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Greetings from the editor 2020
Josef S Smolen

A new decade of the 21st century is 
starting. We have experienced multiple 
shake- ups in the course of the last decade, 
the ‘teens- decade’—political ones and 
social ones, such as the climate crisis which 
affects us globally and might even influ-
ence the epidemiology of rheumatic 
diseases in the not too distant future. 
Hopefully the new decade will find solu-
tions for some of the burning problems of 
the planet and its societies.

In rheumatology, the first decade 
of this millennium brought novel 
therapies especially for rheumatoid 
arthritis (RA),1 2 changing the lives of 
millions of patients with RA around 
the world and making rheumatology 
one of the most successful medical 
specialties, attracting many young 
people to specialise in the field. The 
second decade brought several major 
therapeutic advances beyond tumour 
necrosis factor inhibitors especially 
for patients with psoriatic arthritis and 
axial spondyloarthritis3 4; the advent of 
biosimilars that made effective thera-
pies more easily accessible due to cost 
reductions5; the integration of treat-
ment strategies into daily practice6–9; 
and the introduction of novel oral ther-
apies that have comparable efficacy as 
biological disease- modifying antirheu-
matic drugs.10 Moreover, efficacy and 
failure of novel treatment principles 
in various diseases allowed us to gain 
fresh pathogenetic insights. This third 
decade will hopefully provide answers 
for some of the unmet needs,11 espe-
cially for patients with systemic lupus 
erythematosus, systemic sclerosis and 
osteoarthritis for whom—with very few 
exceptions—no effective therapies have 
been approved for a long time.

The beginning of the new decade is 
also noteworthy for the Annals of the 
Rheumatic Diseases (ARD). ARD, the 
world’s first ever rheumatology journal, 
founded in 1939, became the European 
League Against Rheumatism (EULAR) 
Journal 20 years ago! During these two 
decades the distribution of ARD has 
increased widely (in line with the atten-
dance at the Annual EULAR Congress), 

and so have various other indicators 
such as the number of submitted papers 
(up to about 2000 in recent years) or 
the impact factor (figure 1). The Asso-
ciate Editors, the Editorial Board, the 
many reviewers, the BMJ and EULAR, 
as well as my two predecessors, deserve 
a big ‘Thank you!’ for their wonderful 
work and support which have contrib-
uted so importantly to the evolution of 
the journal during these two decades. 
Our gratitude obviously also goes to 
the numerous authors who submit their 
papers to ARD, allowing us to provide 
the readership with their most innova-
tive research advances.

Innovative research is primarily 
driven by original research papers. 
Beyond serving as a forum for scien-
tific progresses in the various areas 
of rheumatology, a journal like ARD 
should also attempt to integrate such 
recent developments into advances in 
the practice of our profession and thus 
the continuous improvement of patient 
care—this is what clinical and basic 
researchers ultimately strive for. To 
this end, ARD is dedicated to not only 
publish innovative basic, epidemiolog-
ical and clinical research work, but also 
transfer these innovations into clinical 
practice and clinical research. This is 
done by presenting review articles as 
well as recommendations, points to 
consider or classification criteria.

In this first issue of the new decade 
we provide the readers with a series of 
EULAR management recommendations, 

such as for Sjögren’s syndrome, large 
vessel vasculitis or vaccination12–14; 
EULAR recommendations for the diag-
nosis of gout, the role of the nurse and 
competences of health professionals in 
rheumatology15–17; EULAR points to 
consider for the use of big data18; and 
joint American College of Rheumatology- 
EULAR classification criteria for IgG4- 
related disease,19 which will appear in 
parallel with Arthritis & Rheumatology. 
In addition, you will find an updated 
viewpoint on unmet needs in rheuma-
tology.11 All these publications are based 
on the most recent advances in the field 
and meant to impart a synthesis of up- to- 
date knowledge to various stakeholders. 
These articles are complemented by 
several original research papers across a 
large part of the rheumatology spectrum. 
Enjoy reading all these papers in the 
present and subsequent issues of ARD. 
And please provide us with your feed-
back and suggestions.

But now let me wish you a happy, 
healthy and prosperous New Year and 
thank you again for your continuous 
support of the EULAR Journal.
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AbsTRACT
The therapeutic management of Sjögren syndrome 
(SjS) has not changed substantially in recent decades: 
treatment decisions remain challenging in clinical 
practice, without a specific therapeutic target beyond the 
relief of symptoms as the most important goal. In view of 
this scenario, the European League Against Rheumatism 
(EULAR) promoted and supported an international 
collaborative study (EULAR SS Task Force) aimed at 
developing the first EULAR evidence and consensus- 
based recommendations for the management of patients 
with SjS with topical and systemic medications. The aim 
was to develop a rational therapeutic approach to SjS 
patients useful for healthcare professionals, physicians 
undergoing specialist training, medical students, 
the pharmaceutical industry and drug regulatory 
organisations following the 2014 EULAR standardised 
operating procedures. The Task Force (TF) included 
specialists in rheumatology, internal medicine, oral 
health, ophthalmology, gynaecology, dermatology and 
epidemiology, statisticians, general practitioners, nurses 
and patient representatives from 30 countries of the 5 
continents. Evidence was collected from studies including 
primary SjS patients fulfilling the 2002/2016 criteria; 
when no evidence was available, evidence from studies 
including associated SjS or patients fulfilling previous 
sets of criteria was considered and extrapolated. The TF 
endorsed the presentation of general principles for the 
management of patients with SjS as three overarching, 
general consensus- based recommendations and 12 
specific recommendations that form a logical sequence, 
starting with the management of the central triplet of 
symptoms (dryness, fatigue and pain) followed by the 
management of systemic disease. The recommendations 
address the use of topical oral (saliva substitutes) and 
ocular (artificial tear drops, topical non- steroidal anti- 
inflammatory drugs, topical corticosteroids, topical 
CyA, serum tear drops) therapies, oral muscarinic 
agonists (pilocarpine, cevimeline), hydroxychloroquine, 
oral glucocorticoids, synthetic immunosuppressive 
agents (cyclophosphamide, azathioprine, methotrexate, 
leflunomide and mycophenolate), and biological 
therapies (rituximab, abatacept and belimumab). For 
each recommendation, levels of evidence (mostly 

modest) and TF agreement (mostly very high) are 
provided. The 2019 EULAR recommendations are 
based on the evidence collected in the last 16 years in 
the management of primary 2002 SjS patients and on 
discussions between a large and broadly international 
TF. The recommendations synthesise current thinking 
on SjS treatment in a set of overarching principles 
and recommendations. We hope that the current 
recommendations will be broadly applied in clinical 
practice and/or serve as a template for national societies 
to develop local recommendations.

InTRoduCTIon
Sjögren syndrome (SjS), a systemic autoimmune 
disease that affects 1–23 persons per 10 000 inhab-
itants in European countries,1 presents with a 
wide spectrum of clinical manifestations and auto-
antibodies. Antinuclear antibodies are the most 
frequently detected autoantibodies, anti- Ro/SS- A the 
most specific, and cryoglobulins and hypocomple-
mentaemia the main prognostic markers.2 The histo-
logical hallmark is a focal infiltration of the exocrine 
glands by lymphocytes, determined by minor labial 
salivary gland biopsy. The clinical scenario is domi-
nated by sicca syndrome caused by immune- mediated 
glandular involvement, accompanied by fatigue, 
musculoskeletal pain and systemic features in a signif-
icant percentage of patients, and complicated by 
lymphoma in around 2%–5% of patients.3 When SjS 
appears in a previously healthy person, the disease is 
classified as primary, while patients with concomitant 
systemic autoimmune diseases (SAD) are classified as 
associated (or secondary) SjS; since this distinction 
only reflects a clinical situation of autoimmune coex-
istence the term SjS will be throughout the manu-
script. SjS patients make substantial use of healthcare 
services, with a mean annual total direct cost per 
patient ranging between £2200 in UK and US$20 000 
in the USA.4 5

The therapeutic management of SjS has not 
changed substantially in recent decades6 and is 
still based on symptomatic treatment of sicca 
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symptomatology and broad- spectrum immunosuppression for 
systemic disease, with insufficient information on the differential 
efficacy and safety of the therapeutic options available.7 Treat-
ment decisions remain challenging in clinical practice, without a 
specific therapeutic target beyond the relief of symptoms as the 
most important goal. Therefore there is growing interest in the 
proposal of clinical guidelines by national scientific societies.8–11

In 2010, the European League Against Rheumatism (EULAR) 
promoted and supported an international collaborative study 
(EULAR SS Task Force) aimed at developing disease- specific 
activity indexes in SjS (EULAR Sjögren's Syndrome Patient 
Reported Index (ESSPRI) and EULAR Sjögren's syndrome 
disease activity index (ESSDAI) scores),12 13 which are now 
widely used both clinically and in research. A second project, the 
development of the first EULAR evidence and consensus- based 
recommendations for the management of patients with SjS with 
topical and systemic medications, was proposed and launched.

MeTHods
After approval of the proposal by the EULAR Executive 
Committee, the convenor (MR- C) and co- convenors (CV, SB, 
XM) invited international experts with a solid history of clinical 
research in SjS (most of whom were previously involved in the 
ESSDAI/ESSPRI project) to form part of a Steering Committee 
(SC) and a Task Force (TF), which also included methodologists, 
patient representatives and individuals from all relevant profes-
sional groups (online supplementary appendix 1). The aim was 
to develop a rational therapeutic approach to SjS patients that 
would be useful for healthcare professionals, doctors in specialist 
training, medical students, the pharmaceutical industry and 
drug regulatory organisations following the 2014 EULAR stan-
dardised operating procedures.14 Industry involvement was not 
permitted at any stage of the project.

steering committee
The SC included 13 rheumatologists, four internal medicine, one 
primary care and one oral health specialists, one epidemiologist, 
one statistician, one healthcare professional representative and 
two patient representatives. The SC agreed on some principal 
considerations upfront: (a) The statements were termed ‘recom-
mendations’ as opposed to ‘guidelines’ or ‘points to consider’ 
because they offer guidance, which needs to be tailored to meet 
individual requirements. (b) Some general rules and definitions 
(overarching principles, general recommendations, defini-
tion of sequential therapeutic schedules, severity or refractori-
ness) cannot be evidence- based and were, therefore based on 
consensus. (c) The remaining statements were evidence- based, 
that is, supported by the highest level of evidence possible, 
limiting statements based only on retrospective data (although 
for some clinical or therapeutic scenarios with no data in 
controlled studies, this was allowed if the amount of retrospec-
tive data was considered significant and scientifically reliable); 
recommendations based on data obtained from case reports 
were not allowed. (d) Evidence was collected from studies 
including primary SjS patients fulfilling the 2002/2016 criteria 
(SjS-2002).15 16 When no evidence was available, evidence from 
studies including associated SjS, patients fulfilling previous sets 
of criteria or those including a mix of autoimmune and non- 
autoimmune aetiologies was considered and extrapolated (online 
supplementary table S1). (e) The balance between efficacy and 
side effects was evaluated agent by agent. (f) Although recom-
mendations are primarily supported by the evidence reported 
in patients with primary SjS, the advice on topical and systemic 

management contained in these guidelines may be applicable to 
patients with associated (or secondary) SjS.

systematic literature review
A previous systematic literature review (SLR) reported by the 
convenor in 20107 served to provide SC members with a back-
ground to initiate discussions and propose research questions 
for the SLR focused on the therapeutic management of SjS. 
On the basis of the research questions, PBZ and SR carried out 
the SLR between January 1986 and December 2017, with the 
supervision of the convenor and the methodologists. Summary- 
of- findings (SoF) tables were generated and levels of evidence 
(LoE) were determined according to the study design, using the 
Oxford CEBM standards17 (online supplementary table S1). 
The SoFs of the SLR were presented to the SC, whose members 
formulated a first draft of recommendations based on this infor-
mation, using electronic and cloud- based working strategies to 
review the literature search, making comments and maintaining 
open communication for electronic discussion and amendments. 
The SLR informing the SC and TF and a detailed description of 
the methods is published separately. 18 (

Task Force
The TF (online supplementary appendix 1) included 77 
specialists in rheumatology, internal medicine, oral health, 
ophthalmology, gynaecology, dermatology and epidemiology, 
statisticians, general practitioners, nurses and patient repre-
sentatives from 30 countries of the five continents (Argentina, 
Australia, Brazil, Canada, China, Denmark, Egypt, Finland, 
France, Germany, Greece, Hungary, India, Israel, Italy, Japan, 
Mexico, Norway, Poland, Portugal, Slovenia, South Korea, 
Spain, Sweden, Switzerland, the Netherlands, Turkey, the UK 
and the USA). All TF members declared all potential conflicts 
of interest. After presentation of the SLR results and the SC 
proposals to the TF in the first face- to- face meeting, the TF was 
split into nine breakout working groups (see online supplemen-
tary text). Each group proposed draft language and diagnostic/
therapeutic algorithms for the respective recommendations to 
the whole TF. Safety aspects were addressed in each breakout 
group. Formal economic analyses were not performed, but cost 
aspects were considered throughout the process. Representatives 
of each breakout group reported the results of the respective 
deliberations and presented proposals for the wording of indi-
vidual recommendations to the whole TF for further discussion 
and refinement in the second face- to- face meeting.

Consensus findings
After the second meeting, a web- based Delphi procedure was 
carried out using online voting.19 The Delphi procedure was 
designed by MR- C and PB- Z, and developed, managed and 
analysed by BK using Google Forms; all clinical experts in SjS 
included in the TF were invited to participate in the Delphi 
procedure. For an overarching principle or recommendation to 
be accepted for the final document, TF members were asked to 
grade for priority according to the level of importance in the 
daily therapeutic management of SjS (from 1 as unimportant, 
no priority, no relevance to 5 as very important, a most rele-
vant point, first- order priority); a specific section allowed the 
inclusion of comments suggested to accompany individual 
items. Recommendations scoring ≥4 (‘important’) by >80% 
of participants were accepted; if this result was not achieved, 
the respective text was amended and subjected to a second elec-
tronic ballot. The approved recommendations were subjected to 
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Table 1 Overarching (A–C) and specific (1–12) recommendations

Loe GoR
Vote 
(%) LoA (0–10)

A.Patients with SjS should be managed at, or in close collaboration with, centres of expertise following a multidisciplinary approach NA NA 90 9.2

B.The first therapeutic approach for dryness should be symptomatic relief using topical therapies NA NA 93 8.9

C.Systemic therapies may be considered for the treatment of active systemic disease NA NA 90 9.1

1.Baseline evaluation of salivary gland function is recommended before starting treatment for oral dryness 5 D 81 8.7

2.The preferred first therapeutic approach for oral dryness according to salivary gland function may be: 1a/*1b B 88 8.7

 2.1. Non- pharmacological stimulation for mild dysfunction;

 2.2. Pharmacological stimulation* for moderate dysfunction;

 2.3. Saliva substitution for severe dysfunction

3.The first- line therapeutic approach to ocular dryness includes the use of artificial tears and ocular gels/ointments 1a B 98 9.5

4.Refractory/severe ocular dryness may be managed using topical immunosuppressive- containing drops* and autologous serum eye 
drops

1a/*1b B/D 94 9.1

5.Concomitant diseases should be evaluated in patients presenting with fatigue/pain, whose severity should be scored using specific 
tools

5 D 93 9.0

6.Consider analgesics or other pain- modifying agents for musculoskeletal pain, considering the balance between potential benefits and 
side- effects

4 C 89 8.9

7.Treatment of systemic disease should be tailored to organ- specific severity using the ESSDAI definitions 4 C 89 9.0

8.Glucocorticoids should be used at the minimum dose and length of time necessary to control active systemic disease 4 C 85 9.6

9.Immunosuppressive agents should be mainly used as GC- sparing agents, with no evidence supporting the choice of one agent over 
another

4 C 82 8.9

10.B- cell targeted therapies may be considered in patients with severe, refractory systemic disease 1b B 98 8.6

11.The systemic organ- specific therapeutic approach may follow, as a general rule, the sequential (or combined) use of GCs, 
immunosuppressive agents and biologics

5 D 98 8.6

12.Treatment of B- cell lymphoma should be individualised according to the specific histological subtype and disease stage 4 C 88 9.7

LoE and GoR according to the Oxford Centre for Evidence- based Medicine—LoE (March 2009). Vote (%): % of participants scoring the recommendation as at least ‘important’ 
(score of ≥4 on 5- point scale). LoA: mean score (scale of ‘0’ as no agreement, ‘10’ full agreement).
ESSDAI, EULAR Sjögren's syndrome disease activity index; EULAR, European League Against Rheumatism; GC, glucocorticoid; GoR, grade of recommendation; LoA, levels of 
agreement; LoE, levels of evidence; NA, not applicable.

an anonymous electronic vote on the levels of agreement (LoA). 
Each recommendation was adjudicated on a scale of 0–10 (0, no 
agreement; 10, full agreement).

The draft of the manuscript was written by MR- C and PB- Z 
and was sent to TF members for comment and, after incorpo-
rating these comments, to the EULAR Executive Committee 
for review and approval. Final remarks were obtained from 
members of the TF and the Executive Committee and addressed 
in the manuscript (all modifications required approval by the 
SC), which was then submitted with the final approval of the 
EULAR Executive Committee after being presented in the 
EULAR 2019 meeting.20

ResuLTs
General recommendations
As in other EULAR recommendations, the TF endorsed the 
presentation of general principles for the management of 
patients with SjS as overarching, general consensus- based recom-
mendations, since the contents were so generic that there was no 
requirement to base them on the SLR (table 1).

Patients with SjS should be managed at, or in close collaboration 
with, centres of expertise using a multidisciplinary approach(LoE na; 
LoA 9.2)
SjS may be a serious systemic disease, not only due to the heavy 
impact on the health- related quality of live (HRQoL) of the 
predominant symptoms (the triplet of dryness, fatigue and pain), 
but also due to the involvement of internal organs (systemic 
involvement) and the excess mortality caused by cancer 
(lymphoma). The low frequency of SjS in the general popula-
tion, combined with a heterogeneous glandular/systemic clinical 

expression, makes it difficult to ensure a standardised depth 
of expertise in managing the disease in non- specialised clinical 
settings. Therefore, we recommend organising SjS management 
in and around centres of expertise, including professionals 
with solid clinical experience in assessing patients with SAD. 
Assessment of SjS patients requires expert guidance, not only to 
confirm the diagnosis by ruling out non- autoimmune aetiologies 
(especially for sicca symptoms), but also to evaluate the extent of 
organs damaged and to design a specific personalised follow- up 
according to the clinical and biological patient phenotype at 
diagnosis.21 A multidisciplinary approach involving various 
health professionals is essential, with a central role for special-
ists in autoimmune diseases, who should act as the coordinator 
of diagnostic and therapeutic healthcare processes, based on a 
shared- decision policy between the patient and the specialist. 
The involvement of primary care physicians and other health 
professionals is highly recommended in the management of SjS 
patients.

The first therapeutic approach to dryness should be symptomatic 
relief using topical therapies (LoE na; LoA 8.9)
More than 95% of SjS patients present with sicca symptoms,22 
which have a significant impact on the HRQoL.23–25 Studies 
that have evaluated the natural history of glandular function 
in primary SjS (summarised by Haldorsen et al)26 report that, 
except in early stages of the disease, dysfunction may remain 
stable for long periods of time (up to 12 years) and have a 
chronic course, and no study has demonstrated that any ther-
apeutic intervention can reverse glandular dysfunction and, 
therefore, can cure sicca symptoms. Since the complete disap-
pearance of dryness, which is the desired target for all patients, 
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Table 2 Glossary and definitions

Term definition examples

1.Nomenclature of therapies
1.1. Topical therapies
1.2. Systemic therapies

1.1. Interventions directly applied to the mucosal surfaces 
involved
1.2. Drugs administered orally or intravenously for systemic 
disease

1.1. Saliva substitutes, ocular tears
1.2. Antimalarials, glucocorticoids, immunosuppressive agents, intravenous 
immunoglobulins, biologics

2.Disease activity terms
2.1. Systemic disease
2.2. Active systemic disease
2.3. Severe systemic disease
2.4. Refractory systemic disease
2.5. Therapeutic response

2.1. Disease involvement that affects or has affected any of 
the organs/systems included in the clinESSDAI score
2.2. Patients with clinESSDAI score ≥1.
2.3. Patients with ESSDAI score >14, or high activity in any of 
the ESSDAI domains with a definition of high activity
2.4. Systemic manifestation/s refractory to SOC.
2.5. Decrease of ≥3 points in the global ESSDAI score

2.1. All ESSDAI domains except biological domain
2.2. Systemic activity is classified as low if ESSDAI is 1–4 (if not only due to 
biological domain), moderate between 5–13 and high ≥14.
2.3. Lymphadenopathy and lymphoma, articular, cutaneous, pulmonary, renal, 
muscular central and peripheral neurological and haematological domains.
2.4. Due to the diversity of systemic manifestations, SOC (first- line therapeutic 
approach) has been defined for each systemic manifestation (figure 3)
–

3.Ocular dryness
3.1. Refractory
3.2. Severe

3.1. Refractory ocular dryness is defined as not improvement 
after using the best- available SOC and ruling out other SjS- 
unrelated processes,
3.2. Severity should be defined after a specific 
ophthalmological evaluation of corneal damage by ocular 
scores:

3.1. SOC defined as the maximum use of artificial tears and ointments 
according to the previous recommendation
3.2. Measurement of the OSS and OSDI ocular scores

4.Recommended instruments of 
measure
4.1. Salivary gland function
4.2. Corneal damage
4.3. Fatigue
4.4. Pain
4.5. Quality of life
4.6. Systemic disease

4.1. UWSF, SWSF
4.2. OSS, OSDI
4.3. ESSPRI domains, ProFAD
4.4. ESSPRI domains, BPI
4.5. ESSPRI
4.6. ESSDAI, clinESSDAI

5.Potential life- threatening 
systemic manifestations

5.1. Cutaneous domain
5.2. Pulmonary domain
5.3. Renal domain
5.4. Muscular domain
5.5. Peripheral nerve system domain
5.6. CNS domain
5.7. Haematological domain

5.1. Diffuse vasculitis with ulcers
5.2. ILD with NHYA III/IV
5.3. Renal failure; rapidly- progressive glomerulonephritis; hypokalaemic 
paralysis
5.4. Muscular involvement with severe weakness
5.5. Neuropathy (including ganglionopathy and polyradiculopathies) with 
severe motor deficit/ataxia; cryoglobulinemic- related multineuritis
5.6. Demyelinating disease with motor deficit; cerebral vasculitis presenting 
with focal deficit; myelitis; meningoencephalitis
5.7. Severe haemolytic anaemia (<80 g/dL, <50 x109/L); severe autoimmune 
thrombocytopenia (<50 000/mm3)

BPI, brief pain inventory; CHB, congenital heart block; CIDP, chronic inflammatory demyelinating polyradiculopathy; CNS, central nervous system; ESSDAI, EULAR Sjögren's 
Syndrome Disease Activity Index; ESSPRI, EULAR Sjögren's Syndrome Patient Reported Index; EULAR, European League Against Rheumatism; G- CSF, granulocyte colony- 
stimulating factor; ILD, interstitial lung disease; KCS, keratoconjunctivitis sicca; LIP, lymphoid interstitial pneumonitis; MMF, mycophenolate mofetil; MP, methylpredisolone; MS, 
multiple sclerosis; NAC, N- acetylcysteine; NHYA, New York Heart Association; NMOSD, neuromyelitis optica spectrum disorder; NSIP, non- specific interstitial pneumonitis; OP, 
organising pneumonitis; OSDI, Ocular Surface Disease Index; OSS, Ocular Staining Score; PN, peripheral neuropathy; ROR, retinoic acid- related orphan receptor; RTX, rituximab; 
SjS, Sjögren syndrome; SOC, standard of care; STAT, signal transducer and activator of transcriptionm; SWSF, stimulated whole salivary flows; TOR, mammalian target of 
rapamycin; UIP, usual interstitial pneumonitis; UWSF, unstimulated whole salivary flows.

is at present unreachable, the TF recommends exploring the use 
of other, more realistic outcomes, such as the minimal clinically- 
important improvement or the patient- acceptable symptom 
state, following the corresponding ESSPRI definitions,13 always 
closely aligned with patient education, including coping strate-
gies. The chronic course of SjS means a daily, long- term use of 
therapies and, in this scenario, it is reasonable to recommend 
the use of therapies with a minimum of (or at least tolerable 
and reversible) side effects. This is overwhelmingly fulfilled by 
topical therapies (see definition in table 2). Various studies and 
Cochrane SLRs support the daily use of topical therapies for the 
symptomatic relief of dryness, with a significant improvement 
in HRQoL without significant side effects.7 27 28 These therapies 
should be immediately initiated after objective confirmation of 
glandular dysfunction.

Systemic therapies may be considered for the treatment of active 
systemic disease (LoE na; LoA 9.1)
Systemic disease is a key prognostic determinant of SjS and is 
linked to autoimmune- mediated organ/s dysfunction that may 

eventually become irreversible. The use of systemic immuno-
modulatory/immunosuppressive therapies (glucocorticoids 
(GCs), antimalarials, immunosuppressive agents, intravenous 
immunoglobulins and biologics) should be restricted to patients 
with active systemic disease (see definition in table 2) but only 
after a careful organ- by- organ evaluation of both severity and 
organ damage, since not all patients with active systemic disease 
will necessarily require systemic therapy (this was why the orig-
inal wording using ‘should be’ was changed to ‘may be’). As a 
general rule, the management of systemic features in SjS should 
follow a schedule consisting of a two- stage sequential regimen 
as used in other SAD, including a first intensive immunosup-
pressive approach targeted to restore organ function (induc-
tion of remission) as soon as possible, followed by a second 
therapeutic course aimed at maintaining the initial therapeutic 
response (maintenance of remission). Unfortunately, there 
are no available data in patients with SjS to support specific 
recommendations on the need for/duration of induction and 
maintenance therapies, which should therefore be decided on 
case- by- case.

http://ard.bmj.com/
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Figure 1 Algorithm of glandular function assessment and therapeutic approach in patients with primary SjS presenting with oral dryness. SjS, 
Sjögren syndrome; SWSF, stimulated whole salivary flows; UWSF, unstimulated whole salivary flows.

specific recommendations
The 12 specific recommendations form a logical sequence, 
starting with the management of the central triplet of symp-
toms (dryness, fatigue and pain) followed by the management of 
systemic, extraglandular disease (table 1).

Baseline evaluation of salivary gland function is recommended 
before starting treatment for oral dryness (LoE 5, LoA 8.7)
The therapeutic approach to oral dryness should be driven by 
the baseline measurement of salivary glandular function, and 
not by the patient’s subjective feelings, since environmental and 
personal stressing factors may influence the subjective feeling 
of dryness,29 which often does not match with the objective 
measurement of glandular function. We recommend the base-
line evaluation of salivary glandular function by measuring 
whole salivary flows before starting therapeutic interventions, 
always ruling out SjS- unrelated conditions (ie, candidiasis, 
burning mouth syndrome); salivary scintigraphy may also be 
considered.30 This item elicited significant discussions about 

the specific tests for measuring glandular function (unstimu-
lated whole salivary flows and stimulated whole salivary flows 
(SWSF), and salivary scintigraphy), especially the use of SWSF 
and salivary scintigraphy, which were considered as complicated 
tests in daily practice by several TF members, and not always 
available in all clinical settings.

The preferred first therapeutic approach for oral dryness according 
to salivary gland function may be: Non-pharmacological stimulation 
for mild dysfunction; pharmacological stimulation for moderate 
dysfunction*; saliva substitution for severe dysfunction (LoE 1a/*1b, 
LoA 8.7)
On the basis of the results obtained in the measurement of sali-
vary gland function, the therapeutic approach to oral dryness 
may be initiated based on two mechanisms: salivary gland stim-
ulation (non- pharmacological or pharmacological) or saliva 
substitution (figure 1).31

http://ard.bmj.com/
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Non-pharmacological stimulation
In patients with mild glandular dysfunction, we recommend non- 
pharmacological glandular stimulation as the preferred first- line 
therapeutic approach, using gustatory stimulants (sugar- free 
acidic candies, lozenges, xylitol) and/or mechanical stimulants 
(sugar- free chewing gum) since, in these patients, glandular func-
tion can be stimulated (figure 1). With no evidence available for 
pSjS-2002 patients, evidence was extrapolated from a Cochrane 
SLR27 focussed on the therapeutic management of oral dryness; 
the authors concluded that all non- pharmacological interven-
tions evaluated relieve subjective symptoms to some, unquanti-
fied degree, without strong evidence that any intervention was 
more effective than another, although no study evaluated the 
therapeutic response according to the degree of salivary gland 
dysfunction.27

Pharmacological stimulation
In patients with moderate glandular dysfunction, pharmaco-
logical stimulation with muscarinic agonists may be consid-
ered. Two drugs (pilocarpine and cevimeline) are licensed for 
the treatment of oral dryness, although only pilocarpine is 
licensed worldwide. The three pivotal randomised controlled 
trials (RCTs) included both primary and associated SjS patients 
fulfilling the 1993 criteria, and found significant improve-
ments in visual analogue scale (VAS) dry mouth and salivary 
flow rates, with a high frequency of adverse events.7 The 
available evidence in pSjS-2002 patients is limited to one small 
prospective study using pilocarpine that found improvement 
in subjective but not objective oral outcomes,32 and a second 
study with no detailed information about overall efficacy and 
safety.33 A third retrospective study which compares pilocar-
pine and cevimeline, only focussed on the safety profile,34 
and reported a better tolerance profile for cevimeline. The 
evidence is too limited to make a strong recommendation for 
pSjS-2002 patients (the best level of evidence should be extrap-
olated from RCTs including patients fulfilling the former 1993 
criteria). For this reason, and together with the unfavour-
able safety profile of these drugs, we recommend offering a 
trial of muscarinic agonists to patients with moderate glan-
dular dysfunction (or in those with mild dysfunction who are 
refractory or who do not wish to use non- pharmacological 
stimulation) (LoE 1b, GoR B) (figure 1). To reduce the main 
side effect (excess sweating), and based on clinical practice, 
some TF experts recommended increasing the dose progres-
sively up to 15 to 20 mg/day when possible. In patients who 
are intolerant or non- responders to muscarinic agents, some 
choleretic (anetholtrithione) or mucolytic (bromhexine, 
N- acetylcysteine) agents used as secretagogues in SjS since 
the 1980s may be considered as rescue therapies due to their 
good safety profile in the absence of alternative therapeutic 
options, and taking into account the limitations of the study 
design and the marginal benefits reported by most studies.7 
According to the SLR results, for the treatment of oral dryness 
we do not recommend the use of hydroxychloroquine (no 
placebo- differences for subjective and objective oral outcomes 
in the pivotal RCT), oral GCs, immunosuppressive agents 
(overwhelmingly- negative results with excess side effects) or 
rituximab (no placebo- differences for subjective and objective 
oral outcomes in the two pivotal RCT and one meta- analysis)

Saliva substitution
Saliva substitution should be considered the preferred ther-
apeutic approach to alleviate symptoms in patients with no 

residual glandular function (severe glandular dysfunction), in 
whom salivary glands cannot be stimulated, either by phar-
macological or non- pharmacological interventions (figure 1). 
The ideal preparation will have a neutral pH and contain 
fluoride and other electrolytes, mimicking the composition 
of natural saliva; saliva substitutes are available commer-
cially in the form of oral sprays, gels and rinses.10 Only one 
prospective study evaluated pSjS-2002 patients35 and found 
no statistically- significant placebo- differences for the primary 
outcome, although significant improvements were reported in 
some subjective oral outcomes, with no side effects reported. 
Evidence can be extrapolated from a Cochrane SLR that eval-
uated the effectiveness of topical treatments for any- cause dry 
mouth; the review found no superiority for any therapeutic 
option.27 In spite of the limited evidence available, we recom-
mend their use in the target population because, in the expe-
rience of TF members, patients often report increased oral 
comfort without significant side effects.10 Oral gel- like formu-
lations may be useful in patients with an acceptable salivary 
flow output, particularly when they complain about nocturnal 
oral dryness, although these patients often have a poor toler-
ance to saliva substitutes due to the sticky feeling caused by 
their application, which may be reduced by diluting the saliva 
substitute. Pretherapeutic evaluation of salivary function may 
also aid the choice of a specific formulation of saliva substi-
tutes (gel, saliva substitute—diluted or not,mouth rinses), with 
less thick/dense preparations being preferred for patients with 
a better- preserved glandular function.36 The preferred first- 
line use of saliva substitutes in patients with no salivary output 
elicited an intense debate within the TF, probably due to the 
apparent paradox of using a topical therapy in patients with 
severe glandular involvement. Several TF members expressed 
a dissenting view, stating that saliva substitutes should be used 
in all patients with oral dryness, irrespective of glandular func-
tion. Whether or not a saliva substitute is used, a neutral pH 
sodium fluoride gel should be prescribed to all patients with 
severe salivary dysfunction to prevent rampant caries.

The first-line therapeutic approach to ocular dryness includes 
artificial tears and ocular gels/ointments (LoE 1a, LoA 9.5)
The first line of therapy for ocular dryness should be volume 
replacement and lubrication using artificial tears (AT) and ocular 
gels, whose main ingredients are lubricants with a polymeric 
base or viscosity agent (methylcellulose, hyaluronate) with the 
aim of adding volume to the tear lake, increasing the time the AT 
remain on the ocular surface, and cushioning the ocular surface 
to reduce friction between lid and globe.37 All SjS studies testing 
AT (only one in pSjS-2002 patients) found significant improve-
ments for both subjective and objective ocular outcomes, while a 
recent Cochrane review on the use of AT for dry eye syndrome 
showed that they are safe and effective.28 We recommend that 
all SjS patients presenting with ocular dryness and/or abnormal 
ocular tests should use AT containing methylcellulose or hyal-
uronate at least twice daily, with the frequency increased to 
as often as hourly, as indicated by symptoms and/or objective 
signs. The use of preservative- free formulations of AT is mainly 
recommended in patients requiring four or more applications 
per day. Ophthalmic ointments are thicker than AT and may be 
used to provide symptom control overnight; they are typically 
used before bedtime because they produce blurred vision and 
their use should be followed by morning lid hygiene to prevent 
blepharitis.37
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Figure 2 Algorithm of glandular function assessment and therapeutic approach in patients with primary SjS presenting with ocular dryness. 
*Consider neuropathic pain if OSS≤1. **Additional criteria for severity: (1) impaired visual function (photophobia, visual acuity modification or low
contrast sensitivity); (2) blepharospasm (secondary to ocular inflammation); (3) severe meibomian gland disease or eyelid inflammation. ***For short- 
term indications (2–4 weeks). CyA, ciclosporin A; GC, glucocorticoid; OSS, ocular staining score (Whitcher107 JP, et al. Am J Ophthalmol. 2010;149:405–
15). OSDI, ocular surface disease index (adapted from Baudouin C,108 et al. Br J Ophthalmol 2014;98:1168–1176); SjS, Sjögren syndrome.

Refractory/severe ocular dryness may be managed using topical 
immunosuppressive-containing drops* and serum eye drops (LoE 
1a/*1b, LoA 9.1)
Patients with refractory or severe ocular dryness should be 
managed by an ophthalmologist with substantial experience in 
corneal disease wherever possible. Refractory ocular dryness is 
defined as patients who do not improve after using the best- 
available standard of care (SOC) (defined as the maximum use of 
AT and ointments according to the previous recommendation) 
after ruling out other SjS- unrelated ocular processes (ie, bleph-
aritis), while severity should be defined according to the results 
obtained in a specific ophthalmological evaluation of corneal 
damage by measuring the OSS, together with patient symptoms 
as assessed by the Ocular Surface Disease Index (figure 2).

Topical NSAIDs/corticosteroids
Topical ocular non- steroidal anti- inflammatory drugs (NSAIDs) 
or corticosteroids may be prescribed by ophthalmologists as a 

short- term therapeutic approach (maximum 2–4 weeks), as 
adverse events may occur with continued use of topical NSAIDs 
(corneal–scleral melts, perforation, ulceration and severe kera-
topathy) or topical corticosteroids (infections, increased intra-
ocular pressure and worsening/development of cataracts).37 
Evidence in pSjS-2002 patients is limited to one small case- 
control study38 using topical fluorometholone which found no 
significant differences in comparison with topical ocular ciclo-
sporin A (CyA).

Topical CyA
In December 2002, an ophthalmic formulation containing 
0.05% CyA was approved by the Food and Drug Administra-
tion to treat dry eye disease in the USA based on the results of 
two RCTs including patients with keratoconjunctivitis sicca (SjS 
patients were included in variable proportions).7 There are no 
specific RCTs carried out in pSjS-2002,39 40 and only one recent 
case- control study, which reported no significant differences 
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between groups in comparison with topical fluorometholone, 
with a higher frequency of moderate- to- severe transient burning 
sensation in patients receiving CyA.38 Ophthalmologists may 
consider the use of ocular CyA drops in patients with refractory 
or severe ocular dryness requiring repeated courses of glucocor-
ticoid tear drops. The promising results of a recent small trial 
using tacrolimus tear drops41 required further confirmation in 
large trials.

Serum tear drops
In SjS patients, the role of autologous or allogenic serum has 
been tested in small uncontrolled studies showing inconsistent 
benefits (no improvement in all objective ocular outcomes eval-
uated). A recent Cochrane SLR on the use of serum tear drops 
for dry eye syndrome42 has confirmed inconsistencies in their 
possible benefits both for symptoms and objective measures, 
with no evidence of an effect after 2 weeks of treatment. Only 
one study has been carried out in pSjS-2002 patients, which 
showed significant improvement in some ocular outcomes.43 
The difficulties in preparation, the need to refrigerate the drops, 
and the potential risk of contamination should be taken into 
account.37 44 The TF recommended that serum tear drops may 
be considered in patients who are non- responders or intolerant 
to topical CyA tear drops.

Rescue therapies
Other therapeutic interventions may be considered after 
failure of the above- mentioned therapies, including topical and 
systemic therapies. A recent Cochrane SLR reviewing the use 
of plugs for dry eye syndrome45 found that the evidence was 
very limited, and concluded that improvements in subjective and 
objective ocular outcomes were inconclusive. Two studies have 
been carried out in primary-2002 SjS patients: the first found 
no significant differences between groups (insertion of plugs vs 
AT),46 and the second reported improvement in only two of four 
ocular outcomes evaluated.47 With respect to systemic therapies, 
oral muscarinic agonists may be considered on the basis of the 
improvement of subjective (not objective) ocular outcomes.7 
According to the SLR results, for the treatment of ocular dryness 
we do not recommend the use of hydroxychloroquine (no 
placebo- differences for subjective and objective ocular outcomes 
in the pivotal RCT), immunosuppressive agents (overwhelm-
ingly negative results with excess side effects) or rituximab (no 
placebo- differences for subjective and objective oral outcomes in 
the two pivotal RCT and one meta- analysis).

In summary, although patients with refractory/severe ocular 
dryness may require a more intensive ophthalmological 
follow- up and, probably, more complex therapies, including 
immunosuppressive- based tear drops (topical corticosteroids or 
CyA) and serum tear drops, the low level of current evidence for 
the use of these complex ophthalmological therapies in primary 
SjS-2002 patients do not permit the TF to establish a strong pref-
erence among the options. The expertise of the ophthalmologist 
and the specific characteristics of the patient will drive both the 
preferred first- line therapy and the sequential use of the thera-
peutic interventions.

Concomitant diseases should be evaluated in patients presenting 
with fatigue/pain, whose severity should be scored using specific 
tools (LoE 5, LoA 9.0)
Patients with primary SjS often present with general symptoms, 
of which most frequent are non- inflammatory joint/muscle pain 
and fatigue/weakness, which may have a much greater impact 

on the HRQoL than sicca features, as reported in cross- sectional 
studies.23–25 Unfortunately, these symptoms are very unspecific 
and could be related to a wide range of concomitant pathol-
ogies (osteoarthritis, hypothyroidism, hypocortisolism, vitamin 
deficiencies, depression, neoplasia) and even to some systemic 
complications of systemic SjS (arthritis, anaemia, hypokalaemia, 
osteomalacia, lymphoma, small- fibre neuropathy). A specific 
comment is needed on the association between SjS and some 
somatic functional syndromes such as chronic fatigue syndrome 
and fibromyalgia, whose peak of incidence occurs in the same 
population subset as SjS (middle- aged women).21 No studies have 
confirmed a solid aetiopathogenic autoimmune link between SjS 
and chronic fatigue syndrome/fibromyalgia48 beyond the evident 
epidemiological overlap. Since the association of these somatic 
syndromes could heavily influence both the patient and physi-
cian global health status evaluation, we recommend searching 
for these syndromes using standardised recommendations,49 
and measuring the severity of pain and fatigue using specific 
scales such as the corresponding ESSPRI domains, the Profile 
of Fatigue (for measuring fatigue) and the Brief Pain Inventory 
(for measuring pain).50 SjS patients may describe various kinds 
of pain and fatigue, and the use of both general and SjS- specific 
questionnaires will permit not only a standardised measure-
ment of their potential impact on HRQoL, but consideration 
of their influence when specific therapeutic interventions are 
initiated.10 51

Consider analgesics or other pain-modifying agents for 
musculoskeletal pain, taking into account the balance between 
potential benefits and side-effects (LoE 4, LoA 8.9)
With respect to SjS- related musculoskeletal pain, a clear prether-
apeutic differentiation must be made clinically between joint pain 
(arthralgia) and joint inflammation (arthritis, tenosynovitis).52 
The ESSDAI score classifies arthralgia in the hands, wrists, 
ankles and feet accompanied by morning stiffness (>30 min) as 
low articular activity level, always ruling out concomitant osteo-
arthritis. Arthritis is clinically diagnosed on the basis of objec-
tive inflammation of ≥1 joints (heat, redness and swelling in the 
physical examination of the affected joint) supported by ultra-
sound studies when in doubt, and the ESSDAI score classifies the 
severity of arthritis according to the number of joints involved 
(moderate <5 joints, high >5).12 The therapeutic management 
of arthritis is included in the systemic recommendations. (a) In 
patients presenting with acute musculoskeletal pain, consider 
acetaminophen or NSAIDs for symptomatic relief, always for less 
than 7–10 consecutive days at full dosage and considering the 
side effects and underlying comorbid diseases. In real life, a large 
retrospective study in 188 primary 2002 SjS patients with joint 
involvement reported that nearly one third had a rapid clinical 
response to the short- term use of analgesics/NSAIDs.53 Topical 
formulations of NSAIDs (topical diclofenac or ketoprofen) may 
be effective for local pain with fewer side effects,54 but there is no 
available evidence in SjS patients.55 (b) In patients with frequent 
episodes of acute musculoskeletal pain, the use of hydroxychlo-
roquine has been proposed based on its comparable use in other 
SAD such as systemic lupus erythematosus (SLE). Although 
uncontrolled studies have reported improvement in joint pain, 
the pivotal RCT failed to demonstrate that hydroxychloro-
quine improved pain after 24 weeks of treatment in compar-
ison with placebo, although a statistical trend was reported 
(p values between 0.06 and 0.10) at 12, 24 and 48 weeks).56 
Taking this positive trend, the lack of reported cases of retinal 
toxicity or severe adverse events, and the lack of pharmaceutical 
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alternatives with a similar indication/safety profile, the TF 
members agreed to consider the use of hydroxychloroquine in 
some patients with frequent episodes of articular pain. In real 
life, the study by Fauchais et al53 reported the use of hydroxy-
chloroquine in more than half the patients presenting with joint 
involvement. With respect to the use of biological agents to treat 
these symptoms, the data from the two pivotal RCTs57 58 on the 
effect of rituximab on pain and fatigue reported no significant 
differences in comparison with placebo for both pain and fatigue 
VAS (although some differences were found at intermediate 
evaluation points in the French study), together with no signifi-
cant placebo- differences in quality- adjusted life- year but with a 
fivefold greater economic cost,58 while a recent meta- analysis59 
confirmed no significant differences after combining the results 
of these trials. In addition, a small RCT using anakinra found no 
significant reduction in fatigue in its primary endpoint,60 while 
the promising results obtained in two small open- label studies 
(<30 patients) using epratuzumab61 or abatacept62 must be 
confirmed in further large RCTs. Therefore, we consider that the 
off- label use of biological agents to treat only musculoskeletal 
pain (even as rescue therapy) is not currently warranted. (c) In 
patients with chronic, daily non- inflammatory pain, the manage-
ment must be completely different, avoiding the repeated use of 
NSAIDs or GCs. The non- pharmacological management of pain 
should be emphasised, instead of going straight to prescribing 
medications for the symptoms. Therefore, the first therapeutic 
step should be to follow the same recommendations as those 
proposed for general chronic pain, by suggesting that physical 
activity and aerobic exercise are interventions with few adverse 
events that may reduce pain severity and improve physical func-
tion.63 In addition, a small case- control study in primary SjS 
patients showed significant improvement in aerobic capacity, 
fatigue and ratings of perceived exertion and depression in 
patients allocated to the exercise group.64 Antidepressants and 
anticonvulsants may be considered for chronic musculoskeletal 
pain, while patients with chronic neuropathic pain may require 
the use of gabapentin, pregabalin or amitriptyline (paying atten-
tion to potential exacerbations of dryness symptoms). Recent 
epidemiological data confirm that opioids must not be used.65

Treatment of systemic disease should be tailored to organ-specific 
severity using the ESSDAI definitions (LoE 4, LoA 9.0)
In non- specialised medical settings, primary SjS is often consid-
ered a chronic, non- life- threatening disease that only causes 
dryness, fatigue and pain. However, systemic involvement has 
been increasingly recognised as a key part of the disease, with 
a significant weight in dictating the prognosis and survival in 
retrospective studies.66–69 The development of the ESSDAI by 
the EULAR- SS Task Force Group has provided a helpful, objec-
tive instrument to measure systemic involvement in primary 
SjS that is accepted worldwide. According to overarching prin-
ciple C, we recommend that the use of systemic therapies (GCs, 
antimalarials, immunosuppressive agents, intravenous immu-
noglobulins, biologics) should be restricted to patients with 
active systemic disease (see definitions in table 2). However, the 
management of systemic features must be tailored to the specific 
organ involved and the severity evaluated by the ESSDAI.69 As 
an overall rule, systemic therapies may be considered for most 
patients presenting with at least moderate activity in one clinical 
domain, or with a global moderate disease activity score (score 
>5). With respect to the definition of the therapeutic response in 
systemic SjS, the TF recommends using a reduction of ≥3 points 
in the global ESSDAI score.70 It should also be considered that 

some systemic manifestations are not captured by the ESSDAI, 
including Ro- associated congenital heart block, Raynaud 
phenomenon, primary pulmonary hypertension, pleuritis, peri-
carditis, dysautonomia, interstitial cystitis and sensorineuronal 
hearing loss; these features require specific patient- by- patient 
management.

GCs should be used at the minimum dose and length of time 
necessary to control active systemic disease (LoE 4, LoA 9.6)
The frequent use of GCs in clinical practice in primary SjS 
patients69 71 72 is not supported by reliable scientific evidence, 
since no controlled study has specifically evaluated their use for 
systemic disease. Available data come mainly from retrospective 
studies (online supplementary table S2) and case series/reports, 
which also highlighted the high rate of GC- related adverse events. 
We recommend that GCs should be used at the minimum dose 
and length of time necessary to control active systemic disease, 
administering pulses of methylprednisolone followed by doses 
of 0.5 mg/kg/d or lower as induction therapy in severe presen-
tations (table 2), and doses<0.5 mg/kg/d in moderate/less- severe 
presentations, with a final target of withdrawing GCs in inactive 
patients as soon as possible or at least trying to target a main-
tenance dose of 5 mg/daily or less with the aid of GC- sparing 
immunosuppressive agents (see recommendation ‘Synthetic 
immunosuppressive agents should mainly be used as GC- sparing 
agents, with no evidence supporting the choice of one agent over 
another (LoE 4, LoA 8.9)’). No available data in SjS patients 
support specific recommendations on the rate of de- escalation 
of the GC dose, or when a GC- sparing agent should be added, 
or the length of GC therapy, although we recommend tapering 
GCs as rapidly as clinically feasible. We recommend to follow 
the EULAR evidence- based and consensus- based recommenda-
tions on the management of medium to high- dose glucocorticoid 
therapy in rheumatic diseases.73

Synthetic immunosuppressive agents should mainly be used as GC-
sparing agents, with no evidence supporting the choice of one agent 
over another (LoE 4, LoA 8.9)
Based on the potential development of chronic damage in 
patients with uncontrolled systemic disease, some patients 
may require long- term therapy with GCs, especially those 
with severe organ impairments.69 71 72 In these patients, the 
addition of immunosuppressive agents as GC- sparing agents 
is justified, always weighing the potential benefits and risks. 
The use of immunosuppressive agents in primary SjS is based 
on the same level of evidence as that of GCs, since all reported 
studies (prospective uncontrolled studies, all including less than 
50 patients) were principally centred on the efficacy in sicca 
features and laboratory parameters, but not on the efficacy in 
systemic disease, with an unacceptable rate of adverse events 
(ranging between 41% and 100%).7 The lack of head- to- head 
studies comparing the efficacy and safety profile of immunosup-
pressive agents in primary SjS-2002 (leflunomide, methotrexate, 
azathioprine, mycophenolate, cyclophosphamide) does not 
permit a recommendation on the use of one agent over another, 
except when patient characteristics or comorbidities are consid-
ered with respect to the safety profile. In addition, there is no 
information available about the dose, route of administration 
and length of treatment and we recommend a case- by- case eval-
uation following similar rules to those reported for other SAD. 
Although some TF members suggested the use of monotherapy 
with immunosuppressive agents, there was no final consensus on 
this option due to the lack of studies demonstrating the efficacy 
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Figure 3 (Continued)

of GC- free regimens in SjS, and the fact that more than 95% 
of reported cases using immunosuppressive agents in primary 
SjS-2002 received associated GCs (online supplementary table 
S2). Several immunomodulatory agents have been tested in SS, 
with marginal benefits or with an unacceptable rate of adverse 
events and are not recommended.7

B-cell targeted therapies may be considered in patients with severe, 
refractory systemic disease (LoE 1b, LoA 8.6)
The emergence of biological therapies in this century has 
increased the therapeutic armamentarium available for treating 
severe SjS. These new drugs have the highest level of evidence 
among all the drugs tested for SjS, not only because have they 
have been tested in a large number of patients (>1000), but 
also because most of reported RCTs in primary SjS have tested 
biologics. Unfortunately, their use in clinical practice is clearly 
limited by the lack of licensing. B- cell targeted therapies are 
the most frequently tested biological drugs, and include epratu-
zumab61 and belimumab,74 75 although the most widely studied 
B- cell target therapy is rituximab.57 58 76–86

Studies with available data on the efficacy of rituximab on 
systemic involvement have included more than 400 patients 
with primary SjS-2002 (online supplementary table S3), with a 
predominant use of the regimen of 2 doses of 1 g each admin-
istered 15 days apart.7 Four main systemic outcomes were 
evaluated at different follow- up times in these studies: the 

global therapeutic response, organ- specific response, change 
in the global ESSDAI score and reduction in prednisone use. 
Uncontrolled studies have reported a global response rate of 
60%–100% for systemic features, especially cryoglobulinemic 
features.76 77 79 80 86 One small RCT86 reported a significant reduc-
tion in reported extraglandular manifestations and improvement 
of musculoskeletal features at weeks 12 and 36 (p=0.029) and 
vasculitis at week 24 (p=0.03). Four studies (two retrospec-
tive, one case- control and one prospective) have reported a 
statistically- significant reduction in the global baseline ESSDAI 
score (from 9 to 20.3 to 2.5–5.2 after treatment).77–80 84 In the 
two pivotal RCTs, Devauchelle et al found no differences in the 
mean ESSDAI improvement,57 while Bowman et al58 reported 
statistically- significant placebo differences at week 36 (p=0.03) 
and a statistically- significant trend at week 48 (p=0.07) in the 
log- transformed ESSDAI score. Three retrospective studies have 
demonstrated a statistically significant reduction in the daily 
dose of GCs.76 79 80 In summary, the great majority of studies 
showed efficacy in at least one of the systemic outcomes analysed 
(global response, organ- specific response, ESSDAI reduction, 
prednisone reduction).

The results of the Efficacy and Safety of Belimumab in Subjects 
with Primary Sjögren’s Syndrome open label trial74 in 30 pSjS-
2002 patients treated with belimumab showed a reduction in the 
mean ESSDAI score from 8.7 to 5.7 at week 28 (p<0.0001), with 
a decrease of at least 4 points in 40% of cases and improvements in 

https://dx.doi.org/10.1136/annrheumdis-2019-216114
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Figure 3 (A to I) Algorithm for the therapeutic approach to patients with primary SjS presenting with organ- specific systemic involvements. NSAIDs: 
no longer than 7–10 days. HCQ: hydroxychloroquine 200 mg/day. GC (recommended dose in mg/kg/day); short- term course whenever possible; 
consider methylprednisolone pulses in severe cases. ID: immunosuppressive agents, no head- to- head comparisons. CyC: cyclophosphamide pulses 0.5 
g/15 day (maximum six pulses). Rituximab: rituximab 1 g/15 days (x2). BLM: belimumab; 10 mg/kg (0, 2 and 4 weeks and then every 4 weeks). ABA: 
abatacept 0, 2, 4 weeks and every 4 weeks. IVIg: intravenous immunoglobulins 0.4–2 g/kg 5 days. PEX: plasma exchanges. CyA, ciclosporin A; EULAR, 
European League Against Rheumatism; ESSDAI, EULAR Sjögren's syndrome disease activity index; GC, glucocorticoid; LoE, levels of evidence; NSAIDs, 
non- steroidal anti- inflammatory drugs; RA, rheumatoid arthritis; SjS, Sjögren syndrome.

parotid swelling in 77% of cases; of five patients previously refrac-
tory to rituximab, belimumab was effective in 3 (60%). In a study 
extension of the 19 patients that completed 1 year of treatment, 

a significant improvement was maintained.75 With respect to the 
safety profile, one severe adverse event was reported (pneumo-
coccal meningitis) after 6 infusions of belimumab.

http://ard.bmj.com/
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After intense discussion among the TF members and balancing 
the positive results of uncontrolled studies, the weak evidence 
reported by RCTs, and the fact that the trials were not primarily 
designed to evaluate the systemic response, we agreed that 
the use of rituximab may be considered (we changed the orig-
inal wording of ‘should be’) in patients with severe, refractory 
systemic disease, and that the best indication is probably for 
symptoms linked to cryoglobulinemic- associated vasculitis,87 
with the possible use of belimumab as rescue therapy.

The systemic organ-specific therapeutic approach may, as a 
general rule, follow the sequential (or combined) use of GCs, 
immunosuppressive agents and biologics (LoE 5, LoA 8.6)
The recommended general sequential use of the three main cate-
gories of immunosuppressive agents in SjS is based on a similar 
approach to that reported for other SAD such as SLE or vascu-
litis, with no controlled studies supporting this approach in 
SjS. As a general rule, for most systemic involvements GCs (see 
recommendation ‘GCs should be used at the minimum dose and 
length of time necessary to control active systemic disease (LoE4, 
LoA9.6)’) may be considered the first- line option in patients 
with active systemic disease, and immunosuppressive agents and 
biologics as second/third line options to be used in patients intol-
erant or refractory to GCs, those with severe disease or those in 
whom long- term GC use is anticipated. In spite of the greater 
amount of scientific evidence data available for rituximab in 
comparison with GCs and immunosuppressive agents, the lack of 
licensing, the lack of controlled studies for systemic disease and 
the lack of head- to- head comparisons between rituximab and 
classic immunosuppressants (especially with respect to the safety 
profile) were issues to be considered. After an intense discussion 
among the TF members, the TF agreed to merge the two options 
as second- line therapies (adding a specific note about the use of 
rituximab as especially recommended for associated cryoglobu-
linemic vasculitis), always with a careful case- by- case assessment 
of the use of rituximab in an off- label context, evaluating poten-
tial benefits and adverse effects patient- by- patient (table 2), and 
taking into account the fact that their use will depend on drug 
availability and national regulations.

Unfortunately, after analysing the available evidence, no 
controlled data was identified to support a differentiated organ- 
guided therapeutic approach for systemic SjS, and some TF 
members recommend no strictly adherence to sequential therapy 
management, with an individualised therapeutic approach being 
preferable. However, on the basis of the results, principally from 
retrospective studies (online supplementary table S2), together 
with the clinical experience of the TF members, a list of consensus- 
based algorithms defining SOC and second/third line therapies was 
proposed for each clinical ESSDAI domain (figure 3A–I); Ro- asso-
ciated congenital heart block (not included in the ESSDAI) was also 
included due to its prognostic significance. There was no consensus 
on the proposal to make recommendations for organ- specific 
maintenance therapeutic regimens.

Treatment of B-cell lymphoma should be individualised according to 
the specific histological subtype and disease stage (LoE 4, LoA 9.7)
Among the systemic manifestations of SjS, lymphoma is one 
of the worst complications, with standardised incidence ratios 
for B- cell lymphoma ranging between 7 and 9 in population- 
based studies and between 16 and 48 in hospital- based studies.88 
Although the vast majority of cells infiltrating the salivary glands 
of patients with primary SjS are T cells, the majority of lymphomas 
reported are of B- cell origin with a ratio between B and T- cell 
lymphomas of 15:1; three subtypes of B- cell lymphoma account 

for more than 90% of reported cases in primary SjS: mucosa- 
associated lymphoid tissue (MALT) lymphoma, other marginal 
zone lymphomas (MZL) and Diffuse large B cell lymphoma.88 
Following the diagnosis of lymphoma, therapy should be indi-
vidualised according to the specific histological subtype defined 
according to the WHO 2016 classification89 and the corre-
sponding current therapeutic guidelines, with a personalised 
therapeutic approach driven by the haematologist/oncologist. 
For primary SjS-2002 patients diagnosed with low grade haema-
tological neoplasia, some clinicians recommend a watchful 
waiting approach when lymphoma only affects the exocrine 
glands,90 especially in the absence of constitutional symptoms, 
systemic features or B- cell activation biomarkers.3 The decision 
to treat low- grade lymphomas or not must be discussed in a 
multidisciplinary committee, taking into account the fact that 
they are linked to the disease activity and are the ultimate stage 
of autoimmune B- cell activation. Moreover, low grade B- cell 
lymphomas have a potential risk of progression to more aggres-
sive types of lymphoma.3 In patients with disseminated MALT 
lymphoma or with concomitant high disease activity, chemo-
therapy may be considered on a case- by- case basis.3 For patients 
with marginal zone lymphomas, small lymphocytic lymphoma 
(SLL) and lymphoplasmacytic lymphoma (LPL) in early disease 
stages (in particular, stage I or non- bulky stage II), treatment 
may include radiotherapy (with or without chemotherapy), 
although a watch- and- wait strategy could be an alternative to 
spare the side effects of therapy.91 For patients with moderate/
high grade haematological neoplasia, treatment is based on stan-
dard rituximab- based chemotherapy regimens. The benefit of 
adding rituximab to chemotherapy has been demonstrated in 
a meta- analysis in patients with follicular lymphomas, mantle 
cell lymphomas and other indolent lymphomas.91 Rituximab 
plus fludarabine or bendamustine (BR) are the recommended 
first- line therapy for MZL, SLL and LPL; a recent study in 13 
patients with pSjS-2002 (77% stage IV) complicated by MZL has 
reported the efficacy of the BR combination in all 13 cases, with 
improvement in the other SjS non- lymphomatous manifestations 
and with a good safety profile.92

dIsCussIon
The EULAR recommendations for the management of SjS with 
topical and systemic therapies management have been devel-
oped by a large, multidisciplinary, multiprofessional team. In 
summary, nine RCTs (only three including 120–130 patients), 
18 prospective (all including between 10 and 50 patients) and 
five case- control studies were selected to support the scientific 
evidence presented here. This is a small number of studies that 
is not comparable with rheumatoid arthritis (RA) or with other, 
more closely- related diseases, such as SLE or systemic vasculitis. 
Therefore, the evidence accumulated in this century reveals SjS 
as a true orphan disease from a therapeutic point of view,59 93 
with the absence of any efficacious agent, a situation that is in 
clear contrast with the significant advances achieved in both 
basic and clinical research during this period. As a consequence 
of the limited evidence available, therapeutic decisions in daily 
practice are often based on a mix of reported expert opinions 
and personal experience, which may vary widely between coun-
tries: therefore, the present recommendations are based on the 
input of experts from 16 European countries and wide interna-
tional representation from the other continents. In addition, SjS 
presents with a wide range of signs and symptoms (not only the 
key features of dryness, fatigue and pain, but also those derived 
from organ- specific systemic involvements and lymphoma), with 

https://dx.doi.org/10.1136/annrheumdis-2019-216114
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a large number of different specialties involved and, therefore, 
with a wide variety of potential interventions. Methodologically, 
we have also taken into account the continuous changes in clas-
sification criteria since 1986 and, in consequence, the contin-
uous changes in the target population classified as primary SjS. 
For this reason, we decided, in the Population, Intervention, 
Comparison, Outcomes and Study design strategy, to focus on 
the evidence collected from therapeutic studies including pSjS-
2002 patients, since these criteria have been used for a longer 
and more- recent period and because of their similarity with the 
recent 2016 American College of Rheumatology (ACR)/EULAR 
criteria.16

In SjS, we are very far from the ‘disease modification’ concept 
as the mainstay of treatment (as used in other diseases such as 
RA, a concept that allows the use of the term disease modifying 
antirheumatic drugs for many drugs that have demonstrated 
the ability to prevent structural damage progression in RA). A 
rapid overview of the LoE that support each statement (table 1) 
shows that all recommendations for managing oral and ocular 
dryness are principally supported by evidence extrapolated from 
Cochrane SLRs that evaluated their management in mixed aeti-
ological populations; on the management/prevention of dryness- 
related complications (oral ulcers, candidiasis, caries/dental 
complications, ocular infections), the management of dryness 
other than oral or ocular, or the role of non- therapeutic inter-
ventions in dryness, there was a very limited number of studies 
carried out in 2002 primary SjS patients, and we recommend 
following published guidelines.9–11 37 94 With respect to the most 
frequently used synthetic drugs (GCs and immunosuppressive 
agents), the available evidence came from isolated uncontrolled 
studies. The only exceptions were for hydroxychloroquine 
and rituximab, which were both tested in well- designed RCTs, 
although there were no statistically- significant differences with 
respect to placebo for the primary outcome (efficacy in dryness, 
fatigue and pain). With respect to systemic disease, the use of 
rituximab was supported by a large number of studies, mainly 
uncontrolled. We are also very far from defining specific treat-
ment targets (especially searching for remission in non- systemic 
features), but it may be useful to use the EULAR disease activity 
states,70 considering that any higher disease activity has to be 
regarded as inadequate disease control, thus mandating a ther-
apeutic intervention, or that low disease activity achieved after 
therapy may be potentially acceptable for some organs. In any 
case, as stated in previous EULAR recommendations,95 commu-
nication with the patient to clarify and agree on the treatment 
goal and the means to attain it is of utmost importance. Moni-
toring should be frequent in patients with systemic active disease, 
although the frequencies of follow- up examinations should 
be adjusted in accordance with the individual disease activity 
state,70 namely, more frequently, such as monthly, when patients 
have high disease activity, and less frequently, such as every 6–12 
months, when patients have low disease activity.

Lessons should be learnt from the first biological tested in 
primary SjS (infliximab). The excellent results of tumour necrosis 
factor- targeted therapies in RA led to their testing in patients 
with primary SjS, in spite of the large pathological and clinical 
differences between the two diseases. After the report of prom-
ising results in small open- label studies (one of which has been 
recently retracted by the authors), the first well- designed RCT 
showed no differences between the infliximab and placebo arms 
for the primary outcome. The same disappointing results have 
been obtained for other drugs reported as efficacious according 
to uncontrolled data (hydroxychloroquine and rituximab) 
without significant results for the primary outcomes when tested 

in RCTs. In SjS trials, two common issues may help to explain 
the negative results. The first is the choice of primary end- points. 
Most studies used composite primary outcomes based mainly on 
the subjective evaluation of dryness, fatigue, pain96 ; the strong 
influence of personal and environmental factors on the intensity 
of this triad of symptoms could explain the lack of significant 
differences (a higher rate of placebo- related response), together 
with inadequate patient selection (too low degree of disease 
activity), the influence of concomitant drugs and the hetero-
geneity of diagnostic tests. The composite ESSDAI to measure 
systemic activity was used in the most recent RCT as a secondary 
end- point and frequently calculated retrospectively (although 
one of the weaknesses of this outcome could be the difficulty 
in differentiating activity due to chronic damage in different 
domains). The preliminary results of two new RCTs where 
ESSDAI was the primary end- point demonstrated efficacy of the 
active drug versus placebo (anti- CD40 and the combination of 
leflunomide and hydroxychloroquine).97 98 The second issue is 
the limited number of patients randomised (no more than 50–60 
patients per arm), taking into account the clinical and immuno-
logical heterogeneity of SjS as an SAD (such as SLE or systemic 
vasculitis); in SLE, the pivotal trials that allowed the licensing of 
belimumab were obtained from two trials including nearly 1000 
patients each. Some promising results recently reported in small 
open- label studies testing biologics (belimumab, anakinra) must 
be confirmed in further large well- designed RCTs, while advance 
results of a large trial in primary SjS do not indicate a clinical 
benefit of abatacept.99 The current therapeutic pipeline in SjS, 
as shown by the  clinicaltrials. gov webpage, is that the biologic 
therapeutic approach overwhelmingly used in SjS until now 
(targeting B- cell depletion) is shifting towards the evaluation of 
biologics targeting cytokines, T- cells and intracellular signalling 
pathways.100 With respect to ongoing trials, considerable interest 
is centred on the B cell survival factor (BAFF) pathway, inves-
tigating the effect of monoclonal antibodies targeting BAFF- 
receptor or the association between B- cell depletion and BAFF 
inhibition. In addition, studies are testing inhibition of other 
pathways activating B cells. Lastly, four ongoing trials are testing 
other pathways or the use of other cytokine- based therapies 
including tocilizumab, abatacept, filgotinib (a janus kinase inhib-
itor) and human recombinant Il-2.

Therapeutic research in SjS should probably be reconsidered 
in order to explore new pathogenic targets outside the glandular 
tissue (ie, neuroendocrine pathways), and to search for a more 
personalised therapeutic approach based on genetic, clinical, 
immunological and/or histopathological characteristics. It is not 
improbable that future RCTs would benefit from more selected 
patient cohorts, possibly including newly diagnosed SjS patients, 
the findings of early salivary gland ultrasound changes,101–103 
or evidence of early high disease activity at diagnosis22 before 
permanent damage has been established and the changes are 
still reversible. Patients with sicca- limited disease differ from 
those with systemic disease, as do immune- negative patients 
from those carrying Ro autoantibodies or cryoglobulins, while 
recent etiopathogenic studies are beginning to divide SjS patients 
according to the genetic profile between those with or without a 
predominant IFN- I gene expression signature.104–106 Sensitivity 
analyses searching for a differentiated response to therapies in 
these subsets of patients (sicca- limited vs systemic; Ro+ vs Ro-; 
positive vs negative salivary gland biopsy; positive vs negative 
IFN- I signature) might help to better delineate the therapeutic 
effect of a drug tested in primary SjS, although this would require 
a greater number of patients randomised than those included in 
reported trials.
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box 1 Research agenda

 ► Is there a specific, differentiated treatment of lymphomas 
related to SjS?

 ► Is combination therapy a potential intervention to explore in 
SjS?

 ► Exploring targeted therapies against Th17 cytokines, IFNα, 
RORɣt expression, Janus kinases (JAKS), STATs and mTOR 
intracellular pathways or interleukin-1.

 ► Searching for predictive factors of biological response.
 ► Potential use of sequential or intralesional use of biological 
therapies.

 ► Encouraging the development of new and innovative 
therapies.

 ► In what proportion of systemic patients is induction therapy 
with current therapeutic options effective in inducing 
sustained remission?

 ► Is the use of immunosuppressive and biologic agents safe 
and efficacious in the absence of concomitant glucocorticoid 
treatment?

 ► How safe and efficacious is the off- label use of other 
biologics after rituximab has failed?

 ► Can we find predictors of differential response to the 
synthetic and biological drugs used in SjS?

 ► Can we predict who will maintain remission after withdrawal 
of glucocorticoids?

 ► Will we be able to develop precision (personalised, 
stratified) medicine approaches in SjS? (IFN signature +/-; 
immunological or histopathological markers +/-)?

 ► Which biomarkers will help identify better predictors of poor 
outcomes?

In conclusion, the 2019 EULAR recommendations are based 
on the recent evidence collected on the management of primary 
SjS patients and on discussions by a large, broadly- based inter-
national TF. The recommendations synthesise current thinking 
on SjS treatment in a set of overarching principles and recom-
mendations. These have been informed by a specific SLR on 
the efficacy and safety of topical and systemic interventions, 
although the high- quality scientific evidence focused on primary 
SjS patients fulfilling the currently- accepted sets of criteria was 
limited. However, the TF is convinced that adhering to these 
recommendations, including shared decision- making, assessing 
disease activity regularly with the ESSDAI instrument, and 
applying the sequence of drugs as proposed, will improve 
overall outcomes in a clear majority of patients with SjS. New 
research information on treatment strategies, predictive markers 
and other aspects will soon become available and will probably 
require an update of the recommendations in coming years (see 
Future Agenda box 1). Until then, we hope that the current 
recommendations will be broadly applied in clinical practice 
and/or serve as a template for national societies to develop local 
recommendations.
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ABSTRACT
Background Since the publication of the European 
League Against Rheumatism (EULAR) recommendations 
for the management of large vessel vasculitis (LVV) in 
2009, several relevant randomised clinical trials and 
cohort analyses have been published, which have the 
potential to change clinical care and therefore supporting 
the need to update the original recommendations.
Methods Using EULAR standardised operating 
procedures for EULAR- endorsed recommendations, 
the EULAR task force undertook a systematic literature 
review and sought opinion from 20 experts from 13 
countries. We modified existing recommendations and 
created new recommendations.
Results Three overarching principles and 10 
recommendations were formulated. We recommend that 
a suspected diagnosis of LVV should be confirmed by 
imaging or histology. High dose glucocorticoid therapy 
(40–60 mg/day prednisone- equivalent) should be 
initiated immediately for induction of remission in active 
giant cell arteritis (GCA) or Takayasu arteritis (TAK). We 
recommend adjunctive therapy in selected patients with 
GCA (refractory or relapsing disease, presence of an 
increased risk for glucocorticoid- related adverse events 
or complications) using tocilizumab. Methotrexate may 
be used as an alternative. Non- biological glucocorticoid- 
sparing agents should be given in combination with 
glucocorticoids in all patients with TAK and biological 
agents may be used in refractory or relapsing patients. 
We no longer recommend the routine use of antiplatelet 
or anticoagulant therapy for treatment of LVV unless it is 
indicated for other reasons.
Conclusions We have updated the recommendations 
for the management of LVV to facilitate the translation 
of current scientific evidence and expert opinion into 
better management and improved outcome of patients 
in clinical practice.

BACkgRound
Rapid diagnosis and effective treatment are 
required in large vessel vasculitis (LVV) in order to 
treat symptoms, but more importantly, to reduce 
the risk of complications such as blindness in giant 
cell arteritis (GCA) and aortic aneurysm or vascular 
stenosis in GCA and Takayasu arteritis (TAK). 
In April 2008, the first recommendations of the 

European League against Rheumatism (EULAR) 
for managing LVV were published.1 These recom-
mendations have provided guidance to clinicians 
and researchers and have been widely cited. Since 
then, the results of several randomised clinical trials 
and cohort analyses have become available and the 
EULAR recommendations on imaging in LVV have 
been published recently.2

In light of these and other fundamental develop-
ments affecting key areas of management, the goal 
of the current project was to re- evaluate the litera-
ture in order to update the EULAR recommenda-
tions for the management of LVV.

MeTHodS
The recommendations were drafted according to the 
2014 update of the EULAR standardised operating 
procedures (SOPs) for the development of EULAR- 
endorsed recommendations and the updated version 
of the Appraisal of Guidelines for Research & Evalua-
tion (AGREE II) recommendations, where applicable 
(see online supplementary file 1 for a full description 
of methods).3 4 The task force consisted of 20 clinical 
experts (including rheumatologists, internists, immu-
nologists, a neurologist, a neuro- ophthalmologist 
and an epidemiologist), from 11 European countries, 
India and China, two fellows (AA, SM), one health 
professional and two patients affected by the diseases 
under study.

Based on results of a Delphi survey among the 
task force, we defined eight key research questions 
addressing the management and treatment of LVV. As 
the original systematic literature review (SLR) for the 
2008 recommendations dated back 10 years ago with 
different methodology, it was decided to conduct two 
completely new SLRs without time limits, focusing 
on general management and treatment, respectively 
(table 1).

The following databases were used: MEDLINE, 
EMBASE and Cochrane CENTRAL. Each article 
was assigned a level of evidence (LoE) according to 
the standards of the Oxford Centre for Evidence- 
Based Medicine and was systematically assessed for 
bias.3 The methods and results of the two SLRs are 
published separately.5 6

During a face- to- face meeting, task force members 
independently voted on each recommendation. 
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Table 1 Topics for the systematic literature search

SLR 1: general Management SLR 2: Treatment

 ► Diagnosis: recognition, referral criteria, fast- track diagnosis, role of imaging for diagnosis, 
role of biopsy for diagnosis, interdisciplinary work- up, considerations for sub- types of 
disease such as cranial/ischaemic/large vessel, isolated aortitis, IgG4- related disease, LVV 
disease in other vasculitides.

 ► Prognostic and therapeutic implications of disease phenotypes: cranial vs extra- cranial, 
isolated aortitis, other forms including IgG-4 related disease, imaging, other biomarkers, 
comorbidities and complications, disease damage versus activity.

 ► Long- term follow- up of patients: clinical assessments and frequency, imaging, patient- 
reported outcomes, physical therapies and management of complications.

 ► Patient education and other aspects of patients- centred care.

 ► Drug therapy: dosing, length of therapy, outcome and treatment- related 
side effects for the following drugs: glucocorticoids, methotrexate and other 
non- biological immunosuppressive agents, tocilizumab and other biological 
agents.

 ► Specific treatment of organ complications: loss of vision and stroke), 
relapsing, refractory, glucocorticoid- dependent disease.

 ► Revascularisation procedures: indications for referral, management of 
aneurysms and/or vessel stenosis.

 ► Adjunctive therapies and prophylaxis: aspirin, cardiovascular and 
cerebrovascular disease, infections, vaccination, osteoporosis.

LVV, large vessel vasculitis; SLR, systematic literature review.

Table 2 EULAR consensus definitions for disease activity states in 
GCA and other types of LVV

Activity state euLAR consensus definition

Active disease 1. The presence of typical signs or symptoms of active LVV 
(table 4).
2. At least one of the following:
a. Current activity on imaging or biopsy.
b. Ischaemic complications attributed to LVV.
c. Persistently elevated inflammatory markers (after other 

causes have been excluded).

Flare We do not recommend use of this term

Relapse We recommend use of the terms major relapse or minor 
relapse as defined below

Major relapse Recurrence of active disease with either of the following:
a. Clinical features of ischaemia* (including jaw claudication, 

visual symptoms, visual loss attributable to GCA, scalp 
necrosis, stroke, limb claudication).

b. Evidence of active aortic inflammation resulting in 
progressive aortic or large vessel dilatation, stenosis or 
dissection.

Minor relapse Recurrence of active disease, not fulfilling the criteria for a 
major relapse

Refractor’y Inability to induce remission (with evidence of reactivation of 
disease, as defined above in ‘Active disease’) despite the use of 
standard care therapy

Remission Absence of all clinical signs and symptoms attributable to 
active LVV and normalisation of ESR and CRP; in addition, for 
patients with extracranial disease there should be no evidence 
of progressive vessel narrowing or dilatation (frequency of 
repeat imaging to be decided on an individual basis)

Sustained remission 1. Remission for at least 6 months.
2. Achievement of the individual target GC dose.

Glucocorticoid- free 
remission

Sustained remission
Discontinued GC therapy (but could still be receiving other 
immunosuppressive therapy)

*Some symptoms listed are typical only for GCA and may require further diagnostic 
work- up if present in other types of LVV.
GC, glucocorticoid; GCA, giant cell arteritis; LVV, large vessel vasculitis.

Agreement on each recommendation and on the overarching prin-
ciples on a scale of 0–10 (10 meaning full agreement) was given 
anonymously after the meeting by e- mail. A research agenda was 
formulated based on controversial issues and gaps in the evidence. 
The final manuscript was approved by the EULAR Executive 
Committee.

ReSuLTS
general aspects
The objective of the updated recommendations is to give advice 
on the management of LVV to rheumatologists and other health 
professions involved in the care of these patients. Because EULAR 
recommendations on imaging in LVV have been published 
recently,2 the task force agreed to refer to these recommendations 
removing topics regarding imaging from the update of the manage-
ment recommendations.

To reduce confusion currently existing in the literature we 
propose new consensus definitions for disease activity states in 
LVV (table 2), based on the concept of activity states developed for 
the EULAR recommendations for small vessel vasculitides (SVV).7

The new definitions are consensus based and do not derive 
from the SLR. They differ in some details from definitions used 
in recent clinical trials (for comparison see online supplementary 
file 2). By analogy to the EULAR definitions for SVV,7 we suggest 
using the term ‘relapse’ consistently, but avoiding the term ‘flare’. 
We propose a distinction between major and minor relapses 
because the prognosis and treatment of relapses in LVV depends 
on the presence of ischaemia and/or development or progression 
of vascular damage. In contrast to SVV, true refractory disease in 
LVV is very rare because patients usually respond well to high dose 
glucocorticoids (GCs). However, in the past, the term ‘refractory’ 
was sometimes used for patients with LVV and GC- dependent 
disease that relapsed when GCs were tapered. We propose that 
the activity state ‘refractory’ should be used to reflect the difficulty 
in achieving disease control despite the patient remaining on an 
appropriate treatment schedule (which would include tapering of 
the GC dose).

In 2012, IgG4- related (peri- )aortitis and isolated aortitis, either 
primary or secondary to infection (eg, syphilis) or other systemic 
diseases were recognised as separate entities by the Chapel Hill 
consensus conference.8 The SLR revealed only very low evidence 
on management of these rare entities, which did not allow us to 
generate separate recommendations. Therefore, we encourage 
further research on these subtypes, as outlined in the research 
agenda below.

overarching principles
The task force identified general principles that were deemed 
fundamental for the management of patients with LVV (table 3). 

These principles were consensus based and did not directly result 
from the SLR. The overarching principles and the specific recom-
mendations are listed in table 3.

Recommendations
All patients presenting with signs and symptoms suggestive of 
GCA should be urgently referred to a specialist team for further 
multidisciplinary diagnostic work-up and management
Untreated active GCA is an emergency and carries a substan-
tial risk of permanent visual loss and other ischaemic compli-
cations. Therefore, we recommend that all patients ≥50 years 
of age presenting with acute or subacute onset of signs and 
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Table 3 EULAR recommendations for the management of LVV—2018 update

Loe SoR FV (%) LoA (0–10)

overarching principles

A Patients with LVV should be offered best care which must be based on a shared decision between the patient and the 
rheumatologist, considering efficacy, safety and costs

n.a. n.a. n.a. 9.7±0.7

B Patients should have access to education focusing on the impact of LVV, it’s key warning symptoms and its treatment 
(including treatment- related complications)

n.a. n.a. n.a. 9.7±0.7

C Patients with LVV should be screened for treatment- related and cardiovascular comorbidities. We recommend 
prophylaxis and life- style advice to reduce cardiovascular risk and treatment- related complications

n.a. n.a. n.a. 9.8±0.7

Recommendations

1 All patients presenting with signs and symptoms suggestive of GCA should be urgently referred to a specialist team 
for further multidisciplinary diagnostic work- up and management

2b C 91 9.2±2.1

2 All patients presenting with signs and symptoms suggestive of TAK should be referred to a specialist team for 
multidisciplinary diagnostic work- up and management

5 D 100 9.6±0.9

3 A suspected diagnosis of LVV should be confirmed by imaging (ultrasound* or MRI§ for temporal or other cranial 
arteries, ultrasound, CT, PET- CT or MRI for the aorta/extracranial arteries#) or histology (TAB*)

*1b
§2b
#3

*A
§B
#C

*100
§100
#100

9.5±0.9
9.3±1.2
9.6±0.8

4 High dose glucocorticoid (GC) therapy (40–60 mg/day prednisone- equivalent) should be initiated immediately for 
induction of remission in active GCA& or TAK+

Once disease is controlled, we recommend tapering the GC dose to a target dose of 15–20 mg/day within 2–3 
months and after 1 year to ≤5 mg/day (for GCA) and to ≤10 mg/day (for TAK)

&4
+5
5

&C
+D
D

&100
+100
87

9.8±0.6
9.8±0.5
9.5±0.9

5 Adjunctive therapy should be used in selected patients with GCA (refractory or relapsing disease, the presence or an 
increased risk of GC related adverse effects or complications) using tocilizumab**. Methotrexate may be used as an 
alternative§§

**1b
§§1a-

**A
§§A

**100
§§100

9.4±0.8
9.4±0.8

6 Non- biologic disease modifying agents should be given in combination with GC in all patients with TAK#. Tocilizumab 
or TNF- inhibitors can be considered in case of relapsing or refractory disease despite conventional DMARD therapy#

4 C 100 9.4±1.2

7 In case of major relapse (either with signs or symptoms of ischaemia or progressive vascular inflammation) we 
recommend reinstitution or dose escalation of GC therapy as recommended for new onset disease.## For minor 
relapses we recommend an increase in GC dose at least to the last effective dose.* Initiation or modification of 
adjunctive therapy should be considered particularly after recurrent disease relapses&&

##2b
&&1b

##C
&&A

##95
&&95

9.5±1.0
9.6±1.0

8 Antiplatelet or anticoagulant therapy should not be routinely used for treatment of LVV unless it is indicated for other 
reasons (eg, coronary heart disease or cerebrovascular disease etc). In special situations such as vascular ischaemic 
complications or high risk of cardiovascular disease, these might be considered on an individual basis

4 C 100 9.4±0.8

9 In LVV, elective endovascular interventions or reconstructive surgery should be performed in phases of stable 
remission. However, arterial vessel dissection or critical vascular ischaemia requires urgent referral to a vascular team

4 C 95 9.8±0.5

10 Regular follow- up and monitoring of disease activity in patients with LVV is recommended, primarily based on 
symptoms, clinical findings and ESR/CRP levels

3b C 100 9.6±0.6

The LoE was determined for different parts of each recommendation (referred to with different signs such as * or §). The level of agreement was computed on a 0–10 scale.
DMARD, disease modifying anti- rheumatic drug; FV, final vote (% of expert panel members that agreed to the recommendation); LVV, large vessel vasculitis; LoA, level of 
agreement; LoE, level of evidence; NA, not applicable; SoR, strength of recommendation; TAB, temporal artery biopsy; TAK, Takayasu arteritis; TNF, tumour necrosis factor.

symptoms suggestive of GCA (table 4) and raised inflammatory 
markers without explanation (eg, infection) should be referred 
urgently to a specialist team/experienced centre for further diag-
nostic work- up. This team or centre should have expertise in the 
disease, have rapid access to up- to- date imaging2 and temporal 
artery biopsy (TAB) and should offer fast referral. Patients with 
new onset of visual symptoms should be seen as soon as possible 
by an ophthalmological team to exclude other causes of sudden 
visual disturbance. In case of signs of cerebral ischaemia, rapid 
review by a neurologist is recommended.

Results from two retrospective cohort studies have shown 
that immediate treatment of GCA patients and rapid referral to 
a specialised centre (‘fast- track clinic’) for diagnostic work- up, 
including imaging, within 24 hours after presenting with signs 
and symptoms of GCA can reduce the rate of permanent visual 
impairment compared with historical cohorts with routine non- 
urgent referral.9 10 Although these studies were retrospective and 
therefore subject to bias, the available limited evidence supports 
rapid referral in order to confirm the diagnosis of GCA.11

Patients with both typical symptoms and increased C- reac-
tive protein (CRP)/erythrocyte sedimentation rate (ESR) who 
present with acute visual disturbance should be treated before 
the appointment, as delaying GC therapy when visual loss is 

present is the strongest risk factor for permanent blindness.12 
For patients without visual symptoms, there was no consensus 
among the task force members as to whether pre- emptive treat-
ment with GCS should be started in all cases of suspected GCA 
in addition to fast referral to a specialised centre. In any case, 
pre- emptive therapy should only be given for a short period of 
time and should not delay early referral because the sensitivity of 
diagnostic tests decreases following treatment with GCs and to 
avoid unnecessary exposure to GCs of cases for whom the diag-
nosis of GCA is eventually not maintained. Although, the sensi-
tivity of diagnostic tests decreases following treatment, imaging 
and biopsy may show features of GCA even weeks after GC 
therapy.13–16 Therefore, diagnostic tests to confirm a suspected 
diagnosis of GCA should be performed in all patients irrespec-
tive of the duration of pre- emptive therapy.

All patients presenting with signs and symptoms suggestive of 
TAK should be referred to a specialist team for multidisciplinary 
diagnostic work-up and management
The majority of symptoms of TAK (table 4) are non- specific, 
but should prompt a thorough examination of the arterial tree. 
Because there is no gold standard for the diagnosis of TAK, 
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Table 4 Key symptoms and clinical findings suggestive of active 
large vessel vasculitis

giant cell arteritis Takayasu arteritis

Key symptoms
 ►  New- onset of persistent localised 

headache, often in the temporal area.
 ►  Constitutional symptoms (eg, 

weight loss >2 kg, low- grade fever, 
fatigue, night sweats).

 ►  Jaw and/or tongue claudication.
 ►  Acute visual symptoms such as 

amaurosis fugax, acute visual loss, 
diplopia.

 ►  Symptoms of polymyalgia 
rheumatica.

 ►  Limb claudication.

Key symptoms
 ►  New onset or worsening of limb 

claudication.
 ►  Constitutional symptoms (eg, 

weight loss >2 kg, low- grade fever, 
fatigue, night sweats).

 ►  Myalgia, arthralgia, arthritis.
 ►  Severe abdominal pain.
 ►  Stroke, seizures (non- hypertensive), 

syncope, dizziness.
 ►  Paresis of extremities.
 ►  Myocardial infarct, angina.
 ►  Acute visual symptoms such as 

amaurosis fugax or diplopia.

Key findings on clinical examination
 ►  Tenderness and / or thickening of 

the superficial temporal arteries with 
or without reduced pulsation.

 ►  Scalp tenderness.
 ►  Bruits (particularly in the axilla).
 ►  Reduced pulses/blood pressure of 

the upper limbs.
 ►  Pathological findings during 

ophthalmologic examination 
including anterior ischaemic optic 
neuropathy, oculomotor cranial 
nerve palsy/palsies, central retinal 
artery occlusion, branch retinal artery 
occlusion and/or choroidal ischaemia.

Key findings on clinical examination
 ►  Hypertension (>140/90 mm Hg).
 ►  New loss of pulses, pulse 

inequality.
 ►  Bruits.
 ►  Carotidynia.

we recommend referral to an experienced centre for further 
work- up including large- vessel imaging. Studies on fast- track 
referral are lacking for patients with TAK. Patients with indi-
vidual presentations suggesting an increased risk of ischaemic 
complications need a more urgent referral.

A suspected diagnosis of LVV should be confirmed by imaging 
(ultrasound or MRI for temporal or other cranial arteries, ultrasound, 
CT, positron-emission-tomgraphy (PET)T-CT or MRI for the aorta/
extracranial arteries) or histology (TAB)
Every effort should be made to confirm a suspected diagnosis of 
LVV. In rare cases, both imaging and biopsy are negative. If the 
clinical probability in such cases is high, a provisional diagnosis 
of GCA may be made, which needs to be confirmed or revised 
during follow- up.

The original recommendations advised TAB in every case of 
suspected GCA.1 Since then, a large amount of good- quality 
data demonstrated that imaging and biopsy have similar diag-
nostic value if assessors are proficient in these techniques.2 13 
The recently published EULAR recommendations for the use of 
imaging in LVV in clinical practice contain comprehensive advice 
regarding when and how the different imaging modalities should 
best be used in different subsets of LVV.2 Several studies have 
shown that neither imaging nor TAB are 100% sensitive.2 13 17–19 
Imaging of the temporal arteries by ultrasound or MRI identifies 
only 77% and 73% of cases, respectively, with clinical diagnosis 
as reference standard for GCA.14 20 21 Thus, performing a second 
test can be considered if the first was negative but the clinical 
suspicion of GCA persists.

Ultrasound guidance appears not to improve the diagnostic 
yield of TAB.22 Biopsies should be at least 1 cm in length, which 
corresponds to a postfixation length of at least 0.7 cm.17 Biopsy 

of the contralateral artery does not add significantly to the 
diagnostic yield and is therefore not routinely recommended. 
Overall, available data do not provide convincing evidence that 
any individual characteristics of the biopsy findings (eg, compo-
sition or intensity of the inflammatory infiltrate) are sufficiently 
predictive for subsequent clinical events to allow guidance of 
treatment decisions or follow- up in clinical practice.23–35

ESR and CRP are typically elevated in GCA, and it is highly 
infrequent (<3%) that both are normal.36 37 While several other 
serological biomarkers have been evaluated, none is sufficiently 
sensitive and specific for detection and assessment of disease 
activity or prediction of prognosis to recommend its use in clin-
ical practice.

In patients with atypical clinical presentations not compat-
ible with current disease definitions,8 an alternative diagnosis 
or overlapping associated diseases should be considered, in 
the diagnostic work up, such as for example aortitis related 
to IgG4- related disease, LVV in anti- neutrophil- cytoplasm 
(ANCA)- associated vasculitis (AAV) or other vasculitides (eg, 
Behçet’s syndrome), or LVV secondary to spondyloarthropa-
thies, relapsing polychondritis or infections.

High dose GC therapy (40–60 mg/day prednisone-equivalent) should 
be initiated immediately for induction of remission in active GCA 
or TAK. Once disease is controlled, we recommend tapering the GC 
dose to a target dose of 15–20 mg/day within 2–3 months and after 
1 year to ≤5 mg/day (for GCA) and to ≤10 mg/day (for TAK)
Induction treatment with a starting GC dose of 40–60 mg 
per day (all GC doses discussed in this article are prednis(ol)
one equivalent) leads to remission in the majority of patients 
with LVV.38–43 Although the maximum genomic effect of GCs 
is around 100 mg of prednisone- equivalent,44 there is no clear 
evidence that starting doses of above 60 mg per day are more 
effective than 60 mg per day in the prevention of ischaemic 
events or other relevant endpoints. It should be noted that the 
genomic effects of glucocorticoids depend on certain patient- 
specific pharmacokinetic and pharmacodynamic factors. These 
include for example total cell number (indirectly quantified by 
weight), numbers of glucocorticoid receptors per cell, and gluco-
corticoid receptor binding affinity.45 46 The relatively high vari-
ability of these factors explains why neither the dose- dependent 
efficacy of a glucocorticoid therapy can be predicted absolutely 
correctly, nor a weight- adapted therapy with glucocorticoids is 
recommended. As a consequence, and since differences between 
certain dosages or weight- adapted glucocorticoid dosages have 
not been rigourosly tested in clinical trials, the current recom-
mendations provide dose ranges.

