 (1.50)*** −23.8 (1.75)*** −26.7 (1.90)*** −32.4 (1.39)***

CDAI LDA‡

Week 12, n (%) 13 (15.1) 20 (24.4) 20 (23.5) 23 (26.7) 16 (18.6) 19 (22.4) 27 (32.1)

Week 24, n (%) 16 (18.6) 15 (18.3) 24 (28.2) 28 (32.6) 27 (31.4) 25 (29.4) 30 (35.7)

CDAI remission†

Week 12, n (%) 2 (2.3) 6 (7.3) 7 (8.2) 9 (10.5) 9 (10.5) 7 (8.2) 15 (17.9)*

Week 24, n (%) 2 (2.3) 15 (18.3)* 18 (21.2)** 13 (15.1)* 11 (12.8)* 13 (15.3)* 16 (19.0)**

*p<0.05; **p<0.01; ***p<0.001.
†NRI (ITT population).
‡LOCF (ITT population).
ACR, American College of Rheumatology; ACR-N, American College of Rheumatology N% improvement; CDAI, Clinical Disease Activity Index; DAS28 (CRP), Disease Activity Score based on 28 joints and C reactive protein value; EULAR, European League
Against Rheumatism; HAQ-DI, Health Assessment Questionnaire-Disability Index; ITT, intent-to-treat; LDA, low-disease activity; LOCF, last observation carried forward; N, number of patients per group; n, number of patients with response/change; NRI,
non-responder imputation; SDAI, Simplified Disease Activity Index; SJC66, swollen joint count based on 66 joints; TJC68, tender joint count based on 68 joints.
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Table 3 Summary of absolute numbers and proportions of patients in each treatment group who experienced TEAEs and laboratory abnormalities over the course of the study

Continued once-daily groups Continued twice-daily groups Non-responders* switching to 100 mg/day

Patients with
Continued placebo
(N=56)

50 mg
(N=63)

100 mg
(N=85)

200 mg
(N=86)

2×25 mg
(N=69)

2×50 mg
(N=85)

2×100 mg
(N=84)

Placebo to 100 mg
(N=15)

Placebo to 2×50 mg
(N=15)

50–100 mg
(N=19)

2×25 mg to 2×50 mg
(N=17)

TEAE, n (%) 32 (57.1) 33 (52.4) 37 (43.5) 50 (58.1) 37 (53.6) 46 (54.1) 45 (53.6) 7 (46.7) 7 (46.7) 9 (47.4) 12 (70.6)

Serious TEAE, n (%) 4 (7.1) 0 (0) 4 (4.7) 2 (2.3) 1 (1.4) 0 (0) 3 (3.6) 0 (0) 0 (0) 0 (0) 1 (5.9)

SAE leading to death, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.2) 0 (0) 0 (0) 0 (0) 0 (0)

Serious TE infection, n (%) 1 (1.8)† 0 (0) 3 (3.5)‡ 1 (1.2)§ 0 (0) 0 (0) 1 (1.2)¶ 0 (0) 0 (0) 0 (0) 0 (0)

Related TEAE, n (%) 6 (10.7) 13 (20.6) 11 (12.9) 21 (24.4) 14 (20.3) 19 (22.4) 21 (25.0) 2 (13.3) 0 (0) 2 (10.5) 2 (11.8)

Related TEAE infection, n (%) 1 (1.8) 4 (6.3) 4 (4.7) 7 (8.1) 5 (7.2) 7 (8.2) 7 (8.3) 0 (0) 0 (0) 0 (0) 0 (0)

Herpes zoster infection 1 0 0 1 1 0 2 0 0 0 0

TEAE leading to permanent discontinuation of
study treatment, n (%)

2 (3.6) 2 (3.2) 5 (5.9)** 3 (3.5) 5 (7.2) 2 (2.4) 3 (3.6) 0 (0) 0 (0) 0 (0) 0 (0)

TE laboratory abnormalities, n (%)

Decreased haemoglobin, g/dL

Grade 1 (10, LLN) 11 (19.36) 13 (20.6) 10 (11.8) 11 (12.8) 11 (15.9) 13 (15.3) 13 (15.5) 6 (40.0) 4 (26.7) 3 (15.8) 4 (23.5)

Grade 2 (<10–8) 4 (7.1) 2 (3.2) 7 (8.3) 2 (2.3) 2 (2.3) 4 (4.7) 1 (1.2) 0 (0) 0 (0) 2 (10.5) 1 (5.9)

Grade 3 (<8.0–6.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.2) 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 (<6.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Decreased lymphocytes, ×109/L

Grade 1 (0.8, LLN) 1 (1.8) 2 (3.2) 0 (0) 3 (3.5) 3 (4.3) 1 (1.2) 2 (2.4) 0 (0) 1 (6.7) 1 (5.3) 0 (0)

Grade 2 (<0.8–0.5) 3 (5.4) 6 (9.5) 4 (4.7) 5 (5.8) 2 (2.9) 4 (4.7) 4 (4.87) 0 (0) 0 (0) 1 (5.3) 3 (17.6)

Grade 3 (<0.5–0.2) 1 (1.8) 1 (1.6) 2 (2.4) 0 (0) 1 (1.4) 1 (1.2) 0 (0) 0 (0) 0 (0) 0 (0) 1 (5.9)

Grade 4 (<0.2) 0 (0) 0 (0) 1 (1.2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Decreased neutrophils, ×109/L

Grade 1 (1.5, LLN) 1 (1.8) 1 (1.6) 1 (1.2) 4 (4.7) 3 (4.3) 1 (1.2) 1 (1.2) 0 (0) 0 (0) 0 (0) 0 (0)

Grade 2 (<1.5–1.0) 3 (5.4) 0 (0) 0 (0) 3 (3.5) 2 (2.9) 1 (1.2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Grade 3 (<1.0–0.5) 0 (0) 0 (0) 0 (0) 1 (1.2) 0 (0) 0 (0) 0 (0) 1 (6.7) 0 (0) 0 (0) 0 (0)

Grade 4 (<0.5) 0 (0) 0 (0) 1 (1.2) 0 (0) 0 (0) 0 (0) 1 (1.2) 0 (0) 0 (0) 0 (0) 0 (0)

Decreased platelets, ×109/L

Grade 1 (75, LLN) 1 (1.8) 0 (0) 2 (2.4) 3 (3.5) 0 (0) 1 (1.2) 2 (2.4) 0 (0) 0 (0) 1 (5.3) 0 (0)

Grade 2 (<75–50) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Grade 3 (<50–25) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 (<25) 0 (0) 0 (0) 1 (1.2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

NK cells (CD16CD56), ×109/L

Decrease to <LLN 3 (5.4) 5 (7.9) 5 (5.9) 12 (14.0) 7 (10.1) 5 (5.9) 6 (7.1) 2 (13.3) 2 (13.3) 0 (0) 3 (17.6)

Increase to >ULN 2 (3.6) 0 (0) 3 (3.5) 3 (3.5) 1 (1.4) 0 (0) 2 (2.4) 0 (0) 0 (0) 0 (0) 1 (5.9)

Elevated creatinine μmol/L

Grade 1 (1–1.5×ULN) 0 (0) 1 (1.6) 2 (2.4) 1 (1.2) 0 (0) 2 (2.4) 1 (1.2) 0 (0) 0 (0) 0 (0) 0 (0)

Grade 2 (1.5–3×ULN) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Grade 3 (3–6×ULN) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 (>6×ULN) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Elevated ALT

Grade 1 (1–2.5×ULN) 3 (5.4) 6 (9.5) 9 (10.6) 10 (11.6) 10 (14.5) 7 (8.2) 7 (8.3) 0 (0) 3 (20.0) 1 (5.3) 0 (0)

Grade 2 (2.5–5×ULN) 1 (1.8) 0 (0) 1 (1.2) 2 (2.4) 0 (0) 0 (0) 1 (1.2) 0 (0) 0 (0) 0 (0) 0 (0)

Continued

8
W
esthovens

R,etal.Ann
Rheum

Dis
2016;0:1

–11.doi:10.1136/annrheum
dis-2016-210104

C
linical

and
epidem

iological
research

1005Westhovens R, et al. Ann Rheum Dis 2017;76:998–1008. doi:10.1136/annrheumdis-2016-210104

Clinical and epidemiological research

group.bm
j.com

 on M
ay 29, 2017 - P

ublished by 
http://ard.bm

j.com
/

D
ow

nloaded from
 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


70
and

D
A
S28

(C
R
P)

responses,
along

w
ith

im
provem

ents
in

H
R
Q
oL

(H
A
Q
-D

I);
in

addition
to

the
convenience

of
oral

adm
inistration,

rapid
action

m
ay

facilitate
effective

treat-to-target
strategies

w
ithout

the
need

for
bridging

glucocor-
ticoids.

T
he

filgotinib
doses

studied
and

the
sim

ilar
efficacy

noted
betw

een
the

once-daily
and

tw
ice-daily

dosing
regim

ens

Table 3 Continued

Continued once-daily groups Continued twice-daily groups Non-responders* switching to 100 mg/day

Patients with
Continued placebo
(N=56)

50 mg
(N=63)

100 mg
(N=85)

200 mg
(N=86)

2×25 mg
(N=69)

2×50 mg
(N=85)

2×100 mg
(N=84)

Placebo to 100 mg
(N=15)

Placebo to 2×50 mg
(N=15)

50–100 mg
(N=19)

2×25 mg to 2×50 mg
(N=17)

Grade 3 (5–20×ULN) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 (>20×ULN) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0 0 (0) 0 (0) 0 (0) 0 (0)

Elevated AST

Grade 1 (1–2.5×ULN) 1 (1.8) 5 (7.9) 8 (9.4) 10 (11.6) 6 (8.7) 9 (10.6) 9 (10.7) 1 (6.7) 0 (0) 1 (5.3) 3 (17.6)

Grade 2 (2.5–5×ULN) 0 (0) 0 (0) 0 (0) 2 (2.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Grade 3 (5–20×ULN) 0 (0) 0 (0) 1 (1.2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 (>20×ULN) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Ratio LDL/HDL

Increase to >ULN 5 (8.9) 9 (14.3) 10 (11.8) 6 (7.0) 3 (4.3) 5 (5.9) 2 (2.4) 0 (0) 0 (0) 3 (15.8) 3 (17.6)

†Appendicitis.
‡Pneumonia, diabetic gangrene, subcutaneous abscess.
§Erysipelas.
¶Intervertebral discitis+pneumonia+septic shock.
*Non-responders defined as patients who had not achieved a 20% improvement in swollen joint count based on 66 joints (SJC66) and tender joint count based on 68 joints (TJC68) by Week 12. Patients on placebo were reassigned to receive filgotinib
100 mg once daily or 50 mg twice daily; patients who were receiving filgotinib 50 mg once daily were reassigned to receive filgotinib 100 mg once daily, and patients on filgotinib 25 mg twice daily received filgotinib 50 mg twice daily, continuing on their
new dose until week 24.
**One subject had a pretreatment AE (decreased lymphocyte count) that was ongoing throughout the study, for which the study medication was permanently discontinued. This AE was not taken into account in this table as it was not a TEAE.
AE, adverse event; ALT, alanine transaminase; AST, aspartate transaminase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LLN, lower limit of normal; N, number of patients per group; n, number of patients with event; NK, natural killer; SAE,
serious adverse event; TEAE, treatment-emergent adverse event; ULN, upper limit of normal.
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are in line with the previously reported pharmacokinetic and
pharmacodynamic effects of filgotinib and its major metabolite,
both of which selectively inhibit JAK1.13 Although there was a
numerical trend towards better efficacy results with the 200 mg
dose given as 100 mg twice daily versus 200 mg once daily, this
trend did not extend to the next (lower) dose level of 100 mg,
where the reverse trend was observed, such that the once-daily
schedule generally performed better than the split dose. In
terms of safety, there were no major differences in terms of AEs
between the once-daily and twice-daily regimens.

Harmful complications would be expected if any member of
the JAK family is completely inhibited, as exemplified by the
relationship between JAK3 deficiency and severe combined
immunodeficiency.19 However, with small-molecule inhibitors
selective for particular JAK enzymes, the heterodimeric pairing
of enzymes and the unique pharmacological profile of a given
small molecule makes AEs difficult to predict.20 21 In the
current study, filgotinib was well tolerated at all doses evaluated.
Although infections were the most frequent AE, few were
serious AEs and overall were infrequent; few AEs led to discon-
tinuation. Importantly, no cases of TB or opportunistic infec-
tions were reported. Careful monitoring and management of
infections will be required in future studies of filgotinib. Small,
dose-dependent changes in mean laboratory values were
observed, including increases in mean haemoglobin and
decreases in mean neutrophil counts; however, the latter were
without clinical consequence. No reductions in absolute
lymphocyte counts were observed, and there were no dose-
dependent changes in mean NK cell counts. The dose-
dependent increase in mean haemoglobin can be attributed to
the decrease in inflammation resulting from a therapeutic effect
and the lack of any associated JAK2 inhibitory effect.22 A dose-
dependent decline in platelet counts was observed; however,
platelet counts plateaued at week 4 and remained relatively
stable thereafter. This observation contrasts with the dose-
dependent platelet count increase seen in the 24-week phase IIb
study of the JAK1/2 inhibitor baricitinib in patients receiving
MTX.20 Small increases in mean creatinine concentration were
not associated with clinical consequences and the effect of filgo-
tinib co-administered with MTX on liver parameters was
minimal. Although dose-dependent increases in both HDL and
LDL cholesterol were observed in all filgotinib groups, the LDL:
HDL ratio fell. This is in contrast to results seen with some RA
treatments that preferentially increase LDL, thereby worsening
the atherogenic index.21 23

The chief limitation of the study was its short (24 weeks) dur-
ation, hampering definite judgement of longer maintenance of
efficacy and eventual side effects. Furthermore, radiographic
assessments were not included in the study design, so the
impact of filgotinib on the structure of bones and joints could
not be evaluated.

In conclusion, the results of this phase IIb study of filgotinib,
added to a stable background dose of MTX, demonstrate clinic-
ally relevant dose-dependent improvements in the signs and
symptoms of active RA. At a daily dose of 200 mg filgotinib,
these improvements were initiated rapidly and were sustained
throughout 24 weeks of treatment, regardless of whether a
once-daily or twice-daily dosing regimen was used. These robust
data support the future development of filgotinib for the treat-
ment of active RA in patients receiving MTX treatment.
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EXTENDED REPORT

Filgotinib (GLPG0634/GS-6034), an oral selective
JAK1 inhibitor, is effective as monotherapy in
patients with active rheumatoid arthritis: results
from a randomised, dose-finding study (DARWIN 2)
A Kavanaugh,1 J Kremer,2 L Ponce,3 R Cseuz,4 O V Reshetko,5 M Stanislavchuk,6

M Greenwald,7 A Van der Aa,8 F Vanhoutte,8 C Tasset,8 P Harrison8

ABSTRACT
Objectives To evaluate the efficacy and safety of
different doses of filgotinib, an oral Janus kinase 1
inhibitor, as monotherapy in patients with active
rheumatoid arthritis (RA) and previous inadequate
response to methotrexate (MTX).
Methods In this 24-week phase IIb study, patients
with moderately to severely active RA were randomised
(1:1:1:1) to receive 50, 100 or 200 mg filgotinib once
daily, or placebo, after a ≥4-week washout from MTX.
The primary end point was the percentage of patients
achieving an American College of Rheumatology (ACR)
20 response at week 12.
Results Overall, 283 patients were randomised and
treated. At week 12, significantly more patients receiving
filgotinib at any dose achieved ACR20 responses versus
placebo (≥65% vs 29%, p<0.001). For other key end
points at week 12 (ACR50, ACR70, ACR-N, Disease
Activity Score based on 28 joints and C reactive protein,
Clinical Disease Activity Index, Simplified Disease Activity
Index and Health Assessment Questionnaire-Disability
Index) significant differences from baseline in favour of
filgotinib 100 and 200 mg versus placebo were seen;
responses were maintained or improved through week
24. Rapid onset of action was observed for most efficacy
end points. Dose-dependent increases in haemoglobin
were observed. The percentage of patients with
treatment-emergent adverse events (TEAE) was similar in
the placebo and filgotinib groups (∼40%). Eight patients
on filgotinib and one on placebo had a serious TEAE,
and four patients, all of whom received filgotinib,
experienced a serious infection. No tuberculosis or
opportunistic infections were reported.
Conclusions Over 24 weeks, filgotinib as monotherapy
was efficacious in treating the signs and symptoms of
active RA, with a rapid onset of action. Filgotinib was
generally well tolerated.
Trial registration number NCT01894516.

INTRODUCTION
The disease-modifying antirheumatic drug
(DMARD) methotrexate (MTX) is a cornerstone of
rheumatoid arthritis (RA) treatment, improving
outcomes in many patients.1 However, even with
optimal dosing only around 50% of patients
respond adequately to MTX.2 3

Janus kinase ( JAK) inhibitors are low molecular
weight, orally available products that can impact

intracellular molecules involved in the signalling of
various cytokines, growth factors and hormones,
such as pro-inflammatory cytokine interleukin-6.4

The JAK1/JAK3, JAK2 inhibitor tofacitinib has
been approved by the Food and Drug
Administration for second-line use after MTX in
patients with moderately to severely active RA.5 A
number of other JAK inhibitors are currently in
development for the management of RA, with dif-
fering in vitro specificities towards the various
members of the JAK family.6

Filgotinib (GLPG0634/GS-6034) is a potent and
selective inhibitor of JAK1,7 which is currently under
investigation for the treatment of RA and inflamma-
tory bowel disease.7–10 The efficacy and safety of fil-
gotinib in patients with RA has previously been
investigated in two short-term phase IIa studies, as
add-on treatment to MTX, which suggested that fil-
gotinib has the potential to be effective when admi-
nistered as a once-daily dosing regimen.11–13 In
pharmacokinetic-pharmacodynamic studies, filgoti-
nib was shown to have a terminal half-life (t1/2) of
5–11 hours with an active metabolite that has a t1/2
of 21–27 hours; both moieties contribute to the
pharmacodynamic effects and together provide a
relatively long duration of JAK1 inhibition,10 sup-
porting further investigation of a once-daily dosing
regimen.
The DARWIN 2 study reported here was con-

ducted to evaluate the efficacy and safety of varying
once-daily doses of filgotinib, administered as
monotherapy in patients with moderately to
severely active RA, who had an inadequate response
to previous MTX treatment.

METHODS
Study design and treatments
This was a 24-week, multicentre, randomised,
double-blind, phase IIb, dose-finding study of orally
administered filgotinib as monotherapy
(ClinicalTrials.gov identifier: NCT01894516). The
study was conducted at 59 centres in 18 countries
(Argentina, Austria, Bulgaria, Chile, Columbia,
Germany, Guatemala, Hungary, Latvia, Mexico,
Moldova, New Zealand, Poland, Romania, Russian
Federation, Spain, Ukraine and the USA) across four
predefined geographic regions. Eligible patients were
randomly assigned to treatment using a compu-
terised interactive voice and web response system
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(IXRS) (S-Clinica, 6, Chaussée de Boondael, 1050 Brussels,
Belgium), to receive placebo or 1 of 3 filgotinib regimens (50,
100 or 200 mg), each as two capsules administered once daily in
the morning), in a 1:1:1:1 ratio, stratified by region and previous
use of biological DMARDs (bDMARDs). At each study visit,
numbered kits containing medication were dispensed via the
IXRS system. Patients, investigators, study coordinators, the
sponsor and study team were blinded to treatment assignment. At
week 12, all patients in the placebo group, and patients in the fil-
gotinib 50 mg group who had not achieved at least a 20%
improvement in swollen joint count based on 66 joints (SJC66)
and tender joint count based on 68 joints (TJC68), were reas-
signed to receive filgotinib 100 mg and continued on this dose
until week 24.

The study was conducted in accordance with the ethical princi-
ples based on the Declaration of Helsinki, Good Clinical Practice,
International Council for Harmonisation guidelines and all
applicable national and local laws and regulatory requirements.

Patients
Enrolled patients were ≥18 years of age with a diagnosis of RA
for ≥6 months prior to screening and met the 2010 American
College of Rheumatology (ACR)/European League Against
Rheumatism (EULAR) criteria for RA and ACR functional class
I–III, had ≥6/SJC66 and ≥8/TJC68, a screening serum C react-
ive protein (CRP) ≥0.7×upper limit of laboratory normal range
(ULN) (changed in May 2014 from 1.5×ULN to facilitate
recruitment), had shown an inadequate response to MTX (in
the opinion of the treating physician) and agreed to be washed
out from MTX for ≥4 weeks before or during screening.
Patients receiving oral glucocorticoids (≤10 mg/day) or non-
steroidal anti-inflammatory drugs were on a stable dose for ≥4
and ≥2 weeks, respectively, prior to baseline. Enrolled patients
were also required to be using a medically acceptable means of
contraception. Details of laboratory-defined inclusion criteria
are listed in the online supplementary materials.

Patients were excluded if they were receiving current therapy
with any DMARD (with the exception of antimalarials), or had
previous RA treatment with a bDMARD. The only exception to
this was if the biological agent had been received in a single clin-
ical study more than 6 months prior to enrolment and if the
drug had been effective. Patients were also excluded if they had
ever used any kind of JAK inhibitor, had previously used a cyto-
toxic agent other than MTX or had received intra-articular or
parenteral corticosteroid injection within 4 weeks of screening.
Patients who were pregnant were excluded, as were patients
who were immunocompromised and, in the opinion of the
investigator, participation in the study would pose an unaccept-
able risk. Further details of the exclusion criteria, including a list
of infections that precluded enrolment in the study, are listed in
the online supplementary materials. All patients provided
written informed consent prior to study participation.

Outcomes and assessments
Efficacy and disease activity assessments were performed at
screening ( joint counts and Patient’s Global Assessment of
Disease Activity), baseline and at weeks 1, 2, 4, 8, 12, 16, 20
and 24. The primary efficacy end point was the percentage of
patients achieving an ACR20 response at week 12. Key second-
ary end points were the percentages of patients achieving
ACR20, ACR50, ACR70 and ACR-N responses, Disease Activity
Score based on 28 joints and CRP value (DAS28 (CRP)), includ-
ing remission and Low Disease Activity (LDA)/remission),
EULAR response, ACR/EULAR remission, Clinical Disease

Activity Index (CDAI) and Simplified Disease Activity Index
(SDAI) compared with placebo at every visit from baseline to
week 24. Health-related quality of life (HRQoL) was assessed
with the Health Assessment Questionnaire-Disability Index up
to week 24.

Safety variables included adverse events (AEs) throughout the
study period; vital signs (at each visit); physical examinations
(at screening, baseline, week 12 and week 24) and 12-lead ECG
(at screening, week 12 and week 24). Haematology and clinical
chemistry laboratory assessments were performed at each visit.
The National Institutes of Health Common Terminology
Criteria for Adverse Events (CTCAE) V.3.0 was used to describe
laboratory changes during the study.

Sample sizes and statistical analyses
All randomised patients who received at least one dose of study
drug were included in the intent-to-treat (ITT) and safety popu-
lations. All patients in the placebo group and patients who were
considered non-responders on filgotinib 50 mg once daily and
were switched to 100 mg once daily at week 12, were handled
as discontinuations and data were imputed from week 12
onwards. Efficacy data were analysed using non-responder
imputation (NRI) for the ITT population and confirmed using
last observation carried forward (LOCF) and observed case
imputations in the ITT population, and NRI and LOCF imputa-
tions in the per-protocol population.

The primary analysis was conducted using a logistic regression
model including treatment, region and previous use of
bDMARDs as covariates. Continuous parameters were analysed
using analysis of covariance. Time-to-first response (ACR20/50/
70) was analysed using Kaplan-Meier survival techniques, with
treatment groups compared with placebo using a Cox propor-
tional hazard regression model. Treatment versus placebo com-
parisons were carried out for each dose group using Hommel’s
closed-testing correction procedure to adjust for multiplicity.

For the safety analysis, two periods were analysed: the period
up to week 12 including the four original groups, and the full
24-week period including five treatment groups (two switched
groups and three continued groups).

A sample size of 280 patients (70 patients in each arm) was
estimated to provide 90% power to detect a minimum 28%–

30% treatment effect versus placebo, assuming a 15%–40%
placebo ACR20 response at week 12.

RESULTS
The study was initiated in October 2013 and completed in May
2015. Of the 625 patients screened, 287 were randomised to
receive treatment, and 283 received at least one dose of study
drug and were included in the ITT and safety populations
(figure 1). At week 12, all patients in the placebo group (n=65)
and 15 non-responding patients in the filgotinib 50 mg group
were re-allocated to filgotinib 100 mg. The overall treatment
discontinuation rate was low (n=26, 9.2%) and there were no
significant differences in discontinuation rate between filgotinib
and placebo groups, with no dose-response relationship appar-
ent with respect to discontinuation rates. Demographic and
baseline disease characteristics were well balanced between the
different treatment groups (table 1), apart from a numerically
higher mean CRP in the placebo group (not statistically signifi-
cant, p=0.0865). Overall, 167/283 (59%) patients received con-
comitant systemic corticosteroid treatment and 12/283 (4.2%)
patients received concomitant antimalarial treatment during the
study.
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Efficacy
Primary efficacy analysis
The primary end point of the study was met: at week 12, a statis-
tically significantly higher proportion of patients in all the filgoti-
nib treatment groups (50 mg, 67% (48/72); 100 mg, 66% (46/
70); 200 mg, 73% (50/69)) achieved an ACR20 response com-
pared with placebo (29% (21/72)) (all p<0.0001; figure 2A).
Raw ACR20 data for each time point are presented in online
supplementary table S1.

Secondary efficacy analyses
At week 12, a statistically significantly greater proportion of
patients had an ACR50 response in all filgotinib dose groups
compared with placebo (p<0.05; figure 2B). In the 100 and
200 mg groups, patients were more likely to achieve ACR70 com-
pared with placebo (figure 2C). These responses persisted
(ACR50) or even improved (ACR70) up to week 24. The ACR20
response appeared to plateau around week 8 and was maintained
throughout the rest of the study to week 24 (figure 2A).

An early onset of response was observed for ACR20 (statistic-
ally significantly higher at week 1 in the filgotinib 200 mg group
figure 2A), ACR50 (from week 2 in the filgotinib 200 mg once-
daily dose group) and ACR70 (week 4 in the filgotinib 200 mg
once-daily dose group). Patients randomised to placebo and
those on filgotinib 50 mg who were considered non-responders
and were switched to filgotinib 100 mg at week 12 showed
increased ACR20/50/70 responses at week 24, similar to the
week 12 responses seen in patients randomised to receive filgoti-
nib 100 mg from baseline (see online supplementary figure S1).

At week 12, there was a significantly greater mean decrease in
DAS28 (CRP) for all filgotinib groups, compared with placebo,
which was maintained in the 50 mg dose group and showed a small
improvement in the higher dose groups at week 24 (figure 2D).
These improvements in DAS28 (CRP) versus placebo were
evident at week 1 in all filgotinib groups. A similar pattern in

terms of disease activity was observed for CDAI (figure 2E).
Improvements in HRQoL were noted as early as week 2 for
the filgotinib 200 mg group; by week 12, significant im-
provements from baseline were noted in all active treatment
groups (figure 2F). Raw data for each of the secondary efficacy
end points illustrated in figure 2 are presented in online
supplementary table S1.

There were trends in favour of the active treatment across
various definitions of disease remission and responses to treat-
ment; statistical significance versus placebo was observed at
week 12 for all filgotinib dose groups for ACR-N, DAS28 (CRP)
EULAR ‘good’ responses and SDAI (table 2). Higher doses of fil-
gotinib were generally associated with the most substantial
reductions in disease activity and the highest disease remission
rates (table 2).

There were too few patients in each dose group who had pre-
viously received and responded to a biological agent to make
valid comparisons of the efficacy of filgotinib in this patient
population, versus patients who were naïve to biological
treatments.

Safety
Adverse events
Treatment-emergent AEs (TEAEs) were reported at similar fre-
quencies across all groups from baseline to week 12 (the period
during which placebo could be compared directly with active
treatment) and to week 24 (table 3). Of nine serious TEAEs
occurring up to week 24, there were four serious infections.
Overall, three serious TEAEs occurred in the filgotinib 200 mg
group (back pain, osteoarthritis, pneumonia), two occurred in
the filgotinib 100 mg group (cellulitis, vertigo), two in the filgo-
tinib 50 mg group (gastroenteritis, humerus fracture) and two in
the placebo group (RAworsening (prior to switching treatment),
and chronic pyelonephritis) (table 3). A greater proportion of
TEAEs were considered related to study treatment in the

Figure 1 Patient disposition. The study was conducted at 59 centres in 18 countries (Argentina, Austria, Bulgaria, Chile, Columbia, Germany,
Guatemala, Hungary, Latvia, Mexico, Moldova, New Zealand, Poland, Romania, Russian Federation, Spain, Ukraine and the USA).
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filgotinib groups compared with placebo (table 3). Occurrences
of TEAEs leading to discontinuation were similarly rare in all
treatment groups, with a greater proportion of TEAEs leading
to discontinuations in the placebo group (table 3). There was
one case of herpes zoster during the study, which occurred
during weeks 12–24 of the study in a patient receiving filgotinib
50 mg once daily; the infection resolved after 10 days. No cases
of TB, opportunistic infections, lymphoma or cancer were
reported throughout the 24-week treatment period.

Haematology
Up to week 12, increases in mean haemoglobin concentrations
were observed in the filgotinib 100 and 200 mg groups (up to
0.39 g/dL, a 3.4% increase in the 200 mg group). These remained
stable to week 24. In patients who were switched to filgotinib
100 mg at week 12, there were increases in mean haemoglobin
concentration between weeks 12 and 24 (table 4, see online
supplementary figure S2). Decreases in mean neutrophil counts
were seen in filgotinib groups through to week 4 that appeared to
plateau thereafter and remained stable until week 24, with the
exception of an overall decrease to week 24 in patients who were

switched from filgotinib 50 to 100 mg (see online supplementary
figure S2). Two patients experienced CTCAE grade 3 abnormally
low neutrophil counts during filgotinib treatment (neither with
concomitant infections); both continued their filgotinib treatment.
Overall, more increases than decreases were observed in mean
absolute lymphocyte counts, and there were no apparent correla-
tions between treatment groups and mean lymphocyte counts over
time (table 4). There were no decreases from baseline in lympho-
cyte subsets, including mean natural killer (NK) cell counts. Three
patients on filgotinib treatment experienced CTCAE grade 3
abnormally low lymphocyte counts (table 3). One patient had an
abnormally low lymphocyte count at baseline and the other two
had a coinciding mild infection (urinary tract and pharyngitis).
Five patients discontinued the study due to lymphopenia (two sub-
jects receiving placebo and three subjects receiving filgotinib), as
per protocol stopping rule of precautionary discontinuation for
two sequential lymphocyte counts <0.75×109 cells/L. Absolute
platelet counts decreased in all filgotinib groups by week 4, but
thereafter the counts remained stable up to week 24 (decreases
from baseline of 44.7 and 22.3 ×109/L, respectively, in the filgoti-
nib 100 and 200 mg groups) (table 4).

Table 1 Baseline patient demographics, disease characteristics and treatment history

Filgotinib once daily

Placebo
N=72

50 mg
N=72

100 mg
N=70

200 mg
N=69

Patient demographics

Age, mean (SE), years 52 (1.4) 52 (1.6) 53 (1.4) 52 (1.4)

Female, n (%) 56 (77.8) 62 (86.1) 53 (75.7) 60 (87.0)

Disease characteristics

Duration of RA, mean (SE), years 10 (0.8) 9 (0.8) 9 (0.8) 9 (1.0)

Anti-CCP positive, n (%) 58 (80.6) 56 (77.8) 54 (77.1) 57 (82.6)

RF positive, n (%) 57 (79.2) 53 (73.6) 51 (72.9) 50 (72.5)

DAS28 (CRP), mean (SE) 6.22 (0.099) 6.03 (0.105) 6.18 (0.101) 6.09 (0.102)

CDAI, mean (SE) 42 (1.3) 41 (1.5) 44 (1.5) 42 (1.4)

SDAI, mean (SE) 46 (1.5) 44 (1.6) 47 (1.7) 44 (1.5)

ACR components

CRP, mean (SE), mg/L 35.26 (4.434) 24.67 (3.257) 25.55 (4.247) 23.16 (2.492)

TJC68, mean (SE) 25.23 (1.480) 25.58 (1.620) 27.20 (1.770) 26.24 (1.506)

TJC28, mean (SE) 15.85 (0.715) 15.30 (0.790) 16.52 (0.820) 16.58 (0.750)

SJC66, mean (SE) 15.98 (0.853) 16.97 (1.074) 18.65 (1.418) 15.74 (1.047)

SJC28, mean (SE) 12.18 (0.596) 12.55 (0.710) 13.19 (0.760) 11.58 (0.654)

HAQ-DI total score, mean 1.80 (0.058) 1.84 (0.068) 1.81 (0.068) 1.80 (0.063)

Patient’s global assessment, mean (SE) 71.1 (2.02) 68.6 (2.41) 71.5 (2.23) 68.9 (2.07)

Investigator’s global assessment, mean (SE) 70.4 (1.73) 68.2 (1.73) 72.0 (1.59) 67.7 (1.86)

Patient’s pain, mean (SE) 71.6 (2.37) 71.0 (2.38) 72.6 (1.85) 68.1 (2.35)

Treatments

Corticosteroids, n (%) 45 (62.5) 47 (65.3) 50 (71.4) 47 (68.1)

Duration of corticosteroid use, mean (SE), years 4.59 (0.791) 5.31 (0.771) 3.39 (0.528) 5.41 (0.757)

Previous biological DMARD use, n (%) 3 (4.2) 7 (9.7) 4 (5.7) 5 (7.2)

Previous conventional DMARD use*, n (%) 71 (98.6) 70 (97.2) 68 (97.1) 67 (97.1)

MTX, n (%) 60 (83.3) 61 (84.7) 59 (84.3) 58 (84.1)

MTX-sodium, n (%) 5 (6.9) 4 (5.6) 7 (10.0) 6 (8.7)

Duration of prior MTX use, mean (SE), years 4.86 (0.656) 4.44 (0.557) 3.55 (0.464) 3.85 (0.435)

*Patients had MTX washed out for ≥4 weeks before or during screening.
ACR, American College of Rheumatology; CCP, cyclic citrullinated peptide; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; DAS28, Disease Activity Score based on 28 joints;
DMARD, disease-modifying antirheumatic drug; HAQ-DI, Health Assessment Questionnaire-Disability Index; MTX, methotrexate; N, number of patients per treatment group; n, number of
patients per category; RA, rheumatoid arthritis; RF, rheumatoid factor; SDAI, Simple Disease Activity Index; SJC28, swollen joint count based on 28 joints; SJC66, swollen joint count
based on 66 joints; TJC28, tender joint count based on 28 joints; TCJ68, tender joint count based on 68 joints.
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Clinical chemistry
Up to week 4, dose-dependent increases were observed in mean
creatinine concentrations with filgotinib (see online
supplementary figure S2); these subsequently plateaued in the
filgotinib 100 and 200 mg groups and remained stable until
week 24, with overall increases of up to 3.5 μmol/L in the filgo-
tinib 200 mg group. Mean lipase concentrations remained stable
throughout the study in all treatment groups, although for the
filgotinib 200 mg group a small increase from baseline was
observed in mean concentrations at all time points (increase of
2.9 U/L from 26.4 U/L at baseline in the filgotinib 200 mg once-
daily group as of week 24). Mean alanine transaminase (ALT)

and aspartate transaminase (AST) concentrations remained
stable throughout the study in all treatment groups (table 4)
with the exception of two high values (one in the continued fil-
gotinib 100 mg group and one in the group switching from
placebo to filgotinib 100 mg) (data not shown). One patient in
the filgotinib 200 mg group had a CTCAE grade 3 abnormally
high total cholesterol value. One patient had CTCAE grade 3
increases in both ALT and AST, one patient had a CTCAE grade
3 increase in AST (table 3); no patients discontinued their study
treatment because of ALT or AST elevations. Mean levels of
total cholesterol, high-density lipoprotein (HDL) and low-
density lipoprotein (LDL) cholesterol increased in the filgotinib

Figure 2 Efficacy end points. The percentage of patients achieving an improvement in American College of Rheumatology (ACR) of (A) 20%
(ACR20); (B) 50% (ACR50); (C) 70% (ACR70) over time though 24 weeks; (D) mean change from baseline in DAS28 (CRP) over time; (E) mean
change from baseline CDAI over time; (F) mean change from baseline in HAQ-DI over time. The vertical line at 12 weeks in 2A indicates the primary
efficacy time point (NRI (ITT population)). Patients who switched treatment at week 12 are treated as if they discontinued treatment at week 12.
*p<0.05; **p<0.01; ***p<0.001. CDAI, Clinical Disease Activity Index; CRP, C reactive protein; DAS, Disease Activity Score; HAQ-DI, Health
Assessment Questionnaire-Disability Index; ITT, intent-to-treat; LOCF, last observation carried forward; NRI, non-responder imputation.
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Table 2 Efficacy assessments at weeks 12 and 24 (NRI (ITT population) and LOCF (ITT population))

Filgotinib once daily

Placebo
N=72

50 mg
N=72

100 mg
N=70

200 mg
N=69

ACR20†

W12, n (%) 21 (29.2) 48 (66.7)*** 46 (65.7)*** 50 (72.5)***

W24, n (%) – 41 (56.9) 55 (78.6) 46 (66.7)

ACR50†

W12, n (%) 8 (11.1) 25 (34.7)*** 26 (37.1)*** 30 (43.5)***

W24, n (%) – 24 (33.3) 27 (38.6) 31 (44.9)

ACR70†

W12, n (%) 2 (2.8) 6 (8.3) 13 (18.6)** 9 (13.0)*

W24, n (%) – 14 (19.4) 18 (25.7) 17 (24.6)

ACR-N‡

W12, mean change (SE) 16.28 (2.723) 35.03 (3.178)*** 38.35 (3.533)*** 41.00 (3.477)***

W24, mean change (SE) – 38.75 (3.748) 46.32 (3.295) 46.78 (3.648)

CRP‡

W12, mean change (SE), mg/L −8.71 (4.273) −4.43 (4.741) −12.25 (4.516)* −14.85 (2.680)**

W24, mean change (SE), mg/L – −9.16 (3.119) −14.81 (4.211) −15.17 (2.515)

TJC68‡

W12, mean change (SE) −5.8 (1.48) −12.7 (1.38)*** −15.1 (1.53)*** −17.4 (1.48)***

W24, mean change (SE) – −13.9 (1.48) −20.3 (1.64) −19.1 (1.55)

TJC28‡

W12, mean change (SE) −4.1 (0.88) −7.6 (0.80)*** −8.8 (0.95)*** −10.7 (0.86)***

W24, mean change (SE) – −8.0 (0.80) −12.0 (0.85) −11.5 (0.89)

SJC66‡

W12, mean change (SE) −4.1 (1.22) −9.3 (1.00)*** −11.4 (1.20)*** −10.5 (0.98)***

W24, mean change (SE) – −10.2 (1.12) −13.8 (1.20) −11.9 (0.95)

SJC28‡

W12, mean change (SE) −3.7 (0.78) −7.2 (0.72)*** −8.1 (0.79)*** −7.4 (0.66)***

W24, mean change (SE) −7.6 (0.76) −9.6 (0.68) −8.6 (0.64)

DAS28 (CRP)‡

W12, mean change (SE) −0.99 (0.162) −1.75 (0.145)*** −2.04 (0.162)*** −2.32 (0.155)***

W24, mean change (SE) – −1.95 (0.168) −2.61 (0.163) −2.62 (0.165)

DAS28 (CRP) LDA‡

W12, n (%) 5 (7) 8 (11) 9 (13) 19 (28)

W24, n (%) – 12 (17) 20 (29) 13 (19)

DAS28 (CRP) remission†

W12, n (%) 5 (6.9) 9 (12.5) 10 (14.3) 12 (17.4)

W24, n (%) – 14 (19.4) 15 (21.4) 17 (24.6)

DAS28 (CRP) remission/LDA†

W12, n (%) 10 (13.9) 17 (23.6) 19 (27.1) 31 (44.9)***

W24, n (%) – 25 (34.7) 35 (50.0) 29 (42.0)

DAS28 (CRP) EULAR response‡§

W12, n (%)

Moderate 27 (38) 33 (46) 37 (53) 28 (41)

Good 10 (14) 17 (24)* 19 (27)*** 31 (45)***

W24, n (%)

Moderate – 26 (36) 29 (41) 30 (43)

Good – 26 (36) 35 (50) 32 (46)

ACR/EULAR remission†

W12, n (%) 1 (1.4) 1 (1.4) 3 (4.3) 3 (4.3)

W24, n (%) – 6 (8.3) 6 (8.6) 6 (8.7)

SDAI‡

N 71 70 70 68

W12, mean change (SE) −12.6 (1.98) −21.4 (1.80)*** −25.3 (1.99)*** −26.5 (1.75)***

W24, mean change (SE) – −23.2 (1.94) −31.0 (1.77) −29.6 (1.86)

Continued

1014 Kavanaugh A, et al. Ann Rheum Dis 2017;76:1009–1019. doi:10.1136/annrheumdis-2016-210105

Clinical and epidemiological research

group.bmj.com on May 29, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


100 and 200 mg groups up to week 4, but plateaued and
remained stable to week 24 (see online supplementary figure S2).
The LDL:HDL ratio fell slightly over the study period indicating
that proportional increases in HDL cholesterol were greater than
those in LDL cholesterol. There were increases in mean triglycer-
ides in filgotinib groups with no apparent dose relationship (data
not shown).

DISCUSSION
In this study, clinical efficacy in patients treated with filgotinib
monotherapy provided statistically significant, dose-dependent
improvements in the signs and symptoms of active RA, and clin-
ical improvements were evident soon after active treatment had
begun. Clinical improvements were paralleled by rapid improve-
ments in HRQoL.

Consistent with previous studies,13 filgotinib was well tolerated
at all the doses evaluated, with similar proportions of patients
experiencing TEAEs in the placebo and filgotinib treatment
groups. Serious AEs and those leading to study discontinuation
were relatively low: of the 283 patients treated overall in this
study, 9 had a serious TEAE (8 receiving filgotinib) and 11 sub-
jects had ≥1 TEAE leading to permanent study discontinuation.
There were four serious infections occurring in subjects receiving
filgotinib and this risk warrants further evaluation in future clin-
ical trials. Increases in mean haemoglobin were observed in filgo-
tinib treatment groups, along with reductions in neutrophils, but
these were mostly considered by investigators as without clinical
consequence and did not lead to study discontinuation. In agree-
ment with the short-term phase IIa studies of filgotinib, no

reduction in lymphocyte or NK cell counts was observed8 and a
small decline in platelet counts plateaued at week 4 but remained
stable thereafter. Although small (up to 3.5 μmol/L in the highest
dose group) increases in creatinine were observed with filgotinib,
effects on the liver were minimal. ASTand ALT levels were stable
throughout the study. In line with other studies, increases in both
HDL and LDL cholesterol were seen with filgotinib treatment,
however, the LDL:HDL ratio fell during the study, thereby indi-
cating greater increases in HDL compared with LDL.
Throughout the study, CTCAE grade 3 or 4 laboratory abnormal-
ities were infrequent (11 events reported overall), and in most
cases did not lead to study discontinuation.

Among the limitations of the study, the duration of the
placebo control period was only 12 weeks because of the ethical
implications inherent in continuing patients with active RA on
placebo for a longer duration. As the therapeutic options of RA
continue to evolve, from an ethical perspective, future studies
would ideally use an active comparator instead of placebo to
evaluate the efficacy and safety of novel compounds, such
that no patient with moderately to severely active RA is left
without potentially efficacious medication. Although the placebo
period ended at 12 weeks, the study remained double blind to
dose through to 24 weeks. The relatively short (24 weeks) dur-
ation of the study also limits interpretation of side effects.
Radiographic assessments were not included in the study design,
so the impact of filgotinib on the physical structure of bones and
joints could not be evaluated. In conclusion, the results of this
phase IIb study of filgotinib without background MTX treatment
demonstrate improvements in the signs and symptoms of active
RA, with an early onset, sustained effect and an acceptable safety

Table 2 Continued

Filgotinib once daily

Placebo
N=72

50 mg
N=72

100 mg
N=70

200 mg
N=69

SDAI LDA‡

W12, n (%) 7 (10) 20 (28) 14 (20) 23 (33)

W24, n (%) – 21 (29) 26 (37) 26 (38)

SDAI remission†

W12, n (%) 2 (2.8) 2 (2.8) 5 (7.1) 5 (7.2)

W24, n (%) – 8 (11.1) 8 (11.4) 8 (11.6)

CDAI‡

W12, mean change (SE) −11.7 (1.88) −21.0 (1.72) −24.0 (1.97) −25.1 (1.74)

W24, mean change (SE) – −22.3 (1.86) −29.5 (1.69) −28.1 (1.82)

CDAI LDA‡

W12, n (%) 8 (11) 21 (29) 16 (23) 21 (30)

W24, n (%) – 20 (28) 25 (36) 23 (33)

CDAI remission‡

W12, n (%) 2 (2.8) 2 (2.8) 4 (5.7) 6 (8.7)

W24, n (%) – 9 (12.5) 8 (11.4) 9 (13.0)

HAQ-DI‡

W12, mean change (SE) −0.226 (0.07) −0.661 (0.08)*** −0.677 (0.08)*** −0.739 (0.08)***

W24, mean change (SE) −0.690 (0.09) −0.786 (0.08) −0.850 (0.08)

*p<0.05; **p<0.01; ***p<0.001. Percentage responders was calculated based on the total number of subjects per group with a response (yes/no) at that time.
†NRI (ITT population).
‡LOCF (ITT population).
§Good: DAS28 (CRP) of ≤3.2 and improvement of >1.2; moderate: DAS28 (CRP) of >3.2 and improvement of >1.2 or DAS28 (CRP) of ≤5.1 and improvement of >0.6–1.2.
ACR, American College of Rheumatology; ACR-N, ACR N% improvement; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; DAS-28, Disease Activity Score based on 28 joints
and C reactive protein; HAQ-DI, Health Assessment Questionnaire-Disability Index; EULAR, European League Against Rheumatism; ITT, intent-to-treat; LDA, Low Disease Activity; LOCF, last
observation carried forward; N, number of patients per group; n, number of patients with response/change; NRI, non-responder imputation; SDAI, Simplified Disease Activity Index; SJC28,
swollen joint count based on 28 joints; SJC66, swollen joint count based on 66 joints; TJC28, tender joint count based on 28 joints; TCJ68, tender joint count based on 68 joints.

1015Kavanaugh A, et al. Ann Rheum Dis 2017;76:1009–1019. doi:10.1136/annrheumdis-2016-210105

Clinical and epidemiological research

group.bmj.com on May 29, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://dx.doi.org/10.1136/annrheumdis-2016-210105
arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


Ta
bl
e
3

Su
m
m
ar
y
of

TE
AE

s
in

al
lp
at
ie
nt
s,
ba
se
lin
e–
w
ee
k
12
,p

at
ie
nt
s
w
ho

co
nt
in
ue
d
on

th
e
sa
m
e
tre
at
m
en
t
fro

m
ba
se
lin
e
to

w
ee
k
24

an
d
pa
tie
nt
s
w
ho

sw
itc
he
d
tre
at
m
en
tg

ro
up
,

w
ee
k
12
–
w
ee
k
24

Pa
tie

nt
s
w
ith

:

Ba
se
lin

e–
w
ee
k
12

Co
nt
in
ue

d
tr
ea
tm

en
t

Ba
se
lin

e–
w
ee
k
24

*
Sw

itc
he

rs
W
ee
k
12

–
w
ee
k
24

†

Pl
ac
eb

o
(N
=7

2)

Fi
lg
ot
in
ib

50
m
g

(N
=7

2)

Fi
lg
ot
in
ib

10
0
m
g

(N
=7

0)

Fi
lg
ot
in
ib

20
0
m
g

(N
=6

9)

Fi
lg
ot
in
ib

50
m
g

(N
=5

7)

Fi
lg
ot
in
ib

10
0
m
g

(N
=7

0)

Fi
lg
ot
in
ib

20
0
m
g

(N
=6

9)

Pl
ac
eb

o
to

fil
go

tin
ib

10
0
m
g

(N
=6

5)

Fi
lg
ot
in
ib

50
m
g
to

10
0
m
g

(N
=1

5)

TE
AE

,n
(%

)
28

(3
8.
9)

29
(4
0.
3)

23
(3
2.
9)

30
(4
3.
5)

30
(5
2.
6)

31
(4
4.
3)

35
(5
0.
7)

10
(1
5.
4)

4
(2
6.
7)

Se
rio
us

TE
AE

,n
(%

)
1
(1
.4
)

1
(1
.4
)

0
3
(4
.3
)

2
(3
.5
)

2
(2
.9
)

3
(4
.3
)

1
(1
.5
)

0

Se
rio
us

TE
in
fe
ct
io
n,

n
(%

)‡
0

1
(1
.4
)

0
(0
)

1
(1
.4
)

1
(2
)

1
(1
)

1
(1
)

1
(1
.5
)

0
(0
)

De
at
h,

n
(%

)
0

0
0

0
0

0
0

0
0

Re
la
te
d
TE
AE

,n
(%

)
7
(9
.7
)

11
(1
5.
3)

7
(1
0.
0)

9
(1
3.
0)

14
(2
4.
6)

12
(1
7.
1)

12
(1
7.
4)

5
(7
.7
)

1
(6
.7
)

TE
AE

le
ad
in
g
to

pe
rm

an
en
t
di
sc
on
tin
ua
tio
n
of

st
ud
y

tre
at
m
en
t,
n
(%

)
4
(5
.6
)

1
(1
.4
)

0
(0
)

1
(1
.4
)

2
(3
.5
)

2
(2
.9
)

2
(2
.9
)

1
(1
.5
)

0

TE
la
bo
ra
to
ry
ab
no
rm

al
iti
es
,n

(%
)

De
cr
ea
se
d
ha
em

og
lo
bi
n,

g/
dL

G
ra
de

1
(1
0,

LL
N
)

18
(2
5)

15
(2
0.
8)

1
(1
0)

6
(8
.7
)

12
(2
1.
1)

9
(1
2.
9)

8
(1
1.
6)

19
(2
6.
4)

5
(3
3.
3)

G
ra
de

2
(<
10
–
8)

1
(1
.4
)

3
(4
.2
)

2
(2
.9
)

1
(1
.4
)

4
(7
.0
)

4
(5
.7
)

1
(1
.4
)

1
(1
.4
)

1
(6
.7
)

G
ra
de

3
(<
8–
6.
5)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

G
ra
de

4
(<
6.
5)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

De
cr
ea
se
d
ne
ut
ro
ph
ils
,×

10
9 /
L

G
ra
de

1
(1
.5
,L
LN

)
1
(1
.4
)

0
(0
)

0
(0
)

2
(2
.9
)

2
(3
.5
)

2
(2
.9
)

3
(4
.3
)

2
(2
.8
)

0
(0
)

G
ra
de

2
(<
1.
5–
1.
0)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

G
ra
de

3
(<
1.
0–
0.
5)

0
(0
)

0
(0
)

1
(1
.4
)

1
(1
.4
)

0
(0
)

1
(1
.4
)

1
(1
.4
)

0
(0
)

0
(0
)

G
ra
de

4
(<
0.
5)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

De
cr
ea
se
d
ly
m
ph
oc
yt
es
,×

10
9 /
L

G
ra
de

1
(0
.8
,L
LN

)
1
(1
.4
)

1
(1
.4
)

2
(2
.9
)

2
(2
.9
)

1
(1
.8
)

2
(2
.9
)

1
(1
.4
)

1
(1
.4
)

0
(0
)

G
ra
de

2
(<
0.
8–
0.
5)

5
(6
.9
)

2
(2
.8
)

2
(2
.9
)

1
(1
.4
)

2
(3
.5
)

5
(7
.1
)

6
(8
.7
)

5
(6
.9
)

2
(1
3.
3)

G
ra
de

3
(<
0.
5–
0.
2)

0
(0
)

1
(1
.4
)

0
(0
)

0
(0
)

1
(1
.8
)

1
(1
.4
)

0
(0
)

1
(1
.5
)

0
(0
)

G
ra
de

4
(<
0.
2)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

De
cr
ea
se
d
pl
at
el
et
s,
×
10

9 /
L

G
ra
de

1
(7
5,

LL
N
)

0
(0
)

0
(0
)

0
(0
)

1
(1
.4
)

0
(0
)

1
(1
.4
)

1
(1
.4
)

0
(0
)

0
(0
)

G
ra
de

2
(<
75
–
50
)

0
(0
)

0
(0
)

1
(1
.4
)

0
(0
)

0
(0
)

1
(1
.4
)

0
(0
)

0
(0
)

0
(0
)

G
ra
de

3
(<
50
–
25
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

G
ra
de

4
(<
25
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

N
K
ce
lls

(C
D1

6–
CD

56
),
×
10

9 /
L

De
cr
ea
se

to
<
LL
N

6
(8
.3
)

4
(5
.6
)

3
(4
.3
)

3
(4
.3
)

4
(7
.0
)

4
(5
.7
)

5
(7
.2
)

6
(8
.3
)

0
(0
)

In
cr
ea
se

to
>
UL
N

0
(0
)

1
(1
.4
)

0
(0
)

2
(2
.9
)

2
(3
.5
)

1
(1
.4
)

5
(7
.2
)

2
(2
.8
)

0
(0
)

El
ev
at
ed

cr
ea
tin
in
e,
μm

ol
/L

G
ra
de

1
(1
–
1.
5×

UL
N
)

0
(0
)

1
(1
.4
)

0
(0
)

3
(4
.3
)

2
(3
.5
)

0
(0
)

3
(4
.3
)

1
(1
.4
)

0
(0
)

G
ra
de

2
(1
.5
–
3×

UL
N
)

0
(0
)

0
(0
)

1
(1
.4
)

1
(1
.4
)

0
(0
)

1
(1
.4
)

1
(1
.4
)

0
(0
)

0
(0
)

Co
nt
in
ue
d

1016 Kavanaugh A, et al. Ann Rheum Dis 2017;76:1009–1019. doi:10.1136/annrheumdis-2016-210105

Clinical and epidemiological research

group.bmj.com on May 29, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


Ta
bl
e
3

Co
nt
in
ue
d

Pa
tie

nt
s
w
ith

:

Ba
se
lin

e–
w
ee
k
12

Co
nt
in
ue

d
tr
ea
tm

en
t

Ba
se
lin

e–
w
ee
k
24

*
Sw

itc
he

rs
W
ee
k
12

–
w
ee
k
24

†

Pl
ac
eb

o
(N
=7

2)

Fi
lg
ot
in
ib

50
m
g

(N
=7

2)

Fi
lg
ot
in
ib

10
0
m
g

(N
=7

0)

Fi
lg
ot
in
ib

20
0
m
g

(N
=6

9)

Fi
lg
ot
in
ib

50
m
g

(N
=5

7)

Fi
lg
ot
in
ib

10
0
m
g

(N
=7

0)

Fi
lg
ot
in
ib

20
0
m
g

(N
=6

9)

Pl
ac
eb

o
to

fil
go

tin
ib

10
0
m
g

(N
=6

5)

Fi
lg
ot
in
ib

50
m
g
to

10
0
m
g

(N
=1

5)

G
ra
de

3
(3
–
6×

UL
N
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

G
ra
de

4
(>
6×

UL
N
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

El
ev
at
ed

AL
T

G
ra
de

1
(1
–
2.
5×

UL
N
)

0
(0
)

1
(1
.4
)

5
(7
.1
)

2
(2
.9
)

1
(1
.4
)

8
(1
1.
4)

4
(5
.8
)

1
(1
.4
)

1
(6
.7
)

G
ra
de

2
(2
.5
–
5×

UL
N
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

1
(1
.4
)

0
(0
)

0
(0
)

0
(0
)

G
ra
de

3
(5
–
20
×
UL
N
)

0
(0
)

1
(1
.4
)

0
(0
)

0
(0
)

1
(1
.8
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

G
ra
de

4
(>
20
×
UL
N
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

El
ev
at
ed

AS
T

G
ra
de

1
(1
–
2.
5×

UL
N
)

1
(1
.4
)

4
(5
.6
)

1
(1
.4
)

1
(1
.4
)

4
(7
.0
)

4
(5
.7
)

3
(4
.3
)

3
(4
.2
)

0
(0
)

G
ra
de

2
(2
.5
–
5×

UL
N
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

G
ra
de

3
(5
–
20
×
UL
N
)

0
(0
)

1
(1
.4
)

0
(0
)

0
(0
)

1
(1
.8
)

1
(1
.4
)

0
(0
)

0
(0
)

0
(0
)

G
ra
de

4
(>
20
×
UL
N
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

Ra
tio

LD
L/
HD

L
in
cr
ea
se

to
>
UL
N

4
(5
.6
)

12
(1
6.
7)

10
(1
4.
3)

4
(5
.8
)

10
(1
7.
5)

11
(1
5.
7)

6
(8
.7
)

5
(6
.9
)

3
(2
0.
0)

*P
at
ie
nt
s
re
ce
iv
in
g
co
nt
in
ue
d
tre
at
m
en
t
on

th
e
sa
m
e
do
se

of
fil
go
tin
ib
.

†
Pa
tie
nt
s
in

th
e
pl
ac
eb
o
gr
ou
p,

an
d
pa
tie
nt
s
w
ith
ou
t
an

AC
R2
0
re
sp
on
se

in
th
e
50

m
g
fil
go
tin
ib

gr
ou
p,

w
er
e
sw

itc
he
d
to

th
e
10
0
m
g
do
se

at
w
ee
k
12
.

‡
Fo
ur

se
rio
us

in
fe
ct
io
ns
:o

ne
in

th
e
fil
go
tin
ib

20
0
m
g
gr
ou
p
(p
ne
um

on
ia
),
on
e
in

th
e
fil
go
tin
ib

10
0
m
g
gr
ou
p
(c
el
lu
lit
is)
,o

ne
in

th
e
fil
go
tin
ib

50
m
g
gr
ou
p
(g
as
tro

en
te
rit
is)

an
d
on
e
in
th
e
gr
ou
p
th
at

w
as

sw
itc
he
d
fro

m
pl
ac
eb
o
to

fil
go
tin
ib

10
0
m
g
(c
hr
on
ic

py
el
on
ep
hr
iti
s)
.

AC
R,

Am
er
ic
an

Co
lle
ge

of
Rh
eu
m
at
ol
og
y;
AL
T,
al
an
in
e
tra

ns
am

in
as
e;
AS

T,
as
pa
rta

te
tra

ns
am

in
as
e;
HD

L,
hi
gh
-d
en
sit
y
lip
op
ro
te
in
;L
DL
,l
ow

-d
en
sit
y
lip
op
ro
te
in
;L
LN

,l
ow

er
lim

it
of

no
rm

al
;N

,n
um

be
ro

fp
at
ie
nt
s
pe
r
gr
ou
p;

n,
nu
m
be
ro

fp
at
ie
nt
s
w
ith

ev
en
t;

N
K,

na
tu
ra
lk
ill
er
;S
AE

,s
er
io
us

ad
ve
rs
e
ev
en
t;
TE
,t
re
at
m
en
t-e

m
er
ge
nt
;T
EA

E,
tre
at
m
en
t-e

m
er
ge
nt

ad
ve
rs
e
ev
en
t;
UL
N
,u

pp
er

lim
it
of

no
rm

al
.

1017Kavanaugh A, et al. Ann Rheum Dis 2017;76:1009–1019. doi:10.1136/annrheumdis-2016-210105

Clinical and epidemiological research

group.bmj.com on May 29, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


profile. These encouraging data support the future development
of filgotinib monotherapy for treatment of patients who have had
an inadequate response to MTX treatment.
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Filgotinib once daily

Haemoglobin, g/dL
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to 100 mg
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N=70

200 mg continued
N=69
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EXTENDED REPORT

A randomised phase IIb study of mavrilimumab,
a novel GM–CSF receptor alpha monoclonal
antibody, in the treatment of rheumatoid arthritis
Gerd R Burmester,1 Iain B McInnes,2 Joel Kremer,3 Pedro Miranda,4

Mariusz Korkosz,5 Jiri Vencovsky,6 Andrea Rubbert-Roth,7 Eduardo Mysler,8

Matthew A Sleeman,9 Alex Godwood,9 Dominic Sinibaldi,10 Xiang Guo,10

Wendy I White,10 Bing Wang,11 Chi-Yuan Wu,11 Patricia C Ryan,10 David Close,9

Michael E Weinblatt,12 on behalf of the EARTH EXPLORER 1 study investigators

ABSTRACT
Objectives Despite the therapeutic value of current
rheumatoid arthritis (RA) treatments, agents with
alternative modes of action are required. Mavrilimumab,
a fully human monoclonal antibody targeting the
granulocyte–macrophage colony-stimulating factor
receptor-α, was evaluated in patients with moderate-to-
severe RA.
Methods In a phase IIb study (NCT01706926),
patients with inadequate response to ≥1 synthetic
disease-modifying antirheumatic drug(s), Disease Activity
Score 28 (DAS28)−C reactive protein (CRP)/erythrocyte
sedimentation rate ≥3.2, ≥4 swollen joints despite
methotrexate (MTX) were randomised 1:1:1:1 to
subcutaneous mavrilimumab (150, 100, 30 mg), or
placebo every other week (eow), plus MTX for 24 weeks.
Coprimary outcomes were DAS28−CRP change from
baseline to week 12 and American College of
Rheumatology (ACR) 20 response rate (week 24).
Results 326 patients were randomised (150 mg, n=79;
100 mg, n=85; 30 mg, n=81; placebo, n=81); 305
completed the study (September 2012–June 2013).
Mavrilimumab treatment significantly reduced DAS28
−CRP scores from baseline compared with placebo
(change from baseline (SE); 150 mg: −1.90 (0.14),
100 mg: −1.64 (0.13), 30 mg: −1.37 (0.14), placebo:
−0.68 (0.14); p<0.001; all dosages compared with
placebo).
Significantly more mavrilimumab-treated patients

achieved ACR20 compared with placebo (week 24:
73.4%, 61.2%, 50.6% vs 24.7%, respectively
(p<0.001)). Adverse events were reported in 43
(54.4%), 36 (42.4%), 41 (50.6%) and 38 (46.9%)
patients in the mavrilimumab 150, 100, 30 mg eow and
placebo groups, respectively. No treatment-related safety
signals were identified.
Conclusions Mavrilimumab significantly decreased RA
disease activity, with clinically meaningful responses
observed 1 week after treatment initiation, representing
a novel mechanism of action with persuasive therapeutic
potential.
Trial registration number NCT01706926; results.

INTRODUCTION
Biological therapies have improved disease control
and patient outcomes in rheumatoid arthritis (RA).

However, approximately 50% of patients do not
achieve low disease activity criteria within
12 months of antitumour necrosis factor-α treat-
ment,1 while approximately 80% of patients do not
achieve Disease Activity Score 28 (DAS28)
−erythrocyte sedimentation rate (ESR)<2.6.2 It is
possible that biologics targeting novel signalling
pathways may prove beneficial in RA, including in
these patients.
Recently, granulocyte–macrophage colony-

stimulating factor (GM−CSF), a proinflammatory
multifunctional cytokine, has emerged as a novel
and important therapeutic target in autoimmune/
inflammatory diseases.3 In RA pathogenesis, GM
−CSF plays a key role through activation, differen-
tiation and survival of macrophages, dendritic cells
and neutrophils.4–6 In addition, GM–CSF is now
well recognised as an effector T helper 1/17 cell
cytokine.3 7 Elevated concentrations of GM−CSF
and its receptor have been observed in tissue and
synovial fluid of patients with RA,8–10 and recom-
binant GM−CSF administration exacerbates RA
disease activity.11 Moreover, signalling through the
GM−CSF receptor-α subunit (GM−CSFR-α) has
been shown to have a role in animal models of arth-
ritis10 12 and modulation of pain pathways.13

Inhibition of the GM−CSF pathway reduces macro-
phage and/or neutrophil numbers in inflammatory
lesions.14 This treatment approach may hold promise
in RA and other diseases characterised by the activa-
tion of the monocyte–macrophage pathway. In
humans, full inhibition of GM−CSF signalling, via
emergence of GM–CSF neutralising polyclonal auto-
antibodies, has been associated with the development
of foamy alveolar macrophages, and, clinically, with
a lung disorder, pulmonary alveolar proteinosis
(PAP).15

Mavrilimumab, a fully human monoclonal anti-
body which blocks the GM−CSF receptor, is the
first biologic in clinical development to target this
pathway. Clinical studies demonstrated the pharma-
cokinetics, pharmacodynamics and safety/tolerability
of mavrilimumab, and provided evidence of effi-
cacy.16–20 In this longer 24-week phase IIb study,
we evaluated the therapeutic potential of GM−CSF
antagonism in patients with moderate-to-severe,
adult-onset RA by comparing the efficacy and

1020 Burmester GR, et al. Ann Rheum Dis 2017;76:1020–1030. doi:10.1136/annrheumdis-2016-210624
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safety/tolerability of subcutaneous mavrilimumab, at dosages of
up to 150 mg every other week (eow) plus methotrexate
(MTX), with that of placebo.

METHODS
Study design
This phase IIb, randomised, double-blind, parallel-group,
placebo-controlled study (EARTH EXPLORER 1;
NCT01706926) was conducted in 48 specialist sites (14 coun-
tries; Europe, South America, South Africa) (see online
supplementary table S1). Population pharmacokinetic efficacy
modelling and stochastic clinical trial simulations facilitated
selection of the optimal dose range for the study.

Due to the theoretical risk associated with GM−CSF inhib-
ition and data from non-clinical (animal toxicology) studies of
mavrilimumab,21 standardised pulmonary monitoring with inde-
pendent expert adjudication was undertaken.22

The study was conducted in accordance with the principles
of the Declaration of Helsinki and the International Conference
on Harmonisation Guidance for Good Clinical Practice and
approved by appropriate institutional review boards or inde-
pendent ethics committees at each site.

Patients
Patients were 18–80 years with moderate-to-severe, adult-onset
RA,23 DAS28−C reactive protein (CRP) ≥3.2 at screening
and DAS28−ESR ≥3.2 at day 1,24 and ≥4 swollen joints at
screening and day 1, and were receiving stable dosages of MTX
(7.5–25.0 mg/week). Patients were required to have received
treatment with ≥1 traditional disease-modifying antirheumatic
drug (DMARD) prior to screening. Previous treatment with any
biological DMARD discontinued because of lack of efficacy;
recent treatment with any investigational drug, alkylating agents
or parenteral steroids; and concurrent treatment with DMARDs
other than MTX were not permitted. Changes in background
RA treatment were not allowed for the first 12 weeks of the
study, other than for safety reasons. Patients with clinically
uncontrolled respiratory disease, active infection or high infec-
tion risk, and active or untreated latent tuberculosis were
excluded. All patients provided written informed consent and
were enrolled by the investigator or qualified designee.
Study-stopping criteria are listed in the online supplementary
material.

Randomisation and masking
Patients were randomised (interactive web response system)
1:1:1:1 to 150, 100 or 30 mg subcutaneous mavrilimumab or
placebo eow in combination with stable dosages of MTX (7.5–
25.0 mg/week) for 24 weeks, followed by transfer to a long-
term, open-label extension (OLE) (NCT01712399) or a
12-week safety follow-up period. Study patients, investigators
and sponsors were blinded to study treatment (see online
supplementary material).

Procedures
During the 24-week treatment period, there were 14 scheduled
visits (weeks 0, 1, 2 and eow until week 24). The safety
follow-up period included visits at 4, 8 and 12 weeks after the
last dose. Twelve weeks after treatment initiation, patients
without adequate response (<20% improvement in both
swollen and tender joint counts vs day 1) were eligible for early
OLE entry. Corticosteroids (≤7.5 mg/day prednisolone or
equivalent), analgesics and non-steroidal anti-inflammatory
drugs were maintained at stable dosages for the study duration.

