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Greetings from the editor
Josef S Smolen

Every year since 2000, the Annual Euro-
pean League Against Rheumatism 
(EULAR) Congress took place at this 
time of the year. The lecture halls in 
which our field’s latest research advances 
were presented in symposia and oral 
abstract sessions were flowing over; the 
poster halls were crowded with clinicians 
and basic researchers who engaged in 
discussions with presenters in front of 
their posters, when attending poster 
tours or in the couloirs. In the evenings, 
the debates went on, often in the course 
of a meal or at a hotel bar. Thereby 
knowledge has been shared and friend-
ships established.

Every year since 2000, participants of 
the EULAR Congress received a printed 
issue of the Annals of the Rheumatic 
Diseases (ARD), allowing us to scroll 
through the journal physically, glancing 
at an article of personal interest or even 
reading it in full.

2020 is different. The COVID-19 
pandemic has changed our lives, privately 
and professionally. Many of our colleagues 
in Europe and across the world are heavily 
involved in the fight against the disease, 
often a fight for life. Also, friends and 
colleagues have contracted severe acute 
respiratory syndrome coronavirus 2 
(SARS- CoV2). Luckily, most have recov-
ered, but some did not. We mourn. Let us 
pause for a minute in silence.

Among many other restrictions that are 
necessary to prevent the further spread 
of SARS- CoV2, travelling has been cut 
and conferences have been cancelled. 
The EULAR Congress is one of these 
cancelled face- to- face conferences. There 
will be a virtual congress instead. While 
it cannot replace personal interactions 
nor the atmosphere of meeting rooms 
and face- to- face discussions, it will still 
provide an opportunity to present new 
data and information, possibly to even 
more participants than can usually attend 
in person, although presumably over a 
longer time period than the conference 
used to last.

Just like all delegates of the previous 
Annual Congresses, participants of the 
2020 virtual EULAR Congress will receive 

a subscription to ARD for a full year. 
However, you will not be able to a get 
a print copy of the June issue into your 
hands at the registration desk, but it will 
be sent to you in the near future. However, 
the content will be online already before 
the first day of the virtual conference. Of 
course, as always, the conference abstracts 
will be published in a downloadable ARD 
supplement.

What are the highlights ARD offers in 
this June 2020 issue? Aside from a series 
of very interesting original papers in the 
fields of rheumatoid arthritis, systemic 
lupus erythematosus and osteoarthritis, 
among others, ARD presents three EULAR 
guidance documents that have been devel-
oped or updated over the last year, such 
as updated recommendations for the 
management of lupus nephritis,1 psori-
atic arthritis2 and rheumatoid arthritis;3 
for the latter it is now the fourth version 
marking the 10th anniversary. In addition, 
we publish a review article on ‘The micro-
biome in rheumatology’ by one of  today’s 
premier research groups in the field of 
metagenomics.4

COVID-19 has not only had an 
important influence on people, govern-
ments, economy, healthcare systems, 
travel and lastly the organisation of 
meetings but also has an influence on 
submissions of manuscripts to journals. 
Just entering the search term “COVID-
19” in the  PubMed. gov website produced 
more than 5000 publications by the end 
of the third week of April. ARD is not 
exempt from this phenomenon. Various 
COVID-19- related article types have 
been submitted and underwent peer 
review, including extended reports, 
concise reports, viewpoints or letters. 
Unsurprisingly, these publications often 
elicit correspondences whose authors ask 
questions, provide comments or convey 
their own experiences as an adjunct to 
the published papers, thus prompting 
a discussion and soliciting answers and 
consequently additional information 
by the original and other authors. We 
all must be aware that these reports on 
COVID-19 in patients with rheumatic and 
musculoskeletal diseases (RMDs) only 
convey first impressions, are currently 
just at the beginnings of reporting, may 
not be as systematic as one would wish 
to see in a long- planned clinical trial 

or observational study and may lack 
perfect controls; thus, these papers bear 
some caveats by virtue of the context in 
which the manuscripts have been gener-
ated. However, we are confident that the 
authors applied their best endeavours 
to bring these papers together carefully 
despite the difficult times. Withholding 
this information because of some caveats 
may prevent arriving at a much needed 
broader picture. A thoughtful editorial 
by the EULAR president, which covered 
some of these aspects, was published in 
the May issue.5 I am very grateful to 
the referees for the speediness of their 
reviews and to the journal’s staff for 
the momentum that allowed readers to 
obtain information swiftly.

In this context, ARD published a 
first series of patients with chronic 
arthritis (from Lombardy) who devel-
oped COVID-19 in May6 together with 
several other short papers on aspects 
related to COVID-19 in RMDs. In this 
issue, we present a first case series on this 
viral disease in patients with systemic 
lupus erythematosus,7 showing that 
these patients’ COVID-19 course can 
be quite severe, especially in those with 
organ involvement, and suggesting that 
antimalarials may not be protective in 
this group of patients. You will also find 
two viewpoints related to the topic8 9 
and papers providing preliminary advice 
for patient management from the World 
Scleroderma Foundation and the German 
Society of Rheumatology.10 11

The rarer the disease, the more indi-
vidual case histories we may find in 
the literature, such as the encouraging 
one on a systemic sclerosis patient 
published in ARD last month.12 Such 
case reports and case series, especially 
if they show the course of one or more 
patients comprehensively, convey some 
preliminary information to the rheu-
matologist, but, as mentioned above, 
they cannot show us the totality of the 
RMD reality in the times of COVID-19. 
To this end, registries are key, like the 
ones established for long for biological 
and other disease- modifying antirheu-
matic drugs in rheumatoid and other 
forms of chronic arthritis across the 
world. EULAR has created a website for 
reporting COVID-19 cases: https://www. 
eular. org/ eular_ covid19_ database. cfm. 
This or other similar websites (https:// 
rheum- covid. org/) should be used to 
allow for bringing together a good 
information base on the extensiveness 
of RMD involvement by the pandemic; 
ascertainment of underlying diagnoses 
may remain an issue to be resolved.
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So let us please briefly return to ARD. 
As you may remember, I had promised that 
we would work hard to provide readers 
with online pdfs that also include the 
supplementary material, so the search for 
this material will become less tedious. This 
is now in place for most articles and you 
can choose whether you wish to download 
the pdf with or without the online supple-
ment. Also, our special sections continue 
to elicit interest, and you will find a new 
piece on ‘Thinking the unthinkable’ in this 
June issue of ARD.13

Let me close by wishing all of us and our 
families and all of our patients and their 
families health and a safe journey across 
these unexpected and concerning times. 
Let us hope that an effective therapy and 
vaccine against COVID-19 will be devel-
oped in due course; once available, it will 
elicit further research into the responsive-
ness of patients on immunomodulating 
drugs to the vaccine. Until then we must 
all follow, and advise our patients to 
follow, the recommendations of physical 
distancing and wearing masks as advised 
by the experts.

Please try to enjoy the European League 
Against Rheumatism 2020 Congress 
despite its virtual nature, and enjoy and 
continue to support ARD. Let us hope we 
will reconvene at EULAR 2021 as a face- 
to- face meeting with all the pleasure that 
this meeting can bring - and we know it 
can.
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2019 update: EULAR RA management 
recommendations, efficacy and safety 
systematic literature reviews
Peter Nash    

‘The main aim of evidence- based treat-
ment recommendations and guidelines are 
to translate findings from health research 
into clinical practice. When implemented 
successfully these should improve quality 
of care and lead to improved health out-
comes.’1

This issue of the journal contains the latest 
update of the European League Against 
Rheumatism, Rheumatoid Arthrits 
(EULAR RA) management recommen-
dations as well as the efficacy and safety 
systematic literature reviews representing 
an enormous amount of work by a dedi-
cated team. As we enter a new decade, it is 
timely to consider the utility and worth of 
this extensive endeavour.

RA management guidelines have been 
popular for the last two and a half decades 
and have recently undergone meta- 
analysis.2 EULAR committee defined in 
2004 the standard operating procedures 
required to tackle such a task.3

A number of aspects need highlighting.
These are ‘recommendations’ and not 

‘guidelines’—the latter having medico-
legal implications particularly as much of 
the advice is based on expert opinion in 
the absence of appropriate clinical trials 
and further the level of agreement while 
high is rarely unanimous. The delphi 
voting process on principles and recom-
mendations allocates >75% as a majority 
and lesser percentages for second and 
third rounds of voting.

As newer clinical trials are presented and 
published, and as questions highlighted 
in the research agenda are answered, the 
recommendations require updating every 
few years to stay current and not be out of 
date as soon as published. For this reason, 
a cut- off date is applied and evidence from 
registries and abstracts and presentations 
of phase III clinical trials at meetings 
before being published in peer- reviewed 

journals are accepted in the systematic 
literature review.

An experienced steering committee 
shepherds the process through to a task 
force that includes rheumatologists 
from across the Globe, patient partners 
and other subspecialists as required, for 
example, infectious disease physicians, 
haematologists and so on. Subgroups 
analyse specific topics followed by a group 
delphi voting process where recommenda-
tions and in particular their wording are 
critically examined. Further, prior recom-
mendations have a published patient 
version.4

The authors are cogniscent of thera-
peutic issues in economically challenged 
countries, so the recommendations have 
strived to be practical although aspira-
tional, that is, externally valid, applicable 
to patients in routine care and addressing 
clinically relevant questions while defining 
best practice. Rather than divide patients 
into undifferentiated or early or estab-
lished disease which are covered in other 
EULAR recommendations, patients 
are analysed as conventional synthetic 
disease modifying anti- rheumatic drug 
(csDMARD) naive, csDMARD inade-
quate responders and biologic DMARD 
(bDMARD)/targeted synthetic DMARD 
(tsDMARD) inadequate responders.

The recommendations lend them-
selves for use by national associations to 
argue with regulators and reimbursers to 
make therapy more accessible by defining 
evidence based standard of care. Further, 
therapies not approved in Europe are 
included to pre- empt their approval and 
add universality.

It is important to be aware of the 
detailed explanations in the system-
atic reviews referred to as caveats in the 
recommendations.

Can the impact of prior recommen-
dations be assessed and their impact on 
outcome measured? While many studies 
have analysed ‘treat to target’ adherence, 
recommendation adherence is less well 
studied. Yates et al5 examined this question 
in 7154 patients with RA from 134 rheu-
matology departments and found broad 
variance, good low dose corticosteroid 

adherence and substantial deviation from 
guidelines. Further studies are needed.

So what are the major differences from 
the previous update given new evidence 
to support or contradict the recommenda-
tions, the introduction of novel therapies 
and new strategic insights?6

While the principles are ‘common sense’ 
rather than evidence- based, a fifth overar-
ching principle was added that patients are 
likely to require multiple successive ther-
apies throughout life and highlighted the 
requirement for access to multiple thera-
pies with differing methods of action.

Nine of 12 recommendations were 
unchanged.

Recommendation 8 revised the pref-
erence of bDMARDs over tsDMARDs 
to make them equal alternates and the 
wording from ‘considered’ to ‘added’ in 
the setting of poor prognostic factors and 
treatment target not achieved.

Recommendation 10 placed agents with 
another mechanism of action ahead of a 
second TNFi.

Recommendation 11 added tsDMARDs 
to a tapering strategy.

There was less discussion over the role 
of bridging corticosteroids and impor-
tance of methotrexate therapy.

The treat- to- target principle of early 
remission induction with corticoste-
roids and csDMARD was reinforced and 
the combination of csDMARDS with 
bDMARDS and tsDMARDS reiterated.

A note of caution was added about 
searching for ever subtle improvements 
in efficacy and safety and the perils of 
overdiagnosis and overtreatment.

The research agenda was updated.
In conclusion, given the high citation 

rates of the Eular RA management recom-
mendations and their popularity including 
from other Specialties, this update has 
achieved a therapeutic maturity supported 
in the main by the available evidence so 
that as Churchill once observed as far 
as managing Rheumatoid Arthritis is 
concerned and while battling for a cure:

‘Now this is not the end. It is not even the 
beginning of the end. But it is, perhaps, 
the end of the beginning.’

Correction notice This article has been corrected 
since it published Online First. Reference one has been 
corrected.
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EULAR PsA management 
recommendations 2019: can the 
recommendations be improved?
Roy M Fleischmann    

The European League Against Rheuma-
tism (EULAR) has published recommen-
dations for the treatment of psoriatic 
arthritis (PsA) which have been updated 
twice to remain timely, responding to the 
rapid advances in the discovery of new 
compounds, effective treatment strate-
gies and evolving information on 
safety.1–3 Each recommendation has been 
supported by a systematic literature 
review (SLR) which formed the basis for 
the recommendations.4–6 Each version 
has had important additions and dele-
tions; the recommendations have been 
increasingly useful to many stakeholders 
in the rheumatology community.

The American College of Rheuma-
tology/National Psoriasis Foundation 
(ACR/NPF) and the Group for Research 
and Assessment of Psoriasis and Psori-
atic Arthritis (GRAPPA), an international 
network of rheumatologists, dermatol-
ogists, radiologists, geneticists, meth-
odologists, epidemiologists and patient 
research partners, have also provided 
direction.7–9

The strengths of the EULAR recom-
mendations are many- fold. The recom-
mendations have been updated to 
reflect new developments in treatment 

strategies, including efficacy and safety. 
Multiple experts are involved, including 
rheumatologists representing most Euro-
pean countries, patients with PsA, health 
professionals and a dermatologist, which 
allows for a wide breadth of expertise 
to form the recommendations. Impor-
tantly, the recommendations are based 
primarily on evidence from the SLR, 
but gives latitude for the experts to use 
their long- standing PsA disease expe-
rience and its treatment in developing 
the recommendations, not constrained 
by yes or no pairwise comparisons as is 
required by the processes used by ACR/
NPF and GRAPPA.10–14

EULAR and GRAPPA use ‘recom-
mendation’ rather than ‘guideline’, 
a description used by ACR/NPF. A 
‘recommendation’ is a suggestion of 
the best course of action in a situa-
tion, while a ‘guideline’ provides broad 
advice in following a process but does 
not provide precise requirements. The 
difference is subtle but important; 
a recommendation is less restrictive 
compared with a guideline and provides 
greater flexibility.

EULAR, ACR/NPF and GRAPPA 
have followed different processes, with 
EULAR using the Oxford Centre for 
Evidence- Based Medicine (OCEBM) 
process, ACR/NPF using the Grading of 
Recommendations Assessment, Develop-
ment and Evaluation (GRADE) process, 

and GRAPPA using a modification of 
GRADE.10–14

The different processes can, and prob-
ably do, lead to differences in the conclu-
sions for multiple reasons: (1) OCEBM 
and GRADE use a different weight on 
expert opinion versus evidence in the 
case of low- quality evidence; (2) the 
voting panels differed with respect to 
the number of rheumatologists, derma-
tologists and patients involved; (3) the 
disease aspect(s) assessed; and (4) the 
presentation of the recommendations.

EULAR focuses primarily on non- 
topical, pharmacological therapies for 
the musculoskeletal aspects of PsA, but 
also addressing the spectrum of PsA to 
some extent. The EULAR recommen-
dations are detailed and the reasoning 
explained in the same paragraph(s) 
and the accompanying table, including 
the strength of the recommendation, 
the level of evidence and the level of 
agreement among the experts. Because 
of these processes, a clearly defined 
treatment cascade can be developed in 
an easily understandable flow chart. 
GRAPPA presents their recommenda-
tions by disease domain in one grid for 
treatment selection and another for treat-
ment decisions based on comorbidities. 
ACR/NPF used a pure GRADE process 
focusing on patients with ‘active PsA’ 
overall and evaluated pharmacological 
and non- pharmacological therapies. The 
application of GRADE results in pairwise 
comparisons and a series of individual 
recommendations, rather than a grid 
or flow chart. The ACR/NPF guideline 
is more convoluted and, although the 
recommendations are generally compa-
rable with the other two (with a few 
notable exceptions based on the weight 
of expert opinion and the year of publi-
cation), it is a more difficult document to 
comprehend.
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Beyond the differences in specific ques-
tions addressed, the patient population to 
which the recommendations apply, patients 
with active PsA, was mostly similar between 
the documents. However, the definition of 
active disease in the EULAR recommen-
dations refers primarily to musculoskel-
etal manifestations (but not exclusively); 
GRAPPA considers activity in specific 
domains of PsA, while ACR/NPF defined 
active PsA based on activity in any of the 
features of PsA according to patient and 
physician attribution.

The key differences in methodolo-
gies used by each of these organisations 
contribute to fundamental differences in 
the recommendations.15 16

Despite these differences, they have 
followed similar general strategies: all are 
created by panels of ‘experts’ who derive 
their conclusions based on examination 
of peer- reviewed published literature and 
develop evidence- based guidance for clini-
cians and other stakeholders.

The question posed however is whether 
the EULAR recommendations can be 
even more effective with a greater global 
relevance.

PsA is a disease affecting multiple 
domains. EULAR, ACR/NPF and 
GRAPPA have differing approaches to 
addressing the treatment of different 
domains, when to treat with what 
therapy, what is important in deciding on 
specific therapies, and their approaches 
to addressing comorbidities, safety and 
the relative risk- benefit of available ther-
apies. As the three documents arrive at 
somewhat different conclusions, with 
some conflicting suggestions for when 
to use which therapy, even though some 
of the same experts participated in two 
or more of these three panels, it is prob-
lematic for the clinical rheumatologist 
to know the best course of action in 
treating a given individual. Therefore, 
although a consensus document devel-
oped by all three bodies may be diffi-
cult to accomplish for multiple reasons, 
a joint document which merges the 
strengths of all should be developed. The 
evidence of effectiveness of a medica-
tion or a strategy is the evidence world-
wide; it is not different in the member 
organisations of EULAR from elsewhere 
in the world. The same is true of safety, 
although there may be regional vari-
ations. A recommendation developed 
by Europeans primarily for Europeans 
(although not exclusively) is not as mean-
ingful as a global consensus.

The major strength of the EULAR 
recommendation is that the recommen-
dations are presented in a clear, concise, 

transparent manner with simple, easy- 
to- follow flow charts; it avoids the 
difficulty of the ACR/NPF guideline 
presenting the statement in tables, then 
referring to numerous answers to the 
different Patient/Problem, Intervention, 
Comparison, Outcome (PICO) questions 
to understand the relevance of the state-
ment, and then referring to a diagram to 
try to understand the flow. The EULAR 
format should be retained. However, 
the GRAPPA grids discussing different 
domains are very useful. It would be 
preferable to link the domain grid from 
GRAPPA to the treatment flow chart 
from EULAR.

The EULAR recommendation does 
not address safety and comorbidities as 
fully as the ACR/NPF guideline or the 
treatment of multiple domains of PsA as 
does GRAPPA. It would be worthwhile to 
combine both within the strengths of the 
EULAR recommendation.

The EULAR recommendation strongly 
endorses a treat- to- target (T2T) strategy 
and differentiates aggressiveness of therapy 
by whether the disease is polyarticular or 
poor prognostic markers are present.17 
ACR/NPF distinguishes by degree of PsA 
activity. GRAPPA differentiates by domain 
involved. These differences lead to differ-
ences in treatment strategy. A consensus 
integrating these would be helpful to the 
rheumatology community.

The target metric for EULAR is remission 
(abrogation of inflammation) or low disease 
activity (LDA), and refers to the T2T 
recommendations for guidance as to the use 
of the Disease Activity in PSoriatic Arthrits 
(DAPSA), minimal disease activity (MDA) 
and very low disease activity (VLDA).17 
ACR/NPF also advocates a T2T philosophy 
but fails to provide a metric to assess the 
goal of therapy. GRAPPA recommends an 
average of scores on three visual analogue 
scales and the DAPSA for clinical practice 
and remission, not defined, should be the 
target, with MDA/LDA/VLDA as feasible 
alternatives. The target should include 
assessment of musculoskeletal disease, skin 
disease and health- related quality of life.18 
Thus the three are at odds with respect to 
key treatment goals, although there is a 
single consensus document in existence.17

The SLRs are a strength of the EULAR 
and GRAPPA recommendations and the 
ACR guideline as they provide detailed 
unbiased descriptions of what has been 
published in the peer- reviewed literature. 
The SLR needs to be carefully reviewed 
by the entire voting panel prior to the 
consensus meeting so that the strongest 
and highest level of evidence helps inform 
the opinion of the expert, rather than just 

the experience of the expert. The SLR 
performed for ACR and GRAPPA should 
also be published. It is important that the 
strength of the manuscripts and the risk of 
bias in the SLR are tabulated and properly 
addressed in the recommendations. The 
SLRs are at least 1 year old when finally 
published, missing important new informa-
tion over that year. One area of improve-
ment in the process could be that the SLRs 
could be published when completed, prior 
to the publication of the recommendations, 
and then updated as necessary, as was done 
in the EULAR PsA recommendation for 
the Study of Etanercept and Methotrexate 
in Subjects with Psoriatic Arthritis (SEAM) 
trial.

The voting panel may occasionally arrive 
at a different conclusion from the evidence 
presented in the SLR based on their expe-
rience. This is a prerogative of the expert 
panel, but in order to maintain credibility 
for choosing an option not supported 
by the evidence, the reasoning should be 
described comprehensively as to why the 
experts disagreed with the SLR.

One of the problems with ‘Expert 
Opinion’ is just that: it is opinion unless it 
is supported by strong evidence from well- 
designed and well- conducted randomised 
controlled trials. The evidence can either 
support the opinion or it cannot. But the 
evidence must be accurately and clearly 
evaluated, meeting very high standards, 
which are consistent. It is difficult to accom-
plish this from an abstract only, which 
should not inform the recommendation. 
It is also problematic to equate the results 
of an open- label, poorly powered, obser-
vational efficacy trial from a registry which 
does not include every patient nor require 
the complete collection of well- validated 
metrics at specific and timely intervals 
with a well- designed, properly powered, 
randomised head- to- head clinical trial. The 
SLR should address this appropriately so 
that a lower level of evidence trial does not 
become the basis of an ‘expert opinion’.

Another consideration is the strength of 
the evidence for a recommendation and 
whether this should be equally valued with 
expert opinion or whether it is stronger. 
There are instances in the three documents 
where there are disparate suggestions 
even though all three consider the same 
evidence—expert opinion may take prece-
dence over the evidence or vice versa. Such 
an example is the placement of Jakinibs 
in the treatment paradigm with the ACR/
NPF guideline suggesting its use earlier 
and more aggressively than the EULAR 
recommendation. This could also be recti-
fied by a consensus document of all three 
organisations.

http://ard.bmj.com/
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What is common with EULAR and 
ACR/NPF, but less so with GRAPPA, is 
an emphasis on medication cost and the 
difference in access to different medications 
globally. The result is recommending one 
treatment strategy over another based on 
cost alone, rather than the evidence. This 
is specifically part of the recommendation 
development process for EULAR and is 
obviously very germane. However, cost 
should not be the basis for determining 
recommendations for utilisation of different 
medications or strategies. The evidence of 
the best risk to benefit ratio for the patient 
should take precedence. Once the order of 
suggestions is established, based on high- 
level evidence of safety and efficacy, then 
the physician/patient/payer can determine 
which medication can be used (rather than 
should be used) based on the ability of the 
patient to have access to the medication. It is 
problematic to recommend a less expensive, 
but less effective, medication over a more 
effective medication based on cost. Cost is 
important on a local basis and should be 
addressed locally rather than globally.

A ≥66%–75% minimum consensus 
is reasonable for the adoption of a 
recommendation.

In summary, the EULAR recommenda-
tions have been an important contribu-
tion to a large community involved with 
the treatment of patients with PsA. The 
document can be strengthened to have 
even more importance. The three most 
important suggestions are the following: 
(1) there should be one document that is 
agreed to globally, even if there are regional 
differences in following the suggestions due 
to comorbidities and accessibility of medi-
cations; (2) high- quality, strong evidence 
should prevail over ‘Expert Opinion’, 
but expert opinion is important in posi-
tioning the evidence to where it can best 
be used; and (3) accessibility of medica-
tions is of paramount importance, but the 
lack of accessibility should not diminish 
the evidence supporting one medication or 
strategy over another.
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Population- based studies in systemic 
lupus erythematosus: immune 
thrombocytopenic purpura or ‘blood- 
dominant’ lupus?
Antonis Fanouriakis    ,1 George Bertsias,2 Dimitrios T Boumpas    3

Thanks to their large sample size, thus 
reducing the risk of selection and partici-
pation bias, population- based studies can 
provide high- quality data on the preva-
lence and incidence, natural history and 
treatment, correlates and associations of a 
disease, and healthcare utilisation.1 Several 
nationwide research databases exist in the 
world, one of the oldest in Sweden dating 
back to 1955. The Taiwan National Health 
Insurance Research Database (NHIRD) is 
one of the largest nationwide population 
databases, covering approximately 
23 million residents in Taiwan and data of 
more than 99% of the population. Using 
this unique database, investigators have 
asked important questions regarding the 
heredity and coaggregation of autoim-
mune diseases, such as systemic lupus 
erythematosus (SLE), Sjögren’s syndrome 
and myasthenia gravis.2–4

Immune thrombocytopenic purpura 
(ITP), formerly known as idiopathic 
thrombocytopenic purpura, is an immune- 
mediated acquired disease of adults and 
children characterised by a transient or 
persistent decrease of platelet counts and, 
depending on the degree of thrombocyto-
penia, increased risk of bleeding.5 In ΙΤP, 
an abnormal T cell response, supported by 
splenic T follicular helper cells, stimulates 
the proliferation and differentiation of 
autoreactive B cells producing antiplatelet 
autoantibodies that facilitate platelet 
phagocytosis by macrophages, predom-
inantly in the spleen. Macrophages also 
contribute to the perpetuation of the 
autoimmune response in ITP, functioning 
as the principal antigen- presenting cells. 
Inappropriate bone marrow production 

due to an immune response against mega-
karyocytes may also exacerbate thrombo-
cytopenia, while the level of circulating 
thrombopoietin, the main growth factor 
of megakaryocytes, is low.6 Genome- 
wide expression analyses have shown 
dysregulation of genes involved in major 
immune response pathways in ITP, such 
as T helper cell activation and differenti-
ation, autoantibody response and comple-
ment activation both in peripheral and 
bone marrow- derived T- cells.7 8 Autoan-
tibodies against platelet antigens repre-
sent the diagnostic hallmark of ITP, but 
are detectable in only 50% of patients. 
Using mass spectroscopy- based antibody- 
mediated identification of autoantigens 
for platelet antigens, novel autoantigens 
have been identified from patients who 
are autoantibody negative. Most antigens 
are of intracellular origin, with signifi-
cant association with the actin cytoskel-
eton and regulation of programmed cell 
death.9 Taken together, the aetiopathoge-
netic mechanisms operant in ITP, a proto-
typic organ- specific autoimmune disease, 
are reminiscent of those described in the 
prototypic systemic autoimmune disease, 
namely SLE. Abberancies in immune cells 
in SLE can also be traced back to the 
haematopoietic progenitor stem cells in 
the bone marrow.10

Thrombocytopenia is a common clinical 
manifestation of SLE and one of the haema-
tological classification criteria, with an 
overall prevalence of approximately 20%. 
In a recent community- based SLE cohort of 
average disease duration less than 3 years, 
thrombocytopenia was present in 15.2% of 
patients, being severe (≤20 000 platelets/
μL) in 4.6%.11 In our tertiary referral centre 
cohort (the ‘Attikon’ cohort), thrombocyto-
penia was present at diagnosis in 12% and 
cumulatively in 16%.12 Notably, in an older 
study, ~12% of cases had been initially 
diagnosed as ITP.13

In Annals of the Rheumatic Diseases, 
Zhu et al used data from the Taiwan 
NHIRD to estimate the risk for subse-
quent (incident) SLE among patients 

with an initial diagnosis of ITP.14 The 
authors selected 1070 patients hospital-
ised during 1997–2013 with ITP, of whom 
668 were finally included in the study. 
Next, they matched patients with ITP at 
a ratio of 1:20 to 14.460 controls by sex 
and age, using propensity score matching 
at a 1:2 ratio to minimise the potential 
confounding effects of age, gender and 
selected comorbidities on the incidence 
of SLE. After a follow- up of 16 years, 
patients with ITP had 26.8 times higher 
risk of new- onset SLE. The risk was higher 
for patients aged less than 45 years and 
lower for men. Not surprising, patients 
with Sjögren’s syndrome or vasculitis had 
a significantly higher risk for SLE.