In patients with GCA with acute visual loss or amaurosis fugax, 
the administration of 0.25–1 g intravenous methylprednisolone 
for up to 3 days should be considered, because these high doses 
have both genomic and rapid non- genomic effects.44 45 However, 
there are only low- quality retrospective clinical data supporting 
this recommendation.47 48 Referral for intravenous GC therapy 
should not delay treatment with oral GC. The SLR revealed 
quality issues in both randomised controlled clinical trials (RCTs) 
of high dose pulse intravenous GC therapy in patients without 
visual symptoms.40 41 In view of the limited quality of evidence, 
the task force recommends limiting the use of intravenous pulse 
GC therapy to patients with complicated GCA such as those 
with GCA- related visual symptoms.

We recommend tapering the GC dose, once remission has been 
achieved. A GC taper regimen must weigh the risk of relapse 
against the risk of GC- related adverse events. In GCA, relapses 
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Figure 1 The 2018 EULAR algorithm for pharmacological treatment 
of giant cell arteritis (GCA). GC, glucocorticoids. 1A clinical diagnosis 
of GCA should be confirmed by either imaging or biopsy2; acute loss 
of vision, amaurosis fugax3 ;or 5–15 mg/day above the last effective 
dose4;the treatment target is sustained remission (absence of clinical 
signs and symptoms of active GCA+normal acute phase reactants) plus 
ability to taper GCs to the specified target without relapse5;see table 2 
for definitions6;recommended dose is 162 mg7; minimum recommended 
dose is 15 mg 8;to be decided on an individual basis (lack of evidence)9 
;in patients with GCA- related visual symptoms consider a starting dose 
of 60 mg prednisone per day after GC administration.

are common once the GC dose is tapered. Several large obser-
vational cohort studies have shown relapse rates of 34%–75% 
in patients with GCA treated with GC therapy.33 49–58 The large 
variation of relapse risk in those studies was most likely due to 
different definitions for relapse (eg, symptoms plus CRP increase 
vs symptoms or CRP increase) and different tapering proto-
cols. Each relapse requires a reinstitution or a dose- increase of 
GCs resulting in high cumulative GC exposure in a substantial 
proportion of patients which then leads to an increased risk of 
GC- related adverse events.43 49 52 54 59–64

A RCT of tocilizumab (TCZ) for treatment of GCA contained 
two placebo arms, one with a 26- week GC taper protocol 
and the other with a 52- week taper protocol.38 65 Prednisone 
doses were identical in both arms until 20 mg/day with similar 
numbers of relapses in both groups; from week 15 onwards the 
arm with the faster dose reduction appeared to be associated 
with a higher relapse risk.38 Data from an earlier open label 
prospective observational study comparing two different GC 

taper protocols also showed a rapid taper protocol to be less 
effective than a standard taper in maintaining remission.42 For 
patients who are not eligible for GC sparing therapy, we advise 
against the use of these rapid taper regimens in standard clinical 
practice; they reflect clinical trial designs with the intention to 
test the GC sparing property of experimental adjunctive agents.

In summary, considering the increased relapse risk after early 
taper and/or reduction of the GC dose below 5 mg/day, we 
recommend tapering the GC dose in GCA to a target of 15–20 
mg/day within 2–3 months and then to ≤5 mg/day after 1 year 
(figure 1). Despite the lack of data regarding the optimal length 
of GC therapy, the majority of panel members reported that it 
usually takes about 2 years or more before GCs can be stopped. 
In patients receiving GC- sparing therapy, faster GC taper and 
earlier withdrawal of GCs should be considered on an individual 
basis, given the lack of data. In patients treated with TCZ, the 
published rapid 26- week GC taper may be attempted in order 
to significantly reduce the cumulative dose. It is not known if 
even faster or conversely more prolonged GC withdrawal during 
TCZ therapy may lead to improved outcomes.

For TAK, there are no studies comparing different GC taper 
protocols. Clinical experience suggests that a starting dose of 
40–60 mg per day is appropriate for the majority of patients, 
while patients with more localised disease may respond to 
lower initial GC doses of 25–30 mg per day. In a recent small 
RCT of TCZ in TAK, a taper of GC in the placebo group by 
10% per week after week four resulted in a high relapse rate 
(around 80% during weeks 8–16).66 A similar relapse rate in 
TAK patients treated with GC monotherapy was observed in 
a recent RCT of abatacept.67 We therefore recommend that in 
patients who have reached a GC dose of 15–20 mg/day after 
2–3 months, GC doses should subsequently be reduced more 
slowly as compared with GCA, targeting a dose of ≤10 mg/
day after 1 year (figure 2).

Adjunctive therapy should be used in selected patients with GCA 
(refractory or relapsing disease, the presence or an increased 
risk of GC related adverse effects or complications) using TCZ. 
Methotrexate may be used as an alternative
The original recommendations suggested adjunctive immu-
nosuppressive therapy in all patients with LVV. However, 
although the risk of relapse in GCA is high, a substantial 
number of patients with GCA treated with GC monotherapy 
do not relapse and are able to taper the GC dose according to a 
target of ≤5 mg/day after 1 year,49 50 52 a dose which the EULAR 
task force considered to be acceptably safe.68 Therefore, we 
recommend limiting the use of adjunctive therapy to patients 
who have already developed, or have either an increased risk 
of developing GC- related side effects or complications, such as 
osteoporosis, diabetes, cardiovascular disease or glaucoma, or 
for relapsing patients irrespective of other risk factors. Given 
the high prevalence of comorbidities in the elderly popula-
tion affected by GCA, the decision to use adjunctive immu-
nosuppressive therapy in the individual patient should be 
balanced against potential risks for treatment- related compli-
cations, such as the increased risk of lower intestinal perfora-
tions reported in patients with rheumatoid arthritis receiving 
TCZ.69So far, no consistent factors have been identified at 
the time of diagnosis to predict an increased relapse risk and 
risk for subsequent high GC exposure in LVV.49–55 Therefore, 
the identification of reliable predictive factors for relapse and 
prolonged GC requirement in LVV remains an important topic 
for future research.
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Figure 2 The 2018 EULAR algorithm for pharmacological treatment 
of Takayasu arteritis (TAK). csDMARD, conventional synthetic disease 
modifying anti- rheumatic drug; GC, glucocorticoids; TNF, tumour 
necrosis factor; 1A clinical diagnosis of TAK should be confirmed by 
imaging2; in patients with more localised disease consider lower initial 
dose of 25–30 mg/day3; methotrexate or mycophenolate mofetil, 
leflunomide or azathioprine (when a patient does not tolerate the first 
choice drug switching is an option) or cyclophosphamide (only if other 
treatments have failed or have not been tolerated) can be used as an 
alternative4; or 5–15 mg above the last effective dose5; see table 2 
for definitions6; the treatment target is sustained remission (absence 
of clinical signs and symptoms of active Tak associated with normal 
acute phase reactants) plus ability to taper GCs to the specified target 
without relapse7; tocilzumab is not formally licensed for use in TAK in 
the European Union (EU), the recommended dose is 162 mg one time 
per week s.c.8; Tumor necrosis factor (TNF)- inhibitors are not formally 
licensed for use in TAK (when a patient does not tolerate the first choice 
biological switching is an option).

Two high- quality randomised controlled clinical trials in 
patients with GCA have shown that adjunctive administration 
of TCZ reduces the risk of relapse and cumulative GC exposure 
compared with GC monotherapy.38 70 Because TCZ suppresses 
CRP synthesis in the liver, the presence of a normal CRP or 
ESR may be falsely reassuring, although sensitivity analyses in 
the GiACTA trial suggest that this problem did not affect the 
primary outcome.38 However, with the limited reliability of 
acute phase reactants for activity assessment in patients receiving 
TCZ, follow- up is largely symptom- based, which can make 
monitoring disease activity difficult. Thus, further studies on 
the role of imaging and other biomarkers for disease monitoring 
are needed. As high- quality long- term data are missing, it is not 

known if TCZ can reduce the risk of aneurysms or vascular 
stenosis. Hypothetically, the development of vascular long- term 
damage may occur despite TCZ therapy.71

Of three RCTs on the use of methotrexate (MTX) in newly 
diagnosed GCA,72–74 only one74 met its primary endpoint. As 
outlined in our SLR analysis in more detail, all of these trials were 
conducted more than 20 years ago, had differences in the study 
design and sample size which could have all accounted for the 
divergent outcomes. Importantly, the maximum weekly MTX 
doses of 7.5, 10 and 15 mg p.o. used in all three studies were 
lower than those used in clinical practice today. Despite method-
ological limitations of the individual studies, a high quality meta- 
analysis using pooled individual patient data from these trials 
demonstrated a reduced risk of first relapse (HR 0.65, 95% CI 
0.44 to 0.98, p=0.04) and second relapse (HR 0.49, 95% CI 
0.27 to 0.89, p=0.02), a higher probability of GC- free remission 
for ≥24 weeks (HR 2.84, 95% CI 1.52 to 5.28, p<0.001) and 
a lower cumulative GC dose of –842 mg at week 48 in patients 
treated with MTX versus controls.75 Of note, adverse events and 
early withdrawals were not different between MTX and placebo 
groups in the metaanalysis.75

There are no trials comparing TCZ and MTX in GCA and 
the differing study designs preclude strong conclusions about 
the potential superiority of one agent over the other. However, 
compared with MTX, the effect size of TCZ in terms of relapse 
risk reduction and GC sparing seems larger and the meta- analysis 
on MTX revealed hetereogeneity of results between the indi-
vidual studies. Therefore, TCZ provides a higher confidence in 
achieving a clinically relevant treatment effect as compared with 
MTX. Further studies are needed to define the optimal length 
of treatment, GC taper regimens, cost effectiveness and moni-
toring. At present, there are few and only low- quality data on 
long- term treatment with MTX or TCZ in GCA.76 77 Therefore, 
the duration of treatment and potential dose reductions must 
be decided on an individual basis. As current evidence does not 
suggest an excessive risk of treatment- related complications of 
TCZ or MTX as compared with other indications,38 75 patients 
should be monitored for treatment- related side effects according 
to existing guidelines for other diseases.78

Data for other adjunctive therapies are either sparse (abata-
cept), derived from low- quality studies (ustekinumab, azathio-
prine, leflunomide, cyclophosphamide, dapsone, etanercept) or 
negative (adalimumab, infliximab, cyclosporine).79–90

Non-biological disease modifying agents should be given in 
combination with GC in all patients with TAK. TCZ or tumour 
necrosis factor-inhibitors can be considered in case of relapsing or 
refractory disease despite conventional disease modifying anti-
rheumatic drug therapy
In view of the high relapse rates of up to 70%, the develop-
ment of new vascular lesions and the inability of many patients 
to achieve low GC doses,91 92 we advise that early administration 
of a GC- sparing agent in TAK is justified and reflects current 
treatment practice in more recent cohorts.93 94 However, we 
acknowledge that the LoE supporting this recommendations is 
low.

Only two RCTs, both on biological agents, have been 
published, neither of which met its primary endpoint for 
efficacy.66 67 The evidence for a use of TCZ in TAK comes 
largely from one small RCT showing a statistically borderline 
signal (p=0.0596) towards reduced HR for the time to the 
first relapse and similar non- significant improvement in some 
secondary endpoints in the TCZ- treated patients.66 Additional 
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Box 1 Research agenda

A. diagnosis and classification
 ► Develop data- driven classification criteria for large vessel 
vasculitis (LVV).

 ► Develop data- driven diagnostic criteria for LVV.
 ► Develop data- driven definitions for disease activity states 
(remission, response, relapse) and standardisation of outcome 
measures used in trials for LVV.

 ► Develop data- driven definitions of disease subtypes of 
importance in giant cell arteritis (GCA).

 ► Identify reliable biomarkers and risk factors for relapsing 
disease and future vascular complications.

 ► Identify reliable biomarkers to assess subclinical disease 
activity and monitor treatment response.

 ► Investigate the use of the different imaging techniques for 
vascular activity and damage assessment and follow- up of 
patients with LVV, as outlined in the EULAR recommendations 
on imaging in LVV2.

 ► Investigate the role of ultrasound for guiding temporal artery 
biopsy.

B. Treatment
 ► Evaluate the effects of a mechanism- based approach to 
therapy (eg, IL-12/Interferon- gamma inhibition vs IL-6 
inhibition).

 ► Identify how rapidly glucocorticoids (GCs) can be tapered in 
LVV.

 ► Identify if GC dosing based on body- weight or body surface 
area is superior to standard dosing.

 ► Investigate the effect of MTX, tocilizumab, or other adjunctive 
therapies and combination therapy on the development of 
future vascular complications in LVV.

 ► Investigate the optimal duration of treatment including 
tapering strategies and dosing (eg, higher MTX doses).

 ► Investigate the value of conventional (eg, leflunomide), 
biological and other targeted DMARDs for treatment of all 
forms of LVV.

 ► Investigate the role of anti- platelet therapy in LVV.
 ► Investigate predictors of response to therapy in LVV.

C. Long- term outcome and biomarkers
 ► Identify biomarkers which are independent of IL-6 (which 
could reflect response to anti- IL6 therapy).

 ► Identify biomarkers to predict drug toxicity.
 ► Identify predictors for good response, remission or relapse.
 ► Investigate the value of screening for aortic dilatation 
regarding the prevention of complications (ie, aortic 
dissection or aortic ruptures).

 ► Define and validate patient- reported outcomes in LVV.
 ► Investigate the role of immunosuppressive agents in other 
forms of LVV such as isolated aortitis or IgG4 related 
periaortitis.

experience with TCZ treatment in TAK was reported from one 
prospective and four retrospective case series including a total 
of 89 patients of which the majority had refractory or relapsing 
disease despite treatment with GC or other agents.95–100 Effi-
cacy of tumour necrosis factor (TNF)- inhibitors in TAK has 
been reported in one prospective and several retrospective 
open- label uncontrolled studies/case series.101–111 Overall, the 
reported reductions in disease activity in all these case series 
need to be interpreted with caution, because disease activity 
in TAK may decrease as a result of continued GC therapy 
over time. In contrast to the positive trends observed in GCA, 
the RCT of abatacept did not show any signs of efficacy in 
TAK.67 Lower quality evidence from uncontrolled prospec-
tive and retrospective case series exists for the use of conven-
tional immunosuppressive agents such as MTX, leflunomide, 
mycophenolate mofetil, azathioprine and cyclophosphamide 
in TAK.112–117 Since TAK targets primarily women with child-
bearing potential and is a chronic and usually not acutely life 
threatening disease (unlike AAV), the use of cyclophosphamide 
should be limited to patients where other treatments have 
failed or are not tolerated. There is no high- quality evidence 
showing superiority of biologicals over conventional disease 
modifying anti- rheumatic drugs (DMARDs) in TAK.

Despite this overall low LoE, we recommend considering 
adjunctive treatment with conventional immunosuppressive 
drugs at diagnosis of TAK. A TNF- inhibitor or TCZ can be 
used as second line agents in case of relapsing disease. The 
choice of a specific immunosuppressive agent should be based 
on patient comorbidities or contraindications. GCs should 
be tapered to the lowest possible dose during treatment with 
immunosuppressive agents. Because good- quality data on 
long- term treatment of TAK are lacking, the duration of treat-
ment must be decided on an individual basis. One study indi-
cated that relapse risk is particularly high during the first 5 
years following diagnosis.92

In case of major relapse (either with signs or symptoms of ischaemia 
or progressive vascular inflammation) we recommend reinstitution 
or dose escalation of GC therapy as recommended for new onset 
disease. For minor relapses we recommend an increase in GC dose 
to at least the last effective dose. Initiation or modification of 
adjunctive therapy should be considered particularly after recurrent 
disease relapses
There are no studies specifically addressing the treatment of 
relapse in LVV. Even larger cohort studies on relapses in GCA 
often lack detailed information on treatment of the relapse 
(GC dose, tapering, initiation of adjunctive treatment, etc).50 51 
Protocols for relapse treatment differ among RCTs and the 
heterogeneous study designs and adjunctive therapies do not 
allow for robust conclusions regarding which of the different 
strategies is the best.

Major relapses impose the risk of subsequent organ damage 
due to ischaemia and/or progressive vascular inflammation 
(eg, progressive large vessel stenosis) and should therefore be 
treated like new- onset disease with high dose GC (initial dose 
40–60 mg/day) as outlined above (recommendations 3 and 4). 
In case of a minor relapse (eg, recurring isolated polymyalgia 
rheumatica (PMR) symptoms), we recommend an increase of 
the daily GCs dose either to the last effective dose or to 5–15 
mg above this dose, the latter being common practice in many 
centres.

Disease relapses in LVV are most commonly but not always 
accompanied by an increase of ESR and CRP.49 51 52 118 In the 

absence of symptoms of LVV, a rise of ESR or CRP should 
not automatically prompt an immediate escalation of immu-
nosuppressive therapy. Infections should be ruled out first. If 
repeated measurements confirm a substantial elevation of ESR 
and CRP and if there is no evidence for another cause of the 
inflammatory response, large vessel imaging should be consid-
ered. In the presence of less specific symptoms (eg, diffuse 
headache) in patients with normal inflammatory markers, 
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imaging (ultrasound, MRI or PET- CT) may be helpful.2 
However, signals of vessel wall inflammation on imaging may 
persist even in complete clinical remission.16 119 At present, 
it is unknown if such residual activity represents true active 
disease or remodelling. Therefore, such imaging findings 
observed during follow- up have to be interpreted with caution 
considering the disease course of the individual patient and 
by comparing them to imaging findings previously obtained.2

As outlined in recommendation 5, we recommend adjunc-
tive GC sparing therapy (if not already begun at disease onset) 
or a modification (dose escalation or switch to another agent) 
of an already existing GC- sparing therapy in relapsing patients 
in order to improve long- term disease control. So far, there are 
no RCTs that have specifically focused on the adjunctive treat-
ment of relapses. However, the GiACTA trial included 132 
relapsing patients and TCZ was superior to GC monotherapy 
in this situation.38 All three RCTs of MTX in GCA included 
patients with new onset disease only. However, patients who 
received MTX had a 50% lower risk (p=0.02) of developing 
a second relapse in a meta- analysis, thus providing evidence 
for the efficacy of MTX after a first relapse. Other agents have 
either not been studied prospectively or showed no signs of 
efficacy in relapsing GCA.

In relapsing TAK despite treatment with GC plus a conven-
tional immunosuppressive agent, a TNF- inhibitor or TCZ can 
be used as second line agent (see also recommendation 6).

Antiplatelet or anticoagulant therapy should not be routinely used 
for treatment of LVV unless it is indicated for other reasons (eg, 
coronary heart disease, cerebrovascular disease, etc). In special 
situations such as vascular ischaemic complications or high risk of 
cardiovascular disease, these might be considered on an individual 
basis
Patients with GCA are at an increased risk of developing 
cardiovascular and cerebrovascular events.120 121 The orig-
inal EULAR recommendation to use aspirin prophylactically 
in GCA was based on data from two retrospective studies 
showing that patients who received low- dose aspirin before 
or at the time of diagnosis of GCA may have reduced rates of 
vision loss or stroke, although the number of events was low in 
these cohorts.122 123 However, two more recent cohort studies 
and a meta- analysis did not confirm a protective effect of 
aspirin in GCA.124–126 Balancing the potential protective effect 
(which is unknown) of aspirin against its potential harm (such 
as bleeding),127 we decided to change the original statement 
and now recommend that antiplatelet or anticoagulant therapy 
should not be routinely prescribed unless they are indicated 
for other reasons (eg, coronary heart disease, cerebrovascular 
disease, etc).

A significantly decreased risk of ischaemic events was 
reported from a single cohort of 41 TAK patients using anti- 
platelet therapy.128 In view of the low LoE, a vascular team 
should decide on the use of anti- platelet therapy in TAK on an 
individual basis taking the degree of vessel stenosis and other 
risk factors into account.

In LVV, elective endovascular interventions or reconstructive surgery 
should be performed during stable remission. However, arterial 
vessel dissection or critical vascular ischaemia requires urgent 
referral to a vascular team
Interventional or surgical therapy is indicated if a vascular 
lesion that persists despite medical therapy is either symp-
tomatic (such as a peripheral artery limb stenosis causing 

claudication) or is associated with an increased risk of future 
complications (such as rapid progression of an aortic aneu-
rysm). The method of choice for vascular interventions in 
patients with LVV depends on the anatomic location of the 
vascular damage, timing (elective vs emergency) and other 
factors.

Undertaking surgical interventions in patients with active 
disease is associated with an increased risk of complications 
and lower patency rates.129–132 Procedures should preferably 
be performed only during stable control of inflammation, 
except for emergency indications such as critical ischaemia, 
neurological complications such as stroke or aneurysm dissec-
tion. Otherwise, interventional and surgical vascular therapy 
follows the same principles as in patients without vascu-
litis.133 134 Given the complexity of LVV, patients selected for 
interventional or surgical therapy should be managed in collab-
oration with a multidisciplinary team (the exact constituency 
will vary, but could include vascular radiologists, vascular 
surgeons, neurologists and rheumatologists).

Regular follow-up and monitoring of disease activity is 
recommended in patients with LVV, primarily based on symptoms, 
clinical findings and ESR/CRP levels
There are no data available to guide long- term follow- up of 
patients with GCA or TAK. In view of the high frequency of 
relapses and the potential harm resulting from relapse- related 
vessel and organ damage, routine follow- up visits could 
be scheduled every 1–3 months during the first year and in 
3–6 months intervals afterwards. In patients with relapse- 
free remission, annual follow- up under shared care between 
rheumatologists and primary care can be considered. As late 
relapses can occur and the incidence of structural vascular 
lesions in GCA increases after 5 years from diagnosis,49 50 135 
long- term follow- up of patients with GCA that remain asymp-
tomatic can be scheduled on an individual patient basis.

Visits should include clinical monitoring and measurement 
of ESR and CRP. Routine imaging for activity assessment is 
not recommended for patients in clinical and biochemical 
remission, but may be used for long- term monitoring of struc-
tural damage, particularly vessel stenosis, dilatation and/or 
aneurysms.2 Methods and frequency of imaging should be 
decided on an individual basis.2 LVV- specific patient- reported 
outcome instruments for use in clinical practice are not avail-
able,38 136–138 and should be the subject of future research.

diSCuSSion
Since the first EULAR recommendations on the manage-
ment of LVV were published, high- quality diagnostic studies 
and several RCTs have expanded our knowledge about these 
complex diseases and allowed a significant update of the orig-
inal recommendations. In view of new research questions to 
be addressed, improvements in SOPs and methodology for 
the development of EULAR recommendations,3 we undertook 
two completely new SLRs without time limits. Therefore, this 
update represents a new set of recommendations rather than a 
simple revision. While the majority of the original recommen-
dations addressed LVV in general, new data allowed us to offer 
separate recommendations for GCA and TAK at least for some 
key areas of management. In GCA, disease subsets with only 
cranial, only extracranial or cranial plus extracranial arteritis 
have been described. High- quality evidence to guide differen-
tial management of these subtypes is yet lacking. Therefore, 
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all recommendations on GCA management inhere refer to all 
subtypes of GCA.

For this update, we have made substantial alterations, including 
the introduction of overarching principles and new recommen-
dations on early diagnosis, multidisciplinary management and 
relapse treatment.

In conclusion, we substantially revised the original recom-
mendations for the management of LVV. Despite progress over 
the past 10 years, we acknowledge that many recommenda-
tions are still consensus- based. However, despite the low- LoE, 
the level of agreement for each recommendation was consis-
tently high among the task force members. We encourage clini-
cians to implement these recommendations into their clinical 
practice in order to effectively manage LVV and to improve 
the patients’ quality of care.
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AbsTRACT
Although gout is the most common inflammatory 
arthritis, it is still frequently misdiagnosed. New data on 
imaging and clinical diagnosis have become available 
since the first EULAR recommendations for the diagnosis 
of gout in 2006. This prompted a systematic review and 
update of the 2006 recommendations. A systematic 
review of the literature concerning all aspects of gout 
diagnosis was performed. Recommendations were 
formulated using a Delphi consensus approach. Eight key 
recommendations were generated. A search for crystals 
in synovial fluid or tophus aspirates is recommended 
in every person with suspected gout, because 
demonstration of monosodium urate (MSU) crystals 
allows a definite diagnosis of gout. There was consensus 
that a number of suggestive clinical features support 
a clinical diagnosis of gout. These are monoarticular 
involvement of a foot or ankle joint (especially the first 
metatarsophalangeal joint); previous episodes of similar 
acute arthritis; rapid onset of severe pain and swelling; 
erythema; male gender and associated cardiovascular 
diseases and hyperuricaemia. When crystal identification 
is not possible, it is recommended that any atypical 
presentation should be investigated by imaging, in 
particular with ultrasound to seek features suggestive 
of MSU crystal deposition (double contour sign and 
tophi). There was consensus that a diagnosis of gout 
should not be based on the presence of hyperuricaemia 
alone. There was also a strong recommendation that all 
people with gout should be systematically assessed for 
presence of associated comorbidities and risk factors 
for cardiovascular disease, as well as for risk factors for 
chronic hyperuricaemia. Eight updated, evidence- based, 
expert consensus recommendations for the diagnosis of 
gout are proposed.

InTRoduCTIon
Gout is caused by prolonged hyperuricaemia which 
leads to the formation of monosodium urate (MSU) 
crystals that accumulate in joints and other tissues.1 
It is recognised as the most common form of 
inflammatory arthritis,2 with a prevalence of 0.9% 
to –2.5% in Europe,3 4 3.9% in the USA5 and over 
6% in some Oceanic- Pacific ethnic groups.6 7

The natural history of MSU deposits evolves 
through a number of stages: asymptomatic MSU 
crystal deposition during which people have MSU 
crystal deposition in the absence of gout; gout 
defined by MSU crystal deposition and clinical 
disease elements such as gout flare, chronic gouty 
arthritis and tophi. If present, recurrent gout flares 
are separated by asymptomatic intervals named 
intercritical gout.8 9

Despite effective treatments, gout is still often 
misdiagnosed and its management remains subop-
timal.3 10 11 This may explain why the premature 
mortality among patients with gout remains unim-
proved over the last decade.12

In 2006, the EULAR produced its first evidence- 
based recommendations for the diagnosis of gout.13 
The 2006 task force agreed that detection of MSU 
crystals in synovial fluid (SF) was the gold standard 
for the diagnosis of gout. Since then, a number of 
studies have explored the diagnostic value of clin-
ical algorithms and of imaging modalities such as 
ultrasound (US) or dual- energy CT (DECT). This 
prompted a revision of the 2006 recommendations 
following an updated systematic literature review 
(SLR) and a Delphi process to achieve consensus.

MeTHods
With the approval of the EULAR executive 
committee, the convenor (TB) along with two 
coconvenors of the 2006 task force (MD and EP), 
an epidemiologist (FT) and an academic rheuma-
tologist (PR) formed a steering group to update the 
2006 EULAR recommendations for the diagnosis of 
gout.

This EULAR task force comprised 15 rheuma-
tologists, 1 musculoskeletal radiologist, 2 general 
practitioners (GPs), 1 research fellow, 2 patients 
and 3 experts in epidemiology/methodology from 
12 European countries. The recommendations were 
developed according to the standardised operating 
procedures for the elaboration, evaluation dissem-
ination and implementation of recommendations 
endorsed by EULAR.14

The task force used the same methodology as 
that used for developing the 2016 EULAR recom-
mendations for the management of gout.15 Briefly, 
the first step was to determine whether the 10 
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Table 1 Final set of eight recommendations for the diagnosis of gout

Recommendations
Level of 
evidence

Grade of 
recommendation

Level of 
agreement

1 Search for crystals in synovial fluid or tophus aspirates is recommended in every person with suspected gout, because 
demonstration of MSU crystals allows a definitive diagnosis of gout.

2b B 8.6±1.0

2 Gout should be considered in the diagnosis of any acute arthritis in an adult. When synovial fluid analysis is not feasible, a 
clinical diagnosis of gout is supported by the following suggestive features: monoarticular involvement of a foot (especially 
the first MTP) or ankle joint; previous similar acute arthritis episodes; rapid onset of severe pain and swelling (at its worst 
in <24 hours); erythema; male gender and associated cardiovascular diseases and hyperuricaemia. These features are highly 
suggestive but not specific for gout.

2b B 8.6±0.8

3 It is strongly recommended that synovial fluid aspiration and examination for crystals is undertaken in any patient with 
undiagnosed inflammatory arthritis.

3 C 8.8±0.3

4 The diagnosis of gout should not be made on the presence of hyperuricaemia alone. 2a B 8.9±0.2

5 When a clinical diagnosis of gout is uncertain and crystal identification is not possible, patients should be investigated by 
imaging to search for MSU crystal deposition and features of any alternative diagnosis.

1b A 8.5±1.0

6 Plain radiographs are indicated to search for imaging evidence of MSU crystal deposition but have limited value for the 
diagnosis of gout flare. Ultrasound scanning can be more helpful in establishing a diagnosis in patients with suspected gout 
flare or chronic gouty arthritis by detection of tophi not evident on clinical examination, or a double contour sign at cartilage 
surfaces, which is highly specific for urate deposits in joints.

1b A 8.2±0.9

7 Risk factors for chronic hyperuricaemia should be searched for in every person with gout, specifically: chronic kidney disease; 
overweight, medications (including diuretics, low- dose aspirin, cyclosporine, tacrolimus); consumption of excess alcohol 
(particularly beer and spirits), non- diet sodas, meat and shellfish.

1a A 8.2±1.3

8 Systematic assessment for the presence of associated comorbidities in people with gout is recommended, including obesity, 
renal impairment, hypertension, ischaemic heart disease, heart failure, diabetes and dyslipidaemia.

1a A 8.7±0.6

MSU, monosodium urate; MTP, metatarsophalangeal.

former EULAR recommendations (2006) for the diagnosis of 
gout should be retained, modified or abandoned. Subsequently, 
one research fellow (JC) with the help of an expert in system-
atic review methodology (SG) performed an SLR by searching 
for literature published since 1 January 2005 in MEDLINE, 
EMBASE and Cochrane Library databases (1996) up to June 
2013. The quality of evidence and grades of recommendation 
were determined by PR according to the standards of the Oxford 
Centre for Evidence- Based Medicine14 (see online supplemen-
tary material 1). Next, the task force members attended a 2- day 
meeting during which results of the SLR were presented in an 
aggregated form. The task force debated and evaluated the 
evidence presented and formulated a preliminary set of new 
recommendations. Consensus for eight updated recommenda-
tions was then reached following three Delphi rounds under-
taken by email after the meeting. Each participant was asked to 
rate their level of agreement (LoA) with each final recommen-
dation again using a 9- point numerical rating scale (1, totally 
disagree; 9, fully agree) and could propose a reformulation of 
the recommendation. Because the delay between the SLR and 
agreement of final guideline was longer than expected, the SLR 
was updated up to July 2018 (see online supplementary material 
1). The steering group discussed the results of this additional 
SLR and agreed that a fourth Delphi round was required to gain 
full support from all participants. Finally, the task force agreed 
that this additional SLR did not impact the overall content of the 
recommendations.

ResuLTs
The task force voted unanimously for changes in all items of 
the 2006 recommendations (see online supplementary mate-
rial 1). The literature search yielded 1173 records, of which 83 
references were analysed (see flow chart, online supplementary 
material 1). All the previous recommendations were amended to 
reflect the updated evidence from the SLR. Four Delphi rounds 
by email were undertaken to establish the final set of eight 
recommendations (table 1).

Ranking details for level of evidence and grade of recom-
mendation: see online supplementary material 1. The LoA 

(mean±SD) for each recommendation was graded by the task 
force from 1 (totally disagree) to 9 (fully agree).

ReCoMMendATIons
(1) Search for crystals in SF or tophus aspirates is recommended 
in every person with suspected gout, because demonstration of 
MSU crystals allows a definitive diagnosis of gout.

Clinical features of gout are due to host defence mechanisms 
reacting to MSU crystals. The task force agreed that the gold 
standard for a diagnosis of gout still relies on the demonstra-
tion of MSU crystals in fluid or tophus aspirates, as it has 100% 
specificity. Crystals can be detected by polarised light micros-
copy in SF aspirated from both symptomatic and asymptomatic 
joints, particularly the first metatarsophalangeal (MTP) joint 
and joints previously inflamed. This means that a diagnosis of 
gout can be established even during the asymptomatic intercrit-
ical period after, or between gout flares, so called intercritical 
gout16 17 (figure 1). This recommendation is also determined by 
the absence of an alternative validated diagnostic test and a good 
safety profile.18 The recommendation also implies that patients 
with suspected gout should be referred if needed to a physician 
with expertise in aspirating and analysing SF.19

(2) Gout should be considered in the diagnosis of any acute 
arthritis in an adult. When SF analysis is not feasible, a clinical 
diagnosis of gout is supported by the following suggestive features: 
monoarticular involvement of a foot (especially the first MTP) or 
ankle joint; previous similar acute arthritis episodes; rapid onset 
of severe pain and swelling (at its worst in <24 hours); erythema; 
male gender and associated cardiovascular diseases and hyperuri-
caemia. These features are highly suggestive but not specific for 
gout.

The task force recognised that identification of MSU crystals 
in SF can be challenging because joint aspiration and SF anal-
ysis require skills and facilities that are not always present in the 
primary care setting or in the emergency departments. More-
over, handling and storage of SF in certain cases can affect the 
reliability of analysis,20 21 and urate lowering therapy (ULT), 
by dissolving crystals, can impact the sensitivity of MSU detec-
tion.17 In the previous EULAR recommendations,13 the first two 
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Figure 1 Recommended diagnostic modalities according to the disease states of gout. The figure shows the continuum from preclinical states 
(asymptomatic hyperuricaemia and then asymptomatic MSU crystal deposition) to gout (clinical states). The EULAR recommends a three- step 
approach for the diagnosis of gout. *The first step relies on MSU crystal identification in synovial fluid or tophus aspirates; **If not feasible, the 
second step relies on a clinical diagnosis (based on the presence of hyperuricaemia and associated clinical features of gout); ***The last step 
recommends imaging, particularly US or DECT, to search for imaging evidence of MSU crystal deposition when a clinical diagnosis of gout is uncertain 
and crystal identification is not possible. DECT, dual- energy CT; MSU, monosodium urate; US, ultrasound.

Table 2 Sensitivity and specificity of clinical algorithms published 
since 2006

sensitivity, % specificity, %

demonstration of 
Msu crystals in 
cases

Mexico, 2010 30

Vazquez- Mellado et al96 0.97 0.95 Yes

Taylor et al67

 Less than 2 years 0.87 0.66 Yes

  More than 2 years 0.98 0.34 Yes

Jatuworapruk et al97

 Less than 2 years 0.88 0.81 Yes

 More than 2 years 0.99 0.3 Yes

netherlands, 201026 Yes

Taylor et al67

 Less than 2 years 0.87 0.75 Yes

  More than 2 years 0.96 0.47 Yes

Jatuworapruk et al97

 Less than 2 years 0.73 0.85 Yes

 More than 2 years 0.91 0.5 Yes

Paris, 201529 0.88 0.93 Yes

ACR/eular, 201528

 Clinical only 0.85 0.78 Yes

 Full set (with imaging) 0.92 0.89 Yes

MSU, monosodium urate.

recommendations stated that in the absence of SF analysis, a clin-
ical diagnosis of gout can be reasonably made for typical presen-
tations, particularly when patients present with podagra, that is, 
a gout flare at the first MTP joint. Since then, the predictive 
values (individually and combined) of typical clinical features of 
gout have been determined22–25 and new classification criteria 
and algorithms based solely on clinical signs and symptoms have 
been produced, in patients experiencing26 27 or not experiencing 
acute arthritis.28–30 Their external validity when compared with 
SF analysis has also been determined. Overall, both the sensitiv-
ities and specificities of these algorithms were greater than 80% 

for diagnosis as compared with the gold standard of MSU demon-
stration in SF (table 2). It must be emphasised, however, that 
most of these criteria except one26 are classification criteria28–30 
and not diagnostic criteria, precluding their use to guide the care 
of individual patients.31 Consequently, the task force included in 
this recommendation the most discriminating clinical and labo-
ratory features for the diagnosis of gout, based on the results of 
these studies, apart from imaging, which is considered separately 
in the fifth and sixth recommendations. However, the task force 
considered that their specificity was not high enough to replace 
demonstration of MSU crystals in SF for the diagnosis of gout.

(3) It is strongly recommended that SF aspiration and examina-
tion for crystals is undertaken in any patient with undiagnosed 
inflammatory arthritis.

The rising prevalence of gout makes it the most frequent cause 
of inflammatory arthritis. Its crude prevalence ranges approxi-
mately from 1% to 4% in Europe and USA.2 As atypical presen-
tations of gout are not rare, and crystal identification allows a 
definite diagnosis of gout, the task force emphasised the need 
for SF examination in all cases of undiagnosed inflammatory 
arthritis.

(4) The diagnosis of gout should not be made on the presence 
of hyperuricaemia alone.

Epidemiological studies show a relationship between seum 
uric acid (SUA) levels and incident gout, and that not all hyper-
uricaemic patients have or will develop gout.32–35 For instance, 
only 22% of asymptomatic patients with SUA levels above 9 mg/
dL developed incident gout over a 5- year period.35 With MSU 
crystals identification as reference standard, the specificity of 
hyperuricaemia for the diagnosis of gout is low, ranging from 
53% to 61%.23 26 Therefore, hyperuricaemia alone should be 
considered solely as a strong risk factor for incident gout36 and 
not as a surrogate marker for its diagnosis. Conversely, absence of 
hyperuricaemia has a markedly low negative likelihood ratio,22 
indicating that after an episode of acute arthritis has settled, 
the absence of hyperuricaemia does not completely exclude a 
diagnosis of gout but makes the diagnosis very unlikely. A study 
found that roughly 10% of people with gout have SUA levels 
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Table 3 Sensitivity and specificity of DECT for the diagnosis of gout

sensitivity specificity

Manger et al 201249 0.78 NA

Wu et al 201498 0.97 0.87

HJ et al 201599 0.91 0.85

Huppertz et al 201477 0.78 0.93

Dalbeth et al 201540

Early disease (≤3 years) 0.79 NA

Late disease (>3 years) 0.84 NA

Ahmad et al 2016100 0.82 0.89

Kiefer et al 2016101 0.71 0.95

Ogdie et al 201543MA* 0.87 (0.79–0.93) 0.84 (0.75–0.90)

Lee and Song 2017102MA† 0.84 (0.81–0.87) 0.93 (0.93–0.96)

Diagnosis of gout, clinical classification criteria only98–101; MSU crystal identification 
only40 50 103 104; clinical criteria and/or MSU crystal identification.49 77

*Pooled data from: 50 103 104

†50 77 98–101 103 104

DECT, dual- energy CT; MA, meta- analysis; MSU, monosodium urate; NA, not applicable.

Table 4 Sensitivity and specificity of US features for the diagnosis of gout

sensitivity specificity PPV nPV

Tophus

 Ogdie et al 201543 MA* 0.65 (0.34–0.87) 0.80 (0.38–0.96)

 Ogdie et al 201751

 Early disease (<2 years) 0.33 (0.25–0.43) 0.95 (0.91–0.97) 0.80 (0.65–0.90) 0.72 (0.66–0.77)

 Late disease (≥2 years) 0.50 (0.44–0.56) 0.95 (0.91–0.97) 0.93 (0.88–0.97) 0.57 (0.51–0.62)

double contour sign

 Ogdie et al 201543 MA† 0.83 (0.72–0.91) 0.76 (0.68–0.83)

 Ogdie et al 201751

 Early disease (<2 years) 0.50 (0.41–0.60) 0.92 (0.87–0.95) 0.78 (0.67–0.87) 0.77 (0.71–0.82)

 Late disease (≥2 years) 0.63 (0.57–0.68) 0.91 (0.86–0.94) 0.91 (0.86–0.94) 0.63 (0.57–0.68)

snowtorm appearance

 Ogdie et al 201751

 Early disease (<2 years) 0.32 (0.23–0.42) 0.90 (0.85–0.94) 0.68 (0.58–0.77) 0.64 (0.60–0.68)

 Late disease (≥2 years) 0.29 (0.24–0.35) 0.92 (0.89–0.94) 0.88 (0.78–0.94) 0.11 (0.57–0.19)

Diagnosis of gout was based on MSU crystal identification in all referenced studies.
*Pooled data from: 53 55–57 105

†53–56

MA, meta- analysis; MSU, monosodium urate; NPV, negative predictive value; PPV, positive predictive value.

below 6 mg/dL during gout flares.37 Thus, the SUA levels have 
a limited diagnostic value, especially during a gout flare and 
should be preferably determined at distance from a gout flare. Of 
note, 15%–25% of people with asymptomatic hyperuricaemia 
have asymptomatic MSU crystal deposition,38–41 a finding which 
supports the concept that there is, in some people, a continuum 
from asymptomatic hyperuricaemia to gout9 42 (figure 1). Of 
note, the definition of hyperuricaemia varies widely across 
published studies, ranging from 6 to 7 mg/dL.9

(5) When a clinical diagnosis of gout is uncertain and crystal 
identification is not possible, patients should be investigated by 
imaging to search for MSU crystal deposition and features of any 
alternative diagnosis.

For patients with atypical clinical features and in whom crystal 
identification is not feasible, the task force recommends the use 
of conventional and/or advanced imaging techniques to help the 
physician diagnose gout. Since the last EULAR recommendations, 
major advances in imaging of gout have been made, particularly 
with regard to US, DECT, conventional CT and MRI.43 All can 
detect urate deposition, tophi and bone erosion, but there are 
still uncertainties about the best imaging modality for diagnosing 
gout. The task force agreed that although all have their strengths 

and weaknesses, overall US offers the best potential for diag-
nosing gout (see the sixth recommendation). DECT is promising 
and has the advantage of differentiating MSU crystal deposition 
from connective tissues and from calcium containing mineral 
deposits by their specific X- ray attenuation properties.43 44 
DECT can also quantify the MSU crystal deposition burden in 
and around joints,45–47 and explore ‘deep- seated’ anatomical 
structures/regions (eg, spine). The metrological properties of 
DECT for the diagnosis of gout have been assessed in several 
studies summarised in table 3. It should be noted that many of 
these studies have included patients at an advanced stage of the 
disease, that is, patients often with tophaceous and/or erosive 
gout with chronic gouty arthritis. Sensitivity of DECT in patients 
with early disease or without tophi tends to be lower.40 48–50

(6) Plain radiographs are indicated to search for imaging 
evidence of MSU crystal deposition but have limited value for the 
diagnosis of gout flare. US scanning can be more helpful in estab-
lishing a diagnosis in patients with suspected gout flare or chronic 
gouty arthritis by detection of tophi not evident on clinical 
examination, or a double contour (DC) sign at cartilage surfaces, 
which is highly specific for urate deposits in joints. Typical radio-
graphic features include: bone erosions with overhanging edges 
and a sclerotic rim; bone proliferation; joint space narrowing, 
which occur late in the disease course; and soft- tissue masses, 
sometimes calcified, corresponding to soft- tissue tophi. Plain 
radiographic changes take several years to develop, so they may 
be helpful in supporting a diagnosis of gout in the later stages of 
the disease. In patients with 4 years duration of disease, sensi-
tivity and specificity for erosions were 0.12 and 0.96.24

US is of major interest for the diagnosis of gout because of 
its low cost, widespread availability and absence of radiation 
exposure. Its diagnostic performance with MSU crystal detec-
tion as reference test has been assessed in several studies.51–58 
MSU crystal deposition can be detected in different ways: at the 
surface of the articular cartilage as a hyperechoic enhancement—
the DC sign—within the joint space as floating hyperechoic foci 
with the appearance of a snowstorm; and within the joint or 
along tendons as hyperechoic aggregates suggestive of tophi. 
Sensitivity and specificity of these US features are summarised 
in table 4. Data from the largest US study showed that these 
features have high specificity (84%) and that the DC sign and 
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US imaging of tophi perform better than the snowstorm appear-
ance.51 Overall, sensitivity of the US features is lower in early 
versus late disease51 (table 4). The US DC sign, the identification 
of MSU crystal deposition by DECT and imaging evidence of 
gout- related joint damage with radiographs are all now included 
in the American College of Rheumatology (ACR)/EULAR 2015 
gout classification criteria.28

(7) Risk factors for chronic hyperuricaemia should be searched 
for in every person with gout, specifically: chronic kidney disease 
(CKD); overweight, medications (including diuretics, low- dose 
aspirin, cyclosporine and tacrolimus); consumption of excess 
alcohol (particularly beer and spirits), non- diet sodas, meat and 
shellfish.

The task force emphasises that once a diagnosis of gout is 
made, identification of person- specific risk factors for hyper-
uricaemia is crucial,59–61 as some of these are modifiable. For 
instance, there is evidence that gradual weight loss in obese 
patients lowers SUA levels and reduces the likelihood of gout 
flare.62 63 However, as previously emphasised in the EULAR 
recommendation for the management of gout,15 the level of 
evidence to support the effect of lifestyle modification alone on 
SUA levels is low.64 65 Nevertheless, because of the high preva-
lence of cardiovascular comorbidities in patients with gout,66 
implementations of lifestyle modifications are recommended 
for cardiovascular disease prevention, while prevention of KD 
and excess alcohol consumption also need to be addressed 
separately.

(8) Systematic assessment for the presence of associated comor-
bidities in people with gout is recommended including obesity, 
renal impairment, hypertension, ischaemic heart disease, heart 
failure, diabetes and dyslipidaemia.

This recommendation underlines the importance of screening 
and managing comorbidities frequently associated with gout, 
as previously emphasised in the EULAR recommendations for 
the management of gout.15 The identification of some of these 
comorbidities, particularly CKD and cardiovascular diseases is 
crucial as it has therapeutic implications.15

dIsCussIon
This paper provides eight key recommendations for the diag-
nosis of gout to all physicians, including GPs, on the basis of 
an SLR and a Delphi consensus involving both experts and 
patients.

The task force recommends a three- step approach for the 
diagnosis of gout (figure 1). The first step relies on MSU 
crystal identification when SF analysis is feasible. If not 
possible, the second step relies on a clinical diagnosis based on 
suggestive and associated clinical features of gout and presence 
of hyperuricaemia. When a clinical diagnosis of gout is uncer-
tain and crystal identification is not possible, the third step 
recommends imaging, particularly US, to search for imaging 
evidence of MSU crystal deposition.

In these updated EULAR recommendations, the identi-
fication of crystals using polarising microscopy remains the 
gold standard for the diagnosis of gout owing to its 100% 
specificity. It is a single sufficient criterion for gout classifi-
cation according to the 2015 ACR/EULAR gout classification 
criteria.28 However, the task force acknowledges that this may 
have some limitations in a primary care setting where most 
patients with gout are diagnosed and treated. Indeed, micro-
scopic SF analysis requires both expertise and equipment that 
are not readily accessible for all physicians. Another barrier is 
the required expertise in joint puncture, and the challenge of 

aspirating SF, without patient discomfort, from small joints or 
from certain anatomical regions such as the midfoot and wrist.

In patients suffering from acute arthritis and in whom SF 
analysis is not feasible, the task force recommends that the 
diagnosis of gout flare should be based both on certain sugges-
tive clinical features and the SUA level. The task force consid-
ered that the level of evidence to support the use of any of the 
published algorithms26 28–30 was not sufficient for the diagnosis 
of gout in patients suffering from an acute arthritis. Apart 
from the Janssens’ criteria which were developed for use in 
clinical practice,26 the other recent algorithms28–30 were devel-
oped to classify patients and not to make a diagnosis at the 
individual level. In addition, for some of them,26 30 it has been 
shown that disease duration impacts on their performance, 
with lower specificity in established gout.67 The six clinical 
features selected in the second recommendation are derived 
from several algorithms, particularly the Janssens’ rule and the 
SUGAR study, because these had the best metrological perfor-
mance among all the assessed variables when compared with 
crystal identification as reference.24 26

In the second recommendation, the task force draws attention to 
the value of SUA levels for the clinical diagnosis of gout. Although 
there is no accepted definition of hyperuricaemia,9 the 6 mg/dL 
(360 µM) threshold has been proposed because the lifelong risk of 
gout increases above this level.68 In the SUGAR study, the OR of 
having gout versus not having gout was close to 6 for SUA levels 
between 6 and 8 mg/dL, while this OR rose to 39 for SUA levels 
above 10 mg/dL.24 However, as highlighted in the fourth recom-
mendation, hyperuricaemia alone should not be used to diagnose 
gout, and should only be considered when there are suggestive 
clinical features for the diagnosis of gout. In general, crystalli-
sation of MSU occurs when the SUA level exceeds its saturation 
point. This is not precisely known but it seems close to 6 mg/dL. 
However, nucleation and deposition of MSU crystals are very 
slow processes depending on multiple genetic and environmental 
factors including tissue nucleators and inhibitors. Among these, 
persistently high SUA levels are crucial.69 Thus, hyperuricaemia is 
a strong predictor of incident gout but not all patients with asymp-
tomatic hyperuricaemia will develop gout. For instance, a recent 
study found that only half of patients with SUA levels above 10 mg/
dL will develop gout over 15 years.32

The last decade has brought major advances in our under-
standing of the natural history of gout. In particular, the iden-
tification of a continuum between a preclinical state defined 
by asymptomatic MSU crystal deposition within joints and 
tendons, and occurrence of the first gout flare (figure 1), has 
been facilitated by the use of novel imaging such as US70 and 
DECT.40 This new knowledge has prompted the proposal of 
a novel staging for gout, which allows a diagnosis during the 
so- called intercritical period.8 9 42

Among imaging modalities, US has been the most investigated, 
particularly in the SUGAR study51 and by Outcome Measures in 
Rheumatology (OMERACT).71–73 US features, notably the DC sign, 
have high specificity and good sensitivity,71–73 although the speci-
ficity is not so high in early gout. One retrospective study found 
that the DC sign cannot reliably distinguish gout from calcium pyro-
phosphate deposition disease.74 However, these findings were not 
subsequently confirmed by Ogdie et al, who found that the DC sign 
still had a high specificity 92.9% (85.8–97.1) when compared with 
subjects with CPDD,51 Since the advantages of US include low cost, 
lack of radiation exposure, ease of use and increasing availability in 
clinical practices, the task force prioritised US over other imaging 
modalities. In addition, US can identify associated inflammation 
using the Doppler mode.58 Since the sites for scanning varied across 
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studies and because of a lack of standardisation, the task force 
recommends screening affected joints and at least both first MTP 
joints and the knees, which are common sites for MSU crystal depo-
sition. US can also facilitate SF aspiration and MSU crystal identifi-
cation from joints with US evidence for urate deposits, but without 
clinical effusion or inflammation.75

DECT also allows non- invasive detection and characterisation 
of MSU crystal deposition in joints and soft- tissues.76 This tech-
nique may be helpful particularly in cases where US is not feasible 
or technically complicated (eg, spinal gout). However, it is not 
widely available, and in addition to being expensive and involving 
some radiation exposure, its use is often restricted to secondary 
and tertiary care centres. Its diagnostic performance, with MSU 
crystal identification as reference test, seems comparable to US, 
with a potential superiority for MSU crystal deposition detection 
in direct comparison with US.77–80 As observed with US, sensi-
tivity for the diagnosis of gout is influenced by the duration of the 
disease, being lower in the early stage of the disease.40 48–50 Size 
and density of tophi also seem to influence the sensitivity for MSU 
crystal deposition detection.81 82 Lastly, reading and interpretation 
of images from DECT require skill and expertise, and artefacts that 
could lead to false positivity have been reported.81 82

Both US83 84 and DECT85 could be useful to assess tophus 
resolution in response to ULT.

MRI and conventional CT both have the ability to identify MSU 
crystal deposition. However, their diagnostic performance has 
been less studied than US and DECT. MRI provides information 
with regard to the size of tophi, crystal- induced inflammation such 
as synovitis, and joint damage including bone erosion.86–90 CT can 
also identify urate deposits but is more efficient in visualising bone 
damage.91–93 Therefore, the task force agreed that CT and MRI 
have limited utility for the diagnosis of gout in clinical practice, as 
compared with US or DECT.

As in the EULAR recommendations for the treatment of 
gout,15 the task force has emphasised in its two last recom-
mendations the need to search for risk factors for hyperuri-
caemia once gout is diagnosed. Importantly, some risks factors, 
notably obesity,63 94 medications (diuretics, low- dose aspirin, 
cyclosporine, tacrolimus) and diet are potentially modifiable.15 
Lastly, the task force underlines the importance of screening 
for several comorbidities, in particular obesity, CKD, cardio-
vascular diseases and components of the metabolic syndrome, 
which frequently coexist in patients with gout, but for which 
causality remains controversial.95

In conclusion, since the EULAR recommendations for the 
diagnosis of gout were published in 2006, major advances 
have been made with regard to imaging, clinical diagnosis 
and understanding of the natural history of the disease. The 
EULAR recommendations have therefore been revised and 
updated in the light of these advances in order to better assist 
the physicians in diagnosing gout.

Author affiliations
1Service de Rhumatologie, Hopital Lariboisiere Centre Viggo Petersen, Paris, France
2Inserm UMR1132 Bioscar, Universite Paris Diderot UFR de Medecine, Paris, France
3Academic Rheumatology, University of Nottingham, Nottingham, UK
4Rheumatology, Hospital General Universitario de Alicante, Alicante, Spain
5Institute of Rheumatology, RAMS, Moscow, Russian
6Radiology, Lausanne University Hospital, Lausanne, Switzerland
7AP- HP, Hôpital Pitié-Salpêtrière, Département Biostatistique Santé Publique et 
Information Médicale, Centre de Pharmacoépidémiologie (Cephepi), INSERM, UMR 
1123 ECEVE, CIC-1421, Paris, France, Paris, France
8Nottingham, UK
9Département d’Epidémiologie et Recherche Clinique, Paris, France
10Rheumatology, VieCuri, Venlo, Netherlands

11Department of Primary and Community Care, Radboud University Medical Center, 
Radboud Institute for Health Sciences, Nijmegen, The Netherlands
12Department of Rhumatologie, Hôpital Lariboisière, Paris, France
13INSERM UMR-1132 and Université Paris Diderot, Paris, France
14Arthritis Research UK Primary Care Centre, Keele University, Keele, UK
15Centre Molecular Medicine, University of Edinburgh, Edinburgh, UK
16Servicio de Reumatologia, Hospital de Cruces, Baracaldo, Spain
17Rheumatology Unit, Clínica Coração de Jesus, Lisbon, Portugal
18Department of Medicine, University of Padua, Padua, Italy
19Musculoskeletal Medicine, Service de RMR, Lausanne, Switzerland
20Department of Internal Medicine, Section of Rheumatology, University Clinic Carl 
Gustav Carus, Dresden, Germany
21Rheumatology, Diakonhjemmet Hospital, Oslo, Norway
22Institute of Rheumatology, Prague, Czech Republic
23Academic Rheumatology, Nottingham University, Nottingham, UK
24Biostatistics and epidemiology, APHP, Hopital Pitié Salpetrière, Paris, France
25Rheumatology, Assistance Publique - Hopitaux de Paris, Paris, France

Acknowledgements This paper is dedicated to the memory of VB. The task force 
thanks EULAR for financial and logistic support. Part of this paper was presented 
as a poster during the Eular Congress (Paris, 2014) (10.1136/annrheumdis-2014- 
eular.5546).

Collaborators Augustin Latourte.

Contributors JC, SG and PR performed the systematic literature review under 
the supervision of FT. All authors were part of the Task Force, participated in the 
Delphi rounds and attended the face- to- face meeting. TB organised and chaired the 
meetings, along with MD and EP. PR wrote the manuscript, with contribution and 
approval of all coauthors.

Funding This project was funded by the European League Against Rheumatism.

disclaimer The views expressed are those of the author(s) and not necessarily 
those of the NHS, the NIHR or the Department of Health and Social Care.

Competing interests PR has received honoraria from Ipsen/Menarini, Astra- 
Zeneca, Savient and Grünenthal. MD has received honoraria for ad hoc advisory 
boards on gout or osteoarthritis from Ardea Biosciences, AstraZeneca, Nordic 
Biosciences and Roche and was CI for a Nottingham University Investigator- led non- 
drug study on gout funded by AstraZeneca. EP received fees from Ipsen/Menarini 
and Astra- Zeneca. JC and SG are employed by the Centre de Pharmacoépidémiologie 
(Cephepi) of the Assistance Publique – Hôpitaux de Paris that has received 
research funding, grants and fees for consultant activities from a large number of 
pharmaceutical companies, which have contributed indiscriminately to the salaries 
of its employees. TJ received fees for lectures and/or advisory boards from Ardea 
Biosciences, Astra/Zeneca global, Abbvie, BMS, Celgene, Grünenthal, Janssen, Lilly, 
Menarini International, Novartis, Pfizer, Roche, UCB. FL received fees for advisory 
boards: Ardea BioSciences, Astra- Zeneca, Ipsen Pharma, Menarini, Novartis, 
Savient, Mayoly- Spindler. He also received unrestricted grants for organising the 
European Crystal Network Workshops (Convenor Frédéric Lioté, France& Alexander 
So, Switzerland) since 2010: Ardea BioSciences, Astra- Zeneca, Ipsen Pharma, 
Mayoly- Spindler, Menarini, Novartis, Savient, SOBI. He received fees for lectures 
from Ardea BioSciences, Grünenthal, Ipsen Pharma, Menarini France, Novartis 
Global.CDM is funded by the NIHR Collaborations for Leadership in Applied Health 
Research and Care West Midlands. CDM is also funded by the NIHR School for 
Primary Care Research and an NIHR Research Professorship in General Practice 
(NIHR- RP-2014-04-026). NEF, an NIHR Senior Investigator, was funded by an NIHR 
Research Professorship (NIHR- RP-2011-015). GN has received fees for advisory 
boards and consultations from Savient, Ipsen, Menarini and Grünenthal and 
indirectly from Ardea Biosciences and AstraZeneca for work on the IDMC’s for trials 
of lesinurad. FP- R has received fees from AstraZeneca, Grünenthal, Horizon, Menarini, 
Dyve Biosicence, Japan Tobaco, Logarithm, Astellas. LP has received consulting or 
speaker fees from Menarini, Fidia, Grünenthal, BMS. AKS has served as consultant to 
Astra- Zeneca and SOBI in regard to the treatment of gout. A- KT received fees from 
Berlin Chemie- Menarini, Novartis, AstraZeneca/Ardea Biosciences and Grünenthal 
Pharma. TU received fees from AstraZeneca/Ardea, Grünenthal Pharma and 
Novartis JZ received fees from Berlin Chemie- Menarini and Novartis. WZ received 
honorarium from Savient, AstraZeneca and Grünenthal. FT is head of the Centre de 
Pharmacoépidémiologie (Cephepi) of the Assistance Publique – Hôpitaux de Paris 
that has received research funding, grants and fees for consultant activities from a 
large number of pharmaceutical companies, that have contributed indiscriminately 
to the salaries of its employees. She did not receive any personal remuneration from 
these companies. TB has received consulting fees, speaker fees or grants from Ipsen 
Pharma, Menarini, AstraZeneca, Novartis, Sobi, Savient, Grünenthal and Cymabay.

Patient and public involvement statement Two patients with gout were 
involved in the elaboration of these recommendations. They participated in the face- 
to- face meeting, in the Delphi rounds and approved the manuscript.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

http://ard.bmj.com/


37Richette P, et al. Ann Rheum Dis 2020;79:31–38. doi:10.1136/annrheumdis-2019-215315

Recommendation

data availability statement The data analysed in the current study are available 
from the corresponding author on request.

oRCId ids
Pascal Richette http:// orcid. org/ 0000- 0003- 2132- 4074
Fabio Becce http:// orcid. org/ 0000- 0001- 8444- 8504
Thomas Bardin http:// orcid. org/ 0000- 0002- 5080- 4790

RefeRences
1 Dalbeth N, Merriman TR, Stamp LK. Gout. Lancet 2016;388:2039–52.
2 Kuo C- F, Grainge MJ, Zhang W, et al. Global epidemiology of gout: prevalence, 

incidence and risk factors. Nat Rev Rheumatol 2015;11:649–62.
3 Kuo C- F, Grainge MJ, Mallen C, et al. Rising burden of gout in the UK but continuing 

suboptimal management: a nationwide population study. Ann Rheum Dis 
2015;74:661–7.

4 Bardin T, Bouée S, Clerson P, et al. Prevalence of gout in the adult population of 
France. Arthritis Care Res 2016;68:261–6.

5 Zhu Y, Pandya BJ, Choi HK. Prevalence of gout and hyperuricemia in the US general 
population: the National Health and Nutrition Examination Survey 2007-2008. 
Arthritis & Rheumatism 2011;63:3136–41.

6 Kuo C- F, Grainge MJ, See L- C, et al. Epidemiology and management of gout in 
Taiwan: a nationwide population study. Arthritis Res Ther 2015;17.

7 Winnard D, Wright C, Taylor WJ, et al. National prevalence of gout derived 
from administrative health data in Aotearoa New Zealand. Rheumatology 
2012;51:901–9.

8 Bursill D, Taylor WJ, Terkeltaub R, et al. Gout, hyperuricemia, and Crystal- Associated 
disease network consensus statement regarding labels and definitions for disease 
elements in gout. Arthritis Care Res 2019;71:427–34.

9 Bardin T, Richette P. Definition of hyperuricemia and gouty conditions. Curr Opin 
Rheumatol 2014;26:186–91.

 10 Doherty M, Jansen TL, Nuki G, et al. Gout: why is this curable disease so seldom 
Cured? Ann Rheum Dis 2012;71:1765–70.

 11 Richette P, Clerson P, Périssin L, et al. Revisiting comorbidities in gout: a cluster 
analysis. Ann Rheum Dis 2015;74:142–7.

 12 Fisher MC, Rai SK, Lu N, et al. The unclosing premature mortality gap in gout: a 
general population- based study. Ann Rheum Dis 2017;76:1289–94.

 13 Zhang W, Doherty M, Pascual E, et al. EULAR evidence based recommendations 
for gout. Part I: diagnosis. Report of a task Force of the standing Committee for 
international clinical studies including therapeutics (ESCISIT). Ann Rheum Dis 
2006;65:1301–11.

 14 van der Heijde D, Aletaha D, Carmona L, et al. Update of the EULAR standardised 
operating procedures for EULAR- endorsed recommendations. Annals of the 
rheumatic diseases 2014;2015:8–13.

 15 Richette P, Doherty M, Pascual E, et al. Updated EULAR evidence- based 
recommendations for the management of gout. Annals of the rheumatic diseases 
2016;2017:29–42.

 16 Pascual E, Doherty M. Aspiration of normal or asymptomatic pathological joints for 
diagnosis and research: indications, technique and success rate. Ann Rheum Dis 
2009;68:3–7.

 17 Pascual E, Sivera F. Time required for disappearance of urate crystals from synovial 
fluid after successful hypouricaemic treatment relates to the duration of gout. Ann 
Rheum Dis 2007;66:1056–8.

 18 Taylor WJ, Fransen J, Dalbeth N, et al. Diagnostic Arthrocentesis for suspicion of gout 
is safe and well tolerated. J Rheumatol 2016;43:150–3.

 19 Pascual E, Sivera F. Why is gout so poorly managed? Ann Rheum Dis 
2007;66:1269–70.

 20 Graf SW, Buchbinder R, Zochling J, et al. The accuracy of methods for urate crystal 
detection in synovial fluid and the effect of sample handling: a systematic review. 
Clin Rheumatol 2013;32:225–32.

 21 Kienhorst LBE, Janssens HJEM, Eijgelaar RS, et al. The detection of monosodium 
urate crystals in synovial fluid after long- term and varying storage conditions. Joint 
Bone Spine 2015;82:470–1.

 22 Sivera F, Andrès M, Falzon L, et al. Diagnostic value of clinical, laboratory, and 
imaging findings in patients with a clinical suspicion of gout: a systematic literature 
review. J Rheumatol Suppl 2014;92:3–8.

 23 Malik A, Schumacher HR, Dinnella JE, et al. Clinical diagnostic criteria for gout: 
comparison with the gold standard of synovial fluid crystal analysis. J Clin Rheumatol 
2009;15:22–4.

 24 Taylor WJ, Fransen J, Jansen TL, et al. Study for updated gout classification 
criteria: identification of features to classify gout. Arthritis Care Res 
2015;67:1304–15.

 25 Kienhorst LBE, Janssens HJEM, Fransen J, et al. Arthritis of the first 
metatarsophalangeal joint is not always gout: a prospective cohort study in primary 
care patients. Joint Bone Spine 2014;81:342–6.

 26 Janssens HJEM, Fransen J, van de Lisdonk EH, et al. A diagnostic rule for acute 
gouty arthritis in primary care without joint fluid analysis. Arch Intern Med 
2010;170:1120–6.

 27 Kienhorst LBE, Janssens HJEM, Fransen J, et al. The validation of a diagnostic 
rule for gout without joint fluid analysis: a prospective study. Rheumatology 
2015;54:609–14.

 28 Neogi T, Jansen TL, Dalbeth N, et al. Gout classification criteria: an American College 
of Rheumatology/European League against rheumatism collaborative initiative. Ann 
Rheum Dis 2015;2015:1789–98.

 29 Richette P, Clerson P, Bouée S, et al. Identification of patients with gout: elaboration 
of a questionnaire for epidemiological studies. Ann Rheum Dis 2015;74:1684–90.

 30 Peláez- Ballestas I, Hernández Cuevas C, Burgos- Vargas R, et al. Diagnosis of 
chronic gout: evaluating the American College of rheumatology proposal, European 
League against rheumatism recommendations, and clinical judgment. J Rheumatol 
2010;37:1743–8.

 31 Aggarwal R, Ringold S, Khanna D, et al. Distinctions between diagnostic and 
classification criteria? Arthritis Care Res 2015;67:891–7.

 32 Dalbeth N, Phipps- Green A, Frampton C, et al. Relationship between serum urate 
concentration and clinically evident incident gout: an individual participant data 
analysis. Ann Rheum Dis 2018;77:1048–52.

 33 Bhole V, de Vera M, Rahman MM, et al. Epidemiology of gout in women: Fifty- two- 
year followup of a prospective cohort. Arthritis Rheum 2010;62:1069–76.

 34 Lin KC, Lin HY, Chou P. The interaction between uric acid level and other risk 
factors on the development of gout among asymptomatic hyperuricemic men in a 
prospective study. J Rheumatol 2000;27:1501–5.

 35 Campion EW, Glynn RJ, DeLabry LO. Asymptomatic hyperuricemia. Risks and 
consequences in the normative aging study. Am J Med 1987;82:421–6.

 36 Shiozawa A, Szabo SM, Bolzani A, et al. Serum uric acid and the risk of 
incident and recurrent gout: a systematic review. The Journal of Rheumatology 
2017;44:388–96.

 37 Schlesinger N, Norquist JM, Watson DJ. Serum urate during acute gout. J Rheumatol 
2009;36:1287–9.

 38 Pineda C, Amezcua- Guerra LM, Solano C, et al. Joint and tendon subclinical 
involvement suggestive of gouty arthritis in asymptomatic hyperuricemia: an 
ultrasound controlled study. Arthritis Res Ther 2011;13.

 39 De Miguel E, Puig JG, Castillo C, et al. Diagnosis of gout in patients with 
asymptomatic hyperuricaemia: a pilot ultrasound study. Ann Rheum Dis 
2012;71:157–8.

 40 Dalbeth N, House ME, Aati O, et al. Urate crystal deposition in asymptomatic 
hyperuricaemia and symptomatic gout: a dual energy CT study. Ann Rheum Dis 
2015;74:908–11.

 41 Andrés M, Quintanilla M- A, Sivera F, et al. Silent monosodium urate crystal deposits 
are associated with severe coronary calcification in asymptomatic hyperuricemia: an 
exploratory study. Arthritis & Rheumatology 2016;68:1531–9.

 42 Dalbeth N, Stamp L. Hyperuricaemia and gout: time for a new staging system? 
Annals of the Rheumatic Diseases 2014;73:1598–600.

43 Ogdie A, Taylor WJ, Weatherall M, et al. Imaging modalities for the classification 
of gout: systematic literature review and meta- analysis. Ann Rheum Dis 
2015;74:1868–74.

 44 Omoumi P, Verdun FR, Guggenberger R, et al. Dual- energy CT: basic principles, 
technical approaches, and applications in musculoskeletal imaging (Part 2). Seminars 
in musculoskeletal radiology 2015;19:438–45.

 45 Sapsford M, Gamble GD, Aati O, et al. Relationship of bone erosion with the 
urate and soft tissue components of the tophus in gout: a dual energy computed 
tomography study. Rheumatology 2017;56:129–33.

 46 Towiwat P, Doyle AJ, Gamble GD, et al. Urate crystal deposition and bone erosion 
in gout: ’inside- out’ or ’outside- in’? A dual- energy computed tomography study. 
Arthritis Res Ther 2016;18.

 47 Bayat S, Aati O, Rech J, et al. Development of a dual- energy computed tomography 
scoring system for measurement of urate deposition in gout. Arthritis Care Res 
2016;68:769–75.

48 Baer AN, Kurano T, Thakur UJ, et al. Dual- energy computed tomography has limited 
sensitivity for non- tophaceous gout: a comparison study with tophaceous gout. BMC 
Musculoskelet Disord 2016;17.

 49 Manger B, Lell M, Wacker J, et al. Detection of periarticular urate deposits with dual 
energy CT in patients with acute gouty arthritis. Ann Rheum Dis 2012;71:470–2.

 50 Bongartz T, Glazebrook KN, Kavros SJ, et al. Dual- energy CT for the diagnosis of 
gout: an accuracy and diagnostic yield study. Ann Rheum Dis 2015;74:1072–7.

51 Ogdie A, Taylor WJ, Neogi T, et al. Performance of ultrasound in the diagnosis of gout 
in a multicenter study: comparison with monosodium urate monohydrate crystal 
analysis as the gold standard. Arthritis Rheumatol 2017;69:429–38.

 52 Zufferey P, Valcov R, Fabreguet I, et al. A prospective evaluation of ultrasound as a 
diagnostic tool in acute microcrystalline arthritis. Arthritis Res Ther 2015;17.

 53 Naredo E, Uson J, Jiménez- Palop M, et al. Ultrasound- detected musculoskeletal urate 
crystal deposition: which joints and what findings should be assessed for diagnosing 
gout? Ann Rheum Dis 2014;73:1522–8.

 54 Ottaviani S, Richette P, Allard A, et al. Ultrasonography in gout: a case- control study. 
Clin Exp Rheumatol 2012;30:499–504.

 55 Thiele RG, Schlesinger N. Diagnosis of gout by ultrasound. Rheumatology 
2007;46:1116–21.

http://orcid.org/0000-0003-2132-4074
http://orcid.org/0000-0001-8444-8504
http://orcid.org/0000-0002-5080-4790
http://dx.doi.org/10.1016/S0140-6736(16)00346-9
http://dx.doi.org/10.1038/nrrheum.2015.91
http://dx.doi.org/10.1136/annrheumdis-2013-204463
http://dx.doi.org/10.1002/acr.22660
http://dx.doi.org/10.1002/art.30520
http://dx.doi.org/10.1186/s13075-015-0522-8
http://dx.doi.org/10.1093/rheumatology/ker361
http://dx.doi.org/10.1002/acr.23607
http://dx.doi.org/10.1097/BOR.0000000000000028
http://dx.doi.org/10.1097/BOR.0000000000000028
http://dx.doi.org/10.1136/annrheumdis-2012-201687
http://dx.doi.org/10.1136/annrheumdis-2013-203779
http://dx.doi.org/10.1136/annrheumdis-2016-210588
http://dx.doi.org/10.1136/ard.2006.055251
http://dx.doi.org/10.1136/ard.2008.088328
http://dx.doi.org/10.1136/ard.2006.060368
http://dx.doi.org/10.1136/ard.2006.060368
http://dx.doi.org/10.3899/jrheum.150684
http://dx.doi.org/10.1136/ard.2007.078469
http://dx.doi.org/10.1007/s10067-012-2107-0
http://dx.doi.org/10.1016/j.jbspin.2014.10.020
http://dx.doi.org/10.1016/j.jbspin.2014.10.020
http://dx.doi.org/10.3899/jrheum.140456
http://dx.doi.org/10.1097/RHU.0b013e3181945b79
http://dx.doi.org/10.1002/acr.22585
http://dx.doi.org/10.1016/j.jbspin.2013.12.001
http://dx.doi.org/10.1001/archinternmed.2010.196
http://dx.doi.org/10.1093/rheumatology/keu378
http://dx.doi.org/10.1136/annrheumdis-2013-204976
http://dx.doi.org/10.3899/jrheum.091385
http://dx.doi.org/10.1002/acr.22583
http://dx.doi.org/10.1136/annrheumdis-2017-212288
http://dx.doi.org/10.1002/art.27338
http://www.ncbi.nlm.nih.gov/pubmed/10852278
http://dx.doi.org/10.1016/0002-9343(87)90441-4
http://dx.doi.org/10.3899/jrheum.160452
http://dx.doi.org/10.3899/jrheum.080938
http://dx.doi.org/10.1186/ar3223
http://dx.doi.org/10.1136/ard.2011.154997
http://dx.doi.org/10.1136/annrheumdis-2014-206397
http://dx.doi.org/10.1002/art.39581
http://dx.doi.org/10.1136/annrheumdis-2014-205304
http://dx.doi.org/10.1136/annrheumdis-2014-205431
http://dx.doi.org/10.1093/rheumatology/kew383
http://dx.doi.org/10.1186/s13075-016-1105-z
http://dx.doi.org/10.1002/acr.22754
http://dx.doi.org/10.1186/s12891-016-0943-9
http://dx.doi.org/10.1186/s12891-016-0943-9
http://dx.doi.org/10.1136/ard.2011.154054
http://dx.doi.org/10.1136/annrheumdis-2013-205095
http://dx.doi.org/10.1002/art.39959
http://dx.doi.org/10.1136/annrheumdis-2013-203487
http://www.ncbi.nlm.nih.gov/pubmed/22512867
http://dx.doi.org/10.1093/rheumatology/kem058
http://ard.bmj.com/


38 Richette P, et al. Ann Rheum Dis 2020;79:31–38. doi:10.1136/annrheumdis-2019-215315

Recommendation

 56 Lamers- Karnebeek FBG, Van Riel PLCM, Jansen TL. Additive value for 
ultrasonographic signal in a screening algorithm for patients presenting 
with acute mono-/oligoarthritis in whom gout is suspected. Clin Rheumatol 
2014;33:555–9.

 57 Nalbant S, Corominas H, Hsu B, et al. Ultrasonography for assessment of 
subcutaneous nodules. J Rheumatol 2003;30:1191–5.

 58 Stewart S, Dalbeth N, Vandal AC, et al. Ultrasound features of the first 
Metatarsophalangeal joint in gout and asymptomatic hyperuricemia: comparison 
with Normouricemic individuals. Arthritis Care Res 2017;69:875–83.

 59 Choi HK, Soriano LC, Zhang Y, et al. Antihypertensive drugs and risk of incident 
gout among patients with hypertension: population based case- control study. BMJ 
2012;344:d8190.

 60 Wang W, Bhole VM, Krishnan E. Chronic kidney disease as a risk factor for incident 
gout among men and women: retrospective cohort study using data from the 
Framingham Heart study. BMJ Open 2015;5:e006843.

 61 Bruderer S, Bodmer M, Jick SS, et al. Use of diuretics and risk of incident gout: a 
population- based case- control study. Arthritis Rheumatol 2014;66:185–96.

 62 Nielsen SM, Bartels EM, Henriksen M, et al. Weight loss for overweight and obese 
individuals with gout: a systematic review of Longitudinal studies. Ann Rheum Dis 
2017;76:1870–82.

 63 Richette P, Poitou C, Manivet P, et al. Weight loss, xanthine oxidase, and serum 
urate levels: a prospective longitudinal study of obese patients. Arthritis Care Res 
2016;68:1036–42.

 64 Holland R, McGill NW. Comprehensive dietary education in treated gout patients 
does not further improve serum urate. Intern Med J 2015;45:189–94.

 65 Moi JHY, Sriranganathan MK, Falzon L, et al. Lifestyle interventions for the 
treatment of gout: a summary of 2 Cochrane systematic reviews. J Rheumatol Suppl 
2014;92:26–32.

 66 Bardin T, Richette P. Impact of comorbidities on gout and hyperuricaemia: an update 
on prevalence and treatment options. BMC Med 2017;15.

 67 Taylor WJ, Fransen J, Dalbeth N, et al. Performance of classification criteria for gout in 
early and established disease. Ann Rheum Dis 2016;75:178–82.

 68 Bardin T. Hyperuricemia starts at 360 micromoles (6 mg/dL). Joint Bone Spine 
2015;82:141–3.

 69 Chhana A, Lee G, Dalbeth N. Factors influencing the crystallization of monosodium 
urate: a systematic literature review. BMC Musculoskelet Disord 2015;16.

 70 Chowalloor PV, Keen HI. A systematic review of ultrasonography in gout and 
asymptomatic hyperuricaemia. Ann Rheum Dis 2013;72:638–45.

 71 Gutierrez M, Schmidt WA, Thiele RG, et al. International consensus for ultrasound 
lesions in gout: results of Delphi process and web- reliability exercise. Rheumatology 
2015;54:1797–805.

 72 Terslev L, Gutierrez M, Christensen R, et al. Assessing elementary lesions in gout by 
ultrasound: results of an OMERACT patient- based agreement and reliability exercise. 
J Rheumatol 2015;42:2149–54.

 73 Terslev L, Gutierrez M, Schmidt WA, et al. Ultrasound as an outcome measure in 
gout. a validation process by the OMERACT ultrasound Working Group. J Rheumatol 
2015;42:2177–81.

 74 Löffler C, Sattler H, Peters L, et al. Distinguishing gouty arthritis from calcium 
pyrophosphate disease and other arthritides. J Rheumatol 2015;42:513–20.

 75 Slot O, Terslev L. Ultrasound- guided dry- needle synovial tissue aspiration for 
diagnostic microscopy in gout patients presenting without synovial effusion or 
clinically detectable tophi. J Clin Rheumatol 2015;21:167–8.

 76 Dalbeth N, Nicolaou S, Baumgartner S, et al. Presence of monosodium urate crystal 
deposition by dual- energy CT in patients with gout treated with allopurinol. Ann 
Rheum Dis 2018;77:364–70.

 77 Huppertz A, Hermann K- GA, Diekhoff T, et al. Systemic staging for urate crystal 
deposits with dual- energy CT and ultrasound in patients with suspected gout. 
Rheumatol Int 2014;34:763–71.

 78 Gruber M, Bodner G, Rath E, et al. Dual- energy computed tomography compared 
with ultrasound in the diagnosis of gout. Rheumatology 2014;53:173–9.

 79 Zhu L, Wu H, Wu X, et al. Comparison between dual- energy computed 
tomography and ultrasound in the diagnosis of gout of various joints. Acad Radiol 
2015;22:1497–502.

 80 Pascart T, Grandjean A, Norberciak L, et al. Ultrasonography and dual- energy 
computed tomography provide different quantification of urate burden in gout: 
results from a cross- sectional study. Arthritis Res Ther 2017;19.

 81 Mallinson PI, Coupal T, Reisinger C, et al. Artifacts in dual- energy CT gout protocol: 
a review of 50 suspected cases with an artifact identification guide. AJR Am J 
Roentgenol 2014;203:W103–W109.

 82 Coupal TM, Mallinson PI, Gershony SL, et al. Getting the most from your dual- energy 
scanner: recognizing, reducing, and eliminating artifacts. AJR Am J Roentgenol 
2016;206:119–28.

 83 Ebstein E, Forien M, Norkuviene E, et al. Ultrasound evaluation in follow- up of urate- 
lowering therapy in gout: the useful study. Rheumatology 2018.

 84 Peiteado D, Villalba A, Martín- Mola E, et al. Ultrasound sensitivity to changes 
in gout: a longitudinal study after two years of treatment. Clin Exp Rheumatol 
2017;35:746–51.

 85 Araujo EG, Bayat S, Petsch C, et al. Tophus resolution with pegloticase: a prospective 
dual- energy CT study. RMD Open 2015;1:e000075.

 86 McQueen FM, Doyle A, Dalbeth N. Imaging in gout - What can we learn from MRI, 
CT, DECT and US? Arthritis Res Ther 2011;13.

 87 McQueen FM, Doyle A, Reeves Q, et al. Bone erosions in patients with chronic 
gouty arthropathy are associated with tophi but not bone oedema or synovitis: new 
insights from a 3 T MRI study. Rheumatology 2014;53:95–103.

 88 Carter JD, Kedar RP, Anderson SR, et al. An analysis of MRI and ultrasound 
imaging in patients with gout who have normal plain radiographs. Rheumatology 
2009;48:1442–6.

 89 Carter JD, Patelli M, Anderson SR, et al. An MRI assessment of chronic synovial- 
based inflammation in gout and its correlation with serum urate levels. Clin 
Rheumatol 2015;34:345–51.

 90 Buckens CF, Terra MP, Maas M. Computed tomography and MR imaging in 
Crystalline- Induced arthropathies. Radiol Clin North Am 2017;55:1023–34.

 91 Dalbeth N, Clark B, Gregory K, et al. Mechanisms of bone erosion in gout: a 
quantitative analysis using plain radiography and computed tomography. Ann 
Rheum Dis 2009;68:1290–5.

 92 Dalbeth N, Aati O, Kalluru R, et al. Relationship between structural joint damage and 
urate deposition in gout: a plain radiography and dual- energy CT study. Ann Rheum 
Dis 2015;74:1030–6.

 93 Dalbeth N, Milligan A, Doyle AJ, et al. Characterization of new bone formation in 
gout: a quantitative site- by- site analysis using plain radiography and computed 
tomography. Arthritis Res Ther 2012;14.

 94 Dalbeth N, Chen P, White M, et al. Impact of bariatric surgery on serum urate targets 
in people with morbid obesity and diabetes: a prospective longitudinal study. Ann 
Rheum Dis 2014;73:797–802.

 95 Li X, Meng X, Timofeeva M, et al. Serum uric acid levels and multiple health 
outcomes: umbrella review of evidence from observational studies, randomised 
controlled trials, and Mendelian randomisation studies. BMJ 2017;357.

 96 Vázquez- Mellado J, Hernández- Cuevas CB, Alvarez- Hernández E, et al. The 
diagnostic value of the proposal for clinical gout diagnosis (CGD). Clin Rheumatol 
2012;31:429–34.

 97 Jatuworapruk K, Lhakum P, Pattamapaspong N, et al. Performance of the existing 
classification criteria for gout in Thai patients presenting with acute arthritis. 
Medicine 2016;95:e2730.

 98 Wu H, Xue J, Ye L, et al. The application of dual- energy computed tomography in the 
diagnosis of acute gouty arthritis. Clin Rheumatol 2014;33:975–9.

 99 HJ H, Liao MY, LY X. Clinical utility of dual- energy CT for gout diagnosis. Clin Imaging 
2015;39:880–5.

 100 Ahmad Z, Gupta AK, Sharma R, et al. Dual energy computed tomography: a novel 
technique for diagnosis of gout. Int J Rheum Dis 2016;19:887–96.

 101 Kiefer T, Diekhoff T, Hermann S, et al. Single source dual- energy computed 
tomography in the diagnosis of gout: diagnostic reliability in comparison to 
digital radiography and conventional computed tomography of the feet. Eur J 
Radiol 2016;85:1829–34.

 102 Lee YH, Song GG. Diagnostic accuracy of dual- energy computed tomography in 
patients with gout: a meta- analysis. Semin Arthritis Rheum 2017;47:95–101.

 103 Choi HK, Burns LC, Shojania K, et al. Dual energy CT in gout: a prospective 
validation study. Ann Rheum Dis 2012;71:1466–71.

 104 Glazebrook KN, Guimarães LS, Murthy NS, et al. Identification of intraarticular 
and periarticular uric acid crystals with dual- energy CT: initial evaluation. 
Radiology 2011;261:516–24.

 105 Ottaviani S, Allard A, Bardin T, et al. An exploratory ultrasound study of early 
gout. Clin Exp Rheumatol 2011;29:816–21.

http://dx.doi.org/10.1007/s10067-014-2505-6
http://www.ncbi.nlm.nih.gov/pubmed/12784388
http://dx.doi.org/10.1002/acr.23082
http://dx.doi.org/10.1136/bmj.d8190
http://dx.doi.org/10.1136/bmjopen-2014-006843
http://dx.doi.org/10.1002/art.38203
http://dx.doi.org/10.1136/annrheumdis-2017-211472
http://dx.doi.org/10.1002/acr.22798
http://dx.doi.org/10.1111/imj.12661
http://dx.doi.org/10.3899/jrheum.140459
http://dx.doi.org/10.1186/s12916-017-0890-9
http://dx.doi.org/10.1136/annrheumdis-2014-206364
http://dx.doi.org/10.1016/j.jbspin.2015.01.002
http://dx.doi.org/10.1186/s12891-015-0762-4
http://dx.doi.org/10.1136/annrheumdis-2012-202301
http://dx.doi.org/10.1093/rheumatology/kev112
http://dx.doi.org/10.3899/jrheum.150366
http://dx.doi.org/10.3899/jrheum.141294
http://dx.doi.org/10.3899/jrheum.140634
http://dx.doi.org/10.1097/RHU.0000000000000228
http://dx.doi.org/10.1136/annrheumdis-2017-212046
http://dx.doi.org/10.1136/annrheumdis-2017-212046
http://dx.doi.org/10.1007/s00296-014-2979-1
http://dx.doi.org/10.1093/rheumatology/ket341
http://dx.doi.org/10.1016/j.acra.2015.08.010
http://dx.doi.org/10.1186/s13075-017-1381-2
http://dx.doi.org/10.2214/AJR.13.11396
http://dx.doi.org/10.2214/AJR.13.11396
http://dx.doi.org/10.2214/AJR.14.13901
http://www.ncbi.nlm.nih.gov/pubmed/28281462
http://dx.doi.org/10.1136/rmdopen-2015-000075
http://dx.doi.org/10.1186/ar3489
http://dx.doi.org/10.1093/rheumatology/ket329
http://dx.doi.org/10.1093/rheumatology/kep278
http://dx.doi.org/10.1007/s10067-014-2644-9
http://dx.doi.org/10.1007/s10067-014-2644-9
http://dx.doi.org/10.1016/j.rcl.2017.04.008
http://dx.doi.org/10.1136/ard.2008.094201
http://dx.doi.org/10.1136/ard.2008.094201
http://dx.doi.org/10.1136/annrheumdis-2013-204273
http://dx.doi.org/10.1136/annrheumdis-2013-204273
http://dx.doi.org/10.1186/ar3913
http://dx.doi.org/10.1136/annrheumdis-2013-203970
http://dx.doi.org/10.1136/annrheumdis-2013-203970
http://dx.doi.org/10.1136/bmj.j2376
http://dx.doi.org/10.1007/s10067-011-1873-4
http://dx.doi.org/10.1097/MD.0000000000002730
http://dx.doi.org/10.1007/s10067-014-2606-2
http://dx.doi.org/10.1111/1756-185X.12874
http://dx.doi.org/10.1016/j.ejrad.2016.08.004
http://dx.doi.org/10.1016/j.ejrad.2016.08.004
http://dx.doi.org/10.1016/j.semarthrit.2017.03.002
http://dx.doi.org/10.1136/annrheumdis-2011-200976
http://dx.doi.org/10.1148/radiol.11102485
http://www.ncbi.nlm.nih.gov/pubmed/22011529
http://ard.bmj.com/


39Furer V, et al. Ann Rheum Dis 2020;79:39–52. doi:10.1136/annrheumdis-2019-215882

Recommendation

2019 update of EULAR recommendations for 
vaccination in adult patients with autoimmune 
inflammatory rheumatic diseases
Victoria Furer    ,1,2 Christien Rondaan,3,4 Marloes W Heijstek,5 
Nancy Agmon- Levin    ,2,6 Sander van Assen,7 Marc Bijl,8 Ferry C Breedveld,9 
Raffaele D’Amelio,10 Maxime Dougados    ,11 Meliha Crnkic Kapetanovic    ,12 
Jacob M van Laar    ,13 A de Thurah    ,14 Robert BM Landewé    ,15,16 
Anna Molto    ,11 Ulf Müller- Ladner,17 Karen Schreiber,18,19 Leo Smolar,20 Jim Walker,21 
Klaus Warnatz,22 Nico M Wulffraat    ,23 Ori Elkayam    1,2

To cite: Furer V, 
Rondaan C, Heijstek MW, 
et al. Ann Rheum Dis 
2020;79:39–52.

Handling editor Josef S 
Smolen

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
annrheumdis- 2019- 215882).

For numbered affiliations see 
end of article.

Correspondence to
Victoria Furer, Rheumatology, Tel 
Aviv Sourasky Medical Center, 
Tel Aviv 62431, Israel;  
 furer. rheum@ gmail. com

VF and CR contributed equally.

Received 12 June 2019
Revised 19 July 2019
Accepted 22 July 2019
Published Online First 
14 August 2019

© Author(s) (or their 
employer(s)) 2020. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

AbsTRACT
To update the European League Against Rheumatism 
(EULAR) recommendations for vaccination in adult 
patients with autoimmune inflammatory rheumatic 
diseases (AIIRD) published in 2011. Four systematic 
literature reviews were performed regarding the 
incidence/prevalence of vaccine- preventable infections 
among patients with AIIRD; efficacy, immunogenicity and 
safety of vaccines; effect of anti- rheumatic drugs on the 
response to vaccines; effect of vaccination of household 
of AIIRDs patients. Subsequently, recommendations were 
formulated based on the evidence and expert opinion. 
The updated recommendations comprise six overarching 
principles and nine recommendations. The former address 
the need for an annual vaccination status assessment, 
shared decision- making and timing of vaccination, 
favouring vaccination during quiescent disease, 
preferably prior to the initiation of immunosuppression. 
Non- live vaccines can be safely provided to AIIRD 
patients regardless of underlying therapy, whereas live- 
attenuated vaccines may be considered with caution. 
Influenza and pneumococcal vaccination should be 
strongly considered for the majority of patients with 
AIIRD. Tetanus toxoid and human papilloma virus 
vaccination should be provided to AIIRD patients as 
recommended for the general population. Hepatitis A, 
hepatitis B and herpes zoster vaccination should be 
administered to AIIRD patients at risk. Immunocompetent 
household members of patients with AIIRD should 
receive vaccines according to national guidelines, 
except for the oral poliomyelitis vaccine. Live- attenuated 
vaccines should be avoided during the first 6 months 
of life in newborns of mothers treated with biologics 
during the second half of pregnancy. These 2019 EULAR 
recommendations provide an up-to- date guidance on the 
management of vaccinations in patients with AIIRD.