End points
Primary end points
Coprimary end points were change from baseline in DAS28
−CRP score (week 12) and American College of Rheumatology
(ACR) 20 (20% improvement in ACR criteria) response (week
24). Assessments performed are included in the online
supplementary material.

Secondary end points
Secondary efficacy end points included: DAS28−CRP European
League Against Rheumatism (EULAR) response rates, DAS28
−CRP-defined remission (<2.6) and low disease activity (<3.2),
ACR20/50/70 response rates at weeks 12 and 24, change from
baseline or geometric means for ACR and DAS28 components
over time and DAS28−ESR response. Assessments were per-
formed at weeks 0, 1, 2, 4, 8, 12, 16, 20 and 24.

CRP and ESR geometric means were measured over time.

Exploratory end points
Exploratory end points, including disease activity and structural
damage biomarkers, were examined at weeks 0, 1, 2, 4, 12 and
24. Multibiomarker disease activity (MBDA) Vectra DA score
(Crescendo Biosciences, South San Francisco, California, USA)25

was calculated to track the effects of mavrilimumab on inflam-
matory biomarkers at predefined time points.

An ELISA was used to measure serum concentrations of
C1M,26 a marker of tissue damage associated with structural
progression.27

Safety assessments
Adverse events (AEs) and serious adverse events (SAEs) were
summarised by severity and relationship to study drug by inves-
tigators. Laboratory evaluations (serum chemistry, haematology,
urinalysis), vital signs, pulmonary function tests (PFTs), dys-
pnoea score and oxygen saturation were summarised by treat-
ment group and time point. Serum was tested for antidrug
antibodies (ADAs) and mavrilimumab concentrations through-
out the study. Safety assessments were performed at every visit
during the treatment period.

PFTs (forced vital capacity, forced expiratory volume in 1 and
6 s) were performed at screening, and at weeks 12 and 24.
Dyspnoea score and oxygen saturation were assessed at each
visit using the modified Borg scale and pulse oximetry, respect-
ively. Adjudication of lung function abnormalities and pulmon-
ary AEs was by an Independent Pulmonary Expert Committee.

Statistical analysis
The primary efficacy population was the modified
intention-to-treat population (all randomised patients who
received any study drug). The safety population included all
patients who received study drug and had safety data available.

A sample size of 70 patients per treatment group provided
80% power to achieve statistical significance for DAS28−CRP
and ACR20 at a two-sided significance level of 0.05. This
assumed a 0.6-unit difference in change from baseline and a SD
of 1.25 for DAS28−CRP, and a 25% difference in ACR20
response rate with a placebo response rate of 40%.

Change from baseline in DAS28−CRP was analysed using a
mixed model for repeated measures (MMRM), with covariates
for baseline DAS28−CRP, visit, treatment and visit-by-treatment
interaction. Dosage–response assessment was performed using a
test for linear trend on DAS28−CRP change from baseline at
week 12. Two sensitivity analyses were performed for change
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from baseline DAS28−CRP to allow for patients withdrawing
from treatment (see online supplementary material). ACR20/50/
70 response rates, DAS28-defined remission (<2.6) and
response rates at each visit were analysed using logistic regres-
sion, with results presented as differences in response rates
(95% CI; p value).28 Individual ACR components were analysed
using the same method as for DAS28−CRP analyses.

DAS28−CRP EULAR responses at each time point were ana-
lysed via a proportional odds model, with treatment as a factor.
CRP and ESR were log-transformed prior to analysis. For dis-
crete responder outcomes, patients who withdrew from treat-
ment for any reason (including entering the OLE), started any
new RA medication, or increased MTX dosage, were imputed
as non-responders for all subsequent assessments. For continu-
ous outcomes (DAS28−CRP and ACR components), missing
data were handled by the MMRM analysis (including patients
entering the OLE). For MBDA and C1M, results for each time
point were analysed versus placebo using a non-parametric
Mann-Whitney U test. AE and other safety data were sum-
marised with descriptive statistics. An external independent
safety data monitoring board oversaw the study.

RESULTS
Patients were recruited between September 2012 and June
2013, with evaluation until January 2014. Of 326 patients ran-
domised, 305 (93.6%) completed the study. Patient disposition
is presented in figure 1. Demographics and baseline clinical
characteristics were similar between treatment groups, and indi-
cated a cohort of patients with predominantly severe disease
(DAS28−CRP >5.1) that would qualify for first-line biological
therapy (see table 1 and online supplementary table S2).

Mavrilimumab significantly reduced DAS28−CRP scores from
baseline compared with placebo at week 12, meeting the
coprimary outcome (change from baseline (difference from
placebo (95% CI)) 150 mg: −1.90 (−1.22 (−1.60 to −0.84)),
100 mg: −1.64 (−0.96 (−1.33 to −0.58)), 30 mg: −1.37 (−0.69
(−1.06 to −0.31)), placebo: −0.68; p<0.001, all dosages;
figure 2A). Differences from placebo were detected at week 1,
with treatment benefit increasing through week 12 (figure 2A).
At week 24, significantly more patients receiving mavrilimumab
150 mg eow achieved an ACR20 response compared with
placebo, with a dosage-dependent response (150 mg: 73.4%;
100 mg: 61.2%; 30 mg: 50.6%; placebo: 24.7% (p<0.001);
figure 2B), indicating that the study also met its second coprim-
ary outcome. There were significantly more ACR20 responders
in the mavrilimumab 150 mg eow group than in the placebo
group from the first assessment (week 1) and at every other
assessment through to week 24 (figure 2B). Subgroup analyses
of ACR20 by CRP concentration (normal or greater than the
upper limit of normal), the presence of rheumatoid factor and/
or anticitrullinated protein antibody (ACPA), and prior use of
biologics and smoking status (see online supplementary table
S3) suggest that clinical response is not dependent on baseline
disease characteristics. Furthermore, mavrilimumab was demon-
strated to be efficacious in patients who were rheumatoid factor
negative and ACPA-negative at baseline (n=59; 18.1%).

DAS28−CRP/ESR EULAR good and moderate responses
occurred more frequently with mavrilimumab 150, 100 and
30 mg eow than placebo at weeks 12 and 24 (figure 3). This
was also true for ACR20 and ACR50 response rates (ACR50
response at week 24: 40.5%, 25.9%, 28.4% and 12.3%,
respectively; p<0.05, all dosages; figure 3). Mavrilimumab
150 mg eow significantly improved ACR70 response rates

compared with placebo at weeks 12 and 24 (week 12: 10.1% vs
1.2% (p=0.017); week 24: 13.9% vs 3.7% (p=0.026);
figure 3). At week 24, there was a significantly greater ACRn
response for patients receiving mavrilimumab compared with
placebo (figure 3). Rates of DAS28−CRP remission (<2.6) were
also significantly greater with mavrilimumab 150 mg compared
with placebo at week 12 and all dosages of mavrilimumab com-
pared with placebo at week 24 (p<0.05, all dosages; figure 3).
There were significantly more patients with DAS28−CRP low
disease activity scores (<3.2) in the mavrilimumab 150 mg eow
group compared with placebo at weeks 12, 16, 20, 24 (31.6%,
40.5%, 43.0%, 41.8% vs 12.3%, 14.8%, 14.8%, 8.6%, respect-
ively) and in all mavrilimumab groups compared with placebo
at week 24 (p<0.001; figure 3). To confirm the robustness of
the data, analyses of change from baseline in DAS28−ESR were
also performed, and results were similar to those using DAS28
−CRP (see online supplementary figure S1).

Results for components of composite outcomes were similar.
Greater changes from baseline in ACR and DAS28 components,
and patient-reported outcomes compared with placebo were
observed at weeks 12 and 24 for patients receiving mavrilimu-
mab 150 mg eow (see online supplementary table S4). As a
greater number of patients in the placebo group than in the
mavrilimumab group transferred to the OLE study between
weeks 12 and 24 because of lack of response under ‘rescue’ cri-
teria, it is important to interpret the week 24 data with caution.

A dosage-dependent, rapid (week 1) and sustained (week 24)
reduction of both CRP and ESR concentrations was also
observed, with CRP levels plateauing at approximately 3.3 mg/L
(see figure 4A and online supplementary figure S2, respectively).

Of 326 patients, 120 reported at least one AE (150 mg: 43
(54.4%); 100 mg: 36 (42.4%); 30 mg: 41 (50.6%); placebo: 38
(46.9%)). The most common treatment-emergent AEs (TEAEs),
and those leading to discontinuation or interruption of the
study drug, are provided in table 2. SAEs were reported for two
(2.5%), five (5.9%), four (4.9%) and one (1.2%) patients in the
mavrilimumab 150, 100, 30 mg eow and placebo groups,
respectively (table 2). Of these, only pneumonia (mavrilimumab
30 mg eow) and angioedema (mavrilimumab 150 mg eow) were
considered to be related to treatment by the investigator.

Rates of pulmonary AEs for mavrilimumab 150, 100 or 30 mg
eow were similar to the rate for placebo (6.3%, 3.5%, 6.2% vs
9.9%, respectively). There were no deaths or anaphylaxis. Two
hypersensitivity AEs led to discontinuation (angioedema 6 days
after first dose, mavrilimumab 150 mg eow; drug hypersensitiv-
ity 1 day after first dose, mavrilimumab 30 mg eow).

No clinically meaningful differences between mavrilimumab-
treated and placebo-treated patients in haematology, including
neutrophils, serum chemistry and urinalysis parameters, were
observed. ADAs were detected in 0 (0.0%), 3 (3.5%), 13
(16.0%) and 2 (2.5%) patients in the mavrilimumab 150, 100,
30 mg eow and placebo groups, respectively (see online
supplementary material). One injection-site reaction was
observed (mavrilimumab 150 mg eow).

Pulmonary function values, dyspnoea scores and oxygen sat-
uration were generally similar between mavrilimumab-treated
and placebo-treated patients, with no evidence of a dosage-
dependent decline in the mean values for patients receiving
mavrilimumab (see online supplementary table S5). Any thresh-
old changes in the percentage of PFT values were generally
transient.

In biomarker analyses, treatment with mavrilimumab 150 and
100 mg eow induced early (week 1) and sustained (week 24)
significant reductions in MBDA score versus placebo (p<0.01;
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Figure 1 CONSORT diagram (A) and time to randomised study exit (B). Randomised study exit includes patients who withdrew from study
treatment, patients who entered the OLE from week 12 as permitted in the protocol and those patients who entered the safety follow-up period at
week 24. At week 12, 3 (3.8%), 8 (9.4%), 12 (14.8%) and 37 (45.7%) patients transferred to the OLE study because of lack of efficacy in the
mavrilimumab 150, 100 and 30 mg groups and placebo group, respectively. eow, every other week; OLE, open-label extension.
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figure 4B). Significant decreases from baseline in C1M concen-
trations were also observed for patients receiving mavrilimumab
150 and 100 mg eow compared with placebo from week 1 to
week 24 (p<0.01; figure 4C).

DISCUSSION
This phase IIb study met its coprimary outcomes, with mavrili-
mumab treatment resulting in dosage-related, significantly
greater reductions from baseline in DAS28−CRP scores at week
12 and a significantly greater percentage of ACR20 responders
at week 24, compared with placebo. The most effective dose
was 150 mg eow. Mavrilimumab-treated patients also demon-
strated significantly greater improvements than those receiving

placebo across a range of secondary and patient-reported out-
comes29 (see online supplementary table S4). The data pre-
sented here are consistent with and build on those presented
previously for mavrilimumab 100 mg by including a larger
patient population, longer treatment duration and the higher
(150 mg) mavrilimumab dosage.19 20

A rapid and sustained clinical response to mavrilimumab 150
and 100 mg eow was reflected in the reduction of CRP and
ESR, concurrent decreases in MBDA score, a composite of
soluble disease activity biomarkers and C1M concentration.27

A clear dosage–response relationship was observed for
mavrilimumab-treated patients in most efficacy outcomes ana-
lysed and for biomarker analyses, but not in AE rates or other

Table 1 Patient demographics and baseline clinical characteristics

Mavrilimumab

150 mg eow (n=79) 100 mg eow (n=85) 30 mg eow (n=81) Placebo (n=81)

Demographics

Age, mean (SD) 52.6 (10.3) 50.8 (11.9) 51.2 (11.6) 52.8 (10.6)

Female, n (%) 67 (84.8) 70 (82.4) 70 (86.4) 75 (92.6)

Race, n (%)

White 74 (93.7) 81 (95.3) 76 (93.8) 76 (93.8)

Other 5 (6.3) 4 (4.7) 5 (6.2) 5 (6.2)

Weight, kg, mean (SD) 75.9 (17.6) 71.8 (16.2) 72.5 (15.2) 73.0 (15.2)

Body mass index, kg/m2, mean (SD) 28.4 (6.2) 26.3 (5.3) 27.3 (5.1) 27.5 (5.1)

Baseline clinical characteristics

Years since RA diagnosis, mean (SD) 8.5 (6.9) 7.2 (6.5) 7.8 (6.6) 7.6 (7.2)

Rheumatoid factor-positive, n (%) 60 (75.9) 68 (80.0) 67 (82.7) 65 (80.2)

ACPA-positive, n (%) 61 (77.2) 63 (74.1) 66 (81.5) 59 (72.8)

DAS28−CRP, mean (SD) 5.7 (0.8) 5.9 (0.9) 5.7 (0.9) 5.8 (0.8)

DAS28−ESR, mean (SD) 6.5 (0.9) 6.7 (0.9) 6.7 (1.0) 6.6 (0.9)

Swollen joint count, mean (SD) 15.7 (7.1) 16.8 (8.6) 17.8 (10.1) 14.4 (6.9)

Tender joint count, mean (SD) 26.7 (11.4) 27.0 (14.2) 27.5 (14.0) 26.3 (11.3)

HAQ DI, mean (SD) 1.58 (0.53) 1.58 (0.52) 1.52 (0.62) 1.63 (0.48)

CRP, mg/L, median (minimum–maximum) 5.6 (0.3–55.8) 9.0 (0.3–75.3) 5.2 (0.2–102.8) 6.3 (0.2–110.2)

Normal, n (%) 27 (34.2) 22 (25.9) 32 (39.5) 24 (29.6)

Greater than ULN, n (%)* 52 (65.8) 63 (74.1) 49 (60.5) 57 (70.4)

ESR, mm/hour, median (minimum–maximum) 38.0 (8–101) 40.0 (6–123) 40.0 (6–110) 42.0 (3–112)

MBDA score, mean (SD) 50.2 (14.0) 54.2 (16.7) 48.5 (17.3) 50.6 (17.9)

C1M, ng/mL, mean (SD) 83.7 (54.8) 107.1 (76.3) 88.6 (81.3) 98.1 (72.1)

Methotrexate use, n 79 84† 81 81

Dosage, mg/week, mean (SD) 14.5 (4.1) 15.1 (4.6) 14.6 (3.6) 15.0 (3.7)

<12.5 mg/week, n (%) 21 (26.6) 22 (26.2) 19 (23.5) 16 (19.8)

≥12.5 to <20 mg/week, n (%) 44 (55.7) 39 (46.4) 47 (58.0) 51 (63.0)

≥20 mg/week, n (%) 14 (17.7) 23 (27.4) 15 (18.5) 14 (17.3)

Corticosteroid use, n 46 51 50 43

Dosage, mg/day, mean (SD) 5.4 (1.7) 5.7 (1.3) 5.4 (2.4) 5.3 (1.7)

<5 mg/day 5 (10.9) 1 (2.0) 5 (10.0) 6 (14.0)

≥5 mg/day 41 (89.1) 50 (98.0) 45 (90.0) 37 (86.0)

Prior biological therapy, n (%) 10 (12.7) 13 (15.3) 12 (14.8) 12 (14.8)

Reason for discontinuation, n (%)

Expense of medication 2 (2.5) 2 (2.4) 1 (1.2) 1 (1.2)

Medication only in clinical trial 7 (8.9) 9 (10.6) 8 (9.9) 8 (9.9)

Adverse event 0 (0.0) 1 (1.2) 3 (3.7) 1 (1.2)

Other 1 (1.3) 1 (1.2) 0 (0.0) 2 (2.5)

*The upper limit of normal for CRP (high sensitivity) was 3 mg/L.
†One patient did not receive methotrexate (not identified until after randomisation), and this was considered a protocol violation.
ACPA, anticitrullinated protein antibody; CRP, C reactive protein; DAS28, Disease Activity Score 28; eow, every other week; ESR, erythrocyte sedimentation rate; HAQ DI, Health
Assessment Questionnaire Disability Index; MBDA, multibiomarker disease activity; RA, rheumatoid arthritis; SD, standard deviation; ULN, upper limit of normal.
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safety parameters. However, as the study was powered specific-
ally to assess the coprimary end points, the sample size and
study duration were not sufficient to assess joint damage
progression.

The number of patients who transferred to the OLE between
weeks 12 and 24 because of lack of response was low in the
mavrilimumab 150, 100 and 30 mg eow groups compared with
placebo (3 (3.8%), 8 (9.4%), 12 (14.8%) and 37 (45.7%),
respectively). This could be seen as an indication of the benefit
of mavrilimumab treatment; however, it is a limitation of the
study analysis, as the response of these patients at week 24, had

they remained in the study, is unknown. To account for patients
transferring to the OLE, a non-responder imputation for the
ACR outcomes and a sensitivity analysis for DAS28−CRP were
performed. The primary analysis method of MMRM resulted
in a smaller difference from placebo than both the Last
Observation Carried Forward (LOCF) and the Baseline
Observation Carried Forward (BOCF) method (DAS28−CRP
week 24 mavrilimumab 150 mg eow difference from placebo:
MMRM=−1.21; LOCF=−1.46; BOCF=−1.37).

Mavrilimumab was generally well tolerated, with no substan-
tial differences in AEs or SAEs between mavrilimumab-treated

Figure 2 Changes from baseline in DAS28−CRP score (A), ACR20 response (B) and changes from baseline in patient assessment of pain (C) by
visit. *p<0.05, **p<0.01, ***p<0.001 mavrilimumab versus placebo. ACR, American College of Rheumatology; DAS28−CRP, Disease Activity Score
28–C reactive protein; eow, every other week; SE, standard error.
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and placebo-treated patients (table 2). The percentage of patients
experiencing TEAEs and TEAEs of special interest were similar
in mavrilimumab versus placebo groups. The rate of serious

infection was low (one serious pneumonia (mavrilimumab
30 mg) and one non-serious pneumonia (placebo)). Neutropenia
was reported in three patients in the mavrilimumab 150 mg

Figure 3 Analysis of secondary efficacy outcomes: ACR response rates (A), ACRn response over time (B), DAS28−CRP low disease activity
responders (DAS28−CRP <3.2) (C), DAS28−CRP remission (DAS28−CRP <2.6) over time (D), DAS28−CRP European League Against Rheumatism
(EULAR) response (E), DAS28−ESR EULAR response (F). ACR/EULAR response criteria are detailed in online supplementary table S6. DAS28−CRP
remission defined as DAS28−CRP <2.6. DAS28−CRP low disease activity defined as DAS28−CRP <3.2. ACR, American College of Rheumatology;
DAS28−CRP, Disease Activity Score 28–C reactive protein; ESR, erythrocyte sedimentation rate; eow, every other week; SE, standard error.
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Figure 4 Adjusted geometric mean ratio to baseline in CRP concentrations (A), change from baseline in MBDA score (B) and C1M (C). *p<0.05,
**p<0.01, ***p<0.001 mavrilimumab versus placebo. For MBDA analyses (graph A), the number of patients for whom serum samples were
analysed at each time point ranged from 57 to 64, 53 to 60, 53 to 61 and 40 to 59 for mavrilimumab 150, 100, 30 mg eow and placebo,
respectively. For C1M analyses (graph B), the number of patients for whom serum samples were analysed at each time point ranged from 73 to 76,
74 to 84, 62 to 78 and 54 to 77 for mavrilimumab 150, 100, 30 mg eow and placebo, respectively. CRP, C reactive protein; eow, every other week;
MBDA, multibiomarker disease activity; SE, standard error; ULN, upper limit of normal.
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group (grades 1, 2 and 3) and one patient in the placebo group
(grade 3). ADAs were detected more frequently in patients
treated with lower mavrilimumab dosages and none at the
150 mg dosage, consistent with the previous observations that
development of ADAs is inversely associated with dose.30 31 The
safety profile for mavrilimumab observed in this study was
similar to that reported in previous mavrilimumab studies17 19

and emerging data with other GM−CSF pathway inhibitors.32

No substantial increase in pulmonary events, or apparent
dosage–response changes in pulmonary function, dyspnoea
score or oxygen saturation, was noted for mavrilimumab-treated
patients compared with those receiving placebo. Furthermore,
mavrilimumab treatment was not associated with any confirmed
or suspected case of PAP, as verified by an Independent
Pulmonary Expert Committee. An open-label, phase II safety
study (NCT01712399) aims to establish the long-term safety and
efficacy profile of mavrilimumab 100 mg in patients with RA.

Despite the success of the currently available biologics in RA,
a considerable percentage of patients do not achieve long-term
responses to these therapies.33 Consequently, new treatments

employing different mechanisms of action from those currently
available, such as GM−CSFR antagonism, are needed. Data
from this study demonstrate that mavrilimumab, particularly at
a dosage of 150 mg eow, provides a rapid, effective and well-
tolerated potential treatment for patients with RA. Moreover,
blockade of GM−CSF signalling could be applicable to patients
for whom treatment with biologics targeting other pathways has
failed or to those with other inflammatory/autoimmune dis-
eases.33 This proof-of-concept study confirms that inhibition of
GM−CSF activity is a promising and novel therapeutic approach
for patients with RA, including those who do not adequately
respond to currently available therapies.
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Table 2 Treatment-emergent adverse events occurring in ≥3% of patients in any group and all serious adverse events

Mavrilimumab

Event, n (%)
150 mg eow
(n=79)

100 mg eow
(n=85)

30 mg eow
(n=81)

Placebo
(n=81)

Treatment-emergent adverse events (≥3% patients in any group)

Headache 6 (7.6) 4 (4.7) 5 (6.2) 2 (2.5)

Nasopharyngitis 6 (7.6) 3 (3.5) 4 (4.9) 6 (7.4)

Hypertension 3 (3.8) 4 (4.7) 4 (4.9) 2 (2.5)

Bronchitis 4 (5.1) 1 (1.2) 3 (3.7) 6 (7.4)

Hyperlipidaemia 3 (3.8) 0 (0.0) 2 (2.5) 0 (0.0)

Influenza 1 (1.3) 3 (3.5) 1 (1.2) 0 (0.0)

Rheumatoid arthritis 0 (0.0) 2 (2.4) 2 (2.5) 4 (4.9)

Neutropenia* 3 (3.8) 0 (0.0) 0 (0.0) 1 (1.2)

Treatment-emergent serious adverse events

Atrial tachycardia 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)

Supraventricular tachycardia 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)

Dyspepsia 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)

Cholelithiasis 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)

Pneumonia† 0 (0.0) 0 (0.0) 1 (1.2) 0 (0.0)

Lower limb fracture 0 (0.0) 0 (0.0) 1 (1.2) 0 (0.0)

Tendon rupture 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)

Osteoarthritis 0 (0.0) 0 (0.0) 1 (1.2) 0 (0.0)

Rheumatoid arthritis 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.2)

Adenocarcinoma of the cervix 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)

Squamous cell carcinoma of the
lung

1 (1.3) 0 (0.0) 0 (0.0) 0 (0.0)

Cystocele 0 (0.0) 0 (0.0) 1 (1.2) 0 (0.0)

Angioedema 1 (1.3) 0 (0.0) 0 (0.0) 0 (0.0)

Treatment-emergent adverse events resulting in permanent discontinuation of the study drug

Patients reporting ≥1 event 5 (6.3) 3 (3.5) 3 (3.7) 2 (2.5)

Treatment-emergent adverse events resulting in interruption of the study drug

Patients reporting ≥1 event 2 (2.5) 10 (11.8) 8 (9.9) 9 (11.1)

Treatment-emergent adverse events considered to be treatment-related

17 (21.5) 8 (9.4) 10 (12.3) 6 (7.4)

Treatment-emergent adverse events of special interest

Patients reporting ≥1 event 11 (13.9) 5 (5.9) 7 (8.6) 10 (12.3)

*Grade 3 (placebo); grades 1, 2 and 3 (mavrilimumab 150 mg).
†One non-serious pneumonia was reported in the placebo group.
eow, every other week.
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Figure 3A has been updated.
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EXTENDED REPORT

Infections and the risk of incident giant cell arteritis:
a population-based, case-control study
Rennie L Rhee,1 Peter C Grayson,2 Peter A Merkel,1,3 Gunnar Tomasson4

ABSTRACT
Objectives Alterations in the immune system and
infections are suspected to increase susceptibility to
giant cell arteritis (GCA). Recently herpes zoster has
been directly implicated in the pathogenesis of GCA.
We examined the association between prior infections, in
particular herpes zoster, and incident GCA in a
population-based cohort.
Methods A nested case-control study was performed
using an electronic database from the UK. Cases with
newly diagnosed GCA were identified using a validated
algorithm and compared with age-matched, sex-matched
and practice-matched controls. Conditional logistic
regression was used to examine the relationship between
any infection or herpes zoster infection on the
development of GCA after adjusting for potential
confounders; results were expressed as incidence rate
ratios (IRRs).
Results There were 4559 cases of GCA and 22 795
controls. Any prior infection and herpes zoster were
associated with incident GCA (IRR 1.26 (95% CI 1.16 to
1.36), p<0.01; and 1.17 (95% CI 1.04 to 1.32),
p<0.01, respectively). A greater number of infections
was associated with a higher risk of developing GCA
(IRR for 1, 2–4 and ≥5 infections was 1.28, 1.60 and
2.18, respectively).
Conclusions Antecedent infections and, to a lesser
extent, herpes zoster infections are modestly associated
with incident GCA. These data provide population-level
support for the hypothesis that long-standing alterations
of the immune system are associated with susceptibility
to GCA and suggest that herpes zoster is unlikely to play
a major causal role in the pathogenesis of GCA.

INTRODUCTION
Giant cell arteritis (GCA) is a systemic vasculitis
affecting medium and large arteries in adults over
the age of 50 years. Potential causative mechanisms
are still being elucidated but evidence suggests that
GCA may be an antigen-driven disease although
the exact trigger is still unknown.1 The involve-
ment of vascular dendritic cell activation, T lym-
phocytes, interferon-γ and macrophages in the
pathogenesis of GCA may indicate that an infec-
tious agent is the cause.2

Prior studies have investigated the potential asso-
ciation between microbes and GCA using temporal
artery specimens but these studies had conflicting
findings.3–6 Recently, varicella zoster virus (VZV)
has been directly implicated in the pathogenesis of
GCA after VZVantigen was found in a large major-
ity of temporal arteries of patients with GCA and
use of antiviral medication has been suggested as

adjunctive therapy in GCA;7 8 however, independ-
ent confirmation of these findings are still needed.
These studies raise new questions regarding the
role of microbes in GCA and whether their involve-
ment in the pathogenesis begins months and years
prior to the onset of GCA. Alternatively, alterations
in the immune system seen in patients with GCA,
including ageing of the immune system (or immu-
nosenescence), may also increase susceptibility to
infections.9 10

The objective of this study is to determine the
degree to which infections, including clinically
evident herpes zoster, are associated with incident
GCA using data from a large population-based
cohort. Additionally, because prior infections may
be temporally associated with the onset of GCA
without playing a causal role in disease pathogen-
esis, the relationship between common infections
and incident GCAwas explored.

METHODS
Study design and data source
We conducted a nested matched case-control study
with incidence density sampling using The Health
Improvement Network (THIN), a population-based
database from the UK.11 This design is computa-
tionally more efficient than a cohort study and pro-
duces ORs that are unbiased estimates of incidence
rate ratios (IRRs). The THIN database contains
electronic medical records of over 11 million
persons in the UK and is representative of the
general UK population in terms of demographics
and common illnesses.12 THIN includes informa-
tion on demographics, medical diagnoses and
drug prescriptions. Medical diagnoses are recorded
using Read codes, the standard classification system
in the UK. The study was approved by the THIN
Scientific Review Committee and considered exempt
by the Institutional Review Board of the University
of Pennsylvania.

Case definition
All patients receiving medical care from 1994 to
2015 from a THIN practitioner were eligible for
inclusion. Using a previously validated algorithm,
cases were defined as patients over the age of 50
years with at least one Read code for GCA, tem-
poral arteritis or Horton disease, and a prescription
for glucocorticoids.13 Glucocorticoid use was
defined as at least two prescriptions for oral gluco-
corticoids: one within 6 months of the diagnosis
date and the second within 6 months of the first
prescription. The index date was the date of the
first diagnosis code. To avoid the inclusion of
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prevalent cases, cases were included only if the initial Read code
occurred at least 6 months after registration into the THIN data-
base and after the practice implemented Vision software, a
program which automatically codes and enters clinical data into
the database. Patients with a prior diagnosis of polymyalgia
rheumatica, based on Read codes, were excluded.

Control selection
The control group was selected based on incidence density sam-
pling. For each case, five controls that were alive and free of
GCA at the index date were selected and matched on age
(within 5 years), sex and general practice.

Exposure and covariate assessment
The main exposures of interest were clinically evident herpes
zoster infection or any infection prior to the index date based
on a single Read code. Herpes zoster codes coupled with anti-
viral prescriptions written within 1 month were also examined
to improve specificity for herpes zoster infection. Infections
were identified using Read codes that were analogous to a list of
international classification of disease V.9 codes for infections
used previously.14 15 Aside from herpes zoster infections, a pre-
scription for antimicrobials was not required in order to include
viral infections. We also examined the occurrence of any infec-
tion, number of infections and five common infections in the
elderly (infections affecting the respiratory tract, urinary tract,
gastrointestinal tract, conjunctiva, and skin and soft tissue).16

The timing of infections prior to the index date were evaluated
to determine if infections closer to the index date were more
highly associated with GCA compared with more remote infec-
tions. Due to the possibility of misdiagnosis of symptoms of
GCA as infections, infections that occurred within 6 months
prior to the date of the diagnosis of GCA were not included in
the primary analysis but were analysed in a sensitivity analysis
(see online supplementary text).

Covariates included receipt of zoster vaccination, prior use of
immunosuppressive therapies (glucocorticoids, azathioprine,
ciclosporin, leflunomide, methotrexate, mycophenolate or sulfa-
salazine) earlier than 6 months from index date, any prior
alcohol use, smoking history (ever—yes/no) and comorbidities
at index date categorised using the Charlson Comorbidity

Index.17 18 The majority of prescriptions for oral immunosup-
pressive drugs are accurately captured in THIN.19 20

Statistical analysis
For comparison of the baseline characteristics, we used
Student’s t-test (or, if not normally distributed, Wilcoxon rank
sum) and χ2 test for continuous and categorical data, respect-
ively. We used conditional logistic regression and, because the
resulting ORs from the models accurately estimated the IRRs,
the relationship between infection and the development of GCA
was expressed with IRR and 95% CIs. Linear test for trend was
performed to examine whether increasing categories of infec-
tion count was associated with a linear increase in GCA risk. All
analyses were adjusted for prior glucocorticoid use, prior use of
non-glucocorticoid immunosuppressive therapies, alcohol use,
smoking history and the Charlson Comorbidity Index. To deter-
mine if receipt of the zoster vaccination was an effect modifier
on the relationship between herpes zoster infection and GCA, a
herpes zoster-by-vaccination interaction was included in the
model along with herpes zoster infection and receipt of zoster
vaccine as separate variables. Patients were also analysed accord-
ing to the time period prior to index date in which the infection
occurred to determine if recent infections were more highly
associated with GCA compared with earlier infections; infec-
tions diagnosed within the 6 months prior to diagnosis were
included in this analysis. To account for potential confounding
due to differential use of glucocorticoids or other immunosup-
pressive medications among cases and controls, a sensitivity ana-
lysis excluding patients who previously received at least one
prescription for an oral glucocorticoid or immunosuppressive
medication was performed. Additional sensitivity analyses that
were performed are listed in the online supplementary text. A
significance level of 0.05 was used for all tests of hypothesis. All
analyses were performed using Stata V.12.1 (Stata, College
Station, Texas, USA).

RESULTS
Study population
There were 4559 cases of GCA and 22 795 matched controls.
Patients with GCA were more likely to have received a prescrip-
tion for oral glucocorticoids and other immunosuppressive

Table 1 Characteristics of study subjects

Cases
N=4559

Controls
N=22 795 p Value

Age at index date, years 74 (9) 73 (10) N/A*

Female sex, % 71% 71% N/A*

Duration of follow-up before index date, years 6.4 (4.6) 6.5 (4.5) 0.35

Charlson Comorbidity Index 1 (0, 2) 0 (0, 2) <0.01

Alcohol use, % 67% 66% 0.27

Tobacco use, % 51% 43% <0.01

Prior use of glucocorticoid, % 28% 16% <0.01

No. of prescriptions†, median (IQR) 3 (1, 10) 3 (1, 9) <0.01

Time since last prescription (years)†, median (IQR) 1.4 (0.6, 4.2) 2.2 (0.8, 5.2) <0.01

Prior use of immunosuppressive therapy, % 3% 2% <0.01

No. of prescriptions†, median (IQR) 19 (7, 51) 22 (6, 56) 0.98

Time since last prescription (years)†, median (IQR) 0.8 (0.6, 3.7) 0.7 (0.5, 4.7) 0.14

Prior zoster vaccination, % 0.6% 0.4% 0.09

Time since last vaccination (months)†, median (IQR) 4 (2, 9) 5 (2, 9) 0.78

Data expressed as mean (SD) or percentage.
*Controls were age-matched and sex-matched to cases.
†Among patients who received a prescription.
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therapy ≥6 months prior to the index date. There was no differ-
ence in the proportion who received the zoster vaccination
between cases and controls (table 1). Evaluation of the individ-
ual diagnostic categories within the Charlson Comorbidity
Index revealed that, prior to the index date, patients with GCA
were more likely to have cerebrovascular disease (9% vs 7%,
p<0.01), chronic pulmonary disease (22% vs 15%, p<0.01),
mild liver disease (0.6% vs 0.4%, p=0.02), peptic ulcer disease
(6% vs 4%, p<0.01), peripheral vascular disease (5% vs 3%,
p<0.01) and renal disease (13% vs 11%, p<0.01), and less
likely to have a pre-existing rheumatic disease (3% vs 5%,
p<0.01) or dementia (1% vs 2%, p<0.01) compared with
controls.

Herpes zoster and GCA
GCA cases were more likely to have had a prior herpes zoster
infection (9% vs 7%, p<0.01; table 2). However, when the def-
inition of a herpes zoster infection was restricted only to Read
codes accompanied by prescription of an antiviral, the differ-
ence was attenuated and no longer significant.

After adjustment for potential confounders, a prior history of
herpes zoster infection greater than 6 months before the index
date was associated with an increased risk of developing GCA
(adjusted IRR 1.17 (95% CI 1.04 to 1.32), p<0.01) (table 3).

Similar results were found even after excluding patients who
previously received oral glucocorticoids or immunosuppressive
therapies (data not shown). The results of additional sensitivity
analyses (see online supplementary text) led to similar results
(see online supplementary table S1).

After stratifying by time period prior to the index date, there
was no association between herpes zoster infection and GCA
among the different time strata except for herpes zoster infec-
tions that occurred 5–10 years before the index date. Any infec-
tion was significantly associated with incident GCA in all time
periods with the greatest association seen with infections which
occurred in the first year before the index date (table 4).

There were 115 (0.4%) patients in the cohort who received
the zoster vaccination. The herpes zoster-by-vaccination inter-
action term was statistically significant (p for interaction=0.04).
That is, patients who received the zoster vaccine had a stronger
association between herpes zoster infection and GCA (adjusted
IRR 3.53 (95% CI 1.17 to 10.62)) compared with those who
did not receive the vaccine (adjusted IRR 1.16 (95% CI 1.03 to
1.30)), even after adjusting for potential confounders.

Other infections and GCA
There was a higher occurrence of any infection in patients with
GCA compared with controls (68% vs 61%, p<0.01) (table 2).
Patients who had at least one prior infection were more likely to
develop GCA (adjusted IRR 1.26 (95% CI 1.16 to 1.36),
p<0.01) (table 3). A higher number of prior infections was also
associated with a greater risk of GCA: 0 (reference), 1, 2–4 or
≥5 infections yielded IRRs of 1, 1.28, 1.60 and 2.18, respect-
ively (test for trend: p<0.01).

Analysis of the five common types of infections showed a
higher risk of GCA with each type of infection: respiratory tract
(IRR 1.25 (95% CI 1.16 to 1.35), p<0.01), urinary tract (IRR
1.26 (95% CI 1.15 to 1.38), p<0.01), gastrointestinal tract
(IRR 1.33 (95% CI 1.15 to 1.53), p<0.01), conjunctiva (IRR
1.25 (95% CI 1.14 to 1.37), p<0.01), and skin and soft tissue
(IRR 1.10 (95% CI 1.00 to 1.21), p=0.04). A sensitivity ana-
lysis excluding patients who previously received glucocorticoids
or other immunosuppressive therapies led to similar results
(data not shown).

Infection was associated with incident GCA within all strata of
time periods of infection prior to index date with the greatest asso-
ciation being within 6 months prior to the index date (table 4).

DISCUSSION
This study used a large population-based cohort to examine the
association between infections and newly diagnosed GCA. We
found that prior infections were associated with the

Table 3 The association of infections with incident giant cell arteritis

Exposure Unadjusted IRR (95% CI) p Value Adjusted IRR (95% CI)* p Value

Herpes zoster infection 1.24 (1.10 to 1.39) <0.01 1.17 (1.04 to 1.32) <0.01

Herpes zoster infection and antiviral therapy 1.16 (0.99 to 1.36) 0.05 1.09 (0.93 to 1.28) 0.27

Any infection 1.44 (1.34 to 1.56) <0.01 1.26 (1.16 to 1.36) <0.01

No. of infections

0 1 (reference) – 1 (reference) –

1 1.38 (1.27 to 1.50) <0.01 1.28 (1.18 to 1.40) <0.01

2–4 1.88 (1.71 to 2.08) <0.01 1.60 (1.44 to 1.77) <0.01

5 or more 2.94 (2.58 to 3.36) <0.01 2.18 (1.90 to 2.51) <0.01

Test for trend <0.01 Test for trend <0.01

*Adjusted for Charlson Comorbidity Index, alcohol use, smoking history, prior use of immunosuppressive therapies and prior use of oral glucocorticoids.
IRR, incident rate ratio.

Table 2 Unadjusted occurrence of infections among cases of GCA
and controls

Cases
N=4559

Controls
N=22 795

p Value

Any prior herpes zoster infection

Percentage 9% 7% <0.01

Time from zoster to GCA, years 6 (3, 10) 6 (3, 10) 0.99

Prior herpes zoster infection+ antiviral prescription

Percentage 5% 4% 0.05

Time from zoster to GCA, years 5 (2, 8) 5 (2, 9) 0.93

Antiviral prescription among those who
had zoster

53% 56% 0.34

Any prior infection 68% 61% <0.01

Respiratory infection 58% 51% <0.01

Urinary tract infection 19% 15% <0.01

Gastrointestinal infection 6% 4% <0.01

Skin or soft tissue infection 17% 14% <0.01

Conjunctivitis 16% 12% <0.01

Data expressed as median (IQR) or percentage.
GCA, giant cell arteritis.
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development of GCA in a ‘dose-dependent’ fashion, but only a
modest association was found between herpes zoster infection
and GCA.

There is limited information on the relationship between
common infections and incident GCA. We found that the risk
of incident GCA was higher among patients who had prior
infections and was similar among several common types of
infections. Except for the 1st year prior to the index date, the
association between infection and GCA was similar regardless of
the time period in which the infection occurred, although these
subgroup analyses were limited by smaller sample sizes.
However the greatest association between infection and GCA
was seen in the 1st year prior to the diagnosis. This finding may
be due to misclassification bias if symptoms of GCA (such as
fever) were misdiagnosed as infection. Alternatively, it is possible
infections are directly involved in the pathogenesis of disease or
that greater immune dysregulation occurs prior to the onset of
disease. One prior study found an increased short-term effect of
infections on the occurrence of GCA such that infections were
three times more likely to occur in patients who developed
GCA compared with matched controls.21 Our study adds to this
finding and shows that even years prior to onset of GCA,
patients with GCA are more likely to have infections compared
with controls. It is also notable that the occurrence of infection
in GCA only modestly increases after diagnosis and initiation of
glucocorticoids, also suggesting that medications alone cannot
explain the increased association of infections in patients with
GCA.22

Recently, the VZV antigen was found in the great majority of
temporal artery biopsy specimens of patients with GCA7

whereas prior studies also using histological specimens found no
evidence of VZV in temporal artery biopsies.5 6 23 Our study
found a minimal-to-no association of clinically overt herpes
zoster with GCA, thus not providing population-level support
to recent observations on the association between VZV and
GCA. The lack of a strong temporal association between herpes
zoster infections and GCA further contradicts the possibility
that herpes zoster has a causal role in the onset of GCA.
However, it is possible that the histological findings can be
explained by latent or subclinical VZV (eg, without classic skin
manifestations) which our study was not able to assess.
Similarly, reactivation of VZV at time of GCA onset may also
explain the histological findings; however, when we included
herpes zoster infections within 6 months of GCA diagnosis,
results were similar suggesting that there was not a higher occur-
rence of clinically overt herpes zoster infections at the time of
diagnosis.

There are several possible explanations for the association
between infection and development of GCA. Infections have
long been theorised to induce and perpetuate autoimmunity
through alterations in the immune system.24 25 Additionally,
patients with GCA may simply be more predisposed to having
infections possibly as a result of immune dysregulation. The asso-
ciation with GCA and older age suggests that immunosenescence,
or the ageing of the immune system, is involved in susceptibility
for GCA.9 10 Whether infections are involved in the causal
pathway or are simply a marker of immune dysfunction is still
unclear. Lastly, the possibility of a vascular microbiome is emer-
ging as studies now refute the idea that blood vessels are sterile.26

Perturbances in the vascular microbiome from infections and/or
antimicrobial therapy may increase susceptibility to GCA,
although no studies have yet demonstrated this directly.3 27 28

Interestingly, the zoster vaccine was a significant effect modi-
fier on the relationship between herpes zoster infection and
GCA, such that herpes zoster infection conferred a much higher
risk of GCA among patients who did versus patients who did
not receive the zoster vaccine. However, this finding should be
interpreted with caution since receipt of the zoster vaccine in
this study was exceedingly rare (n=115 (0.4%)) given that the
zoster vaccine became routinely available in the UK in
September 2015 and only among individuals aged 70–78
years.29 If a true interaction between herpes zoster infection and
zoster vaccine exists, the possibility of an adjuvant effect to the
immune system by re-inoculation with the antigen may explain
this association. Alternatively, other risk factors may be present
in patients with GCA prior to diagnosis which increase their
likelihood of receiving vaccination. Additional studies with a
larger number of patients who received the vaccine are needed
to confirm this finding.

Our study has several strengths. Performing a nested case-
control study within a population-based cohort enabled us to
obtain a large sample of patients with a relatively rare disease.
This study is one of the largest cohorts of patients with GCA.
Use of the THIN database has several advantages over other
administrative databases including availability of electronic
medical record data (not just claims-based data) which provide
greater depth of information as well as long periods of
follow-up, and at times the lifelong health record of an individ-
ual patient, enabling us to examine long latency periods
between exposure and outcome. The THIN data have been
used extensively in epidemiological studies including studies of
GCA.13 22 30

There are also several limitations of our study to consider.
Misclassification may have occurred as Read codes for infections

Table 4 The association of herpes zoster and all infections with incident giant cell arteritis stratified by time period prior to index date

Herpes zoster infection Any infection

Adjusted IRR (95% CI)* p Value Adjusted IRR (95% CI)* p Value

<1 year† 1.32 (0.95 to 1.82) 0.10 1.66 (1.54 to 1.79) <0.01

1–2 years 1.11 (0.79 to 1.56) 0.55 1.32 (1.22 to 1.43) <0.01

2–3 years 1.00 (0.70 to 1.43) 0.99 1.19 (1.09 to 1.29) <0.01

3–4 years 0.92 (0.63 to 1.36) 0.69 1.19 (1.09 to 1.30) <0.01

4–5 years 1.15 (0.77 to 1.70) 0.49 1.14 (1.05 to 1.25) <0.01

5–10 years 1.36 (1.14 to 1.64) <0.01 1.26 (1.17 to 1.35) <0.01

>10 years 1.18 (0.99 to 1.42) 0.07 1.22 (1.13 to 1.32) <0.01

*Adjusted for Charlson Comorbidity Index, alcohol use, smoking history, prior use of immunosuppressive therapies and prior use of oral glucocorticoids.
†Including 6 months prior to index date.
IRR, incident rate ratio.
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were not validated and may not have accurately identified the
exposures. Misclassification of the diagnosis of GCA may have
occurred but would likely bias to the null, further strengthening
our results. Glucocorticoids and other immunosuppressive ther-
apies were more often prescribed to patients who later devel-
oped GCA suggesting that other potential comorbidities and/or
immunosuppressive therapies not accounted for in the analysis
may have confounded results. While we did not perform an
in-depth exploration for the reasons for antecedent use of glu-
cocorticoids, examination of the diagnostic categories compris-
ing the Charlson Comorbidity Index revealed that a significantly
greater proportion of patients with GCA had a chronic pulmon-
ary disease and patients with GCAwere less likely to have a pre-
existing rheumatic disease (which included juvenile idiopathic
arthritis, lupus, myositis, polymyalgia rheumatica, rheumatoid
arthritis and scleroderma); the higher prevalence of pulmonary
disease in patients with GCA may possibly explain the higher
use of glucocorticoids prior to diagnosis. Furthermore, signifi-
cant associations between infection and the risk of incident
GCA were observed in multivariable models that adjusted for
the use of immunosuppressive therapies and in analyses that
excluded patients who had previously received glucocorticoids
or other immunosuppressive medications. Lastly, patients with
pre-existing polymyalgia rheumatica, which can often precede
the diagnosis of GCA, were excluded which limited the ability
to examine this important subgroup.31

In summary, this study found that antecedent infections are
associated with incident GCA, although infections are probably
a minor determinant of overall risk of GCA. The modest associ-
ation seen between herpes zoster and GCA suggests that herpes
zoster infections are unlikely to play a major causal role in the
pathogenesis of GCA. These data provide population-level
support for the hypothesis that long-standing alterations of the
immune system are associated with susceptibility to GCA.
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EXTENDED REPORT

Disease activity trajectories in early axial
spondyloarthritis: results from the DESIR cohort
Anna Molto,1,2,3 Sophie Tezenas du Montcel,4,5 Daniel Wendling,6

Maxime Dougados,2,3 Antoine Vanier,4,7 Laure Gossec1,8

ABSTRACT
Background Disease activity may change over time in
axial spondyloarthritis (axSpA). The objectives were to
identify patterns of disease activity evolution in patients
with early axSpA.
Methods Patients from the prospective early axSpA
cohort (DEvenir des Spondyloarthrites Indifférenciées
Récentes (DESIR)) who fulfilled the Assessment in
SpondyloArthritis Society (ASAS) criteria for axSpA at
baseline and with at least three Ankylosing Spondylitis
Disease Activity Score (ASDAS) values available over the
3 years of follow-up were analysed. Statistical analyses:
trajectories were estimated by group-based trajectory
modelling; predisposing baseline factors for such
trajectories were identified by univariate and
multivariable multinomial (logit) regression; work
disability over time was compared between the
trajectories by Cox hazard model.
Results In all, 370 patients were analysed: mean
disease duration was 1.6 (±0.9) years. The five distinct
trajectories of disease activity over the 3 years were (t1)
‘persistent moderate disease activity’ (n=134 (36.2%));
(t2) ‘persistent inactive disease’ (n=66 (17.8%); (t3)
‘changing from very high disease activity to inactive
disease’ ((n=29 (7.8%)); (t4) ‘persistent high disease
activity’ (n=126 (34.1%)) and (t5) ‘persistent very high
disease activity’ (n=15 (4.1%)). After adjustment for
other characteristics, t2 was associated with a
white-collar job (OR=2.6 (95% CI 1.0 to 6.7)) and
t3 with male gender (OR=7.1 (1.6 to 32.2)), higher
education level (OR=9.4 (1.4 to 63.4)) and peripheral
joint involvement (OR=6.2 (1.23 to 31.32)). Patients
from (t4) and (t5) were more often declared work
disabled over follow-up (HR=5.2 (1.5 to 18.0) and
HR=8.0 (1.3 to 47.9), respectively).
Conclusions Trajectory modelling of disease activity
was feasible in early axSpA: more than 30% patients
(141/370) were in a trajectory with a persistent high
disease activity. Persistent high disease activity
trajectories were significantly associated with
consequences on work.
Trial registration number NCT01648907.

Axial spondyloarthritis (axSpA) presentation can be
phenotypically heterogeneous, for example, pre-
dominant axial involvement, predominant articular
peripheral involvement with or without psoriasis,
exclusive axial involvement with radiographic
sacroiliitis, etc.1 Due to this presentation diversity
and also due to the different treatment modalities
and other elements (eg, socioeconomic environ-
ment and access to healthcare, gender, etc.), disease

activity can be heterogeneous, both at presentation
and over time.2 3 However, studies aiming to iden-
tify patterns of disease activity evolution over time
in axSpA are sparse.4 Furthermore, a disability is
often associated with higher disease activity scores.5

Therefore, a better identification and characterisa-
tion of homogeneous groups of patients based on
disease activity would allow a better and tailored
strategy for the follow-up of patients with axSpA.
In other disciplines, trajectory modelling has

been applied to identify patterns of behaviour,6–8

but only very few studies have applied these meth-
odologies in the field of rheumatic diseases, to
identify homogeneous groups of patients over
follow-up.9 10 To the best of our knowledge, those
methods have not been applied in axSpA.
The Ankylosing Spondylitis Disease Activity

Score (ASDAS) based on C-reactive protein (CRP)
is a widely validated tool to measure disease activity
in axSpA that integrates both patient-reported
items and objective inflammatory markers.11 12

Given its face validity and its psychometric proper-
ties,13 14 we proposed to use ASDAS to define the
trajectories of disease activity over time in an
axSpA cohort.
Using the DESIR cohort15 data, we aimed to

identify (a) disease activity trajectories in patients
with early axSpA over a 3-year follow-up period,
(b) the baseline characteristics associated with such
trajectories and (c) the outcomes associated with
each trajectory in terms of treatment and disability.

PATIENTS AND METHODS
Study design
DESIR is a French prospective, multicentre, longitu-
dinal observational cohort aiming to study patients
with early inflammatory back pain (IBP) suggestive
of SpA (clinicaltrials.gov NCT01648907).15 16 This
study fulfilled current good clinical practices and
has obtained the approval of the appropriate ethical
committee. Participants in the study gave their
written informed consent.17

Patients
A total of 708 patients were included in DESIR:
consecutive patients aged >18 and <50 years with
IBP according to the Calin et al18 or Berlin19

criteria for more than 3 months but less than
3 years and symptoms suggestive of diagnosis for
SpA score ≥5 (on a Numerical Rating Scale of
0–10, where 0=not suggestive and 10=very sug-
gestive of SpA). None were taking tumour necrosis
factor α inhibitors (TNFi) at baseline. For our
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analysis, only patients fulfilling the ASAS criteria for classifica-
tion of axSpA20 21 at baseline and for whom at least three
ASDAS values were available during follow-up were included.
The data set used was locked in December 2013.

Collected data
The collected data comprised demographics and clinical presen-
tation of the disease at baseline and each 6 months for the first
2 years, and at year 3. Demographics included age and gender.
Medico-economic data were also collected: highest degree of
education; type of employment: blue collar (ie, physically
demanding jobs, eg, farmer) versus white collar (ie, sedentary
job, eg, secretary); employment state (ie, currently working, on
sick leave or in permanent work disability) and days of sick
leave over each period.

Disease activity for this analysis was evaluated by the
ASDAS.11 The ASDAS associates several activity criteria: total
back pain, peripheral pain/swelling, duration of morning stiff-
ness (questions 2, 3 and 6 of the Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI),22 respectively), patient global
and CRP, combined in a single parameter. Since methodologies
allowing the trajectories definitions require a single variable to
define such trajectories,23 this was used to define disease activity.
Severity of the disease was assessed by the Bath Ankylosing
Spondylitis Functional Index (BASFI).24 Quality of life was eval-
uated according to the Short Form-36 (SF-36).25 Non-steroidal
anti-inflammatory drugs (NSAID) treatment was evaluated by
the ASAS-NSAID score26 during the 6 months preceding each
study visit. Exposure to TNFi over follow-up was also collected.

Statistical analysis
a. Trajectories modelling: To identify distinctive trajectories, we

used a semiparametric mixture model: group-based trajectory
model (GBTM).23 27 GBTMs model the relationship

between a variable (here, ASDAS) and time: for each trajec-
tory, the shape of the trajectory and the estimated proportion
of the population belonging to each trajectory, and for each
patient, the probability to belong to each different trajectory.
Each participant is then assigned to the group for which her/
his probability to belong to a trajectory is the highest. For
this, we used the TRAJ procedure in the SAS software V.9.4:
this procedure allows the estimation and comparison of
models with several numbers of trajectories and shapes (con-
stant, linear, quadratic or cubic). To select the best-fitting
model, models with one to six trajectories and with several
shapes were compared. The best-fitting model was selected
according to the Bayesian information criterion. It was also
required that means of individual posterior probability to
belong to a trajectory were all superior to 0.7.

b. Baseline factors associated with each trajectory:
Demographics, disease phenotype, disease severity, quality of
life and NSAID treatment at baseline were compared in the
different trajectories by univariate multinomial (logit) regres-
sion. Thereafter, multivariable multinomial regression was
performed to identify the independent baseline factors asso-
ciated with each trajectory, including in the model the base-
line characteristics with a p value <0.10 after the univariate
analyses. For these analyses, trajectory 1 (‘persistent moder-
ate disease activity’) was used as the reference trajectory,
because it was the trajectory with the largest number of
patients and fitted better the data according to the Akaike
Index Criterion. ASDAS was not included in the model
because it was the parameter defining the trajectory. BASDAI
was not included either, because of a concern of colinearity
with ASDAS.

c. Outcomes associated with each trajectory: Exposure to TNFi
and disability declaration were collected every 6 months, and
evaluated over the 3 years of follow-up as a dichotomous

Table 1 Baseline disease characteristics of 370 early patients with axial spondyloarthritis

All patients
N=370

Trajectory 1
Moderate
disease activity
n=134

Trajectory 2
Inactive disease
n=66

Trajectory 3
Changing
disease activity
n=29

Trajectory 4
High disease
activity
n=126

Trajectory 5
Very high
disease activity
n=15

Gender (male) 187 (51%) 70 (52%) 44 (62%) 22 (76%) 49 (39%) 5 (33%)

Age (years) 32 (7.4) 30.8 (7.3) 31.4 (7.2) 29.4 (7.8) 32.5 (7.3) 35.2 (6.3)

Education (university level) 242 (65%) 98 (73%) 55 (83%) 23 (79%) 60 (66%) 6 (40%)

White-collar job (vs blue-collar job) 125/310 (40%) 51/116 (44%) 38/57 (67%)* 9/19 (47%) 24/103 (23%) 3/15 (20%)

Symptoms duration (years) 1.6 (0.9) 1.7 (1.0) 1.3 (0.8) 1.6 (0.8) 1.7 (0.9) 1.6 (0.9)

History of articular peripheral involvement 200 (54%) 62 (46%) 28 (42%) 23 (79%) 74 (59%) 13 (87%)

History of enthesitis involvement 167 (45%) 62 (46%) 20 (30%) 18 (62%) 60 (48%) 7 (47%)

Presence of HLA B27 309 (84%) 114 (85%) 59 (89%) 26 (90%) 100 (79%) 10 (67%)

Radiographic sacroiliitis† 92/314 (29%) 37/111 (33%) 10/56 (18%) 12/25 (48%) 31/108 (29%) 2/14 (14%)

MRI sacroiliitis† 185/364 (51%) 72/132 (55%) 28/66 (42%) 20/28 (71%) 58/124 (47%) 7/14 (50%)

ASDAS 2.6 (1.0) 2.2 (0.6) 1.5 (0.6) 4.0 (0.8) 3.2 (0.7) 4.1 (0.5)

BASDAI (0–100) 41.9 (20.5) 33.6 (15.4) 22.9 (15.9) 58.0 (15.3) 54.6 (15.5) 62.7 (15.9)

BASFI (0–100) 29 (22.2) 21.0 (16.9) 10.7 (4.5) 42.5 (22.8) 39.7 (20.8) 52.4 (21.5)

SF-36 physical component summary scale 41 (9.4) 42.6 (8.4) 48.1 (7.7) 35.8 (7.4) 37.0 (8.7) 32.5 (6.2)

SF-36 mental component summary scale 41 (11.4) 43.5 (10.0) 46.3 (10.5) 36.6 (12.5) 37.2 (11.3) 34.8 (9.7)

NSAID score‡ 52 (42.1) 51.5 (42.6) 43.7 (44.1) 44.4 (34.3) 56.2 (42.6) 69.4 (31.3)

Results are presented as number (percentage) and mean (SD) for categorical variables and continuous variables, respectively.
*Results in bold are significantly different in univariate analysis when compared with trajectory 1.
†Radiographic sacroiliitis according to modified New York criteria was assessed by the local investigator. MRI sacroiliitis according to the local investigator.
‡NSAID score representing the intake during the 6 months preceding the study visit.26 A score of 100 reflects a full NSAID dose intake during the study period.
ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; HLA, Human
Leucocyte Antigen; NSAID, non-steroidal anti-inflammatory drugs; SF-36, Short Form-36.
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state (‘ever exposed’ and ‘ever disabled’). Both were com-
pared in the different trajectories by Cox hazard models
(proportional hazards assumption was confirmed by
Schoenfeld residuals). The number of days of sick leave (if
patients were declared in permanent work disability, they
were considered as in sick leave all year) over follow-up were
compared in the different trajectories by linear regression.

SAS V.9.4 was used for the TRAJ procedure; R software V.3.1.1
was used for the rest of the analyses.

RESULTS
Of the 708 patients included in the DESIR cohort at baseline,
439 (62.0%) fulfilled the ASAS criteria for axial SpA at baseline
and 370 (52.3%) had at least three ASDAS values available
during the 3 years of follow-up (table 1). Among the included
patients, the percentage of patients with available data for
ASDAS was 359 (82%), 319 (73%), 319 (73%), 295 (67%),
326 (74%) and 219 (66%) for the baseline, 6, 12, 18, 24 and
36 months, respectively.

Trajectories
The analyses yielded five distinctive trajectories of disease activ-
ity during the 3 years of follow-up (figure 1 and see online
supplementary table S1).

Trajectory 1 (t1) (n=134 (36.2%)) included patients with
‘persistent moderate disease activity’. Trajectory 2 (t2) (n=66
(17.8%)) included patients with ‘persistent inactive disease’.
Trajectory 3 (t3) (n=29 (7.8%)) included patients very high
disease activity at baseline but reaching an inactive disease after
12 months and remaining in this state until the 36th month
(‘changing disease activity’). Trajectory 4 (t4) (n=126 (34.1%))
included patients who presented with ‘persistent high disease
activity’ and trajectory 5 (t5) (n=15 (4.1%)) included patients
with ‘persistent very high disease activity’.

Baseline characteristics associated with each trajectory
Results of the multivariable analysis are presented in table 2:
compared with patients in (t1), patients in (t2) (‘persistent
inactive disease’) had more frequently a white-collar job
(OR=2.6 (95% CI 1.0 to 6.7)), whereas patients from (t3)
(‘changing disease activity’) were more frequently males
(OR=7.1 (1.6 to 32.2)) with a higher degree of education
(OR=9.4 (1.4 to 63.4) and more frequently a history of periph-
eral joint involvement (OR=6.2 (1.2 to 31.1)). Poorer quality
of life (SF36 mental and physical components) at baseline was
significantly associated with high disease activity trajectories in
the univariable model, but was not retained in the multivariable
model (table 1).

Figure 1 Trajectories of disease activity in early axial spondyloarthritis according to the group-based trajectory model technique. ASDAS,
Ankylosing Spondylitis Disease Activity Score.

Table 2 Characteristics associated with trajectories in early axial spondyloarthritis (multinomial logit regression)*

Trajectory 2†
‘Inactive disease’
n=66

Trajectory 3
‘Changing disease activity’
n=29

Trajectory 4
‘High disease activity’
n=126

Trajectory 5
‘Very high disease
activity’
n=15

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Gender (male)‡ 1.4 (0.6 to 3.0) 7.1 (1.6 to 32.2) 0.8 (0.4 to 1.2) 0.4 (0.1 to 2.0)

Education (university) 0.9 (0.3 to 2.7) 9.4 (1.4 to 63.4) 0.5 (0.2 to 1.2) 0.4 (0.1 to 2.2)

White-collar job (vs blue-collar job) 2.6 (1.0 to 6.7) 1.1 (0.3 to 5.0) 0.7 (0.3 to 1.5) 0.2 (0.0 to 1.5)

Symptoms duration (years) 0.5 (0.3 to 0.7) 0.9 (0.4 to 1.8) 0.9 (0.6 to 1.3) 0.8 (0.4 to 1.8)

History of peripheral arthritis 0.9 (0.4 to 2.2) 6.2 (1.3 to 31.3) 1.2 (0.6 to 2.4) 10.2 (1.0 to 106.5)

BASFI 1.0 (0.9 to 1.0) 1.1 (0.9 to 1.0) 1.0 (1.0 to 1.1) 1.0 (1.0 to 1.1)

*Only variables independently associated with at least one trajectory are represented here.
†Trajectory 1 ‘Moderate disease activity’ was the reference trajectory.
‡Statistically significant results are highlighted in bold.
BASFI, Bath Ankylosing Spondylitis Functional Index.
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(T3) (‘changing disease activity’) and (t5) (‘persistent very
high disease activity’) presented with almost identical ASDAS
mean values at baseline (4.0 (±0.8) and 4.1 (±0.5) for (t3) and
(t5), respectively). We compared these two subgroups in terms
of baseline characteristics, and multivariable analysis only evi-
denced gender (male) (OR=17.59 (2.2 to 424.5)) and university
education (OR=12.0 (1.5 to 279.2)) as baseline characteristics
independently associated with (t3).

Outcomes associated with trajectories
TNFi intake
Twenty-five (18.7%), 4 (6.1%), 21 (72.4%), 42 (33.3%) and 8
(53.3%) patients received a TNFi during follow-up in (t1), (t2),
(t3), (t4) and (t5), respectively (table 3). Compared with (t1),
patients from (t3) (‘changing disease activity’) were the group of
patients who received more frequently a TNFi over time
(HR=4.5 (95% CI 3.5 to 5.9)). Interestingly, patients from
trajectories (t4) (‘persistent high disease activity’) and (t5) (‘per-
sistent very high disease activity) also received more TNFi as
compared with (t1) (HR=1.8 (1.4 to 2.2) and HR=2.63 (1.8 to
3.9), respectively).

Work disability
Patients from trajectories (t1), (t2), (t3), (t4) and (t5) presented
a mean (±SD) number of days of sick leave over the 3 years of
follow-up of 43 (±127), 15 (±41), 22 (±36), 75 (±116) and
300 (±312), respectively. Patients from (t5) were significantly
more frequently on sick leave over follow-up (p<0.001) com-
pared with patients from (t1). Over the 3 years, 1.5%, 3.0%,
0%, 7.9% and 13.3% patients from (t1), (t2), (t3), (t4) and
(t5), respectively, were considered work disabled. Patients from
(t4) and (t5), the trajectories with persistent high disease activ-
ity, were significantly more frequently declared work disabled
over time (HR=5.2 (1.5 to 18.0) and HR=8.0 (1.3 to 47.9),
for (t4) and (t5), respectively). Interestingly, despite the initial
very high disease activity state, no patients from (t3) (‘changing
disease activity’) were declared work disabled over follow-up
(table 3).

DISCUSSION
In the era of personalised medicine and tailored treatment strat-
egies, the identification of disease evolution is important to
improve patients’ management. Here, we have applied an ori-
ginal and validated methodology to determine longitudinal pat-
terns of disease activity in an early axSpA cohort. This study
identified five disease activity trajectories: two trajectories with
stable moderate/low disease activity (t1 and t2), two trajectories
with stable high/very high disease activity (t4 and t5) and a
disease activity improving trajectory (t3); 141/370 patients
(38%) belonged to trajectories of persistent disease activity.

These results highlight that even in a country with wide
access to biologics,28 axSpA remains a disease where more than
a third of patients could remain in moderate to high disease
activity over several years.

Nevertheless, some baseline characteristics were strongly asso-
ciated with stable low and improving disease activity trajectories,
that is, being a male, a higher degree of education and having a
white-collar job. These results are consistent with what has been
previously reported in rheumatoid arthritis (RA): in the
COMOrbidities in Rheumatoid Arthritis (COMORA) cross-
sectional study that included 3920 patients with RA worldwide,
after adjustment, women (vs men) and low-educated (vs univer-
sity) patients had higher disease activity.29 In the field of SpA,
feminine gender has also been found to be associated with Ta
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higher disease activity reported by the BASDAI despite lower
acute phase reactants in several clinical trials,30–35 and high-rank
occupation has been found to be associated with lower disease
activity in patients with SpA.36 It is difficult to determine the
causality of such links. Are educated men receiving better treat-
ment (though of note, here, patients belonging to trajectories of
persistent low disease activity received less frequently TNFi over
follow-up), are they more adherent, do they have less severe
disease or are they complaining less? Since ASDAS, the main cri-
terion to define active disease here, is a mixed objective and sub-
jective criterion, it is difficult to conclude on this point. In any
case, physicians should be aware that when facing a patient with
early axSpA, females with less formal education may be more at
risk of persistent disease activity.

Another finding from this study was related to sick leave and
work disability in early axSpA. First, the rate was rather high in
this cohort (16/182 patients with available data on work disabil-
ity, 10%). Second, it was strongly related to the disease activity
trajectory, which validates both the methodology used here and
the use of ASDAS as an outcome to assess disease activity. Such
validations are important in the field of axSpA where assess-
ments are often subjective and have not always been validated in
terms of prediction of later outcomes.

Our study has several limitations and also some strengths.
The main strength of our study is the innovative methodology
allowing to evaluate disease activity patterns longitudinally. This
validated methodology has been used in other disciplines, rarely
in rheumatology and never in SpA. Furthermore, the large
sample of patients presenting with early axSpA, according to
the ASAS classification criteria, has allowed us to define distinct-
ive trajectories of disease activity from an early time after onset
of the disease. Nevertheless, most trajectories revealed a stable
disease activity over follow-up and the main baseline character-
istics associated with trajectories were demographic and
socioeconomic. It is not impossible that the subjective patient-
reported outcomes included in the ASDAS contributed more to
the trajectories definitions rather than CRP. However, it is worth
noting that the current guidelines recommend using both
patient-reported outcomes and acute phase reactants (eg, CRP)
for disease activity monitoring in SpA.37

Also, one may argue why ASDAS trajectories were not
adjusted for TNFi use over time. TNFi use is associated with an
important decrease of ASDAS.38 39 Therefore, when modelling
ASDAS trajectories over time, ASDAS trajectories inherently
include TNFi use, and can thus be considered a reflection of the
course of disease including its treatment.

Finally, we only assessed the outcome of the different trajec-
tories in terms of disability and days of sick leave, and not in
terms of structural damage (ie, radiographic sacroiliitis or syn-
desmophyte formation). However, structural progression is
known to be very slow in axSpA40 and particularly in this
cohort,41 that it did not seem appropriate to use such outcome
for the first 3 years of follow-up.