These findings have important clinical 
implications. First and foremost, patients 
with ITP—especially those who are antinu-
clear antibody (ANA) positive—should be 
closely monitored for SLE, especially within 
the first 2–5 years of diagnosis, and should 
probably be evaluated by a rheumatologist 
for the identification of non- haematological 
signs and symptoms suggestive of a connec-
tive tissue disease (figure 1). In our expe-
rience, non- rheumatologists may miss 
subtle signs of SLE, such as synovitis and 
inflammatory rashes, or they may fail to 
evaluate lupus- related signs that do not 
occur concurrently with thrombocyto-
penia. Testing for SLE serology and anti-
phospholipid antibodies, serum creatinine 
and urinalysis should be considered in all 
cases of ITP. Several studies have shown 
that thrombocytopenia is associated with 
worse SLE prognosis;15 16 hence, early 
recognition and management of SLE, espe-
cially renal disease, are essential.17 In chil-
dren with chronic ITP (as opposed to acute 
ITP), routine check for SLE and evaluation 
by a paediatric rheumatologist may also be 
advisable.

Second, although in general terms, SLE- 
related thrombocytopenia and ITP are 
managed initially with identical drugs, 
recognising and diagnosing an under-
lying lupus may lead to reconsideration 
of thoughts for splenectomy (ie, post-
poning it for later) in patients with refrac-
tory disease and may lead to the use, in 
addition to rituximab, of SLE- directed 
therapies, like pulse cyclophosphamide 
(figure 1).17 18 Moreover, patients who 
are ANA positive or have additional but 
not enough features to allow a confident 
diagnosis or classification of SLE (incom-
plete SLE) may be considered for treat-
ment with hydroxychloroquine. In this 
regard, a small study from France with 40 
patients with ITP and ANA positivity and/
or lupus- like features who were refractory 
to initial therapy has shown efficacy in 

1Department of Rheumatology, "Asklepieion" General 
Hospital, Athens, Greece
2Rheumatology, Clinical Immunology and Allergy, 
University Hospital of Heraklion, Heraklion, Greece
3Rheumatology and Clinical Immunology Unit, 4th 
Department of Internal Medicine, University Hospital 
"Attikon", Athens, Greece

Correspondence to Dr Dimitrios T Boumpas, 
Rheumatology and Clinical Immunology Unit, 4th 
Department of Internal Medicine, University Hospital 
"Attikon", Chaidari 124 62, Greece;  boumpasd@ uoc. gr

Editorial

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0003-2696-031X
http://orcid.org/0000-0002-9812-4671
http://ard.bmj.com/


684 Fanouriakis A, et al. Ann Rheum Dis June 2020 Vol 79 No 6

Editorial

glucocorticoid sparing and prevention of 
flares.19

Finally, this study also poses the 
important question: is the concurrence of 
ITP and SLE related to a common genetic 
background shared by several autoim-
mune diseases,20 or is it due to the fact that 
several cases of SLE represent incomplete 
forms of the disease or a ‘blood- dominant’ 
lupus.21 To this end, studies comparing 
molecular signatures of these two diseases 
may help to decipher this, as signatures 
specific for SLE such as type I interferon 
or plasmablasts,22 23 may not be present in 
pure ITP.

In conclusion, population- based studies 
offer the unique opportunity to provide 
high- quality evidence regarding, among 
others, the heredity and coaggregation of 
autoimmune diseases with apparent clin-
ical implications.
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Figure 1 Approach to the patient who presents with immune thrombocytopenia.
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erythematosus (SLE) at diagnosis and in ~15-20% cumulatively over the course of the disease. 
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AbsTRACT
Objectives To provide an update of the European 
League Against Rheumatism (EULAR) rheumatoid 
arthritis (RA) management recommendations to account 
for the most recent developments in the field.
Methods An international task force considered 
new evidence supporting or contradicting previous 
recommendations and novel therapies and strategic 
insights based on two systematic literature searches on 
efficacy and safety of disease- modifying antirheumatic 
drugs (DMARDs) since the last update (2016) until 2019. 
A predefined voting process was applied, current levels 
of evidence and strengths of recommendation were 
assigned and participants ultimately voted independently 
on their level of agreement with each of the items.
Results The task force agreed on 5 overarching 
principles and 12 recommendations concerning use 
of conventional synthetic (cs) DMARDs (methotrexate 
(MTX), leflunomide, sulfasalazine); glucocorticoids 
(GCs); biological (b) DMARDs (tumour necrosis 
factor inhibitors (adalimumab, certolizumab pegol, 
etanercept, golimumab, infliximab), abatacept, rituximab, 
tocilizumab, sarilumab and biosimilar (bs) DMARDs) and 
targeted synthetic (ts) DMARDs (the Janus kinase (JAK) 
inhibitors tofacitinib, baricitinib, filgotinib, upadacitinib). 
Guidance on monotherapy, combination therapy, 
treatment strategies (treat- to- target) and tapering 
on sustained clinical remission is provided. Cost and 
sequencing of b/tsDMARDs are addressed. Initially, MTX 
plus GCs and upon insufficient response to this therapy 
within 3 to 6 months, stratification according to risk 
factors is recommended. With poor prognostic factors 
(presence of autoantibodies, high disease activity, early 
erosions or failure of two csDMARDs), any bDMARD or 
JAK inhibitor should be added to the csDMARD. If this 

fails, any other bDMARD (from another or the same 
class) or tsDMARD is recommended. On sustained 
remission, DMARDs may be tapered, but not be stopped. 
Levels of evidence and levels of agreement were mostly 
high.
Conclusions These updated EULAR recommendations 
provide consensus on the management of RA with 
respect to benefit, safety, preferences and cost.

The European League Against Rheumatism 
(EULAR) developed its first recommendations 
for the management of rheumatoid arthritis (RA) 
with synthetic and biological disease- modifying 
antirheumatic drugs (DMARDs) in 2010.1 They 
summarised the state of the art and provided 
rheumatologists, patients, payers and other stake-
holders with the evidence- based views of Euro-
pean experts on the optimal use and sequence of 
pharmaceutical therapies in patients with RA. Over 
the course of the decade, the development of new 
classification criteria for RA2; novel information 
on optimal clinical targets, such as the American 
College of Rheumatology (ACR)- EULAR remission 
definitions3; evolution of treatment algorithms and 
strategies4 5 and the advent of new drugs6 7 already 
necessitated two updates of the EULAR recommen-
dations.8 9 The ACR, the Asian- Pacific League of 
Associations for Rheumatology (APLAR) and the 
Pan- American League of Associations for Rheu-
matology (PANLAR) have published similar guid-
ance documents, although using slightly different 
approaches.10–12

Today it is widely accepted that clinical remission 
is the main therapeutic target for patients with RA, 
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with low disease activity (LDA) as a best possible alternative, 
and that a treat- to- target (T2T) strategy should be applied when 
treating patients with RA.1 9–11

Although relevant data accrue rapidly, several of the recom-
mendations, even in the 2016 update, were based on rather low 
levels of evidence (LoE) and many have elicited intense debates 
because of variable interpretations of evidence and empirical 
approaches. Three years have passed since the last update.9 
Therefore, it was considered timely to again evaluate informa-
tion regarding:

 ► Newly licensed drugs
 ► Long- term efficacy and safety of long approved agents
 ► Comparative effectiveness studies
 ► Therapeutic targets and treatment strategies
 ► Consideration of safety aspects and costs
 ► Specific items of the 2016 research agenda that have been 

accomplished during the last few years of the decade
The EULAR executive committee approved the proposal to 

update the recommendations. We wished to obtain global input 
and account for views from regions of the world beyond Europe 
and invited rheumatologists from Asia, Latin America and North 
America to contribute to the discussion and phrasing of the 
recommendations.

The major focus of the EULAR recommendations continues 
to be pharmacological therapy with DMARDs. The concept 
of ‘disease modification’ comprises a combination of relief of 
signs and symptoms; improvement or normalisation of physical 
function, quality of life and social and work capacity; and most 
characteristically the inhibition of occurrence or progression of 
structural damage to cartilage and bone. The latter distinguishes 
DMARDs from mere symptomatic agents, such as non- steroidal 
antirheumatic drugs.

The increasing number of effective drugs and modes of action 
(MOAs) has improved the likelihood of reaching the treatment 
target for individuals with RA, but high drug- costs still limit 
widespread use and thus contribute to inequity of access to best 
care across various regions and countries.13–15 The approval and 
advent of biosimilar (bs) DMARDs has introduced price compe-
tition and led to a considerable reduction of the net costs of 
biological (b) DMARDs,16 although this may not be true in all 
countries and may require further exploration. Nevertheless, 
access to optimal care is usually poor in low- income countries, 
but even in some affluent countries payers still do not adhere to 
otherwise widely established standards of care.17 18 Therefore, 
recommendations for the management of patients with RA have 
become increasingly useful in providing physicians, patients, 
health professionals, payers, regulators and others involved in 
healthcare with evidence- based guidance supported by the views 
of experts involved in generating these novel developments. 
Consequently, from their outset, EULAR recommendations 
always addressed cost aspects.1 Indeed, in the recently updated 
EULAR standardised operating procedures (SOPs) on the devel-
opment of recommendations, cost aspects have been included in 
addition to requiring the assessment of evidence on efficacy and 
safety as well as expert opinion.19 This is in line with recommen-
dations by the WHO on rational treatment.20

Herein, we provide the 2019 update of the EULAR RA 
management recommendations.

MeTHOds
After approval by the EULAR executive committee, the 
convener (JSS) and methodologist (RBML) invited a steering 
committee and a task force to work on this update of the EULAR 

recommendations for the management of RA. The 2019 update 
followed the EULAR SOPs for the development of recommenda-
tions19 which also suggest adherence to the Appraisal of Guide-
lines for Research & Evaluation (AGREE) recommendations in 
their updated version (AGREE II).21

steering committee
The steering committee included eight rheumatologists (JWJB, 
GB, MD, RBML, IBM, JSS, RFvV, DvdH), one patient repre-
sentative (MdW) and two fellows (AK, AS) who performed the 
systematic literature research (SLR). This group initially devel-
oped the respective research questions. The SLRs focused on (1) 
efficacy of DMARDs (as monotherapy or combination therapy, 
including conventional synthetic (cs) DMARDs, bDMARDs and 
targeted synthetic (ts) DMARDs), glucocorticoids (GC) and treat-
ment strategies and (2) safety of DMARDs and GC. To this end, 
the SLRs obtained in 201622–24 served as a starting point and a 
systematic analysis of the literature published between 2016 and 
8 March 2019 was performed. New information on treatment 
strategies was also evaluated. In contrast to the previous safety 
SLR which focused on registry data, the current safety SLR also 
addressed data from randomised controlled trials and extension 
studies, since for many new agents registry data are still limited. 
Formal economic analyses were not performed, but cost aspects 
were considered throughout the process in line with the current 
state of the art of developing recommendations.20 25 The two 
rheumatology fellows exploited existing publication databases 
on randomised controlled trials for efficacy and safety, and also 
evaluated recent EULAR and ACR congress abstracts. Summary- 
of- findings tables were generated, a thorough risk- of- bias assess-
ment was performed (for details, see the publications on these 
SLRs)26 27 and LoE and strengths of recommendation (SoR) 
were determined with the standards of the Oxford Centre for 
Evidence Based Medicine.28 The two SLRs informing the task 
force and a detailed description of their methods are published 
separately.26 27 Of note, in the present publication we also use 
references from the 2019 Annual European Congress held in 
June 2019 where it deemed appropriate, or publications that 
appeared after the deadline of the SLRs, 8 March 2019, when 
the contents had previously been covered by abstracts addressed 
in the SLRs, or otherwise newly published information regarding 
efficacy and especially safety that deemed important to be 
included as up- to- date information for the readers at the time 
of submission.

The steering committee discussed the results of the SLRs thor-
oughly and formulated proposals for an update of the recom-
mendations based on this information. The SLR data and the 
suggestions of the steering committee were presented to the 
whole task force for further discussion, development of the 
updated recommendations and voting.

Task force
The task force consisted of 47 individuals, including the steering 
committee members. Among the task force members were three 
patients, two health professionals and two delegates of the 
EULAR young rheumatologists’ network EMEUNET. The rheu-
matologists were all experienced in the treatment of RA and most 
had previously participated in clinical trials; moreover, several of 
them were involved in the analysis of data from their countries’ 
patient registries or in various aspects of outcomes research. The 
patients and health professionals all had a track record of partici-
pating in consensus finding activities, like most of the rheumatol-
ogists. Since we also wished the task force’s work to be informed 
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by rheumatologists from other regions of the world, aside from 
a broad representation from 15 European countries, two rheu-
matologists from Asia, two from Latin America and two from 
North America participated; most had actively engaged in devel-
oping documents of their regional leagues and/or national soci-
eties. All task force members disclosed their potential conflicts 
of interest to the EULAR executive committee before the start 
of the process.

Consensus finding
A few principal considerations were specified upfront. First, 
the previous 2016 version of the recommendations (containing 
4 overarching principles and 12 recommendations) were key 
considerations,9 but were all open to amendment, changes in 
ordering or deletion where appropriate. Second, it was decided 
that existing recommendations should be discussed in the context 
of new evidence. If new evidence contradicting a previous 
recommendation was lacking, the former evidence base had to 
be accepted and the recommendation had to be kept unchanged. 
This approach prevents the intentional or unintentional neglect 
of previous formal task force decisions, which had been based 
on a thorough discussion of existing evidence presented at that 
time, recalibrated and sometimes amended at update proce-
dures; also, they have always been endorsed by voting among 
the previous task force members followed by EULAR’s executive 
committee approval. Third, drugs not (yet) approved in Europe 
but used elsewhere in the world, and unapproved drugs with 
evidence from phase III clinical trials could be considered in the 
recommendations to allow for some anticipation of a potential 
future uptake in clinical practice, appreciating all respective 
caveats. Importantly, drugs can only legally be prescribed after 
their regulatory approval. Also, whereas the recommendations 
address some safety aspects, the readers are referred to the 
summaries of product characteristics (SPCs) for more detailed 
safety information for each of the drugs. Fourth, registry data 
were primarily used for the assessment of rare safety issues but 
not efficacy, since the outcomes of patients included in registries 
are often confounded by indication.

After the presentation of the SLR results and the steering 
committee’s proposals for the amendment of the recommen-
dations, the task force was divided into three breakout groups. 
One group reviewed new evidence related to treatment strat-
egies and targets, focusing also on the overarching principles; 
the second group addressed new evidence regarding bDMARDs 
and tsDMARDs and the third group dealt with new evidence in 
relation to the use of csDMARDs (monotherapy or in combina-
tions) and GC. Respective safety aspects were addressed in each 
of these breakout groups.

After representatives of each breakout group had reported the 
results of the respective discussions and presented proposals for 
the wording of individual recommendations to the whole task 
force for further deliberations, voting took place.

For a change of an existing overarching principle or recom-
mendation to be accepted for the final document, a majority of 
≥75% of the votes was required. Once such change was accepted, 
wording details could undergo further voting. A new recommen-
dation was immediately accepted when ≥75% or more of the 
task force members voted for it. If this result was not achieved, 
the respective text was amended and subjected to a second 
ballot, for which a 67% majority was required. If this ballot was 
not successful, the text was further amended and subjected to 
a third ballot for which a simple (>50%) was required; failing 
that, the proposal was rejected. For new or amended items, the 

results of the respective last ballot are shown as percentage of 
voting members. Notes captured the contents of the discussions 
and the reasoning behind each decision and these are presented 
in the comments accompanying the individual items. At every 
point in time, more than 90% of the members participated in 
the ballots; the percentages shown always relate to per cent of 
present participants in that vote.

After the face- to- face meeting, each recommendation, as 
agreed by the task force, received the appropriate LoE and 
strength of recommendation based on the SLRs. With this 
information added, the recommendations were subjected to 
an anonymous electronic assessment (by email) on the levels of 
agreement (LoA). Each recommendation received an assessment 
on a scale of 0–10 with 0 meaning no agreement whatsoever and 
10 full agreement; the mean values of these votes are presented.

The draft of the manuscript was sent to all task force members 
for their comments. After incorporation of these comments, the 
manuscript was submitted to the EULAR executive committee 
for review and approval. The comments obtained from the exec-
utive committee were also addressed, and the final version of the 
manuscript was then submitted to the journal for peer review.

ResulTs
The 2019 update of the EULAR RA management recommenda-
tions reflects the balance of clinical, functional and structural 
efficacy; safety; costs; and patients’ perceptions as evaluated by 
the task force. Drug toxicity was discussed and considered, but 
the respective data are presented primarily in the safety SLR,26 
because it is assumed that prescribers should be aware of the 
safety information provided in the SPCs of the various agents. 
EULAR has developed a series of documents addressing safety 
of drugs used for the treatment of RA,29–35 and various other 
publications have focused on these aspects.36–42 In particular, 
as suggested by the safety SLR, the major risk of bDMARDs 
and tsDMARDs is related to infections. Recommendations 
for vaccination33 as well as a score allowing calculation of the 
risk of infection in patients exposed to bDMARDs have been 
developed.41 43 44 Nevertheless, when toxicity constitutes a 
major or unexpected problem, a specific warning is provided 
in this document. Of note, the two SLRs26 27 as well as the 
text accompanying each item should be regarded as part and 
parcel of these recommendations, since the individual bullet 
points represent only abbreviated versions of the discussions 
and conclusions.

When classifying DMARDs, the task force adhered to the 
previously used nomenclature8 45 as shown in table 1. This 
table also provides a glossary of terms employed in the present 
document. The task force did not distinguish between early and 
established RA but rather between three phases of the treatment 
process by differentiating between patients who are naive to 
any DMARD therapy (phase I), patients who had an insufficient 
response (IR) to initial course(s) of csDMARDs (phase II) and 
those who had an IR to a first bDMARD or tsDMARD (phase 
III). There is currently no evidence for differential responses 
solely based on disease duration, apart from differences in base-
line damage due to delayed treatment initiation and consequent 
risk of damage progression. The task force also took prognostic 
factors (table 1) into account, which have similar predictive 
power irrespective of disease duration.46 47 Of note, recommen-
dations for the management of early arthritis, including undif-
ferentiated arthritis, have been updated recently.48 The present 
recommendations do not address the management of patients 
with undifferentiated arthritis or arthralgia in patients who may 
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Table 1 Glossary and definitions (after9)

Term definition

Poor prognostic factors  ► Persistently moderate or high disease activity 
despite conventional synthetic DMARD (csDMARD) 
therapy according to composite measures including 
joint counts

 ► High acute phase reactant levels
 ► High swollen joint count
 ► Presence of RF and/or ACPA, especially at high 

levels
 ► Presence of early erosions
 ► Failure of two or more csDMARDs

Low- dose glucocorticoids <7.5 mg/day (prednisone equivalent)

Tapering  ► Reduction of drug dose or increase of application 
interval

 ► May include cessation (tapering to 0), but then only 
after slow reduction

Cessation, stopping  ► Stopping of a particular drug

disease activity states

Remission ACR- EULAR remission definition (Boolean or index 
based)

Low disease activity Low disease activity state according to any of the 
validated composite disease activity measures that 
include joint counts

Moderate, high disease 
activity

Respective disease activity state according to any of 
the validated composite disease activity measures that 
include joint counts

dMARd nomenclature

Synthetic DMARDs

csDMARDs Eg, methotrexate, 
leflunomide, sulfasalazine, 
hydroxychloroquine

Targeted synthetic 
DMARDs

Eg, baricitinib, tofacitinib, 
upadacitinib

Biological DMARDs

Biological originator 
DMARDs

TNFi: adalimumab, 
certolizumab, etanercept, 
golimumab, infliximab; IL- 
6Ri: sarilumab, tocilizumab;
Costimulation- i: abatacept; 
anti- B cell (CD20): 
rituximab

Biosimilar DMARDs (currently for: adalimumab, 
etanercept, infliximab, 
rituximab)

ACPA, anticitrullinated protein antibody; ACR, American College of Rheumatology; 
cs, conventional synthetic; DMARDs, disease- modifying antirheumatic drugs; EULAR, 
European League Against Rheumatism; IL- 6Ri, interleukin 6 receptor inhibitor; RF, 
rheumatoid factor; TNFi, tumour necrosis factor inhibitor.

be at risk of developing RA, but only patients with RA from the 
time of diagnosis.

Overarching principles
As before, the task force reinforced the necessity to adhere to 
some general principles when treating patients with RA, the 
so- called overarching principles (table 2). These principles 
constitute the foundation on which the actual recommendations 
are based. By their common sense nature, they cannot be based 
on specific scientific evidence. Until 2013, there were three over-
arching principles; in 2016, the task force added a fourth one as 
overarching principle B. Now yet another item appeared neces-
sary as overarching principle D, resulting in five overarching 
principles for the 2019 update (table 2).
A. Treatment of patients with RA should aim at the best care and 

must be based on a shared decision between the patient and 
the rheumatologist. This principle remained unchanged in 
wording and placement. During discussion, the importance 

of shared decision- making was reiterated and the importance 
of patient education emphasised. Indeed, patient education 
may increase adherence to medication49; moreover, educa-
tion of rheumatologists may foster adherence to appropri-
ate assessment strategies.50 There were suggestions made to 
expand this item by mentioning the importance of patient 
education separately, but there was ultimate agreement that 
patient education forms the implicit and inseparable basis for 
shared decision- making. Nevertheless, since shared decision- 
making is so important, communication skills should also be 
a focus of rheumatologists and other health professionals. 
This item is also included in a publication on quality indi-
cators that should be incorporated in the decision process.51 
It should also be noted that the focus of the task force was 
on DMARDs and not on other pharmacological and non- 
pharmacological therapies which may have to be considered 
in many patients as adjunctive therapies for best care. The 
task force agreed at a level of 9.7 (SD 1.1) with this principle.

B. Treatment decisions are based on disease activity, safety is-
sues and other patient factors, such as comorbidities and 
progression of structural damage. Added in 2016 and re-
maining unchanged, this principle is particularly important 
when considering the use of bDMARDs and tsDMARDs. 
The higher risk of herpes zoster infections on JAK- inhibitors, 
more pronounced in some Asian countries such as Japan and 
South Korea, is captured under this principle. The prevalent 
discussion on the risk of venous thromboembolic events 
(VTEs), such as in relation to obesity or a history of prior 
VTE events, has also been addressed.52 53 To this end, there 
was a debate about whether the term ‘risk’ should be more 
explicitly added to this overarching principle, but it was then 
agreed that the terms ‘comorbidities and safety issues’ inher-
ently include risk assessment, and obesity, for example, also 
constitutes a comorbidity. It was decided to mention these 
deliberations in the explanatory text and leave the principle 
unchanged. LoA 9.8 (0.5).

C. Rheumatologists are the specialists who should primarily care 
for patients with RA. Unchanged from previous recommen-
dations, this principle addresses the importance of specialty 
care for a complex disease like RA,54–58 since rheumatolo-
gists possess the optimal depth and breadth of experience 
regarding the use of all types of DMARDs, including efficacy 
outcomes, risk assessment and knowledge of comorbidities 
(as discussed under item B). Importantly, health professionals 
such as rheumatology nurse specialists also take care of many 
aspects related to the management of RA and patient educa-
tion. The rheumatologist often leads a multidisciplinary team 
in the course of providing ‘best care’ in accordance with item 
A. On the other hand, in certain areas of the world rheuma-
tology training is not sufficiently available and other experts 
may care for patients with RA, hence the term ‘primarily’. 
Moreover, some comorbidities, such as chronic hepatitis, in-
terstitial lung disease or cardiovascular events, may require 
consultation with, and treatment by, other specialists. To-
gether with item D, this principle achieved the highest LoA 
9.9 (0.4).

D. Patients require access to multiple drugs with different MOAs 
to address the heterogeneity of RA; they may require multi-
ple successive therapies throughout life. Developing this new 
overarching principle was considered necessary and timely, 
in view of the increasing number of drugs available to treat 
RA. We now recognise five molecular target families (tumour 
necrosis factor (TNF), interleukin 6 (IL-6), CD80/86, CD20 
and Janus kinases (JAK)) with multiple drugs for several of 
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Table 2 The 2019 updated EULAR RA management recommendations

Overarching principles loe soR loA

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

n.a. n.a. 9.7

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

n.a. n.a. 9.8

C Rheumatologists are the specialists who should primarily care for patients with RA. n.a. n.a. 9.9

D Patients require access to multiple drugs with different modes of action to address the heterogeneity of RA; 
they may require multiple successive therapies throughout life.

n.a. n.a. 9.9

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

n.a. n.a. 9.4

Recommendations

1. Therapy with DMARDs should be started as soon as the diagnosis of RA is made. 1a A 9.8

2. Treatment should be aimed at reaching a target of sustained remission or low disease activity in every patient.* 1a A 9.7

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

2b B 9.3

4. MTX should be part of the first treatment strategy. 1a A 9.4

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

1a A 9.0

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

1a A 8.9

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

5 D 8.4

8. If the treatment target is not achieved with the first csDMARD strategy, when and poor prognostic factors* are 
present, a bDMARD† or a tsDMARD‡ should be added.

1a A 9.3

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

1a A 8.9

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

#1b
##5

A
D

8.9

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

1b A 9.2

12. If a patient is in persistent remission, tapering the csDMARD could be considered. 2b B 9.0

*For definitions of remission, low disease activity and poor prognostic factors, see table 1.
†Abatacept, rituximab, sarilumab, tocilizumab and TNF inhibitors: adalimumab, certolizumab pegol, etanercept, golimumab,infliximab (whether boDMARDs or EMA- approved/
FDA- approved bsDMARDs).
‡Janus kinase inhibitors.
bDMARDs, biological DMARDs; boDMARDs, biological originator DMARDs; bsDMARD, biosimilar DMARDs; csDMARDs, conventional synthetic DMARDs; DMARDs, disease- 
modifying antirheumatic drugs; EMA, European Medicines Agency; EULAR, European League Against Rheumatism; FDA, Food and Drug Administration; IL-6, interleukin 6; JAK, 
Janus kinase; LoA, levels of agreement; LoE, levels of evidence (according to the standards of the Oxford Centre for Evidence Based Medicine); MTX, methotrexate; n.a., not 
applicable; RA, rheumatoid arthritis; SoR, strengths of recommendation; TNF, tumour necrosis factor; tsDMARDs, targeted synthetic DMARDs (currently Janus kinase inhibitors).

these molecules. Treating toward a target of remission or 
LDA (see recommendations 2 and 3) potentially requires 
switching between drugs (cycling), sometimes even as early 
as every 3 months if improvement in accordance with stra-
tegic principles (see recommendations 2 and 3) is not suffi-
cient. Moreover, it is well established that after failure of one 
drug, a different drug belonging to the same class, that is, tar-
geting the same molecule, can still be efficacious. Therefore, 
patients, rheumatologists and payers must be aware that mul-
tiple successive drug options are often needed to reach the 
therapeutic goal. This does not necessarily incur extra cost, 
since continuing a (partially) failing DMARD can be as cost-
ly as switching to another DMARD. This item addresses an 
additional important characteristic: RA is a lifelong disease 
whose cause is unknown and which—like many other chron-
ic disorders—cannot currently be cured in most patients, but 
can be brought into remission or at least LDA in the vast 
majority of patients with appropriate treatment adaptations 
using the whole spectrum of therapies available to us today. 
Thus, remission on drug is the best we can usually achieve, 

with subsequent dose reduction representing a viable option. 
While the approach to taper medication is addressed in rec-
ommendations 11 and 12, patients, rheumatologists, payers 
and society must realise that many patients will not be able to 
stop therapy and may require lifelong treatment. Up to 50% 
of patients starting a new DMARD must stop it within 12 to 
18 months for insufficient efficacy or adverse events.59 60 In-
deed, many patients still do not reach the therapeutic targets, 
despite all of our modern therapies and therapeutic strate-
gies, but still about 10%–20% of patients who fail multiple 
drugs have a good treatment response to yet another agent.61 
The major weakness of our current treatment approaches 
is the lack of biomarkers for immediate stratification of an 
individual patient to the most appropriate drug. Important-
ly, these considerations emphasise the need to search for 
predictive markers; however, since a considerable number 
of patients (about 20%–30%) are refractory to all current 
treatment options, new therapies also need to be developed. 
Among the task force members, 100% agreed to add this 
principle and to its wording and placement. LoA 9.9 (0.4).
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E. RA incurs high individual, medical and societal costs, all of 
which should be considered in its management by the treating 
rheumatologist. This (unchanged) principle reminds all stake-
holders of an important balance. On the one hand, effective 
RA therapy can reduce the economic burden on individual 
patients, their families and society. This economic burden 
not only includes direct medical costs but also indirect costs 
due to sick leave, work disability and premature retirement. 
On the other hand, the high price of many current drugs 
causes a net increase in the economic burden to society. So 
when making therapeutic decisions, drugs that are less costly 
must be preferred over more costly ones, as long as they are 
similarly efficacious and safe and in line with the therapeu-
tic paradigms.20 As mentioned in the introduction, in many 
countries, the high costs of treatment limit the availability of 
modern therapies (inequity),14 the availability of biosimilars 
can address this and provide significant reductions of health-
care budgets, when their price is sufficiently low and their 
application is then reinforced by payers or politicians.16 62 
The task force voted unanimously to place this item as the 
last overarching principle, without a change in wording. LoA 
9.4 (1.4).