InTRoduCTIon
Patients with autoimmune inflammatory rheu-
matic diseases (AIIRD) have an increased burden 
of infections, attributed to the underlying autoim-
mune disease,1–4 comorbidities3 5 and immunosup-
pressive therapy, including glucocorticoids (GCs), 
disease- modifying antirheumatic drugs (DMARDs): 
conventional synthetic (csDMARDs), biological 

(bDMARDs) and targeted synthetic DMARDs 
(tsDMARDs).3 6 7 As the ‘treat to target’ principle 
currently guides an intensive immunosuppressive 
therapy aimed at remission in most rheumatic 
diseases,8–10 these therapies are commonly applied, 
in particular at early disease stages. Thus, preven-
tion of infections is crucial in the management of 
patients with AIIRD.

Vaccination prevents infections by inducing and/
or enhancing protective immunity. Vaccination is 
particularly important in AIIRD patients, poten-
tially translating into a lower rate of hospital admis-
sions due to infections, emergency room visits and 
the rate of invasive infectious diseases.11 Yet, the 
AIIRD population universally suffers from a subop-
timal uptake of vaccinations,12–19 in part due to a 
low rate of referral for vaccination by rheumatol-
ogists20 and other treating physicians,21 indicating 
that further interventions are needed to raise the 
awareness for vaccination among the rheumatology 
community and involved healthcare professionals. 
Another important factor for a low vaccination rate 
relates to concerns about efficacy, immunogenicity 
and safety of vaccinations,15 an important issue to 
be addressed by upcoming evidence.

Our aim was to update the present European League 
Against Rheumatism (EULAR) recommendations for 
vaccination in patients with AIIRD published in 2011 
and to incorporate the new evidence on the incidence/
prevalence of vaccine preventable infections (Euro-
pean League) among AIIRD patients, along with effi-
cacy, immunogenicity and safety of vaccines provided 
to AIIRD patients under a wide range of immunosup-
pressive therapies. The update was conducted in line 
with the standard operating procedures (SOP) of the 
EULAR,22 combining evidence from clinical studies 
and expert opinion. Our recommendations target 
all healthcare professionals involved in the care for 
patients with AIIRD.

MeTHods
development of recommendations
The present update of the EULAR recommenda-
tions for vaccination in patients with AIIRD was 
a combined project for the adult and paediatric 
AIIRD populations. Following the 2014 updated 
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box 1. Research questions.

 ► What is the incidence or prevalence of vaccine- preventable 
infections in adult patients with autoimmune inflammatory 
rheumatic diseases (AIIRD)?

 ► What is the efficacy, immunogenicity and safety of available 
vaccines in adult AIIRD patients?

 ► Are vaccines efficacious and immunogenic in adult AIIRD 
patients, treated with immunosuppressive agents and 
disease- modifying antirheumatic drugs?

 ► What is the effect of vaccination of household of AIIRD 
patients, including newborns, on the prevention of vaccine 
preventable diseases and safety of the patients?

box 2. definition of autoimmune inflammatory rheumatic 
diseases (AIIRd), immunosuppressive agents and vaccines 
included in the literature search and recommendations

Autoimmune inflammatory rheumatic diseases
 ► Rheumatoid arthritis, juvenile idiopathic arthritis
 ► Adult Still’s disease
 ► Systemic lupus erythematosus, Sjogren’s syndrome, 
antiphospholipid syndrome

 ► Systemic sclerosis, mixed connective tissue disease
 ► Polymyositis, dermatomyositis, antisynthetase syndrome, 
clinically amyopathic dermatomyositis, inclusion body 
myositis, eosinophilic myositis, eosinophilic fasciitis

 ► Psoriatic arthritis, spondyloarthropathy
 ► Polymyalgia rheumatica
 ► Giant cell arteritis, Takayasu arteritis
 ► Antineutrophil cytoplasmic antibody (ANCA)- associated 
vasculitis: granulomatosis with polyangiitis, microscopic 
polyangiitis, eosinophilic granulomatosis with polyangiitis 
(Churg- Strauss syndrome)

 ► Polyarteritis nodosa
 ► Cryoglobulinemic syndrome
 ► Anti- glomerular basement membrane (GBM) antibody 
disease (Goodpasture disease)

 ► Behcet disease
 ► Relapsing polychondritis
 ► Periodic fever syndromes
 ► Familial Mediterranean fever

Immunosuppressive agents
 ► Glucocorticoids
 ► Synthetic disease- modifyingantirheumatic drugs (DMARDs): 
methotrexate, leflunomide, sulfasalazine, hydroxychloroquine, 
azathioprine

 ► Mycophenolic acid preparations
 ► Calcineurin inhibitors: cyclosporine, tacrolimus
 ► Alkylating agent: cyclophosphamide
 ► Biologic DMARDs: infliximab, etanercept, adalimumab, 
certolizumab, golimumab abatacept, tocilizumab, rituximab 
secukinumab, ixekizumab belimumab anakinra, canakinumab

 ► Targeted synthetic DMARDs: tofacitinib, baricitinib

Vaccines

Inactivated
 ► Diphtheria, hepatitis A, hepatitis B, Haemophilus influenzae 
b, human papillomavirus, influenza, Neisseria meningitides, 
pertussis, parenteral poliomyelitis, streptococcus pneumoniae 
(polysaccharide and conjugated), tetanus toxoid, tick- borne 
encephalitis, parenteral typhoid fever

Live- attenuated
 ► Measles, mumps, oral poliomyelitis, oral typhoid fever, 
varicella zoster, yellow fever

EULAR SOP,22 the convenor (OE) first formed the task force 
with a steering committee. The steering committee included 
the convenor (OE), co- convenor (ULM), methodologists (JvL 
and RL), three fellows who performed the systematic litera-
ture reviews (SLRs) (VF, CR, MH), one expert rheumatolo-
gist (MB) and one specialist in infectious diseases (SvA). The 
steering committee defined the research questions for the 
SLRs (Box 1) and organised a one- and- a- half- day meeting 
of the task force. Participants of the adult task force meeting 
represented seven European countries and Israel, included 
10 adult rheumatologists, four clinical immunologists, one 
infectious disease specialist, one paediatrician/rheumatologist, 
two delegates of the EULAR young rheumatologists’ network 
Emerging EULAR NETwork, one health professional in rheu-
matology (HPR) and two patients. Three fellows (VF, CR, 
MH) performed four SLRs covering the incidence of VPI, 
the efficacy, immunogenicity, safety of vaccination in patients 
with AIIRD, the effect of DMARDs on vaccination response 
and the effect of vaccination of household of AIIRDs patients, 
including newborns, on the prevention of VPI and safety of 
the patients. These SLRs focused on the studies published 
after the locking date of the SLRs for the previous update, 
that is, October 2009. MEDLINE (via PubMed), EMBASE and 
Cochrane were searched from 1 October 2009 to 1 August 
2018. As search terms, the medical subject headings (MESH) 
terms for the defined AIIRD, immunosuppressive medications 
and vaccines were combined (Box 2). Only articles in English 
were included. Other papers that were considered relevant in 
the opinion of the experts could be added.

The first part of the meeting was shared by both adults and 
paediatric members of the task force, during which the prelim-
inary results of the four SLRs were presented. Following the 
presentation, the group split in two in order to formulate the 
separate updated recommendations for vaccination in adults 
and children with AIIRD. In the adult group, the convenor 
(OE) proposed the wording of each recommendation. Each 
recommendation was discussed within the group and formu-
lation was modified until agreement was reached among the 
members. In the second part of the meeting, the two groups 
rejoined and reviewed the two sets of recommendations, mainly 
in order to verify that there was no major discrepancy between 
them. Minor changes were made following this presentation 
and approved by all the members of the task force. The second 
meeting of the task force was then organised and included the 
presentation of the updated SLRs concerning the adult popu-
lation with AIIRD. The results of the SLRs are reported in 
two articles, submitted for publication to RMD Open. Each 
recommendation was discussed and modified when necessary, 

followed by the second round of voting by all the members of 
the task force.

Six overarching principles and nine recommendations were 
formulated (tables 1 and 2). For each statement, the available 
evidence was critically appraised and the strength of the recom-
mendations (SoR) was determined following the standards of the 
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Table 1 Overarching principles for vaccination in adult patients with AIIRD

overarching principles Level of Agreement (%)

1. The vaccination status and indications for further vaccination in patients with AIIRD should be assessed yearly by the rheumatology team. 100%

2. The individualised vaccination programme should be explained to the patient by the rheumatology team, providing a basis for shared 
decision- making, and be jointly implemented by the primary care physician, the rheumatology team and the patient.

94%

3. Vaccination in patients with AIIRD should preferably be administered during quiescent disease. 94%

4. Vaccines should preferably be administered prior to planned immunosuppression, in particular B cell depleting therapy. 100%

5. Non- live vaccines can be administered to patients with AIIRD also while treated with systemic glucocorticoids and DMARDs. 100%

6. Live- attenuated vaccines may be considered with caution in patients with AIIRD. 53%

AIIRD, autoimmune inflammatory rheumatic diseases; DMARDs, disease- modifying antirheumatic drugs.

Table 2 Recommendations for vaccination in adult patients with AIIRD with level of evidence for the incidence/prevalence of VPI, efficacy, 
immunogenicity and safety of vaccines, strength of recommendations (SoR) and level of agreement for each recommendation

Recommendation
Infection 

rate efficacy
Immuno- 
genicity safety soR*

Level of agreement:
average/ range (0–10), %≥8

1. Influenza vaccination should be strongly considered for the majority 
of patients with AIIRD.

2b 2b 2a 2b B 9.4
7–10
93%

2. Pneumococcal vaccination should be strongly considered for the 
majority of patients with AIIRD.

2b 4 2a 4 C 8.7
6–10
93%

3. Patients with AIIRD should receive toxoid tetanus vaccination in 
accordance with recommendations for the general population. Passive 
immunisation should be considered for patients treated with B cell 
depleting therapy.

NA NA 2b 4 B
D

9.5
8–10
100%

4. Hepatitis A and hepatitis B vaccination should be administrated to 
patients with AIIRD at risk. In specific situations booster or passive 
immunisation is indicated.

HAV – NA
HBV 2b

NA 2b 4 B
C

9.6
8–10
100%

5. Herpes zoster vaccination may be considered in high- risk patients 
with AIIRD.

2b 2b 2b 4 B 9.1
7–10
93%

6. Vaccination against yellow fever should be generally avoided in 
patients with AIIRD.

NA NA 2b 4 D 9.2
6–10

85.7%

7. Patients with AIIRD, in particular patients with SLE, should receive 
vaccinations against HPV in accordance with recommendations for 
the general population.

2b NA 2b 4 C 9.5
8–10
100%

8. Immunocompetent household members of patients with AIIRD 
should be encouraged to receive vaccines according to national 
guidelines with the exception of the oral polio vaccines.

NA NA NA NA D 9.1
7–10
93%

9. Live- attenuated vaccines should be avoided during the first 6 
months of life in newborns of mothers treated with biologics during 
the second half of pregnancy.

NA NA NA NA D 9.5
8–10
100%

*The strength of recommendation was primarily based on the efficacy data. If no efficacy data were available, immunogenicity was used as a major outcome. When 
immunogenicity outcomes did not directly correlate with protection, the strength of recommendation was downgraded. Few recommendations were primarily based on safety 
(especially live- attenuated vaccines) and here, the safety outcomes determined the strength of the recommendation.
AIIRD, autoimmune inflammatory rheumatic diseases; HAV, hepatitis A virus; HBV, hepatitis B virus; HPV, human papilloma virus; NA, non- available; SLE, systemic lupus 
erythematosus.

Oxford Centre for Evidence Based Medicine.23 (online supplemen-
tary file 1)

After the second meeting, the final version of recommenda-
tions was disseminated among the members of the task force 
who electronically voted for agreement for each of the prin-
ciples and recommendations. Each statement was separately 
voted on and given a score from 0 (absolutely no agreement 
with the proposed recommendation) to 10 (maximal possible 
support for the recommendation). The level of agreement for 
each recommendation was based on the mean vote score.

The final manuscript was drafted after the second meeting 
of the task force. The manuscript was structured according to 
the Appraisal of Guidelines for Research & Evaluation II prin-
ciples,22 24 reviewed, revised and approved by all the task force 

members, followed by final review and approval by the EULAR 
Executive Committee before submission to the journal.

definitions
In the field of vaccination, several outcome measures are 
important. First, the capacity of vaccinations to prevent infec-
tions, referred to as 'efficacy'. Often, humoral responses to 
vaccines are considered as surrogate endpoints for efficacy, in 
particular for rare infections, that otherwise would require infea-
sible trials needing a very large number of patients to prove the 
vaccine’s efficacy. The capacity of vaccines to induce humoral 
and/or cellular immune responses is referred to as ‘immuno-
genicity’. These immune responses may correlate with clinical 
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efficacy for some vaccines, but not necessarily. This should be 
taken into account when interpreting the available evidence 
(primarily on immunogenicity) for these recommendations.

The SoR was primarily based on the level of evidence for 
efficacy of vaccination. In vaccine studies with only immunoge-
nicity outcomes, the SoR was established based on the surrogate 
outcome (immunogenicity). In case there was no direct correla-
tion between the immunogenicity outcomes and the level of 
protection, the SoR was downgraded.

Finally, the safety of vaccines is of great importance. Safe 
vaccination implies that vaccination has no severe adverse 
effects and does not aggravate the underlying disease. Especially 
for live- attenuated vaccines, safety is a major concern. For these 
vaccines, the safety outcomes primarily determined the SoR. The 
level of available evidence concerning efficacy, immunogenicity 
and safety provided the data was available, is presented for each 
recommendation.

ResuLTs
overarching principles
The task force endorsed the presentation of six general principles 
for vaccination of patients with AIIRD as overarching (table 1). 
Three new overarching principles were formulated. The other 
three principles originated from the recommendations #2 to 
#4 published in the 2011 version and were incorporated in 
the overarching principles due to their importance and generic 
nature.25 The level of agreement of each overarching principle is 
presented in table 1.

The vaccination status and indications for further vaccination in 
patients with AIIRD should be assessed yearly by the rheumatology 
team
The force task endorsed an annual assessment of the vacci-
nation status by the treating rheumatology team as a central 
principle guiding vaccinations in patients with AIIRD, consti-
tuting an overarching principle rather than a recommendation. 
In the 2011 version, the first recommendation referred to the 
assessment of the vaccination status of patients with AIIRD in 
the initial workup, without defining the responsible health-
care provider. The current version emphasises the need for an 
annual assessment, delegating the responsibility to the treating 
rheumatologist or rheumatology team. The rheumatology team 
has an extended knowledge and expertise encompassing all 
aspects of AIIRD, including related treatment modalities applied 
to an individual patient. For patients with AIIRD, the treating 
rheumatology team commonly manages their medical care, 
communicates with a primary care physician and coordinates a 
multidisciplinary network when required. As stated in the 2011 
version, an inventory of a vaccination history, adverse events and 
flares of the underlying AIIRD following earlier vaccinations 
should be included in the assessment and turned into the stan-
dard of care of patients with AIIRD.

The individualised vaccination programme should be explained to 
the patient by the rheumatology team, providing a basis for shared 
decision-making, and be jointly implemented by the primary care 
physician, the rheumatology team and the patient
This is a newly formulated principle, strongly endorsed by the 
patient representatives of the task force and supported by the 
other members. Shared decision- making and consideration of 
patient’s needs, concerns and preferences have received the 
most prominent recognition in treatment of chronic diseases, 
as reflected in the updated EULAR recommendations.8–10 

Identifying barriers to immunisation and addressing patients’ 
fears and concerns regarding adverse effects is a crucial step 
toward adherence with any immunisation programme. Having 
access to evidence- based information about vaccines and 
comprehension of risks and benefits of vaccination, enables 
patients to make a deliberate decision regarding the offered 
vaccination programme. The rheumatology team should inform 
patients about the risk of infections and the indications for vacci-
nations, educate patients about the risk/benefit ratio of vaccines 
and encourage patients to adhere to the appropriate vaccination 
schedule. Indeed, surveys among patients with AIIRD demon-
strated that better knowledge about vaccination and recommen-
dation for vaccination by a treating specialist were positively 
associated with improved vaccine uptake.15 26 Communication 
between the rheumatology and primary care teams further 
supports the implementation of the vaccination programme. 
A large survey of rheumatoid arthritis (RA) patients in the UK 
revealed that the majority of vaccination was undertaken in 
primary care,27 supporting collaboration between primary and 
secondary care to maximise vaccine uptake.

Vaccination in patients with AIIRD should preferably be 
administered during quiescent disease
This statement, listed as the second recommendation in the 2011 
version, was shifted into the third overarching principle. The 
rationale for this decision was the shared opinion by the majority 
of the members that this important message would benefit from 
being a fundamental general principle. Indeed, most vaccination 
studies conducted in the AIIRD population included patients 
with quiescent disease.28–33 The number of studies with AIIRD 
patients immunised at the active disease stage is too low to draw 
the conclusion that vaccinations during active phases of disease 
are effective or safe. One study has directly addressed the impact 
of underlying disease activity on the immunogenicity of vacci-
nation.34 In this study, patients with juvenile systemic lupus 
erythematosus (SLE) with high SLE activity had reduced sero-
conversion rates to influenza A H1N1 vaccination. Notably, in 
a study of 340 RA patients, high disease activity levels did not 
preclude immune response to influenza A H1N1 vaccination.35 
Yet, based on the limited knowledge on safety and immunoge-
nicity of vaccinations in patients with active disease, vaccina-
tions are preferentially administered during quiescent disease, 
according to expert opinion. In patients with active disease, 
immunisation should not be precluded and considered on the 
individual basis.

Vaccines should be preferably administered prior to planned 
immunosuppression, in particular B cell depleting therapy
This important concept, based on the fourth recommendation 
in the 2011 version, was further expanded to the initiation of 
csDMARDs, bDMARDs and tsDMARDs, prompting an early 
vaccination policy to ensure the optimal response to vaccines. 
Yet, it is important to emphasise that the intention of this prin-
ciple is not to delay a necessary immunosuppressive treatment 
in severe cases. In such cases, initiation of the indicated immu-
nosuppressive treatment is the main priority rather than early 
administration of vaccines.

A clear consensus was reached on the suppressive effect of 
rituximab (RTX) on humoral response to influenza and pneu-
mococcal vaccination in patients with RA,36–47 spondyloarthrop-
athies (SpA)42 and SLE,48 explaining the rationale to provide 
vaccination prior to the administration of rituximab. Other 
bDMARD therapies have a variable impact on the response to 
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immunisation in the AIIRD population, with the majority of 
patients reaching a satisfactory serological response. The effect 
of specific DMARDs is broadly discussed in the extended SLR 
(submitted for publication in RMD Open).

In summary, vaccines should be ideally administered before 
the planned immunosuppression, with the emphasis on B cell- 
depleting biological therapy. In case of non- immunised patients 
on B cell- depleting therapy, vaccination should be provided at 
the following time window: at least 6 months after the admin-
istration and 4 weeks before the next course of B cell- depleting 
therapy, based on the state of clinical practice. In cases when this 
time window for immunisation is not possible, vaccination may 
be considered under B- cell depleting therapy, taking into consid-
eration a potential suboptimal response to vaccine.

Non-live vaccines can be administered to patients with AIIRD during 
the use of glucocorticoids and DMARDs
Originally presented as the fourth recommendation in the 2011 
version, this statement has been modified and upgraded to an 
overarching principle, in light of compelling evidence of the 
overall adequate efficacy and safety of vaccination during the use 
of GC and/or both csDMARDs, bDMARDs and tsDMARDs in a 
variety of rheumatic diseases. Accumulating data over the recent 
years have supported the administration of influenza, pneumo-
coccal, tetanus toxoid, hepatitis B virus (HBV), hepatitis A virus 
(HAV), and human papilloma virus (HPV) vaccines to patients 
with AIIRD under immunosuppressive therapy. In the majority 
of studies adequate immunoprotection was achieved, with no 
major safety signals, though the follow- up period was short in 
most studies. The details of the relevant studies are provided in 
the SLR by Rondaan submitted for publication in Open RMD.

Live-attenuated vaccines may be considered with caution in patients 
with AIIRD
Administration of live- attenuated vaccines in patients with AIIRD 
warrants special attention. In the 2011 version, the third recom-
mendation stated that live- attenuated vaccines should be avoided 
whenever possible in immunosuppressed patients with AIIRD. In 
light of the new evidence and experience on administrating certain 
live- attenuated vaccines in patients with AIIRD, the task force has 
extensively discussed the modification of the original statement to 
formulate it in a more permissive mode. Agreement was reached 
to incorporate the new evidence in the updated recommendations 
with a detailed explanation of the rationale and the new evidence. 
In general, live- attenuated vaccines should be avoided in patients 
under immunosuppressive therapy, as these vaccines contain live- 
attenuated micro- organisms that theoretically might cause infections 
in the susceptible AIIRD population. Based on expert opinion, the 
preferable time window for vaccination with live vaccines is 4 weeks 
prior to treatment initiation, based on the state of clinical practice. 
However, vaccinations such as measles, mumps, rubella (MMR) and 
live- attenuated herpes zoster vaccines may be an exception.

Following the Centers for Disease Control and Preven-
tion (CDC) recommendations, the definition of the ‘immu-
nosuppressive therapy’ includes GC usage for ≥2 weeks in 
dosages equivalent to prednisone of 20 mg/d or 2 mg/kg body 
weight are considered immunosuppressive, as is methotrexate 
(MTX) ≥0.4 mg/kg/week, azathioprine ≥3.0 mg/kg/day or 
6- mercaptopurine ≥1.5 mg/kg/day, whereas dosages below these 
levels may be considered as a ‘low grade’ immunosuppression. 
The level of immunosuppression in case of a long- term treat-
ment with low dose GC requires further investigation. In the 

field of rheumatology, bDMARDs and tsDMARDs are likewise 
defined as immunosuppressive therapy.

The evidence on MMR is mainly derived from the observa-
tional data in the paediatric population of patients with AIIRD. 
With regard to immunogenicity, a retrospective study from the 
Netherlands reported a long- term persistent seroprotection for 
measles in a large group of patients with juvenile idiopathic 
arthritis (JIA).49 The use of GCs or MTX did not influence the 
antigen- specific antibody concentration or seroprotection rates. 
Consistently, a similar outcome was reported in a small retro-
spective study performed in paediatric SLE patients in Brazil.50 
A prospective nested case- control study from Germany also 
reported a protective humoral response following 6 months 
after measles revaccination in 15 patients with JIA, treated with 
either low- dose MTX therapy alone or in combination with 
etanercept.51 Regarding safety, no increase in disease activity, 
measles flare or severe serious infections were seen, including JIA 
patients using etanercept.51 A randomised, open- label study from 
the Netherlands confirmed an appropriate immunogenicity and 
safety of the MMR booster provided to JIA patients, including 
60 patients using MTX and a small number of patients using 
bDMARDs.52 Based on these safety data of the MMR booster 
vaccination, the measles virus booster vaccine (as opposed to 
neo- immunisation) can be considered in AIIRD patients on low 
grade of immunosuppression at risk of contracting measles infec-
tion (for example, travellers).

Concerning vaccination against herpes zoster (HZ), two 
studies evaluated the safety of the live- attenuated zoster vaccine 
in AIIRD patients using immunosuppressive drugs. A large 
cohort study of Medicare beneficiaries 60 years and older with 
AIIRD, treated with immunosuppressive therapies, including 
bDMARDs, did not show any increase in the incidence of 
herpes zoster during the first 42 days after vaccination.53 Live- 
attenuated HZ vaccine was safely provided to a small cohort of 
SLE patients (n=10), followed for 12 weeks.54 Based on these 
studies, the live- attenuated HZ vaccine may be considered in 
patients at risk. A non- live virus vaccine is now available in some 
countries. Both vaccines are discussed in the recommendation 
#5 below.

In summary, live- attenuated vaccines should be avoided during 
immunosuppression, with a possible exception of a cautious use 
of MMR booster and HZ vaccine under special circumstances, 
as discussed above.

Recommendations
A total of nine recommendations have been formulated. For 
each recommendation, the level of evidence for the incidence/
prevalence of VPI in AIIRD, and efficacy/immunogenicity/
safety of vaccination were stated, when available, followed by 
the strength of recommendation and the level of agreement 
(table 2). Six of these recommendations concerning influenza, 
pneumococcal, tetanus toxoid, HAV, HBV as well as HPV vacci-
nations originated from the 2011 recommendations with some 
modifications. Three recommendations (former #10, #12 in the 
2011 version) concerning vaccination in hyposplenic/asplenic 
patients with AIIRD, BCG vaccination and travelling patients 
with AIIRD were deleted. The task force decided that the first 
two topics became irrelevant in a daily rheumatology practice. 
The recommendation for the travelling patients with AIIRD 
(former #13) to follow the national guidelines was omitted due 
to being non- specific. Two new recommendations (#8, #9) were 
formulated encompassing the vaccination in household members 
of patients with AIIRD and newborns treated with biologics 
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during pregnancy. An SLR was performed on these topics which 
disclosed no relevant papers. Thus, these recommendations were 
based on expert opinion.

Influenza vaccination should be strongly considered for the majority 
of patients with AIIRD
This recommendation, listed #5 in the 2011 version, remained 
essentially unchanged, except for the remark that the vaccine 
should be considered for the majority of patients and not all 
patients. Patients with AIIRD have a higher risk of contracting 
influenza compared with the general population.55–57 The task 
force panel has extensively discussed the scope of patients for 
whom the vaccine should be recommended. As there is a substantial 
variability in national guidelines for influenza vaccination, ranging 
from the whole population vaccination in the USA to age- based 
and risk- based vaccination in other countries, the panel has taken 
into consideration different epidemiological and clinical aspects of 
influenza vaccination in patients with AIIRD. To date, there is no 
compelling epidemiological evidence to justify a universal influenza 
vaccination for the whole population of patients with AIIRD. For 
example, young patients with ankylosing spondylitis, treated with 
non- steroidal anti- inflammatory drugs only, are not considered 
immunosuppressed and thus are not at increased risk of influenza- 
related morbidity. Yet, the majority of the AIIRD population, in 
particular patients treated with immunosuppressive therapy, seems 
to benefit from the vaccine.33 58 59

Regarding efficacy, seasonal trivalent subunit influenza vacci-
nation has been shown to reduce the incidence and bacte-
rial complications of influenza, admissions for and mortality 
from influenza/pneumonia in AIIRD.60–63 Most studies have 
focused on immunogenicity as surrogate outcome for efficacy. 
Influenza vaccination has been shown to be immunogenic in 
patients with RA, SLE, ANCA- associated vasculitis (AAV), 
SSc, and PsA, treated with all classes of DMARDs,33 59 64–98 
except for rituximab.37 41 43 99 100 Temporary discontinuation 
of MTX was shown to improve immunogenicity of seasonal 
influenza vaccination in patients with RA, with the best results 
when MTX was suspended for 2 weeks before and 2 weeks 
after vaccination.101 102 However, it is currently not recom-
mended to stop MTX before or after vaccinating for influenza. 
Adverse events of influenza vaccination in patients with AIIRD 
seem comparable to those in healthy controls, although there 
are no studies that are sufficiently powered with regard to 
safety.28 33 41 43 64 65 69 73–78 81 83–86 88–90 92 94–96 99 103 104

Most studies investigating immunogenicity and safety of the 
pandemic monovalent influenza vaccine found reduced immu-
nogenicity in AIIRD patients (mostly RA and SLE) and on most 
immunosuppressive medications, although protective antibody 
levels were reached in the majority of patients,34 35 38 40 59 89 105–116 
except for those treated with rituximab and abatacept.38 42 117 A 
second booster dose of vaccine was shown to improve immu-
nogenicity, leading to levels of seroprotection comparable to 
healthy controls.40 42 118 This has also been shown in SLE patients 
who received seasonal influenza vaccine for the first time.29

Following vaccination with both seasonal and pandemic influ-
enza vaccines, the disease activity was stable in the majority of 
studies and only mild adverse events, comparable with healthy 
controls, were reported.34 35 38 40 59 89 105–109 113–116 119 Based on 
the data of increased risk and morbidity of influenza infection in 
AIIRD patients, in combination with studies showing a decrease 
in influenza infections following vaccination, and a large body 
of evidence proving good influenza vaccine immunogenicity 
and safety in AIIRD patients, influenza vaccination should be 
strongly considered for the majority of patients.

Pneumococcal vaccination should be strongly considered for the 
majority of patients with AIIRD
This recommendation, listed #6 in the 2011 version, has been 
modified defining the scope of candidates to pneumococcal 
vaccine as the ‘majority’ of patients with AIIRD, in order to 
target patients at risk of pneumococcal disease. The task force 
panel has extensively discussed the types of pneumococcal 
vaccine, timing of vaccine administration, the scope of patients 
who will mostly benefit from vaccination and cost- effectiveness 
of the vaccine in order to target AIIRD patients at risk of pneu-
mococcal disease.

The risk of pulmonary infection is particularly high for patients 
with AIIRD. In a study of US veterans with RA, the highest rate 
of hospitalisation for infection was due to pneumonia (37%).120 
RA and SLE were identified as additional at- risk conditions for 
pneumococcal disease.121 The incidence of invasive pneumo-
coccal infection in SLE patients was 13 times higher compared 
with the Dutch general population.122

Two pneumococcal vaccines are now available: the 23- valent 
pneumococcal polysaccharide vaccine (PPSV23) and the 13- valent 
pneumococcal conjugate vaccine (PCV13). Regarding efficacy, a 
randomised double- blind trial on the clinical efficacy of PPSV23 
in preventing pneumonia in RA patients did not demonstrate an 
increased efficacy of the vaccine over placebo.123 On the other 
hand, a retrospective study on the long- term effect of PPSV23 in 
RA patients treated with MTX showed a relative risk of 9.7 to 
develop pneumonia in non- vaccinated patients.124 The humoral 
immunogenicity and safety of the PPSV23 has been demonstrated 
in RA,64 87 125–129 SLE,130–132 and to a limited extent in SpA and 
others.133 The long- term immunogenicity of PPSV23 has been 
evaluated in two studies, in RA patients treated with MTX124 and 
biologics, respectively.134 Both have shown a long- term duration 
of protective antibodies, up to 7 years. The immunogenicity and 
safety of PCV13 has been evaluated in small groups of patients 
with RA and found to induce an appropriate humoral response,135 
although reduced under MTX,136 in SLE137 and systemic vasculitis 
patients.138 None of the above- mentioned studies raised any safety 
concerns except for patients with cryopyrin associated periodic 
syndromes (CAPS), who may develop severe local reactions and 
systemic reactions to PPSV23.139

Stepwise pneumococcal vaccination, a PCV13 prime- PPSV23 
boost strategy, with an interval of at least 8 weeks between the 
two vaccinations, is now recommended based on the CDC and 
the European Society of Clinical Microbiology and Infectious 
Diseases (ESCMID) recommendations for young children, adults 
above 65 years old and patients at risk for pneumococcal disease 
(table 3). This is mainly based on expert opinion. Evidence from 
studies conducted in the general population140 141 and patients 
with HIV142 showed an augmented immunogenic response 
following the combined vaccination. On the other hand, the 
evidence for the efficacy of the combination of PCV13 and 
PPSV23 in patients with AIIRD is insufficient. A randomised 
controlled study in RA patients evaluated the serological 
response to PCV13 followed by PPSV23 after 16 to 24 weeks. 
The study demonstrated an adequate response (87% and 94% in 
RA patients on bDMARDS and csDMARDS, respectively), with 
a significantly decreased response in patients treated with RTX. 
A prime boosting strategy with PCV13 did not improve the 
response.45 However, long- term follow- up studies addressing 
persistence of the humoral response and immunological memory 
are not available yet.

In view of the increased risk of non- invasive and invasive 
pneumococcal disease in patients with AIIRD, along with good 
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Table 3 Schedule of administration of pneumococcal vaccine in AIIRD patients under immunosuppressive therapy based on the CDC 
recommendations

History of prior vaccination schedule for administration of PCV13 and PPsV23

None or unknown Administer PCV13 followed in 8 weeks by PPSV23 #1. Administer PPSV23 #2 at least 5 years after PPSV23 #1.

One dose PPSV23; zero or unknown PCV13 Administer PCV13 at least 1 year after PPSV23 #1. Administer PPSV23 #2 at least 5 years after PPSV23 #1 and at least 8 weeks 
after PCV13.

Zero or unknown PPSV23; one dose PCV13 Administer PPSV23 #1 at least 8 weeks after PCV13. Administer PPSV23 #2 at least 5 years after PPSV23 #1.

One dose PPSV23; one dose PCV13 Administer PPSV23 #2 at least 5 years after PPSV23 #1 and at least 8 weeks after PCV13.

Two doses PPSV23; 0 or unknown PCV13 Administer PCV13 at least 1 year after PPSV23 #2.

Reference:http://www.immunize.org/catg.d/p3075.pdf

AIIRD, autoimmune inflammatory rheumatic diseases; CDC, Centers for Disease Control and Prevention; PCV13, 13- valent pneumococcal conjugate vaccine; PPSV23, 23- valent 
pneumococcal polysaccharide vaccine.

efficacy, immunogenicity and favourable safety profile of pneu-
mococcal vaccines in the healthy population, and in line with the 
present recommendations of the CDC143 144 and the ESCMID,145 
pneumococcal vaccination should be strongly considered for the 
majority of patients with AIIRD. Pneumococcal vaccination 
should be considered carefully in patients with CAPS given the 
potential risks of adverse events. The task force does not have 
a reason to recommend a specific pneumococcal vaccine based 
policy based on the present data on efficacy, immunogenicity 
and safety of available pneumococcal vaccines. Costs of vaccines 
may play a role in the decision of the vaccine choice.

Patients with AIIRD should receive tetanus toxoid vaccination in 
accordance to recommendations for the general population. Passive 
immunisation should be considered for patients treated with B cell 
depleting therapy.
The content of this recommendation remained essentially 
unchanged (reference recommendation #7 in the 2011 version), 
except of rephrasing of the second statement.

No studies evaluated infection rates of tetanus after vaccina-
tion. Humoral response to tetanus vaccination strongly correlates 
with disease prevention and therefore can be used as a clinical 
outcome measure. In general, patients with AIIRD are recom-
mended to receive tetanus toxoid vaccination in accordance to 
recommendations for the general population.

Patients with RA and SLE show a satisfactory immunoge-
nicity for tetanus toxoid vaccination comparable with healthy 
controls.146–148 This also holds true for patients with RA on 
immunosuppressive drugs,128 149 including those treated with 
rituximab 24 weeks earlier.36 Treatment with belimumab did 
not affect the ability of patients with SLE to maintain antibody 
titers to previous tetanus immunisation.150 Although no data are 
available regarding the efficacy of tetanus toxoid vaccine under 
the influence of B cell depleting therapy, the efficacy is assumed 
to be decreased in this situation, based on the data extrapola-
tion from other vaccines. Therefore, passive immunisation with 
tetanus immunoglobulins should be considered in case of a high- 
risk exposure to tetanus in patients treated with B cell therapy, 
according to the expert opinion.

Hepatitis A and hepatitis B vaccines should be administered to 
AIIRD patients at risk — in specific situations, booster or passive 
immunisation is indicated
The original recommendation on HAV and HBV vaccination 
(#11 in the 2011 version) has been expanded regarding the 
indication for a booster or passive immunisation in specific 
cases. No data on the incidence/prevalence of HAV in AIIRD 
is available. Patients with AIIRD at risk of contracting hepatitis 

A are recommended to receive vaccination against hepatitis A. 
Patients at risk include HAV- seronegative patients travelling to 
or resident in endemic countries. Data on the vaccine efficacy 
are lacking, but there is a strong correlation between antibody 
concentrations and seroprotection against infection. It should 
be emphasised that, as opposed to strong immunogenicity in 
healthy individuals, a single dose of HAV vaccine does not seem 
to afford a sufficient protection in RA151 and patients using 
immunosuppressive drugs.152 Therefore, second HAV vaccina-
tion after 6 months and determination of post- vaccination anti-
body titers is recommended. If this is not possible, as in the case 
of a last- minute traveller, one should be aware that an AIIRD 
patient may not be protected after a single dose of HAV vaccine, 
and consider passive immunisation prior to the specific journey.

Studies from the different geographical regions across the 
world reported a variable serological prevalence of HBV infec-
tion among AIIRD patients. Data on the efficacy of hepatitis B 
vaccination in AIIRD patients are lacking, but antibody concen-
trations are considered to correlate well with protection. Hepa-
titis B vaccination was immunogenic in most patients with 
AIIRD,153–156 although two open label small studies reported an 
insufficient humoral response to HBV vaccine in AIIRD patients 
treated with bDMARDs.157 158 Furthermore, high- dose HBV 
vaccination did not increase the humoral response rate.158

In concordance with the previous recommendations, HBV 
vaccine should be administered only to patients at risk. Patients 
at risk include HBV- seronegative patients that travel to or are 
residents in endemic countries, and patients at increased risk of 
exposure to HBV (eg, medical personnel, household contacts or 
sexual partners of known persons with chronic HBV infection, 
intravenous drug users, men who have sex with men). In case of 
an exposure to HBV (for example percutaneous (needle stick, 
laceration, bite or permucosal) in an unvaccinated patient or a 
patient with an insufficient response to HBV vaccine, a booster 
or passive immunisation with hepatitis B immune globulin is 
indicated according to the CDC recommendations.159

Herpes zoster vaccination may be considered in high-risk patients 
with AIIRD
This recommendation remained identical to the recommenda-
tion #8 in the 2011 version. The evidence accumulated over the 
last decade has further supported this recommendation.

AIIRD patients are at increased risk of HZ compared with 
the general population, with the highest risk of infection in 
patients with inflammatory myositis and SLE of all ages.160 A 
live- attenuated HZ vaccine reduced the risk of HZ by 51% to 
70% among immunocompetent individuals 50 years and older in 
two randomised blinded trials.161 162 In elderly AIIRD patients, 
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vaccination with HZ vaccine was associated with a reduced inci-
dence of HZ over a median of 2 years follow- up, as reported 
in a retrospective large database study including patients with 
immune- mediated diseases (RA, PsA, AS, psoriasis, inflamma-
tory bowel disease (IBD)). This effect was present regardless of 
medication use, including bDMARDs. HZ vaccination offered 
protection for about 5 years among patients with autoimmune 
diseases.53 Furthermore, the vaccine seemed to be immuno-
genic and safe in a small sample of SLE54 and in GC- treated 
patients.163 Regarding safety, the vaccine was safe within 42 days 
of follow- up, including for patients on biologics.53 Administra-
tion of HZ vaccine to active RA patients ≥50 years old treated 
with MTX, 2 to 3 weeks before starting tofacitinib, was reported 
to be safe and immunogenic at 14 weeks follow- up.164 Large 
prospective trials sufficiently powered for assessing safety of this 
live- attenuated vaccine are lacking.

Based on the increased infection rates, the efficacy in healthy 
controls and documented efficacy and safety in one study 
including 463 541 AIIRD patients, including 633 patients on 
bDMARDS (predominantly tumour necrosis factor (TNF) 
blockers)), the live- attenuated HZ vaccine may be considered 
in AIIRD patients. This vaccine is preferably administered 4 
weeks prior to initiation of bDMARDs or tsDMARDs,164 but not 
during the treatment with bDMARDs or tsDMARDs. In patients 
with uncertain varicella exposure, evaluation of varicella zoster 
serostatus may be considered before the administration of live- 
attenuated HZ vaccine in order to prevent primary varicella 
infection following the vaccine. There is no enough data on a 
long- term protection and the need for vaccine booster.

Importantly, a new non- live recombinant subunit adjuvant 
zoster vaccine called Shingrix was licensed in Europe since 
March 2018 and available in some countries. The vaccine is 
recommended for adults 50 years and older, including immu-
nosuppressed patients, and administrated in two intramuscular 
doses provided 2 to 6 months apart. Shingrix has been shown 
to be safe and more efficacious compared with live- attenuated 
vaccine in elderly adults.165 166 Safety and efficacy of the subunit 
zoster vaccine have not yet been investigated in AIIRD patients. 
Based on the fact that Shingrix is a non- live vaccine, it may 
replace the live- attenuated vaccine in patients with AIIRD.

Vaccination against yellow fever should be generally avoided in 
patients with AIIRD
This is a newly formulated recommendation. The rationale for 
specifically addressing the yellow fever vaccine stems from the 
fact that travelling to the endemic area for yellow fever in the 
South America and Africa has become popular in the European 
countries and the question of yellow fever vaccination in patients 
with AIIRD is commonly raised. A discussion was held regarding 
keeping the recommendation #12 from the 2011 version that 
referred to travelling patients with AIIRD. The majority of the 
panel agreed that the previous recommendation #12 was of a too 
general character advising to vaccinate travelling AIIRD patients 
according to general rules, with the exception of avoidance from 
live- attenuated vaccines. The addition of new, though limited, 
experience on administration of the vaccine to patients with AIIRD 
led to a special recommendation for the yellow fever vaccine.

The yellow fever vaccine is a live- attenuated vaccine. A single 
dose of which is sufficient to confer sustained immunity against 
yellow fever disease. Primary vaccines typically develop a low- 
level viraemia, which abates as anti- yellow virus immunoglobulin 
M (IgM) antibodies develop 4 to 7 days post- vaccination and 
can persist for several years following vaccination. The vaccine is 

recommended for people who are travelling to or living in areas 
endemic for yellow fever virus in Africa and South America.167

During the task force meeting, a discussion regarding the 
safety profile of the primary versus booster vaccination was held. 
Notably, the booster vaccine was administered without sequelae 
to 17 Brazilian patients with RA treated with infliximab168 and 31 
Brazilian patients with AIIRD (RA, SLE, SSc, AS), some of them 
treated with bDMARDs169 with an adequate immunogenicity in 
both studies. Yet, these results cannot be extrapolated to immu-
nocompromised individuals receiving yellow fever vaccine for the 
first time. Notably, 34 French travellers with autoimmune diseases 
treated with GCs (prednisone or equivalent dosage 7 mg/day) were 
vaccinated with yellow fever vaccine with an adequate immunoge-
nicity 6 months after immunisation, with a notion of more frequent 
moderate- to- severe local responses to vaccination, without serious 
adverse events.170

The force task also discussed the option to test for yellow 
fever immunity by measuring the serology (IgM and IgG specific 
to yellow fever) prior to the planned vaccination.171

In conclusion, patients with AIIRD under immunosuppression 
should avoid yellow fever vaccination due to the risk of inducing 
yellow fever infection. For patients with AIIRD travelling to the 
endemic countries, withholding immunosuppressive therapy 
to allow a safe vaccination or measuring serology in previously 
exposed patients may be considered. The duration of withholding 
of immunosuppressives should be based on the pharmacokinetics 
of each agent.

Patients with AIIRD, in particular patients with SLE, should receive 
vaccinations against HPV in accordance with recommendations for 
the general population
The recommendation concerning HPV vaccination (#9 in the 
2011 version) has been modified: instead of considering the 
HPV vaccine for ‘selected’ patients with AIIRD, the wording 
was changed to ‘patients with AIIRD, in particular patients with 
SLE’ and the reference to the general population guidance was 
added. The main reason for this modification was based on the 
fact that the main bulk of evidence on the epidemiology of HPV 
in patients with AIIRD is based on studies in female patients with 
SLE.172–176 This population is at a particular high risk to contract 
genital HPV infection, including high- risk serotypes for cervical 
dysplasia.173 174 Whereas there is still no data on the efficacy of 
HPV vaccination in patients with AIIRD, new data on the vaccine 
immunogenicity in patients with SLE was published since 2010. 
Overall, the immunogenicity of the HPV vaccine was similar in 
patients with SLE and controls, without significant safety signals in 
patients with SLE.30 177–179 Notably, concerns regarding the safety 
of HPV vaccine have been raised based by case reports and case 
series on the onset of autoimmune diseases following HPV vacci-
nation.180–185 Population based studies have consistently shown 
that quadrivalent HPV vaccine was not associated with increased 
incidence of new- onset autoimmune disease in girls and women 
with pre- existing autoimmune disease.186–188 Therefore, based 
on the present data, the task force agreed that HPV vaccination 
should be encouraged for patients with AIIRD, with a particular 
focus on patients with SLE, as indicated for the general population.

Immunocompetent household members of patients with 
AIIRd should be encouraged to receive vaccines according 
to national guidelines with the exception of the oral polio 
vaccine
This recommendation, mainly based on expert opinion, is new 
and follows guidelines of international societies, such as the 
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Infectious Diseases Society of America.189 Immunocompetent 
individuals, who live in a household with immunosuppressed 
patients, should receive inactivated vaccines as well as live- 
attenuated vaccines such as MMR, rotavirus, varicella and zoster 
vaccine, according to national guidelines. Oral polio vaccine 
should be avoided due to a risk of transmission to household 
members, with a small risk of vaccine- associated paralytic polio-
myelitis in immunosuppressed household members. Highly 
immunocompromised patients should avoid handling diapers of 
infants vaccinated against rotavirus for at least 4 weeks following 
the administration of the vaccine. Contact with persons devel-
oping skin lesions after varicella or zoster vaccines should be 
avoided.189

Live-attenuated vaccines should be avoided during the first 6 
months of life in newborns of mothers treated with biologics during 
the second half of pregnancy
Since IgG crosses the placenta during the third trimester,190 
anti- TNF biologics, except certolizumab pegol,191 192 are detect-
able in newborns of mothers treated with biologics until 6 
months after birth.193 Based on this data, live- attenuated vaccines 
should be avoided during the first 6 months of life in newborns 
of mothers exposed to anti- TNF biologics during the second half 
of pregnancy.194–199 Despite favourable data regarding the lack 
of certolizumab transfer to cord blood, it is limited to a small 
number of patients191 and there is no published data concerning 
live vaccination of the newborns of mothers treated with certoli-
zumab during pregnancy.

A fatal case of disseminated tuberculosis in a newborn 
exposed to infliximab and vaccinated with BacillusCalmette–
Guérin (BCG) vaccine, underlines the importance to avoid 
live- attenuated vaccines for at least first 6 months of life.200 201 
According to the EULAR points to consider for use of anti- 
rheumatic drugs before pregnancy, and during pregnancy and 
lactation, children exposed to biologics only before week 
22, can receive vaccinations according to standard protocols 
including live vaccines. Children exposed to biologics at the 
late second and during the third trimester, can follow vaccina-
tion programme, but should not receive live vaccines in the first 
6 months of life.202 When available, measurement of child serum 
levels of the biologic in question could guide the decision for or 
against a live vaccine.202

dIsCussIon
The 2019 update of the EULAR recommendations for vaccina-
tion in adult patients with AIIRD was developed by 21 experts 
including patients, rheumatologists, immunologists, an infec-
tious disease specialist and HPR representing eight countries. 
The original set of 13 recommendations published in 2011 was 
expanded and divided into six overarching principles, followed 
by nine recommendations. The EULAR task force defined the 
overarching principles as universal ones to guide vaccination in 
the AIIRD population, with the first two principles focusing on 
the responsibility for assessment, education and implementation 
of the individualised vaccination programme by a treating rheu-
matology team, jointly shared with and consented by patients. In 
light of the low uptake of vaccination among the AIIRD popula-
tion worldwide, emphasising the role of the treating rheumatology 
team in education of patients and other healthcare professionals 
regarding vaccines benefits should improve the uptake of vacci-
nation. The following overarching principles were based on the 
new data related to efficacy, immunogenicity and safety of vacci-
nation under immunosuppressive therapies, specifically addressing 

the optimal timing of vaccination, the type of vaccine (non- live vs 
live- attenuated) and the underlying disease activity at the time of 
vaccination. In line with the 2011 recommendations, vaccination 
should be ideally administered during quiescent disease, prior to 
the planned immunosuppressive therapy. Non- live vaccines seem 
to be safe and sufficiently immunogenic when provided under 
most immunosuppressive therapies, except for B cell depletion, 
and probably CTLA4- Ig therapy.

Different from the previous version, current recommenda-
tions advocate a more flexible approach to administration of 
certain live- attenuated vaccines, that is, MMR and HZ. New, but 
limited, data from the paediatric patients with AIIRD concerning 
MMR and adult AIIRD patients concerning HZ show efficacy 
and immunogenicity of both vaccines in patients treated under 
csDMARDs and bDMARDs.

The core set of recommendations was partially modified 
compared with the 2011 version, whereas for most recommen-
dations the strength of recommendations remained unchanged, 
with the exception of HZ. Both influenza and pneumococcal 
vaccinations are now recommended for the majority of patients 
with AIIRD as opposed to all patients, emphasising the impor-
tance of an individual infection risk assessment in each case. For 
example, the risk to contract influenza in a young patient with 
AS treated with a nonsteroidal anti- inflammatory drug (NSAID) 
only is not equivalent to a patient with active SLE under immu-
nosuppression. For pneumococcal vaccination, a prime- boost 
strategy (PCV13 followed by PPSV23 vaccination), a new 
approach adapted by the CDC for immunosuppressed patients, 
was presented and discussed. The lack of data on the implemen-
tation and efficacy of this regimen in patients with AIIRD was 
discussed. The choice and sequence of pneumococcal vaccina-
tion should be in concordance with local guidelines. The recom-
mendations concerning tetanus, HAV and HBV were expanded 
to include passive immunisation for selected cases. In the case 
of HZ vaccination, the sufficient amount of a good- quality 
new clinical data accumulated over the last decade permitted to 
upgrade the strength of recommendation to B from C- D in the 
previous version. Furthermore, new items addressing the vacci-
nation of an AIIRD patient’s environment, including household 
members and newborns of mothers treated with biologics during 
pregnancy, were added and discussed. The recommendations 
regarding the BCG vaccine, which is no longer recommended 
in patients with AIIRD, an approach to hyposplenic/asplenic 
patients and to travellers with AIIRD were omitted from the 
present version. Instead, a separate item regarding the yellow 
fever vaccination in patients travelling to endemic areas was 
added.

The task force discussed current controversies in the field of 
vaccinations. In the era of personalised medicine, there is a strong 
need for a tool to estimate the risk of infection on an individual 
basis. A tool predicting the probability of contracting serious 
infections within a specified amount of time will indicate the 
patients who are most likely to benefit from preventive measures, 
and accordingly tailor the appropriate vaccination programme 
and antimicrobial prophylaxis. To date, three scoring systems of 
serious infection risk were developed in the field of RA, based on 
the Rochester cohort,203 large administrative US databases19 and 
German Biologics Register RABBIT.204 A patient’s age, functional 
status, disease severity and activity, comorbidities, previous infec-
tions and treatments were considered as contributors to the future 
risk of infections, with each scoring system using a different model 
of risk assessment. Notably, the Rochester score did not include 
treatment with bDMARDs or non- biological DMARDs in contrast 
to the other two scores. Thus, given the differences in the scoring 
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systems, no direct comparison between them can be performed. 
Yet, these scores represent an important step toward personalised 
medicine in relation to prevention of infectious disease and avoid-
ance of ‘unnecessary’ vaccination in AIIRD patients with low risk 
of infection. Further research is needed to optimise individual 
risk stratification, enabling physicians to personalise vaccination 
recommendations in the near future.

The following topics were in particular discussed during the 
task force: HZ vaccination in the young SLE population and 
safety of the HPV vaccine. Currently, the HZ vaccine is approved 
by the US Food and Drug Administration (FDA) and European 
Medicines Agency (EMA) only for individuals aged 50 years or 
older. Given the significantly elevated risk of HZ infection and 
related comorbidities, including the risk of disseminated disease, 
in the paediatric/young SLE population,160 205–208 clinical studies 
are required to evaluate the efficacy and safety of the vaccine 
in this vulnerable population. This topic may be solved in the 
future with the introduction of a non- live vaccine against HZ.

Concerns have been raised following the publication of several 
case reports and series on the onset and exacerbation of SLE 
after HPV vaccination185 209 210 and an up to 30% rate of flare in 
vaccinated patients with SLE in an open study.177 On the other 
hand, large scale studies have not shown an increase in the inci-
dence of autoimmune diseases among young females vaccinated 
against HPV and a case control study on HPV vaccination in SLE 
patients showed a similar rate of flares in both vaccinated and 
unvaccinated groups (30). These reports have led the task force 
to the present recommendation.

In conclusion, the evidence concerning safety, immunoge-
nicity and efficacy of vaccination among patients with AIIRD 
has markedly grown during the last years allowing to adjust and 
upgrade the recommendations and guide physicians in the use of 
vaccinations in AIIRD.
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AbsTRACT
background/objectives To maintain and optimise 
the quality of care provided by health professionals in 
rheumatology (HPRs), adequate educational offerings 
are needed. This task force (TF) aimed to develop 
evidence- based recommendations for the generic 
core competences of HPRs, with specific reference 
to nurses, physical therapists (PTs) and occupational 
therapists (OTs) to serve as a basis for their postgraduate 
education.
Methods The EULAR standardised operating 
procedures for the development of recommendations 
were followed. A TF including rheumatologists, nurses, 
PTs, OTs, patient- representatives, an educationalist, 
methodologists and researchers from 12 countries met 
twice. In the first TF meeting, 13 research questions were 
defined to support a systematic literature review (SLR). 
In the second meeting, the SLR evidence was discussed 
and recommendations formulated. Subsequently, level of 
evidence and strength of recommendation were assigned 
and level of agreement (LoA) determined (0–10 rating 
scale).
Results Three overarching principles were identified 
and 10 recommendations were developed for the 
generic core competences of HPRs. The SLR included 79 
full- text papers, 20 of which addressed the competences, 
knowledge, skills, attitudes and/or educational needs of 
HPRs from multiple professions. The average LoA for each 
recommendation ranged from 9.42 to 9.79. Consensus 
was reached both on a research and educational agenda.
Conclusion Evidence and expert opinion informed 
a set of recommendations providing guidance on the 
generic core competences of HPRs. Implementation of 
these recommendations in the postgraduate education 
of HPRs at the international and national level is 
advised, considering variation in healthcare systems and 
professional roles.

InTRoduCTIon
Health professionals in rheumatology (HPRs) play 
an important role in the care of people with rheu-
matic and musculoskeletal diseases (RMDs). Up- to- 
date knowledge and relevant skills are essential to 
provide safe and effective patient care. Although 
multiple educational offerings have been developed 
for HPRs at postgraduate level, their availability 
and content vary largely among countries as well 
as by profession.1 It is imperative that the defini-
tion or development of a curriculum for HPRs, that 

is harmonised across countries, has international 
consensus on the core competences needed for the 
management of people with RMDs.

A set of desirable competences already exists at 
European level for rheumatologists.2 For HPRs, 
relevant work has been done only at national level. 
In the UK, a Delphi- based study identified the 
core competences that non- specialist community- 
based nurses and allied HPRs should have.3 Also, 
the Health Education England, NHS England and 
Skills for Health recently published the muscu-
loskeletal core capabilities framework for a range 
of practitioners in rheumatology who act as first 
point reference.4 Currently, no such sets of generic 
competences HPRs of multiple professions have in 
common exist at European level.

To address this unmet need, a EULAR task force 
(TF) was set up to develop EULAR- endorsed recom-
mendations for generic core competences of HPRs 
of multiple professions at the postgraduate level. 
These would need to constitute the common base 
of competences every HPR working with people 
with RMDs should have. On top of that, HPRs may 
need additional competences, depending on their 
specific profession. Although it was considered that 
HPRs represent a broad range of professions, the 
project focused on nurses, physical therapists (PTs) 
and occupational therapists (OTs). These profes-
sionals were, apart from physicians, considered to 
be most frequently involved in the care of people 
with RMDs. The EULAR recommendations for the 
generic core competences of HPRs are intended for 
all HPRs and other healthcare providers in the field 
of RMDs and are relevant to key stakeholders that 
is, patients, as well as their (inter)national organisa-
tions; institutions and clinical educators providing 
education for HPRs. Furthermore, these recom-
mendations could serve as a framework for all rele-
vant stakeholders other than just service providers, 
including health insurers and policy makers as well 
as a reference document for generic competences of 
health professionals in other specialties.

MeTHods
The updated EULAR standardised operating proce-
dures (SOPs) for the development of the recommen-
dations were followed5 after approval of the TF by 
the EULAR Executive Committee. The multidisci-
plinary TF comprised of a selection of nine experts 
in HPRs’ education (three nurses, two PTs, three 
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OTs, one rheumatologist), two EMEUNET members (VS, GF), 
three patient representatives and a steering group managing the 
process (convenors TVV and AI, methodologists EN and TVV, 
educationalist CH, fellows LE and GF). There was broad country 
representation in the TF from across 12 countries (Netherlands, 
Italy, UK, Portugal, Denmark, Norway, Czech Republic, Austria, 
Croatia, Germany, Russia, Greece).

During the first TF meeting, definitions of competences and a 
clear definition of HPRs were agreed. Clinically relevant ques-
tions on HPRs’ education, skills and practice were discussed, 
and research questions were defined by consensus to form the 
basis for the subsequent systematic literature review (SLR). The 
literature on the competences, roles, knowledge, attitudes, skills 
or educational needs of HPRs in general, or specifically for 
nurses, PTs or OTs and at postgraduate level was systematically 
identified using a structured search strategy in multiple elec-
tronic databases (PubMed/Medline, Embase, Cochrane library, 
CENTRAL, Emcare, PsycINFO, Academic Search Premier, Web 
of Science, Google Scholar and the educational databases ERIC 
and National Science Digital Library). National presidents or 
liaison persons of HPRs’ organisations were also contacted to 
supplement the information retrieved from the SLR. Details of 
the search strategy, including study selection, data extraction 
and data synthesis are provided in a separate manuscript (under 
submission). Studies addressing competences of multiple HPRs 
(including nurses and/or PTs and/or OTs) were considered as the 
most appropriate to answer the research questions. Method-
ological quality of each of the studies addressing competences 
of HPRs of multiple professions was scored (LE, GF, EN) using 
appropriate tools6–8 (see details in online supplementary table S1). 
Studies describing competences of a single profession (nurse, PT 
or OT) were only used to confirm the generic core competences 
as derived from the literature addressing generic competences of 
HPRs of multiple professions. If more specific information and 
relevant details in support of generic competences was provided 
in the literature addressing a single profession, that information 
was extracted. Competences that unambiguously can or should 
only be applied or performed by one profession were not taken 
into account, with the distinction being based on professional 
profiles and one of the studies providing a detailed description 
of desired competences per discipline.9

The findings of the SLR were presented by the fellows at the 
second TF meeting and formed the basis of a detailed discus-
sion by the TF that informed the wording of overarching 
principles (OAPs) and recommendations. The OAPs/recommen-
dations were voted on informally by the TF and if at least 75% 
approved each OAP and recommendation, these were accepted. 
If not, discussion was resumed with changes proposed followed 
by further rounds and was completed if the vote indicated the 
majority approved the OAP/recommendations. At the second 
TF meeting, a brief discussion on the educational and research 
agenda was also commenced, subsequently completed by email 
communication with all TF members.

After the second meeting, the level of evidence (LoE) and 
strength of the recommendation (SoR) were determined by the 
steering group. The LoE was determined separately for qual-
itative and quantitative studies using appropriate tools, both 
rated on a scale from 1 to 4. For the categorisation of the LoE 
from quantitative papers, the Oxford levels of evidence was 
used, as described in the EULAR SOP.10 The LoE for quali-
tative papers was categorised using a modified version of the 
hierarchy of evidence- for- practice in qualitative research by 
Daly et al,11 with subcategories (a and b) added at each level to 
allow for more accurate reflection of grading of the evidence 

based on studies falling between two levels due to their type 
and employed methodology. In brief, the hierarchy of evidence 
in qualitative research- study types suggested by Daly et al11 
proposes a four- level hierarchy of the quality of evidence 
for practice. The highest level (level I) refers to generalisable 
studies, level II to conceptual studies, level III to descriptive 
studies and level IV to single case studies. To assign a specific 
LoE, the number of studies available for each category was 
taken into account, similar to the Oxford levels of evidence.10 
The SoRs was determined based on discussions within the TF 
including a comprehensive process of weighting the LoE in the 
context of the impact of the paper, evidence for practice, its 
quality, applicability and validity, as well as the type of study 
and its determined hierarchical LoE.11

The final recommendations including the LoE and SoR were 
then circulated by e- mail to all TF members to provide the 
level of agreement (LoA) independently and anonymously 
on a 0–10 numeric rating scale (0=completely disagree, 
10=completely agree). The mean, SD, median and range of 
the LoA per recommendation, were presented. Moreover, TF 
members were independently asked for any further input on 
the research and educational agenda by e- mail. Draft research 
and educational agendas were circulated based on suggestions 
from the second TF meeting and revised by the steering group 
based on the e- mail responses.

ResulTs
At the first TF meeting, competences of HPRs were in general 
defined as “A set of knowledge, skills and attitudes that concern 
the consistent and appropriate use of communication, knowledge, 
skills, clinical reasoning, emotions, values and reflection on prac-
tice, for the benefit of people with RMDs and the community”. 
For HPRs a definition used by EULAR was employed: “A profes-
sional involved in the care of people with RMDs, who is not a 
registered medical practitioner and is eligible to be a member of 
the organization through which a country has become a EULAR 
HP member”. Furthermore, agreement on 13 main themes, 
translated into research questions (see online supplementary 
table S2) was achieved and subsequently formed the basis of the 
SLR (see separate manuscript). In total, 79 papers were included; 
20 addressed the competences HPRs of multiple professions 
have in common,1 3 4 9 12–27 43 the competences of nurses,28–70 12 
of PTs71–82 and four of OTs.83–86 From the 20 papers addressing 
the competences HPRs of multiple professions have in common, 
75% (n=15) had a qualitative design.1 3 4 9 12 13 15 16 18–20 23 25–27 
The rest consisted of two systematic reviews,11 21 one quantita-
tive study,14 one mixed design study9 and one opinion paper.19 
Quality scoring of each of these papers revealed half of them 
(n=10) to be of high quality, five of medium/moderate quality, 
three of low quality, one of critically low quality. One paper was 
not scored (opinion paper).

Overall, the evidence for the OAPs and recommendations was 
derived from the papers addressing the competences of HPR 
of multiple professions.1 3 4 9 12–27 The evidence was supported 
by studies describing the desired competences of specific 
professions.28–86

At the second TF meeting three OAPs and 10 recommendations 
were formulated. For all three OAPs and the recommendations a 
high LoE was determined (level I or II).11 Regarding the SoR, five 
recommendations were graded as strength level A, four as strength 
B and one as strength B/C. The average LoA for each recommen-
dation ranged from 9.42 to 9.79. Table 1 summarises the OAPs and 
recommendations with their associated LoE, SoR and LoA.
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Table 1 Overarching principles and recommendations for the generic core competences of health professionals in rheumatology (HPRs)

level of 
evidence*

strength of 
recommendation

level of 
agreement
Mean (sd)
Median (range)

overarching principles

A. Effective communication skills and a biopsychosocial approach in the assessment, treatment and care of people with RMDs are of 
paramount importance for HPRs

QLIb NA 9.79 (0.71)
10 (7–10)

B. Person- centred care and patient advocacy are fundamental in the care delivered by HPRs for people with RMDs QLIa NA 9.74 (0.65)
10 (8–10)

C. An evidence- based approach, ethical conduct and reflective practice are essential for HPRs QLIIb NA 9.68 (0.75)
10 (7–10)

Recommendations

1. HPRs should have knowledge of the aetiology, pathophysiology, epidemiology, clinical features and diagnostic procedures of common 
RMDs, including their impact on all aspects of life

QLIb A 9.42 (1.07)
10 (7–10)

2. Using a structured assessment, HPRs should identify aspects that may influence individuals with RMDs and their families, including:
 ► Clinical characteristics, risks, red flags and comorbidities.
 ► Limits to their activity and participation.
 ► Personal and environmental factors.

QLIIa B 9.68 (0.58)
10 (8–10)

3. HPRs should communicate effectively:
 ► To make contributions to other healthcare providers and stakeholders in RMD care.
 ► To collaborate with other healthcare providers, signpost or refer where appropriate to optimise the interdisciplinary care of people 

with RMDs.

QLIIa B/C 9.74 (0.73)
10 (7–10)

4. HPRs should have an understanding of common pharmacological and surgical therapies in RMDs, including their anticipated benefits, 
side- effects and risks, and use this knowledge to advise or refer as appropriate

QLIb B 9.47 (0.84)
10 (8–10)

5. HPRs should provide advice on non- pharmacological interventions, treat or refer as appropriate, based on the evidence, expected 
benefits, limitations and risks for people with RMDs

QLIb B 9.53 (0.90)
10 (7–10)

6. HPRs should assess the educational needs of people with RMDs and their carers to provide tailored education using appropriate 
modes of delivery, relevant resources and evaluate their effectiveness

QLIb A 9.42 (1.02)
10 (6–10)

7. HPRs should take responsibility for their continuous learning and ongoing professional development to remain up- to- date with the 
clinical guidelines and/or recommendations on the management of RMDs

QLIb A 9.79 (0.71)
10 (7–10)

8. HPRs should support people with RMDs in goal setting and shared decision making about their care (eg, identify, prioritise, address 
their needs and preferences and explain in lay terms)

QLIIa B 9.42 (1.07)
10 (6–10)

9. HPRs should support people with RMDs in self- management of their condition. This encompasses selecting and applying the 
appropriate behavioural approaches and techniques to optimise their health and well- being (eg, engagement in physical activity, pain 
and fatigue management)

QLIb A 9.74 (0.81)
10 (7–10)

10. HPRs should be able to select and apply outcome measures for people with RMDs, as appropriate, to evaluate the effectiveness of 
their interventions

QLIb A 9.74 (0.73)
10 (7–10)

ql Indicates a LoE based on studies that used primarily qualitative methods.
*Level of evidence from qualitative studies indicated for OAPs and recommendations for completeness.
LoE, level of evidence; NA, Not Applicable; OAPs, overarching principles; RMDs, rheumatic and musculoskeletal diseases.

Table 2 Overarching principles of the EULAR recommendations for the generic core competences of health professionals in rheumatology (HPRs)

Overarching principle 1:
Effective communication skills and 
a biopsychosocial approach in the 
assessment, treatment and care of people 
with RMDs are of paramount importance 
for HPRs

HPRs should be able to understand the interplay between RMDs and various personal and environmental factors, in the context of the 
biopsychosocial model.3 4 13 16 20 21 The literature underpins the general principle that understanding and applying the principles of the 
biopsychosocial model is considered mandatory for the employment of a holistic approach.4 13 Two studies reported that a basic understanding of 
the International Classification of Functioning, Disability and Health could serve this purpose.16 21 Another key element concerns communication, 
not only for effective interaction with patients but also with other healthcare providers, their organisations or other stakeholders3 4 13

Overarching principle 2:
Person- centred care and patient advocacy 
are fundamental in the care delivered by 
HPRs for people with RMDs

HPRs should respect individuality and take into account how background, experiences and values might affect patients’ perceptions about 
their condition and its impact on their lives.3 4 It should in particular be noted that the experience and expertise of persons with an RMD about 
how to manage their disease, especially those who have a diagnosis for a long time, should not be disregarded.3 13 Advocacy not only concerns 
serving as an advocate for individual patients, but for groups or populations of people with RMDs as well by working in partnerships with teams, 
communities and organisations4

Overarching principle 3:
An evidence- based approach, ethical 
conduct and reflective practice are 
essential for HPRs

Captured in the framework of a national health- system for the core capabilities of professionals working with people with RMDs3 the care 
provided by HPRs should adhere to the evidence- based data for best practice and outcome.23 HPRs are expected to provide standardised care in 
accordance with national and International regulations, professional codes and employer protocols.3 16 18 The literature also suggests that HPRs 
should act towards development, organisation and advocacy of their group.1 9 16 To monitor and improve the quality of care delivered, appropriate 
assessment of the services provided is needed.3 9 To that end, HPRs should be familiar with the principles of reflecting on their practice.3 Apart from 
an evidence- based approach and reflective practice, acting in an ethical manner is appraised as one of the cornerstones in HPRs’ work3 16

RMDs, rheumatic and musculoskeletal diseases.

overarching principles
Table 2 presents the OAP along with the supporting literature.

Recommendation 1: HPRs should have knowledge of the aetiology, 
pathophysiology, epidemiology, clinical features and diagnostic 
procedures of common RMDs, including their impact on all aspects 
of life
HPRs should have updated knowledge of the normal structure 
and function and the pathophysiology of the musculoskeletal 

system; common pathophysiological processes to support 
diagnosis and management of RMDs; and the epidemi-
ology, clinical features and diagnostic procedures of common 
RMDs.1 3 4 9 23 This knowledge should include the prognosis 
and progression of RMDs.23 It is stressed in particular that 
HPRs should be able to understand and distinguish between 
inflammatory arthritis (IA) and osteoarthritis (OA).16 Finally, 
evidence supports that HPRs should have knowledge on the 
impact of RMDs on all aspects of life, that is, all components 
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of the International Classification of Functioning, Disability 
and Health (ICF).9 23

Recommendation 2: Using a structured assessment, HPRs should 
identify aspects that may influence individuals with RMDs and their 
families, including: (a) clinical characteristics, risks, red flags and 
comorbidities, (b) limits to their activity and participation and (c) 
personal and environmental factors
There is substantial evidence on HPRs’ competences regarding 
the performance of a structured and comprehensive assess-
ment.1 3 4 9 14 16 17 20–23 25 Such a structured, comprehensive 
assessment is needed to understand the impact of the RMD on 
the individual; not only on his or her physical or mental health 
but also on relationships with family and friends, and on soci-
etal participation.3 4 9 16 For that purpose, the assessment should 
be based on a biopsychosocial model.3 4 13 16 20 21 Two studies 
reported that a basic understanding of the ICF could serve this 
purpose16 21 (see Overarching Principle 1). The structured assess-
ment includes an exploration of the individuals’ perceptions, 
concerns, ideas or beliefs about their symptoms and condition, 
as these may act as a driver or form a barrier to recovery or a 
return to usual activity or work.4 20 Apart from history taking, 
the assessment may consist of physical examination and inter-
pretation of findings from additional examinations. Based on 
the results of the assessment, HPRs should use their clinical 
reasoning skills to interpret findings, develop working and 
differential diagnoses, formulate, communicate, implement and 
evaluate management plans.4

Recommendation 3: HPRs should communicate effectively: to make 
contributions to other healthcare providers and stakeholders in RMD 
care and to collaborate with other healthcare providers, signpost 
or refer where appropriate to optimise the interdisciplinary care of 
people with RMDs
Collaboration in the multidisciplinary team is important to opti-
mise care for people with RMDs and to make appropriate refer-
rals according to the HPR literature.3 4 16 22 26 For this purpose, 
HPRs must understand, respect and draw on each other’s roles 
and competences.3 4 21 The literature highlights that effective 
communication includes explaining and advising people with 
RMDs about the importance of relevant healthcare professionals 
and organisations such as patient organisations.9 20 23

Recommendation 4: HPRs should have an understanding of common 
pharmacological and surgical therapies in RMDs, including their 
anticipated benefits, side-effects and risks, and use this knowledge 
to advise or refer as appropriate
HPRs should have a broad knowledge and understanding on how 
to give advice on the use of drug treatment in RMDs1 3 4 9 16 23 
and have knowledge on the most common and/or serious side 
effects of specific drugs. This includes simple analgesics, non- 
steroidal anti- inflammatory drugs, glucocorticoids; disease- 
modifying antirheumatic drugs (DMARDS, that is, conventional 
synthetic DMARDs, targeted synthetic DMARDs and biolog-
ical DMARDs) and other drugs used in treating patients with 
IA and other RMDs and in the management of persistent pain. 
Responses to medication should be reviewed regularly with the 
patient, taking into account patients’ fears, beliefs and concerns, 
in order to recognise differences in the balance of risks and bene-
fits.4 For joint injections, HPRs should understand the role of 
joint injections in the management of RMDs, and, how to advice 
on the expected benefits and limitations, and, refer as appro-
priate.4 Additionally, HPRs are expected to have knowledge 

about common surgical interventions in RMDs like OA and 
IA. They should be able to discuss with patients their fears and 
concerns regarding surgery, and able to provide advice about 
potential risks and benefits to support patient education.3 4

Recommendation 5: HPRs should provide advice on non-
pharmacological interventions, treat or refer as appropriate, based 
on the evidence, expected benefits, limitations and risks for people 
with RMDs
There is evidence suggesting that HPRs should understand the 
role of and provide advice on non- pharmacological interventions, 
treat or refer as appropriate, based on the evidence, expected 
benefits, limitations and risks for people with RMDs.1 3 4 9 16 23 28 
Planning and implementation of non- pharmacological treatment 
should be done in collaboration with the patient and the multidis-
ciplinary team (see also recommendation 3). Furthermore, HPRs 
should work with patients to alleviate their concerns about treat-
ment, with an understanding that some people with RMDs (eg, 
patients with mental health conditions, multimorbidity, fatigue 
or frailty) might need additional support during rehabilitation 
and that their trajectory of recovery or increased independence 
may be slower than others.4 Addressing fitness to work in people 
with RMDs was also highlighted in the literature.4

Recommendation 6: HPRs should assess the educational needs of 
people with RMDs and their carers to provide tailored education 
using appropriate modes of delivery, relevant resources and 
evaluate their effectiveness
HPRs should be able to assess the educational needs of patients 
and provide a tailored education based on the patient’s indi-
vidual needs and characteristics.22 27 The provision of tailored 
education for patients with RMDs and their carers should be 
based on a theoretical framework24 and include the use of appro-
priate modes of delivery (eg, face- to- face individual or group, 
through websites, e- mail or social media), relevant resources and 
evaluation of its effectiveness.3 9 12 16 20 23 26 27 HPRs should be 
able to signpost to sources of education and information3 16 20 
(see recommendation 3). The content of the education should be 
carefully checked for its evidence- base.24 Moreover, the impor-
tance of the promotion of a healthy lifestyle, in particular phys-
ical activity education, diet and nutrition, or smoking cessation, 
was underlined in multiple papers.4 9 13 19

Recommendation 7: HPRs should take responsibility for their 
continuous learning and ongoing professional development 
to remain up-to-date with the clinical guidelines and/or 
recommendations on the management of RMDs
HPRs should continuously undertake professional development 
and remain up- to- date with the best available evidence.4 9 26 27 
This can be achieved through organised and accredited educa-
tional courses, implementation of clinical guidelines, research 
findings and/or recommendations on the management of 
RMDs.4 9 26

Regarding professional development, one of the studies 
concludes that HPRs should be minimally able to critically eval-
uate research evidence (eg, scientific papers), apply results from 
research into daily practice, and, identify and formulate rele-
vant research questions.9 In addition HPRs should enable and 
participate (leading or contributing, as appropriate) in research 
to advance the development of knowledge on RMDs and prac-
tice.4 9
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box 1 Research agenda

 ► To further evaluate the patient perspective on the 
competences of health professionalsin rheumatology (HPRs) .

 ► To refine HPRs’ competences regarding the monitoring and 
improvement of the quality of their practice.

 ► To define the requirements for HPRs to improve and maintain 
their competences and explore the existence of human and 
financial resources to accomplish continuous education.

 ► To explore the desired competences of HPRs regarding the 
understanding and evaluation of the economic aspects of 
care for people with rheumatic and musculoskeletal diseases 
(RMDs).

 ► To define, in addition to generic core competences, discipline- 
specific competences, related to each of the HPRs’ unique 
role in the multidisciplinary team.

 ► To explore the role of HPRs in communities of practice for 
the delivery of seamless, integrated, patient- centred care for 
people with RMDs across Europe.

 ► To evaluate the involvement of HPRs in rheumatology 
research across countries and identify potential barriers and 
facilitators to research contribution.

box 2 educational agenda

 ► To evaluate barriers and facilitators for the implementation of 
the generic core competences in various European countries, 
taking into account cultural, social and other differences.

 ► To review the current learning aims and curricula of 
health professional in rheumatology (HPR)- specific or 
interprofessional education at the postgraduate level across 
countries and use the formulated competences to enhance or 
create postgraduate education for HPRs, where appropriate.

 ► To confirm the validity and feasibility of the proposed set of 
generic competences for HPRs other than nurses, physical 
therapists or occupational therapists.

 ► To explore, enhance and promote the recognition of HPRs’ 
specialist skills across countries.

 ► To develop educational offerings to increase HPRs’ 
competences to support people with rheumatic and 
musculoskeletal diseases regarding self- management of pain, 
fatigue and the achievement or maintenance of a healthy 
lifestyle.

Recommendation 8: HPRs should support people with RMDs in goal 
setting and shared decision making about their care (eg, identify, 
prioritise, address their needs and preferences and explain in lay 
terms)
Evidence for required HPRs’ competences to support people 
with RMDs in goal setting and shared decision making to facil-
itate the delivery of patient- centred care is noteworthy.4 9 15 20

Regarding goal setting, the literature provides evidence that 
HPRs should be able to set intervention goals related to his or 
her own profession; the formulation of these goals should be 
SMART (Specific, Measurable, Attainable, Realistic, Timely).9 
Support with shared decision making may consist of helping 
people with RMDs to identify the priorities and outcomes that 
are important to them, explaining in non- technical language all 
available options, exploring with them the risks, benefits and 
consequences of each available option and discussing what these 
mean in the context of their life and goals and supporting them 
to make a decision on their preferred way forward.4

Recommendation 9: HPRs should support people with RMDs in 
self-management of their condition. This encompasses selecting and 
applying the appropriate behavioural approaches and techniques 
to optimise their health and well-being (eg, engagement in physical 
activity, pain and fatigue management)
There are many studies providing evidence for HPRs’ compe-
tences to support people with RMDs in self- management of their 
condition, including the making of lifestyle and behavioural 
changes.3 4 9 13 15 18–20 23–25 This support encompasses selecting 
and applying the appropriate cognitive and behavioural 
approaches and techniques to optimise their health and well- 
being (eg, engagement in physical activity, pain and fatigue 
management). The literature suggests that HPRs should be able 
to apply different techniques, like motivational interviewing, 
cognitive or behavioural approaches or other techniques.4 15 19 23

Recommendation 10: HPRs should be able to select and apply 
outcome measures for people with RMDs, as appropriate, to 
evaluate the effectiveness of their interventions
HPRs should have the ability to select and apply outcome 
measures reflecting the objectives of their interventions for 
people with RMDs, to evaluate their effectiveness.3 4 9 27

Research and educational agendas
The TF group proposed a research agenda (box 1) reflecting 
potential topics for future research and an educational agenda 
(box 2) identifying gaps in education for HPRs.

dIsCussIon
These are the first EULAR recommendations for the generic 
core competences of HPRs. Three OAP and ten recommen-
dations were formulated and provide a basis for harmonising 
core competences of HPRs across countries. Ultimately, their 
implementation is expected to lead to improved patient care.

Sets of required competences HPRs of multiple profes-
sions have in common have been developed at the national 
level,3 4 9 with one set specifically for HPRs who act as a first 
point of contact.4 However, a set of core competences HPRs 
of multiple professions have in common was lacking at a Euro-
pean level, representing an unmet need. Following the Euro-
pean harmonisation of the competences of rheumatologists26 
an international approach to HPRs’ competences is important 
to reduce the variation in the quality of care for people with 
RMDs across countries. The proposed recommendations can 

inform the content of an international curriculum for HPRs, 
but can also be used in the development and/or optimisation 
of national postgraduate educational offerings.

The contents of the set of recommendations is largely in 
line with that of recently developed sets from the UK3 4 and 
set from the Netherlands.9 Differences are that the UK set was 
specifically developed for health professionals with a role as 
first point of contact for adults presenting with undiagnosed 
musculoskeletal conditions,4 whereas the Dutch set aimed to 
describe discipline- specific rather than common competen-
cies.9 Overall, the EULAR recommendations are less detailed 
than both the UK and Dutch sets, warranting the need for 
further elaboration. This should be done in close collaboration 
with national organisations to take into account the different 
roles and responsibilities of HPRs in different countries.

In general, the generic competences as described in the litera-
ture addressing HPRs of multiple professions were confirmed in 
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the literature on competences of either nurses, PTs or OTs. Some 
details were stressed more in the literature on one profession than 
another, such as, for example, the importance of the assessment 
of sexual health,36 48 65 75 cardiovascular risk53 or nutritional and 
dietary status66 in the nurses’ literature. It should be noted in this 
respect that for some competences it is clear that they are applicable 
to HPRs of multiple professions, whereas for others the assignment 
to one profession or the other is ambiguous. We have used one of 
the papers describing generic core competences by profession9 to 
support the distinction between competences HPRs from multiple 
professions have in common and profession specific competences, 
but that study is from only one country. It would thus be worthwhile 
to take this discussion into account with the proposed evaluation 
of barriers and facilitators for the implementation of the generic 
core competences in various European countries, as formulated for 
one of the topics of the research agenda. The proposed educational 
and research agendas also include aspects of a kind of reality check 
regarding the proposed competences, an example being a review of 
how competences addressed in current and envisioned postgraduate 
education relate to the recommendations. Moreover, proposals on 
how to change current settings based on an analysis of barriers and 
facilitators for the implementation of the recommendations must 
be made.

The competent HPRs are expected to function in close 
collaboration with competent rheumatologists in order to 
provide appropriate healthcare for people with RMDs as well 
as participate in joint professional and educational devel-
opments. The competence- based training requirements for 
specialty of rheumatology, oriented towards the professional 
behaviour within the rheumatologist’s competences have been 
proposed on the European level.2 87 The main overlap between 
the rheumatologists’ and HPRs’ competences exists in the area 
of working and communicating in the multidisciplinary team 
(recommendation 3).

The work of this TF identified a potential challenge in 
formulating recommendations which are based primarily on 
qualitative research. Qualitative research is often underesti-
mated, but of high relevance and importance in the study of 
specific topics. However, the lack of explicit frameworks or 
guidelines on how to best use qualitative evidence, including 
the formulation of recommendations, represents a challenge. 
As part of this work, we have identified a four- level hierarchy 
of evidence- for- practice in qualitative research studies,11 
which along with a meticulous assessment of the quality of 
papers identified from the SLR, provided good ground and 
informed decisions on the assignment of LoE and SoR for 
each recommendation. Work is currently underway by the TF 
methodologists, to further inform the process and provide a 
guide on the use of appropriate tools for the assignment of 
LoE and SoR for recommendations stemming primarily from 
qualitative research. We trust that this will standardise as well 
as encourage the appropriate use of qualitative research to 
inform EULAR recommendations in the future.

In conclusion, these recommendations aim to provide a 
framework for the generic core competences of nurses, PTs 
and OTs for postgraduate education at international and 
national level. Efforts will be made towards their implementa-
tion through dissemination across national societies, relevant 
websites and presentation of this work at key international and 
national conferences. It is advised that variation in healthcare 
systems and professions across countries is considered. For this 
purpose, the recommendations will be shared with a larger 
group of HPRs, clinicians, patients and service providers, for 
wider consensus and external validation.
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AbsTRACT
To update the European League Against Rheumatism 
(EULAR) recommendations for the role of the nurse 
in the management of chronic inflammatory arthritis 
(CIA) using the most up to date evidence. The EULAR 
standardised operating procedures were followed. A 
task force of rheumatologists, health professionals and 
patients, representing 17 European countries updated 
the recommendations, based on a systematic literature 
review and expert consensus. Higher level of evidence 
and new insights into nursing care for patients with 
CIA were added to the recommendation. Level of 
agreement was obtained by email voting. The search 
identified 2609 records, of which 51 (41 papers, 10 
abstracts), mostly on rheumatoid arthritis, were included. 
Based on consensus, the task force formulated three 
overarching principles and eight recommendations. 
One recommendation remained unchanged, six were 
reworded, two were merged and one was reformulated 
as an overarching principle. Two additional overarching 
principles were formulated. The overarching principles 
emphasise the nurse’s role as part of a healthcare team, 
describe the importance of providing evidence- based 
care and endorse shared decision- making in the nursing 
consultation with the patient. The recommendations 
cover the contribution of rheumatology nursing in 
needs- based patient education, satisfaction with care, 
timely access to care, disease management, efficiency 
of care, psychosocial support and the promotion of self- 
management. The level of agreement among task force 
members was high (mean 9.7, range 9.6-10.0). The 
updated recommendations encompass three overarching 
principles and eight evidence- based and expert opinion- 
based recommendations for the role of the nurse in the 
management of CIA.

InTRoduCTIon
In several European countries, rheumatology 
nursing has developed into a recognised specialty 
with nurses undertaking both advanced and 
extended roles.1–3 Rheumatology nurses operate 
telephone advice lines, provide self- management 

support, patient education and counselling.4–8 
Moreover, they participate in disease manage-
ment, monitor disease- modifying treatments, give 
intra- articular injections, refer to other health 
professionals, prescribe drug treatments and help 
to manage comorbidities.2 9–12 In some European 
countries, such as the Netherlands, Denmark, 
Ireland and the United Kingdom (UK), nurse- led 
clinics are well established. These add value to 
patient outcomes and equal the cost of traditional 
physician- led follow- up.13–17

In 2012, the European League Against Rheu-
matism (EULAR) recommendations for the role 
of the nurse in the management of chronic inflam-
matory arthritis (CIA), confined to rheumatoid 
arthritis (RA), ankylosing spondylitis and psoriatic 
arthritis, or spondyloarthritis, were published.18 
The 10 recommendations have provided a basis for 
improved and more standardised levels of profes-
sional nursing care across Europe. Evaluation of 
these recommendations showed a high level of 
agreement across countries and regions, but large 
differences in application, suggesting that they are 
not widely implemented.19–21 Moreover, some of 
the recommendations were based on a low level 
of evidence.18 Since publication of the recommen-
dations, several studies on rheumatology nursing 
have been published, which contribute to increased 
insight and better evidence. The objective of this 
study was to review the literature from 2010 to date 
in order to update the EULAR recommendations 
for the role of the nurse in the management of CIA.

MeTHods
The updated version of the EULAR standardised 
operating procedures for EULAR- endorsed recom-
mendations was followed.22 These include a 
systematic literature review (SLR) and a task force 
(TF) meeting. A steering committee consisting 
of five members from the former TF appointed a 
TF representing 17 European countries, including 
two members from the EMerging EUlar NETwork 
(EMEUNET). The TF comprised 15 nurses, two 
patient research partners, one physiotherapist, 
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Table 1 2018 update of the EULAR recommendations for the role of the nurse in the management of CIA

overarching principles

Rheumatology nurses are part of a healthcare team
Rheumatology nurses provide evidence- based care

Rheumatology nursing is based on shared decision- making with the patient

Recommendations Level of evidence* Grade of recommendation* Level of agreement†
(0–10)

1 Patients should have access to a nurse for needs- based education 
to improve knowledge of CIA and its management throughout 
the course of their disease

1B A 10.0±0.2
[9-10]

2 Patients should have access to nurse consultations in order to 
enhance satisfaction with care

1A A 9.7±0.6
[8-10]

3 Patients should have the opportunity of timely access to a nurse 
for needs- based support; this includes tele- health

1B B 9.7±0.6
[8-10]

4 Nurses should participate in comprehensive disease management 
to control disease activity, reduce symptoms and improve patient- 
preferred outcomes; this leads to cost- effective care

1A A 9.7±0.5
[8-10]

5 Nurses should address psychosocial issues to reduce patients’ 
symptoms of anxiety and depression

1B A 9.6±0.7
[8-10]

6 Nurses should support self- management skills to increase 
patients’ self- efficacy

1A A 9.8±0.4
[9-10]

7 Nurses should have access to and undertake continuous 
education in the specialty of rheumatology to improve and 
maintain knowledge and skills

2C B 9.8±0.7
[7-10]

8 Nurses should be encouraged to undertake extended roles after 
specialised training and according to national regulations

1A A 9.7±0.6
[8-10]

*According to the Oxford Centre for Evidence- based Medicine - CEBM ‘Levels of Evidence 1’.
†Expert agreement achieved by all members of the Task Force upon the consensus meeting (data are mean ±SD, [range]).
CIA, chronic inflammatory arthritis.

one psychologist, one occupational therapist, one medical 
student and three rheumatologists, one of whom was also a 
methodologist.

The search strategy from the first recommendations was 
replicated for the period August 2010 until 1 December 2017. 
Abstracts from the American College of Rheumatology/the Asso-
ciation of Rheumatology Professionals and EULAR conferences 
2016 and 2017 were hand searched. The full search strategies for 
each bibliographic database are provided in online supplemen-
tary text S1. A web- based software platform, Covidence, was 
used to screen the titles, abstracts and full texts independently 
by the fellow (BB) and the convener (YvE- H).23 The selection of 
titles and abstracts was shared with the TF to check for compre-
hensiveness before full text review. A detailed overview of the 
results from the SLR was sent to the TF before the consensus 
meeting. The steering committee discussed the results from the 
SLR and prepared a preliminary update of the recommenda-
tions before the TF meeting. Only studies providing evidence 
of higher level than the first recommendations and additional 
knowledge about rheumatology nursing, were considered. In 
the 1- day consensus meeting, the preliminary updated recom-
mendations were presented to the TF one at a time with the 
corresponding new evidence. Consensus was achieved through 
voting and, if necessary, discussions to reach agreement on final 
wording.22 After the TF meeting, the evidence was categorised 
according to the Oxford Centre for Evidence- Based Medicine 
into four grades of recommendations from A (highest) to D 
(lowest) and five levels of evidence (1–5, high–low).24 Finally, 
the level of agreement for each of the updated recommendations 
was assessed by email using a 0–10 numerical rating scale (0 = 
‘do not agree at all’ and 10 = ‘fully agree’). A quality assess-
ment of papers that resulted in a higher level of evidence was 
performed by the steering committee. For critical appraisal, 
A MeaSurement Tool to Assess systematic Reviews (AMSTAR 

II), the Cochrane Risk of bias tool for randomised controlled 
trials (RCTs), the QUality In Prognosis Studies tool for observa-
tional studies (QUIPS) and the Consensus on Health Economic 
Criteria (CHEC) list for the included economic evaluations were 
used.25–28 The draft manuscript was reviewed by all TF members 
and approved by the EULAR executive committee.

ResuLTs
The SLR identified 2609 records, 51 of which were included in 
the full review (see online supplementary figure S2). The selected 
papers comprised two meta- analyses, nine RCTs (14 papers), 
18 observational studies (20 papers), eight surveys, two mixed- 
method and five qualitative studies. The quality assessment of 
the studies that enhanced the level of evidence is presented in 
online supplementary text S3.

The TF achieved consensus on the final wording of the 
updated recommendations. Only one former recommendation 
remained unchanged; six recommendations were reworded; 
two were merged and one was reformulated as an overarching 
principle (online supplementary table S4). Two additional over-
arching principles were formulated, resulting in a total of eight 
recommendations and three overarching principles.

overarching principles
During the discussions, the TF identified certain themes consid-
ered to apply to all recommendations and agreed on three over-
arching principles (as presented in table 1):

1. Rheumatology nurses are part of a healthcare team
Rheumatology nurses do not work in isolation, but in close 
collaboration with the patient (and family/significant others, 
as appropriate), the rheumatologist and, if applicable, a wider 
healthcare team, with a common focus on care and outcome.29
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2.Rheumatology nurses provide evidence-based care
Rheumatology nursing is based on the principles of evidence- 
based practice. Evidence- based care integrates different sources 
of knowledge in practice: (i) research evidence, (ii) clinical 
nursing experience, (iii) patients’ experiences, preferences and 
values and (iv) the local context.30 31 Providing evidence- based 
care is broader than care based on protocols and guidelines. To 
emphasise this breadth the task force decided to remove former 
recommendation No 7 (online supplementary table S4) and 
formulated this as an overarching principle.