Further studies evaluating longitudinally disease activity and
the long-term outcomes of the different patterns of disease
activity are needed to determine the validity of such trajectories
in other patient groups.
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ABSTRACT
Objectives To analyse the influence of geolocation
and ethnicity on the clinical presentation of primary
Sjögren’s syndrome (SjS) at diagnosis.
Methods The Big Data Sjögren Project Consortium is
an international, multicentre registry designed in 2014.
By January 2016, 20 centres from five continents were
participating. Multivariable logistic regression analyses
were performed.
Results We included 7748 women (93%) and 562
men (7%), with a mean age at diagnosis of primary SjS
of 53 years. Ethnicity data were available for 7884
patients (95%): 6174 patients (78%) were white, 1066
patients (14%) were Asian, 393 patients (5%) were
Hispanic, 104 patients (1%) were black/African-
American and 147 patients (2%) were of other
ethnicities. SjS was diagnosed a mean of 7 years earlier
in black/African-American compared with white patients;
the female-to-male ratio was highest in Asian patients
(27:1) and lowest in black/African-American patients
(7:1); the prevalence of sicca symptoms was lowest in
Asian patients; a higher frequency of positive salivary
biopsy was found in Hispanic and white patients.
A north-south gradient was found with respect to a
lower frequency of ocular involvement in northern
countries for dry eyes and abnormal ocular tests in
Europe (OR 0.46 and 0.44, respectively) and Asia (OR
0.18 and 0.49, respectively) compared with southern
countries. Higher frequencies of antinuclear antibodies
(ANAs) were reported in northern countries in America
(OR=1.48) and Asia (OR=3.80) while, in Europe,

northern countries had lowest frequencies of ANAs
(OR=0.67) and Ro/La (OR=0.69).
Conclusions This study provides the first evidence of a
strong influence of geolocation and ethnicity on the
phenotype of primary SjS at diagnosis.

INTRODUCTION
Primary Sjögren’s syndrome (SjS) is a systemic auto-
immune disease that mainly targets the exocrine
glands, leading to dryness of the main mucosal sur-
faces.1 The histological hallmark is focal lympho-
cytic infiltration of the targeted organs and the key
immunological markers include antinuclear anti-
bodies (ANAs) (the most frequently detected),
anti-Ro/SS-A (the most specific) and cryoglobulins
and hypocomplementaemia (the main prognostic
markers).1 SjS overwhelmingly affects middle-aged
women and its frequency varies widely according
to study designs and the classification criteria used.
More recent studies using the 2002
American-European classification criteria2 have
reported an incidence of 3–11 cases per 100 000
persons and a prevalence of between 0.01% and
0.72%.3 4

The influence of ethnicity on the phenotypic
expression of systemic autoimmune diseases has
been suggested by various studies, especially in sys-
temic lupus erythematosus (SLE), which has been
reported as being more frequent and having less
favourable outcomes in non-white populations.5 6
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With respect to the influence of geographical factors, a potential
north-south gradient in the frequency of autoimmune diseases
has been suggested.7 8 In primary SjS, there is no information
on the influence of ethnicity or geolocation on the phenotypic
expression of the disease. Only one recent study, in the general
population of Greater Paris,4 has evaluated the influence of eth-
nicity on the frequency of primary SjS and this found a twofold
higher prevalence in patients with non-European backgrounds
compared with those with a European background.

The objective of this study was to determine the influence of
geolocation and ethnicity on the clinical presentation of primary
SjS at diagnosis in a large international cohort of patients.

METHODS
Patients
The Big Data Sjögren Project Consortium is an international,
multicentre registry designed in 2014 to take a ‘high-definition’
picture of the main features of primary SjS at diagnosis by
merging international SjS databases. International experts from
the European League Against Rheumatism (EULAR)-SjS Task
Force were invited to participate. Inclusion criteria were the ful-
filment of the 2002 classification criteria;2 in addition, a letter
was sent to the corresponding authors of manuscripts published
in the past 2 years in PubMed that included clinical data on at
least 50 patients with primary SjS, inviting them to join the
study. Exclusion criteria for considering SjS as a primary disease
were chronic hepatitis C virus/HIV infections, previous lympho-
proliferative processes and associated systemic autoimmune dis-
eases. Diagnostic tests for SjS (ocular tests, oral tests and
salivary gland biopsy) were carried out according to the recom-
mendations of the European Community Study Group.9 The
study was approved by the Ethics Committee of the
Coordinating Centre (Hospital Clinic, Barcelona, Spain, registry
HCB/2015/0869).

Disease diagnosis was defined as the time when the attending
physician confirmed fulfilment of the 2002 criteria. At this time,
the main features of the disease were retrospectively collected and
analysed (age, gender, ethnicity, country of residence, fulfilment of
the 2002 criteria items, ANAs, rheumatoid factor (RF), C3 and
C4 levels and cryoglobulins). By January 2016, the participant
centres had included 8417 patients from 20 countries in five conti-
nents. Further confirmation was made by excluding cases in which
fulfilment of the 2002 criteria could not be directly ensured
according to the data provided (lack of information about items IV
and VI—salivary biopsy and Ro/La autoantibodies).

Patients were classified according to the geolocation of the
country of the diagnosing hospital. Patients were first classified
by continent, with an additional north-south subclassification
according to latitude in continents including patients from more
than one country; the subclassification of the latitudes is not
standard and was adapted to the geolocation of the countries
included in the registry: latitude > or <500N in Europe, equator
> or < in America and latitude > or <300N in Asia. Ethnicity
was classified retrospectively (asking the patient or relatives, if
necessary), according to the Office of Management and Budget
Standards for Maintaining, Collecting, and Presenting Federal
Data on Race and Ethnicity of the Food and Drug
Administration,10 using the following categories and definitions:
▸ Asian: A person having origins in any of the original peoples

of the Far East, Southeast Asia or the Indian subcontinent,
including, for example, Cambodia, China, India, Japan,
Korea, Malaysia, Pakistan, the Philippine Islands, Thailand
and Vietnam.

▸ Black or African-American: A person having origins in any of
the black racial groups of Africa.

▸ Hispanic or Latino: A person of Cuban, Mexican, Puerto
Rican, South or Central American or other Spanish culture
or origin, regardless of race. However, Spanish patients from
Spain were included in the white definition.

▸ White: A person having origins in any of the original
peoples of Europe, the Middle East or North Africa.

▸ Others: Native Hawaiian or Other Pacific Islander—defined
as a person having origins in any of the original peoples of
Hawaii, Guam, Samoa or other Pacific Islands; American
Indian or Alaska Native—defined as a person having origins
in any of the original peoples of North and South America
(including Central America) and who maintains tribal affili-
ation or community attachment and patients with one or
more racial designations.

Statistical analysis
Descriptive data are presented as mean and SD for continuous
variables and numbers and percentages for categorical variables.
The prevalence of a specific feature is stated as the number of
cases with that feature/number of cases in which the feature was
detailed. The χ2 test was used to study categorical features at
diagnosis according to geolocation (continent) and ethnic
groups. One-way analysis of variance tests were used to
compare the mean age at diagnosis. The following sub-analyses
were made: (1) geolocation of countries by latitude (north
versus south) in Europe (latitude > or <500N), America
(equator ><) and Asia (latitude > or <300N); (2) Asian
patients and country of residence (Asian versus non-Asian coun-
tries) and (3) Hispanic patients and country of residence (Latin
American versus other countries). Clustered bar charts were
constructed to compare ethnic clusters according to fulfilment
of the 2002 criteria items with the baseline immunological
profile.11 Multivariable logistic regression analyses adjusted for
ethnicity, age at diagnosis and gender were performed to study
the association between geolocation with diagnostic tests for SjS
and immunological markers at diagnosis. To handle missing data
due to non-evaluated diagnostic tests for SjS or non-performed
immunological markers, ‘available case analysis’ was assumed
for the comparisons according to geolocation and ethnic
groups. The missing data pattern shows that most variables had
low percentages of missing data (see online supplementary
figure S1). All significance tests were two-tailed and values of
p<0.05 were considered significant. p Values were adjusted for
multiple comparisons using the false discovery rate correction.12

All analyses were conducted using the R (V.3.2.3) for Windows
statistical software package (http://www.R-project.org/).

RESULTS
Baseline characterisation
Of the 8417 patients originally included in the database, 107
were excluded in the refinement process (lack of information
about items IV and/or VI). The baseline characteristics of the
final cohort (8310 patients) are summarised in table 1. The
cohort included 7748 women (93%) and 562 men (7%)
(female-to-male ratio, 14:1), with a mean age at diagnosis of
primary SjS of 53.2 years (SD 14.2). The frequencies of fulfil-
ment of the 2002 classification criteria items were 92% for dry
eye (item I), 93% for dry mouth (item II), 86% for abnormal
ocular tests (item III), 89% for positive minor salivary gland
biopsy (item IV), 80% for abnormal oral diagnostic tests
(item V) and 75% for positive anti-Ro/La antibodies (item VI).
The frequency of immunological markers at diagnosis was as
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follows: positive ANA in 81% of patients, positive RF in 49%,
low C3 levels in 14%, low C4 levels in 13% and positive serum
cryoglobulins in 7.5% of patients.

Geolocation
The main results on geolocation (continent and subareas classi-
fied by latitude) are summarised in table 1. Patients came mainly
from Europe (n=6045), America (n=1134) and Asia (n=940)
(see online supplementary table S1). Table 2 compares the main
geolocational features classified according to latitude in these
three continents. Logistic regression analysis adjusted by ethni-
city, age at diagnosis and gender showed that northern
European patients (latitude > 500N) had a lower frequency of
ocular dryness (OR 0.46, 95% CI 0.37 to 0.57), abnormal
ocular tests (OR 0.44, 95% CI 0.37 to 0.53), ANA (OR 0.67,

95% CI 0.58 to 0.78), low C3 levels (OR 0.76, 95% CI 0.62 to
0.93) and Ro/La autoantibodies (OR 0.69, 95% CI 0.60 to
0.79) and a higher frequency of abnormal oral tests (OR 2.12,
95% CI 1.71 to 2.64) and RF (OR 1.62, 95% CI 1.41 to 1.86)
compared with southern European patients. North American
patients had a lower frequency of positive salivary biopsy (OR
0.44, 95% CI 0.20 to 0.88) and a higher frequency of ANA
(OR 1.48, 95% CI 1.05 to 2.09), RF (OR 2.04, 95% CI 1.49
to 2.82), Ro/La autoantibodies (OR 4.10, 95% CI 2.93 to 5.78)
and low C4 levels (OR 6.94, 95% CI 3.17 to 18.32) compared
with South American patients. Northern Asian patients had a
lower frequency of dry mouth (OR 0.30, 95% CI 0.19 to 0.46),
dry eyes (OR 0.18, 95% CI 0.12 to 0.28), abnormal ocular tests
(OR 0.49, 95% CI 0.30 to 0.79) and positive salivary biopsy
(OR 0.42, 95% CI 0.26 to 0.68) and a higher frequency of
ANA (OR 3.80, 95% CI 2.54 to 5.73) and Ro/La autoanti-
bodies (OR 2.78, 95% CI 1.89 to 4.09), compared with south-
ern Asian patients.

Ethnicity
Ethnicity data were available for 7884 patients (95%) of the
total cohort: 6174 (patients 78.3%) were classified as white,
1066 patients (13.5%) were classified as Asian, 393 patients
(5%) were classified as Hispanic, 104 patients (1.3%) were clas-
sified as black/African-American patients and 147 patients
(1.9%) were classified as of other ethnicities (table 1). Patients
from European centres were overwhelmingly white compared
with those from American centres (96% vs 52%, p<0.001);
online supplementary table S2 summarises the main features of
white patients compared with patients of other ethnicities.
Table 3 shows the main features at presentation according to
ethnicity: the highest percentage of men was in black/
African-American patients and the lowest in Asian patients; the
youngest age at diagnosis was in black/African-American patients
and the oldest in white patients; the lowest frequency of sicca
symptoms was in Asian patients and the highest in other ethnici-
ties; the lowest frequency of abnormal diagnostic tests was in
patients of other ethnicities and the highest in Hispanic patients
and the highest frequency of Ro/La autoantibodies was in Asian
patients and the lowest in patients of other ethnicities. Figure 1
includes clustered bar charts for the percentage of fulfilment of
the six items of the 2002 classification criteria and figure 2
includes the percentage of abnormal results in the immuno-
logical profile according to ethnicity.

The potential effect of geolocation in patients classified in the
same ethnic group was analysed in two sub-studies. Asian
patients diagnosed in non-Asian countries had a higher fre-
quency of dry mouth (p=0.007) and dry eye (p=0.003) com-
pared with native patients (see online supplementary table S3).
Hispanic patients living outside Latin American countries had a
lower frequency of abnormal salivary biopsy (p=0.001) and
positive RF (p=0.008) and a higher frequency of low C3 levels
(p<0.001) compared with native patients (see online
supplementary table S4).

DISCUSSION
The etiopathogenesis of primary SjS is unknown. The most fre-
quently proposed hypothesis is based on the effect of multiple,
mainly unknown, environmental factors affecting an individual
with a specific genetic susceptibility. Geoepidemiological and
ethnic studies may help elucidate the complex combination of
genes and environment in systemic autoimmune diseases.7 The
most relevant studies have been carried out in SLE: US studies
have reported a twofold to threefold higher incidence and

Table 1 Baseline characteristics of 8310 patients with primary
Sjögren’s syndrome

Variable Patients (%)

Gender (female) 7748 (93.2)

Age at diagnosis (n=8270) years 53.2±14.2

Dry eye 7660 (92.2)

Dry mouth 7700 (92.7)

Abnormal ocular tests 6228/7273 (85.6)

Schirmer’s test 4903/6203 (79.0)

Rose bengal/other ocular dye score 2460/3302 (74.5)

Positive minor salivary gland biopsy 5305/5984 (88.7)

Abnormal oral diagnostic tests 4843/6063 (79.9)

Unstimulated whole salivary flow 3608/4938 (73.1)

Parotid sialography 702/873 (80.4)

Salivary scintigraphy 2160/2578 (83.8)

Positive anti-Ro/La antibodies 6177/8250 (74.9)

Anti-Ro antibodies 5950/8245 (72.2)

Anti-La antibodies 3599/8215 (43.8)

ANA-positive 6292/7746 (81.2)

RF-positive 3483/7154 (48.7)

C3 low 912/6554 (13.9)

C4 low 846/6540 (12.9)

Positive cryoglobulins 307/4118 (7.5)

Ethnicity

White 6174/7884 (78.3)

Asian 1066/7884 (13.5)

Hispanic 393/7884 (5.0)

Black/African-American 104/7884 (1.3)

Others 147/7884 (1.9)

Geolocation

Europe 6045 (72.7)

North (>50°N) 1393 (16.7)

South (<50°N) 4652 (56.0)

America 1134 (13.6)

North (>0°) 881 (10.6)

South (<0°) 253 (3.0)

Asia 940 (11.3)

North (>30°N) 300 (3.6)

South (<30°N) 640 (7.7)

Africa 45 (0.6)

Australia 146 (1.8)

ANA, antinuclear antibodies; RF, rheumatoid factor.
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prevalence of disease rates in African-American patients, UK
studies have reported up to eightfold higher rates in
Afro-Caribbean and Asian patients and other studies have found
higher prevalence in Native American Indians, Pacific People
and Aborigines compared with European populations.13 In sys-
temic sclerosis, geoepidemiological studies have revealed a
higher frequency in the USA and Australia than in Europe and
Asia,7 while in primary SjS, a twofold higher prevalence in
patients with non-European backgrounds has recently been
reported.4

Ethnicity also influences the phenotypic expression of auto-
immune diseases, including the clinical course and outcomes. In

SLE, the Lupus in Minorities: Nature versus Nurture
(LUMINA) project found that African-American and
Hispanic-American patients with SLE tend to develop the
disease earlier and present with more severe disease.14 In sys-
temic sclerosis, a higher mortality rate has been reported in
African-American populations compared with white popula-
tions,7 while in systemic vasculitis, non-European patients with
anti-neutrophil cytoplasmic antibodies vasculitis also showed
more severe disease and higher damage scores.15

Until now, no studies have focused on the influence of geoepi-
demiology and ethnicity on the phenotypic expression of
primary SjS. We evaluated these factors in the largest reported

Table 3 Features at diagnosis according to ethnicity groups

Variable White (n=6174) Asian (n=1066) Hispanic (n=393) Black/African-American (n=104) Others (n=147)

Gender (female) 5720 (92.6) 1028 (96.4) 372 (94.7) 91 (87.5) 141 (95.9)

Age at diagnosis, years 54.2±14.2 48.3±13.3 47.8±12.9 47.2±12.4 52.5±13.7

Dry eye 5826 (94.4) 817 (76.6) 376 (95.7) 97 (93.3) 144 (98)

Dry mouth 5775 (93.5) 891 (83.6) 378 (96.2) 99 (95.2) 146 (99.3)

Abnormal ocular tests 4656/5354 (87) 818/953 (85.8) 334/373 (89.5) 65/78 (83.3) 115/146 (78.8)

Schirmer’s test 3525/4351 (81) 746/940 (79.4) 301/345 (87.2) 33/52 (63.5) 59/146 (40.4)

Rose bengal/other ocular dye score 1949/2564 (76) 261/387 (67.4) 132/175 (75.4) 20/30 (66.7) 95/140 (67.9)

Positive minor salivary gland biopsy 3943/4406 (89.5) 592/709 (83.5) 258/272 (94.9) 66/81 (81.5) 103/138 (74.6)

Abnormal oral diagnostic tests 3664/4504 (81.3) 555/679 (81.7) 301/330 (91.2) 42/63 (66.7) 93/144 (64.6)

Unstimulated whole salivary flow 2625/3546 (74) 430/571 (75.3) 253/292 (86.6) 35/58 (60.3) 93/144 (64.6)

Parotid sialography† 655/813 (80.6) 14/22 (63.6) 31/35 (88.6) 1/2 (50) NP

Salivary scintigraphy† 1880/2262 (83.1) 179/194 (92.3) 74/89 (83.1) 12/14 (85.7) NP

Positive anti-Ro/La antibodies 4524/6154 (73.5) 896/1039 (86.2) 308/389 (79.2) 81/102 (79.4) 90/147 (61.2)

Anti-Ro antibodies 4347/6152 (70.7) 873/1039 (84) 299/387 (77.3) 79/101 (78.2) 80/147 (54.4)

Anti-La antibodies 2669/6130 (43.5) 510/1027 (49.7) 180/390 (46.2) 40/102 (39.2) 41/147 (27.9)

ANA-positive 4877/6062 (80.5) 876/1006 (87.1) 291/381 (76.4) 87/104 (83.7) 117/145 (80.7)

RF-positive 2695/5549 (48.6) 488/954 (51.2) 202/384 (52.6) 49/97 (50.5) 39/145 (26.9)

C3 low 684/5069 (13.5) 182/901 (20.2) 36/337 (10.7) 9/82 (11) 0/144 (0)

C4 low 685/5064 (13.5) 91/901 (10.1) 51/333 (15.3) 10/77 (13) 8/144 (5.6)

Positive cryoglobulins 296/3664 (8.1) 3/266 (1.1) 4/128 (3.1) 3/52 (5.8) 0/1 (0)

*All comparisons were statistically significant (adjusted p values for 20 comparisons with false discovery rate correction <0.05) except for parotid sialography with a p value equal to
0.086.
†p value was computed excluding others.
ANA, antinuclear antibodies; NP, not performed; RF, rheumatoid factor.

Figure 1 Clustered bar charts showing the percentage of fulfilment of the six items of the 2002 classification criteria according to ethnicity.
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series of patients with primary SjS fulfilling the 2002 criteria
from 20 countries across five continents. We found significant
variations between ethnic groups. The disease was diagnosed a
mean of 7 years earlier in black/African-American patients com-
pared with white patients, a trend also reported by Maldini
et al4 in the Parisian multi-ethnic cohort. The female-to-male
ratio also varied significantly, with the highest ratio (27:1) in
Asian patients and the lowest (7:1) in black/African-American
patients. The prevalence of sicca symptoms at diagnosis also
varied significantly: the lowest frequencies were in Asian
patients, a finding that has been related to cultural differences in
previous studies.16

This is the first study to analyse the influence of ethnicity on
the results of SjS diagnostic tests included in the current classifi-
cation criteria. Hispanic patients had the highest rates of abnor-
mal results and higher frequencies of subjective dryness
symptoms. In contrast, patients of other ethnicities had the
lowest rates of abnormal results but higher frequencies of sicca
symptoms. This might suggest that ethnicity may influence the
results of the objective diagnostic tests for dry eyes and mouth
in patients with primary SjS, with Hispanic and white patients
being more likely to have abnormal results compared with other
ethnicities. With respect to the frequency of fulfilment of the
histopathological criteria (salivary biopsy showing
Chisholm-Mason grade 3 or grade 4), we found a pattern of
ethnic association similar to that observed for objective tests for
dryness, with a higher frequency of positive salivary biopsy in
Hispanic and white patients compared with the other ethnici-
ties; Maldini et al4 reported a similar, although not significant,
trend in the multi-ethnic Paris cohort.

The influence of ethnicity on the phenotypic expression of
primary SjS at diagnosis could be driven by immunogenetic dif-
ferences. Maldini et al4 found a younger age at diagnosis and an
increased frequency of polyclonal hypergammaglobulinemia and
positive Ro/La antibodies in non-European patients, a reason-
able association since patients with immunopositive SjS are
often diagnosed earlier.17 We have confirmed this association:
patients from ethnic groups with the highest frequencies of posi-
tive anti-Ro antibodies (Asian, Hispanic and black/
African-American) also had the youngest ages at diagnosis; a
similar trend was observed for anti-La antibodies, except for

black/African-American patients, who had the second-lowest fre-
quency of all ethnic groups. Ro/La immunogenicity has trad-
itionally been linked with genetic factors, mainly with specific
human leucocyte antigen (HLA) class II alleles18 and a joint con-
tribution of HLA-DR and DQ alleles has been suggested as rele-
vant for the development of antibodies against Ro/La
autoantigens.19 Most patients with SjS share a common allele
(DQA1*0501) across racial and ethnic boundaries.20 However,
Kang et al21 found significant differences in the frequency of
some HLA-DR haplotypes (a higher frequency of DRB3 in
Caucasians and DRB4 in Japanese and a lower frequency of
DPB1 in Chinese patients). Future immunogenetic studies in
primary SjS should evaluate the influence of ethnicity on the
results, searching for possible immunogenetic differences.

A potential north-south autoimmune gradient, with rates
seeming to increase according to distance from the Equator, has
been suggested in the prevalence and incidence of several auto-
immune diseases including type 1 diabetes mellitus, multiple
sclerosis and inflammatory bowel disease.7 22–25 Little geoepide-
miological data were available for systemic autoimmune diseases
and there are no data on primary SjS. The present study found
some interesting results after comparing northern versus south-
ern countries in the three continents for which data from more
than one country are available (Europe, America and Asia).
A north-south gradient was confirmed with respect to a lower
frequency of ocular involvement and a higher frequency of
cryoglobulinemic-related tests (cryoglobulins and hypocomple-
mentemia) in northern compared with southern countries. The
gradient was different in Europe with respect to the other com-
ponents of primary SjS. For salivary gland involvement, the
highest rates of abnormal results (including biopsy) in Europe
were found in patients from northern countries, while in
America and Asia the highest rates were reported in patients
from southern countries. A similar gradient was observed with
respect to autoantibodies (ANA, Ro, La): the highest frequen-
cies in America and Asia were reported in northern countries,
while in Europe, the highest frequencies were reported in
southern countries. These results suggest, for the first time, that
geolocation may influence the phenotypic expression of
primary SjS at diagnosis, including significant geoepidemiologi-
cal variations in the prevalence of dryness, the frequency of

Figure 2 Clustered bar charts showing the percentage of abnormal results in the immunological profile according to ethnicity. ANA, antinuclear
antibodies; RF, rheumatoid factor.
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abnormal diagnostic tests and the positivity of the main
immunological markers.

We also analysed the influence of geoepidemiological migra-
tion on the phenotypic expression of primary SjS at diagnosis
by comparing ethnic migrant with native populations.
Interestingly, Asian patients diagnosed with primary SjS in
non-Asian countries (overwhelmingly in Europe and the USA)
had a higher frequency of sicca symptoms than Asian patients
diagnosed in Asian countries. With respect to Hispanic patients
diagnosed outside Latin America, differences were found in
diagnostic tests, with a lower frequency of positive salivary
biopsy, a lower frequency of positive RF and a higher frequency
of low C3 values. No other studies have analysed this, although
the study by Maldini et al4 reported a differing clinical and
immunological pattern of SjS expression in French patients with
a non-European background.

The results, however, should be interpreted with caution and
some limitations should be pointed out. Large studies may
detect some differences which, although statistically significant,
may not be relevant clinically, with further studies being neces-
sary to confirm their clinical relevance. In addition, the predom-
inant presence of European patients (due to the origin of the
project in the EULAR-SjS Task Force Group) could limit the
generalisation of the results, due to the small size of some
ethnic subpopulations, such as black African-American patients.
With respect to the study design, although studies comparing
relative frequencies of clinical features should, ideally, be
population-based, our study was designed according to a ‘Data
Sharing’ approach, which is currently considered an alternative
way of international scientific collaboration, especially in dis-
eases with a low prevalence.26 Since the participant centres are
mainly tertiary university centres that are considered the referral
centre in their corresponding cities (and in most cases, in their
countries), the magnitude of the selection bias may vary
between the 20 countries involved in the study and this could
have an impact on the results (online supplementary figure S2
summarises the size of each cohort classified per city), as may
differing medical practices across regions (availability of diag-
nostic tests included in the 2002 criteria); in fact, we found a
negative correlation between the percentage of biopsied patients
and the percentage of Ro/La-positive patients in each centre
(R=−0.55) (see online supplementary figure S3). Other sources
of heterogeneity may include the assays used by the different
centres, although all are commercial tests and more than 80%
used the same technique (ELISA) to test for Ro/La autoanti-
bodies and ANA were overwhelmingly (>95%) tested for by
indirect immunofluorescence and the missing data for some
variables (see online supplementary figure S1).

In summary, this study provides the first evidence for a strong
influence of geolocation and ethnicity on the phenotype of
primary SjS at diagnosis. Genetic and environmental factors
probably contribute to phenotypic variance in SjS and a recent
study has attributed 54% of the predisposition to developing
the disease to familial transmission (heritability plus shared
environmental factors) and 46% to non-shared environmental
factors.27 Geoepidemiology and ethnicity should be considered
as key variables that should be analysed in multi-ethnic studies
of patients with primary SjS.
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EXTENDED REPORT

Incidence of hepatitis B virus reactivation in patients
with resolved infection on immunosuppressive
therapy for rheumatic disease: a multicentre,
prospective, observational study in Japan
Wataru Fukuda,1 Tadamasa Hanyu,2 Masaki Katayama,3 Shinichi Mizuki,4

Akitomo Okada,5 Masayuki Miyata,6 Yuichi Handa,7 Masatoshi Hayashi,8

Yoshinobu Koyama,9 Kaoru Arii,10 Toshiyuki Kitaori,11 Hiroyuki Hagiyama,12

Yoshinori Urushidani,13 Takahito Yamasaki,14 Yoshihiko Ikeno,15 Tsuyoshi Suzuki,16

Atsushi Omoto,1 Toshifumi Sugitani,17 Satoshi Morita,17 Shigeko Inokuma18

ABSTRACT
Background Although the reactivation of hepatitis B
virus (HBV) is recognised as a serious complication in
patients with rheumatic disease (RD) receiving
immunosuppressive drugs (ISDs), the incidence and risk
factors for reactivation remain controversial.
Objectives To investigate the incidence and risk
factors for HBV reactivation in patients with RD.
Methods We performed a multicentre, observational,
prospective study over 2 years in patients with resolved
HBV infection. Patients with RD treated with a dose of
≥5 mg/day prednisolone and/or synthetic or biological
ISDs with negative HB virus surface antigen and positive
anti-HB virus surface antibody (HBsAb) and/or anti-HB
virus core antibody (HBcAb) were enrolled. Quantitative
HBV DNA results and related data were regularly
recorded.
Results Among 1042 patients, including 959 with
rheumatoid arthritis, HBV DNA was detected in 35
(1.93/100 person-years), with >2.1 log copies/mL
observed in 10 patients (0.55/100 person-years). None
of the reactivated patients, including seven treated with
a nucleic acid analogue, showed overt hepatitis. Low
HBsAb titres and advanced age seemed to be risk
factors for HBV reactivation; however, reactivation was
observed in three patients with positive HBsAb and
negative HBcAb test results. The risk of reactivation was
lower with methotrexate but higher with prednisolone
among the different types of ISDs. The intervals from the
start of ISD to reactivation were relatively long
(3–182 months; median, 66 months).
Conclusions The incidence of HBV reactivation with
ISD use was 1.93/100 person-years in patients with RD
with resolved HBV infection. No overt hepatitis was
observed in the reactivated patients.

INTRODUCTION
It is estimated that approximately 350 million
people are infected with the hepatitis B virus
(HBV) worldwide and that one-third of the world’s
population is presently infected or has a history of
past HBV infection. End-stage liver disease related
to HBV is responsible for over 0.5–1 million deaths
per year.1

HBV infection is responsible for 40.2%, and HBV
reactivation due to immunosuppressive drugs (ISDs)
has been observed in 6.8%, of fulminant hepatitis
cases in Japan.2 Because HBV reactivation could be
caused by biological or non-biological disease-
modifying antirheumatic drugs (DMARDs),3 HBV
infection is a serious problem for rheumatologists.
HBV reactivation occurs in two forms: one involves
the harmful proliferation of virus seen in HB virus
surface antigen (HBsAg)-positive people, healthy
carriers or patients with chronic HBV hepatitis and
the other is seen in people with occult HBV infec-
tion who are HBsAg-negative and anti-HB virus
core antibody (HBcAb)-positive and/or anti-HB
virus surface antibody (HBsAb)-positive. Even
though the latter is less frequently seen than the
former, strict monitoring and preventive treatment
are recommended by guidelines in the USA,4

Europe,1 Asia-Pacific5 and Japan.6–8

Because the prevalence of resolved HBV infection
in Japan (23.2%) is much higher than that in
Western countries,9 all patients with rheumatoid
arthritis (RA) and other rheumatic diseases (RDs) in
Japan who receive immunosuppressive DMARDs,
including methotrexate (MTX), leflunomide (LEF),
tacrolimus (TAC), mizoribine (MZB), corticoster-
oids and biological DMARDs, are recommended to
be screened and managed according to the guideline
developed by the Drafting Committee for Hepatitis
Management Guidelines and the Japan Society of
Hepatology.7 Patients with negative HBsAg results
should be screened for HBsAb and HBcAb. If the
result for either of these antibodies is positive, the
patient needs to be monitored for HBV DNA (using
reverse transcription (RT)-PCR) every 1–3 months.
Because the guideline has been strictly followed

in Japan, the costs for HBV DNA monitoring and
preventive treatment with nucleic acid analogues
(NAAs) have been increasing. However, there is
insufficient clinical evidence to support the con-
cepts of the guideline currently, and its effectiveness
for preventing fatal hepatic damage is unknown.
Our objective was to elucidate the frequency and

risk factors for HBV reactivation in patients with
resolved HBV infection and RD.
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METHODS
This multicentre, observational, prospective study was con-
ducted by a study group consisting of rheumatologists in
Japanese Red Cross hospitals beginning in 2013 and spanning
2 years.

Subjects
Patients eligible for enrolment were those with RA or other
RDs, over 18 years of age and attending a clinic for RDs in one
of the 16 Japanese Red Cross hospitals in Japan. Patients being
treated with corticosteroids (≥5 mg of prednisolone or its
equivalent dose); immunosuppressive synthetic DMARDs,
namely MTX, LEF, TAC, MZB or its equivalent and/or bio-
logical DMARDs, namely infliximab, etanercept, adalimumab,
tocilizumab, abatacept, golimumab and certolizumab pegol
were tested for HBsAg, HBsAb and HBcAb using chemilumin-
escent immunoassays. Patients with negative HBsAg (<0.05 IU/
mL) and positive HBsAb (≥10.0 mIU/mL) and/or positive
HBcAb (≥1.0 S/CO (sample/cut-off )) results were tested for
HBV DNA with RT-PCR, and those with negative results were
enrolled. Patients positive for HBsAb alone need HBV DNA
monitoring except those with a history of HBV vaccination
according to the Japanese Society of Hepatology guideline for
the management of HBV infection,7 as HBV reactivation is
reported in such patients.10 11 We excluded patients with posi-
tive HBsAb and negative HBcAb with a history of vaccination
from this study.

Registration
All data of the enrolled patients were recorded anonymously
and sent to the Japanese Red Cross Kyoto Daiichi Hospital
Centre for Rheumatic Disease as password-protected digital
information. The initial data collection was conducted from
February 2013 to October 2014 and included the following
information: basic patient characteristics, such as age, sex and
disease duration; data related to hepatitis, such as HBsAg,
HBsAb and HBcAb titres and aspartate transaminase and
alanine transaminase levels within the last 3 months; immuno-
logical data, such as blood lymphocyte count and serum IgG
levels; parameters related to disease activity, such as tender and
swollen joints, Global Visual Analogue Scale score, Disease
Activity Score 28, C reactive protein level and erythrocyte sedi-
mentation rate and information about medications, such as dose
of steroids and MTX and use or no use of a biologic or other
ISDs. After the second year, serial results of quantitation of
HBV DNA measured by RT-PCR, immunological data, para-
meters related to disease activity and medication information
were recorded.

Primary and secondary end-points
We defined HBV reactivation as a positive conversion of HBV
DNA measured using RT-PCR and included unquantifiable cases
with positivity <2.1 log copies/mL. We consulted a hepatologist
regarding the guidelines6–8 for cases with positivity ≥2.1 log
copies/mL and administered NAA if necessary without stopping
ISDs. The primary end-point of this study was the frequency of
HBV reactivation in HBsAg-negative and HBsAb-positive and/or
HBcAb-positive patients with RD. We also examined risk factors
for HBV reactivation and analysed the clinical and serological
course after the reactivation as secondary end-points.

Statistical analysis
We analysed the primary end-point, which is the frequency of
HBV reactivation in person/years. We used univariate Poisson

regression analysis to evaluate risk factors for HBV reactivation
and calculate risk ratios and its 95% CIs. We did not use multi-
variate analysis because the number of events was too small for
analysis in a multivariate fashion.

Ethics
In this study, we evaluated only information that is collected in
usual medical practice, and we substituted the agreement acqui-
sition in the document with posting based on ‘Ethical
Guidelines for Epidemiological Research’.12

RESULTS
Characteristics of enrolled patients
Of 1330 patients, 1193 patients with RA and 137 other patients
with RD, initially enrolled, 75 patients who were
HBsAg-positive or who received NAA were excluded. We then
excluded 213 other patients who dropped out for various
reasons, including non-attendance, unrelated death or inad-
equate HBV DNA monitoring. Finally, we analysed 805 cases
observed for 24 months and 237 patients observed for
12 months (figure 1). The characteristics of the enrolled patients
at the initial registration are shown in table 1. The average dose
of prednisolone in other patients with RD was more than twice
the dose in patients with RA. In the RA group, the majority of
patients were treated with MTX, and almost one-third used bio-
logics, most (73.7%) of which were tumour necrosis factor
(TNF) inhibitors. Other than MTX, TAC and MZB were used
as ISDs in patients with RA.

The results regarding the presence of HBsAb and HBcAb are
shown in table 2. The majority of patients were positive for
both antibodies.

Incidence of HBV reactivation
HBV reactivation, as defined by positivity of HBV DNA, was
found in 32 patients with RA and 3 with other RDs (in 1815
person-years) (table 3), and positivity ≥2.1 log copies/mL was
seen in 8 patients with RA and 2 with other RDs (in 1831
person-years). Therefore, the frequency of HBV reactivation
was calculated to be 1.93/100 person-years, and the frequency
of quantitative positivity (≥2.1 log copies/mL) was 0.55/100
person-years. Seven of these patients were started on NAA

Figure 1 Flow diagram of patient selection. HBsAg, hepatitis B virus
surface antigen; HBV, hepatitis B virus; NAA, nucleic acid analogue;
RA, rheumatoid arthritis.
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medication, and none of the patients with HBV reactivation
showed hepatic dysfunction during our observation. The inci-
dence of reactivation in patients with negative HBsAb, 4.32/100
person-years, was higher than the patients with negative
HBcAb or positive both antibodies, 1.36/100 person-years and
1.42/100 person-years, respectively (see online supplementary
table S1).

Analysis of risk factors for HBV reactivation
According to the Poisson regression analysis for investigation of
risk factors for HBV reactivation, the risk ratio of a low HBsAb

titre below the median (71.4) was 2.8 (95% CI 1.3 to 6.8) and
below the cut-off (titre <10.0) was 3.1 (95% CI 1.4 to 6.4).
Advanced age over the median (69 years old) increased the risk
to 3.3 (95% CI 1.5 to 8.4). Patients treated with MTX showed
low risk ratios but those treated with prednisolone showed high
risk ratios of 0.4 (95% CI 0.2 to 0.7) and 2.2 (95% CI 1.0 to
4.6), respectively (figure 2).

Table 2 HBV-related antibodies in enrolled patients

Group
HBcAb-negative,
number (%)

HBcAb-positive,
number (%) Total

HBsAb-negative number (%)

RA 0 177 177

Other RDs 0 13 13

Total* 0 190 (18.2) 190 (18.2)

HBsAb-positive number (%)

RA 109 673 782

Other RDs 18 52 70

Total* 127 (12.2) 725 (69.6) 852 (81.8)

Total 127 (12.2) 915 (87.8) 1042

In the table, ‘Total*’ indicates the total number of patients in the upper two columns,
RA and other RDs.
HBcAb, hepatitis B virus core antibody; HBsAb, hepatitis B virus surface antibody; HBV,
hepatitis B virus; RA, rheumatoid arthritis; RD, rheumatic disease.

Table 3 Incidence of HBV reactivation in the first year and second
year in patients with RA and other RDs

Group
Year of
observation

Cases
(n)

Sample size
(person-
years)

Incidence
(/100
person-years)

Use of
NAA

Reactivated cases

RA First 22 959 2.29 3

Second 10 740 1.35 3

Other RDs First 3 83 3.61 0

Second 0 33 0 1

Total 35 1815 1.93 7

Cases with HBV DNA ≥2.1 log copies/mL

RA First 4 959 0.42 2

Second 4 755 0.5 3

Other RDs First 2 83 2.41 0

Second 0 34 0 1

Total 10 1831 0.55 6

HBV, hepatitis B virus; NAA, nucleic acid analogue; RA, rheumatoid arthritis; RDs,
rheumatic diseases.

Table 1 Demographic features of enrolled patients at registration

RA Other RDs Total

Patients (n) 959 83 1042

Age, years (median, IQR) 24–93 (69, 13) 40–92 (70, 16) 10–93 (69, 13.25)

Sex, female/male 257/702 (73.2) 27/57 (67.9) 284/759 (72.8)

Disease duration, months (median, IQR) 1–697 (98, 130) 3–350 (43, 76) 1–697 (93.5, 128)

Prednisolone

Patients (n) (%) 373 (38.9) 81 (97.6) 454 (43.6)

Average dose, mg/day 4.02 9.03 5.10

≥5 mg, number (%) 186 (19.4) 71 (85.5) 257 (24.7)

Biologic DMARDs, number (%) 274 (28.8)

Etanercept 103

Infliximab 34

Adalimumab 33

Tocilizumab 48

Abatacept 24

Golimumab 29

Others 3

Methotrexate

Patients (n) (%) 751 (79.1) 17 (18.9)

Average dose, mg/week 7.52

Other ISDs (%) 154 (16.2) 32 (35.6)

Tacrolimus 122 10

Mizoribine 28 8

Leflunomide 6

Azathiopurine 10

Others 3

Patients with other RDs, including 24 patients with polymyalgia rheumatica, 15 with systemic lupus erythematosus, 15 with vasculitis syndrome, 7 with myositis and 22 with others.
DMARDs, disease-modifying antirheumatic drugs; ISDs, immunosuppressive drugs; RA, rheumatoid arthritis; RD, rheumatic disease.
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Clinical course of HBV reactivation
The interval between the beginning of ISDs and HBV reactiva-
tion ranged from 3 to 182 months (average, 66.2 months;
median, 66 months; IQR, 60) in 35 reactivated cases (table 4).
In 21 cases of HBV reactivation that we were able to observe
1 year later, NAA was started in seven cases, cases 2, 3, 4, 6, 7,
22 and 34, and has not yet been started in cases 5 and 33 with
the increasing of HBV DNA in 1-year observation. HBV DNA
spontaneously turned negative in six patients, cases 13–18, who
were not administered NAA, and no deterioration was observed
in the other six cases. HBV DNA negative conversion occurred
immediately in all cases in which NAA was administered after
the reactivation.

DISCUSSION
Some small-sized clinical studies of HBV reactivation in patients
with RD with resolved infection were reported (see online
supplementary table S2).13–26 The incidence of reactivation in
Japan (2–5.3%) is higher than that found in other south-eastern
Asian countries (1.4–2.1%). In the reports from Europe, mainly
in the cases for which TNF blockers were used, HBV reactiva-
tion was not found. In two systematic reviews, the incidence of
HBV reactivation was reported as 5.4% and 1.7%, respectively.
Differences in the prevalence of HBV infection and in the viral
genotype or interval of HBV DNA monitoring could account
for the differences in the incidence of reactivation among these
countries.

In our study, the frequency of reactivation in patients with
resolved HBV infection on immunosuppressive therapy for RD
was 1.93/100 person-years, and >2.1 log copies/mL was
observed in 0.55/100 person-years over 1–2 years of observa-
tion. Seven patients were treated with NAA and none developed
overt hepatic damage. Although the frequency of HBV reactiva-
tion in patients with RD was lower in this study than in previ-
ous reports, it cannot be neglected as a complication of
immunosuppressive therapy in RA and other RDs. On the other
hand, the fact that overt hepatitis was not found in any of the
reactivated cases shows that the prognosis of HBV reactivation
is not always poor in RDs during a short-term follow-up.

Although a low HBsAb titre has been considered a candidate
risk factor for HBV reactivation,1 3 we had no direct evidence
to support this idea. However, our results show that low HBsAb
titres at baseline were significant risk factors for HBV

reactivation. On the other hand, HBV reactivation was seen in
eight cases with HBsAb titres higher than 100 mIU/mL and in
three cases negative for HBcAb (see table 4 and online
supplementary table S1). We should realise that although
HBsAb is a neutralising antibody against HBsAg, it cannot com-
pletely prevent HBV reactivation in patients with RD. Although
screening for resolved HBV infection only in those with positive
HBcAb is recommended in some guidelines,1 4 revision may be
necessary considering the risk of reactivation in cases negative
for HBcAb.

ISDs, that is, biologics, steroids, MTX and other synthetic
DMARDs used for RD, can cause HBV reactivation. To evaluate
the risk for reactivation for each drug is very important in order
to stratify the patients to prevent HBV reactivation. According
to a case–control study based on US Food and Drug
Administration registration of patients with RA27 the OR for
HBV reactivation for steroids was 2.3, and the OR for TNF
blockers was significantly lower than that for steroids or MTX.
In our study, we showed the risk ratio of MTX was low and
that of prednisolone was high among these groups of drugs.
The discrepancy about the risk of MTX between these studies
may be caused by the doses of MTX, which tend to be lower in
Japan than in the USA or the combinations of drugs are variable
in daily clinical practice. Since the results at this time are not
enough to precisely evaluate the risk of each drug, we will con-
tinue this study to obtain more data for risk factor analysis.

HBV reactivation in patients with ISDs frequently evokes ful-
minant hepatitis, and its prognosis is very poor,28 which is why
careful follow-up and early preventive treatment are necessary
for these patients. From the results of our study, the clinical
course after reactivation in patients with RD was not very
aggressive in either group of patients with and without NAA
treatment, and a non-progressive course or spontaneous
improvement was frequently seen, especially in cases with HBV
DNA of <2.1 log copies/mL. These results support the effect-
iveness of preventive treatment with NAA in reactivated patients
and the possibility that the cut-off value of HBV DNA for pre-
ventive therapy could be set at higher level.

HBV reactivation is supposed to have occurred in short term
after the start of ISDs. Our study shows the interval between the
start of ISD and reactivation ranged from 3 to 182 months
(median, 66 months), which is longer than that reported in a
previous study. Mochida et al22 reported that the cumulative
reactivation rate was 3.2% at 6 months, and the increase of the

Figure 2 Risk ratios of clinical
indicators for hepatitis B virus
reactivation. The forest plot shows the
risk ratios and 95% CIs of clinical
parameters calculated by univariate
Poisson regression analysis for HBV
reactivation. ALT, alanine
transaminase; AST, aspartate
transaminase; CRP, C reactive protein;
HBcAb, hepatitis B virus core antibody;
HBsAb, hepatitis B virus surface
antibody.
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rate at 48 months compared with that at 6 months was +1.5%.
We must consider that, compared with cancer chemotherapy,
treatment with ISDs in RDs usually results in patients being in a
lower-grade and longer-term immunosuppressive state. The dif-
ference between intensity and duration of immunosuppression
may be the basis of the differences in the pathophysiology of
HBV reactivation.

As a limitation of this study, the risk and latency of immuno-
suppression caused by ISDs to HBV reactivation could not be
accurately estimated for two reasons. First, we enrolled patients
who were just starting ISDs and who were also already given
ISDs. Second, the dosage and combination of ISDs were
changed in many enrolled cases after the start of medication.
Although it has been suggested that the clinical course of HBV
reactivation in RD is different from that in cancer

chemotherapy, we could not clarify the frequency or patho-
physiology of de novo hepatitis due to viral replication in RD.
As this may be a limitation of our study design (observational
cohort study), we should consider a randomised control study
to clarify the clinical question.

CONCLUSIONS
The incidence of HBV reactivation in patients with RD with
resolved HBV infection was 1.93/100 person-years, and the inci-
dence of quantitative HBV DNA positivity was 0.55/100
person-years. None evoked clinical hepatitis in reactivated
patients.

Low titres or negative HBsAb and advanced age were risk
factors in HBV reactivation in patients with RD, but in patients
with high HBsAb titres and negative HBcAb, the possibility of

Table 4 Characteristics of 35 HBV reactivated cases

No. Diagnosis Sex Age (years)
Disease duration
(months)

HBV DNA titre
(log copies/mL) NAA

Clinical
course HBsAb (mIU/ml) HBcAb (S/CO)

Interval
(months) Medication

1 RA F 81 16 2.6 − – 222.6 0.5 10 MTX

2 RA M 76 95 2.3 + Worse 2.16 12 36 PSL

3 RA M 86 303 7.1 + Stable 25.5 10.3 30 ABC

4 RA F 80 133 2.5 + Stable 73.8 0.5 131 MTX

5 RA F 60 85 2.3 − Worse 124.7 1.16 5 TAC

6 RA F 81 63 9.1 + Worse 3.1 10.2 74 PSL

7 RA F 70 6 3.5 + Worse 28.6 9.01 138 PSL, MTX

8 RA M 51 135 <2.1 − Stable 0.5 8.54 86 TCZ, MTX

9 RA F 71 220 <2.1 − Stable 4.1 37.7 101 IFX, MTX

10 RA F 80 64 <2.1 − Stable 1000 95.6 52 MTX

11 RA M 79 73 <2.1 − Stable 11.8 19.1 73 MTX

12 RA M 70 10 <2.1 − Stable 113.5 19.3 14 PSL, TAC

13 RA F 70 59 <2.1 − Better 851 2.2 38 ADA, MTX

14 RA F 73 409 <2.1 − Better 13.5 7.12 27 ABC, MTX

15 RA F 77 64 <2.1 − Better 9.5 5 50 GLM, MTX

16 RA F 76 141 <2.1 − Better 12.63 157 MTX

17 RA M 65 205 <2.1 − Better 50.2 27.9 148 ETA, PSL

18 RA F 72 201 <2.1 − Better 147 0.5 3 GLM, PSL, MTX

19 RA F 83 6 <2.1 − – 45 10.15 14 ETA

20 RA F 76 11 <2.1 − – 10.8 1.23 19 MZB

21 RA F 85 23 <2.1 − – 47.1 6.04 32 PSL, MTX

22 RA F 65 112 <2.1 + Stable 5.7 8.96 90 MTX

23 RA F 75 505 2.3 − – 0.4 98.5 83 MZB

24 RA F 72 39 <2.1 − – 24.9 29.9 73 IFX, MTX

25 RA F 67 193 <2.1 − – 0 5.13 38 ABC, MTX

26 RA M 75 35 <2.1 − – 0 9.14 66 MTX

27 RA F 81 434 <2.1 − – 1.9 8.62 56 MZB

28 RA M 76 65 <2.1 − – 54.2 8.79 100 PSL

29 RA F 84 157 <2.1 − – 32.8 7.36 182 PSL

30 RA F 82 614 <2.1 − – 155.3 2.25 39 PSL

31 RA F 66 171 <2.1 − – 1000 5.71 87 MTX

32 RA F 76 97 <2.1 − – 1.4 88 12 GLM, PSL

33 PM F 68 235 2.7 − Stable 3.5 8.09 87 PSL

34 SLE F 63 84 2.3 + Worse 8.78 6.54 96 PSL

35 PMR M 82 54 <2.1 − Stable 0.4 12.1 70 PSL

Titres of HBsAb and HBcAb were collected at registration. ‘Age’, ‘Disease duration’, ‘Medication’ and ‘Interval’ between the beginning of immunosuppressive drugs and reactivation were
at the point of reactivation. Administration of ‘NAA’ and ‘Clinical course’ was checked at the last observation. HBV DNA titre was the highest value during the observation period. In the
column of ‘clinical course’, ‘worse’ means increase of HBV DNA and/or start of NAA, ‘stable’ and ‘better’ reveal ‘unchanged’ and ‘decreased’ HBV DNA levels without using NAA,
respectively. The negative ranges of HBsAb and HBcAb are <10.0 mIU/mL and <1.0 S/CO, respectively.
ABC, abatacept; ADA, adalimumab; ETA, etanercept; F, female; GLM, golimumab; HBcAb, hepatitis B virus core antibody; HBsAb, hepatitis B virus surface antibody; HBV, hepatitis B virus;
IFX, infliximab; M, male; MTX, methotrexate; MZB, mizoribine; NAA, nucleic acid analogue; PM, polymyositis; PMR, polymyalgia rheumatica; PSL, prednisolone; RA, rheumatoid arthritis;
S/CO, sample/cut-off; SLE, systemic lupus erythematosus; TAC, tacrolimus; TCZ, tocilizumab.
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HBV reactivation could not be excluded. The risk ratio of MTX
for HBV reactivation was lower than that of steroid and
biologics.

The intervals from the start of ISD to HBV reactivation were
variable, and the clinical course after reactivation was not
always aggressive.
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EXTENDED REPORT

Improvement in 5-year mortality in incident
rheumatoid arthritis compared with the general
population—closing the mortality gap
Diane Lacaille,1,2 J Antonio Avina-Zubieta,1,2 Eric C Sayre,1 Michal Abrahamowicz3

ABSTRACT
Objective Excess mortality in rheumatoid arthritis (RA)
is expected to have improved over time, due to improved
treatment. Our objective was to evaluate secular 5-year
mortality trends in RA relative to general population
controls in incident RA cohorts diagnosed in 1996–2000
vs 2001–2006.
Methods We conducted a population-based cohort
study, using administrative health data, of all incident
RA cases in British Columbia who first met RA criteria
between January 1996 and December 2006, with
general population controls matched 1:1 on gender,
birth and index years. Cohorts were divided into earlier
(RA onset 1996–2000) and later (2001–2006) cohorts.
Physician visits and vital statistics data were obtained
until December 2010. Follow-up was censored at 5 years
to ensure equal follow-up in both cohorts. Mortality
rates, mortality rate ratios and HRs for mortality (RA vs
controls) using proportional hazard models adjusting for
age, were calculated. Differences in mortality in RA
versus controls between earlier and later incident cohorts
were tested via interaction between RA status (case/
control) and cohort (earlier/later).
Results 24 914 RA cases and controls experienced
2747 and 2332 deaths, respectively. Mortality risk
in RA versus controls differed across incident cohorts for
all-cause, cardiovascular diseases (CVD) and cancer
mortality (interactions p<0.01). A significant increase in
mortality in RA versus controls was observed in earlier,
but not later, cohorts (all-cause mortality adjusted HR
(95% CI): 1.40 (1.30 to 1.51) and 0.97 (0.89 to 1.05),
respectively).
Conclusions In our population-based incident RA
cohort, mortality compared with the general population
improved over time. Increased mortality in the first
5 years was observed in people with RA onset before,
but not after, 2000.

INTRODUCTION
Since the 1950s, studies have drawn attention to
the premature mortality in rheumatoid arthritis
(RA) compared with the general population.1–7

Cardiovascular diseases (CVD) are the leading
cause of excess mortality; infections and malignan-
cies are other causes.8–15 Mortality risk is generally
lower in incident than prevalent cohorts,2 4 5 8 as
reflected by a lower standardized mortality ratio
(SMR) (1.2 vs 1.9, respectively).16 Studies evaluat-
ing mortality in the early years of RA report mixed
results.7 Some cohorts from early arthritis clinics,
with early/aggressive disease-modifying antirheumatic

drug (DMARD) treatment, report no excess mor-
tality,17–19 while others report increased mortality
apparent from early years of disease and increasing
with RA duration.20–22 Others report excess mor-
tality becoming apparent after 7–10 years.23

Increased mortality in RA is believed to be a con-
sequence of inflammation, as markers of inflamma-
tion and disease severity have been associated with
increased risk of death.24–31 With more effective
treatments and a paradigm shift in treating RA
aimed at achieving remission, mortality would be
expected to have improved over time.32–37 Previous
studies evaluating secular trends in RA mortality,
including a meta-analysis,4 have generally found no
improvement relative to the general population,
with some studies suggesting a widening mortality
gap, due to improved mortality in the general
population but not, or to a lesser extent, in
RA.4 16 23 38–43 However, these studies evaluated
cohorts with RA onset up to the 1990s. In contrast,
our study evaluates temporal trends in more con-
temporary incident cohorts with RA onset before
versus after 2000, a period when RA treatment
changed drastically32 44–47 and awareness of cardio-
vascular risk in RA, and its link to inflammation,
increased.24 28 29 48–53

The objective of our study was to evaluate
secular trends in RA mortality, by assessing whether
the mortality risk over the first 5 years of RA, com-
pared with general population controls, differed be-
tween incident RA cases diagnosed in 1996–2000
and in 2001–2006.

METHODS
Study design
We conducted a longitudinal study of a population-
based incident RA cohort with matched controls
from the general population, using administrative
health data from the entire province of British
Columbia (BC), Canada.

Cohort definition
Incident RA cohort
All incident RA cases in BC who first met criteria
for RA between January 1996 and March 2006
(using data from January 1990 onwards) were iden-
tified, using physician billing data from the
Ministry of Health in a universal healthcare system,
and were followed until December 2010. Using
previously published criteria,54 individuals were
identified as RA cases if they had at least two phys-
ician visits at least 2 months apart within a 5-year
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period with an International Classification of Diseases, Ninth
Revision (ICD9) code for RA (714.X).55 To improve specificity,
individuals were excluded if they had at least two subsequent
visits with ICD9 codes for other forms of inflammatory arthritis
(systemic lupus erythematosus, other connective tissue diseases,
psoriatic arthritis, ankylosing spondylitis and other spondyloar-
thropathies). Cases were also excluded if a diagnosis of RA by a
non-rheumatologist was never confirmed when the individual
saw a rheumatologist; or if they had no subsequent RA diagnosis
over more than 5 years of follow-up. These criteria have been
validated in a subsample who participated in an RA survey.
Using opinion of an independent rheumatologist reviewing
medical records from their treating physicians as gold standard,
we estimated the positive predictive value at 0.82.56

General population controls with no diagnoses of inflammatory
arthritis were selected, using the same administrative databases
as for the RA cohort, matching controls to RA cases in a 1:1
ratio on gender, birth year and index year.

The sample was divided into two cohorts: an earlier and later
cohort (cases with RA onset in 1996–2000 vs 2001–2006,
respectively, and their controls).

Data sources
Data were obtained from administrative databases of the
Ministry of Health of British Columbia on all provincially
funded healthcare services used since January 1990, including
all physician visits, with one diagnostic code representing the
reason for the visit, from the Medical Service Plan database57 as
well as hospital discharge data.58 Vitals statistics data59 were
obtained, from January 1996 onwards, on deaths and primary
cause of death derived from death certificates. All data were
available until December 2010. Several population-based studies
have been published using these data.54 60–66

Ethics
No personal identifying information was provided. All proce-
dures were compliant with BC’s Freedom of Information and
Privacy Protection Act. The study received ethics approval from
University of British Columbia.

Statistical analyses
Person-years of follow-up were calculated for incident RA cases
and controls, from index date to end of follow-up (censored at
5 years to ensure equal follow-up in earlier and later cohorts),
last healthcare utilisation or death. Index date was defined, for
RA cases, as when they met incident RA inclusion criteria; and,
for controls, as the date of a randomly selected healthcare
encounter occurring in the same calendar year as the index year
of their matched case. Mortality rates from all-cause, CVD,
malignancy and infections were calculated for RA cases and con-
trols, along with mortality rate ratios, with 95% CIs, represent-
ing the risk of mortality in RA relative to controls. We also used
a parametric exponential proportional hazards (PH) model to
estimate HRs representing the mortality risk in RA compared
with controls, adjusted for age. Analyses adjusted for comorbid-
ities which differed at baseline between RA and controls, and
for the Romano modification of the Charlson comorbidity index
(with RA excluded from comorbidities)67–69 were also per-
formed. To test if differences in excess risk of mortality (in RA
relative to controls) changed over time, we tested the interaction
between the indicators of RA (case vs control) and incident
cohort (earlier vs later), in the exponential PH model. A statis-
tically significant interaction indicates that the mortality risk in

RA relative to the general population differs between the earlier
and later cohorts.

Kaplan-Meier (KM) survival curves were estimated, describ-
ing survival from index date until death, stratified according to
RA status, for all-cause and cause-specific mortality, censoring at
5 years of follow-up, last healthcare utilisation or death from
other cause (for cause-specific analyses). Separate analyses were
conducted for 1996–2000 and 2001–2006 cohorts. Sensitivity
analyses estimated survival curves using all available follow-up
time (ie, not censoring at 5 years). Analyses were performed
using SAS V.9.4 (SAS Institute, Cary, North Carolina, USA).

RESULTS
The sample included 24 914 individuals with RA and 24 914
general population controls. Using BC population estimates, our
cohorts yield age-standardised and sex-standardised incidence
rates of 58 per 100 000 for the 1996–2000 cohort and 68 per
100 000 for the 2001–2006 cohort, consistent with reported
RA incidence rates.70 71 During the first 5 years, 2747 deaths
were observed in the RA cohort and 2332 in controls.

Baseline characteristics of the RA cohorts and controls, mea-
sured at index date, are described in table 1. RA cases had more
comorbidities than controls (higher rates of prior CVD, chronic
obstructive pulmonary disease (COPD), hospitalised infections,
hospitalisation rate), but no difference in overall comorbidity
score (Romano score with RA excluded from comorbidities).67–69

Of note, age at index date was slightly lower in the later than
earlier RA cohort, although the difference is not clinically mean-
ingful (mean (SD): 57.49 (12.8) and 58.35 (12.9) years, respect-
ively). Furthermore, our analyses are age adjusted.

Mortality rates, and mortality risk in RA relative to general
population controls, are shown in table 2. In the entire cohort,
mortality rates of 24.43 and 20.72 per 1000 person-years were
observed in RA and controls, respectively, yielding an all-cause
mortality rate ratio of 1.18 (95% CI 1.12 to 1.25). Greater mor-
tality in RA compared with controls was observed for mortality
from CVD and infections.

When comparing mortality risk in RA relative to controls,
across incident cohorts, we observed important differences
between the 1996–2000 and 2001–2006 cohorts. A 39%
increase in all-cause mortality was observed in the earlier RA
cohort relative to the general population, whereas no increase
was observed in the later cohort. Similarly, increased mortality
was observed in earlier, but not later, RA cohorts relative to con-
trols for deaths from CVD, cancer and infections. These time-
differences in excess mortality were confirmed in age-adjusted
exponential models, where significant interactions between RA
(vs controls) and incident cohort (earlier vs later) were found
for mortality from all-causes (p<0.001), CVD (p<0.001) and
cancer (p=0.002), but not from infection (p=0.097).

To confirm our findings, we assessed age at death. Despite
being matched on age to general population controls, RA cases
in the earlier cohort died, on average, 1.3 years earlier than con-
trols (mean (SD) age at death from all causes: 76.7 (12.9) vs
78.0 (11.0) years in controls), but not in the later cohort (77.3
(12.8) vs 77.8 (11.4) years in controls).

Similarly, KM curves revealed lower survival in RA cases than
in general population controls for death from all-causes, CVD
and cancer, in the earlier cohort (log rank test p<0.01), but not
the later cohort (p=0.695, 0.583, 0.127, respectively) (figure 1).
Of note, KM analyses require cautious interpretation as they are
unadjusted and based on relatively few cause-specific mortality
events. Too few deaths from infections were observed to allow
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adequate interpretation of results. KM results were similar when
survival was uncensored (log rank test p≤0.01 for mortality from
all-causes, CVD and cancer in earlier cohort; and p=0.210,
0.510 and 0.473, respectively, for the later cohort with up to
8 years of follow-up) (see online supplementary figure S1).

Robustness of our results was tested in sensitivity analyses.
Because individuals moving to BC could appear to be incident
cases, we excluded all cases/controls with <6 years of Medical
Services Plan enrolment at index date. This yielded similar
results (table 2). Because the lead-in time to differentiate

Table 1 Baseline characteristics of RA cases and controls in the earlier (incidence 1996–2000) and later (incidence 2001–2006) cohorts

Characteristic

Controls
1996–2000 cohort
(n=10 798)

RA
1996–2000 cohort
(n=10 798)

RA vs
controls
p Value

Controls
2001–2006 cohort
(n=14 116)

RA
2001–2006 cohort
(n=14 116)

RA vs
controls
p Value

Female, n (%) 7162 (66.33) 7162 (66.33) 1.000 9398 (66.58) 9398 (66.58) 1.000

Age at index date 58.34 (17.39) 58.35 (17.38) 0.983 57.49 (16.88) 57.49 (16.88) 0.978

RA duration at index date*, years,
median (25Q;75Q)

N/A 0.63 (0.27;2.35) N/A 0.36 (0.23;0.90)

Romano Charlson comorbidity index†‡ 0.36 (1.07) 0.38 (0.98) 0.200 0.36 (1.08) 0.37 (0.96) 0.215

Hospitalisation rate per year§¶ 0.22 (0.34) 0.28 (0.40) <0.001 0.19 (0.29) 0.23 (0.31) <0.001

Cumulative no. of hospitalised days§¶ 14.59 (78.08) 14.36 (51.12) 0.794 12.47 (62.77) 12.66 (29.22) 0.744

Diabetes‡, n (%) 605 (5.60) 586 (5.43) 0.571 956 (6.77) 907 (6.43) 0.240

COPD‡, n (%) 668 (6.19) 813 (7.53) <0.001 718 (5.09) 940 (6.66) <0.001

Renal failure‡, n (%) 72 (0.67) 78 (0.72) 0.623 144 (1.02) 145 (1.03) 0.953

Any CVD‡, n (%) 4115 (38.11) 4392 (40.67) <0.001 5724 (40.55) 6115 (43.32) <0.001

Prior CVA¶, n (%) 754 (6.98) 831 (7.70) 0.045 1053 (7.46) 991 (7.02) 0.154

Prior AMI¶, n (%) 536 (4.96) 548 (5.08) 0.708 698 (4.94) 721 (5.11) 0.531

Prior cancer¶, n (%) 1378 (12.76) 1391 (12.88) 0.791 2036 (14.42) 2078 (14.72) 0.479

Prior hospitalised infection¶, n (%) 839 (7.77) 1094 (10.13) <0.001 1181 (8.37) 1531 (10.85) <0.001

Unless otherwise indicated, values represent mean (SD); p values are from χ2 for binary variables, or two-sample t-test for continuous variables.
*RA duration at index date was calculated as time from first RA visit to index date (ie, second RA visit at least 8 weeks later).
†Romano Charlson refers to the Romano adaptation of the Charlson comorbidity index developed for use with administrative health data, excluding RA as a comorbidity.67–69

‡Assessed over 1 year prior to index date.
§Hospitalisation rate was calculated as the number of hospitalisation events per year; cumulative number of hospitalised days was calculated as the sum of all days spent in hospital
during all hospitalisations.
¶Assessed over all available data preindex date, that is, from 1990 onwards.
25Q;75Q, 25th and 75th percentile; AMI, acute myocardial infarct; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; CVD, cardiovascular disease.

Table 2 Mortality risk in RA compared with general population controls

Mortality rate
RA
(per 1000 PY)

Mortality rate controls
(per 1000 PY)

Mortality
rate ratio (95% CI)
RA vs controls

aHR* (95% CI)
RA vs controls

aHR† (95% CI)
RA vs controls

aHR‡ (95% CI)
RA vs controls

Entire cohort

All-cause mortality 24.43 20.72 1.18 (1.12, 1.25) 1.17 (1.11, 1.24) 1.14 (1.08, 1.20) 1.15 (1.09, 1.22)

Mortality from CVD 8.49 7.04 1.21 (1.10, 1.33) 1.20 (1.09, 1.31) 1.16 (1.05, 1.27) 1.19 (1.08, 1.32)

Mortality from cancer 6.48 6.20 1.05 (0.94, 1.16) 1.04 (0.94, 1.15) 1.04 (0.94, 1.16) 1.02 (0.92, 1.14)

Mortality from infection 1.45 0.91 1.58 (1.23, 2.05) 1.57 (1.23, 2.01) 1.51 (1.18, 1.94) 1.50 (1.15, 1.95)

All-cause mortality

Incident cohort 1996–2000 32.68 23.45 1.39 (1.29, 1.51) 1.40 (1.30, 1.51) 1.34 (1.24, 1.45) 1.38 (1.27, 1.49)

Incident cohort 2001–2006 18.29 18.59 0.98 (0.91, 1.07) 0.97 (0.89, 1.05) 0.95 (0.88, 1.03) 0.95 (0.88, 1.04)

Mortality from CVD

Incident cohort 1996–2000 12.30 8.50 1.45 (1.27, 1.64) 1.45 (1.28, 1.65) 1.39 (1.23, 1.58) 1.45 (1.27, 1.65)

Incident cohort 2001–2006 5.66 5.90 0.96 (0.83, 1.11) 0.94 (0.81, 1.08) 0.93 (0.80, 1.07) 0.94 (0.81, 1.09)

Mortality from cancer

Incident cohort 1996–2000 8.61 7.08 1.22 (1.05, 1.41) 1.22 (1.06, 1.41) 1.22 (1.06, 1.41) 1.20 (1.03, 1.40)

Incident cohort 2001–2006 4.90 5.52 0.89 (0.76, 1.04) 0.88 (0.75, 1.02) 0.89 (0.76, 1.03) 0.86 (0.74, 1.01)

Mortality from infections (0.097) (0.142) (0.104)

Incident cohort 1996–2000 1.88 0.97 1.93 (1.34, 2.79) 1.94 (1.37, 2.75) 1.82 (1.28, 2.59) 1.86 (1.28, 2.70)

Incident cohort 2001–2006 1.13 0.87 1.30 (0.91, 1.88) 1.27 (0.90, 1.81) 1.26 (0.89, 1.78) 1.20 (0.83, 1.75)

*aHR adjusted for age at index date.
†aHR adjusted for age at index date, plus baseline CVD, COPD, infection, hospitalisations per year and Romano modification of Charlson comorbidity score excluding RA from
list of comorbidities.
‡aHR adjusted for age at index date; results from sensitivity analysis excluding all cases/controls with <6 years of enrolment in the Medical Service Plan at index date.
aHR, adjusted HR; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular diseases; PY, person-years; RA, rheumatoid arthritis.
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Figure 1 Survival from all-causes, cardiovascular diseases, cancer and infection, in rheumatoid arthritis (RA) and general population (gen pop)
controls. (A) All-cause mortality; log rank test comparing Kaplan-Meier (KM) survival in RA versus controls for 1996–2000 cohort: p<0.001; and for
the 2001–2006 cohort: p=0.695. (B) Mortality from cardiovascular diseases; log rank test comparing KM survival in RA versus controls for 1996–
2000 cohort: p<0.001; and for the 2001–2006 cohort: p=0.583. (C) Mortality from cancer; log rank test comparing KM survival in RA versus
controls for 1996–2000 cohort: p=0.007; and for the 2001–2006 cohort: p=0.127.
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incident from prevalent RA was longer for the 2001–2006
cohort (11 vs 6 years), we limited the 2001–2006 cohort’s
lead-in time to 6 years. Results did not differ (all-cause mortality
rate ratio: 0.96 (0.89 to 1.04) vs 0.98 (0.91 to 1.07)). To ensure
baseline differences in RA duration across the two cohorts did
not confound the interaction,72 we adjusted the exponential PH
models for RA duration at index date. To avoid near-collinearity
between RA/control status and RA duration (which, by defin-
ition, equals 0 for all controls), RA duration in RA cases was
centred to a mean of 0.73 Results were similar (all-cause mortal-
ity adjusted HR 1.48 (1.37 to 1.60) for earlier; 0.92 (0.85 to
1.00) for later cohorts) and the interaction remained significant
(p<0.001).