Individual recommendations
General aspects
The task force’s discussions resulted in 12 recommendations. 
The first seven recommendations as well as recommendations 
9 and 12 remain unchanged. The background and evidence for 
these items have been presented previously, and in this respect 
the reader is referred to the 2016 update.9 Each was briefly or 
more extensively discussed. This was not the case for the afore-
mentioned nine unchanged items. Note that the evidence base 
was carried forward from last time (or when new data were avail-
able adapted accordingly) and that all items whether changed or 
unchanged underwent a new assessment for the LoA.

As before, the recommendations are ordered in a way that 
allows their sequential use, and the respective algorithm is 
depicted in figure 1. The recommendations start with the 
approach to patients with newly diagnosed RA, then address 
both specific drugs and treatment strategies for these patients as 
well as those who already failed specific therapies, and end with 
proposals for tapering therapy under appropriate preconditions.

Recommendations
1. Therapy with DMARDs should be started as soon as the diag-
nosis of RA is made. This unchanged item represents the basic 
principle of RA treatment that initiation of DMARD therapy 
should be immediate, since the disease will not remit sponta-
neously. LoE 1a, SoR A, LoA 9.8 (0.6).

2. Treatment should be aimed at reaching a target of sustained
remission or LDA in every patient (unchanged). This is a central 
theme in the care of patients with RA, and in line with the T2T 
recommendations by an international task force.5 The instru-
ments that should be used to define remission or LDA were not 
any more discussed (table 1) and the reader is referred to the 
T2T recommendations and previous deliberations.3 5 9 Indeed, 
ACR and EULAR have agreed on the Boolean- based and index- 
based remission definitions (the latter using the simplified or 
clinical disease activity index SDAI, CDAI).3 As set forth as prin-
ciple A, the treatment target has to be agreed in a process of 
shared decision- making. LoE 1a, SoR A, LoA 9.7 (0.6).

3. Monitoring should be frequent in active disease (every 1–3
months); if there is no improvement by at most 3 months after 

the start of treatment or the target has not been reached by 6 
months, therapy should be adjusted (unchanged). One should 
consider the desired treatment target as well as various patient 
factors, including comorbidities, when making treatment adap-
tations. A rapid attainment of the selected target endpoint is now 
regarded as being of critical importance: while direct evidence 
for the question of the best time point for decision- making 
regarding change of therapy is still lacking, it is known that if 
disease activity fails to improve by at least 50% within 3 months, 
the probability of reaching the treatment goal of remission (or 
LDA) is low.63 64 Also, the decision to use specific instruments 
should take into account the direct effects of IL-6 and JAK inhib-
itors (JAKis) on the production of acute phase reactants (poten-
tially independent of clinical improvements, but more reflecting 
pharmacodynamic effects).65 66 This recommendation remained 
unchanged. LoE 2b, SoR B, LoA 9.3 (0.8).

4. Methotrexate (MTX) should be part of the first treatment
strategy (unchanged). MTX remains the anchor drug in RA; not 
only is it an efficacious csDMARD by itself but it is also the 
basis for combination therapies, either with GC or with other 
csDMARDs, bDMARDs or tsDMARDs. It is important to reit-
erate that MTX (whether administered orally or subcutane-
ously) should be escalated to a weekly dose of about 0.3 mg/
kg67 and that this escalation should be done within 4–6 weeks. 
In the Western hemisphere, the optimal therapeutic dose will be 
around 20–25 mg68 per week, while in Asia—in line with a lower 
body weight and possibly different pharmacogenetics in the East 
Asian population—the maximum dose will be lower, such as 16 
mg in Japan.69 The importance of folic acid supplementation 
is another central aspect of MTX therapy. Patients often asso-
ciate MTX with a variety of adverse events that are primarily 
related to its use as medication for malignancies at high doses; 
therefore, in the course of the shared decision- making process 
patient education and information, including addressing fears of 
potential side effects, is as important for this ‘old’ drug as it is 
for novel agents.

As in the past, there were some discussions whether the first 
treatment strategy should already potentially include a bDMARD 
or tsDMARD, but this was not further pursued since no new 
evidence has been seen suggesting that the current approach—
especially considering recommendation 6—should be changed. 
Indeed, no bDMARD plus MTX has yet shown superiority 
compared with MTX plus GC in MTX- naive patients,70 71 and 
tsDMARDs have not yet been compared with MTX plus GC as 
starting therapy. Moreover, there is no longer- term disadvantage 
taking this approach, since initiation of MTX in patients with 
early RA and subsequent addition of a TNF inhibitor (TNFi) at 
6 months in case of an IR confers similar overall results as using 
the combination of MTX and a TNFi from the start, with many 
patients having already achieved the therapeutic target without 
the use of a bDMARD.72 Thus, this decision was based on both 
the evidence base regarding efficacy and safety of different 
initial therapeutic approaches in patients with early RA and on 
economic considerations. LoE 1a, SoR A, LoA 9.4 (1.2).

5. In patients with a contraindication to MTX (or early intol-
erance), leflunomide or sulfasalazine should be considered as part 
of the (first) treatment strategy (unchanged). There was a brief 
discussion whether a direct step to a bDMARD or tsDMARD 
should be considered if MTX was contraindicated, but no 
evidence comparing any of these agents in monotherapy with 
leflunomide or sulfasalazine in combination with GC is currently 
available. It was also suggested that antimalarials should be 
added to this recommendation. Indeed, as discussed in previous 
documents, antimalarials and especially hydroxychloroquine, 
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Figure 1 Presentation of the 2019 update of the EULAR RA management recommendations in form of an algorithm. This is an abbreviated 
version aiming to provide a general overview, but it must be borne in mind that the algorithm cannot be separated from the details presented in 
the discussion of the individual recommendations in the paper which are part and parcel of these recommendations. ACPA, anticitrullinated protein 
antibody; ACR, American College of Rheumatology; bDMARDs, biological DMARDs; bsDMARD, biosimilar DMARDs; csDMARDs, conventional synthetic 
DMARDs; DMARDs, disease- modifying antirheumatic drugs; EMA, European Medicines Agency; EULAR, European League Against Rheumatism; FDA, 
Food and Drug Administration; IL- 6R, interleukin 6 receptor; JAK, Janus kinase; MTX, methotrexate; RA, rheumatoid arthritis; RF,rheumatoid factor; 
TNF, tumour necrosis factor; tsDMARDs, targeted synthetic DMARDs.
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have a limited place, mainly reserved for patients with mild RA. 
As no new evidence regarding a good efficacy of hydroxychlo-
roquine was found for RA in general and the historic studies 
had shown only weak clinical and no structural efficacy,73 it was 
decided to keep the focus on sulfasalazine and leflunomide. In 
some countries, especially in Asia, also other agents like bucilla-
mine or iguratimod have been approved for RA, but these drugs 
were not considered here given insufficient data in other regions. 
LoE 1a, SoR A, LoA 9.0 (1.2).

6. Short- term GC should be considered when initiating or
changing csDMARDs, in different dose regimens and routes of 
administration, but should be tapered as rapidly as clinically 
feasible (unchanged). There was much less discussion on the 
use of GC than ever before in the history of these recommen-
dations, and there was unanimity that they should primarily be 
used as bridging therapy until csDMARDs exhibit their efficacy 
and that tapering GC rapidly (aiming at discontinuation within 
about 3 months) is important. Failure to sustain the treatment 
target on tapering or withdrawal of GC after the bridging phase 
should be regarded as failure of this therapeutic phase and thus 
elicit the institution of a bDMARD or a tsDMARD added to the 
csDMARD. Regarding the debate over whether treatment with 
bDMARDs or tsDMARDs should be preferred to csDMARDs 
plus GC, at least three trials have shown similar responses when 
MTX plus GC was compared with MTX plus bDMARDs70 71 74 
and no new data conflicting with this view have been published 
since then; tsDMARDs have not yet been compared with MTX 
plus GC. LoE 1a, SoR A, LoA 8.9 (1.3).70 71 74

7. If the treatment target is not achieved with the first
csDMARD strategy, in the absence of poor prognostic factors, 
other csDMARDs should be considered (unchanged). Poor prog-
nostic factors were defined many years ago and are shown in 
table 1. They include high disease activity, presence of erosions 
and autoantibody positivity at high titres, but also failure to 
achieve LDA after the application of at least two csDMARDs. 
It was suggested that failure of an initial treatment with MTX 
plus GC was also included in this list; however, this proposal did 
not find sufficient backing by the task force. Since the addition 
of GC both to a first csDMARD and to a subsequent csDMARD 
therapy is highly recommended (see item 6: ‘or changing 
csDMARDs’), consideration of ‘other csDMARDs’ here means 
either switching to or addition of another csDMARD. As detailed 
in 2016, combinations of csDMARDs are not regarded as supe-
rior to MTX monotherapy by the task force, especially if MTX 
is combined with GC.75 One study (CareRA) evaluated patients 
with early RA with high and low risk and showed that a milder 
intervention (MTX compared with MTX+GC) also resulted in 
similar outcomes,75 but there are no studies available that have 
evaluated such a strategy in patients who have failed MTX. On 
the other hand, it is known that patients who fail MTX often 
do respond to a subsequent csDMARD course.76 LoE 5, SoR D, 
LoA 8.4 (1.6).

8. If the treatment target is not achieved with the first csDMARD 
strategy and poor prognostic factors are present, a bDMARD or a 
tsDMARD should be added. In 2016, this recommendation read 
as follows: “If the treatment target is not achieved with the first 
csDMARD strategy, when poor prognostic factors are present, 
addition of a bDMARD or a tsDMARD should be considered; 
current practice would be to start a bDMARD.” Thus, there 
are two major changes in the 2019 update. First, the task force 
revised the preference of bDMARDs over tsDMARDs because 
of new evidence regarding the successful long- term efficacy and 
safety of JAKis.77–79 Second, it recommended that a bDMARD 
should be ‘added’ rather than ‘considered’.

Regarding the first change, the task force also agreed that 
bDMARDs and tsDMARDs have on average similar efficacy 
and, therefore, no preference can be given to any of these agents 
for reasons of efficacy. While two studies designed as non- 
inferiority trials have shown statistical superiority of baricitinib 
or upadacitinib compared with adalimumab (all in combination 
with MTX),80 81 a third study using tofacitinib+MTX did not 
show such superiority82; thus, the overall clinical relevance of 
small differences in clinical trials was not considered convincing 
enough for the task force to prefer tsDMARDs over bDMARDs. 
This conclusion is further supported by recently presented data 
revealing that filgotinib+MTX met non- inferiority for Disease 
Activity Score 28 <3.2, but not superiority criteria, when 
compared with adalimumab, a prespecified endpoint, although 
superiority was observed for some of the secondary endpoints.83 
Importantly, in these studies various inflammatory markers, such 
as swollen joint counts, did not differ among the groups, in line 
with the hitherto unknown clinical relevance mentioned above.

A third JAKi, peficitinib, has meanwhile been approved in 
Japan where clinical trials revealed significant efficacy84 85; in a 
global study, efficacy was not similarly apparent, possibly due to 
high placebo effects.86

A fourth JAKi, upadacitinib, has undergone testing in phase 
III trials in different RA populations as combination and mono-
therapy,27 adding to the documented efficacy of this class of 
drugs; upadacitinib has meanwhile been approved at 15 mg daily 
by the FDA of the USA with a variety of warnings added to the 
prescribing information, including a warning that thromboses 
have occurred in patients treated with JAKis87; also EMA has 
given a positive opinion on upadacitinib.

For a fifth JAKi, filgotinib, publication of further phase III trial 
results is awaited and the drug is currently undergoing regula-
tory evaluation.

With respect to safety, beyond what was known to the last 
task force and further corroborated in the course of the current 
safety SLR such as an increased risk of herpes zoster infections,26 
a new safety issue, namely VTEs including pulmonary embolism, 
has emerged for both baricitinib (4 mg daily)88 and tofacitinib 
(at both 5 mg and especially 10 mg twice daily particularly in 
patients with risks of thromboembolic events and higher age).89 
These latter data on tofacitinib are derived from an interim anal-
ysis of study A3921133 (NCT02092467), an ongoing study that 
compares tofacitinib at 5 and 10 mg twice daily with TNF inhi-
bition regarding major cardiovascular events and malignancy in 
patients with RA and at least one cardiovascular risk factor.90 
Thromboembolic events have also been observed with upadac-
itinib.91 92 VTEs are seen especially in patients with a high risk 
for these events (see safety SLR), such as those with a previous 
history of thromboembolic events, those with high body mass 
index, those with hormone replacement therapy and higher 
age.88 93 Therefore, JAKi should be used with caution in patients 
with high risk of TE events. Moreover, currently information 
regarding this risk is not yet final and further accruing, and it 
is not understood which mechanisms may drive this risk; this 
should become a major target of research.

Thus, the decision which drug to prescribe when a patient 
has failed to reach the treatment target with the first therapeutic 
strategy and has unfavourable prognostic markers should be 
based on an aggregate of contraindications, patient preference 
and costs.

The second change that a bDMARD or tsDMARD should be 
‘added’ rather than ‘considered’ constitutes a stronger support 
for combination therapy (item 9) than before. In previous years, 
the SLRs have revealed evidence of similar efficacy among the 
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bDMARDs,23 and this obviously includes biosimilars approved 
by European Medicines Agency (EMA) or US Food and Drug 
Administration (FDA).27

No new studies on the efficacy of csDMARDs after prior 
failure of MTX (or other csDMARDs) have been performed 
since the last update, but during the discussions of the last update 
sufficient evidence was found showing that the benefit of this 
approach is limited and progression of damage may accrue.94 95 
Given that the costs of bDMARD and tsDMARD have decreased 
in many countries since the advent of biosimilars, the task force 
members felt that this recommendation should be reinforced. 
Some participants suggested applying a similar recommendation 
even for patients who do not exhibit poor prognostic factors 
(item 7), but this suggestion did not find sufficient resonance 
in the task force. On the other hand, no study has directly 
compared the benefit of add- on bDMARDs or tsDMARDs vs 
a second course of csDMARDs (plus GCs) in patients without 
poor prognostic factors who failed a first course of MTX; 
this has not even been done for patients with poor prognostic 
factors. This continues to be part of the research agenda. The 
new wording was approved by 95% of the participants. LoE for 
general efficacy: 1a (regarding its primary use in patients with 
poor prognostic factors: 5), SoR A (D), LoA 9.3 (1.0).

9. bDMARDs and tsDMARDs should be combined with a
csDMARD; in patients who cannot use csDMARDs as comedi-
cation, IL-6 pathway inhibitors and tsDMARDs may have some 
advantages compared with other bDMARDs (unchanged). The 
task force reiterated that—in contrast to clinical practice where 
up to 40% of patients are on bDMARD monotherapy—combi-
nation therapy is advantageous with respect to efficacy compared 
with monotherapy for all bDMARDs and tsDMARDs and with 
respect to immunogenicity for all bDMARDs. When MTX is part 
of such combination therapy, high MTX doses may not be neces-
sary: in combination with TNFi (and presumably other thera-
pies), 10 mg/week may be sufficient96 97 to increase the efficacy 
of the bDMARD. Tocilizumab and sarilumab as monotherapy 
are more efficacious than adalimumab monotherapy and JAKi 
monotherapy generally also has good clinical efficacy. In light of 
these observations, the task force discussed if the second part of 
the sentence should read ‘should be preferred’ rather than ‘may 
have some advantages’, but this proposal did not reach a 75% 
majority. LoE 1a, SoR A; LoA 8.9 (1.1).

10. If a bDMARD or tsDMARD has failed, treatment with
another bDMARD or a tsDMARD should be considered; if one 
TNFi therapy has failed, patients may receive an agent with 
another MOA or a second TNFi. The first part of this recom-
mendation remains unchanged. The second part underwent a 
slight modification by changing the sequence: the task force now 
placed ‘another MOA’ before ‘a second TNFi’. This amendment 
was based on some reports from registry data, observational 
studies and a randomised controlled trial suggesting that using 
another MOA leads to better efficacy than a second TNFi.98–100 
However, these and similar other studies may have had a high 
risk of bias and, as detailed in the previous SLR, a meta- analysis 
of randomised controlled trials performed in patients with 
an IR to TNFis did not reveal differences in efficacy between 
switching to a second TNFi and using a different drug class,23 
although these were separate and not head- to- head studies. This 
recommendation does not only relate to failure of TNFi, but 
rather to failure of any bDMARD or tsDMARD. While data for 
the efficacy of TNFi after failure of another TNFi have been 
available for long.101–103 At the time of the SLRs, no data were 
available regarding studies of (1) IL- 6R inhibitors after prior 
failure of another such compound (eg, sarilumab after failure 

of tocilizumab), (2) JAKis after failure of another one (eg, baric-
itinib after IR to tofacitinib or (3) bDMARDs after failure of 
tsDMARDs. However, since then a recent post- hoc analysis of 
a clinical trial suggested also some efficacy of sarilumab after 
failure of tocilizumab104 and a study using a TNFi after IR to 
a JAKi was published, revealing similar overall outcomes as 
switching from a TNFi to a JAKi.105 Needless to say that the 
term ‘second TNFi’ does not relate to a biosimilar of the failed 
compound but to a molecularly different TNFi. Among the task 
force members, 84% agreed with the change. The LoE continues 
to be 1a for patients who did not sufficiently respond to TNFis 
(SoR A); JAK inhibition was studied in RCTs after failure of 
several bDMARDs.91 106 LoE 1a, SoR A; LoA 8.9 (1.2).

11. If a patient is in persistent remission after having
tapered glucocorticoids, one can consider tapering bDMARDs 
or tsDMARDs, especially if this treatment is combined with a 
csDMARD. In this update, the term ‘tsDMARD’ was now 
included, based on respective trial data.107 Otherwise the recom-
mendation remained unchanged. In the discussions, the task 
force members reinforced the proposed sequence (stopping GCs 
first and subsequently, when the treatment target is sustained, 
reducing bDMARDs or tsDMARDs). With the reiteration of this 
principle (‘persistent remission’ recommended before starting 
drug tapering) which has been introduced already in 2010 
and maintained ever since, because no conflicting data became 
available, the task force explicitly affirmed the requirement 
of persistent remission before initiation of dose reduction or 
interval increase of bDMARDs or tsDMARDs. It is important to 
mention that discontinuation of bDMARDs is frequently associ-
ated with flares (increasing with time since discontinuation) and 
that, therefore, many task force members would have preferred 
to see tapering just as a dose reduction or interval increase rather 
than leading to discontinuation; however, the vast majority 
(>80%) of patients who flare can regain a good outcome on 
reinstitution of the previous treatment.107 108

A definition for the term ‘persistent’ is not available, since no 
study investigated whether 3, 6 or 12 months of stringent remis-
sion is more appropriate for such definition; in some studies, 6 
months of remission was used for this purpose, but this needs to 
be part of the research agenda. Several studies showed a clear 
correlation of flare risk with failure to achieve ‘deep’ or ‘strin-
gent’ remission prior to bDMARD tapering107 109–112; however, 
this was not definitely established in a recent systematic liter-
ature review because of conflicting study data,113 Flares after 
bDMARD tapering are associated with a progression of joint 
damage, especially when leading to long- term increase in disease 
activity,114 115 while progression of damage may not be seen with 
short lived flares.115 Importantly, also small increases in joint 
damage may become significant over years and lead to irrevers-
ible disability.115

Thus, overall, persistent ACR- EULAR remission is associated 
with lowest risk of flares and tapering while in LDA (including 
other, less stringent states previously termed remission) is not 
recommended because of a higher risk of flares.114 Further, 
tapering may have to be approached particularly carefully in 
patients who have joint damage, since these patients have a 
high risk of damage progression on complete withdrawal of 
bDMARDs, similar to patients with elevated levels of acute 
phase reactants or residual (low) disease activity, which is not 
seen on dose reduction.114 As an additional discussion point 
in this respect, it was suggested to consider continuing the 
bDMARD (or tsDMARDs) while stopping the accompanying 
csDMARD. However, a recent randomised trial investigating this 
question yielded no difference in outcomes between these two 
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box 1 Continued

24. How long should the duration of persistent remission or
requirements be before csDMARD can be tapered?

25. Are the Boolean remission criteria sufficiently well- defined?
26. Can taxonomy of RA be improved to guide therapeutic

decisions?

box 1 Research agenda

1. Do we have enough data to recommend a specific treatment
in patients with pre- rheumatoid arthritis (RA) at high risk to
develop RA?

2. Is the application of a tumour necrosis factor (TNF) inhibitor
after abatacept, tocilizumab, rituximab or a JAK inhibitor
(JAKi) has failed, safe and efficacious?

3. How safe and efficacious are abatacept, tocilizumab and
rituximab after any of the other non- TNF inhibitor- biological
disease modifying antirheumatic drugs (b) DMARDs or a
targeted synthetic (ts) DMARD has failed?

4. How safe and efficacious is the use of an interleukin 6 (IL-6)
pathway inhibitor if another IL-6 pathway inhibitor/a JAKi
has failed?

5. How safe and efficacious is the use of a JAKi after another
JAKi has failed?

6. How safe and efficacious is the combination of a JAKi with a
bDMARD, such as a TNF inhibitor?

7. Does the risk stratification for bDMARD/tsDMARD initiation
based on presence of good or bad prognostic factors as
recommended by European League Against Rheumatism
translate into improved outcomes for both prognosis
groups?

8. Do patients who lack poor prognostic factors benefit as
much from a switch or addition of a conventional synthetic
(cs) DMARD as from the addition of a bDMARD?

9. Is tapering of bDMARD monotherapy possible?
10. Will randomised controlled trials on tapering of bDMARDs or

tsDMARDs designed to following predefined predictors for
the maintenance of good outcomes after their withdrawal
shows success?

11. How good is patient adherence to a bDMARD or tsDMARD
and can non- adherence explain secondary loss of efficacy?

12. How can refractory RA be best defined, and what is the
optimal treatment approach?

13. Can we identify new biomarkers to stratify patients and to
predict therapeutic response and pending lack of response?

14. Which other factors, for example, lifestyle characteristics
or treatment history or allow to make the best possible
therapeutic decisions?

15. Do JAKi confer specific safety signals of concern?
16. What are the molecular pathways associated with

thromboembolism when using JAKi?
17. Can the identification of disease phenotypes inform tailored

therapeutic use?
18. Do the different bDMARDs/tsDMARDs lead to comparable

improvements in comorbidities/multimorbidities?
19. Does the concomitant use of glucocorticoids at very low

doses (1-3 mg prednisone equivalent) increase therapeutic
success without producing unacceptable side effects?

20. Will therapeutic drug monitoring improve disease course
and outcome and support decisions about switching within
or between drugs?

21. Is leflunomide equivalent to methotrexate as first- line
csDMARD therapy?

22. For active patients with RA who have failed multiple drugs, 
are there combinations that may be more successful such as
JAKi with bDMARD?

23. Is secondary loss of efficacy due to non- adherence or a
consequence of true loss of efficacy of a given drug and if
the latter, what is the reason for this loss of efficacy?

Continued

strategies116; thus for cost and safety reasons, the committee still 
supports that bDMARD and tsDMARD rather than csDMARDs 
should be tapered first. Among the participants, 93% approved 
this change. LoE 1b, SoR A, LoA 9.2 (1.0).

12. If a patient is in persistent remission, tapering the csDMARD 
could be considered. While combining recommendations 11 and 
12 was discussed, the ultimate decision of the task force was to 
leave them separate and not change this item. This point relates 
primarily to two aspects: (1) in patients who have responded well 
to a csDMARD and did not need a bDMARD or tsDMARD, the 
csDMARD dose may be reduced in persistent remission and (2) 
in a patient who was on combination therapy and in whom slow 
dose reduction or interval increase of a bDMARD or tsDMARD 
has ultimately resulted in cessation of this added therapy with 
maintenance of persistent remission, one may consider also 
reducing the csDMARD dose. However, one needs to bear in 
mind that RA is regarded a usually incurable disease and that, 
therefore, a drug that has proven efficacy and is tolerated by 
the patient should not be stopped. With regards to the ques-
tion of stopping versus continuing csDMARDs in remission, no 
new trials have been found in the current SLR, an older trial 
comparing withdrawal versus continuation of csDMARDs in 
patients in remission found a significant increase in flare rate and 
restitution to the situation prior to discontinuation may not be 
as successful with csDMARDs as with bDMARD or tsDMARD 
reinstitution, since only half of the patients regained the previous 
state.117 118 Dose reduction, however, can be considered. LoE 2b, 
SoR B, LoA 9.0 (1.1).

Figure 1 depicts the algorithm based on the updated recom-
mendations. The figure is an abbreviated version of table 2 and 
the footnotes explain the definitions used. The research agenda 
(box 1) is an update of the previous version, of which several 
questions have been addressed over the last 3 years.

dIsCussIOn
Since the 2016 update, several new drugs have been approved in 
Europe. These new drugs are all within classes that had already 
been licensed for use in patients with RA, such as additional 
bsDMARDs inhibiting TNF; sarilumab, an anti- IL-6 receptor 
antibody that targets the same molecule as tocilizumab; and 
tofacitinib and baricitinib, two JAKis of which tofacitinib had 
already long been used in the USA and other regions of the 
world. Thus, major changes of these recommendations were 
not to be expected, but revisiting recommendations with respect 
to their timeliness is important to ensure that their evidence is 
maintained or strengthened or, when contradicting data become 
apparent, that they are amended to reflect the latest knowledge 
and evidence base.

The 2019 update of these recommendations, therefore, 
consolidates the previous efforts while adding one overarching 
principle (item D).

As before, the recommendations are ordered in terms of a 
sequential treatment strategy from the time point of diagnosis 
and the requirement to immediately start a DMARD therapy 
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(item 1) to the tapering of treatment once a stringent remission 
has been achieved (items 11, 12). Nine of the specific recom-
mendations were not changed (1–7, 9 and 12). The recom-
mendation to use MTX plus GC as an initial treatment strategy 
(5 and 6), while unchanged, has been reinforced by the task 
force; indeed, an abstract presented after the task force meeting 
revealed that MTX plus GC is non- inferior to three bDMARD 
MOAs combined with MTX, namely certolizumab (TNF), tocili-
zumab (IL- 6R) and abatacept (costimulation),71 confirming and 
further strengthening the task forces’ long- standing recommen-
dation in this respect. This recommendation relates to the initi-
ation of csDMARD therapy and bridging therapy with GC, not 
to long- term use of GC after the bridging period which may 
be afflicted with cardiovascular and other risks.34 119–121 In 
patients with early RA who fail MTX by 6 months, addition of 
bDMARDs/tsDMARDs is associated with a similar overall rate 
of LDA or remission at 12 months from treatment start as imme-
diately starting a TNFi plus MTX;72 it is conceivable that this 
also pertains to other agents, although such data are currently 
lacking. Thus, reduced response rates to subsequent therapies 
are primarily due to long disease duration and failure of several 
csDMARDs before initiation of a bDMARD or tsDMARD and 
not primarily a consequence of failing MTX.122

The task force maintained its recommendation to stratify 
patients who failed to attain the treatment target with the first 
treatment strategy into those with and those without poor prog-
nostic factors. The task force also reiterated its previous decision 
that bDMARDs and tsDMARDs should primarily be combined 
with csDMARDs, such as MTX, a decision now strengthened by 
the new SLR data allowing the LoE to rise from 1b to 1a also 
for tsDMARDs.

No evidence is available for switches between IL-6 receptor 
inhibitors or between JAKis. However, the task force assumed 
that these are similarly efficacious to switches for which direct 
evidence exists. This assumption was partly confirmed in a 
recent post hoc analysis of sarilumab in patients with an insuf-
ficient response to tocilizumab and trial showing efficacy of a 
bDMARD after an IR to a tsDMARD.104 105

Whereas the first 10 items address therapeutic strategies for 
patients with active RA from the time of diagnosis to failure of 
sequential therapies, the last two recommendations deal with 
patients in whom remission was attained. Tapering of bDMARDs 
and tsDMARDs should be cautious and only be started when 
stringent remission, such as based on the ACR- EULAR defini-
tions, is sustained. It should be noted that flares are frequent 
after withdrawal of bDMARDs and tsDMARDs and increase 
with time from cessation. There is no evidence supporting with-
drawal of csDMARDs before bDMARDs (or tsDMARDs), as 
also revealed by a recent trial comparing these two strategies.116 
Thus, maintaining a bDMARD or tsDMARD at a reduced dose 
or an expanded interval may be prudent.