3.Rheumatology nursing is based on shared decision-making with
the patient
Patients’ values and preferences are part of the comprehen-
sive process of proper knowledge exchange and consensus on 
treatment decision.32 33 Although evidence- based practice also 
includes taking patients’ values and preferences into account, the 
TF wanted to emphasise this strongly.

updated recommendations
Table 1 also presents the recommendations, including the level of 
evidence, grade of recommendation and the level of agreement 
among TF members. Compared with the first recommenda-
tions, the level of evidence increased for five recommendations 
(online supplementary table S4). The level of evidence ranged 
from 1A to 2C and grade of recommendation ranged from A to 
B. The level of agreement within the TF was high for the indi-
vidual recommendations, ranging from 9.6 to 10 in this update, 
compared with 8.4 to 9.9 in the first recommendations (online 
supplementary table S4). The first three recommendations are 
formulated from the patients’ perspective, and the remaining 
five from the nurses’ perspective.

Recommendation 1: Patients should have access to a nurse 
for needs- based education to improve knowledge of CIA and its 
management throughout the course of their disease

Patient education covers a wide variety of educational activi-
ties including therapeutic and health education as well as health 
promotion.5 Besides improving knowledge and disease control, 
the goal is to enable patients to manage their life with a chronic 
disease.5 The updated SLR confirmed a high level of evidence 
for this recommendation.34–37 One RCT showed that the use 
of the Educational Needs Assessment Tool (ENAT) to identify 
and prioritise patients’ individual educational needs significantly 
increased the effect of patient education delivered by nurses.36 It 
was proposed to add ‘needs- based’ to the revised recommenda-
tion, which is also in accordance with the EULAR recommenda-
tions for patient education for people with CIA.5 There was some 
discussion by the TF as the term ‘needs- based’ might ignore the 
possibility that some patients may require information first to be 
able to determine their educational needs. The TF emphasised 
the importance of individualised patient education, and that 
there may be other ways of assessing patients’ individual educa-
tional needs than the ENAT. High level of evidence for improved 
self- management skills, increased self- efficacy and global well- 
being in patients with RA confirmed the beneficial outcomes 
of patient education.34 36 37 These effects remained up to 1 and 
2 years when supported by subsequent outpatient nurse- led 
follow- up.7 8 Additional evidence from RCTs supported positive 
effects on pain, fatigue, illness perception, quality of life and 
sedentary time from nurse- led patient educational programmes 
and involvement of nurses in self- regulation coaching in a multi-
component, action- focused intervention.35 38 Moreover, cohort 
studies and one cross- sectional study presented the beneficial 

outcomes of nurse- led patient education, such as the develop-
ment of more and timely educational activities for patients, 
improving patients’ adherence to treatments.39–44

Recommendation 2: Patients should have access to nurse 
consultations in order to enhance satisfaction with care

Patients satisfaction can be an indicator of he quality of care.45 
Evidence from a meta- analysis showed a significant positive long- 
term (2 years) effect of nurse consultations on patients’ satisfac-
tion.3 In a recent RCT, patients with RA were equally satisfied 
with tele- health follow- up delivered by nurses compared with 
rheumatologist delivered tele- health or conventional physi-
cian- led follow- up for tight control of disease activity.6 Given 
the strength of evidence for patient satisfaction the steering 
committee suggested prioritising satisfaction with care over 
‘continuity’ and ‘communication’ in the previous recommen-
dation. Additionally, four qualitative studies in RA outpatients 
reported positive experiences of the continuing relationship 
with the nurse that promoted a sense of confidence, familiarity, 
security and participation.46–49 Nurses’ holistic and professional 
approach to care, patients’ confidence in nurses’ competence, 
and a supportive, and less factual interaction style than consulta-
tions with physicians were emphasised.46–49 The TF interpreted 
this to be closely related to patients’ satisfaction.

Recommendation 3: Patients should have the opportunity of 
timely access to a nurse for needs- based support; this includes 
tele- health

The unpredictable, fluctuating nature of rheumatic and 
musculoskeletal diseases and expanded treatment options with 
increasing complexity of therapeutic strategies, such as “treat- to- 
target” (T2T), require rapid and timely access to care.50 Nurses 
have an important role in the T2T principles. This was shown in 
two recent RCTs with nursing- staffed/managed helplines incor-
porated into different modes of follow- up care.6 8 37 The acces-
sibility to care, traditionally ensured by telephone helplines, 
provided a valuable clinical service as an adjunct to face- to- face 
consultation.51 In a qualitative study, patients expressed the view 
that this was linked to their feeling of confidence in access to 
personalised support from a competent healthcare team.47 The 
steering committee agreed that this recommendation should 
focus on timely access in general, rather than specific focus on 
telephone support lines, as timely access can also include other 
opportunities for support. Tele- health, defined as a generic term 
for remote delivery of healthcare by a range of options, including 
landline or mobile phones and the internet, enables accessibility 
and appropriate care and has provided new modes of commu-
nication with patients, and other opportunities for support and 
monitoring.52 Tele- health follow- up by nurses was found to be 
non- inferior to conventional physician- led follow- up for tight 
control of disease activity in RA.6 The TF added the wording 
‘tele- health’ to this recommendation also including telephone 
as a mode of support, and the established respect of telephone 
help- lines—for example, the hours allocated to operate them.

Recommendation 4: Nurses should participate in compre-
hensive disease management to control disease activity, reduce 
symptoms and improve patient- preferred outcomes; this leads to 
cost- effective care

With new treatment possibilities and available evidence, 
management of RA has become increasingly complex.50 53 The 
involvement of nurses as part of multidisciplinary team care 
is needed in a T2T strategy for proactive disease manage-
ment based on patient education, tight disease monitoring 
and adjustment of the pharmacological treatment.50 53 54 The 
level of evidence was high for this recommendation and it 
was further strengthened by two meta- analyses and one RCT 
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with long- term follow- up.3 8 37 55 These studies and additional 
RCTs that compared nurse- led and physician- led follow- up, and 
cohort studies, showed that nurse- led care resulted in equiva-
lent or improved control of disease activity in patients with 
RA.6 8 16 37 42 55 56 Nurse- led care was cost neutral or slightly less 
costly than physician- led care but no evidence for cost savings 
was found.14 16 57–59 Therefore, the TF decided to add cost- 
effectiveness to recommendation No 4 and delete the former 
recommendation No 10 on cost savings (online supplementary 
table S4).

For patient- preferred outcomes, there were no significant 
differences in fatigue, physical disability or quality of life between 
nurse- led and physician- led follow- up.3 Additional evidence 
from various studies supports the distinct role of the nurse for 
patients with RA. Nurses have an established role in joint exam-
ination, management of comorbidity screening, strengthening of 
adherence to vaccination regimens, early detection of arthritis, 
interpretation of laboratory results, and initiation and adjust-
ment of the pharmacological treatment.11 60–68

Recommendation 5: Nurses should address psychosocial issues 
to reduce patients’ symptoms of anxiety and depression

Psychological distress among people with arthritis has a signif-
icant negative effect on their physical well- being and needs to 
be acknowledged.69 Furthermore, depression is a well- known 
comorbidity and should be addressed.70 One RCT exam-
ined depression and found non- inferiority of nurse- led care 
compared with rheumatologist- led care.16 Qualitative studies 
emphasised that patients valued the opportunity to discuss the 
wider implications of their condition with a nurse.47–49 67 The 
TF perceived that addressing these needs includes assessment 
and identification of psychosocial problems, counselling and 
referral to other health professionals when needed, which are 
key components of nursing care, and described in one report of 
practice experience.71 The TF suggested adding the word ‘symp-
toms’ to change the recommendation into a more preventive 
approach to incorporate more than just an established diagnosis 
of anxiety or depression. As earlier reports support interventions 
to reduce anxiety and depression, the TF decided to replace the 
word ‘minimise’ in the previous recommendation with the word 
‘reduce’.72 73

Recommendation 6: Nurses should support self- management 
skills to increase patients’ self- efficacy

Self- efficacy is essential for patients to remain in charge of 
their life, despite the unpredictable course of their condition, and 
the concept is linked to the patient’s self- management skills.74 
Self- management support offers patients the opportunity to 
gain the necessary knowledge, skills and confidence to deal with 
physical and psychosocial consequences of living with a chronic 
condition and make preferred lifestyle changes.75 Supporting the 
patients’ self- management is a collaborative activity that expands 
the role of the healthcare team from delivering information and 
traditional patient education to include activities that support 
self- management.76 77 Higher level of evidence supported the 
statement that nurse- led interventions can improve patients’ 
self- efficacy.3 7 34 36 A long- term RCT comparing planned nursing 
consultations with shared care and physician- led follow- up in 
RA, showed significantly increased self- efficacy among patients 
in the nurse- led group after 2 years' follow- up.8 Evidence from 
RCTs also showed that nurse- led care improved patient activa-
tion, self- efficacy for physical activity and motivation, as well as 
patients’ self- assessment.7 11 34 35 A recent cohort study and several 
descriptive studies found that nurse- led interventions enhanced 
patients’ confidence in facilitating their daily life, behavioural 
change and coping with disease fluctuations.47–49 67 78–80 The 

TF discussed the terms ‘empowerment’ and ‘sense of control’, 
which were used in the former recommendation No 6 (online 
supplementary table S4). Because the SLR did not identify addi-
tional evidence for these concepts, the TF decided to confine this 
recommendation to self- efficacy, which increased the strength of 
this recommendation.

Recommendation 7: Nurses should have access to and under-
take continuous education in the specialty of rheumatology to 
improve and maintain knowledge and skills

The level of evidence for this recommendation increased owing 
to new evidence from cohort studies. Educational programmes 
for rheumatology nurses were associated with increased knowl-
edge, skills and improvement of practice.81–83 Some tasks, tradi-
tionally performed by rheumatologists and physiotherapists, 
such as joint examinations or musculoskeletal examinations, the 
identification of RA signs and symptoms and the ability to distin-
guish abnormalities, can be learnt by nurses through structured 
training.64–66 83 84 However, the SLR also revealed that some 
rheumatology nurses lacked understanding of the T2T strategy 
and confidence to perform examination of joints.85 Moreover, 
nurses lacked confidence to provide support for disease modi-
fying antirheumatic drugs, promote physical activity and deal 
with sexual concerns.86–89 The TF recognised a need for specific 
generic and rheumatology training. Rheumatology nursing is not 
a formal specialty in every country. To provide a workforce that 
can meet evolving needs in rheumatology clinics, global recog-
nition and development of this specialty is needed. Therefore, 
the wording ‘in the specialty of rheumatology’ was added to the 
recommendation. The TF discussed whether the formulation 
‘access to’ was necessary. In some countries however, there is no 
access to formal rheumatology education for nurses and the TF 
felt that access is crucial to develop this nursing capability.

Recommendation 8: Nurses should be encouraged to under-
take extended roles after specialised training and according to 
national regulations

The wording of this recommendation remained unchanged. 
However, the level of evidence increased based on two  
meta- analyses showing the effectiveness of nurse- led follow- up, 
which represents an advanced level.3 55 The TF discussed the 
definition of ‘basic nursing’ and ‘extended’ and ‘advanced’ prac-
tice roles. Three cross- sectional surveys described the breadth and 
complexity of rheumatology nursing, including prescribing and 
administering pharmacological treatments (oral, subcutaneous, 
intra- articular, intravenous), patient education and providing 
support for patients and their family/significant others.60 85 90 The 
TF agreed that extended and advanced practice roles comprise a 
broad spectrum of nursing activities determined by the complex 
needs of patients, from disease assessment, monitoring the impact 
of the disease and the effects of treatment to long- term support for 
self- management and prevention of complications.

Research agenda
Through discussions, the TF updated the research agenda 
(box 1), which reflects research topics to collect and strengthen 
the evidence for the value of the nurse in the management of 
CIA.

educational agenda
The educational agenda (box 2) supports educational opportuni-
ties as a prerequisite for quality in nursing care, and also specifies 
educational needs within all levels of nursing care and the need 
for the awareness of rheumatology as a medical specialty in the 
educational system.
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box 1 Research agenda

 ► To study the nursing contribution in improving access to care, 
using different modes of healthcare delivery

 ► To study the nursing contribution in facilitating the patients’ 
effective use of healthcare provided by members of the 
multidisciplinary team

 ► To study the nursing roles in optimising treat- to- target 
treatment strategies in patients with CIA

 ► To study the nursing contribution in improving patient- 
preferred outcomes, including psychosocial issues, in both 
short- and long- term outcome studies

 ► To identify different components of nursing knowledge and 
competencies in each European country

 ► To study further the cost- effectiveness of nursing across 
different European countries.

 ► To study the nursing contribution to patients’ employment 
status and social participation

 ► To study the nursing contribution in the screening and 
management of risk factors and comorbidities

 ► To study further the nursing contribution to patient 
empowerment and self- efficacy

 ► To undertake implementation and evaluation studies of 
nursing interventions

 ► To provide the evidence for these nursing recommendations 
in patient populations with different rheumatic and 
musculoskeletal disease

 ► To study systematic ways to assess patients’ individual 
educational needs throughout the course of their disease

box 2 educational agenda

 ► To develop a competency framework for rheumatology 
nursing

 ► To develop rheumatology basic, advanced and extended level 
nursing education programmes

 ► To raise the profile of rheumatology nursing within 
undergraduate and postgraduate educational programmes

dIsCussIon
The EULAR recommendations for the role of the nurse in the 
management of CIA have been updated according to the current 
evidence. Three new overarching principles relevant for all eight 
recommendations were formulated. Different European studies 
have contributed to an increase in the level of the evidence and 
generalisability of the eight updated recommendations. This 
update represents even stronger consensus among the experts 
than the previous recommendations.

The SLR confirmed the contribution of rheumatology nurses 
to healthcare via tele- health, thus providing new opportunities 
for accessible and sustainable healthcare.6 91 Moreover, person- 
centred care and partnership with patients are important dimen-
sions, supporting a sense of confidence in nurse- led care.46–49 92

The broad scope of rheumatology nursing was also shown 
in a recent SLR.93 Outcomes from rheumatology nursing inter-
ventions in RA were found in multiple health domains, such as 
disease status, symptoms, physical and mental functioning, and 
patient safety. Furthermore, rheumatology nursing affects the 
quality of care in several dimensions. In another SLR, nurse- led 
care for patients with RA was shown to be highly acceptable, 
equally effective, efficient and safe compared with traditional 

physician- led care, and seemed appropriate and accessible from 
the patient’s perspective.94 However, extended roles should be 
responsive to patients’ needs therefore not abandoning nursing 
care, which is valued by patients. Good organisation of care is 
needed to avoid the risk of excessive workload which may lower 
the quality of care.

Following the publication of the first recommendations, 
rheumatology nursing has gained increased attention in several 
countries. In the TF for this update, we were able to include 
members from more countries across Europe in which rheuma-
tology nursing is now part of routine care. This is a strength 
of the process and will help to facilitate wider implementation 
of the updated recommendations. In contrast to the previous 
recommendations, we assessed the risk of bias of the studies that 
contributed to the new level of evidence. These were mainly of 
moderate to good quality, which strengthens our results.

There are limitations we need to address. Most study popu-
lations were outpatients with established RA and low disease 
activity. It is unknown if the results can be transferred to patients 
with early RA and to patients with other inflammatory rheumatic 
diseases, who have a higher risk of structural damage. Therefore, 
the updated recommendations should still be regarded as points 
to consider for these patients. In addition, costs and measures of 
health- related quality of life vary across countries and healthcare 
systems, and this may hamper transferability.95 96

Studies reporting nursing interventions that focus on healthy 
lifestyle and work participation were rare. The research agenda 
aims to examine these areas. Furthermore, we excluded studies 
where effects of nurse interventions could not be isolated from 
those of a multidisciplinary team. This reflects the current prac-
tice where nurses play an important, yet sometimes not clearly 
visible and distinguishable, role as part of multidisciplinary teams. 
Differences in the available skill mix in rheumatology teams in 
different countries or regions can determine who does what, 
and this may affect the quality of care received.97 Increasingly 
the importance of nurses’ communication skills for supporting 
patients in treatment decisions—for example, switching to 
biosimilars, is recognised.98 99 However, literature on this topic 
is still lacking. Finally, in the included RCTs, the definition of 
‘nurse- led care’ varied. In the UK, nurse- led care was defined as 
a practice model in which nurses provide education, monitoring 
and support for a certain group of patients, in collaboration with 
physicians and other members of multidisciplinary teams such 
as physiotherapists, occupational therapists and psychologists.15 
This definition was not recognisable in all the included studies 
where the competence of the nurse was most often explained by 
their title only. Therefore, the minimum competences (eg, the 
required education or skills needed for rheumatology nurses) to 
achieve similar results are unknown.

To date, standardised education and training for rheuma-
tology nurses is not available in every European country. The 
educational agenda aims to support access to well- defined 
basic, extended, and advanced practice level nursing education. 
Besides, sufficient training and supervision are required when 
undertaking extended and advanced practice roles. Education 
should reflect the complexity of tasks and activities performed 
by nurses.100 Moreover, the level of competences should be 
aligned across Europe. The current EULAR online educational 
course can address knowledge of rheumatic and musculoskeletal 
diseases, but it does not address all educational needs of nurses 
undertaking extended and advanced practice roles. Furthermore, 
the English language can be a barrier to many European nurses 
and therefore translation of the online education into several 
languages may be necessary.101
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The previous recommendations were translated into several 
languages and efforts were made to implement them in different 
countries.19 Similar initiatives to implement these updated recom-
mendations are important and need national and international 
support from stakeholders such as EULAR. Moreover, recommen-
dations that focus on a broader range of rheumatic and musculoskel-
etal diseases are needed. This may be considered in future updates.

In conclusion, this update of the 2012 EULAR recommendations 
for the role of the nurse resulted in three overarching principles and 
eight recommendations. The updated recommendations can further 
emphasise and optimise rheumatology nursing and contribute to 
more standardised levels of professional nursing across Europe.
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AbsTRACT
background Tremendous opportunities for health 
research have been unlocked by the recent expansion 
of big data and artificial intelligence. However, this is an 
emergent area where recommendations for optimal use 
and implementation are needed. The objective of these 
European League Against Rheumatism (EULAR) points 
to consider is to guide the collection, analysis and use 
of big data in rheumatic and musculoskeletal disorders 
(RMDs).
Methods A multidisciplinary task force of 14 
international experts was assembled with expertise from 
a range of disciplines including computer science and 
artificial intelligence. Based on a literature review of the 
current status of big data in RMDs and in other fields 
of medicine, points to consider were formulated. Levels 
of evidence and strengths of recommendations were 
allocated and mean levels of agreement of the task force 
members were calculated.
Results Three overarching principles and 10 points to 
consider were formulated. The overarching principles 
address ethical and general principles for dealing with 
big data in RMDs. The points to consider cover aspects of 
data sources and data collection, privacy by design, data 
platforms, data sharing and data analyses, in particular 
through artificial intelligence and machine learning. 
Furthermore, the points to consider state that big data is 
a moving field in need of adequate reporting of methods 
and benchmarking, careful data interpretation and 
implementation in clinical practice.
Conclusion These EULAR points to consider discuss 
essential issues and provide a framework for the use of 
big data in RMDs.

InTRoduCTIon
The recent expansion of big datasets and advanced 
computational techniques led to tremendous oppor-
tunities for health research.1 As elegantly elaborated 
by Topol, the use of big data in medicine is going 
to disrupt the medical system as we know it.2 Big 
data include both clinical data (eg, originating from 
electronic health records, healthcare system claims 
data or patient- generated data such as from apps), 
biological data issued from the development of 
molecular research leading to multi- omics complex 
molecular data,3 social data (eg, originating from 
social networks, Internet of Things, physical 
social connexions or economic data repositories), 
imaging data and environmental data (eg, urbanistic 
data, pollution or atmospheric conditions).4 5 In 

parallel, artificial intelligence–based methodologies 
allowing computer systems to ‘learn’ from data (ie, 
progressively improve performance on a specific 
task without being explicitly programmed) are 
more and more accessible.6 7 The collection of big 
data combined with such information processing 
techniques (computational modelling, machine 
learning) led to an opportunity for progress in 
medical research, which should ultimately modify 
patient care and clinical decision- making.

Some recent applications of big data show inter-
esting potential. These include the correct detection 
of skin lesions suspect of melanoma,8–10 prediction 
of cancer treatment response based on imaging11 
and the correct interpretation of eye fundus pathol-
ogies.11 However, big data is an emergent area in 
need of guidelines and general recommendations 
on how to move this field forward in a collaborative 
and ethical way. Some of the challenges presented 
by big data and artificial intelligence include data 
sources and data collection: how to collect and 
store the data, while guaranteeing ethics and data 
privacy12; how to interpret data models of complex 
analyses13 14; and what are the clinical implications 
of big data: how to go from big data to clinical 
decision- making.3 15 16

To our knowledge, no academic societies have 
developed consensus guidelines dealing with big 
data.17 Very recently, the European Medicines 
Agency (EMA) released recommendations focused 
on the acceptability of evidence derived from big 
data in support of the evaluation and supervision 
of medicines by regulators18; however, these recom-
mendations deal mainly with the interpretation of 
drug- related big data. The European League Against 
Rheumatism (EULAR) has recently formulated as 
one of its key strategic objectives, the advancement 
of high- quality collaborative research and compre-
hensive quality of care for people living with rheu-
matic and musculoskeletal disorders (RMDs).19 
Thus, EULAR naturally takes an interest in big data 
and its applications.

The objective of this project was to develop 
EULAR ‘points to consider’ (PTC) for the collec-
tion, analysis and use of big data in RMDs.

MeTHods
After approval by the EULAR Executive Committee, 
the convenors (LG, TRDJR) and the project fellow 
(JK) led a multidisciplinary task force guided by 
the 2014 updated EULAR Standardised Operating 
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box 1 some definitions of the terms ‘big data’ in the 
literature

 ► Extremely large sets of information which require specialised 
computational tools to enable their analysis and exploitation. 
These data might come from electronic health records from 
millions of patients, genomics, social media, clinical trials or 
spontaneous adverse reaction reports.18

 ► Data sets that are too large or complex for traditional data- 
processing application software to adequately deal with.73

 ► Defined by volume, if log(n∗p) is superior or equal to 7, where 
n is number of rows and p is number of columns.74

 ► Data sets that are large or complex (multidimensional and/
or dynamic) enough to apply complex methods, eg, artificial 
intelligence.75

 ► Information assets characterised by such high velocity, 
variety and volume that specific data mining methods and 
technology are required for its transformation into value.76

 ► A generic and comprehensive definition of big data is based 
on the five V paradigm, ie, volume of data, variety of data, 
velocity of processing, veracity and value.77

 ► The term big data refers to the emerging use of rapidly 
collected, complex data in such unprecedented quantities 
that terabytes (1012 bytes), petabytes (1015 bytes) or even 
zettabytes (1021 bytes) of storage may be required.78

Procedures,20 which were modified for this specific task force. In 
October 2018, the main questions to be addressed in the prepa-
ratory work for the task force were defined as (1) data sources 
and collection, (2) data analyses, and (3) data interpretation and 
implementation of findings. These questions were addressed in 
subsequent months leading up to the face- to- face meeting by the 
project fellow and the convenors. A systematic literature review 
(SLR) was performed between November 2018 and February 
2019, regarding publications employing big data in RMDs, with 
a comparison in other medical fields.21 Additionally, a narrative 
review of unpublished data on websites on big data and artificial 
intelligence was performed to inform the task force12 17 18 22–26 
and expert opinions were obtained from four selected persons 
through individual telephone interviews.

In February 2019, during a 1- day face- to- face task force 
meeting, overarching principles and PTC were developed. The 
process was both evidence based and consensus based, through 
discussions of the international task force of experts from a 
range of disciplines including computer science and artificial 
intelligence. The task force consisted of 14 individuals from 
8 European countries: 6 rheumatologists, 4 data scientists/big 
data experts, 1 cardiologist specialised in systems medicine, 1 
patient research partner, 1 health professional with expertise 
in outcomes research and 1 fellow in rheumatology. Further-
more, feedback was obtained after the meeting from two addi-
tional experts. This inclusive approach aimed to obtain broad 
consensus and applicability of the PTC. During the 1- day 
meeting, the preparatory work was presented and discussed, 
the target audience of the PTC was defined, then the PTC were 
formulated and extensively discussed. The PTC were finalised 
over the subsequent 2 weeks by online discussions, taking into 
account the publication the same week of an EMA consensus 
document on big data.18

During the meeting and through online discussions, based 
on the gaps in evidence and the issues raised among the task 
force, a research agenda was also formulated. After the PTC 
were finalised, the level of evidence and strength of each PTC 
were ascertained according to the Oxford system.27 Finally, 
each task force member voted anonymously on their level 
of agreement with each PTC via email (numeric rating scale 
ranging from 0=do not agree to 10=fully agree). The mean 
and SD of the level of agreement of task force members were 
calculated.

The final manuscript was reviewed and approved by all 
task force members and approved by the EULAR Executive 
Committee.

ResulTs
Target audience
The target audience of these PTC includes researchers in the 
field of big data in RMDs and researchers outside the field of 
RMDs; data collection organisations and/or groups collecting 
data (eg, registries, hospitals, telecommunications operators, 
search engines, genetic sequencing teams, institutions which 
collect images etc); data analysts and organisations; people with 
RMDs, people at risk of developing RMDs and patient associ-
ations; clinicians involved in the management of people with 
RMDs; and other stakeholders such as research organisations 
and funding agencies, policy- makers, authorities, governments 
and medical societies outside of RMDs.

Overarching principles and PTC were formulated, which are 
shown in table 1 and are discussed in detail below.

definitions of terms
This first point in table 1 proposes a definition of terms relating 
to big data. Although the term big data is widely used, there 
is not one commonly accepted definition. When performing 
the literature review, several definitions were found (box 1).6 21 
The first overarching principle defines the term big data, largely 
based on the EMA definition.18 Big data is defined by its size 
and diversity—it is diverse, heterogeneous and large and incor-
porates multiple data types and forms; but also by the specific 
complexity and challenges of integrating the data to enable a 
combined analysis.18 The second half of the definition refers to 
artificial intelligence (AI). AI is defined as the ability of a machine 
to mimic ‘cognitive’ functions that humans associate with human 
minds, such as ‘learning’ and ‘problem solving’.6 New computa-
tional techniques, such as AI (which includes machine learning 
and deep learning) are often (but not necessarily) applied to big 
data.18

This next sentence is informative and aims to present the 
diversity of data sources leading to big data; we listed in a 
non- exhaustive way some of the sources of big data. The most 
common sources of big healthcare data found in the SLR were 
clinical; these include electronic health records, studies and 
registries, billing and healthcare system claims databases.21 28 29 
A more recent source of clinical big data currently underused in 
RMDs is the Internet of Things (eg, wearables, apps, medical 
devices and sensors), but also social media, behavioural and envi-
ronmental data.18 30 31 Imaging is also a growing field of applica-
tion of big data.10 32 33 Regarding basic and translational research 
results, -omics such as genomics and bioanalytical omics are an 
important and rapidly growing field for big data.18 34

overarching principles
Overarching principle A: ethical aspects
This overarching principle addresses ethical issues with big 
data. The collection, analysis and implementation of big data 
in RMDs must adhere to all applicable regulations. This covers 
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Table 1 EULAR- endorsed overarching principles and points to consider for the use of big data in RMDs, with levels of agreement and for the 
specific points, levels of evidence and strength

definitions

The term ‘big data’ refers to extremely large datasets which may be complex, multidimensional, unstructured and from heterogeneous sources, and which accumulate rapidly. 
Computational technologies, including artificial intelligence (eg, machine learning), are often applied to big data. Big data may arise from multiple data sources including clinical, 
biological, social and environmental data sources

overarching principles loA, mean (sd)

A. For all big data use, ethical issues related to privacy, confidentiality, identity and transparency are key principles to consider 9.6 (0.7)

B. Big data provides unprecedented opportunities to deliver transformative discoveries in RMD research and practice 9.5 (1.2)

C. The ultimate goal of using big data in RMDs is to improve the health, lives and care of people including health promotion and 
assessment, prevention, diagnosis, treatment and monitoring of disease

9.6 (0.5)

Points to consider loA, mean 
(sd)

loe soR

1. The use of global, harmonised and comprehensive standards should be promoted to facilitate interoperability of big data 9.7 (0.6) 4 C

2. Big data should be Findable, Accessible, Interoperable and Reusable (FAIR principle) 9.6 (0.9) 5 D

3. Open data platforms should be preferred for big data related to RMDs 8.7 (1.2) 5 D

4. Privacy by design must be applied to the collection, processing, storage, analysis and interpretation of big data 9.6 (0.5) 4 C

5. The collection, processing, storage, analysis and interpretation of big data should be underpinned by interdisciplinary collaboration, 
including biomedical/health/life scientists, computational and/or data scientists, relevant clinicians/health professionals and patients

9.7 (0.6) 4 C

6. The methods used to analyse big data must be reported explicitly and transparently in scientific publications 10 (0) 4 C

7. Benchmarking of computational methods for big data used in RMD research should be encouraged 9.4 (1.2) 5 D

8. Before implementation, conclusions and/or models drawn from big data should be independently validated 9.1 (0.7) 4 C

9. Researchers using big data should proactively consider the implementation of findings in clinical practice 9.3 (0.8) 5 D

10. Interdisciplinary training on big data methods in RMDs for clinicians/health professionals/health and life scientists and data scientists 
must be encouraged

9.7 (0.6) 5 D

Numbers in the column ‘LoA’ indicate the mean and SD (in parentheses) of the LoA, as well as the mean agreement of the 14 task force members on a 0–10 scale. LoE and 
strength based on the Oxford Centre for Evidence- Based Medicine classification, with ‘Level 1’ corresponding to meta- analysis or randomised controlled trials (RCTs) or high- 
quality RCTs; ‘Level 2’ to lesser quality RCT or prospective comparative studies; ‘Level 3’ to case–control studies or retrospective studies; ‘Level 4’ to case series without the use 
of comparison or control groups; ‘Level 5’ to case reports or expert opinion.27

LoA, level of agreement; LoE, level of evidence; RMD, rheumatic and musculoskeletal disorder; SoR, strength of recommendation.

privacy, confidentiality and security, ownership of data, data 
minimalisation, and flow of data within the EU and with third 
countries.22 35 This is both a regulatory and legal requirement, 
and an ethical one.12 In terms of legal requirements, the General 
Data Protection Regulation (GDPR) has set standards which 
apply across Europe, but for health- related data, national rules 
could also apply on top of these.12

In this overarching principle, we also raise the question of the 
role of the patient and/or carer in big data. Big data enables active 
participation of patients, but this is not always the case. Partic-
ipation of patients and patient research partners can be helpful 
in data interpretation; for big data, the active participation of 
patients is still a field to be explored.36 This principle highlights 
issues around information, consent and responsibilities, and also 
patient rights and participation.35

B: Potential of big data
Big data provides unprecedented opportunities which we wished 
to highlight in this overarching principle. Maybe even more than 
other types of data, big data benefits from transversal thinking, by 
both original ‘outside the box’ approaches and cross- fertilisation 
approaches taking into account other medical fields and aspects 
such as comorbidities, psychological, sociological and environ-
mental findings.18 In this regard, collaboration both within the 
RMD field and in particular with patients, and outside of RMDs, 
is key, as will be addressed later in these PTC.15 24 37

C: Ultimate goal
This overarching principle states that the ultimate goal is to be 
of benefit to people with RMDs. This is always a key priority of 

EULAR and is in keeping with the EULAR Strategic Objectives 
and Roadmap.19 38

Points to consider
Table 1 provides the level of evidence, strength of recommenda-
tion and level of agreement for each of the 10 PTC.20 27

PTC 1: data collection—use of standards
As the amount of big data increases, the need for data harmon-
isation becomes more apparent, with the possibility for using 
different data sources through application of global standards. It 
is essential to ensure that existing and future datasets can be used 
and, in particular, pooled for big data approaches. To this end, 
they must be harmonised/aligned to facilitate interoperability of 
data.18 Where possible, minimising the number of standards and 
using global data standards would be helpful; as stated by the 
EMA, standards should be transparent, open to promote wide-
spread uptake and globally applicable.18

In that regard, international consensus efforts such as data 
standards, developed by groups such as the International Consor-
tium for Health Outcomes Measures, International Council for 
Harmonisation, Health Level Seven International, International 
Organization for Standardization and Clinical Data Interchange 
Standards (to name a few) are useful.39–42 Some of these groups 
have developed standards for rheumatology.40 The EULAR 
dataset for rheumatoid arthritis registries, or other core sets, are 
also helpful in this regard.43 44 While these standards regulate 
the way in which the data are recorded and stored, they do not 
control how efficient the data collection is at the care team level.
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PTC 2: data collection and storage—FAIR principle
The FAIR (Findable, Accessible, Interoperable and Reusable) 
data principles are a measurable set of principles intended to 
act as a guideline to enhance the reusability of their data.45 The 
FAIR principles are recognised by many actors, including the 
EMA and the EU Commission.18 22 24 46 The FAIR principles 
are strongly linked to PTC 1 and 3, referring to standardisa-
tion, interoperability and data storage. Efforts are ongoing to 
promote the FAIR principles, such as those of the EU commis-
sion through the development of the EU eHealth Digital Service 
Infrastructure.47

PTC 3: data storage—data platforms
Several platforms have been developed to facilitate big data proj-
ects. These platforms are independent, standardised, collabora-
tive and not at all limited to use for RMDs.48–50 These platforms 
have been developed with financial support from the EU and 
therefore adhere to necessary standards. Hence, the use of such 
platforms should be promoted as recently stated by the EMA.18 
In these PTC, we refer to the use of such platforms for RMD 
big data, but of course this would also apply to other groups of 
big data.

Public access to data is an important point, which raised much 
debate within the task force. Internationally, several groups 
emphasised the principle that big data should be made publicly 
available to promote open and reproducible research; in partic-
ular, when the data are publicly funded.18 26 51 52 On the contrary, 
downsides of public access to data are the potential loss of 
momentum to secure intellectual property and scientific publi-
cations from the researchers who initially generated the data.53 
Given this controversy, data sharing should be achieved in a way 
that is sustainable for all parties involved.53 How to make data 
but also algorithms openly available is very complex.54 55 The 
task force consensus was in favour of accessible data, but in the 
current situation, with limited and supervised access; we also 
felt that pilot projects to assess the impact of data sharing are 
needed and that such data sharing should be evidence based.56 
This consensus will need to be revised as the situation evolves. 
The topic of data sharing was also added to the research agenda.

PTC 4: privacy by design
Privacy by design is an important approach which should be 
followed when managing big data projects. This point insists on 
the importance of privacy by design at the different levels of big 
data use, including the collection, processing, storage, analysis 
and interpretation of big data.17 57 Privacy by design is directly 
quoted in EU law about personal data.12 This approach prompts 
thinking on the reasons you collect/gather, process, store and 
protect data, from inception to final deletion. Privacy by design 
also prompts individuals to self- assess the potential risks or 
weaknesses relating to data, and how best to manage such risks. 
This PTC is a major challenge for researchers in big data, but it 
appeared to the task force to be a legal requirement or an ethical 
one, and also an educational one since this practice is not widely 
understood. For big data projects, the data source is key: either 
the data are collected for the purpose of the project or data are 
re- used from existing sources. In the first case, obtaining consent 
is mandatory and must involve a data officer and follow a trans-
parent and effective process in terms of data governance.35 When 
data are re- used, the national laws on consent, data sharing and 
governance must be applied. In this context, the development 
of common principles for data anonymisation would facilitate 
data sharing, including regulations for sharing, de- identifying, 

securely storing, transmitting and handling personal health 
information.18

The European regulatory framework around data is currently 
undergoing change: from May 2019, the circulation of non- 
identifying data will be facilitated.47 The implications of this 
change will have to be assessed.

PTC 5: collaboration
While interdisciplinary collaboration is beneficial and required 
for all research projects, it is even more important in big data 
projects where expertise is dispersed among different stake-
holders. The task force insisted on the importance of collabo-
ration between appropriate stakeholders at the analysis stage, 
for example, where AI methods require appropriate expertise, 
and at all phases of a big data project.25 Interdisciplinary collab-
orations should intervene at different times across a project, to 
enable the most appropriate design to be chosen, while ensuring 
that data collection and the type of analysis are fit for purpose. 
Of note, the statistical methods may be based on AI or may 
include more traditional statistics and/or computational meth-
odologies, as appropriate. Further knowledge is needed on the 
comparison of statistical methods, which is discussed in more 
detail in PTC 7.21 58 The appropriate individuals to collaborate 
include clinical/biological scientists, computational/data scien-
tists, health professionals and patients; proposals for respective 
roles are shown in table 2.

PTC 6: data analyses reporting
The methods, parameters and tools used in big data processing 
must be reported explicitly in any scientific paper. This is pivotal 
to allow comparison and interpretation of findings. Our SLR 
found that 8% of papers using AI did not report in any way 
what artificial intelligence methods were being used.21 Proper 
reporting is important for all research, but even more so when 
innovative methods such as artificial intelligence are used, to 
avoid confusion and to promote reproducibility.14 18 30 59

PTC 7: benchmarking of data analyses
AI encompasses several techniques which are intended to solve 
the most difficult problems in computer science: search and 
optimisation (heuristics), logic (fuzzy logic), uncertain reasoning 
and learning (machine learning).60 In our SLR, machine- learning 
methods were the most used AI techniques in RMDs and in other 
medical fields (98% and 100% of AI papers, respectively). The 
most used machine- learning algorithms were artificial neural 
networks (with deep learning as the most advanced version), 
representing 48% of AI articles.21 61

In addition, comparison of artificial intelligence methods 
within RMDs should be promoted.17 18 24 62 This is particularly 
needed because AI is a rapidly growing field; there is an ongoing 
and unsolved debate as to which methods within AI perform 
best.63 64 The comparison of AI methods was also added to 
the research agenda since it was felt that this particular topic 
was difficult to perform at this moment in time and was more 
aspirational.

PTC 8: validation of big data findings
Although there may be a perception that big data are more valid 
or less subject to bias than traditional studies, model overfitting, 
inappropriate generalisation of the results and/or bias can in fact 
lead to inappropriate conclusions.14 18 28 Thus, it is important 
both to assess and benchmark the quality of the generated data 
and the methods used to avoid overinterpretation of results, 
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Table 2 Stakeholders involved in big data research: proposal of potential roles

stakeholder Characteristics Potential role in big data research

Clinicians/health professionals, biomedical/health/life 
scientists

Knowledge of the diseases, prognosis and treatments Clinically relevant question, study protocol, data 
collection, interpretation and implementation of 
findings

Data scientist To analyse and interpret complex digital data, should be 
proficient in a broad spectrum of analytical methodologies that 
encompass traditional (biostatistics, epidemiology, discrete- event 
simulation and causal modelling) as well as emerging methods 67

Provide early guidance on the best tools or 
algorithm to analyse the data
Analyses of data and interpretation

Computational biologist Involved in the development and application of data- analytical 
and theoretical methods, mathematical modelling and 
computational simulation techniques to the study of biological, 
ecological, behavioural and social systems. Has domain 
knowledge in biology

Provide early guidance on the best tools or 
algorithm to analyse the data
Analyses of data and interpretation

Data protection officer Expert on data privacy Orient the project team in privacy by design practice

Patients, carers, patient research partners and patient 
associations

People living with RMDs who have knowledge of day- to- day 
life with RMDs, from diagnosis to treatment and long- term 
management

Participation in all stages of the study, from the 
protocol to the interpretation of the findings

Database expert Expert of the data in a database Help the project team to understand the real ‘value’ 
of data in a database, and provide guidance on data 
selection

Computer sciences expert Expert in computer sciences solutions Provide guidance on the best technical solution to 
manage the big data, from its collection to massive 
calculation solutions

RMD, rheumatic and musculoskeletal disorder.

overfitting of the models and generalisation of the results when 
using big data. The task force also felt that it was important to 
validate results in independent datasets.24 28 Overall, the task 
force agreed that conclusions drawn from big data need indepen-
dent validation (in other datasets) to overcome current limita-
tions and to assure scientific soundness. However, a specific 
challenge for big datasets and the validation of results is the need 
for other (similar) big datasets—thus, feasibility of validation is 
a key issue which was discussed at length within the task force.

PTC 9: implementation of findings
The clinical implementation of big data findings should be 
considered at the earliest opportunity. The SLR and from 
literature showed that this implementation is currently mostly 
lacking.21 65 The task force consensus was that researchers 
using big data should consider implementation of their results 
in clinical practice; this would include, for example, discussing 
implementation of findings in clinical practice in the original 
papers. The task force is well aware that this is a difficult task; 
such implementation being both complex to set up, costly, and 
potentially not within the scope of the primary study.66 In this 
regard, the EMA states that regulatory guidance is required on 
the acceptability of evidence derived from big data sources.18 67 
However, taking all these limitations into account, the task force 
consensus was that implementation of findings should be proac-
tively considered early on.

PTC 10: training
Interdisciplinary training for clinical, biological or imaging 
researchers, healthcare professionals and computational biolo-
gists/data scientists in the field of big data is important and links 
closely with the need for collaborations in the field of big data 
(table 2). Indeed, machine- learning methods are becoming ubiq-
uitous and have major implications for scientific discovery26; 
however, healthcare professionals are not perfectly aware of 
the correct use of these methods, whereas data scientists may 
lack the clinical knowledge to design studies and interpret the 
findings (table 2). Given the current relative lack of expertise 

related to big data in the field of RMDs, and given the rapid 
changes in this field, certain organisations should set up or facil-
itate training sessions.18 37 This may include academic institutes, 
public research bodies and international organisations, such as 
EULAR. The training is needed for both sides: the healthcare 
professionals needing to learn about the basics of big data, and 
the data scientists needing to better understand the clinical ques-
tions and context within which big data have been collected, 
and/or is being applied.68 The training can be performed sepa-
rately for the different stakeholders, but in some instances, it 
will require an interdisciplinary educational setting in order to 
engage multidisciplinary teams and their unique dynamics (eg, 
the need to set a common vocabulary). The training process 
should detect skills gaps, identify individuals with bioinfor-
matics/biostatistics/analytics/data science expertise within or 
outside the field of RMDs and implement appropriate training. 
The training should also aim for different levels of education 
provision, ranging from academic taught modules (undergrad-
uate and postgraduate), academic research modules (PhD) and 
continuous professional development opportunities (eg, through 
seminars and workshops). Similar efforts can be observed in 
Systems Biology and Systems Medicine.18 68–70

Research agenda
Based on the discussions among the task force and the areas of 
uncertainty identified within the SLR and discussions among 
expert stakeholders, a research agenda has been proposed, 
depicted in table 3. This research agenda covers issues related to 
data collection, data analyses, training, interpretation of findings 
and implementation of findings.

dIsCussIon
These are the first EULAR- endorsed PTC for the use of big data 
within the field of RMDs, which could well be applied by other 
medical disciplines. These PTC address the core aspects of big 
data, namely data sources and storage, including ethical aspects, 
data analyses, data interpretation and implementation. Legal 
aspects are not clearly mentioned, but these PTC were meant 

http://ard.bmj.com/


74 Gossec L, et al. Ann Rheum Dis 2020;79:69–76. doi:10.1136/annrheumdis-2019-215694

Recommendation

Table 3 Research agenda

Theme Research point

Data sources Leverage EULAR legacy initiatives around core datasets that should be collected in research (and usual care) as foundations for successful big data 
projects in the field of RMDs

Determine the optimal use of eHealth data through digital traces and patient- generated/patient- reported data

Determine the potential use of database linkages, such as healthcare system claims databases

Data access Identify the mechanisms supporting and implications following open access to, and sharing of, big data

Assess positive and negative aspects of data sharing in terms of article impact (academic/social) and translational success

Identify the challenges, opportunities and solutions for international data sharing

Develop a repository of privacy rules in different European countries

Identify public platforms for data and how the public can access their own data within big data sets for knowledge/education/self- management 
purposes

Analyses Evaluate and compare statistical methods and benchmarking of big data

Develop methods of assessment and minimisation of bias and of generalisation/reproducibility

Determine the most appropriate open source tools to improve reproducibility of the results

Perform a critical assessment of statistical significance vs clinical relevance of the results obtained from medical big data

Reporting Stimulate consistent reporting of big data studies using validated reporting guidelines

Stimulate and facilitate open sharing of codes/scripts

Implementation Determine the value of algorithms and big data findings in terms of quality of care and cost effectiveness

Assess levels of evidence in evidence- based medicine when based on big- data studies

Manage the potential rapid and frequent changes of outcomes when implementing big data findings

Training Identify opportunities for training via the EULAR School of Rheumatology and other relevant organisations

Assess the importance of inter and cross- disciplinarity

Assess the place of multidisciplinary training at specific stages of individual careers and/or at specific stages of specific projects

Consider introducing a basic big data/systems biology/bioinformatic course at bachelors’ levels for healthcare professionals

Collaborations Stimulate national and international interest among the data scientist community in relation to RMDs

Promote the integration of RMD fluent ‘ethical experts’ in collaborative teams working on big data

Ethics and roles Stimulate ethical and moral discussions with patients and ‘data donors’ specifically in the context of big data, addressing topics such as informed 
consent/assent, confidentiality, anonymity and privacy concerns, particularly with regards to the re- use of the data

Discuss the roles and responsibilities of healthcare professionals, scientists/researchers and patients in relation to big data

Assess issues pertaining to commercial use of big data, particularly involving public–private consortiums and the use of multiple datasets

Assess the effects of big data results on use of drugs including in unauthorised/compassionate use cases

Define the role, modalities and rules of patient engagement in the generation and exploitation of big data

RMD, rheumatic and musculoskeletal disorder.

to cover principles and practical aspects of big data; however, 
the law, and in particular GDPR, applies first.12 For the update 
of these points to consider in a few years, participants with legal 
and ethical expertise should be considered.

This consensus effort is original and should help to promote 
growth and alignment in the field of big data. However, we are 
aware that this is a rapidly moving field and that the present PTC 
may quickly become outdated. It is reassuring that our proposals 
were not in contradiction to other recent recommendations, 
such as those of the EMA or the National Health Service in the 
UK.17 18

To our knowledge, no other non- governmental organisation 
representing patients, healthcare professional and scientific 
societies to date has developed recommendations for big data. 
While the American College of Rheumatology has not published 
specific guidance relating to big data, it has developed an online 
patient registry from electronic health records which could 
potentially be used as a big data source.71

The use of big data is rapidly expending as witnessed by the 
increasing number of organisations, companies and publications/
books dealing with this topic. Undoubtedly, the exploration, 
use and implementation of big data provide opportunities to 
improve healthcare, but it is also clear that this field is in need 
for guidelines and criteria. These PTC are a first tool to set those 
guidelines. With the growth of big data in RMDs, we expect 
that these PTC inspire governmental and research organisations, 

healthcare providers, researchers and patients to increase rele-
vant training of the stakeholders, promotes research on interpre-
tation and clinical applications of big data results, and develop 
benchmarks/guidelines for reproducible research.

Points 8 and 9 referring to validation and implementation 
raised much debate within the task force since we felt it was 
important to both insist on the importance of these steps and 
at the same time aim for applicability/feasibility of the points 
to consider. The final formulation of the points was thought 
to encourage progress without being too directive, to allow 
researchers to move forward as needed. Such elements will have 
to be updated as more data become available.

The grading of the evidence was a challenge in the present 
work as the Oxford level of evidence27 which is used in EULAR 
task forces is better adapted to therapeutic evidence than to 
observational or prognostic evidence as is often obtained in big 
data work. However, according to EULAR Standardized Oper-
ating Procedures,20 levels of evidence and strength of recom-
mendations should be rated by the Oxford Levels of Evidence. 
Moreover, in the case where there is little data- driver evidence, 
EULAR Standardized Operating Procedures recommend to 
downgrade the recommendations to the level of ‘points to 
consider’, which is what was performed here.

This work has several limitations: the main one is that the 
present PTC are not specific to RMDs. However, they are not 
specific because the aspects of big data that they address are 
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universal, and at present, there is no specific issue related to big 
data in RMDs, as is also the case in any other medical specialty. 
Moreover, the experts we consulted consider big data as an 
opportunity to go beyond the traditional division of medical 
specialties and allow multidisciplinary approaches. The other 
main limitation was the extremely low level of evidence for all 
the PTC, raising the question of the interest of evidence in this 
specific field where the PTC were expert driven. This is often the 
case on subjects where recommendations are formulated before 
supportive data are produced.72 It is linked to the novelty of the 
subject.

In conclusion, it is anticipated that new data in this rapidly 
moving field will emerge over the next few years and that some 
of the questions formulated in the research agenda will be 
answered. Therefore, we will consider an update of these PTC 
as needed in a few years.
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AbsTrACT
IgG4- related disease (IgG4- RD) can cause 
fibroinflammatory lesions in nearly any organ. 
Correlation among clinical, serological, radiological 
and pathological data is required for diagnosis. This 
work was undertaken to develop and validate an 
international set of classification criteria for IgG4- RD. An 
international multispecialty group of 86 physicians was 
assembled by the American College of Rheumatology 
(ACR) and the European League Against Rheumatism 
(EULAR). Investigators used consensus exercises; existing 
literature; derivation and validation cohorts of 1879 
subjects (1086 cases, 793 mimickers); and multicriterion 
decision analysis to identify, weight and test potential 
classification criteria. Two independent validation 
cohorts were included. A three- step classification process 
was developed. First, it must be demonstrated that a 
potential IgG4- RD case has involvement of at least one 
of 11 possible organs in a manner consistent with IgG4- 
RD. Second, exclusion criteria consisting of a total of 32 
clinical, serological, radiological and pathological items 
must be applied; the presence of any of these criteria 
eliminates the patient from IgG4- RD classification. Third, 
eight weighted inclusion criteria domains, addressing 
clinical findings, serological results, radiological 
assessments and pathological interpretations, are 
applied. In the first validation cohort, a threshold of 20 
points had a specificity of 99.2% (95% CI 97.2% to 
99.8%) and a sensitivity of 85.5% (95% CI 81.9% to 
88.5%). In the second, the specificity was 97.8% (95% 
CI 93.7% to 99.2%) and the sensitivity was 82.0% 
(95% CI 77.0% to 86.1%). The criteria were shown 
to have robust test characteristics over a wide range 
of thresholds. ACR/EULAR classification criteria for 
IgG4- RD have been developed and validated in a large 
cohort of patients. These criteria demonstrate excellent 

test performance and should contribute substantially 
to future clinical, epidemiological and basic science 
investigations.

InTroduCTIon
IgG4- related disease (IgG4- RD) is an immune- 
mediated condition associated with fibroinflamma-
tory lesions that can occur at nearly any anatomic 
site.1 2 It often presents as a multiorgan disease 
and may be confused with malignancy, infection 
or other immune- mediated conditions, such as 
Sjögren’s syndrome or vasculitis, associated with 
antineutrophil cytoplasmic antibodies (ANCAs). 
Rheumatologists, internists, gastroenterologists, 
nephrologists, pulmonologists, neurologists, radiol-
ogists, pathologists and other practitioners are 
often involved in the evaluation of patients with 
this condition. IgG4- RD can lead to organ dysfunc-
tion, organ failure and death. Its epidemiology 
remains poorly described because of its relatively 
recent recognition as a discrete condition, yet the 
disease is now seen by both generalists and special-
ists all across the world.

IgG4- RD was first recognised as a distinct disease 
in 2003.3 4 Over the next decade, it became clear 
that although the disease could affect virtually any 
organ, there are strong predilections for certain 
organs.1 5 These include the major salivary glands 
(submandibular, parotid, sublingual), the orbits 
and lacrimal glands, the pancreas and biliary tree, 
the lungs, the kidneys, the aorta and retroperito-
neum, the meninges and the thyroid gland (Riedel’s 
thyroiditis).6–8 Many of the early diagnoses of 
IgG4- RD relied on the pathological assessment 

This criteria set has been approved by the European League Against Rheumatism (EULAR) Executive 
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of surgical resection specimens.9 These discoveries were often 
incidental findings made following resections of lesions with 
suspected malignancy. The large pathological samples available 
from such procedures generally permitted identification of a full 
range of findings considered characteristic of IgG4- RD: a lymph-
oplasmacytic infiltrate, storiform fibrosis, obliterative phlebitis 
and dramatic IgG4+ plasma cell infiltrates, among others.9 
With growing recognition of this condition, however, the diag-
nosis is now made using increasingly small biopsy samples that 
frequently do not demonstrate the full spectrum of pathological 
findings.7 9 10 In a subset of patients with classic combinations 
of clinical, serological or radiological findings, clinical diagnoses 
are sometimes made in the absence of biopsy, but the threshold 
to perform biopsies of accessible sites when there is significant 
concern about malignancy or infection remains appropriately 
low.

Other cases diagnosed early in the course of IgG4- RD were 
identified because of striking elevations in serum IgG4 concen-
trations.4 However, it is now recognised that serum IgG4 levels 
are normal in a substantial percentage of patients with clinico-
pathological diagnoses of IgG4- RD.6 11 12 Although serum IgG4 
concentrations can provide an important clue to the diagnosis 
and some guidance in the longitudinal assessment of disease 
activity, the centrality of IgG4 in the overall pathophysiology of 
this condition has been called into question.13 The presence of 
an elevated serum IgG4 level is no longer considered essential 
to the diagnosis of IgG4- RD. Indeed, certain organ systems and 
anatomic regions (eg, the retroperitoneum) are less likely to be 
associated with a serum IgG4 elevation than others.6

Finally, the radiological features of IgG4- RD have also been 
described with increasing thoroughness. Radiological findings 
such as a sausage- shaped pancreas and periaortitis affecting the 
infrarenal aorta are now viewed as being strongly suggestive of 
IgG4- RD if detected in the proper clinical context.14 15 Never-
theless, radiological findings in isolation—without reference to 
clinical, serological or pathological data—are never sufficient for 
either clinical diagnosis or appropriate disease classification.

In short, although clinical, serological, radiological and patho-
logical features all contribute to the classification of IgG4- RD, 
none of these approaches alone provides definitive evidence for 
the accurate classification of patients. The proper categorisation 
of patients for both research studies and clinical purposes relies 
on integration of data from all four domains of evidence. Given 
the recent recognition of IgG4- RD as a distinct condition, along 
with its multiorgan nature and the absence of a single diagnostic 
feature, classification criteria are now needed for the conduct 
of high- quality clinical and epidemiological investigations in this 
disease.

MeThods
This study was approved by the Partners HealthCare Institu-
tional Review Board.

study overview
The development and testing of the classification criteria for 
IgG4- RD was based on consensus- based and data- driven methods 
using prospectively collected data and decision analytics.16–19

Investigators
A Steering Committee composed of investigators from North 
America, Europe and Asia was established (. The Steering 
Committee directed the entire project and invited other investi-
gators who were assigned to specific Advisory Groups addressing 

clinical, serological, radiological and pathological issues. In 
addition to members of the Steering Committee and the Advi-
sory Groups, other investigators were invited to participate by 
submitting cases of IgG4- RD and of mimicking conditions to be 
used in the development and testing phases of the study. This 
full group of investigators is known as the American College 
of Rheumatology (ACR)/European League Against Rheuma-
tism (EULAR) IgG4- RD Classification Criteria Working Group 
(Appendix A).

Item generation
Each Advisory Group consisted of a Steering Committee 
member and experts in the field being addressed by the specific 
Advisory Group. The Advisory Groups were tasked with using 
evidence- based and consensus- based approaches to identify 
items that might be relevant to the classification of patients as 
having or not having IgG4- RD. These items comprised prelimi-
nary exclusion criteria and preliminary inclusion criteria. Prelim-
inary exclusion criteria were defined as items that would lead to 
termination of consideration of the patient as an IgG4- RD case. 
In contrast, preliminary inclusion criteria could either increase 
or decrease the likelihood of classification of the patient as an 
IgG4- RD case. Preliminary inclusion criteria that demonstrated 
discriminatory ability to increase the likelihood of classification 
were later selected as inclusion criteria. A 24- member Steering 
Committee of the ACREULAR IgG4- RD Classification Criteria 
Development Group met in Boston in April 2016 to begin this 
process. At this initial Steering Committee meeting, 104 rounds 
of consensus- based decision- making were conducted. Consensus 
was achieved for 79 (76%) of these decisions, the process of 
which is described below. Item generation and the subsequent 
task of item reduction were continued through teleconferences 
and e- mail discussions.

Process of consensus
The rules regarding consensus were set out at the time of the first 
face- to- face meeting. Consensus was considered to have been 
reached when 80% of the members of the Steering Committee 
were in agreement on a given point. Discussion was permitted 
following achievement of the 80% threshold, however, if indi-
viduals in the minority wished to express the rationale behind 
their opinion. During discussions, evidence was presented by 
participants to support arguments. Discussants referred to the 
medical literature when relevant to illuminate a particular ques-
tion. In some instances, in the setting of a persuasive argument 
by a member of the minority, discussion led to re- voting and 
occasionally to a change in the ultimate decision on a particular 
point.

Item reduction
Following item generation, the Steering Committee partici-
pated in two exercises to reduce the number of items. First, the 
Committee reviewed all proposed inclusion and exclusion criteria 
and reduced the potential criteria into 8–10 domains through the 
consensus process described above. Related items were clustered 
within domains that were independent of the other domains; 
for preliminary inclusion criteria, items contributed positive 
or negative weights toward classifying cases as IgG4- RD. For 
instance, biopsy immunohistochemistry results (eg, IgG4+ 
plasma cells/high- power field (hpf) and IgG4+ IgG+ plasma 
cells/hpf) were listed under an immunohistochemistry domain. 
Within each preliminary inclusion criteria domain, items were 
arranged by group members according to the degree to which 
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they either increased or decreased the likelihood of classification 
as IgG4- RD (eg, an infiltrate of ≥40 IgG4 + plasma cells/hpf was 
positioned above an infiltrate of 0–9 IgG4+ plasma cells/hpf). 
Definitions for each item were determined such that cases could 
be assigned clearly to only one item in a domain.

The Steering Committee then ranked each potential preliminary 
inclusion criteria item on a Likert scale from −5 (‘Highly confident 
the patient does not have IgG4- RD if this item is present’) to +5 
(‘Highly confident the patient has IgG4- RD if this item is present’). 
Items associated with an average confidence between −2.0 and 
+2.0 were deemed to have insufficient sensitivity or specificity and 
were excluded from further consideration.

derivation case collection
Investigators were invited to submit cases of IgG4- RD or 
mimicking conditions that they had managed and to report the 
presence or absence of each preliminary item for each submitted 
case using standardised data collection forms. No identi-
fying data on these patients were collected. Investigators were 
encouraged to submit data on a broad range of IgG4- RD cases, 
including cases in which they were highly confident in the diag-
nosis as well as those in which they were less confident. The 
investigator submitting the case proposed the initial classifica-
tion of the case as IgG4- RD or as a mimicker of IgG4- RD. This 
initial classification of all cases was reviewed by a subset of the 
Steering Committee to confirm the appropriateness of the initial 
designation. Cases who appeared to be inappropriately classi-
fied by the investigator or cases with insufficient information on 
which to base a classification decision were discarded.

Approach to assigning relative weights to inclusion criteria 
items
Twenty of the submitted cases representing a combination of 
IgG4- RD and mimickers were selected for a Steering Committee 
exercise designed for two purposes. First, the exercise was used 
to assign preliminary weights to the inclusion criteria. Second, 
it fostered discussion and facilitated consensus on the defini-
tions of individual items. Only cases who did not fulfil any of 
the exclusion criteria were selected for this exercise. The cases 
selected represented a broad range of manifestations to assess 
the performance of all potential criteria. Investigators were 
asked to rank all cases in order from most likely to least likely to 
be classified as IgG4- RD. In addition, investigators were asked 
to indicate the point at which they would divide the cases into 
those that should be classified as IgG4- RD and those that were 
more likely to be mimickers.

The draft IgG4- RD classification criteria consisted of 8 domains 
and a total of 29 items. Once preliminary domains and items had 
been selected, the Steering Committee met in person for a 2- day 
session employing decision science theory and computer adaptive 
technology. A computer software program known as 1000minds 
(http://www. 1000minds. com) was used. Investigators participated 
in a series of discrete, forced- choice experiments through pairwise 
rankings of alternatives that led to quantified weights for each 
item.20–22 During this exercise, investigators were presented with 
a series of paired scenarios (A and B), each of which contained the 
same two domains (eg, serum IgG4 concentrations and salivary 
gland disease). Different combinations of the domains’ items were 
grouped together in each scenario.

For each paired scenario choice, investigators selected the 
scenario they believed to contribute more toward the classifica-
tion of the patient as having IgG4- RD, assuming that all other 
aspects of the case were the same. The distribution of votes (per 

cent who voted for A, B or ‘equal probability’) was presented 
for each pair of scenarios after each vote. Discussions and 
re- voting were pursued when necessary, using the same process 
of consensus described above. Consensus was considered to have 
been achieved when all participants either indicated complete 
agreement as to which scenario represented a higher probability 
of IgG4- RD or indicated that they could accept the majority 
opinion. During this phase of classification criteria develop-
ment, 160 rounds of consensus- based decision- making were 
conducted. Based on this voting, the computer software assigned 
relative weights to each item. The specific weights assigned to 
each item were not revealed to investigators.

scoring of weighted items
If >1 item was present within a given domain, only the highest 
weighted item was scored. As an example from the Chest 
domain, if a patient had peribronchovascular and septal thick-
ening evident on CT of the chest (weighted 4 points) as well as a 
paravertebral band- like soft tissue mass in the thorax (weighted 
10 points), only the weight of the paravertebral band- like soft 
tissue mass in the thorax would count in the patient’s total clas-
sification criteria score.

Identifying a threshold for classifying IgG4-rd
Each derivation case that was not removed by an exclusion 
criterion was assigned a total score based on the aggregation of 
weighted inclusion criteria present. These cases were ranked and a 
preliminary threshold was identified based on targets of >90% for 
specificity and >80% for sensitivity. Cases around the threshold 
were selected for discussion among the investigators, who reached 
consensus on a cut- off point between the group of patients who 
should be classified as having IgG4- RD and those who could not be 
confidently classified as having IgG4- RD. A preliminary threshold 
of 20 was selected by two of the investigators (RPN and JHS) 
after an in- person review of cases around this threshold revealed 
a common point at which cases were more likely to be classified 
by investigators as not clearly being IgG4- RD. This preliminary 
threshold was then tested in the first of 2 validation phases, using 
newly submitted cases of IgG4- RD and IgG4- RD mimickers. This 
preliminary threshold was not revealed to other investigators as the 
cases for the validation phase were collected.

Collection of IgG4-rd cases and mimickers for the first 
validation phase
Investigators were invited to submit a second set of data from 
cases of IgG4- RD or mimicking conditions. None of the cases in 
this second set had been included in the derivation set. The inves-
tigators reported the presence or absence of each finalised item 
using standardised data collection forms. For each case, investi-
gators reported their confidence in the diagnosis on a scale of 
0–3 in which 0=uncertain, 1=slightly confident, 2=confident 
and 3=very confident.

Testing of the IgG4-rd classification criteria and other 
statistical analyses
We evaluated the performance of the preliminary classification 
criteria among those cases who fulfilled the entry criteria. To 
determine the test performance, we only analysed cases in which 
investigators were at least ‘confident’ or ‘very confident’ in the 
diagnosis (IgG4- RD or mimicker); thus, a ‘confident’ or ‘very 
confident’ diagnosis was considered the gold standard for the 
purpose of assessing test performance. The number of patients 
with ‘confident’ or ‘very confident’ designations as either 
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Table 1 Exclusion criteria definitions

Clinical

 Fever: Documented, recurrent temperature>38°C, with fever being a prominent part of the patient’s overall presentation with the underlying disease, in the absence of any 
clinical features of infection.

 No objective response to glucocorticoids: If the patient has been treated with prednisone at a minimum of 40 mg/day (~0.6 mg/kg/day) for a period of 4 weeks, the patient has 
not demonstrated an objective clinical response. An objective response includes unequivocal improvement of the clinical lesions, biochemical abnormalities, or radiological 
findings. There are two two additional points to consider with regard to glucocorticoid response: Improvement only in the serum IgG4 concentration should not be regarded as 
a clinical response without improvement in other aspects of the disease. Some forms of IgG4- related disease (IgG4- RD) associated with advanced fibrosis, for example, some 
cases of retroperitoneal fibrosis or sclerosing mesenteritis, may not demonstrate obvious radiological responses to glucocorticoids.

serological

 Leucopenia and thrombocytopenia without alternative explanation: Reduction in the total white cell count and platelet count to levels below those normal for the reference 
laboratory, having no apparent explanation except for the underlying disease. Reductions in both the white cell count and platelet count are unusual in IgG4- RD but are typical 
of, for example, myelodysplastic syndromes, haematopoietic malignancies, and autoimmune conditions within the systemic lupus erythematosus spectrum.

 Peripheral eosinophilia: To a concentration of>3000 mm3.

 Positive antineutrophil cytoplasmic antibody (ANCA): ELISA results positive for ANCA targeted against proteinase three or myeloperoxidase.

 Positive antibodies: Ro, La, double- stranded DNA, RNP, or Sm antibodies positive in titrers greater than normal suggest an alternative diagnosis. Other autoantibody associated 
with high specificity for another immune- mediated condition is a reasonable explanation for the patient’s presentation. Such specific autoantibodies include antisynthetase 
antibodies (eg, anti- Jo-1), anti- topoisomerase III (Scl-70), and anti- phospholipase A2 receptor antibodies. This does not include autoantibodies of low specificity, such as 
rheumatoid factor, antinuclear antibodies, antimitochondrial antibodies, anti- smooth muscle antibodies, and antiphospholipid antibodies.

 Cryoglobulinemia: Cryoglobulinemia (type I, II, or III) occurring in a clinical context that provides a reasonable explanation for the patient’s presentation.

radiological

 Known radiological findings suspicious for malignancy or infection that have not been investigated sufficiently: Such radiological findings include mass lesions that have not 
been evaluated thoroughly, necrosis, cavitation, hypervascular or exophytic mass, bulky or matted lymphadenopathy, loculated abdominopelvic fluid collection, among others.

 Rapid radiological progression: Defined as significant worsening within a 4–6 week interval.

 Long bone abnormalities consistent with Erdheim- Chester disease: Multifocal osteosclerotic lesions of the long bones, usually associated with bilateral diaphyseal involvement.

 Splenomegaly:>14 cm in the absence of alternative explanation (eg, portal hypertension).

Pathological

 Cellular infiltrates suspicious for malignancy that have not been investigated sufficiently: A high likelihood of malignancy may be suggested by cellular atypia, a monotypic 
nature of immunohistochemistry findings, or light chain restriction on in situ hybridizsation studies. If malignancy is suspected, this must be excluded by appropriate studies 
before inclusion.

 Markers consistent with inflammatory myofibroblastic tumour: Known positivity for a marker suggestive of inflammatory myofibroblastic tumour, for example, anaplastic 
lymphoma kinase one or ROS, a receptor tyrosine kinase that is encoded by the gene ROS1

 Prominent neutrophilic inflammation: Neutrophilic infiltrates are unusual in IgG4- RD, with the exception of occasional examples in the lung or near mucosal sites. Extensive 
neutrophilic infiltrates or neutrophilic abscesses strongly indicate the possibility of a non- IgG4- RD diagnosis.

 Necrotising vasculitis: Although vascular injury (eg, obliterative phlebitis or arteritis) is a hallmark of IgG4- RD, the presence of fibrinoid necrosis within blood vessel walls 
provides strong evidence against IgG4- RD.

 Prominent necrosis: Small foci of necrosis may rarely be present around the luminal surface of ductal organs, but zonal necrosis with no alternative explanation (eg, stenting) 
provides strong evidence against IgG4- RD.

 Primary granulomatous inflammation: Inflammation rich in epithelioid histiocytes, including multinucleated giant cell formation and granuloma formation, is highly atypical of 
IgG4- RD

 Pathological features of a macrophage/histiocytic disorder: For example: known S100- positive macrophages demonstrating emperipolesis, a pathological feature of Rosai- 
Dorfman disease.

specific disease exclusions

 Known diagnoses of the following diseases are exclusion criteria: Multicentric Castleman’s disease, Crohn’s disease (if pancreatobiliary disease is present), ulcerative colitis 
(if pancreatobiliary disease is present), Hashimoto thyroiditis (if the thyroid is the only proposed disease manifestation).: Patients with IgG4- RD can certainly have Hashimoto 
thyroiditis separately from IgG4- RD, but Hashimoto thyroiditis is part of the IgG4- RD spectrum.

IgG4- RD cases or IgG4- RD mimickers was 771, or 85% of all 
the patients included in the first validation phase.

We assessed the test performance of the classification criteria at 
the preliminary threshold of 20 as well as at a range of thresh-
olds above and below 20. To determine the optimal threshold, we 
considered the goal of our classification criteria for use in clinical 
trials (specificity >90% and sensitivity >80%). We also considered 
other measures such as area under the curve (AUC),23 Youden’s 
criteria,24 distance from (0,1) on a receiver operating characteristic 
curve (ROC), difference between sensitivity and specificity and 
the diagnostic OR (positive likelihood ratio/negative likelihood 
ratio).25

sensitivity analyses
We performed several sensitivity analyses to test the performance 
of the criteria. These sensitivity analyses included the following 
considerations: (1) if all cases, regardless of confidence level were 

included; (2) if all the exclusion criteria were removed; (3) if infor-
mation on serum IgG4 concentrations was not available; (4) if 
biopsies were not available and (5) if the mimickers without data 
on serum IgG4 concentrations or biopsies were assumed to have 
the highest values for each item. Chi- square tests, Fisher’s exact 
tests, t- tests and Wilcoxon rank- sum tests were used to compare 
subgroups, as appropriate.

Testing the final threshold in a second validation cohort
Investigators were invited to submit another set of data from cases 
of IgG4- RD or mimicking conditions that they had managed but 
had not yet contributed to the previous derivation or validation 
cohorts. This second validation cohort was collected because 
minor changes in some of the definitions of inclusion and exclu-
sion criteria had been made after the derivation set of patients 
had been collected, in the interest of clarifying definitions for 
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Table 2 Inclusion criteria definitions

Immunostaining

  IgG+cells can be identified using either IgG staining or CD138 staining.

head and neck gland involvement

 A ‘set’ of glands refers to both lacrimal glands or both submandibular glands among others. If a gland has been surgically removed for the purpose of diagnosis, it can be 
considered to have been involved if confirmed by pathology.

 Involvement of the lacrimal glands and the major salivary glands in IgG4- related disease (IgG4- RD) is bilateral (but can be asymmetric). Involvement of the glands can be 
determined by either a clinical examination or a radiological study (eg, positron emission tomography scan or CT scan).

Chest

 Peribronchovascular and septal thickening in the lung must be determined by a cross- sectional imaging study of the chest.

  The paravertebral band- like soft tissue in the thorax is usually right- sided, located between T8 and T11, and does not encase the aorta.

Pancreas and biliary tree

 Diffuse pancreas enlargement usually encompasses more than two- thirds of the pancreas.

 The type of biliary involvement that is highly consistent with IgG4- related sclerosing cholangitis involves the proximal biliary tract (ie, intrahepatic and extrapancreatic portions 
of the extrahepatic bile ducts). The bile duct walls often have smooth thickening.

Kidney

 Hypocomplementemia pertains to low serum levels of C3, C4 or both.

 Renal pelvic wall thickening can be either unilateral or bilateral, usually without severe stenosis or luminal irregularity.

 Low- density areas in both renal cortices can be seen only on contrast- enhanced CT and are usually patchy or round- shaped in appearance.

retroperitoneum

 The location of IgG4- related retroperitoneal fibrosis or periaortitis is typically circumferential or on the anterolateral sides of the aorta. The segment of aorta involved tends to 
be the infrarenal aorta, often extending to include the iliac vessels.

investigators. However, the definitions of inclusion criteria 
and exclusion criteria used in the two validation cohorts were 
exactly the same. Using the same approach as above, we assessed 
the performance of the classification criteria at the identified 
threshold of 20. We used all cases and mimickers for whom the 
diagnosis was considered ‘confident’ or ‘very confident’ by the 
investigator as the gold standard (n=402 (83%)).

resulTs
research group
The Steering Committee consisted of investigators from North 
America, Europe and Asia. There were three Advisory Groups: 
clinical and serological, radiological and pathological. A total of 
86 investigators submitted cases for the derivation and/or vali-
dation sets.

Item generation and reduction
At the conclusion of item generation, definitions for the entry 
criteria, exclusion criteria and inclusion criteria were estab-
lished. The entry criteria were defined as (1) characteristic clin-
ical or radiological involvement of a typical organ (eg, pancreas, 
bile ducts, orbits, lacrimal glands, major salivary glands, retro-
peritoneum, kidney, aorta, pachymeninges or thyroid gland 
(Riedel’s thyroiditis)) or (2) pathological evidence of an inflam-
matory process accompanied by a lymphoplasmacytic infiltrate 
of uncertain aetiology in one of these same organs. ‘Character-
istic’ involvement generally refers to enlargement of the organ 
or a tumour- like mass within an affected organ. It also includes 
three organ- specific features, with reference to (1) the bile ducts, 
where narrowing tends to occur, (2) the aorta, where wall thick-
ening or aneurysmal dilatation is typical and (3) the lungs, where 
thickening of the bronchovascular bundles is common.

Online supplementary tables 1 and 2 list the preliminary exclu-
sion criteria and the preliminary inclusion criteria, respectively. 
There was initially a total of 78 such criteria (51 preliminary 
exclusion criteria and 27 preliminary inclusion criteria). The 
preliminary exclusion criteria and preliminary inclusion criteria 
demonstrating the highest discrimination of IgG4- RD from 

disease mimickers were chosen as draft classification criteria. 
Complete definitions of the exclusion criteria and the inclusion 
criteria are shown in tables 1 and 2 respectively. Following the 
consensus exercises and the Likert scale rating of the prelimi-
nary inclusion criteria, refined lists of exclusion and positive and 
negative inclusion criteria were created (online supplementary 
table 2).

derivation and validation cohorts
Table 3 describes the derivation cohort and the first and second 
validation cohorts used to develop and assess the performance 
of the classification criteria. A total of 1879 patients were 
included in the overall IgG4- RD classification criteria effort, 
including 486 in the derivation cohort (272 IgG4- RD cases, 
214 mimickers), 908 in the first validation cohort (493 cases, 
415 mimickers) and 485 in the second validation cohort (321 
cases, 164 mimickers). The patients’ status as a case or mimicker, 
proposed by the submitting investigator, was confirmed by the 
members of the Steering Committee. In both the derivation and 
validation cohorts, the majority of cases were male patients and 
typically in their sixth decade of life, consistent with the demo-
graphics of IgG4- RD and many of its mimicking conditions.

Classification criteria
The derivation cohort was used to assess the relative performance 
of each proposed exclusion and inclusion criterion (table 4). The 
exclusion criteria are not designed to be a ‘laundry list’ of evalu-
ations that must be checked off as negative before a patient can 
be classified as having IgG4- RD. Rather, they serve as a reminder 
to the investigator of evaluations that might be appropriate to 
consider in specific clinical scenarios.

Criteria that did not distinguish IgG4- RD cases from 
mimickers were eliminated and those that helped distinguish 
IgG4- RD cases from mimickers were retained. The final entry 
criteria and items were modified through in- person discussion 
after completion of the 1000minds program and review of the 
derivation cases (n=486) ranked in order of points accrued by 
totaling the weights associated with each inclusion criteria item 
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Table 3 Demographic and disease characteristics of the derivation 
and validation cohorts*

derivation cohort
(n=486)†

Validation cohort 
1
(n=908)†

Validation cohort 
2
(n=485)

IgG4- RD 272 (56) 493 (54) 321 (66)

Mimickers‡ 214 (44) 415 (46) 164 (34)

 Vasculitis 26 (12) 106 (26) 34 (21)

 Malignancy 51 (24) 31 (7) 36 (22)

 Sjögren’s 
syndrome

13 (6) 59 (14) 8 (5)

 Other pancreatitis 5 (2) 15 (4) 7 (4)

 Other 119 (56) 204 (49) 79 (48)

Male sex 319 (66) 503 (55) 288 (59)

Age at diagnosis, 
mean±SD, years

58.2±14.5 55.5±16.5 56.4±16.8

Select organ 
involvement

 Salivary glands 153 (31) 278 (31) 151 (31)

 Orbit 101 (21) 188 (21) 146 (30)

 Pulmonary 128 (26) 173 (19) 75 (15)

 Lymph nodes 176 (36) 262 (29) 95 (20)

 Aorta 52 (11) 97 (11) 37 (8)

 Retroperitoneal 
fibrosis

78 (16) 108 (12) 50 (10)

 Pancreas 132 (27) 269 (30) 160 (33)

 Biliary 75 (15) 149 (16) 91 (19)

 Renal 90 (19) 137 (15) 74 (15)

No of organs 
involved, median
(IQR)

2 (1–4) 2 (1–3) 2 (1–3)

*In validation cohort 1, the judgement of a case as being IgG4- RD or as being an 
IgG4- RD mimicker was ‘confident’ or ‘very confident’ in 771 cases (84.9% of all 
cases and mimickers included in that cohort). In validation cohort 2, the judgement 
of a case as being IgG4- RD or as being an IgG4- RD mimicker was ‘confident’ or 
‘very confident’ in 431 cases (88.9% of all cases and mimickers included in that 
cohort). Except where indicated otherwise, values are the number (%).
†Includes all submitted cases and mimickers.
‡Mimicker conditions are listed in online supplementary table 5.
IgG4- RD, IgG4- related disease.

after cases fulfilling exclusion criteria had been excluded. A 
preliminary score of 20 was identified as the cut- off point at or 
above which the majority of investigators considered the patient 
to have IgG4- RD; with this threshold, a sensitivity of >80% and 
high specificity were also achieved.

Validating the classification criteria
We then tested the performance of the classification criteria in 
the first validation cohort (n=908). To determine the optimal 
cut- off, we assessed the test performance of criteria at various 
thresholds (table 5). Given that the purpose of the criteria was 
to identify patients with IgG4- RD for enrolment in research 
studies, the ideal threshold would have excellent specificity while 
retaining good sensitivity (>80%). The preliminary threshold of 
20 had a specificity of 99.2% (95% CI 97.2% to 99.8%) and a 
sensitivity of 85.5% (95% CI 81.9% to 88.5%). Moreover, the 
threshold of 20 had excellent discrimination, with an AUC of 
0.924 (95% CI 0.906 to 0.941). A threshold of either 21 or 22 
had a specificity identical to that obtained with the threshold of 
20, but sensitivity decreased at those thresholds, as reflected in 
other measures of threshold performance, including the AUC. 

A threshold of 20 also had the highest diagnostic OR compared 
with other thresholds.

Because of the emphasis placed on specificity, we considered 
the test characteristics obtained with a threshold of 20 supe-
rior to those of other potential thresholds. Of note, however, a 
threshold of 16 performed better in certain measures, including 
sensitivity (88.6%), Youden’s criteria, distance from (0,1) on the 
ROC curve (0.12) and AUC (0.933 (95% CI 0.916 to 0.950)). 
The threshold of 16 was associated with a slightly lower speci-
ficity: 98.1% vs 99.2%. When comparing a threshold of 20 to 
a threshold of 16 with regard to the diagnostic OR, a threshold 
of 20 was associated with superior test performance (761.5 
vs 394.5). The consistent performance of these classification 
criteria across a range of thresholds suggests that the criteria will 
be robust when used in the clinic for purposes of research.

Analyses were then performed using the second validation 
cohort (n=485). In this group, the classification criteria had a 
specificity of 97.8% (95% CI 93.7% to 99.2%) and a sensitivity 
of 82.0% (95% CI 77.0% to 86.1%).

sensitivity analyses with a threshold of 20
We performed a number of sensitivity analyses to assess the 
robustness of the classification criteria at a threshold of 20 in the 
first validation cohort. If all cases, regardless of confidence in the 
diagnosis, were included, the classification criteria performed 
very well, with a sensitivity of 83% and a specificity of 98.9%. 
The IgG4- RD classification criteria are the first of its kind in 
any rheumatic disease to incorporate absolute exclusion criteria. 
In a sensitivity analysis that removed exclusion criteria from 
the classification algorithm, we found that the specificity of the 
criteria decreased from 99.2% to 89.2%, while the sensitivity 
increased from 85.5% to 90.0%. As is typical of clinical prac-
tice, serum IgG4 concentrations were not measured, or biop-
sies not performed, in some cases of IgG4- RD (3% and 15%, 
respectively) and mimickers (36% and 16%, respectively). When 
exclusion and inclusion criteria related to biopsy results or serum 
IgG4 concentrations were removed from the classification algo-
rithm, the classification criteria maintained excellent specificity 
in both scenarios (98.9% when biopsy criteria were removed and 
99.3% when serum IgG4 concentrations were removed). The 
sensitivity decreased substantially in the absence of pathological 
data or serum IgG4 concentrations to 48.6% and 75.0%, respec-
tively. When we assumed the worst- case scenario in which all 
the mimickers without biopsy or serum IgG4 concentration data 
were assigned the highest weights for each (eg, IgG4 concentra-
tions >5 times the upper limit of normal), the specificity of the 
classification criteria remained high (92.7%).

reasons for cases not achieving a classification of IgG4-rd
Of the 428 and 267 IgG4- RD cases from the first and second 
validation cohorts used to test the classification criteria, 62 
(14%) and 48 (18%), respectively, did not fulfil the classifica-
tion criteria. In both the first and second validation cohorts, the 
majority of these false- negative cases (43 (69%) and 39 (81%), 
respectively) did not achieve sufficient inclusion criteria points 
(table 6), partly because they were less likely to have had biop-
sies compared with true- positive cases (65% vs 91% (p<0.001) 
and 73% vs 88% (p=0.007), respectively). Twenty false- negative 
cases in the first validation cohort (32%) and nine in the second 
validation cohort (19%) met at least one exclusion criterion. Of 
all the IgG4- RD cases submitted in the first and second valida-
tion cohorts, 24 (4.9%) and 42 (8.7%), respectively, did not meet 
the initial entry criterion (characteristic organ involvement). In 
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Table 4 The 2019 American College of Rheumatology/European League Against Rheumatism classification criteria for IgG4- RD

step Categorical assessment or numerical weight

Step 1. Entry criteria

 Characteristic* clinical or radiological involvement of a typical organ
 (eg, pancreas, salivary glands, bile ducts, orbits, kidney, lung,
 aorta, retroperitoneum, pachymeninges or thyroid gland
 (Riedel’s thyroiditis)) OR pathological evidence of an inflammatory
 process accompanied by a lymphoplasmacytic infiltrate of uncertain
 aetiology in one of these same organs

Yes† or No

Step 2. Exclusion criteria: domains and items‡ Yes or no§

 Clinical

 Fever

 No objective response to glucocorticoids

 Serological

 Leucopenia and thrombocytopenia with no explanation

 Peripheral eosinophilia

 Positive antineutrophil cytoplasmic antibody (specifically against
 proteinase 3 or myeloperoxidase)

 Positive SSA/Ro or SSB/La antibody

 Positive double- stranded DNA, RNP or Sm antibody

 Other disease- specific autoantibody

 Cryoglobulinemia

 Radiological

 Known radiological findings suspicious for malignancy or infection that have not been 
sufficiently investigated

 Rapid radiological progression

 Long bone abnormalities consistent with Erdheim- Chester disease

 Splenomegaly

 Pathological

 Cellular infiltrates suggesting malignancy that have not been
 sufficiently evaluated

 Markers consistent with inflammatory myofibroblastic tumour

 Prominent neutrophilic inflammation

 Necrotizing vasculitis

 Prominent necrosis

 Primarily granulomatous inflammation

 Pathologic features of macrophage/histiocytic disorder

 Known diagnosis of the following:

 Multicentric Castleman’s disease

 Crohn’s disease or ulcerative colitis (if only pancreatobiliary disease is present)

  Hashimoto thyroiditis (if only the thyroid is affected)

If case meets entry criteria and does not meet any exclusion criteria,
proceed to step 3.

  Step 3. Inclusion criteria: domains and items¶

 Histopathology

 Uninformative biopsy  0

 Dense lymphocytic infiltrate +4

 Dense lymphocytic infiltrate and obliterative phlebitis +6

 Dense lymphocytic infiltrate and storiform fibrosis with or without obliterative phlebitis +13

 Immunostaining** 0–16, as follows:

Assigned weight is 0 if the IgG4+:IgG+ ratio is 0%–40% or indeterminate and the number of 
IgG4+ cells/hpf is 0–9.‡‡
Assigned weight is 7 if: (1) the IgG4+:IgG+ ratio is ≥41% and the number of IgG4+cells/hpf is 0–9 
or indeterminate or (2) the IgG4+:IgG+ ratio is 0–40% or indeterminate and the number of IgG4+ 
cells/hpf is ≥10 or indeterminate.
Assigned weight is 14 if: (1) the IgG4+:IgG+ ratio is 41%–70% and the number of IgG4+ cells/hpf 
is ≥10 or (2) the IgG4+:IgG+ ratio is ≥71% and the number of IgG4+ cells/hpf is 10–50.
Assigned weight is 16 if the IgG4+:IgG+ ratio is ≥71% and the number of IgG4+ cells/hpf is ≥51.

 Serum IgG4 concentration

 Normal or not checked  0

 >Normal but <2× upper limit of normal +4

 2–5× upper limit of normal +6

 ≥>5× upper limit of normal +11

 Bilateral lacrimal, parotid, sublingual and submandibular glands

Continued
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step Categorical assessment or numerical weight

 No set of glands involved  0

 One set of glands involved +6

 Two or more sets of glands involved +14

 Chest

 Not checked or neither of the items listed is present  0

 Peribronchovascular and septal thickening +4

 Paravertebral band- like soft tissue in the thorax +10

 Pancreas and biliary tree

 Not checked or none of the items listed is present  0

 Diffuse pancreas enlargement (loss of lobulations) +8

 Diffuse pancreas enlargement and capsule- like rim with decreased enhancement +11

 Pancreas (either of above) and biliary tree involvement +19

 Kidney

 Not checked or none of the items listed is present  0

 Hypocomplementemia +6

 Renal pelvis thickening/soft tissue +8

 Bilateral renal cortex low- density areas +10

 Retroperitoneum

 Not checked or neither of the items listed is present  0

 Diffuse thickening of the abdominal aortic wall +4

 Circumferential or anterolateral soft tissue around the infrarenal aorta or iliac arteries +8

Step 4: Total inclusion points

 A case meets the classification criteria for IgG4- RD if the entry criteria are met, no 
exclusion criteria are present, and the total
 points is ≥20

*Refers to enlargement or tumour- like mass in an affected organ except in (1) the bile ducts, where narrowing tends to occur, (2) the aorta, where wall thickening or aneurysmal dilatation is 
typical and (3) the lungs, where thickening of the bronchovascular bundles is common.
†If entry criteria are not fulfilled, the patient cannot be further considered for classification as having IgG4- RD.
‡Assessment for the presence of exclusion criteria should be individualised depending on a patient’s clinical scenario.
§If exclusion criteria are met, the patient cannot be further considered for classification as having IgG4- RD.
¶Only the highest weighted item in each domain is scored.
**Biopsies from lymph nodes, mucosal surfaces of the gastrointestinal tract and skin are not acceptable for use in weighting the immunostaining domain.
††‘Indeterminate’ refers to a situation in which the pathologist is unable to clearly quantify the number of positively staining cells within an infiltrate, yet can still ascertain that the number of cells 
is at least 10/hpf. For a number of reasons, most often pertaining to the quality of the immunostain, pathologists are sometimes unable to count the number of IgG4+ plasma cells with precision 
yet even so, can be confident in grouping cases into the appropriate immunostaining result category.
hpf, high- power field; IgG4- RD, IgG4- related disease.

Table 4 Continued

Table 5 Performance of various thresholds of the 2019 American College of Rheumatology/European League Against Rheumatism classification 
criteria for IgG4- related disease using validation cohort 1

Threshold
sensitivity
(95% CI)

specificity
(95% CI)

AuC
(95% CI) Youden index distance to (0,1)

specificity–
sensitivity diagnostic or

14 0.89 (0.86 to 0.92) 0.95 (0.91 to 0.97) 0.92 (0.90 to 0.94) 0.84 0.12 0.06 142.4

15 0.89 (0.85 to 0.91) 0.97 (0.95 to 0.99) 0.93 (0.91 to 0.95) 0.86 0.12 0.09 286.1

16 0.89 (0.85 to 0.91) 0.98 (0.96 to 0.99) 0.93 (0.92 to 0.95) 0.87 0.12 0.10 394.5

17 0.88 (0.85 to 0.91) 0.98 (0.96 to 0.99) 0.93 (0.92 to 0.95) 0.86 0.12 0.10 385.6

18 0.88 (0.84 to 0.90) 0.98 (0.96 to 0.99) 0.93 (0.91 to 0.95) 0.86 0.13 0.11 360.8

19 0.86 (0.83 to 0.89) 0.99 (0.92 to 0.99) 0.93
(0.91 to 0.94)

0.85 0.14 0.12 408.3

20 0.86 (0.82 to 0.89) 0.99 (0.97 to 0.99) 0.92 (0.91 to 0.94) 0.85 0.15 0.14 761.5

21 0.83 (0.79 to 0.86) 0.99 (0.97 to 100.0) 0.91 (0.89 to 0.93) 0.82 0.18 0.17 607.2

22 0.82 (0.78 to 0.85) 0.99 (0.97 to 0.99) 0.91 (0.89 to 0.92) 0.81 0.18 0.18 578.8

AUC, area under the curve.

addition, 23 (5%) and 13 (4%) of the submitted IgG4- RD cases 
in the first and second validation cohorts, respectively, fulfilled 
at least one exclusion criterion, most often a clinical or serolog-
ical exclusion criterion (table 7).