DISCUSSION
We conducted a population-based study of a large incident RA
cohort with general population controls, using administrative
health data in a universal healthcare system, to evaluate RA mor-
tality trends over time. Our study reveals that the risk of death
in RA compared with the general population has improved over
time. Statistically significant improvement was observed for all-
cause mortality, as well as deaths from CVD, and cancer, but
not from infections. In our cohort, over 5 years of follow-up, an
increased risk of mortality in RA compared with the general
population was observed in people with RA onset on or before
2000, but not in people with RA onset after 2000. Although
improvement in mortality risk was clearly observed in our study,
one should be cautious about interpreting our results as indicat-
ing that mortality differences between RA and the general popu-
lation no longer exist, as 5 years of follow-up is relatively short,
and it is possible that differences between RA and the general
population would be observed with longer follow-up, especially
since previous studies have suggested that the greatest increase
in mortality risk may occur after 7–10 years of disease.23 Of
note, in sensitivity analyses, KM survival curves estimated using
all available follow-up (up to 8 years for the later cohort)
yielded similar results.

Strengths of our study include the population-based nature of
our cohort with complete capture of all RA cases in BC, ensur-
ing the sample is representative of the entire spectrum of RA
disease and of patients treated in everyday clinical practice; the
inclusion of incident cases with complete follow-up from RA
onset to death or study end and the large sample size providing
adequate power to look at rare events such as mortality.

Limitations of our study are those inherent to observational
studies and studies using administrative data. They include
uncertainty around RA diagnosis identified using administrative
data and possible effect of unmeasured confounding. Measuring
the timing of RA onset is imprecise with administrative data. For
these to influence the observed difference in mortality risk
between the earlier and later cohorts, they would have to differ-
entially affect both cohorts. Temporal differences in billing code
practices during the prediagnosis phase could influence timing
of the index date. Temporal differences in accuracy of billing
data could influence the number of ‘true/false’ RA cases
included. However, over the period examined, one would
expect improved accuracy as a result, for example, of the intro-
duction of electronic medical records. This would constitute a
conservative bias as less non-RA cases would be included in the
later cohort. We observed a small increase in RA incidence rate
over 1996–2006. A similar trend was reported in Olmsted
County, USA over the same period.74 Nonetheless, inclusion of
a greater number of non-RA cases in the later cohort could bias

results towards a reduced mortality difference with the general
population.

Survival could appear improved in the later incident cohort if
RA was diagnosed earlier, or if people presented to care earlier,
as a result of recent efforts to raise awareness about the import-
ance of early RA diagnosis and treatment. Of note, median RA
duration at index date was slightly shorter (3 months) in the
2001–2006 than the 1996–2000 cohort; and mean age at index
date was only slightly lower in the later cohort (57.5 vs
58.4 years in the earlier cohort). Furthermore, a younger age at
death in RA relative to controls was observed in the earlier, but
not the later, cohort. However, caution is warranted when com-
paring age at death, as a number of factors can influence it.

It is also possible that incident cohorts are contaminated with
prevalent cases. Given our minimum lead-in period of 6 years,
this would require gaps between consecutive RA visits longer
than 6 years. In our cohort, this occurred very infrequently
(only 0.44% of periods between consecutive RA visits were
>6 years; 94.3% were <1 year; 97.3% <2 years). Because of
potential differential effect on the two cohorts (with less preva-
lent cases in the 2001–2006 cohort due to longer lead-in time),
we performed sensitivity analyses limiting the lead-in time of
the 2001–2006 cohort to 6 years, which yielded similar results.
Furthermore, we explored how much misclassification of preva-
lent cases as incident cases in the earlier cohort would be neces-
sary to eliminate the difference in excess mortality observed.
Analyses (described in online supplementary file) revealed that
highly unlikely assumptions were required, indicating that mis-
classification cannot reasonably account for the observed results.
Prevalent RA cases moving to BC during the study period could
also be included. However, this would likely not differentially
affect the two cohorts, and sensitivity analyses excluding indivi-
duals registered <6 years prior to index date yielded similar
results.

Two other recent studies, until now published only in abstract
form, also support the concept that the mortality risk in RA
compared with the general population has recently
improved.75 76 A population-based study of Olmsted County
found a significant reduction in cardiovascular mortality among
patients with RA onset in 2000–2007 vs 1990–1999 (HR: 0.43,
95% CI 0.19 to 0.94),75 with no difference with the general
population for the 2000–2007 patients. However, their results
are based on a small sample (315 patients with RA in 2000–
2007 cohort), and only 8 deaths observed in RA and 9 in con-
trols. Our analyses provide more robust confirmation of these
findings in an independent, much larger sample, with >2000
deaths in RA and controls. Interestingly, previous studies from
the same group described a gradual widening of the mortality
gap, relative to the general population, for patients with RA
with more recent onset over 1955–2000.38 39 This suggests that
improvement in mortality may be limited to patients with RA
onset after 2000, as observed in our study. The second study
used an electronic medical record database in the UK to
compare all-cause mortality in two incident RA cohorts (RA
onset 1999–2005 followed until end of 2005; and RA onset
2006–2012 followed until end of 2012) compared with general
population controls.76 Consistent with our findings, they found
a significant reduction in the HR for all-cause mortality, relative
to controls, for the later RA cohort (p=0.027 for interaction).
However, even in the later cohort, RA mortality remained
increased compared with the general population (HR 1.21,
95% CI 1.05 to 1.39).

Our findings have important implications for people living
with arthritis, clinicians and health policy makers. It provides
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reassuring evidence suggesting that time trends in the disease
itself and/or its management are having a beneficial impact on
an outcome of utmost importance to people living with arth-
ritis. Exploring why mortality has improved over time is beyond
the scope of this study. We speculate that it may be due to
improved RA treatment, with more effective control of inflam-
mation, from availability of more effective DMARDs and from
the paradigm shift in RA management towards early, aggressive
treatment with the aim of eradicating inflammation.
Alternatively, improved survival could be due to improved pre-
vention, detection or management of life-threatening comorbid-
ities, such as CVD, as a result of increased awareness of its role
as a leading cause of premature death. It is also possible that the
natural history of RA has evolved over time. Exploration of
these reasons warrants further study. Furthermore, future long-
term studies should compare mortality in RA versus general
population over >10 years of follow-up, since RA onset.

In conclusion, in our population-based incident RA cohort,
the 5-year mortality risk compared with the general population
has improved for patients with RA onset in the 21st century.
Statistically significant relative risk reductions were observed for
all-cause mortality, as well as deaths from CVD, and cancer, but
not from infections. In our cohort, during the first 5 years after
RA diagnosis, the mortality gap between RA and the general
population observed in people with RA onset on or before 2000
was not observed for people with RA onset after 2000. Longer
follow-up is needed before concluding that mortality differences
between RA and the general population no longer exist.
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EXTENDED REPORT

Effect of rituximab on malignancy risk in patients
with ANCA-associated vasculitis
Emma E van Daalen,1 Raffaella Rizzo,2,3 Andreas Kronbichler,3,4 Ron Wolterbeek,5

Jan A Bruijn,1 David R Jayne,3 Ingeborg M Bajema,1 Chinar Rahmattulla1,3

ABSTRACT
Objectives Patients with antineutrophil cytoplasmic
antibody (ANCA)-associated vasculitis (AAV) treated with
cyclophosphamide have an increased malignancy risk
compared with the general population. We investigated
whether treatment with rituximab instead of
cyclophosphamide has decreased the malignancy risk in
patients with AAV.
Methods The study included patients with AAV treated
at a tertiary vasculitis referral centre between 2000 and
2014. The malignancy incidence in these patients was
compared with the incidence in the general population
by calculating standardised incidence ratios (SIRs),
adjusted for sex, age and calendar year. Malignancy
incidence was compared between rituximab-treated and
cyclophosphamide-treated patients.
Results Of the 323 included patients, 33 developed a
total of 45 malignancies during a mean follow-up of
5.6 years. This represented a 1.89-fold increased (95%
CI 1.38 to 2.53) malignancy risk, and a non-significantly
increased risk if non-melanoma skin cancer was
excluded (SIR, 1.09; 95% CI 0.67 to 1.69). The risk of
non-melanoma skin cancer was 4.58-fold increased
(95% CI 2.96 to 6.76). Cyclophosphamide-treated
patients had an increased malignancy risk compared
with the general population (SIR, 3.10; 95% CI 2.06 to
4.48). In contrast, rituximab-treated patients had a
malignancy risk similar to the general population (SIR,
0.67; 95% CI 0.08 to 2.43). The malignancy risk in
cyclophosphamide-treated patients was 4.61-fold higher
(95% CI 1.16 to 39.98) than in rituximab-treated
patients.
Conclusions The malignancy risk in patients with AAV
was lower in rituximab-treated patients than in
cyclophosphamide-treated patients. Notably, rituximab
treatment was not associated with an increased
malignancy risk compared with the general population.
Rituximab could therefore be a safe alternative to
cyclophosphamide in the treatment of AAV.

INTRODUCTION
Antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitis (AAV) is a systemic
autoimmune disease that affects small-sized to
medium-sized blood vessels in multiple organs.
AAV comprises granulomatosis with polyangiitis
(formerly Wegener’s granulomatosis), microscopic
polyangiitis and eosinophilic granulomatosis with
polyangiitis (formerly Churg-Strauss syndrome).1

Autoantibodies against proteinase 3 (PR3-ANCA)
and myeloperoxidase (MPO-ANCA) assist in the
diagnosis of AAV, but patients can also be negative

for ANCA.2 Although the introduction of cyclo-
phosphamide therapy for AAV has improved
patient survival considerably,3 4 the carcinogenic
effects of cyclophosphamide put patients at
increased risk of developing malignancies. Several
studies have reported increased malignancy risks
in patients with AAV who were treated with
cyclophosphamide compared with the general
population, especially for non-melanoma skin
cancer, bladder cancer, malignant lymphoma and
leukaemia.5–12 Moreover, two studies found a
dose–response association between cyclophospha-
mide and malignancy risk.8 13 These results are
restricted to patients with granulomatosis with
polyangiitis and microscopic polyangiitis, and the
malignancy risk in patients with eosinophilic
granulomatosis with polyangiitis has not been
investigated in detail before.
International efforts have been devoted to find

less cytotoxic regimens for the treatment of AAV. In
particular, the cumulative cyclophosphamide doses
have been lowered,14 15 and rituximab has emerged
as a promising substitute for cyclophospha-
mide.16 17 The initial findings from randomised
controlled trials showed similar treatment efficacy
in patients treated with either cyclophosphamide or
rituximab.18–20 However, concerns were raised
about a possible higher malignancy rate in patients
treated with rituximab.21 22 Notably, the trials
focused on treatment efficacy; thus, their results
regarding malignancy incidence should be inter-
preted in light of their small sample sizes and the
short follow-up of a maximum of 24 months.
This study investigated the long-term malignancy

risk in 323 patients with AAV. This is, to our knowl-
edge, the first study to compare the long-term malig-
nancy risks between patients treated with rituximab
and patients treated with cyclophosphamide.

METHODS
Study population
The study included patients with AAV (granuloma-
tosis with polyangiitis, microscopic polyangiitis or
eosinophilic granulomatosis with polyangiitis) who
were treated at the Vasculitis and Lupus Clinic at
Addenbrooke’s Hospital, Cambridge, UK, between
2000 and 2014. The diagnosis was established
according to the European Medicines Agency algo-
rithm.23 Follow-up began on the date of diagnosis
and ended on the date of death, the date the
patient was lost to follow-up or on 1 July 2015,
whichever occurred first. Follow-up surveillance
was performed at Addenbrooke’s Hospital. This

1064 van Daalen EE, et al. Ann Rheum Dis 2017;76:1064–1069. doi:10.1136/annrheumdis-2016-209925

Clinical and epidemiological research

To cite: van Daalen EE, 
Rizzo R, Kronbichler A, 
et al. Ann Rheum Dis 
2017;76:1064–1069.

Handling editor Tore K Kvien

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http://dx.doi.org/10.1136/
annrheumdis-2016-209925).

1Department of Pathology, 
Leiden University Medical 
Centre, Leiden, The Netherlands
2Nephrology, Dialysis and 
Hypertension Unit, St Orsola-
Malpighi University Hospital, 
Bologna, Italy
3Vasculitis and Lupus Clinic, 
Addenbrooke’s Hospital, 
Cambridge University Hospitals, 
Cambridge, UK
4Department of Internal 
Medicine IV (Nephrology 
and Hypertension), Medical 
University of Innsbruck, 
Innsbruck, Austria
5Department of Medical 
Statistics and Bioinformatics, 
Leiden University Medical 
Centre, Leiden, The Netherlands

Correspondence to
Emma Elisabeth van Daalen, 
Department of Pathology, L1-Q 
(P0-107), Leiden University 
Medical Centre, P.O. Box 
9600, Leiden 2300 RC, The 
Netherlands; E.E.van_Daalen@
lumc.nl

Received 20 May 2016
Revised 10 November 2016
Accepted 12 November 2016
Published Online First 
29 November 2016

group.bmj.com on May 29, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2016-209925&domain=pdf&date_stamp=2017-03-17
http://www.eular.org/
http://ard.bmj.com/
http://ard.bmj.com/
http://group.bmj.com


study was conducted in accordance with the ethical principles
stated in the Declaration of Helsinki.

Clinical data
The following data were obtained from the medical records of
the patients: demographic characteristics, diagnosis, date of
diagnosis, ANCA serotype, organ involvement, therapy regimen,
renal transplantation and the occurrence of malignancies.
Patients with incomplete or missing medical records were
excluded from further analyses. The cumulative doses of cyclo-
phosphamide and rituximab during follow-up were determined.
For subgroup analysis, patients were categorised according to
their cyclophosphamide and/or rituximab exposure into the fol-
lowing categories: patients treated only with cyclophosphamide,
patients treated only with rituximab, patients treated with both
cyclophosphamide and rituximab, or patients who were not
treated with either cyclophosphamide or rituximab. In all cat-
egories, the treatment may also have included other immuno-
suppressive agents, such as glucocorticoids, azathioprine,
mycophenolate mofetil, methotrexate and/or tumour necrosis
factor (TNF)-α inhibitors.

Standardised incidence ratio calculations
Standardised incidence ratios (SIRs) were calculated to compare
the malignancy incidence between the study cohort and the
general UK population, expressing the malignancy risk relative to
the general population and matching for sex, age and calendar
year. The SIR is the observed number of malignancies divided by
the expected number of malignancies. The observed number of
malignancies was the total number of primary invasive malignan-
cies. The expected number of malignancies was the number of
person-years at risk in our cohort multiplied by the malignancy
incidence rates in the general UK population as obtained from
the Office for National Statistics and matched for sex, 5-year age
group and 1-year calendar time period.24 Since the malignancy
incidence rates were available until 2013, the malignancy inci-
dence rate in 2013 was extrapolated to 2014 and 2015. The SIR
was calculated for malignancies at all sites, for all malignancies
except non-melanoma skin cancers and for each malignancy site
as reported in the study population. SIRs were stratified by sex,
age category at diagnosis (younger than the median age of
59 years vs 59 years or older), clinical diagnosis, ANCA serotype,
renal transplantation and follow-up duration. Moreover, SIRs
were compared in different treatment categories and according
to the cumulative doses of cyclophosphamide and rituximab.

Statistical analyses
Student’s t-test, the χ2 test, Fisher’s exact test and the one-way
analysis of variance (ANOVA) test were used to compare the
characteristics of different subgroups (SPSS statistical software,
V.23). SIR values were compared between subgroups by calculat-
ing relative risks (RRs). Exact Poisson regression analysis was
used to calculate 95% CIs for the SIR and RR values assuming a
Poisson distribution of the observed number of cases (SAS soft-
ware, V.9.3; SAS Institute).25–27 p Values less than 0.05 were
considered significant in all analyses.

RESULTS
Patient characteristics
The characteristics of the 323 patients with AAV included in this
study are shown in table 1. The mean (SD) age at diagnosis was
56.4 (16.1) years, and the mean follow-up was 5.6 (3.2) years
(1802 person-years). A total of 160 (49%) patients were diag-
nosed with microscopic polyangiitis; 109 patients (34%) were

diagnosed with granulomatosis with polyangiitis; and 54
patients (17%) were diagnosed with eosinophilic granulomatosis
with polyangiitis. Finally, 12 patients (4%) underwent renal
transplantation, and 39 patients (12%) died during follow-up.

Malignancy occurrence
Of the 323 patients, 33 developed a total of 45 malignancies
during follow-up. The sex, age and calendar year-adjusted
malignancy risk was 1.89-fold higher in the patients with AAV
than in the general population (95% CI 1.38 to 2.53) (table 2).
There were 13 different malignancy types, with non-melanoma
skin cancer occurring most frequently (10 basal cell carcinomas
and 15 squamous cell carcinomas). The SIR for non-melanoma
skin cancer was significantly increased (SIR, 4.58; 95% CI 2.96
to 6.76), while the risk for all malignancies excluding non-
melanoma skin cancer was comparable to that of the general
population (SIR, 1.09; 95% CI 0.67 to 1.69) (table 2).

Malignancy occurrence in the subgroups
The SIR for overall malignancy risk was stratified by gender,
age, clinical diagnosis, ANCA serotype, renal transplantation
and follow-up duration (see online supplementary table S1).
Patients with eosinophilic granulomatosis with polyangiitis had
the highest malignancy risk (SIR, 2.75; 95% CI 1.19 to 5.40),
followed by those with granulomatosis with polyangiitis (SIR,
2.20; 95% CI 1.20 to 3.68) and those with microscopic polyan-
giitis (SIR, 1.59; 95% CI 1.01 to 2.38). Transplanted patients
had a higher malignancy risk (SIR, 4.31; 95% CI 1.17 to 11.04)
than patients who did not undergo renal transplantation (SIR,
1.79; 95% CI 1.29 to 2.43). The treatment duration and cumu-
lative doses of cyclophosphamide and rituximab in subgroups
are shown in online supplementary table S2.

Effects of cyclophosphamide and rituximab
on malignancy risk
Patients treated only with cyclophosphamide had a 3.10-fold
higher (95% CI 2.06 to 4.48) malignancy risk than the general
population (table 3), and a 1.14-fold higher (95% CI 0.49 to
2.25) malignancy risk if non-melanoma skin cancer was
excluded. Patients treated only with rituximab had no increased
malignancy risk compared with the general population (SIR,
0.67; 95% CI 0.08 to 2.43), which was similar if non-
melanoma skin cancer was excluded (SIR, 0.88; 95% CI 0.11 to
3.19). The malignancy risk in patients treated only with cyclo-
phosphamide was 4.61-fold higher (95% CI 1.16 to 39.98)
than in patients treated only with rituximab and was 3.05-fold
higher (95% CI 1.40 to 7.35) than in patients treated with both
cyclophosphamide and rituximab (table 4). The mean cumula-
tive cyclophosphamide dose was lower in patients treated only
with cyclophosphamide than in patients treated with both cyclo-
phosphamide and rituximab (7.3 g vs 11.1 g; p=0.002). The
duration of follow-up was longer for patients who received
rituximab than for patients who did not receive rituximab
(p<0.001). In terms of mean organ involvement, the disease
extent did not differ between the treatment groups (p=0.07)
(table 3). Patients treated with cyclophosphamide received
azathioprine maintenance therapy more frequently than those
treated with rituximab (81% vs 42%; p<0.001). The SIR of
malignancy for patients receiving a combination of cyclophos-
phamide and azathioprine was 3.20 (95% CI 2.05 to 4.76;
p<0.001), whereas patients receiving a combination of rituxi-
mab and azathioprine expressed a comparable malignancy risk
to that of the general population (SIR, 1.52; 95% CI 0.18 to
5.50; p=0.38).
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Effects of cumulative cyclophosphamide and rituximab
doses on malignancy risk
The mean (SD) cumulative cyclophosphamide and rituximab
doses were 9.1 (9.0) g and 5.9 (3.4) g, respectively. The highest
cyclophosphamide dose was 108 g, given intermittently for

7.6 years, during a follow-up period of 8.1 years, in which the
patient experienced no relapses. The highest rituximab dose was
18 g, given intermittently over 6.1 years, during a follow-up
period of 9.1 years, in which one relapse occurred.
A positive dose–response relationship was found between

Table 2 SIR for malignancies overall and per observed malignancy site*

Malignancy or malignancy site Observed malignancies (n) Expected malignancies (n) SIR (95% CI)† p Value†

All sites 45 23.80 1.89 (1.38 to 2.53) <0.001

Non-melanoma skin cancer 25 5.46 4.58 (2.96 to 6.76) <0.001

All malignancies excluding non-melanoma skin cancer 20 18.33 1.09 (0.67 to 1.69) 0.76

Lung 4 2.61 1.53 (0.42 to 3.92) 0.53

Breast 3 2.82 1.06 (0.22 to 3.11) 1.00

Colon or rectum 3 1.98 1.52 (0.31 to 4.44) 0.63

Prostate 2 2.74 0.73 (0.09 to 2.64) 0.97

Bladder 1 0.65 1.53 (0.04 to 8.57) 0.96

Pancreas 1 0.52 1.94 (0.05 to 10.81) 0.81

Testis 1 0.04 24.66 (0.62 to 137.41) 0.08

Ovary 1 0.39 2.54 (0.06 to 14.14) 0.65

Melanoma 1 0.66 1.52 (0.04 to 8.49) 0.96

Tongue 1 0.07 13.70 (0.35 to 76.34) 0.14

Central nervous system 1 0.25 3.94 (0.10 to 21.95) 0.45

Kidney 1 0.49 2.03 (0.05 to 11.32) 0.78

*SIR is the ratio of the observed to expected malignancies adjusted for sex, age (per 5-year age group) and calendar time period (per 1-year calendar time period).
†Calculated by exact Poisson regression analysis.
SIR, standardised incidence ratio.

Table 1 Characteristics of the patients with ANCA-associated vasculitis who were included in this study*

All patients (n=323)
No malignancy
occurrence (n=290)

Malignancy
occurrence (n=33) p Value†

Age (years) at diagnosis, mean (SD) 56.4 (16.1) 55.9 (16.3) 61.3 (12.7) 0.03

Follow-up (years), mean (SD) 5.6 (3.2) 5.5 (3.2) 6.3 (3.2) 0.20

Male, n (%) 149 (46) 135 (47) 14 (42) 0.65

Clinical diagnosis, n (%) 0.64

Microscopic polyangiitis 160 (49) 146 (50) 14 (42)

Granulomatosis with polyangiitis 109 (34) 97 (33) 12 (36)

Eosinophilic granulomatosis with polyangiitis 54 (17) 47 (16) 7 (21)

ANCA serotype, n (%)‡ 0.89

MPO-ANCA 110 (34) 99 (34) 11 (33)

PR3-ANCA 152 (47) 136 (47) 16 (49)

Organ involvement, mean (SD) 2.3 (1.5) 2.3 (1.5) 2.2 (1.2) 0.85

Deaths, n (%) 39 (12) 30 (10) 9 (27) 0.01

Relapsing disease, n (%) 86 (28) 79 (28) 7 (22) 0.54

Renal transplantation, n (%) 12 (4) 11 (4) 1 (3) 1.00

Treatment, n (%)

Glucocorticoids 318 (99) 286 (99) 32 (97) 0.33

Cyclophosphamide 233 (72) 207 (72) 26 (79) 0.38

Rituximab 155 (48) 144 (50) 11 (33) 0.07

Cyclophosphamide and rituximab 114 (35) 105 (36) 9 (27) 0.31

Azathioprine 218 (68) 196 (68) 22 (67) 0.89

Mycophenolate mofetil 154 (48) 141 (50) 13 (39) 0.31

Methotrexate 39 (12) 35 (12) 4 (12) 1.00

TNF-α inhibitors 19 (6) 15 (5) 4 (12)§ 0.12

*Values are reported as means (SD) or as numbers (%).
†p Values were calculated using Student’s t-test, χ2 test or Fisher’s exact test.
‡ANCA serotype data were not available for 61 patients.
§Four of the 19 patients (21%) who received TNF-α inhibitors developed, in total, two basal cell carcinomas, one breast carcinoma and one prostate carcinoma. All four patients were
also treated with cyclophosphamide, and one was treated with rituximab. Malignancy risk was similar in patients treated with and without a TNF-α inhibitor.
ANCA, antineutrophil cytoplasmic antibody; MPO-ANCA, myeloperoxidase-ANCA; PR3-ANCA, proteinase 3 ANCA; TNF, tumour necrosis factor.
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cyclophosphamide therapy and the overall malignancy risk
(table 5), and between cyclophosphamide therapy and the risk
of non-melanoma skin cancer (see online supplementary table
S3). The opposite relationship was found for patients treated
with rituximab: the higher the cumulative rituximab dose, the
lower the overall malignancy risk (table 5), and the lower the
risk of non-melanoma skin cancer (see online supplementary
table S3). Patients who did not receive rituximab had a
2.86-fold higher (95% CI 1.98 to 3.99) malignancy risk than
the general population. No increased risk was observed when
patients had a cumulative rituximab dose below 6.0 g (SIR,
1.41; 95% CI 0.57 to 2.90). A total of 83 patients received
more than 6.0 g rituximab, and these patients had a

non-significantly lower malignancy risk than the general popula-
tion (SIR, 0.45; 95% CI 0.09 to 1.32) and a 6.32-fold lower
(95% CI 1.99 to 32.15) malignancy risk than patients who did
not receive rituximab (table 5). The cumulative cyclophospha-
mide and rituximab doses individually received by the patients
who developed a malignancy during follow-up are shown in
online supplementary table S4.

DISCUSSION
This study compared the malignancy risks in patients with AAV
treated with rituximab versus cyclophosphamide. Strikingly,
patients treated with cyclophosphamide had a 4.61-fold higher
risk than those treated with rituximab. In patients treated with
cyclophosphamide, the malignancy risk was 3.10-fold higher
than in the general population; in contrast, patients treated with
rituximab did not show an increased risk compared with the
general population. Patients treated with both rituximab and
cyclophosphamide (N=114) had a lower malignancy risk than
those treated with only cyclophosphamide, even though the
mean cyclophosphamide dose was lower in the latter group. In
addition, there was a non-significant trend towards an inverse
dose–response relationship between the cumulative rituximab
dose and malignancy risk: the more rituximab a patient
received, the lower the malignancy risk, with the risk actually
falling below the risk in the general population if more than a
cumulative dose of 6.0 g was given. The relative risk for

Table 3 SIR stratified according to treatment category*

Treatment† Patients (n) SIR (95% CI)‡
SIR
p Value‡

Cyclophosphamide cumulative
dose (g), mean (SD)§

Follow-up (years),
mean (SD)¶

Organ involvement,
mean**

Only cyclophosphamide 119 3.10 (2.06 to 4.48) <0.001 7.26 (4.94) 4.92 (3.10) 2.11 (1.49)

Only rituximab 41 0.67 (0.08 to 2.43) 0.86 0.00 6.34 (3.56) 2.35 (1.09)

Both 114 1.01 (0.46 to 1.93) 1.00 11.05 (11.63) 6.60 (2.84) 2.56 (1.63)

None 48 2.10 (0.77 to 4.56) 0.14 0.00 4.20 (2.94) 1.96 (1.44)

*Values are reported as means (SD) unless otherwise indicated. The SIR is the ratio of the observed to expected malignancies adjusted for sex, age (per 5-year age group) and calendar
time period (per 1-year calendar time period).
†The ‘only cyclophosphamide’ group was treated with cyclophosphamide but not with rituximab. The ‘only rituximab’ group was treated with rituximab but not with cyclophosphamide.
‘Both’ indicates a group that received cyclophosphamide and rituximab. ‘None’ indicates a patient group that neither received cyclophosphamide nor rituximab, but instead had various
heterogeneous treatments including glucocorticoids, azathioprine, mycophenolate mofetil and methotrexate. Other immunosuppressive drugs were also administered in all of the groups.
‡Calculated by exact Poisson regression analysis.
§The mean cumulative cyclophosphamide dose differed between the ‘only cyclophosphamide’ and ‘both’ groups (Student’s t-test, p=0.002).
¶The mean follow-up duration differed between groups (ANOVA, p<0.001). The mean follow-up duration also differed when the ‘only rituximab’ and ‘both group’ were compared with
the ‘only cyclophosphamide’ and ‘none’ group (Student’s t-test, p<0.001).
**The mean organ involvement did not differ between groups (ANOVA, p=0.07).
ANOVA, analysis of variance; SIR, standardised incidence ratio.

Table 4 Relative risks (RR) according to treatment category

Treatment* RR (95% CI)† p Value†

Only cyclophosphamide vs only rituximab 4.61 (1.16 to 39.98) 0.03

Only cyclophosphamide vs both 3.05 (1.40 to 7.35) 0.003

Only cyclophosphamide vs none 1.48 (0.60 to 4.36) 0.52

*The ‘only cyclophosphamide’ group was treated with cyclophosphamide but not with
rituximab. The ‘only rituximab’ group was treated with rituximab but not with
cyclophosphamide. ‘Both’ indicates a group that received cyclophosphamide and
rituximab. ‘None’ indicates a group that did not receive cyclophosphamide or rituximab.
Other immunosuppressive drugs were also administered in all of the groups.
†RR represents the risk of malignancy compared with the reference group. Calculated by
exact Poisson regression analysis.

Table 5 SIR stratified according to cumulative cyclophosphamide and rituximab doses*

Cumulative dose (g) Patients (n) N observed malignancies SIR (95% CI)†
SIR
p Value† RR (95% CI)†

RR
p Value†

Cyclophosphamide

0 89 8 1.37 (0.59 to 2.70) 0.47 1 (reference)

0.1–20 207 31 1.91 (1.30 to 2.71) 0.001 1.39 (0.63 to 3.50) 0.52

20–108 16 5 5.06 (1.64 to 11.82) 0.007 3.69 (0.95 to 12.78) 0.06

Rituximab

0 167 34 2.86 (1.98 to 3.99) <0.001 1 (reference)

0.1–6 70 7 1.41 (0.57 to 2.90) 0.47 0.49 (0.18 to 1.13) 0.11

6–18 83 3 0.45 (0.09 to 1.32) 0.10 0.16 (0.03 to 0.50) <0.001

*SIR is the ratio of the observed to expected malignancies adjusted for sex, age (per 5-year age group) and calendar time period (per 1-year calendar time period). SIR represents the
malignancy risk compared with the general population, and the RR represents the malignancy risk compared with the reference group.
†Calculated by exact Poisson regression analysis.
RR, relative risk; SIR, standardised incidence ratio.
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developing a malignancy was more than six times lower in
patients who had received a cumulative dose of rituximab of
more than 6.0 g than in patients who had not received rituxi-
mab at all.

Interestingly, our findings—although the number of patients
was relatively low—may point towards the possibility that ritux-
imab has a protective role in the development of malignancies.
This hypothesis is underlined by data showing a trend of an
inverse dose–response relationship, and by the difference in
malignancy development of the combined treatment group
(ie, patients receiving both cyclophosphamide and rituximab).
Depletion of B cells due to rituximab may increase antitumour
immunity, as was demonstrated in mouse models in which
B-cell-deficient mice are resistant to the development of certain
malignancies.28 29 The enhanced antitumour immune response
in these mice is probably caused by decreased IL-10 production
by B cells, leading to enhancement of the antitumour effects of
cytotoxic T cells.28 There is emerging evidence that regulatory B
cells are the main mediators of this mechanism.30 In humans,
the hypothesis that rituximab enhances the antitumour immune
response is supported by the trend towards a lower risk of
developing a second primary malignancy in patients with
non-Hodgkin’s lymphoma treated with rituximab-containing
chemotherapy compared with patients treated with chemother-
apy that does not include rituximab.31 32 However, clarification
of the effects of B-cell depletion on antitumour immunity in
humans requires further investigation.

The increased risks of bladder and haematological malignan-
cies that have been previously reported for patients treated with
cyclophosphamide did not materialise in this study, possibly
reflecting the ongoing efforts to reduce cumulative cyclophos-
phamide doses.11 In accordance with two recent studies, only
the risk of non-melanoma skin cancer was increased in the
current study.9 11 To prevent the development of these lesions,
all patients were given written information concerning the risks
of non-melanoma skin cancer. Moreover, they were advised to
avoid ultraviolet radiation, to use sunscreens and to promptly
report skin lesions. Of the patients who developed non-
melanoma skin cancer despite these preventative measures, the
majority had received azathioprine as maintenance therapy
before the occurrence of this malignancy. Therefore, the previ-
ously reported association between non-melanoma skin cancer
and azathioprine exposure is confirmed in our study.33–37

However, in our study, only the combination of cyclophospha-
mide and azathioprine treatment was associated with an
increased malignancy risk. In contrast, patients treated with
rituximab and azathioprine had a malignancy risk similar to the
general population. Lowering cyclophosphamide and azathiopr-
ine exposure will most likely decrease the malignancy risk. For
patients with AAV who receive azathioprine, especially those
who received cyclophosphamide as induction therapy, regular
skin cancer screening should be started to control and prevent
the development of non-melanoma skin cancers. Moreover,
patients should be advised as to how to protect themselves
against ultraviolet radiation.38

Previous studies that investigated the malignancy risk in
patients with AAV were restricted to patients with granulomato-
sis with polyangiitis and microscopic polyangiitis, and did not
include patients with eosinophilic granulomatosis with polyan-
giitis. Eosinophilic granulomatosis with polyangiitis has a lower
incidence than granulomatosis with polyangiitis and microscopic
polyangiitis, and it is treated similarly.39 The 54 patients with
eosinophilic granulomatosis with polyangiitis who were
included in this study had a 2.75-fold increased malignancy risk

compared with the general population. We therefore recom-
mend that clinicians monitor patients with eosinophilic granulo-
matosis with polyangiitis for malignancies as carefully as
patients with granulomatosis with polyangiitis and microscopic
polyangiitis.

One limitation of this study is its retrospective design.
However, it excluded patients with unclear or missing data. A
second limitation is the relative short follow-up, with a mean
of 5.6 years. Longer follow-up studies are now required to val-
idate our findings. A third limitation of this study is the rela-
tively small number of patients, particularly in the subgroup
analyses. This could explain the non-significance of the inverse
dose–response relationship between rituximab and malignancy
risk. This relationship merits further investigation in larger
studies. Finally, the study involved just one medical centre, so
the findings may not be generalisable to other settings. One
strength of this study is the large study population, in which,
for the first time, the malignancy risk was evaluated in patients
treated with rituximab during long-term follow-up. This is
also the first study to analyse the malignancy risk in patients
with eosinophilic granulomatosis with polyangiitis. Another
strength of our study is the calculation of cumulative cyclo-
phosphamide and rituximab doses. Finally, the calculation of
sex, age and calendar-year period-matched SIRs ensured reli-
able comparisons between our cohort and the general
population.

In conclusion, we demonstrated that patients with AAV who
are treated with rituximab have a decreased burden of malig-
nancy, which surpasses expectations from clinical trials
data.18 19 Moreover, our results suggest that rituximab may
protect against the occurrence of malignancies, a possibility that
should be explored in further detail using larger cohort popula-
tions. Patients with AAV treated with rituximab had a strikingly
lower malignancy risk than those treated with cyclophospha-
mide and no increased malignancy risk compared with the
general population. Therefore, the rituximab dose currently
used in clinical practice could be a safe alternative to cyclophos-
phamide in the treatment of AAV.
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EXTENDED REPORT

Effect of secukinumab on clinical and radiographic
outcomes in ankylosing spondylitis: 2-year results
from the randomised phase III MEASURE 1 study
Jürgen Braun,1 Xenofon Baraliakos,1 Atul Deodhar,2 Dominique Baeten,3

Joachim Sieper,4 Paul Emery,5 Aimee Readie,6 Ruvie Martin,6 Shephard Mpofu,7

Hanno B Richards,7 for the MEASURE 1 study group

ABSTRACT
Objective To evaluate the effect of secukinumab, an
interleukin-17A inhibitor, on clinical signs and symptoms
and radiographic changes through 2 years in patients
with ankylosing spondylitis (AS).
Methods In the phase III MEASURE 1 study, patients
were randomised to receive intravenous secukinumab
10 mg/kg (at baseline, week 2 and week 4) followed by
subcutaneous secukinumab 150 mg (intravenous
150 mg; n=125) or 75 mg (intravenous 75 mg; n=124)
every four weeks, or matched placebo (n=122). Placebo-
treated patients were re-randomised to subcutaneous
secukinumab 150 or 75 mg from week 16. Clinical
efficacy assessments included Assessment of
SpondyloArthritis international Society 20 (ASAS20)
response rates through week 104. Radiographic changes
at week 104 were assessed using the modified Stoke
Ankylosing Spondylitis Spine Score (mSASSS).
Results 97 (77.6%) and 103 (83.1%) patients in the
intravenous 150 mg and intravenous 75 mg groups,
respectively, completed week 104. In the full analysis set
(intent-to-treat), ASAS20 response rates at week 104
were 73.7% and 68.0% in the intravenous 150 mg and
intravenous 75 mg groups, respectively. Among patients
with evaluable X-rays who were originally randomised to
secukinumab (n=168), mean change in mSASSS from
baseline to week 104 was 0.30±2.53. Serious adverse
events were reported in 12.2% and 13.4% of patients
in the 150 mg and 75 mg groups, respectively.
Conclusions Secukinumab improved AS signs and
symptoms through 2 years of therapy, with no
unexpected safety findings. Data from this study suggest
a low mean progression of spinal radiographic changes,
which will need to be confirmed in longer-term
controlled studies.
Trial registration number NCT01358175.

INTRODUCTION
Ankylosing spondylitis (AS), a chronic inflamma-
tory disease primarily affecting the axial skeleton,
can be associated with progressive irreversible
structural damage, resulting in functional deterior-
ation.1–3 Long-term treatment goals are to maxi-
mise quality of life through control of signs and
symptoms, prevention of structural damage and
preservation of physical function.4

Tumour necrosis factor (TNF) inhibitors are the
recommended pharmacotherapy for patients with

high disease activity despite treatment with
non-steroidal anti-inflammatory drugs (NSAIDs),4 5

based on their proven efficacy in improving signs,
symptoms and physical function.6–10 However, up
to 40% of patients do not respond to or cannot
tolerate TNF inhibitors,11 and loss of efficacy can
occur over time.12 Moreover, their effect on spinal
osteoproliferative changes, a major component of
structural damage in AS, is unclear.13–16

The pro-inflammatory cytokine interleukin-17A
(IL-17A) is implicated in various pathophysiological
features of spondyloarthritis, including inflammation
and pathogenic bone remodelling.17–29 In
placebo-controlled phase III studies, secukinumab, a
fully human anti-IL-17A monoclonal antibody,
significantly improved the signs and symptoms of
psoriasis,30 psoriatic arthritis (PsA),31 and AS.32

Here, we present an update on the efficacy and
safety of secukinumab in patients with AS during
the non-controlled continuation phase of
MEASURE 1 (NCT01358175) through 2 years.
Results of exploratory radiographic endpoints at
2 years are also presented.

METHODS
Study design and patients
Study design and patient eligibility criteria have
been described previously.32 Briefly, patients were
≥18 years of age, with AS fulfilling the modified
New York Criteria, and active disease as defined by
a Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI) score of ≥433 and a spinal pain
score of ≥4 cm on a visual analogue scale
(0–10 cm), despite treatment with maximal
tolerated doses of NSAIDs. Patients who previously
received one anti-TNF agent could enrol if they
had an inadequate response or had stopped
treatment for safety or tolerability reasons
(anti-TNF-IR). Patients could continue on stable
doses of sulfasalazine, methotrexate, prednisone
and NSAIDs. Key exclusion criteria are detailed in
the online supplementary materials.
Between 9 November 2011 and 21 January

2013, eligible patients were randomly assigned
(1:1:1) to one of two secukinumab arms or placebo
(randomisation procedures are described in the
online supplementary materials). Patients
randomised to secukinumab received a 10 mg/kg
intravenous infusion at baseline and weeks 2 and 4,
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followed by subcutaneous injections of 150 mg (secukinumab
intravenous 150 mg) or 75 mg (intravenous 75 mg) every four
weeks from week 8; patients in the placebo group were treated
using the same intravenous-to-subcutaneous schedule.
Placebo-treated patients were randomly reassigned (1:1) to
receive secukinumab 150 or 75 mg subcutaneous every four
weeks from week 16 (non-responders) or week 24 (responders),
with response based on Assessment of SpondyloArthritis inter-
national Society 20 (ASAS20) response criteria.3

Procedures and end points
Disease activity and efficacy assessments3 34 35 were conducted at
baseline and throughout the study, with key assessments at weeks
16 and 52 (as previously reported),32 and week 104; further
details are provided in the online supplementary materials.

Lateral view radiographs of the cervical and lumbar spine were
obtained at baseline and week 104. Images were digitised centrally
and patient identifiers and temporal indicators removed to ensure
blinding. Radiographs were scored using the modified Stoke
Ankylosing Spondylitis Spine Score (mSASSS) method (total score
range: 0–72; see online supplementary materials for further
details).36 37 Scoring was conducted by two central, independent
readers, blinded with regard to treatment group and temporal
sequence, who both read each film; statistical analyses used the
mean score from the two readers. The top 5% of cases with the
highest between-reader differences for change in radiographic
score were identified for adjudication, with the two readers per-
forming a third consensus read. Data from X-ray completers
(patients with X-rays at both baseline and week 104) are pre-
sented as mean change from baseline to week 104.

Safety analyses assessed adverse events (AEs), serious AEs and
routine laboratory values. Biochemical investigations were classi-
fied according to the Common Terminology Criteria for Adverse
Events (V.4.03).38 Blood samples were collected at baseline
through week 104 for assessment of secukinumab immunogenicity
using a MesoScale Discovery bridging immunoassay.39

Statistical analysis
Clinical efficacy analyses at week 104 were carried out on data
from patients originally randomised to secukinumab. Statistical
analyses for binary variables up to week 104 used multiple
imputation to account for missing data, while mixed-effect
model repeated measures, with missing data assumed missing at
random, were used for continuous variables (except high-
sensitivity C-reactive protein (hsCRP) was reported as
observed). Data are also reported ‘as observed’ among patients
with evaluable data. Radiographic analyses were assessed in
X-ray completers who were initially randomised to secukinumab
treatment, and in X-ray completers who switched from placebo
to secukinumab at week 16 or 24 (placebo switchers). In each
population, data were pooled between treatment groups.

RESULTS
Patients
Of 371 patients originally randomised to treatment, 97/125
(77.6%) patients in the secukinumab intravenous 150 mg group,
103/124 (83.1%) in the intravenous 75 mg group and 90/122
(73.8%) in the placebo group (no placebo given beyond week
24) completed week 104. AEs (6.4% of patients), lack of
efficacy (4.4%) and patient/guardian decision (5.8%) were the
main reasons for discontinuation among secukinumab-treated
patients (see online supplementary figure S1).

Demographic and baseline characteristics have been reported
previously.32 Mean time since diagnosis in the three randomised

groups was 6.5–8.3 years, mean total BASDAI scores were 6.1–6.5
and median hsCRP levels were 7.4–9.2 mg/L. Approximately 73%
of patients were anti-TNF-naive.

Concomitant medications through 104 weeks were very
similar to 52 weeks and baseline, and included sulfasalazine
(35.0%), methotrexate (15.8%), systemic glucocorticoids
(19.7%) and NSAIDs (93.6%).

Clinical efficacy
Among patients who continued on secukinumab treatment,
ASAS20 and ASAS40 response rates similar to those achieved at
weeks 16 and 5232 were observed at week 104 (figure 1A, B).
ASAS20/40 response rates at week 104 (with multiple
imputation of missing values) were 73.7/55.7%, respectively, in
the secukinumab intravenous 150 mg group and 68.0/48.5% in
the intravenous 75 mg group (table 1). Response rates using
observed data are reported in table 1. Improvements consistent
with those reported previously at weeks 16 and 5232 were also
observed in total BASDAI score (figure 1C) and all other
secondary end points at week 104 (table 1).

In prespecified subgroup analyses, ASAS20 and ASAS40
response rates in both anti-TNF-naive and anti-TNF-IR patients
were higher with secukinumab than placebo at week 16 (see
online supplementary figure S2). Observed data showed that
59/69 (85.5%) and 47/65 (72.3%) anti-TNF-naive patients in
the secukinumab intravenous 150 mg and intravenous 75 mg
groups, respectively, achieved an ASAS20 response at week 104;
an ASAS40 response was achieved by 48/69 (69.6%) and 34/65
(52.3%) patients, respectively. In anti-TNF-IR patients, 10/18
(55.6%) and 15/21 (71.4%) patients achieved an ASAS20
response in the intravenous 150 mg and intravenous 75 mg
groups, respectively, while 8/18 (44.4%) and 12/21 (57.1%)
patients achieved an ASAS40 response.

Radiographic findings
Of the 97 patients in the secukinumab intravenous 150 mg group
and 103 patients in the intravenous 75 mg group who completed
week 104, 86 (88.7%) and 82 (79.6%), respectively, had evaluable
X-rays at baseline and week 104 (X-ray completers) meeting
predefined statistical analysis windows. Baseline characteristics of
the X-ray completer cohort were similar between dose groups
(table 2) and to those previously reported in the overall
population.32 Overall, 104 (61.9%) X-ray completers had
syndesmophytes at baseline and 105 (62.5%) had hsCRP >5 mg/
L. Baseline characteristics of the 89 placebo-switcher X-ray
completers (see online supplementary table S1) were similar to
those originally randomised to secukinumab.

Figure 2 shows the cumulative probability plot for change
from baseline in mSASSS at week 104 among X-ray completers
randomised to secukinumab at baseline. The change in mSASSS
(mean±SD) over 104 weeks was 0.30±2.53 in the pooled
secukinumab group, 0.30±1.94 in the intravenous 150 mg
group and 0.31±3.04 in the intravenous 75 mg group (table 3).
Changes among placebo switchers were 0.54±2.45 (pooled),
0.44±2.09 (150 mg) and 0.64±2.79 (75 mg) (see online
supplementary table S2 and figure S3). The smallest detectable
change (SDC) was 1.838 and 2.814 at an 80% and 95% level
of agreement, respectively. As defined by SDC at the 80% level
of agreement, a large proportion of patients (>80%) had no
spinal radiographic progression. The Bland-Altman plot in
online supplementary figure S4 shows the level of agreement
between the two readers; variability was observed, particularly
when an mSASSS change of >0 was recorded. The intraclass
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correlation coefficient (ICC) score for agreement between
readers was 0.570 for change in mSASSS.

Baseline mSASSS was higher among patients with known
predictors of radiographic progression compared with those
without (table 3). Mean mSASSS change at week 104 among
X-ray completers randomised to secukinumab was higher in
males than females, in those with baseline syndesmophytes
versus those without, in patients with elevated versus normal
baseline hsCRP levels and in smokers versus non-smokers (table
3). Among the X-ray completers who had no syndesmophytes at
baseline and who were randomised to secukinumab, 61/64
(95.3%), remained free from syndesmophytes at week 104. Of
the 104 X-ray completers with syndesmophytes at baseline,
approximately 70% did not develop additional syndesmophytes
through week 104 (see online supplementary table S3).

Safety
The most common AEs with secukinumab were nasopharyngitis,
diarrhoea, headache, upper respiratory tract infections and
pharyngitis (table 4). Discontinuations due to AEs were infre-
quent. The incidence of serious AEs was low, and similar
between the two secukinumab groups (table 4; see online
supplementary table S4).

One death was reported among secukinumab-treated patients
throughout the study; on day 706, a patient in the intravenous
75 mg group with a history of arterial hypertension and
smoking died due to acute respiratory failure secondary to
cardiac failure and pulmonary fibrosis. No suicides or
suicidality-related AEs were reported among secukinumab-
treated patients.

Candida infections were reported in four secukinumab-
treated patients (0.7 cases per 100 patient-years of secukinumab
exposure); two oral candidiasis (one in each dose group), one
cutaneous Candida infection (150 mg group) and one genital
candidiasis (75 mg group). All four events were considered mild
and non-serious, resolved spontaneously or with standard anti-
fungal therapy, and did not result in study discontinuation.
Herpes viral infections — mainly oral herpes and herpes zoster
infections — were reported by 8.3% of patients in the 150 mg
group and 2.2% in the 75 mg group. All cases were non-serious.
One led to treatment discontinuation (herpes zoster infection in
the 150 mg group).

Grade 3 neutropenia occurred at a single visit in each of three
patients receiving secukinumab 75 mg and one receiving
secukinumab 150 mg. Grade 4 neutropenia was reported in one
patient (75 mg group) at a single visit. None of these events led
to treatment interruption or discontinuation. One grade 3 case
was associated with a non-serious upper respiratory tract
infection.

Crohn’s disease was reported as a non-serious AE in four
patients in the 75 mg group (of whom two had a history of
Crohn’s disease and one a history of a polyp and colon
adenoma) and one patient in the 150 mg group, equivalent to
0.8 cases per 100 patient-years of secukinumab exposure. Two
patients (one in each group; one with a history of Crohn’s
disease) discontinued because of an AE of Crohn’s disease. A
history of uveitis was reported in 62 (16.7%) patients at
baseline. An AE of uveitis was reported in 12 patients (seven
with history of uveitis) on secukinumab, equivalent to 2.0 cases
per 100 patient-years of secukinumab exposure. One was a
serious AE (150 mg group); this resolved and did not require
discontinuation of study treatment. Nineteen (5.1%) patients
had a history of psoriasis. Five patients reported an AE of
psoriasis during the study (two on 75 mg, three on 150 mg),

Figure 1 Summary of selected clinical efficacy end points through
week 104 for patients randomised to secukinumab at baseline.
Assessment of SpondyloArthritis international Society response criteria
(ASAS20) (A) and ASAS40 (B) response rates, and mean change in total
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) score (C)
over time to week 104 is shown. Multiple imputation applied to handle
missing data for ASAS20 and ASAS40, mixed-effects model repeated
measures used for BASDAI. Patients received a 10 mg/kg loading dose
of secukinumab at baseline and weeks 2 and 4, before receiving
indicated dose of secukinumab subcutaneously every four weeks from
week 8.
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three of which were described as worsening or exacerbation of
psoriasis. No psoriasis AEs were considered serious or required
treatment interruption or discontinuation.

Four secukinumab-treated patients (two in each dose group)
had cardiovascular events adjudicated as meeting major adverse
cardiac event (MACE) criteria: three myocardial infarctions and
one ischaemic stroke (see online supplementary table S5). None
of these events led to treatment discontinuation. The incidence
of MACE was 0.6 per 100 patient-years of secukinumab
exposure.

Four cases of malignant/unspecified tumours were reported
(0.6 per 100 patient-years of secukinumab exposure), all before
week 52, and have been described previously.32

Treatment-emergent anti-secukinumab antibodies were
detected through week 104 in two patients in the secukinumab
150 mg group; no neutralising antibodies were detected and
neither patient experienced a loss of ASAS20 response.

DISCUSSION
This analysis demonstrates that secukinumab improves the
clinical signs and symptoms of AS through 2 years of continued
therapy. Secukinumab was effective in both anti-TNF-naive and
anti-TNF-IR patients, although absolute response rates were
generally higher in anti-TNF-naive patients. In contrast to the
anti-TNF-naive subgroup, ASAS20 and ASAS40 response rates
were highest with secukinumab intravenous 75 mg in
anti-TNF-IR patients. However, these results should be viewed
in the context of the relatively small number of anti-TNF-IR
patients, particularly at week 104, and the heterogeneity of this
subpopulation, which comprised patients who failed anti-TNF
treatment for any one of several reasons, including lack of
primary or secondary efficacy, or intolerance. Overall, given the
lack of therapeutic alternatives, these findings indicate that
secukinumab may address an unmet clinical need in

Table 1 Summary of efficacy data at week 104 among patients randomised to secukinumab at baseline

Imputed Observed

Efficacy end point

Secukinumab
intravenous 150 mg
(n=125)

Secukinumab
intravenous 75 mg
(n=124)

Secukinumab
intravenous 150 mg

Secukinumab
intravenous 75 mg

ASAS20 response 73.7% 68.0% 69/87 (79.3%) 62/86 (72.1%)

ASAS40 response 55.7% 48.5% 56/87 (64.4%) 46/86 (53.5%)

hsCRP, median change from baseline
(min, max) (mg/L)

N/A N/A –4.20 (–143.6, 50.0)
(n=88)

–2.7 (–97.5, 30.2)
(n=87)

ASAS5/6 response 57.9% 52.2% 56/87 (64.4%) 49/86 (57.0%)

BASDAI, mean change from baseline –2.93 (0.18) –2.75 (0.18) –3.41 (2.12)
(n=87)

–3.04 (1.81)
(n=86)

SF-36 PCS score, mean change from baseline 6.88 (0.68) 6.36 (0.69) 8.06 (8.08)
(n=87)

7.41 (6.83)
(n=85)

ASQoL score, mean change from baseline –4.38 (0.45) –4.34 (0.45) –4.82 (4.83)
(n=86)

–4.58 (4.44)
(n=85)

ASAS partial remission 25.6% 19.3% 28/87 (32.2%) 20/86 (23.3%)

Binary variables are reported using multiple imputation (percentage of responders) to account for missing data and as observed data (n/m (%), where n=number of patients with response
and m=number of patients with evaluable data). For continuous variables, mean change from baseline is reported as least-square mean change (SE) where mixed-effects model repeated
measures analysis was performed and as observed data (SD). Patients received a 10 mg/kg loading dose of secukinumab at baseline and weeks 2 and 4, before receiving indicated dose of
secukinumab subcutaneously every four weeks from week 8.
ASAS, Assessment of SpondyloArthritis international Society response criteria; ASQoL, Ankylosing Spondylitis Quality of Life; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index;
hsCRP, high-sensitivity C-reactive protein; N/A, not available; SF-36 PCS, Short Form-36 physical component summary.

Table 2 Baseline characteristics of the X-ray completer cohort
randomised to secukinumab at baseline

Characteristic

Secukinumab
intravenous
150 mg
(n=86)

Secukinumab
intravenous
75 mg
(n=82)

Age, mean (SD) years 39.6 (12.0) 42.4 (13.1)

Male gender, n (%) 63 (73.3) 60 (73.2)

Weight, mean (SD) kg 75.2 (16.4) 78.4 (19.3)

Time since AS diagnosis, mean (SD)
years

6.6 (7.0) 7.8 (8.9)

HLA-B27 positive, n (%) 64 (74.4) 72 (87.8)

Current smoker, n (%) 25 (29.1) 17 (20.7)

Anti-TNF-naive, n (%) 60 (69.8) 62 (75.6)

Medication use at baseline, n (%)

Methotrexate 14 (16.3) 12 (14.6)

Sulfasalazine 27 (31.4) 32 (39.0)

Glucocorticoids 13 (15.1) 10 (12.2)

hsCRP, median (min, max), mg/L 7.8 (0.2, 147.7) 9.7 (0.4, 100.0)

Elevated hsCRP >5 mg/L, n (%) 55 (64.0) 50 (61.0)

Total BASDAI, mean (SD) 6.2 (1.6) 6.0 (1.5)

BASFI, mean (SD) 5.6 (2.2) 5.4 (2.0)

BASMI (linear), mean (SD) 3.9 (1.8) 4.2 (1.7)

mSASSS, mean (SD) 9.6 (16.6) 10.8 (16.7)

Syndesmophyte present, n (%) 51 (59.3) 53 (64.6)

Total back pain, mean (SD) 63.9 (17.2) 63.3 (18.6)

Patient’s global assessment of disease
activity, mean (SD)

64.6 (17.7) 60.5 (18.6)

Data are n (%), mean (SD), or median (minimum–maximum).
AS, ankylosing spondylitis; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index;
BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI, Bath Ankylosing
Spondylitis Metrology Index; HLA, human leucocyte antigen; hsCRP, high-sensitivity
C-reactive protein; mSASSS, modified Stoke Ankylosing Spondylitis Spine Score; TNF,
tumour necrosis factor.
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anti-TNF-IR patients, as well as providing a high level of efficacy
as first-line therapy in anti-TNF-naive patients.

Prevention of structural damage is a long-term treatment goal
in AS. The effect of anti-TNFs on radiographic progression in AS
is unclear. mSASSS changes of 0.8–0.9 over 2 years have been
reported with TNF inhibitors in AS clinical trials compared with
0.9–1.3 in respective matched biologic-naive historical control
cohorts from the Outcomes in AS International Study
(OASIS).14–16 Authors concluded that the results do not provide
evidence that anti-TNF therapy inhibits radiographic progression
over 2 years. More recent studies have suggested that longer-term
(approximately 8 years) treatment with an anti-TNF or earlier
treatment initiation may be required to demonstrate an effect on
radiographic progression.40 41 In the present study, the mean
change in mSASSS through 2 years of secukinumab therapy was
0.30 (SD 2.53) overall, and 0.38–0.52 among patients with
known predictors of radiographic progression at baseline, such
as syndesmophytes or elevated CRP.42 Comparisons between
these findings and those reported in the aforementioned studies
and historical cohorts cannot be made because of differences in
study designs and populations. Data from OASIS are from a
period when treatment options were limited, and early TNF
inhibitor trials are likely to have had more severe disease than
those enrolled in MEASURE 1 and other recent placebo-
controlled trials. Indeed, patients with evidence of radiographic
progression are now more likely to be prescribed an approved
TNF inhibitor than enter a clinical trial in which they might be
randomised to placebo, and the anti-TNF trials included patients
with longer disease duration (∼10–11 years vs ∼7 years in X-ray
completers)8 14–16 and more severe radiographic disease at
baseline (mSASSS ∼16–2013–16 vs ∼10) than in our study.
Agreement between readers in mSASSS change was modest, with
an ICC within the expected range of those reported from other
studies.13–15 43 The Bland-Altman plot indicates that there is
inter-reader variability, particularly where changes in mSASSS
have occurred. The low overall rate of progression seen with
secukinumab requires further exploration in long-term controlled
studies before definite conclusions can be reached on whether
anti-IL-17A therapy is effective in inhibiting mSASSS progression
in patients with AS. Comparing radiographic changes associated
with secukinumab with the historical cohorts, matched in terms
of baseline disease, is also a possible area of future research.

Secukinumab showed an acceptable safety profile over 622.5
patient-years of exposure, with no new safety signals or
unexpected safety findings compared with the first 52 weeks32

or with the safety profile reported in PsA and psoriasis.30 31 The
incidence of AEs was higher with 150 mg than with 75 mg,
driven primarily by non-serious infections. Serious infections
were infrequent in both secukinumab groups. Candida
infections, a known risk with IL-17 inhibitors given the role of
IL-17 in mucosal defence,44 were infrequent, mild and clinically
manageable with antifungals. No dose dependence was observed
for other safety risks. All four patients who reported MACE
events on secukinumab treatment had pre-existing cardiovascu-
lar risk factors. The incidence of MACE in our study (0.6 per
100 patient-years) is consistent with reported data in AS.45

Spondyloarthritis is often associated with extra-articular
manifestations such as uveitis, psoriasis and inflammatory bowel
disease.2 Patients with previous or stable presentation of these
conditions could enrol in MEASURE 1. The incidence of extra-
articular manifestations reported as AEs in our study was low
and consistent with expected rates in AS. IL-17A has been
reported to have either a pathogenic or a protective role in
Crohn’s disease.46 47 The incidence of Crohn’s disease in the
present study (0.8 per 100 patient-years of secukinumab expos-
ure) compares with reported rates of 0.2–1.3 per 100 patient-
years for TNF inhibitors in the AS population.48

Limitations of this analysis include the lack of comparator
group beyond week 16, limiting interpretation of long-term
findings to a comparison between secukinumab doses and to
longitudinal evaluation. Despite the use of accepted statistical
methods to account for missing data during the continuation
period of the study, there remains a possible bias from the fact
that patients who stay on study are those who do well on study
treatment. Nevertheless, retention rates were high throughout
the study and only 4.4% of patients withdrew because of lack of
efficacy during the 2-year period. The slow nature of radio-
graphic disease progression in AS means long follow-up periods
are required to show measureable changes. This prohibits the
inclusion of a placebo comparator and can introduce confound-
ing effects of concomitant treatment with other drugs that
influence radiographic progression.49 Although blinded to
treatment groups and sequence, readers were aware that all
patients received secukinumab, possibly introducing an
observational bias.

In conclusion, these longitudinal results from MEASURE 1
demonstrate that secukinumab provides similar levels of
improvement in the clinical signs and symptoms of AS at 2 years
as those previously reported during the short-term
placebo-controlled period and provide the first uncontrolled

Figure 2 Cumulative probability plot
for change from baseline in the
modified Stoke Ankylosing Spondylitis
Spine Score (mSASSS) at week 104 in
X-ray completers randomised at
baseline to secukinumab (observed
data). X-ray completers are those
patients with X-rays at both baseline
and at week 104. Patients received a
10 mg/kg loading dose of
secukinumab at baseline and weeks 2
and 4, before receiving indicated dose
of secukinumab subcutaneously every
four weeks from week 8.
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data on spinal radiographic progression in patients with AS
under treatment with an IL-17A inhibitor. Long-term controlled
studies are needed to evaluate whether secukinumab inhibits the
progression of structural manifestations of AS.
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Table 4 Incidence of treatment-emergent adverse events (AEs)
during the entire treatment period through to week 104

Variable

Any
secukinumab
150 mg
(n=181)*

Any
secukinumab
75 mg
(n=179)*

Any
secukinumab
pooled
(n=360)*

Exposure to study
treatment (days)†

621.3 (187.5) 642.0 (180.9) 631.6 (184.3)

Number of patients with event (%)

Any AE 157 (86.7) 144 (80.4) 301 (83.6)

Serious AE‡ 22 (12.2) 24 (13.4) 46 (12.8)

Any AE leading to
discontinuation§

17 (9.4) 8 (4.5) 25 (6.9)

Infection or
infestation¶

110 (60.8) 100 (55.9) 210 (58.3)

Common AEs (seen in >5% of patients on secukinumab), n (%)

Nasopharyngitis 44 (24.3) 35 (19.6) 79 (21.9)

Diarrhoea 25 (13.8) 22 (12.3) 47 (13.1)

Headache 22 (12.2) 20 (11.2) 42 (11.7)

Upper respiratory tract
infection

17 (9.4) 21 (11.7) 38 (10.6)

Pharyngitis 21 (11.6) 12 (6.7) 33 (9.2)

Dyslipidaemia 14 (7.7) 16 (8.9) 30 (8.3)

Influenza 17 (9.4) 13 (7.3) 30 (8.3)

Oropharyngeal pain 16 (8.8) 13 (7.3) 29 (8.1)

Arthralgia 13 (7.2) 11 (6.1) 24 (6.7)

Back pain 13 (7.2) 7 (3.9) 20 (5.6)

Leucopenia 8 (4.4) 12 (6.7) 20 (5.6)

Cough 10 (5.5) 9 (5.0) 19 (5.3)

Nausea 10 (5.5) 9 (5.0) 19 (5.3)

AEs of special interest, n (exposure-adjusted incidence rate per 100 patient-years)

Candida infections 2 (0.7) 2 (0.6) 4 (0.7)

Serious infections 3 (1.0) 3 (1.0) 6 (1.0)

Crohn’s disease 1 (0.3) 4 (1.3) 5 (0.8)

Major adverse cardiac
events (adjudicated)

2 (0.7) 2 (0.6) 4 (0.6)

Malignancy 3 (1.0) 1 (0.3) 4 (0.6)

Neutropenia
(preferred term)

9 (3.1) 14 (4.8) 23 (3.9)

*Includes patients randomised to secukinumab at baseline and patients who were
randomised to placebo who switched to secukinumab at weeks 16 or 24.
†Reported as mean (SD).
‡Serious AEs also include deaths.
§Up to week 104; an additional two patients discontinued secukinumab due to any AEs
after week 104.
¶System organ class category.