Overall, the 2019 update reveals that various principles, such 
as the principle of (early) remission induction by virtue of T2T 
and the value of GCs and csDMARDs in this trajectory are 
firmly established. The ongoing development of new bDMARDs 
and tsDMARDs has allowed for an increasing proportion of 
patients to attain the treatment target. On the other hand, new 
bDMARDs and tsDMARDs primarily have access to the affluent 
markets because of their high price, thereby continuing to leave 
an unmet need in patients with RA in less affluent countries (most 
countries of the world) or in less affluent patients in high- income 
countries (such as in the USA). The task force considers this a 
challenge to organisations like EULAR, APLAR, PANLAR and 
ACR. Moreover, it appears that the financial benefits brought 

by the advent of more affordable bsDMARD to most European 
Union countries have not been seen in other regions to a nearly 
similar extent.

While recommendations presented in this update summarise 
the state of art from an evidence- driven point of view, they will 
always be aspirational in nature. They reflect ‘best practice’, 
provided in an ideal world in which physicians adhere to the 
principle of assessing the patients regularly and making decisions 
driven by these assessments. They assume that rheumatologists 
are aware of the various drugs’ safety issues, such as the risk 
of thromboembolic events on use of JAKi, especially in patients 
with cardiovascular risk factors, that was recently reported by 
regulators.53 88 93 They also assume patients adhere to the medi-
cation selected and prescribed in a shared decision process. In 
this imaginary world of ‘best practice’, costs are not a limiting 
factor. Such aspirational recommendations should be read as an 
encouragement to all that are involved in improving access to 
healthcare in less affluent situations.

Aspirational recommendations may have their downsides. 
They may inadvertently contribute to what is called by some ‘the 
race to the end’: the infinite search for ever subtler improve-
ments in efficacy and safety at ever higher expenses and attain-
able for ever fewer patients. Moreover, overdiagnosis and 
overtreatment123 may add to treatment inefficiency, risks and 
costs. It is the responsibility of the national and international 
professional societies to provide sufficient postgraduate educa-
tion and information on benefits and risks of available drugs, 
so that appropriate RA treatment is applied and thus not only 
stays manageable in terms of costs but also becomes attainable 
to those living in less affluent situations. This is conveyed with 
the present EULAR recommendations. Another good example of 
activities is the EULAR initiative to provide recommendations for 
difficult- to- treat RA,124 which will address the question if a once 
established diagnosis continues to be correct and will point to 
distinctions between inflammatory and non- inflammatory symp-
toms when deciding about T2T. In this respect, it is important to 
note that we are encountering an increasing number of patients 
who are ‘refractory’ to treatment or ‘difficult to treat’,124 125 and 
for whom the current recommendations also apply, provided a 
correct diagnosis and assessment of ongoing disease activity have 
been made. A correct diagnosis is key for the correct application 
of recommendations and appropriate use of medicines,20 which 
in RA means to combat inflammation. However, since refracto-
riness appears to be associated with treatment delays and high 
initial inflammatory load,125 rapid institution of appropriate 
treatment strategies once the diagnosis is made (recommenda-
tion 1) is of crucial importance.

In summary, the 2019 update of the EULAR recommenda-
tions provides rheumatologists, patients, health professionals 
and other stakeholders with the most recent evidence regarding 
the management of patients with RA. Adhering to these recom-
mendations, which are based on systematic literature reviews 
and opinions of experts from around the world, will allow 
optimal treatment of patients with RA at the beginning of the 
third decade of this century. Using the many therapeutic options 
available, the treatment target can be reached in most patients; 
however, about 20%–30% remain refractory to current thera-
pies.125 For these, new treatment options, but also better insights 
into the pathogenesis of RA will be needed. The research agenda 
points to unresolved questions and enables future task forces to 
further improve the EULAR recommendations.

As reflected by the current update in comparison with the 
previous one, for most of the therapeutic aspects of RA, we 
have reached a steady state of the evidence base for patients 
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with established RA, although still some needs remain unmet,126 
including the need to cure the disease. With the current rate of 
evidence development, we expect an update of the recommen-
dations to be necessary in about 3–4 years.
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AbstRAct
Objective To update the European League Against 
Rheumatism (EULAR) recommendations for the 
pharmacological treatment of psoriatic arthritis (PsA).
Methods According to the EULAR standardised 
operating procedures, a systematic literature review 
was followed by a consensus meeting to develop this 
update involving 28 international taskforce members 
in May 2019. Levels of evidence and strengths of 
recommendations were determined.
Results The updated recommendations comprise 
6 overarching principles and 12 recommendations. 
The overarching principles address the nature of 
PsA and diversity of both musculoskeletal and 
non- musculoskeletal manifestations; the need for 
collaborative management and shared decision- making 
is highlighted. The recommendations provide a treatment 
strategy for pharmacological therapies. Non- steroidal 
anti- inflammatory drugs and local glucocorticoid 
injections are proposed as initial therapy; for patients 
with arthritis and poor prognostic factors, such as 
polyarthritis or monoarthritis/oligoarthritis accompanied 
by factors such as dactylitis or joint damage, rapid 
initiation of conventional synthetic disease- modifying 
antirheumatic drugs is recommended. If the treatment 
target is not achieved with this strategy, a biological 
disease- modifying antirheumatic drugs (bDMARDs) 
targeting tumour necrosis factor (TNF), interleukin 
(IL)- 17A or IL-12/23 should be initiated, taking into 
account skin involvement if relevant. If axial disease 
predominates, a TNF inhibitor or IL- 17A inhibitor should 
be started as first- line disease- modifying antirheumatic 
drug. Use of Janus kinase inhibitors is addressed 
primarily after bDMARD failure. Phosphodiesterase-4 
inhibition is proposed for patients in whom these other 
drugs are inappropriate, generally in the context of 
mild disease. Drug switches and tapering in sustained 
remission are addressed.
Conclusion These recommendations provide 
stakeholders with an updated consensus on the 
pharmacological management of PsA, based on a 
combination of evidence and expert opinion.

InTROduCTIOn
Psoriatic arthritis (PsA) is a disease with heteroge-
neous manifestations in patients who have manifest 
or latent psoriasis. It comprises both musculoskel-
etal as well as non- musculoskeletal manifestations; 
the latter particularly include the skin and the nails, 
but also potentially the gut (inflammatory bowel 
disease) or the eyes (uveitis). Active chronic PsA 
also associates with cardiovascular, psychological 
and metabolic comorbidities,1–7 which, together 
with the musculoskeletal manifestations, impose a 
significant patient burden with impact on quality of 
life and also accelerated mortality.8–10

The day- to- day management of patients with 
PsA includes non- pharmacological as well as 
pharmacological interventions. The number of 
disease- modifying antirheumatic drugs (DMARDs) 
indicated for PsA has increased during the last 
decade. The armamentarium now includes not only 
conventional synthetic DMARDs (csDMARDs) 
such as methotrexate (MTX), sulfasalazine and 
leflunomide and tumour necrosis factor inhibitors 
(TNFi), but also other targeted biological agents 
(bDMARDs) aimed at different cytokines, such as 
TNF, interleukin (IL)-12/23 and IL- 17A, as well 
as targeted synthetic DMARDs (tsDMARDs) that 
inhibit phosphodiesterase-4 (PDE4) or Janus kinases 
(JAKs).11–16 These multiple newer drugs have 
been investigated well in short- term, randomised 
controlled trials using placebo as comparator for 
reasons of drug approval. However, comparative 
research of different drugs, important for clinical 
practice, is rather sparse and clinicians need some 
guidance in decision- making.17–20

The European League Against Rheumatism 
(EULAR) developed recommendations for the 
pharmacological management of PsA in 2011 and 
updated them in 2015. These recommendations 
had their main focus on the musculoskeletal aspects 
of the disease and addressed the entire spectrum of 
PsA severity since they pertained to patients with 
very mild to very severe PsA.12 15 18 In this rapidly 
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evolving field, a further update of the 2015 recommendations 
became necessary to accommodate newly obtained evidence and 
insights. The objective of this taskforce, therefore, was to update 
the EULAR recommendations for the management of PsA with 
non- topical, pharmacological therapies.

MeTHOds
The updated EULAR standardised operating procedures were 
applied.21 In October 2018, a steering group consisting of five 
rheumatologists, a fellow, a patient research partner and a health 
professional defined the questions that were to be addressed 
through a systematic literature review (SLR). The SLR was 
performed between October 2018 and May 2019, for the years 
2015–2018, and analysed the efficacy in both musculoskeletal 
manifestations as well as the skin and nails in patients with PsA.1 
Of note, the SLR was not centred on skin psoriasis trials, and 
these trials are not reviewed systematically or alluded to system-
atically here. Where relevant and based on expert opinion, data 
made available after the end of the SLR were also integrated. 
In May 2019, the steering group as well as the taskforce met to 
integrate available information on disease management in PsA 
into practical recommendations. The taskforce consisted of 28 
persons from 15 European countries with 15 different health-
care systems: 21 rheumatologists, 2 people affected with PsA, 
1 health professional, 1 dermatologist and 3 rheumatology 
fellows/trainees. The taskforce comprised more than 30% new 
members compared with 2015.

The SLR informed the recommendations. However, the 
process was not only evidence- based but also experience- based 
and consensus- based, in line with the three- tier principles of 
evidence- based medicine that include clinical science (trials), 
patients’ perceptions and expectations, and physicians’ experi-
ences. Benefit to cost ratios were taken into consideration when 
discussing prioritisation of drugs, since new effective treatments 
impose a significant burden on the healthcare budgets of EULAR 
and non- EULAR countries. Treatment guidance should there-
fore not only include considerations about safety and efficacy 
but should also focus on cost of treatment, in particular when 
different therapies have similar efficacy and safety data.

The results of the SLR were presented to the taskforce during 
a face- to- face meeting in May 2019, alongside the 2015 recom-
mendations and proposals for changes to these recommenda-
tions prepared by the steering committee. Each recommendation 
was discussed in detail both in smaller (breakout) groups and 
in plenary sessions until consensus was reached. For changes to 
existing recommendations against which no new evidence has 
accrued since the last update, a ≥75% vote by the taskforce 
was mandated in order to prevent new taskforces from refor-
mulating without major reasoning what had previously been 
developed based on the evidence presented at that point in time. 
If this majority was not reached, the recommendation was not 
changed. New recommendations were formulated and then 
accepted if ≥75% of the members agreed; if this agreement was 
not reached, the recommendation was reworded and subjected 
to a renewed vote for which a ≥67% majority was required. If 
this was not achieved, the wording underwent a next round of 
discussion and the new phrasing was approved if >50% of the 
taskforce members voted for it.

After the face- to- face meeting, the taskforce members were 
provided with the category of evidence and grade of recommen-
dation for each item, based on the Oxford Evidence Based Medi-
cine categorisation, as per the EULAR procedures.21 22 Then 
an anonymised, email- based voting on the level of agreement 

among the taskforce members was performed on a 0–10 scale 
(with 10 meaning full agreement) allowing calculation of mean 
levels of agreement.

ResulTs
The recommendations are shown in table 1, and the modifica-
tions compared with the previous recommendations are shown 
in table 2. These recommendations address non- topical pharma-
cological treatments with a main focus on musculoskeletal mani-
festations. As before, the updated recommendations are targeted 
at various stakeholders, such as (1) experts involved in the care 
of patients with PsA, particularly rheumatologists and other 
health professionals (such as rheumatology nurses), but also 
general practitioners, dermatologists and other specialists; (2) 
people with PsA who can use these recommendations for infor-
mation on current therapies, treatment strategies and opportu-
nities; and (3) other stakeholders which include government and 
hospital officials, patient organisations, regulatory agencies and 
reimbursement institutions.

Overarching principles
These refer to principles of a generic nature (table 1). Note 
that optimal management of patients with PsA also requires 
non- pharmacological strategies such as patient education and 
regular physical exercise and may also require topical medi-
cation (in particular for skin psoriasis). The non- systemic and 
non- pharmacological therapies are not addressed in the present 
document.23

The overarching principles remained mostly unchanged 
compared with 2015 (table 2). Principle A refers to the hetero-
geneous and potentially severe nature of PsA, and principle B 
addresses the importance of shared decision- making with the 
patient, but also costs. Indeed, while efficacy and safety are 
considered to be the key drivers of the decision- making process, 
the committee noted that cost of treatment should also be taken 
into account. Modern DMARDs are expensive and unaffordable 
to many patients in less- affluent countries, but also in affluent 
countries social security systems may preclude provision of 
certain drugs to a significant proportion of patients, or request 
clinically unacceptable conditions (such as high disease activity 
or limitation of important agents to a maximum number) for 
cost reasons. Nevertheless, EULAR proclaims that all patients 
with active and/or severe (not necessarily highly active) PsA 
should have the right to be prescribed the treatment they need 
to optimise their quality of life. Of note, recently, costs of some 
drugs have decreased considerably through access to biosimi-
lars and bio- originator repricing, but these advantages are not 
conveyed in all countries alike.

The pivotal status of the rheumatologist as the main caregiver 
for people with PsA is dealt with in principle C. Rheumatologists 
possess the optimal depth and breadth of experience regarding 
the use of all types of DMARDs, including efficacy outcomes, 
risk assessment and knowledge of comorbidities. The role of 
nurses and other health professionals in the management of PsA, 
in relation to principles A and B, was addressed by the taskforce. 
While rheumatologists are the principal physicians in the care 
of PsA, in some countries rheumatology nurses may prescribe 
medication and are the main healthcare givers for patients. On 
the other hand, in certain areas of the world, rheumatology 
training is not sufficiently available and other experts may care 
for patients with PsA, hence the term ‘primarily’. Where there 
is a lack of rheumatologists, the taskforce recognised the contri-
bution of other physicians with appropriate rheumatological 

http://ard.bmj.com/


702 Gossec L, et al. Ann Rheum Dis 2020;79:700–712. doi:10.1136/annrheumdis-2020-217159

Recommendation

Table 1 2019 EULAR recommendations for the pharmacological management of psoriatic arthritis, with levels of evidence, grade of 
recommendations and level of agreement

Overarching principles
level of agreement, 
mean (sd)

A Psoriatic arthritis is a heterogeneous and potentially severe disease, which may require multidisciplinary treatment. 9.9 (0.4)

b treatment of psoriatic arthritis patients should aim at the best care and must be based on a shared decision between the patient and the rheumatologist, 
considering efficacy, safety and costs.

9.8 (0.5)

c Rheumatologists are the specialists who should primarily care for the musculoskeletal manifestations of patients with psoriatic arthritis; in the presence of 
clinically significant skin involvement, a rheumatologist and a dermatologist should collaborate in diagnosis and management.

9.8 (0.7)

D the primary goal of treating patients with psoriatic arthritis is to maximise health- related quality of life, through control of symptoms, prevention of structural 
damage, normalisation of function and social participation; abrogation of inflammation is an important component to achieve these goals.

9.9 (0.4)

E In managing patients with psoriatic arthritis, consideration should be given to each musculoskeletal manifestation and treatment decisions made accordingly. 9.9 (0.3)

F When managing patients with psoriatic arthritis, non- musculoskeletal manifestations (skin, eye and gastrointestinal tract) should be taken into account; 
comorbidities such as metabolic syndrome, cardiovascular disease or depression should also be considered.

9.8 (0.6)

Recommendations
level of 
evidence

Grade of 
recommendation

level of agreement, 
mean (sd)

1 treatment should be aimed at reaching the target of remission or, alternatively, low disease activity, by regular 
disease activity assessment and appropriate adjustment of therapy.

1b A 9.4 (1.0)

2 Non- steroidal anti- inflammatory drugs may be used to relieve musculoskeletal signs and symptoms. 1b A 9.6 (0.8)

3 Local injections of glucocorticoids should be considered as adjunctive therapy in psoriatic arthritis*; systemic 
glucocorticoids may be used with caution at the lowest effective dose†.

3b*
4†

c 9.5 (1.1)

4 In patients with polyarthritis, a csDMARD should be initiated* rapidly†, with methotrexate preferred in those 
with relevant skin involvement*.

1b*
5†

b 9.5 (0.8)

5 In patients with monoarthritis or oligoarthritis, particularly with poor prognostic factors such as structural 
damage, high erythrocyte sedimentation rate/c reactive protein, dactylitis or nail involvement, a csDMARD 
should be considered.

4 c 9.3 (1.0)

6 In patients with peripheral arthritis and an inadequate response to at least one csDMARD, therapy with a 
bDMARD should be commenced; when there is relevant skin involvement, an IL-17 inhibitor or IL-12/23 
inhibitor may be preferred.

1b b 9.4 (1.1)

7 In patients with peripheral arthritis and an inadequate response to at least one csDMARD and at least one 
bDMARD, or when a bDMARD is not appropriate, a JAK inhibitor may be considered.

1b b 9.2 (1.3)

8 In patients with mild disease* and an inadequate response to at least one csDMARD†, in whom neither a 
bDMARD nor a JAK inhibitor is appropriate*, a PDE4 inhibitor may be considered.

5*
1b†

b 8.5 (1.9)

9 In patients with unequivocal enthesitis and insufficient response to NsAIDs or local glucocorticoid injections, 
therapy with a bDMARD should be considered.

1b b 9.3 (0.9)

10 In patients with predominantly axial disease which is active and has insufficient response to NsAIDs, therapy 
with a bDMARD should be considered, which according to current practice is a tNF inhibitor; when there is 
relevant skin involvement, IL-17 inhibitor may be preferred.

1b b 9.7 (0.6)

11 In patients who fail to respond adequately to, or are intolerant of a bDMARD, switching to another bDMARD or 
tsDMARD should be considered*, including one switch within a class†.

1b*
4†

c 9.5 (1.2)

12 In patients in sustained remission, cautious tapering of DMARDs may be considered. 4 c 9.5 (0.9)

the level of agreement was computed on a 0–10 scale.
csDMARDs include methotrexate, sulfasalazine or leflunomide; bDMARDs include here tNF inhibitors (both original and biosimilars) and drugs targeting the IL-17 and IL-12/23 
pathways.
bDMARDs, biological disease- modifying antirheumatic drugs; csDMARDs, conventional synthetic disease- modifying antirheumatic drugs; DMARDs, disease- modifying 
antirheumatic drugs; EULAR, European League Against Rheumatism; IL, interleukin; JAK, Janus kinase; NsAIDs, non- steroidal anti- inflammatory drugs; PDE4, 
phosphodiesterase-4; tNF, tumour necrosis factor.

expertise and added this point also into the research agenda 
(table 3).

The treatment target is elimination of inflammation and opti-
misation of quality of life (principle D) (see table 1 and the 2015 
update for detailed information).18 The importance of fatigue 
was also highlighted.1 5 7 10 24

The last two overarching principles refer to treatment strategy 
and have been modified. Principle E is a new overarching prin-
ciple which reiterates the importance of all musculoskeletal 
manifestations in patients with PsA: this not only relates to 
peripheral arthritis but also enthesitis, tenosynovitis, tendinitis, 
dactylitis and inflammatory axial disease.

Principle F (which in 2015 was principle E) now includes the 
term ‘non- musculoskeletal’, replacing the term ‘extra- articular’ 
manifestations, and refers to PsA- linked organ involvement, 
namely psoriasis, uveitis and inflammatory bowel disease. 
The term ‘extra- articular manifestations’ was considered 

unclear—for some it includes axial or entheseal symptoms, 
which was not intended in this context.25–27 Although all the 
non- musculoskeletal manifestations should be taken into 
account, psoriasis is of course the most frequent. Referring to 
comorbidities, aside from cardiovascular disease, depression is 
explicitly mentioned because of its frequency and impact on the 
patient.4 7 10 24 28 29 The list of comorbidities is not meant to be 
exhaustive and other comorbidities should also be considered.

Recommendations
Twelve recommendations were formulated or updated (tables 1 
and 2) and formed the basis of the management algorithm 
(figure 1). Table 1 provides the category of evidence, grade of 
recommendation and level of agreement for each of the points.17 
It must be borne in mind that the individual disease character-
istics—in line with the multidimensional nature of PsA—may 
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Table 2 comparison of the 2015 and 2019 recommendations
2019 (current) version Changes performed 2015 version

Overarching principles

A Psoriatic arthritis is a heterogeneous and potentially severe disease, which may 
require multidisciplinary treatment.

Unchanged Psoriatic arthritis is a heterogeneous and potentially severe disease, which may require 
multidisciplinary treatment.

b treatment of psoriatic arthritis patients should aim at the best care and must 
be based on a shared decision between the patient and the rheumatologist, 
considering efficacy, safety and costs.

Unchanged treatment of psoriatic arthritis patients should aim at the best care and must be based 
on a shared decision between the patient and the rheumatologist, considering efficacy, 
safety and costs.

c Rheumatologists are the specialists who should primarily care for the 
musculoskeletal manifestations of patients with psoriatic arthritis; in the presence 
of clinically significant skin involvement, a rheumatologist and a dermatologist 
should collaborate in diagnosis and management.

Unchanged Rheumatologists are the specialists who should primarily care for the musculoskeletal 
manifestations of patients with psoriatic arthritis; in the presence of clinically significant 
skin involvement, a rheumatologist and a dermatologist should collaborate in diagnosis 
and management.

D the primary goal of treating patients with psoriatic arthritis is to maximise health- 
related quality of life, through control of symptoms, prevention of structural 
damage, normalisation of function and social participation; abrogation of 
inflammation is an important component to achieve these goals.

Unchanged the primary goal of treating patients with psoriatic arthritis is to maximise health- 
related quality of life, through control of symptoms, prevention of structural damage, 
normalisation of function and social participation; abrogation of inflammation is an 
important component to achieve these goals.

E In managing patients with psoriatic arthritis, consideration should be given to each 
musculoskeletal manifestation and treatment decisions made accordingly.

New Not applicable.

F When managing patients with psoriatic arthritis, non- musculoskeletal 
manifestations (skin, eye and gastrointestinal tract) should be taken into account; 
comorbidities such as metabolic syndrome, cardiovascular disease or depression 
should also be considered.

Rephrased When managing patients with psoriatic arthritis, extra- articular manifestations, 
metabolic syndrome, cardiovascular disease and other comorbidities should be taken 
into account.

Recommendations

1 treatment should be aimed at reaching the target of remission or, alternatively, low 
disease activity, by regular disease activity assessment and appropriate adjustment 
of therapy.

Rephrased treatment should be aimed at reaching the target of remission or, alternatively, 
minimal/low disease activity, by regular monitoring and appropriate adjustment of 
therapy.

2 Non- steroidal anti- inflammatory drugs may be used to relieve musculoskeletal 
signs and symptoms.

Rephrased In patients with psoriatic arthritis, non- steroidal anti- inflammatory drugs may be used 
to relieve musculoskeletal signs and symptoms.

3 Local injections of glucocorticoids should be considered as adjunctive therapy in 
psoriatic arthritis; systemic glucocorticoids may be used with caution at the lowest 
effective dose.

Renumbered Local injections of glucocorticoids should be considered as adjunctive therapy in 
psoriatic arthritis; systemic glucocorticoids may be used with caution at the lowest 
effective dose.

4 In patients with polyarthritis, a csDMARD should be initiated rapidly, with 
methotrexate preferred in those with relevant skin involvement.

Modified In patients with peripheral arthritis, particularly in those with many swollen joints, 
structural damage in the presence of inflammation, high EsR/cRP and/or clinically 
relevant extra- articular manifestations, csDMARDs should be considered at an early 
stage, with methotrexate preferred in those with relevant skin involvement.

5 In patients with monoarthritis or oligoarthritis, particularly with poor prognostic 
factors such as structural damage, high erythrocyte sedimentation rate/c reactive 
protein, dactylitis or nail involvement, a csDMARD should be considered.

New Not applicable but partly covered in the recommendation above.

6 In patients with peripheral arthritis and an inadequate response to at least one 
csDMARD, therapy with a bDMARD should be commenced; when there is relevant 
skin involvement, an IL-17 inhibitor or IL-12/23 inhibitor may be preferred.

Modified and merged In patients with peripheral arthritis and an inadequate response to at least one 
csDMARD, therapy with a bDMARD, usually a tNF inhibitor, should be commenced.
In patients with peripheral arthritis and an inadequate response to at least one 
csDMARD, in whom tNF inhibitors are not appropriate, bDMARDs targeting IL-12/23 or 
IL-17 pathways may be considered.

7 In patients with peripheral arthritis and an inadequate response to at least one 
csDMARD and at least one bDMARD, or when a bDMARD is not appropriate, a JAK 
inhibitor may be considered.

New Not applicable.

8 In patients with mild disease and an inadequate response to at least one csDMARD, 
in whom neither a bDMARD nor a JAK inhibitor is appropriate, a PDE4 inhibitor 
may be considered.

Modified In patients with peripheral arthritis and an inadequate response to at least one 
csDMARD, in whom bDMARDs are not appropriate, a targeted synthetic DMARD such 
as a PDE4 inhibitor may be considered.

9 In patients with unequivocal enthesitis and insufficient response to NsAIDs or local 
glucocorticoid injections, therapy with a bDMARD should be considered.

Modified In patients with active enthesitis and/or dactylitis and insufficient response to NsAIDs 
or local glucocorticoid injections, therapy with a bDMARD should be considered, which 
according to current practice is a tNF inhibitor.

10 In patients with predominantly axial disease which is active and has insufficient 
response to NsAIDs, therapy with a bDMARD should be considered, which 
according to current practice is a tNF inhibitor; when there is relevant skin 
involvement, IL-17 inhibitor may be preferred.

Modified In patients with predominantly axial disease that is active and has insufficient response 
to NsAIDs, therapy with a bDMARD should be considered, which according to current 
practice is a tNF inhibitor.

11 In patients who fail to respond adequately to, or are intolerant of a bDMARD, 
switching to another bDMARD or tsDMARD should be considered*, including one 
switch within a class†.

Modified In patients who fail to respond adequately to a bDMARD, switching to another 
bDMARD should be considered, including switching between tNF inhibitors.

12 In patients in sustained remission, cautious tapering of DMARDs may be 
considered.

New Not applicable.

csDMARDs include methotrexate, sulfasalazine or leflunomide; bDMARDs include here tNF inhibitors (both original and biosimilars) and drugs targeting the IL-17 and IL-12/23 pathways.
bDMARDs, biological disease- modifying antirheumatic drugs; cRP, c reactive protein; csDMARDs, conventional synthetic disease- modifying antirheumatic drugs; DMARDs, disease- modifying antirheumatic drugs; 
EsR, erythrocyte sedimentation rate; IL, interleukin; JAK, Janus kinase; NsAIDs, non- steroidal anti- inflammatory drugs; PDE4, phosphodiesterase-4; tNF, tumour necrosis factor; tsDMARDs, targeted synthetic disease- 
modifying antirheumatic drugs.

respond differently to specific therapies and thus require use 
of distinct assessment instruments for each manifestation. 
This variability as well as contraindications and risks must be 
taken into account, and thus the balance between efficacy and 
safety is always dependent on the characteristics of the indi-
vidual patient. Both table 1 and figure 1 synthesise the recom-
mendations in an abbreviated way, and the accompanying text 
provides more detailed information about the evidence and the 

discussion process and should be regarded as integral to the 
recommendations.

Recommendation 1: treatment should be aimed at reaching the 
target of remission or, alternatively, low disease activity, by regular 
disease activity assessment and appropriate adjustment of therapy.
This recommendation puts forward the importance of a treat- 
to- target (T2T) approach. The T2T strategy, which comprises 

http://ard.bmj.com/


704 Gossec L, et al. Ann Rheum Dis 2020;79:700–712. doi:10.1136/annrheumdis-2020-217159

Recommendation

Table 3 Research agenda for PsA

Theme Research questions

Responsibility Role of the rheumatologist vs other specialists in the management of PsA.

Diagnosis Defining screening strategies for PsA among patients with psoriasis: is screening needed, and if so in which populations, how and when?
criteria for early diagnosis of PsA, including predictors for the development of PsA in patients with skin psoriasis.
Diagnosis of axial involvement.

Prognosis Defining prognostic factors related to risk of progressive disease, structural damage and bad functional outcome in early (and established) PsA.
Predicting response to treatment (predicting response to NsAIDs, to csDMARDs, to the different bDMARDs, to tsDMARDs).
Assessment of spinal disease: defining the similarities and differences with spondyloarthritis.