In the first validation cohort, 64 (20%) of 324 mimickers 
considered when deriving thresholds for the classification criteria 
did not meet entry criteria. Similarly, in the second validation 
cohort, 17 (10%) of the 164 mimickers did not meet entry 

criteria. Of those who met entry criteria in each validation cohort 
(260 and 147, respectively), 258 (99%) and 144 (98%), respec-
tively, did not fulfil the classification criteria (true negatives). 
The majority of mimickers in both cohorts (201 (77%) and 93 
(65%), respectively) were eliminated at the exclusion criteria 
stage (table 7). Online supplementary tables 3 and 4 list the inclu-
sion criteria fulfilled by the cases classified as IgG4- RD and cases 
submitted as mimickers in the first and second validation cohorts.
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Table 6 Comparison of differences in false- negative and true- positive IgG4- related disease cases from the validation cohorts*

Validation cohort 1 Validation cohort 2

False negatives
(n=62)

True positives
(n=366) P value

False negatives
(n=48)

True positives
(n=219) P value

Male sex 38 (61) 244 (67) 0.4 29 (60) 150 (69) 0.3

Age at diagnosis, mean ±
SD, years

57.5±14.9 60.5±13.4 0.1 60.4±15.9 58.8±14.8 0.5

Age at symptom onset, mean ±
SD, years

55.6±15.0 58.6±14.0 0.1 57.9±16.2 56.7±15.3 0.6

No of organs involved, median
(IQR)

2 (1–3) 3 (2–4) 0.002 2 (1–3) 2 (2–4) 0.01

Biopsy performed 40 (65) 332 (91) <0.001 35 (73) 193 (88) 0.007

Reason criteria not met

 Exclusion criteria present 20 (32) – 9 (19) –

 Clinical 7 (11) – 4 (8) –

 Serological 7 (11) – 3 (6) –

 Radiological 5 (8) – 2 (4) –

 Pathological 2 (3) – 0 (0) –

 Inclusion criteria score <20 43 (69) – 39 (81) –

Total points toward inclusion
criteria, mean±SD

22.9±17.1 38.9±12.2 <0.001 18.6±11.9 37.9±12.7 <0.001

*'Gold standard’ cases and mimickers were used in this analysis. Except where indicated otherwise, values are the number (%).

dIsCussIon
The 2019 ACR/EULAR IgG4- RD criteria represent a significant 
milestone in IgG4- RD, a multiorgan condition with myriad clin-
ical presentations.3 4 Our approach reflects the fact that in clinical 
practice, information from clinical, serological, radiological and 
pathological evaluations must be integrated to arrive at a confi-
dent decision about whether to classify a patient as having IgG4- 
RD. The excellent sensitivity and specificity of these criteria will 
assist in the conduct of clinical trials and other studies of IgG4- 
RD. The purpose of these classification criteria is to facilitate 
the identification of more homogeneous groups of subjects for 
inclusion into clinical trials and observational studies.26–28

No set of classification criteria can be constructed so as to 
include all patients within the spectrum of a disease. Accord-
ingly, attempts to include all conceivable patients with clinical 
diagnoses of IgG4- RD would inevitably involve major sacrifices 
in specificity that would lead to the unacceptable inclusion of 
a significant percentage of false- positive cases. Our principal 
goal in constructing these classification criteria was to create a 
criteria set with the highest possible specificity while retaining 
moderately high sensitivity. The specificity of 97.8% achieved at 
a threshold of ≥20 points will include few false- positive cases: 
a highly desirable performance measure for clinical trials and 
other investigations. The sensitivity of 82.0% at this threshold 
also captures a broad spectrum of the patient population about 
whose IgG4- RD classification investigators are confident. The 
classification criteria for IgG4- RD that we have developed 
demonstrate robust test characteristics across a range of thresh-
olds, suggesting that they will have broad relevance to the field 
of IgG4- RD investigation.

These criteria are not intended for use in clinical practice as 
the basis of establishing the diagnosis of IgG4- RD.29 If the appro-
priate clinical diagnosis for a patient is IgG4- RD, then failure to 
fulfil the ACR/EULAR classification criteria should not prevent 
the management of that patient’s condition accordingly. There 
might be a substantial likelihood of this when, for example, 
a representative biopsy sample is difficult to obtain.30 These 
criteria provide a useful framework for clinicians considering 
the diagnosis of IgG4- RD in a patient. They highlight findings 

such as bilateral salivary gland enlargement, common features of 
IgG4- related kidney disease and typical pancreas abnormalities 
that increase the likelihood that a patient has IgG4- RD. They 
also describe findings that suggest alternative diagnoses are more 
likely, such as primary granulomatous inflammation, ANCA 
positivity and fevers. However, the exclusion criteria should not 
be interpreted as a list of studies or tests a clinician must obtain 
on every patient.

An important strength of this criteria set is that a patient may 
be classified accurately as having IgG4- RD in many cases even 
in the absence of a biopsy. Although biopsies are essential in 
many settings to establish the diagnosis of IgG4- RD and exclude 
mimickers, we aimed to develop criteria in which biopsy is not 
required when the diagnosis of IgG4- RD is straightforward on 
the basis of clinical, serological and radiological findings. Such 
criteria are consistent with clinical practice,7 31 compatible with 
research and essential to the appropriate diagnosis of patients in 
both clinical and research settings. The fact that the 2019 ACR/
EULAR IgG4- RD classification criteria require neither a biopsy 
nor an elevated serum IgG4 level reflects important changes in 
the approaches whereby classifications of this disease are now 
assigned (and clinical diagnoses rendered). Nearly 20% of cases 
classified as IgG4- RD had a normal serum IgG4 concentration 
or did not have a serum IgG4 value available. Moreover, 9% of 
the IgG4- RD cases did not have a biopsy, 37% lacked the classic 
histopathological findings and >40% did not meet previously 
defined cut- offs for IgG4+ plasma cell infiltrates.9 These criteria 
reflect the reality of clinical care and clinical investigation in 
IgG4- RD; clinicians consider a combination of factors when 
determining whether to classify a patient as having this disease.10

The 2019 IgG4- RD classification criteria are one of the first 
sets of classification criteria in rheumatology to include abso-
lute exclusion criteria that are not based solely on having an 
alternative diagnosis, but rather focus on clinical, serological, 
radiological and pathological features. This approach has strong 
appeal, particularly when the common mimickers of IgG4- RD 
themselves pose challenges in classification because of their 
multiorgan nature. Our sensitivity analysis indicated that in the 
absence of exclusion criteria, the specificity of the classification 
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Table 7 Percentage of validation cohort cases and mimickers 
fulfilling exclusion criteria*

exclusion criteria met†

Validation cohort 1 Validation cohort 2

IgG4- rd Mimicker IgG4- rd Mimicker

Clinical exclusion criteria 7 (2) 81 (31) 5 (2) 25 (17)

 Fever 1 (<1) 44 (17) 4 (1) 15 (10)

 No response to 
glucocorticoids

1 (<1) 23 (9) 0 (0) 9 (6)

 Leucopenia and 
thrombocytopenia

1 (<1) 19 (7) 0 (0) 2 (1)

 Peripheral eosinophilia 
(>3000 mm3)

4 (1) 9 (4) 1 (<1) 4 (3)

Serological exclusion 
criteria

7 (2) 108 (42) 5 (2) 32 (22)

 Positive PR3- or MPO- 
ANCA

2 (1) 48 (19) 1 (<1) 26 (18)

 Positive anti- Ro or 
anti- La

5 (1) 51 (20) 2 (1) 6 (4)

 Positive extractable 
nuclear antigen (eg, 
anti- Sm antibody)

0 (0) 6 (2) 1 (<1) 2 (1)

 Other specific 
antibody positive+

0 (0) 0 (0) 0 (0) 0 (0)

 Cryoglobulins 0 (0) 10 (4) 1 (<1) 1 (1)

Radiological exclusion 
criteria

5 (1) 24 (9) 2 (1) 20 (14)

 Rapid radiographic 
progression

0 (0) 5 (2) 0 (0) 3 (2)

 Long bone 
abnormalities (eg, 
Erdheim- Chester 
disease)

0 (0) 3 (1) 0 (0) 1 (1)

 Splenomegaly 3 (1) 14 (5) 0 (0) 3 (2)

 Infectious/malignancy 
radiographic concern

2 (1) 4 (2) 2 (1) 13 (9)

Pathological exclusion 
criteria

2 (1) 110 (42) 2 (1) 66 (45)

 Malignant infiltrate on 
biopsy

1 (<1) 26 (10) 0 (0) 30 (20)

 Inflammatory 
pseudotumour 
pathology

0 (0) 2 (1) 0 (0) 1 (1)

 Prominent neutrophilic 
infiltrate

0 (0) 6 (2) 1 (<1) 9 (6)

 Necrotising vasculitis 0 (0) 36 (14) 0 (0) 11 (8)

 Prominent necrosis 0 (0) 2 (1) 0 (0) 7 (5)

 Primarily 
granulomatous 
inflammation

0 (0) 39 (15) 0 (0) 21 (14)

 Prominent histiocytic 
infiltrate

1 (<1) 7 (3) 0 (0) 7 (5)

 Multicentric 
Castleman’s pathology

0 (0) 6 (2) 1 (<1) 2 (1)

*Includes all cases and mimickers fulfilling entry criteria. Values are the number 
(%).
†Total will sum to >100% because cases and mimickers could meet more than one 
exclusion criterion.
ANCA, antineutrophil cytoplasmic antibody; dsDNA, double- stranded DNA; IgG4- RD, 
IgG4- related disease; MPO, myeloperoxidase; PR3, proteinase 3.

criteria decreased by nearly 10%, yet was accompanied by only 
a small improvement in sensitivity.

Some patients with clinical diagnoses of IgG4- RD will not fulfil 
these classification criteria. There are several explanations for 
this. First, we excluded patients with disease that affected only 

organs or sites that are involved only infrequently in IgG4- RD 
(eg, patients with pituitary, breast, skin or prostate disease). We 
focused our classification criteria development efforts on patients 
with more typical and common manifestations because of the 
desire to enrol relatively homogeneous populations in clinical 
trials. Second, some patients were excluded because their clinical 
evaluations identified exclusion criteria. Again, for the purposes 
of clinical trials, the exclusion of exceptional cases is usually 
prudent. Third, some patients met the entry criteria and did not 
meet exclusion criteria but still failed to accrue sufficient inclu-
sion points to be classified as having IgG4- RD. Patients consid-
ered with confidence by their investigators to have IgG4- RD 
who did not fulfil the classification criteria were significantly less 
likely to have had a biopsy. It is possible that in some of these 
cases, a biopsy showing typical features of IgG4- RD might be 
useful for achieving sufficient points for the patient to be classi-
fied as having IgG4- RD.

Our study has a number of strengths. First, a cohort of nearly 
1900 patients with either IgG4- RD or a mimicking condi-
tion was assembled by an international group of investigators. 
Second, the experts involved in the consensus exercises, deci-
sion analysis and cohort development represented investigators 
from a variety of specialties (eg, rheumatology, gastroenter-
ology, pathology and radiology) and from around the world, 
including the Americas, Europe, Asia and Australia . Moreover, 
many investigators involved in cohort development were not 
involved in other aspects of the classification criteria develop-
ment, minimising any influence of circularity of reasoning. Such 
a bias can occur when the same investigators who define criteria 
also develop derivation and validation cohorts.22 Our design 
prevented this potential bias. Third, we applied multicriteria 
decision analysis to derive the weights for each inclusion criteria 
item. These weights can be adjusted easily if or when other tests 
or information relevant to diagnosis become available.

Despite these strengths, our study has certain limitations. 
First, although the derivation and validation sets included a wide 
range of IgG4- RD mimickers, the performance of these classifi-
cation criteria might be further evaluated in specific populations 
enriched for malignant conditions, non- IgG4- RD pancreatobi-
liary diseases and infections. Because of the specific exclusion 
criteria intended to address these groups of mimickers, however, 
the 2019 ACR/EULAR criteria should perform well under such 
circumstances. Second, the laboratory, imaging and pathological 
findings were not assessed centrally. Although the sensitivity 
and specificity of certain results may consequently have varied 
between investigator sites, this is unlikely to have affected our 
results significantly because of the expertise of the research 
group overall.

In summary, these are the first classification criteria for IgG4- 
RD, developed and tested using a data- driven approach and 
multicriterion decision analysis. The criteria perform well over 
a wide range of thresholds. They represent a significant advance 
in this rapidly evolving field and should be used in future clinical 
trials and epidemiological studies of IgG4- RD.
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AbsTrACT
Objectives To detail the greatest areas of unmet 
scientific and clinical needs in rheumatology.
Methods The 21st annual international Advances in 
Targeted Therapies meeting brought together more than 
100 leading basic scientists and clinical researchers in 
rheumatology, immunology, epidemiology, molecular 
biology and other specialties. During the meeting, 
breakout sessions were convened, consisting of 5 
disease- specific groups with 20–30 experts assigned 
to each group based on expertise. Specific groups 
included: rheumatoid arthritis, psoriatic arthritis, axial 
spondyloarthritis, systemic lupus erythematosus and 
other systemic autoimmune rheumatic diseases. In each 
group, experts were asked to identify unmet clinical 
and translational research needs in general and then to 
prioritise and detail the most important specific needs 
within each disease area.
results Overarching themes across all disease states 
included the need to innovate clinical trial design with 
emphasis on studying patients with refractory disease, 
the development of trials that take into account disease 
endotypes and patients with overlapping inflammatory 
diseases, the need to better understand the prevalence 
and incidence of inflammatory diseases in developing 
regions of the world and ultimately to develop therapies 
that can cure inflammatory autoimmune diseases.
Conclusions Unmet needs for new therapies and trial 
designs, particularly for those with treatment refractory 
disease, remain a top priority in rheumatology.

bACkgrOund
The Advances in Targeted Therapies meeting 
(ATT) has met annually for 21 years, bringing 
together clinical scientists and immunology and 
molecular biology experts from around the world. 
The meeting focuses on clinical and translational 
research, in immune- mediated inflammatory 
diseases (IMIDs) and stimulates collaboration 
between basic scientists and clinicians. The meet-
ing’s objective is to update participants regarding 
the latest insights regarding disease mechanism(s) 
and pathophysiology and recent developments 
with both existing and novel targeted therapies 
in the field of IMIDs with a focus on rheumato-
logical diseases. Previously, a consensus document 
describing the recommended use of targeted ther-
apies within rheumatology was produced from this 
meeting.1 However, with the expanse of targeted 
therapies and the recent clinical recommendations 

published from both American College of Rheu-
matology and the European Union League Against 
Rheumatism,2–4 a document covering all targeted 
therapies across all disease indications became too 
complex and voluminous as a single manuscript. 
Accordingly, the annual meeting’s output was modi-
fied to discuss key unmet needs within the field, 
consistent with the meeting’s underlying objective 
of promoting innovation and collaboration.5 With 
the 2019 meeting, we conducted a similar process 
to review and update these unmet needs, but in this 
case, prioritise and highlight the most important 
needs in the field.

key messages

What is already known about this subject?
 ► Key unmet needs in field of rheumatology 
clinical and basic science research have been 
highlighted previously, but vary over time as the 
field progresses.

What does this study add?
 ► The Advances in Targeted Therapies meeting 
(ATT) focuses on clinical and translational 
research, in immune- mediated inflammatory 
diseases (IMIDs) and stimulates collaboration 
between basic scientists and clinicians. With 
the 2019 meeting, we reviewed, updated and 
prioritised the unmet research needs in the field

 ► This effort highlighted several overarching 
themes: the need to innovate clinical trial 
design with emphasis on studying patients 
with refractory disease, the development of 
trials that take into account disease endotypes 
and patients with overlapping inflammatory 
diseases, and the need to better understand 
the prevalence and incidence of inflammatory 
diseases in developing regions of the world.

How might this impact on clinical practice?
 ► The prioritisation and highlighting of research 
needs, particularly in aspects of clinical trial 
design, will ultimately result in improvements in 
therapy and potentially the better targeting of 
therapies toward patients with specific disease 
sub- types.

20
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MeTHOds
We assigned conference participants to disease- specific breakout 
groups which included psoriatic arthritis (PsA), rheumatoid 
arthritis (RA), axial spondyloarthritis (axSpA), systemic lupus 
erythematous (SLE) and other systemic autoimmune rheumatic 
diseases including vasculitis. Experts in each group were tasked 
with identifying unmet needs in three categorical areas: clinical 
care, clinical science and therapeutic development and basic/
translational science. A ‘facilitator’ and ‘rapporteur’ led each 
group’s discussion and summarised their results, and the groups 
were asked to highlight notable progress made towards previ-
ously identified needs as well as identify new areas of need. This 
year, each group was asked to then prioritise their discussion 
and detail the top several needs within each disease- specific area.

resulTs
rheumatoid arthritis
There was broad agreement that management of patients with 
RA who are refractory to available treatments (‘refractory’ or 
‘treatment resistant’ RA) is arguably the greatest unmet need 
in RA (at least in the developed world). However, a careful 
clinical definition of the refractory state is needed, so that we 
are not confounding true treatment- refractory disease with 
patients with RA who are undertreated, non- adherent to treat-
ment or who have comorbid fibromyalgia or other sources of 
non- inflammatory pain. Once a clinical definition of ‘refrac-
tory’ RA is achieved, a molecular definition of the refractory 
state should follow and should be differentiated from molec-
ular definitions of early RA, established RA, RA in flare and RA 
in remission. Single cell analysis of synovial and/or circulating 
cells (including gene expression) may enable us to phenotype 
RA into subgroups or states of disease.6 Molecular characteris-
tics at single cell level should be compared with whole synovial 
tissue molecular profiling with the aim of identifying periph-
eral blood surrogates of tissue pathology (liquid biopsy) and 
treatment response. The definitions of molecular subgroups 
could eventually lead to a personalised approach to treatment. 
For example, data generated may suggest that a combination 
or sequence of biologics may be efficacious in some individ-
uals. Alternatively, molecular subgrouping may identify novel 
targets proximal in the disease process—that is, in the early 
adaptive immune response—that could be targeted for drug 
development and clinical trials.

Importantly, patients who have received multiple biologics/
small molecules should not be excluded from clinical trials since 
they have the greatest unmet need. Novel targeted therapies 
should be studied in refractory patients, as should novel combi-
nations or sequences of existing therapies, similar to the way 
oncologists use checkpoint inhibitors. In particular, we should 
carefully move forward with combination therapy studies in 
refractory patients, with a commitment to resolving issues of 
cost, safety (eg, infection and malignancy) and the reluctance of 
manufacturers to combine each other’s agents. Efforts to iden-
tify optimal dosing and levels of our currently available thera-
pies, as a single treatment or in combination, are also essential to 
optimise treatment of refractory patients. Finally, it is important 
to recognise that despite many successful therapies for RA, less 
than half of patients with RA are in remission, 10%–15% are 
refractory, and there is still no cure for this disease.7–9 Continued 
commitment on the part of our funding agencies, pharmaceu-
tical partners and scientific investigators is essential to advance 
research and discovery efforts to understanding the heteroge-
neity of RA pathogenesis and effective sustainable treatments.

Psoriatic arthritis
In the last few years, there have been an increasing number of 
medications with different mechanisms of action which have 
shown benefit in PsA in randomised clinical trials and have been 
approved by regulatory agencies, including an IL12-23 inhib-
itor (ustekinumab), two IL- 17A inhibitors (secukinumab and 
ixekizumab), an oral PDE4 inhibitor (apremilast), an oral JAK 
inhibitor (tofacitinib) and abatacept.10 11 While very gratifying, 
the homogeneity imposed by clinical trial design may exclude 
important patient subgroups. For example, the great majority 
of patients have polyarticular involvement (entry criteria: 
≥3–5 inflamed joints) with few studies examining oligoartic-
ular disease (<5 inflamed joints); thus, the common oligoartic-
ular PsA represents an unmet need in PsA trials. Although the 
varied clinical domains of PsA, (eg, enthesitis, dactylitis, spondy-
litis) can show response to treatment, only a subset of patients 
demonstrate these domains and thus the measured response 
may not achieve statistical significance if the subset is too small. 
Furthermore, a domain such as PsA spondylitis, with symptom-
atic inflammatory back pain in about 15% and asymptomatic 
sacroiliitis in about 30% of patients,12 is not measured by the 
standards of axSpA trials, including centrally read MRI. The 
best way to measure oligoarticular disease in trials remains an 
unmet need, and since the oligoarticular phenotype is a common 
presentation in clinical practice, we are not able to entirely accu-
rately extrapolate results from trials to clinical practice. For 
treatment of the spondylitis component of PsA, we rely on data 
from axSpA trials, which also may not be accurately extrapolat-
able. Trials of the IL-12/23 inhibitor ustekinumab and the IL-23 
inhibitor risankizumab have failed in ankylosing spondylitis.13 
Even though these agents have demonstrated benefit and been 
approved for PsA, their ability to benefit the spinal component 
of PsA remains unproven and needs to be tested.

Phase IIIB or IV trials which specifically enrich the patient 
population for the domain or subtype in question are needed. 
Enrolment criteria could require oligoarticular disease or spon-
dylitis or enthesitis for example, although measurement tech-
niques for these disease aspects still need to be developed. Specific 
ultrasound or MRI (eg, axial clinical and imaging measures 
for a spondylitis- specific trial, entheseal- specific measures and 
imaging for an enthesitis trial) are needed. It is not clear how 
the results of these trials could be incorporated into regulatory 
labelling for the medication, but these would provide important 
clinical data helpful for clinical decision- making.

A second area of major unmet need in PsA is management 
of the therapy refractory patients who have ‘tried everything’. 
Emergence of new approved therapies will partially address this 
need, as would rational ‘combination’ studies. Clinicians are 
more frequently trying unapproved combination approaches, for 
example combining a biological medication (TNFi, IL- 17i and 
so on) with an oral agent such as a PDE4i or JAKi. Combination 
therapy trials are urgently needed, although the safety of such 
combination approaches is unknown, particularly with regard 
to infection, where a greater risk has been suggested in some 
combination trials for RA.14

A third major area of unmet need is better understanding 
of, and accounting for, the role of central sensitisation (CSS) 
(chronic widespread pain, fibromyalgia) in amplifying symptom 
severity. Recent studies have demonstrated that 15%–40% of 
patients with PsA and other rheumatic, chronic pain and inflam-
matory conditions may have concomitant CSS. When CSS is 
concomitantly present with PsA, disease activity measures which 
include patient- reported outcomes, (eg, pain, patient global) 
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are nearly twice as severe when compared with a similar PsA 
cohort that lacks CSS.15–17 Patients with PsA with concomitant 
CSS are less likely or unable to achieve targets of treatment such 
as minimal disease activity,16–18 Højgaard et al demonstrated in 
this population lack of correlation between tender entheseal 
examination and evidence of objective evidence of inflamma-
tion by ultrasound.17 18 While patients with CSS are histori-
cally excluded from PsA trials, it is difficult to exclude all such 
patients. Several measures have been developed to ascertain the 
presence of CSS/fibromyalgia;17 however, there remains a need 
for more objective biomarkers which are more feasible to use in 
clinical and trial settings. In this respect it is noteworthy, that 
the treat- to- target recommendations for PsA explicitly state that 
‘The choice of the target and of the disease activity measure 
should take comorbidities, patient factors and drug- related risks 
into account’ (recommendation #8);19 this simply means that 
an index developed for measuring disease activity in PsA should 
not be used to score a comorbid condition, alternatives will then 
have to be used. Similarly, a prerequisite for application of clas-
sification criteria for RA is that a patient has no other diagnosis, 
such as SLE.20

Ankylosing spondyloarthritis
In 2018, the spondyloarthritis discussion group identified a 
variety of unmet needs which included: understanding the rela-
tionship of peripheral disease to axial disease; early recognition 
and diagnosis of disease; understanding the causes/relationship 
of extra- articular disease including bowel and eye disease to the 
joint disease; improved imaging technologies and interpretation; 
development of biomarkers for prognosis and choice of therapy; 
a wider choice of biological therapies; an ability to improve 
prognosis (disease modifying treatment); direct comparison 
among TNF inhibitors with regard to efficacy and safety; more 
frequent disease remission; improved referral to a rheumatolo-
gist and international collaboration.21

Although this list is comprehensive, additional themes were 
identified as most important. First, the need to better understand 
the microbiome is paramount. While it is highly likely that the 
gut microbiome is contributing to the disease, we do not know 
which bacteria are most important, which portion of the bowel 
is most important, the mechanism by which the bacteria affect 
the disease, the role of non- gut microbiota, the role of non- 
bacterial microbiota or how best to therapeutically alter the gut 
microbiome as by diet of faecal transplant. Second, the failure 
to establish IL-23 as an effective therapeutic target in ankylosing 
spondylitis means that we need to understand more completely 
the IL-23- IL-17 axis and the role of IL-23 and additional cyto-
kines in the molecular pathogenesis of this disease.22–25 This 
effort should include a more complete understanding of the 
relative function of all members of the IL-17 family, including 
IL- 17F and further understanding of which cells secrete IL-17 
and why this does not seem to be under the control of IL-23 in 
this disease.26 We also need a better understanding as to how 
the disease results in both new bone formation and osteopo-
rosis.27 Unfortunately, it still takes many years in daily clinical 
practice before a diagnosis of axial SpA is made.28 29 Therefore, 
approaches for referral in primary care and for early diagnosis 
have to be further developed and implemented. Last, there is still 
further need for international agreement (and implementation) 
on nomenclature of axial SpA.30 31

systemic lupus erythematosus
Recent failures of clinical trials in SLE demonstrate weaknesses 
in current methodology and opportunities for improvement in 

multiple areas.32–37 The theme of improving clinical trial design, 
including limiting disease heterogeneity, was prioritised in 
discussion. Specifically, learning from already available data was 
deemed essential. Analysis of the primary data from completed 
clinical trials, especially combining those from several studies, 
can provide essential insights that can guide decisions for new 
studies.38 Comparing the characteristics of the patients that 
participated in the trials with the data that are available from 
independent patient registries could be helpful to identify a bias 
in trial patient selection that might help to better understand 
trial outcomes. Issues that may confound clinical trials, including 
which patients should, or perhaps more importantly, should not 
be enrolled can be addressed using this type of analysis. Further-
more, evaluation of potential outcome measures39–41 and the 
effects of background therapy or comorbidities that impact rela-
tive response to the study drug can be determined. This type 
of analysis has limitations related to which patients were actu-
ally enrolled in the trials to be analysed. Here, an appropriate 
serological test to identify autoantibody positive patients based 
on sound technology is paramount.42 43 Other datasets that may 
inform clinical trial design in different ways include patient 
registry studies, electronic medical record cohorts and admin-
istrative datasets, although issues of data quality, completeness 
and timeliness must be considered.44–47 Lupus trials are typically 
conducted with background therapy32 35 48 49 and there is little 
agreement on how this should be controlled during the conduct 
and analysis of a study.43 In fact, the ‘standard of care’ medica-
tion in SLE in general has not been defined.43 50

There are important ongoing issues surrounding the 
disease heterogeneity that also affect clinical trial design.43 
With respect to inclusion criteria, targeting a single organ or 
specific subgroup could lead to more definitive conclusions 
regarding a study drug.51 The marked variability in disease 
severity of enrolled participants could also impact the ability 
to draw conclusions.52 For example, including participants 
with low disease activity could introduce floor effects that 
limit the ability to separate placebo from active treatment. 
On the other hand, patients with the greatest need of novel 
treatment approaches, namely with life threatening disease,53 
are usually excluded from clinical trials. The impact of disease 
duration and previous treatment on the study population 
may also influence the effect of a study drug. The selected 
outcome measures can substantially influence whether a clin-
ical trial meets its intended endpoint. New potential outcome 
measures have been proposed, such as the SLE- disease activity 
score,54 intended as a continuous variable and the Lupus Low 
Disease Activity State.55 Another outcome measure, LuMOS, 
was developed from analysis of the belimumab trials and 
shows superior ability to detect change compared with the 
standard SRI-4.38 Other potentially novel outcome variables 
for this heterogeneous disease might include hierarchical 
outcomes. Using biomarkers either for inclusion or outcome 
may solve issues surrounding disease heterogeneity.

Novel trial designs that could be used for SLE include adap-
tive designs currently used in oncology.56 Drug withdrawal 
trials57 or trials that use flare for inclusion or outcome could also 
be considered as they allow the participation of patients with 
more severe disease. Novel designs might focus on reducing the 
impact of placebo response, including placebo response related 
to pretrial non- compliance.58 59 In considering targets of treat-
ment, it is tempting to focus on autoimmune inflammatory 
manifestations where exciting new discoveries provide novel 
targets.60 However, it is essential to include patient- focused 
unmet needs.61 62 These include symptoms that impact quality of 
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Table 1 Identified unmet research needs of high priority within RA, 
PSA, AxSpa, SLE and other systemic autoimmune rheumatic diseases

Rheumatoid arthritis The need to better define treatment ‘refractory’ states both 
phenotypically and molecularly

The need to focus on refractory patients in both the study 
of novel targeted therapies and in the study of existing 
therapies in novel combinations or sequences

Psoriatic arthritis Understanding differential therapeutic effects on different 
clinical domains in PsA such as enthesitis

Further evaluation of combination therapies and strategic 
trials including the use of sequential therapies, controlled 
withdrawal, the treatment of early disease and the 
treatment of monoarticular or oligoarticular disease

Ankylosing 
spondyloarthritis

Understanding the role of the microbiome in disease 
pathogenesis and potential therapy

Understanding disease pathology specifically with regard to 
why Il-23 inhibition does not improve the disease.

Systemic lupus 
erythematosus

Improving clinical trial design by reducing heterogeneity 
of participants, developing new outcome disease activity 
measures, standardising serological testing and conducting 
organ- specific trials

Consider alternative trial designs including adaptive trials 
and withdrawal trials

Other systemic 
autoimmune rheumatic 
diseases

Improving clinical trial design, specifically with reducing 
heterogeneity in disease endotypes and the use of organ- 
specific outcome measures

Identification of predictive biomarkers and the inclusion of 
patient- reported outcomes of specific manifestations (eg, 
calcinosis) for clinical trials

axSpA, axial spondyloarthritis; PsA, psoriatic arthritis; RA, rheumatoid arthritis; SLE, 
systemic lupus erythematous.

life such as pain, fatigue and cognitive dysfunction (‘lupus fog’) 
which are typically resistant to immune- focused therapies. Treat-
ments that could improve medication adherence, especially in 
socially deprived populations and by approaches which require 
less frequent dosing, or that can mitigate the important concern 
of reproductive issues, are needed. Overall, there are abundant 
opportunities for clinical scientists, pharmaceutical companies 
and regulatory bodies to collaborate towards improved method-
ology to provide better patient outcomes.

Other systemic autoimmune rheumatic diseases
This group highlighted the unmet needs primarily within 
systemic sclerosis this year, and similar to other groups, identi-
fied the issue of improving clinical trials of utmost importance. 
Recent and current clinical trials have failed to demonstrate 
efficacy for a variety of agents in the treatment of this disease, 
although the results suggest that some disease manifestations 
may actually be improved by certain agents.63 One difficulty 
in designing clinical trials to date has been the heterogeneity 
of disease manifestations. It might be appropriate to design 
trials for a specific manifestation for example (eg, lung disease). 
Alternatively an acceptable, sensitive, specific and quantitative 
combined outcome measure that would be acceptable to regula-
tory agencies could speed the design and development of trials 
for registration of new therapeutic agents.64 A dearth of predic-
tive biomarkers also makes it difficult to target drug trials to 
those with the greatest potential for benefit from specific ther-
apeutic interventions.65 66 Finally, inclusion of patient- reported 
outcomes of specific manifestations (eg, calcinosis) could allay 
patients’ concerns about entering trials.67

suMMAry
The convening of the 21st ATT afforded the possibility to discuss 
and articulate major unmet needs in the field of rheumatology, 
and across domains there were several overarching perceived 
unmet needs (table 1). It was generally understood that there has 
not been sufficient emphasis on trial designs which concentrated 
on well- defined disease subtypes. Many diseases have multiple 
subtypes (eg, axial and peripheral PsA or limited/diffuse systemic 
sclerosis with multiple serological subtypes) and trial designs 
which mix those subtypes could obscure the success of treat-
ments in specific subgroups. Likewise, trial designs which are 
able to dissect (or include) overlapping diseases are also needed.

While there has been some success in treating moderate to 
severe patients with various inflammatory rheumatic diseases 
and even inclusion of some patients with Disease Modifying 
anti- Rheumatic Drugs (DMARD)- refractory disease in RA, this 
remains a top unmet need in RA that has been even less carefully 
examined in patients with other diseases. For example, patients 
with PsA are often included in trials only if they have been naïve 
to previous conventional synthetic DMARD (csDMARDs) or 
biologic DMARD (bDMARDs); more attention needs to be paid 
to patients who are more ‘difficult- to- treat’ across all conditions, 
as well as those who have multiple complications or comorbid-
ities or those who have failed other csDMARDs or bDMARDs.

Last, while progress has been made in treating patients who 
used to have unmet need within countries and regions such as 
Australia, Japan, North America and the European Union, it was 
highlighted that more emphasis needed to be placed on under-
standing unmet needs in other countries and continents such as 
Africa, multiple areas in Asia and Central and South America.
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ABSTRACT
Objectives The aim of this study is to determine 
whether the ’programmed’ infliximab (iFX) treatment 
strategy (for which the dose of iFX was adjusted based 
on the baseline serum tumour necrosis factor α (TnF-α)) 
is beneficial to induction of clinical remission after 54 
weeks and sustained discontinuation of iFX for 1 year.
Methods in this multicentre randomised trial, patients 
with iFX- naïve rheumatoid arthritis with inadequate 
response to methotrexate were randomised to two 
groups; patients in programmed treatment group 
received 3 mg/kg iFX until week 6 and after 14 weeks 
the dose of iFX was adjusted based on the baseline 
levels of serum TnF-α until week 54; patients in the 
standard treatment group received 3 mg/kg of iFX. 
Patients who achieved a simplified disease activity index 
(sDai) ≤3.3 at week 54 discontinued iFX. The primary 
endpoint was the proportion of patients who sustained 
discontinuation of iFX at week 106.
Results a total of 337 patients were randomised. at 
week 54, 39.4% (67/170) in the programmed group 
and 32.3% (54/167) in the standard group attained 
remission (sDai ≤3.3). at week 106, the 1- year 
sustained discontinuation rate was not significantly 
different between two groups; the programmed group 
23.5% (40/170) and the standard group 21.6% 
(36/167), respectively (2.2% difference, 95% Ci 
−6.6% to 11.0%; p=0.631). Baseline sDai <26.0 was 
a statistically significant predictor of the successfully 
sustained discontinuation of iFX at week 106.
Conclusion Programmed treatment strategy did not 
statistically increase the sustained remission rate after 
1 year discontinuation of iFX treatment.

InTROduCTIOn
Rheumatoid arthritis (RA) is a progressive systemic 
inflammatory disease characterised by joint destruc-
tion and functional disability.1 2 It is well known 
that proinflammatory cytokines such as tumour 
necrosis factor α (TNF-α) play central roles in 
the occurrence and progression of RA.3 Inflix-
imab (IFX), an inhibitor of TNF-α, is one of the 

biological disease- modifying antirheumatic drugs 
(DMARDs); combined use of IFX and methotrexate 
(MTX) yields clinical and radiographic benefits in 
patients with RA with inadequate response to MTX 

Key messages

What is already known about this subject?
 ► The goal of rheumatoid arthritis treatment 
has expanded to sustained remission without 
biological disease- modifying antirheumatic 
drugs, particularly in patients with infliximab 
(IFX) in sustained remission by the Remission 
induction by Remicade in RA patients 
(RRR) study and others. We also reported 
dose- escalation of IFX showed a significant 
interaction between baseline tumour necrosis 
factor (TNF) and the dose of IFX in the clinical 
response in the RISING study.

What does this study add?
 ► A total of 337 patients were randomised to 
the ‘programmed’ IFX arm, in which the dose 
of IFX was adjusted based on the baseline 
serum TNF and the ‘standard’ arm treated with 
3 mg/kg of IFX and 39.4% in the programmed 
arm and 32.3% in the standard arm attained 
simplified disease activity index (SDAI)≤3.3 at 
week 54. However, programmed treatment did 
not statistically increase the sustained remission 
rate after 1- year discontinuation of IFX: the 
programmed group 23.5% and the standard 
group 21.6%.

How might this impact on clinical practice or 
future developments?

 ► Baseline SDAI<26.0 was a statistically 
significant predictor of the successfully 
sustained discontinuation of IFX at week 106, 
indicating that sufficient disease control by 
adequate dose of methotrexate is necessary 
before IFX is administered.
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(MTX- IR).4 Because the therapeutic effects of IFX (plus MTX) 
have been demonstrated in several clinical studies,5–9 the goal 
of RA treatment has expanded from the achievement of clinical 
remission to sustained remission without biological DMARDs, 
particularly in patients with RA in sustained remission.10–15

The first study reporting the possibility of biological- free 
treatment in patients with RA was the TNF20 study.8 The 
Behandelstrategieёn (BeSt) study also evaluated biological- free 
treatment in a much larger cohort.6 16 However, this study did 
not look at discontinuation of IFX after achieving sustained 
remission but rather low disease activity (LDA) by DAS44. The 
Remission induction by Remicade in RA patients (RRR) study 
was the first study that its endpoints were biological- free remis-
sion or LDA in established patients with RA with MTX- IR.17 
Patients enrolled in that study had reached and maintained a 
disease activity score 28 (DAS28) of less than 3.2 for more than 
24 weeks with IFX treatment and then agreed to discontinue 
the treatment. Among the 102 evaluable patients who completed 
the study, 56 (55%) maintained LDA after 1 year and exhibited 
no progression in terms of radiological damage or functional 
disturbance; 44 (43%) remained in clinical remission (DAS28 
<2.6). In this context, subanalysis of the dose- escalation study 
of IFX with MTX (RISING study) showed a significant interac-
tion between baseline TNF-α and the dose of IFX in the clinical 
response. Additionally, the clinical response and disease activity 
were significantly better when the treatment was used at 10 mg/
kg than at 3 and 6 mg/kg, with high baseline TNF-α (baseline 
TNF-α values: 1.65 pg/mL or greater).18

Based on studies of ours and others, we assumed that serum 
levels of TNF-α could be a key indicator for optimal dosing of 
IFX to achieve a clinical remission and a sustained discontin-
uation of IFX for the treatment of RA. However, this clinical 
hypothesis has not been confirmed in a randomised controlled 
trial. Therefore, in this study, we aimed to determine whether 
the ‘programmed’ IFX treatment strategy, in which the dose of 
IFX was adjusted based on the baseline serum TNF, is beneficial 
to induction of clinical remission after 54 weeks and subsequent 
sustained discontinuation of IFX for 1 year. Hence, the study is 
called ‘Remission induction by Raising the dose of Remicade in 
RA’ (RRRR).

MeTHOdS
Study design and participants
The RRRR study was conducted as an open- label, parallel group, 
multicentre randomised controlled trial from April 2011 to 
September 2013.19 Patients were enrolled in 50 Japanese hospi-
tals. Eligible patients were randomly assigned in a 1:1 ratio to 
receive either a standard IFX treatment or a ‘programmed’ IFX 
treatment with the dose of IFX based on the three categories of 
baseline TNF-α (low,<0.55 pg/mL; intermediate, ≥0.55 pg/mL 
and <1.65 pg/mL and high, ≥1.65 pg/mL). The standard treat-
ment arm received 3 mg/kg IFX at 0, 2 and 6 weeks after enrol-
ment. The same dose was taken every 8 weeks until 54 weeks. If 
the patients showed an simplified disease activity index (SDAI) 
of ≤3.3 at 54 weeks, they discontinued IFX. The programmed 
treatment arm received 3 mg/kg IFX at 0, 2 and 6 weeks, but the 
dose of IFX was selected based on baseline serum TNF-α after 14 
weeks. If serum TNF-α was <0.55 pg/mL, IFX was kept at 3 mg/
kg every 8 weeks after 14 weeks. If serum TNF-α was between 
0.55 pg/mL and 1.65 pg/mL, IFX was increased to 6 mg/kg at 14 
weeks and maintained at 6 mg/kg every 8 weeks after 22 weeks. 
If serum TNF-α was ≥1.65 pg/mL, IFX was increased to 6 mg/
kg at 14 weeks and to 10 mg/kg at 22 weeks; a dose of 10 mg/

kg was then administered every 8 weeks after 30 weeks. If the 
patients exhibited an SDAI ≤3.3 at 54 weeks, they discontinued 
IFX as in the standard treatment arm. In both treatment arms, 
discontinuation of IFX was maintained throughout follow- up 
until 158 weeks after enrolment unless patients exhibited clinical 
or radiological progression. Other details of the treatment plan, 
including concomitant drugs, are described elsewhere.19

Patients with RA were eligible for enrolment if they had active 
disease despite equal to or greater than 6 mg MTX weekly, 
were 18 years of age or older and had not previously used IFX. 
Exclusion criteria were: corticosteroid use >10 mg prednisolone 
equivalents/day; SDAI≤11.0; severe infections; active tubercu-
losis or evidence of latent tuberculosis; diagnosis of systemic 
lupus erythematosus or any other form of concomitant arthritis 
and congestive heart failure; we also excluded women who were 
pregnant or lactating during or 6 months after treatment. All 
patients gave written informed consent in accordance with the 
Declaration of Helsinki, and the trial was approved by the insti-
tutional review board at each participating institution. This trial 
was registered with University Hospital Medical Information 
Network (UMIN; number UMIN000005113).

Randomisation and masking
To ensure a balanced group design, the Clinical Research and 
Medical Innovation Center at Hokkaido University Hospital 
performed the randomisation at week 10 using a computerised 
random number generator. Patients were randomly assigned in 
a 1:1 ratio to the standard or programmed treatment arm using 
permuted blocks within each stratum; block size was selected as 
four or six at random. Sixteen strata for randomisation consisted 
of disease duration (less than 3 years or not), baseline SDAI (less 
than 26 or not) and baseline TNF-α (<0.55 pg/mL, 0.55–1.65 
pg/mL or >1.65 pg/mL). Treatment allocation was blinded for 
the reviewer of the patients’ disease but open to both patients 
and physicians.

Outcome measures
The primary endpoint was the proportion of patients who 
sustained discontinuation of IFX 1 year after discontinuation at 
54 weeks after the first administration. The secondary endpoints 
were the proportion of patients achieving the following: clinical 
remission at the time of 54 weeks after the first administration of 
IFX; sustained discontinuation of IFX at 2 years after discontin-
uation of IFX; clinical remission based on SDAI and changes in 
SDAI from baseline at each time point; clinical remission based 
on DAS28- ESR, DAS28- CRP and Boolean- based definitions, and 
change in each value at each time point; as well as radiographs 
of the hands, wrists and feet, which were centrally assessed and 
assigned a score according to the van der Heijde modifications 
of the total Sharp score (modified total Sharp score); rheumatoid 
factor and matrix metalloproteinase-3 levels; health assessment 
questionnaire (HAQ) and EQ- 5D score; serum IFX concentra-
tion at 54 weeks after the first administration of IFX and adverse 
events.

Statistical analysis
Sample size was determined by assuming that the proportions 
of clinical remission (SDAI ≤3.3) were 21% and 34% for the 
standard and programmed treatment arms, respectively.18 After 
discontinuation of IFX, we also assumed that the proportion of 
patients who sustained discontinuation was 55% in the stan-
dard treatment arm and 65% in the programmed treatment 
arm.17 Therefore, the proportions of patients who sustained 

http://ard.bmj.com/
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Figure 1 Consort flow diagram.

discontinuation of IFX at 1 year after discontinuation of IFX 
at 54 weeks after first administration in the standard and 
programmed treatment arms were calculated as 11.6% and 
22.1%, respectively. Based on these values, approximately 200 
randomised patients were needed for each treatment arm in 
order to achieve 80% power at a two- sided 5% level of signifi-
cance (400 patients in total).

The analysis population included all patients enrolled and 
randomised in the trial (intention- to- treat population). For 
primary analysis, the proportion of sustained discontinuation at 
1 year after discontinuation of IFX at 54 weeks was compared 
using the Cochrane–Mantel–Haenszel test with stratification 
factors (disease duration and baseline SDAI). The risk differ-
ence of the proportion of sustained discontinuation at 1 year 
after discontinuation of IFX and its 95% CI were calculated. To 
confirm the robustness of the primary results, the same anal-
yses were conducted in a population restricted to patients who 
completed the planned IFX and entered the IFX- free period 
(secondary analysis population). Subgroup analysis based on 
disease duration, baseline SDAI and baseline TNF-α concentra-
tion was conducted.

For the secondary endpoints, we compared the proportion 
of patients with clinical remission at 54 weeks and the propor-
tion of patients who sustained discontinuation of IFX at 2 years 
after discontinuation between arms. The proportions of clinical 
remission according to DAS28- ESR were also analysed. Longi-
tudinal data in SDAI, DAS28- ESR, HAQ and total Sharp score 
were analysed using a mixed model for repeated measures.20 
Means and SD were calculated for all time points and displayed 
as a transition diagram. Time to discontinuation of IFX and time 
until the loss of efficacy was plotted using the Kaplan–Meier 
method. As an exploratory analysis, logistic regression analysis 
was performed to identify the baseline predictors of sustained 
remission after 1 year.

Safety analysis was conducted based on the safety popula-
tion, which included all patients who enrolled in the study and 
received IFX at least once. Combined results from both treat-
ment arms are shown before randomisation, and separate results 
for each treatment arm are shown separately for each rando-
misation. The numbers and proportions of adverse events were 
calculated.

http://ard.bmj.com/
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Table 1 Baseline characteristics

Variables

Standard
treatment arm

Programmed
treatment arm Programmed treatment arm

(n=167) (n=170) TnF- low (n=51) TnF- int (n=68) TnF- high (n=51)

Age ≥65 59 (35.3) 43 (25.3) 9 (17.6) 18 (26.5) 16 (31.4)

65< 108 (64.7) 127 (74.7) 42 (82.4) 50 (73.5) 35 (68.6)

Median (range) 59 (20–83) 58 (20–81) 56 (20–76) 58 (21–81) 61 (34–78)

Sex Male 31 (18.6) 41 (24.1) 15 (29.4) 12 (17.6) 14 (27.5)

Female 136 (81.4) 129 (75.9) 36 (70.6) 56 (82.4) 37 (72.5)

Duration of disease, 
years

≥3 69 (41.3) 71 (41.8) 22 (43.1) 28 (41.2) 21 (41.2)

3< 98 (58.7) 99 (58.2) 29 (56.9) 40 (58.8) 30 (58.8)

Median (range) 1.6 (0.1–58.0) 2.0 (0.2–36.83) 1.8 (0.3–33.5) 2.0 (0.2–36.8) 2.0 (0.2–33.0)

Baseline SDAI ≥26 71 (42.5) 74 (43.5) 17 (33.3) 29 (42.6) 28 (54.9)

26< 96 (57.5) 96 (56.5) 34 (66.7) 39 (57.4) 23 (45.1)

Median (range) 24.3 (11.1–80) 24.1 (11.1–108) 20.5 (11.5–58) 23.9 (11.1–67) 31.1 (11.6–108)

Tender/painful joint 
count

Median (range) 6 (0–28) 7 (0–28) 6 (0–24) 5 (0–27) 9 (1–28)

Swollen joint count Median (range) 6 (0–28) 6 (1–23) 6 (1–20) 6 (2–23) 7 (1–22)

Patients’ VAS Median (range) 50 (4–100) 50 (2–100) 46 (9–98) 50.5 (2–100) 53 (7–100)

Physicians’ VAS Median (range) 50 (12–100) 47 (5–100) 40 (5–84) 48 (15–90) 50 (9–100)

CRP, mg/dL Median (range) 0.91 (0.0–15.1) 1.0 (0.0–20.7) 0.76 (0.0–4.52) 1.07 (0.0–9.08) 1.30 (0.02–20.7)

Baseline DAS28- CRP Median (range) 3.97 (2.1–7.4) 4.1 (1.6–6.9) 3.68 (2.9–6.3) 4.02 (1.6–6.78) 4.37 (2.8–6.89)

Baseline DAS28–ESR Median (range) 5.27 (0.14–8.49) 5.36 (1.2–8.33) 4.98 (2.7–8.06) 5.17 (0.36–8.33) 6.02 (2.77–8.30)

Baseline TNF–α 0.55< 55 (32.9) 51 (30.0) 51 (100) 0 0

0.55≤1.65 61 (36.5) 68 (40.0) 0 68 (100) 0

≥1.65 51 (30.5) 51 (30.0) 0 0 51 (100)

HAQ- DI score Median (range) 0.88 (0–3) 0.88 (0–2.88) 0.88 (0.0–2.38) 0.88 (0.0–2.88) 1.13 (0.0–2.63)

mTSS Median (range) 8.25 (0–318) 8 (0–403) 6.75 (0–403) 8.5 (0–378) 8.5 (0–151.5)

Rheumatoid factor Median (range) 45.2 (0–2301) 59 (0–2050) 59.5 (0–846) 43.5 (0.19–810.8) 77 (4–2050)

MTX dose Median (range) 10 (6–17.5) 12 (6–16) 12 (6–16) 11 (6–16) 10 (6–16)

CRP, C- reactive protein; DAS28- ESR, disease activity score in 28 joints using erythrocyte sedimentation rate; ESR, erythrocyte sedimention rate; HAQ, health assessment 
questionnaire; HAQ- DI, health assessment questionnaire- disability index; mTSS, modified total Sharp score; MTX, methotrexate; SDAI, simplified disease activity index; TNF-α, 
tumour necrosis factor α; VAS, visual analogue scale.

All p values calculated in the analysis were two- sided and were 
not adjusted for multiple testing because no interim analysis was 
planned. P values less than 0.05 were considered to indicate 
statistical significance. SAS V.9.4 (SAS Institute, Cary, North 
Carolina, USA) was used for all the analyses.

ReSulTS
Study population
Between April 2011 and September 2013, 415 patients were 
assessed for eligibility and 405 patients were enrolled in the 
RRRR study (figure 1). After the induction phase, 337 patients 
were randomised into the standard treatment arm (167 patients) 
and programmed treatment arm (170). Reasons of ineligibility 
before the randomisation are shown in online supplementary 
table 1. Patient demographics and disease activity were balanced 
among treatment groups at baseline (table 1). The percentage of 
patients with baseline serum TNF-α≥1.65 pg/mL was higher in 
the RRRR Study than in the RISING study.18

In the programmed treatment arm, 51 patients were allo-
cated into the TNF- low group (received 3 mg/kg IFX), 68 into 
the TNF- int group (6 mg/kg after 22 weeks) and 51 into the 
TNF- high group (10 mg/kg after 22 weeks). One- hundred and 
twenty patients in the standard treatment arm and 117 patients 
in the programmed treatment arm completed IFX treatment for 
54 weeks after enrolment. Reasons of study withdrawal before 

54 are shown in newly made online supplementary table 2. The 
median number of injections was 9 (range, 4–10) in both arms.

disease activity during IFX treatment
At the last IFX treatment after 54 weeks, the difference in the 
least- square means in SDAI and DAS28- ESR was not statistically 
significant (p=0.091 and p=0.120, respectively) (figure 2A–B). 
However, we observed statistically significant differences in 
SDAI and DAS28- ESR in cases for which the missing value was 
imputed using the last observation carried forward (LOCF) 
method at the last IFX treatment after 54 weeks. After 54 
weeks, the proportion of clinical remission in SDAI (SDAI ≤3.3) 
was 32.3% (54/167) in the standard treatment arm and 39.4% 
(67/170) in the programmed treatment arm (figure 2C). Based 
on DAS28- ESR, the proportion of clinical remission was 31.1% 
(52/167) in the standard treatment arm and 40.0% (68/170) in 
the programmed treatment arm after 54 weeks (figures 2D and 
3). Ultimately, 52 patients in the standard treatment arm and 67 
patients in the programmed treatment arm started discontinua-
tion of IFX treatment (figure 1).

Sustained discontinuation after IFX discontinuation
The proportion of sustained discontinuation of IFX 1 year after 
discontinuation at 54 weeks was not significantly different 
between two groups; the programmed treatment arm 23.5% 

https://dx.doi.org/10.1136/annrheumdis-2019-216169
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Figure 2 Change from baseline in SDAI (A) and DAS28- ESR, and proportion of remission based on SDAI (C) and DAS28- ESR (D). Least square means 
and 95% CIs were estimated plotted for the standard treatment group and programmed treatment group. $ shows p<0.05. DAS28- ESR, disease 
activity score in 28 joints using erythrocyte sedimentation rate; SDAI, simplified disease activity index.

Figure 3 Proportions of sustained discontinuation by the standard and programmed treatment group (A) and by the dose of infliximab (B) in 
patients randomised in RRRR study. The standard treatment group and TNF- low group received 3 mg/kg of infliximab, TNF- int group received 6 mg/
kg after 22 weeks and TNF- high group received 10 mg/kg after 22 weeks. RRRR, Remission induction by Raising the dose of Remicade in Rheumatoid 
arthritis; TNF, tumour necrosis factor.

(40/170) and the standard treatment arm 21.6% (36/167), 
respectively (2.2% difference, 95% CI −6.6% to 11.0%; 
p=0.631) (figure 3). At other time points, the proportion of 
sustained discontinuation was similar in both arms, as shown in 
figure 2A. In the programmed treatment arm, the proportions 
of sustained discontinuation at 1 year were 21.6% in TNF- low 

group, 23.5% in the TNF- int group and 25.5% in the TNF- 
high group. There was no statistically clear trend in the dose 
of IFX (p=0.642). The main reasons for stopping discontinu-
ation was re- introduction of IFX (5/52 (9.6%) in the standard 
treatment arm and 16/67 (23.9%) in the programmed treat-
ment arm), introduction of other biological antirheumatic drugs 

http://ard.bmj.com/
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Figure 4 Association between clinical background factors and the sustained discontinuation at 1 year in the multiple logistic regression analysis. 
MTX, methotrexate; RF, rheumatoid factor; SDAI, simplified disease activity index; TNF-α, tumour necrosis factor α.

http://ard.bmj.com/
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Table 2 Adverse events in each arm

Standard treatment arm Programmed treatment arm

Programmed treatment arm

TnF- low TnF- int TnF- high

Observed person weeks 8175.3 8354 2646.6 3266.6 2440.9

Infectious events 20
(0.24 per 100 weeks)

22
(0.26 per 100 weeks)

7
(0.26 per 100 weeks)

11
(0.34 per 100 weeks)

4
(0.16 per 100 weeks)

Other events 67
(0.82 per 100 weeks)

80
(0.96 per 100 weeks)

31
(1.17 per 100 weeks)

25
(0.77 per 100 weeks)

24
(0.98 per 100 weeks)

Severe infectious events 5
(0.06 per 100 weeks)

2
(0.02 per 100 weeks)

1
(0.04 per 100 weeks)

0
(0.00 per 100 weeks)

1
(0.04 per 100 weeks)

Severe other events 1
(0.01 per 100 weeks)

5
(0.06 per 100 weeks)

2
(0.08 per 100 weeks)

2
(0.06 per 100 weeks)

1
(0.04 per 100 weeks)

Possible related infectious events 15
(0.18 per 100 weeks)

13
(0.16 per 100 weeks)

4
(0.15 per 100 weeks)

5
(0.15 per 100 weeks)

4
(0.16 per 100 weeks)

Possible related other events 11
(0.13 per 100 weeks)

17
(0.20 per 100 weeks)

10
(0.38 per 100 weeks)

6
(0.18 per 100 weeks)

1
(0.04 per 100 weeks)

TNF, tumour necrosis factor.

(6/52 (11.5%) in the standard treatment arm and 6/67 (9.0%) 
in the programmed treatment arm) and clinical judgement (5/52 
(9.6%) in the standard treatment arm and 10/67 (14.9%) in the 
programmed treatment arm). Least- square means of trajectories 
in total Sharp score and HAQ during the study period were also 
were similar in both arms (data not shown).

Factors associated with sustained discontinuation at 1 year
As an exploratory analysis, we used a logistic regression model 
to evaluate the association between baseline characteristics and 
sustained remission after 1 year by arms. In both arms, baseline 
SDAI <26.0 was a statistically significant predictor of sustained 
discontinuation at 1 year (OR=2.97% and 95% CI 1.37 to 6.43 
in the programmed treatment arm; OR=2.83% and 95% CI 1.24 
to 6.50 in the standard treatment arm) (figure 4). RF less than 45 
(OR=2.18; 95% CI 1.01 to 4.73), baseline TNF-α higher than 
1.65 (OR=3.11; 95% CI 1.12 to 8.67) and baseline MTX dose 
lower than 10 mg/kg (OR=2.43; 95% CI 1.08 to 5.47) were 
statistically significant predictors in the standard treatment arm, 
but not in the programmed treatment arm (online supplemen-
tary table S3).

Safety analysis
Twenty infection events (0.24 per 100 weeks) were observed in 
the standard treatment arm, and 22 events (0.26 per 100 weeks) 
in the programmed treatment arm (table 2). The incidence rates 
were comparable between the two arms. In addition, there was 
no trend in the incidence of any adverse events against the IFX 
dose in the programmed treatment arm.

dISCuSSIOn
After achieving remission through combined use of MTX and 
TNF- inhibitors, dose reduction or withdrawal of TNF inhibitors 
may be considered out of concern for adverse events or treat-
ment cost.10–15 However, several studies have suggested that few 
patients with established RA can discontinue bDMARDs without 
losing remission and that patients in sustained deep remission 
are more likely to be able to discontinue bDMARDs.21 We have 
also reported that withdrawal of TNF inhibitors in established 
RA was possible in the presence or maintenance of deep remis-
sion, according to a lower cut- off value than 2.6: the significant 
DAS28 cut- off point was determined to be <2.2 in the RRR 
trial and <2.0 in the HONOR trial.17 22 Therefore, we hypothe-
sised that deep remission can be achieved by intensive and finely 

tuned treatments with the appropriate dose of TNF inhibitors. 
Meanwhile, the RISING study revealed that IFX dose, adjusted 
based on serum levels of TNF at baseline, was associated with 
the clinical response to IFX in patients with RA: a higher dose of 
IFX was necessary in patients with a high baseline TNF, whereas 
lower doses of IFX were sufficient for those with low baseline 
TNF.18 Thus, the RRRR study was designed to evaluate the clin-
ical remission after 54 weeks of ‘programmed’ treatment, in 
which the dose of IFX for each patient was determined by base-
line serum TNF-α, and subsequent sustained discontinuation of 
IFX for 1 year, compared with the ‘standard’ treatment.

The proportion of remission at week 54 was 32.3% and 
31.1% in the standard treatment arm and 39.4% and 40.0% 
in the programmed treatment strategy, measured by SDAI and 
DAS28- ESR, respectively. There was no statistically significant 
difference in least- square means in SDAI and DAS28- ESR. 
Serum levels in IFX at the last administration were significantly 
higher in the programmed group than in the standard group, 
indicating that the study could theoretically be successful. Thus, 
the obtained results partly failed to support the results in the 
RISING study, which might depend on differences in patient 
characteristics at baseline, including much lower disease activity 
and use of higher doses of MTX in the RRRR study. Alterna-
tively, statistical methods differed between the two studies, and 
significant differences in SDAI and DAS28- ESR were observed, 
if the missing value was imputed using the LOCF method at the 
last IFX treatment after 54 weeks, as was done in the RRR and 
RISING studies.17 18

In terms of the primary endpoint, there was no statistically 
significant difference in the proportion of sustained discontinua-
tion at 1 year after withdrawal of IFX between the standard treat-
ment arm (21.6%) and the programmed treatment arm (23.5%). 
In addition, there was no statistically clear trend in dose of IFX 
in the programmed group. At other time points, the propor-
tion of sustained discontinuation was similar in both groups. 
The proportion of sustained remission after the withdrawal 
of IFX was also comparable for 1 year between two groups. 
In both arms, baseline SDAI <26 was a statistically significant 
predictor of sustained discontinuation at 1 year (OR=2.97 in the 
programmed arm and 2.83 in the standard arm) by logistic regres-
sion model. This exploratory analysis implies that the success of 
sustained discontinuation of IFX depends on disease activity at 
baseline, and that sufficient disease control by adequate dose of 
MTX is required before IFX is administered. Furthermore, the 
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results did not support our initial hypothesis that deep remis-
sion and subsequent sustained discontinuation of IFX can be 
achieved by intensive and finely tuned treatments with appro-
priate doses of TNF inhibitors. There was no statistically signif-
icant difference in the proportion of deep remission, defined 
as DAS28 <2.2, at the last administration of IFX between the 
standard treatment arm (22.8%) and the programmed treatment 
arm (26.5%), which could result in failure of sustained discon-
tinuation of IFX. On the other hand, the incidence rates of infec-
tions and other safety signals were comparable between the two 
arms, suggesting that dose escalation was tolerated in the study. 
Thus, the fine tuning of IFX- dose based on serum levels of TNF 
represents a key factor for achievement of remission defined by 
SDAI and DAS28- ESR, but may not be related to deep remission. 
If serum levels of RF are less than 45, serum levels of TNF-α are 
higher than 1.65, or disease activity is controlled with less than 
10 mg/kg of MTX, standard treatment may be intense enough to 
achieve successful discontinuation of IFX.

This study had several limitations. Initially, the RRRR study 
was not a double- blinded study. In addition to ethical issues 
and budgetary reasons, there were technical problems: specifi-
cally, different numbers of vials of IFX had to be prepared when 
patients were treated with 3, 6 and 10 mg/kg. The study was 
undertaken with coverage by health insurance. Second, patients 
were treated with different doses of IFX only for 40 weeks, and 
five doses were administered to each patient. This regimen might 
not be intense enough to achieve differences in disease control 
between the two groups. Indeed, as shown in figure 2A and B, 
the differences in SDAI and DAS28- ESR gradually increased 
according to the number of doses. Third, this trial adopted the 
escalation dose for the 6 mg and 10 mg of IFX in the programmed 
treatment arm according to the approved usage by the govern-
ment. However, it might reduce the efficacy of the programmed 
treatment strategy since the very start time may be the most 
important period for determining outcome. Finally, the obtained 
results pertain to IFX and probably to other TNF inhibitors, but 
not to IL-6 inhibitors or JAK inhibitors that directly affect the 
acute- phase response and lead to very low DAS28 values.

Taken together, the findings of the RRRR study reveal that 
the programmed treatment strategy using different doses of IFX 
based on the baseline levels of serum TNF-α did not increase the 
sustained remission rate 1 year after withdrawal of IFX treatment 
at week 106. However, in order to facilitate decision- making by 
patients and rheumatologists, more efforts are needed to deter-
mine the patient profile most likely to benefit from discontinua-
tion of biological DMARDs.

Author affiliations
1Department of the First Department of internal Medicine, University of Occupational 
and environmental Health, Japan, Kitakyushu, Japan
2Clinical Research and Medical innovation Center, Hokkaido University Hospital, 
sapporo, Japan
3Department of Clinical immunology, Hokkaido University Graduate school of 
Medicine, sapporo, Japan
4Department of Rheumatology, Tokyo Medical and Dental University, Tokyo, Japan
5Department of Rheumatology, ijinkai Takeda General Hospital, Kyoto, Japan
6Department of Rheumatology, Keio University, school of Medicine, Tokyo, Japan
7Department of Clinical immunology and Rheumatology, Hiroshima University 
Hospital, Hiroshima, Japan
8Department of Rheumatology, school of Medicine, Tokyo Women’s Medical 
University, Tokyo, Japan
9Deapartment of Rheumatology and Clinical immunology, Kyoto University, Kyoto, 
Japan
10Department of immunology and Rheumatology, nagasaki University, nagasaki, 
Japan
11Department of Rheumatology, saitama Medical Center, saitama Medical University, 
Kawagoe, Japan

12Ushio Clinic, Osaka, Japan
13Utazu Hama Clinic, ayauta- gun, Japan
14Department of General Medicine, Tenri Hospital, Tenri, Japan
15The Centre for Rheumatic Diseases, Matsuyama Red Cross Hospital, Matsuyama, 
Japan
16Department of Rheumatology, Yokohama Minami Kyosai Hospital, Yokohama, 
Japan
17Division of Rheumatology, Hyogo College of Medicine, nishinomiya, Japan
18Division of Hematology, Rheumatology and Respiratory Medicine, Faculty of 
Medicine, Kagawa University, Miki, Japan

Contributors all authors made essential and valuable contributions to the patient 
assessment, data collection and manuscript. in addition to the above, YT contributed 
to study design, study conduct, data analysis, KO, nH and ns did data management 
and data analysis and TaKo, nM, TM and TsTa did the study design and study 
conduct.

Funding This is an investigator- initiated trial sponsored by a Research Grant- in- aid 
for scientific Research from the Ministry of Health, labor and Welfare of Japan. a 
radiological evaluation was funded by Mitsubishi Tanabe Pharma Co, ltd.

Competing interests YT has received consulting fees, speaking fees and/
or honoraria from abbVie GK; Chugai Pharmaceutical Co ltd; Daiichi- sankyo Co 
ltd; Bristol- Myers, Mitsubishi Tanabe Pharma Co; astellas Pharma inc; Takeda 
Pharmaceutical Co ltd; Pfizer Japan inc; Teijin Pharma; asahikasei Pharma 
Corp; Yl Biologics; sanofi KK: Janssen Pharmaceutical KK; eli lilly Japan KK and 
GlaxosmithKline KK and has received research grants from Mitsubishi Tanabe 
Pharma Co; Takeda Pharmaceutical Co, ltd; Daiichi sankyo Co ltd; Chugai 
Pharmaceutical Co ltd; Bristol- Myers KK; MsD KK; astellas Pharma inc; abbVie 
GK; eisai Co ltd K Oba has received honoraria from Takeda Pharmaceutical Co ltd; 
Ono Pharmaceutical Co ltd; eisai Co ltd; Chugai Pharmaceutical Co ltd; Daiichi- 
sankyo Co ltd. TT has received grants from astellas Pharma inc and Pfizer Japan, 
inc; Chugai Pharmaceutical Co ltd; Daiichi sankyo Co ltd; Takeda Pharmaceutical 
Co ltd; abbVie GK; asahikasei Pharma Corp; Mitsubishi Tanabe Pharma Co; 
Pfizer Japan inc; eisai Co ltd; aYUMi Pharmaceutical Co; nipponkayaku Co ltd; 
novartis Pharma KK; shionogi abbVie GK; aYUMi Pharmaceutical Co; eisai Co ltd; 
Gilead sciences, inc; GlaxosmithKline KK; sanofi KK; Taiho Pharmaceutical Co ltd; 
Mitsubishi Tanabe Pharma Co; Diaichi sankyo Co ltd; Chugai Pharmaceutical Co ltd; 
Taisho Pharmaceutical Co ltd; eli lilly Japan KK; novartis Pharma KK; Boehringer- 
ingelheim Co ltd; nipponkayaku Co ltd; Pfizer Japan inc; Bristol–Myers KK; Janssen 
Pharmaceutical KK; UCB Japan Co ltd. TM received research grants and/or speaking 
fees from asahikasei Pharma Corp; astellas Pharma inc; aYUMi Pharmaceutical 
Corporation; Bristol- Myers squibb; Chugai Pharmaceutical Co ltd; Diaichi- sankyo 
Co ltd; eisai Co ltd; eli lilly Japan KK; Mitsubishi- Tanabe Pharma Co; MsD KK; 
nippon Kayaku Co ltd; Pfizer Japan inc; sanofi KK; Takeda Pharmaceutical Co ltd. TK 
has received speaking fees from abbVie GK; asKa Pharmaceutical Co ltd; astellas 
Pharma inc; Bristol- Myers KK; Chugai Pharmaceutical Co ltd; Diaichi- sankyo Co 
ltd; eisai Co ltd; Mitsubishi Tanabe Pharma Co; Pfizer Japan inc; Teijin Pharma; UCB 
Pharma and consulting fees from Bristol- Myers KK; eli lilly Japan KK; Pfizer Japan 
inc; Diaichi- sankyo Co ltd; sanofi KK. sH has received research grants from eli lilly 
Japan KK; UCB Pharma; consultancy fee from Bristol- Myers squibb; Celgene KK; 
Janssen Pharmaceutical KK; novartis Pharma KK and speaker’s fees from abbVie GK; 
asahikasei Pharma Corp; astellas Pharma inc; aYUMi Pharmaceutical Co; Bristol- 
Myers squibb; Chugai Pharmaceutical Co ltd; eisai Co ltd; eli lilly Japan KK; Janssen 
Pharmaceutical KK; Kissei Pharmaceutical Co ltd; Pfizer Japan inc; sanofi KK; 
Takeda Pharmaceutical Co ltd; Mitsubishi Tanabe Pharma Co; UCB Pharma. eT has 
received lecture fees or consulting fees from asahi Kasei pharma co; Bristol Myers 
squibb; Chugai Pharmaceutical Co ltd; Diaichi sankyo Co ltd; eisai Co ltd; Janssen 
Pharmaceutical KK; nippon Kayaku Co ltd; Pfizer Japan inc; Takeda Pharmaceutical 
Co ltd; Taisho Toyama Pharmaceutical Co ltd; UCB Pharma. YK has received grants 
or speaking fees from abbVie GK; astellas Pharma inc; aYUMi Pharmaceutical Co; 
Bristol- Myers squibb; Chugai Pharmaceutical Co ltd; eisai Co ltd; eli lilly Japan KK; 
Hisamitsu Pharmaceutical Co inc; Janssen Pharmaceutical KK; novartis Pharma KK; 
Pfizer Japan inc; sanofi KK; Takeda Pharmaceutical Co ltd; Mitsubishi Tanabe Pharma 
Co; UCB Pharma. Kn has received speaking fees from UCB Pharma; astellas Pharma 
inc; Mitsubishi Tanabe Pharma Co and research grants from Mitsubishi Tanabe 
Pharma Co; eisai Co ltd. Ka has received research grants from asahi Kasei Pharma 
Co; Chugai Pharmaceutical Co ltd and honoraria from astellas Pharma inc; eli lilly 
Japan KK; Pfizer Japan inc; Mitsubishi Tanabe Pharma Co ltd.

Patient consent for publication not required.

Provenance and peer review not commissioned; externally peer reviewed.

data availability statement all data relevant to the study are included in the 
article or uploaded as supplementary information. 

Open access This is an open access article distributed in accordance with the 
Creative Commons attribution non Commercial (CC BY- nC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 

http://ard.bmj.com/


102 Tanaka Y, et al. Ann Rheum Dis 2020;79:94–102. doi:10.1136/annrheumdis-2019-216169

Rheumatoid arthritis

properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. see: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCId ids
Yoshiya Tanaka http:// orcid. org/ 0000- 0002- 0807- 7139
shintaro Hirata http:// orcid. org/ 0000- 0002- 2474- 9943

RefeRences
 1 lee DM, Weinblatt Me. Rheumatoid arthritis. The Lancet 2001;358:903–11.
 2 Kvien TK. epidemiology and burden of illness of rheumatoid arthritis. 

Pharmacoeconomics 2004;22:1–12.
 3 Olsen nJ, stein CM. new drugs for rheumatoid arthritis. N Engl J Med 

2004;350:2167–79.
 4 Maini R, st Clair eW, Breedveld F, et al. infliximab (chimeric anti- tumour necrosis 

factor α monoclonal antibody) versus placebo in rheumatoid arthritis patients 
receiving concomitant methotrexate: a randomised phase iii trial. The Lancet 
1999;354:1932–9.

 5 Durez P, Malghem J, Toukap an, et al. Treatment of early rheumatoid arthritis: a 
randomized magnetic resonance imaging study comparing the effects of methotrexate 
alone, methotrexate in combination with infliximab, and methotrexate in combination 
with intravenous pulse methylprednisolone. Arthritis Rheum 2007;56:3919–27.

6 Goekoop- Ruiterman YPM, De Vries- Bouwstra JK, allaart CF, et al. Clinical and 
radiographic outcomes of four different treatment strategies in patients with early 
rheumatoid arthritis (the best study): a randomized, controlled trial. Arthritis Rheum 
2005;52:3381–90.

 7 saleem B, Keen H, Goeb V, et al. Patients with Ra in remission on TnF blockers: 
when and in whom can TnF blocker therapy be stopped? Ann Rheum Dis 
2010;69:1636–42.

 8 Quinn Ma, Conaghan PG, O’Connor PJ, et al. Very early treatment with infliximab 
in addition to methotrexate in early, poor- prognosis rheumatoid arthritis reduces 
magnetic resonance imaging evidence of synovitis and damage, with sustained 
benefit after infliximab withdrawal: results from a twelve- month randomized, double- 
blind, placebo- controlled trial. Arthritis Rheum 2005;52:27–35.

 9 st Clair eW, van der Heijde DMFM, smolen Js, et al. Combination of infliximab and 
methotrexate therapy for early rheumatoid arthritis: a randomized, controlled trial. 
Arthritis Rheum 2004;50:3432–43.

 10 singh Ja, saag KG, Bridges slJ, et al. american College of rheumatology guideline for 
the treatment of rheumatoid arthritis. Arthritis Rheumatol 2015;2016:1–26.

 11 schett G, emery P, Tanaka Y, et al. Tapering biologic and conventional DMaRD therapy 
in rheumatoid arthritis: current evidence and future directions. Ann Rheum Dis 
2016;75:1428–37.

 12 edwards CJ, Fautrel B, schulze- Koops H, et al. Dosing down with biologic therapies: a 
systematic review and clinicians’ perspective. Rheumatology 2017;56:1847–56.

 13 Henaux s, Ruyssen- Witrand a, Cantagrel a, et al. Risk of losing remission, low disease 
activity or radiographic progression in case of bDMaRD discontinuation or tapering 
in rheumatoid arthritis: systematic analysis of the literature and meta- analysis. Ann 
Rheum Dis 2018;77:515–22.

 14 Tanaka Y. stopping tumour necrosis factor- targeted biological DMaRDs in rheumatoid 
arthritis. Rheumatology 2016;55:ii15–22.

 15 Tanaka Y. next stage of Ra treatment: is TnF inhibitor- free remission a possible 
treatment goal? Ann Rheum Dis 2013;72:ii124–7.

 16 van der Bijl ae, Goekoop- Ruiterman YPM, de Vries- Bouwstra JK, et al. infliximab and 
methotrexate as induction therapy in patients with early rheumatoid arthritis. Arthritis 
Rheum 2007;56:2129–34.

 17 Tanaka Y, Takeuchi T, Mimori T, et al. Discontinuation of infliximab after attaining low 
disease activity in patients with rheumatoid arthritis: RRR (remission induction by 
remicade in Ra) study. Ann Rheum Dis 2010;69:1286–91.

 18 Takeuchi T, Miyasaka n, Tatsuki Y, et al. Baseline tumour necrosis factor alpha levels 
predict the necessity for dose escalation of infliximab therapy in patients with 
rheumatoid arthritis. Ann Rheum Dis 2011;70:1208–15.

 19 Oba K, Horie n, sato n, et al. Remission induction by raising the dose of remicade 
in Ra (RRRR) study: rationale and study protocol for a randomized controlled trial 
comparing for sustained clinical remission after discontinuation of infliximab in 
patients with rheumatoid arthritis. Contemp Clin Trials Commun 2017;8:49–54.

 20 Mallinckrod† CH, lane PW, schnell D, et al. Recommendations for the primary analysis 
of continuous endpoints in longitudinal clinical trials. Drug Inf J 2008;42:303–19.

 21 Tanaka Y, smolen Js, Jones H, et al. Patients achieving sustained deep remission, 
deep remission or sustained remission of rheumatoid arthritis are more likely than 
other responders to maintain remission or low disease activity after dose reduction or 
withdrawal of etanercept. Arthritis Res Ther 2019;21.

 22 Tanaka Y, Hirata s, Kubo s, et al. Discontinuation of adalimumab after achieving 
remission in patients with established rheumatoid arthritis: 1- year outcome of the 
honor study. Ann Rheum Dis 2015;74:389–95.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-0807-7139
http://orcid.org/0000-0002-2474-9943
http://dx.doi.org/10.1016/S0140-6736(01)06075-5
http://dx.doi.org/10.2165/00019053-200422001-00002
http://dx.doi.org/10.1056/NEJMra032906
http://dx.doi.org/10.1016/S0140-6736(99)05246-0
http://dx.doi.org/10.1002/art.23055
http://dx.doi.org/10.1002/art.21405
http://dx.doi.org/10.1136/ard.2009.117341
http://dx.doi.org/10.1002/art.20712
http://dx.doi.org/10.1002/art.20568
http://dx.doi.org/10.1136/annrheumdis-2016-209201
http://dx.doi.org/10.1093/rheumatology/kew464
http://dx.doi.org/10.1136/annrheumdis-2017-212423
http://dx.doi.org/10.1136/annrheumdis-2017-212423
http://dx.doi.org/10.1093/rheumatology/kew352
http://dx.doi.org/10.1136/annrheumdis-2012-202350
http://dx.doi.org/10.1002/art.22718
http://dx.doi.org/10.1002/art.22718
http://dx.doi.org/10.1136/ard.2009.121491
http://dx.doi.org/10.1136/ard.2011.153023
http://dx.doi.org/10.1016/j.conctc.2017.08.007
http://dx.doi.org/10.1177/009286150804200402
http://dx.doi.org/10.1136/annrheumdis-2013-204016
http://ard.bmj.com/


103Kishikawa T, et al. Ann Rheum Dis 2020;79:103–111. doi:10.1136/annrheumdis-2019-215743

Rheumatoid arthritis

TranslaTional science

Metagenome- wide association study of gut 
microbiome revealed novel aetiology of rheumatoid 
arthritis in the Japanese population
Toshihiro Kishikawa,1,2 Yuichi Maeda,3,4 Takuro nii,3,4 Daisuke Motooka,5 
Yuki Matsumoto,5 Masato Matsushita,6,7 Hidetoshi Matsuoka,7 Maiko Yoshimura,7 
shoji Kawada,8 satoru Teshigawara,7 eri oguro,3,7 Yasutaka okita,7 
Keisuke Kawamoto,8 shinji Higa,8 Toru Hirano    ,3 Masashi narazaki,3 
atsushi ogata,8 Yukihiko saeki    ,7,9 shota nakamura,5 Hidenori inohara,2 
atsushi Kumanogoh,3,10 Kiyoshi Takeda,4,11 Yukinori okada    1,12,13

To cite: Kishikawa T, 
Maeda Y, nii T, et al. 
Ann Rheum Dis 
2020;79:103–111.

Handling editor Josef s 
smolen

 ► additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
annrheumdis- 2019- 215743).

For numbered affiliations see 
end of article.

Correspondence to
Dr Yukinori okada, Department 
of statistical Genetics, osaka 
University Graduate school of 
Medicine, 2-2 Yamadaoka, 
suita, Japan;  
 yokada@ sg. med. osaka- u. ac. jp

received 19 May 2019
accepted 3 october 2019
Published online First 
7 november 2019

© author(s) (or their 
employer(s)) 2020. re- use 
permitted under cc BY- nc. no 
commercial re- use. see rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objective The causality and pathogenic mechanism 
of microbiome composition remain elusive in many 
diseases, including autoimmune diseases such as 
rheumatoid arthritis (ra). This study aimed to elucidate 
gut microbiome’s role in ra pathology by a comprehensive 
metagenome- wide association study (MWas).
Methods We conducted MWas of the ra gut 
microbiome in the Japanese population (ncase=82, 
ncontrol=42) by using whole- genome shotgun sequencing 
of high depth (average 13 Gb per sample). our MWas 
consisted of three major bioinformatic analytic pipelines 
(phylogenetic analysis, functional gene analysis and 
pathway analysis).
Results Phylogenetic case–control association tests 
showed high abundance of multiple species belonging 
to the genus Prevotella (e.g., Prevotella denticola) in 
the ra case metagenome. The non- linear machine 
learning method efficiently deconvoluted the case–
control phylogenetic discrepancy. Gene functional 
assessments showed that the abundance of one redox 
reaction- related gene (r6FcZ7) was significantly 
decreased in the ra metagenome compared with 
controls. a variety of biological pathways including 
those related to metabolism (e.g., fatty acid biosynthesis 
and glycosaminoglycan degradation) were enriched 
in the case–control comparison. a population- specific 
link between the metagenome and host genome was 
identified by comparing biological pathway enrichment 
between the ra metagenome and the ra genome- wide 
association study results. no apparent discrepancy in 
alpha or beta diversities of metagenome was found 
between ra cases and controls.
Conclusion our shotgun sequencing- based MWas 
highlights a novel link among the gut microbiome, host 
genome and pathology of ra, which contributes to our 
understanding of the microbiome’s role in ra aetiology.

InTROduCTIOn
The human microbiome, which refers to the micro-
bial communities inhabiting the human body, has 
remarkable effects on our immune system and 
metabolism.1 Different microbiome compositions 
have been implicated in the pathogenesis of many 

diseases, such as type 2 diabetes, cardiometa-
bolic disorders, inflammatory bowel diseases and 
cancer.2–5 Rheumatoid arthritis (RA) is a prevalent 
autoimmune disorder characterised by synovial 
inflammation and joint damage.6 In addition to 
environmental and genetic factors, the microbiome 
has emerged as a candidate factor responsible for 
the onset of RA.7 The microbiomes of various sites 

Key messages

What is already known about this subject?
 ► Rheumatoid arthritis (RA) is one of the diseases 
for which the microbiome may have an 
important role in pathology. Gut microbiome 
has been implied to lead immune abnormality 
in RA patients such as the activation of immune 
responses via Th17 cells by Prevotella copri.

What does this study add?
 ► Multiple Prevotella spp. other than P. copri were 
related to RA etiology in the gut microbiome of 
the Japanese population.

 ► A redox reaction–related gene (R6FCZ7) was 
abundant in the gut metagenome of the 
Japanese patients with RA.

 ► A population- specific biological pathway 
link between the metagenome and the host 
genome was identified by comparing the RA 
metagenome- wide association study (MWAS) 
and the RA genome- wide association study 
(GWAS).

 ► Our study indicated a value of metagenome- 
wide shotgun sequencing rather than classical 
amplicon sequencing of 16S ribosomal RNA 
(rRNA) genes of microbiomes.

How might this impact on clinical practice or 
future developments?

 ► We revealed a novel link between the gut 
microbiome, host genome and pathology of 
RA. Our study will be a platform model of the 
microbiome studies to elucidate etiology of 
rheumatic diseases.
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within the body such as the gut, oral cavity and lungs have been 
implicated in RA.8–14 Several mechanisms leading to immune 
abnormality in RA have been reported (e.g, the production of 
citrullinated peptides by Porphyromonas gingivalis15 and the 
activation of immune responses via Th17 cells by Prevotella 
copri13). However, the aetiology of RA linked to the microbiome 
still remains unknown. Additionally, although ethnicity and 
dietary habits are major factors leading to differences in micro-
biome compositions, there have been few population- specific 
microbiome studies focused on RA in non- European or non- 
Westernised populations.

The spread of microbiome research in academia and industry 
has contributed to the development of the theoretical and meth-
odological features of bioinformatic analysis methods. While such 
methods initially focused on amplicon sequencing of 16S ribo-
somal RNA (rRNA) genes, today it is recommended to perform 
metagenome- wide association studies (MWAS) based on whole- 
genome shotgun sequencing of the microbiome. This method can 
detect the genomic composition of the microbiome at the species 
level (bacteria, and also archaea, fungi and viruses) and analyse 
their biological functional features.16 Thus, shotgun sequencing 
has the potential to indicate new targets for drug therapy as well 
as faecal transplants and probiotics.17 On the other hand, shotgun 
sequencing analysis is costly and requires a machine resource that 
can analyse large data sets as well as complex systematic data 
processing. As for the gut microbiome in RA, a few studies using 
shotgun sequencing have been reported,8 11 and findings are not 
universally consistent.

As previously suggested, shotgun sequencing has the benefit 
of providing insights into the functional aspects of microbiome 
genes. RA is one of the representative diseases of which many 
associated genomic regions have been discovered by genome- 
wide association studies (GWAS), and a part of its pathogen-
esis has been elucidated.18 However, the link between the host 
genetic factor and the microbiome, namely MWAS–GWAS inter-
action, has not been fully assessed to date.

Unsupervised clustering analyses of taxa or genes have been 
performed to grasp the overall phylogenetic or functional 
picture of the metagenome. Machine learning (ML) is one of 
today’s most rapidly growing technologies. Various clustering 
approaches that incorporate an ML method have been used, 
such as principal component analysis (PCA) and the k- means 
method,19 20 but these classical methods mostly assume linearity 
of the microbiome data. Recently, ML methods for non- linear 
dimensionality reduction such as uniform manifold approxima-
tion and projection (UMAP)21 have been successfully adopted 
in diverse analyses.22 Application of such non- linear ML 
methods should contribute to our advanced understanding of 
the metagenome.

Here, we report a comprehensive MWAS of the gut micro-
biome in an RA case–control cohort of the Japanese popula-
tion. We carried out whole- genome shotgun sequencing of 124 
faecal samples (82 individuals with RA and 42 healthy controls). 
Our MWAS consisted of three major bioinformatic analytic 
techniques (phylogenetic analysis, functional gene analysis and 
pathway analysis), which allowed us to comprehensively grasp 
case–control disparity in the gut metagenome. We newly intro-
duced an unsupervised ML- based clustering approach to depict 
the RA metagenome landscape. To evaluate the link between the 
gut metagenome and the human germline genome, we compared 
the pathway enrichment of the gut microbiome MWAS and that 
of the host GWAS in RA.

MeTHOdS
Methods are provided in the online supplementary information.

ReSulTS
High abundance of multiple species belonging to the genus 
Prevotella in the RA gut microbiome
We performed whole- genome shotgun sequencing of a total of 
124 faecal DNA samples (sequencing group 1: 29 samples from 
15 individuals with RA and 14 controls; sequencing group 2: 95 
samples from 67 individuals with RA and 28 controls; see online 
supplementary table 1), which passed stringent quality control 
(QC) for sequence reads and samples (online supplementary 
figure 1).

After QC, we assigned sequence reads to taxonomic references 
and quantified phylogenetic relative abundances separately 
for each taxonomic level (online supplementary figure 2). We 
selected a total of 803 clades with an average relative abundance 
of >1.0×10−5 and detected in more than 20% of the samples 
in both sequencing groups, including 10 phyla (L2), 23 classes 
(L3), 34 orders (L4), 72 families (L5), 185 genera (L6) and 479 
species (L7). Case–control phylogenetic association tests using a 
generalised linear regression model identified significant associ-
ations of the nine clades (empirically estimated false discovery 
rate (FDR) q<0.05; figure 1A,B, table 1). Notably, all the asso-
ciated clades increased in RA samples compared with controls. 
As illustrated in a phylogenetic tree indicating the case–control 
association results of multilayered taxonomic levels (figure 1C), 
clades with more specific taxonomic levels (such as genus (L6) or 
species (L7)) tended to show greater differences in case–control 
factors (i.e., effect size). Among the nine clades with significant 
case–control associations, eight clades belonged to species (L7, 
the most specific level). Because it was difficult to detect these 
species level clades using classical 16S rRNA sequence anal-
ysis, these results clearly demonstrate the value of metagenome 
shotgun sequencing in identifying disease- associated taxa. We 
note that our shotgun sequencing study newly identified that 
the majority of RA- associated clades belonged to the genus 
Prevotella (P. denticola, P. marshii, P. disiens, P. corporis and P. 
amnii). While P. copri has been reported to be abundant in the 
gut microbiome of patients with RA,13 our results revealed that 
multiple other species in the genus Prevotella are also related to 
RA aetiology.

Identification of significant taxa cluster using a non-linear Ml 
method
We performed ML- based deconvolution of the metagenome data 
to comprehensively assess the case–control discrepancy at the 
species level (L7). First, we adopted UMAP, a non- linear dimen-
sionality reduction technique, for deconvolution of the complex 
taxonomic relative abundance data into two- dimensional data 
(figure 1D). We subsequently performed unsupervised clustering 
of the results of UMAP with the density- based spatial clustering 
of applications with noise (DBSCAN) algorithm,23 which classi-
fied the species into 14 clusters (online supplementary table 2). 
Next, we assessed the degree to which each cluster contained 
species with significant differences in the case–control phylo-
genetic association tests. One cluster was enriched with species 
with case–control discrepancies, as shown by hypergeometric 
tests (p=1.9×10−8, OR=27; figure 1E). Among the eight 
species which showed q- values <0.05 in the case–control phylo-
genetic association tests, half belonged to this cluster (n=4). The 
sum of the species belonging to this cluster also showed a signif-
icant difference in the case–control association test (p=0.0057, 
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Figure 1 MWAS results of RA case–control phylogenetic association tests. (A) A quantile- quantile plot of the MWAS p values of the clades. The 
x- axis indicates empirically estimated median −log10 p values. The y- axis indicates observed −log10 p values. The diagonal grey line represents y = x, 
which corresponds to the null hypothesis. The horizontal red line indicates the empirical Bonferroni- corrected threshold (α=0.05), and the brown line 
indicates the empirically estimated FDR (q=0.05). Clades with p values less than the Bonferroni thresholds are plotted as red dots. Clades with q<0.05 
are plotted as brown dots, and other clades as black dots. (B) A volcano plot. The x- axis indicates effect sizes of generalised linear model. The y- axis, 
horizontal lines and dot colours are the same as in (A). (C) Phylogenetic tree. Levels L2–L7 are from the inside layer to the outside layer. The size and 
colour of dots represent relative abundance and effect sizes, respectively. The nine clades with significant case–control associations (q<0.05) are 
outlined in red. (D) A dimension- reduced plot of the 479 species using UMAP. The eight species with q<0.05 are indicated in red, while the others are 
shown according to the effect sizes in phylogenetic case–control association tests. (E) Unsupervised clustering results according to the density- based 
spatial clustering of applications with noise (DBSCAN) algorithm. Seven clusters are illustrated as polygons. Cluster 9, which shows the significant 
enrichment of species with significant case–control discrepancies, is coloured according to effect sizes (as in figure 1D), while other clusters are shown 
in black. FDR, false discovery rate; MWAS, metagenome- wide association study; RA, rheumatoid arthritis; UMAP, uniform manifold approximation and 
projection.
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Table 1 Clades with significant case–control discrepancy

Microbe level effect size p- value

Prevotella denticola Species (L7) 1.021 2.0×10−4

Gardnerella Genus (L6) 0.959 3.8×10−4

Gardnerella vaginalis Species (L7) 0.959 3.8×10−4

Porphyromonas somerae Species (L7) 0.568 8.0×10−4

Prevotella marshii Species (L7) 0.882 1.0×10−3

Prevotella disiens Species (L7) 0.621 1.1×10−3

Bacteroides sartorii Species (L7) 0.502 1.5×10−3

Prevotella corporis Species (L7) 0.580 1.6×10−3

Prevotella amnii Species (L7) 0.563 1.9×10−3

Figure 2 MWAS results of RA case–control gene association tests. (A) A QQ plot (left) and volcano plot (right) of the MWAS p values of genes 
based on the UniRef90 protein database. (B) A QQ plot (left) and a volcano plot (right) of genes based on the KEGG gene database. In the QQ plots, 
the x- axis indicates empirically estimated median −log10 p values. In the volcano plot, the x- axis indicates beta of generalised linear model as effect 
sizes. The y- axis in both plots indicates observed −log10 p values. The diagonal grey line represents y=x, which corresponds to the null hypothesis. 
The horizontal red line indicates the empirical Bonferroni- corrected threshold (α=0.05), and the brown line indicates the empirically estimated FDR 
(q=0.05). Genes with p values less than Bonferroni thresholds are plotted as red dots. Clades with q<0.05 are plotted as brown dots, and other clades 
as black dots. MWAS, KEGG, Kyoto Encyclopedia of Genes and Genomes; MWAS, metagenome- wide association study; QQ, quantile- quantile; RA, 
rheumatoid arthritis.

effect size=0.48). While we parallelly applied classical linear ML 
methods such as PCA and non- metric multidimensional scaling 
in the same manner, cluster deconvolution was not clear and 
no cluster showed a significant case–control discrepancy (online 
supplementary figure 3). These results indicate that the non- 
linear ML method could efficiently provide novel knowledge in 
metagenome analyses.