Table 3 mSASSS in the X-ray completer cohort randomised to
secukinumab at baseline

Variable

Secukinumab
intravenous
150 mg

Secukinumab
intravenous
75 mg

Secukinumab
pooled

Overall population

Patients (n) 86 82 168

Baseline 9.63 (16.63) 10.84 (16.69) 10.22 (16.62)

Change at
week 104

0.30 (1.94) 0.31 (3.04) 0.30 (2.53)

Patients with syndesmophytes at baseline

Patients (n) 51 53 104

Baseline 16.12 (19.09) 16.69 (18.32) 16.41 (18.61)

Change at
week 104

0.49 (2.50) 0.45 (3.77) 0.47 (3.20)

Patients without syndesmophytes at baseline

Patients (n) 35 29 64

Baseline 0.17 (0.56) 0.16 (0.40) 0.16 (0.49)

Change at
week 104

0.01 (0.19) 0.03 (0.33) 0.02 (0.26)

Elevated hsCRP

Patients (n) 55 50 105

Baseline 11.57 (17.69) 14.22 (19.16) 12.83 (18.36)

Change at
week 104

0.48 (2.25) 0.46 (3.08) 0.47 (2.66)

Normal hsCRP

Patients (n) 31 32 63

Baseline 6.18 (14.19) 5.56 (10.04) 5.87 (12.16)

Change at
week 104

–0.03 (1.16) 0.06 (3.00) 0.02 (2.27)

Male

Patients (n) 63 60 123

Baseline 11.91 (18.57) 13.70 (18.44) 12.78 (18.45)

Change at
week 104

0.19 (2.01) 0.58 (3.44) 0.38 (2.79)

Female

Patients (n) 23 22 45

Baseline 3.39 (6.44) 3.05 (5.68) 3.22 (6.02)

Change at
week 104

0.59 (1.73) –0.46 (1.23) 0.08 (1.58)

Smokers (at baseline)

Patients (n) 25 17 42

Baseline 13.10 (19.45) 10.88 (9.20) 12.20 (16.00)

Change at
week 104

−0.18 (1.71) 1.56 (4.00) 0.52 (2.95)

Non-smokers (at baseline)

Patients (n) 61 65 126

Baseline 8.21 (15.28) 10.83 (18.21) 9.56 (16.84)

Change at
week 104

0.49 (2.00) –0.02 (2.67) 0.23 (2.38)

n indicates number of patients with evaluable paired X-ray data at both baseline and
week 104 (X-ray completers). Data shown as mean (SD). mSASSS ranges from 0 to 72,
with higher scores indicating greater radiographic damage. Patients received 10 mg/kg
secukinumab at baseline and weeks 2 and 4, before receiving indicated dose of
secukinumab subcutaneously every four weeks from week 8.
hsCRP, high-sensitivity C-reactive protein; mSASSS, modified Stoke Ankylosing
Spondylitis Spine Score.
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EXTENDED REPORT

Low immunogenicity of tocilizumab in patients
with rheumatoid arthritis
Gerd R Burmester,1 Ernest Choy,2 Alan Kivitz,3 Atsushi Ogata,4,5 Min Bao,6

Akira Nomura,7 Stuart Lacey,8 Jinglan Pei,6 William Reiss,6 Attila Pethoe-Schramm,9

Navita L Mallalieu,10 Thomas Wallace,6 Margaret Michalska,6 Herbert Birnboeck,11

Kay Stubenrauch,12 Mark C Genovese13

ABSTRACT
Objective Subcutaneous (SC) and intravenous
formulations of tocilizumab (TCZ) are available for the
treatment of patients with rheumatoid arthritis (RA),
based on the efficacy and safety observed in clinical
trials. Anti-TCZ antibody development and its impact on
safety and efficacy were evaluated in adult patients with
RA treated with intravenous TCZ (TCZ-IV) or TCZ-SC as
monotherapy or in combination with conventional
synthetic disease-modifying antirheumatic drugs
(csDMARDs).
Methods Data from 5 TCZ-SC and 8 TCZ-IV phase III
clinical trials and 1 TCZ-IV clinical pharmacology safety
study (>50 000 samples) were pooled to assess the
immunogenicity profile of TCZ-SC and TCZ-IV (8974
total patients). The analysis included antidrug antibody
(ADA) measurement following TCZ-SC or TCZ-IV
treatment as monotherapy or in combination with
csDMARDs, after dosing interruptions or in TCZ-washout
samples, and the correlation of ADAs with clinical
response, adverse events or pharmacokinetics (PK).
Results The proportion of patients who developed
ADAs following TCZ-SC or TCZ-IV treatment was 1.5%
and 1.2%, respectively. ADA development was also
comparable between patients who received TCZ
monotherapy and those who received concomitant
csDMARDs (0.7–2.0%). ADA development did not
correlate with PK or safety events, including anaphylaxis,
hypersensitivity or injection-site reactions, and no
patients who developed ADAs had loss of efficacy.
Conclusions The immunogenicity risk of TCZ-SC and
TCZ-IV treatment was low, either as monotherapy or in
combination with csDMARDs. Anti-TCZ antibodies
developed among the small proportion of patients had
no evident impact on PK, efficacy or safety.

INTRODUCTION
For patients with rheumatoid arthritis (RA) who do
not respond to or are intolerant of conventional
synthetic disease-modifying antirheumatic drugs
(csDMARDs), biologic DMARDs (bDMARDs)
are recommended.1 Often, a bDMARD and
≥1 csDMARD are used in combination, but
bDMARDs can also be used as monotherapy. The
currently approved bDMARDs include antitumour
necrosis factor-α agents (aTNFs), anti-interleukin 6
receptor (IL-6R) therapy, anti-CD20 B cell targeted
therapy and T cell co-stimulation inhibition. One
safety concern of bDMARDs is the development of

antidrug antibodies (ADAs).2 Multiple factors may
contribute to ADA development, including struc-
ture and idiotype,3 route of administration,3 mech-
anism of action,4 concomitant csDMARD use,5 6

disease activity,7 genetic status,3 8 patient immuno-
competence,3 treatment duration,3 the disease
itself9 and drug dose/frequency.8 ADAs can lead to
loss of efficacy10 and/or immune-mediated adverse
reactions, including IgE-mediated or non-IgE-
mediated events.11

Tocilizumab (TCZ) is a humanised monoclonal
antibody (mAb) of the IgG1 subclass that blocks
IL-6 binding to the membrane-bound and soluble
IL-6R, consequently inhibiting IL-6 activity. TCZ is
approved for adult RA (as intravenous or subcuta-
neous (SC) formulations) and as intravenous for
systemic-course and polyarticular-course juvenile
idiopathic arthritis and Castleman disease ( Japan
only).12 TCZ has demonstrated efficacy and a well
characterised safety profile as monotherapy or in
combination with csDMARDs.13–19

This study addresses important clinical and scien-
tific questions: Is a therapeutic antibody by SC
administration more immunogenic compared with
intravenous administration? Is the immunogenic risk
of TCZ monotherapy similar to that of co-therapy
with methotrexate (MTX)? Here, the immunogen-
icity of TCZ is assessed in different clinical settings
—ADA development following TCZ administration
as SC or intravenous formulations as monotherapy
or in combination with csDMARDs, after dosing
interruptions and in TCZ-washout samples—as well
as its correlation with adverse events (AEs), clinical
response and pharmacokinetics (PK). Data were
derived from five TCZ-SC and nine intravenous
TCZ (TCZ-IV) RA trials plus their long-term exten-
sions: SUMMACTA,20 21 BREVACTA,22 23 the
TCZ-SC long-term extension rollover study of US
patients from BREVACTA and SUMMACTA,24

MUSASHI (Multi-Center Double-Blind Study of
Tocilizumab Subcutaneous Injection in Patients
Having Rheumatoid Arthritis to Verify
Noninferiority Against Intravenous Infusion),25 26

FUNCTION,27 AMBITION (Actemra vs
Methotrexate Double-Blind Investigative Trial in
Monotherapy),15 TOWARD (Tocilizumab in
Combination With Traditional DMARD
Therapy),17 OPTION (Tocilizumab Pivotal Trial in
Methotrexate Inadequate Responders),13 LITHE
(Tocilizumab Safety and the Prevention of Structural
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Joint Damage),14 RADIATE (Research on Actemra Determining
Efficacy After Anti-TNF Failures),16 TOZURA global umbrella
study (interim analysis) and a clinical pharmacology study.28

PATIENTS AND METHODS
Study designs
The study designs of the TCZ trials are summarised (see online
supplementary table S1).13–17 20 22 24 25 27

Sampling
Blood samples for ADA detection and PK analysis were col-
lected at baseline and regularly predose (TCZ trough level)
throughout the studies and at the study completion or early
withdrawal visit. Furthermore, patients who withdrew due to
hypersensitivity reactions in five of the studies had additional
samples for ADAs collected at the time of the event and at least
4–8 weeks after the last treatment.20 22 24 27 To minimise poten-
tial TCZ interference in the immunogenicity assay, in the
TCZ-IV versus TCZ-SC study, TCZ-washout samples (at least 4
weeks or 8 weeks after the last treatment, or predose samples
after treatment interruptions during the study) were
evaluated.20

Immunogenicity assessment strategy and assays
In all studies, consistent assay methodology was applied,29 and a
sequential testing strategy was adopted (figure 1). All samples
were initially screened for antibodies, and positive samples were
analysed by a confirmation assay for specificity. Characterisation
of any samples with confirmed anti-TCZ antibodies was per-
formed to detect neutralising potential and IgE isotype. In three
studies, an IgE assay was also conducted in patients who with-
drew because of hypersensitivity reactions, regardless of their
confirmation assay status.20 22 24 27 The IgE assay was not per-
formed in the TCZ-IV studies consistently; therefore, results
were not available. Clinical AEs and efficacy measures were eval-
uated in association with ADA development.

The screening assay employed a bridging ELISA and used bio-
tinylated TCZ from different labelling preparations immobilised

on streptavidin-coated microtitre plates. Anti-TCZ antibodies
form a complex of TCZ-biotin/anti-TCZ antibody/TCZ-digoxi-
genin, captured by immobilised streptavidin and then detected
by an antidigoxigenin-peroxidase antibody (figure 2A). An assay
cut point was determined from serum samples from patients
with RA, containing various levels of rheumatoid factor in order
to minimise its interference. The confirmation assay was con-
ducted the same as the screening assay except the preincubation
of test or control samples with digoxigenylated TCZ was
performed in parallel in the presence and absence of excess free
TCZ, which competes with digoxigenylated TCZ and biotiny-
lated TCZ for binding to anti-TCZ antibodies (figure 2B).

To detect neutralising potential of ADAs, an inhibition ELISA
was performed for all studies except the Japanese study (figure
2C). The neutralising assay evaluates whether anti-TCZ anti-
bodies competitively interfere with the binding of TCZ to
immobilised soluble IL-6R. Blocking the binding of TCZ to
IL-6R, resulting in a decrease in assay signal, is indicative that
anti-TCZ antibodies can neutralise the therapeutic effect of
TCZ. In the Japanese study, an antigen-binding fragment (Fab)
assay in a bridging ELISA format that can detect anti-TCZ anti-
bodies that bind to the Fab fragment of TCZ was applied as the
neutralising assay.25 26 IgE isotype antibodies were detected
using the ImmunoCAP assay system (Quest Diagnostics) (figure
2D).29 Anti-TCZ-IgE antibodies captured by immobilised TCZ
were detected by an antihuman IgE-specific antibody.

PK assay
TCZ serum concentrations were determined by ELISA. The
lower limit of quantitation was 100 ng/mL. The impact of ADAs
on PK was formally evaluated in three intravenous studies and
two SC studies.13 16 17 20 22

Analyses
In all studies except the Japanese study, hypersensitivity events
were conservatively defined as all AEs (excluding injection-site
reactions (ISRs)) that occurred during or within 24 hours of an
infusion or injection and were not judged unrelated to

Figure 1 Tocilizumab (TCZ)
immunogenicity assessment strategy*.
*Blood samples were taken at baseline
(BL) and regularly prior to dosing
throughout the studies. q12w, every
12 weeks.
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treatment by the investigator; those events may or may not be
consistent with hypersensitivity clinically. Anaphylactic reactions
were events that occurred during or within 24 hours of an infu-
sion or injection and met Sampson criteria.30 Serious

hypersensitivity events were hypersensitivity events that were
also reported as serious AEs, and clinically significant hypersen-
sitivity events were hypersensitivity events that led to study
withdrawal. ISRs were AEs occurring at the local injection

Figure 2 Anti-tocilizumab (anti-TCZ)
antibody assay. (A) The screening
assay employed bridging ELISAs and
used biotinylated TCZ from different
labelling preparations immobilised on
streptavidin-coated microtitre plates.
Bi, biotin; Dig, digoxigenin; SA-MTP,
streptavidin-coated microtitre plate;
POD, peroxidase. (B) For samples
positive from the screening assay, an
additional competitive displacement
step was used for the confirmation
assay, where unlabelled TCZ inhibited
the formation of TCZ-Bi/anti-TCZ
antibody/TCZ-Dig complexes. (C) An
inhibition ELISA was adopted to detect
the neutralising potential of anti-TCZ
antibodies (whether anti-TCZ
antibodies competitively interfere with
the binding of TCZ to immobilised
soluble IL-6 receptor (sIL-6R)). (D) IgE
isotype antibodies were detected using
the ImmunoCAP assay system (Quest
Diagnostics).
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sites following SC administration. In the Japanese study, hyper-
sensitivity events were defined as AEs (excluding ISRs) that
occurred during or within 24 hours of an infusion or injection
and were also judged to be a hypersensitivity event by the clin-
ical expert.25 26

Assay results were also evaluated for patients who met the cri-
teria for loss of efficacy, defined as those who withdrew from
the study prematurely due to insufficient therapeutic response
after experiencing an American College of Rheumatology cri-
teria for 50% improvement or a European League Against
Rheumatism good response.

RESULTS
Patient population
The TCZ-SC all-exposure population consisted of 3099 patients
from the clinical trials, including 616 patients who received
TCZ-SC as monotherapy and 2483 who received TCZ-SC in
combination with csDMARDs (figure 3A). TCZ-SC treatment
was administered for up to 3.5 years. The TCZ-IV all-exposure

population consisted of 5875 patients, with 753 patients who
received TCZ-IV as monotherapy and 5122 who received
TCZ-IV in combination with csDMARDs (figure 3B). TCZ-IV
treatment was administered for up to 5 years.

Incidence of ADA development and effect on safety and
efficacy following TCZ-SC or TCZ-IV all-exposure
Of the patients who received TCZ-SC or TCZ-IV and were
screened for ADAs (99.8% and 98.8%, respectively), the pro-
portion of patients who developed ADAs following either TCZ
treatment was low and comparable (1.5% (47 patients) and
1.2% (69 patients), respectively; table 1). Among the patients
who developed ADAs, 40 (85.1%) who received TCZ-SC and
54 (78.3%) who received TCZ-IV were also positive for the
neutralising assay. Of the patients who were screened for ADAs,
9 (0.3%) who received TCZ-SC developed IgE antibodies;
results for IgE antibodies were not available for TCZ-IV. In all
studies, most detected ADAs were transient and did not occur at
all time points (see online supplementary table S2).

Figure 3 Patient disposition.
Immunogenicity was assessed from the
clinical trials following treatment in
patients with rheumatoid arthritis.
(A) Treatment with subcutaneous
tocilizumab (TCZ-SC). Mono,
monotherapy; csDMARD, conventional
synthetic disease-modifying
antirheumatic drug; IR. inadequate
responder; aTNF, antitumour necrosis
factor-α agent; LTE, long-term
extension. (B) Treatment with
intravenous tocilizumab (TCZ-IV). MTX,
methotrexate.
*TOZURA is a multinational, open-
label, single-arm global umbrella study
comprising 11 protocols from different
countries/regions.
†There were a total of 217 patients
who received TCZ-SC treatment in the
long-term extension (LTE) rollover
study, including 55 patients who
switched from TCZ-IV (in SUMMACTA)
to TCZ-SC for the LTE rollover period.
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Among the all-exposure safety populations, no patients who
received TCZ-SC experienced anaphylaxis, whereas 10 patients
(0.2%) who received TCZ-IV had anaphylaxis (table 1).
Clinically significant hypersensitivity (leading to study with-
drawal) occurred in 31 patients (1.0%) who received TCZ-SC
and in 91 patients (1.5%) who received TCZ-IV; 10 patients
(0.3%) in the TCZ-SC group and 51 (0.9%) in the TCZ-IV
group had serious hypersensitivity (hypersensitivity events
meeting seriousness criteria). Of the 47 patients who received
TCZ-SC and developed ADAs, 1 (2.1%) experienced clinically
significant hypersensitivity, but none had serious hypersensiti-
vity. Of the 69 patients who received TCZ-IV and developed
ADAs, 5 (7.2%) experienced anaphylaxis, 10 (14.5%) had clin-
ically significant hypersensitivity, and 6 (8.7%) had serious
hypersensitivity, including the 5 patients with anaphylaxis.
Among the patients who received TCZ-SC, a total of 310
(10.0%) experienced ISRs. Of the 47 patients who received
TCZ-SC and developed ADAs, 4 (8.5%) experienced ISRs; all
events resolved without sequelae.

Among all patients who developed ADAs with neutralising
potential following TCZ treatment, none experienced loss of
efficacy, regardless of formulation (table 1).

Incidence of ADA development and effect on safety
and efficacy following TCZ monotherapy or in combination
with csDMARDs
The overall incidence of ADA development was low in the 1360
patients treated with TCZ monotherapy (intravenous: 0.7%;
SC: 2.0%) and the 7540 patients treated with TCZ+
csDMARDs (intravenous: 1.3%; SC: 1.4%), regardless of for-
mulation (table 2).

Among the safety population, the incidences of hypersensitiv-
ity events were consistent between patients who received TCZ
monotherapy or TCZ + csDMARDs (table 2). No patients
experienced anaphylaxis with TCZ-SC compared with 1 patient
(0.1%) who received TCZ-IV monotherapy and 9 patients

(0.2%) who received TCZ-IV+csDMARDs. Clinically significant
hypersensitivity occurred in 6 patients (1.0%) who received
TCZ-SC monotherapy and in 25 patients (1.0%) who received
TCZ-SC+csDMARDs. Serious hypersensitivity occurred in one
patient (0.2%) in the TCZ-SC monotherapy group and in nine
patients (0.4%) in the TCZ-SC+csDMARDs group. Twelve
patients (1.6%) who received TCZ-IV monotherapy and 79
(1.5%) who received TCZ-IV+csDMARDs had clinically signifi-
cant hypersensitivity events. Nine patients (1.2%) who received
TCZ-IV monotherapy and 42 (0.8%) who received TCZ-IV
+csDMARDs had serious hypersensitivity events.

There was no clear impact of ADA development on safety,
regardless of TCZ administration as monotherapy or in combin-
ation with csDMARDs (table 2). Of the five patients who
received TCZ-IV monotherapy and developed ADAs, one had
clinically significant hypersensitivity and none had serious
hypersensitivity or anaphylaxis. Of the 64 patients who received
TCZ-IV+csDMARDs and developed ADAs, 9 experienced clin-
ically significant hypersensitivity and 6 had serious hypersensi-
tivity events, including the 5 anaphylaxis cases. Of the 12
patients who received TCZ-SC monotherapy and developed
ADAs, 1 had clinically significant hypersensitivity and none had
serious hypersensitivity or anaphylaxis. Of the 35 patients who
received TCZ-SC+csDMARDs and developed ADAs, none
experienced anaphylaxis, serious hypersensitivity or clinically
significant hypersensitivity.

ISRs were reported in 81 patients (13.1%) who received
TCZ-SC monotherapy compared with 229 (9.2%) who received
TCZ-SC+csDMARDs (table 2). One patient (0.2%) who
received TCZ-SC monotherapy and developed ADAs had an
ISR; three (0.1%) of the patients who received TCZ-SC
+csDMARDs and developed ADAs had ISRs.

Among all patients who developed ADAs with neutralising
potential following TCZ treatment, none experienced loss of
efficacy, regardless of whether it was administered as monothe-
rapy or in combination with csDMARDs (table 2).

Table 1 Immunogenicity rates and safety and efficacy in patients who developed anti-TCZ antibodies following TCZ-SC or TCZ-IV treatment

TCZ-SC 162 mg qw or q2w
all-exposure (n=3099)

TCZ-IV 4 mg/kg or 8 mg/kg q4w
all-exposure (n=5875)

Anaphylaxis, n (%)* 0 10 (0.2)

Clinically significant hypersensitivity (leading to withdrawal), n (%)† 31 (1.0) 91 (1.5)

Serious hypersensitivity (reported as SAE), n (%)‡ 10 (0.3) 51 (0.9)

Injection-site reactions, n (%) 310 (10.0) N/A

Total patients screened for ADAs, n (%) 3094 (99.8) 5806 (98.8)

Total patients who developed ADAs, n (%)§ 47 (1.5) 69 (1.2)

Positive neutralisation assay, n (%)§¶ 40 (1.3) 54 (0.9)

Positive IgE assay, n (%)§ 9 (0.3) N/A

Anaphylaxis, n (%)*§ 0 5 (0.1)

Clinically significant hypersensitivity (leading to withdrawal), n (%)†§ 1 (0.03) 10 (0.2)

Serious hypersensitivity (reported as SAE), n (%)‡§ 0 6 (0.1)

Injection-site reactions, n (%)§ 4 (0.1) N/A

Loss of efficacy, n (%)§** 0 0

*Anaphylactic reactions were events that occurred during or within 24 hours of an infusion or injection and met Sampson criteria.
†Clinically significant hypersensitivity events were defined as any events that occurred during or within 24 hours of an infusion or injection and led to withdrawal from treatment.
‡Serious hypersensitivity events were defined as any events that occurred during or within 24 hours of an infusion or injection and were reported as SAEs.
§Denominator is total patients screened for ADAs.
¶The Fab assay was applied in the MUSASHI study to measure neutralisation potential.
**Loss of efficacy was defined as patients who withdrew from the study prematurely due to insufficient therapeutic response after experiencing an American College of Rheumatology
criteria for 50% improvement (ACR50) or European League Against Rheumatism good response.
ADA, antidrug antibody; N/A, not available; q2w, every other week; q4w, every 4 weeks; qw, every week; SAE, serious adverse event; TCZ, tocilizumab; TCZ-IV, intravenous TCZ; TCZ-SC,
subcutaneous TCZ.
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TCZ-washout samples
To minimise the potential TCZ interference in the immunogen-
icity assay, additional samples for ADA measurements were
obtained from the TCZ-SC versus TCZ-IV study20 at the
follow-up visits after treatment completion or after dosing inter-
ruption. In total, 928 samples were collected from 879 patients
(table 3). Among them, 549 samples (59.2%) from 503 patients
were TCZ-free (TCZ serum levels below the limit of quantita-
tion) and 239 samples (25.8%) from 238 patients had low TCZ
concentration (<10 μg/mL). Of the 503 patients who provided
TCZ-free samples, which allows for TCZ interference in the
immunogenicity assay to be excluded, only one patient (0.2%)
was positive for ADAs. Another two samples from two patients
who were positive for ADAs had TCZ concentrations of 0.2 μg/
mL and 18.1 μg/mL. All three patients who developed ADAs
did not experience hypersensitivity reactions or ISRs and did
not withdraw due to insufficient therapeutic response or meet
the criteria for loss of efficacy. None of the three patients who

were determined as ADA-positive in washout samples were posi-
tive at the regular sampling time points.

Immunogenicity in patients who missed doses
ADA development after dose interruption was analysed in three
TCZ-SC studies. In the TCZ-SC versus TCZ-IV study,31 179
patients from the TCZ-SC once-weekly (qw) group and 40
patients from the TCZ-IV-switch-to-TCZ-SC group missed ≥3
consecutive TCZ-SC qw injections, and 241 patients from the
TCZ-IV every-4-weeks and TCZ-SC-switch-to-TCZ-IV groups
missed ≥1 TCZ-IV infusion during the study; among these
patients, two in the TCZ-SC arm and two in the TCZ-IV arm
had negative screening assay results before the first missed dose
and then were positive for confirmation and neutralising assays
after dosing was resumed. In the TCZ-SC versus placebo
study,31 188 patients in the TCZ-SC every-other-week group
and 48 patients in the placebo-switch-to-TCZ-SC group missed
≥1 dose during the treatment period and had negative ADA
assays before the missed injection. One patient in the
placebo-switch-to-TCZ-SC arm was positive for ADAs by the
confirmation and neutralising assays after dosing was resumed.
In the Japanese study,25 26 247 patients in the safety population
who received TCZ-SC had an injection interval of >21 days
between doses and were negative for ADAs prior to the dosing
interval. Among them, one patient in the TCZ-SC arm devel-
oped ADAs after reinitiating TCZ treatment. For all TCZ-SC
studies, no impact of ADAs on efficacy or safety was observed in
patients who developed ADAs after dose interruption.

Pharmacokinetics
There was no obvious trend of reduced serum TCZ levels in the
patients who tested positive for ADAs, including those with neu-
tralising potential. A graphical analysis of apparent clearance
estimated by population PK analysis for patients with positive

Table 2 Safety, immunogenicity and effect of ADAs on safety and efficacy following TCZ as monotherapy or in combination with conventional
synthetic disease-modifying antirheumatic drugs (csDMARDs)

TCZ-SC mono 162 mg
qw or q2w (n=616)

TCZ-SC+csDMARDs 162 mg
qw or q2w (n=2483)

TCZ-IV mono 4 mg/kg or
8 mg/kg q4w (n=753)

TCZ-IV+csDMARDs 4 mg/kg
or 8 mg/kg q4w (n=5122)

Anaphylaxis, n (%)* 0 0 1 (0.1) 9 (0.2)

Clinically significant hypersensitivity (leading to
withdrawal), n (%)†

6 (1.0) 25 (1.0) 12 (1.6) 79 (1.5)

Serious hypersensitivity (reported as SAE), n (%)‡ 1 (0.2) 9 (0.4) 9 (1.2) 42 (0.8)

Injection-site reactions, n (%) 81 (13.1) 229 (9.2) N/A N/A

Total patients screened for ADAs, n (%) 615 (99.8) 2479 (99.8) 745 (98.9) 5061 (98.8)

Total patients who developed ADAs, n (%)§ 12 (2.0) 35 (1.4) 5 (0.7) 64 (1.3)

Positive neutralisation assay, n (%)§¶ 7 (1.1) 33 (1.3) 4 (0.5) 50 (1.0)

Positive IgE assay, n (%)§ 3 (0.5) 6 (0.2) N/A N/A

Anaphylaxis, n (%)*§ 0 0 0 5 (0.1)

Clinically significant hypersensitivity (leading to
withdrawal), n (%)†§

1 (0.2) 0 1 (0.1) 9 (0.2)

Serious hypersensitivity (reported as SAE), n (%)‡§ 0 0 0 6 (0.1)

Injection-site reactions, n (%)§ 1 (0.2) 3 (0.1) N/A N/A

Loss of efficacy, n (%)§** 0 0 0 0

*Anaphylactic reactions were events that occurred during or within 24 hours of an infusion or injection and met Sampson criteria.
†Clinically significant hypersensitivity events were defined as any events that occurred during or within 24 hours of an infusion or injection and led to withdrawal from treatment.
‡Serious hypersensitivity events were defined as any events that occurred during or within 24 hours of an infusion or injection and were reported as SAEs.
§Denominator is total patients screened for ADAs.
¶The Fab assay was applied in the MUSASHI study to measure neutralisation potential.
**Loss of efficacy was defined as patients who withdrew from the study prematurely due to insufficient therapeutic response after experiencing an American College of Rheumatology
criteria for 50% improvement (ACR50) or European League Against Rheumatism good response.
ADA, antidrug antibody; N/A, not available; q2w, every other week; q4w, every 4 weeks; qw, every week; SAE, serious adverse event; TCZ, tocilizumab; TCZ-IV, intravenous TCZ; TCZ-SC,
subcutaneous TCZ.

Table 3 TCZ-washout samples by TCZ concentration (SUMMACTA)

Total: 928 total samples from
879 patients TCZ BLQ TCZ <10 μg/mL TCZ ≥10 μg/mL

Washout samples, n (%)* 549 (59.2) 239 (25.8) 140 (15.1)

Patients, n 503 238 138

Total patients who developed
ADAs, n (%)†

1 (0.2) 1 (0.4) 1 (0.7)

Positive neutralisation assay† 0 0 1 (0.7)

Positive IgE assay 0 0 0

Note: Multiple samples (with different TCZ concentrations) could be provided by a
single patient.
*Denominator is total sample number.
†Denominator is total number of patients who provided washout samples.
ADA, antidrug antibody; BLQ, below the lower limit of quantitation (TCZ concentration,
100 ng/mL); TCZ, tocilizumab.
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ADA compared with patients with negative ADA status showed
no differences in intravenous studies (see online supplementary
figure S1) or SC studies (see online supplementary figure S2).
Moreover, no correlation was observed between relative ADA
concentration and TCZ values among ADA-positive patients in
the intravenous versus SC study (see online supplementary
figure S3).

In the TCZ-IV monotherapy versus TCZ-IV+MTX study in
patients with early RA, no overall trends of decreasing concen-
trations were noted for up to 2 years of treatment27 (in prepar-
ation/to be submitted). Similarly, in the TCZ-SC+csDMARDs
versus TCZ-IV+csDMARDs study, once steady state was
reached, mean TCZ concentrations in patients from both
groups remained stable up to week 97.21

DISCUSSION
Our pooled results from 8974 patients treated with TCZ indi-
cated that the incidence of ADA development was low, regard-
less of intravenous or SC formulation and whether it was
administered as monotherapy or in combination with
csDMARDs. In patients who did develop ADAs, ADAs were
mostly transient and no correlation to PK, safety events or loss
of efficacy was observed. The precise mechanism of the
observed low immunogenicity in patients treated with TCZ has
not been fully elucidated; the immunogenic potential of a bio-
logic treatment is affected by several factors, including
molecule-related factors (eg, mechanisms of action, molecular
structure and manufacturing process) and patient characteristics.
ADA incidence is also dependent on the assay itself (eg, assay
sensitivity, specificity and methodology).

Immunogenicity assays are challenged and complicated by
drug interference, and the observed low incidence of ADA
might be a reflection of the assay used. To minimise TCZ inter-
ference, TCZ-washout samples were collected and evaluated in
the TCZ-SC versus TCZ-IV study.20 Among the 503 patients
who provided TCZ-free samples, the proportion who developed
ADAs was low (0.2%) across treatment arms, confirming a low
incidence of ADA development when drug interference is ruled
out. Moreover, the observed low incidence of ADA develop-
ment is consistent with three independently published studies
that examined the immunogenicity of TCZ using commercially
available immunogenicity assays; in those studies, 0% to 3.3%
of patients treated with TCZ developed ADAs.32–34

One possible mechanism of the observed low immunogenicity
of TCZ might be related to the downregulation of B cell activi-
ties due to the blocking of IL-6 signalling (a different mecha-
nism of action from that of aTNFs). Our findings and a recent
study33 indicate no increased risk of ADA development and no
clear impact on TCZ trough level in either TCZ monotherapy
or combination therapy settings21 27 (in preparation/to be sub-
mitted). Consistently, similar efficacy has been observed with
TCZ monotherapy compared with TCZ in combination with
csDMARDs (either intravenous or SC).35–38 In contrast, it has
been reported that with two aTNFs (adalimumab and inflixi-
mab), concomitant administration of MTX suppresses immuno-
genicity and maximises efficacy.7 39 40 Development of ADAs
against adalimumab and infliximab may correlate with the dis-
appearance of drug from the blood and may decrease efficacy
by neutralising the drug or by creating immune complexes.10 41

In this study, patients who were positive for neutralising assay
did not experience a loss of efficacy; it is possible that while the
neutralising antibodies were able to block TCZ in vitro, they
may not function as such in vivo (eg, are not at sufficient con-
centration and/or affinity) to affect TCZ levels or efficacy. It is

unclear why in three patients, ADA became present after drug
washout, and the release of the inhibition of B cell activity after
TCZ washout leading to ADA development might be a possible
explanation; however, most of the detected anti-TCZ antibodies
were transient in this study.

Other possible factors contributing to low immunogenicity
might be molecule-related factors, including mAb structure (eg,
a specific molecular structure with an idiotype of low immuno-
genic potential) and manufacturing processes. In general, it is
not clear whether a humanised mAb treatment is more immuno-
genic than a fully human mAb. ADA development has been
reported for fully human mAbs (eg, adalimumab and golimu-
mab).42 ADAs against the fully human adalimumab induced
neutralising responses that varied by disease and therapy
(5–89%), and ADAs correlate with a lack of efficacy in some
adalimumab-treated patients.7 41 43

To our knowledge, this study, including data from >8900
patients, is the most robust and comprehensive clinical trial-
based assessment addressing immunogenicity compared with
published data for a biologic RA treatment. In the small propor-
tion of patients who developed ADAs following administration
of TCZ-SC or TCZ-IV, no clear correlation of ADA develop-
ment to PK, clinical response or AEs was observed. Further,
administration of TCZ as monotherapy did not increase the risk
of immunogenicity and had no impact on the TCZ trough level.
However, the limitation due to the low number of ADA-positive
patients is acknowledged, especially between subgroups such as
TCZ monotherapy versus TCZ in combination with MTX.
Overall, our data suggest that routine ADA testing is unneces-
sary for the clinical use of TCZ in treating adult RA.
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EXTENDED REPORT

Presence of multiple spondyloarthritis (SpA) features
is important but not sufficient for a diagnosis
of axial spondyloarthritis: data from the
SPondyloArthritis Caught Early (SPACE) cohort
Z Ez-Zaitouni,1 P A C Bakker,1 M van Lunteren,1 I J Berg,2 R Landewé,3

M van Oosterhout,4 M Lorenzin,5 D van der Heijde,1 F A van Gaalen1

ABSTRACT
Objectives Concerns have been raised about
overdiagnosis of axial spondyloarthritis (axSpA). We
investigated whether patients with chronic back pain
(CBP) of short duration and multiple SpA features are
always diagnosed with axSpA by the rheumatologist,
and to what extent fulfilment of the Assessment of
SpondyloArthritis International Society (ASAS) axSpA
criteria is associated with an axSpA diagnosis.
Methods Baseline data from 500 patients from the
SPondyloArthritis Caught Early cohort which includes
patients with CBP (≥3 months, ≤2 years, onset
<45 years) were analysed. All patients underwent full
diagnostic workup including MRI of the sacroiliac joints
(MRI-SI) and radiograph of sacroiliac joints (X-SI). For
each patient, the total number of SpA features excluding
sacroiliac imaging and human leucocyte antigen B27
(HLA-B27) status was calculated.
Results Before sacroiliac imaging and HLA-B27 testing,
32% of patients had ≤1 SpA feature, 29% had 2 SpA
features, 16% had 3 SpA features and 24% had ≥4
SpA features. A diagnosis of axSpA was made in 250
(50%) of the patients: 24% with ≤1 SpA feature, 43%
with 2 SpA features, 62% with 3 SpA features and 85%
with ≥4 SpA features. Of the 230 patients with a
positive ASAS classification 40 (17.4%) did not have a
diagnosis of axSpA. HLA-B27 positivity (OR 5.6; 95% CI
3.7 to 8.3) and any (MRI-SI and/or X-SI) positive
imaging (OR 34.3; 95% CI 17.3 to 67.7) were strong
determinants of an axSpA diagnosis.
Conclusions In this cohort of patients with CBP,
neither the presence of numerous SpA features nor
fulfilment of the ASAS classification criteria did
automatically lead to a diagnosis axSpA. Positive
imaging was considered particularly important in making
a diagnosis of axSpA.

INTRODUCTION
Axial spondyloarthritis (axSpA) has a heteroge-
neous clinical presentation and does not have a
single pathognomonic feature that distinguishes the
disease from other conditions with similar symp-
toms.1 2 Therefore, it is a challenge to identify
axSpA early in patients with chronic back pain
(CBP). In daily rheumatological practice, a diagno-
sis of axSpA is generally made in patients with CBP
on the basis of a combination of symptoms from

medical history, physical examination, laboratory
investigations and findings on imaging.3 4

In 2009 the Assessment of SpondyloArthritis
International Society (ASAS) developed classifica-
tion criteria for axSpA. The criteria combine infor-
mation from several sources such as medical
history, physical examination, laboratory testing
and imaging.5 In a secondary or tertiary care
setting the fulfilment of the ASAS criteria is
strongly associated with a clinical diagnosis of
axSpA at the group level, but the criteria cannot be
used for diagnosing axSpA in individual patients.6 7

Classification criteria can only be applied in
patients in whom a diagnosis of axSpA has been
established (not vice versa).8–10 The recognition of
axSpA therefore requires the physician’s knowledge
about SpA, as well as expertise in aggregating infor-
mation obtained during the diagnostic workup and
a differential diagnosis.
In order to assist physicians in the diagnosis of

axSpA the ASAS modified Berlin algorithm has
been developed, which can be applied in patients
with CBP with age of onset <45 years (figure 1).
As a first step the algorithm advises a radiograph of
the sacroiliac joints (X-SI) in all patients. According
to the algorithm patients with CBP with indisput-
able radiographic sacroiliitis may be readily diag-
nosed with axSpA. Patients without clear sacroiliitis
on radiographs are subsequently stratified according
to the number of SpA features they have after
patient history, physical examination and measuring
C reactive protein (CRP) and erythrocyte sedimen-
tation rate (ESR). An important feature of the algo-
rithm is that it allows a diagnosis of axSpA in
patients with ≥ four SpA features without further
imaging (MRI of the sacroiliac joints (MRI-SI)) or
human leucocyte antigen B27 (HLA-B27) testing.
Moreover, HLA-B27 positive patients with normal
radiographs and two or three SpA features may
also be diagnosed with axSpA without performing
MRI-SI. Van den Berg et al11 have already shown
that an axSpA diagnosis according to the modified
Berlin algorithm is not necessarily the same as an
expert’s (ie, rheumatologist’s) clinical diagnosis, so
false-positive and false-negative diagnoses may
occur if the algorithm is followed blindly.
Therefore, it should be stressed again that the
ASAS modified Berlin algorithm is only a tool in
aiding rheumatologists in diagnosing axSpA and
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can and should not replace a differential diagnostic procedure in
patients with CBP.

Nevertheless, several concerns have been raised about the risk
of overdiagnosis of axSpA when the diagnosis is made by coun-
ting the number of SpA features without paying attention to an
alternative diagnosis that may be more likely.12 Similarly, the use
of the ASAS classification criteria as diagnostic criteria may lead
to misdiagnosis. These issues are of particular concern in patients
with non-inflammatory conditions in whom overdiagnosis may
inappropriately lead to the start of anti-inflammatory treatments
that will not be effective but are associated with side effects and
costs. Concerns like these have contributed to the US Food and
Drug Administration formal disapproval of adalimumab and cer-
tolizumab for the treatment of non-radiographic axSpA in the
USA, while both drugs have been approved by the European
Medicines Agency for this indication in the European Union.13

The diagnostic process of early axSpA in patients presenting
with CBP is not well studied. Cohort studies typically include
patients with an established diagnosis of axSpA. The multicentre
SPondyloArthritis Caught Early (SPACE) cohort is a study that
has included patients presenting with CBP but without a formal
diagnosis who have been referred to a rheumatologist.
Consequently, the SPACE cohort contains patients with and
without a diagnosis of axSpA.

The main objectives of our study were to investigate (1)
which SpA features contribute most to a diagnosis of axSpA; (2)
if the presence of multiple SpA features automatically leads to a
diagnosis of axSpA in patients presenting with CBP; and (3)
how positive classification according to the ASAS criteria relates
to a diagnosis of axSpA.

METHODS
Study design and population
The SPACE cohort is a prospective multicentre study, which was
initiated in January 2009. The study has been described else-
where.14 In brief, patients with CBP (≥3 months and ≤2 years)
of unknown origin and age of onset <45 years were included.
Patients were recruited for the study from five different rheuma-
tology outpatient clinics in the Netherlands (Amsterdam,
Gouda, Leiden), Norway (Oslo) and Italy (Padua).

Data of 157 patients from the Leiden University Medical
Center (LUMC) in the Netherlands have previously been
published as part of the validation of the modified Berlin
algorithm.

Imaging of the sacroiliac joints
Plain radiographs of the pelvis (X-SI) were performed in antero-
posterior view. MRI-SI were also performed: the acquired
sequences were coronal oblique T1-weighted turbo spin echo
and short tau inversion recovery with a slice thickness of 4 mm.
Each centre interpreted the radiographs and MRI-SI on the
presence of sacroiliitis using global assessment as part of routine
clinical practice (local reading) with radiologists specifically
being asked whether there was evidence of sacroiliitis.

Clinical measurements
Patients underwent a full diagnostic workup including the
assessment of SpA features according to the ASAS criteria: CRP
and ESR, HLA-B27, imaging (X-SI and MRI-SI), and the actual
presence or a history of all other SpA features: inflammatory
back pain (IBP), good response to non-steroidal anti-

Figure 1 Assessment of SpondyloArthritis International Society (ASAS) modification of the Berlin algorithm* for diagnosing axial spondyloarthritis
(adapted from van den Berg et al [11] * and Rudwaleit et al [2]). HLA-B27, human leucocyte antigen B27; NSAIDs, non-steroidal anti-inflammatory
drugs; SpA, spondyloarthritis.
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inflammatory drugs (NSAIDs), positive family history of SpA,
peripheral arthritis, dactylitis, enthesitis, acute anterior uveitis,
inflammatory bowel disease, and psoriasis. Rheumatologists pro-
vided a diagnosis of axSpA based on all collected information,
including imaging and HLA-B27 status. In case of ‘no axSpA’
rheumatologists were asked to provide a most likely alternative
diagnosis. In addition, rheumatologists were requested to
provide a level of confidence about the diagnosis on an
11-point numerical rating scale ranging from 0 (not confident at
all) to 10 (very confident) after imaging was performed.
Independently of the clinical diagnosis the ASAS axSpA classifi-
cation criteria were used to classify patients using the local
imaging results. The rheumatologists were not formally
informed about the patients’ classification status at the time of
diagnosis.

Statistical analysis
For the present analyses baseline data were available (n=522).
Patients with missing values for ≥1 SpA feature, including
imaging and HLA-B27 status, and those with missing informa-
tion on clinical diagnosis, were excluded from the analyses
(n=22). The total number of SpA features was determined
without taking HLA-B27 and imaging into account. Next,
patients were stratified according to the number of SpA features
present: ≤ one feature, two features, three features and ≥ four
features. Patient characteristics are presented for the total
patient group and for each subgroup as mean±SD or number
(%). The rheumatologist’s diagnosis was the main outcome.
Sensitivity and specificity were calculated to assess the

agreement between the clinical diagnosis and the ASAS axSpA
classification criteria. Where zeroes caused problems with com-
putation of ORs or their SEs, 0.5 was added to all cells.
Multivariable logistic regression analysis was performed to
assess independent determinants of clinical diagnosis.

Data analysis was performed using STATA SE V.14. p Values
≤0.05 were considered statistically significant.

RESULTS
A total of 500 patients with CBP of short duration and complete
data was analysed. Of these patients 37% were male, mean age
(SD) was 29.3 (8.3) years and mean symptom duration was 13.4
(7.4) months (table 1). Of all patients, 159 (32%) had less than
or equal to one feature, 143 (29%) had two features, 79 (16%)
had three features and 119 (24%) had four or more features.
Age at onset of back pain, sex and disease duration were similar
across subgroups. Of the 159 patients in the ≤ one SpA feature
subgroup 24% was diagnosed with axSpA; for patients with
two SpA features this was 43%, for patients with three SpA fea-
tures 62% and for patients with ≥ four SpA features this was
85%. When stratifying for each participating centre the same
trend—higher percentages of diagnosis with increasing numbers
of features—in clinical diagnosis was observed (see online
supplementary table S1).

In patients with ≤ one SpA feature 9/159 (6%) had radio-
graphic sacroiliitis and 26/159 (16%) had a positive MRI-SI
(table 2). Of the patients with normal radiographs 99/150
(66%) had neither a positive MRI-SI nor HLA-B27 and only
2/99 (2%) were diagnosed with axSpA (both patients with

Table 1 Baseline characteristics of patients with chronic back pain in the SPACE cohort and stratified by total number of SpA features after
medical history taking, physical examination and measurement of acute phase reactants but before HLA-B27 testing and imaging

Characteristic
All patients,
n=500

Patients with ≤1
feature, n=159

Patients with 2
features, n=143

Patients with 3
features, n=79

Patients with ≥4
features, n=119

Age, years 29.3 (8.3) 29.7 (8.8) 28.8 (8.3) 29.1 (8.0) 29.5 (7.9)

Symptom duration, months 13.4 (7.4) 12.9 (7.3) 14.6 (7.7) 13.3 (7.0) 12.7 (7.4)

Male 185 (37) 51 (32) 56 (39) 24 (30) 54 (45)

IBP 329 (66) 43 (27) 103 (72) 71 (90) 112 (94)

Good response to NSAIDs* 208 (42) 13 (8) 50 (35) 47 (60) 98 (82)

Positive family history SpA† 206 (41) 26 (16) 57 (40) 43 (54) 80 (67)

Peripheral arthritis‡ 74 (15) 2 (1) 15 (11) 11 (14) 46 (39)

Dactylitis‡ 26 (5) 0 (0) 1 (1) 3 (4) 22 (19)

Enthesitis‡ 108 (22) 4 (3) 12 (8) 15 (19) 77 (65)

Anterior uveitis‡ 38 (8) 2 (1) 9 (6) 6 (8) 21 (18)

IBD‡ 35 (7) 8 (5) 7 (5) 7 (9) 13 (11)

Psoriasis‡ 57 (11) 2 (1) 7 (5) 8 (10) 40 (34)

Elevated CRP (mg/L)/ESR (mm)§ 132 (26) 12 (8) 25 (18) 26 (33) 69 (58)

HLA-B27 positive 198 (40) 36 (23) 65 (46) 41 (52) 56 (47)

Imaging¶

X-SI positive 58 (12) 9 (6) 16 (11) 5 (6) 28 (24)

MRI-SI positive 146 (29) 33 (21) 37 (26) 29 (37) 47 (40)

Diagnosis of axSpA** 250 (50) 38 (24) 62 (43) 49 (62) 101 (85)

Results are presented as mean±SD or number (%).
*Back pain not present anymore or is much better 24–48 hours after a full dose of NSAID.
†Presence in first-degree or second-degree relatives of any of the following: ankylosing spondylitis, psoriasis, acute anterior uveitis, reactive arthritis or IBD.
‡Past or present condition, either confirmed or diagnosed by a physician.
§Values greater than the upper limit of normal.
¶According to global assessment radiologist (local reading).
**Diagnosis based on information after full diagnostic workup: medical history, physical examination, imaging and laboratory testing.
AxSpA, axial spondyloarthritis; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; HLA-B27, human leucocyte antigen B27; IBD, inflammatory bowel disease; IBP, inflammatory
back pain; MRI-SI, MRI of sacroiliac joints; NSAIDs, non-steroidal anti-inflammatory drugs; SpA, spondyloarthritis; SPACE, SPondyloArthritis Caught Early; X-SI, radiograph of sacroiliac
joints.
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CBP had one SpA feature which were IBP and positive family
history, respectively). In total, 38/159 (24%) patients were
diagnosed with axSpA. One patient with radiographic sacroiliitis
was not diagnosed with axSpA. When the ASAS axSpA classi-
fication criteria were applied, five patients without a diagnosis
of axSpA fulfilled the ASAS criteria. In addition, 13 patients
with an axSpA diagnosis did not fulfil the ASAS classification
criteria.

In patients with two SpA features 16/143 (11%) had radio-
graphic sacroiliitis and 35/143 (24.5%) patients had a positive
MRI-SI. Of the patients with normal radiographs 70/127 (55%)
had neither a positive MRI-SI nor HLA-B27 and 11/127 (9%)
were diagnosed with axSpA. In total, 62/143 (43%) patients

were diagnosed with axSpA. All patients with radiographic
sacroiliitis were diagnosed with axSpA. When the ASAS axSpA
classification criteria were applied, 22 patients without a diagno-
sis of axSpA fulfilled the ASAS-criteria and 11 patients with an
axSpA diagnosis did not fulfil the ASAS-criteria.

In patients with three SpA features 5/79 (6%) had radio-
graphic sacroiliitis and 29/79 (38%) had a positive MRI-SI. Of
the patients with normal radiographs 29/74 (39%) had neither a
positive MRI-SI nor HLA-B27 and 8/74 (11%) were diagnosed
with axSpA. In total, 49/79 (62%) patients were diagnosed with
axSpA. All patients with radiographic sacroiliitis were diagnosed
with axSpA. When the ASAS axSpA classification criteria were
applied, nine patients without a diagnosis of axSpA fulfilled

Table 2 Diagnosis and classification of patients (n=500) with ≤ one, two, three and ≥ four spondyloarthritis (SpA) features after medical history
taking, physical examination and measurement of acute phase reactants, followed by sacroiliac imaging and HLA-B27 testing

Number of SpA
features X-SI status HLA-B27/MRI status

Rheumatologist
SpA diagnosis
yes

Rheumatologist
SpA diagnosis
no

ASAS axSpA
classification
yes

ASAS axSpA
classification
no

0–1
n=159

X-SI+
n=9

HLA-B27+/MRI+ 4 4

HLA-B27+/MRI− 1 1 2

HLA-B27−/MRI+ 1 1

HLA-B27−/MRI− 2 2

X-SI−
n=150

HLA-B27+/MRI+ 6 1 7

HLA-B27+/MRI− 7 16 23

HLA-B27−/MRI+ 15 6 14 7

HLA-B27−/MRI− 2 97 99

Mean level of confidence regarding diagnosis (SD) 6.9 (2.3) 7.5 (2.4)

2
n=143

X-SI+
n=16

HLA-B27+/MRI+ 14 14

HLA-B27+/MRI− 1 1

HLA-B27−/MRI+ 1 1

HLA-B27−/MRI−
X-SI−
n=127

HLA-B27+/MRI+ 15 15

HLA-B27+/MRI− 15 20 35

HLA-B27−/MRI+ 5 2 7

HLA-B27−/MRI− 11 59 70

Mean level of confidence regarding diagnosis (SD) 7.6 (1.9) 6.7 (2.3)

3
n=79

X-SI+
n=5

HLA-B27+/MRI+ 3 3

HLA-B27+/MRI− 1 1

HLA-B27−/MRI+ 1 1

HLA-B27−/MRI−
X-SI−
n=74

HLA-B27+/MRI+ 17 17

HLA-B27+/MRI− 11 9 20

HLA-B27−/MRI+ 8 8

HLA-B27−/MRI− 8 21 29

Mean level of confidence regarding diagnosis (SD) 8.0 (1.9) 7.1 (2.0)

≥4
n=119

X-SI+
n=28

HLA-B27+/MRI+ 15 15

HLA-B27+/MRI−
HLA-B27−/MRI+ 8 8

HLA-B27−/MRI− 5 5

X-SI−
n=91

HLA-B27+/MRI+ 16 16

HLA-B27+/MRI− 21 4 25

HLA-B27−/MRI+ 8 8

HLA-B27−/MRI− 28 14 42

Mean level of confidence regarding diagnosis (SD) 8.0 (2.0) 7.3 (1.7)

Diagnosis based on information after full diagnostic workup: medical history, physical examination, imaging and laboratory testing. ASAS axSpA criteria, ASAS criteria for axial
spondyloarthritis. Mean level of confidence regarding diagnosis: 0 (not confident at all) through 10 (very confident).
AxSpA, axial spondyloarthritis; ASAS, Assessment of SpondyloArthritis international Society; HLA-B27, human leucocyte antigen B27; X-SI, radiograph of sacroiliac joints; SpA,
spondyloarthritis.

1089Ez-Zaitouni Z, et al. Ann Rheum Dis 2017;76:1086–1092. doi:10.1136/annrheumdis-2016-210119

Clinical and epidemiological research

group.bmj.com on May 29, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


ASAS criteria and eight patients with an axSpA diagnosis did
not fulfil the ASAS criteria.

In patients with ≥ four SpA features 28/119 (24%) had radio-
graphic sacroiliitis and 47/119 (40%) had a positive MRI-SI. Of
the 91 patients with normal radiographs 42 (46%) had neither a
positive MRI-SI nor HLA-B27 and 28/91 (31%) were diagnosed
with axSpA. In total, 101/119 (85%) patients were diagnosed
with axSpA. Again, all patients with radiographic sacroiliitis (28/
28) were diagnosed with axSpA. Remarkably, 18/119 patients
(15%) with ≥ four SpA features but with negative imaging were
not given the diagnosis of axSpA, four of whom were HLA-B27
positive. When the ASAS axSpA classification criteria were
applied, 4 patients without a diagnosis of axSpA fulfilled the
ASAS criteria and 28 patients with an axSpA diagnosis did not
fulfil the ASAS criteria. Moreover, patients with ≥ four features
not diagnosed with axSpA were mostly given the diagnosis non-
specific back pain and degenerative disc disease (data not
shown). In these patients the most common SpA features were a
positive family history for SpA (67%), good response to
NSAIDs (82%) and IBP (94%).

Overall, the mean levels of confidence (SD) regarding a diag-
nosis of axSpA and no axSpA were 7.7 (2.0) and 7.2 (2.3),
respectively. Mean levels of confidence of axSpA diagnosis for
the different patient subgroups rose with the presence of more
SpA features; ≤ one feature, mean 6.9 (2.3); two features, mean
7.6 (1.9); three features, mean 8.0 (1.9); ≥ four features, mean
8.0 (2.0) (table 2).

With the clinical diagnosis of the rheumatologist as the gold
standard, sensitivity and specificity of the ASAS classification cri-
teria for axSpA were 76% (190/250) and 84% (210/250),
respectively (table 3).

In univariable analysis, HLA-B27 positivity and any positive
imaging were associated with an axSpA diagnosis (OR 5.6; 95%
CI 3.7 to 8.3 and OR 34.3; 95% CI 17.3 to 67.7, respectively).
These associations were similar across subgroups (tables 4 and
5). In multivariable logistic regression analysis with clinical diag-
nosis as the dependent variable and SpA features from the ASAS
criteria as independent variables HLA-B27 and positive imaging
were both independent determinants of diagnosis (data not
shown).

DISCUSSION
Prompted by concerns regarding overdiagnosis of axSpA we
investigated whether in patients referred with recent onset CBP
and a suspicion of axSpA, the presence of several SpA features
suffices for a diagnosis of axSpA. While, as expected, an increas-
ing number of SpA features was associated with an increased
likelihood of axSpA diagnosis this association was not absolute.

Numerous patients with multiple SpA features did not get a
diagnosis of axSpA. Among them are half of the HLA-B27 posi-
tive patients with three SpA features but without imaging abnor-
malities. This example clearly shows that a clinical diagnosis is
based on more than simply a sum of features.

In this cohort the ASAS classification criteria had an overall
sensitivity and specificity of 76% and 84%, respectively. This is
comparable to those found in the original ASAS cohort. In line
with the finding that patients with multiple SpA features are not
always diagnosed with axSpA 17% of patients that on paper
met the ASAS classification criteria, which requires presence of
at least two SpA features, were not diagnosed with axSpA.

An important finding is the prominent—if not dominant—
role of imaging and HLA-B27 testing in diagnosing axSpA in
rheumatology clinics. The statistically stronger association
between positive imaging and axSpA diagnosis as compared
with HLA-B27 and axSpA diagnosis (or any other SpA feature)
should be interpreted with caution. The prevalence of axSpA in
this cohort of patients specifically referred to the rheumatologist
(50%) is much higher than the prevalence of axSpA in unse-
lected patients with CBP, and we do not know which screening

Table 3 Concordance between clinical axSpA diagnosis and
meeting the ASAS classification criteria for axSpA in patients with
CBP with the physician’s diagnosis as the gold standard in the SPACE
cohort (n=500)

Clinical axSpA diagnosis

ASAS classification criteria Yes No Total

Yes 190 40 230

No 60 210 270

Total 250 250 500

Sensitivity 76% (190/250) and specificity 84% (210/250). Positive predictive value: 190/
230 (83%), negative predictive value: 210/270 (78%).
AxSpA, axial spondyloarthritis; ASAS, Assessment of SpondyloArthritis international
Society; CBP, chronic back pain; SPACE, SPondyloArthritis Caught Early.

Table 4 Concordance between clinical axSpA diagnosis and
presence of HLA-B27 for all patients and stratified for total number of
SpA features

Clinical axSpA diagnosis

Yes No Total

All patients

HLA-B27 positive

Yes 147 51 198

No 103 199 302

Total 250 250 500

OR (95% CI) 5.6 (3.7 to 8.3)

≤1 feature

HLA-B27 positive

Yes 18 18 36

No 20 103 123

Total 38 121 159

OR (95% CI) 5.2 (2.3 to 11.6)

2 features

HLA-B27 positive

Yes 45 20 45

No 17 61 78

Total 62 81 143

OR (95% CI) 8.1 (3.8 to 17.1)

3 features

HLA-B27 positive

Yes 32 9 41

No 17 21 38

Total 49 30 79

OR (95% CI) 4.4 (1.7 to 11.7)

≥4 features

HLA-B27 positive

Yes 52 4 56

No 49 14 63

Total 101 18 119

OR (95% CI) 3.7 (1.1 to 12.1)

axSpA, axial spondyloarthritis; HLA-B27, human leucocyte antigen B27; SpA,
spondyloarthritis.
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tools were applied to select patients for referral. In our cohort
X-SI was positive in only a minority of patients while an analysis
of 204 referral letters indicated that HLA-B27 positivity was
mentioned four times more often than a positive MRI-SI as a
reason for referral (unpublished data). This difference in abso-
lute prevalence implies that the impact of different ORs
(OR=5.6 for HLA-B27 and OR=35 for imaging) may be far
more similar than the ORs suggest.

Nevertheless, our findings stress the dominance of imaging in
establishing an axSpA diagnosis and add to the importance of a
proper interpretation of the images.15–17

At first sight, some of the diagnoses may raise suspicion. For
instance, a diagnosis of axSpA may not be expected in
HLA-B27 negative patients that have normal imaging tests, and
only a few other SpA features. In such patients, a diagnosis may
still be justifiable because of features or symptoms that are not
part of the ASAS criteria, for example, buttock pain, IBP accord-
ing to Calin or Berlin criteria, presence of structural (but not
active) lesions on MRI-SI or spinal inflammatory lesions, even
though the latter two manifestations are rare in the absence of
bone marrow oedema on MRI-SI.18

Furthermore, differences in the interpretation of imaging may
also have contributed to unexpected diagnoses. Even though the
assessment of the radiologist was used for the analyses, the
rheumatologist has provided the diagnosis and may—based on
the clinical symptoms—have overruled the radiologist’s report,
for instance by taking structural lesions or spinal inflammatory
lesions into account.18 19

A possible limitation of this study is that the clinical diagnosis
—as is usual in clinical practice—was provided by only one
rheumatologist. Each rheumatologist may consider different fea-
tures, apart from positive imaging and presence of HLA-B27,
being most informative for axSpA diagnosis. Even though this
was not assessed it is conceivable this might have influenced the
diagnosis. Future studies should definitely assess interobserver
variance in clinical diagnosis.

The ASAS modified Berlin algorithm can be used by rheuma-
tologists in the clinical decision making process when diagnos-
ing patients with CBP. But blindly applying the ASAS modified
Berlin algorithm will also result in false-positive and false-
negative diagnoses. As has become clear in our study, in patients
without radiographic sacroiliitis but with multiple SpA features
(and/or presence of HLA-B27), the algorithm immediately leads
to an axSpA diagnosis, while in clinical practice this is not
always clear. In 15% of the patients with ≥ four SpA features
and 13% of the HLA-B27 positive patients with two to three
SpA features that should have a clinical diagnosis of axSpA
according to the algorithm, such a diagnosis was not confirmed
by the clinician.

While the SPACE cohort is running in different countries and
settings (academic and non-academic), we did not find an
important centre effect. In all centres the likelihood of axSpA
diagnosis similarly increased by an increasing number of SpA
features, which adds to the credibility of our data. Nevertheless,
patients were diagnosed by hospital-based rheumatologists with
an expertise in diagnosing patients with axSpA, and results of
this study cannot be extrapolated to different clinical settings
such as primary care and common rheumatology practices or
those of other medical specialties.

In conclusion, in clinical practice the mere presence of SpA
features does not automatically result in a clinical diagnosis of
axSpA. Furthermore, this study confirms that the ASAS modified
Berlin algorithm could be used as a guidance tool but that a thor-
ough diagnostic workup with ample consideration for alternative
diagnoses is still mandatory. Preferably, all information including
imaging of sacroiliac joints and presence of HLA-B27 should be
available to the rheumatologist to come to a final diagnosis.
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CONCISE REPORT

Safety of synthetic and biological DMARDs:
a systematic literature review informing
the 2016 update of the EULAR recommendations
for management of rheumatoid arthritis
Sofia Ramiro,1 Alexandre Sepriano,1,2 Katerina Chatzidionysiou,3 Jackie L Nam,4,5

Josef S Smolen,6,7 Désirée van der Heijde,1 Maxime Dougados,8

Ronald van Vollenhoven,9 Johannes W Bijlsma,10 Gerd R Burmester,11

Marieke Scholte-Voshaar,12,13 Louise Falzon,14 Robert B M Landewé9,15

ABSTRACT
Objectives To assess the safety of synthetic (s) and
biological (b) disease-modifying antirheumatic drugs
(DMARDs) for the management of rheumatoid arthritis
(RA) to inform the European League Against
Rheumatism recommendations for the management
of RA.
Methods Systematic literature review (SLR) of
observational studies comparing any DMARD with
another intervention for the management of patients
with RA. All safety outcomes were included. A
comparator group was required for the study to be
included. Risk of bias was assessed with the Hayden’s
tool.
Results Twenty-six observational studies addressing
diverse safety outcomes of therapy with bDMARDs met
eligibility criteria (15 on serious infections, 4 on
malignancies). Substantial heterogeneity precluded meta-
analysis. Together with the evidence from the 2013 SLR,
based on 15 studies, 7 at low risk of bias, patients on
bDMARDs compared with patients on conventional
sDMARDs had a higher risk of serious infections
(adjusted HR (aHR) 1.1 to 1.8)—without differences
across bDMARDs—a higher risk of tuberculosis (aHR 2.7
to 12.5), but no increased risk of infection by herpes
zoster. Patients on bDMARDs did not have an increased
risk of malignancies in general, lymphoma or non-
melanoma skin cancer, but the risk of melanoma may be
slightly increased (aHR 1.5).
Conclusions These findings confirm the known safety
pattern of bDMARDs, including both tumour necrosis
factor-α inhibitor (TNFi) and non-TNFi, for the treatment
of RA.

INTRODUCTION
The armamentarium nowadays available for the
treatment of patients with rheumatoid arthritis
(RA) is impressive and has substantially expanded
in the last decades. A plethora of conventional syn-
thetic disease-modifying antirheumatic drugs
(csDMARDs), biological DMARDs (bDMARDs)
and more recently also targeted synthetic DMARDs
(tsDMARDs), which can be used in different
sequences and/or combinations, is at the disposal of
rheumatologists to offer to patients. This, naturally,

also implies choices to be made when deciding on
the best treatment for a particular patient.
Treatment decisions, particularly in the case of

patients with RA with insufficient response to a first
csDMARD, are mainly made based on the expected
efficacy of a drug.1 However, there are no import-
ant differences in efficacy across bDMARDs and
tsDMARDs.2 3 Therefore, other aspects among
which safety may have a more prominent place in
decision-making.1 While short-term safety is
addressed in clinical trials, it is long-term safety
that we are primarily interested in when making
our decisions. Observational studies (eg, cohort
studies, registries) provide us with more relevant
information since, unlike clinical trials, they include
a non-selected group of patients, are representative
of daily clinical practice and cover a longer period
of time.4

In order to inform the task force responsible for
the 2016 update of the European League Against
Rheumatism (EULAR) RA management recommen-
dations, we performed a systematic literature review
(SLR) to update the evidence for the safety of
csDMARDs, tsDMARDs and bDMARDs in patients
with RA.5 This SLR is an update of the SLR per-
formed previously for the corresponding 2013
update of the RA management recommendations.6

The results of this and two other SLRs2 3 provided
the task force with the current state of evidence.

METHODS
Literature search
The search was performed in MEDLINE, EMBASE
and The Cochrane CENTRAL Register of
Controlled Trials (Central), until 9 March 2016,
without language restrictions. All newly included
studies were published from 2013 onwards, as an
update of the previous SLR.6 As this SLR is an
update of the 2013 SLR,6 results are shown
together to give a more complete overview on the
safety of DMARDs. Details on complete search
strategies are provided in online supplementary
material. References from included studies were
also screened.
The literature search addressed the safety of

DMARDs. The research questions were structured
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according to a PICO format (Patients, Intervention, Comparator
and Outcomes) and eligible study types were defined.7

Participants were adults (aged ≥18 years) with a clinical diagno-
sis of RA. Studies including patients with other diagnoses were
eligible only if the results from patients with RA were presented
separately. The intervention was any DMARD (csDMARD,
bDMARD—including biosimilars—or tsDMARD), including all
drugs (methotrexate, leflunomide, hydroxychloroquine, sulfa-
salazine, gold/auranofin, azathioprine, chlorambucil, chloro-
quine, ciclosporin, cyclophosphamide, mycophenolate,
minocycline, penicillamine, tacrolimus, anakinra, infliximab, eta-
nercept, adalimumab, rituximab (RTX), abatacept, tocilizumab,
golimumab, certolizumab pegol or tofacitinib), formulations and
duration). Glucocorticoids were also included. The comparator
was a(nother) bDMARD, sDMARD, glucocorticoid, combin-
ation therapy or the general population. Studies were only eli-
gible if they included a comparator group, as a formal
comparison is the only insightful manner to take any conclu-
sions about safety. All safety outcomes were considered, namely
infections (including serious infections, opportunistic infections
such as tuberculosis and herpes zoster), malignancies, mortality,
cardiovascular disease, change in lipid levels, impairment in
renal function, elevation of liver enzymes, haematological
abnormalities, gastrointestinal effects, demyelinating disease,
induction of autoimmune disease and teratogenicity. Only obser-
vational studies were included, namely cohort studies/registries
and study series with >30 cases.

Selection of studies, data extraction and assessment of risk
of bias
Two reviewers (SR and AS) independently screened titles and
abstracts, and if necessary the full-text, for eligibility. In cases of
disagreement, a third reviewer (RBML) was involved. Data from
eligible studies were extracted regarding study and population
characteristics, inclusion and exclusion criteria, follow-up time,
interventions, outcome definition and outcome measures using
a standardised data extraction form.

The two reviewers independently assessed the risk of bias of
each included study using the ‘Hayden-tool’, which evaluates
the following items: participation, attrition, prognostic factor
measurement, outcome measurement, confounding and
analysis.8

RESULTS
In total and after de-duplication, 4436 references were obtained,
of which 26 studies were included (flowchart in online
supplementary figure S1). All studies included patients on
bDMARDs and only one study also addressed a comparison
between csDMARDs.9 There were no eligible studies on
tsDMARDs or glucocorticoids. Of the included studies, 15
studies focused on infections,10–24 4 on malignancies,9 25–27 1
on mortality,28 4 on cardiovascular events29–32 and 2 on intersti-
tial lung disease.33 34 Details can be found in tables 1–3 and
online supplementary tables S1–S57.

Studies were very heterogeneous in every single item of the
PICO, thus precluding data-pooling (meta-analysis), and results
are presented descriptively.

Of the newly included 11 studies addressing serious infec-
tions, 6 compared patients on bDMARDs with those on
csDMARDs or with the general population,10–15 whereas 8
studies10–12 16–20 addressed a comparison between different
bDMARDs (3 studies addressed both comparisons)10–12—tables
1 and 2. In total, and considering the previous evidence from
2013,6 15 studies, 7 at low risk of bias, compared the risk of

serious infections between bDMARDs and csDMARDs and
overall found a significantly increased risk with adjusted HRs
(aHR) between 1.0 and 1.8 per study.10–15 35–43 More recent
studies at low risk of bias did not show an increased risk.10 14

One study comparing bDMARDs with the general population
reported standardised incidence rates of 16–20 for tumour
necrosis factor-α inhibitor (TNFi) and even higher for RTX
(table 1).15 In total, six studies,21 44–48 performed in European
and American datasets, of which four were at low risk of bias,
focused on the occurrence of herpes zoster, most of them
reporting no increased risk for this type of infection in patients
on TNFi (no studies for other bDMARDs), particularly the
studies at low risk of bias and/or those that had been adjusted
for dropouts.21 44–46

Seven studies addressing tuberculosis, most of them being at
moderate or high risk of bias, showed an increased risk of tuber-
culosis in patients on TNFi (no studies for other sDMARDS),
both compared with the general population and to patients on
csDMARDs (aHR 2.7 to 12.5 per study).11 22 23 49 50

One study at moderate risk of bias did not show an increased
risk of skin infections in patients on TNFi compared with
patients on csDMARDs.24 One study at moderate risk of bias
reported no increased risk of non-viral opportunistic infections
in patients on TNFi versus csDMARDs.23

Concerning comparisons across bDMARDs, eight studies,
only one of them being at low risk of bias, compared the
risk of serious infections across bDMARDs and in general
did not show differences between several drugs.10–12 16–20

Comparisons included TNFi and non-TNFi, both aggregated
in classes and as individual drugs. One of the studies found a
signal for a higher risk of serious infections with infliximab
compared with etanercept17 and another for infliximab, etaner-
cept and RTX compared with abatacept20 (table 2). No differ-
ences were found between TNFi and non-TNFi on the risk of
herpes zoster.21

The overall risk of malignancies was investigated in a total
of nine studies, six of them being at low risk of bias
(table 3).9 10 14 25 51–55 Both in comparison to the general popu-
lation and to patients on csDMARDs, patients on bDMARDs did
not show an increased risk for malignancies. In a few more recent
studies, patients on non-TNFi were also included.9 10 Similarly,
no increased risk for solid cancers has been found for patients on
bDMARDs compared with csDMARDs (two studies were at low
risk of bias).9 26 The same was true for the analysis of the individ-
ual solid cancers (eg, breast cancer, lung cancer, colorectal cancer
—online supplementary table S37.2). Patients on bDMARDs
(five studies, three at low risk of bias, all with TNFi), as com-
pared with the general population, had a higher risk of lymph-
oma, with adjusted aHRs ranging from 2.3 to 5.9, but in
comparison to patients on csDMARDs (three studies, two at low
risk of bias), no increased risk was found. In patients on
bDMARDs, non-melanoma skin cancer may occur more fre-
quently than in the general population (aHR 1.7; one study at
low risk of bias), but compared with csDMARDs, there was no
increased risk (four studies, two at low risk of bias). A ‘safety
alarm signal’ was shown for abatacept compared with
csDMARDs: a higher risk for its occurrence, with an aHR of
15.3 (95% CI 2.1 to 114), but this ‘signal’ was only based on two
cases.9 One study at low risk of bias has shown that patients on
bDMARDs may have an increased risk for melanoma compared
with csDMARDs (aHR 1.5 (95% CI 1.0 to 2.2)).56

For the remaining outcomes, the scarcity of data precluded
definitive conclusions, but new safety signals were absent (see
online supplementary tables S39–S57).
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DISCUSSION
Existing literature has further confirmed that patients on
bDMARDs (both TNFi and non-TNFi) have an increased risk of
serious infections compared with patients on csDMARDs and
that in general there are no differences across bDMARDs. There
is an increased risk for tuberculosis with TNFi, whereas this has
not been studied well for non-TNFi. There does not seem to be
an increased risk of herpes zoster with bDMARDs. In addition,
bDMARDs are not associated with an increased risk of malig-
nancies, with the potential exception of melanoma, based on
one study only.