Pathophysiology Defining the relationship between inflammation and structural damage in PsA.
Exploring juvenile PsA: is it different from adult- onset PsA?
Identification of new therapeutic targets.
Pathogenetic pathways leading to arthritis, dactylitis, enthesitis, tenosynovitis, tendinitis, axial disease and skin disease; similarities and differences.
Genetics of PsA.

Phenotypes Entheseal PsA: overlap with widespread pain syndrome and role of imaging in the diagnosis.
Axial PsA: definition and role of imaging in the diagnosis.

biomarkers Determining biomarkers related to early diagnosis, damage, prognosis and treatment response.

treatment strategy Assessing efficacy and safety of combinations of csDMARDs compared with csDMARD monotherapy (with and without low- dose glucocorticoids).
Assessing efficacy and safety of combinations of csDMARDs with biologics compared with biologics monotherapy.
comparing efficacy and safety of methotrexate vs biological monotherapy vs their combination in early PsA.
Evaluating the need for early treatment in PsA: Who should be treated with csDMARDs? When to start treatment with DMARDs?
switching and cycling between drugs.
therapeutic drug monitoring to optimise cost and to support switching between bDMARDs within the same class or to a different mode of action.
Efficacy in oligoarticular rather than in polyarticular disease.
Efficacy in axial disease.
strategy trials.

Outcomes composite scores in PsA and assessment of treatment outcomes.
Usefulness of separate assessment of multiple scores limited to some specific domains in PsA.
Axial involvement in PsA.
Fatigue in PsA.

csDMARDs Efficacy of methotrexate in PsA, including for enthesitis.
Efficacy of csDMARDs for dactylitis.
Efficacy and safety of combination therapy of csDMARDs.
strategy of csDMARDs before bDMARDs/tsDMARDs.

bDMARDs and tsDMARDs Efficacy of combining csDMARDs with bDMARDs, compared with bDMARD monotherapy and with csDMARD monotherapy.
comparison of apremilast with methotrexate.
timing to start bDMARDs.
Duration of biological therapy, including addressing bDMARD dose reduction or discontinuation.
Head- to- head trials.
structural data for apremilast.
How to identify the right bDMARD for the right patient phenotype.
comparative safety of bDMARDs in PsA.
Differential effects of bDMARDs on comorbidities such as metabolic syndrome.

systemic glucocorticoids Assessing the risk of skin flares related to systemic glucocorticoids and in particular at low doses.
Assessing the benefit to risk ratio of long- term glucocorticoid therapy.

switches strategies after failures of bDMARDs other than tNFi.
Repeat switching within a bDMARD class.

comorbidities cardiovascular disease and metabolic syndrome in PsA and links with disease activity.
Alcohol in PsA in particular when treating with methotrexate.
cardiovascular risk and DMARDs in PsA.

bDMARDs, biological disease- modifying antirheumatic drugs; csDMARDs, conventional synthetic disease- modifying antirheumatic drugs; DMARDs, disease- modifying antirheumatic drugs; NsAIDs, 
non- steroidal anti- inflammatory drugs; PsA, psoriatic arthritis; tNFi, tumour necrosis factor inhibitor; tsDMARDs, targeted synthetic disease- modifying antirheumatic drugs.

definition of a distinct target as well as adherence to rules for 
monitoring and therapeutic adjustment, is well validated partic-
ularly in rheumatoid arthritis.30 The T2T recommendations for 
PsA have been updated recently.31 32 In line with these recom-
mendations, this point has been slightly rephrased and now 
states clearly that remission or low disease activity should be 
targeted, with the deletion of the previously stated term of 
minimal disease activity (which refers to a score allowing the 
assessment of low disease activity rather than to a target).33 34 
Remission in PsA is difficult to define.33 Remission should be 
seen as abrogation of inflammation.

Recommendation 2: Non-steroidal anti-inflammatory drugs may be 
used to relieve musculoskeletal signs and symptoms.
As in previous versions the taskforce continues to recommend 
the use of an non- steroidal anti- inflammatory drug (NSAID) to 
relieve symptoms.18 The benefit to risk ratio of NSAIDs must 

always be considered carefully, especially in this population with 
frequent cardiovascular comorbidities.

The taskforce noted that, in contrast to rheumatoid arthritis, in 
mild synovitis in PsA or for non- synovial features including axial 
symptoms, NSAIDs alone may be sufficient to control symptoms, 
especially with local glucocorticoid injections (see recommenda-
tion 3). There are little data regarding the efficacy of NSAIDs in 
enthesitis. In patients with peripheral arthritis, NSAIDs should 
be combined rapidly with DMARDs if needed (see also recom-
mendations 4 and 5). NSAIDs have not shown any efficacy 
in skin psoriasis. When peripheral arthritis is present, NSAID 
monotherapy without DMARDs should not exceed 1 month if 
disease activity persists, and other treatment possibilities should 
be considered. When axial or entheseal involvement dominates 
the clinical picture, the duration of NSAID therapy might be 
prolonged up to 12 weeks, provided they have already induced 
relief by 4 weeks.35 If the treatment target is not achieved, other 
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Figure 1 the EULAR 2019 algorithm for treatment of PsA with pharmacological non- topical treatments. bDMARDs, biological disease- modifying 
antirheumatic drugs; EULAR, European League Against Rheumatism; IL-12/23i, interleukin-12/23 inhibitor; IL- 17i, interleukin-17 inhibitor; JAKi, Janus 
kinase inhibitor; NsAIDs, non- steroidal anti- inflammatory drugs; PDE4i, phosphodiesterase-4 inhibitor; PsA, psoriatic arthritis; tNFi, tumour necrosis 
factor inhibitor.
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therapies should be prescribed as detailed in the subsequent 
recommendations.

Recommendation 3: Local injections of glucocorticoids should be 
considered as adjunctive therapy in psoriatic arthritis; systemic 
glucocorticoids may be used with caution at the lowest effective 
dose.
This recommendation is unchanged compared with 2015 but 
has been reordered to better align with the different phases of 
treatment (figure 1).18 It has to be also noted that glucocorticoid 
therapy should be used for only a short period of time. The task-
force does not recommend the use of systemic glucocorticoids 
for axial disease.35

Recommendation 4: In patients with polyarthritis, a csDMARD 
should be initiated rapidly, with methotrexate preferred in those 
with relevant skin involvement.
The main change in recommendations 4 and 5 (together recom-
mendation 3 in 2015) is the separation of polyarticular versus 
oligoarticular joint involvement to ensure that the poorer prog-
nostic nature of polyarthritis is more strongly emphasised than 
this was done before. The taskforce defined polyarticular disease 
as five or more active (swollen) joints.36 Patients with polyartic-
ular disease should receive a csDMARD either as first- line drug 
or after only a short course of NSAIDs. ‘Rapid’ infers prompt 
commencement of a csDMARD, commensurate with the severity 
of clinical presentation or comorbidities; delays should not 
exceed 2 weeks. Thus, while recommendation 4 has been newly 
added, it was already comprised in former recommendation 3, 
where ‘many swollen joints’ was mentioned as a poor prognostic 
marker requiring rapid (‘early’) institution of DMARDs.

This recommendation, as well as recommendation 5, places 
the use of csDMARDs in the management of PsA as first- line 
DMARDs. The continuous prioritisation of csDMARDs reflects 
consensual expert opinion within the taskforce that favoured the 
benefit to risk balance of csDMARDs and in particular MTX 
over biologicals, as well as their lower cost. Data supporting the 
use of MTX in PsA are scarce and include only small or inconclu-
sive clinical trials,37 as well as indirect evidence stemming from 
the TICOPA trial and evidence from observational studies.38–41 
However, the SEAM- PsA study, which was part of the SLR and 
has meanwhile been published in full, revealed that MTX has 
similar efficacy in joint counts, skin involvement, enthesitis, 
dactylitis and physical function as etanercept or even etaner-
cept plus MTX.42 Given this similarity of effectiveness, and the 
differences in costs, this study further supports the taskforce’s 
decision to place MTX and other csDMARDs at the top of the 
therapeutic algorithm (figure 1).

The taskforce acknowledged that patients may have a reluc-
tance to take MTX and may experience adverse effects. To our 
knowledge, data proving that MTX is less well tolerated in PsA 
than in rheumatoid arthritis are lacking, but the effects of and 
the overall long- term experience with MTX should be part of 
the information given to the patient in the process of shared 
decision- making.43 Thus far, MTX remains widely used in daily 
practice as reported in registries, has high treatment mainte-
nance over time and seems effective in the control arms of most 
clinical trials, in which disease control with MTX monotherapy 
appears satisfactory.42

MTX is highlighted among the csDMARDs, in particular for 
patients with ‘relevant’ skin involvement: ‘relevant’ is defined 
as either extensive (body surface area involvement >10%), or 
as important to the patient: more limited psoriasis leading to 

significant impact on quality of life (eg, face/hand/feet/genital 
involvement). This definition would correspond, in other 
dermatological terms, to moderate to severe psoriasis. MTX has 
proven efficacy in skin psoriasis, is recommended in treatment 
guidelines for psoriasis and has become the standard csDMARD 
for skin psoriasis in many countries.44–47

On the other hand, MTX leads to hepatotoxicity, and data on 
the beneficial effects of MTX on cardiovascular disease in PsA 
are conflicting.48 49 Taking all these elements into account, the 
taskforce felt a gradual approach to intensify PsA treatment most 
appropriate and proposed a csDMARD (usually MTX) as the 
first DMARD. MTX should be prescribed attempting to reach 
25 mg per week as the optimal dose and with folate supplemen-
tation. Other csDMARDs have shown efficacy in PsA as well and 
may also be considered at this stage (although with less efficacy 
in the skin): these include leflunomide and sulfasalazine.50 Ciclo-
sporin is not recommended for PsA.

If improvement does not exceed 50% of a composite measure 
for PsA within 3 months or the treatment target is not reached 
within 6 months, such csDMARD therapy should not be pursued 
longer (figure 1). In light of paucity of good clinical data, the 
search for better evidence for the efficacy of csDMARDs as 
monotherapy or as combination therapy was prioritised on the 
research agenda.

Recommendation 5: In patients with monoarthritis or oligoarthritis, 
particularly with poor prognostic factors such as structural damage, 
high erythrocyte sedimentation rate/c reactive protein, dactylitis or 
nail involvement, a csDMARD should be considered.
This recommendation emphasises that patients with oligoartic-
ular disease should (similar to polyarticular patients) receive a 
csDMARD rapidly in the presence of poor prognostic factors 
(please see the text of the recommendation). Concerning factors 
associated with poor prognosis (here defined as radiographic 
severity), the SLR identified nail involvement in addition to 
those factors presented in 2011 and 2015, and this element was 
added accordingly to the phrasing of recommendation 5.51 52

Dactylitis was previously addressed together with enthesitis 
(see recommendation 9 in 2015). However, these manifesta-
tions have now been separated. The taskforce considered that 
dactylitis was distinct in terms of physiopathology, diagnosis 
and prognosis, since it is linked to radiographic changes in PsA, 
whereas enthesitis is not.53 Furthermore, although there is a lack 
of good- quality data, recent studies suggest at least some efficacy 
of MTX in dactylitis.41 42 Thus, dactylitis should now be treated 
similarly to arthritis, and if associated with polyarticular disease 
it should be treated like polyarthritis. Of note, NSAIDs have not 
demonstrated efficacy in dactylitis.

Given the lack of strong data on oligoarticular PsA, this recom-
mendation was based more on expert opinion than on hard data 
(level of evidence, 4; grade of recommendation: C).

Recommendation 6: In patients with peripheral arthritis and an 
inadequate response to at least one csDMARD, therapy with a 
bDMARD should be commenced; when there is relevant skin 
involvement, an IL-17 inhibitor or IL-12/23 inhibitor may be 
preferred.
This recommendation addresses patients with peripheral 
arthritis, after failure or intolerance to at least one csDMARD. 
In these patients, the taskforce recommends a bDMARD. In 
some patients, especially those without bad prognostic factors or 
those with mild disease activity, it may be indicated to rotate to 
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a second csDMARD before starting a bDMARD, as previously 
outlined in the 2015 recommendations.12

The taskforce extensively discussed the legitimacy of a 
bDMARD as first DMARD strategy; the discussion focused on 
efficacy and safety, as well as on costs. The taskforce was of the 
opinion that many patients respond satisfactorily to MTX, while 
tolerating the drug well. These patients would be subjected to 
overtreatment if starting a bDMARD immediately rather than 
waiting for 3 months to determine if a response to MTX has 
occurred (see recommendations 9 and 10). A good example 
is revealed in the SEAM- PsA trial. However, if entheseal or 
axial inflammatory involvement predominates, earlier use of 
bDMARDs is proposed, since csDMARDs are ineffective in 
these conditions (please see recommendations 9 and 10).

Whereas the 2015 recommendation stated that it was ‘usual 
practice’ to start a TNFi in comparison with other bDMARDs, 
the current update does not distinguish anymore between TNFi, 
IL-12/23 inhibitor (IL-12/23i) and IL-17 inhibitor (IL- 17i). The 
SLR reconfirmed the efficacy of TNFi in PsA, and there are now 
reassuring long- term safety data with these drugs, including data 
indicating that the incidence of malignancies is not increased.54 55 
Drugs targeting IL-12/23 and IL-17 are also consistently efficacious 
in comparison with placebo and long- term safety seems favour-
able.1 In addition to secukinumab, a second IL- 17i, ixekizumab, 
has been approved since the 2015 recommendations, showing a 
similar efficacy and safety profile, which further reassured the task-
force.14 56 Importantly, a head- to- head trial of ixekizumab versus 
the TNFi adalimumab showed similar efficacy of ixekizumab and 
adalimumab for musculoskeletal manifestations.57

Of note, efficacy in joints appeared numerically less for the 
IL-12/23i ustekinumab; however, observational data indicate 
similar magnitudes of response versus TNFi, and a formal head- 
to- head trial is currently lacking.13 58 Furthermore, the taskforce 
noted that recent studies with biologicals targeting the IL-23- p19 
subunit (guselkumab, risankizumab, tildrakizumab) appear encour-
aging, and that targeting this pathway has shown excellent efficacy 
in psoriasis.59–63 Thus, a suggested order between different targeted 
pathways is intentionally not given in this recommendation.

The total safety picture of these three categories of bDMARDs 
appeared acceptable in our SLR.1 The risks of TNFi are well 
known from large registries for long- term safety including 
these drugs. IL- 17i may increase the incidence of (mild) local-
ised candidiasis, and monitoring for a possible increased risk of 
inflammatory bowel disease is still ongoing.64 In any case, safety 
must always be considered carefully in every patient; more 
complete information regarding the safety aspects of bDMARDs 
is provided in the drugs’ package inserts.

Taking together data on efficacy and safety, with regard to the 
treatment of arthritis in PsA, the taskforce found no reason to 
currently prioritise one of these bDMARDs over another one (as 
shown also in figure 1); costs should also be taken into account, 
and these may vary at the country level.

In contrast, both IL-12/23i and IL- 17i have shown greater effi-
cacy in skin than TNFi, in head- to- head trials of psoriasis and 
PsA62 65 66; this evidence justifies the second half of the recom-
mendation, which encourages the use of an IL-12/23i or IL- 17i in 
patients with relevant skin involvement, where ‘relevant’ is defined 
(as above) as either extensive or as important to the patient.

When choosing a first bDMARD, the differential impact 
on certain musculoskeletal and non- musculoskeletal manifes-
tations as well as comorbidities such as metabolic syndrome 
has to be considered. While important skin involvement was 
already mentioned, IL-12/23 inhibition may not be effective for 
axial involvement; IL-17 inhibition may not be appropriate for 

patients with concomitant inflammatory bowel disease for which 
monoclonal antibodies to TNF and IL-12/23 inhibitors are 
approved; and in the presence of uveitis, a monoclonal antibody 
to TNF may be the preferred first and second bDMARD because 
of respective approval.67 68 On the other hand, regarding comor-
bidities, the paucity of relevant data precludes firm recommen-
dations at present; this has been added to the research agenda.

The issue of monotherapy with bDMARDs versus combina-
tion therapy with a csDMARD was discussed.69 70 The current 
recommendation is to continue MTX with a bDMARD (using 
the latter as an add- on strategy) in patients already taking this 
drug and tolerating it well, but the taskforce admitted that to 
date there is no clear evidence that combination therapy is more 
efficacious than monotherapy, aside from a slight reduction of 
immunogenicity that is of doubtful clinical significance.71 We 
suggest that MTX dose may be reduced in subjects showing 
a good biological drug response, especially when there are 
concerns about MTX toxicity. However, more data are needed 
and this point was put into the research agenda.

Recommendation 7: In patients with peripheral arthritis and an 
inadequate response to at least one csDMARD and at least one 
bDMARD, or when a bDMARD is not appropriate, a JAK inhibitor 
may be considered.
At this moment, the only JAK inhibitor (JAKi) approved for 
PsA is tofacitinib. Our SLR indicated tofacitinib may have 
similar efficacy as the TNFi adalimumab for joint involvement, 
but numerically lower efficacy in skin psoriasis.1 15 72 There 
also appears to be satisfactory efficacy of tofacitinib in TNFi 
insufficient- responder populations.1 According to European 
Medicines Agency approval, tofacitinib must be prescribed with 
MTX. Safety signals exist for some infections, especially herpes 
zoster, as well as a recent signal for deep vein thrombosis espe-
cially with a high dose of tofacitinib which is not approved for 
PsA, but also the usual 5 mg twice daily dose particularly in those 
with cardiovascular risk factors and older patients.15 72 73

To date, two other JAKis are in development phases for PsA. 
Filgotinib showed promising efficacy in a phase II trial and upad-
acitinib was approved for use in rheumatoid arthritis shortly after 
the development of these recommendations, and also showed 
encouraging results in PsA.16

Taking these elements into account, as well as the general prin-
ciple of favouring drugs with robust long- term safety data, the task-
force proposed JAKi either after inadequate response or intolerance 
to at least one bDMARD, or when a bDMARD is considered not 
appropriate. ‘Not appropriate’ means, for example, non- adherence 
to injections or a strong patient preference for an oral drug (in 
accordance with the overarching principle A concerning ‘shared 
decision making’). However, the group agreed that normally the 
step- up approach would be a csDMARD followed by a bDMARD, 
and subsequently another bDMARD or a JAKi.

As new data become available, the current positioning of JAKis 
may evolve; this will justify an update of the recommendations if 
appropriate.

Recommendation 8: In patients with mild disease and an 
inadequate response to at least one csDMARD, in whom neither a 
bDMARD nor a JAK inhibitor is appropriate, a PDE4 inhibitor may be 
considered.
Similar to the 2015 update, this recommendation reserves 
a special place for apremilast: it should be used only when 
csDMARD therapy has failed and bDMARDs and JAKi are not 
appropriate; however, the taskforce considered that the value of 
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apremilast may be found in treating patients with relatively mild 
disease or those in whom other agents are contraindicated, such 
as in patients with chronic infections. Mild disease is defined here 
as only few joints (four or less, thus oligoarticular disease), lower 
disease activity by composite scores and/or limited skin involve-
ment. The reason for proposing the use of apremilast primarily 
for mild disease is that profound responses, such as Amercian 
College of Rheumatology 70% (ACR70), are rarely seen in 
clinical trials with apremilast and are sometimes not different 
from placebo.11 74–77 Moreover, radiographic data providing 
the disease- modifying potential of the drug are still lacking for 
apremilast, and therefore this drug may not be appropriate for 
patients with poor prognostic factors. A randomised controlled 
trial with apremilast in oligoarticular disease is currently under 
way.78

The level of agreement with this recommendation was lower 
than for the others, suggesting diverse expert views on the place 
of this drug.

Recommendation 9: In patients with unequivocal enthesitis and 
insufficient response to NsAIDs or local glucocorticoid injections, 
therapy with a bDMARD should be considered.
Compared with recommendation 8 of the 2015 version, ‘active 
enthesitis’ has been replaced by ‘unequivocal enthesitis’, and the 
last part stating that ‘current practice is to use a TNF- inhibitor’ 
has been omitted. In patients with enthesitis, NSAIDs and local 
glucocorticoids are the first- line treatment; in case of insufficient 
response, intolerance or contraindication to NSAIDs, and given 
that csDMARDs are not efficacious for enthesitis, a bDMARD 
(targeting TNF, IL-17 or IL-12/23) may be used. ‘Enthesitis’ here 
refers to inflammation rather than entheseal pain, and the term 
‘unequivocal’ has now been added to avoid overtreating trigger- 
point pain that has other underlying causes (such as concomitant 
widespread pain syndromes).79 While sonography or MRI may 
underpin the presence of enthesitis, clinical examination should 
in principle suffice, and the number and pattern (asymmetrical) 
of painful entheses, as well as the presence of clinical swelling, 
should guide the clinician and allow a distinction from wide-
spread pain syndromes.80–85 Entheseal disease is a complex issue 
in PsA and was also added to the research agenda.

Regarding bDMARDs, the taskforce now regards all bDMARDs 
as having efficacy of a similar magnitude for enthesitis and hence 
the preference for TNFi has been deleted.1

Recommendation 10: In patients with predominantly axial disease 
which is active and has insufficient response to NsAIDs, therapy 
with a bDMARD should be considered, which according to current 
practice is a tNF inhibitor; when there is relevant skin involvement, 
IL-17 inhibitor may be preferred.
In 2015, predominant (or highly significant) axial involvement 
was dealt with in recommendation 9. The phrasing of the current 
recommendation was partly aligned with the Assessment of 
Spondyloarthritis International Society (ASAS)/EULAR manage-
ment recommendations for axial spondyloarthritis (axSpA),35 
with the exception that these do not yet account for the use of 
IL- 17is. It also reflects that in the situation of predominantly 
axial disease, TNFi would still represent the first bDMARD by 
usual practice. The taskforce discussed that secukinumab has 
demonstrated efficacy in axSpA, and recently has demonstrated 
efficacy in patients considered to have predominant axial PsA.86 
However, the experience with IL-17 inhibition in terms of long- 
term efficacy and safety in axSpA and axial PsA is limited.

In predominantly axial PsA, in the presence of relevant skin 
involvement (as defined in the text below recommendation 4), 
an IL- 17i would be preferred over a TNFi, given the greater 
efficacy of IL- 17i in skin.57 Importantly, however, in case of 
concomitant inflammatory bowel disease or uveitis, a TNFi 
(monoclonal antibody) would be preferred.

Of note, the IL-12/23 pathway drugs did not demonstrate effi-
cacy in axSpA.87 Thus, in light of lack of clear efficacy, drugs 
targeting IL-12/23 and abatacept (see also recommendation 11) 
are not indicated for patients with predominantly axial disease.87

Recommendation 11: In patients who fail to respond adequately to, 
or are intolerant of a bDMARD, switching to another bDMARD or 
tsDMARD should be considered, including one switch within a class.
This recommendation, a slight expansion of the recommenda-
tion previously numbered as 10, addresses first bDMARD failure 
or intolerance. Here we propose a switch either to another 
bDMARD or to a tsDMARD, especially a JAKi. Novel data on 
switches are limited, with only one such new study found through 
the SLR.88 Trials performed in TNFi insufficient responders 
have demonstrated efficacy of bDMARDs with another mode 
of action when TNFi has failed.56 However, another TNFi can 
also be used, since no head- to- head trial data are available that 
suggest switching between classes is different from switching 
within class. Finally, the taskforce agreed that while switching 
within class was a viable option, it would be logical to change 
class after a second failure within a given class (expert opinion). 
Studies addressing the best possible strategy after failure(s) of 
bDMARDs other than TNFi are lacking to date, and this topic 
was added to the research agenda.

The taskforce discussed the place of abatacept, which has been 
approved for use in PsA, and considered abatacept’s place in the 
current algorithm should be limited to potential use after other 
bDMARDs have failed, given its relatively low efficacy.89

Recommendation 12: In patients in sustained remission, cautious 
tapering of DMARDs may be considered.
This is a new recommendation, primarily based on broad 
consensus among experts in the absence of solid trial data. 
Sparse data suggest a certain risk of relapse (either for joints 
or skin) when tapering.90–95 Still, the taskforce decided to offer 
guidance on tapering, since it was felt an important aspect of 
modern management, especially when sustained remission has 
been achieved, to mitigate treatment- related risks, to meet 
patients’ desires and demands, and to reduce cost of treatment.

Tapering was considered appropriate only in the context of 
sustained remission, defined here as complete remission (rather 
than low disease activity) for at least six consecutive months.32

This point was deliberately phrased tentatively, with a recom-
mendation to taper with great caution, as a consequence of shared 
decision- making based on comprehensive patient information. 
The recommendation does not have the intention to push clini-
cians towards stopping treatment but rather to try finding the 
smallest effective dose, either through dose reduction or interval 
lengthening. Best possible tapering strategies were also added as 
an item to the research agenda (table 3).

dIsCussIOn
Since the last update of these recommendations, new informa-
tion has accumulated on the efficacy and safety of established 
drugs and treatment strategies, but also on newer agents such 
as IL- 17is and IL-12/23is as well as JAKis. Thus, while these 
updated recommendations continue to integrate the established 
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as well as the new information, they also continue to attempt 
covering the broad spectrum of disease severity that best reflects 
clinical practice, in order to guide clinicians and other stake-
holders involved in treating patients with PsA with a simple algo-
rithm and set of recommendations that can easily be translated 
into daily clinical practice. Importantly, all of this information 
is based on a thorough SLR and on conclusions by an expert 
committee that primarily used evidence to derive its recom-
mendations, but also specialists’ opinions, where evidence was 
lacking or was insufficient.

These recommendations have been modified substantially 
compared with the 2015 update, since new drugs have entered 
the market and more evidence about existing drugs has accrued 
(table 2). In particular, longer term safety data have become avail-
able, which add importantly to the robustness of the evidence. 
In general this update adheres to the previous structure of these 
recommendations in all respects. (1) We continue to separate 
this guidance document into overarching (general) treatment 
approaches and individual therapeutic recommendations. (2) We 
continue to recommend targeting clinical remission (primarily 
for early disease) or, alternatively, low disease activity (for estab-
lished disease); in this light, a moderate let alone high disease 
activity state is unacceptable, unless comorbidities or other 
patient factors preclude treatment advances. (3) We continue 
to recommend a T2T strategy; the T2T recommendations have 
been recently updated and propose at least 50% improvement of 
the composite measure within 3 months and achievement of the 
target within 6 months from treatment initiation, thus requiring 
the use of a continuous measure of disease activity to follow 
patients longitudinally and also reflect patient perceptions. (4) 
As before, we structure the pathway to a successful outcome 
into four phases, an initial phase which might suffice in very 
mild disease or necessitate advancement to one of the next two 
phases; a second phase focusing on the use of csDMARDs; a 
third phase for patients who failed to reach the target in phase II 
and/or phase I when exhibiting predominant axial or entheseal 
disease; and a fourth phase for those who failed phase III.

Further, we provide a quantitative rather than only a quali-
tative assessment of the evidence available for all agents dealt 
with—not every drug that is approved must be assigned the same 
level of applicability if the database suggests differences, even 
if head- to- head trials are largely missing.57 In our view it is the 
task of expert committees to judge and qualify available data to 
the best of their knowledge for the best outcomes of the patients 
by interpreting the relevance of the available data after a thor-
ough debate and decision- making process. Thus, we weighed the 
evidence provided by the SLR in the course of the discussion 
and voting process. We aimed and aim at providing recommen-
dations that are not only truthful, but also have face validity and 
thus usefulness.

In preparing the recommendations, the taskforce adhered to 
the EULAR operating procedures for the development of recom-
mendations and assessed evidence levels according to the Oxford 
Evidence Based Medicine approach.21 22 Finally, the focus of this 
taskforce was on the musculoskeletal manifestations and, while 
mentioning the need to consult other specialists, these recom-
mendations, in line with the composition of the taskforce, are 
primarily aimed at rheumatologists and their patients with PsA. 
Recommendations for other specialists should be sought in the 
respective specialty literature.

Unlike other organisations that have also released treatment 
recommendations for PsA, EULAR has decided to not pursue 
Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) methodology for prioritising available 

treatments. While GRADE methodology is widely used and 
highly appreciated for properly judging quality of available 
evidence, experts within EULAR feel that GRADE puts too 
much emphasis on the methodology itself and tends to downplay 
prevalent but poorly investigated clinical scenarios for which 
clinicians still seek guidance. A good example of the latter is the 
place of MTX as first- line treatment: while we acknowledge the 
absence of good clinical evidence for MTX as first- line DMARD, 
we still recommend it as such, by virtue of long- term positive clin-
ical experience, including data from registries, as well as recent 
encouraging results, such as in the TICOPA and SEAM- PsA 
trials,42 long- term positive clinical experience, widespread fame 
and low treatment cost. We think this set of practical recommen-
dations, which has been developed according to general prin-
ciples of evidence- based medicine, will help rheumatologists in 
choosing the most appropriate and cost- effective drug treatment 
for every patient with PsA and in every clinical scenario, even 
though the body of scientific evidence may fall short in many 
aspects of the disease. We recognise the fields in which evidence 
is sparse or lacking are crucially important, and they frame the 
research agenda. We hope that clinical researchers will be influ-
enced by and appreciate the clinical questions summarised in 
the research agenda, and design experiments or trials aiming at 
providing resolution to these research questions.