A redox reaction-related gene of the gut metagenome 
decreased in RA samples
To evaluate functional aspects of the RA gut metagenome, we 
performed metagenomic shotgun sequencing according to the 
following procedures: (1) de novo assembly, (2) prediction of 
open reading frames (ORFs), (3) clustering and annotation of 
ORFs, and (4) read mapping to assembled contigs. We selected 
179 333 and 211 315 genes annotated by the UniRef9024 and 
Kyoto Encyclopedia of Genes and Genomes (KEGG)25 data-
bases, respectively. Case–control gene association tests using a 

generalised linear regression model found significant associa-
tions for a total of 12 genes (1 and 11 for UniRef90 and KEGG, 
respectively; empirically estimated FDR: q<0.05; figure 2, 
table 2). Of these, nine showed increased abundance in RA 
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Table 2 Genes with significant case–control discrepancy

uniRef Id effect size p- value description Organism

R6FCZ7 −1.19 2.5×10−7 FeS assembly sulphur utilization factor system protein Bacteroides sp. CAG:633

KeGG gene effect size p- value Gene name, definition Organism

btho:Btheta7330_04941 1.10 1.8×10−6 acpP; Acyl carrier protein Bacteroides thetaiotaomicron 7330

blz:BLGT_07800 0.988 2.4×10−6 ABC transporter permease Bifidobacterium longum subsp. longum GT15

bhl:Bache_0350 1.11 2.9×10−6 Protein of unknown function DUF59 Bacteroides helcogenes

boa:Bovatus_01714 1.02 2.9×10−6 gpmA; 2,3- bisphosphoglycerate- dependent 
phosphoglycerate mutase

Bacteroides ovatus

bcac:CGC64_16410 −1.02 3.0×10−6 gpmA; 2,3- diphosphoglycerate- dependent 
phosphoglycerate mutase

Bacteroides caccae

bvu:BVU_0015 1.04 7.5×10−6 Two- component system response regulator Bacteroides vulgatus

amy:ADJ76_04750 0.915 9.2×10−6 ABC transporter substrate- binding protein Schaalia meyeri

amy:ADJ76_03175 0.916 1.2×10−5 Hypothetical protein Schaalia meyeri

bpsc:BBPC_0350 −1.03 1.2×10−5 30S ribosomal protein S14 Bifidobacterium pseudocatenulatum

amy:ADJ76_06025 0.970 1.5×10−5 Preprotein translocase subunit SecE Schaalia meyeri

stu:STH8232_1189 1.09 1.5×10−5 Hypothetical protein SMU.1171c Streptococcus thermophilus JIM 8232

KEGG, Kyoto Encyclopedia of Genes and Genomes.

samples compared with controls. One gene demonstrated a 
highly significant association that satisfied the empirical Bonfer-
roni’s correlation (p=2.5×10−7, effect size=−1.19, R6FCZ7). 
R6FCZ7 is registered as a FeS assembly sulphur utilisation factor 
system protein in the UniRef database; it has not yet been given 
an official gene name by nomenclature committees. This kind 
of protein performs a wide range of bacterial functions, such as 
electron transfer, redox catalysis and gene regulation.26 Several 
previous studies have reported that reactive oxygen species play 
an important role in the pathogenesis of RA,27 and Zhang et 
al.8 also reported alteration of the redox environment in the 
RA gut microbiome. In taxonomic assignment, the source strain 
of R6FCZ7 was registered as Bacteroides sp. CAG:633. In our 
metagenome data, the R6FCZ7 sequences were further linked 
to the taxonomic reference genomes of Bacteroides uniformis, B. 
rodentium and B. fragilis, as well as Bacteroides sp. This implies 
that several species belonging to the genus Bacteroides function-
ally possess this gene. Overall, our results suggest that the redox 
function of the microbiome, especially the genus Bacteroides, 
may have an important role in the pathology of RA.

Identification of metagenomic biological pathways 
contributing to the pathophysiology of RA
Using the results of the gene analysis part of our MWAS, we 
performed gene set enrichment analysis to conduct case–control 
pathway association tests. We found significant associations for 
19 Gene Ontology (GO) terms that satisfied the empirical Bonfer-
roni’s correlation (figure 3A, table 3). One of the significant 
GO terms was metal ion binding (p=2.0×10−5, GO:0046872), 
which implies that the interaction between reactive oxygen 
species and metal ions is associated with the pathology of RA, 
which is similar to the result of the gene association tests. The 
eight KEGG pathways showed significant associations (q<0.05; 
figure 3B). A part of the substances related to these pathways 
are involved in the pathophysiology of RA as follows: (1) Fatty 
acids have been found to be related to inflammation and several 
free fatty acids in serum are reported to be upregulated in 
patients with RA.28 (2) Terpenoids suppress nuclear factor- kB 
signalling, the major regulator in the pathogenesis of inflamma-
tory diseases.29 They are the main component of Tripterygium 
wilfordii, a plant used in traditional Chinese medicine which has 
been shown to be non- inferior to methotrexate in the treatment 

of RA.30 (3) Adipocytokines have been reported to contribute 
to the proinflammatory state of RA, increasing in the synovial 
fluid of patients with RA.31 (4) Glycosaminoglycans (GAGs) are 
major components of joint cartilage and other soft connective 
tissues. Modification of GAG metabolism may play a crucial role 
in RA pathogenesis.32 These results suggest that the aforemen-
tioned substances in the gut could influence the pathology of RA. 
The system diagram of the KEGG pathways with the results of 
the case–control pathway association tests clearly illustrates that 
a variety of pathways, including those related to metabolism, 
showed significant case–control differences (figure 3C).

Population-specific shared biological pathways between the 
metagenome and host genome in RA
We assessed whether biological pathways of the gut metag-
enome and the host germline genome were shared in RA. 
In addition to our KEGG pathway enrichment of the RA gut 
metagenome of the Japanese population, we estimated pathway 
enrichment in the host genome of RA samples, using previously 
conducted RA GWAS data in East Asian and European popula-
tions (n=22 515 and n=58 284, respectively).18 We note that the 
majority of subjects in the East Asian RA GWAS were of Japa-
nese ancestry (93.1%). We compared the p values of the KEGG 
pathways shared between the RA MWAS data (Japanese) and 
the RA GWAS data (separately for East Asians and Europeans; 
figure 3D). Several pathways showed significant enrichment 
between the metagenomes and host genomes (p<0.05 in both; 
e.g., FoxO signalling pathway, Th17 cell differentiation and inter-
leukin-17 signalling pathway). We observed a significant correla-
tion between pathway p values in East Asians (pFisher=0.045), but 
not in Europeans (pFisher=0.41). Considering that MWAS–GWAS 
pathway correlation was specifically observed when the metag-
enome and the host genome data in similar populations were 
compared, there should be a population- specific link between 
the germline genome and metagenome in RA pathology.

no apparent discrepancy in metagenome diversity between 
RA cases and controls
The microbial diversity of the RA gut microbiome is still 
controversial. We thus evaluated alpha and beta diversity in 
the phylogenetic data (phylogenetic relative abundance of six 
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Figure 3 MWAS results of RA case–control pathway association tests. (A) QQ plot of the MWAS p values of pathways based on GO terms. (B) A 
QQ plot of the MWAS p values of pathways based on GO terms. KEGG pathways. (C) System diagram of KEGG pathways. The three levels are defined 
as A, B and C, and described from the inside layer out. The size and colour of dots represent set sizes and p values, respectively. The eight pathways 
with significant enrichment (q<0.05) are outlined in red. (D) Comparison of p values of KEGG pathways between the RA MWAS and GWAS data. The 
x- axis indicates the p values of the GWAS data (left, East Asians; right, Europeans). The y- axis indicates the p values of the MWAS of Japanese. The 
horizontal and vertical black lines indicate p value of 0.05. The overlap of the pathway enrichment was evaluated by classifying the pathways based 
on the significance threshold of p<0.05 or p≥0.05 and using Fisher’s exact test. FDR, false discovery rate; GO, Gene Ontology; GWAS, genome- wide 
association study; KEGG, Kyoto Encyclopedia of Genes and Genomes; MAPK, mitogen- activated protein kinase; MWAS, metagenome- wide association 
study; QQ, quantile- quantile; RA, rheumatoid arthritis.
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Table 3 Pathways with significant case–control discrepancy

GO term Set size p- value q- value name

GO:0005886 7320 1.0×10−6 1.3×10−4 Plasma membrane

GO:0006810 4484 1.0×10−6 1.3×10−4 Transport

GO:0004872 1062 1.1×10−6 1.3×10−4 Receptor activity

GO:0009279 867 1.1×10−6 1.3×10−4 Cell outer membrane

GO:0005829 305 1.3×10−6 1.3×10−4 Cytosol

GO:0030288 206 1.4×10−6 1.3×10−4 Outer membrane- bounded 
periplasmic space

GO:0042597 162 1.4×10−6 1.3×10−4 Periplasmic space

GO:0071973 154 1.4×10−6 1.3×10−4 Bacterial- type flagellum- 
dependent cell motility

GO:0042802 59 1.6×10−6 1.3×10−4 Identical protein binding

GO:0030246 754 2.3×10−6 1.7×10−4 Carbohydrate binding

GO:0016485 59 3.1×10−6 2.1×10−4 Protein processing

GO:0016757 658 3.4×10−6 2.2×10−4 Transferase activity, 
transferring glycosyl groups

GO:0016020 959 6.6×10−6 3.8×10−4 Membrane

GO:0048038 93 1.0×10−5 5.3×10−4 Quinone binding

GO:0015031 242 1.1×10−5 5.3×10−4 Protein transport

GO:0005887 526 1.2×10−5 5.6×10−4 Integral component of plasma 
membrane

GO:0046872 6747 2.0×10−5 8.9×10−4 Metal ion binding

GO:0008152 2314 2.5×10−5 0.0011 Metabolic process

GO:0006518 64 5.0×10−5 0.0020 Peptide metabolic process

KeGG pathway Set size p- value q- value definition

ko00790 740 4.3×10−5 0.0080 Folate biosynthesis

ko00130 175 1.2×10−4 0.011 Ubiquinone and other 
terpenoid- quinone 
biosynthesis

ko00633 108 4.1×10−4 0.025 Nitrotoluene degradation

B21 580 5.5×10−4 0.025 Transport and catabolism

ko00061 834 6.7×10−4 0.025 Fatty acid biosynthesis

ko04920 118 0.0016 0.045 Adipocytokine signalling 
pathway

ko04016 87 0.0017 0.045 MAPK signalling pathway- 
plant

ko00531 257 0.0020 0.045 Glycosaminoglycan 
degradation

GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Figure 4 Case–control comparison of microbial diversities in RA. (A) 
Alpha diversities of the phylogenetic relative abundance data for six 
levels. Welch’s t- test of Shannon index between RA cases and controls 
showed no significant difference at any level. (B) Alpha diversities of 
the gene abundance data of the UniRef90 protein and KEGG gene 
databases. No significant case–control difference was found. (C) 
Beta diversities of phylogenetic relative abundance data at six levels. 
PERMANOVA based on Bray–Curtis dissimilarities found no significant 
differences among levels for either sequencing group with Bonferroni 
correction. (D) Beta diversities of the gene abundance of the UniRef90 
protein database. No significant case–control difference was found. 
KEGG, Kyoto Encyclopedia of Genes and Genomes; NMDS, non metric 
multidimensional scaling; PERMANOVA; permutational multivariate 
analysis of variance; RA, rheumatoid arthritis.

levels (L2–L7)) and functional data (gene abundance based on 
UniRef90 protein and KEGG gene databases). No significant 
difference was found in any case–control comparisons of alpha 
diversity based on the Shannon index (p>0.05; figure 4A and 
B). As for beta diversity, no level of phylogenetic data showed 
significant case–control differences in either sequencing group 
(p>0.05; figure 4C). The gene abundance data also did not show 
significant differences (p>0.05; only UniRef90 data shown in 
figure 4D). Overall, there was no apparent discrepancy in metag-
enome diversity between RA cases and controls.

dISCuSSIOn
Whole- genome shotgun sequencing of the metagenome has 
been increasing in importance as more attention is paid to the 
association between diseases and microbiomes. In our study, 
we conducted a comprehensive MWAS by using whole- genome 
shotgun sequencing. We found that the RA gut metagenome of 
the studied Japanese population has the following interesting 
characteristics: (1) Multiple species belonging to the Prevotella 
genus increased in the RA gut metagenome. (2) Non- linear ML 

methods such as UMAP could be used to successfully deconvo-
lute case–control phylogenetic discrepancies. (3) The abundance 
of one gene related to redox reaction was decreased in the RA 
metagenome. (4) Various biological pathways, including those 
related to metabolism, were enriched in a case–control compar-
ison. (5) A population- specific pathway link between the metag-
enome (MWAS) and the host genome (GWAS) was identified. 
(6) No apparent discrepancy in microbial diversity was found 
between RA cases and controls. Our study greatly exploited the 
benefits of shotgun sequencing, since it would be challenging 
to obtain such novel findings using the classical method of 16S 
rRNA.

Our study is the first to robustly demonstrate that multiple 
Prevotella spp. other than P. copri increased in the RA gut micro-
biome by using shotgun sequencing. Recently, Alpizar- Rodriguez 
et al. reported that Prevotella spp. other than P. copri were 
enriched in preclinical RA stages, although their assessment was 
limited to operational taxonomic units assigned at the species 
level because they used the classical 16S rRNA method and did 
not conduct statistical analysis.33 Increased levels of microbes 
of oral origin, including Prevotella, have been reported to be 
correlated with several diseases.34 35 Atarashi et al.36 reported that 
strains of Klebsiella spp. isolated from the salivary microbiota 
were strong inducers of T helper 1 cells when they colonised the 
gut.36 In our study, most species of Prevotella showing significant 
case–control differences were taxa that have been identified in 
the oral cavity. All species included in the taxa cluster with case–
control discrepancies identified by unsupervised ML methods 
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were registered in the expanded Human Oral Microbiome Data-
base.37 The colonisation of the intestine by oral bacteria could be 
related to the pathogenesis of RA as well as other diseases.

The gene and pathway elements of our MWAS analysis success-
fully demonstrated the novel functional aspects of the RA gut 
metagenome. A representative finding was the decrement of a 
redox reaction- related gene of the genus Bacteroides in RA. It has 
previously been reported that Prevotella and Bacteroides in the gut 
in RA showed inverse relationships in terms of their proportional 
quantity.11 The increase in several species of the genus Prevotella 
in RA samples further suggests that the balance between these two 
major taxa in genetic function and composition reflects the disease- 
specific features of the RA gut metagenome. There could be a 
possibility that R6FCZ7 and the genus Prevotella were inversely 
associated via the relationship with the genus Bacteroides, while 
further functional investigation was required.

The overall association between the metagenome and host 
genome has mostly been investigated in healthy people38–40; 
there are few studies focusing on specific diseases. Our MWAS–
GWAS interaction analysis demonstrated the population- specific 
pathway link between the germline genome and metagenome 
in RA pathology. Further studies investigating biological roles 
of the detected pathways as well as validating these findings 
in other independent populations, or in other diseases, are 
warranted. Furthermore, considering the substantial roles of the 
human leukocyte antigen (HLA) phenotypes in RA aetiology, 
the study to investigate the link between HLA phenotypes and 
metagenome diversity would be also warranted.

To date, discussions on the microbial diversity of the RA gut 
microbiome have been controversial; some reports have indi-
cated significant differences,10 11 while others have shown no 
differences.8 41 Recently, a comprehensive analysis of the micro-
bial diversity in many diseases (not including RA) indicated that 
there were no significant differences in most diseases relative to 
controls.42 Our results indicate that the same is true for RA, and 
that the gut microbiome dysbiosis caused by RA would not be 
sufficient to affect overall microbial diversity. Nevertheless, it 
would be important how to treat multimapped reads for accu-
rately calculating relative abundances, which is a challenge for 
further study.

In conclusion, our shotgun sequencing- based comprehen-
sive MWAS in the Japanese RA population revealed a novel 
link between the gut microbiome, host genome and pathology 
of RA. In addition to providing novel insights into the RA gut 
microbiome, our study will provide useful resources for future 
functional investigations to further elucidate details of the micro-
biome’s role in RA aetiology.
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AbsTRACT
Objectives This study aims to investigate the role 
and mechanism of FGFr3 in macrophages and their 
biological effects on the pathology of arthritis.
Methods Mice with conditional knockout of FGFr3 in 
myeloid cells (r3cKo) were generated. Gait behaviours of 
the mice were monitored at different ages. spontaneous 
synovial joint destruction was evaluated by digital 
radiographic imaging and μcT analysis; changes of 
articular cartilage and synovitis were determined by 
histological analysis. The recruitment of macrophages 
in the synovium was examined by immunostaining and 
monocyte trafficking assay. rna- seq analysis, Western 
blotting and chemotaxis experiment were performed 
on control and FGFr3- deficient macrophages. The 
peripheral blood from non- osteoarthritis (oa) donors and 
patients with oa were analysed. Mice were treated with 
neutralising antibody against cXcr7 to investigate the 
role of cXcr7 in arthritis.
Results r3cKo mice but not control mice developed 
spontaneous cartilage destruction in multiple synovial 
joints at the age of 13 months. Moreover, the synovitis 
and macrophage accumulation were observed in the 
joints of 9- month- old r3cKo mice when the articular 
cartilage was not grossly destructed. FGFr3 deficiency in 
myeloid cells also aggravated joint destruction in DMM 
mouse model. Mechanically, FGFr3 deficiency promoted 
macrophage chemotaxis partly through activation of 
nF-κB/cXcr7 pathway. inhibition of cXcr7 could 
significantly reverse FGFr3- deficiency- enhanced 
macrophage chemotaxis and the arthritic phenotype in 
r3cKo mice.
Conclusions our study identifies the role of FGFr3 in 
synovial macrophage recruitment and synovitis, which 
provides a new insight into the pathological mechanisms 
of inflammation- related arthritis.

InTROduCTIOn
The monocytes/macrophages are myeloid cells that 
play important roles in innate immune responses 
and inflammation.1 The recruitment of monocytes 
to inflammatory site and subsequent differentia-
tion into macrophages are essential for the inflam-
matory response and tissue repair.2 Abnormal 
recruitment of macrophages could result in chronic 
inflammation and aggravate tissue damage.2 

Previous studies reported that macrophages were 
abundantly accumulated in the inflamed synovial 
tissue of arthritis such as osteoarthritis (OA) and 
rheumatoid arthritis (RA).3 4 The accumulation 
of activated macrophages in synovium as well as 
macrophage- produced mediators were found to 
be positively correlated to the inflammatory and 
articular destructive responses.3 5–7 Deletion of 
synovial macrophages resulted in a dramatic reduc-
tion of osteophyte formation and synovial fibrosis.8 
Furthermore, targeting monocytes/macrophages 

Key messages

What is already known about this subject?
 ► Synovial macrophages and macrophage- 
produced mediators play important roles in 
the inflammatory and destructive responses in 
arthritis.

 ► Global deletion of FGFR3 aggravates cartilage 
degeneration and promotes early arthritis in 
mice.

What does this study add?
 ► FGFR3 is a key factor for the regulation of 
macrophage recruitment in synovium.

 ► FGFR3 deficiency in macrophages contribute 
to the development of synovitis and result in 
multiple joints destruction in mice.

 ► FGFR3 inhibits CXCR7 expression and CXCL12- 
dependent chemotaxis of macrophages through 
regulating the NF-κB pathways.

 ► OA patients- derived monocytes have lower level 
of FGFR3 but higher level of CXCR7.

How might this impact on clinical practice or 
future developments?

 ► Our founding provides a potential therapeutic 
strategy for suppressing the recruitment of 
macrophages in synovium in clinic.

 ► Targeting the FGFR3/CXCR7 pathway in 
monocytes/macrophages could be feasible for 
arthritis prevention and early treatment.

 ► The protein level of FGFR3 or CXCR7 in 
monocytes may be a potential factor to predict 
the occurrence of OA in clinic.
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Figure 1 R3cKO mice develop spontaneous joint destruction in synovial joints. (A) Schematic showing the establishment of transgenic mouse model 
with FGFR3 conditional deletion in the myeloid cells. (B) Genotype identification using PCR (KO band 380 bp, WT band 250 bp). (C) Gross morphology 
of 13- month- old R3cKO mice with malformation and limited joint movement (red arrow). (D) X- Ray images of shoulder joints, knee joints and ankle 
joints in 13- month- old R3cKO mice, ectopic bone formation in the joint were shown (red arrow). (E) μCT analysis of knee joint in 13- month- old R3cKO 
mice. Pathological changes, including ectopic bone formation (white arrow), subchondral sclerosis (red arrowhead) and joint space narrowing (white 
arrowhead). n=8 per group. (F) Quantification of ectopic bone formation around meniscus and synovium in the knee joints. **p<0.01; Student’s t- test. 
Data are shown as mean±SD.

could attenuate synovitis and cartilage destruction in arthritis 
models.9–11 However, the mechanisms regarding the abnormal 
recruitment of macrophages in synovium are not well clarified 
until now.

Fibroblast growth factor receptor 3 (FGFR3) plays 
important roles in the pathological processes of several skeletal 
diseases.12 13 Recently, FGFR3 has been reported to regulate the 
homeostasis of adult articular cartilage.14–18 The conventional 
FGFR3 knockout mice had premature cartilage degeneration 
and early arthritis.14 Conditional deletion of FGFR3 in chon-
drocytes could aggravate cartilage destruction in the knee joint 
and temporomandibular joint of mice.15 18 In addition, some 
studies also showed the potential roles of FGFR3 in the regula-
tion of inflammatory response under certain conditions. FGFR3 
mutation could increase tumourigenesis by suppressing acute 

inflammation.19 Moreover, fibroblast growth factor 9 (FGF9), 
a high- affinity ligand of FGFR3, could decrease monocyte infil-
tration and increase M2 macrophage differentiation in the post- 
myocardial infarction diabetic heart model.20 However, the role 
of FGFR3 on macrophages in the synovial tissues is not known 
until now.

In this study, mice with conditional knockout of FGFR3 in 
the myeloid cells were generated to explore the role of FGFR3 
in macrophages and their biological function in arthritis. Our 
data showed that R3cKO mice were more prone to develop 
joint destruction in synovial joints. Moreover, the synovitis 
and macrophage accumulation were observed in R3cKO mice, 
which preceded the gross destruction of articular cartilage. The 
recruitment of circulating monocytes could be the major mecha-
nism for the accumulation of macrophages in the synovial tissue 

http://ard.bmj.com/
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Figure 2 R3cKO mice present aggravated pathological changes in joints. (A) Representative images of Safranin O/Fast Green–stained sections of 
knee joints from Control mice and R3cKO mice at 13 months of age, dashed boxes were amplified showing articular cartilage loss (arrowhead) and 
osteophyte outgrowth (arrow). n=8 per group. Scale bar: 100 µm. (B, C) The severity of articular cartilage damage in Control mice and R3cKO mice 
were evaluated using the OARSI scoring system, maximal and summed scores were calculated. (D) Quantitative analysis of osteophyte formation 
scores. (E, F) Representative images of Safranin O/Fast Green–stained sections of knee joints from Control mice and R3cKO mice at 3 months of age 
(E) and 6 months of age (F), showing relatively intact articular cartilage. n=5 per group. Scale bar: 100 µm. (G) Representative images of cartilage 
erosion in 6- month- old Control mice and R3cKO mice at 2 weeks after sham or DMM surgery. n=5 per group. Scale bar: 100 µm. (H, I) The severity of 
articular cartilage damage was evaluated using the OARSI scoring system, indicating more severe cartilage damage in DMM model of R3cKO mice 
than those of the Control mice. *p<0.05, **p<0.01; Student’s t- test. Results are shown as mean±SD.
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Figure 3 FGFR3 deficiency promotes synovitis and increases macrophage recruitment in synovium of mice. (A, B) Representative images of H&E 
stained sections of knee joints from Control mice and R3cKO mice at 13 months (n=8) of age and 9 months (n=7) of age, higher magnification was 
depicted by dashed boxes. (C, D) Immunostaining of F4/80 in the synovium of knee joint from Control mice and R3cKO mice at 13 months of age 
and 9 months of age, respectively. n=6 per group. (E, F) Statistical analysis of synovitis scores and quantification of F4/80- positive macrophages in 
synovium of Control mice and R3cKO mice at 13 months of age. (G, H) Statistical analysis of synovitis scores and quantification of F4/80- positive 
macrophages in synovium of Control mice and R3cKO mice at 9 months of age. (I–K) Synovitis was shown by H&E staining and immunostaining of 
F4/80 in knee joints from WT mice and R3KO (R3−/−) mice at 9 months of age. n=6 per group. (L, N) Tracking circulation monocytes by latex beads. 
Beads- positive cells were accumulated in the synovium of 10- month- old R3cKO mice. n=8 per group. (M) Immunostaining of Ki67 in knee joints from 
Control mice and R3cKO mice. Black arrowhead indicates Ki67 positive chondrocytes, red arrowhead indicates Ki67 positive cells in synovial lining 
layer and the sublining layer. n=6 per group. AC, articular cavity; BM, bone marrow; F, femur; S, synovium. Scale bar: 100 µm. *p<0.05. Student’s t- 
test. Results are shown as mean±SD.
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Figure 4 CXCR7 expression is enhanced in response to FGFR3 deficiency. (A) Schematic diagram of RNA- seq analysis. n=3 per group. (B, C) 
Scatterplot and pie chart illustrating differentially expressed genes in macrophages between the Control and R3cKO mice. (D) The hierarchical 
clustering of differently expressed genes from RNA- seq analysis, relative expression was shown as log10(TPM+1). (E) Gene ontology (GO) 
functional clustering of genes that were differently regulated for biological processes. (F) KEGG pathway analysis of different regulated targets in 
the transcriptome. (G) The representative top 50 genes that were differentially expressed. (H) Relative expression of CXCR7 in RNA- seq analysis. (I) 
qRT- PCR validation of CXCR7 expression in the Control and R3cKO macrophages. n=3 per group. (J) Western blot detection of CXCR7 expression in 
the Control and R3cKO macrophages. n=3 per group. Data are from one experiment and are representative of three independent experiments. (K) 
Protein expression levels were detected by Western blot in THP-1 cells transfected with siRNA for 24 hours. (L) Western blot analysis of protein levels 
in peripheral blood- derived monocytes (PBMCs) from mice 6 (n=3), 12 (n=3) and 20 months (n=5) old. (M) Western blot analysis of protein levels in 
human PBMCs from patients with osteoarthritis (OA) (n=6) and non- OA donors (n=3). (N) Immunofluorescence of CXCR7 in synovium of patients 
with OA and low level of FGFR3 in monocytes (PBMC- FGFR3low) and non- OA donors with high level of FGFR3 in monocytes (PBMC- FGFR3high). n=3 
per group. Scale bar: 50 µm. *p<0.05, **p<0.01, Student’s t- test. Results are shown as mean±SD.
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Figure 5 FGFR3 deficiency promotes macrophage chemotaxis under CXCL12 stimulation. (A) Schematic diagram of migration assay, n=3 per 
group. (B) BMDMs from Control and R3cKO mice were stimulated with CXCL12 (0, 30, 100 ng/mL) for 6 hours, representative images of migrated 
macrophages are shown (DAPI dot). Scale bar: 100 µm. (C) Statistics of migrated macrophages. (D) Cellular signalling pathways enriched in RNA- seq 
analysis. (E) Actinomycin D test. FGFR3 knockdown (FGFR3- KD) THP-1 cells were treated with actinomycin D (Act, 5 µg/mL) for indicated times, the 
relative mRNA levels of CXCR7 are shown. (F) Western blot analysis of protein levels in FGFR3- KD THP-1 cells. (G) Activation of NF-κB signalling and 
expression of CXCR7 were detected by Western blot in THP-1 cell treated with TNF-α at various concentrations for 24 hours. (H) The effect of FGF18 
on NF-κB signalling in THP-1 cells treated with TNF-α and FGF18 as indicated for 24 hours. (I) FGFR3- KD THP-1 cells were treated with CAPE (5 µM) 
for 24 hours, protein levels were detected by Western blot. (J) CAPE (5 µM) pretreated FGFR3- KD THP-1 cells were stimulated with CXCL12 (100 ng/
mL) for 12 hours, statistics of migrated macrophages is shown. **p<0.01, ***p<0.001. Statistical analysis was performed using one- way ANOVA 
together with Tukey’s test or Student’s t- test. Data are shown as mean±SD.
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of R3cKO mice. Moreover, we found that C- X- C chemokine 
receptor type 7 (CXCR7) was significantly increased in FGFR3- 
deficient macrophages, which was highly related to the joint 
destruction of R3cKO mice.

MATeRIAls And MeTHOds
Detailed experimental procedures are described in supplemen-
tary materials and methods (see online supplementary file 1).

ResulTs
Mice with FGFR3 deletion in myeloid cells develop 
spontaneous arthritis in synovial joints
We generated mice with conditional deletion of FGFR3 gene in 
myeloid cells using Lysozyme- Cre mice (LysMCre).7 As shown in 
figure 1A, the FGFR3 conditional knockout mice (FGFR3flox/flox- 
LysMCre, R3cKO) and control mice (FGFR3flox/flox, Control) were 
generated, and genotypes were determined by PCR (figure 1B). 
Adult R3cKO mice had similar body length and body weight 
compared with control mice (see online supplementary figure 
S1A–C). Subsequently, gait behaviours of the mice were moni-
tored at different ages (3, 6 and 13 months). Interestingly, most 
of the R3cKO mice, but not the control mice, could develop 
visible gait abnormality at 13 months of age (see online supple-
mentary video 1). The knee joints of R3cKO mice with gait 
abnormalities were seriously malformed and cannot be stretched 
passively (figure 1C). X- Ray images revealed that ectopic bones 
were formed in the synovial joint, including shoulder, knee 
and ankle (figure 1D), which were not observed in the other 
connections of cartilage/bone that located in the chest and spine 
of 13- month- old R3cKO mice (see online supplementary figure 
S2). In addition, the ectopic bone formation was not detected in 
the synovial joint of R3cKO mice at 6 months of age (see online 
supplementary figure S1D), indicating that these phenotypes are 
age dependent in R3cKO mice. We then performed μCT anal-
ysis on the undecalcified bone samples. As shown in figure 1E,F, 
the 13- month- old R3cKO mice developed spontaneous joint 
deformity with osteophyte formation, joint space narrowing and 
subchondral sclerosis in the knee joints. Similar results were also 
observed in the ankle joints (see online supplementary figure 
S3). Collectively, the above results reveal that R3cKO mice could 
develop grossly observable joint deformity in an age- dependent 
manner.

Joints of R3cKO mice exhibit more severe histopathological 
changes
Next, we evaluated the histopathological changes of synovial 
joints in R3cKO mice. We found that 75% of the 13- month- old 
R3cKO mice exhibited remarkable destruction of articular carti-
lage with osteophyte outgrowth and increased subchondral bone 
mass in the knee joints (figure 2A). Significant endochondral 
ossification of the synovium was observed in severe cases (see 
online supplementary figure S4A) which was consistent with 
the phenotype revealed by μCT analysis (figure 1E). Accord-
ingly, the Osteoarthritis Research Society International (OARSI) 
scores, including the maximal and summed scores, as well as 
the osteophyte formation scores were significantly increased in 
13- month- old R3cKO mice compared with age- matched control 
mice (figure 2B–D). Besides, the pathological changes, including 
osteophyte formation and cartilage erosion, were also observed 
in ankle joints of 13- month- old R3cKO mice (see online supple-
mentary figure 4B). However, the structure of articular carti-
lage was relatively intact in both control and R3cKO mice at the 
age of 3 and 6 months (figure 2E,F). Consistent with the results 
from X- ray images (figure 1D and online supplementary figure 

S1D), the histological abnormality of synovial joint emerged in 
an age- dependent manner. Moreover, the cartilage destruction 
in 6- month- old R3cKO mice were also enhanced at 2 weeks 
after destabilisation of the medial meniscus (DMM) surgery 
compared with those of control mice. On the contrary, there 
were no significant differences between the joint of control and 
R3cKO mice that underwent sham surgery (figure 2G–I). In 
brief, the above data suggest that FGFR3 deficiency in macro-
phages promotes cartilage destruction in both spontaneous and 
experimental arthritis models.

FGFR3 deficiency aggravates synovitis and promotes 
macrophage accumulation in synovial tissues
The abnormal inflammation, including macrophage accumula-
tion in synovial tissues, plays a very important role in the devel-
opment of arthritis.21 As FGFR3 deficiency in macrophages 
resulted in multiple synovial joints destruction, we proposed 
that the R3cKO mice may have aberrant inflammatory response 
in the synovial tissues. Indeed, the 13- month- old R3cKO mice 
showed more severe synovitis, including enlarged synovial lining 
cell layer, increased synovial stroma cells as well as enhanced 
inflammatory infiltration in the knee joint (figure 3A,E). Interest-
ingly, 9- month- old R3cKO mice also showed low- grade synovitis 
without remarkable changes of articular cartilage (figure 3B,G), 
which was not observed in the control and R3cKO mice at 3 and 
6 months of age (see online supplementary figure S5A). Immu-
nostaining of F4/80 (a marker of macrophage) showed that 
macrophages were increased in the synovial tissues of R3cKO 
mice at both 9 and 13 months of age compared with those of 
age- matched control mice (figure 3C,D,F,H), which was not 
significantly changed at 6 months of age (see online supplemen-
tary figure S5B). Moreover, global FGFR3 knockout (R3−/−) 
mice, which have been reported to develop early arthritis,14 also 
showed remarkable synovitis in the knee joint (figure 3I). The 
increased macrophages were also observed in the synovium of 
9- month- old R3−/− mice compared with wild- type (WT) mice 
(figure 3J,K), as the accumulation of macrophages in inflamed 
joint could be proliferation of tissue- resident macrophages or 
recruitment from circulating monocytes.22 Therefore, we quan-
tified monocyte influx using fluorescent latex bead trafficking 
assay to determine whether the accumulation of macrophages 
was caused by the recruitment of monocytes into the synovium.23 
As shown in figure 3L,N, much more beads- positive cells were 
accumulated in the synovium of 10- month- old R3cKO mice 
compared with the control mice. Furthermore, the increase 
of monocyte influx was also observed in the DMM model of 
R3cKO mice compared with control mice (see online supple-
mentary figure S6). Moreover, Ki67 staining showed that there 
was no remarkable difference in proliferating cells of synovium 
between the control and R3cKO mice (figure 3M). In addi-
tion, lots of inflammatory cells were observed in the spleen of 
13- month- old R3cKO mice which was not remarkably observed 
in the heart, kidney, liver and lung (see online supplementary 
figure S7). Taken together, our data indicate that FGFR3 could 
be an important regulator of monocyte/macrophage recruitment 
under certain conditions. FGFR3 deficiency could promote the 
accumulation of macrophages in synovial tissues and aggravate 
synovitis in mice.

FGFR3 deficiency promotes the expression of CXCR7 in 
macrophages
To further investigate the mechanisms underlying the increased 
macrophages in the synovium of R3cKO mice, RNA- seq was 
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Figure 6 CXCR7 blocking inhibits migration of macrophages and attenuates synovitis and cartilage destruction in R3cKO mice. (A) BMDMs from 
Control and R3cKO mice were stimulated with CXCL12 (100 ng/mL) in the presence or absence of CXCR7 monoclonal antibody (mAb) for 6 hours, 
representative images of migrated macrophages are shown. n=3 per group (B) Statistics of migrated macrophages. (C) Flow chart of anti- CXCR7 
treatment in 9- month- old R3cKO mice. (D) Representative images of Safranin O/Fast Green and H&E- stained sections of knee joints from R3cKO mice 
treated with CXCR7 monoclonal antibody (mAb) (n=7) or isotype- matched IgG (n=6) for 8 weeks. Higher magnification is depicted by dashed boxes. 
Scale bar: 100 µm. (E, F) The severity of articular cartilage damage in R3cKO mice treated with IgG or mAb were evaluated using the OARSI scoring 
system. (G) Statistical analysis of synovitis scores. (H) Working model. FGFR3 deficiency enhanced the recruitment of monocytes/macrophages in the 
synovial tissues, which was highly related to CXCR7 expression. Moreover, the upregulation of CXCR7 in FGFR3- deficient monocytes/macrophages 
was dependent on the activation of HIF-1α and NF-κB. This study identifies FGFR3 as a key factor for modulating the biological behaviour of 
monocytes/macrophages and the synovitis, which may further influence the progression of arthritis. *p<0.05, ***p<0.001. Student’s t- test. Results 
are shown as mean±SD.
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performed to identify differentially expressed genes (DEGs) 
in macrophages between the control mice and R3cKO mice 
(figure 4A). Among the 1865 significantly differentially expressed 
genes, transcripts of 1007 genes (7.26%) were upregulated, 
whereas transcripts of 858 genes (6.19%) were downregulated 
in response to FGFR3 deficiency (figure 4B–D). In addition, 
gene ontology enrichment analysis demonstrated significantly 
affected categories in genes that were upregulated or downregu-
lated in response to FGFR3 deficiency. Interestingly, those differ-
entially expressed genes were associated with immunoregulation 
and infiltration of inflammatory cells (figure 4E), which were 
closely correlated to the pathogenesis of inflammatory reaction. 
The KEGG pathway- enrichment analysis revealed that the ‘Cyto-
kine–cytokine receptor interaction’ pathway was highly enriched 
(figure 4F). As cytokines and its receptors greatly contribute to 
inflammatory cell infiltration in synovial tissues and the develop-
ment of arthritis,24 we then focused on the genes that belonged to 
the ‘Cytokine–cytokine receptor interaction’ pathway among the 
top 50 DEGs (figure 4G). Interestingly, the level of C- X- C chemo-
kine receptor type 7 (CXCR7), also known as atypical chemo-
kine receptor 3 (ACKR3), was significantly increased in response 
to FGFR3 deficiency (figure 4G). Previous studies showed that 
upregulation of CXCR7 could promote cell chemotaxis25 and 
enhance the recruitment of macrophages into inflammatory 
tissues.26 Furthermore, CXCR7 was specifically upregulated in 
the age- dependent osteoarthritis.27 Therefore, we focused on 
CXCR7 in the subsequent experiments. The data from qRT- PCR 
and Western blot analysis showed that CXCR7 was upregulated 
in R3cKO macrophages (figure 4H–J). Moreover, the protein 
level of CXCR7 was increased in human monocyte/macrophage 
(THP-1) cells with FGFR3 knockdown (FGFR3- KD) (figure 4K). 
We also detected the expression of CXCR7 in circulating mono-
cytes from WT mice 6, 12 and 20 months old. As shown in 
figure 4L, FGFR3 decreased with age while the level of CXCR7 
increased. Furthermore, the 20- month- old mice with low level 
of FGFR3 and high level of CXCR7 in monocytes were prone to 
the development of joint destruction (see online supplementary 
figure S8). We then detected the protein levels of FGFR3 and 
CXCR7 in human monocytes. Interestingly, the level of FGFR3 
were markedly decreased in peripheral blood- derived monocytes 
of patients with OA compared with those of non- OA donors, 
while the level of CXCR7 was significantly increased in patients 
with OA (figure 4M). In addition, we observed extensive expres-
sion of CXCR7 in the synovium from patients with OA and 
low level of FGFR3 in monocytes (PBMC- FGFR3low), while the 
expression of CXCR7 was much weaker in the synovium from 
non- OA donors with high level of FGFR3 in monocytes (PBMC- 
FGFR3high) (figure 4N). These data suggest that FGFR3 defi-
ciency may regulate the biological function of macrophage by 
upregulating CXCR7. Moreover, we compared the protein level 
of CXCR7 in articular chondrocytes between FGFR3flox/flox mice 
and FGFR3flox/flox;Col2a1- CreERT2 mice treated with tamoxifen. 
As shown in online supplementary figure S9, there was no signif-
icant difference in protein level of CXCR7 between FGFR3flox/

flox mice and FGFR3flox/flox;Col2a1- CreERT2 mice. Moreover, the 
expression of CXCR7 was not remarkably changed in C28/I2 
chondrocytes with FGFR3 knockdown, which was different 
from that in macrophages (figure 4J,K).

FGFR3 deficiency promotes CXCl12-dependent chemotaxis of 
macrophages
Previous studies reported that CXCR7 could enhance CXCL12- 
dependent chemotaxis of macrophages.25 26 Therefore, we 

assessed the chemotaxis of bone marrow–derived macrophages 
(BMDMs) in the presence or absence of CXCL12 using tran-
swell migration assays (figure 5A). FGFR3 deficiency signifi-
cantly promoted the migration of BMDMs on stimulation of 
CXCL12 (figure 5B,C). Similar results were also observed in 
FGFR3- KD macrophages (see online supplementary figure 
S10A,B). To further investigate the mechanisms, we evaluated 
the signalling pathways that were enriched by DEGs in the RNA- 
seq analysis. The data showed that NF-κB and HIF-1α signalling 
pathways were highly enriched (figure 5D). It was reported that 
both NF-κB and HIF-1α pathways were critical in regulation 
of inflammatory responses and closely related to arthritis.28 29 
In addition, previous reports demonstrated that NF-κB binding 
sites were present in the promoter region of CXCR7 gene,30 
and mutation of the proximal NF-κB binding sites on CXCR7 
promoter almost completely abolished the CXCR7 promoter 
activity.31 Therefore, we assessed the mRNA level of CXCR7 in 
FGFR3- KD macrophages treated with actinomycin D (a tran-
scription inhibitor). The upregulation of CXCR7 in FGFR3- KD 
macrophages was abolished by actinomycin D (figure 5E), 
which suggests that FGFR3 deficiency promotes the expression 
of CXCR7 mainly at transcriptional levels. We then evaluated 
NF-κB signalling in FGFR3- KD macrophages. The data showed 
that FGFR3 knockdown increased the level of phosphorylated 
p65 (the activated p65) without changing the mRNA and protein 
levels of total p65 (figure 5F and online supplementary figure 
S10C). In addition, phosphorylated IKKα/β and IκBα (upstream 
signalling molecules of NF-κB) were significantly increased in 
FGFR3- KD macrophages compared with the control macro-
phages (figure 5F). These data suggest that FGFR3 mainly 
affects NF-κB activation at post- transcriptional levels. Activa-
tion of NF-κB by TNF-α increased the mRNA and protein levels 
of CXCR7 (figure 5G and online supplementary figure S10D), 
which were not significantly changed by FGF18 (a ligand for 
FGFR3) treatment (figure 5H and online supplementary figure 
S10E). In addition, FGFR1 was upregulated in response to 
FGFR3 knockdown while FGFR2 was not significantly changed 
(see online supplementary figure S10F). Both CXCR7 level and 
CXCL12- dependent migration were decreased when FGFR1 
was knocked down in macrophages (see online supplementary 
figure S10G,H). These data suggest that different FGFRs may 
have distinct effects and underlying mechanisms on macrophage 
function, which need to be further investigated later. Further-
more, upregulation of CXCR7 in FGFR3- KD macrophages was 
abolished by NF-κB inhibitor (CAPE) (figure 5I), suggesting that 
FGFR3- deficiency- induced upregulation of CXCR7 was highly 
dependent on NF-κB activation. Moreover, CAPE could also 
abolish the enhanced chemotaxis of FGFR3- KD macrophages 
on the stimulation of CXCL12 (figure 5J). The above data reveal 
that FGFR3 deficiency enhances the activation of NF-κB, which 
further promotes CXCR7 expression and the chemotaxis of 
macrophages. In addition, inhibition of HIF-1α by LW6 could 
inhibit NF-κB activation, abolish the increased expression of 
CXCR7 and attenuate the enhanced chemotaxis of FGFR3- KD 
macrophages (see online supplementary figure S10 I,J). Taken 
together, these data indicate that HIF-1α and NF-κB signalling 
pathways are required for the upregulation of CXCR7 and the 
enhancement of chemotaxis in FGFR3- deficient macrophages.

Inhibition of CXCR7 attenuates chemotaxis of macrophages 
and relieves the arthritic phenotype in R3cKO mice
Next, we sought to investigate whether FGFR3- deficiency- 
mediated enhancement of chemotaxis and synovitis could 
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be attenuated by CXCR7 inhibition in vitro and in vivo. We 
first performed transwell migration assay on FGFR3- deficient 
BMDMs to examine the effect of CXCR7 inhibition on macro-
phage chemotaxis in vitro. FGFR3 deficiency significantly 
promoted the migration of BMDMs on the stimulation of 
CXCL12, which was inhibited by neutralising antibody against 
CXCR7 in a concentration- dependent manner (figure 6A,B). We 
then used the monoclonal antibody to block CXCR7 in R3cKO 
mice and then evaluated the joint destruction of age- related 
arthritis in this strain (figure 6C). As shown in figure 6D–G, 
CXCR7 antibody significantly attenuated cartilage destruction 
and synovitis in aged R3cKO mice compared with the vehicle- 
treated mice. Furthermore, anti- CXCR7 treatment could also 
attenuate DMM- induced synovitis in R3cKO mice (see online 
supplementary figure S11). In brief, our data indicate that 
blockage of CXCR7 attenuates chemotaxis of macrophages and 
relieves the joint destruction in R3cKO mice.

dIsCussIOn
In summary, this study identifies FGFR3 as a key factor for 
modulating the biological behaviour of monocytes/macrophages 
and the synovitis, which may further influence the progression 
of arthritis (figure 6H). FGFR3 deficiency promoted the recruit-
ment of monocytes/macrophages in synovial tissues of mice with 
age, which was highly related to the enhanced expression of 
CXCR7. Moreover, upregulation of CXCR7 in FGFR3- deficient 
macrophages was dependent on the activation of HIF-1α and 
NF-κB. The FGFR3–CXCR7 pathway in monocytes/macro-
phages may be a novel target for the treatment of arthritis.

The chemokines largely participate in the process of leucocyte 
recruitment to inflammatory sites, such as synovial tissues.24 In 
this study, our data suggest that CXCL12/CXCR7 axis plays an 
important role in FGFR3- deficiency- mediated monocyte/macro-
phage recruitment in synovial tissue and the development of 
arthritis in mice. Similarly, the CXCL12 signal has been reported 
to be closely related to the pathological process of arthritis.32 33 
The concentration of CXCL12 in synovial fluid was increased 
3.57- fold in patients with OA and 10.71- fold in patients with 
RA compared with normal controls.32 The CXCL12 in joint is 
mainly produced by the synovium34 and plays a central role in 
immune cell accumulation in synovial tissues.35 What is more, 
CXCL12 could modulate the migration and retention of mono-
cytes in the joint.36 Treatment of CCX733 (a CXCR7 antago-
nist) significantly reduced the clinical arthritis scores in mice.37 
Therefore, apart from the effect on chemotaxis, other influ-
ence of FGFR3 on macrophage behaviours and activities under 
certain pathological conditions should also be explored.

NF-κB is highly activated in synovium of patients with 
arthritis.38 39 The aberrant NF-κB signalling could lead to 
joint destruction such as cartilage erosion and synovitis.29 40 
Overexpression of WT IKKβ gene in the joint of normal rats 
resulted in significant paw swelling and histological evidence 
of synovial inflammation.41 Inhibition of NF-κB by protea-
somal inhibitors or intra- articular adenoviral gene transfer of 
IκBα profoundly enhanced cell apoptosis in the synovium of 
rats with Streptococcal cell wall- induced and pristane- induced 
arthritis.42 Moreover, the mice with itch (NF-κB negative regu-
lator) deficiency developed severe OA due to M1 macrophage- 
induced lymphatic endothelial cell inflammation.43 Here, our 
data reveal that phosphorylated p65 is significantly increased 
in FGFR3- deficient macrophages, indicating that FGFR3 defi-
ciency may regulate synovial macrophages and synovitis via 
NF-κB activation. Furthermore, our present data indicate that 

FGF18 may not regulate the NF-κB- CXCR7 axis in macro-
phages, but we cannot exclude the possibility that other signal-
ling pathways may be regulated by FGF18 in macrophages. 
More studies are needed to investigate the detailed roles and 
underlying mechanisms of FGF18 in macrophages. In addition, 
other FGFs, including FGF1 and FGF2 which are abundantly 
expressed in the synovium, should also be investigated to clarify 
their involvement in the action of FGFR3 on macrophages in 
the future.

Previous study reported that FGFR3 was significantly 
decreased in IL-1α-treated cartilage tissues, which could be 
reversed by Hspg2 knockout.44 The DNA methylation of 
FGFR3 promoter was increased in the cartilage of patients with 
OA,45 indicating that epigenetic modification may be involved 
in FGFR3 expression during OA process. Our data also showed 
that the level of FGFR3 was decreased in OA- derived mono-
cytes/macrophages, but whether this decrease was related to 
Hspg2 and DNA methylation needed further investigation. 
In addition, our data revealed that the phenotype of R3cKO 
mice was mainly observed in the joints and spleen, but not the 
heart, liver, kidney and lung. Similarly, myeloid cell- specific 
deletion of NF-κB inhibitor protein A20 in mice (A20myel- KO 
mice) resulted in spontaneous development of erosive poly-
arthritis as well as marked enlargement of spleen, but it did 
not induce multiorgan inflammation.40 We deduce that some 
special components, such as specific chemokines and antigens 
in the microenvironment of joints,32 34 40 may contribute to the 
accumulation of macrophages in the synovium of R3cKO mice. 
More experiments are still needed to investigate the details in 
the future.
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AbsTrACT
Objectives To compare efficacy and safety of 
ixekizumab (iXe) to adalimumab (aDa) in biological 
disease- modifying antirheumatic drug- naïve patients 
with both active psoriatic arthritis (Psa) and skin disease 
and inadequate response to conventional synthetic 
disease- modifying antirheumatic drug (csDMaRDs).
Methods Patients with active Psa were randomised 
(1:1) to approved dosing of iXe or aDa in an open- label, 
head- to- head, blinded assessor clinical trial. The primary 
objective was to evaluate whether iXe was superior 
to aDa at week 24 for simultaneous achievement of 
a ≥50% improvement from baseline in the american 
College of Rheumatology criteria (aCR50) and a 100% 
improvement from baseline in the Psoriasis area and 
severity index (Pasi100). Major secondary objectives, 
also at week 24, were to evaluate whether iXe was: 
(1) non- inferior to aDa for achievement of aCR50 and 
(2) superior to aDa for Pasi100 response. additional 
Psa, skin, treat- to- target and quality- of- life outcome 
measures were assessed at week 24.
results The primary efficacy endpoint was met (iXe: 
36%, aDa: 28%; p=0.036). iXe was non- inferior for 
aCR50 response (iXe: 51%, aDa: 47%; treatment 
difference: 3.9%) and superior for Pasi100 response 
(iXe: 60%, aDa: 47%; p=0.001). iXe had greater 
response versus aDa in additional Psa, skin, nail, treat- 
to- target and quality- of- life outcomes. serious adverse 
events were reported in 8.5% (aDa) and 3.5% (iXe) of 
patients.
Conclusions iXe was superior to aDa in achievement 
of simultaneous improvement of joint and skin 
disease (aCR50 and Pasi100) in patients with Psa 
and inadequate response to csDMaRDs. safety and 
tolerability for both biologicals were aligned with 
established safety profiles.

InTrOduCTIOn
The goal of treatment in patients with active psori-
atic arthritis (PsA) is to simultaneously improve the 
manifestations of the disease, including arthritis and 
skin disease. Improvements in both joint and skin 
disease are necessary to achieve optimal improve-
ment in health- related quality of life in patients 

Key messages

What is already known about this subject?
 ► Many patients with psoriatic arthritis and 
active skin and joint disease do not achieve 
satisfactory clinical response with conventional 
synthetic disease- modifying antirheumatic 
therapy in both important domains of the 
disease simultaneously.

 ► In this patient group, biological disease- 
modifying antirheumatic drugs (bDMARDs) 
offer additional treatment options, but the 
comparative efficacy and safety of bDMARDs is 
not known.

What does this study add?
 ► The findings of this study demonstrate that 
ixekizumab was superior to adalimumab for 
simultaneous achievement of American College 
of Rheumatology 50 (ACR50) and Psoriasis Area 
and Severity Index (PASI100), was non- inferior 
to adalimumab for achievement of ACR50 and 
was superior to adalimumab for achievement of 
PASI100 at week 24.

 ► Response with ixekizumab was significantly 
greater than adalimumab for Minimal Disease 
Activity, Very Low Disease Activity, Disease 
Activity in Psoriatic Arthritis remission (≤4), 
change from baseline in modified Composite 
Psoriatic Disease Activity Index, resolution 
of enthesitis (Spondyloarthritis Research 
Consortium of Canada Enthesitis Index=0), 
PASI75, PASI90 and Dermatology Life Quality 
Index (0 or 1) and was at least similar to 
adalimumab for all other psoriatic arthritis, 
treat- to- target, skin, nail and quality of life 
endpoints.

How might this impact on clinical practice or 
future developments?

 ► The findings of this study increase awareness 
of current treatment options and informs 
evidence- based treatment decisions for patients 
with active psoriatic arthritis and active 
psoriatic skin disease.
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with PsA, an important indicator of treatment success.1 Treat-
ment options for patients with PsA include non- pharmacological 
intervention, symptomatic treatment, conventional synthetic 
disease- modifying antirheumatic drugs (csDMARDS), biolog-
ical DMARDs (bDMARDs) and other immunomodulatory 
therapies.2–6

Among patients who fail to achieve adequate response to 
csDMARDs, bDMARDs targeting inflammatory cytokines such 
as tumour necrosis factor α (TNF), interleukin (IL)-12/23 or 
IL- 17A offer an alternative either as a combination therapy with 
csDMARDs or as monotherapy. Some evidence suggests that 
combination therapy with csDMARDs such as methotrexate may 
inhibit development of antidrug antibodies to bDMARDs, and 
some studies observed better treatment persistence with combi-
nation therapy.7 Concomitant methotrexate has been associated 
with greater serum concentration of adalimumab (ADA) versus 
patients receiving ADA monotherapy.8

The objective of the current study is to determine whether 
ixekizumab (IXE), a high- affinity monoclonal antibody that 
selectively targets IL- 17A, is superior to ADA, a TNF inhib-
itor, as measured by a combined arthritis and skin endpoint 
in bDMARD- naïve patients with active PsA and inadequate 
response to csDMARDs. Concomitant use of a stable dose of 
csDMARDs was permitted during the study.

MeTHOds
Participants
Eligible participants had an established diagnosis of PsA for at 
least 6 months, fulfilled the Classification for Psoriatic Arthritis 
criteria with at least 3/66 swollen and 3/68 tender joints, had 
previous inadequate response to ≥1 csDMARD, had active 
plaque psoriasis affecting ≥3% of body surface area (BSA) and 
had not previously received bDMARD or Janus kinase inhibitor 
therapy.9 Patients on csDMARDs at screening were allowed to 
continue a stable dose of csDMARD therapy.

study design
This study is a 52 week, phase IIIb/IV, multicentre, randomised, 
open- label, blinded- assessor, parallel- group study evaluating 
the efficacy and safety of IXE versus ADA in bDMARD- naïve, 
csDMARD- inadequate- responder patients (based on medical 
history) with active PsA. Following a 28- day screening period, 
participants were randomised 1:1 to open- label IXE or ADA 
during a 52- week open- label treatment period (weeks 0–52). 
Randomisation was stratified by concomitant csDMARD use at 
baseline and moderate- to- severe plaque psoriasis involvement 
(Psoriasis Area and Severity Index (PASI)≥12, BSA ≥10% and 
static physician’s global assessment (sPGA) ≥3). Study visits 
occurred at screening, baseline and postbaseline at weeks 1, 4, 
8, 12, 16, 24, 32, 40 and 52. Treatment allocation was revealed 
after randomisation to sponsors, investigators, patients and all 
study staff except for blinded assessors. Blinded assessors eval-
uated tender joint count, swollen joint count, PASI, % BSA, 
enthesitis, Leeds Dactylitis Index–Basic (LDI- B), Nail Psoriasis 
Severity Index (NAPSI) fingernails and sPGA.

Participants received approved- label dosing of assigned treat-
ments by subcutaneous injection. All patients randomised to 
IXE received a 160 mg starting dose (two 80 mg injections) at 
week 0. IXE- treated patients received 80 mg IXE every 4 weeks 
from week 4 onwards (seven doses up to week 24) unless they 
met criteria for moderate- to- severe psoriasis, in which case they 
received 80 mg IXE every 2 weeks from week 2 to week 12, 
followed by IXE every 4 weeks (10 doses up to week 24, three 

additional doses). Patients randomised to ADA received a 40 mg 
starting dose followed by 40 mg ADA every 2 weeks starting 
at week 2 (12 doses up to week 24), or if they met criteria for 
moderate- to- severe psoriasis, they received an 80 mg starting 
dose of ADA (two 40 mg injections) at week 0, followed by 40 
mg ADA every 2 weeks starting at week 1 (14 doses up to week 
24, two additional doses). Thus, among patients with moderate- 
to- severe psoriasis, the IXE dosing regimen resulted in one more 
additional dose relative to those receiving ADA.

SPIRIT- H2H ( Clinicaltrials. gov: NCT03151551) was 
conducted in accordance with the ethical principles of the 
Declaration of Helsinki. All patients provided written informed 
consent, and the study protocol was approved by the ethical 
review board prior to the start of study- related procedures.

Patient and public involvement
Patients were not involved in the design or conduct of the study, 
development of outcomes or dissemination of study results.

efficacy endpoints
The primary and two major secondary endpoints were tested 
using a sequential hierarchical testing procedure in the order 
presented below. There were no adjustments for multiple 
comparisons for any other analyses.

Primary endpoint (simultaneous achievement of ACR50 and 
PASI100)
The primary endpoint assessed superiority of IXE versus ADA at 
week 24, as measured by the proportion of patients who simul-
taneously achieved an American College of Rheumatology 50 
(ACR50) response and PASI100 response. After the week 24 
database lock and initial analysis run, a medical inconsistency 
in baseline PASI data was identified (PASI=0 but BSA ≥3%) in 
nine patients. This scenario was not anticipated or described in 
the protocol or statistical analysis plan. The inconsistency was 
resolved using medical judgement. The impacted patients met 
baseline criteria for active psoriasis. In the final primary anal-
ysis, patients with baseline PASI=0 and BSA ≥3 were consid-
ered PASI100 responders if, and only if, an absolute PASI=0 and 
BSA=0 was achieved at week 24. Multiple analyses to assess the 
robustness of this approach were conducted (see online supple-
mentary table 1).

Major secondary endpoint 1 (ACR50)
Major secondary endpoint 1 assessed whether IXE was non- 
inferior to ADA at week 24 as measured by the proportion of 
patients achieving ACR50.

Major secondary endpoint 2 (PASI100)
Major secondary endpoint 2 assessed whether IXE was superior 
to ADA at week 24 as measured by the proportion of patients 
achieving PASI100.

Other secondary endpoints
Additional prespecified outcomes included the proportion of 
patients achieving ≥20% or ≥70% improvement from base-
line in ACR criteria (ACR20/70), ≥75% or ≥90% improve-
ment from baseline in PASI (PASI75/90), resolution of fingernail 
psoriasis (NAPSI fingernails=0), PsA minimal disease activity 
(MDA), a minimal clinically important difference (MCID) of 
≥0.35- point improvement from baseline in Health Assessment 
Questionnaire–Disability Index (HAQ- DI) among patients with 
≥0.35 at baseline, a Dermatology Life Quality Index score of 
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Figure 1 Participant flow diagram up to week 24.

0 or 1 (DLQI (0 or 1)), resolution of enthesitis as measured by 
the Spondyloarthritis Research Consortium of Canada Enthesitis 
Index (SPARCC Enthesitis Index=0) or Leeds Enthesitis Index 
(LEI=0) among patients with enthesitis at baseline (SPARCC 
Enthesitis Index >0 or LEI >0) and resolution of dactylitis as 
measured by the Leeds Dactylitis Index–Basic (LDI- B=0) among 
patients with dactylitis at baseline (LDI- B >0). Prespecified 
continuous outcomes included the mean change from baseline 
in NAPSI and the modified Composite Psoriatic Disease Activity 
Index (mCPDAI) (see online supplementary table 2).

Post hoc continuous analyses included mean change from base-
line in Disease Activity in Psoriatic Arthritis (DAPSA) and in the 
psoriatic arthritis disease activity score (PASDAS). Post hoc cate-
gorical analyses included the percentage of patients achieving 
DAPSA ≤4 (remission), DAPSA ≤14 (low disease activity or 
remission), PASDAS ≤3.2 (low disease activity), PASDAS ≤1.9 
(near remission) and meeting 7/7 MDA criteria (very low disease 
activity (VLDA)).

safety
Treatment- emergent adverse events (TEAEs) were defined as 
events that first occurred or worsened in severity after the first 
dose of study treatment and on or prior to the date of the last 
visit within the treatment period. AEs of special interest included 
infections, injection- site reactions, cytopaenias, liver function 
test changes/enzyme elevations, allergic reactions/hypersensi-
tivity, cerebrocardiovascular events, malignancies, depression 
and suicide/self- injury, interstitial lung disease and inflamma-
tory bowel disease (IBD). Data relating to cerebrocardiovascular 
events and suspected IBD were adjudicated by external clinical 
events committees.

statistical analyses
Analyses of efficacy were performed at the week 24 primary 
database lock for the intent- to- treat population, consisting of all 
randomised patients according to treatment assigned at week 0. 
A hierarchical multiple testing procedure for the primary and 
two major secondary endpoints was implemented to control 
the family- wise type I error rate at a two- sided α level of 0.05. 
The first test in the statistical hierarchy was a superiority test 
of the primary endpoint (simultaneous ACR50 and PASI100). 
If IXE was determined to be statistically superior to ADA for 
the primary endpoint, a non- inferiority test of IXE versus ADA 
was performed for secondary endpoint 1 (ACR50). If the test 
for major secondary endpoint 1 was successful (indicating IXE 
was non- inferior to ADA for achieving ACR50 at Week 24), a 
superiority test was conducted for major secondary endpoint 2 

(PASI100). If a test in this sequence was not successful, all subse-
quent tests were considered unsuccessful.

A fixed- margin approach was used for non- inferiority testing 
of ACR50 response, where IXE was deemed non- inferior to ADA 
if the lower bound of the two- sided 95% CI for the difference in 
proportions of ACR50 responders on IXE minus ADA was greater 
than the prespecified margin of −12.0%. This non- inferiority 
margin represents an approximately 50% preservation of the ADA 
treatment effect observed in historical phase III studies per Food and 
Drug Administration (FDA)/European Medicines Agency (EMA) 
non- inferiority study design guidelines.10–13

Categorical efficacy and health outcome variables were anal-
ysed based on treatment success/failure using a logistic regression 
model with treatment, concomitant csDMARD use at baseline 
and moderate- to- severe plaque psoriasis involvement as factors. 
Patients were considered treatment failures (or non- responders) 
if they did not meet the clinical response criteria or had missing 
clinical response data at a particular time point of analysis.

Continuous variables were analysed using a mixed effects 
model of repeated measures analysis, which included treatment 
group, concomitant csDMARD use at baseline, moderate- to- 
severe plaque psoriasis involvement and visit as fixed factors; 
baseline value as covariate; and baseline- by- visit and treatment- 
by- visit interaction terms. Missing data were imputed using a 
modified baseline observation carried forward method.

Descriptive safety analyses were performed on all randomised 
patients according to assigned treatment who received ≥1 dose 
of study treatment and included all data available up to the time 
of database lock.

resulTs
Participants
Of 684 patients screened, 566 were randomised between 24 
August 2017 and 24 May 2018, to either ADA (n=283) or 
IXE (n=283); 269 (95%) patients randomised to ADA and 262 
(93%) patients randomised to IXE completed the week 24 study 
visit (figure 1). Baseline demographics and disease characteristics 
were balanced between treatment groups (table 1). All patients 
had active plaque psoriasis with BSA ≥3%.

efficacy
Efficacy outcomes at week 24 are summarised in table 2. The 
primary and all major secondary endpoints of the study were 
met. The proportion of patients simultaneously achieving 
ACR50 and PASI100 was significantly (p=0.036) greater for 
patients receiving IXE (36%) than ADA (28%); significant differ-
ences were observed as early as week 8 (figure 2A). IXE was non- 
inferior to ADA as measured by ACR50 response (IXE: 50.5%, 
ADA: 46.6%, IXE vs ADA treatment difference: 3.9% (95% CI 
−4.3% to 12.1%)); there were no statistically significant differ-
ences in ACR50 response between treatment arms (figure 2B). 
PASI100 response was significantly (p=0.001) greater in the IXE 
(60%) versus ADA (47%) group; statistically significant differ-
ences were observed as early as the first PASI assessment (week 
4) and persisted through week 24 (figure 2c).

Significantly more patients achieved PsA MDA (treatment 
difference: 12.4%, 95% CI 4.3% to 20.4%) and VLDA (treat-
ment difference: 7.1%, 95% CI 1.4% to 12.7%) at week 24 in 
the IXE versus ADA groups (figure 3A,B). Although there were 
no significant differences between treatment groups in DAPSA 
change from baseline (treatment difference: −1.64, 95% CI 
−3.94 to 0.66) or DAPSA low disease activity, including remis-
sion (DAPSA ≤14) (treatment difference: 1.1%, 95% CI −7.0% 
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Table 1 Baseline demographics and disease characteristics

IXe (n=283) AdA (n=283)

Baseline demographics

Age, years 47.5 (12.0) 48.3 (12.3)

Sex, n (%)

 Male 162 (57) 150 (53)

  Female 121 (43) 133 (47)

Race, n (%)

  White 222 (78) 211 (75)

  Asian 29 (10) 33 (12)

Weight, kg 85.3 (19.8) 81.9 (18.3)

Body mass index, kg/m2 30.0 (6.9) 29.7 (8.3)

Duration of symptoms since PsA diagnosis, 
years

6.6 (7.4) 5.9 (6.4)

Duration of symptoms since psoriasis 
diagnosis, years

16.1 (13.1) 14.7 (12.6)

Concomitant csDMARD use, n (%) 193 (68) 199 (70)

Concomitant methotrexate use, n (%) 167 (59) 169 (60)

Baseline disease scores

Tender joint count 19.1 (12.7) 21.3 (15.4)

Swollen joint count 10.1 (7.5) 10.7 (8.1)

Patient pain VAS 59.7 (21.9) 62.4 (21.1)

Patient’s global assessment of disease 
activity VAS, mm

62.4 (20.3) 65.2 (20.7)

Physician’s global assessment of disease 
activity VAS, mm

58.9 (17.5) 59.4 (18.2)

HAQ- DI 1.2 (0.6) 1.3 (0.7)

C- reactive protein, mg/L 9.8 (13.7) 10.5 (19.3)

SPARCC Enthesitis Index >0, n (%) 189 (67) 171 (60)

SPARCC Enthesitis Index* 4.9 (3.5) 5.7 (3.8)

LEI >0, n (%) 159 (56) 147 (52)

LEI† 2.5 (1.4) 2.7 (1.5)

LDI- B >0, n (%) 42 (15) 58 (21)

LDI- B‡ 40.1 (42.4) 55.8 (128.4)

PASDAS 5.8 (0.9) 5.8 (1.0)

DAPSA 42.7 (20.6) 45.8 (23.5)

Moderate- to- severe psoriasis, n (%) 49 (17) 51 (18)

PASI ≥12, n (%) 55 (19) 57 (20)

sPGA ≥3, n (%) 173 (61) 181 (64)

BSA ≥3%, n (%) 283 (100) 283 (100)

BSA ≥10%, n (%) 113 (40) 104 (37)

PASI 7.9 (8.7) 7.7 (7.3)

Percentage BSA 14.8 (18.4) 12.9 (15.6)

DLQI 9.8 (7.6) 9.8 (7.6)

NAPSI fingernails >0, n (%) 191 (68) 177 (63)

NAPSI fingernails§ 19.7 (18.5) 19.1 (16.3)

Unless indicated otherwise, data are presented as mean (SD).
*Assessed in patients with SPARCC Enthesitis Index >0 at baseline.
†Assessed in patients with LEI >0 at baseline.
‡Assessed in patients with LDI- B >0 at baseline.
§Assessed in patients with NAPSI >0 at baseline.
ADA, adalimumab; BSA, body surface area; csDMARD, conventional synthetic 
disease- modifying antirheumatic drug; DAPSA, Disease Activity in Psoriatic Arthritis; 
DLQI, Dermatology Life Quality Index; HAQ- DI, Health Assessment Questionnaire–
Disability Index; IXE, ixekizumab; LDI- B, Leeds Dactylitis Index–Basic; LEI, Leeds 
Enthesitis Index; NAPSI, Nail Psoriasis Area and Severity Index; PASDAS, psoriatic 
arthritis disease activity score; PASI, Psoriasis Area and Severity Index; PsA, psoriatic 
arthritis; SPARCC, Spondyloarthritis Research Consortium of Canada; sPGA, static 
physician’s global assessment; VAS, visual analogue scale.

to 9.1%) at week 24 (figure 3C), significantly more patients 
achieved the more stringent DAPSA remission (DAPSA ≤4) in 
the IXE versus ADA group (treatment difference: 8.5%, 95% CI 

1.7% to 15.3%) (figure 3D). There were no significant differ-
ences between treatment groups in PASDAS change from baseline 
(treatment difference: −0.14, 95% CI −0.38 to 0.10) or PASDAS 
low disease activity (PASDAS ≤3.2) (treatment difference: 6.0%, 
95% CI −2.2% to 14.2%), but PASDAS near remission (PASDAS 
≤1.9) was achieved by significantly more patients in the IXE 
than ADA group (treatment difference: 9.5%, 95% CI 2.5% 
to 16.6%). No significant differences were observed in ACR20 
(treatment difference: −3.2%, 95% CI −10.7% to 4.3%) or 
ACR70 (treatment difference: 6.0%, 95% CI −1.4% to 13.5%). 
Change from baseline in mCPDAI was significantly greater in the 
IXE versus ADA group at week 24 (treatment difference: −0.53, 
95% CI −0.85 to −0.20), with statistically significant improve-
ments as early as the first assessment at week 12.

SPARCC Enthesitis Index=0 was achieved by significantly 
more patients in the IXE versus ADA group at week 24 (treat-
ment difference: 11.6%, 95% CI 1.3% to 21.9%). Both IXE and 
ADA were efficacious as measured by LDI- B=0 response, but 
there were no statistically significant differences between treat-
ment groups in LDI- B=0 response up to week 24 (treatment 
difference: −5.0%, 95% CI −16.8% to 6.8%).

Significantly more patients achieved PASI75 (treatment 
difference: 11.3%, 95% CI 4.2% to 18.4%) and PASI90 
(treatment difference: 15.9%, 95% CI 8.1% to 23.7%) in the 
IXE versus ADA group. Significant differences in PASI75 and 
PASI90 response were observed as early as the first assessment 
at week 4. No significant differences were observed in NAPSI 
fingernails=0 response between treatment groups (treatment 
difference: 8.4%, 95% CI −1.8% to 18.6%). However, NAPSI 
fingernails change from baseline was significantly greater with 
IXE than ADA at week 24 (treatment difference: −3.37, 95% CI 
−5.40 to −1.33), with significant improvements as early as the 
first assessment at week 12.

DLQI (0, 1) response was significantly greater at week 24 in 
the IXE versus ADA group (treatment difference: 9.5%, 95% 
CI 1.4% to 17.7%), with significant differences as early as the 
first assessment at week 4. There were no statistically significant 
differences between groups in HAQ- DI MCID response (treat-
ment difference: 1.3%, 95% CI −6.9% to 9.6%).

safety
TEAEs were more common in the IXE versus ADA group 
(table 3); most were mild or moderate in severity. Discontinua-
tions due to AEs and serious AEs (SAEs) were numerically lower 
in the IXE versus ADA group. No deaths occurred during the 
study.

Safety data were analysed in the safety population at the 
time of database lock. Of the 566 randomised patients, n=70 
completed, n=52 discontinued and n=444 were ongoing in the 
open- label treatment period at the time of database lock.

Most infection- related TEAEs were mild or moderate in 
severity. Serious infections were more frequent in the ADA 
versus IXE group (see online supplementary table 3). Three 
patients discontinued due to infection- related AEs, including 
two in the ADA group (lymph node tuberculosis, pneumonia 
legionella) and one in the IXE group (arthritis bacterial). There 
were no confirmed cases of pulmonary tuberculosis. TEAEs of 
Candida infections were more frequent in the IXE group (n=7; 
four oral and three genital Candida infections) than the ADA 
group (n=2; one oral and one genital Candida infection). All 
Candida- related TEAEs resolved except one (IXE, oral Candida) 
that was ongoing at the week 24 database lock; none resulted in 
discontinuation.
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Table 2 Efficacy and health outcomes at week 24

IXe (n=283) AdA (n=283)
Treatment difference

IXe versus AdA (95% CI)
IXe versus AdA
P value

Primary endpoint

 ACR50+PASI100 102/283 (36.0)
30.4% to 41.6%

79/283 (27.9)
22.7% to 33.1%

8.1%
(0.5% to 15.8%)

0.036

Major secondary endpoints

 ACR50* 143/283 (50.5)
44.7% to 56.4%

132/283 (46.6)
40.8% to 52.5%

3.9%
(-4.3% to 12.1%)

0.338

 PASI100 170/283 (60.1)
54.4% to 65.8%

132/283 (46.6)
40.8% to 52.5%

13.4%
(5.3% to 21.6%)

0.001

PsA endpoints

 MDA 135/283 (47.7)
41.9% to 53.5%

100/283 (35.3)
29.8% to 40.9%

12.4%
(4.3% to 20.4%)

0.003

 VLDA† 49/283 (17.3)
12.9% to 21.7%

29/283 (10.2)
6.7% to 13.8%

7.1%
(1.4% to 12.7%)

0.015

 DAPSA remission (≤4)† 75/283 (26.5)
21.4% to 31.6%

51/283 (18.0)
13.5% to 22.5%

8.5%
(1.7% to 15.3%)

0.016

 DAPSA low disease activity or remission (≤14)† 174/283 (61.5)
55.8% to 67.2%

171/283 (60.4)
54.7% to 66.1%

1.1%
(-7.0% to 9.1%)

0.737

 DAPSA, LSM change from baseline (SE)† −31.74 (0.94) −30.10 (0.94) −1.64
(-3.94 to 0.66)

0.161

 PASDAS low disease activity (≤3.2)† 164/283 (58.0)
52.2% to 63.7%

147/283 (51.9)
46.1% to 57.8%

6.0%
(-2.2% to 14.2%)

0.153

 PASDAS near remission (≤1.9)† 82/283 (29.0)
23.7% to 34.3%

55/283 (19.4)
14.8% to 24.0%

9.5%
(2.5% to 16.6%)

0.009

 PASDAS, LSM change from baseline (SE)† −3.08 (0.10) −2.94 (0.10) −0.14
(-0.38 to 0.10)

0.260

 mCPDAI, LSM change from baseline (SE) −3.98 (0.14) −3.46 (0.13) −0.53
(-0.85 to −0.20)

0.002

 ACR20 195/283 (68.9)
63.5% to 74.3%

204/283 (72.1)
66.9% to 77.3%

−3.2%
(-10.7% to 4.3%)

0.403

 ACR70 90/283 (31.8)
26.4% to 37.2%

73/283 (25.8)
20.7% to 30.9%

6.0%
(-1.4% to 13.5%)

0.111

 SPARCC Enthesitis Index=0‡ 107/189 (56.6)
49.5% to 63.7%

77/171 (45.0)
37.6% to 52.5%

11.6%
(1.3% to 21.9%)

0.019

 LEI=0§ 95/159 (59.7)
52.1% to 67.4%

81/147 (55.1)
47.1% to 63.1%

4.6%
(-6.4% to 15.7%)

0.432

 LDI- B=0¶ 37/42 (88.1)
78.3% to 97.9%

54/58 (93.1)
86.6% to 99.6%

−5.0%
(-16.8% to 6.8%)

0.658

Skin and nail psoriasis endpoints

 PASI75 227/283 (80.2)
75.6% to 84.9%

195/283 (68.9)
63.5% to 74.3%

11.3%
(4.2% to 18.4%)

0.002

 PASI90 203/283 (71.7)
66.5% to 77.0%

158/283 (55.8)
50.0% to 61.6%

15.9%
(8.1% to 23.7%)

<0.001

 NAPSI fingernails=0** 111/191 (58.1)
51.1% to 65.1%

88/177 (49.7)
42.4% to 57.1%

8.4%
(-1.8% to 18.6%)

0.082

 NAPSI, LSM change from baseline (SE) −15.89 (0.82) −12.53 (0.82) −3.37
(-5.40 to −1.33)

0.001

Quality of life endpoints

 HAQ- DI ≥0.35†† 168/252 (66.7)
60.8% to 72.5%

166/254 (65.4)
59.5% to 71.2%

1.3%
(-6.9% to 9.6%)

0.741

 DLQI (0, 1) 174/283 (61.5)
55.8% to 67.2%

147/283 (51.9)
46.1% to 57.8%

9.5%
(1.4% to 17.7%)

0.020

Unless otherwise indicated, values are presented as n/N (%), 95% CI.
*The treatment difference of IXE minus ADA was 3.9% (95% CI −4.3% to 12.1%). The lower bound of the 95% CI (−4.3%) was greater than −12%, thus meeting noninferiority criteria.
†Post hoc analysis.
‡Assessed for patients with SPARCC Enthesitis Index score >0 at baseline.
§Assessed for patients with LEI score >0 at baseline.
¶Assessed for patients with LDI- B score >0 at baseline.
**Assessed for patients with NAPSI fingernails score >0 at baseline.
††Assessed for patients with HAQ- DI score ≥0.35 at baseline. A response of ≥0.35 change from baseline is the minimal clinically important difference in HAQ- DI.
ACR, American College of Rheumatology; ADA, adalimumab; DAPSA, Disease Activity in Psoriatic Arthritis; DLQI, Dermatology Life Quality Index; HAQ- DI, Health Assessment Questionnaire–Disability Index; IXE, 
ixekizumab; LDI- B, Leeds Dactylitis Index–Basic; LEI, Leeds Enthesitis Index; LSM, least squares mean; mCPDAI, modified Composite Psoriatic Disease Activity Index; MDA, minimal disease activity; NAPSI, Nail Psoriasis 
Area and Severity Index; PASDAS, psoriatic arthritis disease activity score; PASI, Psoriasis Area and Severity Index; SPARCC, Spondyloarthritis Research Consortium of Canada; VLDA, very low disease activity.

Injection- site reactions were more frequent in the IXE versus 
ADA group; most were mild in severity. One severe injection- 
site reaction (injection site hypersensitivity) occurred in the ADA 
group, and one SAE (injection- site rash) occurred in the IXE 
group. Discontinuations due to injection- site reactions occurred 
in one IXE- treated and three ADA- treated patients. Most 
treatment- emergent allergic/hypersensitivity events were mild or 

moderate in severity, all were nonanaphylactic and none were 
SAEs. One ADA- treated patient discontinued due to an allergic/
hypersensitivity event (hypersensitivity).

One serious treatment- emergent cerebrocardiovascular 
event occurred in each treatment group (IXE: atrial fibrillation; 
ADA: myocardial ischaemia). One IXE- treated patient discon-
tinued due to a treatment- emergent cerebrocardiovascular 
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Figure 2 Clinical response rates for primary and major secondary 
outcomes through week 24 (non- responder imputation). (A) Percentage 
of patients simultaneously achieving ACR50 and PASI100 (primary 
endpoint). (B) Percentage of patients achieving ACR50 (major secondary 
endpoint). The treatment difference of IXE minus ADA was 3.9% (95% 
CI −4.3% to 12.1%). The lower bound of the 95% CI (−4.3%) was 
greater than −12%, thus meeting noninferiority criteria. (C) Percentage 
of patients achieving PASI100. IXE versus ADA: *P<0.05, †p<0.01, 
‡p<0.001. ACR, American College of Rheumatology; ADA, adalimumab; 
IXE, ixekizumab; PASI, Psoriasis Area Severity Index.

Figure 3 Clinical response rates for treat- to- target outcomes 
through week 24. (A) Percentage of patients achieving minimal 
disease activity. (B) Percentage of patients achieving very low disease 
activity. (C) Percentage of patients achieving a DAPSA score of ≤14 
(LDA or remission). (D) Percentage of patients achieving a DAPSA 
score ≤4 (remission). IXE versus ADA: *P<0.05, †p<0.01, ‡p<0.001. 
ADA, adalimumab; DAPSA, Disease Activity in Psoriatic Arthritis; IXE, 
ixekizumab; LDA, low disease activity.

event of bradycardia. One major adverse cerebrocardiovas-
cular event of moderate haemorrhagic stroke occurred in 
the ADA group; this event was an SAEand did not result in 
discontinuation.

No treatment- emergent malignancies occurred in the IXE 
group, and three occurred in the ADA group, two of which 
were considered by the investigator as SAEs (basal cell carci-
noma and rectal neoplasm). No patients discontinued due 
to malignancy. No TEAEs of cytopaenia were SAEs, and 
none resulted in discontinuation. No patients had a wors-
ening to grade 3 or 4 neutropenia. There were no suicide 
or self- injury- related TEAEs in either group. There were no 
depression- related SAEs, and no patients discontinued due to 
depression- related TEAEs.

Suspected IBD- related events were adjudicated by an expert 
panel as defined by the EPIdemiologique des Maladies de 

l’Appareil Digestif (EPIMAD) criteria for adjudication of suspected 
IBD, where ‘probable’ and ‘definite’ classifications are considered 
as confirmed cases.14 Three TEAEs were identified in two IXE- 
treated patients as suspected IBD. One IXE- treated patient had an 
event reported as ‘colitis’ that was sent for adjudication, but there 
was insufficient information to make a definitive classification. The 
same patient also had an event of ‘colitis ulcerative’, adjudicated as 
possible ulcerative colitis, which resulted in study discontinuation. 
Another IXE- treated patient with no prior medical history of IBD 
had an event reported as ‘colitis’ that was adjudicated as probable 
Crohn’s disease and was the only case that met EPIMAD criteria 
for confirmed IBD. No SAEs of IBD occurred, and no TEAEs of 
potential IBD were reported in the ADA group.

dIsCussIOn
Treatment choices for PsA in clinical practice are made 
between medications that have shown efficacy and sufficient 
safety in clinical trials. Because comparative clinical trials are 
rare in PsA, indirect comparisons are often made using meta- 
analyses. However, head- to- head trials where active agents 
are compared, rather than an active agent and placebo, offer 
the highest level of evidence.15–18 The SPIRIT- P1 and OPAL 
trials (which compared IXE or tofacitinib, respectively, with 
placebo) included an ADA active reference arm but were 
not powered for head- to- head comparisons with ADA.11 19 
A study (EXCEED 1) comparing replacement of csDMARDs 
with secukinumab or adalimumab monotherapy is ongoing 
(NCT02745080). Although both SPIRIT- H2H and EXCEED 
1 included bDMARD- naïve patients with inadequate response 
to csDMARDs, key differences between the studies include 
blinding (double- blind in EXCEED 1 vs open- label in SPIR-
IT- H2H) and concomitant csDMARD use (not allowed in 
EXCEED 1). SPIRIT- H2H is the first completed head- to- head 
trial comparing two bDMARDs in patients with active PsA and 
inadequate response to csDMARDs.

Although skin involvement is usually mild in patients with PsA, 
clinicians and patients judge the impact of a PsA treatment by 
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Table 3 Safety outcomes

IXe (n=283) AdA (n=283)

Extent of exposure, mean days (total patient- 
years)

236.8 (183.5) 228.9 (117.3)

Treatment- emergent adverse events 197 (69.6) 173 (61.1)

 Mild 97 (34.3) 87 (30.7)

 Moderate 91 (32.2) 71 (25.1)

 Severe 9 (3.2) 15 (5.3)

Serious adverse events 10 (3.5) 24 (8.5)

Deaths 0 0

Discontinuations due to adverse events 7 (2.5) 13 (4.6)

Adverse events of special interest

 Infections 102 (36.0) 87 (30.7)

 Serious infections 4 (1.4) 8 (2.8)

  Candida infections 7 (2.5) 2 (0.7)

Injection- site reactions 27 (9.5) 9 (3.2)

Allergic/hypersensitivity reactions 7 (2.5) 11 (3.9)

  Potential anaphylaxis 0 0

Cytopaenias 5 (1.8) 11 (3.9)

Cerebrocardiovascular events* 3 (1.1) 5 (1.8)

Malignancies 0 3 (1.1)

Depression 3 (1.1) 7 (2.5)

Inflammatory bowel disease 2 (0.7)† 0

 Ulcerative colitis 1 (0.4)‡, 0

 Crohn’s disease 1 (0.4)§ 0

Safety data were analysed in the safety population at the time of database lock. 
Of the 566 randomized patients, n=70 completed, n=52 discontinued, and n=444 
were ongoing in the open label treatment period at the time of database lock.
*Of eight treatment- emergent cerebrocardiovascular events reported, four (IXE: 
n=2 (0.7%); ADA: n=2 (0.7%)) were adjudicated.
†EPIdemiologique des Maladies de l’Appareil Digestif (EPIMAD) criteria for 
adjudication of suspected inflammatory bowel disease define ‘probable’ and 
‘definite’ classifications as confirmed cases. Only one case met the EPIMAD criteria 
of confirmed inflammatory bowel disease.
‡Event was reported as colitis ulcerative and was adjudicated as possible ulcerative 
colitis.
§Event was reported as colitis and was adjudicated as probable Crohn’s disease.
ADA, adalimumab; IXE, ixekizumab.

effects on all domains affected by the disease, in particular joints 
and skin.20–22 Furthermore, achievement of optimal health- related 
quality of life, the ultimate treatment goal in PsA, requires improve-
ments in both joint and skin manifestations of the disease.1 There-
fore, a combination of two validated and well- established outcome 
measures, a relatively stringent endpoint for articular disease 
(ACR50) and a very stringent endpoint for skin disease (PASI100) 
was employed as the primary endpoint. The 24- week efficacy data 
from the present study demonstrate that IXE was superior to ADA 
in simultaneously leading to an ACR50 and PASI100 response, was 
non- inferior to ADA for achieving ACR50 and was superior to ADA 
for achieving PASI100. Furthermore, significantly more patients 
achieved DAPSA remission (which does not include a measure of 
skin response) with IXE than ADA, suggesting that skin changes were 
not the only domain contributing to differences between biologics. 
IXE further demonstrated significantly higher clinical response 
rates than ADA at week 24 for SPARCC Enthesitis Index, psoriasis 
(PASI75/90), fingernail psoriasis (NAPSI fingernails change from 
baseline), mCPDAI and treat- to- target endpoints of MDA, VLDA 
and DAPSA remission.23 Rapid and significantly greater improve-
ments in skin- related quality of life were also observed (DLQI (0 
or 1)). No significant differences were observed between treatment 

groups for ACR20/50/70, suggesting IXE had similar speed and 
level of response compared to ADA for joint improvement.

SAEs, especially those related to infections, were numeri-
cally higher in the ADA group. Infections were more frequent 
in the IXE group than the ADA group. Injection site reactions 
(including injection site pain) were numerically higher in the IXE 
arm, although most were mild in both groups. Overall, the safety 
profiles of both bDMARDs were consistent with those described 
in the prescriber information.

A key strength of the SPIRIT- H2H study is its relevance to 
real- world clinical settings. The open- label study design and 
absence of a placebo arm was modelled after real- world clinical 
settings where patients receive active treatments and are aware 
of which treatment they receive. Patients were treated with the 
approved dosing regimens of both IXE and ADA (according to 
presence/absence of moderate- to- severe psoriasis), as mono-
therapy or in combination with csDMARDs. Approximately 
82% of patients did not meet criteria for moderate- to- severe 
psoriasis, consistent with the patient population typically seen 
by rheumatologists.20–22

Although comparisons between clinical studies are limited by 
differences in design and study population, joint and skin responses 
for both IXE and ADA were higher in SPIRIT- H2H than in histor-
ical studies.10 11 24 The use of two efficacious treatments, open- label 
study design and lack of a placebo arm may have contributed to 
increased responses in SPIRIT- H2H, since all patients knew they 
would receive active therapy. To minimise bias, key outcomes 
were measured by blinded assessors. However, an expectation of 
different rates of improvement (especially in skin outcomes) with 
IXE versus ADA could potentially influence blinded assessors. 
However, this limitation also exists for double- blind, placebo- 
controlled studies, where greater response is expected with an 
active treatment versus a placebo comparator. SPIRIT- H2H is 
ongoing through 52 weeks of treatment, and the current report 
is limited to 24 weeks. Thus, it is currently unknown how clinical 
responses will compare over longer treatment periods. An addi-
tional study limitation was the absence of imaging or structural 
joint damage assessments. Though the patient population in this 
study is similar to other clinical trials in PsA, it may not represent 
all patients with PsA in daily clinical practice (eg, patients in this 
study predominantly had polyarthritis).

In conclusion, IXE was associated with greater improvement 
of a combined articular and cutaneous endpoint in PsA compared 
with ADA over a 24- week period and had numerically lower inci-
dence of SAEs compared to ADA.
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Key messages

What is already known about this subject?
 ► Clinical, genetic and microbiome evidence 
supports the contention that ankylosing 
spondylitis (AS) is influenced by interactions 
between the gut microbiome and the host 
immune system.

 ► The majority of microbiome studies to date 
have been conducted via sequencing of the 16S 
ribosomal marker gene, limiting the scope and 
accuracy of downstream analytics.

What does this study add?
 ► This study contributes three major findings in 
regards to the role of the gut microbiome in AS: 
(1) the AS gut microbiome is shaped such that 
cases carry a higher load of peptides known 
to be presented by HLA- B27. (2) Changes 
in prevalence of clinically relevant bacterial 
species and metabolic pathways that are 
known to be conducive for proinflammatory 
responses were noted, and (3) tumour necrosis 
factor- inhibitor (TNFi) therapy was correlated 
with restoration of the perturbed microbiome, 
highlighting a potential mechanism of action 
for these drugs.

How might this impact on clinical practice or 
future developments?

 ► Therapeutic and/or preventative modulation 
of the gut microbiome remains an attractive 
strategy. To achieve this, precise identification of 
the microbial characteristics potentially driving 
disease is required.