Interestingly, more recent studies addressing serious infec-
tions, and especially those at low risk of bias, did not show an
increased risk of infections anymore.10 14 This contrasts with
earlier studies addressing the same outcome, in which a higher
risk of infections had been reported consistently even in those
at low risk of bias.35 36 41 This effect may reflect a change in
the attitude of physicians who now more carefully screen and
monitor patients (including infection prophylaxis, when
indicated) and treat infections in patients on bDMARDs
appropriately.

In general, our conclusions are in line with those drawn in
2013,6 which is reassuring. The accumulating body of evidence
related to bDMARDs is consistently showing us that patients
with RA can be treated in a relatively safe way with these drugs.
This SLR extends these conclusions also to non-TNFi
bDMARDs, which was not possible in the previous SLR.6 Still,
most literature on safety pertains to TNFi, and we need more
studies including non-TNFi bDMARDs and tsDMARDs in
future.

This SLR also highlights the importance of observational
studies in addressing safety aspects of treatment, particularly
those studies that include a comparator and truly allow us to
assign risks to patients on a particular intervention
(eg, bDMARDs). Without a proper comparison, it is impossible
to truly judge risks. In addition, these are studies that include
all types of patients and follow them up for a long period of
time, directly reflecting daily clinical practice, which increases
their generalisability.4 This is what we need to get better
insight into safety aspects of treatments as it complements the
limited information derived from clinical trials. Admittedly,
conducting this type of analysis in observational studies prop-
erly is challenging.57 Several confounders can influence the
relationships of interest, and they need to be carefully consid-
ered. Even though this is done, even the ‘best comparator’ that
we at the moment have to contrast safety of bDMARDs with,
namely csDMARDs, also implies challenges and limitations, as
we know that patients on csDMARDs have less severe disease,
or sometimes historical data are used for comparison purposes,
which also introduces some sources of bias. Increasingly
complex analyses are being undertaken to circumvent the
known challenges, for example, analysis adjusted for propensity
score.58 Collaborations between registries are important in
order to homogenise procedures, raise the overall quality and
allow comparisons, and these should be encouraged.59 This
will lead to better information for clinicians and better care to
patients. Over and above the current data from observational
studies, other information previously obtained through rando-
mised clinical trials (RCTs) or addressed in package inserts
should be taken into account. The labels of each drug, includ-
ing adverse events and lab monitoring, remain undisputed and
it is good practice to follow them.

Although this SLR aimed at including all DMARDs, the eli-
gible studies were only on bDMARDs. This points to the needTa
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for good quality safety studies addressing the remaining
DMARDs. Only one study included a comparison between
csDMARDs and the focus of that study was still on
bDMARDs.9 Among the studies on bDMARDs, none of them
included patients on biosimilars (yet). In addition, observational
studies addressing tsDMARDs ( Jak inhibitor(s)) have not yet
been found. However, RCT data point towards a higher risk of
serious infections, infections caused by herpes zoster and tuber-
culosis, risks that should not be ignored and that warrant
further research.2 60 Finally, while glucocorticoids are gaining
importance as bridging treatment for RA, no single study
meeting the eligibility criteria could be found. Nevertheless,
concerns regarding the long-term safety of glucocorticoids
remain,2 and recent studies, even though some of them are
uncontrolled or may suffer from confounding by indication,
point towards a higher cardiovascular risk, a higher risk of
infections and higher mortality in patients taking

glucocorticoids.28 61–64 These are all questions that should be
addressed, likely in registries, and with the use of analytical
techniques that have previously been used with success in safety
studies with bDMARDs.

In line with the frequent updates of the EULAR recommen-
dations for the management of RA, it is to expect that an
update of this SLR will soon deserve careful attention, par-
ticularly if the above-mentioned unmet needs are fulfilled and
more good quality safety registry data, and covering more
interventions, become available. An example is the recent
study from Strangfeld et al65 showing a higher risk of lower
intestinal perforation in patients taking tocilizumab compared
with patients on csDMARDs, which has no longer been
included in this SLR because it was accepted for publication
after the update of the search for this SLR and when the task
force meeting for the EULAR recommendations on the man-
agement of RA had already taken place. This and other

Table 2 Serious infections in patients on bDMARDs, comparison between different bDMARDs (observational studies)

Year of
publication Study ID Registry Intervention Control

aHR (intervention vs
comparator/control)

Risk of
bias

Serious Infections

2013–2016 Aaltonen 2015 J Rheum10 National Register for Biologic Treatment in
Finland (ROB-FIN)

RTX TNFi 1.4 (0.8 to 2.6) Low

Chiang 2014 Comp methods16 Taiwan’s National Health Insurance
Research Database

ETA ADA 2.0 (1.1 to 3.6)* High

Chiu 2014 Int J Rheum Dis11 ADA ETA 1.8 (1.2 to 2.8) High

Curtis 2014 AC&R17 US Veterans (claims dataset) ABA ETA 1.1 (0.6 to 2.1) Moderate

ADA 1.4 (0.9 to 2.2)

IFX 2.3 (1.3 to 4.0)

RTX 1.4 (0.8 to 2.6)

Johnston 2013 Semin Arthr
Rheum18

MarketScan (claims dataset) ABA RTX 1.2 (0.8 to †) Moderate

ADA 1.1 (0.7 to 1.7)

ETA 1.3 (0.8 to 2.0)

IFX 1.6 (1.0 to 2.6)

Lampropoulos 2015 Clin Exp
Rheumatol12

Files Laiko University Hospital ADA IFX 1.1 (p=0.819) High

ETA 0.7 (p=0.559)

Sakai 2015 AR&T19 REAL TCZ TNFi 2.2 (0.9 to 5.4) Moderate

Yun 2016 A&R20 Medicare claims dataset ADA ABA 1.1 (0.9 to 1.3)

CZP 1.1 (0.9 to 1.3)

ETA 1.2 (1.1 to 1.5)

IFX 1.4 (1.2 to 1.6)

GOL 1.1 (0.9 to 1.4)

RTX 1.4 (1.2 to 1.5)

TCZ 1.1 (0.9 to 1.3)

Herpes zoster

2013–2016 Pappas 2015 AC&R21 CORRONA Non-TNFi TNFi 0.8 (0.5 to 1.4) Low

Tuberculosis

2013–2016 Chiang 2014 Comp methods16 Taiwan’s National Health Insurance
Research Database

ETA ADA 2.4 (0.3 to 19.0) High

Chiu 2014 Int J Rheum Dis11 ADA ETA 2.4 (1.3 to 4.2) High

Non-viral opportunistic infections‡

2013–2016 Baddley 2014 ARD23 4 US insurance datasets (SABER study
(claims dataset))

ADA ETA 1.8 (0.8 to 4.0) Moderate

IFX 2.9 (1.5 to 5.4)

Estimates in bold reflect a risk/ratio statistically significantly different from 1, ie association is statistically significant.
More details are found in online supplementary tables S1–S31.
*Unadjusted estimate; no adjusted estimate reported.
†No upper border of CI given.
‡Non-viral opportunistic infections included fungal infections, tuberculosis, pneumocystosis, nocardiosis/actinomycosis, non-tuberculous mycobacteria, salmonellosis, listeriosis and
legionellosis.
ABA, abatacept; ADA, adalimumab; aHR, adjusted adjusted Hazard Ratio; CORRONA, Consortium of Rheumatology Researchers of North America; CZP, certolizumab pegol; ETA, etanercept;
GOL, golimumab; IFX, infliximab; REAL, Registry of Japanese Rheumatoid Arthritis Patients for Long-term Safety; RTX, rituximab; TCZ, tocilizumab; TNFi, tumour necrosis factor α inhibitor.
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relevant studies should be considered in a future update of
this SLR.
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CONCISE REPORT

Efficacy of glucocorticoids, conventional and
targeted synthetic disease-modifying antirheumatic
drugs: a systematic literature review informing the
2016 update of The EULAR recommendations for
the management of rheumatoid arthritis
Katerina Chatzidionysiou,1 Sharzad Emamikia,1 Jackie Nam,2 Sofia Ramiro,3

Josef Smolen,4 Désirée van der Heijde,3 Maxime Dougados,5 Johannes Bijlsma,6

Gerd Burmester,7 Marieke Scholte,8,9 Ronald van Vollenhoven,1,10 Robert Landewé10

ABSTRACT
Objectives To perform a systematic literature review
(SLR) informing the 2016 update of the
recommendations for the management of rheumatoid
arthritis (RA).
Methods An SLR for the period between 2013 and
2016 was undertaken to assess the efficacy of
glucocorticoids (GCs), conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs) and targeted
synthetic DMARDs (tsDMARDs) (tofacitinib and
baricitinib) in randomised clinical trials.
Results For GCs, four studies were included in the SLR.
Patients without poor prognostic factors experienced
benefit when GCs were added to methotrexate (MTX).
Lower doses of GCs were similar to higher doses. For
csDMARDs, two new studies comparing MTX
monotherapy with combination csDMARD were included
in the SLR. In the tREACH trial at the end of 12 months
no difference between the groups in disease activity,
functional ability and radiographic progression was seen,
using principles of tight control (treat-to-target). In the
CareRA trial, combination therapy with csDMARDs was
not superior to MTX monotherapy and monotherapy was
better tolerated.
For tsDMARDs, tofacitinib and baricitinib were shown

to be more effective than placebo (MTX) in different
patient populations.
Conclusions Addition of GCs to csDMARD therapy
may be beneficial but the benefits should be balanced
against the risk of toxicity. Under tight control conditions
MTX monotherapy is not less effective than combination
csDMARDs, but better tolerated. Tofacitinib and
baricitinib are efficacious in patients with RA, including
those with refractory disease.

INTRODUCTION
The landscape of rheumatoid arthritis (RA) treat-
ment has unquestionably changed dramatically
during the last decade. The development and intro-
duction to daily clinical practice of disease modify-
ing antirheumatic drugs (DMARDs) as well as
earlier diagnosis and treatment, and well defined
goals of treatment, have contributed to this treat-
ment revolution. Despite this progress, there are

still unmet needs, and a better application of the
currently available treatments as well as better treat-
ment strategies are needed. Practical recommenda-
tions based on the existing evidence are
appropriate tools for the rheumatologists. In 2013
a European League Against Rheumatism (EULAR)
task force has revised the previous recommenda-
tions on RA treatment.1 A revision of the 2013
recommendations was now undertaken.
The aim of this review was to inform the new

EULAR recommendations2 on the management of
RA on efficacy of glucocorticoids (GCs), conven-
tional synthetic DMARDs (csDMARDs) and two
targeted synthetic DMARDs (tsDMARDs), tofaciti-
nib and baricitinib based on new evidence accrued
since 2013.3 The results of this and two other sys-
tematic literature reviews (SLRs)4 5 provided the
task force with the current state of evidence.

METHODS
An SLR using MEDLINE, EMBASE and the
Cochrane CENTRAL library was performed from
January 2013 until February 2016, based on a pre-
specified PICOS statement: P=population,
I=interventions, C=comparators, O=outcomes
and S=study design. The population was ‘adult RA
patients’; the intervention was (1) GCs, (2)
csDMARDs (methotrexate (MTX), leflunomide,
sulfasalazine, hydroxychloroquine, intramuscular
gold, auranofin, azathioprine, ciclosporine, minocy-
cline, D-penicillamine, cyclophosphamide, chlor-
ambucil, mycophenolate, tacrolimus), (as
monotherapy or combination therapy) and (3)
tsDMARDs (tofacitinib and baricitinib); the com-
parator was patients not receiving the abovemen-
tioned treatments; the outcome pertained to
efficacy on disease activity, function, patient
reported outcomes (PROs) and structural damage;
and the study design always was ‘randomised con-
trolled trials’ (RCTs). Risk of bias (RoB) was
assessed using the Cochrane RoB assessment tool
(Cochrane Handbook for Systematic Reviews of
Interventions V.5.1.0 March 2011 (cited September
2016); available from: http://handbook.cochrane.
org/). ORs for dichotomous measures were
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determined to assess the magnitude of treatment effect. The
DerSimonian and Laird random-effects model was used to pool
the data when possible, allowing for both within-study and
between-study variations. Statistical heterogeneity among studies
was evaluated using the I2 statistic and χ2 test where a p value
<0.10 was considered to be statistically significant. A value of
above 50% for I2 was considered to be high. Details about the
search and the studies included can be found in the online
supplementary material. The selected group of patients included
in RCTs as well as the relatively short duration of RCTs, makes
addressing long-term safety of drugs in RCTs difficult. For this
reason, safety aspects of GCs and csDMARDs were addressed in
a separate SLR based on observational studies coming from
registries.5 Some safety issues regarding tsDMARDs will be dis-
cussed here, since real life data of tsDMARDs are still lacking.

RESULTS
Efficacy of addition of GCs to csDMARDs
Of 348 hits, 4 studies were included in the analysis (table 1).
The selection of articles is shown in online supplementary figure
S1. A small study by Menon et al6 showed greater efficacy of a
combination of csDMARDs with intra-articular GCs than with
csDMARDs alone in patients with RA with less than 2 years
disease duration, but this was an open label study with high
RoB. In the CareRA trial patients with early RA, but without
poor prognostic factors, benefited from the addition of GCs
(COBRA-slim) to MTX with no differences in safety observed.7

The primary end point of this study was not met, since the per-
centage of patients achieving remission at week 16 was only
numerically but not significantly higher in the GC group
(65.1% vs 46.8%, p=0.08). However, this substudy analysis did
not have sufficient statistical power and had a high RoB, primar-
ily due to lack of blinding.

A non-inferiority trial compared two different GC strategies;
the COBRA-light strategy (prednisolone at 30 mg/day, tapered
to 7.5 mg/day in 9 weeks) in combination with MTX; and the
COBRA strategy, using prednisolone at 60 mg/day (tapered
to7.5 mg/day in 6 weeks) in combination with both MTX and
sulfasalazine. The lower dose of GCs was efficacious in suppres-
sing clinical disease activity and improving functional ability, but
non-inferiority could not be claimed formally.8 9 The degree of
radiographic progression was similar in the two groups (COBRA
and COBRA-light). However, this study also had a high RoB
(open design), and no comparison with application of conven-
tional GCs was performed.

In a double-blind RCT with patients with established RA,
low-dose prednisone with modified release (‘chronotherapy’)
added to existing DMARD treatment in patients with active
disease had a significant effect on disease activity and
health-related quality of life compared with placebo.10

A pooled analysis could not be performed because of signifi-
cant heterogeneity of the studies regarding designs, patient
populations, doses and routes of administration of GCs, and
outcome measures. The results of the newer RCTs are in accord-
ance with the previously formulated standpoint that GC when
added to csDMARD therapy may have beneficial effects. Safety
aspects, as addressed in a separate SLR, have to be taken into
consideration.5 Level of evidence (LOE): 1a.

Efficacy of csDMARDs and csDMARD combinations
In total 518 studies were screened. The selection of articles is
shown in online supplementary figure S2. Only two new studies
comparing MTX monotherapy with MTX in combination with
another csDMARD without differences in GC usage were Ta
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included in the SLR. In the tREACH trial, that applied tight
control principles, at 12 months, disease activity, functional
ability and radiographic progression were similar in the two
groups who received csDMARD combination therapy (MTX,
sulfasalazine and hydroxychloroquine) with either oral GCs or
intramuscular GCs and the group that received MTX monother-
apy (see online supplementary table S1). GCs were given either
intramuscularly (methylprednisolone 120 mg or triamcinolone
80 mg) or in an oral tapering scheme (weeks 1–4: 15 mg/day,
weeks 5–6: 10 mg/day, weeks 7–8: 5 mg/day and weeks 9–10:
2.5 mg/day). In addition, a higher number of medication adjust-
ments due to adverse events (AEs) were applied in the combin-
ation group.11 12 Interestingly, for the two groups on
combination therapy, intramuscular and oral GCs were similarly
effective as modes of bridging therapy.

In the CareRA trial (in a different subpopulation than the one
described above in a different part of the CareRA trial) patients
with early RA and risk factors for more aggressive disease did
not benefit from combination of MTX with other csDMARDs
in comparison to MTX monotherapy (both combined with
GCs) (see online supplementary table S1). In these arms GCs
were dosed orally using a weekly step-down scheme (30–20–
12.5–10–7.5–5 mg prednisone). Monotherapy with MTX was
better tolerated.13 The CareRA trial has a high RoB (open
label).

The results of the newer RCTs are in accordance with the pre-
viously formulated standpoint that combination of csDMARDs
is not better than monotherapy with MTX. The need for more
optimal use of csDMARDs, particularly regarding the dose of
csDMARDs, however, is obvious. One double-blind RCT failed
to show differences between two starting doses of MTX,
namely 7.5 mg and 15 mg weekly.14 In the CONCERTO trial
initiating adalimumab+MTX combination therapy, the efficacy
of 10 mg/week and 20 mg/week MTX was not statistically dif-
ferent in patients with early RA.15 One study compared a
loading dose of leflunomide (100 mg×1 for 3 days) with a fixed
dose of 20 mg daily and did not show differences in efficacy but
a better safety profile for the fixed dose.16 A weekly dose of
50 mg leflunomide showed similar benefits to a daily dose of
10 mg leflunomide for the treatment of mild-to-moderate early
RA.17 The latter however was an open superiority study with a
high RoB and 10 mg leflunomide daily is considered a subopti-
mal dose.

Efficacy of tsDMARDs (tofacitinib and baricitinib)
From the 134 hits on tofacitinib 9 were identified as RCTs
(table 2).18–26 Efficacy of tofacitinib, both as monotherapy and
in combination with MTX, was formally proven in different
patient populations (MTX-naïve, csDMARD and biological
DMARD (bDMARD) inadequate responders) compared with
placebo (background MTX). For baricitinib the literature search
yielded eight new RCTs (two of them had PROs as main study
outcomes) (table 3).27–34 Similar clinical efficacy of baricitinib in
monotherapy and in combination with MTX has been sug-
gested, but only the combination (baricitinib+MTX) signifi-
cantly inhibited radiographic progression.29 In the MTX-IR
(inadequate responder) RA-BEAM study, comparing adalimu-
mab+MTX versus baricitinib+MTX versus placebo+MTX,
showed small but significantly lower responses for adalimumab
+MTX versus baricitinib+MTX, but both were higher than
placebo+MTX (Disease Activity Score 28-C reactive protein
<2.6 19% vs 24% vs 4%) at week 12.30

Importantly, baricitinib has now shown efficacy in a refractory
RA population after failure of both antitumour necrosis factor

(anti-TNF) and non-anti-TNF bDMARDs.16 All studies had low
RoB. The selection of articles for tofacitinib and baricitinib is
shown in online supplementary figures S3 and S4, respectively.

No meta-analysis could be performed due to the heterogen-
eity between the studies. The most commonly found laboratory
abnormalities with tofacitinib were mild decreases in neutrophil
and lymphocyte counts and mild increases in aminotransferase
and creatinine levels, while baricitinib was associated with
reductions in haemoglobin levels. The relative risks for serious
AEs with tofacitinib and baricitinib compared with placebo were
0.8 (95% CI 0.5 to 1.3) and 1.0 (95% CI 0.6 to 1.7), respect-
ively. However, a significantly increased risk of herpes infection
was seen (RR=3.1, 95% CI 1.1 to 8.5) with tofacitinib.

The results of the newer RCTs are in accordance with the previ-
ously formulated standpoint that the tsDMARDs (tofacitinib and
baricitinib) are effective and safe in the short term. (LOE: 1A)

DISCUSSION
Overall, the results of this review confirmed the previous SLR
and expanded the overall insights. Although the evidence on
efficacy of short-term GCs when added to csDMARDs is robust
and undisputed, there are still concerns regarding long-term
safety (such as infections, diabetes, osteoporosis, and gastro-
intestinal and cardiovascular events). Preliminary long-term
results of the CAMERA II trial showed a low occurrence of AEs
but suggested for the first time an increased cardiovascular risk
for the patients with early RA treated with 10 mg/day prednis-
one for at least 2 years.35 These results are still unpublished
(abstract in American College of Rheumatology 2015). A separ-
ate SLR focusing on the safety of GCs has been performed in
order to inform the task force and enable the formation of the
recommendations.5 GC safety aspects have also been addressed
in a separate paper prior EULAR activity.36 Clear consensus
regarding the dose and tapering of GCs is still lacking. New
data have suggested that short-term lower doses of GCs (starting
at 30 mg prednisone per day with rapid tapering), as in the
COBRA-light regimen, might be a feasible alternative to the
higher doses (starting at 60 mg/day) as in the COBRA regimen,
although formal non-inferiority was not proven. In fact, this
trial did not fulfil the inclusion criteria for the SLR, since there
was no comparator group (group without GCs according to the
PICO). However, we decided to include it in the SLR since the
question posed is highly clinically relevant.

Interestingly, the tREACH trial has suggested that the efficacy
of oral GCs as bridging treatments was not superior to intra-
muscular GCs. Two new studies were published regarding
chronotherapy and intra-articular GC therapy, thus answering
one of the research questions posed in 2013. The latter however
was a high RoB study.

Regarding the choice of csDMARD combination therapy over
monotherapy, again—and in contradiction with the perception
of many clinicians—we could not substantiate clear evidence in
favour of combination therapy with csDMARDs. Neither the
1-year results of the tREACH, nor those of the CARERA study,
showed clear evidence that MTX monotherapy is inferior to
combination therapy with csDMARDs when used in combin-
ation with GCs and when a tight treat-to-target approach is
employed. Importantly, monotherapy was generally better toler-
ated than combination therapy in these studies. Generally, the
complexity of the design of pragmatic trials and certain meth-
odological issues, such as high dropout rates and change of
primary end point, make the interpretation of the results
challenging.
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There is a clear need for studies addressing the optimal use of
csDMARDs. No new studies fulfilling the inclusion criteria
regarding dose and route of administration of MTX were identi-
fied. A previous SLR by Visser and van der Heijde37 had
addressed this issue.

Tofacitinib is the first JAK inhibitor approved for the treat-
ment of RA in many countries and baricitinib is under regula-
tory evaluation. This SLR confirmed that tofacitinib has
beneficial effects on disease activity, physical function, radio-
graphic progression and PROs, both in patients with early RA
who are DMARD-naive and in patients with established disease
who have failed csDMARDs and/or bDMARDs. Baricitinib was
found to be effective in MTX-naïve patients and also after
failure of drugs with multiple modes of action. Data on long-
term safety of this new class of DMARDs from real life observa-
tional studies are needed. Until then, rheumatologists are
advised to take into account safety data obtained through RCTs
and follow the labels of each drug, including AEs and lab
monitoring.
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CONCISE REPORT

Efficacy of biological disease-modifying
antirheumatic drugs: a systematic literature review
informing the 2016 update of the EULAR
recommendations for the management
of rheumatoid arthritis
Jackie L Nam,1,2 Kaoru Takase-Minegishi,3 Sofia Ramiro,4 Katerina Chatzidionysiou,5

Josef S Smolen,6,7 Désirée van der Heijde,4 Johannes W Bijlsma,8 Gerd R Burmester,9

Maxime Dougados,10 Marieke Scholte-Voshaar,11,12 Ronald van Vollenhoven,13,14

Robert Landewé13,15

ABSTRACT
Objectives To update the evidence for the efficacy of
biological disease-modifying antirheumatic drugs
(bDMARDs) in patients with rheumatoid arthritis (RA) to
inform European League Against Rheumatism (EULAR)
Task Force treatment recommendations.
Methods MEDLINE, EMBASE and Cochrane databases
were searched for phase III or IV (or phase II, if these
studies were lacking) randomised controlled trials (RCTs)
published between January 2013 and February 2016.
Abstracts from the American College of Rheumatology
and EULAR conferences were obtained.
Results The RCTs confirmed greater efficacy with a
bDMARD+conventional synthetic DMARD (csDMARD)
versus a csDMARDs alone (level 1A evidence). Using a
treat-to-target strategy approach, commencing and
escalating csDMARD therapy and adding a bDMARD in
cases of non-response, is an effective approach (1B). If a
bDMARD had failed, improvements in clinical response
were seen on switching to another bDMARD (1A), but
no clear advantage was seen for switching to an agent
with another mode of action. Maintenance of clinical
response in patients in remission or low disease activity
was best when continuing rather than stopping a
bDMARD, but bDMARD dose reduction or ‘spacing’
was possible, with a substantial proportion of patients
achieving bDMARD-free remission (2B). RCTs have also
demonstrated efficacy of several new bDMARDs and
biosimilar DMARDs (1B).
Conclusions This systematic literature review
consistently confirmed the previously reported efficacy of
bDMARDs in RA and provided additional information on
bDMARD switching and dose reduction.

INTRODUCTION
Since the 2013 systematic literature review (SLR)
on biological disease-modifying antirheumatic
drugs (bDMARDs) in rheumatoid arthritis (RA),1

there have been several trials addressing efficacy
and safety of various established bDMARDs,
looking at different aspects of therapy including
induction, switching, tapering and stopping of
bDMARDs. There have also been publications on

new bDMARDs, including some with new modes
of action, as well as on a number of biosimilar
DMARDs (bsDMARDs).
Many clinical trials provide direct comparisons

between a bDMARD and a conventional synthetic
DMARD (csDMARD). The use of treat-to-target
strategies,2 however, better reflects real-life treat-
ment approaches and therefore provides additional
evidence for the use of these therapies in clinical
practice. This SLR therefore also sought to provide
an update on bDMARD strategy studies, previously
defined as ‘clinical trial(s) of any treatment of RA
in which at least one arm consists of medication
adjustment according to protocol, based on clinical
outcomes aiming at a specific target’.3

This SLR aimed to update the body of evidence
with information that has emerged since 2013
regarding the use of bDMARDs in RA. The results
of this SLR and two others4 5 provided the task
force with the current state of evidence.

METHODS
The updated standard operating procedures by
European League Against Rheumatism (EULAR)
were followed.6 As before,1 7 studies on the follow-
ing nine bDMARDs were included: adalimumab
(ADA), certolizumab-pegol (CZP), etanercept
(ETN), golimumab (GLM), infliximab (IFX), ana-
kinra (ANA), abatacept (ABT), rituximab (RTX)
and tocilizumab (TCZ).1 7 Information was also
sought on new bDMARDs, including bsDMARDs.
The search was performed using MEDLINE,
EMBASE and Cochrane CENTRAL databases
between January 2013 and February 2016. Relevant
abstracts were sought from the 2013–2015
American College of Rheumatology (ACR) and
2014–2016 EULAR conferences.
The study selection criteria were the same as

those in previous EULAR bDMARD SLRs.1 7 The
Cochrane risk of bias assessment tool for RevMan
5.18 was used to assess the quality of published
studies and the Oxford Centre for Evidence-based
Medicine levels of evidence9 was used to assign
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levels of evidence. Details on the search strategy can be found in
the online supplementary material.

RESULTS
Of 10 187 articles from the database search, together with add-
itional ACR and EULAR conference abstracts and articles found
after the database search, 51 published papers and 35 abstracts
met the inclusion criteria. Risk of bias was considered ‘low’ for
most but not all studies. Open-label trials were assigned ‘high
risk of bias’ for the category ‘blinding of participants and per-
sonnel’ (see online supplementary material).

Efficacy data are presented in five sections: (1) bDMARD effi-
cacy trials (in combination with a csDMARD or as monother-
apy); (2) bDMARD strategy trials; (3) bDMARD switching
trials; (4) bDMARD stopping or dose reduction trials and (4)
trials with new therapies (new bDMARDs and bsDMARDs, and
bDMARDs versus a targeted synthetic DMARD (tsDMARD)).

Patients with RA were grouped as follows: (1) DMARD-naive,
(2) methotrexate (MTX)-naive, (3) MTX-inadequate response
(IR), (4) csDMARD-IR (mixed DMARD-IR) and (5) tumor
necrosis factor inhibitor (TNFi) TNFi-IR. This is highlighted for
each study and studies are divided accordingly in the online
supplementary section.

Biological DMARD efficacy
The focus of the results was on the primary outcomes. Other
efficacy outcomes are presented in the online supplementary
section.

Existing biological DMARD+csDMARD combination versus
csDMARD
Nine new studies have been published after 2013 confirming
evidence for the efficacy of a bDMARD+csDMARD versus a
csDMARD.10–18 In DMARD-naive RA (2010 ACR/EULAR19),
the C-EARLY10 study met its primary endpoint of sustained
Disease Activity Score using a 28 joint count (DAS28)<2.6
between weeks 40 and 52 (CZP+MTX vs placebo+MTX: 29%
vs 15%). In MTX-naive RA, C-OPERA confirmed better efficacy
of CZP+MTX compared with MTX alone.14 CARDERA-2
failed to demonstrate radiological superiority of ANA+MTX
versus MTX monotherapy.13 In mixed DMARD-IR patients,
subcutaneous TCZ+MTX was superior to background MTX in
the BREVACTA study (ACR 20 at week 24: 61% vs 32% at
week 24),17 and RTX+background leflunomide to leflunomide
in the AMARA study.18

The results of these new randomised controlled trials (RCTs)
are in accordance with the previously formulated standpoint
that a combination of a bDMARD and a csDMARD is more
effective than a csDMARD alone. Level of evidence (LOE) as in
the previous SLRs:1 1A.

Biological DMARD+MTX combination versus biological DMARD
monotherapy
In the MTX-naive RA AVERT study, a status of DAS28<2.6 was
more often achieved with ABT+MTX than with MTX mono-
therapy or ABT monotherapy at 12 months (60.9% vs 45.2% vs
42.5%). The FUNCTION study also showed higher proportions
of patients with DAS remission and ACR responses—and less
radiographic progression—with TCZ 8 mg/kg+MTX compared
with TCZ monotherapy.20 21 TCZ monotherapy had more
DAS28<2.6 and less radiographic progression than MTX
monotherapy, but most other secondary endpoints, including
physical function, were not different.

In MTX- IR RA patients, the SURPRISE study showed at
week 24, the time of the primary endpoint, that a status of
DAS28<2.6 was more often achieved when adding TCZ to
MTX versus switching from MTX to TCZ (70% vs 55%).22

This modest benefit had disappeared at week 52 (72% vs 70%).
Clinically relevant radiographic progression was lower with
TCZ+MTX combination therapy than with TCZ monotherapy
(van der Heijde-Sharp score ≥3: 7% vs 15%).

The results of the newer RCTs are in accordance with the pre-
viously formulated standpoint that a combination of any
bDMARD and a csDMARD is more effective than bDMARD
monotherapy (LOE as in the previous SLRs:1 1B).

Biological strategy-type studies
In the U-Act-Early RCT, MTX-naive patients were randomised
to TCZ+MTX, TCZ monotherapy or MTX monotherapy using
a treat-to-target approach.23 The primary analysis (number of
people achieving sustained DAS28<2.6 by the originally
assigned treatment) was higher in the TCZ+MTX or TCZ
monotherapy groups than the MTX monotherapy group (86%
vs 84% vs 44%). In the clinically more relevant second analysis,
and co-primary endpoint, which addresses the entire study
period, the initial differences between the groups were no longer
seen with the addition of TCZ in the MTX monotherapy group
following a treat-to-target approach (86% vs 88% vs 77%).

In TACIT, a non-inferiority RCT in MTX-IR RA who had
failed MTX and another csDMARD,24 patients were rando-
mised to either a strategy of TNFi-start, followed by a switch to
a second bDMARD in case of no response, or to a strategy of
combination csDMARD therapy, followed by the start of a
bDMARD in case of non-response. The change in Health
Assessment Questionnaire (HAQ) score after 12 months
(primary endpoint) was not inferior for the strategy starting
with combination csDMARD versus the strategy starting with
TNFi (−0.45 vs −0.3). While earlier clinical responses were
seen in the TNFi strategy, a status of DAS28<2.6 at 12 months
was met by slightly more patients in the TNF start group than
in the csDMARD group (44% vs 35%). Of note this was an
open-label study with a (too) large non-inferiority margin that
importantly limits its interpretability. Thus, the study had a high
risk of bias. Adverse events were more frequently found in the
csDMARD combination group.

Ten-year data from all four arms of the BeSt trial suggested
that a high proportion of patients (53%) maintain long-term
remission, either on drugs or drug free, and had very limited
10-year radiographic progression, confirming the effectiveness
of early DMARD treatment together with a treat-to-target
approach.25

The results of the newer RCTs are therefore in accordance
with the previously formulated standpoint that strategies aiming
at benchmarking disease activity and intensifying treatment
when clinical remission or low disease activity is not yet reached
may lead to favourable outcomes (LOE: 1B).

Switching between bDMARDs in TNFi-IR RA
Previous meta-analyses of RCTs had already demonstrated effi-
cacy of all bDMARD classes in patients failing a TNFi
(TNFi-IR) (LOE: 1A).7 26 To date, new bDMARD switching
trials of this type could not be found.

Patients from the DREAM cohort, who had failed a first
TNFi and had DAS28≥3.2, were randomised to receive ABT or
RTX, or a second TNFi in a trial with a non-inferiority design.
The mean (SD) 12-month DAS28 were 3.8 (1.2) versus 3.4
(1.2) versus 3.5 (1.5) in the ABT, RTX and TNFi groups,
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respectively.27 In the ROC trial, patients who failed their first
TNFi were randomised to either a second TNFi or to another
mode of action bDMARD (ABT, RTX or TCZ).28 At week 48,
EULAR good response was 60% with a non-TNFi bDMARD
versus 43.2% for a second TNFi.

The results of the newer RCTs are in accordance with the pre-
viously formulated standpoint that patients who have failed
their first TNFi may expect benefit from a second TNFi or from
a non-TNFi biological (LOE: 1A). There is insufficient evidence
to prioritise either strategy.

Biological DMARD stopping or dose reduction
Biological DMARD stopping
In patients with MTX-naive RA, the AVERT trial11 showed that
patients with DAS28<3.2 on ABT+MTX, ABT or MTX main-
tained their drug-free status (DAS28<2.6, both at 12 and
18 months) in only 14.8% after stopping ABT+MTX, 12.4%
after stopping ABTand 7.8% after stopping MTX.

In patients with MTX-IR RA, in the ENCOURAGE study,
patients with DAS28<2.6 on ETN+MTX at 6 and 12 months
were randomly assigned to strategies stopping or continuing
their treatment. There were higher proportions of patients with
DAS28<2.6 when continuing medication (88%) versus with-
drawing ETN and continuing MTX (54%).29

In patients with MTX-IR RA that had participated in the
ACT-RAY study, a follow-up study showed that in those with
sustained DAS28<2.6 and discontinued TCZ only 38.4% of
the TCZ+MTX group and 35.1% of the TCZ monotherapy
group maintained that state for an average of 3 months.30 The
majority of those who lost response (84%) responded well to
TCZ reintroduction, but 16% did not.

The results of the newer RCTs are in accordance with the pre-
viously formulated standpoint that a variable but relatively low
proportion of patients who have sustained low disease activity
or remission on a strategy with a bDMARD can stop that
bDMARD (and continue MTX) without losing their status of
low disease activity/remission (LOE: 2B).

Biological DMARD dose reduction
In MTX-naive RA patients, in a substudy of AGREE, patients
with a DAS28 erythrocyte sedimentation rate (DAS28-ESR)
<2.6 at year 2 on ABT 10 mg/kg+MTX were randomised to
ABT 10 mg/kg (full dose)+MTX versus ABT 5 mg/kg (half
dose)+MTX.31 Similar relapse rates were seen in both groups
(31% in the ABT 10 mg/kg and 34% in the 5 mg/kg groups).

The open-label non-inferiority DRESS RCT, in which patients
in stable low disease activity on ADA or ETN were randomised
to usual care or a dose reduction strategy (stepwise increase in
injection intervals), showed that continuation versus dose reduc-
tion led to similar rates of ‘major flare’ (10% vs 12%).32

In the OPTIRRA RCT, patients in stable (3 months) low
disease activity (DAS28<3.2) on ADA or ETN were randomised
to continue ADA or ETN, taper ADA or ETN by 33% or taper
ADA or ETN by 66%.33 Similar flare rates were seen in the con-
tinuation and ADA or ETN 33% tapering group (14% vs 13%),
but a higher rate in the ADA or ETN 66% tapering group (37%).

The SMART34 study, in which TNFi-IR RA patients who
achieved a EULAR (moderate or good) response on standard
dose RTX were randomised to receive RTX 1000 mg once or
RTX 1000 mg twice, suggested non-inferiority of both strategies
(adjusted mean difference in DAS28-C reactive protein (DAS28-
CRP) area under the curve 51.4 (95% CI −13.2 to 234)).

The results of the newer RCTs are in accordance with the pre-
viously formulated standpoint that a significant proportion of

patients who have sustained low disease activity on a strategy
with a bDMARD can taper that bDMARD (and continue MTX)
without losing their status of low disease activity and that redu-
cing the dose of the bDMARD by up to 50% or increasing the
interval between doses accordingly conveys similar results as
continuing full dose (LOE: 2B).

bDMARDs in comparison to new therapies
Existing bDMARDs versus new targeted synthetic DMARDs
In the MTX-IR RA-BEAM study, comparing ADA+MTX versus
the tsDMARD baricitinib+MTX versus placebo+MTX, showed
small but significantly lower responses for ADA+MTX versus
baricitinib+MTX, but both were higher than placebo+MTX
(DAS28-CRP<2.6 19% vs 24% vs 4%) at week 12.35

New biological DMARDs
Several new bDMARDs targeting well-known targets have
undergone phase II or III clinical trials in MTX-IR or
mixed-DMARD-IR RA patients and have consistently shown
superiority in clinical responses versus placebo. These include
the human interleukin (IL)-6-receptor-inhibitor sarilumab,36 the
humanised anti-IL6 clazakizumab,37 the human anti-IL6 siruku-
mab38 and also the granulocyte-monocyte colony stimulating
factor receptor alpha inhibitor (GMCSFrα-i) mavrilimumab.39

On the other hand, bDMARDs targeting the IL12/
23p40-pathway (ustekinumab),40 the IL23p19-pathway (guselk-
umab)40 and the B-cell-activating factor (tabalumab)41–43 have
not demonstrated clinical efficacy over placebo in RA.

Studies have also formally demonstrated efficacy for siruku-
mab38 and sarilumab44 in patients previously exposed to other
bDMARDs.

Biosimilar DMARDs
The long-term observational study of the PLANETRA trial has
suggested sustained efficacy of those treated with the
bsDMARD IFX CT-P13.45 IFX CT-P13 also demonstrated clin-
ical efficacy in another RCT of MTX-IR RA.46 Efficacy was also
formally proven in placebo-controlled RCTs with the ADA
bsDMARDs ABP50147 and SB5,48 with the ETN bsDMARDs
HD20349 and SB4,50 with the IFX bsDMARD SB251 and with
the RTX bsDMARD BCD-020.52

The results of the newer RCTs are in accordance with the pre-
viously formulated standpoint that targeting the IL6-pathway,
now including also the IL-6 ligand, may provide benefits to
patients, that targeting the cytokine GMCSF is potentially benefi-
cial to patients and that bsDMARDs are as effective biologicals as
the originator bDMARDs in the treatment of patients with RA.

DISCUSSION
This review on bDMARDs in RA aimed to provide a systematic
update of the body of evidence available for the treatment of
patients with RA with bDMARDs. It only includes new data
from 2013 onwards. These data were presented to the expert
committee that convened to discuss the 2016 update of the
EULAR recommendations on the (drug) management of patients
with RA.53

The results of this SLR confirmed the efficacy of bDMARDs
in combination with a csDMARD (ADA, CZP, ETN, GLM, IFX,
ABT, RTX and TCZ but not ANA).13 Combination therapy
(bDMARD+csDMARD) was in general again found to be
superior to bDMARD monotherapy.

Remarkably, we did not find any new ‘head-to-head’ trial
with bDMARDs published after 2013 in this highly competitive
field of high-cost drug treatment in RA. Investigators of
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sponsored trials usually sought (reconfirmation of) superiority
over placebo or engaged in low-commercial-risk strategy trials
that reconfirmed the already inarguable efficacy of their
bDMARD over placebo.

What is needed in the field of RA, known for its high number
of very effective but costly treatments, is a proper evidence-based
prioritisation of the drugs we have available. Guideline commit-
tees such as ours have to base their consensus on solid data stem-
ming from direct comparisons of treatments. In the absence of
high-quality direct comparisons, methodologists and (company)
statisticians find escape routes in indirect comparisons and
network meta-analyses. We will not dispute the modest merits of
network meta-analyses, but warn against the careless interpret-
ation of their results, since no (network) meta-analysis is meth-
odologically better than the weakest trial contributing to it.

The most important findings in this update SLR were as
follows: patients on MTX monotherapy achieved sustained
remission when following a treat-to-target strategy.23 Results
from new strategy studies23 24 in this regard support those from
previous RCTs1 3 and allow a firm conclusion: a treat-to-target
approach, escalating csDMARD therapy and adding a
bDMARD in cases of non-response, is an effective approach.

New trials in patients who have failed their first TNFi show
that switching to a second bDMARD ‘makes sense’. However,
the current RCTs do not help us in deciding if this second
bDMARD should be a TNFi DMARD or a non-TNFi DMARD.
Sparse data that are currently available are not convincing. It
may, for instance, be relevant that a patient has not had any
response to bDMARD from its initiation (primary non-
response) or that an initial response was lost over time (second-
ary non-response). Evidence from RCTs that may help answering
such questions is still lacking.

Recently we have faced the advent of several bsDMARDs.
Many of these have passed the hurdle of regulatory ‘biosimilar-
ity’ and have entered the market or will do this soon. To date,
there is no scientific indication that these bsDMARDs, which
are already less expensive in some countries than their origin-
ator counterparts, are inferior to their ‘parents’ in efficacy or
safety. In the absence of tangible distinctions between originator
bDMARDs and their bsDMARDs, future guideline committees
will likely base their priority on non-scientific arguments such as
drug costs.

In general, patients with RA that have achieved low disease
activity or remission are better off with continuation of their
treatment than with stopping, but many of the patients can suc-
cessfully apply bDMARD dose reduction or interval increase,
and if a flare occurs most of them will regain disease control
upon restarting their bDMARD. Prognostic factors that may
help determining which patient subgroups are able to
de-escalate therapy and achieve drug-free remission are
needed.54 Several studies have addressed these55–58 but we
could not find RCTs in which patients had been stratified
according to prognostic factors for tapering.

Comparative data with the tsDMARD baricitinib suggested
superior efficacy of baricitinib over ADA, but it remains to be
seen if this short-term gain remains over time. Obviously, long-
term data on safety still have to be awaited before a proper valu-
ation can take place. There were also several RCTs demonstrat-
ing efficacy of new mode-of-action bDMARDs and bsDMARDs
in RA.

As before, the sole source of efficacy studies in this SLR was
RCTs. While registry data may provide real-life efficacy data,
these are prone to bias and have not been included in this SLR.
Registry data, however, are crucial to evaluate long-term drug

safety and have been used in the EULAR SLR addressing
DMARD safety.4

In conclusion, this literature review consistently confirmed
the efficacy of bDMARDs in RA. It provides some evidence for
bDMARD stopping and dose reduction, addressed the import-
ant topic of bDMARD switching in TNFi-IR RA and high-
lighted the advent of some new biological therapies.
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Mitochondrial DNA haplogroups influence the risk
of incident knee osteoarthritis in OAI and CHECK
cohorts. A meta-analysis and functional study
Mercedes Fernández-Moreno,1 Angel Soto-Hermida,1 María E Vázquez-Mosquera,1

Estefanía Cortés-Pereira,1 Sara Relaño,2 Tamara Hermida-Gómez,1 Sonia Pértega,3

Natividad Oreiro-Villar,1 Carlos Fernández-López,1 Rafael Garesse,4,5

Francisco J Blanco,1 Ignacio Rego-Pérez1

ABSTRACT
Objective To evaluate the influence of the
mitochondrial DNA (mtDNA) haplogroups in the risk of
incident knee osteoarthritis (OA) and to explain the
functional consequences of this association to identify
potential diagnostic biomarkers and therapeutic targets.
Methods Two prospective cohorts contributed
participants. The osteoarthritis initiative (OAI) included
2579 subjects of the incidence subcohort, and the
cohort hip and cohort knee (CHECK) included 635, both
with 8-year follow-up. The analysis included the
association of mtDNA haplogroups with the rate of
incident knee OA in subjects from both cohorts followed
by a subsequent meta-analysis. Transmitochondrial
cybrids harbouring haplogroup J or H were constructed
to detect differences between them in relation to
physiological features including specific mitochondrial
metabolic parameters, reactive oxygen species
production, oxidative stress and apoptosis.
Results Compared with H, the haplogroup J associates
with decreased risk of incident knee OA in subjects from
OAI (HR=0.680; 95% CI 0.470 to 0.968; p<0.05) and
CHECK (HR=0.728; 95% CI 0.469 to 0.998; p<0.05).
The subsequent meta-analysis including 3214 cases
showed that the haplogroup J associates with a lower
risk of incident knee OA (HR=0.702; 95% CI 0.541 to
0.912; p=0.008). J cybrids show a lower free radical
production, higher cell survival under oxidative stress
conditions, lower grade of apoptosis as well as lower
expression of the mitochondrially related pro-apoptotic
gene BCL2 binding component 3 (BBC3). In addition,
J cybrids also show a lower mitochondrial respiration
and glycolysis leading to decreased ATP production.
Conclusions The physiological effects of the
haplogroup J are beneficial to have a lower rate of
incident knee OA over time. Potential drugs to treat OA
could focus on emulating the mitochondrial behaviour of
this haplogroup.

INTRODUCTION
Osteoarthritis (OA) is a chronic progressive dis-
order involving movable joints characterised by cell
stress and extracellular matrix degradation initiated
by micro-injury and macro-injury that activates mal-
adaptive repair responses including pro-inflammatory
pathways of innate immunity. The disease manifests
first as a molecular derangement (abnormal tissue

metabolism) followed by anatomical and/or physio-
logical derangements (characterised by cartilage
degradation, bone remodelling, osteophyte forma-
tion, joint inflammation and loss of normal joint
function) that can culminate in illness.1

OA is the most common form of arthritis, occur-
ring in 10%–20% of the population aged over
50 years, and it is estimated that the population
with OA will double in the next 30 years.2 Thus,
the identification of risk factors that accelerate
disease progression is critical since these factors
could become potential targets for disease modifi-
cation.3 To achieve this objective, the use of well-
characterised study cohorts to identify prognostic
factors that predict the course of OA, as well as
to identify markers for the (early) diagnosis and
course of joint damage, becomes imperative. In this
sense, both osteoarthritis initiative (OAI) and
cohort hip and cohort knee (CHECK) stand out.
OA is a heterogeneous disease in which a com-

bination of modifiable (ie, body mass index (BMI),
joint injury) and non-modifiable factors (ie, age,
gender, genetics) interact. Thus, the pathogenesis
of OA is still unclear; however, it is widely accepted
that genetics plays a main role in the prevalence
and progression of this disease;4 even prediction
tools for knee OA based on genetic and clinical
information have been developed.5 6 Besides,
during the last years, increasing evidence points to
the implication of the mitochondria and the mito-
chondrial DNA (mtDNA) haplogroups in the
pathogenesis of the disease.2 7 8

The mtDNA haplogroups are the result of mater-
nally inherited mutations in the mtDNA acquired
throughout the human history and shaped by the
climate selection when humans migrated into
colder climates.9 10 Each of the mtDNA hap-
logroups harbours specific single nucleotide poly-
morphisms (SNPs) that influence the behaviour of
the mitochondria11 and interact with the nuclear
genome,12 influencing our health today.10 Some of
these genetic variants have been associated with
degenerative disorders,13 metabolic alterations14 or
even increased longevity in humans.15

Regarding OA, several studies also reported the
association of specific haplogroups with a lower
prevalence of the disease,16–19 while others did
not.20 Moreover, recent studies showed significant
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associations of specific haplogroups with a lower rate of radio-
graphic progression and cartilage loss over time in different study
cohorts worldwide such as the OAI21 and one Spanish cohort.22

In an attempt to ascertain the correlation of mtDNA hap-
logroups and the rate of incident knee OA, in this work we per-
formed a replication study and meta-analysis of two individual
studies involving subjects from CHECK and OAI cohorts. In
addition, functional studies using transmitochondrial cybrids
were performed to ascertain the cellular mechanisms underlying
the association of mtDNA variants with the pathogenesis of the
disease.

METHODS
Incident knee OA study in subjects from the OAI and CHECK
cohorts
Participants
The description of CHECK and OAI cohorts is included in the
online supplementary methods section. For this study, we
included longitudinal data, in terms of Kellgren and Lawrence
(KL) grade, of 2579 participants of the incidence subcohort of
the OAI and 635 CHECK participants that met the eligibility
criteria for an incident knee OA study monitored at predefined
intervals for a period of 8 years.

Incident knee OA criteria
The incidence of radiographic knee OA was defined on joint
level (knees separately) following the appropriate proposed cri-
teria for each of the two cohorts. In OAI subjects, we followed
the definition of incident knee OA proposed by Felson et al23

consisted in a new-onset KL grade ≥2 from baseline to
follow-up. In CHECK subjects, we followed the proposed defin-
ition of incident knee OA for this cohort24 25 consisted in a
new-onset KL grade ≥1 from baseline to follow-up in accord-
ance with the very early stage OA in CHECK subjects.

mtDNA haplogroups genotyping
The mtDNA haplogroups were assigned in 2579 DNA samples
belonging to the OAI and 635 from CHECK following a previ-
ously described assay16 (see online supplementary methods).

Statistical analysis
All the statistical analyses were performed using IBM-SPSS soft-
ware V.19 (IBM, Armonk, New York, USA) and R software
V.3.1.2 (The R Foundation for Statistical Computing). All com-
parisons were two-sided, with p<0.05 defined as statistically
significant.

To avoid potential biases associated with the use of standard
survival analysis in this context, interval-censored data analysis
methods were used (see supplementary methods section). The
multivariate analysis was performed by comparisons between
haplogroups considering the most common haplogroup H as
the reference group. Since there was no interest in all possible
pairwise comparisons, no additional adjusting for multiple com-
parisons was done.

Meta-analysis
In this work, we performed a meta-analysis of incident knee OA
including data from CHECK and OAI. Following the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines, we conducted a previous computerised
search strategy to find other possible relevant studies to include
in the meta-analysis (see supplementary methods).

The random-effects model described by DerSimonian and
Laird26 was used to calculate a summary statistic and its 95%

CI. Adjusted HRs were used as the effect size measure for the
association between mtDNA haplogroups and OA incidence.
Meta-analysis results were presented on a forest plot graph. To
explore heterogeneity, the I2 index was computed. Meta-analysis
was carried out using the R software programme (V.3.2.2), using
the meta-package. A two-tailed p value <0.05 was considered
to be significant. Meta-analysis was planned to be performed on
k=2 studies, with an estimated statistical power of 91.9% to
detect as statistically significant an HR ≤0.5 associated with
each haplogroup, with a p=0.05 two-tailed significance level.

We only selected studies that met the following inclusion cri-
teria: (i) evaluating the association between mtDNA hap-
logroups and the rate of incident OA over time; (ii) with
sufficient data provided to calculate HRs with their correspond-
ing 95% CI. On the contrary, those studies analysing the correl-
ation between mtDNA haplogroups and the prevalence or risk
of OA as well as those studies analysing other mtDNA muta-
tions with incidence were excluded.

Functional studies using transmitochondrial cybrids
An extended version of the methodology described herein is
available in the online supplementary methods.

Cybrid cultures and culture conditions
The human osteosarcoma cell line 143B.TK− Rho-0 was used to
generate the transmitochondrial cybrids by fusing them with
platelets from healthy donors carrying the haplogroups J or H
following the protocol described by Chomyn,27 such that we
finally obtained two types of cybrids: cybrids harbouring hap-
logroup J and cybrids harbouring haplogroup H.

Flux assay measurements
Extracellular acidification rate (ECAR) (largely result of glycoly-
sis) and oxygen consumption rate (OCR) (indicator of mito-
chondrial respiration) was determined by direct measurement in
a SeaHorse XFp extracellular flux analyser instrument (Seahorse
Bioscience, Agilent Technologies) following manufacturer’s
instructions.

Mitochondrial reactive oxygen species production assay
Mitochondrial peroxide and peroxynitrite were evaluated with
dihydrorhodamine 123 (Sigma) and mitochondrial superoxide
anion production was assessed with MitoSox Red (Thermo
Fisher Scientific).

Oxidative stress response assay: viability assay
After incubation of cells with 300 mMH2O2, the cell viability
was measured using CellTiter 96 Aqueous Assay (Promega) fol-
lowing manufacturer’s recommendations.

Apoptosis assay
Cells were cultured in presence of staurosporine at 0.2 mM
during 2 hours to induce apoptosis and were subsequently
washed and resuspended in 1X Annexin-binding buffer; then
5 μL of the Annexin V-fluorescein isothiocyanate and 5 μL of
propidium iodide (ImmunoStep) were added to each 100 μL of
cell suspension.

In addition, the basal expression of the mitochondrial
apoptotic-related genes B-cell CLL/lymphoma 2-like 13
(BCL2L13) and BCL2 binding component 3 (BBC3) in H and J
cybrids was also quantified.
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Statistical analysis
Results were expressed as the mean of three independent experi-
ments (mean±SD) using two cybrids (two J cybrids and two H
cybrids) from two individuals (two different J individuals and
two different H individuals) and two clones from each cybrid.
Statistically significant differences between the two groups were
determined with t-test; p values <0.05 were considered to be
significant.

RESULTS
mtDNA haplogroups and incident knee OA in subjects of the
OAI cohort
No significant differences were detected in the distribution of
age, BMI, Western Ontario and McMaster Universities Arthritis
Index (WOMAC) and contralateral OA at baseline among
patients with different haplogroups; however, a significantly dif-
ferent gender distribution was identified, both being hap-
logroups H and J that showed an increased percentage of
females than the rest of haplogroups (table 1).

Cumulative probability of incident knee OA at 8 years was
25.1%. Subjects with the haplogroup J showed the lowest rate
of incident knee OA over time, 20.1% (adjusted HR=0.680;
95% CI 0.470 to 0.968; p<0.05). In addition, males had a
decreased risk too (adjusted HR=0.590; 95% CI 0.491 to
0.712; p<0.05), meanwhile BMI (adjusted HR=1.066; 95% CI
1.047 to 1.085; p<0.05), total WOMAC (adjusted HR=1.018;
95% CI 1.010 to 1.026;p<0.05) and contralateral knee OA
(adjusted HR=1.593; 95% CI 1.328 to 1.900; p<0.05) at
baseline were risk factors for a higher risk of incident knee
OA (table 2).

mtDNA haplogroups and incident knee OA in subjects of
CHECK cohort
No significant differences were detected in the distribution of
age, gender, BMI, WOMAC and contralateral OA at baseline
among patients with different haplogroups (table 1).

Global cumulative probability of incident knee OA at 8 years
was 89.7%. The cumulative knee OA incidence was significantly
lower in carriers of the haplogroup J, with 82.1% (adjusted
HR=0.728; 95% CI 0.469 to 0.998; p<0.05). In addition, the
model also showed that total WOMAC (adjusted HR=1.006;
95% CI 1.001 to 1.012; p<0.05) and contralateral knee OA
(adjusted HR=1.313; 95% CI 1.087 to 1.576; p<0.05) at base-
line were risk factors to develop incident knee OA (table 2).

Meta-analysis
The search process identified a total of seven non-duplicated
articles and no unpublished article16 18 22 28–31 (see online
supplementary table S1). However, after reading the titles and
abstracts none of these seven articles was subsequently selected
for meta-analysis because they did not follow the inclusion cri-
teria; namely, they did not evaluate the association between
mtDNA haplogroups and the rate of incident knee OA over
time but analysed the association between these mtDNA var-
iants, or any other mtDNA mutations, and the prevalence of
OA in cross-sectional studies. In conclusion, only the two associ-
ation studies performed herein were selected for subsequent
meta-analysis reaching a total of 3214 subjects (2579 patients
from the OAI and 635 patients from CHECK) (table 3).

No between-study heterogeneity was detected for the hap-
logroup J (I2=0%; p=0.798), however, the random-effects
model was evenly used. Both studies showed a similar contribu-
tion or relative weight (W), being slightly higher in the OAI Ta
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study (52.2%) compared with CHECK (47.8%). The results
showed that haplogroup J significantly reduces the risk of inci-
dent knee OA (combined HR=0.702; 95% CI 0.541 to 0.912;
p=0.008) (figure 1).

Functional study using transmitochondrial cybrids
Establishment of basal conditions
At 25 passages, the mtDNA copy number between H and J
cybrids acquired the steady state levels (data not shown), mean-
while at 48 hours the doubling time (DT) showed no significant
differences between H and J cybrids (data not shown). Based on

these setting, all the experiments were performed starting from
25 passages and after 48 hours of cell culture.

Mitochondrial respiration and glycolytic capacity
To measure real-time glycolytic and mitochondrial respiration
rates, cybrids were placed in an extracellular flux analyser
(Seahorse Biosciences). The analyser measures ECAR and OCR
in a transient microchamber, representing glycolysis and mito-
chondrial respiration, respectively. Glycolysis rate in H and J
cybrids were 87.98±11.4 and 69.45±4.69 mpH/min, respec-
tively, indicating a 21.06% decrease in J cybrids (p=0.0004);

Table 2 Cumulative probability of incident knee OA at 8 years in subjects from the OAI and CHECK cohorts according to mtDNA haplogroups
and results of the extended Cox proportional hazard model

Variables
Cumulative knee OA incidence at 8 years
n (%)* Adjusted HR 95% CI†

OAI

Gender (male) 0.590 0.491 to 0.712‡

Age 1.007 0.997 to 1.017

BMI 1.066 1.047 to 1.085‡

WOMAC (total) 1.018 1.010 to 1.026‡

Contralateral OA at baseline 1.593 1.328 to 1.900‡

mtDNA haplogroups (N=2579)

H (n=1042) 278 (26.7%) 1

UK (n=612) 154 (25.1%) 0.908 0.727 to 1.131

T (n=275) 67 (24.3%) 0.896 0.658 to 1.221

J (n=236) 47 (20.1%) 0.680 0.470 to 0.968‡

Others§ (n=414) 102 (24.6%) 0.895 0.698 to 1.153

CHECK

Gender (male) 0.869 0.698 to 1.043

Age 1.007 0.990 to 1.026

BMI 1.005 0.987 to 1.025

WOMAC (total) 1.006 1.001 to 1.012‡

Contralateral OA at baseline 1.313 1.087 to 1.576‡

mtDNA haplogroups (N=635)

H (n=269) 248 (92.2%) 1

UK (n=144) 126 (87.5%) 0.849 0.682 to 1.035

T (n=68) 64 (94.1%) 1.133 0.850 to 1.447

J (n=56) 46 (82.1%) 0.728 0.469 to 0.998‡

Others§ (n=98) 86 (87.7%) 0.810 0.627 to 1.032

*Cumulative incident knee OA rate from baseline to follow-up.
†CIs for the HRs obtained using the bootstrap methodology by the improved percentile method.
‡Statistical significance declared at p≤0.05.
§The group ‘others’ include mtDNA variants with a frequency below 5%.
Bold refers to parameters that reached the statistical significance (p≤0.05).
BMI, body mass index; CHECK, cohort hip and cohort knee; mtDNA, mitochondrial DNA; OA, osteoarthritis; OAI, osteoarthritis initiative, WOMAC, Western Ontario and McMaster
Universities Arthritis Index.

Table 3 Characteristics of studies included in the meta-analysis

Cohort Year
Sample
size Country Ethnicity

Mean
age Type of study

Type
of OA

Incident
knee OA
criteria

Genotyping
method

Controlled
confounder
variables Conclusion

CHECK 2016 635 The
Netherlands

Caucasian 56 Incidence,
prospective at 8
years

Knee
OA

New-onset KL
grade 1

SBE and PCR/
RFLP

Gender, age, BMI,
WOMAC,
contralateral OA

Haplogroup J
associates with
decreased risk

OAI 2016 2579 USA Caucasian 61 Incidence,
Prospective at
eight years

Knee
OA

New-onset KL
grade 2

SBE and PCR/
RFLP

Gender, age, BMI,
WOMAC,
contralateral OA

Haplogroup J
associates with
decreased risk

BMI, body mass index; CHECK, cohort hip and cohort knee; KL, Kellgren and Lawrence; OA, osteoarthritis; SBE, single base extension; OAI, osteoarthritis initiative; RFLP, restriction
fragment length polymorphism; WOMAC, Western Ontario and McMaster Universities Arthritis Index.
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glycolytic capacity rates in H and J cybrids were 116.3±12.76
and 91.69±6.48 mph/min, respectively, indicating a 21.16%
decrease in J cybrids (p<0.0001) (figure 2A). Similarly, mito-
chondrial basal respiration rate was significantly lower in J
cybrids (96.58±60.01 pmol/min) compared with H cybrids
(209.08±55.7 pmol/min, p=0.007); as a result, H cybrids
showed an increased ATP production (149.95±23.29 vs 65.94
±25.72 pmol/min in J cybrids; p<0.0001) (figure 2B).

Mitochondrial reactive oxygen species production and oxidative
stress response
Cybrids carrying the haplogroup H had a significantly higher
production of peroxide and peroxynitrite than cybrids carrying
the haplogroup J (52.51±11.34 vs 41.26±7.48; p<0.05)
(figure 2C). Moreover, the analysis of mitochondrial anion
superoxide revealed the same significant trend by which H
cybrids showed higher levels than J cybrids (8.58±3.0 vs 4.25
±0.9; p<0.05) (figure 2D).

In relation to oxidative stress response, the results showed
that the percentage of survival cells in presence of H2O2 in H
cybrids was significantly lower than in J cybrids (29.63±3.3 vs
56.45±7.36; p<0.05) (figure 2E).

Analysis of apoptosis
The analysis of apoptosis assessed in basal conditions revealed
no significant differences between H and J cybrids (3.69±2 and
4.17±1.1, respectively; p>0.05) (data not shown). However,
after incubation with staurosporine, cybrids carrying the hap-
logroup H showed a significantly increased number of apoptotic
cells in comparison with J cybrids (7.35±3.78 vs 4.69±1.68;
p<0.05) (figure 2F).

Further analysis of the pro-apoptotic gene BBC3 and the anti-
apoptotic gene BCL2L13 showed a significantly increased
expression of BBC3 in H cybrids compared with J cybrids
(3.3-fold; p<0.05). On the contrary, no significant differences
were detected in the expression of BCL2L13 (figure 2G).

DISCUSSION
Here, we report the first replication study followed by a
meta-analysis addressing the association between mtDNA hap-
logroups and the risk of incident knee OA over time using new
haplogroup data from two well-characterised cohorts of
patients; a previous meta-analysis involving the study of the
mtDNA haplogroups consisted in the analysis of their associ-
ation with the prevalence of the disease.28 In addition, we
provide data supporting the possible explanation for these asso-
ciations using transmitochondrial cybrids.

We assessed, for the first time, the influence of the mtDNA
haplogroups in the rate of incident knee OA in subjects of the
incidence subcohort of the OAI followed by a replication study
in patients from CHECK. Despite OAI and CHECK are geo-
graphically different cohorts, the frequency distribution of
the mtDNA haplogroups was very similar between both cohorts
(χ2 test; p=0.924, data not shown), ruling out a potential
confusion due to ethnic origin. Compared with the incidence
subgroup of the OAI, CHECK participants experienced an
increased radiographic change at follow-up (89.7% vs 25.1%)
mainly because of the different incident knee OA criteria and
mean age at baseline between both cohorts, as previously
described.32 Although both cohorts focus on the early phase of
OA, the CHECK cohort represents participants in an even
earlier state of the disease33 and the incident knee OA criteria
slightly differs from the proposed by Felson et al23 in subjects
of the OAI. Notwithstanding, the results obtained reveal that
subjects with haplogroup J show a lower rate of incident knee
OA in both cohorts.

To date, different associations involving the haplogroup J
have been described in the context of OA. Subjects carrying this
haplogroup have a lower prevalence of knee and/or hip
OA,16 17 19 28 besides this mtDNA variant also associates with
lower serum levels of catabolic type II collagen biomarkers34

and metalloproteinases (MMPs)35 and has been correlated with
higher telomere length and lower nitric oxide production in
articular chondrocytes.36 However, a work by Hudson et al
found no evidence of associations between mtDNA variants and
the risk of OA.20 Although the study by Hudson et al is a preva-
lence study, and not an incident knee OA analysis as is the case
of the study presented herein, some points could clarify this;
control samples used in their study are population-based con-
trols with symptomatic information and without radiographic
data. Up to 50% of patients without joint symptoms may have
radiographic changes related to OA,37 therefore, the selection of
adequate healthy controls is crucial to draw consistent conclu-
sions in case-control studies; this point could be one of the
causes by which one study performed by the arcOGEN consor-
tium also failed to replicate previous associations at genome-
wide significance level (p≤5.0×10−8), such as GDF5, chromo-
some 7q22 or MCF2L gene polymorphisms.38 Finally, as postu-
lated by these authors, the relative contribution of specific
mtDNA variants could vary in different ethnic groups by means
of homoplasy and/or geographic differences in the finer details
of subhaplogroup structures of mtDNA.20

The results of the meta-analysis indicate that the associations
are robust and reveal a strong association with the haplogroup
J. The haplogroup J is characterised by a set of uncoupling

Figure 1 Forest plot of the associations analysed separately in this work involving the mitochondrial DNA haplogroup J and the risk of incident
knee OA. OA, osteoarthritis; OAI, osteoarthritis initiative; CHECK, cohort hip and cohort knee; W, relative weight; Haplo. J, number of subjects with
the haplogroup J that developed and did not develop incident knee OA during the follow-up; p Val: p Value.
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Figure 2 (A) Glycolysis stress test by extracellular acidification rate (ECAR) traces and bar graphs showing the glycolytic response of H and J
cybrids in response to glucose, oligomycin (oligo) and 2-deoxy-glucose (2-DG) injection where indicated. Bar graphs show glycolysis and glycolytic
capacity as calculated from trace and compared between groups. (B) Mitochondrial stress test by OCR traces and bar graphs showing the
mitochondrial behaviour in H and J cybrids in response to oligomycin, FCCP and rotenone/antimycin (Rot/AntA) injection where indicated. Bar
graphs show basal respiration and ATP production, calculated and compared between groups; (C) mitochondrial peroxide and peroxynitrite
production; (D) mitochondrial anion superoxide production; (E) susceptibility to oxidative stress after incubation with 300 mM H2O2; (F) apoptosis
measure with Annexin-V-fluorescein isothiocyanate: data are expressed as percentage of positive cells under stress induction with staurosporine at
0.2 mM; (G) gene expression of the apoptotic genes BBC3 and BCL2. The values represented were a mean±SD of three independent experiments
using two cybrids from two different individuals and two clones from each cybrid. Black bars corresponds to H cybrids, while grey bars correspond
to J cybrids; BBC3, BCL2 binding component; FCCP, carbonyl cyanide p-trifluoromethoxyphenylhydrazone; ***p<0.0001; **p<0.01; *p<0.05.