All these aspects have allowed us to provide what the task-
force believes is the right place for the different drug classes in 
the treatment algorithm. Still, the EULAR PsA recommendations 
have preserved their original character which they share with 
other sets of EULAR recommendations for different inflam-
matory diseases. Important elements thereof are a graduated 
approach favouring well- known csDMARDs as first- line drugs 
and allowing escalation to bDMARDs when necessary; prefer-
ring drugs with an established long- term track record for safety 
over those that have recently been approved; and attention for 
tapering and stopping treatment if possible.

As before, the recommendations make it clear that one drug 
does not fit all and stipulate the role of the phenotypes and 
patient characteristics in the decision- making process of starting 
and stopping treatments. Shared decision- making has become 
an integral part of the management of patients with PsA. There 
is also more attention for ‘prognostic profiling’, paying more 
tribute to clinical reality; while the spectrum of patients with PsA 
included in trials is skewed towards patients with prognostically 
unfavourable polyarticular PsA, this type of PsA is a relatively 
rare condition in clinical practice, especially in the scenario of 
the initial early disease presentations in contemporary rheuma-
tology practice. Thus, recommendations should also give guid-
ance about how to address patients with milder oligoarticular or 
monoarticular disease.

Treatment decisions also have to take account of extramus-
culoskeletal disease manifestations such as inflammatory bowel 
disease or uveitis, aside from skin involvement, which require 
distinct therapies (anti- TNF monoclonal antibodies for uveitis, 
anti- TNF monoclonal antibodies or IL-12/23i for inflammatory 
bowel disease in the absence of axial involvement) just as they 
require distinct clinical evaluation. Importantly, these novel 
pieces of information only originated from the information that 
was obtained in the course of clinical trials of the various estab-
lished and new compounds.

As before, the updated recommendations have been 
summarised in an algorithm. The EULAR algorithm (figure 1) 
continues to account for the musculoskeletal diversity of PsA 
and should be easy to follow; where new therapies are partic-
ularly efficacious regarding skin involvement, a special note is 
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provided within the algorithm (see also respective footnotes), 
thus allowing to follow these management recommendations 
straightforwardly throughout the evolution of the disease.

In summary, the updated treatment recommendations for 
patients with PsA living in many different countries, under the 
influence of very different healthcare systems, support decision- 
making for the management of PsA and address the entire spec-
trum of the disease. An update will be needed within 2–4 years, 
as new data arise in PsA.
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AbsTRACT
Objective To update the 2012 EULAR/ERA–EDTA 
recommendations for the management of lupus nephritis 
(LN).
Methods Following the EULAR standardised operating 
procedures, a systematic literature review was performed. 
Members of a multidisciplinary Task Force voted 
independently on their level of agreeement with the 
formed statements.
Results The changes include recommendations for 
treatment targets, use of glucocorticoids and calcineurin 
inhibitors (CNIs) and management of end- stage kidney 
disease (ESKD). The target of therapy is complete 
response (proteinuria <0.5–0.7 g/24 hours with (near- )
normal glomerular filtration rate) by 12 months, 
but this can be extended in patients with baseline 
nephrotic- range proteinuria. Hydroxychloroquine 
is recommended with regular ophthalmological 
monitoring. In active proliferative LN, initial (induction) 
treatment with mycophenolate mofetil (MMF 2–3 g/
day or mycophenolic acid (MPA) at equivalent dose) or 
low- dose intravenous cyclophosphamide (CY; 500 mg × 
6 biweekly doses), both combined with glucocorticoids 
(pulses of intravenous methylprednisolone, then oral 
prednisone 0.3–0.5 mg/kg/day) is recommended. MMF/
CNI (especially tacrolimus) combination and high- 
dose CY are alternatives, for patients with nephrotic- 
range proteinuria and adverse prognostic factors. 
Subsequent long- term maintenance treatment with 
MMF or azathioprine should follow, with no or low- 
dose (<7.5 mg/day) glucocorticoids. The choice of agent 
depends on the initial regimen and plans for pregnancy. 
In non- responding disease, switch of induction regimens 
or rituximab are recommended. In pure membranous 
LN with nephrotic- range proteinuria or proteinuria 
>1 g/24 hours despite renin–angiotensin–aldosterone 
blockade, MMF in combination with glucocorticoids 
is preferred. Assessment for kidney and extra- renal 
disease activity, and management of comorbidities is 

lifelong with repeat kidney biopsy in cases of incomplete 
response or nephritic flares. In ESKD, transplantation 
is the preferred kidney replacement option with 
immunosuppression guided by transplant protocols and/
or extra- renal manifestations. Treatment of LN in children 
follows the same principles as adult disease.
Conclusions We have updated the EULAR 
recommendations for the management of LN to facilitate 
homogenization of patient care.

InTROduCTIOn
Up to 40% of patients with systemic lupus erythe-
matosus (SLE) develop kidney disease, which 
represents a major cause of morbidity.1–3 In 2012, 
the European League Against Rheumatism–Euro-
pean Renal Association–European Dialysis and 
Transplant Association (EULAR/ERA–EDTA) 
developed joint recommendations for lupus 
nephritis (LN),4 involving a panel of rheumatolo-
gists, nephrologists, renal pathologists and paedi-
atricians. Since then, new evidence has emerged, 
which includes the use of calcineurin inhibitors 
(CNIs) and ‘multitarget’ therapy, disease moni-
toring and treatment targets. We therefore sought 
to update the recommendations for the manage-
ment of LN.

MeTHOds
Following approval by the EULAR and ERA/EDTA 
Executive Committees, the convenors (DTB, DJ) 
invited a multidisciplinary panel of 11 rheumatol-
ogists, 11 nephrologists, 1 nephropathologist, 1 
paediatric rheumatologist, 1 paediatric nephrol-
ogist, 1 allied health professional and 2 patient 
representatives. The EULAR standardised oper-
ating procedures5 were followed and the Appraisal 
of Guidelines Research and Evaluation instrument 
was employed.6 Delphi- based methodology led to 
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Table 1 Questions to be addressed by the SLR and final number of 
articles included

diagnosis and classification of Ln

Total 
number 
of articles 
included

1. What is the prognostic significance of kidney biopsy findings? 33

2. Risk stratification of patients with LN by incorporating demographic, 
clinical and histological data

64

Pharmacological treatment of Ln

3. What is the evidence for the benefits and harms of HCQ in LN? 16

4. ‘Induction’ therapies in LN (including dosage of glucocorticoids and 
use of CNIs)

127

5. ‘Maintenance’ therapies in LN (including dosage of glucocorticoids, 
and use of CNIs)

Monitoring and therapeutic targets

6. How should LN be monitored? 85

7. What is the goal of treatment in LN? 18

8. Duration of immunosuppressive treatment in LN 16

Refractory Ln

9. What is the definition of refractory LN? 13

10.How should refractory/flaring LN be treated? 36

special topics in Ln

11.Management of LN during pregnancy and lactation 17

12.Management of antiphospholipid syndrome nephropathy 18

Chronic kidney disease in Ln

13.Management of end- stage renal disease in LN 42

14. Renal transplantation in patients with LN 44

Comorbidities and adjunct therapy in Ln

15.Comorbidities in LN (cardiovascular, infections) 49

The number of included studies refers to studies published after January 2012. 
The final LoE and GoRs considered the total body of evidence, including the 2012 
recommendations for LN.
CNIs, calcineurin inhibitors; GoRs, grading of recommendations; HCQ, 
hydroxychloroquine; LN, lupus nephritis; LoE, level of evidence; SLR, systematic 
literature review.

15 questions for systematic literature review (SLR), which was 
undertaken by three fellows (AF, MK, KC; table 1). PubMed 
was searched using specific index terms and retrieved items 
were evaluated based on the title, abstract and/or full text. Since 
this is an update of the 2012 recommendations, we consid-
ered all English- language publications between January 2012 
and December 2018. The total number of articles included are 
shown in table 1.

The results of the literature search were summarised, distrib-
uted to all members, presented and discussed on, during the 
meeting of the panel in May 2019. The previous recommen-
dations4 were reappraised and revised accordingly. The final 
level of evidence (LoE; scale: 1–4) and grading of recommen-
dations (GoRs; scale: A (highest) to D (lowest)), according to 
the Oxford Centre for Evidence Based Medicine definitions,7 
(online supplementary table 1) considered the total body of 
evidence. Each member of the panel was then asked to rate 
their level of agreement (LoA) for each statement on a 0–10 
rating scale (10 being full agreement), based on both the 
research evidence presented and their own clinical expertise. 
For the final voting, Task Force members had the ‘opportunity’ 
to express their potential disagreement for a particular state-
ment, however omission of statements with less consensus was 
not considered necessary. The methods and results of the SLR 
will be published separately.

ResuLTs
The overarching principles and specific recommendations, with 
the respective LoE, GoR and LoA, are listed in table 2.

Overarching principles
Despite an improved prognosis over the last decades,8 LN poses 
therapeutic challenges and is linked to increased morbidity, 
mortality and healthcare costs. The nature of the disease (involve-
ment of the kidneys in the context of a systemic autoimmune 
disease) mandates a multidisciplinary approach by rheumatol-
ogists and nephrologists, following histological confirmation 
and assessment of LN by a nephropathologist. In this regard, 
management or periodic evaluation of these patients in centres 
with expertise is recommended. Decision- making requires that 
the patient is adequately informed about the nature and natural 
course of the disease and the therapeutic options.

Recommendations
Investigation of the patient with suspected LN
Patients with SLE with any sign of kidney involvement (glomer-
ular haematuria and/or cellular casts, proteinuria >0.5 g/24 hours 
(or spot urine protein- to- creatine ratio (UPCR) >500 mg/g), 
unexplained decrease in glomerular filtration rate (GFR)) are 
candidates for kidney biopsy. Mild clinical presentations (eg, 
subnephrotic proteinuria) can nonetheless be associated with 
active histological lesions.9–11 In a review of kidney biopsies 
performed during 1970–2016, earlier use of biopsy based on 
urinary abnormalities, as done from 2001 to 2016, was asso-
ciated with improved outcomes, despite similar rates of severe 
histology.12 The benefits of histological evaluation should be 
balanced against increased bleeding risk in selected patients such 
as those receiving anticoagulation. All patients with SLE, espe-
cially those with suspected kidney involvement, should be tested 
for antiphospholipid antibodies (aPL), since renal manifestations 
of antiphospholipid syndrome, such as thrombotic microangi-
opathy (TMA), may carry prognostic implications. Testing for 
anti- dsDNA and anti- C1q (whenever available) autoantibodies 
should be considered in patients with suspected LN, along with 
complement levels (C3 and C4).13

Pathological assessment of kidney biopsy
The 2003 International Society of Nephrology/Renal Pathology 
Society (ISN/RPS) classification still represents the gold standard 
for assessment of kidney biopsy in LN (online supplementary 
table 2).14 TMA lesions, although not pathognomonic, should 
raise suspicion of antiphospholipid syndrome nephropathy and 
thus, prompt aPL (re- )testing. Although TMA has been reported 
in up to 25% of LN biopsies,15 16 its prognostic implications 
remain unclear.17 18 Tubulointerstitial lesions, such as inter-
stitial fibrosis and tubular atrophy, are associated with poor 
outcome.19–21 A revision of the 2003 ISN/RPS classification has 
recently been proposed and awaits endorsement.22

Indications of immunosuppressive treatment in LN
Immunosuppressive treatment is recommended in active class 
III or IV LN, with or without coexisting histological chronicity. 
For pure class V LN, the recommendation for immunosuppres-
sion pertains to patients with nephrotic- range proteinuria, which 
is associated with worse prognosis, in addition to cases with 
proteinuria >1 g/24 hours despite optimal use of renin–angio-
tensin–aldosterone system blockers for a reasonable time period 
(eg, at least 3 months). Class II LN usually does not need specific 
immunosuppressive therapy, but may be prone to histological 
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Table 2 Overarching principles and recommendations for the management of patients with LN

Overarching principles

Kidney involvement in SLE, a major cause of morbidity and mortality that leads to high medical and societal costs, is best managed by interdisciplinary care with shared patient–
physician decisions.

Vigilance for symptoms and signs suggestive of kidney involvement, histological assessment by nephropathologists and input from specialised centres ensure optimal outcomes.

Goals of treatment include patient survival, long- term preservation of kidney function, prevention of disease flares, prevention of organ damage, management of comorbidities 
and improvement in disease- related quality of life.

Management of active phases of LN includes an initial period of intense immunosuppressive therapy to control disease activity, followed by a longer period of usually less 
intensive therapy to consolidate response and prevent relapses.

Recommendation/statement Loe/GoR LoA, mean (sd)

1. Investigation of the patient with suspected LN

1.1 Kidney biopsy should be considered when there is evidence of kidney involvement, especially in the presence of persistent proteinuria 
≥0.5 g/24 hours (or UPCR ≥500 mg/g in morning first void urine),

2b/b 9.84 (0.54)

and/or an unexplained decrease in GFR. 2b/C

1.2 Kidney biopsy remains indispensable and its diagnostic and prognostic value cannot be substituted by other clinical or laboratory 
variables.

2b/b 9.96 (0.20)

2. Pathological assessment of kidney biopsy

2.1 The use of the International Society of Nephrology/Renal Pathology SocietyISN/RPS 2003 classification system is recommended, 2a/b 9.56 (0.94)

with additional assessment of activity and chronicity indices, 1b/A

as well as of thrombotic and vascular lesions associated with aPL/syndrome. 2b/C

3. Indications for immunosuppressive treatment

3.1 Immunosuppressive agents, administered in combination with glucocorticoids, are recommended in class IIIA or IIIA/C (±V) and IVA or 
IVA/C (±V) nephritis.

1a/A 9.96 (0.20)

3.2 In pure class V nephritis, glucocorticoids and immunosuppression are recommended in cases of nephrotic- range proteinuria, 2b/b 9.04 (1.80)

or when UPCR exceeds 1000 mg/g despite the optimal use of renin–angiotensin–aldosterone system blockers. 5/d

4. Treatment of adult LN

Goals of treatment

4.1 Treatment aims for optimisation (preservation or improvement) of kidney function, accompanied by a reduction in proteinuria of at 
least 25% by 3 months,

2b/d

50% by 6 months, 2a/b 9.60 (0.63)

and a UPCR target below 500–700 mg/g by 12 months (complete clinical response). 2a/b

4.2 Patients with nephrotic- range proteinuria at baseline may require an additional 6–12 months to reach complete clinical response; in 
such cases, prompt switches of therapy are not necessary if proteinuria is improving.

2a/C 9.68 (0.68)

Initial treatment

4.3 For patients with class III or IV (±V) LN, MMF(target dose: 2 to 3 g/day, or MPA at equivalent dose) 1a/A 9.84 (0.37)

or low- dose intravenous CY (500 mg every 2 weeks for a total of 6 doses) 1a/A

in combination with glucocorticoids, are recommended as they have the best efficacy/toxicity ratio.

4.4 Combination of MMF (target dose: 1 to 2 g/day, or MPA at equivalent dose) with a CNI (especially TAC) is an alternative, particularly in 
patients with nephrotic- range proteinuria.

1a/b 9.32 (0.93)

4.5 Patients at high risk for kidney failure (reduced GFR, histological presence of crescents or fibrinoid necrosis or severe interstitial 
inflammation) can be treated as in 4.3–4.4,

2b/b 8.88 (1.56)

but high- dose ntravenous CY (0.5–0.75 g/m2 monthly for 6 months) can also be considered. 1a/b

4.6 To reduce cumulative glucocorticoid dose, the use of intravenous pulses methylprednisolone (total dose 500–2500 mg, depending on 
disease severity) is recommended, followed by oral prednisone (0.3–0.5 mg/kg/day) for up to 4 weeks, tapered to ≤7.5 mg/day by 3 to 6 
months.

2b/C 9.48 (0.90)

4.7 In pure class V nephritis, MMF (target dose 2 to 3 g/day; or MPA at equivalent dose), 2a/b

in combination with pulse intravenous methylprednisolone (total dose 500–2500 mg, depending on disease severity) followed by oral 
prednisone (20 mg/day, tapered to ≤5 mg/day by 3 months)

2b/C 9.28 (0.96)

is recommended as initial treatment due to best efficacy/toxicity ratio.

4.8 Alternative options for class V nephritis include intravenous CY, 2b/b 9.28 (0.92)

or CNIs (especially TAC) in monotherapy 2b/b

or in combination with MMF/MPA, particularly in patients with nephrotic- range proteinuria. 1b/b

4.9 HCQ should be coadministered, 2a/b 9.28 (1.40)

at a dose not to exceed 5 mg/kg/day and adjusted for the GFR. 3b/C

subsequent treatment

4.10 If improvement after initial treatment is achieved, subsequent immunosuppression is recommended with either MMF/MPA (dose: 1 
to 2 g/day)—especially if it was used as initial treatment—

1a/A 9.80 (0.49)

or AZA (2 mg/kg/day)—preferred if pregnancy is contemplated—in combination with low- dose prednisone (2.5–5 mg/day) when needed 
to control disease activity.

1a/A

4.11 Gradual withdrawal of treatment (glucocorticoids first, then immunosuppressive drugs) can be attempted after at least 3 to 5 years 
therapy in complete clinical response. HCQ should be continued long- term.

2b/C 9.40 (0.75)

Continued
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4.12 Continuation, switching to or addition of CNIs (especially TAC) can be considered in pure class V nephritis at the lowest effective 
dose and after considering nephrotoxicity risks.

2b/b 9.28 (1.15)

non- responding/refractory disease

4.13 In case of failure to achieve the treatment goals, thorough evaluation of the possible causes is recommended, including assessment 
of adherence to treatment and therapeutic drug monitoring.

5/d 9.84 (0.46)

4.14 For active non- responding/refractory disease, treatment may be switched to one of the alternative initial therapies mentioned above, 2b/b–C 9.64 (0.62)

or RTX (1000 mg on days 0 and 14) may be given. 2b/C

5. Adjunct treatment

5.1 Angiotensin- converting enzyme inhibitors or angiotensin receptor blockers are recommended for all patients with UPCR >500 mg/g or 
arterial hypertension.

5/d 9.84 (0.37)

5.2 Statins are recommended on the basis of lipid levels and estimated 10- year cardiovascular disease risk using the Systematic Coronary 
Risk Evaluation or other validated tools.

5/d 9.52 (0.75)

5.3 Bone protection (calcium/vitamin D supplementation and/or antiresorptive agents) and immunizations with non- live vaccines may 
reduce treatment- related and disease- related comorbidities and are recommended.

5/d 9.68 (0.61)

5.4 If aPL (defined as in the international consensus statement for definite antiphospholipid syndrome classification criteria) are positive, 
and based on aPL profile, acetyl- salicylic acid (80–100 mg/day) may be used after balancing benefits and bleeding risk.

2a/C 9.28 (1.25)

5.5 Anticoagulant treatment should be considered in cases of nephrotic syndrome with serum albumin <20 g/L. 5/d 9.76 (0.43)

5.6 Belimumab may be considered as add- on treatment, to facilitate glucocorticoid sparing, control extra- renal lupus activity and decrease 
the risk for extra- renal flares.

2a/C 8.48 (1.92)

6. Monitoring and prognosis of LN

6.1 Visits should be scheduled every 2–4 weeks during the first 2–4 months after diagnosis or flare, and subsequently, according to 
response to treatment. Monitoring for renal, extra- renal disease activity and comorbidities is lifelong.

5/d 9.40 (0.69)

6.2 At each visit, body weight, blood pressure (including out- of- office measures), estimated GFR, serum albumin, proteinuria (UPCR or 
24 hours urine collection), urine red cell count or sediment and complete blood cell count should be evaluated when nephritis is active and 
less frequently if stable.

2b/b 9.64 (0.69)

Serum C3/C4 and anti- dsDNA antibody levels are monitored periodically. 2b/C

6.3 Repeat kidney biopsy should be considered in selected cases, such as worsening of kidney variables, non- responsiveness to 
immunosuppressive or biologic treatment (as defined above); or at relapse, to demonstrate possible histologic class transition or change 
in chronicity and activity indices; to provide prognostic information; and detect other pathologies.

2b/b 9.84 (0.37)

7. Management of ESKD in LN

7.1 All methods of kidney replacement treatment can be used in patients with SLE. 2b/b 9.96 (0.20)

7.2 Immunosuppression in ESKD on dialysis should be guided by extra- renal manifestations. 2b/C 9.76 (0.59)

7.3 Transplantation may be preferred over other kidney replacement options and should be considered when extra- renal lupus is clinically 
(and ideally, serologically) inactive for at least 6 months; outcomes are better with living donor and pre- emptive transplantation.

2b/C 9.84 (0.37)

7.4 aPLs should be measured during transplant preparation, because they are associated with an increased risk of vascular events in the 
transplanted kidney.

2b/C 9.48 (1.10)

8. Antiphospholipid syndrome and LN

8.1 In patients with antiphospholipid syndrome- associated nephropathy, antiplatelet/anticoagulant treatment can be considered, in 
addition to HCQ.

2b/C 9.68 (0.55)

9. LN and pregnancy

9.1 Pregnancy may be planned in stable patients with inactive LN. 1b/A 9.56 (0.80)

Optimally, UPCR should be below 500 mg/g for the preceding 6 months, with GFR >50 mL/min. 2b/C

9.2 Compatible medications such as HCQ, 1b/b 9.76 (0.51)

prednisone, AZA and/or CNIs (especially TAC) 3b/C for all

should be continued at safe dosages throughout pregnancy and lactation.

9.3 MMF/MPA should be withdrawn at least 3–6 months before conception is planned, to ensure that an alternative immunosuppressive 
agent does not lead to a relapse.

5/d 9.29 (0.93)

9.4 During pregnancy, acetylsalicylic acid is recommended to reduce the risk of pre- eclampsia. 2b/C 9.64 (0.62)

9.5 Patients should be assessed at least every 4 weeks, preferably by a multidisciplinary team including an obstetrician with expertise in 
the disease.

5/d 9.56 (0.80)

9.6 Flares of LN during pregnancy can be treated with acceptable medications stated above and pulses of intravenous MPA, depending on 
flare severity.

3b/C 9.56 (1.39)

10.Management of paediatric patients

10.1 LN in children is more common at presentation and more severe with increased damage accrual; the diagnosis, management and 
monitoring are similar to that of adults.

3b/C 9.68 (0.68)

10.2 A coordinated transition programme to adult specialists is essential to ensure adherence to therapy and optimisation of long- term 
outcomes.

5/d 9.84 (0.37)

The LoE, GoR and final LoA are shown in bold for each recommendation.
aPL, antiphospholipid antibodies; AZA, azathioprine; CNI, calcineurin inhibitor; CY, cyclophosphamide; ESKD, end- stage kidney disease; GFR, glomerular filtration rate; GoR, 
grading of recommendation; HCQ, hydroxychloroquine; ISN/RPS, International Society of Nephrology/Renal Pathology Society; LN, lupus nephritis; LoA, level of agreement; LoE, 
level of evidence; MMF, mycophenolate mofetil; MPA, mycophenolic acid; RTX, rituximab; SLE, systemic lupus erythematosus; TAC, tacrolimus; UPCR, urine protein–creatine ratio.

Table 2 Continued
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transformation to more aggressive disease on repeat biopsy. The 
presence of significant proteinuria should prompt histological 
reassessment for detection of proliferative changes that may 
have been overlooked.

Treatment of adult LN
Goals of treatment
Compared with the previous recommendations, the goals of 
treatment were further defined according to time since treat-
ment initiation. Post hoc analyses from the MAINTAIN and 
Euro- Lupus Nephritis Trials suggest that proteinuria at 12 
months represents the best single predictor for long- term 
renal outcome (ie, risk for end- stage kidney disease (ESKD) or 
doubling of serum creatine after 10 years).23–27 Accordingly, 
therapy should aim for proteinuria <0.5–0.7 g/24 hours by 12 
months (complete clinical response), although up to 50% of 
patients not reaching this milestone may still have stable long- 
term kidney function.25 28 Evidence of improvement in protein-
uria (with GFR normalisation/stabilisation) should be noted by 
3 months,29 30 and at least 50% reduction in proteinuria (partial 
clinical response) by 6 months. For patients with nephrotic- range 
proteinuria at baseline, the aforementioned time frames may be 
extended by 6–12 months, due to slower proteinuria recovery.31 
Thus, consideration of decreasing proteinuria can avoid prema-
ture treatment changes. Since SLE is a systemic disease, immuno-
suppressive therapy should also target remission or low disease 
activity from extra- renal domains.32

Initial treatment
In class III- IV LN, an updated Cochrane systematic review 
suggested similar efficacy of mycophenolate mofetil/mycophe-
nolate acid (MMF/MPA) compared with cyclophosphamide 
(CY),33 with possible ethnic/racial differences, that is, MMF 
potentially being more efficacious in African–Americans.34 The 
10- year Euro- Lupus Nephritis Trial data showed equal efficacy 
of low- dose versus high- dose CY,24 and the low- dose regimen 
has been used in non- European populations.35–38 Consequently, 
both MMF/MPA and low- dose CY are recommended as first- 
line options for initial (induction) treatment. The recommended 
target dose of MMF is now changed to 2–3 g/day (MPA 1.44–
2.16 g/day), based on evidence that therapeutic drug dosage may 
range between 1 and 3 g/day. Dose may be adjusted according 
to tolerance/adverse effects, efficacy and trough MPA blood 
levels. High- dose intravenous CY (0.5–0.75 g/m2 monthly for 
6 months) can be considered in patients with adverse clinical 
(nephritic urine sediment and impaired renal function with GFR 
between 25 and 80 mL/min) or histological (crescents or necrosis 
in >25% of glomeruli) prognostic factors.39

The realisation of the adverse effects of long- term gluco-
corticoid treatment, together with emerging evidence that 
following initial pulse intravenous methylprednisolone, lower 
starting dose of glucocorticoids (≤0.5 mg/kg/day) may be as effi-
cacious as higher dose,40–42 led the Task Force to recommend 
that total intravenous methylprednisolone dose may range from 
500 to 2500 mg (allowing flexible dosing depending on disease 
severity), and starting oral prednisone dose may be 0.3–0.5 mg/
kg/day, reducing to ≤7.5 mg/day by 3–6 months.

Focus has been placed on the use of calcineurin inhibitors 
(CNIs, tacrolimus (TAC) and cyclosporine A (CsA)), either as 
a monotherapy or in combination with MMF/MPA.43–46 A 
randomised controlled trial (RCT) in 362 Chinese patients 
found the combination of TAC/MMF to be superior to CY in 
the short- term.47 In a phase II RCT, a cyclosporine analogue, 

voclosporin when combined with MMF was associated with a 
higher frequency of complete response at 6 months as compared 
with MMF alone, although more side effects and deaths occurred 
in the former group.42 A number of meta- analyses suggest that 
CNI (alone or as part of multitarget regimen) may have favour-
able efficacy/toxicity ratio in LN,48 and thus, in a new statement 
(4.4), the combination of MMF with a CNI (especially TAC) 
is included as therapeutic option, particularly in cases with 
nephrotic- range proteinuria. Until more data in non- Asian popu-
lations and studies with longer follow- up and on renal outcomes 
such as prevention of kidney insufficiency/failure are available, 
CNI and the ‘multitarget’ regimen cannot be universally recom-
mended as first- line treatment. Additionally, nephrotoxicity and 
other side effects of CNI use should be considered when opting 
for a CNI- based regimen.