AbSTrACT
Objectives Diverse evidence including clinical, genetic 
and microbiome studies support a major role of the 
gut microbiome in the common immune- mediated 
arthropathy, ankylosing spondylitis (as). We set out to 
(1) further define the key microbial characteristics driving 
disease, and (2) examine the effects of tumour necrosis 
factor- inhibitor (TnFi) therapy upon the microbiome.
Methods The stools from a case–control cohort of 250 
Han- Chinese subjects underwent shotgun metagenomic 
sequencing. all subjects were genotyped using the 
illumina Coreexome snP microarray.
results Previous reports of gut dysbiosis in as were 
reconfirmed and several notable bacterial species and 
functional categories were differentially abundant. TnFi 
therapy was correlated with a restoration the perturbed 
microbiome observed in untreated as cases to that of 
healthy controls, including several important bacterial 
species that have been previously associated with as and 
other related diseases. enrichment of bacterial peptides 
homologous to Hla- B27- presented epitopes was 
observed in the stools of patients with as, suggesting 
that either Hla- B27 fails to clear these or that they 
are involved in driving Hla- B27- associated immune 
reactions. TnFi therapy largely restored the perturbed 
microbiome observed in untreated as cases to that of 
healthy controls, including several important bacterial 
species that have been previously associated with as 
and other related diseases. TnFi therapy of patients with 
as was also associated with a reduction of potentially 
arthritogenic bacterial peptides, relative to untreated 
patients.
Conclusion These findings emphasise the key role that 
the gut microbiome plays in driving the pathogenesis 
of as and highlight potential therapeutic and/or 
preventative targets.

InTrOduCTIOn
Ankylosing spondylitis (AS) has been shown in both 
twin and unrelated case/control studies to be highly 
heritable (twins >90% heritability).1 2 There is 
substantial evidence suggesting that the interaction 
between host genetics and gut microbiome is a key 
driver of the pathogenesis of AS. The high disease 
heritability indicates that the environmental factors 
involved in the disease are likely to be ubiquitous. 

Reactive arthritis is a spondyloarthritis (SpA) 
sharing many clinical and genetic features with AS 
and is known to be caused by bacterial infections 
of the gut or urinary tract; a subset of patients with 
reactive arthritis go on to develop AS. About 60% 
patients with AS suffered from subclinical bowel 
inflammation and 10% of them can be diagnosed 
as inflammatory bowel disease (IBD).3 There is 
considerable overlap in the overall heritability of 
AS and IBD,4 the two diseases are often cofamilial5 
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and many shared genetic associations have been identified.6 A 
bioinformatic study showed that AS susceptibility genes specifi-
cally enriched in gut cells are also enriched in ‘response to bacte-
rium’ GO term pathway and that AS- associated genetic loci are 
found disproportionately to lie within epigenetic marks of gene 
activity in gut tissue and cells.7 Germ- free HLA- B27- transgenic 
rats and SKG mice are disease- free.8 9 Studies using sequencing- 
based bacterial profiling of terminal ileal biopsies showed that 
patients with AS have a distinct microbiome,10 a finding that has 
subsequently been reproduced studying stool samples in patients 
with AS and patients with SpA, a broader clinical classification.11 
Recently, HLA- B27- positive healthy individuals were shown 
have a significantly different microbiome, indicating that the 
gut microbiome may in fact be a driver of AS, as opposed to 
being secondary to it.12 There has also been suggestive evidence 
reported that the gut microbiome is associated with differ-
ences in AS disease activity.13 In addition, one study compared 
stool samples of patients with SpA before and 3 months after 
the tumor necrosis factor- inhibitor (TNFi) treatment onset.14 
Although modest changes were found in microbiome alpha- 
diversity measures after TNFi treatment, no changes in specific 
bacterial taxa were observed. In summation, the above evidence 
supports the contention that AS status is influenced by interac-
tions between the gut microbiome and the host immune system.

To date, the mechanisms involved in the interaction between 
the host immune system and intestinal microbes remain unclear. 
One hypothesis suggests that HLA- B27 presents specific 
peptides to CD8+T cells, leading to pathogenic adaptive 
immune responses (the ‘arthritogenic peptide theory’). The gut 
microbiota produces a huge variety and number of peptides, and 
as such, microbial peptides intrinsic to dysbiosis may activate 
CD8+T cells. In that context, Purcell and colleagues identified 
7500 such peptides that bind the eight most common HLA- 
B27 subtypes.15 Here, we present our findings from a shotgun 
metagenomics sequencing study undertaken with stool samples 
collected from 250 Chinese individuals to investigate evidence 
of dysbiosis in AS, the effect of TNFi treatment on the gut micro-
biota and to investigate evidence of immunity to HLA- B27- 
restricted microbial peptides in AS cases.

MATerIAlS And MeTHOdS
Subject recruitment
A total of 127 unrelated Han Chinese AS cases meeting the 1984 
modified New York criteria for AS16 were recruited from the 
Department of Rheumatology and Immunology of Shanghai 
Changzheng Hospital (Shanghai, China). A total of 123 healthy 
controls (blood donors on no prescription medications) were 
recruited from Shanghai. All human studies have been approved 
by the Research Ethical Committee of Second Military Medical 
University, and all patients and controls gave informed written 
consent for their participation in the studies. Clinical and dietary 
information was collected described in the online supplementary 
methods.

Shotgun metagenome sequencing
DNA extracted from faecal samples were extracted and 
sequenced using an Illumina HiSeq sequencer (Illumina, San 
Diego, California, USA) with the paired- end 150 bp sequencing 
model based on >5G raw data output per sample (see the online 
supplementary material for more detail).

Manual inspection and QC of sequencing reads were 
conducted using FastQC v10.1.17 Paired- end reads were 
joined using PEAR v0.9.1018 and adapters were trimmed using 

Trimmomatic v0.36.19 Contaminant sequences, such as those 
mapping to human or PhiX genomes, were filtered using Bowtie2 
v2.3.420 and the remaining reads were counted and subsampled 
to an equal sequencing depth of 3 520 000 sequencing reads per 
sample using SeqTK v1.0.21 MetaPhlAn2 v2.6.022 was used for 
taxonomic classification, PanPhlAn v1.2.223 was used for strain- 
level profiling using precomputed pan- genome references where 
possible, and HUMAnN2 v0.11.124 was used for functional 
mapping to KEGG Orthogroups (KO) and MetaCyc pathways 
and using a UniRef90 database.

For the prediction of bacterial peptides homologous to 
previously reported HLA- B27- presented epitopes, all available 
bacterial- derived sequencing reads were BLASTXed against a 
local, BLAST- formatted,25 version of the immune epitope data-
base (IEDB) v3.0 (downloaded August 2016).26 27 BLAST best- 
hits with an E- value <0.1, as well as their corresponding IEDB 
annotations, were collected and counted. The analysed version 
of IEDB contained 7500 peptides which were previously identi-
fied as HLA- B27- presented via proteomics.15 The abundance of 
each HLA- B27- presented peptide in cases vs controls was eval-
uated by Wilcoxon rank- sum testing (false discovery rate (FDR) 
corrected) and the presence/absence of the peptides in cases vs 
controls was evaluated via the Fisher exact test (FDR corrected), 
with Q<0.05 considered significant.

Further microbiome analyses were performed using R as 
outlined in the online supplementary methods.

T-cell responses to microbiome-derived peptides
Individual peptides, previously shown to be presented by HLA- 
B27 and found in AS case stool microbiomes, were used to pulse 
peripheral blood mononuclear cells (PBMCs) from either HLA- 
B27- positive or HLA- B27- negative donors. Pulsed PBMCs were 
cocultured with autologous PBMC in T- RF10+interleukin-2 
(10 U/mL). On day 20 of culture, cells were restimulated with 
peptide- pulsed irradiated autologous lymphoblastoid cells, 
and CD4 T cells depleted by magnetic sorting. Ten to 14 days 
later, interferon- gamma (IFN-γ) production by CD8 T cells was 
determined by intracellular cytokine staining. Two runs were 
performed, each run involving different peptides, for both the 
HLA- B27- positive and HLA- B27- negative donors.

reSulTS
Gut dysbiosis in AS
The case and control cohorts were divided into discovery and vali-
dation cohorts prior to analysis; the discovery cohort consisted 
of 97 AS cases and 93 healthy controls with age- matched demo-
graphics, and the remaining 60 subjects comprised the validation 
cohort (30 AS cases and 30 healthy controls) (online supplemen-
tary table 1). With the exception of a difference in the mean age 
in the validation cohorts in which the controls were younger 
on average than cases, no differences were observed between 
cases and controls in either the discovery or validation cohorts. 
PERMANOVA and sPLSDA multivariate analyses revealed 
significant differentiation between the microbial composition of 
AS cases and healthy controls for both the discovery (p=0.019) 
and validation (p=0.0006) cohorts (figure 1A), consistent with 
previous reports. Receiver- operator curve analysis showed high 
discrimination between cases and controls using microbiome 
data alone (area under curve (AUC)=0.87 in combined discovery 
and validation cohorts) (online supplementary figure 1).

Seven bacterial species were identified to be differentially 
abundant (p<0.05) (ie, were ‘indicator species’) between AS 
cases and healthy controls, in both the discovery and validation 
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Figure 1 Taxonomic and functional dysbiosis observed in as cases relative to healthy controls. (A) Alpha and beta diversity analysis. sPLSDA and 
PERMANOVA revealed community- level differences in taxonomic composition. (B) Commonly differentiated bacterial species from the discovery and 
validation cohorts. For visualisation purposes, data from the discovery and validation cohorts were combined. (C) Commonly differentiated KEGG 
Orthogroups from the discovery and validation cohorts. For visualisation purposes, data from the discovery and validation cohorts were combined. 
Bacterial species and KEGG Orthogroups exhibiting significant results according to multivariate linear modelling and Wilcoxon rank- sum tests are 
shown. AS, ankylosingspondylitis.
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cohorts (figure 1B). Clostridiales bacterium 1 7 47FAA, Clos-
tridium bolteae and Clostridium hatheway were found to 
be enriched in AS cases, while Bifidobacterium adolescentis, 
Coprococcus comes, Lachnospiraceae bacterium 5 1 63FAA and 
Roseburia inulinivorans were depleted. Several other differen-
tially abundant species of interest were identified in either the 
discovery or validation cohort, notably Prevotella copri, Dialister 
invisus and Faecalibacterium prausnitzii. A full list of differen-
tially abundant taxa in either cohort is available in the online 
supplementary table 2.

Six KO were also found to be differentially abundant (p<0.05) 
in both cohorts (figure 1C), however, there were no MetaCyc 
metabolic pathways which were differentially abundant in both 
cohorts. The commonly differentiated KO were EC 2.6.1.9: 
histidinol- phosphate transaminase, EC 2.7.4.1: polyphos-
phate kinase, EC 4.3.3.6: pyridoxal 5'-phosphate synthase, EC 
1.15.1.1: superoxide proteinase, EC 3.4.21.53: ATP- dependent 
serine phosphatase and EC 2.4.2.17: ATP phosphoribosyltrans-
ferase. Full lists of the differentially abundant KO and MetaCyc 
metabolic pathways are available in the online supplementary 
tables 3 and 4, respectively. All indicator species, except for 
Lachnospiraceae bacterium 5 1 63FAA, were significantly asso-
ciated (p<0.05) with the KO, however, the degree of variation 
explained by these species was typically low with R2 values 
ranging from 0.0008 to 0.13 (0.043 on average) (online supple-
mentary table 5).

Strain- level profiling of the dysbiotic microbes identified 
in figure 1B uncovered no differences in strain composition 
between AS cases and healthy controls (online supplementary 
figure 2). This suggests that gut dysbiosis may primarily be a 
result of differential abundance at the species level and that 
functional or metabolic differences in the microbiome occur 
from common genetic elements among the strain population, as 
evidenced by KO being detectable in the majority of samples in 
figure 1C.

effect of TnFi therapy upon the microbiome
To test the effect of TNFi therapy on the gut microbiome, the 
discovery and validation cohorts were combined to enable suffi-
cient sample sizes for the following categories: healthy controls 
(n=123), AS cases treated with TNFi (either etanercept or inflix-
imab, n=67) and AS cases who have not received TNFi treat-
ment (n=60). No statistically significant effect of sulfasalazine 
treatment was observed (p=0.76, online supplementary figure 
3), possibly due to sample size constraints. Multivariate compar-
ison of TNFi untreated and treated cases revealed an effect of 
TNFi treatment on the overall composition of the microbiome 
(p=0.022) (figure 2A). Untreated cases were significantly 
different to healthy controls (p=0.0002), whereas treated cases 
were not significantly different to healthy controls (p=0.069), 
highlighting a correlation between treatment and restoration of 
the perturbed composition of the microbiome.

To identify the key species modulated by the effects of TNFi 
therapy, species which were both (a) perturbed in untreated 
AS cases relative to healthy controls, and (b) differently abun-
dant in treated cases compared with untreated cases, were first 
identified (figure 2B, supplementary table 6). Six of the eight 
identified species exhibited significant depletion in untreated AS 
cases, however, TNFi treatment was correlated with restoration 
of these species to levels indistinguishable from healthy controls. 
These species were: P. copri, F. prausnitzii, Bilophila unclassified, 
Klebsiella pneumoniae, Ruminococcus bromii and Eubacterium 
biforme. The remaining two species (Clostridium symbiosum 

and Eggerthella unclassified) were enriched in untreated AS and 
their abundance was no longer different to healthy controls in 
treated cases. The findings in relation to P. copri and K. pneumo-
niae were of particular interest given their previous association 
with rheumatoid arthritis (RA) and AS, respectively, as was the 
highly abundant (approximately 20% of total bacterial DNA, on 
average) F. prausnitzii for its notable depletion in several autoim-
mune diseases.28 TNFi therapy appeared to partially normalise 
the dysbiotic bacterial species and KO observed in AS cases rela-
tive to healthy controls shown in figure 1B and C, however no 
statistically significant differences between treated and untreated 
cases were observed, potentially due to sample size constraints 
(online supplementary figure 4).

The above approach was also used to identify metabolic path-
ways modulated by TNFi therapy. Twenty MetaCyc metabolic 
pathways were identified in total and the perturbed abundance 
observed in untreated AS cases was restored to healthy control 
levels in 17 of these. In broad terms, these pathways primarily 
related to amino acid biosynthesis (notably branched- chain and 
aromatic amino acid biosynthesis), carbohydrate metabolism 
(notably starch degradation), nucleotide biosynthesis, metabolite 
biosynthesis and cell structure. Specific details of the 20 differ-
entially abundant MetaCyc pathways are available in the online 
supplementary table 7.

Linear regression was used to investigate the association 
between the modulated species and modulated pathways (online 
supplementary table 8). Except for PWY-6545, pyrimidine 
biosynthesis which was not associated with any individual identi-
fied species, all the pathways were significantly associated with at 
least two of the identified species. Similarly, all the species were 
significantly associated with multiple pathways, however the 
abundances of Bilophila unclassified and K. pneumonieae were 
inversely correlated with pathway abundance. An increase in K. 
pneumonieae was associated with a decrease in the abundance 
of PWY-6737: starch degradation (p=0.014; R2=−0.043). 
The observed decrease in the starch degradation pathway for 
untreated AS cases is primarily attributed to a depletion of F. 
prausnitzii (p=2.38×10-24; R2=0.31). Faecalibacterium praus-
nitzii also exhibited strong associations with other metabolic 
pathways.

Strain- level profiling of the bacterial species outlined in 
figure 2B also revealed no discernible differences in strain 
composition between healthy controls, treated cases and 
untreated cases, indicating the TNFi therapy was associated with 
changes in the relative abundance of each species, not necessarily 
the underlying strain composition (online supplementary figure 
5).

bacterial-derived HlA-b27 epitopes in as cases and healthy 
controls
To investigate the potential effects of HLA- B27 to ‘shape’ 
the gut microbiome, we assessed the abundance of bacterial 
peptides homologous to HLA- B27 epitopes in AS cases and 
healthy controls. Translated nucleotide searches were performed 
against IEBD v3.0, annotated according to a published study15 
and counted. Significant enrichment of these peptide sequences 
was observed in AS cases, with 24 of these enriched in both the 
discovery and validation cohorts (online supplementary table 
9). AS cases not only exhibited enrichment of these peptides 
but the overall diversity of peptides was also increased, with 
Shannon, Inverse Simpson and Chao diversity indices revealing 
significant differences between AS cases and healthy controls 
(figure 3A).
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Figure 2 Effect of TNFi therapy on the microbiome. (A) Alpha and beta diversity analysis. sPLSDA and PERMANOVA revealed community- level 
differences in taxonomic composition. (B) Bacterial species modulated by the effects of TNFi treatment. Bacterial species exhibiting significant results 
according to multivariate linear modelling and Wilcoxon rank- sum tests are shown. TNFi, tumour necrosis factor- inhibitor.
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Figure 3 (A) Enrichment, both in terms of abundance and diversity, of bacterial peptides homologous to HLA- B27 epitopes in as cases relative to 
healthy controls. (B) Differential abundance and diversity of bacterial peptides homologous to HLA- B27 epitopes in TNFi- treated and TNFi- untreated 
cases and healthy controls. HC, healthy control; TNFi, tumour necrosis factor- inhibitor.

Figure 4 CD8 T- cell responses to peptide stimulation. intracellular 
interferon-γ responses are reported for synthetic peptides listed in the 
online supplementary table 9. Data are presented for PBMCs alone 
with no peptide addition (‘T- cell only’), PBMCs with LCLs added at day 
10–14 with no peptide addition (‘APC only’), and with both LCL and 
peptide addition (other lanes). Open columns refer to findings from an 
HLA- B*2704/B*4006 as case, hatched columns refer to findings from an 
HLA- B*1502/B*4001 healthy control. Panels A and B represent separate 
experiments with different peptides added. APC, antigen presenting 
cell; IFN, interferon; LCL, lymphoblastoid cell line; PBMC, peripheral 
bloodmononuclear cell.

The overall abundance and diversity of bacterial peptides 
homologous to HLA- B27- presented epitopes were also signifi-
cantly different between different TNFi treatment categories 
(figure 3B). Untreated AS cases exhibited increased abundance 
and diversity of peptides. For patients who underwent TNFi 
therapy, a reduction in these peptides was observed relative to 
untreated cases, however their levels remained marginally higher 
than healthy controls.

T-cell responses to HlA-b27-presenting bacterial peptides
In a preliminary study, CD8 responses to peptides known to be 
presented by HLA- B27 and found in the AS case stool microbi-
omes were assessed in two lines from different patients. CD8 
responses as assessed by IFN-γ production were observed in the 
HLA- B27- positive donor to multiple peptides (figure 4). No such 
responses were noted in the HLA- B27- negative donor (figure 4).

dISCuSSIOn
Gut dysbiosis in AS
This study reconfirmed the occurrence of bacterial gut dysbi-
osis in AS cases and identified seven bacterial species which were 
commonly differentiated between cases and controls in both 
the discovery and validation cohorts (figure 1B). Two of these 
species, Bifidobacterium adolescentis and Coprococcus comes, 
have been noted for their depletion in Crohn disease29 and were 
also observed to be depleted in AS cases in this study. An addi-
tional two species previously reported to be associated with AS, 
P. copri and D. invisus, were found to be differentially abun-
dant in either the discovery or validation cohorts (online supple-
mentary table 2). In the case of P. copri, previous studies have 
demonstrated enrichment in new- onset RA cases yet depletion 
in chronic RA cases.30 Consistent with these findings, our study 
found that P. copri was depleted in AS cases within the non- 
age- matched cohort, for which the demographics were heavily 
skewed towards older patients with AS with the long- standing 
disease (online supplementary table 1). Previous studies in AS 
have shown increases in Prevotellaceae10 or specifically with this 
species.11 As discussed below, P. copri carriage normalised with 
TNFi treatment. Further studies will be required to determine 
if P. copri carriage changes with disease duration, as has been 
reported in RA.

Carriage of Dialister species has been previously associated 
with disease activity in patients with SpA,13 but the carriage of 
D. invisus has been reported to be decreased in IBD.31 32 While 
we found enrichment of D. invisus in AS cases in the discovery 
cohort, this was not confirmed in the validation cohort, nor has 
it been reported in other AS studies. Its pathogenic significance 
is therefore uncertain.

Of particular interest, the notable ‘peace keeping’ microbe F. 
prausnitzii was also found to be depleted in AS cases in the vali-
dation cohort. This bacterium has also been consistently shown 
to be depleted in IBD32–37 and has been previously shown to be 
depleted in the disease enthesitis- related arthritis, a paediatric 
disease- classification which includes children with AS.38 Faeca-
libacterium prausnitzii is known to produce butyrate and other 
metabolites and peptides that have diverse anti- inflammatory 

https://dx.doi.org/10.1136/annrheumdis-2019-215763
https://dx.doi.org/10.1136/annrheumdis-2019-215763
https://dx.doi.org/10.1136/annrheumdis-2019-215763
https://dx.doi.org/10.1136/annrheumdis-2019-215763
http://ard.bmj.com/


138 Yin J, et al. Ann Rheum Dis 2020;79:132–140. doi:10.1136/annrheumdis-2019-215763

Spondyloarthritis

effects including promoting T- regulatory cell differentiation,39 
influences on Th17 lymphocyte activation and promotion of gut 
mucosal barrier function.37 40 41 As discussed below, TNFi treat-
ment also led to normalisation of F. prausnitzii carriage. These 
findings suggest that F. prausnitzii plays a key anti- inflammatory 
role in AS, as it does in IBD.

Using metagenome sequencing to provide a functional char-
acterisation of the microbiome, this study shows that genes 
encoding pyridoxal 5'-phosphate synthase, an important enzyme 
for the biosynthesis of vitamin B6, were less abundant among the 
microbiome of AS cases compared with healthy controls in both 
cohorts. Vitamin B6 plays a role in the maintenance of vitamin 
homeostasis in colonocytes.42 43 It has been found to modulate 
colonic inflammation and several studies that have investigated 
the role of vitamin B6 for the treatment of inflammation in 
patients with RA.44–49 Evidence from case- control studies show 
that patients with RA have low vitamin B6 status compared with 
healthy controls, however, intervention studies have yielded 
inconsistent findings, possibly due to the dose of the adminis-
tered vitamin B6. The reduced potential for the microbiome of 
patients with AS to produce pyridoxal 5'-phosphate synthase, 
and thus vitamin B6, may warrant further investigation into 
intervention strategies to mitigate inflammation in patients with 
AS.

MetaCyc pathway analysis revealed the depletion of the 
aromatic and branched- chain amino acid biosynthesis pathways 
in untreated AS cases, which are responsible for the production 
of four of the nine essential amino acids in humans (leucine, 
isoleucine, valine and phenylalanine) (online supplementary 
table 7). Vitamin B6 is an essential cofactor for branched- chain 
amino acid transaminase, the last step of the branched- chain 
amino acid synthesis. Therefore, in the current study, we not 
only observed depletion of genes encoding the branched- chain 
amino acid biosynthesis pathway but also for the enzyme which 
synthesises an important cofactor in the process.

effect of TnFi therapy upon the microbiome
The previous study of patients with RA before and after synthetic 
disease- modifying antirheumatic drug treatment revealed 
moderate differences in the gut microbiota composition, with the 
perturbed microbial composition being party restored following 
treatment.50 Similarly, analysis of patients with SpA before and 
after TNFi therapy also revealed modest differences in micro-
bial composition yet no specific taxon was found to be modu-
lated, likely due to sample size.14 Using a larger sample size, we 
confirmed that TNFi therapy was correlated with a restoration 
of the perturbed microbial composition, and additionally iden-
tified several notable bacterial species modulated by treatment.

We observed that TNFi therapy restored the depletion of F. 
prausnitzii in AS cases. Restoration of F. prausnitzii abundance 
was also correlated with the restored abundance of aromatic 
and branched- chain amino acid biosynthesis pathways. A 
recent ulcerative colitis study33 revealed reduced dysbiosis and 
increased F. prausnitzii abundance in responders compared with 
non- responders following TNFi therapy. Furthermore, recovery 
of F. prausnitzii in patients with ulcerative colitis after relapse 
was associated with maintenance of remission.51 Another study 
demonstrated that treatment of infliximab completely restored 
F. prausnitzii concentrations from zero to 1.4×1010 bacteria/mL 
within a few days.30

Another important microbe, P. copri, was observed to be 
enriched to levels closely matched to that of healthy controls 
following TNFi treatment. The abundance of P. copri has 

previously been shown to be enriched in patients with untreated 
new- onset RA yet depleted in chronic RA cases, patients with 
psoriatic arthritis and healthy controls.30 Colonisation of SKG 
mice with P. copri- dominated microbiota from patients with 
RA led to an increased number of Th17 cells in the large intes-
tine.52 HLA- DR- presented peptides (T- cell epitopes) from P. 
copri were recently found to stimulate Th1 responses in 42% of 
new- onset RA cases, with subgroups of patients with RA demon-
strating differential IgG or IgA immune reactivity, providing 
evidence that P. copri is immune- relevant in RA pathogenesis.53 
Additionally, the presence of the HLA- DRB1 risk allele, which 
influences disease severity, in patients with RA was found to be 
inversely correlated with P. copri abundance.30 54–56 A recent 
study of Chinese patients with AS revealed enrichment of P. 
copri, as well as P. melaninogenica and Prevotella sp. C561.11 
Contrasting these results, in the current study, we observed a 
depletion of P. copri in untreated AS cases, which was restored to 
the healthy control levels in TNFi- treated patients. These seem-
ingly conflicting reports of P. copri abundance may be explained 
by the large degree of intraspecific genetic diversity of P. copri 
strains, with strain variation adding an additional layer of 
complexity for predicting the function of P. copri in the gut. The 
Prevotella genus also contains members that may be beneficial, 
and which do not function as pathobionts,54–56 with observed 
enrichment in healthy individuals. Taken together, our results 
which demonstrate modulation of P. copri abundance in TNFi- 
treated cases are a noteworthy observation, however without a 
stronger grasp of the strain- level genome variation within this 
taxon and their prevalence across our cohort attempts to ther-
apeutically modulate and predict the effects of P. copri remain 
significant challenges.57

Klebsiella pneumoniae has also been suggested to play a signif-
icant role in AS pathogenesis,58 although this remains contro-
versial.59 Klebsiella pneumoniae notably produces pullulanase, 
a starch- debranching enzyme which enables the degradation of 
starch into simple sugars.60 The apparent arthritogenic effects 
of dietary starch in AS are based on the concept that the growth 
of Klebsiella sp. are favoured by these diets and drive AS patho-
genesis.61 62 Consequently, low starch diets have been promoted 
and are frequently followed by patients,62 although there is 
no published evidence to date as to their efficacy in positively 
affecting AS disease course. Here, we actually observed depletion 
of this microbe in untreated cases relative to healthy controls, 
whereas TNFi- treated cases showed a restoration of this bacte-
rium. Furthermore, our metagenome sequencing data showed an 
inverse correlation between K. pneumoniae relative abundance 
and the overall starch degradation metabolic pathway (p=0.014; 
R2=−0.043) (online supplementary table 5). This pathway not 
only includes the pullulanase- mediated starch debranching reac-
tion but also further downstream reactions including the trans-
port and catabolism of maltodextrins. These findings do not 
support an association between K. pneumoniae and AS patho-
physiology, although the role of dietary and/or resistant starches 
on the gut microbiota and AS warrants further investigation.

enrichment of bacterial peptides
Pathogenic bacteria have long been hypothesised as an immuno-
logical trigger of AS pathogenesis. In the current study, patients 
with AS not only demonstrated enrichment of bacterial peptides 
matching HLA- B27 epitopes (online supplementary table 9), but 
the diversity of these peptides was greater overall (figure 3A). 
These data provide supporting evidence for the molecular 
mimicry hypothesis for which bacterial- derived peptides may 
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stimulate AS via cross- activation of autoreactive T cells or B 
cells, thus leading to autoimmunity. Only limited evidence of 
CD8 T- cell reactivity to specific antigens has previously been 
reported in AS63 or the related disease reactive arthritis.64 In 
our preliminary studies, we showed substantial responses of 
CD8 T cells to peptides known to be presentable by HLA- B27, 
and were also found in the stool microbiome of AS cases, in 
HLA- B27- positive but not HLA- B27- negative donors. Consid-
erable further studies are indicated to investigate this in greater 
detail including the range of peptides involved, extent of HLA- 
restriction and differences in T- cell reactivity between AS cases 
and healthy controls. This hypothesis does not however explain 
the increase in HLA- B27 epitopes among AS cases, which could 
be explained by effects of non- HLA genetic factors or AS- as-
sociated environmental factors. An alternate hypothesis is that 
their excess carriage is caused by a deficiency in the ability of 
HLA- B27 to effectively control their presence, consistent with 
evidence of increased bacterial migration across the gut mucosa 
in AS.65 Interestingly, the modulation of the gut microbiome 
associated with TNFi treatment was also associated with a 
restoration of the elevated abundance and diversity of peptides 
observed in untreated cases to levels which were more closely 
matched to healthy controls (figure 3B). Further research will be 
required to resolve these alternate hypotheses.

limitations
Given the known heterogeneity of the gut microbiome in 
different geographical locations, changes in specific bacterial 
species may not be replicable in other populations. Furthermore, 
known technical variability also limits the direct comparison of 
results between different sequencing methodologies and bioin-
formatic approaches. A meta- analysis of metagenomics data 
from diverse populations which have undergone identical data 
processing procedures will be required in the future to coun-
teract known technical and biological biases. Larger sample sizes 
may also be required to provide sufficient statistical power, for 
example, to examine the effect of sulfasalazine on the micro-
biome. Further work is also required to establish causal rela-
tionships between the identified associations. Given the large 
number of peptides presented by HLA- B27, it is likely that many 
more peptides other than the ones identified in this study are 
enriched in the microbiome of patients with AS. Larger sample 
sizes and continual update of the Immune Epitope Database are 
likely to expand on our initial observations.

COnCluSIOnS
In summary, this study confirms that AS is characterised by gut 
dysbiosis and identifies key indicator species, several of which 
are shared with IBD. This dysbiosis is associated with functional 
differences in the microbiome involving known inflammation- 
related pathways. We demonstrate that treatment with TNFi, 
which is highly effective in suppressing the clinical manifesta-
tions of AS, is correlated with normalisation of the gut micro-
biome, and its functional properties, in AS cases. We further 
demonstrate that the AS gut microbiome is enriched for bacterial 
peptides that have previously been shown to be presented by 
HLA- B27 and that this enrichment is also normalised by TNFi 
treatment. These findings are consistent with disease models in 
which AS pathogenesis is driven by interactions between a genet-
ically primed host immune system, and the gut microbiome and 
point to potential therapeutic and/or preventative approaches 
for the disease.

Author affiliations
1Department of Rheumatology and immunology, shanghai Changzheng Hospital, The 
second Military Medical University, shanghai, China
2Translational Genomics Group, institute of Health and Biomedical innovation, 
Brisbane, Queensland, australia
3shanghai Key laboratory of Birth Defects, Children’s Hospital of Fudan University, 
shanghai, China
4University of Queensland Diamantina institute, Brisbane, Queensland, australia
5imunobio, shenzhen, China
6Beijing Tsinghua Changgung Hospital, school of Clinical Medicine, Tsinghua 
University, Beijing, China
7Peking- Tsinghua Center for life sciences, Tsinghua University, Beijing, China

Correction notice This article has been corrected since it published Online 
First. The second corresponding author has been added and affiliation 7 has been 
updated.

Acknowledgements The authors acknowledge and thank the contribution of the 
subjects who participated in this study.

Contributors study design was performed by HX, JY and MaB. subject recruitment 
and sample collection was performed by JY, Js, Tl, lZ, XW and JZ. Metagenomic 
analysis was performed by PRs, and bacterial epitope studies by JY, FH and MW. The 
manuscript was prepared by PRs, MM, MaB and HX.

Funding HX is supported by national science Foundation of China (Grant 
81430031) and China Ministry of science and technology (973 Program of China 
2014CB541800). MaB is funded by a national Health and Medical Research Council 
senior Principal Research Fellowship (#1024879).

Competing interests none declared.

Patient consent for publication not required.

ethics approval all human studies have been approved by the Research ethical 
Committee of second Military Medical University, and all patients and controls gave 
informed written consent for their participation in the studies.

Provenance and peer review not commissioned; externally peer reviewed.

data availability statement Data are available upon reasonable request.

OrCId ids
Mingbang Wang http:// orcid. org/ 0000- 0002- 5989- 5377
Jian Zhu http:// orcid. org/ 0000- 0002- 6244- 9917
Matthew a Brown http:// orcid. org/ 0000- 0003- 0538- 8211

RefeRences
 1 Pedersen OB, svendsen aJ, ejstrup l, et al. ankylosing spondylitis in Danish and 

norwegian twins: occurrence and the relative importance of genetic vs. environmental 
effectors in disease causation. Scand J Rheumatol 2008;37:120–6.

 2 Brown Ma, Kennedy lG, MacGregor aJ, et al. susceptibility to ankylosing 
spondylitis in twins: the role of genes, Hla, and the environment. Arthritis Rheum 
1997;40:1823–8.

 3 Mielants H, Veys eM, Cuvelier C, et al. The evolution of spondyloarthropathies in 
relation to gut histology. ii. histological aspects. J Rheumatol 1995;22:2273–8.

 4 ellinghaus D, Jostins l, spain sl, et al. analysis of five chronic inflammatory diseases 
identifies 27 new associations and highlights disease- specific patterns at shared loci. 
Nat Genet 2016;48:510–8.

 5 Thjodleifsson B, Geirsson árni J, Björnsson s, et al. a common genetic background for 
inflammatory bowel disease and ankylosing spondylitis: a genealogic study in iceland. 
Arthritis Rheum 2007;56:2633–9.

 6 Parkes M, Cortes a, van Heel Da, et al. Genetic insights into common pathways 
and complex relationships among immune- mediated diseases. Nat Rev Genet 
2013;14:661–73.

 7 li Z, Haynes K, Pennisi DJ, et al. epigenetic and gene expression analysis of ankylosing 
spondylitis- associated loci implicate immune cells and the gut in the disease 
pathogenesis. Genes Immun 2017;18:135–43.

 8 Taurog JD, Richardson Ja, Croft JT, et al. The germfree state prevents development 
of gut and joint inflammatory disease in Hla- B27 transgenic rats. J Exp Med 
1994;180:2359–64.

 9 Rehaume lM, Mondot s, aguirre de Cárcer D, et al. Zap-70 genotype disrupts the 
relationship between microbiota and host, leading to spondyloarthritis and ileitis in 
sKG mice. Arthritis Rheumatol 2014;66:2780–92.

 10 Costello M- e, Ciccia F, Willner D, et al. Brief report: intestinal dysbiosis in ankylosing 
spondylitis. Arthritis Rheumatol 2015;67:686–91.

 11 Wen C, Zheng Z, shao T, et al. Quantitative metagenomics reveals unique gut 
microbiome biomarkers in ankylosing spondylitis. Genome Biol 2017;18:142.

 12 asquith M, sternes PR, Costello Mary-ellen, et al. Hla alleles associated With Risk 
of ankylosing spondylitis and Rheumatoid arthritis influence the Gut Microbiome. 
Arthritis Rheumatol 2019;71:1642–50.

http://orcid.org/0000-0002-5989-5377
http://orcid.org/0000-0002-6244-9917
http://orcid.org/0000-0003-0538-8211
http://dx.doi.org/10.1080/03009740701824613
http://dx.doi.org/10.1002/art.1780401015
http://dx.doi.org/10.1038/ng.3528
http://dx.doi.org/10.1002/art.22812
http://dx.doi.org/10.1038/nrg3502
http://dx.doi.org/10.1038/gene.2017.11
http://dx.doi.org/10.1084/jem.180.6.2359
http://dx.doi.org/10.1002/art.38773
http://dx.doi.org/10.1002/art.38967
http://dx.doi.org/10.1186/s13059-017-1271-6
http://dx.doi.org/10.1002/art.40917
http://ard.bmj.com/


140 Yin J, et al. Ann Rheum Dis 2020;79:132–140. doi:10.1136/annrheumdis-2019-215763

Spondyloarthritis

 13 Tito RY, Cypers H, Joossens M, et al. Brief Report: Dialister as a Microbial Marker of 
Disease activity in spondyloarthritis. Arthritis Rheumatol 2017;69:114–21.

 14 Bazin T, Hooks KB, Barnetche T, et al. Microbiota composition may predict anti- 
TnF alpha response in spondyloarthritis patients: an exploratory study. Sci Rep 
2018;8:5446.

 15 schittenhelm RB, sian TCClK, Wilmann PG, et al. Revisiting the arthritogenic peptide 
theory: quantitative not qualitative changes in the peptide repertoire of Hla- B27 
allotypes. Arthritis Rheumatol 2015;67:702–13.

 16 linden sVD, Valkenburg Ha, Cats a. evaluation of diagnostic criteria for ankylosing 
spondylitis. Arthritis Rheumatism 1984;27:361–8.

 17 andrews s. FastQC: a quality control tool for high throughput sequence data 2010.
 18 Zhang J, Kobert K, Flouri T, et al. Pear: a fast and accurate illumina Paired- end read 

mergeR. Bioinformatics 2014;30:614–20.
 19 Bolger aM, lohse M, Usadel B. Trimmomatic: a flexible trimmer for illumina sequence 

data. Bioinformatics 2014;30:2114–20.
 20 langmead B, salzberg sl. Fast gapped- read alignment with Bowtie 2. Nat Methods 

2012;9:357–9.
 21 li H. seqtk toolkit for processing sequences in FasTa/Q formats. GitHub 2012.
 22 Truong DT, Franzosa ea, Tickle Tl, et al. MetaPhlan2 for enhanced metagenomic 

taxonomic profiling. Nat Methods 2015;12:902–3.
 23 scholz M, Ward DV, Pasolli e, et al. strain- level microbial epidemiology and population 

genomics from shotgun metagenomics. Nat Methods 2016;13:435–8.
 24 abubucker s, segata n, Goll J, et al. Metabolic reconstruction for metagenomic data 

and its application to the human microbiome. PLoS Comput Biol 2012;8:e1002358.
 25 altschul sF, Gish W, Miller W, et al. Basic local alignment search tool. J Mol Biol 

1990;215:403–10.
 26 Vita R, Overton Ja, Greenbaum Ja, et al. The immune epitope database (ieDB) 3.0. 

Nucleic Acids Res 2015;43:D405–12.
 27 Kim Y, Ponomarenko J, Zhu Z, et al. immune epitope database analysis resource. 

Nucleic Acids Res 2012;40:W525–30.
 28 Forbes JD, Van Domselaar G, Bernstein Cn. The gut microbiota in immune- mediated 

inflammatory diseases. Front Microbiol 2016;7:1081.
 29 Gevers D, Kugathasan s, Denson la, et al. The treatment- naive microbiome in new- 

onset Crohn’s disease. Cell Host Microbe 2014;15:382–92.
 30 scher JU, sczesnak a, longman Rs, et al. expansion of intestinal Prevotella copri 

correlates with enhanced susceptibility to arthritis. eLife 2013;2.
 31 Joossens M, Huys G, Cnockaert M, et al. Dysbiosis of the faecal microbiota in patients 

with Crohn’s disease and their unaffected relatives. Gut 2011;60:631–7.
 32 schirmer M, Franzosa ea, lloyd- Price J, et al. Dynamics of metatranscription in the 

inflammatory bowel disease gut microbiome. Nat Microbiol 2018;3:337–46.
 33 Magnusson MK, strid H, sapnara M, et al. anti- Tnf therapy response in patients with 

ulcerative colitis is associated with colonic antimicrobial peptide expression and 
microbiota composition. J Crohns Colitis 2016;10:943–52.

 34 Preter D V, Machiels K, Joossens M, et al. Faecal metabolite profiling identifies 
medium- chain fatty acids as discriminating compounds in iBD. Gut 2014.
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AbSTrACT
Objectives Open- labelled clinical trials suggested that 
low- dose il-2 might be effective in treatment of systemic 
lupus erythematosus (sle). a double- blind and placebo- 
controlled trial is required to formally evaluate the safety 
and efficacy of low- dose il-2 therapy.
Methods a randomised, double- blind and placebo- 
controlled clinical trial was designed to treat 60 patients 
with active sle. These patients received either il-2 
(n=30) or placebo (n=30) with standard treatment 
for 12 weeks, and were followed up for additional 12 
weeks. il-2 at a dose of 1 million iU or placebo was 
administered subcutaneously every other day for 2 weeks 
and followed by a 2- week break as one treatment cycle. 
The primary endpoint was the sle Responder index-4 
(sRi-4) at week 12. The secondary endpoints were other 
clinical responses, safety and dynamics of immune cell 
subsets.
results at week 12, the sRi-4 response rates were 
55.17% and 30.00% for il-2 and placebo, respectively 
(p=0.052). at week 24, the sRi-4 response rate of il-2 
group was 65.52%, compared with 36.67% of the 
placebo group (p=0.027). The primary endpoint was not 
met at week 12. low- dose il-2 treatment resulted in 
53.85% (7/13) complete remission in patients with lupus 
nephritis, compared with 16.67% (2/12) in the placebo 
group (p=0.036). no serious infection was observed 
in the il-2 group, but two in placebo group. Besides 
expansion of regulatory T cells, low- dose il-2 may also 
sustain cellular immunity with enhanced natural killer 
cells.
Conclusions low- dose il-2 might be effective and 
tolerated in treatment of sle.
Trial registration number  ClinicalTrials. gov Registries 
(nCT02465580 and nCT02932137).

InTrOduCTIOn
Systemic lupus erythematosus (SLE) is a systemic 
autoimmune disease with a wide range of clinical 
manifestations. Sustained remission is achieved in 
only a small fraction of patients.1–3 Current treat-
ment regimens mainly rely on corticosteroids and 
immunosuppressive agents which are associated 
with substantial adverse effects including various 
infections.4–6 Defective IL-2 production contrib-
utes to the unbalanced immune system in SLE.7–10 

Previous short term open- labelled trials showed 
that low- dose IL-2 treatment promoted regulatory 
T (Treg) cells and inhibited T helper 17 (TH17) cells 
and follicular helper T (TFH) cells. The immunolog-
ical rebalancing was associated with the induction 
of remission in SLE patients.11 12 The benefits of 
low- dose IL-2 therapy were reported in case study 
and open- labelled trials for hepatitis C- associated 
vasculitis,13 graft- versus- host disease,14 15 type 1 
diabetes,16 alopecia areata17 and SLE.11 12

In contrast to increased infection risk associ-
ated with standard therapies in SLE, we observed 
no serious infection in previous study,11 which was 
in line with the report showing that low- dose IL-2 
ameliorated hepatitis C virus- induced vasculitis 
without increasing viral load.13 From an immuno-
logical perspective, IL-2 treatment may enhance 
virus- specific CD8+ T cell responses18 and promote 
the activity of NK cells against infections.19 20

Key messages

What is already known about this subject?
 ► Proof- of- concept studies and case reports 
suggested that low- dose IL-2 might be 
therapeutic in systemic lupus erythematosus 
(SLE).

What does this study add?
 ► This is the first randomised, double- blind, 
placebo- controlled study of low- dose IL-2 in 
the treatment of SLE. The results suggest that 
low- dose IL-2 therapy may be effective and safe 
in SLE.

 ► Immunological analysis revealed that low- 
dose IL-2 induced expansion of regulatory T 
cells and NK cells, which may contribute to 
the restoration of immune homeostasis in SLE 
patients.

How might this impact on clinical practice or 
future developments?

 ► This study provides supportive data to confirm 
the therapeutic effects of low- dose IL-2 in SLE 
treatment.
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To formally evaluate the safety and efficacy of low- dose 
IL-2 therapy in SLE, we carried out a randomised, double- 
blind, placebo- controlled trial in patients with active SLE, with 
response rate as the primary endpoint. Given that infection is a 
major cause of relapse, hospitalisation and death in patients with 
SLE,5 6 and that low- dose IL-2 might increase anti- infectious 
immune response,13 21 we determine whether low- dose IL-2 
treatment benefits SLE patients by inducing clinical improve-
ment without increasing the incidence of infection.

MeTHOdS
Patients
All SLE patients were diagnosed according to the 1997 revised 
classification criteria of the American College of Rheuma-
tology,22 and had an inadequate response to standard treatment 
for ≥3 months. The background treatment with corticoste-
roids, antimalarials and immunosuppressants was shown in 
online supplementary appendix table S1 and S2. Exclusion 
criteria included: active severe neuropsychiatric manifesta-
tions of SLE; history of treatment with rituximab or other 
biologics; use of high- dose corticosteroids (≥1.0 mg/kg) in the 
preceding month; severe comorbidities including heart failure 
(≥grade III New York Heart Association), renal insufficiency 
(creatinine clearance ≤30 mL/min) or hepatic insufficiency 
(alanine aminotransferase or aspartate aminotransferase ≥2 
times of the upper limit of the normal range); active infection 
(hepatitis B or C virus, Epstein- Barr virus, HIV or Mycobac-
terium tuberculosis); history of chronic infection; malignancy; 
pregnancy or lactation in females.

Study design and blinding
We conducted a randomised, double- blind, placebo- controlled 
study to verify the clinical response and safety of low- dose 
IL-2 (recombinant human IL-2 from Escherichia coli, Beijing 
SL PHARM) for the treatment of active SLE ( ClinicalTrials. 
gov number NCT02465580). Sixty patients with active SLE 
at 18–65 years of age were included. Patients were randomly 
assigned (in a 1:1 ratio) to one of the two arms (low- dose IL-2 
or placebo) in the study.

All patients, investigators, sponsor and study staff were 
blinded to treatment. All clinical and laboratory assessments 
were performed by qualified, trained investigators who were 
blinded to the patient’s safety data, previous efficacy data and 
treatment randomisation. Placebo was provided as sterile and 
lyophilised vials completely matching those of IL-2 in appear-
ance, which contained the same formulations as the study drug 
except without IL-2.

In addition to standard therapy, IL-2 (1 million IU) or 
placebo was administered subcutaneously every other day for 
2 weeks (seven injections), followed by a 2- week break, as one 
treatment cycle of 4 weeks. All the patients were treated for 
the first 12 weeks which included three treatment cycles with 
IL-2 or placebo and followed up for further 12 weeks without 
study medicine. Patients were evaluated at screening, every 2 
weeks to week 12, and every 4 weeks thereafter to week 24. 
Assessments included physical examination and laboratory 
tests for signs of effects. At each visit, patients were evalu-
ated by investigators to determine whether it was necessary 
to adjust the dose of glucocorticoids. T cells and NK cells in 
peripheral blood mononuclear cells (PBMCs) were measured 
at each time point. Complete blood count (CBC), complete 
metabolic profile, urinalysis, serum immunoglobulin, C3 and 
C4, anti- dsDNA antibodies and antinucleosome antibodies 

were measured on the same schedule. Urine protein and serum 
albumin concentrations were also measured in patients with 
urinary protein excretion >0.5 g/day.

To evaluate the potential effects of low- dose IL-2 in anti- 
infectious immunity, another randomised, open- labelled trial 
was performed ( ClinicalTrials. gov number NCT02932137). 
Twenty patients with active SLE were included and randomly 
assigned in a 1:1 ratio to one of the two arms (low- dose IL-2 
or standard treatment) in the study.

These studies were performed in accordance with the 
protocol, the Declaration of Helsinki and Good Clinical Prac-
tice principles. All patients provided written informed consent.

Outcomes
The primary endpoint was the response measured by the SLE 
Responder Index-4 (SRI-4) at week 12.23 SRI response was 
defined as (1) a ≥4- point reduction in Safety of Estrogens in 
Lupus Erythematosus National Assessment (SELENA)- SLEDAI 
score,24 (2) no new British Isles Lupus Assessment Group 
(BILAG) A score or ≤1 new BILAG B score and (3) no dete-
rioration from baseline in the physician’s global assessment 
(PGA) by ≥0.3 points. The secondary endpoints were other 
clinical responses, safety and dynamics of immune cell subsets 
including T cell and NK cell subsets.

Complete renal remission (CR) in this study was defined as 
(1) serum creatinine within the normal range with stable or 
improved values as compared with baseline (no >15% above 
baseline), (2) inactive urinary sediment and (3) normal range 
proteinuria <0.3 g/24 hours.25

Flow cytometry and intracellular cytokine assays
Relative proportions of CD4+ T cell, CD8+ T cell, Treg and 
NK cell subsets were analysed by flow cytometry using a 
FACSAria II (BD) instrument and FlowJo software (Tree Star). 
The detailed gating strategy for these subsets was outlined 
in online supplementary figure S1. The clone and catalogue 
numbers for all of the antibodies used in this study were 
provided in online supplementary table S6.

CD8+ T cell response to CMV- EBV- Flu (CEF) viral peptide 
pool stimulation was evaluated as described in previous 
studies.26 Briefly, one million PBMCs were incubated with 1 
µg each of the co- stimulatory CD28 and CD49d monoclonal 
antibodies (BD Pharmingen, San Diego, California, USA) and 5 
µg of CEF viral peptide poolin 1 mL of 1640 media containing 
10% human AB serum. The cultures were incubated at 37°C 
in a 5% CO2 incubator for 1 hour, followed by an additional 
5- hour incubation with 10 µg/mL of Brefeldin- A20. The cells 
were stained with antibodies staining CD3, CD8 and other 
cell surface markers, then fixed, permeabilised with BD FACS 
fixation and permeabilisation buffer set. Permeabilised cells 
were stained with fluorochrome- conjugated antibodies against 
cytotoxic cytokines for 30 min at 4°C.

For NK cell response evaluation, one million PBMCs were 
incubated at 37°C in a 5% CO2 incubator for 5 hours with 10 
µg/mL of Brefeldin- A20. These cells were stained with anti-
bodies staining CD3, CD56 and other cell surface markers. 
After fixation and permeabilisation, these cells were stained 
with fluorochrome- conjugated antibodies against cytotoxic 
cytokines for 30 min at 4°C.

Statistics
The protocol was designed as a superiority trial to demonstrate 
whether low- dose IL-2 was more efficacious than placebo at 
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the background of standard treatment for active SLE. Power 
calculations using parameters from a previous open- labelled 
pilot trial11 had shown that 13 patients per group would 
provide 90% power, with two- sided p=0.05, to conclude that 
low- dose IL-2 was superior to placebo to achieve the primary 
endpoint.

For clinical characteristics and laboratory parameters, the 
primary efficacy analysis was a modified intention- to- treat 
(mITT) analysis that included all patients who were randomly 
assigned to this trial and underwent at least one efficacy assess-
ment. Differences in the changes between baseline and the 
indicated time points were evaluated with paired- sample t- test 
for continuous variables and χ2 test for categorical variables. 
Differences between the two groups at indicated time points 
were compared with Mann- Whitney U test for continuous 
variables and χ2 test for categorical variables. The data were 
also analysed by perprotocol analysis which excluded patients 
who did not complete treatment and included only patients for 
whom outcome information was available. The safety popula-
tion comprised all patients who received at least one cycle of 
study assessment. Safety variables were analysed descriptively 
with a between- group comparison of proportions of patients 
with adverse events. Statistical analysis was performed with 
the use of SPSS V.20.0. P value <0.05 was considered statisti-
cally significant.

reSulTS
Patient characteristics
Between June 2015 and September 2017, 60 patients with 
active SLE at 18–65 years of age were included. The patients 
were randomly assigned in a 1:1 ratio to receive low- dose IL-2 
or placebo (figure 1). The characteristics of the patients were 
shown in online supplementary table S1 and S2. Mean age was 
31.6 and 29.8 years, mean body surface area was 1.57 and 
1.62 m2, and mean disease duration was 66.7 and 63.6 in IL-2 
and placebo arms, respectively. Baseline disease characteristics 
were summarised in table 1. Thirteen of 30 in IL-2 group and 
12 of 30 in placebo group showed signs of lupus nephritis 
(LN), with a median 24- hour urinary protein of 1.37 and 1.55, 
respectively. Other symptoms including rash, oral ulceration, 
alopecia and so on were showed in table 2. All the baseline 
characteristics were comparable between two groups. Concom-
itant treatments were shown in Table 1, online supplementary 
table S1. Patients were carefully followed till week 24. The 
main reason for patient withdrawal in low- dose IL-2 group 
was inconvenience due to the required frequent hospital visits. 
In the placebo group, patient withdrawal mainly occurred 
because of unsatisfying therapeutic effects and development of 
SLE organ involvement (eg, neuropsychiatric systemic lupus 
erythematosus (NPSLE)) (figure 1).

efficacy
Improvements of clinical manifestations and laboratory param-
eters of patients with low- dose IL-2 therapy were shown in 
figure 2, table 2 and online supplementary table S3. The SRI-4 
response rates of IL-2 and placebo groups at week 12 were 
55.17% (16/29) and 30.00% (9/30), respectively. The primary 
endpoint on SRI-4 response was not achieved at week 12 
(p=0.052). Notably, the response rates proceeded for further 
12 weeks until the end of follow- up period at week 24. At this 
time point, the SRI-4 response rate was 65.52% (19/29) in 
low- dose IL-2 group and 36.67% (11/30) in the placebo group 
(p=0.027) (figure 2A). The response rate of IL-2 group was 

also significantly higher than that of placebo group at week 
6, 8, 10 and 16 (p<0.05) and more reductions in SELENA- 
SLEDAI scores were observed in IL-2 group (figure 2A, online 
supplementary table S13, figure 2B).

As part of the clinical responses seen in the patients, the 
complete remission (CR) rate of LN was also significantly 
higher in the IL-2 group than the placebo group at both week 
12 (53.85% vs 8.33%, p=0.013) and week 24 (53.85% vs 
16.67%, p=0.036) (figure 2C, online supplementary table 
S5). Patients showed reduced 24- hour proteinuria in the 
low- dose IL-2 group from 1.55g at baseline to 0.48g at week 
24 (p=0.002). In contrast, there was no significant change 
in 24- hour proteinuria in the placebo group (p=0.372) 
(figure 2F). Serum albumin was improved by IL-2 therapy 
in week 12 (p=0.046) and at the end of follow- up period in 
week 24 (p=0.017) (figure 2E). The levels of serum C3 and 
C4 were increased in the low- dose IL-2 group compared with 
the placebo group. And during the treatment period, more 
patients achieved normal levels of serum C3 and C4 in the 
low- dose IL-2 group than that in the placebo group (figure 2G 
and H).

As shown in table 2 and figure 2, clinical remission was 
accompanied by tapering corticosteroids in both groups. More 
reductions in corticosteroid were observed in the IL-2 group 
than in the placebo group. At week 24, 44.83% (13/29) of 
patients in the IL-2 group had reduced prednisone dose by 
≥50%, compared with 33.33% (10/30) in the placebo group 
(figure 2D). Resolution of clinical manifestations present 
at baseline was observed in patients with IL-2 treatment, 
including rash (11/13), oral ulceration (4/4), arthritis (11/14), 
vasculitis (4/4), alopecia (7/12) and fever (3/3) (table 2, online 
supplementary table S4). In addition, anti- dsDNA antibody 
titres decreased in patients with IL-2 treatment, but not in the 
placebo group (table 2). Low- dose IL-2 treatment also resulted 
in improvements in the PGA and BILAG scores (table 2, online 
supplementary table S4). However, there was no significant 
difference between IL-2 group and placebo group (online 
supplementary table S4).

Perprotocol analysis was also performed with exclusion of 
patients lost in follow- up, and the results were similar to those 
obtained by mITT analysis.

Safety
Adverse events during the treatment period were shown 
in table 23. A lower incidence of infection was recorded 
in the IL-2 group (6.9%, 2/29) compared with the placebo 
group (20.0%, 6/30), but without statistical significance. No 
serious adverse events in IL-2 group were observed, while 
two patients in the placebo group had serious infections and 
were hospitalised (table 3). The most common adverse events 
were injection- site reactions, manifested as injection- site pain, 
redness and swelling, which were observed in 9 of 29 (31.0%) 
patients in the IL-2 group and 2 of 30 (6.7%) patients in the 
placebo group. Transient influenza- like symptoms and tran-
sient fever occurred in 3 (10.3%) and 4 (13.8%) patients 
in IL-2 group, respectively. These symptoms were resolved 
without intervention (table 3).

Immunological analysis
Flow cytometry analysis demonstrated low- dose IL-2 therapy 
induced a significant expansion of Treg cells (p<0.05), while total 
CD4+ and CD8+ T cells remained unchanged (figures 3A,B,C, 
online supplementary figure S2 and table S9). A significant increase 
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Figure 1 Patient enrolment and treatment assignments. Consolidated standards of reporting trials diagram was based on the 65 contacted 
SLE patients. Sixty of the patients were enrolled into two arms. Arm 1 (n=30), the IL-2 group, received three treatment cycles. Each cycle included 
subcutaneous IL-2 administration at a dose of 1 million IU every other day for 2 weeks (a total of seven doses) and a following 2- week break. 
Participants in arm 2 (n=30), the placebo group, started treatment with the same procedure as arm 1. mITT, modified intention- to- treat; N, no of 
patients.

of total NK cells was found after IL-2 therapy, from 6.48% at base-
line to 12.07% at week 10 (p<0.01), while no obvious changes 
were detected in the placebo group (figure 3D, online supplemen-
tary figur S2 and table S9). Among NK cells, CD56bri NK subset 
increased with IL-2 therapy (p<0.05), which did not change 
significantly in the placebo group (figure 3E, online supplementary 
figure S2 and table S9).

To further verify the possible impact of IL-2 treatment on cell 
subsets involved in infectious immunity, a prospective, open- 
labelled observational study was conducted (NCT02932137). It 
showed that low- dose IL-2 activated NK cells and decreased viral 

titres in patients without antiviral therapy. The results of this study 
were described in online supplementary materials (online supple-
mentary text; Online supplementary table S4, S6, S9, S11 and S12).

dISCuSSIOn
After being molecularly cloned in 1983, IL-2 was utilised 
to treat patients with melanoma and other cancers. Due to 
its function in supporting T- cell proliferation, survival and 
effector differentiation, IL-2 treatment, when used in high 
doses, demonstrated efficacy in a fraction of patients. The 
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Table 1 Baseline characteristics of SLE patients in this study (n=60)

Characteristics Il-2 (n=30) Placebo (n=30) P value

Age, year, mean±SD 31.58±9.25 29.83±9.72 0.474

Female/male 27/3 29/1 0.612

Weight, kg, mean±SD 54.81±8.33 58.69±8.87 0.117

Height, cm, mean±SD 162.23±6.81 162.67±5.41 0.743

Area, m2, mean±SD 1.57±0.140 1.62±0.13 0.708

Duration, months, mean±SD 66.7±57.4 63.6±59.9 0.652

SLEDAI, median (range) 12 (8–27) 11 (8–22) 0.351

BILAG, median (range) 10 (8–13) 10.5 (8–13.75) 0.372

≥1 BLIAG A or 2B score (%) 21 (70) 21 (70) 1.000

PGA, median (range) 2.3 (1.55–2.75) 2.2 (1–2.3) 0.446

Medications

 Prednisone dose, mg/day, 
median (range)

12.5 (0–50) 15 (5–50) 0.331

 Hydroxychloroquine 29 (96.67) 28 (93.33) 1.000

 Cyclophosphamide 4 (13.33) 0 (0) 0.112

 Azathioprine 1 (3.33) 4 (13.33) 0.352

 Cyclosporine 0 (0) 5 (16.67) 0.052

 Mycophenolate mofetil 9 (30.00) 8 (26.67) 1.000

 Tacrolimus 1 (3.33) 1 (3.33) 1.000

 Leflunomide 3 (10.00) 1 (3.33) 0.611

 Thalidomide 1 (3.33) 0 (0) 1.000

 Methotrexate 1 (3.33) 1 (3.33) 1.000

Baseline information was collected at the time the systemic lupus erythematosus 
(SLE) patients entered the double- blind period of the study.
For a continuous variable, median (range) and mean±SD, for a categorical variable, 
count (percentage).
Area, body surface area; BILAG, British Isles Lupus Assessment Group; PGA, 
physician's global assessment; SLEDAI, Safety of Estrogens in Lupus Erythematosus 
National Assessment version of the Systemic Lupus Erythematosus Disease Activity 
Index.

approval of IL-2 therapy in certain types of solid tumours 
significantly contributed to the establishment of the concept 
of cancer immunotherapy.27

The management of active SLE is challenging due to the 
heterogeneous nature of the disease. Current therapy of active 
SLE relies primarily on corticosteroids and immunosuppres-
sants to reduce disease activity. However, the incompletely 
effective outcomes achieved with these drugs are offset further 
by significant adverse effects, especially treatment- related 
infections.5 6 The concept of low- dose IL-2 therapy in auto-
immunity and inflammation was inspired by the key role of 
IL-2 in the development and function of Treg cells, which 
are essential in maintaining immune tolerance. Instead of 
promoting immunity by high- dose IL-2, open- labelled trials 
suggested that low- dose IL-2 suppressed inflammation and 
autoimmunity in hepatitis C- associated vasculitis, graft- versus- 
host disease, type 1 diabetes, alopecia areata and SLE.11–13 17–20 
Low- dose IL-2 treatment was reported safe and associated 
with clinical improvements in these studies. The benefit of 
low- dose IL-2 therapy is considered to be based on the expan-
sion of immune tolerance- inducing Treg cells and suppres-
sion of effector T cells, including TFH cells and TH17 cells.11

Therefore, randomised and double- blind trials are expected 
clinically to formally evaluate the safety and efficacy of low- 
dose IL-2 treatment, which has the potential to become a new 
therapy to treat a broad range of inflammatory and autoim-
mune disorders refractory to current therapies.

In this study, we evaluated low- dose IL-2 therapy in a 
prospective, randomised, double- blind, placebo- controlled 

clinical trial in patients with active SLE despite standard 
therapy. The results showed that compared with the placebo 
group, SLE patients with active disease improved rapidly and 
significantly with low- dose IL-2 therapy. Remarkably, 65.52% 
of SLE patients reached SRI-4 response at the end of this 
study in low- dose IL-2 group, in comparison to 36.67% in the 
placebo group. Reduced SELENA- SLEDAI scores and resolu-
tion of clinical features were observed, along with decreased 
serological activities in the form of reduced autoantibodies and 
increased serum complements. The improvement of disease 
activities was observed across a wide range of SLE manifes-
tations, including skin lesions, joint, fever, nephritis and 
permitted tapering of corticosteroid during the period of IL-2 
treatment. It was clearly shown that the dose of corticosteroid 
could be reduced more during treatment with IL-2 than with 
placebo, which is clinically critical in SLE management.

We observed that 76.92% of patients achieved partial remis-
sion and 53.85% reached CR after IL-2 treatment (table 1) at 
week 12. In addition to reduced proteinuria, increased serum 
albumin was also observed. This placebo- controlled study also 
confirmed the therapeutic effects of low- dose IL-2 on LN 
reported in previous non- controlled studies.11 12 28 Since this 
study was not specifically designed to investigate the effects of 
IL-2 on LN and the number of patients with LN was limited, 
future studies on low- dose IL-2 treatment in LN or other auto-
immune kidney diseases should be carried out.

One of the clinical observations in this study was the 
improvement in alopecia with the use of low- dose IL-2. The 
improvement of alopecia was of interest, given the recent 
report that low- dose IL-2 was effective in the treatment of 
severe alopecia areata.17Seven of 12 patients with alopecia in 
our study showed significant improvement with low- dose IL-2. 
Additionally, 11 of 13 patients with rash showed complete 
resolution of the skin lesion. This was in consistency with a 
recent study that demonstrated improvement in graft versus 
host disease (GVHD)- related erythema and scleroderma with 
low- dose IL-2.15 Therefore, low- dose IL-2 might be an option 
to treat autoimmune skin diseases.

Distinct from immunosuppressants and biologics which 
often increased infection incidence,29 low- dose IL-2 treat-
ment was effective in SLE and was probably not accompanied 
with increased infection incidence. It has been reported that 
sustained expansion of Tregs by IL-2 inhibited autoimmunity 
in animal models without impairing immune responses to 
infection, vaccination and cancer.30 In this study, low- dose IL-2 
was shown to expand Treg cells as well as NK cells, while total 
CD4+ and CD8+ T cells were not affected. Previous studies 
demonstrated that the function of NK cells was impaired 
in active SLE,31 and NK cells, especially the CD56bright NK 
subset, have been reported to be a regulatory controller of 
autoimmune responses, mainly by inhibiting T- cell prolifer-
ation through cytotoxic engagement and immunosuppres-
sive cytokine expression.32 33 In this study, the CD56bright 
NK subset was preferentially expanded by low- dose IL-2, 
and might contribute to the alleviation of SLE autoimmunity 
together with expanded Treg cells. NK cells are also important 
in protection against viral infections.19 20 We observed signifi-
cantly increased expression of IFNγ, NKp46 and NKG2D 
by NK cells in response to low- dose IL-2 treatment (online 
supplementary table S11), which implicated potential augmen-
tation of anti- infectious cellular immunity. Clinically, in agree-
ment with previous studies,11 we showed that low- dose IL-2 
did not increase the incidence of infection, rather reduced the 
viral loads of BK and HPV viral loads in three SLE patients to 
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Table 2 Responses of SLE patients to low- dose IL-2 treatment

Characteristics baseline Week 12 Week 24 P value (week 0 vs 12) P value (week 0 vs 24)

SLEDAI, median (range)

 IL-2 12 (8–27) 6 (0–16) 4 (0–18) <0.001 <0.001

 Placebo 11 (8–22) 6 (0–25) 8 (0–25) <0.001 0.002

BILAG, median (range)

 IL-2 10 (8–13) 6 (4–11) 6 (4–11) 0.014 <0.001

 Placebo 10.5 (8–13.75) 10 (4–11) 8 (4–10.75) 0.037 0.004

≥1 BLIAG A or 2B score (%)

 IL-2 21 (70.00) 2 (6.67) 1 (3.33) <0.001 <0.001

 Placebo 21 (70.00) 4 (13.33) 2 (6.67) <0.001 <0.001

PGA, median (range)

 IL-2 2.3 (1.55–2.75) 0 (0–2) 0 (0–1) <0.001 <0.001

 Placebo 2.2 (1–2.3) 1 (0–2) 1 (0–2) <0.001 <0.001

Rash, n (%)

 IL-2 13 (44.83) 2 (6.90) 2 (6.90) 0.002 0.002

 Placebo 16 (53.33) 6 (20.0) 6 (20.0) 0.015 0.015

Oral ulceration, n (%)

 IL-2 4 (13.79) 0 (0) 0 (0) 0.112 0.112

 Placebo 1 (3.33) 0 (0) 0 (0) 1.000 1.000

Arthritis, n (%)

 IL-2 14 (48.28) 4 (13.79) 3 (10.34) 0.010 0.003

 Placebo 15 (50.0) 9 (30.00) 8 (26.67) 0.187 0.110

Vasculitis, n (%)

 IL-2 4 (13.79) 0 (0) 0 (0) 0.112 0.112

 Placebo 2 (6.67) 0 (0) 0 (0) 0.492 0.492

Alopecia, n (%)

 IL-2 12 (41.38) 6 (20.69) 5 (17.24) 0.158 0.082

 Placebo 7 (23.33) 2 (6.67) 2 (6.67) 0.144 0.144

Fever, n (%)

 IL-2 3 (10.34) 0 (0) 0 (0) 0.237 0.237

 Placebo 4 (13.33) 1 (3.33) 0 (0) 0.352 0.167

Myositis, n (%)

 IL-2 1 (3.45) 0 (0) 0 (0) 1.000 1.000

 Placebo 2 (6.67) 0 (0) 0 (0) 0.492 0.492

Prednisone dose, mg/day, median (range)

 IL-2 15 (0–50) 10 (0–25) 10 (0–20) 0.001 <0.001

 Placebo 15 (7.5–60) 15 (5–40) 10 (2.5–35) 0.004 <0.001

ANA decreased, n (%)

 IL-2, n=29 0 (0) 7 (24.14) 8 (27.59) 0.500 0.320

 Placebo, n=30 0 (0) 11 (36.67) 12 (40.0) 0.036 0.036

Anti- ds- DNA, IU/mL, median (range)

 IL-2, n=29 34.80 (1.0–1783.15) 33.0 (7.0–876.21) 29.0 (1.0–348.50) 0.037 0.063

  Placebo, n=30 73.30 (1.0–2525.53) 37.60 (1.40–3467.80) 36.3 (1.0–3467.80) 0.196 0.235

AnuA, IU/mL, median (range)

 IL-2, n=29 14.45 (0.87–449.06) 20.84 (1.28–287.07) 16.72 (1.17–287.07) 0.439 0.044

  Placebo, n=30 41.725 (0.0–315.80) 16.03 (0.0–296.32) 12.08 (0.0–266.740) 0.282 0.149

Albumin, g/L, median (range)

 IL-2, n=29 39.25 (27.60–44.70) 43.90 (37.70–46.90) 43.50 (39.80–47.20) 0.046 0.017

 Placebo, n=30 39.80 (25.10–44.40) 38.65 (31.90–43.60) 40.40 (32.80–47.50) 0.442 0.848

LN complete remission, n (%)

 IL-2, n=13 0 (0) 7 (53.85) 7 (53.85) 0.005 0.005

  Placebo, n=12 0 (0) 1 (8.33) 2 (16.67) 1.000 0.478

LN partial remission, n (%)

 IL-2, n=13 0 (0) 10 (76.92) 10 (76.92) <0.001 <0.001

 Placebo, n=12 0 (0) 3 (25.0) 6 (50.0) 0.217 0.014

Data are median (IQR), n (%) or difference (95% CI).
ANA, antinuclear antibodies; AnuA, antinucleosome antibodies; BILAG, British Isles Lupus Assessment Group; LN, lupus nephritis; PGA, physician’s global assessment of disease 
activity;SLEDAI, Safety of Estrogens in Lupus Erythematosus National Assessment version of the SLE Disease Activity Index; anti- dsDNA, anti–double- stranded DNA.
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Figure 2 Clinical response of SLE patients after treatment with low- dose IL-2 and placebo. (A) The SRI-4 response rate of patients receiving low- 
dose IL-2 (red) or placebo (blue) treatment during the 12- week treatment and 12- week follow- up period. Grey areas indicate the periods on IL-2 or 
placebo therapy. (B) SELENA- SLEDAI scores during the 24 weeks. (C) Complete remission (CR) rate in patients with lupus nephritis. (D) Proportion of 
patients achieving corticosteroid reduction by ≥50% from baseline to 24 weeks. (E) Levels of albumin at week 0, 12 and 24. (F) Proteinuria per 24 
hours (24- UPE) of patients with lupus nephritis from baseline to 24 weeks. (G,H) The percentages of patients achieving normal levels of C3 and C4 in 
the 24 weeks. *p<0.05. The actual data of the results are listed in online supplementary table S13–20 (online supplementary table S13 for (A), online 
supplementary table S14 for (B), online supplementary table S15 for (C), online supplementary file 1 for (D), online supplementary table S17 for (E), 
online supplementary table S18 for (F), online supplementary table S19 for (G) and online supplementary file 1 for (H)). SRI-4, SLE Responder Index-4.

undetectable level (online supplementary table S6). Whether 
low- dose IL-2 treatment could decrease viral loads in infected 
patients should be carried out in the future.

There were several limitations in this study, which might 
affect the outcome of the trial. First, no dose ranging 
comparison was designed. Although the current low- dose 
IL-2 dosage of 0.3–3 MIU/day was based on previous open- 
labelled trials,10 11 13–16 the optimal dosage of IL-2 therapy for 

individual disease remains to be determined. It is also highly 
possible that individuals might respond differently to dosage 
regimen. A better efficacy using optimal dosage regimen might 
be achieved, which can be tested in future clinical trials.

In this study, background treatments such as calcineurin 
inhibitors (CNIs) might affect the efficacy of low- dose IL-2 
in our study. CNIs including cyclosporine or tacrolimus can 
impair the function of Treg cells while IL-2 was recently 
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Table 3 The adverse events during low- dose IL-2 treatment in SLE 
patients

Il-2 (n=29)
n (%)

Placebo (n=30)
n (%)

SAEs 0 3 (10.0)

 NPSLE 0 1 (3.3)

 Herpes zoster 0 1 (3.3)

 Pneumonia 0 1 (3.3)

AEs

 Infection 2 (6.9) 6 (20.0)

 Upper respiratory infection 2 (6.9) 4 (13.3)

 Severe infections 0 2 (6.7)

 Herpes zoster 0 1 (3.3)

 Pneumonia 0 1 (3.3)

 Injection site reactions 9 (31.0) 2 (6.7)

 Fever 4 (13.8) 0

 Flu- like symptoms 3 (10.3) 0

.AE, adverse event; SAE, severe adverse events.

Figure 3 Dynamics of immune cell subsets in SLE during IL-2 treatment. (A,B,C) Changes in percentages of CD4+ T cell, CD8+ T cell and Treg cells 
at every visit. (D,E) Dynamics of total NK cells and CD56bri NK in SLE patients during 24 weeks. The actual data of the results are listed in online 
supplementary table S21. Treg, regulatory T.

reported to restore the survival and suppressive properties 
of Tregs exposed to CNIs.34 Therefore, future clinical studies 
for low- dose IL-2 therapy should recruit a larger cohort and 
stratify patients based on background treatments, allowing 
analysing the therapeutic efficacy of low- dose IL-2 without the 
interference of background treatments.

We observed a more rapid disease improvement in IL-2 group. 
As the trial proceeded, more patients in IL-2 group improved 
significantly, and at week 24, the SRI-4 response rate of IL-2 
group was 65.52%, compared with 36.67% of the placebo group 
(p=0.027). However, some severe manifestations such as nephritis 
were unable to be achieve complete remission in such a short 
period. Therefore, during the trial, neither of the groups achieved 
‘Clinical Remission with No Treatment’ or ‘Clinical Remission On 
Treatment’ by the DORIS definition.35 Prolonged treatment should 
be considered in future studies to evaluate the efficacy of low- dose 
IL-2 to induce SLE disease remission by DORIS definition.

Collectively, the current study provided supportive evidence that 
low- dose IL-2 treatment might be effective and well tolerated in 
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patients with SLE, which was supportive of further enlarged RCT 
studies with multiple patient cohorts from separate clinical centres.
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Key messages

What is already known about this subject?
 ► The typical autoantibody of Sjögren's syndrome 
(SS), anti- SSA and anti- SSB antibody, is 
produced in salivary glands.

 ► Anti- centromere antibody (ACA) is the major 
autoantibody detected in limited- cutaneous 
systemic sclerosis and primary biliary cirrhosis 
(PBC) but it is also detected in a part of SS 
patients’ serum.

What does this study add?
 ► In addition to anti- SSA/SSB antibody, ACA 
is also produced in the salivary glands of SS 
patients in an antigen- driven manner.

 ► Serum ACA of patients with SS, SSc and PBC 
are commonly targeted to various sites of the 
centromere ‘complex’, not to individual proteins.

How might this impact on clinical practice or 
future developments?

 ► This study highlights the significance of detail 
immunological analysis in local lesion for better 
understanding of disease- relevant autoantibody 
and classification of autoimmune diseases.

AbSTrACT
Objectives recent evidences have revealed that 
anti- ssa/ssB antibodies, the major autoantibodies 
in sjögren’s syndrome (ss), are produced in salivary 
glands. This study aims to clarify overall of autoantibody 
production at lesion site, including anti- centromere 
antibody (aca)- positive ss.
Methods antibodies of antibody- secreting cells in 
human salivary glands were produced as recombinant 
antibodies. The reactivity of these antibodies and 
their revertants were investigated by elisa and 
newly developed antigen- binding beads assay, 
which can detect conformational epitopes. The 
target of uncharacterised antibodies was identified 
by immunoprecipitation and mass spectrometry. 
autoantibody- secreting cells in salivary gland tissue 
were identified by immunohistochemistry using green 
fluorescent protein- autoantigen fusion proteins.
results a total of 256 lesion antibodies were 
generated, and 69 autoantibodies including 24 acas 
were identified among them. Beads assay could 
detect more autoantibodies than elisa, suggesting 
autoantibodies target to antigens with native 
conformation. after somatic hypermutations were 
reverted, autoantibodies drastically decreased antigen 
reactivity. We showed that Mis12 complex, a novel 
target of aca, and cenP- c are major targets of aca 
produced in salivary glands by examining cloned 
antibodies and immunohistochemistry, whereas few anti- 
cenP- B antibodies were detected. The target profiling of 
serum aca from 269 patients with ss, systemic sclerosis 
(ssc), primary biliary cirrhosis (PBc) and healthy controls 
revealed that aca- positive patients have antibodies 
against various sites of centromere complex regardless 
of disease.
Conclusion We showed direct evidences of antigen- 
driven maturation of anti- ssa/ssB antibody and aca in 
ss lesion. aca recognises centromere ’complex’ rather 
than individual protein, and this feature is common 
among patients with ss, ssc and PBc.

InTrOduCTIOn
Serum autoantibody tests are widely used in clinical 
practice because the type of autoantibody is related 
to clinical course, treatment response and prog-
nosis.1 2 Sjögren’s syndrome (SS) is an autoimmune 
disease that is characterised by chronic lymphocyte 
infiltration into salivary and lacrimal glands, that 

results in destruction of glands and causes sicca 
syndrome.3 Anti- SSA antibody, which is collective 
term for multiple antibodies reacting to the SSA52 
(TRIM21) and SSA60 (TROVE2), and anti- SSB 
antibody are the most commonly detected autoanti-
body in SS, and actually, anti- SSA antibody are used 
as one of the classification criteria of SS.4

Other autoantibodies, including anti- centromere 
antibody (ACA), anti-α-fodrin antibody and 
anti- muscarinic receptor three antibody, are also 
reported in a part of SS patients.5 ACA is the 
major autoantibody detected in limited- cutaneous 
systemic sclerosis (lcSSc)6 and primary biliary 
cirrhosis (PBC),7 and clinically used in the classi-
fication criteria for systemic sclerosis (SSc),8 but 
not included in the classification criteria for SS. In 
practice, ACA is detected by anti- nuclear antibody 
(ANA) test as discrete- speckled pattern (corre-
sponding to the centromere region of chromo-
some). ELISA of anti- CENP- B antibody is also used 
because this result is highly consistent with ACA by 
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ANA test.9 In addition, CBX5, CENP- A, CENP- B and CENP- C 
are known to be the targets of ACA, although the reactivity 
against these proteins was reported to vary slightly depending on 
the disease; antibody against CBX5 and N- terminus of CENP- C 
are appear more frequently in SS than in SSc10; patients with 
primary SS have antibody that predominantly recognise CENP- C 
alone, whereas patients with SSc have antibody that recognise 
both CENP- B and CENP- C11.

In addition to autoantibodies, there are similarities in clinical 
symptoms among ACA- positive diseases. ACA- positive SS has 
higher prevalence of Raynoud’s phenomenon and sclerodac-
tyly, which are the major symptoms of ACA- positive SSc, than 
SS without ACA.12 13 However, the mutual relationship between 
these ACA- positive diseases has not been clarified.

Accumulating experimental evidence has identified the char-
acteristics of anti- SSA/SSB antibody in SS as follows: IgA- type 
anti- SSA/SSB antibody are secreted into saliva14; anti- SSA/SSB 
antibody- secreting cells (ASCs) exist in salivary glands15 16; and 
B cells proliferate clonally in the salivary glands in an antigen- 
driven manner.17–19 Recently, advanced single- cell technology 
has enabled the analysis of immunoglobulin heavy chain (IgH) 
and light chain (IgL) of each individual cell; therefore, we can 
reproduce antibody produced in vivo as recombinant proteins 
in vitro.20 Several groups have reported that a high frequency of 
autoreactive/polyreactive antibody is observed in CD21−/low and 
naïve B cells in peripheral blood of patients with SS,21–23 whereas 
others reported increased frequencies of IgG- type ASCs in sali-
vary glands that react to multiple autoantigens simultaneously.24

These studies have gradually revealed the nature of autoanti-
body produced in lesion site of SS. Therefore, we aim to clarify 
the overview of the autoantibody production at the lesion site 
including ACA- positive SS. Here, we isolated ASCs from sali-
vary glands of patients with SS and comprehensively and effi-
ciently reproduced their antibodies. We called these antibodies, 
produced by lymphocytes infiltrating in the disease lesion site, as 
‘lesion antibody’, and by examining the reactivity of our lesion 
antibody panel, we revealed antigen- driven production of auto-
antibody against SSA, SSB and centromere ‘complex’ including 
a novel centromere- related autoantigen. Finally, we profiled the 
targets of ACA in patients with SS, SSc and PBC, and clarified 
the common reactivity of autoantibody among these patients.

MeTHOdS
Detailed methods are described in online supplementary file 
1. We created 256 recombinant antibodies of ASCs in salivary
glands from nine patients. The reactivity of these antibodies 
were investigated by ELISA and a newly developed procedure, 
antigen- binding beads assay. Antibodies against CBX5, CENP- A, 
CENP- B, CENP- C and MIS12 complex (MIS12C) were exam-
ined in 269 serum and 11 salivary gland tissues.

reSulTS
Identification of anti-SSA/SSb antibody in lesion antibody 
panel
The IgH and IgL variable regions of ASCs derived from sali-
vary glands were sequenced and used to produce lesion antibody 
panel. Patients’ background and the number of antibodies are 
shown in online supplementary table 3. Of the 352 cells sorted, 
256 recombinant antibodies were produced, the overall success 
rate was approximately 73%.

We first checked the polyreactivity of them since anti-
body derived from patients with autoimmune diseases are 
known to include polyreactive antibody.25 The reactivity to 

lipopolysaccharide (LPS), insulin and dsDNA were examined, 
and antibody that reacted to two or more antigens were consid-
ered polyreactive. Among 256 antibodies, only three antibodies, 
LB20-34, LB20-80 and LB24-9, were polyreactive.

Next, we examined the reactivity of lesion antibodies using 
ELISA for anti- SSA52, anti- SSA60 and anti- SSB antibody. In 
addition, we examined the reactivity to antigens with native 
conformation by antigen- binding beads assay. Because SSA52 has 
Fc receptor activity,26 all IgGs bound to SSA52- binding beads. 
Therefore, we used point mutated SSA52 (D355A), which lost 
Fc receptor activity,27 to examine the reactivity against SSA52. 
Antibodies that exhibited reactivity by either ELISA or beads 
assay were regarded as positive. Antibodies binding to more than 
one antigen was counted as antibody for antigen with the highest 
titre. Since two polyreactive antibody, LB20-34 and LB20-80, 
bound to all three antigens but had the highest titre against SSB, 
they were counted as anti- SSB antibody.

Anti- SSA/SSB antibody profiles of serum and corresponding 
lesion antibodies are shown in online supplementary table 4. 
We identified seven anti- SSA52 antibodies, 23 anti- SSA60 anti-
bodies and 15 anti- SSB antibodies in our panel. As previously 
reported,15 autoantibodies were cloned only from the patients 
who were serum autoantibody positive. Between two detection 
procedures, antigen- binding beads assay had more sensitivity. 
There were six anti- SSA52, 15 anti- SSA60 and seven anti- SSB 
antibodies that were negative by ELISA but positive in beads 
assay. Among ASCs in salivary glands from serum anti- SSA/
SSB antibody- positive patients, 30.6% of ASCs could produce 
anti- SSA/SSB antibody.

Antigen-driven selection of anti-SSA/SSb antibody
Next, we focused on 12 anti- SSB antibodies found in one patient 
(LB20), and examined whether the epitopes of these antibody 
were identical. Since multiple epitopes of serum anti- SSB anti-
bodies have been identified by western blotting,5 28 we expressed 
three truncated forms of SSB protein, 1–107 amino acids (AA), 
108–242 AA, and 243–408 AA, and examined which form the 
antibody reacted to. As shown in figure 1A, epitopes differed 
depending on antibodies, suggesting that they were selected 
against whole SSB protein. Although LB20-34 and LB20-80 used 
in this experiment were polyreactive antibody, the epitope of 
SSB exists only in 1–108 AA region, indicating that the epitope 
recognised in one molecule could be specific, even among poly-
reactive antibody.

To directly examine whether the obtained autoantibody was 
selected in an antigen- driven manner, we created 17 revertant 
antibodies, which have all somatic hypermutations (SHMs) 
reverted to the genomic sequence, and examined the reactivity 
using ELISA and antigen- binding beads assay (figure 1B–C). 
All of the revertant antibodies showed drastically decreased 
antigen reactivity by both ELISA and beads assay. Notably, two 
revertant antibodies created from anti- SSB antibody with polyre-
activity lost polyreactivity after SHMs were reverted. Our results 
directly proved that most preselected autoantibody have no or 
poor binding ability, but they are selected and refined against 
autoantigens by accumulating SHMs.

Identification of a novel autoantigen in ACA-positive SS 
patient
In our cohort, one patient (LB32) was serum ACA- positive by 
ANA test and serum anti- CENP- B antibody- positive by ELISA. 
We next examined whether ACA, like anti- SSA/SSB antibody, 
are also produced in salivary glands. First, we checked whether 
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Figure 1 Direct evidence of antigen- driven antibody selection against SSA and SSB. (A) GFP- fusion SSB fragments (Lane 1: 1–107 AA, Lane 2: 
108–242 AA, and Lane 3: 243–408 AA) were isolated by SDS- PAGE. Anti- SSB antibody from one patient (LB20) was examined to determine which 
fragment they bound to. Anti- GFP antibody was used as a positive control. The band common to all anti- SSB antibodies at approximately 47 kDa was 
considered endogenous SSB. (B) Anti- SSA52, anti- SSA60 and anti- SSB antibody and their revertants were tested by ELISA at a concentration of 2 µg/
mL. The vertical axis shows the OD at 450 nm. (C) Anti- SSA60 and anti- SSB antibody and their revertants were tested in antigen- binding beads assay. 
The reactivity of the antibody bound to SSA60- binding and SSB- binding beads was measured by flow cytometry. AA, amino acid; OD, optical density; 
SS, Sjögren's syndrome.

antibodies from LB32 react to CENP- B by ELISA, and surpris-
ingly, none of the 39 antibodies reacted to CENP- B. For confir-
mation, we tested another manufacturer’s ELISA, but the results 
did not change.

To investigate what these antibodies react to, we performed 
immunoprecipitation with a K562 cell lysate using these anti-
bodies. Several proteins were precipitated by one of these anti-
bodies, and identified by mass spectrometry (figure 2A, online 
supplementary file 2). This result was verified by western blot-
ting using antibody to DSN1, MIS12 and MIS12C (figure 2B), 
and we further revealed that several antibodies derived from 
LB32 had similar reactivity.

These precipitated proteins were known to be constituents 
of KMN assembly in kinetochore complex.29 KMN assembly 
consists of three subcomplexes, KNL1 complex (KNL1C), 

MIS12C and NDC80 complex (NDC80C), and the constituent 
proteins of these subcomplexes are shown in figure 2C. We spec-
ulated that these antibodies precipitated whole KMN assembly; 
therefore, we next examined which protein the antibodies bound 
to. We expressed each protein in 293T cells, and used them for 
antigen- binding beads assay. As shown in figure 2D, antibodies 
derived from LB32 did not bind to ZWINT1, a constituent of 
KNL1C, or to NUF2, SPC24 or SPC25, constituents of NDC80C, 
whereas they weakly bound to DSN1, NSL1, MIS12 and PMF1, 
constituents of MIS12C. Because it is unlikely that one mono-
clonal antibody (mAb) binds to four individual proteins, we 
speculated that when one of MIS12C constituent proteins was 
expressed, it would form complex together with other endog-
enous constituents, and antibody recognised the conformation 
of MIS12C. To verify this, we cotransfected all four constituent 
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Figure 2 Identification of the target of the lesion antibody derived from serum ACA- positive patients. (A) Immunoprecipitation was performed 
with cell lysate of K562 cells or lysis buffer using the LB32-8 antibody. The precipitated proteins were electrophoresed and stained by silver staining. 
The names of proteins identified by mass spectrometry are shown. The common bands at 50 kDa and 25 kDa are the heavy and light chains of the 
antibody, respectively. (B) The proteins that were immunoprecipitated from K562 cell lysate by each LB32 antibody were electrophoresed, and blotted 
with antibody against DSN1, Mis12 complex (MIS12C) and human IgG. (C) Three subcomplexes constituting the KMN assembly and their constituent 
proteins are shown. The identified proteins by mass spectrometry are shown in red. (D) The reactivity of antibody from LB32 was examined by 
antigen- binding beads assay. The indicated proteins were coupled with streptavidin beads. The reactivity against each autoantigen- binding beads was 
measured by flow cytometry. (E) An indirect fluorescent antibody test (ANA) of HEp-2 cells was performed using the anti- MIS12C antibody, LB32-9 
and LB32-20, at a concentration of 50 µg/mL. Scale bar indicates 20 µm. ACA, anti- centromere antibody; ANA, anti- nuclear antibody.

proteins of MIS12C and found that the reactivity was remark-
ably increased (figure 2D), suggesting that these antibodies react 
to the complex form of MIS12C.

We further examined anti- MIS12C antibodies by ANA test. 
As expected, anti- MIS12C antibody showed discrete- speckled 
patterns (figure 2E). Our results revealed that anti- MIS12C anti-
body is a novel member of ACA.

Identification of autoantibodies against various centromere-
related proteins
Next, we examined the reactivity of all of our lesion antibodies 
against MIS12C. In addition, other known targets of ACA, 
including CBX5, CENP- A, CENP- B and CENP- C, all of which 
are known to bind to MIS12C,29–31 were also examined.

As shown in online supplementary table 5, antibodies derived 
from LB32 contained many anti- MIS12C and anti- CENP- C 
antibodies, and interestingly, antibodies derived from LB02, a 
serum ACA- negative patient, contained multiple types of ACA. 

Considering the time course between autoantibody production 
in lesion and its detection in serum, we checked the serum of 
LB02 2 years after salivary gland biopsy; however, it was still 
ACA negative. This finding indicates that the serum and sali-
vary gland autoantibody profiles are not always consistent. In 
these two patients, approximately one- third of the cloned anti-
bodies was ACA, and this proportion was comparable to that of 
anti- SSA/SSB antibody. Although one anti- CBX5 antibody was 
found among antibodies from LB01 (serum ACA negative, serum 
anti- CENP- B antibody negative), the possibility of a coincidence 
occurring could not be denied. A total of 24 ACA were found in 
our lesion antibodies by beads assay, but curiously, anti- CENP- B 
antibody could not be found in salivary glands, as previously 
shown by ELISA.

Antigen-driven selection of ACA
We next investigated whether ACA, like anti- SSA/SSB antibody, 
was selected in an antigen- driven manner. MIS12C is known to 
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Figure 3 Direct evidence of the antigen- driven antibody selection of ACA. (A) GFP, MIS12 and PMF1, DSN1 and NSL1, or the whole MIS12C was 
coupled with streptavidin beads. The reactivity of anti- MIS12C antibody against each beads was measured by flow cytometry. (B) Anti- MIS12C, anti- 
CENP- A and anti- CENP- C antibody and their revertants were tested by antigen- binding beads assay. The reactivity of antibody to each beads was 
measured by flow cytometry. ACA, anti- centromere antibody.

Table 1 Clinical characteristics of the patients performed serum analysis

disease group HC SS SSc PbC Overlap

n=68 n=112 n=35 n=10 n=44

Female %, (n) 82 (56) 95 (106) 86 (30) 100 (10) 100 (44)

Age median (IQR) 44 (31–50) 59 (47–72) 59 (50–71) 60 (57–72) 64 (54–74)

ACA positive % (n) NA 13 (14) 34 (12) 30 (3) 70 (31)

Anti- CENP- B antibody positive % (n) 1.5 (1) 13 (14) 37 (13) 30 (3) 73 (32)

Disease type/complicated disease, n pSS 71
sSS 15
non- SS 26

dcSSc 10
lcSSc 25

SS 32
SSc 37
PBC 30

dcSSc, diffuse cutaneous SSc; lcSSc, limited cutaneous SSc; NA, not accessed; PBC, primary biliary cirrhosis; pSS, primary Sjögren's syndrome; SS, Sjögren's syndrome; sSS, 
secondary Sjögren's syndrome.

consist of two subcomplexes, MIS12- PMF1 and DSN1- NSL129; 
therefore, we coexpressed MIS12 and PMF1 or DSN1 and NSL1 
and examined which MIS12C- specific antibody reacted to.