1119Fernández-Moreno M, et al. Ann Rheum Dis 2017;76:1114–1122. doi:10.1136/annrheumdis-2016-210131

Basic and translational research

group.bmj.com on May 29, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


mitochondrial polymorphisms,9 10 preferentially non-synonymous
SNPs,39 acquired during its evolutionary history. These aspects
make this haplogroup to be biochemically different from other
mitochondrial variants, specially the haplogroup H.40 41

Increasing evidence suggests that low-grade chronic inflamma-
tion in the joint promotes OA progression, and changes in cellu-
lar bioenergy metabolism can reprogramme inflammatory
response, leading to the disturbance of cellular energy balance
and increase cell stress.42 This evidence implies that mitochon-
dria, as the regulators of cell metabolism, as well as the mtDNA
haplogroups, as one of the main modulators of cellular bioener-
getics,43 are involved in the development of OA as previously
proposed.2 44 Nevertheless, in an attempt to find out the pos-
sible cellular mechanisms underlying the associations described
herein, we performed a functional study of the mtDNA
haplogroups using transmitochondrial cybrids.

Transmitochondrial cybrids are cell lines consisting of mito-
chondria from different sources in a defined and uniform
nuclear background. They constitute an interesting model and
allow the study of the real role of different mtDNA polymorph-
isms under identical nuclei, and they also provide a window
into early stages of disease pathogenesis, which is not available
from pathological specimens. Because of that, these cell
models have been proposed and widely used to explore the con-
tribution of mitochondrial dysfunction and mtDNA mutations
to the pathogenesis of human diseases, such as Parkinson or
cancer.45 46 Through the use of this cellular model, recent
studies showed that J variant associates with decreased expres-
sion of specific genes related to inflammatory response, comple-
ment and apoptosis when compared with the haplogroup H.12

The functional analysis described herein included specific meta-
bolic measurements using an extracellular flux analyser as well
as specific aspects proposed to be related to OA, such as mito-
chondrial reactive oxygen species (ROS) production, oxidative
stress and apoptosis.7 44 47 The results obtained reveal that cells
harbouring the haplogroup J show a physiological behaviour
that seems to be protective against the development of OA.

This physiological behaviour includes a significantly lower
production of mitochondrial superoxide anion and peroxyni-
trite, as well as a higher ability to cope with oxidative stress. It
has been demonstrated that mitochondria-derived ROS and
nitrogen radicals lead to an upregulation of MMPs44 as well as
an overproduction of pro-inflammatory cytokines,48 cellular
damage or, in some cases, apoptosis. Interestingly, cybrids har-
bouring the haplogroup J show a significant lower rate of apop-
tosis under stress conditions, and a lower expression of the
pro-apoptotic gene BBC3, which induces apoptosis through
mitochondrial dysfunction.

From a metabolic point of view, haplogroups H and J have a
different behaviour too. H cybrids show higher mitochondrial
respiration rate and glycolytic capacity, which is reflected in an
increased ATP generation compared with cybrids carrying the
haplogroup J. The haplogroup H presents the highest levels of
conserved amino acids,9 which could determine its Oxidative
Phosphorylation System (OXPHOS) coupling efficiency and ATP
production41; however, this high efficiency would be accompan-
ied by an increased ROS generation and a higher oxygen con-
sumption, as demonstrated herein and proposed elsewhere.10 41

In recent years, several studies supported a key role of the
mitochondria in the pathogenesis of OA and the study of this
organelle in the context of this disease attracted much atten-
tion.2 49 50 The mechanisms underlying, at least in part, the
association described herein are related to different functional
consequences characteristic of specific mitochondrial

polymorphisms; thus, ROS production (both peroxynitrite and
superoxide anion), oxidative stress and apoptosis are downregu-
lated in cells harbouring mitochondrial polymorphisms charac-
teristic of the mtDNA haplogroup J.

Although a direct functional link between haplogroups and
cartilage biology has not been made in this study, a recent work
in conplastic mice (mice with constant nuclear background but
different mtDNA variants) shows that mtDNA haplotype pro-
foundly influences in health longevity through mitochondrial
proteostasis and ROS generation, insulin signalling, obesity, telo-
mere shortening or mitochondrial dysfunction.51 Because most
of these aspects are also involved in OA pathogenesis, a func-
tional link between mtDNA variation and cartilage biology
could really exist.

Despite only two studies were combined, the results of the
meta-analysis are consistent enough to support a real association
of haplogroup J with a lower risk of incident knee OA.
Furthermore, data from both cohorts were analysed in a similar
way, and effect size measures were adjusted for baseline
characteristics in order to minimise residual confounding. Both
OAI and CHECK are well-characterised cohorts, constructed
with rigorous methodology in which patients are evaluated by
objective methods in spaced visits. This should contribute to
minimise information biases and strengthen the conclusions of
this study.

In summary, the results of this work have a special clinical
relevance. On the one hand, they claim that polymorphisms of
the mtDNA haplogroup J alter metabolism and cell physiology
predisposing the cell to a less favourable environment to
develop incident OA, which allows the design of potential drugs
that emulate the physiological effects related to this haplogroup,
as well as the consideration of the mtDNA haplogroups as can-
didate diagnostic biomarkers in OA; among these therapeutic
strategies, potential drugs that modulate the activity of the mito-
chondrial respiratory chain in a similar way to that of the hap-
logroup J, or even the development of a cellular therapy using
cells with mitochondria harbouring the haplogroup J, could be
interesting. On the other hand, the results obtained permit to
select patients with OA not harbouring the haplogroup J (ie,
haplogroup H) as ideal candidates for clinical trials because they
are more likely to suffer a higher rate of incident knee OA.
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EXTENDED REPORT

Dysbiosis and zonulin upregulation alter gut
epithelial and vascular barriers in patients
with ankylosing spondylitis
Francesco Ciccia,1 Giuliana Guggino,1 Aroldo Rizzo,2 Riccardo Alessandro,3

Michele Maria Luchetti,4 Simon Milling,5 Laura Saieva,3 Heleen Cypers,6,7

Tommaso Stampone,2 Paola Di Benedetto,8 Armando Gabrielli,3 Alessio Fasano,9

Dirk Elewaut,6,7 Giovanni Triolo1

ABSTRACT
Background Dysbiosis has been recently demonstrated
in patients with ankylosing spondylitis (AS) but its
implications in the modulation of intestinal immune
responses have never been studied. The aim of this study
was to investigate the role of ileal bacteria in modulating
local and systemic immune responses in AS.
Methods Ileal biopsies were obtained from 50 HLA-
B27+ patients with AS and 20 normal subjects. Silver
stain was used to visualise bacteria. Ileal expression of
tight and adherens junction proteins was investigated by
TaqMan real-time (RT)-PCR and immunohistochemistry.
Serum levels of lipopolysaccharide (LPS), LPS-binding
protein (LPS-BP), intestinal fatty acid-BP (iFABP) and
zonulin were assayed by ELISA. Monocyte immunological
functions were studied in in vitro experiments. In
addition the effects of antibiotics on tight junctions in
human leukocyte antigen (HLA)-B27 transgenic (TG) rats
were assessed.
Results Adherent and invasive bacteria were observed
in the gut of patients with AS with the bacterial scores
significantly correlated with gut inflammation.
Impairment of the gut vascular barrier (GVB) was also
present in AS, accompanied by significant upregulation
of zonulin, and associated with high serum levels of LPS,
LPS-BP, iFABP and zonulin. In in vitro studies zonulin
altered endothelial tight junctions while its epithelial
release was modulated by isolated AS ileal bacteria. AS
circulating monocytes displayed an anergic phenotype
partially restored by ex vivo stimulation with LPS+sCD14
and their stimulation with recombinant zonulin induced
a clear M2 phenotype. Antibiotics restored tight junction
function in HLA-B27 TG rats.
Conclusions Bacterial ileitis, increased zonulin
expression and damaged intestinal mucosal barrier and
GVB, characterises the gut of patients with AS and are
associated with increased blood levels of zonulin, and
bacterial products. Bacterial products and zonulin
influence monocyte behaviour.

INTRODUCTION
In healthy subjects, the gastrointestinal tract is colo-
nised by a broad range of microbes, termed the gut
microbiota.1 In heathy individuals a gut epithelial
barrier2 and a gut vascular barrier (GVB)3 control
the translocation of bacteria and bacterial antigens
into the bloodstream. The homoeostasis of normal

microbial flora in the gut is essential for intestinal
health and its altered balance, termed dysbiosis,
may influence intestinal permeability through the
release of zonulin,4 a protein that modulates the
permeability of epithelial tight junctions of the
digestive tract.
Dysbiosis has been recently demonstrated in the

terminal ileum of patients with ankylosing spondyl-
itis (AS) together with the presence of subclinical
gut inflammation.5 6 It is unclear, however,
whether this dysbiosis is a cause or consequence of
the inflammation and whether dysbiosis modulates
immune responses in AS. The aim of the present
study was to study the tissue localisation of bacteria
in the gut of patients with AS and the eventual
changes in gut-epithelial barrier and GVB integrity.
We also assessed the role of zonulin in modulating
intestinal permeability and monocyte activation.
Finally, we analysed whether alterations in gut per-
meability and microbiota composition are asso-
ciated with systemic immune responses.

METHODS
For more details about patients and controls see
supplemental methods and online supplementary
table S1.

Histomorphological grading and
immunohistochemistry
One hundred and sixty-five biopsies were obtained
from the 50 patients with AS enrolled. Gut specimens
from patients with AS were histologically divided as
previously described in: normal gut histology, acute
and chronic inflammation.7 8 The degree of gut
inflammation was also evaluated by using interleukin
(IL)-8 as a general marker of inflammation.9 For
more details about bacteria characterisation and
immunohistochemistry see supplemental methods.

Isolation of bacteria
Ileal biopsy specimens from patients and controls
enrolled at the University of Palermo, were immedi-
ately processed for bacteriological study in the
Microbiology Laboratory, Azienda Ospedaliera
Villa Sofia Cervello, Palermo, Italy according to
Conte et al.10 For more information, see supple-
mental methods.
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Cultures for aerobic and facultative anaerobic bacteria
For bacterial cultures only ileal biopsies obtained from patients
with AS and controls enrolled at the University of Palermo were
used. For more information, see online supplementary methods.

RNA extraction and quantitative TaqMan real-time (RT)-PCR
Total RNA was extracted using the Qiagen RNeasy Mini kit,
with on-column DNase I digestion as previously described.8 For
more information, see online supplementary methods.

Flow cytometry analysis of surface and intracellular
antigens
Peripheral blood mononuclear cells (PBMCs) were isolated from
the peripheral blood of 20 patients with AS and 10 healthy con-
trols as previously described.8 A list of the antibodies used is
provided in online supplementary table S2.

ELISA for circulating LPS, iFABP and zonulin
Levels of lipopolysaccharide (LPS), LPS-binding protein (BP),
intestinal fatty acid-BP (iFABP) and zonulin proteins were ana-
lysed in sera of all patients with AS and controls. For more
information, see online supplementary methods.

Cell cultures
In order to evaluate the role of intestinal bacteria isolated from
patients with AS in modulating epithelial zonulin levels, bacteria
were isolated from ileal AS samples obtained from patients
enrolled at the University of Palermo as described by Conte
et al10 and incubated with Caco-2 epithelial cells. The modula-
tion of zonulin mRNA was then assessed by RT-PCR. The effect
of zonulin on human umbilical vein endothelial cells and
PBMCs was evaluated as previously described.10 For more infor-
mation, see supplemental methods.

Human leukocyte antigen (HLA)-B27 TG rats
HLA-B*2705 transgenic (TG) rats of line 33-3 (B27-TG) on a
Fischer background (F344/NTac-Tg [HLA-B*2705, β2M])
(Taconic, Hudson, New York, USA) were backcrossed with
Piebald Virol Glaxo (PVG) rats (PVG/OlaHsd) (Harlan, UK) for
a minimum of 10 generations before their use in experiments as
previously described.11 For more information, see online
supplementary methods.

Statistical analysis
The non-parametrical Mann-Whitney test was used to calculate
the statistical significance between groups. Spearman’s rank cor-
relation was used to calculate the correlation between different
variables in AS. p Values <0.05 were considered statistically
significant.

RESULTS
Assessment of intestinal gut inflammation in AS
IL-8 was overexpressed in patients with AS with chronic inflam-
mation (see online supplementary figure S1C,D) compared with
those with acute inflammation (see online supplementary figure
S1B,D) and without inflammation (see online supplementary
figure S1D) and controls (see online supplementary figure S1A,
D). In patients with AS, the number of IL-8 positive cells was
correlated with the degree of intestinal inflammation (see online
supplementary figure S1D).

Adherent and invasive bacteria are present in the gut of
patients with AS
Adherent and invading rod-shaped bacteria were observed in 35
out of 50 patients with AS (25/33 of the Palermo cohort and
10/17 of the Ghent cohort) independent of the presence of
acute or chronic inflammation. Among these patients, only four
showing acute inflammation and four showing chronic inflam-
mation were taking sulfasalazine. Of these, two out of four
patients with acute inflammation and one out of four with
chronic inflammation did not show cultivable bacteria. Bacteria
were mainly detected within the epithelium and rarely in the
context of lamina propria (figure 1A–C). Absence of adherent
and/or invasive bacteria was observed in normal ileum
(figure 1D). In particular, invasive bacteria, sometimes aggre-
gated in clusters, were observed in 12 patients with AS of the
Palermo’s cohort and in 7 patients with AS of the Ghent cohort.
The bacterial scores significantly correlated with the percentages
of infiltrating inflammatory cells (r2=0.57, p<0.0001)
(figure 1E). Gram-positive (F-G) and Gram-negative (H-I) bac-
teria were confirmed to be both adherent and invasive in
patients with AS. The presence of invasive bacteria in AS was
invariably associated with histological changes characterised by
the detachment of basal membranes from the lamina propria,
forming vacuoles inside the villi, and oedematous lamina
propria with extravasated red blood cells (figure 1K–M and see
online supplementary table S3). Isolated oedematous lamina
propria, without detachment of basal membranes and/or vascu-
litis, was observed in the intestine of all patients displaying
adherent bacteria (see online supplementary table S3).
Identification of the bacteria from culture of ileal samples
showed that all the patients with AS of the Palermo’s cohort
had cultivable bacteria essentially the Gram-negative bacteria
Escherichia coli and Prevotella spp (figure 1N). Conversely, only
5 out of 20 control samples displayed cultivable bacteria (25%),
E. coli being the only Gram-negative species found (figure 1N).
No culture of ileal samples was performed in ileal samples from
the Ghent cohort. Cultures of Prevotella spp and E. coli were
confirmed by PCR.

We next studied the expression of intestinal tight junction
proteins. A significant downregulation of claudin 1 (figure 1O),
claudin 4 (figure 1P), occludin (figure 1Q) and zonula occludens
1 (figure 1R) was observed in the gut of patients with AS (expe-
cially in those with chronic gut inflammation) compared with
controls. The significant downregulation of the tight junction
proteins in AS was confirmed by immunohistochemistry (IHC)
demonstrating the reduced expression in AS of occludin (figure
2A,C) and claudin 4 (figure 2D,F) compared with controls
(figure 2B,C,E and F).

Zonulin is upregulated in the gut of patients with AS and
modulated by ileal bacteria
We next evaluated zonulin expression in the biopsies of all
patients with AS and controls. Significant upregulation of
zonulin mRNA was observed in the ileal samples of patients
with AS, expecially in those with chronic gut inflammation,
(figure 2G), inversely correlated with the expression levels of
claudin 1 (r2=0.28, p<0.0001) (see online supplementary
figure S1E), claudin 4 (r2=0.324, p<0.0001) (see online
supplementary figure S1F), occludin (r2=0.654, p>0.0001) (see
online supplementary figure S1G) and zonula occludens 1
(r2=0.245, p<0.001) (see online supplementary figure S1H).
Zonulin has been identified as prehaptoglobin 2, one of the two
genetic variants (together with haptoglobin 1) of human
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haptoglobins.3 Since we cannot completely discriminate
between pre-HP2 and HP2 by RT-PCR,12 overexpression of
zonulin was also confirmed by immunohistochemistry in frozen
ileal samples obtained from patients with AS by using a specific
antizonulin antibody (figure 2H–J). Analysis of tissue distribu-
tion of zonulin demonstrated its expression among epithelial
cells and infiltrating mononuclear cells (figure 2H,I).
Interestingly, the number of zonulin+ cells correlated with the
number of IL-8+ cells (figure 2K). We next evaluated in vitro
the role of isolated ileal bacteria from patients with AS in modu-
lating zonulin expression. As shown in figure 2L, co-culture of
Caco-2 cells with bacteria isolated from ileal biopsies of five
patients with AS of the Palermo’s cohort induced significant
upregulation of zonulin.

Impairment of the GVB occurs in patients with AS
In order to evaluate whether increased intestinal permeability
was paralleled by impairment of the GVB,2 RT-PCR for junc-
tional adhesion molecule-A ( JAM-A), a vascular tight junctions
protein, vascular endothelial (VE)-cadherin, a vascular adherens
junctions protein, and PV1, a marker of endothelial cells perme-
ability, was performed. VE-cadherin and JAM-A (figure 3A,B),
were significantly downregulated in the inflamed ileum of
patients with AS together with a significant upregulation of PV1
expecially in those patients with chronic gut inflammation com-
pared with controls (figure 3C). To confirm the alteration of
GVB, confocal microscopy analysis of occludin and CD31 (a
specific endothelial cell marker) expression and of CD31/glial
fibrillary acidic protein (GFAP)/PV1 was performed next in ileal

Figure 1 Invasive and adherent bacteria are present in the ileum of patients with ankylosing spondylitis (AS) and are associated with alterations
of tight junction proteins. (A–D) Representative microphotographs showing adherent (A) and invasive (B and C) bacteria in AS but not in controls
(D). (E) Bacterial scores are directly correlated with the number of infiltrating mononuclear cells. (F–G) Representative images showing Gram staining
in patients with AS demonstrating the presence of invading Gram-positive bacteria. (H–J) Representative images showing immunohistochemistry for
lipopolysaccharide (LPS) in patients with AS (H and I) and controls ( J). (K–M) Histological alterations are associated with the presence of bacteria
such as haemorrhages (K and L) and detachment of epithelium from basal membrane (M). (N) Cultures of isolated bacteria displayed mainly
Escherichia coli and Prevotella spp. (O–R) relative m-RNA levels of claudin1 (O), claudin 4 (P), occludin (Q) and zonula occludens 1 (R) were
assessed by quantitative real-time (RT)-PCR in ileal samples obtained from all the patients and all the controls. Data are expressed as mean (SEM).
(A–D, F–J): original magnification×250. Insert in (A–C) and (F-G) original magnification×630.
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samples from patients with AS and controls. As shown in figure
3D–F, endothelial occludin expression in healthy controls (HC)
showed a continuous staining of the junctional protein that sur-
rounded cell borders. In comparison, endothelial cells from
patients with AS exhibited the disappearance of the classic
occludin continuous staining, showing a jagged and broken vas-
cular distribution (figure 3G–I). Analysis of GVB showed a
higher expression of PV1 in AS (figure 3N) compared with HC

(figure 3J) and confirmed the disorganised staining for CD31
(figure 3O) and GFAP (figure 3P).

Zonulin alters the expression of endothelial tight junctions
We next evaluated in vitro whether zonulin may influence the
expression of endothelial tight junction proteins. As shown in
figure 4, zonulin induced a significant downregulation of occlu-
din (figure 4A) and VE-cadherin (figure 4B). Corresponding

Figure 2 Occludin, claudin 4 and zonulin 1 tissue expression is altered on patients with ankylosing spondylitis (AS) and modulated by intestinal
bacteria. (A and B) representative imaging showing occludin expression in the gut of patients with AS (A) and controls (B). (C) Higher numbers of
occludin positive cells were observed in healthy controls compared with AS. (D and E) Representative imaging showing claudin 4 expression in the
gut of patients with AS (D) and controls (E). (F) Higher numbers of claudin 4 positive cells were observed in healthy controls compared with AS. (G)
relative m-RNA levels of zonulin 1 were assessed by real-time (RT)-PCR in the ileal samples obtained from all the patients with AS and HCs. (H and
I) Representative imaging showing zonulin 1 expression in the gut of patients with AS (H) and controls (I). ( J) Quantification of zonulin 1 positive
cells was performed in the ileal biopsies of all the patients and the controls showing higher numbers of zonulin 1 positive cells in patients with AS.
(K) The number of zonulin positive cells was significantly and directly correlated with the number of IL-8 positive cells. (L) Caco-2 cells were
incubated with bacteria isolated from ileal biopsies obtained from five patients with AS and the modulation of zonulin expression assessed by
RT-PCR. Data are expressed as mean (SEM) of five independent experiments. (A and B) Original magnification×630. (D and E) Original
magnification×250. (H and I) Original magnification×400. Data are expressed as mean (SEM).
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with the alteration of the GVB, increased serum zonulin levels
(figure 4C) were observed in AS. To establish whether serum
zonulin levels are correlated with intestinal permeability, lactu-
lose (LA)/mannitol (MA) urine ratio was determined in 20
patients with AS and 20 controls, all enrolled at the University
of Palermo. An increased intestinal permeability, significantly
correlated with serum zonulin, was present in patients with
AS (LA/MA 0.052±0.002, r2=0.7236, p=0.01777) (figure
4D) but not in healthy controls (LA/MA 0.021±0.0011;
r2=0.1858, p>0.05) (data not shown). Zonulin has a CD163
binding motif identical to that present in mature haptoglobin
210 13 In order to assess the potential functional relevance of
zonulin interaction with CD163, isolated PBMCs from patients
with AS and controls were incubated with recombinant zonulin.
As shown in figure 4E,F,G and H, incubation with zonulin
induced a significant expansion of c-MAF+CD163+ cells identi-
fied as M2 polarised macrophages14 in AS (figure 4E,F) but not
in controls (figure 4G,H).

Increased serum levels of iFABP, LPS and LPS-BP are found
in patients with AS
Since the alterations of epithelial and endothelial permeability,
we next evaluated the serum levels of LPS, LPS-BP and iFABP in
all the patients with AS and controls. As shown in figure 5, sig-
nificantly increased levels of LPS (figure 5A), LPS-BP (figure 5B)
and iFABP (figure 5C) were observed in patients with AS. Since
it has been demonstrated that the presence of high LPS concen-
tration downregulates the expression of CD14,15 we examined
by flow cytometry, the expression of CD14 in circulating mono-
cytes and the effects of LPS and soluble CD14 stimulation on
IL-23 production. A significant reduction of CD14+ monocytes
(figure 5D–F) and of HLADR+ monocytes (figure 5G,H) was
observed only in AS monocytes. Since the soluble form of
CD14 (sCD14) has been demonstrated to enable CD14− cells to
respond to LPS,16 we next evaluated whether sCD14 might
rescue AS CD14− cells from their anergic state. Among AS
CD14+ cells, stimulation with LPS, but not with sCD14,

Figure 3 Gut vascular barrier (GVB) in patients with ankylosing spondylitis (AS). (A–C) relative m-RNA levels of VE-cadherin (A), junctional
adhesion molecule ( JAM)-1 (B) and PV1 (C) were assessed by RT-PCR in AS and HC ileal samples. (D–F) and (G–I) Representative confocal
microscopy images showing CD31 and occludin co-localisation in HCs (D–F) and AS (G–I). ( J–M and N–Q): Representative confocal microscopy
images showing PV1, CD31 and GFAP co-localisation in HCs ( J–M) and AS (N–Q). (D–Q): Original magnification×400. Data are expressed as mean
(SEM).
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modified the expression of IL-23 that was not further modified
by the combination of LPS and sCD14 (figure 5I–K).
Conversely, only the combination of sCD14 and LPS strongly
upregulated the production of IL-23 in AS CD14− monocytes
(figure 5I–K).

Alteration of epithelial tight junctions occurs in HLA-B27
rats and is restored by antibiotic treatment
In human HLA-B27 and β2-microglobulin TG rats (B27-TG),
ileitis develops spontaneously.17 In order to study whether alter-
ation of tight junctions is present in the ileal samples of these
rats, ileal samples from five HLA-B27 TG and five wild type
(WT) rats were evaluated. HA-B27 rats displayed ileal inflamma-
tion characterised by IL-23 increased expression (figure 6B),
occludin downregulation (figure 6F) and the presence of

adherent bacteria (figure 6J). Antibiotic treatment caused a sig-
nificant amelioration of signs of intestinal inflammation as previ-
ously described,18 the reduction of IL-23 expression (figure 6C,
D), the normalisation of occludin expression (figure 6G,H) and
the disappearance of adherent bacteria (figure 6K,L).

DISCUSSION
In this study we demonstrate that adherent and invading bac-
teria are present in the ileum of patients with AS and are asso-
ciated with the alteration of the epithelial barrier and the GVB.
The presence of leaky epithelium and endothelium in AS ileum
is accompanied by the translocation of zonulin and bacterial
products into the bloodstream possibly inducing the modulation
of the innate immune system in AS.

Figure 4 Serum levels of zonulin in patients with ankylosing spondylitis (AS) and in vitro effects of zonulin on human umbilical vein endothelial
cells (HUVECs) and peripheral monocytes. (A and B) MRNA expression of occludin (A) and VE-cadherin (B) was assessed in HUVEC cells treated or
not with recombinant human zonulin by RT-PCR. Significant downregulation of Occludin and VE-cadherin was observed in HUVEC after incubation
with zonulin. (C and D) Serum levels of zonulin were evaluated in 20 patients with AS and 20 controls (C) and correlated with LA/MA ratio (D).
(E–H) Peripheral blood mononuclear cells (PBMCs) obtained from five patients with AS (E) and five controls (G) were incubated with recombinant
zonulin and the percentage of CD163+c-MAF+ cells evaluated by flow cytometry; percentages of AS (F) and controls (H) CD163+c-MAF+ cells before
and after zonulin stimulation. (A–B) Data are expressed as mean (SEM). (C, D, F and H): Data are expressed as individual data points.
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The intestinal microbiota plays a critical role in modulating
the immune response of the gut.19 The potential role of intes-
tinal bacteria in the pathogenesis of gut inflammation in patients
with Spondyloarthritis (SpA) has been highlighted by the identi-
fication of dysbiosis in different SpA subsets, including patients
with AS.5 20 21 However, the question of how dysbiosis can
influence local and systemic immune responses in AS has not yet
been explored.

In this study we confirm and expand our previous results5 by
demonstrating that Gram-negative bacteria, essentially E. Coli
and Prevotella spp, and Gram-positive bacteria are present in AS

ileal samples, displaying both adherent and invasive behaviour.
Interestingly, the presence of invasive bacteria was associated
with specific histological alterations mainly characterised by the
detachment of basal membrane from the lamina propria,
leading to the formation of vacuoles inside the villi and haemor-
rhagic extravasation. These histological findings seem to be dir-
ectly attributable to the presence of bacteria since similar
histological alterations have previously been reported in mice
infected with enteropathogenic E. coli.22

In the presence of pathogenic or non-pathogenic enteric bac-
teria, mammalian small intestines activate the zonulin pathway3

Figure 5 Intestinal bacterial products translocate into ankylosing spondylitis (AS) bloodstream and modulate monocyte behaviour. (A–C) Serum
levels of lipopolysaccharide (LPS) (A), LPS-binding protein (BP) (B) and intestinal fatty acid-BP (iFABP) (C) are increased in the sera obtained from
patients with AS compared with controls. (D–F) Percentages of CD14+ cells is reduced in peripheral blood mononuclear cells (PBMCs) from patients
with AS. (D) Representative dot plot showing the percentage of CD14+ cells gated on CD45 region among PBMCs in patients with AS and controls,
(E) representative histogram showing CD14 MFI in patients with AS and HCs. (F) percentages of CD14+ cells in patients with AS and controls. (G
and H) Percentage of HLA-antigen D Related (DR)+ cells is reduced in PBMCs from patients with AS. (G) Representative dot plot showing the
percentage of HLA-DR+ cells gated on the monocytes region among PBMCs in patients with AS and controls, (H) percentages of CD14+ cells in
patients with AS and controls. (I–K) Effects of monocyte stimulation with LPS alone, sCD14 alone or sCD14+LPS on CD14+ (H) and CD14−

monocytes. Combination of LPS+sCD14 increased IL-23 production only in CD14− cells (I and J). (K) Representative dot plots showing the gating
strategy and the percentage of IL-23 expressing cells. Results are showed as mean (SEM).
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that is involved in the regulation of the permeability of epithe-
lial tight junctions.4 In our study, tissue levels of zonulin were
significantly upregulated in AS ileal samples and accompanied
by IL-8 overexpression and a profound reduced expression of
tight junction proteins by epithelial cells. These alterations were
dependent on the degree of intestinal inflammation, associated
with both adherent and invasive bacteria and apparently related
to a reduced expression by epithelial cells. We, however, cannot
exclude that loss of epithelial cells may also contribute to the
reduced tight junction protein expression. Serum zonulin increase
was also observed in patients with AS with more pronounced gut
inflammation, accompanied by an increased intestinal permeabil-
ity evaluated by LA/MA urine ratio. Interestingly, isolated bacteria
from AS ileal biopsies significantly upregulated zonulin expression
in cultured epithelial cells, apparently indicating a specific effect
of AS-associated bacteria. It is unclear whether these alterations
are the cause or the consequence of intestinal dysbiosis. However,
here we demonstrated that alterations of tight junctions, also
present in HLA-B27 TG rats, are restored after antibiotic treat-
ments and that antibiotics therapy reduced epithelium-adherent
bacteria, suggesting that intestinal dysbiosis might be responsible
for the impairment of the epithelial barrier. The reduced number
of adherent intestinal bacteria we observed is consistent with pre-
vious studies demonstrating that antibiotic treatment reduces
mucosal adherent bacteria in mice.18

Together with the gut epithelial barrier, a GVB has been
recently demonstrated in mice and humans, that acts by pre-
venting the entry into the bloodstream of microbiota-derived
products.2 The GVB shows adherens junctions and tight junc-
tions that seem to be modulated or downregulated, as demon-
strated in our in vitro experiments, by zonulin. Increased
zonulin expression was in fact accompanied by a significant
downregulation of endothelial tight junction proteins, such as
occludin, and vascular adherens proteins such as VE-cadherin
and by the upregulation of PV1, a marker of increased endo-
thelial permeability.23 The presence of a ‘leaky endothelium’

was also confirmed by confocal microscopy experiments
showing disorganised staining for CD31, occludin and GFAP
and by the demonstration of increased serum levels of zonulin
and bacterial products such as LPS, iFABP and LPS-BP in
serum of patients with AS. Overall, our results point to a
zonulin-dependent epithelial and endothelial loss of barrier
function. The fact that gene expression analysis cannot distin-
guish between pre-HP2 (alias zonulin) and Hp2 and that anti-
bodies used for the IHC experiments may not be specific
enough to exclusively detect zonulin and not mature HP2 may
raise the possibility that HP2 rather than zonulin is upregu-
lated. However, the decreased expression of tight junction
protein and, most importantly, the direct correlation between
zonulin and LA/MA point clearly to the involvement of

Figure 6 Ileal inflammation and dysbiosis in HLAB27 transgenic rats is modified by antibiotic treatment. (A–C) Representative images showing
IL-23 staining in ileal samples obtaining from wild type (WT) rats (A), HLA-B27 transgenic (TG) rats (B) and HLA-B27 TG rats after antibiotic
treatment (C). (D) Semiquantitative evaluation of IL-23+ cells. (E–F) Representative images showing IL-23 staining in ileal samples obtained from WT
rats (E), HLA-B27 TG rats (F) and HLA-B27 TG rats after antibiotic treatment (G). (H) Semiquantitative evaluation of IL-23+ cells. (I–K) representative
images showing Warthin starry staining for identifying bacteria in ileal samples obtained from WT rats (I), HLA-B27 TG rats ( J) and HLA-B27 TG rats
after antibiotic treatment (K). Higher numbers of adhering and sometimes invading bacteria were observed in HLA-B27 rats ( J and insert in J). (L)
Semiquantitative evaluation of bacteria in rats ileal samples. (A–C, E–G, I–K) original magnification ×250; J insert: original magnification ×630.
Data are expressed as individual data points.
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zonulin and not the mature HP2 that has never been reported
to have an effect on barrier function.

Zonulin has a CD163 binding motif identical to that present
in mature haptoglobin 210 that has been shown to bind the
haptoglobin receptor CD163.13 Therefore, it is conceivable that
zonulin binds to CD163 as well as to haptoglobin. The potential
functional relevance of this binding in the regulation of mono-
cytes’ behaviour, however, has been not previously studied.
Here we demonstrated that zonulin induces a significant in vitro
expansion of CD163+c-MAF+ monocytes, compatible with the
M2 phenotype, and that these cells were expanded in the per-
ipheral blood of patients with AS. Macrophages play essential
activities in homoeostasis maintenance during different organ-
ism conditions and may be polarised according to various
stimuli into distinct populations. M2 macrophages are macro-
phages essentially involved in the pathogenesis of asthma, fibro-
sis, atopic dermatitis, cancer and granuloma formation.24

Furthermore, an increased frequency of CD163+M2 mono-
cytes, producing IL-23, has been previously demonstrated to be
expanded in the peripheral blood and inflamed gut and synovial
tissues of patients with AS.25 26 The in vitro stimulation of AS
PBMCs with recombinant zonulin, was also accompanied by a
significant expansion of c-MAF+CD163+ M2 cells. We also
observed the zonulin-dependent expansion of c-MAF+CD163−

cells. Beyond its role in modulating macrophage differentiation,
c-MAF is also involved in the differentiation of T helper
cells27 28 and we cannot exclude that zonulin might also induce
the expansion of c-MAF+ T cells.

We also studied the functional relevance of the increased cir-
culating levels of bacterial products in AS. In the gut, the pres-
ence of high LPS concentrations downregulates the monocyte
expression of CD14, the receptor involved in the binding of the
LPS/LPS-BP complex.15 Increased LPS levels in AS, were accom-
panied by the downregulation of CD14 on the surface of mono-
cytes together with the reduced expression of HLA-antigen D
Related (DR). CD14−HLADR− monocytes have been demon-
strated to be functionally anergic29 and this anergic phenotype
was rescued, at least in part, by the co-incubation of these cells
with LPS+sCD14 leading to an increased expression of IL-23.

In conclusion, in this study we provide the first evidence that
adherent and invasive bacteria are present in the inflamed gut of
patients with AS and that these bacteria, through the release of
zonulin, may induce a leaky gut epithelial and endothelial
barrier, leading to the translocation of intestinal-derived pro-
teins into the bloodstream, ultimately inducing systemic immune
alterations that might participate in AS pathogenesis.
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EXTENDED REPORT

Inhibition of phosphodiesterase 4 (PDE4) reduces
dermal fibrosis by interfering with the release
of interleukin-6 from M2 macrophages
Christiane Maier, Andreas Ramming, Christina Bergmann, Rita Weinkam,
Nicolai Kittan, Georg Schett, Jörg H W Distler, Christian Beyer

ABSTRACT
Objectives To investigate the disease-modifying effects
of phosphodiesterase 4 (PDE4) inhibition in preclinical
models of systemic sclerosis (SSc).
Methods We studied the effects of PDE4 inhibition in a
prevention and a treatment model of bleomycin-induced
skin fibrosis, in the topoisomerase mouse model as well
as in a model of sclerodermatous chronic graft-versus-host
disease. To better understand the mode of action of PDE4
blockade in preclinical models of SSc, we investigated
fibrosis-relevant mediators in fibroblasts and macrophages
from healthy individuals and patients suffering from
diffuse-cutaneous SSc on blockade of PDE4.
Results Specific inhibition of PDE4 by rolipram and
apremilast had potent antifibrotic effects in bleomycin-
induced skin fibrosis models, in the topoisomerase I
mouse model and in murine sclerodermatous chronic
graft-versus-host disease. Fibroblasts were not the direct
targets of the antifibrotic effects of PDE4 blockade.
Reduced leucocyte infiltration in lesional skin on PDE4
blockade suggested an immune-mediated mechanism.
Further analysis revealed that PDE4 inhibition decreased
the differentiation of M2 macrophages and the release
of several profibrotic cytokines, resulting in reduced
fibroblast activation and collagen release. Within these
profibrotic mediators, interleukin-6 appeared to play a
central role.
Conclusions PDE4 inhibition reduces inflammatory cell
activity and the release of profibrotic cytokines from M2
macrophages, leading to decreased fibroblast activation
and collagen release. Importantly, apremilast is already
approved for the treatment of psoriasis and psoriatic
arthritis. Therefore, PDE4 inhibitors might be further
developed as potential antifibrotic therapies for patients
with SSc. Our findings suggest that particularly patients
with inflammation-driven fibrosis might benefit from
PDE4 blockade.

INTRODUCTION
Fibrosis is a defining characteristic of systemic scler-
osis (SSc) as well as a major cause of morbidity and
mortality among patients. On a molecular level,
fibrosis results from the accumulation of excessive
amounts of extracellular matrix proteins released
by chronically activated fibroblasts.1 2

Particularly in early phases of SSc, leucocytic
infiltrates with macrophages, T cells and B cells are
a common feature in affected organs. These
inflammatory infiltrates are important sources of
profibrotic mediators: the release of interleukin-6

(IL-6), transforming growth factor-β (TGF-β) and
other profibrotic mediators initiates profibrotic pro-
cesses through pathological activation of fibro-
blasts.1 3 In a subset of patients, these inflammatory
processes persist and further drive the progression
of fibrosis.4 5

Monocytes and macrophages are among the most
abundant cell types in leucocytic infiltrates in SSc.
Sclerotic skin of patients with early SSc contains an
increased number of CD14+ monocytes/macro-
phages,6 and the ratio of CD68+ macrophages to T
cells is high in sclerotic skin.7 Higashi-Kuwata et al
showed an increasing number of cells expressing
CD204, a marker for alternatively activated M2
macrophages, in localised scleroderma paralleling
the severity of inflammation.8–10 Although macro-
phage polarisation has not directly been investigated
in fibrotic SSc tissue yet, high levels of IL-4 and
IL-13 might favour M2 differentiation.8 Of note,
research on other fibrotic diseases indicates that M2
macrophages may propel fibrotic processes by
releasing profibrotic mediators.11 Molecular profil-
ing of skin biopsies from the FASSCINATE trial
has recently suggested that this profibrotic role of
M2 macrophages might also hold true in SSc. Gene
expression analysis revealed a M2 signature in
fibrotic SSc skin, which was downregulated by the
IL-6 receptor blocker tocilizumab.12 13

Cyclic adenosine monosphosphate (cAMP) is an
ubiquitous second messenger molecule that orches-
trates physiological responses, such as apoptosis,
lipid metabolism and inflammation.14–19 Its homeo-
stasis is controlled by phosphodiesterases, a super-
family of enzymes that catalyse the breakdown of
cAMP to monomeric AMP, thereby inactivating the
molecule.20 The cAMP-specific phosphodiesterase
(PDE) isoenzyme PDE4 is almost exclusively
expressed within inflammatory cells.21 22 PDE4
inhibition has well-established disease-modifying
activity in specific inflammatory diseases, including
psoriasis,23 psoriatic arthritis24 25 and Behçet’s
disease.26 In the present study, we evaluated PDE4
inhibition as a novel therapeutic approach in treat-
ing fibrosis in SSc. We observed that PDE4 block-
ade ameliorated experimental fibrosis in different
models through downregulating the release of pro-
fibrotic mediators from M2 macrophages.

MATERIALS AND METHODS
A detailed description of the methods is provided
in the online supplementary file.
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Mice and therapeutics
C57/Bl6 and BALB/c mice were purchased from Janvier (Le
Genest Saint Isle, France), B10.D2 mice from Jackson
Laboratories (Bar Harbor, Maine, USA). (R,S)-Rolipram (LC
Laboratories, Woburn, Massachusetts, USA) was dissolved in
dimethyl sulfoxide and further diluted in phosphate buffer
saline for intraperitoneal application twice daily. Apremilast was
diluted in 1% methycellulose and was applied orally twice daily.

Bleomycin-induced dermal fibrosis
Skin fibrosis was induced in C57Bl/6 mice aged 6 weeks by sub-
cutaneous injections of bleomycin as described previously.27–33

After 4 (preventive model) or 6 weeks (therapeutic model) of
bleomcyin challenge, mice were sacrificed and the injected skin
processed for further analysis.

Topoisomerase I mouse model
Skin fibrosis was induced in C57Bl/6 mice aged 6 weeks by sub-
cutaneous injections of 250 U/mL recombinant DNA topoisom-
erase I as described previously.34 Controls were injected with
0.9% NaCl. After 8 weeks of topoisomerase I challenge, mice
were sacrificed and the injected skin processed for further
analysis.

Sclerodermatous, chronic graft-versus-host disease
The B10.D2→Balb/c [H-2(d)] minor histocompatibility antigen-
mismatched model was performed as described previously.35–40

Analysis of murine skin
Skin thickness, α-smooth muscle actin (SMA) counts, histomor-
phometry of fibrotic tissue and inflammatory infiltrates were
analysed as described.27–33

Immunofluorescence for F4/80 and arginase and IL-6
The following primary antibodies were used: F4/80 (AdD
Serotec, UK), cMAF (Abgent, USA), arginase (Santa Cruz,
Germany), IL-6 (Abcam, UK), IgG (Beckton Dickinson, USA).

Human fibroblasts and macrophages
Fibroblasts and peripheral blood were isolated from healthy
donors and lesional skin of patients with diffuse-cutaneous SSc.
Fibroblasts were cultured as described.27 28 33 All healthy indivi-
duals and patients with SSc provided written informed consent
as approved by the institutional ethics committees.

Quantification of collagen protein
The amount of soluble collagen in cell culture supernatants was
quantified using the SirCol collagen assay (Biocolor, Belfast,
Northern Ireland).

Cell viability and cytotoxicity assays
Cell viability was quantified using the Cell Counting Kit 8
(Dojindo Molecular Technologies, Maryland, USA).41

IL-6 ELISA
IL-6 was determined in the supernatants from the human
macrophage experiments with the human IL-6 DuoSet ELISA
(R&D Systems, Minneapolis, Minnesota, USA).

Quantitative real-time PCR
Gene expression was quantified by SYBR green real-time PCR
on a StepOne System quantitative PCR System (Thermo Fischer
Scientific, Waltham, Massachusetts, USA).

Statistical analysis
All data are presented as median with IQR. Differences between
the groups were tested for their statistical significance by two-
tailed Mann-Whitney U non-parametric test using GraphPad
Prism (V.5.03). p Values of <0.05 were considered to be statis-
tically significant.

RESULTS
Inhibition of PDE4 prevents bleomycin-induced dermal
fibrosis
We first investigated the effects of PDE4 blockade in bleomycin-
induced skin fibrosis. When we treated bleomycin-challenged
mice with the PDE4 inhibitor rolipram, a lead compound for
the clinically available apremilast, we observed dose-dependent
antifibrotic effects as assessed by the reduction of dermal thick-
ening, fibrotic tissue and myofibroblast counts (figure 1A, B). In
the group of mice receiving rolipram 5.0 mg/kg twice daily, we
found decreases in skin thickening by 64%, in fibrotic tissue by
50% and in myofibroblast counts by 70% (figure 1A, B). Apart
from these potent antifibrotic effects, we observed a strong
decline in leucocytic infiltrates on PDE4 blockade. Animals
receiving 5.0 mg/kg rolipram twice daily showed a reduction of
infiltrating leucocytes by 49% (figure 1C). PDE4 inhibition was
well tolerated throughout all experiments, as indicated by
constant body weight, normal texture of the fur and normal
activity.

The antifibrotic effects of PDE4 inhibition are not mediated
by direct effects on fibroblasts
Since fibroblasts have been shown to express PDE4,42 we investi-
gated if PDE4 blockade had direct effects on fibroblasts. We
observed that rolipram did not inhibit fibroblast proliferation in
healthy and SSc fibroblasts until cytotoxicity occurred at high
doses of 1000 mM, which by far exceeds clinical relevant con-
centrations43 44 (see online supplementary figure S1). Moreover,
PDE4 inhibition left stress fibre formation of healthy and SSc
fibroblasts unaffected (figure 2A). Consistently, PDE4 inhibition
did neither alter closure time of artificial scratches nor the migra-
tion rates of healthy and SSc fibroblasts (figure 2E, F). Finally,
we did not detect any inhibitory effects of PDE4 blockade either
on COL1A1 and PAI-1 gene transcription (figure 2B, C) or on
collagen release (figure 2D) in resting and TGF-β-stimulated
fibroblasts. We therefore hypothesised that the antifibrotic
effects of PDE4 inhibition might be leucocyte-dependent, which
was supported by decreased leucocyte infiltration in the bleo-
mycin model on PDE blockade.

Inhibition of PDE4 reduces the release of profibrotic
cytokines from alternatively activated macrophages
M2 macrophages are a central source of profibrotic mediators.
We hence hypothesised that the antifibrotic effects of PDE4
inhibition in bleomycin-induced skin fibrosis might have
resulted from a reduced release of profibrotic cytokines from
macrophages. We therefore isolated peripheral blood monocytes
from healthy volunteers and patients with diffuse-cutaneous SSc
and differentiated them into M1 and M2 macrophages.
Increased iNOS mRNA levels confirmed the differentiation into
the M1 phenotype, increased ARGINASE mRNA into the M2
phenotype. PDE4 blockade by rolipram inhibited the differenti-
ation of monocytes into M2 macrophages (figure 3A, B), while
differentiation into the M1 phenotype remained unaffected (see
online supplementary figure S3A, B). In addition, mRNA levels
of the profibrotic cytokines IL-6, IL-13, TGF-β1 and TGF-β2
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mRNA as well as the secretion of IL-6 were reduced on treat-
ment of M2 macrophages with rolipram (figure 3C–F). Along
with our hypothesis that PDE4 blockade particularly affects the
M2 macrophages, rolipram treatment did not show significant
effects on the expression of IL-6, IL-10, IL-13 and tumour
necrosis factor (TNF)-α in M1 macrophages from healthy indivi-
duals and patients with SSc (see online supplementary figure
S3C,D). Release of IL-6 protein was not affected by PDE4
inhibition in M1 macrophages (see online supplementary figure
S3E, F).

We also assessed the effects of rolipram on already differen-
tiated M2 macrophages. Again, mRNA levels of the profibrotic
cytokines IL-6, IL-13, TGF-β1 and TGF-β2 as well as protein
levels of IL-6 were reduced significantly, suggesting that PDE4
blockade could prevent and reverse the profibrotic cytokine
milieu generated by M2 macrophages (see online supplementary
figure S4).

To exclude that inhibition of M2 polarisation is due to off-
target effects of rolipram, we knocked down PDE4B, the major
PDE4 isoform in macrophages by small interfering RNA

(siRNA). Consistent with the findings observed with rolipram,
siRNA-mediated silencing of PDE4B inhibited alternative activa-
tion and M2 polarisation of macrophages. Consistently, knock-
down of PDE4B also reduced the mRNA levels of profibrotic
mediators such as IL-6, IL-13, TGF-β1 and TGF-β2 (see online
supplementary figure S5).

We next investigated whether the inhibitory effects of PDE4
blockade on M2 macrophages were also relevant in vivo.
Indeed, we observed a dose-dependent reduction of F4/80
single positive monocytes and F4/80/cMAF/arginase triple posi-
tive M2 macrophages in skin sections of bleomycin-challenged
mice (figure 1D, E). Furthermore, tissue IL-6 levels were also
reduced (figure 1F and see online supplementary figure S2),
indicating that PDE4 inhibition blocks the release of profibrotic
cytokines from M2 macrophages both in vitro and in vivo.

Inhibition of PDE4 ameliorates established skin fibrosis
So far, we have demonstrated that PDE4 blockade prevents
bleomycin-induced fibrosis by interfering with the release of
IL-6 and potentially other mediators from M2 macrophages.

Figure 1 Inhibition of phosphodiesterase 4 (PDE4) by rolipram inhibits the development of bleomycin-induced skin fibrosis. (A) Representative
images of Masson’s trichrome with blue staining for collagens (upper pictures) and sirius red with orange staining for collagens (lower pictures).
Pictures are shown in 100-fold magnification. Skin thickening as determined by Masson’s trichrome stainings. Fibrotic tissue as assessed by
histomorphometric measurements. (B) α-Smooth muscle actin-positive myofibroblasts. (C) Inflammatory infiltrates as determined in H&E stainings.
(D) F4/80 single positive macrophages. (E) F4/80, cMAF and arginase triple positive macrophages. (F) Tissue interleukin-6 (IL-6) levels as assessed by
immunofluorescence staining. (A–F) Animal groups consisted of N≥7 mice each. Statistical description: * for 0.01<p<0.05, ** for 0.001<p<0.01,
*** for p<0.0001. bleo, bleomycin-treated mice; HPF, highpower field; veh, vehicle-treated mice; w, weeks.
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Figure 2 Phosphodiesterase 4 (PDE4) inhibition has no direct effects on fibroblasts. (A) Stress fibre formation in fibroblasts from healthy
individuals (upper pictures) and patients with systemic sclerosis (SSc) (lower pictures) as assessed by phalloidin red staining. Nuclei are stained with
40,6-diamidin-2-phenylindol. Representative stainings are shown in 200-fold magnification. N=3. (B, C) Messenger RNA levels of transforming
growth factor-β (TGF-β) target genes COL1A1 and PAI-1 of unstimulated and TGF-β-stimulated dermal fibroblasts from healthy individuals and
patients with SSc. (D) Secreted collagen proteins in the supernatant of unstimulated and TGF-β-stimulated dermal fibroblasts from healthy
individuals and patients with SSc as assessed by SirCol collagen assay. (E) Representative pictures of scratch assay experiments assessing closure of
the scratch after 48 hours. (F) Quantification of scratch closure time and migration rate in dermal fibroblasts from healthy individuals and patients
with SSc. (A–F) In all experiments N≥3. Statistical description: * for 0.01<p<0.05, ** for 0.001<p<0.01, *** for p<0.0001. ctr, control.

Figure 3 Inhibition of phosphodiesterase 4 (PDE4) interferes with the release of profibrotic cytokines from M2 macrophages. (A–F) M2
macrophages from healthy volunteers and patients with diffuse-cutaneous systemic sclerosis (dcSSc). (A–D) Messenger RNA expression of specific
ARGINASE as well as interleukin-6 (IL-6), IL-13, transforming growth factor (TGF)-β1 and TGF-β2. (E, F) IL-6 protein levels in the supernatants. (A–F)
In all experiments, N≥10. Statistical description: * for 0.01<p<0.05, ** for 0.001<p<0.01, *** for p<0.0001. ctr, control.
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Next, we wondered if PDE4 inhibition might also be effective
in pre-established fibrosis. We therefore took advantage of a
modified model of bleomycin-induced fibrosis in which PDE4
blockade was initiated once skin fibrosis had already been estab-
lished. We used the clinically available PDE4 inhibitor apremi-
last to demonstrate that the antifibrotic effects were applicable
to PDE4 inhibitors in general.

When we compared the treatment groups with the first
control group (6 weeks of bleomycin challenge) (see online
supplementary figure S6), we observed that skin thickness, mor-
phometric fibrosis assessment and myofibroblast numbers were
reduced significantly by both doses of apremilast, suggesting
that PDE4 blockade effectively prevented chronic progression of
fibrosis. Next, we compared both treatment groups with the
second control group (3 weeks of bleomycin challenge followed
by 3 weeks of NaCl injections). Intriguingly, we observed that
apremilast treatment reduced all fibrosis outcome measures
below baseline fibrosis levels, indicating that PDE4 blockade
induced regression of fibrosis (figure 4A, B).

In addition to the antifibrotic effects, leucocytic infiltrates
were reduced on treatment with apremilast (figure 4C). Again,
we observed a dose-dependent reduction of both F4/80 single
positive monocytes and F4/80/cMAF/arginase triple positive M2

macrophages on treatment with apremilast (figure 4D, E).
Furthermore, tissue IL-6 levels were dose-dependently reduced
by 58% and 73% after treatment with 5.0 and 25.0 mg/kg apre-
milast twice daily (figure 4F and see online supplementary
figure S7). Together, these experiments indicated that PDE4
inhibition by the clinically approved apremilast prevented pro-
gression of chronic fibrosis and even reversed establish fibrosis
by reducing M2 differentiation and IL-6 release.

PDE4 blockade inhibits dermal fibrosis in the topoisomerase
I mouse model
Since autoantibodies play a central role in initiation and progres-
sion of fibrosis, we studied the effects of pharmacological PDE4
blockade in mice immunised with the DNA topoisomerase
I. Treatment with rolipram reduced skin thickness by 123%,
fibrotic tissue by 75% and α-SMA-positive myofibroblasts by
91% (figure 5A, B). In line with our results from the bleomycin
models, PDE4 inhibition by 5.0 mg/kg rolipram reduced the
inflammatory infiltrates by 84% (figure 5C). F4/80 single posi-
tive monocytes were reduced by 67% and F4/80/cMAF/arginase
triple positive M2 macrophages by 63% on treatment with
rolipram (figure 5D, E). Furthermore, tissue IL-6 levels were
reduced by 137% (figure 5F, see online supplementary figure S8).

Figure 4 Phosphodiesterase 4 (PDE4) inhibition by apremilast induces regression of pre-established bleomycin-induced skin fibrosis.
(A) Representative images of Masson’s trichrome-stained sections (upper pictures) and sirius red-stained sections (lower pictures) at 100-fold
magnification. Skin thickening as determined by Masson’s trichrome stainings. Fibrotic tissue as assessed by histomorphometric measurements.
(B) α-Smooth muscle actin-positive myofibroblasts. (C) Inflammatory infiltrates as determined in H&E stainings. (D) F4/80 single positive cells.
(E) F4/80, cMAF and arginase triple positive macrophages. (F) Interleukin-6 (IL-6) tissue levels assessed by immunofluorescence staining.
(A–F) Animal groups consisted of ≥6 mice each. Statistical description: * for 0.01<p<0.05, ** for 0.001<p<0.01, *** for p<0.0001. bleo,
bleomycin-treated mice; veh, vehicle-treated mice; w, weeks.
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Inhibition of PDE4 reduces dermal fibrosis caused by chronic
graft-versus-host reaction
Since SSc is a systemic disease, we finally investigated the effi-
cacy and tolerability of PDE4 blockade in the sclGvHD mouse
model. When we treated transplanted animals with the PDE4
inhibitor rolipram, skin thickening, morphometric fibrosis
assessment and myofibroblast counts (figure 6A, B) all indicated
strong antifibrotic effects in well-tolerated doses. In line with
our results from the bleomycin models, rolipram reduced the
inflammatory infiltrates (figure 6C). Again, the antifibrotic
effects of PDE4 inhibition were, at least in part, the result of
reduced release of profibrotic mediators from M2 macrophages
as indicated by a potent decreases in the numbers of M2 macro-
phages (figure 6D and E) and tissue IL-6 levels in the treatment
group (figure 6F and see online supplementary figure S9).

DISCUSSION
Intensive research of the last decades resulted in the clinical
development of PDE4 inhibitors for the treatment of psoriasis,
psoriatic arthritis and potentially Behçet’s disease. The current
literature suggests that the disease-modifying effects of PDE4

inhibitors in these diseases mainly result from their anti-
inflammatory activity. Since autoimmunity and inflammation
drive fibrosis in early stages of SSc and persist in a subset of
patients, we initiated the current study to investigate a potential
disease-modifying activity of PDE4 inhibition in SSc.

Using the lead compound rolipram and apremilast, the PDE4
inhibitor used in the clinic, we observed potent antifibrotic
activity on PDE4 blockade. Although PDE4 is expressed in
fibroblasts and although previous studies suggested inhibitory
effects of PDE4 blockade on fibroblast contraction and chemo-
taxis,45 we did not observe any direct effects of PDE4 inhibition
on fibroblast activation, migration and collagen release in clinic-
ally relevant doses. These observations were consistent with our
hypothesis that PDE4 inhibition might have disease-modifying
antifibrotic activity through interaction with immune cell activa-
tion in SSc.

Both in leucocytic infiltrates in early SSc and in the skin of
bleomycin-challenged mice, macrophages represent one of the
most abundant cell populations. Accumulating preclinical evi-
dence suggest that subgroups of macrophages, often referred to
as M2 macrophages, are key mediators of physiological wound

Figure 5 Phosphodiesterase 4 (PDE4) inhibition by rolipram inhibits dermal fibrosis in the topoisomerase I mouse model. (A) Representative
images of Masson’s trichrome-stained sections (upper pictures) and sirius red-stained sections (lower pictures) at 100-fold magnification. Skin
thickening as determined by Masson’s trichrome stainings. Fibrotic tissue as assessed by histomorphometric measurements. (B) α-Smooth muscle
actin-positive myofibroblasts. (C) Inflammatory infiltrates as determined in H&E stainings. (D) F4/80 single positive cells. (E) F4/80, cMAF and
arginase triple positive macrophages. (F) Interleukin-6 (IL-6) tissue levels assessed by immunofluorescence staining. (A–F) Animal groups consisted
of ≥7 mice each. Statistical description: * for 0.01<p<0.05, ** for 0.001<p<0.01, *** for p<0.0001. topo, topoisomerase I-treated mice; veh,
vehicle-treated mice.
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healing and pathological fibrosis.11 These preclinical findings
are corroborated by data from the FASSCINATE trial.12 Gene
expression analysis revealed a M2-macrophage signature in SSc
skin, which was responsive to treatment with tocilizumab. We
observed that PDE4 blockade was effective in inhibiting the dif-
ferentiation of monocytes/macrophages into a M2 phenotype
and in reducing the release of profibrotic mediators, including
IL-6. Since PDE4 inhibition blocked the expression of several
fibrosis relevant mediators in M2 macrophages, we hypothesise
that its antifibrotic efficacy may exceed the antifibrotic effects of
selective IL-6 inhibition in patients with SSc.

Our study provides first evidence that PDE4 blockade has a
profound antifibrotic activity. Gobejishvili et al46 and Udalov
et al47 investigated PDE4 blockade in models of cholestatic liver
disease and chronic lung injury, respectively, supporting the idea
that PDE4 might play a general role in chronic organ damage.
In detail, cholestatic liver injury induced by bile duct ligation
was accompanied by increased PDE expression. Treatment with
rolipram reduced inflammatory and profibrotic cytokine expres-
sion. Udalov et al used the PDE4 inhibitor cilomilast to demon-
strate reduced lung injury and fibrosis after a single bleomycin
challenge. Similar to our results in the skin, treatment with

cilomilast reduced the number of macrophages in bronchoalveo-
lar lavage (BAL) fluid, while neutrophils remained unchanged.
By contrast to our results, the authors observed decreased
TNF-α mRNA but increased IL-6 mRNA BAL levels. This might
reflect the early disease stage after injury during which these
investigations were performed. At this early stage, inflammation
is still dominated by M1 macrophages, whereas M2 macro-
phages as a predominant source of profibrotic mediators accu-
mulate during later stages of bleomycin-induced injury.11

Since the ‘standard’ bleomycin model is used to investigate
prevention of fibrosis, it was crucial to study the effects of
PDE4 inhibition in a modified model, in which treatment is
initiated, once fibrosis has already been established. PDE4 block-
ade was effective in preventing progression of chronic fibrosis
and reversing established fibrosis. These observations were
accompanied by increased counts of M2 macrophages in estab-
lished fibrosis, which were normalised by PDE blockade. We
believe that this finding might indicate that M2 macrophages
may contribute to the persistence of fibrotic disease in patients
with SSc. Targeting M2 macrophages might therefore
re-establish physiological tissue homeostasis and allow reversal
of fibrosis.

Figure 6 Inhibition of phosphodiesterase 4 (PDE4) ameliorates fibrosis in murine sclerodermatous chronic graft-versus-host disease. (A)
Representative images of Massons’s trichrome (upper images) and sirius red-stained (lower images) sections at 100-fold magnification. Skin
thickening as determined by Masson’s trichrome stainings. Fibrotic tissue assessed by histomorphometric measurements. (B) α-Smooth muscle
actin-positive myofibroblasts. (C) Inflammatory infiltrates as determined in H&E stainings. (D) F4/80 single positive cells. (E) F4/80, cMAF and
arginase triple positive macrophages. (F) Tissue interleukin-6 (IL-6) levels assessed by immunofluorescence staining. (A–F) The groups consisted of
≥6 mice each. Statistical description: * for 0.01<p<0.05, ** for 0.001<p<0.01, *** for p<0.0001. Veh, vehicle-treated mice.

1139Maier C, et al. Ann Rheum Dis 2017;76:1133–1141. doi:10.1136/annrheumdis-2016-210189

Basic and translational research

group.bmj.com on May 29, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


In addition to its antifibrotic effects in bleomycin-induced
fibrosis, we observed that PDE4 blockade was also effective in
treating preclinical sclGvHD, a model to mimic systemic fibrosis
as seen in patients with diffuse-cutaneous SSc. Although the
sclGvHD model was long thought to be T cell-driven, accumu-
lating evidence suggests a central role of M2 macrophages
chronic graft-versus-host disease,48 which is in line with our
observations. In addition to bleomycin-induced fibrosis and
murine sclGvHD, PDE4 inhibition also demonstrated potent
antifibrotic effects in topoisomerase-induced fibrosis.
Histological analyses indicate that early phases of SSc are char-
acterised by inflammatory infiltrates,3 and genetic profiling
studies highlight that SSc may evolve in distinct disease sub-
types, including inflammatory subtypes.49 In this context, our
current study highlights potent antifibrotic effects of PDE4
inhibition in SSc models reflecting exactly these early stages and
inflammatory subtypes. By contrast to its effects in other rheum-
atic conditions, PDE4 inhibitors act primarily through modulat-
ing the release of profibrotic mediators from macrophages
expressing a M2 phenotype. Since accumulating evidence sug-
gests that M2 macrophages may play a more general role in
several subtypes of fibrosis, including inflammatory and fibro-
proliferative disease types, our findings might prompt additional
experimental studies to investigate a potential role of PDE4
inhibitors in inflammation-independent, fibroproliferative
diseases.

The PDE4 inhibitor apremilast is already approved for the
treatment of psoriasis and psoriatic arthritis. Apart from minor
gastrointestinal side effects during the initiation of therapy, apre-
milast is very well tolerated and does per se not require routine
laboratory testing compared with other disease-modifying
agents. Our results suggest that apremilast, as well as other
PDE4 inhibitors, might be tested and further developed for the
treatment of patients with SSc at early stages or with persistent
inflammatory disease.
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EXTENDED REPORT

Knee and hip intra-articular adipose tissues (IAATs)
compared with autologous subcutaneous adipose
tissue: a specific phenotype for a central player in
osteoarthritis
Florent Eymard,1,2 Audrey Pigenet,1 Danièle Citadelle,1 Joan Tordjman,3,4

Louise Foucher,1 Cindy Rose,1 Charles-Henri Flouzat Lachaniette,5 Christine Rouault,3,4

Karine Clément,3,4 Francis Berenbaum,1,2,6 Xavier Chevalier,2 Xavier Houard1

ABSTRACT
Objectives Compared with subcutaneous adipose
tissue (SCAT), infrapatellar fat pad (IFP), the main knee
intra-articular adipose tissue (IAAT), has an inflammatory
phenotype in patients with osteoarthritis (OA). We
phenotyped suprapatellar fat pad (SPFP) and hip
acetabular fat pad (AFP), two other IAATs, to
determinate the unique signature of IAATs compared
with SCAT.
Methods IFP, SPFP, AFP and autologous SCAT were
obtained from patients with OA during total knee
(n=38) or hip replacement (n=5). Fibrosis and adipocyte
area were analysed by histology and vascularisation,
leucocyte and mast cell infiltration were analysed by
immunohistochemistry for von Willebrand factor,
leucocytes and tryptase, respectively. Secretion of
interleukin (IL)-6, IL-8 and prostaglandin E2 (PGE2) was
assessed by ELISA. The mRNA expression of adipocyte-
associated genes (ATGL, LPL, PPAR-γ, FABP4 and CD36)
and developmental genes (SFRP2, HoxC9 and EN1) was
determined. The inflammatory response of isolated
fibroblast-like synoviocytes (FLS) to autologous IFP and
SPFP conditioned media was examined.
Results Fibrosis, vascularisation and leucocyte and
mast cell infiltration were greater in IAATs than SCAT,
and levels of IL-6, IL-8 and PGE2 were greater in all
IAATs than SCAT. IFP and SPFP induced a similar
inflammatory response to FLS. Adipocyte area was
smaller in IAATs than SCAT. Adipocyte-associated and
developmental genes showed a similar gene expression
pattern in all IAATs, different from SCAT.
Conclusions IFP but also SPFP and AFP (gathered
under the term ‘IAAT’) may play a deleterious role in OA
by affecting joint homeostasis because of their
inflammatory phenotype and their close interaction with
synovium in the same functional unit.

INTRODUCTION
Osteoarthritis (OA) is a whole-joint disease mainly
characterised by progressive cartilage disappear-
ance, subchondral bone remodelling and synovitis,
which all act in concert for OA progression. In this
context, many studies have focused on cartilage/
subchondral bone crosstalk. Cartilage and subchon-
dral bone are indeed now considered a unique
functional unit.1 2 Although synovitis was thought
to mainly result from cartilage breakdown, several

data suggest that it could be also involved in early
stages of OA even before cartilage damage.3 4

Moreover, we and others have shown that knee OA
synovitis may also depend on the release of inflam-
matory factors by the infrapatellar fat pad (IFP),
located at the posterior surface of synovium.5 6

IFP is one intra-articular adipose tissue (IAAT),
which has received much attention for several
years. IFP from patients with knee OA releases
many inflammatory factors in higher amounts com-
pared with autologous subcutaneous adipose tissue
(SCAT).6–8 IFP volume9 and release of tumour
necrosis factor α by IFP8 are both positively asso-
ciated with the body mass index (BMI) of human
patients with OA. Similarly, in mice fed a high-fat
diet, weight gain and IFP volume were correlated
with development of OA.10 Positive associations
were also found between adipocyte area and vascu-
lar infiltrates of IFP.10 Consequently, IFP may have
a paracrine function in other joint tissues in OA,
especially the adjacent synovium.5 6

In the best of our knowledge, only IFP has been
studied in OA, although anatomically, other IAATs
are indeed present in the joints. The suprapatellar
fat pad (SPFP) is composed of the quadriceps fat
pad and the pre-femoral fat pad, which are located
above the patella and behind the suprapatellar bursa,
respectively (see online supplementary figure S1).
The posterior fat pad is in close contact with the
posterior articular capsule behind the menisci.11

Whether IFP has unique properties among IAATs is
currently unknown. In addition, IAATs are not
restricted to the knee. For instance, the coxofemoral
joint contains one IAAT located in acetabular fossa
and surrounding the ligamentum teres (acetabular
fat pad (AFP)) (see online supplementary figure S1).
Nothing is known about AFP in the context of arth-
ritis. Whether IAATs from different joints share
similar properties is unknown.
We investigated whether all IAATs acquire an

inflammatory phenotype in OA like IFP, belonging
to the same and unique type of adipose tissue (AT),
which thus may act with the adjacent synovium as a
unique functional unit. We used histological,
molecular and functional characterisation of IFP,
SPFP and SCAT from patients with autologous OA.
In parallel, OA AFP and autologous SCATwere char-
acterised. Fibrosis, vascular density, inflammatory

1142 Eymard F, et al. Ann Rheum Dis 2017;76:1142–1148. doi:10.1136/annrheumdis-2016-210478

Basic and translational research

To cite: Eymard F, 
Pigenet A, Citadelle D, 
et al. Ann Rheum Dis 
2017;76:1142–1148.