In pure class V LN, no high- quality evidence has emerged over 
the last 7 years. MMF/MPA is recommended as first- choice at 
the same doses as in class III/IV disease. CY and CNI (especially 
TAC), the latter as monotherapy or combined with MMF, are 
alternative options.43 49 Similar to class III/IV LN, rituximab 
(RTX) is reserved for non- responders in class V LN (see below), 
although a recent RCT in idiopathic membranous nephrop-
athy, which demonstrated short- term superiority over CsA, may 
justify a modification once similar data emerge in LN.50

Hydroxychloroquine (HCQ) is recommended for all patients 
with LN, in the absence of contraindications. HCQ use is linked 
to reduced risk of kidney flares, ESKD and death.51–55 In light 
of emerging data regarding ocular toxicity with more sensitive 
screening techniques, and in accordance to a revised statement 
by the American Academy of Ophthalmology, daily HCQ dose 
should not exceed 5 mg/kg actual body weight and should be 
continued indefinitely with regular ophthalmological screening 
(after 5 years on HCQ and yearly thereafter, or yearly from base-
line in the presence of risk factors).32 56 Dose adjustments (50% 
reduction) and yearly eye monitoring from onset are recom-
mended for patients with GFR <30 mL/min.

Subsequent treatment
MMF/MPA and azathioprine (AZA) remain the drugs of 
choice for subsequent immunosuppressive treatment, following 
adequate response during the initial phase. The two regimens 
did not differ in terms of kidney flares in the 10- year follow- up 
of the MAINTAIN Trial,24 in contrast to the Aspreva Lupus 
Management Study (ALMS) which showed superiority of 
MMF.56 Based on evidence showing increased relapses when 
MMF/MPA is followed by AZA,57 58 we recommend MMF/MPA 
induction to be followed by MMF/MPA maintenance. CY induc-
tion can be followed by either MMF/MPA or AZA; the latter 
agent is preferred if pregnancy is contemplated or the higher 
cost of MMF is an issue. CNI can be used in class V LN at the 
lowest effective dose, since chronic use of these agents may 
increase the risk of kidney side effects.

Most renal flares occur within the first 5–6 years following 
treatment initiation.24 59–62 Therefore, for most patients it is 
recommended not to discontinue immunosuppression prior 
to that time. Therapy deescalation should be contemplated in 
patients who have attained sustained complete renal response 
and glucocorticoids (GC) should be tapered first. Gradual 
immunosuppressive drug tapering is recommended prior to 
complete withdrawal. Both longer duration of treatment and 
longer duration of remission were associated with reduced 
risks of kidney flares in patients who discontinued immuno-
suppressive therapy after 6 years of treatment.53 63 To this end, 
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duration of immunosuppressive therapy should be individual-
ised according to the timing and magnitude of response, dura-
tion of flare- free maintenance, extra- renal SLE activity and 
patient preferences.64

Non-responding/refractory disease
Failure to achieve the treatment goals described above raises 
the possibility for non- responding or refractory disease. In 
this context, proteinuria kinetics are important as a decreasing 
proteinuria—to a level not yet meeting these targets—could 
justify further waiting prior to therapy switch, especially 
in patients with nephrotic- range proteinuria at baseline, 
provided that kidney function is stable. Thorough assessment, 
including adherence to treatment with measurement of drug 
levels, where available, is warranted prior to declaring non- 
responding/refractory disease (the role of repeat kidney biopsy 
is discussed below).

All first- line therapies, including MMF/MPA (2–3 g/day),65 
CY and CNI (especially TAC) as monotherapy or ‘multitarget’ 
therapy,66–69 are recommended in non- responding disease. 
B- cell depleting therapies such as RTX, although off- label, 
are also indicated either as monotherapy or as add- on therapy 
to MMF/MPA or CY70–74; complete depletion of circulating 
B- cells predicted clinical remission at 76 weeks.75 This has 
recently been supported by a successful trial of obinutuzumab.76 
Following a response to RTX, relapses are not uncommon, but 
occur after a variable length of time.77 78 Repeat dose can be 
considered to prevent or treat a relapse. Although belimumab 
is not formally indicated for treating LN, post hoc analyses 
from RCTs and observational studies suggest that, when added 
to standard- of- care (including MMF), it may gradually reduce 
proteinuria and the risk for kidney flares.79–83 Importantly, 
positive results from the phase III RCT of belimumab as an 
add- on therapy in LN have been released,84 and the results 
of this study are awaited. The combination of RTX and beli-
mumab has recently been used in refractory disease.85 High- 
dose intravenous immunoglobulin (2 g/kg) could be considered 
when there are contraindications to increasing glucocorticoids 
or immunosuppressive drugs, such as infection,86 while plasma 
exchange is rarely indicated.

Adjunct treatment in patients with LN
Renin–angiotensin–aldosterone system blockade is recom-
mended (in non- pregnant patients) due to its antiproteinuric 
and antihypertensive effects; judicious use and dose titration 
is warranted in cases of impaired renal function. Hypertension 
should be controlled to values below 130/80 mm Hg.87 General 
kidney- protective measures (eg, avoidance of nonsteroidal anti- 
inflammatory drugs) cannot be over- emphasised. Vaccination 
status should be reviewed and patients be vaccinated accord-
ingly with non- live vaccines.88 Vaccination against influenza and 
Streptococcus pneumoniae are strongly recommended; regarding 
vaccination against herpes zoster, existing data suggest an 
acceptable safety profile of the live attenuated vaccine (available 
in most countries) in patients with lupus. The decision should be 
individualised, taking into account patient age and net state of 
immunosuppression. Patients under less intensive immunosup-
pression may be more appropriate for vaccination.

Statin therapy should be considered on the basis of lipid levels 
and presence of other cardiovascular risk factors; calculation 
of the 10- year cardiovascular disease risk using the Systematic 
Coronary Risk Evaluation, QRisk3, or other validated score is 
recommended to aid this decision, taking into account that such 

scores may underestimate the actual risk especially in young 
patients with SLE .32 89 Primary prevention of thrombosis with 
low- dose aspirin is recommended in the presence of high- risk 
aPL profile, balancing thrombotic versus bleeding risk.90 Bone 
protection and prevention of osteoporosis should follow non- 
pharmacological (exercise uptake, maintenance of normal body 
mass index) as well as pharmacological measures, according to 
fracture risk.

Monitoring and prognosis of LN
Patients should be assessed periodically in centres with expe-
rienced clinicians interpreting urine microscopy, serology and 
histology.91 Kinetics of proteinuria and serum creatinine within 
the first 6–12 months are more sensitive than haematuria in 
prred after balancing tedicting long- term prognosis. Quantifi-
cation of proteinuria can be done by means of a spot UPCR, 
as its correlation with a 24- hour urine protein collection is 
high in most studies (although lower when urine protein is 
<1000 mg/24 hours).92–94 The 24- hour urine protein may be 
preferred prior to therapeutic decisions. Urinalysis should be 
included at each visit; reappearance of glomerular haema-
turia or cellular casts can be a predictor of impending kidney 
flare.95 Serum C3/C4 and anti- dsDNA should be monitored; 
although a rise in anti- dsDNA titres has been associated with a 
forthcoming flare, the specificity is modest.96–98 Anti- C1q anti-
bodies have the highest correlation with active LN and may 
also predict relapse.99 100

Repeat kidney biopsy can be considered in cases of non- 
responsiveness to immunosuppressive treatment, to differentiate 
between ongoing activity and irreversible damage, or in cases of 
relapse. Following a LN flare, histological transition is found in 
40%–76%, typically from class V to III–IV forms.95 101 Per protocol 
repeat biopsies following immunosuppressive treatment frequently 
show a discordance between clinical and histological response, as 
30% of complete responders have ongoing histological activity.102 
The value of protocol rebiopsy to determine the need for contin-
uous treatment was examined in a prospective study of 36 patients 
with LN who were in complete remission for 12 months, following 
3 years of immunosuppressive therapy. Ongoing histological 
activity was strongly predictive of a subsequent kidney flare when 
reducing immunosuppression.103

Management of ESKD in LN
Recent studies suggest that the risk for ESKD in LN has 
decreased to <10% in 15 years.8 12 Still, some patients will 
progress to irreversible kidney injury, which carries increased 
risks of morbidity and mortality.104–106 Once on kidney replace-
ment therapy, the disease usually follows a quiescent course 
and flares (renal and extra- renal) are less frequent but still can 
occur. Among kidney replacement modalities, haemodialysis 
and continuous peritoneal dialysis are accompanied by similar 
patient survival rates in comparative retrospective studies.107 108 
By contrast, kidney transplantation is associated with higher 
10- year patient survival rates109 110; data from the United States 
Renal Data System showed 70% reduced mortality among 
patients with LN–ESKD who underwent transplantation as 
compared with non- transplanted counterparts.111 The updated 
statement now emphasises that ‘transplantation may be preferred 
over other kidney replacement options and should be considered 
when extra- renal lupus is clinically (and ideally, serologically) 
inactive for at least 6 months’. Currently, only a small frac-
tion of patients undergo pre- emptive transplantation, although 
this strategy has the most favourable outcome (10- year patient 
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box 1 Research agenda in lupus nephritis

diagnosis
 ► Clinical presentation, histopathological features, response to 
treatments, prognostic factors and genetic background (eg, 
APOL1) in various ethnicities.

 ► Revision of the International Society of Nephrology/Renal 
Pathology Society classification criteria (under way).

 ► Atypical lupus nephritis: podocytopathies and pauci- immune 
lupus nephritis, other forms.

 ► Approach to non- lupus (or antinuclear antibody negative) 
full- house glomerulonephritis.

 ► Validated definition of kidney flares.

existing therapies and disease monitoring
 ► Calcineurin inhibitor efficacy in non- Asian patients.
 ► B- cell targeting therapies (eg, belimumab, combination of 
rituximab and belimumab, obinutuzumab) and cytokine 
inhibitors in lupus nephritis.

 ► Imaging for kidney fibrosis.
 ► Duration and withdrawal of therapy.
 ► Damage accrual in long- term disease.
 ► Protocolised repeat biopsies: value of early (vs late) repeat 
biopsy.

 ► Non- immune mechanisms in progression of lupus nephritis, 
such as hypertension, obesity, dyslipidaemia.

 ► Impact of patient education programs.
 ► Role of eculizumab in antiphospholipid syndrome- associated 
nephropathy.

Pathophysiology and biomarkers
 ► Risk stratification of subgroups based on molecular 
signatures or other biomarkers.

 ► Explore non- invasive means to classify the types of lupus 
nephritis and activity status (urine cells, omics, etc).

 ► Renal progenitor cells and their proliferation in lupus 
nephritis.

 ► Kidney repair in lupus nephritis.
 ► Biomarkers for liquid biopsy.

Lupus nephritis trial design
 ► Risk stratification of subgroups based on molecular 
signatures or biomarkers.

 ► Innovative trial designs.
 ► Optimisation of ‘standard- of- care’ (background) treatments.
 ► Better definition of clinical trial endpoints.

survival rates 94%,vs 76% and 42%, for peritoneal dialysis and 
haemodialysis, respectively).105 112 Transplantation should not be 
delayed and can be safely performed in the presence of isolated 
serological activity. Recurrent LN in the transplanted kidney is 
rarely clinically significant. Patients with transplanted LN are at 
increased risk of opportunistic infections due to their previous 
drug exposures.

Antiphospholipid syndrome and LN
Antiphospholipid syndrome- associated nephropathy represents 
a rare yet distinct type of aPL- induced vascular nephropathy. 
Although considered a hallmark of antiphospholipid syndrome- 
associated nephropathy, TMA is not pathognomonic, because 
similar lesions are found in thrombotic thrombocytopenic 
purpura/haemolytic uraemic syndrome, malignant hypertension 
or complement- mediated TMA.113 114 There are no controlled 
studies to guide the treatment of antiphospholipid syndrome- 
associated nephropathy. Antiplatelet agents or anticoagulants (if 
criteria for antiphospholipid syndrome are fulfilled) are recom-
mended, in addition to HCQ. Renin–angiotensin–aldosterone 
system blockade may delay disease progression.115

LN and pregnancy
The 2017 EULAR recommendations for the management of 
family planning in SLE and antiphospholipid syndrome fully 
cover the issue of pregnancy, including assisted reproduction, 
in the context of LN.116 In the absence of new evidence, the 
statements of the 2012 recommendations for pregnancy LN 
were kept unchanged. UPCR should be controlled (ideally, 
to <500 mg/g) without the use of renin–angiotensin–aldo-
sterone system inhibitors, which are contraindicated in 
the first trimester due to teratogenicity. Compatible drugs 
include glucocorticoids, AZA and CNI, and HCQ, which 
should be continued at safe dosages throughout pregnancy 
and lactation.117 118 Withdrawal of MMF for longer period, 
for example, 6 months before attempts for conception, offers 
time to assess the tolerability and efficacy of an alternative 
immunosuppressive.119 Severe flares during pregnancy—not 
responding to drugs with an acceptable safety profile—merit 
multidisciplinary specialist referral; occasionally, termination 
of pregnancy and/or use of embryotoxic drugs may be consid-
ered after balancing the risk/benefit ratio.

Management of paediatric LN
Kidney involvement is more common in childhood compared 
with adult- onset SLE, often as a presenting manifestation, while 
renal flares are observed in more than 50% of patients.120 121 
Since the 2012 EULAR/ERA—EDTA recommendations, Amer-
ican and European groups of experts in paediatric SLE and 
LN have published recommendations for the management of 
childhood- onset LN; both are largely based on data extrapo-
lation from the studies in adults.122 123 Notwithstanding differ-
ences between children and adults, the respective statements 
from the 2012 recommendations remained unchanged; diag-
nosis, treatment (paediatric doses of drugs, online supplemen-
tary table 3) and monitoring should follow the same principles 
as in adult disease. For children in adolescence, a transition 
programme is recommended to ensure adherence and optimal 
outcomes.

Additional points to consider and the research agenda in LN 
are shown in box 1.

dIsCussIOn
Recent insights in LN necessitated an update of the EULAR- ERA/
EDTA recommendations, which were developed by a large 
group of physicians from different specialties and nurses caring 
for LN, with input from patients, and complement the recently 
updated recommendations for SLE.32 Inclusion of all involved 
medical disciplines is an advantage and accords to the multi-
disciplinary care that these patients need. These recommenda-
tions intend to inform rheumatologists, nephrologists, patients, 
national professional societies, hospital officials, social security 
agencies and regulators about the treatment of LN based on 
most recent evidence, to ensure optimal outcomes with existing 
therapies. In addition to the quality of evidence for risks and 
benefits, considerations were also given to the availability and 
costs of treatments.
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A challenging issue is the absence of licenced medications 
for LN, in spite of high- quality evidence supporting the use of 
existing drugs. Again, in these recommendations, MMF and 
low- dose intravenous CY are recommended as drugs of first 
choice based on their better toxicity profile, while allowing 
room for the use of high- dose intravenous CY for selected 
patients with aggressive disease, especially if gonadal toxicity 
is not a consideration. CNI, especially TAC, in combination 
with glucocorticoids and MMF in the so called ‘multitarget’ 
therapy, have been included. The absence of robust evidence 
on CNI in non- Asian populations and their potential for renal 
toxicity with chronic use has led the committee to adopt a 
more cautious attitude, recommending them for patients 
with nephrotic- range proteinuria or not responding to initial 
therapy. Glucocorticoid usage, in view of their contribution to 
damage in SLE, received special attention in these recommen-
dations with the committee recommending the use of pulse 
glucocorticoids, followed by lower doses of daily glucocorti-
coids to decrease cumulative dose. Glucocorticoid reduction is 
receiving increased attention in recent years, being used as an 
outcome measure in SLE trials.124

The development of new classification criteria for SLE with 
increased weighting for kidney disease will facilitate the inclu-
sion of more patients in LN trials.125 New drugs in development 
for LN, including novel CNI, B- cell inhibiting and depleting 
agents, kinase inhibitors, inhibitors of costimulation, inhibitors 
of complement activation, in combination with improved trial 
designs, may provide additional agents in the near future.
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AbsTRACT
Due to the frequent presence of interstitial lung disease 
and widespread use of immunosuppressive treatment, 
systemic sclerosis (SSc) patients may be considered at risk 
for a more severe disease course and higher mortality 
when they develop Severe Acute Respiratory Syndrome - 
Coronavirus - 2 (SARS- CoV-2) virus infection. Therefore, 
with World Scleroderma Foundation endorsement, experts 
from different specialties including rheumatology, virology 
and clinical immunology gathered virtually to answer to 
the main practical clinical questions regarding SARS- CoV-2 
infection coming from both patients and physicians. This 
preliminary advice is aligned with other national and 
international recommendations, adapted for SSc patients.

A novel Severe Acute Respiratory Syndrome- 
Coronavirus-2 (SARS‐CoV‐2) infection, causing 
the disease designated as COVID-19 principally 
affecting the lung at alveolar and interstitial levels, 
has recently emerged.1 Among the first 41 Chinese 
cases described, the most frequent clinical features 
of COVID-19 at onset were fever (98%), cough 
(76%), myalgia or fatigue (44%). In addition, diar-
rhoea, loss of taste and smell have been reported, as 
well as acute cardiac injury (12.5%) in intensive care 
units.1 Dyspnoea developed in 55% and lympho-
penia in 63% of patients. In a population of 1014, 
COVID-19 suspected cases undergoing chest CT, 
88% of patients had an acute interstitial lung disease 
(ILD) imaged as middle and lower lobe pneumonia 
with multifocal ground- glass opacities with a retic-
ular pattern, consolidation, vacuolar signs, micro-
vascular dilation, fibrotic streaks, pleural thickening 
and retraction.2 Common complications included 
acute lung injury (ALI) (29%).1 In critical SARS 
patients, high plasma concentrations of cytokines 
have been associated with pulmonary inflamma-
tion and extensive lung damage.1 3 The patholog-
ical features of COVID-19 closely resemble those 
seen in SARS/Middle East Respiratory Syndrome 
(MERS) infections, as well as the pathogenic mech-
anism(s) leading to ALI.4

In COVID-19 patients, increased IL-6 circu-
lating levels may represent a lung immune over- 
reaction in the context of amplified cytokine release 
leading to a hyperinflammatory state,1 5 clinically 

characterised by the evolution to ALI and, poten-
tially, death.1 3 To control inflammatory ILD and 
its evolution, Chinese authorities included anticy-
tokine strategies, such as anti- IL6 therapy.5 6 Chlo-
roquine has shown an in- vitro antiviral effect on 
SARS- CoV infection and its use has been suggested 
against the SARS- CoV-2 strains.7 8

In systemic sclerosis (SSc) pathogenesis,9 endothe-
lial damage favours vascular leak fostering varying 
degrees of inflammation and fibrosis in the lungs, 
heart and other viscera.10 11 The lung is frequently 
affected, developing a chronic ILD which may share 
some CT features with COVID-19 pneumonia,2 11 
such as ground glass, reticulation, subpleural lines, 
but likely not traction bronchiectasias and the even-
tual honeycombing.12 The SSc treatment relies 
on non- selective immunosuppressants, including 
agents that are cytotoxic, proapoptotic or able to 
inhibit cellular activation.13–15 Among targeted 
therapies, rituximab showed promising results 
in ILD.16 In early mild SSc- ILD with increased 
inflammatory reactants, tocilizumab (TCZ), an 
IL-6 receptor antagonist, may preserve lung func-
tion.17–21 Hydroxychloroquine (HCQ), based on its 
role in reducing cellular chemotaxis and its benefi-
cial effects in other rheumatologic conditions, has 
been also used in clinical practice in SSc.22

SSc SARS- CoV-2- infected patients may be at risk 
for a severe disease course either due to under-
lying ILD and/or immunosuppression. Therefore, 
under the World Scleroderma Foundation (WSF) 
umbrella, worldwide experts (rheumatology, 
virology and clinical immunology) have provided 
answers to the main practical questions that physi-
cians and patients may have when dealing with 
possibility/presence of SARS- CoV-2 infection (up 
to date 14 April 2020).

 ► Are SSc patients at risk to contract the 
infection?

It is plausible that patients treated with immu-
nosuppressive drugs and/or with severe ILD might 
have higher risk of developing a progressive, 
rapidly evolving COVID-19. Very much depends 
on the underlying severity of SSc- ILD and pulmo-
nary function. To prevent infection, patients with 
severe ILD should follow the advice of government 
and health authorities of their countries.
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 ► Should the immunosuppressive treatment be withdrawn in 
SSc patients?

While always balancing the risk/benefit ratio, we believe 
that patients should continue immunosuppression to avoid SSc 
relapses: any drug withdrawal should be discussed with the 
physician on a case- specific basis. If they develop symptoms or 
if someone else in the household develops COVID-19, immuno-
suppression should be put on hold.

 ► What are the comorbidities that may increase the likelihood 
of a bad outcome when infected?

Diabetes, systemic hypertension, cardiovascular disease and 
other chronic lung diseases are associated with a poor outcome. 
Consequently, patients with these comorbidities should be 
closely followed, even in the early phase of the disease (before 
pneumonia develops). The threshold to recommend hospitalisa-
tion in these patients should be low, although symptoms, signs 
and baseline investigations including oximetry should guide the 
recommendation for hospitalisation.

 ► Should all SSc patients be submitted to a test to detect 
SARS- CoV-2 infection?

At the moment, testing the whole SSc population is not advised. 
If patients are in a high- risk population, they should follow 
national behavioural guidelines and seek medical advice for testing 
according to instructions from their local and national authorities.

 ► What to do when an SSc patient presents with acute onset of 
malaise, cough and fever?

If signs and symptoms of SARS- CoV-2 infection, like malaise, 
headache, diarrhoea, cough or dyspnoea appear, a diagnostic 
test should be performed (nasal and pharyngeal swabs). While 
awaiting the results, quarantine of the patient and his/her closer 
contacts is advised. Moreover, close follow- up should be main-
tained by web- based or telephone contact. The additional value 
of chest CT is controversial as SSc- ILD may mask or mimic 
early COVID-19 lesions and studies to differentiate these two 
are lacking. However, if rapidly worsening dyspnoea and hypo-
capnic hypoxia develop, patients should be hospitalised and 
investigated with nasal swab retesting, serology and/or broncho-
alveolar lavage.

 ► Should the immunosuppressive treatment be stopped in an 
SARS- CoV-2 positive patient?

In real life, clinical scenarios may be heterogeneous, spanning 
from positive asymptomatic patients to variably severe disease. 
One published lcSSc patient, regularly treated with TCZ for joint 
and lung involvement, presented subfebrile (37.6°C) with malaise, 
cough, headache, unchanged bibasal lung crackles and no signifi-
cant dyspnoea; her nasal swab resulted positive without developing 
severe ILD and the monthly treatment was postponed.23 Looking 
at this case, temporary drug interruption may be advised for SSc- 
SARS- CoV-2- infected patients, and they should undergo vigilant 
monitoring of organ functions (lung, heart and kidney) to decide 
the best real- time therapeutic approach.

Despite lack of evidence sufficient to give precise advice, the 
degree of SSc- ILD and the risk of disease/progressive damage 
or flare versus a potential higher risk of COVID- ILD evolu-
tion should be considered. Further publications on the effects 
of immunosuppression in severe COVID-19 need to be closely 
monitored.

 ► Should the vascular/vasoactive therapy be withdrawn in a 
positive patient?

As recently suggested,24 no change in therapy for vascular and 
renal involvement, in particular Angiotensin Receptor Blockers 
(ARB) or ACE- inhibitors, is advised. In SSc, a case- by- case eval-
uation seems corroborated by the observation of a subfebrile 
(37.5°) limited SSc patient who developed malaise, and cough 

persisting despite antibiotics (ampicillin/minocycline). Chest 
CT revealed bilateral, multilobular ground- glass opacities and 
consolidation with a pronounced peripheral distribution. She 
was positive at PCR for SARS- CoV-19 but did not evolve to 
severe ILD. The treatment with ARB was continued.

 ► Might SSc patients benefit from additional supportive/
preventive therapy?

Currently, no well- controlled, well- done trials are available 
for the prophylactic use of chloroquine, HCQ or other adjunc-
tive therapy in SSc patients. Following international preventive 
measures, such as wearing masks, careful hand washing, social 
distancing and cough hygiene is pivotal.

 ► Should SSc patients without COVID-19 symptoms avoid 
coming to the hospital?

Patients should limit their visits to the hospital/clinic until the 
pandemic fades and the government lifts strict rules. This must 
be balanced against the potential of disease flare and decisions 
have to be made on the individual level. Telemedicine consulta-
tions are advised.

 ► What drugs may be suggested in SSc- COVID-19- infected 
patients?

Antiviral therapy6 or TCZ may be a rescue treatment in cases 
where COVID-19 pneumonia is bilateral and severe, due to the 
high possibility of a rapid evolution to an Acute Respiratory 
Distress Syndrome (ARDS). Chinese guidelines6 recommend one 
intravenous TCZ infusion (4–8 mg/kg), which can be repeated 
after 12 hours if needed (dose not exceeding 800 mg). Publica-
tions of new data need to be closely monitored and might change 
this advice. The presence of mycotic and/or bacterial superin-
fection should be excluded prior to TCZ use; bronchoalveolar 
lavage may help to diagnose the disease and/or superinfection. 
In SSc patients already on TCZ, no additional TCZ should be 
given. Speculatively, TCZ may be considered in SSc- COVID-19 
patients experiencing mild signs of infection, in addition to other 
ongoing treatments.6 Despite lack of evidence, antimalarials can 
be administered as chloroquine 500 mg two times per day for 20 
days or HCQ at 200 mg two times per day, from 5 to 20 days.6 22 
Outside clinical trials, WHO does not suggest the routinely use 
of corticosteroids for treatment of viral pneumonia6 25–27 and 
corticosteroids should be carefully employed in SSc (increased 
risk of scleroderma renal crisis).28 In infected hospitalised SSc 
patients, preventive anticoagulation is advised.29

ConClusions
The SARS- CoV-2 infection is a global challenge and large initia-
tives (https:// rheum- covid. org, https://www. eular. org/ eular_ 
covid19_ database. cfm) will be of great help. The WSF and 
European Scleroderma Trial And Research (EUSTAR) group 
will launch a database dedicated to SSc- COVID-19 patients. It 
may be intuitive to suspect that immunosuppressed patients may 
be prone to a more severe infection but currently this remains 
controversial.30

In conclusion, SSc patients are a great challenge for the physi-
cian to achieve an effective protective strategy or, when infected, 
to optimise a real- time treatment as suggested by the rapidly 
evolving guidelines.
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AbsTRACT
From birth, humans coexist and coevolve with trillions 
of micro- organisms inhabiting most body surfaces and 
cavities, referred to as the human microbiome. Advances 
in sequencing technologies and computational methods 
have propelled the exploration of the microbiome’s 
contribution to human health and disease, spearheaded 
by massive efforts such as the Human Microbiome 
Project and the Europe- based MetaHit Consortium. Yet, 
despite the accumulated body of literature and a growing 
awareness among patients, microbiome research in 
rheumatology has not had a key impact on clinical 
practice. Herein, we describe some of the landmark 
microbiome studies in autoimmunity and rheumatology, 
the challenges and opportunities of microbiome research 
and how to navigate them, advances in related fields 
that have overcome these pitfalls, and future directions 
of harnessing the microbiome for diagnostic and 
therapeutic purposes.

InTRoduCTIon
Humans have coevolved with and harbour tril-
lions of microbes from the time they are born. This 
collection of symbiotic, commensal and pathogenic 
micro- organisms (and their genomes) found on the 
skin, mucosal surfaces and other organs is referred 
to as the human microbiome, a term coined by 
the Nobel laureate, Joshua Lederberg (figure 1).1 
Although mostly resilient during the adult life, the 
composition of the microbiome can be influenced 
by numerous factors, including genes, age, sex, 
mode of delivery, nursing, diet, drugs (prescrip-
tion and non- prescription), and pets, to name a 
few.2 3 Previously, the ability to define these micro-
bial communities was limited to classic culturing 
techniques, which were able to isolate up to 20% of 
the microbes known today.4 This situation dramat-
ically changed with the democratisation of next- 
generation sequencing technologies, which allowed 
for a higher proportion of organisms to be identi-
fied, including bacteria, fungi and viruses.

Through the use of these technologies and 
advanced computational analytics, we are now able 
to obtain an enormous amount of sequence data 
in each run, and have an efficient way of profiling 
microbial communities from different sources. 
The typical workflow involves obtaining samples 
of interest, isolating DNA from these samples and 
performing DNA sequencing of microbial taxa. 
This is done by either querying a marker gene, such 
as 16S rRNA for bacteria or internal transcribed 
spacer (ITS) for fungi, or looking at the DNA in 
its entirety via shotgun metagenomic sequencing, 
which allows for the characterisation of gene fami-
lies and pathways.3 With the development of more 
sophisticated modalities, we now have the ability 

to profile gene expression (metatranscriptomics), 
proteins (metaproteomics) and metabolites (metab-
olomics) collectively produced by the microbiota.5 6

In 2007 the National Institutes of Health (NIH) 
launched the landmark Human Microbiome Project 
(HMP),7 which was followed by the Europe- based 
MetaHit Consortium,8 two massive multicentre 
efforts that have propelled research on how 
microbes contribute to human health and disease 
(figure 1). In fact, this work revealed that the micro-
biome also plays a prominent role in autoimmune 
disease, as evidenced by the exponential growth 
of studies in virtually all realms of rheumatology 
over the last few years.9 Still, despite the extent and 
wealth of information that such a body of litera-
ture has yielded, microbiome research is yet to 
have a significant influence on clinical practice (eg, 
enabling drug discovery or patient stratification).10 
In fact, some of the results have been correlative in 
nature, hampering their translation into the clinical 
setting. However, due to its popularity, discussion 
of the microbiome has percolated into conversa-
tions with patients, and in some cases has resulted 
in dietary and behavioural modifications. Here, we 
describe the advances in rheumatology, enumerate 
the type of research that should be pursued and 
what should generally be avoided, review how 
other disciplines have overcome these challenges, 
and look into the microbiome- based diagnostic and 
therapeutic pipeline.