As shown in figure 3A, some of the anti- MIS12C antibodies 
recognised MIS12+PMF1, and others recognised DSN1+NSL1. 
Furthermore, there were antibodies that did not bind unless 
all four proteins were present. This result indicated that ACA 
recognised various sites of the target complex.

We also created revertant antibodies of ACA and examined 
their reactivity. As shown in figure 3B, all of the revertant anti-
bodies showed decreased antigen reactivity. These results directly 
proved that ACA were selected in an antigen- driven manner in 
salivary glands.

Serum ACA profile
Next, we examined whether the antibody specific for each 
centromere- related protein could also be detected in serum. We 

recruited a large cohort consisting of 112 patients who had sicca 
symptoms and suspected of having SS; 35 patients with SSc; 10 
patients with PBC; 44 patients who had two or more complica-
tions of SS, SSc and PBC; and 68 healthy controls (table 1), and 
the presence of antibody specific for CBX5, CENP- A, CENP- B, 
CENP- C and MIS12C was examined.

As shown in figure 4A, an IgG- type anti- MIS12C antibody 
as well as previously reported anti- CBX5, anti- CENP- A, anti- 
CENP- B and anti- CENP- C antibody10 could be detected in 
serum, and the frequency of these antibody was highest in the 
overlap group. Because the IgA- type autoantibody was mainly 
produced in salivary glands,14 and because all cloned ACAs were 
IgA, we also profiled the prevalence of IgA- type autoantibody 
(figure 4B). Although IgA- type ACA was also detected in serum, 
the positivity was less clear than IgG- type ACA. Interestingly, the 
IgG/IgA ratio for each antigen varied, and the highest IgG/IgA 
ratio was observed for anti- CENP- B antibody (figure 4C).
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Figure 4 Serum profile of antibody against centromere- related proteins. Serum samples from HC (n=68), patients suspected of having SS (n=112), 
patients with SSC (n=35), PBC (n=10) and OL diseases (n=44) were analysed by antigen- binding beads assay. (A) serum IgG bound to autoantigen- 
binding beads was assessed by flow cytometry. The dotted line indicates a cut- off, which was determined by receiver operating characteristic (ROC) 
analysis. The prevalence of each antibody is presented under the group label. (B) Serum IgA bound to autoantigen- binding beads was assessed by 
flow cytometry. (C) The ratio of IgG/IgA in ACA- positive serum is shown. Wilcoxon’s test. (D). The correlation between the serum IgG reactivity to each 
centromere- related antigen is shown. The lower left panels are two- dimensional plots of the MFI of antigen- binding beads assay, and the numbers 
in the upper right panels indicate the correlation coefficient calculated by Spearman’s test. (E) The number of antibody that each patient had was 
counted. The patients whose serum showed a discrete- speckled pattern in an ANA test are shown in black bars, and the other patients are shown in 
white bars. (F) Patients were classified according to the number of diseases of SS, SSC and PBC, and counted how many ACA each patient had. χ2 test. 
The number of patients in each group are shown at the centre of each pie chart. (G) The overlap of serum ACA (discrete- speckled pattern by the ANA 
test), anti- CENP- B antibody detected by ELISA, and anti- MIS12C antibody detected by the beads assay is shown in a Venn diagram. *p<0.0001. ACA, 
anti- centromere antibody; ANA, anti- nuclear antibody; HCs, healthy controls; MFI, mean fluorescence intensity; OL, overlapping; PBC, primary biliary 
cirrhosis; SS, Sjögren's syndrome.

To investigate the relationships among these antibodies, we 
examined the correlations among the titres of these antibodies 
in each individual (figure 4D), and counted how many kinds 
of antibodies each patient had (figure 4E). We found that these 
antibodies were moderately to highly correlated with each other, 
and most of serum ACA- positive patients had antibodies to four 
or five antigens. This result indicated that serum ACA- positive 
patients have antibodies to various portions of the centromere 
‘complex’ rather than antibodies to specific centromere proteins. 
The highest prevalence of ACA was observed in the overlap group 
(figure 4A). We further examined the relationship between the 
number of complicated diseases and the numbers of ACA, and 
found that the more these diseases the patients had, the more 
kinds of ACA became positive (figure 4F).

Next, we investigated the dissociation among ACA by 
ANA test, anti- CENP- B antibody by ELISA, and anti- MIS12C 

antibody by beads assay. As shown in figure 4G, many patients 
were commonly positive in all three assays; however, 21 patients 
were only anti- MIS12C antibody- positive. Although they may 
also include false positives, 6 of the 21 patients were also 
anti- CBX5 antibody- positive and 2 of the 21 patients were also 
anti- CENP- C antibody- positive, suggesting that in some patients, 
autoantibody could be detected only by the anti- MIS12C anti-
body test.

direct detection of ACA-secreting cells in salivary glands
Finally, we directly confirmed the production of ACA in salivary 
glands. We expressed MIS12C, CBX5, CENP- A, CENP- B and 
CENP- C as GFP- fusion protein. Fresh- frozen sections of salivary 
glands were double stained with GFP- autoantigen and an anti-
body against CD138, the marker of ASCs.
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Table 2 Clinical characteristics and results of the patients performed immunohistochemistry

Patient Id S3 S10 lip32 lip73 lip90 S20 lip24 lip28 lip45 lip47 lip48

Sex Female Female Female Female Female Female Female Female Female Female Female

Age 51 71 31 29 70 58 36 76 58 38 47

Disease sSS, MCTD pSS pSS sSS, SSc pSS pSS pSS pSS non- SS non- SS non- SS

ANA titre >1:2560 1:640 1:640 1:2560 1:320 1:1280 1:640 <1:40 <1:40 1:40 1:80

ANA type s, c h, d h, d, n d h, c s s h, s h, s

Serum anti- SSA52/60 antibody + + – – – + + – – – –

Serum anti- SSB antibody + – – – – + + – – – –

Serum anti- CENP- B antibody + + + + + – – – – – –

Serum rheumatoid factor + + – + NA + + – NA – –

Greenspan grade 3 3 4 4 4 3 4 3 2 2 1

Medication PSL 10 mg/day None None None None None None None None None None

Tissue ASCs

Anti- GFP antibody* – – – – – – – – – – –

Anti- MIS12C antibody* +++ +++ +++ +++ +++ – – – – – –

Anti- CBX5 antibody* – – ± ± – – – – – – –

Anti- CENP- A antibody* ± ± + ++ ± – ± ± – – –

Anti- CENP- B antibody* ± ± ± + – – – – – – –

Anti- CENP- C antibody* +++ +++ ++ +++ ++ – – – – – –

*Slides were examined at a magnification of ×200. -, undetectable; ±, one cell in multiple fields, +, 1–3 cells in one field; ++, 4–8 cells in one field; +++, >8 cells in one field.
c, cytosol; d, discrete- speckled; h, homogeneous; MCTD, mixed connective tissue disease; n, nucleolar; NA, not assessed; PSL, prednisolone; pSS, primary Sjögren's syndrome; s, 
speckled; SS, Sjögren's syndrome; sSS, secondary Sjögren's syndrome.

The results are shown in table 2, and representative images 
are shown in online supplementary figure 2. ACA- secreting cells 
were detected in salivary glands of ACA- positive patients. We 
previously showed the patient who did not have serum ACA 
but did have ACA- secreting cells in salivary glands; however, 
patients like that one may not be frequent.

Among ACA- related antigens, anti- MIS12C ASCs were 
detected most frequently, followed by anti- CENP- C ASCs. 
There were few antibody to other antigens, especially CBX5 
and CENP- B. Interestingly, this frequency was somewhat consis-
tent with the frequency of cloned ACA (11 anti- MIS12C anti-
bodies, 10 anti- CENP- C antibodies, 2 anti- CBX antibodies, 1 
anti- CENP- A antibody, and no anti- CENP- B antibody among 24 
ACAs). As shown in supplementary figure S2, anti- MIS12C anti-
body, anti- CENP- A antibody, and anti- CENP- C antibody were 
detected in a same area of serial sections, indicating that these 
antibodies were produced in a centromere ‘complex’-driven 
manner.

dISCuSSIOn
In this study, we efficiently and comprehensively cloned anti-
bodies from human salivary glands and investigated their reac-
tivity. We succeeded in discovering direct evidence that ACA in 
addition to anti- SSA/SSB antibody are produced in lesions of SS 
in an antigen- driven manner. Moreover, we discovered a new 
autoantigen, MIS12C, in this process. Finally, we profiled the 
prevalence of ACA against several corresponding antigens in 
patients with SS, SSc, and PBC, and found that ACA- positive 
patients have antibodies against various sites of centromere 
‘complex’ regardless of disease.

One of the advantages of our study is that incorporating 
recent single- cell techniques32 enabled the efficient cloning of 
immunoglobulin sequences, resulting in successful cloning with 
73% of sorted cells. Because ASCs were sorted without selection 
by their isotype, we could reproduce humoral immune responses 
in salivary glands in vitro without bias. This was confirmed by 

similarity between the antigen profiles of cloned ACA and ASCs 
in salivary gland tissues.

Another advantage of our study is the development of antigen- 
binding beads assay, which enable to detect autoantibodies recog-
nising conformational epitopes. We found many anti- SSA52 and 
SSB antibodies that were negative by ELISA but positive by beads 
assay, but not vice versa. The novel target of ACA, MIS12C, was 
also found using this assay. These results suggest that most of 
autoantibodies target against conformational molecules, and a 
part of these antibodies recognise the linear parts of conforma-
tional molecules, which can detect by ELISA. This hypothesis 
enables to explain the discrepancy between previous studies 
and our results. In our study, most patients had several kinds 
of ACAs simultaneously, whereas the corresponding antigens 
of ACA were reported to differ depending on the disease10 11; 
our beads assay used recombinant protein produced in mamma-
lian cell line, whereas previous studies used fragmented protein 
expressed by Escherichia coli or protein generated by in vitro 
transcription/translation.

We showed that ACA- positive patients have antibodies against 
various sites of centromere complex regardless of disease. 
The relationship between ACA and corresponding diseases is 
similar to the concept of anti- ARS antibody syndrome, in which 
anti- ARS antibody- positive patients often develop one or more 
diseases involving myositis, interstitial pneumonia and skin 
symptoms,33 34 or mixed connective tissue disease (MCTD),35 in 
which anti- U1RNP antibody- positive patients often develop one 
or more phenotypes resembling systemic lupus erythematosus 
(SLE), SSc, and myositis. Therefore, these ACA- positive patients 
may be classified as ‘ACA- related disease’ in addition to classical 
disease category. Additional study is desired for classification of 
these diseases.

We identified three polyreactive antibodies; two of them 
recognised disease- specific autoantigens such as SSB, while they 
bound to a specific part of the antigen, and reactivity decreased 
after SHM reversion. These results indicated that polyreactivity 
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may accidentally emerge at least in part as a result of selection 
against a specific antigen.

One group reported that approximately one- third of periph-
eral naïve B cells from patients with SS recognises SSA52,22 
whereas we cloned only seven anti- SSA52 antibodies. In our 
antibody panel, some antibodies could bind to SSA60 and/or SSB 
and SSA52 simultaneously, suggesting the possibility that SSA52- 
specific antibody actually occurs less frequently, and most of so 
far ‘anti- SSA52 antibody’ are rather non- specific.

Anti- MIS12C antibody and anti- CENP- C antibody were 
mainly found among the cloned antibodies and by tissue staining, 
whereas few anti- CENP- B antibodies were found. The isotype of 
all of the cloned ACA were IgA, and serum IgG/IgA ratio of anti- 
MIS12C and anti- CENP- C antibody were also low. In contrast, 
serum IgG/IgA ratio of anti- CENP- B antibody was much higher. 
This finding indicated the possibility that antibody- producing 
mechanisms may differ depending on the corresponding anti-
gens. For example, anti- MIS12C antibody and anti- CENP- C 
antibody were produced against centromere complex in salivary 
glands, whereas anti- CENP- B antibody was rarely produced in 
salivary glands for some reasons (eg, antigen is not exposed on 
the surface of complex, or antigenicity is low in the conforma-
tion of complex), but they are produced in other places, such as 
lymph nodes, after undergoing antigen processing.

In this study, we directly showed answers for some of the 
scientific questions about autoantibody, that anti- SSA/SSB 
antibody and ACA were produced in local lesions of SS in an 
antigen- driven manner, and that autoantibody can be produced 
against not only individual proteins but also protein complexes. 
Our strategy, separating various antibody included in serum 
into monoclonal populations, is somewhat similar to the rela-
tionship between bulk and single- cell RNA sequencing, and 
could produce the information with higher resolution. Because 
anti- citrullinated protein antibody- secreting cells have been 
detected in synovium of patients with rheumatoid arthritis,36 
it seems common that disease- specific antibody are produced 
locally in lesions. However, there are many remaining questions 
about autoantibody, such as why SSA/SSB and the centromere 
‘complex’ can be targets in salivary glands, and whether these 
antibodies are involved in the destruction of salivary glands. In 
addition, new hypotheses were created from this study, including 
the relationship between autoantibodies and disease classifica-
tion, and the difference in reactivity between serum and local 
antibodies. Further studies are needed to resolve these questions.
Acknowledgements We thank Harumi Kondo and Mayumi ota for collecting 
clinical samples. This study was supported by the collaborative research resources, 
school of Medicine, Keio University for technical assistances. peFs vector was kindly 
gifted from Dr a. Yamashita, Yokohama city University school of Medicine, Japan.

Contributors study design: MT, Ks, KT and TT. Data acquisition: MT, YK, HY, Ki, Hs, 
KT and Ha. Data analysis and interpretation: MT and Ks. Manuscript drafting: MT, Ks 
and TT. all authors approved the final version of the manuscript.

Funding This work was supported by JsPs KaKenHi Grant number JP 16K19609 
and JP 17H04216.

Competing interests MT, Ks and TT have applied for a patent of anti- Mis12c 
antibody as diagnostic marker. The remaining authors declare no competing interests.

Patient consent for publication Written informed consent was obtained from all 
participating individuals.

ethics approval ethics approval was obtained from the institutional review Board 
of Keio University school of Medicine.

Provenance and peer review not commissioned; externally peer reviewed.

data availability statement all data relevant to the study are included in the 
article or uploaded as supplementary information.

Open access This is an open access article distributed in accordance with the 
creative commons attribution non commercial (cc BY- nc 4.0) license, which 

permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. see: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

OrCId id
Masaru Takeshita http:// orcid. org/ 0000- 0002- 3281- 6595

RefeRences
 1 Didier K, Bolko l, Giusti D, et al. autoantibodies associated with connective tissue 

diseases: what meaning for clinicians? Front Immunol 2018;9:541.
 2 elkon K, casali P. nature and functions of autoantibodies. Nat Clin Pract Rheumatol 

2008;4:491–8.
 3 nocturne G, Mariette X. B cells in the pathogenesis of primary sjögren syndrome. Nat 

Rev Rheumatol 2018;14:133–45.
 4 shiboski cH, shiboski sc, seror r, et al. american college of rheumatology/european 

league against rheumatism classification criteria for primary sjogren’s syndrome: a 
consensus and data- driven methodology involving three international patient cohorts. 
Ann Rheum Dis 2016;2017:9–16.

 5 routsias JG, Tzioufas aG. sjögren’s syndrome—study of autoantigens and 
autoantibodies. Clin Rev Allergy Immunol 2007;32:238–51.

 6 Tan eM, rodnan GP, Garcia i, et al. Diversity of antinuclear antibodies in progressive 
systemic sclerosis. anti- centromere antibody and its relationship to crest syndrome. 
Arthritis Rheum 1980;23:617–25.

 7 Parveen s, Morshed sa, nishioka M. High prevalence of antibodies to recombinant 
cenP- B in primary biliary cirrhosis: nuclear immunofluorescence patterns and elisa 
reactivities. J Gastroenterol Hepatol 1995;10:438–45.

 8 van den Hoogen F, Khanna D, Fransen J, et al. classification criteria for systemic 
sclerosis: an american college of rheumatology/european league against rheumatism 
collaborative initiative. Ann Rheum Dis 2013;2013:1747–55.

 9 rothfield n, Whitaker D, Bordwell B, et al. Detection of anticentromere antibodies 
using cloned autoantigen cenp- Bl. Arthritis & Rheumatism 1987;30:1416–9.

 10 Tanaka n, Muro Y, suzuki Y, et al. anticentromere antibody- positive primary sjögren’s 
syndrome: epitope analysis of a subset of anticentromere antibody- positive patients. 
Modern Rheumatology 2017;27:115–21.

 11 Gelber acet al. Distinct recognition of antibodies to centromere proteins in 
primary sjogren’s syndrome compared with limited scleroderma. Ann Rheum Dis 
2006;65:1028–32.

 12 Tsukamoto M, suzuki K, Takeuchi T. clinical and immunological Features of anti- 
centromere antibody- Positive Primary sjögren’s syndrome. Rheumatology and Therapy 
2018;5:499–505.

 13 Katano K, Kawano M, Koni i, et al. clinical and laboratory features of anticentromere 
antibody positive primary sjogren’s syndrome. The Journal of rheumatology 
2001;28:2238–44.

 14 Horsfall ac, rose lM, Maini rn. autoantibody synthesis in salivary glands of sjögren’s 
syndrome patients. J Autoimmun 1989;2:559–68.

 15 Tengnér P, Halse aK, Haga HJ, et al. Detection of anti- ro/ssa and anti- la/ssB 
autoantibody- producing cells in salivary glands from patients with sjögren’s 
syndrome. Arthritis Rheum 1998;41:2238–48.

 16 salomonsson s, Jonsson MV, skarstein K, et al. cellular basis of ectopic germinal 
center formation and autoantibody production in the target organ of patients with 
sjögren’s syndrome. Arthritis & Rheumatism 2003;48:3187–201.

 17 Gellrich s, rutz s, Borkowski a, et al. analysis of V(H)- D- J(H) gene transcripts in B 
cells infiltrating the salivary glands and lymph node tissues of patients with sjögren’s 
syndrome. Arthritis Rheum 1999;42:240–7.

 18 Dörner Tet al. immunglobulin repertoire analysis provides new insights into the 
immunopathogenesis of sjögren’s syndrome. Autoimmun Rev 2002;1:119–24.

 19 stott Di, Hiepe F, Hummel M, et al. antigen- Driven clonal proliferation of B cells within 
the target tissue of an autoimmune disease. the salivary glands of patients with 
sjögren’s syndrome. J Clin Invest 1998;102:938–46.

 20 Tiller T, Meffre e, Yurasov s, et al. efficient generation of monoclonal antibodies from 
single human B cells by single cell rT- Pcr and expression vector cloning. J Immunol 
Methods 2008;329:112–24.

 21 reddy J, corsiero e, sutcliffe n, et al. accumulation of self- reactive naïve and 
Memory B cell reveals sequential Defects in B cell Tolerance checkpoints in sjögren’s 
syndrome. PLoS ONE 2014;9:e114575.

 22 Glauzy s, sng J, Bannock JM, et al. Defective early B cell tolerance checkpoints in 
sjögren’s syndrome patients. Arthritis Rheumatol 2017;69:2203–8.

 23 Glauzy s, Boccitto M, Bannock JM, et al. accumulation of antigen- Driven 
lymphoproliferations in complement receptor 2/cD21 −/low B cells From Patients 
With sjögren’s syndrome. Arthritis Rheumatol 2018;70:298–307.

 24 Maier- Moore Js, Koelsch Ka, smith K, et al. antibody- secreting cell specificity in 
labial salivary glands reflects the clinical presentation and serology in patients with 
sjögren’s syndrome. Arthritis Rheumatol 2014;66:3445–56.

 25 Mietzner B, Tsuiji M, scheid J, et al. autoreactive igG memory antibodies in patients 
with systemic lupus erythematosus arise from nonreactive and polyreactive precursors. 
Proc Natl Acad Sci U S A 2008;105:9727–32.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-3281-6595
http://dx.doi.org/10.3389/fimmu.2018.00541
http://dx.doi.org/10.1038/ncprheum0895
http://dx.doi.org/10.1038/nrrheum.2018.1
http://dx.doi.org/10.1038/nrrheum.2018.1
http://dx.doi.org/10.1007/s12016-007-8003-8
http://dx.doi.org/10.1111/j.1440-1746.1995.tb01597.x
http://dx.doi.org/10.1002/art.1780301214
http://dx.doi.org/10.1080/14397595.2016.1176327
http://dx.doi.org/10.1136/ard.2005.046003
http://dx.doi.org/10.1007/s40744-018-0126-2
http://dx.doi.org/10.1016/0896-8411(89)90189-3
http://dx.doi.org/10.1002/1529-0131(199812)41:12<2238::AID-ART20>3.0.CO;2-V
http://dx.doi.org/10.1002/art.11311
http://dx.doi.org/10.1002/1529-0131(199902)42:2<240::AID-ANR5>3.0.CO;2-I
http://dx.doi.org/10.1016/S1568-9972(02)00029-0
http://dx.doi.org/10.1172/JCI3234
http://dx.doi.org/10.1016/j.jim.2007.09.017
http://dx.doi.org/10.1016/j.jim.2007.09.017
http://dx.doi.org/10.1002/art.40215
http://dx.doi.org/10.1002/art.40352
http://dx.doi.org/10.1002/art.38872
http://dx.doi.org/10.1073/pnas.0803644105
http://ard.bmj.com/


158 Takeshita M, et al. Ann Rheum Dis 2020;79:150–158. doi:10.1136/annrheumdis-2019-215862

Sjögren’s syndrome

 26 James lc, Keeble aH, Khan Z, et al. structural basis for PrYsPrY- mediated tripartite 
motif (TriM) protein function. Proc Natl Acad Sci U S A 2007;104:6200–5.

 27 Burbelo PD, Teos lY, Herche Jl, et al. autoantibodies against the immunoglobulin- 
binding region of ro52 link its autoantigenicity with pathogen neutralization. Sci Rep 
2018;8:3345.

 28 scofield rH, Farris aD, Horsfall ac, et al. Fine specificity of the autoimmune 
response to the ro/ssa and la/ssB ribonucleoproteins. Arthritis & Rheumatism 
1999;42:199–209.

 29 Petrovic a, Keller J, liu Y, et al. structure of the Mis12 complex and molecular basis of 
its interaction with cenP- c at human kinetochores. Cell 2016;167:e1015:1028–40.

 30 obuse c, iwasaki o, Kiyomitsu T, et al. a conserved Mis12 centromere complex is 
linked to heterochromatic HP1 and outer kinetochore protein Zwint-1. Nat Cell Biol 
2004;6:1135–41.

 31 Fachinetti D, Han Js, McMahon Ma, et al. Dna sequence- specific binding of cenP- B 
enhances the fidelity of human centromere function. Dev Cell 2015;33:314–27.

 32 Picelli s, Faridani or, Björklund aK, et al. Full- length rna- seq from single cells using 
smart- seq2. Nat Protoc 2014;9:171–81.

 33 lega J- c, Fabien n, reynaud Q, et al. The clinical phenotype associated with myositis- 
specific and associated autoantibodies: a meta- analysis revisiting the so- called 
antisynthetase syndrome. Autoimmun Rev 2014;13:883–91.

 34 love la, leff rl, Fraser DD, et al. a new approach to the classification of idiopathic 
inflammatory myopathy: myositis- specific autoantibodies define useful homogeneous 
patient groups. Medicine 1991;70:360–74.

 35 Tani c, carli l, Vagnani s, et al. The diagnosis and classification of mixed connective 
tissue disease. J Autoimmun 2014;48-49:46–9.

 36 steen J, Forsström B, sahlström P, et al. recognition of amino acid motifs, rather 
than specific proteins, by human plasma cell- derived monoclonal antibodies to 
posttranslationally modified proteins in rheumatoid arthritis. Arthritis Rheumatol 
2019;71:196–209.

http://dx.doi.org/10.1073/pnas.0609174104
http://dx.doi.org/10.1038/s41598-018-21522-7
http://dx.doi.org/10.1002/1529-0131(199902)42:2<199::AID-ANR1>3.0.CO;2-1
http://dx.doi.org/10.1016/j.cell.2016.10.005
http://dx.doi.org/10.1038/ncb1187
http://dx.doi.org/10.1016/j.devcel.2015.03.020
http://dx.doi.org/10.1038/nprot.2014.006
http://dx.doi.org/10.1016/j.autrev.2014.03.004
http://dx.doi.org/10.1016/j.jaut.2014.01.008
http://dx.doi.org/10.1002/art.40699
http://ard.bmj.com/


159Ann Rheum Dis January 2020 Vol 79 No 1

Letters

Figure 1 Proportions of patients with axSpA and controls reporting gut symptoms meeting ROME III IBS criteria. (A) Frequencies of self- reported 
symptoms meeting IBS criteria in patients with axSpA without known comorbid IBD (n=182) versus controls without rheumatic disease or IBD 
(n=50), compared by logistic regression adjusted for sex and age. (B) Frequencies of patients with axSpA reporting symptoms meeting IBS criteria, 
stratified according to different disease/treatment characteristics and with comparisons between strata of each variable by unadjusted logistic 
regression. *Variables displaying p<0.10 in these univariate analyses were then introduced into a multivariate logistic regression model, in which 
female sex (adjusted OR: 2.4 (95% CI 1.2 to 5.0); p=0.017) and comorbid fibromyalgia (adjusted OR: 4.2 (95% CI 1.3 to 13.3); p=0.016; analysed 
in a separate model from sex due to multicollinearity (Spearman’s rho>0.3)) remained significantly associated with IBS symptoms. NSAID- use, any 
versus no use during the last 3 months; DMARD- use, any versus no ongoing conventional and/or biological DMARD- treatments at the study visit; 
Comorbid fibromyalgia, assessed by the 1990 fibromyalgia classification criteria. Missing data was not imputed, n (%): ASDAS- CRP 24 (13%), CRP 19 
(10%), F- calprotectin 25 (14%), fibromyalgia 8 (4%). AS, ankylosing spondylitis; ASDAS- CRP, ankylosing spondylitis disease activity score based on 
CRP; AxSpA, axial spondyloarthritis; CRP, C reactive protein (mg/L); DMARD, disease- modifying antirheumatic drug; F- Calpr, faecal calprotectin (mg/
kg); IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; Nr- axSpA, non- radiographic axial spondyloarthritis; NSAID, non- steroidal anti- 
inflammatory drug.

Irritable bowel syndrome symptoms in axial 
spondyloarthritis more common than among 
healthy controls: is it an 
overlooked comorbidity?

The link between spondyloarthritis and inflammatory bowel 
disease (IBD) is well- established, with 5%–10% of patients with 
axial spondyloarthritis (axSpA) having concurrent IBD. Beyond 
that, ~50%–60% display microscopic gut inflammation,1 and 
faecal calprotectin (F- calprotectin) is elevated,2 although neither 
of these findings have been clearly linked to gut symptoms.1 2 
Nevertheless, >50% of patients with ankylosing spondylitis (AS) 
report frequent gut pain/diarrhoea.3 This calls for investigating 
other potential causes, including irritable bowel syndrome (IBS), 
for which data in axSpA remain sparse. IBS (general population 
prevalence ~11%4) is thought to arise through mechanisms 
similar to fibromyalgia, common in axSpA (affecting up to 25% 
versus ~2% in the general population).

We aimed to compare the prevalence of gut symptoms 
meeting ROME III criteria for IBS between patients with 
axSpA and healthy controls.5 Hence, 182 consecutive patients 

with well- characterised axSpA without known IBD from 
the population- based SPARTAKUS study,2 and 50 controls, 
frequency- matched for sex/age, without rheumatic disease or 
IBD, were included (online supplementary table S1). For SPAR-
TAKUS protocol/classification algorithm details, see online 
supplementary file 1.

We found that gut symptoms meeting IBS criteria were 
significantly more frequent among patients with axSpA (30%) 
than controls (16%; OR: 2.5 (95% CI 1.1 to 5.7); p=0.036) 
by sex/age- adjusted logistic regression (figure 1A). Addi-
tional adjustments for F- calprotectin levels and non- steroidal 
anti- inflammatory drug (NSAID)- use, respectively, as well 
as excluding patients/controls reporting ‘alarm symptoms’ 
(frequent bloody/black stools; unexplained weight- loss), yielded 
similar OR- estimates for the patients/controls difference (online 
supplementary file 1).

Within the axSpA group (n=182), hypothesis- generating 
analyses of potential drivers behind the IBS symptoms were 
performed by examining distributions according to disease/
treatment characteristics. Univariate associations were assessed, 
and variables displaying p<0.10 analysed multivariately (logistic 
regression). Results are displayed in figure 1B. By multivariate 
analysis, IBS symptoms were linked to female sex (OR: 2.4 (95% 
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Table 1 AxSpA outcome measures in relation to IBS status

No IBS symptoms* 
(n=127)

IBS symptoms* 
(n=55) P value†

VAS global, mm 30 (25) 44 (25) 0.010

VAS pain, mm 30 (26) 43 (26) 0.020

VAS fatigue, mm 32 (27) 50 (27) 0.001

EQ- 5D utility‡ 0.75 (0.22) 0.61 (0.30) 0.004

BASDAI 2.6 (2.1) 4.3 (2.1) <0.001

BASFI 1.8 (2.2) 2.9 (2.2) 0.016

BASMI 3.1 (1.6) 2.8 (1.4) 0.609

Evaluator’s VAS global, mm 16 (14) 19 (14) 0.569

Values are mean (SD). Missing data, n (%): VAS global/pain/fatigue 5 (3%), EQ- 5D 
12 (7%), BASDAI 12 (7%), BASFI 16 (9%), BASMI 4 (2%), Evaluator’s VAS global 11 
(6%).
*Assessed by the ROME III questionnaire.
†Adjusted for sex and age by analysis of covariance.
‡UK time trade- off based preference set.
AxSpA, axial spondyloarthritis; BASDAI, Bath ankylosing spondylitis disease activity 
index; BASFI, Bath ankylosing spondylitis functional index; BASMI, Bath ankylosing 
spondylitis metrology index; EQ- 5D, EuroQol 5- Dimensions; IBS, irritable bowel 
syndrome; VAS, visual analogue scale.

CI 1.2 to 5.0); p=0.017) and comorbid fibromyalgia (1990 
criteria; OR: 4.2 (95% CI 1.3 to 13.3); p=0.016), whereas the 
univariate associations observed with NSAID- use and higher 
disease activity (ankylosing spondylitis disease activity score 
based on C reactive protein (CRP)) lost significance. No associ-
ations were observed with overall CRP or F- calprotectin levels 
(Calpro AS, Lysaker, Norway, F- calprotectin ELISA, using the 
manufacturer- recommended 50 mg/kg cut- off), age, disease 
subtype (AS/nr- axSpA) or conventional/biological disease- 
modifying antirheumatic drug use (figure 1B; online supple-
mentary table S2). Exploration of associations between different 
intensities of diarrhoea/increased stool frequencies and F- calpro-
tectin levels, and a discussion on F- calprotectin cut- offs for IBD 
detection are presented in online supplementary file 1.

Finally, relations between IBS symptoms and axSpA outcomes 
were assessed by sex/age- adjusted analysis of covariance. All 
patient- reported outcomes, including visual analogue scales of 
global disease activity/pain/fatigue, Bath ankylosing spondy-
litis disease activity index, Bath ankylosing spondylitis func-
tional index and health- related quality- of- life (by EuroQol 
5- Dimensions) were significantly worse among patients reporting 
IBS symptoms (table 1).

We demonstrate a prevalence of 30% for gut symptoms 
meeting IBS criteria among patients with axSpA without known 
IBD, a proportion twice that of matched controls and four times 
higher than comorbid IBD estimates. Since IBS is a rule- out 
diagnosis, the lack of endoscopic examinations represents a 
limitation. Notably, however, no differences in IBS symptoms 
were detected between patients with axSpA with elevated versus 
normal F- calprotectin or CRP levels, making gut inflammation 
unlikely as a main cause. This conclusion is further strength-
ened by the association of IBS symptoms to female sex (as in 
IBS generally),6 as opposed to the male predominance for micro-
scopic inflammation at endoscopy.1 Rather—although NSAID 
side- effects and low- grade gut inflammation cannot be ruled 
out as being important in certain cases—the lack of overall 
associations with gut/systemic inflammation, the female over-
representation, and clear links to fibromyalgia and worse patient- 
reported outcomes, suggest the observed IBS symptoms to stem 
from similar mechanisms as axSpA unrelated IBS.6 Moreover, 
similar to fibromyalgia, IBS symptoms may contribute to worse 

self- perceived axSpA disease activity, a link entailing important 
treatment implications.

In conclusion, IBS may be an overlooked, frequent axSpA 
comorbidity, warranting further research and increased aware-
ness to enable adequate symptom- relieving IBS therapy.
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Table 1 Summary statistics for the genome- wide significant association of single nucleotide polymorphisms with adult- onset Still's disease

SNP Nearby gene(s) Chr Position (hg19) Risk/non- risk allele Stage* RAF in cases RAF in controls OR SE P values P_het

rs9268791 HLA- DRA|HLA- DRB5 6 32 421 073 T/C Meta – – 2.363 0.096 4.10E−19 0.686

Discovery 0.468 0.273 2.389 0.100 2.85E−18

Replication 0.382 0.224 2.054 0.360 4.54E−02

rs3094178 HLA- G 6 29 818 000 C/G Meta – – 2.139 0.135 1.97E−08 0.806

Discovery 0.875 0.769 2.116 0.143 1.48E−07

Replication 0.767 0.568 2.366 0.432 4.62E−02

*The discovery data set comprises 247 cases and 2163 controls from northern and central China. The replication data set comprises 17 cases and 257 controls from southern 
China.
Chr, chromosome;P_het, p value for heterogeneity test across different cohorts using Cochran's Q test; RAF, frequency of risk allele;SNP, single nucleotide polymorphism.

  

Both HLA class I and II regions identified as 
genome- wide significant susceptibility loci for 
adult- onset Still's disease in Chinese individuals

Adult- onset Still's disease (AOSD) is a rare autoinflammatory 
condition with unclear aetiology and highly heterogeneous 
manifestations, such as spiking fever, skin rash and arthralgia (or 
arthritis).1 2 AOSD is usually the result of both genetic and environ-
mental factors. However, only a few genetic loci have been associ-
ated with AOSD, and none of them have reached the threshold for 
genome- wide significance (GWS) of p<5×10−8.2 3 For example, 
HLA- DRB1 was strongly associated with AOSD in previous studies 
(the p value for the most significant association was 8.60×10−6).3 
HLA- DRB1 also influences the risk of systemic juvenile idio-
pathic arthritis (JIA),4 which presents similarly to AOSD but 
differs in age of onset. In addition, functional variations in peri-
odic fever syndrome genes have been identified in some AOSD 
patients (Bonferroni corrected p values ranged from 2.34×10−3 to 
2.40×10−4).5

In this study, for the first time, we conducted a genome- wide 
association study (GWAS) to systematically screen genetic 
factors influencing susceptibility to AOSD (online supple-
mentary text). Principal component analysis was adopted to 
evaluate population stratification between cases and controls 
and to detect outliers for removal (online supplementary 
figure S1). After quality control and imputation, a total of 
3 547 931 variants in 264 AOSD cases and 2420 controls 
(discovery: 247 cases vs 2163 controls; replication: 17 cases 
vs 257 controls; online supplementary text and table S1) 
from China were analysed. The genomic inflation, λGC, was 
1.018, indicating the presence of population stratification to 
a minimal degree (online supplementary figure S2). A total of 
1281 variants, from the HLA class I and II regions, exceeded 
GWS in this analysis (online supplementary figure S3).

The most significant association was with rs9268791 
(OR=2.363, p=4.10×10−19; table 1 and figure 1A), located in the 
intergenic region between HLA- DRA and HLA- DRB5 (the HLA 
class II region). For the HLA class I region, the top GWS signal was 
observed for rs3094178 (OR=2.139, p=1.97×10−8; table 1 and 
figure 1B), which is located 19 kb downstream of HLA- G. Outside 
the HLA region, a suggestive association (p<10−5) was observed 
at VEGFC (rs514410, OR=2.211, p=1.81×10−6; online supple-
mentary table S2, figure S4 and text).

We explored regulatory annotations for the GWS SNPs 
and variants in strong linkage disequilibrium (LD) with them 
(r2>0.8) using HaploReg6 and RegulomeDB,7 and 94 SNPs 
had a RegulomeDB score from 1a–1f to 2a–2c, suggesting 
that they are located in regulatory regions with maximum 
evidence (online supplementary table S3). Of them, the 
top SNPs in each region were rs3115628 (p=2.92×10−8; 
HLA class I) and rs9268832 (p=3.41×10−18; HLA class 
II). In addition, the expression quantitative trait loci anal-
yses suggested that rs9268832 was significantly associated 
with the expression of several genes (including HLA- DRB1, 
HLA- DRB6, HLA- DQA2 and HLA- DQB1; p<5×10−8) and 
that rs3115628 was significantly correlated with ZFP57 
and four HLA pseudogenes (p<5×10−8) in different types 
of tissues (online supplementary table S4).8 Further studies 
are required to clarify the mechanisms underlying these 
associations.

Previous GWAS of JIA on primarily European ancestry 
samples has also identified three GWS SNPs in the HLA 
region.9 10 However, none of them overlapped with the 
AOSD- associated markers identified in this study. Pair- wise 
LD analysis showed that these SNPs are in low LD (r2<0.1, 
online supplementary table S5). This finding suggests 
genetic heterogeneity in these diseases and across different 
populations.
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Figure 1 Regional association plots of the adult- onset Still's disease- 
associated HLA class I and II regions. (A) HLA class II region and (B) HLA 
class I region. Purple circles represent the most significantly associated 
single nucleotide polymorphisms (SNPs) (marker SNPs) in each region in 
the meta- analysis of discovery and replication. −log10p values (Y- axis) 
of the SNPs (within the regions spanning 500 kb on either side of the 
marker SNP) are presented according to the chromosomal positions of 
the SNPs (X- axis, hg19). SNPs are coloured according to their linkage 
disequilibrium (LD) with the marker SNP. The LD values were established 
based on the 1000 Genomes Asian (ASI) Data (March 2012). Estimated 
recombination rates with samples from the 1000 Genomes Project 
March 2012 release are shown as blue lines, and the genomic  
locations of genes within the regions of interest annotated from the 
University of California, Santa Cruz (UCSC) genome browser are shown 
as arrows.

In summary, we identified the first GWS risk loci and indi-
cated an important role for both HLA class I and II regions in 
the genetic architecture of AOSD using a genome- wide scan in 
a Chinese sample. Further replication studies of other popula-
tions are necessary to confirm our findings and to investigate the 
possible ancestral differences.
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Molecular typing of cryoglobulins by 
mass spectrometry

A cause of potentially devastating pathologies, cryoglobulins 
are immunoglobulin complexes that precipitate out of serum at 
temperatures lower than 37°C. They often arise secondary to 
underlying conditions, such as hepatitis infections, although may 
be idiopathic. Brouet et al1 classified cryoglobulins according to 
their immunoglobulin composition: type I (monoclonal), type II 
(mixed with monoclonal rheumatoid factor (RF)) and type III 
(mixed with polyclonal RF).

Detection of cryoglobulins has not changed in decades and 
as a multistep process, is fraught with problems and a lack of 
universal standardisation to preanalytic handling. Currently, 
electrophoresis and immunofixation methods are used to char-
acterise cryoglobulins. These techniques are unable to resolve 
and track specific clonotypes which can mutate and change 
pathogenicity over time.

Mass spectrometry (MS) may be used to molecularly type 
IgM RFs in cryoglobulins.2 Using an MS- based proteomic 

approach, we recently identified the immunoglobulin heavy 
chain variable region (IGHV) subfamilies and mutational 
profiles of cryoprecipitable IgM- RF in a group of primary 
Sjögren’s syndrome patients with mixed cryoglobulinemia, 
along with their clonotypic heavy chain complementarity- 
determining regions 3 (HCDR3) peptides.3 Subsequent quan-
titative proteomics, using the HCDR3 peptides as clonal 
barcodes, allowed identification and tracking of pathogenic 
RF clones in patients with type II mixed cryoglobulinemia 
before the onset of cutaneous vasculitis.

To illustrate the resolving power of MS molecular profiling 
across different types of cryoglobulins, we have sequenced the 
heavy chains of routinely collected serum cryoglobulins4 from 
three patients with type I (monoclonal), type II (mixed mono-
clonal RF) and type III (mixed polyclonal RF) cryoglobulin-
emia. In brief, cryoglobulin heavy chains were fractionated 
and sequenced from sodium dodecyl sulfate- polyacrylamide 
gel electrophoresis in- gel digests as described.3 IGHV subfam-
ilies and HCDR3 clonotypic peptides were subjected to anal-
yses by a Q Exactive HF- X mass spectrometer. Samples were 
profiled by de novo sequencing and ImMunoGeneTics data-
base matching (table 1). RF activity of the two mixed cryo-
globulins was confirmed by matching heavy chain sequences 
of heat- aggregated IgG RF pull- downs with cryoprecipitate 
sequences.3

Patient A presented with painful, cold- induced purpuric 
lesions and had a type I cryoglobulin. Sequencing of this cryo-
globulin confirmed monoclonality with an IGHV1-2 domi-
nant subfamily and an unusually long 32- amino acid HCDR3 
with hydrophobic residues that may contribute to its relative 
insolubility. This IGHV1-2 subfamily can be found in patients 
with chronic lymphocytic leukaemia,5 although the patient 
did not show evidence of this on peripheral blood flow 
cytometry. Of the patients with mixed cryoglobulinaemia, 
patient B has Sjögren’s syndrome with cutaneous vasculitis 
and no serological evidence of hepatitis C, while patient C 
has hypocomplementaemic urticarial vasculitis syndrome. 
Sequencing of their RFs confirmed monoclonality and poly-
clonality, respectively (table 1). We identified a common, 
dominant IGHV1-69 subfamily in these two patients, which 
has also been observed in several infectious and autoim-
mune diseases.6 A small IGHV3-7 subclone was observed in 
patient B undetectable by immunofixation, demonstrating 
the increased sensitivity of MS cryoglobulin typing beyond 
routine methods.

We, hence, provide a novel bedside- to- bench proteomic 
approach which may be used to resolve and track specific 
cryoglobulinemic clonotypes. This heavy- chain sequencing 
protocol can now type cryoglobulins in terms of their unique 
molecular barcodes, and can be extended to their light- chain 
signatures. While only a handful of cases have been analysed 
in this manner, accumulating a large number of cases has the 
potential to build an appropriate library to identify signatures 
which are associated with different risk profiles. This stream-
lined proteomic workflow is efficient and achievable within 
days after precipitation of cryoglobulins, and uses a mere 
0.2 µg of cryoprecipitate for sequencing. It offers a signifi-
cant advancement over established immunochemical testing 
in terms of cryoglobulin diagnosis and monitoring, and raises 
opportunities for new personalised therapeutics based on 
clonotypic signatures.
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Table 1 Clinical and proteomic profiles of patients with symptomatic cryoglobulinaemia

Patient A B C

Sex Male Female Female

Age (years) 59 53 47

Clinical presentation Cold- induced urticaria on a background of monoclonal 
gammopathy of undetermined significance

Primary Sjögren’s syndrome with cutaneous 
vasculitis

Hypocomplementemic urticarial 
vasculitis syndrome

Cryoglobulin type I II III

Cryoglobulin quantification 
(g/L)

4.6 0.80 0.90

Serum rheumatoid factor 
(IU/mL)
(<13)

<13 41 >650

C3 complement (g/L) 
(0.90–1.80)

0.67 0.89 0.99

C4 complement (g/L) 
(0.10–0.40)

0.04 0.05 0.04

Anti- dsDNA (IU/mL) (<8) <8 <8 8

Other autoantibodies (Nil) Anti- Ro60
Anti- Ro52/TRIM21

(Nil)

Analysed antibody IgG IgM rheumatoid factor IgM rheumatoid factor

IGHV subfamily IGHV1-2 IGHV1-69 IGHV1-69, 3-21 and 4-30

HCDR3 sequences ARELYCTGGGCFGPLRFDDYWGQGTLVTVSS AREGQFNDYGGNSLDYWGQGTLVTVSS ARDQAASCY
ARAPSGHYY
ARDLTAEAYF
AREGFGENAGQF
AREDKRDRPVSPY
ARAHCYHGF
ARDHCGSTSCSGEDYY
ARGLGDCSDAGNCY
ARHERADNYY

HCDR3, heavy chain complementarity- determining regions 3; IGHV, immunoglobulin heavy chain variable; TRIM21, tripartite motif- containing protein 21.
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Dysfunctional missense variant of OAT10/
SLC22A13 decreases gout risk and serum uric 
acid levels

Organic anion transporter 10 (OAT10), also known as 
SLC22A13, has hitherto been identified as a urate transporter 
by in vitro analyses.1 Despite the reported expression of OAT10 
on the apical membrane of the renal proximal tubular cells,1 the 
physiological impact of OAT10 on urate handling in humans 
remains to be elucidated. Accumulating evidence suggests that 
functional variants of already- characterised, physiologically 
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Table 1 Association analysis of OAT10/SLC22A13 variant, rs117371763 [Arg377Cys (R377C)], with gout susceptibility

Gout cases Controls

p value OR (95% CI)C/C C/T T/T MAF (%) C/C C/T T/T MAF (%)

Discovery phase 447 31 2 3.65 427 46 6 6.05 0.014 0.59 (0.38 to 0.90)

Replication phase 859 63 2 3.63 1900 203 5 5.02 0.015 0.71 (0.53 to 0.94)

Meta- analysis 7.8×10-4 0.67 (0.53 to 0.85)

In the meta- analysis, no apparent heterogeneity was observed (p value for Cochran's Q test=0.48, I2=0%).
MAF, minor allele frequency.

Figure 1 Effects of Arg377Cys (R377C) on the expression, plasma 
membrane localisation, and function of the organic anion transporter 
10 (OAT10) urate transporter transiently expressed in 293A cells. (A) 
(Upper) Immunoblot detection of OAT10/SLC22A13 protein in whole 
cell lysate samples. OAT10 fused with EGFP was detected by an anti- 
EGFP antibody. Arrowhead, matured OAT10 as a glycoprotein; arrow, 
non- glycosylated form of OAT10; α-tubulin, a loading control; (Lower) 
Relative protein levels of OAT10 wild- type (WT) and Arg377Cys 
(R377C) variant. Data are expressed as the mean±SD, n=3. N.S., not 
significantly different between groups (two sided t- test). (B) Confocal 
microscopic observation of cellular localisation. Nuclei were stained 
with TO- PRO-3 iodide (grey). Bars, 5 µm. (C) Functional analysis. 
OAT10- expressing 293A cells were incubated with 10 µM of [14C]-urate 
for 60 s, then the amount of urate incorporated into the cells was 
measured. Data are expressed as the mean±SD, n=7. **p<0.01 versus 
the other groups (Tukey- Kramer multiple- comparison test). All 
experiments were performed 48 hours after plasmid transfection. (D) 
Proposed physiological model of OAT10 in human kidney. OAT10 is 
expressed on the apical membrane of renal proximal tubules and 
mediates reabsorption of urate from urine to blood. Other previously 
characterised urate reabsorption transporters (URAT1/SLC22A12 and 
GLUT9/SLC2A9) and urate excretion transporters (BCRP/ABCG2 and 
NPT1/SLC17A1) are also described.

important urate transporters—URAT1/SLC22A12, GLUT9/
SLC2A9, BCRP/ABCG2 and NPT1/SLC17A1—affect serum 
uric acid (SUA) levels and susceptibility of gout,2–6 the most 
common form of inflammatory arthritis. However, there are 
no reports on the association between OAT10 gene and either 
hyperuricaemia or gout. Here, for the first time, we reveal that 
a dysfunctional variant of OAT10 decreases both gout risk and 
SUA levels, suggesting OAT10 to be physiologically involved in 
urate reabsorption in the human kidney, as described below.

To explore exonic variants in OAT10 potentially associated 
with gout susceptibility, we sequenced all exons of OAT10 in 480 
gout cases and 480 controls of Japanese male6 and conducted 
an association analysis (see online supplementary tables S1 and 
S2), followed by a replication study on 924 gout cases and 2113 
controls (see online supplementary figure S1). In two identified 
OAT10 variants with minor allele frequency (MAF) >0.5%, 
only rs117371763 (c.1129C>T; p.Arg377Cys [R377C]) was 
significantly associated with gout susceptibility after Bonfer-
roni correction (p=0.014). The significant association between 
rs117371763 and gout susceptibility was replicated, and 
our meta- analysis showed a significant protective effect of 
rs117371763 on gout susceptibility (OR=0.67; 95% CI 0.53 to 
0.85; pmeta=7.8×10-4) (table 1). In addition, a quantitative trait
locus analysis focusing on SUA levels in 3208 individuals (see 
online supplementary table S3) showed that the minor allele of 
rs117371763 significantly decreases SUA levels (β=–0.156 mg/
dL, 95% CI –0.295 to –0.018 mg/dL, p=0.027). Results were 
similar even after adjustment for age.

Furthermore, via a series of cell- based experiments, we iden-
tified the R377C variant as an almost null variant of OAT10 
(figure 1A–C). Immunoblotting and confocal microscopic 
observations showed the R377C variant to have little effect 
on OAT10 protein levels (figure 1A) or its cellular localisation 
(figure 1B). Cell- based urate transport assay demonstrated that, 
consistent with a previous report,1 OAT10 wild- type can trans-
port urate (figure 1C); however, the urate transport activity of 
R377C variant- expressing cells was close to that of mock cells, 
demonstrating that this variant disrupts OAT10’s function as a 
urate transporter. As it is conserved across different species (see 
online supplementary figure S2), R377 may be important for 
OAT10 function.

Considering the following three points, we conclude that 
OAT10 is a urate reabsorption transporter on the apical side of 
the renal proximal tubular cells (figure 1D). First, the R377C 
variant of OAT10 was almost null as a urate transporter 
(figure 1C). Second, this dysfunctional variant decreased SUA 
levels (see online supplementary table S3), suggesting that func-
tional OAT10 is physiologically involved in a supply route of 
urate into the blood. Third, like URAT1/SLC22A12, which plays 
a pivotal role in urate transport from urine to the blood,2 OAT10 
is reportedly expressed in the brush border membranes of the 
renal epithelium,1 therefore making it a potential target for 
urate- lowering therapy like URAT1. Although rs117371763 of 

OAT10 is common in Japanese (see online supplementary table 
S2), this variant is rare in other populations, including European 
Caucasians (see online supplementary table S4). Such popula-
tions, in which most people have functional OAT10, may offer a 
greater potential for OAT10 as a drug target for the treatment of 
gout/hyperuricaemia. Our findings will contribute to uncovering 
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the physiological role of OAT10 as a renal urate reabsorber and 
its pathophysiological importance in urate- related disorders such 
as gout/hyperuricaemia.
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Imputation- based analysis of MICA alleles in 
the susceptibility to ankylosing spondylitis

A recent study has raised new questions about the independent 
association of MICA alleles with ankylosing spondylitis (AS).1 
This letter highlights some important issues to be discussed in 
response to this article.

The authors used imputation to genotype MICA and HLA- 
B27 in patients with AS and controls of European ancestry. 
The results appeared discordant with the previous report that 
showed a strong and human leukocyte antigen (HLA)- B27 inde-
pendent association between MICA*007:01 and AS in US and 
Chinese cohorts.2 A common finding was a significant high 
rate of MICA*007 in patient with AS. The debate is whether 
this observation is coming from linkage disequilibrium effect 
of HLA- B27. Although a trend was seen with an association of 
MICA*007 and AS in 1669 HLA- B27 negative AS cases and, 
12 263 controls, it marginally lacked statistical significance 
(OR=1.32, p=0.07). However, it is noted that the experimental 
designs were different in two studies. The earlier study applied 
the sequencing genotyping of MICA gene and examined the asso-
ciation in two distinct ethnic populations of US Caucasian and 
Chinese Han. The latter reported with imputation of genome- 
wide association study (GWAS) data of European ancestry where 
the imputation conditions were established in largely Canadian 
patients (which may differ from the heterogeneous US popula-
tion reported in the earlier study), and no association of imputed 
MICA alleles and actual MICA typing has been established in 
Chinese patients and controls. Considering the expense and 
expertise required to sequence and genotype HLA region genes, 
imputation of HLA region genotypes may be a more plausible 
approach as such imputation conditions are established in other 
populations. However, it is not accurate enough for replace-
ment of sequencing genotyping in critical conditions, such as 
clinical practice.3 4 It is also worth mentioning that the impu-
tation provided only 3- digit (MICA*007), but 5- digit genotype 
(MICA*007:01) by the sequencing. In this case, the discordant 
report warrants further confirmation with a sequencing geno-
typing approach. It is important to emphasise that MICA is a 
critical ligand for NKG2D that is expressed on the surface of 
NK, NKT, CD8+ and TCRγδ+ T cells. Significantly increased 
frequencies of specific MICA alleles as well as aberrant MICA 
and NKG2D signalling have been reported in various rheumatic 
diseases. Allelic variants of MICA at position 129 and geno-
type MICA*007 may result in variable affinities to NKG2D5 

and imbalance between membrane- bound and soluble MICA,6 
respectively, which determine the activity of NKG2D and subse-
quently immune activation. Therefore, the common finding of 
significantly increased MICA*007 in AS should not be neglected 
for its functional importance in pathogenesis of AS, a chronic 
inflammatory disease.
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Response to: Imputation- based analysis of 
MICA alleles in the susceptibility to ankylosing 
spondylitis by Zhou et al

To the Editor,
As Zhou and Reveille note,1 MICA is a functionally enticing 

candidate gene for ankylosingspondylitis (AS). It is however 
challenging to study because of the technical difficulty of direct 
genotyping studies of the locus, its proximity and strong linkage 
disequilibrium with HLA- B, and the fact that it is subject to 
major population stratification effects. We recently performed 
an association study of common MICA alleles with AS suscep-
tibility and observed no evidence of association in either HLA- 
B*27 positive or negative stratified analyses.2 In this study, we 
used individuals of European ancestry from the International 
Genetics of Ankylosing Spondylitis (IGAS) cohort, including 
9429 AS cases and 13 459 population controls. We have previ-
ously demonstrated the value of imputation to characterise the 
association of genetic variation to AS susceptibility in the major 
histocompatibility complex (MHC)3 and these findings have 
been replicated with cohorts of different ancestry and through 
direct genotyping,4 confirming the accuracy of HLA imputation 
studies. Validation of MICA allele imputation was performed in 
a smaller sample set and we observed 100% imputation accu-
racy. Our analysis demonstrated strong linkage disequilibrium 
between HLA- B*27 and MICA*007 in the IGAS cohort, in both 
cases and controls, and in the reference panel cohort used for 
MICA allele imputation.5 This observation was consistent with 
other studies.6 No evidence of association was observed when 
considering higher resolution of MICA allele imputation; in 
particular, for the five- digit MICA*007:01 allele we observed 
no association after controlling for the effect of HLA- B*27 
(p=0.225). These observations indicate that neither imputation 
error nor resolution is likely to be the explanation for the differ-
ence in findings. In contrast to the study by Zhou et al where 
population structure was neither assessed nor controlled for, in 
our study population structure was controlled through principal 
components analysis of genome- wide single nucleotide polymor-
phism data, as previously described.78 Given that the MHC in 
which both HLA- B and MICA are encoded is subject to major 
variation related to ethnic variation among subjects, even those 
matched broadly by ancestry such among Chinese or North 
Americans, this is one potential explanation for the difference 
in results. HLA or MICA genotyping issues are other potential 
explanations. Further studies to address these potential sources 
of error would be indicated prior to assigning any functional role 
to MICA allelic variants in AS.
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ANA testing in ‘real life’

The recent article by Pisetsky et al1 showing data derived from 
a comparison of different antinuclear antibody (ANA) assays in a 
cohort of patients with established systemic lupus erythematosus 
highlighted the critical issue of ANA detection. With great interest, 
we read the correspondence by van Hoovels et al2 describing varia-
tion in ANA detection by automated indirect immunofluorescence 
(IIF) analysis and the following letter from Mahler and Auza on the 
strong need for ANA testing standardisation.3 Nowadays, the IIF 
on human epithelial cells (HEp-2) is considered the gold standard 
for ANA testing, but biological and non- biological issues limiting 
the IIF test are not currently adequately clarified in study litera-
ture.4 5 In fact, despite the fact that the IIF method on HEp-2 cells 
has existed for about 40 years, there are little data on this topic, 
and studies are mainly focused on selected patient groups, rather 
than samples from ‘real life’ routine laboratory work. This bias 
could influence recommendations and have important clinical and 
diagnostic implications. Indeed, an improper clinical interpreta-
tion of the test can lead to a misdiagnosis, inappropriate therapies 
and unnecessary costs. Given the cost of a single ANA testing and 
the direct/indirect cost of an incorrect systemic rheumatic diseases 
diagnosis, the cost–benefit clearly weights the balance in favour of 
the test. Real- life laboratory work emphasises how important it is 
that international scientific guidelines/recommendations take the 
IIF interobserver and intraobserver reading variability into consid-
eration. For the same reason, we find inappropriate and outdated 
comparing IIF sensitivity with solid phase assays (SPAs) regardless 
of IIF ANA testing interobserver variability evaluation.6 Recently, 
we conducted a large multicentre evaluation of the interobserver 
reading variability on 556 consecutive samples, for a total of 
1679 images, collected in three laboratories with IIF expertise, 
using HEp-2 cell substrate at 1:80 screening dilution.7 Data have 
revealed a pairwise agreement little further away than substantial 
both for fluorescence intensity and for staining pattern recognition 
(k=0.602 and k=0.627, respectively). Moreover, since the readers 
involved in our study were very experienced in the field, the data 
presented may not represent a typical laboratory scenario.

Two additional critical issues concern the ANA cytoplasmic 
reporting and the IIF borderline zone (ranging from 1:80 to 
1:160 titre). On one hand, there is no consensus as to whether 
cytoplasmic pattern is to be considered ANA positive or nega-
tive, which worsens the ANA variability problem. On the other 
hand, the weak positive samples carry most of the variability and 
are rarely represented in study literature; specifically, our study 
showed a poor specific agreement (k=0.430). The poor agreement 
on weak positive samples may impact the evaluation of computer- 
aided diagnosis (CAD) system application in the analysis of positive/
negative screening. In light of this, the use of a CAD system may 
strongly help to overcome most of the IIF drawbacks and should 
be considered a reliable standardisation tool that could reduce 
interlaboratory variability.8 Additionally, it may help to reduce the 
nomenclature discrepancies between laboratories when describing 
IIF patterns, and it can represent an objective criterion for a titer 
assignment. Despite the research and industrial efforts directed 
towards the development of CAD systems in IIF, the performances 
observed during routine laboratory use are not fully satisfac-
tory. We therefore deem that their use as second readers should 
be encouraged, but meanwhile firm and independent assessment 
is needed. Under real- life conditions, the double- blind reading 
method is not wholly respected today and the CAD system could 
represent a tool that supports laboratories but is increasingly wide-
spread with no scientific recommendation ad hoc. Furthermore, 

we want to underline that even if the International Consensus on 
ANA Patterns have recommended a screening dilution of 1:160 for 
ANA testing,9 in real life many laboratories still continue working 
at 1:80 dilution because we know how difficult it is for both clini-
cians and laboratorists to accept and effectively integrate changes 
in this field. Additionally, most of the important current studies 
on cost- effectiveness of ANA with SPAs or ANA with CTD screen 
are done considering an ANA screening titre of 1:80, and should 
be reconsidered after the 1:160 ANA titre calculation to make the 
studies’ messages current. We thank the authors for opening the 
discussion and hope that future projects with specific and proper 
study designs will help scientific guidelines work in harmony with 
real- life laboratories.
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Response to: ‘ANA testing in “real life”’ by 
Infantino et al

We thank Dr Infantino and colleagues for their comments1 on 
our paper on assay variability in antinuclear antibody (ANA) 
testing by indirect immunofluorescence (IIF)2 and subsequent 
communications that have been published in the journal.3–7 We 
agree with their observations on assay variability as well as the 
potential role of computer- aided diagnosis in improving IIF 
determinations. The issue of titre is also important, although 
changing the threshold from 1:80 to 1:160, while reducing the 
frequency of false- positive results (ie, results from otherwise 
healthy subjects), will also likely decrease the frequency of posi-
tive results for patients with systemic lupus erythematosus (SLE), 
impacting on classification and diagnosis.

We think that the discussion of our paper has been important 
in highlighting the limitations of ANA testing in SLE, especially 
in the setting of clinical trials for ‘active, autoantibody positive 
disease’. These limitations may also affect the utilisation of the 
newly proposed classification criteria for SLE; these criteria 
require a positive ANA by human epithelial type 2 cell IIF 
before a person can be further considered for classification.8 In 
this regard, it is important to consider the experience of ‘real 
life testing’ by hospital or commercial laboratories as opposed 
to research studies in which experts make IIF determinations. 
Thus, while IIF testing has been considered the gold standard 
for ANA determinations, current approaches have notable 
variation that may relate to the performance characteristics of 
kits as well as the subjective nature of these determinations, 
especially with sera with low titre.

In view of the importance of ANA testing for both research 
and routine clinical care, we look forward to further dialogue 
on this subject as well as the development and validation of 
new analytic platforms for ANA determinations in SLE as well 
as related rheumatic diseases.
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Harmonisation of laboratory tests for rheumatic 
diseases: still a long way to go

Antinuclear antibodies (ANAs), antineutrophil cytoplasmic 
antibodies (ANCAs), rheumatoid factor (RF) and antibodies to 
citrullinated peptides (ACPA) are widely used laboratory markers 
to support the diagnosis of ANA- associated systemic rheumatic 
diseases, ANCA- associated vasculitis and rheumatoid arthritis. 
Despite the fact that these tests are broadly used, they all suffer 
from a lack of harmonisation.

Pisetsky et al1 recently reported on assay variation in the detec-
tion of ANAs in the sera of patients with established systemic 
lupus erythematosus. Differences in ANA reactivity were found 
between different indirect immunofluorescence (IIF) methods 
and between IIF and immunoassays. Infantino et al2 further 
stressed (1) that such variation holds for fluorescence intensity 
and for pattern recognition, and (2) that there is no consensus on 
the IIF cut- off and on whether anticytoplasmic antibodies should 
be considered ANA. Variation in ANA detection by IIF holds for 
manual methods and for automated or computer- assisted diag-
nostic systems.3 4 Largely, there is increasing awareness that there 
is variation in ANA detection by IIF and that such variation may 
affect diagnostic/clinical evaluation, entry in clinical trials or 
prescription of therapeutic agents.5 Variation in ANA detection 
is not limited to IIF but has also been reported in the detection 
of antigen- specific antibodies by dot/line blot assays.6

ANCA detection by IIF also suffers from variation.7–9 As vari-
ation was less pronounced for proteinase-3 (PR3)- ANCA and 
myeloperoxidase (MPO)- ANCA by immunoassay, a revised 
2017 international consensus on testing of ANCAs in granu-
lomatosis with polyangiitis (GPA) and microscopic polyangiitis 
(MPA) proposed that high- quality immunoassays can be used as 
the primary screening method for patients suspected of having 
the ANCA- associated vasculitides GPA and MPA without the 
categorical need for IIF.10 Even though the overall performance 
of immunoassays for PR3- ANCA and MPO- ANCA is compa-
rable (similar areas under the receiver operating characteristic 
curve),11 the assays do not give comparable ANCA values.12 The 
use of a reference material could improve comparability of test 
results for assays that correlate well, which, however, is not the 
case for all assays.12

Finally, poor harmonisation of RF and ACPA assays and of 
test result interpretation has recently also been reported.13 14 
For RF there is poor numerical agreement between the assays 
even though a common reference material is used.13 Moreover, 
manufacturer- specific cut- off values are not aligned between the 
different assays, resulting in variation in sensitivity and speci-
ficity between the assays.13 Such variation has clinical conse-
quences as a fraction of patients will or will not be classified as 
RA (according to the 2010 American College of Rheumatolo-
gy/European League Against Rheumatism criteria) depending on 
the assay used.

Taken together, there is variation in most of the assays that 
are currently widely used to support the diagnosis of rheumatic 
disorders. Such variation is not limited to IIF but is also observed 
with other technologies. Laboratory professionals, clinicians and 
the diagnostic industry should closely collaborate in order to 
better harmonise the laboratory diagnostic process.15 16
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Antinuclear autoantibodies: discordance among 
four different assays

Detection of antinuclear antibodies (ANAs) is of paramount 
importance for diagnosis and assessment of autoimmune 
diseases (ADs), but may vary depending on the method used. 
Therefore, we aimed to compare three different line immunoas-
says (LIAs) for ANAs testing in order to simultaneously evaluate 
their concordance with the results obtained by a well known and 
widely used ELISA. Sera from women with established systemic 
lupus erythematosus (SLE, n=62) and Sjogren’s syndrome (SS, 
n=28) were examined. Patients with SLE had an average age of 
48.7 years (IQR 36.8–57.0) with a disease duration of 14.8 years 
(IQR 9.0–18.0). Patients with SS had an average age of 62.1 
years (IQR 55.5–71.0) with a duration of disease of 13.1 years 
(IQR 8.3–17).

Table 1 shows the results from the two- by- two comparison for 
the four techniques. Different levels of agreement were observed 
among the assays. In general, they were deficient. The analysis 
showed only one ‘strong’ level of agreement between ELISA 
and IMTEC- ANA- LIA Maxx for anti- Ro measurement. Out 
of 39 comparisons, 14 did not present any level of agreement, 
12 presented a weak agreement and only four had a moderate 
degree of agreement. ImmcoStripe ANA Advanced LIA was the 
most discordant technique, showing no level of agreement for 
10 out of 21 comparisons performed. The best agreement was 
between ELISA and IMTEC- ANA- LIA Maxx, with Kappa values 
above 0.379.

Differences in the substrates and autoantibodies affinity 
may account for the poor agreement. In patients with SLE, a 
great discrepancy was observed for anti- Sm frequency which 
diverged from 6.5% to 24.2% (figure 1, p value<0.01). Anti-
gens used for anti- Sm detection are of different nature in each 
assay, accounting for such discordance. ELISA uses a native 
protein extracted from calf, whereas IMTEC- ANA- LIA Maxx 
uses a synthetic peptide from protein D1; ANA- Profile 23 uses 
a human extraction enriched with protein D1, and ImmcoStripe 
ANA Advanced LIA employs a recombinant protein from Esch-
erichia coli. These antigens are all extracted from different 
sources; thus, they might differ in their post- translational modi-
fication, their conformational state and even in their amino acid 
sequences.

Anti- Ro detection was the most convergent antibody among 
the four assays, presenting a strong agreement between ELISA 
and IMTEC- ANA- LIA Maxx. Even though the target antigen 
employed in these two assays is different, the agreement was 
more than 90%. Indeed, ELISA has a native Ro antigen with 
both proteins Ro52 and Ro60 combined, whereas IMTEC- 
ANA- LIA Maxx has the purified native Ro60 in one band and a 
recombinant Ro52 in another one. Among the other assays for 
Ro detection, agreement was variable with percentages higher 
than 63%, regardless of the antigen employed.

Discordances have already been described when comparing 
other autoantibodies testing methodologies, such as ANAs 
screening by indirect immunofluorescence assay through 
different kits or among different laboratories1 2 ; ELISAS versus 
LIAs3 and LIAs from three different manufactures.4 5 In our 
study, the confirmation performed for anti- dsDNA antibodies 
by Crithidia luciliae indirect immunofluorescence test (CLIIFT) 
resulted disappointing, since the level of agreement between the 
four assays and the ‘gold standard’ technique did not surpass the 
‘minimal’ level. In fact, out of 22 sera positive for anti- dsDNA by 
ELISA, only seven were positive by CLIIFT, confirming ELISA 

as highly sensitive but less specific than CLIIFT.6 As mentioned, 
different populations of anti- DNA antibodies due to affinities 
of the targeted antibodies for dsDNA and substrate differences 
account for such discrepancies.

Correspondence

Table 1 Cohen’s kappa- test comparison among four methods for 
ANAs detection

Autoantibody* 
Observed
agreements (%) Kappa value† 95% CI

Level of 
agreement‡

Comparison of ELISA versus ANA- LIA Maxx 

dsDNA 68.57 0.427 0.285 to 0.568 Weak

Ro 91.11 0.833 0.730 to 0.937 Strong

La 93.15 0.688 0.448 to 0.928 Moderate

Sm 81.43 0.476 0.238 to 0.713 Weak

RNP 69.57 0.379 0.193 to 0.565 Minimal

Comparison of ELISA versus ANA- Profile 23

dsDNA 57.78 0.150 −0.040 to 0.340 None

Ro 86.67 0.740 0.606 to 0.873 Moderate

La 88.89 0.621 0.420 to 0.821 Moderate

Sm 92.22 0.500 0.189 to 0.811 Weak

RNP 82.02 0.489 0.294 to 0.684 Weak

Comparison of ELISA versus ImmcoStripe ANA Advanced LIA

dsDNA 56.67 0.196 0.019 to 0.372 None

Ro 70.00 0.412 0.230 to 0.593 Weak

La 78.89 0.495 0.310 to 0.679 Weak

Sm 88.89 0.589 0.368 to 0.810 Weak

RNP 51.11 0.153 −0.001 to 0.307 None

Comparison of ANA- LIA Maxx versus ANA- Profile 23

dsDNA 61.11 0.222 0.042 to 0.402 Minimal

Ro 83.33 0.696 0.567 to 0.827 Moderate

La 83.33 0.508 0.313 to 0.703 Weak

Sm 82.22 0.279 0.050 to 0.508 Minimal

RNP 78.89 0.323 0.098 to 0.548 Minimal

Nucleosome 77.78 0.138 −0.092 to 0.368 None

Histone 84.44 0.197 −0.051 to 0.445 None

Mi-2 83.33 0.051 −0.166 to 0.2.68 None

Comparison of ANA- LIA Maxx versus ImmcoStripe ANA Advanced LIA

dsDNA 60.00 0.280 0.121 to 0.439 Minimal

Ro 66.67 0.377 0.207 to 0.546 Minimal

La 74.44 0.431 0.254 to 0.607 Weak

Sm 81.11 0.441 0.225 to 0.695 Weak

RNP 50.00 0.177 0.054 to 0.30 None

Nucleosome 33.33 0.060 −0.002 to 0.122 None

Histone 68.89 0.275 0.122 to 0.427 Minimal

Mi-2 70.00 0.140 −0.021 to 0.30 None

Comparison of Ana- Profile23 versus ImmcoStripe ANA Advanced LIA

dsDNA 53.33 0.160 −0.012 to 0.33 None

Ro 70.00 0.430 0.260 to 0.601 Weak

La 76.67 0.403 0.224 to 0.583 Weak

Sm 83.33 0.296 0.058 to 0.534 Minimal

RNP 38.99 0.000 −0.089 to 0.089 None

Nucleosome 33.33 0.025 −0.057 to 0.107 None

Histone 63.33 0.097 −0.031 to 0.225 None

Mi-2 63.33 0.030 −0.150 to 0.089 None

*The following autoantibodies were evaluated by ELISA commercially obtained from Inova 
Diagnostics, San Diego, California, USA: anti- dsDNA, anti- RNP, anti- Ro, anti- La, and anti- Sm. ELISAs 
were performed as specified by the manufacturer and included both positive and negative controls 
assayed in parallel. Simultaneously, sera were assessed by three line immunoassays from different 
biotechnology companies: IMTEC- ANA- LIA Maxx (Human diagnostics, Magdeburg Germany), ANA- 
Profile 23 (Euroimmune, Luebeck, Germany) and ImmcoStripe ANA Advanced LIA (Trinity Biotech, Bray, 
Co. Wicklow, Ireland).
†The interassay agreement was assessed by the Cohen’s Kappa test implemented in Graph Pad 
calculator (https://www.graphpad.com/quickcalcs/kappa1.cfm).
‡Interpretation of the values was done as suggested by McHugh.7

dsDNA: double- strand DNA; RNP: ribonucleoprotein; Sm: Smith.
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Due to the huge heterogeneity in the results, further efforts 
to standardise autoantibodies detection techniques need to be 
performed, emphasising in homogenisation of the antigens 
preparation allowing reproducibility of both population of 
patients and at individual patient level.
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Response to: “Antinuclear autoantibodies: 
discordance among four different assays” by 
Pacheco et al

We thank Dr Pacheco and colleagues for their comments1 on 
our article2 on the variation of testing for antinuclear antibodies 
(ANA) by indirect immunofluorescence (IIF) in the context 
of systemic lupus erythematosus (SLE). Along with findings 
described in other letters,3–8 the observations by Pacheco and 
colleagues on three different line immunoassays (LIA) and an 
ELISA indicate that, as in the case of other technologies, LIAs 
can show considerable discordance among different kits that are 
currently available. This study also shows that results by LIA can 
differ from those obtained by an ELISA.

Differences among ANA tests can have a variety of causes 
including assay conditions as well as the origin and biochemical 
properties of test antigens. Thus, for proteins, antigens may be a 
preparation purified from tissue, a cloned product or a peptide 
sequence. Perhaps, not surprisingly, testing with these different 
antigen preparations may produce divergent results. While the 
full explanation for differences among assay formats and tests is 
uncertain, positing that an assay approach (ie, the IIF) is the gold 
standard may not be fully supported by the data.

In view of our results and those of others, we believe that ANA 
testing needs to be re- evaluated in terms of emerging technolo-
gies as well as the reasons for which testing is now performed. 
Importantly, ANA positivity is now viewed as a necessary crite-
rion for the classification of a patient with SLE; it is also increas-
ingly used as a criterion for entry into clinical trials for patients 
with ‘active, autoantibody positive’ SLE. For these purposes, test 
variation can have a profound impact. The implications for sero-
logical testing for clinical research are also great since efforts to 
associate specific ANAs with clinical manifestations (eg, anti- Ro 
and neonatal lupus) or immunological features (eg, antibodies 
to RNA binding proteins and the interferon signature) will be 
impacted by testing variation.

We believe that greater standardisation and harmonisation of 
testing are critical and may perhaps require new study designs 
for assay validation to accord better with current uses for testing. 
For example, the presence of ANA positivity at the time of lupus 
diagnosis may differ from that during established disease when 
changes in ANA expression may occur because of effects of 
treatment as well as evolution of the immunological profile over 
time. As such, test validation may need to include samples from 
patients with varying disease duration, severity and treatment 
history, preferably associated with well- annotated clinical data. 
It is also important to consider differences in ‘real world’ testing 
with that in the research setting. In the research setting, experts 
or otherwise highly experienced laboratory personnel may 
conduct the testing by IIF. Such individuals may be more adept at 
recognising different staining patterns or low positive responses 
than individuals working in clinical or commercial laboratories.

ANA testing has moved from an important focus of funda-
mental research into the world of routine clinical testing with 

sometimes an inadequate appreciation of the vagaries of these 
assays and the type of variation that can occur. We think that the 
responses to our paper that have been published in the journal 
have been important in revealing problems in current serological 
testing and the urgent need to find real world solutions.
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Biomarkers: to be or not to be

We read with great interest the article by van den Hoogen  
et al1 describing galectin-9 (Gal-9) as a novel, easy- to- measure 
biomarker for the interferon (IFN) signature in systemic lupus 
erythematosus (SLE) and antiphospholipid syndrome (APS). We 
support the views expressed by the authors that IFN signature 
is an important biomarker in disease activity in SLE and there 
is certainly a need for easier to measure biomarkers for IFN 
signature, but to suggest that Gal-9 could aid in clinical deci-
sion making in steering anti- IFN therapy seems premature. We 
know that the common method to measure type I IFN activity 
is based on standardised expression levels of selected IFN stim-
ulated genes—through an IFN score. One should keep in mind 
that it is an indirect measurement to show the type I IFN activity 
and is most likely to be the less sensitive method for capturing 
the change in type I IFNs. The direct quantification could be 
challenging, but recent progress using digital ELISA to capture 
IFN-α at attomolar concentrations is much promising.2

Gal-9 is a member of tandem repeat galectins, and it plays 
important regulatory roles in autoimmune diseases including 
SLE. Interestingly, Gal-9 inhibits the toll- like receptors 
(TLR)7/9- induced IFN production by plasmacytoid dendritic 
cells, suggesting that Gal-9 executes a negative feedback signal 
in SLE.3 Multiple non- immune and immune effector cells consti-
tutively express galectins, and liver is one of the main sites where 
Gal-9 is highly expressed. Thus, patients with hepatitis B or C 
as well as other inflammatory liver disease have higher plasma 
levels of Gal-9 as compared with healthy individuals.4 Recent 
reports also indicate that under inflammatory conditions like 
cytomegalovirus or HIV infection, peripheral blood mononu-
clear cells and mesenchymal stromal cells increase its expres-
sion.5 Therefore, one wonders how reliable of a diagnostic or 
monitoring biomarker would Gal-9 be, for example, in differen-
tiating an SLE flare from an infection. The design of the study 
lacks in detecting any changes in disease activity or relation to 
clinical manifestations, but shows an association between four 
IFN stimulated genes and Gal-9. The authors hasten to conclude 
that Gal-9 is a biomarker for disease activity without showing 
changes of Gal-9 levels in active/inactive states of a particular 
patient within a longitudinal study (figure 1). In addition, the 
authors neglected to mention any difference related to age, 
disease duration or ethnicity, which are known effectors of 
IFN-α expression.6 We therefore suggest that Gal-9 is further 

investigated in SLE and other inflammatory diseases, before this 
protein is applied as a biomarker for the IFN signature in SLE 
and APS.
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Galectin-9 reflects the interferon signature and 
correlates with disease activity in systemic 
autoimmune diseases. Response to: ‘Biomarkers: 
to be or not to be’ by Yavuz and Rönnblom

With much interest, we read the comments1 of our colleagues 
Yavuz and Rönnblom regarding our manuscript on galectin-9 
as an easy to measure biomarker to detect the interferon (IFN) 
signature in patients with systemic lupus erythematosus (SLE) 
and antiphospholipid syndrome (APS).2 We thank them for 
their interest in our manuscript and their shared interest in 
the importance of the IFN signature in SLE and the subse-
quent need for more easily applicable markers to detect IFN 
activity. In the paper, we reported independently replicated 
correlations of galectin-9 with the IFN signature in patients 
with SLE and APS. The aim of our manuscript was to identify 
more easy to measure markers to detect the IFN signature. 
Besides serving as a marker for the IFN signature, we found 
that galectin-9 was elevated in patients with SLE and APS and 
correlated with signs of disease activity including SLEDAI.

We agree with the authors that the use of galectin-9 as a 
marker for IFN activity needs further confirmation before 
clinical implementation, and studies in which longitudinal 
samples and patients with different ethnic backgrounds are 
tested are among the next steps. Other candidates include the 
direct measurement of IFNs by digital ELISA,3 although these 
may only capture one subtype of IFN at a time.2 As galectin-9 
expression is induced by IFNs, galectin-9 is elevated in several 
(viral) infectious diseases and, similar to the IFN signature, 
may not be helpful in distinguishing (viral) infections from 
SLE disease activity, as discussed by Yavuz and Rönnblom.

Additionally, the authors mention a protective effect of 
galectin-9 administration in murine models of SLE. Indeed, 
recent studies in lupus- like animal models support a role for 
galectin-9 in the pathogenesis of SLE.4 5 Its effects in these 
animal models however are ‘perplexing’,6 as the effects of a 
LGALS9 knock- out in pristane- induced lupus has opposite 
effects compared with galectin-9 administration in BXSB/MpJ 
and NZB/W F1 mice.4–6 Importantly, until our recent study, no 
data were available on galectin-9 levels in patients with SLE. 
Therefore, further studies to investigate the pathophysiological 

role of galectin-9 and studies in human patients with SLE are 
certainly relevant.

Besides SLE and APS,7 8 the IFN signature is present in several 
systemic autoimmune diseases including primary Sjögren’s 
syndrome (pSS), systemic sclerosis and (juvenile) dermatomy-
ositis (JDM).9–11 In this regard, elevated levels of galectin-9 
have also been reported in patients with JDM, correlating with 
treatment- induced changes in disease activity in longitudinal 
samples.12 In addition, we found elevated levels of galectin-9 
in patients with pSS as compared with patients with non- 
Sjögren sicca, correlating with disease activity as assessed by 
ESSDAI (EULAR Sjögren’s Syndrome Disease Activity Index) 
and serum IgG levels (figure 1). Notably, in a randomised 
placebo- controlled trial in patients with pSS,13 we observed 
that successful disease inhibition by leflunomide/hydroxy-
chloroquine combination therapy was associated with down-
regulation of galectin-9 levels (compared with no change in 
the placebo group) and changes in galectin-9 levels paralleled 
changes in markers of IFN activity, B- cell hyperactivity and 
disease activity (ESSDAI/ESSPRI) (manuscript in preparation). 
Therefore, serum levels of galectin-9 are a promising marker 
to assess the IFN signature and correlate with changes in 
disease activity in patients with different autoimmune diseases.
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Figure 1 Increased circulating levels of galectin-9 in patients with pSS are associated with disease activity and serum IgG. Galectin-9 levels were 
measured in the serum of HC (n=14), patients with nSS (n=13) and patients with pSS (n=46) by Luminex multianalyte measurements. Patients with 
pSS had clearly increased circulating levels of Gal-9 compared with nSS and HC donors (A). In patients with pSS, serum Gal-9 levels correlated with 
ESSDAI and serum IgG (B). Differences between the groups were assessed using Kruskal- Wallis test with posthoc Dunn’s multiple comparisons test, 
correlations were assessed using Spearman’s correlation coefficient. ESSDAI, EULAR Sjögren’s Syndrome Disease Activity Index; HC, healthy controls; 
nSS, non- Sjögren’s sicca; pSS, primary Sjögren’s syndrome.
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Prolonged treatment with Tadekinig alfa in 
adult- onset Still’s disease

Adult- onset Still’s disease (AOSD) is a rare systemic autoin-
flammatory disease, the treatment of which is still not well 
defined. Biological disease modifying antirheumatic drugs 
(bDMARDs), including interleukin (IL)-1 and IL-6 antago-
nists are used empirically in patients refractory to conven-
tional DMARDs.1 This 12- week open- label clinical trial with 
Tadekinig (recombinant IL-18 binding protein, IL- 18BP) 
showed promising results.2 Herein, we report two patients 
with AOSD treated successfully with Tadekinig during 
several months.

Case 1. A 50- year- old patient was diagnosed with AOSD 
in August 2014 when presenting with arthritis, recurrent 
fever episodes, sore throat and skin rash. C reactive protein 
(CRP, 22.9 mg/dL) and ferritin (3568 ng/mL) levels were 
markedly elevated. Since the initial treatment with predniso-
lone starting with 100 mg/day and oral methotrexate (MTX) 
15 mg/week was insufficient, anakinra was started with 100 
mg sc/day and MTX dose was augmented to 25 mg sc/week. 
High disease activity persisted and prednisolone tapering 
below 15 mg/day was impossible. As a side effect of the long- 
term high- dose prednisolone therapy, the patient developed 
a type 2 diabetes. In June 2015, the patient was recruited 
in a clinical trial to receive Tadekinig 80 mg sc three times 
weekly, which was subsequently increased to 160 mg three 
times weekly. The patient experienced a rapid decrease of 
disease activity accompanied by a marked decrease of CRP 
levels to 0.3–1.0 mg/dL (normal:<0.5 mg/dL), and ferritin 

between 300 and 450 ng/mL (normal:<400 ng/mL). No side 
effects, except for one upper airway infection, occurred. The 
daily dose of prednisolone decreased to 8.75 mg/day at the 
end of the study in November 2015. After completing the 
trial, Tadekinig was provided by the company as compas-
sionate use for the patient until May 2017. During this time, 
AOSD was in sustained clinical remission and the predniso-
lone dose could be tapered to <5 mg/day. Since May 2017, 
the patient receives MTX (25 mg sc/week) in combination 
with prednisone 4.5 mg/day. and is in clinical remission up 
to July 2018.

Case 2. A 49- year- old obese patient with a history of type 
2 diabetes was diagnosed with AOSD in April 2015 when 
presenting with arthritis, fever, sore throat and skin rash. The 
serum levels of CRP (114 mg/dL) and ferritin (9653 ng/mL) 
were elevated. Prednisone starting at 60 mg/day in combi-
nation with MTX 15 mg sc/week was insufficient to control 
his condition. In July 2016, Tadekinig 160 mg sc three times 
weekly was started in combination with prednisone 20 mg/
day and MTX 15 mg sc/week. Elevated serum levels of free 
IL-18 during the course of AOSD decreased to almost unde-
tectable levels 2 hours after the first Tadekinig injection and 
remained low up to 48 hours thereafter (figure 1A). The 
clinical manifestations as well as the laboratory test abnor-
malities (figure 1B) resolved rapidly. The clinical response 
was maintained but prednisone could not be tapered below 5 
mg/day. In May 2017, due to limited drug availability, Tade-
kinig had to be discontinued and was replaced by canaki-
numab 150 mg sc/month. The patient experienced disease 
flares at each attempt to taper prednisone dosage. Currently, 
his disease is controlled with a combination of canakinumab, 
leflunomide and prednisone 15 mg/day.

IL-18 is a member of the IL-1 family, the activity of which 
is controlled by its natural inhibitor IL- 18BP that inac-
tivates IL-18 by forming high affinity complexes.3 Thus, 
free unbound IL-18 represents the only bioactive form of 
IL-18 and is detected in the serum of patients with AOSD.4 
Accordingly, the administration of Tadekinig was associated 
with a marked decrease in circulating levels of free IL-18 
and improvement of disease manifestations, thus providing 
a strong rational for the mechanism of action of Tadekinig 
in AOSD.
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Figure 1 Evolution of biomarkers before and after Tadekinig 
administration. Free IL-18 levels were measured at different time points 
during the course of the disease. On the first Tadekinig injection (arrow), 
free IL-18 levels dropped to almost undetectable levels within 2 hours 
(magnified picture) and remained low (A). Evolution of CRP, ferritin 
and haemoglobin levels before and after Tadekinig therapy (B). CRP, C 
reactive protein; IL, interleukin.
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Long- term follow- up after switching from 
originator infliximab to its biosimilar CT- P13: 
the weight of nocebo effect

To date, all available data regarding the switch from bio- 
originator to its biosimilar are reassuring, and the switch has 
been recommended as a shared patient–physician decision in 
recent consensus- based recommendations.1 In particular, the 
Norway's infliximab switching study (NOR- SWITCH study), 
a 52- week randomised double- blind trial, strongly supports 
the efficacy and safety of the switch from originator infliximab 
(OI) to its biosimilar CT- P13 in patients with a stable disease.2 
However, long- term follow- up data are required to confirm the 
efficacy and safety of the switch.

In a previous real- life study, we demonstrated a high accep-
tance of 89% (89/100) and a 72% (64/89) retention rate after a 
median follow- up of 33 weeks in a cohort of patients with stable 
rheumatic diseases switched from OI to CT- P13.3 This retention 
rate was lower compared with two control cohorts: a historic 
cohort of 82 patients treated with OI in 2013, and a prospec-
tive cohort of 29 infliximab- naïve patients beginning CT- P13. 
Interestingly, 44% (11/25) of switched patients who had CT- P13 
withdrawn did not present any objective disease activity defined 
as bath ankylosing spondylitis disease (BASDAI) ≥4 and physi-
cian global assessment ≥4 for spondyloarthritis/28- joint disease 
activity score- C- reactive protein (DAS28- CRP) ≥3.2 with ≥1 
swollen joint for rheumatoid arthritis, suggesting a nocebo effect 
or incorrect causal attribution bias. When considering only 
patients with objective activity as CT- P13 failure, differences 
between cohorts faded, suggesting the neutrality of the switch in 
terms of efficacy and safety.

In the present work, our goal was to assess the long- term reten-
tion rate of CT- P13 after switching from OI, and to compare it 
with the retention rate observed in the historic cohort of patients 
treated with OI described in our previous study.3

In the switch cohort, 50/89 (56%) patients were still treated 
with CT- P13 after a median follow- up of 120 weeks (range 
6–145). Among the 39 withdrawals, 25 (64%) patients discon-
tinued CT- P13 during the first period of follow- up,3 whereas 
14 (36%) patients discontinued CT- P13 later. Reasons for stop-
ping CT- P13 belatedly were: an objective clinical worsening in 
5/14 patients, non- serious safety issues in 6/14 patients (psoriatic 
lesions, digestive disorders, asthenia and subjective neurological 
symptoms with negative extensive investigations as detailed in 
online supplementary data and stable remission in 3/14 patients. 
No case of subjective clinical worsening was observed during the 
second period of the follow- up.

Treatment retention rates were 67% (55/82) for OI in the 
historic cohort after a median follow- up of 131 weeks (range 
4–156). Survival curves of treatment retention taking all causes 
of withdrawals into account are shown in figure 1A. There was 
a statistical trend towards more withdrawals in the switch popu-
lation compared with the historic cohort, as assessed by the 
log- rank analysis (p=0.052). After excluding patients without 
worsening objective clinical activity, this statistical trend faded 
(log- rank p=0.673;, see figure 1B). Interestingly, infliximab 
retention rates were similar between the switch and the historic 
cohort when starting the analysis from the end of the first study 
as represented in figure 1C (log- rank p=0.708).

These results suggest that a nocebo effect may occur in the 
first weeks after the switch and initially lowers the biosimilar 
retention rate, as already demonstrated in previous studies.3–5 

Thereafter, OI and CT- P13 retention rates appear to be iden-
tical, confirming the safety, efficacy and acceptability of the 
switch in the long term. One strength of our study is a long- 
term follow- up after the switch. Initial information provided 
before the switch appears to be crucial for biosimilar accep-
tance and therefore reducing the nocebo effect.6 Patient and 
physician information on long- term efficacy and safety of 
biosimilars are consequently a major need to enhance their 
widespread use.

Correspondence

Figure 1 (A) Overall infliximab retention rates during complete 
follow- up. (B) Infliximab retention rates after excluding patients without 
objective clinical worsening during complete follow- up. (C) Overall 
infliximab retention rates from the end of the first study.
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Miscellaneous

Correction: The role of IL- 17A in axial spondyloarthritis and 
psoriatic arthritis: recent advances and controversies. A meta- 
analysis and functional study

McGonagle DG, McInnes IB, Kirkham BW, et al. The role of IL- 17A in axial spondyloarthritis 
and psoriatic arthritis: recent advances and controversies. A meta- analysis and functional 
study. Ann of Rheum Dis 2019;78:1167–78. doi: 10.1136/annrheumdis-2019-215356.

Figure 4 is amended to reflect the lack of definitive, controlled clinical evidence of prevention 
of structural progression by secukinumab in axial spondyloarthritis.
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