Handling editor Tore K Kvien

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http://dx.doi.org/10.1136/
annrheumdis-2016-210478).

For numbered affiliations see 
end of article.

Correspondence to
Dr Francis Berenbaum, INSERM 
UMR-S 938, “Metabolism and 
Age-Related Joint Diseases”, 
Saint Antoine Research Center, 
27 rue Chaligny, F-75571 
Cedex 12, Paris, France; francis.
berenbaum@aphp.fr

Received 6 September 2016
Revised 7 February 2017
Accepted 21 February 2017
Published Online First 
15 March 2017

group.bmj.com on May 29, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://dx.doi.org/10.1136/annrheumdis-2016-210478
http://dx.doi.org/10.1136/annrheumdis-2016-210478
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2016-210478&domain=pdf&date_stamp=2017-03-17
http://www.eular.org/
http://ard.bmj.com/
http://ard.bmj.com/
http://group.bmj.com


infiltrates and adipocyte size were determined, as was the expres-
sion of inflammatory factors and molecules important for adipo-
cyte function. The effect of different knee IAATs on
fibroblast-like synoviocyte (FLS) inflammatory response was
compared.

MATERIALS AND METHODS
AT and synovium samples
Tissues were harvested from patients with end-stage symptom-
atic knee (n=38) or hip OA (n=5) undergoing surgery for total
knee or hip replacement at Henri Mondor Hospital (Créteil,
France). Sequential patients from whom informed consent was
obtained were included. Surgeons harvested the IFP with the
synovial membrane lining its posterior surface and the SPFP
during knee replacement or AFP located in the bottom of acet-
abular fossa during hip replacement. The SCAT was harvested
immediately below the scar. Tissues were stored in Dulbecco’s
modified Eagle’s medium (DMEM) with 1% bovine serum
albumin (BSA).

Omental and autologous SCATs were harvested from patients
(n=15; female, n=14) operated at Visceral Surgery Department
of Ambroise Paré Hospital (Boulogne-Billancourt, France) for
gastric banding (n=2), gastric bypass (n=7) or sleeve gastrec-
tomy (n=6). Mean age and mean BMI were 39.7±3.8 (18–62)
and 45.6±1.4 (36.4–53.7), respectively. All subjects are part of
the BAR-ICAN study (study of obese subjects in bariatric
surgery programmes) (ethical committee no. 2014-April-
13533).

Generation of AT-conditioned medium
ATs were carefully dissected as described.6 For the IAAT
samples, special care was taken to separate AT from the syno-
vium. The absence of remaining synovium was checked on
several samples by histology. Nevertheless, we cannot exclude
the marginal presence of remaining synovium in some cases. To
generate the AT-conditioned medium, 300 mg AT, minced into
small pieces, was incubated in 1 mL of DMEM, 12.5 mM
glucose and 1% BSA for 1 hour at 37°C in a humidified atmos-
phere of 5% CO2/95% air. The medium was removed and
tissues were incubated in 1 mL of the same medium for 3 hour.
Thereafter, conditioned media and tissues were collected separ-
ately, spun and frozen at −80°C.

Isolation, culture and stimulation of FLS
As described,6 synovium was digested in 0.75 mg/mL collage-
nase/dispase and 0.075 mg/mL DNase (both from Roche
Diagnostics) in FLS growth medium (RPMI 1640 Glutamax,
100 units/mL penicillin, 0.1 mg/mL streptomycin, 10 mM
HEPES, 2 mM sodium pyruvate, 10% fetal calf serum) before
seeding cells in culture plates. FLS were cultured at 37°C in a
humidified atmosphere of 5% CO2/95% air.

FLS from passage 3 (n=6 patients) were seeded at 105 cells/
well in 6-well culture plates. Confluent FLS were left in deple-
tion medium (growth medium without serum) for 24 hours
before washing with phosphate-buffered saline (PBS) and stimu-
lation with IFP-conditioned or SPFP-conditioned medium
(150 mL) in depletion medium (850 mL). Control FLS were
incubated in depletion medium (850 mL) with 150 mL of
medium used to generate tissue conditioned media. After 24
hour stimulation, FLS were rinsed twice with PBS and incubated
in depletion medium for 24 hours. Conditioned media were
kept, spun and stored at −80°C.

Isolation of adipocytes
IFP and SCAT were digested in 1 mg/mL collagenase (Roche
Diagnostics) in DMEM 4.5 g/L glucose, 100 units/mL penicillin,
0.1 mg/mL streptomycin, 15 mM HEPES, 0.2% BSA for 1 hour
at 37°C. The adipose suspension was then filtered through a
100 μm mesh and centrifuged for 6 min at 150g. The upper
phase containing adipocytes was separated and washed two
times with PBS. After a final centrifugation (6 min at 150g), adi-
pocytes were lysed for gene expression analysis.

Total RNA extraction and quantitative RT-PCR
Total RNA was isolated by using the Reliaprep RNA Cell mini-
prep system (Promega). RNA (250–1000 ng) was reverse tran-
scribed by using the Omniscript RT kit (Qiagen). Gene
expression was analysed by quantitative RT-PCR with Roche
Diagnostics LightCycler 480 in a 12 mL final volume with spe-
cific primers (10 mM) (see online supplementary table S1) and
GoTaq PCR Master Mix (Promega). PCR amplification involved
a denaturation step (5 min at 95°C) followed by 40 cycles of
10 s at 95°C, 15 s at 60°C and 10 s at 72°C.

For each PCR, cDNA was run in duplicate in parallel with
serial dilutions of a cDNA mixture tested for each primer pair
to generate a standard linear curve, which was used to estimate
the amplification efficiency. The relative mRNA expression for
all genes analysed was normalised to that of 18S RNA (used as
the internal reference gene) and determined by using the effi-
ciency method with Light Cycler 480 software.

ELISA
ELISA kits were used to determine the concentrations of inter-
leukin (IL)-6, IL-8 (both from Sanquin-PeliKine), prostaglandin
E2 (PGE2; Cayman Chemical), matrix metalloproteinase 1
(MMP-1; from R&D Systems) in AT and/or FLS-conditioned
medium.

Histology and immunohistochemistry study
AT samples were fixed in 3.7% paraformaldehyde, embedded in
paraffin and serially sectioned (5 mm). Sections were stained
with picrosirius red (Sigma). Immunohistochemistry involved
mouse monoclonal antibodies to CD45 (leucocytes, clone 2B11
+PD7/26, Dako) (dilution 1:100), tryptase (mast cells, AA1,
Santa Cruz Biotechnology) (dilution 1:100), CD3 (T lympho-
cytes, clone F7.2.38, Dako) (dilution 1:50), CD20 (B lympho-
cytes, clone L26, Dako) (dilution 1:100) and CD68
(macrophages, clone PG-M1, Dako) (dilution 1:100) and von
Willebrand factor (vWF) (endothelial cells, clone F8/86, Dako)
(dilution 1:500) as primary antibodies. For all antibodies except
vWF, the R.T.U Vectastain kit (Vector) was used for detection
followed by counterstaining with Mayer’s haematoxylin.
Immunofluorescent detection of vWF involved horseradish per-
oxidase conjugated secondary rabbit anti-mouse IgG antibody
(Abliance) and the TSA Plus Cyanine 3 System (Perkin Elmer).
Irrelevant control antibodies (Dako) were incubated at the same
concentration to assess non-specific staining.

Morphometric analysis
Sections stained with picrosirius red were used for fibrosis quan-
tification and adipocyte area determination. Digital images of
magnification views (×20) of tissue sections were captured by
using an Olympus DP73 camera (Olympus) on an Olympus
BX43 microscope. Fibrosis analysis involved histomorphometry
with CaloPix software (Chatillon, France) with content colour
thresholds. The quantification of total fibrosis was expressed as
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the ratio of fibrous tissue area stained with picrosirius red/total
tissue surface.12 For adipocyte mean area determination, two
independent observers blindly measured the area of 40 adipo-
cytes located in the centre of the tissue section and values were
averaged. Vessel number and vascular density were quantified
after vWF immunostaining. The number of vessels was mea-
sured in the whole section and normalised to the tissue area.
Vascular density was quantified as the proportion of
vWF-positive area normalised to tissue area. Infiltration of
CD45-positive and tryptase-positive cells within the tissue area
was graded as 0, no or sparse positive cells; 1, several positive
cells; and 2, numerous positive cells with several clusters.

Statistical analysis
Paired Wilcoxon non-parametric rank test (Statview software,
V.4.57, SAS) was used for analysis. Data are presented as mean
±SD. p<0.05 was considered statistically significant.

RESULTS
Patient characteristics
We included patients with severe and symptomatic knee (n=38)
and hip OA (n=5). Characteristics of each group are in online
supplementary table S2. In the knee OA group, the mean age
was 73.3±6.5 years and 29 (76.3%) were women. The mean

BMI was 29.3±5.0 kg/m2. In the hip OA group, the mean age
was 73.0±3.3 years and three (60.0%) were women. The mean
BMI was 27.4±4.4 kg/m2.

Fibrosis and inflammatory infiltration of OA IAATs
At the time of dissection, all harvested IAATs, whatever their
knee or hip origin, had more fibrous tissue than autologous
SCAT. This observation was confirmed at histological level after
quantification of picrosirius red staining (figure 1). In knee OA,
fibrosis in IFP and SPFP accounted for 30.9%±18.6% and
26.9%±9.4% of tissue area, respectively, and was significantly
more extended than in SCAT (18.9%±8.5% of tissue area,
p=0.028 and 0.028, respectively). This difference was even
more pronounced between AFP and corresponding SCAT
(69.2%±9.5% and 21.3%±6.0% of tissue area, respectively)
(figure 1B,C). Given the small number of patients, no statistical
analysis was performed for hip tissue. In IAATs, fibrous tissue
accumulated between adipocyte lobules as large fascicles. In
some cases, adipocytes and fibres were intermingled (figure 1A,
panels a, b). In contrast, the fibrous part of SCAT surrounded
adipocyte lobules and few fibres were detected among clusters
of adipocytes (figure 1A, panel c). The vascular network also
appeared different between IAATs and SCAT. Vessel number to
tissue area was significantly increased 2.2-fold between both IFP

Figure 1 Histological characterisation of fibrosis and vascularisation in intra-articular adipose tissue (IAAT) and subcutaneous adipose tissue
(SCAT) from patients with end-stage osteoarthritis. (A) Paraffin sections (5 mm) of infrapatellar fat pad (IFP) (a and f ), suprapatellar fat pad (SPFP)
(b and g), acetabular fat pad (AFP) (d and i) and SCAT (c, e, h and j) (n=16 for knee and n=3 for hip tissues) were stained with picrosirius red for
fibrosis determination (a–e) and for von Willebrand factor (f–j) for vessel quantification. Digital images of magnification views (×4) of tissue
sections were captured. In IAATs, fibrous tissue (stained in red) accumulated between adipocyte lobules as large fascicles. In some cases, adipocytes
and fibres were intermingled. In contrast, the fibrous part of SCAT surrounded adipocyte lobules and few fibres were detected among clusters of
adipocytes (c and e). Quantification of the proportion of fibrosis and ratio of vessel-to-tissue area in knee (n=16) (B and C) and hip tissues (n=3)
(D and E). Knee IAATs have significantly greater percentage of fibrosis and vessel area than autologous SCAT. Similar observations are made for AFP
compared with hip SCAT. Horizontal bar is mean and dots represent each patient. *p<0.05.
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and SPFP and SCAT (data not shown). The vascular area to
tissue area was significantly greater in IFP and SPFP than SCAT
(p=0.003 and 0.006, respectively) (figure 1D), with no differ-
ence between IFP and SPFP. As observed in knee IAATs, a higher
vessel number and vascular area to tissue area were quantified in
AFP compared with autologous SCAT (figure 1E). The fibrous
part of ATs contained more vessels, which were also larger than
within adipocyte lobules. Tissue fibrosis and vascularisation
were associated neither with the obese/non-obese status of the
patients nor with gender, with the exception of a lower vascular
area, in females only (see online supplementary table S3). In
addition to fibrosis and vascularisation, CD45-positive and
tryptase-positive cell infiltration was greater in knee and hip
IAATs than autologous SCAT (figure 2). Leucocytes and mast
cells preferentially accumulated in perivascular areas in fibrous
parts of ATs than in adipocyte lobules. Inflammatory infiltrates
consisted mainly of macrophages. Some T lymphocytes and B
lymphocytes could also be observed in IAATs (see online
supplementary figure S2).

Common inflammatory secretion pattern of IAATs
As we previously reported,6 7 IFP from patients with OA pro-
duced significantly more IL-6, IL-8 and PGE2 than autologous
SCAT (figure 3A–C). Similarly, SPFP also secreted higher
amounts of these inflammatory mediators compared with SCAT.
The release was 6.2-fold, 6.7-fold and 189.1-fold higher by SPFP
than SCAT for IL-6 (p<0.0001), IL-8 (p=0.002) and PGE2

(p<0.0001), respectively. No significant difference was found
between IFP and SPFP. AFP also secreted significantly more
inflammatory factors than autologous SCAT (figure 3D–E).
No relationship was found between obesity and any of the
inflammatory factors. We only found a lower release of PGE2 by
SCAT in females only (see online supplementary table S3).

As a consequence of the inflammatory pattern of IAAT secre-
tion products, both IFP-conditioned and SPFP-conditioned
media induced an inflammatory and prodegradative response to
autologous FLS (figure 4). The production of IL-6 and MMP-1
was indeed strongly stimulated by IFP (8.6-fold, p=0.028, and
3.7-fold, p=0.028, respectively) and SPFP-conditioned media
(15.6-fold, p=0.046, and 3.8-fold, p=0.043, respectively) com-
pared with unstimulated control cells.

Specific phenotype of IAAT-derived adipocytes
Morphometric analysis of adipocytes revealed a smaller size of
adipocytes within IAATs than SCAT. IFP and SPFP adipocyte
mean area was 0.6-fold (p=0.002) and 0.7-fold smaller
(p=0.007), respectively, than that from autologous SCAT
(figure 5). IFP and SPFP did not differ in adipocyte mean area.
As observed in knee IAATs, the mean surface of AFP-derived
adipocytes was 0.7-fold smaller than that from autologous
SCAT (figure 5). No relationship was found between obesity or
gender with the adipocyte area of knee IAATs and SCAT (see
online supplementary table S3). This result suggests that adipo-
cytes present within IAATs and SCAT have distinct phenotypes.

Figure 2 Histological characterisation of leucocyte infiltration in intra-articular adipose tissue (IAAT) and subcutaneous adipose tissue (SCAT) from
patients with end-stage osteoarthritis. (A) Paraffin sections (5 mm) of infrapatellar fat pad (IFP) (a and f ), suprapatellar fat pad (SPFP) (b and g),
acetabular fat pad (AFP) (d and i) and SCAT (c, e, h and j) (n=13 for knee and n=3 for hip tissues) were immunostained for CD45 leucocytes (a–e)
and tryptase, which targets mast cells (f–j). CD45-positive and tryptase-positive cells were mainly observed in the fibrous part and in perivascular
areas of the adipose tissue. Original magnification ×20. (B–E) Quantification of the leucocyte (B and D) and mast cell infiltrates (C and E) of knee (B
and C) and hip IAATs and SCAT (D and E). More leucocytes and mast cells are present in IAATs than SCAT. Data are mean±SD. *p<0.05.
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EN1, SFRP2, HoxC9 and Wt1 are genes that are differen-
tially expressed by SCAT and intra-abdominal AT and their iso-
lated adipocytes.13–15 (see online supplementary figure S3)
Here, IAATs and SCAT also differentially expressed EN1
mRNA, with an expression strongly decreased in all IAATs com-
pared with SCAT (IFP: 0.3-fold, p=0.006; SPFP: 0.2-fold,
p=0.006; and AFP: 0.3-fold, p=0.046) (figure 6H). Similarly,
the mRNA level of HoxC9 was lower in SPFP and AFP than
autologous SCAT (SPFP: 0.6-fold, p=0.025; and AFP: 0.3-fold,
p=0.043). IFP and SCAT did not differ in HoxC9 expression
and all ATs showed a similar mRNA expression of SFRP2
(figure 6). Wt1 was not expressed by IAATs.

PPAR-γ, CD36, FABP4, LPL and ATGL are involved in adipo-
genesis, intracellular fatty acid transfer and trafficking, lipogen-
esis and lipolysis. They were also differentially expressed in
IAATs and SCAT (figure 6). The mRNA expression of CD36,
FABP4, LPL and ATGL was significantly decreased in IFP, SPFP

and AFP compared with the autologous SCAT. PPAR-γ mRNA
expression was lower in SPFP and AFP than SCAT. In contrast,
PPAR-γ mRNA expression was similar in IFP and SCAT.
Interestingly, some differences were observed between IFP and
SPFP. The mRNA levels of PPAR-γ (p=0.002) and CD36
(p=0.007) were lower in SPFP than autologous IFP.

To exclude that differences in gene expression between IAATs
and SCAT could be due to the accumulation of fibrosis within
IAATs and thus to a lower proportion of adipocytes within the
whole AT, we analysed the expression of ATGL, LPL and CD36
in isolated adipocytes from IFP and SCAT (figure 6I). As
observed in whole AT, the mRNA expression of ATGL, LPL and
CD36 was lower in IFP-derived than SCAT-derived adipocytes.

DISCUSSION
In recent years, IFP has received much attention for its possible
involvement in OA. IFP volume or surface is modified in OA
and could be associated with structural damage and pain.16 IFPs
from early-stage and end-stage OA display a different gene
expression pattern.17 OA IFP also shows an inflammatory
phenotype characterised by a higher expression and secretion of
inflammatory factors than autologous SCAT.6 7 Consistently, IFP
stimulates an inflammatory response to FLS,5 6 which suggests
that the functional interaction of IFP with synovium may be a
mechanism of inducing OA synovitis. Of note, several IAATs are
present within the knee and IAATs are not restricted to the
knee. In this study, we wondered whether IFP is unique among
IAATs or whether all IAATs share common properties.
Interestingly, all IAATs feature a similar histological pattern:
increased fibrosis, vascularisation and leucocyte infiltration com-
pared with autologous SCAT. They express and secrete a higher
level of inflammatory factors (IL-6, IL-8 and PGE2). All these
features were independent of gender or BMI of patients. Like
IFP, SPFP induces an inflammatory response to FLS. All IAATs
and isolated adipocytes express a lower level of genes associated
with adipocyte function. The size of adipocytes is lower in
IAATs than SCAT. These results suggest that all IAATs belong to

Figure 3 Differential release of
inflammatory factors by knee and hip
intra-articular adipose tissues (IAATs)
and subcutaneous adipose tissue
(SCAT) from patients with end-stage
osteoarthritis (OA). Secretion of
interleukin (IL)-6 (A and D), IL-8 (B and
E) and prostaglandin E2 (PGE2) (C and
F) by knee (A–C) and hip IAATs (D–F)
and autologous SCAT in conditioned
media. Measurements of 19 and 5
patients with knee and hip OA,
respectively. Horizontal bar is mean
and dots represent each patient.
*p<0.05. AFP, acetabular fat pad; IFP,
infrapatellar fat pad; SPFP,
suprapatellar fat pad.

Figure 4 Inflammatory response of fibroblast-like synoviocytes (FLS)
by stimulation by autologous knee intra-articular adipose tissues. FLS
from six patients with osteoarthritis were treated or not with
conditioned media from autologous infrapatellar fat pad (IFP) and
suprapatellar fat pad (SPFP). Secretion of interleukin (IL)-6 (A) and
matrix metalloproteinase 1 (MMP-1) (B) in FLS-conditioned media was
determined by ELISA. Horizontal bar is mean and dots represent each
patient. *p<0.05.
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the same type of AT and support that IAATs and their adjacent
synovium should be considered a unique functional unit.

Our results show that IAATs differ from SCAT. Although we
cannot exclude that the proportion of fibrous and vascular
tissue may explain some molecular differences we observed
between IAATs and SCAT, the distinct gene expression pattern
of isolated adipocytes from IFP and SCAT argues for a peculiar
IAAT phenotype. Interestingly, IAATs seem to share similar
properties with visceral AT (VAT), the other main type of white
ATs. Indeed, the size of adipocytes from omental or perivascu-
lar AT is smaller than in SCAT depots,18 19 as we found for
IAATs. Similarly, the level of adipocyte-associated genes is
reduced in adipocytes from perivascular and perirenal ATs.18

SCAT and VATs differentially express developmental genes,

including EN1 and HoxC9, whose expression is decreased in
intra-abdominal VAT, whereas the expression of SFRP2 is
increased (data not shown).14 15 Our results also show lower
levels of both EN1 and HoxC9 in IAATs than SCAT. Similarly,
some developmental genes, including EN1, were differentially
expressed by perivascular AT and SCAT, with no difference
found between SCAT and perirenal AT.18 This latter observation
highlights intrinsic differences between VATs.15 Nevertheless,
Chau et al13 recently showed that VATs from six different
depots but not SCAT all express Wt-1. Interestingly, in our
study, no expression of Wt-1 was observed in IAATs, whereas it
was in omental VAT. This suggests that IAATs may be a specific
AT different from SCAT and VATwhile sharing several common
properties with VATs.

Figure 5 Mean adipocyte size in intra-articular adipose tissues (IAATs) and subcutaneous adipose tissue (SCAT) from patients with end-stage
osteoarthritis. (A) Paraffin sections (5 mm) of infrapatellar fat pad (IFP) (a), suprapatellar fat pad (SPFP) (b), acetabular fat pad (AFP) (d) and SCAT (c
and e) (n=16 for knee and n=3 for hip tissues) were stained with picrosirius red and adipocyte size was quantified. (B) Quantification of mean
adipocyte size of knee and hip IAATs. The mean size of adipocytes from knee IAATs is significantly lower than those of autologous SCAT. A similar
observation is made for AFP compared with hip SCAT. Data are expressed as ratio of mean adipocyte size between each IAAT and its corresponding
SCAT (set at 1.0, horizontal dotted line). Horizontal bar is mean and dots represent each patient. *p<0.05.

Figure 6 Differential gene expression pattern of knee and hip intra-articular adipose tissues (IAATs) and autologous subcutaneous adipose tissue
(SCAT) from patients with end-stage osteoarthritis (OA). (A–H) Relative mRNA expression of PPAR-γ (A), ATGL (B), FABP4 (C), CD36 (D), LPL (E),
SFRP2 (F) HoxC9 (G) and EN1 (H) by infrapatellar fat pad (IFP), suprapatellar fat pad (SPFP) and acetabular fat pad (AFP) to their corresponding
SCAT from patients with knee (n=12) and hip (n=5) OA. (I) Adipocytes from IFP and SCAT were isolated from four patients before determining
mRNA expression of ATGL, CD36 and LPL. Data are fold increase compared with SCAT, whose mRNA expression was set to 1 for each patient
(horizontal dotted line). Horizontal bar is mean and dots represent each patient. *p<0.05 vs SCAT and #p<0.05 vs SPFP.
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OA IAATs are characterised by a higher fibrotic index, inflam-
matory infiltrates and vascularisation than autologous SCAT.
Increased leucocyte infiltration and mast cell number in OA IFP
has been reported.8 Leucocytes and mast cells preferentially
localise within fibrotic areas. Similar observations were reported
in omental VAT from obese patients.12 Inflammation stimulates
fibrosis in AT, and macrophages can express extracellular matrix
components.20 Of note, monoiodoacetate injection can induce
OA and provoke IFP inflammation and fibrosis.21 22 IFP area
and vascularisation are increased in the murine high-fat
diet-induced OA model.10 In addition to inflammation, AT
fibrosis can be induced by mechanical stimulus,23 which is rele-
vant for knee and hip OA. According to the link between fibro-
sis, inflammation and mechanical load, we suggest that the
peculiar phenotype of IAATs we describe here could depend on
intrinsic properties of IAATs. A recent study comparing the
histological characteristics of IFP from cadavers without knee
OA to autologous knee SCAT and heterologous abdominal
SCAT24 reported that IFP adipocytes were smaller than those
from SCAT. However, their results on tissue fibrosis differ from
ours. Indeed, interlobular septa of IFP were thinner than those
from knee SCAT, whereas no quantitative difference of the
intercellular space was observed. We have no explanation for
this discrepancy between their study and ours. Nevertheless, we
never observed SCAT as fibrous as they showed. The peculiar
phenotype of IAATs may also be acquired during the course of
OA. Indeed, Gandhi et al17 showed differences in gene expres-
sion pattern between IFP from early and late patients with OA.

To conclude, knee and hip OA IAATs share a common pheno-
type, including a less adipogenic profile but higher fibrotic and
inflammatory characteristics than autologous SCAT. IAATs could
be considered a subgroup of AT, such as visceral, muscular or
perivascular AT. The IAAT impact on joint homeostasis could be
related to its inflammatory and metabolic profile and mediated
by close interactions with synovium in a same functional unit.
IAATs may be new players in OA disease progression.
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ABSTRACT
Objectives Systemic sclerosis (SSc) is an autoimmune
disease characterised by skin and systemic fibrosis
culminating in organ damage. Previous genetic studies
including genome-wide association studies (GWAS) have
identified 12 susceptibility loci satisfying genome-wide
significance. Transethnic meta-analyses have successfully
expanded the list of susceptibility genes and deepened
biological insights for other autoimmune diseases.
Methods We performed transethnic meta-analysis of
GWAS in the Japanese and European populations, followed
by a two-staged replication study comprising a total of
4436 cases and 14 751 controls. Associations between
significant single nuclear polymorphisms (SNPs) and
neighbouring genes were evaluated. Enrichment analysis of
H3K4Me3, a representative histone mark for active
promoter was conducted with an expanded list of SSc
susceptibility genes.
Results We identified two significant SNP in two loci,
GSDMA and PRDM1, both of which are related to immune
functions and associated with other autoimmune diseases
(p=1.4×10−10 and 6.6×10−10, respectively). GSDMA also
showed a significant association with limited cutaneous
SSc. We also replicated the associations of previously
reported loci including a non-GWAS locus, TNFAIP3.
PRDM1 encodes BLIMP1, a transcription factor regulating
T-cell proliferation and plasma cell differentiation. The top
SNP in GSDMA was a missense variant and correlated with
gene expression of neighbouring genes, and this could
explain the association in this locus. We found different
human leukocyte antigen (HLA) association patterns
between the two populations. Enrichment analysis
suggested the importance of CD4-naïve primary T cell.
Conclusions GSDMA and PRDM1 are associated with
SSc. These findings provide enhanced insight into the
genetic and biological basis of SSc.

INTRODUCTION
Systemic sclerosis (SSc) is an orphan disease with
high morbidity and mortality. It is composed of
two main subsets, a limited cutaneous form (lcSSc)
and a diffuse cutaneous form (dcSSc).1 SSc is also
characterised by production of specific autoanti-
bodies, anticentromere antibody (ACA) and
anti-Scl70 antibody. Severe complications in SSc
include interstitial lung disease (ILD), digital ulcers
(DU), renal crisis and pulmonary hypertension
(PH), where fibrosis in tissues and vessel remodel-
ling play fundamental roles.1 Genetic and environ-
mental elements are associated with the
development of SSc.1 2 While SSc is a heteroge-
neous disease, it has a significant genetic compo-
nent.3 A total of 12 non-HLA loci showing
significant associations (p<5.0×10−8) were
reported for their associations4–11 (table 1).
In spite of a paradigm shift in the treatment of

autoimmune diseases by biological agents,12 treat-
ment of SSc remains challenging and new molecu-
lar targets are still under investigation. Results of
previous genome-wide association studies (GWAS)
in other autoimmune diseases have successfully
identified important pathways as molecular targets,
leading to effective treatments.13–15 Similarly,
GWAS on SSc may suggest novel targets for
treatment.
To this end, transethnic meta-analysis of GWAS

would be a promising way to identify unknown
susceptibility genes which were difficult to detect in
a single population due to lack of statistical power,
different structure of linkage disequilibrium (LD)
or different allele frequencies between populations.
In fact, transethnic meta-analyses of GWAS for
another autoimmune disease, rheumatoid arthritis
(RA), have expanded lists of susceptibility genes
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and led to candidates for target cell types and molecules.16

However, most of the previous GWAS for SSc are mainly
reported from the European population, with only one GWAS
from the Asian population using 137 Korean patients.17 Thus,
we performed GWAS for SSc using 716 Japanese cases,2 and
1797 controls and performed transethnic meta-analysis of
GWAS using the previous GWAS from the French population,5

with comparable numbers of subjects to Japanese GWAS (see
online supplementary figure S1).

MATERIALS AND METHODS
Study design
The schematic view of the study design is illustrated in online
supplementary figure S1. In brief, after a first analysis of
Japanese and French GWAS data, we then performed two repli-
cation studies. In the first replication study, we used a Japanese
cohort and a European cohort originating from several
European countries. In the second replication study, we used
Canadian and North American population with European
decent. As for markers, we picked up a total of 33 single
nucleotide polymorphisms (SNPs) for the first replication study
based on the criteria of selection of candidate SNPs. We further
selected seven SNPs fulfilling the criteria of selection for the
second replication study.

Samples
A total of 1280 cases and 3660 controls in the Japanese popula-
tion and 3156 cases and 11 091 controls in the European popu-
lation were recruited. Break down of subjects are shown in
online supplementary tables S1 and S2. All case samples fulfilled
the American College of Rheumatology classification criteria for
SSc.18 Written informed consent was obtained from all the par-
ticipants. This study was approved by local ethical committees.

Clinical information
Clinical information regarding subtypes of SSc defined by
LeRoy et al,19 but also ILD, PH, renal crisis, DU and possession
of ACA, anti-Scl70 antibody and anti-RNA polymerase III anti-
body were collected. The clinical information was selected
based on the importance of SSc outcome and the previous
genetic studies identifying specific associations with SSc subtypes

or phenotypes. Due to very low prevalence of renal crisis, PH
and anti-RNA polymerase III antibody, we did not include these
phenotypes for subtype-specific analysis. The availability of clin-
ical information is shown in online supplementary table S1.

Genotyping
The French GWAS data were published previously and the
methods are written elsewhere.5 Genotyping with a competitive
allele-specific PCR system for replication in the European
samples was performed in the LGC Genomics (Hoddesdon,
UK). A part of the replication data in the European samples was
obtained by imputation based on GWAS (see online
supplementary tables S1 and S2). The Japanese samples in the
GWAS and the first replication study were genotyped in Kyoto
University and University of Tsukuba, Japan.

Imputation
Imputation and phasing were performed by MaCH software,20

using the East Asian panel and European panel in the 1000
Genomes Project,21 as references for Japanese and French popu-
lations, respectively. After imputation, we performed quality
control (see below). Imputation for the Japanese and French
population was performed separately at Kyoto University in
Japan and the INSERM UMR 1220 in France, respectively, and
only summary statistics for the French imputation data were
available due to restriction of data sharing policy of the control
samples.

Quality control
We applied different quality control criteria in the two GWAS.
The details are shown in online supplementary table S1. Since
the current study, especially GWAS, had limited power to find
signals in SNPs with low allele frequency (see online
supplementary table S3), we filtered SNPs in each data set again
after imputation based on allele frequency and used SNPs
showing r2>0.5 in the output of MaCH for the subsequent ana-
lyses (see online supplementary table S4). Since information of
variants in the sex chromosomes was not available in the French
GWAS, we focused on variants in the autosomal chromosomes.

Table 1 The results in the current study for the previous GWAS loci and TNFAIP3

Previously reported loci Current GWAS meta-analysis Japanese GWAS French GWAS

SNP Chr BP Neighbouring gene Risk SNP Risk SNP β SE p Value β SE p Value β SE p Value

rs3790567 1 67822377 IL12RB2 A A 0.112 0.057 0.050 0.116 0.085 0.17 0.109 0.077 0.16

rs2056626 1 167420425 CD247 T T 0.101 0.059 0.086 −0.048 0.105 0.65 0.170 0.071 0.017

rs7574865 2 191964633 STAT4 T T 0.332 0.054 5.3×10−10 0.375 0.074 3.6×10−7 0.285 0.078 0.00025

rs35677470 3 58183636 DNASE1L3 A A – – – – – – 0.654 0.130 9.4×10−7

rs77583790 3 159694053 SCHIP1-IL12A A A – – – – – – 0.345 0.285 0.24

rs2233287 5 150440097 TNIP1 A A – – – – – – 0.440 0.107 3.7×10−5

rs9373839 6 106655617 ATG5 C C – – – – – – 0.246 0.083 0.0034

rs2230926 6 138196066 TNFAIP3 G G 0.525 0.102 2.5×10−7 0.352 0.130 0.0066 0.801 0.164 1.9×10−6

rs10488631 7 128594183 IRF5/TNPO3 C C – – – – – – 0.328 0.108 0.0024

rs11642873 16 85991705 IRF8 A A 0.235 0.077 0.0024 0.195 0.132 0.14 0.256 0.096 0.0072

rs2304256 19 10475652 TYK2 C C 0.103 0.054 0.058 0.079 0.074 0.29 0.132 0.080 0.095

rs2305743 19 18193191 IL12RB1 G G 0.104 0.062 0.094 0.040 0.087 0.64 0.171 0.089 0.055

rs137894 22 50467524 CSK C – – – – – – – – – –

Data not available due to lack of satisfying quality control criteria.
BP, base position; Chr, chromosome; GWAS, genome-wide association studies; SNP, single nuclear polymorphisms.
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Linkage disequilibrium between SNPs
LD structure was evaluated based on the 1000 Genomes data
and our genotyping data. Statistical value for LD was calculated
by Haploview22 or PLINK.23

Selection of SNPs for the first replication study
For the first replication study, we picked up SNPs whose associa-
tions or the associations of other SNPs in the same region were
not previously reported, and satisfying the following criteria: (1)
whose p values for SSc susceptibility were <1.0×10−5 in the
meta-analysis of the two GWAS, (2) whose p values for SSc sus-
ceptibility were <2.0×10−4 in the meta-analysis and whose p
values were <0.05 in the text-based in silico analysis using
Gene Relationships Across Implicated Loci (GRAIL) pro-
gramme,24 with use of previously reported genes in SSc as seeds
or (3) whose p values for SSc subtypes were <1.0×10−6. When
multiple SNPs in the same region (r2>0.5) satisfied the above
criteria, we picked up SNPs showing the best p values or SNPs
for which probe and primer design for replication studies was
not technically difficult.

Selection of SNPs for the second replication study
For the second replication study, we selected SNPs (1) whose p
values in the meta-analysis of the GWAS and first replication
studies were <5.0×10−6 or (2) whose p values in the GWAS
were <2.0×10−5 and whose p values were <0.05 by GRAIL.

Calculation of variance explained by susceptibility SNPs
We evaluated variance explained by new susceptibility SNPs
based on liability-scale threshold model. We assumed that there
are underlying liability scores following normal distribution and
that subjects having a liability score over a predefined threshold
to develop SSc. We set prevalence of SSc as 0.05%. OR in the
overall study was used as approximation of common relative risk
between populations. We performed this estimation separately in
each population using control allele frequencies in GWAS.

Associations between clinical manifestation and associated
SNPs
After confirming the associations of the two SNPs with SSc, the
associations between the two SNPs and SSc subtypes or clinical
manifestations including ILD and DU were estimated. We did
not perform GWAS for these clinical manifestations due to
limited number of subjects who were positive for these manifes-
tations. We further defined two phenotypes, fibrotic and vascu-
lar and performed association studies with these two
phenotypes. Fibrotic phenotype includes dcSSc or severe lung
disease defined by forced volume capacity (FVC) <70% or ILD
in combination with FVC <75%. Vascular phenotype is DU,
pulmonary arterial hypertension (PAH) or renal crisis.

Amino acid conservation search
We assessed amino acid conservation for the residue of GSDMA
altered by rs3894194 across vertebrates in combination with
Genomic Evolutionary Rate Profiling (GERP) score by using
UCSC Genome Browser. GERP score was calculated for the
single amino acid residue in which positive score indicated
conservation.

HLA imputation and analyses
HLA alleles and amino acids were imputed by SNP2HLA.25 We
used Asian reference panel and European reference panel for
Japanese and French samples, respectively.

Functional annotation and biological insights
HaploReg V.4.0 was used to assess functional annotation of the
significant SNPs. The programme of functional enrichment by
Trynka et al,15 was used for the enrichment analysis. We looked
up the effects of SNPs on gene expression by previous expres-
sion quantitative trait loci (eQTL) data.26 27

To get biological insight of SSc based on all SSc-associated
loci, we also searched for all the SSc-associated loci: (1) mis-
sense mutations and functional annotation signals in SNPs in
strong LD (r2>0.8) with top SNPs in the loci, (2) the associa-
tions with the other diseases by GWAS catalogue using Gene
names, (3) cis-eQTL signals based on the largest eQTL study,26

with p values <1.0×10−5, (4) H3K4me3 signals in CD4-naïve
primary T cell with scores more than 0 calculated by the
method mentioned above and (5) promoter histone marks in
skin tissues based on results of HaploReg V.4.0.

Statistical analysis
Logistic regression model was used for association studies. We
used the first three principal components as covariates for the
Japanese GWAS since additional PCs did not further improve
the results. No inflation of p values was observed in French
GWAS. We performed association studies using SSc, dcSSc,
lcSSc, anti-Scl70 antibody(+)SSc and ACA(+)SSc as dependent
variables. Inverse-variance method assuming fixed effects was
applied to integrate the different association studies.
Hardy-Weinberg equilibrium was assessed for the SNPs across
the studies. SNPs showing association p values <5.0×10−8 in
the overall study were regarded as significant. Heterogeneity
was evaluated for SNPs showing significant results using
Cochran Q test. Interactive effects of two SNPs were evaluated
by multiplicative model. Power calculation of the current study
was conducted with use of ‘Genetics Design’ package of R
software.

Since the first replication study in the European population
was composed of French, Italian and German populations, we
put covariates of the three populations as indicator variables.
When we excluded imputation data to confirm the results by
avoiding batch effects derived from different genotyping
methods, German cases were combined with French cohorts
because imputation data were used for all German controls.

Since individual imputation data for the French GWAS were
not fully available due to restriction of data sharing policy in the
control samples, we performed conditional analysis and HLA
imputation using all of the case samples and a part of the
control samples whose genotyping data were available.

Omnibus test to assess critical amino acid positions in the
HLA region was conducted in each population and in the com-
bined set as previously described.28 29 When we analysed the
combined set, the indicator variable of population was added as
a covariate.

Statistical analysis was performed by PLINK or R statistical
software. LocusZoom30 was used to draw regional plots.

RESULTS
Japanese GWAS of SSc
We genotyped the Japanese cases and controls with five differ-
ent Illumina Infinium arrays (see online supplementary table
S1). After filtering samples based on quality control criteria, 700
cases and 1797 controls remained (see the Materials and
methods section). To maximise the power to find new suscepti-
bility loci, we performed imputation for this dataset with the
East Asian panel in the 1000 Genome project21 as a reference.
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We identified rs12612769 in STAT4 and rs9268636 near
HLA-DRA showing significant associations (p=4.7×10−8 and
9.6×10−10, respectively, online supplementary figure S2A).

European GWAS for SSc and meta-analysis
Next, we used the previously published French GWAS contain-
ing 564 cases and 1776 controls and performed imputation
with use of the European population panel in the 1000
Genomes Project European panel as reference (see online
supplementary figure S2B). We conducted a transethnic
meta-analysis of the two GWAS by the inverse-variance method
assuming fixed effects for SNPs satisfying criteria of quality
control (see online supplementary table S4). Since no evidence
of population structure was obtained (lambda=1.05, figure 1),
we did not apply genomic control31 to correct statistics. As a
result, we identified the STAT4 region showing a significant asso-
ciation (p=3.0×10−11, figure 1 and see online supplementary
table S5). The HLA locus did not show a significant association
(p≥1.3×10−7, figure 1) in spite of significant associations of the
HLA locus in both populations (see online supplementary figure
S2), suggesting different causative variants between the two
populations. In fact, when we conducted HLA imputation using
SNP2HLA, the different association patterns of amino acid posi-
tions were observed (see online supplementary table S6). The
results of the susceptibility loci in the previous studies are
shown in table 1. The risk alleles for all of the SNPs in the pre-
vious studies were the same in the meta-analysis or the French
GWAS, suggesting replication of the previous findings and valid-
ity in the current study. In addition, we found an association in
the TNFAIP3 region whose association was previously reported

without satisfying genome-wide significance level.32 All the var-
iants in non-HLA region showing p value <1.0×10−5 are
shown in online supplementary table S5. We also performed SSc
subtype GWAS according to the previous GWAS,6 namely, lcSSc,
dcSSc, ACA(+)SSc and anti-Scl70(+)SSc (see online
supplementary figure S3).

Selection of SNPs for the replication studies
We identified 33 SNPs in 33 novel candidates of susceptibility
loci (see the Materials and methods section or see online
supplementary figure S1). Twenty-seven out of the 33 SNPs
were novel candidates of susceptibility loci to SSc. Among the
remaining six SNPs, one and two were specific for limited and
diffuse types, respectively, and two and one for possession of
ACA and anti-Scl70 antibody only, respectively (see online
supplementary table S7).

The two-staged replication studies
We recruited 564 cases and 1863 controls in the Japanese popu-
lation and 1582 cases and 6694 controls in the European popu-
lation for the first replication study (see online supplementary
table S1 and S2). We found that rs3894194 in GSDMA showed
an association beyond the significance level in the combined
population. All the results for the 33 SNPs are shown in online
supplementary table S7. We further recruited a total of 1010
cases and 2621 controls in the European population for the
second replication study to validate the associations of the seven
SNPs showing possible associations (see the Materials and
methods section or see online supplementary figure S1). As a
result, rs3894194 in GSDMA kept its association (overall

Figure 1 Transethnic meta-analysis of genome-wide association studies (GWAS) revealed multiple susceptibility loci to systemic sclerosis (SSc). The
results of the transethnic meta-analysis of GWAS are shown in the Manhattan plot and quantile-quantile (QQ) plot. The newly identified loci and
previously reported loci with strong p values are indicated in the Manhattan plot. The horizontal line indicates the genome-wide significance level.
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p=1.4×10−10, table 2). rs4134466 in PRDM1 in chromosome
6 also showed an association beyond the significance level
(overall p=6.6×10−10, table 2). The two SNPs did not display
deviation from Hardy-Weinberg disequilibrium (p≥0.037) and
heterogeneity (p≥0.011) across the studies. When we assessed
the liability-scale variance explained by these two SNPs,33 a
total of 0.2% was explained in each population (see the
Materials and methods section).

PRDM1 as a novel locus for SSc
rs4134466 is located 20 kbp downstream of PRDM1, also
known as BLIMP1, encoding a transcription factor regulating
T-cell proliferation and plasma cell differentiation.34 The LD
block spanning rs4134466 does not contain any other genes
(figure 2A). The previous GWAS reported that this region was
associated with other inflammatory conditions including RA,35

systemic lupus erythematosus (SLE)36 and inflammatory bowel
disease (IBD).37 When we searched for SNPs in the exonic
region of PRDM1 in strong LD with rs4134466, we could not
find any coding variants in both Japanese and European popula-
tions. While PRDM1 in chromosome 6 was adjacent to ATG5, a
previously reported susceptibility gene to SSc,8 rs4134466 in
PRDM1 was not in strong LD with rs9373839 in ATG5
showing the strongest susceptibility association in the previous
study (r2<0.15 in our study and the 1000 Genomes Project). In
addition, rs9373839 was not polymorphic in the Japanese
population. Thus, the association of rs4134466 was not driven
by rs9373839. In fact, when we conditioned the association of
rs4134466 on rs9373839 using imputation data of French
GWAS, the effect size of rs413466 risk allele did not change
before and after conditioning (OR 1.102 and 1.105, before and
after conditioning, respectively). Since the previous study of SLE
GWAS36 reported that rs65684331 in PRDM1 is associated with
SLE independently from rs2245214 in ATG5,38 SSc seems to
have multiple hits in this region as in SLE.

GSDMA as a novel locus for SSc
rs3894194 is a missense mutation of GSDMA altering an argin-
ine residue to glutamine (p.R18Q). This amino acid residue is
conserved across species with GERP score 3.34 (see online
supplementary table S8). Estimation by PolyPhen-239 software
suggest a benign effect of this variant. The LD block containing
SNPs in LD with rs3894194 (r2>0.8) harboured LRRC3C and
this region is neighbouring ORMDL3 and GSDMB (figure 2B).
This region is a gene-rich region and reported to be associated
with various immune-related diseases including RA16 and
IBD.37 40 However, SNPs located in the LD block tagged by
rs3894194 have not been reported to be associated with other
diseases. The RA-associated SNP (rs59716545) is in low LD
with rs3894194 (r2=0.25). GSDMA is associated with IBD in
the previous study and the associated SNPs are in low LD with
rs3894194 (rs2872507 or rs12946510, r2<0.38). This region is
also associated with asthma,41 but the effect of this SNP on
asthma is opposite to that on IBD.41 This opposing effect seems
to be true for asthma and SSc (OR of risk allele of this region:
1.26 and 1.18 in asthma and SSc, respectively).

Functional annotation of the two SNPs
Next, we assessed the effects of the two SNPs and the neigh-
bouring SNPs on gene expression and functional annotation.
We went through GTEx,26 and found that rs3894914 in
GSDMA showed a strong association with expression of
GSDMB and ORMDL3, neighbouring genes to GSDMA
(p≤2.6×10−12, figure 3A) and whose gene expression strongly Ta
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correlated with each other. The association between gene
expression and rs3894194 was also confirmed in the largest
eQTL data27 (see online supplementary table S9). We found
that the associations between SSc and SNPs in the GSDMA
locus correlated well with the associations of the SNPs with
gene expressions of GSDMB and ORMDL3 (figure 3B). Thus,
the effect of the SNP on gene expression of GSDMB and
ORMDL3 in combination with amino acid alteration of the
GSDMA protein seems to explain the association of this locus.
HaploReg V.4.042 revealed that rs3894194 showed enhancer
activity and enrichment of histone marks (see online
supplementary table S10). While the previous eQTL studies27

did not show associations between rs4134466 and gene
expression, rs4134466 showed DNase hypersensitivity and
methylation in various kinds of cells (see online supplementary
table S10).

When we assessed interactive effects of the two SNPs on SSc
susceptibility, we did not observe a significant effect (p=0.57).

Subtype analyses for the two SNPs
When the associations of these two SNPs and the subtypes of
SSc were analysed, rs3894194 in GSDMA showed a significant
association with lcSSc (figure 3C). No other significant associa-
tions were observed (see online supplementary figure S4), but
this study was underpowered to detect phenotype-specific asso-
ciations. When we focused on SSc subtypes showing extreme
phenotypes of fibrosis and vasculopathy (see the Materials and
methods section), we did not find enhanced associations
between the two SNPs and the subtypes (data not shown).

Enrichment analysis of histone modification
Next, based on the expanded list of susceptibility genes to SSc,
we performed enrichment analysis of H3K4Me3, a representa-
tive histone modification mark that was shown to be enriched in
autoimmune disease-related variants.15 We found that the sus-
ceptibility SNPs and the neighbouring SNPs in LD with them
(r2>0.8) showed suggestive enrichment of H3K4Me3 signal in
CD4-naïve primary T cell or CD4 memory T cell (see online
supplementary figure S5A). We also found that the suggestive
enrichment signal in CD4-naïve primary T cell was mainly
brought about by the three SNPs in GSDMA, PRDM1 and
TNFAIP3 found in the current study (see online supplementary
figure S5B).

Functional annotation of susceptibility loci
The significant SSc-associated genes including the current results
and TNFAIP3 are summarised in online supplementary figure
S6. We combined information of protein alteration, associations
with other diseases and functional annotations. The develop-
ment of promising drug targets by enrichment analysis based on
the list may be challenging, but this table would be useful for
candidates of future functional analyses and further expansion
of SSc-associated loci.

DISCUSSION
This is the largest SSc GWAS from non-European populations
and the first transethnic meta-analysis of SSc GWAS. We identi-
fied two novel susceptibility loci, namely GSDMA and PRDM1.
Both loci were associated with other autoimmune diseases, con-
sistent with overlapping susceptibility genes among various
autoimmune diseases. We also replicated the associations of pre-
viously reported GWAS variants and provided evidence of asso-
ciation with TNFAIP3. To avoid possible batch effects due to
different genotyping methods, we excluded all European sub-
jects in the first replication study whose genotypes were
imputed. The associations of the two SNPs remained significant
(p≤9.8×10−9, data not shown).

We did not find a significant multiplicative interaction
between the two SNPs. Since a previous study showed substan-
tial interactive effects limited to the HLA loci,43 it would be
interesting to expand SSc cohorts and assess HLA interaction.

The enrichment analysis suggested possible involvement of
CD4-naïve primary Tcells with SSc. However, further expansion
of susceptibility loci and convincing evidence of cell-type-specific
enrichment are essential. We did not observe suggestive enrich-
ment signal in CD19 primary cells, representing B cells.
Interestingly, both SNPs showed evidence of associations of
gene-expression including fibroblast or keratinocyte. Since previ-
ous loci were associated with gene expression especially in
immune-related cells, the current findings would suggest import-
ance of skin-residing cells on SSc pathophysiology. Cell-specific
gene expression profile of fibroblast, keratinocyte or other
fibrosis-related cell types including endothelial cells in combin-
ation with genetic data would be useful to address the import-
ance and involvement of these cells and genes in SSc.

PRDM1, also known as B lymphocyte-induced maturation
protein 1, is a transcript factor influencing a broad range of

Figure 2 Detailed plot for the two loci found in the current study. The detailed plots in chromosome 6 and 17 are shown for (A and B),
respectively. The purple plots indicate the top SNPs in the combined results and GWAS meta-analysis for the upper and lower plots, respectively. The
plots are drawn based on the linkage disequilibrium (LD) structure of East Asians by using LocusZoom as a representative.
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genes involved with cell proliferation and the immune system.
PRDM1 is critical for epithelial and B cell differentiation,34 and
associated with other autoimmune diseases and haematopoietic
malignancies. The association of this locus with SSc suggests a
critical role of lymphocytes on SSc susceptibility. In fact,

rs4134466 provided the highest score of H3K4me3 in CD4
(+)-naïve primary T cell among the SSc susceptibility variants.
The first European replication study might suggest heterogeneity
of this allele within the European population. Further expansion
of subjects in subpopulations would clarify this point.

Figure 3 Correlation between the
associations of variants in GSDMA
region with systemic sclerosis (SSc)
susceptibility and gene expression.
(A) rs4134466 is associated with gene
expression of GSDMA-neighbouring
genes GSDMB (left) and ORMDL3
(right). The box plots were obtained
from GTEx data. (B) The associations
between SSc susceptibility and single
nuclear polymorphisms (SNPs) in
chromosome 17 GSDMA locus are
plotted together with the associations
between the variants and expression of
GSDMB (left) and ORMDL3 (right). The
gene expression data were obtained
from Blood eQTL Browser. The
correlation plots are indicated in the
lower panels. The black diamonds
indicate rs4134466. (C) rs4134466 is
associated with limited SSc. The
associations between the two SNPs
and the two subtypes of SSc are
indicated. lcSSc, limited cutaneous SSc;
dcSSc, diffuse cutaneous SSc.
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rs3894194 is a missense variant of GSDMA protein and asso-
ciated with neighbouring gene expression. While it is not easy to
pinpoint a causative variant, rs3894194 is a promising candidate
of a causative SNP. GSDMA and GSDMB are strongly expressed
in the skin and functional annotation revealed that rs3894194
has a regulatory effect of gene expression in various cell types
including skin fibroblast. While rs3894194 also provided histone
methylation in CD4(+)-naïve primary T cells, this locus may
mainly demonstrate its susceptibility effect in the skin. The
GSDMA locus showed a significant association with limited cuta-
neous SSc in spite of the reduced number of case subjects. This
may suggest that this locus plays a more important role on devel-
oping lcSSc than dcSSc. However, since this locus also showed
substantial associations with dcSSc, the results were inconclusive.

TNFAIP3 encodes A20 regulating tumour necrosis factor
response by inhibiting nuclear factor-κB (NF-κB) activation.
A20 also suppresses profibrotic signalling, relevant to SSc patho-
genesis.44 rs2230926 is a missense variant of TNFAIP3 and
associated with other rheumatic diseases.45 The association of
TNFAIP3 as well as TNIP1 supports NF-κB involvement with
SSc. However, we did not observe significant interactive effect
of the two SNPs (data not shown).

Since the two populations substantially contributed to both
the associations found in this study, the current findings indicate
that transethnic meta-analysis is effective to identify unreported
susceptibility loci to SSc, which comprise moderate effect sizes
in each population. Furthermore, the current findings, especially
rs4134466, would suggest that transethnic meta-analysis is
effective by taking advantage of different allele frequencies and
LD structure between the populations to discern unreported sus-
ceptibility signals from previously reported loci.

HLA and STAT4 loci showed different association patterns
between subtypes of SSc, suggesting genetic heterogeneity in SSc.
While the association between STAT4 and SSc was mainly driven by
ACA(+) SSc, intracase analysis did not reveal significant difference
in STAT4 between ACA(+) and ACA(–) SSc (p>0.01, data not
shown). The HLA locus showed strong associations with antibody-
positive SSc subtypes in spite of the reduced sample numbers even
in intracase analyses. The associations of the HLA locus were atte-
nuated in overall SSc, and this could be explained by different asso-
ciations of the HLA locus between different SSc subtypes or
different antibodies.46 Our results also suggested different associ-
ation patterns of the HLA locus between Japanese and European
populations. It would be feasible to expand SSc to compare the
genetic architectures between populations or subtypes.

The different arrays between cases and controls in the
Japanese subjects reduced the number of preimputed and post-
imputed markers. It would be feasible to rescan the control
samples using the same arrays as the cases or take advantage of
other controls which have used the same arrays to maximise
power to find significant signals in future studies.

While it is still challenging to pinpoint a specific cell type con-
tributing to SSc based on genetic findings, most of the suscepti-
bility genes are immune-related and enrichment analysis
suggested the importance of immune-related cells. Increasing
samples for genetic studies especially from non-European popu-
lations would increase SSc susceptibility loci, identify
population-specific susceptibility loci, narrow down candidates
of causative variants and clarify genetic architecture. Exome,47

whole-genome or target deep sequencing might also be helpful.
Clarification of genetic background of SSc by multiple
approaches in combination with functional analyses would lead
to the identification of possible therapeutic targets.
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Let’s not fool ourselves. In RA, the ACR/EULAR
remission criteria are not perfect!

We were interested to read Dr Boer’s recent eLetter,1 in which
he outlines the merits of the American College of
Rheumatology (ACR) and European League Against
Rheumatism (EULAR) 2011 consensus remission criteria in
rheumatoid arthritis (RA),2 and proposes that this definition
equates with absence of disease.

The 2011 ACR/EULAR remission criteria do indeed hold
several benefits over composite index-based remission defini-
tions such as the disease activity score in 28 joints (DAS28). The
ACR/EULAR criteria are widely regarded to be more stringent
at defining remission than DAS28-erythrocyte sedimentation
rate (ESR) <2.6, supported by a stronger correlation with lower
rates of radiographic progression in the ACR/EULAR defin-
ition.2 Furthermore, the ACR/EULAR criteria were developed
by consensus agreement among a panel of international RA
experts with the express aim of defining remission, whereas
DAS28 was developed with the primary intention of measuring
disease activity for the purposes of treatment escalation.
Although representing a significant international advance in
defining remission, it is nevertheless important to acknowledge
the several limitations inherent to the ACR/EULAR remission
criteria.

First, the ACR/EULAR criteria are based on 28 joint counts
that exclude important joint areas; for example, the feet—this
shortcoming is described in the original ACR/EULAR criteria
publication. Second, the ACR/EULAR Boolean criteria place a
strict threshold on patient global assessment of ≤1/10 on a
visual analogue scale (VAS) as an absolute requirement for
remission. While such a low VAS may be achievable in patients
in the controlled clinical trials in which the ACR/EULAR criteria
were validated, it is becoming increasingly apparent that patient
VAS can be influenced by non-RA factors including osteoarth-
ritis and other medical comorbidities. Indeed, several groups
now suggest that the VAS threshold in ACR/EULAR Boolean
remission may be overly strict and underdiagnose remission
when used in ‘real-world’ clinical practice.3–5 In this regard, it
is interesting to note that in the original publication of the
ACR/EULAR remission criteria, the consensus survey of expert
opinion centred on a higher patient VAS threshold of 2.2/10
when all other parameters were consistent with remission.

Third, ACR/EULAR remission criteria neglect measures of
synovitis by imaging modalities such as ultrasound (US) and
MRI—arguably a more stringent measure of joint inflammation
than clinical examination alone. Although ACR/EULAR remis-
sion has been shown to correlate with lower levels of US syno-
vitis compared with DAS28,6 we and other groups have
demonstrated that power Doppler synovitis can still be detected
in patients who satisfy ACR/EULAR remission criteria, with a
prevalence as high as 60%.7 8

Fourth, ACR/EULAR remission appears to afford no clear
advantage over DAS28-based definitions when applied to the
identification of patients in remission who can successfully
reduce or even stop their disease-modifying antirheumatic drug
(DMARD) therapy. In the Reduction of Therapy in patients
with Rheumatoid arthritis in Ongoing remission (RETRO)
study, Boolean ACR/EULAR remission at baseline did not
predict sustained DMARD-free remission,9 whereas both

autoantibody status and serum cytokine levels provided added
value in identifying patients whose disease flared following
DMARD withdrawal.10

In conclusion, while we acknowledge and support the vital
work to reach an international consensus on defining RA remis-
sion, this is by no means a fait accompli. ACR/EULAR remission
does not always equate with absence of disease and is not neces-
sarily the optimal definition for application in clinical practice,
particularly in non-research settings. There is an urgent need for
robust and practical biomarkers that can better measure RA
remission which, once discovered and validated, could be used
to improve future definitions of RA remission.
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Response to: ‘Let’s not fool ourselves. In RA,
the ACR/EULAR remission criteria are not
perfect!’ by Baker et al

Baker et al1 raise many interesting points on the validity and use
of the American College of Rheumatology/European League
Against Rheumatism (ACR/EULAR) remission criteria that I
would like to reflect on.

But first of all I would like to reiterate my main point, one
which I think we agree on:

In all clinical trials where remission is one of the outcomes, it
should be defined according to the ACR/EULAR criteria.

Baker et al list several concerns on these criteria that are well
taken, and some that are generic to the way we measure disease
activity today.

Indeed, the ACR/EULAR criteria were developed with the
express aim to define remission, more specifically ‘to develop a
definition of remission that is stringent but achievable and could
be applied uniformly as an outcome measure in clinical trials’.
Although the committee was asked ‘to look toward, and make
possible a similar definition for use in clinical practice’ and in
fact presented proposals to this end, the focus was on a defin-
ition for use in clinical trials.2

Likewise, and contrary to what Baker et al claim, the disease
activity score (DAS) and DAS in 28 joints (DAS28) were not
developed ‘… with the primary intention of measuring disease
activity for the purposes of treatment escalation…’; instead,
DAS and DAS28 were developed as composite instruments
(indices) of disease activity for use in clinical trials. It is true that
in their development, the external criterion for high disease
activity was the status of a Dutch clinic patient seen around
1985 in whom therapy was switched for lack of efficacy.3

Many of the problems listed in Baker et al’s letter are due to
the unfortunately widespread, but nevertheless inappropriate
use of these indices and definitions to guide clinical practice
decisions. This includes the use of 28 joint counts that exclude
the feet (OK for trials, but inappropriate in patient care) and
the patient global visual analogue scale (VAS) threshold of 1 out
of 10 (clearly unachievable for many patients seen in the clinic).
The choices made for the ACR/EULAR criteria reflect compro-
mises at several levels to obtain, in the end, a set that performs
optimally in the trial setting.

As already noted in the paper publishing the criteria, imaging
was purposefully excluded, mainly for reasons of feasibility.
Although singly the elements of the criteria can still be compat-
ible with residual disease activity (eg, one swollen and one
tender joint), together they result in an optimally specific set,
with very limited numbers of ‘false positives’. Nevertheless, as
Baker et al point out, the criteria can still both ‘underdiagnose’
(as in the case of a VAS >1) and ‘overdiagnose’ remission (as in
the case of a patient with residual disease on imaging). The
prognostic relevance of such ‘errors’ is not clear but likely small
on the group level. Another known limitation my group is cur-
rently working on is the relative lack of patient-reported input
into the criteria.4–6 Finally, Baker et al find fault with the cri-
teria for not performing better than DAS28 <2.6 in the predic-
tion of which patients will flare after treatment discontinuation.

I do not think this is a fair argument, because the criteria were
never developed with this purpose in mind; also, the argument
is built on the unproven assumption that on tapering treatment,
patients in remission are less likely to flare than patients in a
minimum disease activity state.

In conclusion, I feel the ACR/EULAR criteria are a ‘fait
accompli’ but not forever! They should be put up for revision
once sufficient experience in trials has been gained. It may very
well be that at that time feasible biomarkers are available to
improve their performance or that robust evidence (currently
lacking) suggest the thresholds should be altered. In the mean-
time, they are for the seasoned clinician to ‘use wisely’, as they
were not meant for, let alone optimised for application in clin-
ical practice. There is an urgent need for a disease activity tool
that is valid and reliable for use in individual patient care, espe-
cially in the range between low disease activity and absence of
disease.
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Identifying arthralgia suspicious for
progression to rheumatoid arthritis

We read with interest the article by van Steenbergen et al1 in
which a definition for arthralgia suspicious for progression to
rheumatoid arthritis (RA) was proposed. The authors used a
three-phase Delphi exercise to crystallise the concept of clinic-
ally suspect arthralgia (CSA), which is inherently subjective, into
a core set of definable parameters. We agree that this set of
characteristics should provide a useful secondary care frame-
work for identifying homogeneous at-risk populations for
future clinical studies. Recent data suggest that rheumatologists
can use symptoms and signs to identify which patients with
arthralgia referred to them will imminently develop RA.2 3 In
the current cohort, up to 20% of individuals identified as CSA
by their rheumatologist developed RA during follow-up, the
majority doing so within 6 months.2 Although a useful signpost
for the experienced rheumatologist, it is not yet clear whether
CSA can be as effectively identified in primary care. This is
important as the vast majority of patients with RA will first
present to their general practitioner (GP) when they develop
symptoms. In general, GPs have less expertise in assessing arth-
ralgia; in the UK it is estimated that patients with RA visit their
GP on average four times before being referred to a specialist
for diagnosis.4 Furthermore, patients are usually only referred
once synovitis has developed. Thus for many patients with RA,
there is no opportunity for the symptomatic pre-RA phase to be
captured in secondary care at all. We would, therefore, argue
that including primary care in any strategy to identify at-risk
individuals would be optimal.

One such approach is to send individuals with any new mus-
culoskeletal (MSK) complaint in primary care for an anti-cyclic
citrullinated peptide (anti-CCP) test. Those who test anti-CCP
positive are at high risk of imminent RA, with 45% progressing
to clinical arthritis, the majority within 1 year.5 A key advantage
of this approach is that it can be performed by healthcare pro-
fessionals without any specific rheumatology expertise. It also
allows at-risk individuals to be identified when they first access
healthcare. Interestingly, symptoms in the hands, shoulders and
feet were associated with anti-CCP positivity5 and the European
League Against Rheumatism taskforce also agreed that symp-
toms and signs in the hands were important in identifying arth-
ralgia that precedes RA.1 One limitation of this primary care
approach is that only anti-CCP positive at-risk individuals will
be identified. As it is also important to identify seronegative
at-risk individuals, a potential algorithm combining the two
approaches in a primary care setting will be a strategy worth
investigating in the future.

We agree that the next important step is to develop criteria
for imminent RA. As suggested by van Steenbergen et al,1 it is
likely that this will need to incorporate clinical, laboratory and
imaging parameters to achieve superior predictive accuracy com-
pared with clinical parameters alone. Prediction models that
combine clinical and laboratory markers in at-risk cohorts have
been published.6–8 Measurement of T-cell subset dysregulation

has recently been shown to add predictive accuracy to clinical
symptoms in those at risk of RA.8 The Leeds prediction model
also included ultrasound imaging and identified high-risk indivi-
duals with a 62% risk of progression to arthritis.7 MSK ultra-
sound is now routinely used alongside clinical markers for
real-time decision making in early arthritis clinics. Ultrasound
examination in at-risk individuals has also recently been
included in a diagnostic algorithm for patients with RA.9

Identifying individuals at high risk of imminent RA is now
achievable. Incorporating clinical, laboratory and imaging bio-
markers into an agreed criteria for imminent RA is an important
ambition. This will likely accelerate the identification of homo-
geneous groups of at-risk individuals necessary for larger obser-
vational studies and future interventional trials.
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Appropriate use of the EULAR definition of
arthralgia suspicious for progression to
rheumatoid arthritis

We thank Mankia et al1 for their interest in the European
League Against Rheumatism (EULAR) definition of arthralgia
suspicious for progression to rheumatoid arthritis (RA).2 The
authors agree with the taskforce that derivation of criteria for
imminent RA is an ambitious next step and that such criteria
will probably consist of a combination of clinical, serological
and imaging biomarkers.1 In this light we appreciate the work
the authors have done to identify serological and imaging
markers that are predictive in patients with anti-citrullinated
protein antibody (ACPA)-positive arthralgia.

While studies on blood and imaging markers in arthralgia are
relatively frequent, only few studies have addressed the symp-
toms and signs of the disease stage that may precede clinical
arthritis. In addition, the clinical delineation of this preclinical
stage, reflected by the intuitive contrast in the description ‘clin-
ically suspect arthralgia (CSA)’, is difficult: there is not one key
symptom. Still, in our experience rheumatologists are capable of
identifying patients with arthralgia that may progress to RA
based on their expertise and on (intuitive) pattern recognition.
In an attempt to strip the term ‘suspect arthralgia’ of its conno-
tation of subjectivity and to promote the inclusion of homoge-
neous groups of patients with arthralgia in future studies, the
taskforce has agreed on a consensual definition of ‘arthralgia at
risk for RA’. This definition is deliberately meant to be used in
secondary care, for patients in whom imminent RA is consid-
ered a more likely explanation for the complaints than another
disease, but who not (yet) have clinical arthritis.

Mankia et al rebut that in several settings patients with arth-
ralgia are followed in primary care (too long) until clinical arth-
ritis has become manifest. They propose to use the CSA
definition as a referral tool in primary care.1 Referral tools share
characteristics of screening tools, such as high sensitivity and
lower specificity, that pose huge challenges: Unlike the specialist
setting, most patients with musculoskeletal symptoms presenting
in primary care will have other more trivial explanations for
their complaints than (imminent) RA. Consequently, the prior
risk of RA will be low, as will be the predictive value of a posi-
tive CSA definition. The impact on specialist care may be
significant.

We reiterate that the EULAR definition was not developed for
the primary care setting, nor was it designed as a diagnostic test.
The EULAR definition of CSA was designed by rheumatologists,
with their perception of imminent RA as a reference frame, and

was tested in patients from secondary care. Its seven items
should be assessed in patients presenting to the rheumatologist
in whom the specialist does not find clinical arthritis but immi-
nent RA is still considered a likely diagnosis.2 General practi-
tioners often find it difficult to detect synovitis and to evaluate
if imminent RA is more likely than other, trivial arthralgia’s
(instead, this uncertainty will often be the reason to refer to sec-
ondary care anyway). Therefore, the entry condition cannot be
adequately evaluated in a primary care setting. Even so, there is
a chance that the seven items will perform better than expected
as a reference tool (either when applied in isolation or in com-
bination with an additional test). Still to arrive at accurate refer-
ral criteria, these are ideally designed in primary care.
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