What is known about the microbiome in 
autoimmune diseases
Numerous studies of animal models and humans 
have demonstrated a link between the microbiome 
and autoimmunity. For instance, a wide range of 
animal models for inflammatory arthritis remain 
healthy when raised under germ- free conditions, 
only developing their respective phenotypes when 
exposed to particular microbes. Examples include 
the HLA- B27 transgenic rat,11 the interleukin (IL) 1 
receptor antagonist knockout (IL1rn−/−) mouse,12 
the K/BxN T cell receptor transgenic mouse (which 
expresses the KRN T cell receptor transgene and 
the MHC class II molecule Ag7)13 and the SKG 
mouse (which has a mutation in the Src homology 
2 domain of zeta- chain- associated protein kinase 70 
[ZAP-70]).14 These data have confirmed and vali-
dated the fact that intestinal microbiota are indeed 
required to trigger and drive systemic autoimmunity.

Similarly, studies of human autoimmune disease 
consistently characterise a state of microbial dysbi-
osis, a disruption in the homoeostasis of microbial 
communities and composition.15 Perhaps the most 
established connection is in rheumatoid arthritis 
(RA), where microbes were identified as potential 
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Figure 1 Historical time line of key events in microbiome research in rheumatology. Photo acknowledgements: 1894: https://www.efp.org/patients/
what-is-periodontitis.html; 1905: https://www.acponline.org/about-acp/about-internal-medicine/sir-william-osler-and-internal-medicine; 1916: https://
fr.wikipedia.org/wiki/No%C3%ABl_Fiessinger; 1990: https://www.dreamstime.com/stock-photos-grey-rat-isolated-white-image30500173; 1991: 
https://www.medicinenet.com/helicobacter_pylori/article.htm; 2001: https://www.nationalmedals.org/laureates/joshua-lederberg; 2007–2008: http://
gutcyc.org/aboutGutCyc; 2013: https://www.theatlantic.com/health/archive/2015/01/joint-pain-from-the-gut/383772/; 2015: https://www.gponline.
com/clinical-review-ulcerative-colitis-epidemiology-diagnosis-management/gi-inflammatory-bowel-disease/ulcerative-colitis/article/1293409; 2017: 
https://www.merckmanuals.com/home/bone,-joint,-and-muscle-disorders/joint-disorders/psoriatic-arthritis.

contributors to disease as early as the 19th century. Sir William 
Osler attributed RA to tuberculosis,16 the toxaemic factor theory 
proposed that gut micro- organisms produced substances respon-
sible for joint inflammation,17 and a connection between RA and 
periodontitis (PD) was established as early as 1894 (figure 1).18 
More recently, Porphyromonas gingivalis, an oral anaerobe 
involved in the development of PD, was found to be highly prev-
alent in patients with RA,19demonstrating positive serological 
correlation with anticitrullinated peptide antibody titres,20 21 
considered to be triggers for RA. Interestingly, peptidylarginine 
deaminase 4, an enzyme that catalyses citrullination, has also 
been identified as a contributor to RA pathogenesis.22–25 Distinct 
microbial perturbations exist in the gut as well, with expansion 
of Prevotella copri in untreated patients with new- onset RA,26a 
microbe that can induce an intestinal Th17 response leading to 
severe arthritis in SKG mice (figure 1).27 Evidence for P. copri 
involvement in pathogenesis derives from the identification of 
reactivity against a P. copri peptide in human RA and an associ-
ated Th1 response,28 providing a plausible mechanistic link.

The gut- joint axis is likewise involved in several conditions 
under the spondyloarthritis (SpA) umbrella classification. In the 
HLA- B27 transgenic rat model of SpA there is a marked intes-
tinal dysbiosis,29 30 which is linked to enhanced expression of 
Th1 and Th17 cytokines, expansion of Th17 cells in the colonic 
mucosa, and increased production of bacteria- specific IgA.30 
These perturbations are highly dependent on host genetic back-
ground.31 In humans, the most obvious examples of the gut- joint 
connection are reactive arthritis, described in 1916 by Noël 
Fiessinger and Emile Leroy,32 which results after infection by 
enteropathogenic (and uropathogenic) bacteria,33 and entero-
pathic arthritis, described in 1929 by J Arnold Bargen,34 which 
is a sequala of inflammatory bowel disease (IBD) and can parallel 
colitis exacerbations (figure 1).35 Another example is ankylosing 
spondylitis, where terminal ileal biopsies demonstrate distinct 
microbial signatures driven by several core families of bacteria.36 
In paediatric enthesitis- related arthritis, a type of juvenile SpA, 
there is reduction of intestinal Faecalibacterium prausnitzii 
(similar to IBD),37 a gut commensal that produces the short- 
chain fatty acid (SCFA) butyrate,38 which is known to promote 
the expansion of T- regulatory cells.39 In psoriatic arthritis (PsA), 
our group has demonstrated a significant reduction of two 
gut commensals, Akkermansia and Ruminococcus, correlating 
with higher levels of intestinal secretory IgA and lower levels 

of receptor activator of nuclear factor κ-B ligand, as well as 
reduction of local anti- inflammatory medium- chain fatty acids 
(MCFAs), hexanoate and heptanoate.40

Systemic lupus erythematosus (SLE) is also characterised 
by microbial perturbations. One of the earliest investigations 
showed decreased gut bacterial diversity and a lower Firmic-
utes:Bacteroidetes ratio in patients with SLE.41 Other relatively 
small studies have also demonstrated gut bacterial dysbiosis in 
SLE,42–48 mostly corroborating previous findings. Intriguingly, 
similar to RA, translocation of intestinal pathobionts was like-
wise noted with the description of Enterococcus gallinarum in 
liver biopsies of patients with SLE.49 Furthermore, new evidence 
in mice and humans suggests that translocation of commensal 
orthologs of a human autoantigen, such as Ro60, can drive auto-
immunity and may be a factor in SLE pathogenesis.50

There is far less evidence for microbiome involvement in 
systemic sclerosis. The majority of research to date has char-
acterised gut microbial communities in those with and without 
disease,51–55 focusing on the dysbiosis in patients with gastro-
intestinal features of systemic sclerosis. Many of the studies 
found decreased gut bacterial diversity and lower levels of ‘anti- 
inflammatory’ microbiota such as Bacteroides, Faecalibacterium 
and Clostridium, as well as higher levels of pathobionts such as 
Fusobacterium.52–55

navigating and addressing challenges in microbiome research
As discussed, although murine work has established a definite 
role for microbiome contribution to rheumatological conditions, 
the majority of human studies have been correlative in nature 
and therefore unable to distinguish whether dysbiosis precedes 
disease onset or is rather a consequence of the inflammatory 
process. Furthermore, very few studies propose a mechanism 
for pathogenesis. In general, microbiome experiments require 
thoughtful and thorough planning in order to generate data 
that are robust and reproducible, enabling their applicability in 
the clinic (table 1). Starting with experimental design, in lieu 
of performing exploratory correlative studies, the field should 
aim to answer particular questions that will preferably have a 
direct impact on patient care. In planning a microbiome exper-
iment, it is also critical to select the appropriate control popu-
lation and account for factors that may influence or confound 
the data, including host genes,56 57 age58 59 and sex,60 as well 
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Table 1 Dos and don’ts in microbiome research

dos don’ts

Specific hypothesis designed to answer a clinically relevant question Exploratory correlative surveys

Appropriate control populations No control population

Incorporation of factors that influence microbiome data (ie, host genes, age, sex, diet, drugs) No acknowledgement of potential confounders

Longitudinal study design Cross- sectional study design

Large cohort Small cohort

Consistent storage and processing of samples Ad hoc storage and processing of samples

Accounting for potential contamination of low biomass samples Processing low biomass samples in the same manner as high biomass samples

Correction for multiple hypothesis testing No correction for multiple hypothesis testing

Publishing raw data and detailed methods (including code) for obtaining results Not making raw data and detailed methods publicly available

Interdisciplinary team Lack of expertise

Multiomic approach Approach focused on 16S rRNA data

Discovery and validation cohorts Only discovery cohort

Preserving samples Discarding samples once study is complete

as environmental variables such as diet61 and drugs (even those 
without antibiotic or antimicrobial properties).62 In animal 
experiments, cage effects63 and facilities64 have a significant 
influence on the data and should be treated as separate variables 
of interest. Due to potential fluctuations in the microbiome, 
possibly related to disease flare/activity65 66 and/or treatment,67 
characterising the microbiome in a longitudinal fashion is of 
utmost importance (instead of assessing a single cross- sectional 
time point). Most importantly, many microbiome experiments 
are performed on small cohorts, leading to conclusions that are 
based on statistically invalid methodology. It is therefore critical 
to estimate adequate sample sizes a priori in order to sufficiently 
power these studies for the identification of biologically relevant 
patterns. This may be challenging given the lack of consensus 
on appropriate power analyses for microbiome studies. Never-
theless, several approaches have been proposed based on the 
detection of differences in α/β diversity and taxa relative abun-
dance.68 Furthermore, the need to incorporate confounding 
variables typically necessitates larger sample sizes, which may be 
difficult to achieve, particularly in the case of the rarest condi-
tions in rheumatology. An effective way to overcome this hurdle 
is through multicentre study designs and data sharing.

Once collected, samples should ideally be stored in a consis-
tent fashion, processed at the same time with identical reagents 
and kits, and sequenced in single runs to avoid batch effect. The 
HMP Manual of Procedures provides detailed protocols for 
performing these steps.69 Positive and negative controls should 
always be used with every sequencing run. Low biomass samples, 
such as those derived from skin surface and lung fluid, present 
an extra challenge as they are prone to contamination from 
reagents and sensitive to sequencing conditions, thus requiring 
careful handling and the use of dedicated instruments.3 Post-
sequencing, certain software packages and computational 
methods may be employed to decrease background noise in low 
biomass data. In the analysis phase, comparisons are typically 
made across hundreds of identified taxa so multiple hypothesis 
testing must be accounted for by using statistical methods such as 
false discovery rate or Bonferroni corrections.70 71 Once results 
are obtained and published, the raw sequence data (including 
controls), a description of the detailed analyses, as well as any 
code written to generate results should be made publicly avail-
able through repositories such as the Sequence Read Archive,72 
the European Nucleotide Archive73 and GitHub.74 This allows 
for cross- validation and incorporation of data in future studies. 

Unused samples should also be stored to answer future questions 
that originate from current research efforts.

To produce more meaningful generalisable outcomes, it is 
essential to collaborate with an interdisciplinary team that can 
address questions of biological/clinical relevance, computational 
complexity and appropriate statistical models. Moreover, simply 
using DNA sequencing to look at the presence of taxa in certain 
conditions is now considered outdated and rather rudimentary. 
Cost permitting, the field should instead aim to design studies 
that explore the entire milieu of microbes (including bacteria, 
fungi and viruses, acknowledging recognised limitations such as 
the underdevelopment of comprehensive high- resolution refer-
ence databases for fungal and viral micro- organisms), microbe- 
microbe interactions, metabolites produced by microbes, and the 
effect that they have on the host immune and metabolic system. 
This requires a multipronged approach that applies shotgun 
and other multiomic sequencing platforms combined with more 
sophisticated computational analyses. Finally, generated results 
should be validated and reproduced in separate cohorts and 
backed preferentially by in vitro, ex vivo and in vivo data to 
look for recognisable patterns in order to enable a mechanistic 
understanding of the inflammatory process.

Advances in microbiome research
Despite these challenges, there have been pivotal advances in the 
oncology75 and IBD disciplines,76 where microbiome research has 
taken a more mechanistic approach beyond correlative descrip-
tions. In fact, the gut microbiome is increasingly recognised for 
its influence on cancer and response to cancer therapy.77 78 For 
example, there are data supporting the notion that recurrent 
antibiotic use may be associated with the development of malig-
nancies in various organs.79 However, the majority of studies that 
demonstrate a more causal role for the microbiome, aside from 
Helicobacter pylori- associated gastric cancer,80 are in colorectal 
cancer (CRC). First, microbial composition in tumor- affected 
tissue is distinct from that of adjacent healthy mucosa.81 82 
Second, and even more striking is that transplanting stool from 
patients with CRC can cause the formation of polyps, increase 
levels of intestinal dysplasia and alter the local immune envi-
ronment in animal models.83 Moreover, specific bacteria have 
been shown to directly stimulate inflammation and promote 
carcinogenesis, including enterotoxigenic Bacteroides fragilis84 
and Fusobacterium nucleatum.85 The intestinal microbiota are 
also key drivers for patient response to therapy, as exemplified 
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by immune checkpoint inhibitors used in the treatment of mela-
noma,86–88 where distinct differences exist between responders 
and non- responders that can be recapitulated in germ- free or 
antibiotic- treated animal models using faecal microbiota trans-
plantation (FMT) from patients.89

In IBD, which includes Crohn’s disease (CD) and ulcer-
ative colitis (UC), gut microbial dysbiosis is apparent in both 
the reduction of important gut commensals and the expan-
sion of pathogens. For example, a reduction of F. prausnitzii, 
an important producer of the SCFA butyrate (discussed earlier) 
is well documented in both CD90 and UC.91 Although specific 
bacterial pathobionts have not been consistently identified, there 
are indications of certain microbiota driving inflammation,92 
as well as an increased prevalence of Enterobacteriaceae such 
as invasive Escherichia coli.93 Several studies highlight the role 
of fungi, including the expansion of Candida albicans,94 95 an 
immunogen for anti- Saccharomyces cerevisiae antibodies, which 
serve as serological markers in IBD.96 Even the virome has been 
implicated with the expansion of Caudovirales bacteriophages 
in patients with IBD.97 Furthermore, due to its dynamic nature, 
one study looked at the longitudinal composition of the gut 
microbiome, demonstrating that microbial communities in IBD 
exhibit more fluctuations compared with healthy individuals.98 
Another study profiled and correlated the gut metagenomes 
and metatranscriptomes over a 1 year period, showing species- 
specific biases in transcriptional activity with a predominance of 
F. prausnitzii- associated pathways that were disproportionate to 
F. prausnitzii abudnance.99 A number of investigations have also 
looked at adaptive immune responses to microbial agents and 
have shown that patients with IBD produce large amounts of 
IgG antibodies100 and CD4+ T- lymphocytes with altered IL- 17A 
production101 directed against symbiotic bacteria.

IBD investigators have led the way in FMT research, which 
gained widespread interest after its success in treating refractory 
Clostridioides difficile (previously named Clostridium difficile) 
infections.102 103 FMT involves the transfer of minimally manip-
ulated prescreened stool from a donor to the gastrointestinal 
tract of a recipient via a nasogastric tube, colonoscopy, retention 
enema or capsule, with the aim of reversing a dysbiotic state and 
restoring beneficial microbiota.104 Four randomised controlled 
trials have been published looking at the efficacy of FMT in 
UC,105–108 showing an overall remission rate of 37%, which was 
twofold higher than patients receiving placebo,109 and equiva-
lent to outcomes with biological therapies (figure 1).110 To date, 
there have not been any randomised controlled trials of FMT 
use in CD, although a recent meta- analysis reports an overall 
rate of clinical remission,111 a finding that may be less interpre-
table given the heterogeneity of patient disease activity and FMT 
protocols.104

What the future holds: pharmacomicrobiomics and 
microbiome-modulating strategies in rheumatology
The field of rheumatology has also made advances with the 
potential to significantly impact the care of our patients. One 
example is the growing field of pharmacomicrobiomics, which 
describes the effects that microbial variations have on the action 
and toxicity of drugs (and vice versa).112 For instance, we know 
that the activation of sulfasalazine, a disease- modifying anti-
rheumatic drug used to treat inflammatory arthritis and UC, is 
dependent on the enzymatic cleavage by gut microbes.113 This 
appears to also hold true for methotrexate, which is known 
to be metabolised by the gut microbiome in mice114 115 and 
humans,116 and may have off- target, antibiotic effects.117 In axial 

SpA, patients who respond to anti- TNF inhibitors exhibit a more 
resilient pretreatment gut microbiome,118 while IL- 17A inhib-
itors are associated with expansion of intestinal C. albicans in 
a subgroup of paients with SpA/PsA,67 as well as an increased 
risk for the development of candidiasis.119 120 Further progress 
in pharmacomicrobiomics will lead towards personalised thera-
peutic approaches that are based on patient microbiome features, 
allowing for improved selection of medications with the highest 
efficacy and lowest risk for toxicity.121

Another promising area of active research is the study of 
targeted modulation of the microbiome to improve disease 
outcomes, with the caveat that for most conditions, it is not yet 
clear whether microbial changes contribute to disease pathogen-
esis or stem from the disease process itself. One indirect way to 
modulate the microbiome is through diet, which can globally 
shape the microbial community composition. Few conclusive 
studies exist on the topic but some trials looking at the Medi-
terranean diet have demonstrated beneficial effects in RA.122 123 
In PsA, which is strongly associated with obesity and metabolic 
syndrome, weight loss has also led to significant improvements 
in disease outcomes.124 125 Another strategy relies on the use of 
prebiotics, compounds that promote the growth of advantageous 
microbes (ie, SCFAs and MCFAs), and probiotics, compounds 
that contain presumed beneficial living organisms. Prebiotics 
have demonstrated value in an animal model of SpA,126 while 
probiotics containing Lactobacillus have been associated with 
improvements in RA disease activity scores.127–129 As discussed, 
a more invasive approach that has yielded encouraging results is 
FMT, which directly modifies microbial communities and their 
metabolites, and may directly or indirectly stimulate the host 
immune response. No conclusive evidence exists in rheumatic 
disease as of yet, but this is currently being studied in PsA by 
the Danish- sponsored Efficacy and Safety of Fecal Microbiota 
Transplantation in Peripheral Psoriatic Arthritis clinical trial 
(figure 1).130 However, it is important to recognise that FMT 
has several important limitations. For instance, we do not know 
the best route of delivery (oral vs rectal) or the frequency of 
FMT needed to achieve durable responses. Likewise, we have 
not identified specific beneficial taxa that can reliably attenuate 
various autoimmune conditions, and it appears that previous 
successes in IBD may have been driven by ‘super- donors’ (ie, 
donors whose stool samples achieved successful outcomes).131 
Extensive donor testing is also required to guarantee safety as 
recent reports have indicated transmission of drug- resistant 
organisms from donors to recipients.132 133 Aside from FMT, 
other potential strategies, which are being extensively tested by 
the pharmaceutical industry but are yet to be Food and Drug 
Administration approved, are microbial consortia or microbially 
derived bioactive compounds for the treatment of infectious and 
autoimmune diseases.134

ConClusIons
Microbiome research in rheumatology is expanding significantly, 
offering unique opportunities to better understand aspects of 
autoimmune disease pathogenesis, the potential for patient strat-
ification and its application towards personalised therapeutic 
strategies. However, in order to achieve its full potential, there 
is a need to further adapt state- of- the- art microbiome- related 
methods and technologies in our discipline. It is imperative to 
continue the quest for biologically relevant inquiries, addressing 
causality and designing studies that are important to patient 
care. The expansion of collaborations and data sharing is also 
critical to increase the sample size of our cohorts and apply the 
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appropriate expertise. It is equally important to broaden the 
scope of these studies to look at the global network of organ-
isms, their interactions and what they produce, so we can move 
beyond simplistic taxonomic classification work. Finally, the 
validation of microbiome- derived data should ensure mean-
ingful results that could potentially serve in diagnostics and 
therapeutics, aiding in the development of precision medicine 
approaches to optimise health outcomes in rheumatic and auto-
immune diseases.
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As of the end of March 2020, the COVID-19 
pandemic has resulted in over 850 000 confirmed 
cases and an estimated 42 000 deaths worldwide.1 
All agree that safe and effective therapies for treat-
ment and prevention are urgently needed. In the 
midst of this rapidly progressing crisis, evidence has 
emerged suggesting that antimalarial medications, 
such as hydroxychloroquine (HCQ), may be effica-
cious for COVID-19 treatment. After amplification 
from politicians, news outlets and social media, a 
rush to acquire supplies of HCQ resulted in world-
wide shortages. Recent government policies may 
have exacerbated these issues, where wider use in 
both COVID-19 treatment and prevention were 
authorised or recommended by India, the US Food 
and Drug Administration and other countries.2–4 In 
response to dwindling supplies, several US states 
have issued restrictions on HCQ use including 
limiting dispensation quantities and verifying indi-
cations.5–8 Rheumatologists, researchers and patient 
partners must advocate for the appropriate distribu-
tion and use of HCQ, as millions of people with 
rheumatic diseases worldwide depend on HCQ to 
control disease activity and maintain quality of life. 
In doing so, we must also remind ourselves to ‘make 
haste slowly’ (festina lente).

Emanuel et al9 published a well- timed commen-
tary suggesting the following principles for fairly 
allocating scarce resources during the COVID-19 
crisis: equal treatment, attempts to maximise bene-
fits and prioritising the most vulnerable. These 
recommendations echo prior guidance published in 
2016 by the WHO on how to address future infec-
tious disease outbreaks.10 The report cautioned that 
‘special attention should be given to ensuring that 
persons who face heightened susceptibility to harm 
or injustice during infectious disease outbreaks are 
able to contribute to decisions about infectious 
disease outbreak planning and response’. This 
ethical framework offers health systems a structure 
for approaching the use and distribution of HCQ 
during the COVID-19 pandemic to minimise poten-
tial impact on patients with rheumatic disease.

Consider equiTy
Allowing a ‘first come, first serve’ system during an 
international infectious disease crisis has likely led 
to disparities in access to HCQ. These deficits have 

left patients with rheumatic disease who require 
HCQ to prevent morbidity and mortality in a 
uniquely vulnerable position. Moreover, we should 
note that poor outcomes in the rheumatic disease 
community disproportionately affect populations 
already facing barriers to healthcare access.11 For 
example, patients living in rural areas or those with 
lower socioeconomic status may not have the addi-
tional resources needed to obtain HCQ if not avail-
able at their local pharmacy. Thus, disadvantaged 
patients and those who are underinsured/uninsured 
are most susceptible to detrimental outcomes as 
an unintended consequence of COVID-19- related 
HCQ shortages. Instead of prioritising access based 
on demonstrated need or an adequate assessment 
of risk, empiric use in the pandemic has occurred 
without protecting a sufficient supply for continued 
use in people with rheumatic disease.

MaxiMise uTiliTy
Decades of research support the use of HCQ 
in rheumatic diseases. As a particularly notable 
example, HCQ use in systemic lupus erythe-
matosus (SLE) reduces disease activity,12 limits 
damage accrual13 and improves survival.14 In a 
well- designed placebo- controlled randomised trial, 
discontinuation of HCQ in patients with stable SLE 
increased the frequency of disease flares.15 HCQ is 
also approved by multiple agencies as a treatment 
option for rheumatoid arthritis (RA), where meta- 
analyses suggest unique benefits to improve cardio-
vascular risk, the major cause of excess mortality in 
these patients.16

The evidence supporting HCQ use in COVID-19 
is less compelling. In a small non- randomised pilot 
trial including 26 people with COVID-19 initially 
treated with HCQ (and azithromycin (AZM) in an 
additional subset), nasopharyngeal viral clearance 
at day 6 of treatment was reported in 57% of the 14 
patients retained in the analysis who received HCQ 
monotherapy versus 13% of controls.17 However, 
concerns about the study design and data analysis 
have been previously discussed,18 and a potential 
signal toward increased harm in patients treated 
with HCQ cannot be dismissed outright. Since 
then, another preprint by Gautret et al described 
a selected cohort of 80 patients with COVID-19.19 
Rather than lending clarity to the ongoing debate, 
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this has created more confusion. Almost all (92%) of COVID-19 
subjects examined had mild disease, and four patients were 
asymptomatic carriers. Such a study population would seem 
likely to have favourable clinical outcomes and early viral clear-
ance, regardless of intervention. The absence of a control group 
also precludes analysis of any potential harm related to HCQ’s 
experimental use in these patients.

Two subsequent randomised controlled trials have similarly 
provided insufficient clarification. An open- label randomised 
controlled trial of 30 patients recently reported no significant 
differences in viral clearance between a group receiving HCQ (13 
out of 15, 87%) and a group receiving standard of care (14 out 
of 15, 93%).20 On the contrary, another single- centre, double- 
blind, randomised parallel- group trial suggested improvements 
in clinical outcomes (fever, cough) and pulmonary CT findings 
in those receiving HCQ versus placebo and usual care.21 This 
trial also suffered from inconsistencies in its study protocol, 
inadequate primary outcome measures, a small sample size and 
inappropriate statistical methodology (eg, since power calcula-
tions to justify the reported sample size were not performed, the 
p- values are difficult to interpret).

Fortunately, more rigorously designed randomised controlled 
trials with adequate power to assess meaningful outcomes for 
the prophylaxis and treatment of COVID-19 are underway 
(eg, NCT04307693, NCT04323631, NCT04315896). These 
trials will also provide safety profiles of these therapies when 
used for COVID-19. Both HCQ and AZM are known QTc 
prolonging agents. Their combined administration in a novel 
disease where cardiomyopathy and cardiac arrhythmias have 
been reported, even in not- critically ill patients,22 warrants 
further investigation before widespread use can be recom-
mended. While the evidence supporting HCQ use in rheumatic 
diseases is scientifically established and validated in numerous 
studies, the evidence for its use in the treatment of COVID-19 
remains limited.

ProTeCT Vulnerable PaTienTs
According to the 2016 WHO ethical guidelines, ‘Even when 
public health measures are designed with the best of intentions, 
they can inadvertently place a disproportionate burden on 
particular populations’. As empiric use for HCQ in COVID-19 
has been widely taken up, this inadvertently leaves patients with 
rheumatological conditions vulnerable to medication short-
ages. Until HCQ production can meet the new demands and 
data supporting its use are more certain, we should determine 
whether patients with rheumatological diseases, where efficacy 
and safety are established, should be given priority over individ-
uals who receive HCQ for use as pre- exposure or post- exposure 
prophylaxis. Patients with rheumatic disease are at particular 
risk of worsening disease if they lose access to HCQ. Flares may 
require emergency visits or hospitalisations in an already over-
burdened medical system, which exposes an immunosuppressed 
patient population to an increased risk of acquiring COVID-19. 
This is not just a theoretical risk but was observed with Middle 
East respiratory syndrome.23 Moreover, treatment with more 
potent immunosuppressant medications in lieu of HCQ, such 
as glucocorticoids, may increase the risk of severe complications 
from COVID-19 infection. Thus, HCQ overutilisation related to 
COVID-19 treatment may jeopardise the health of patients with 
rheumatic diseases.

Given this framework, we support the guiding principles 
recently published by the American College of Rheumatology.24 
These include allocating adequate supplies to people with SLE 

and RA and exempting patients with other rheumatic conditions 
from utilisation management practices.

At this time, ballooning infection rates threaten to overwhelm 
the capacity of healthcare systems worldwide. Safe and effec-
tive therapies for COVID-19 are desperately needed. We, like 
many physicians, hope well- designed studies will demonstrate 
HCQ’s efficacy against COVID-19 infection. In the meantime, 
provisions should be underway to ensure adequate supply for 
all indications, particularly our patients with rheumatic diseases. 
Until such evidence emerges, as rheumatologists we must advo-
cate for individuals in whom the safety and efficacy of HCQ 
is established. Lastly, we recognise that fair resource allocation 
ultimately depends on separation of responsibilities. While it is 
our duty to advocate for our patients, it is also our responsibility 
to respect the difficult decisions made by the larger medical and 
patient communities in these uncertain times.
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Figure 1 Expression profiling of glucocorticoids and some DMARDs on the cytokine profile represented in severe 
COVID-19 in patients, mouse models and human cells. (A) Heatmap showing both tocilizumab and methotrexate 
induced a significant downregulation of genes including IL-2, CSF3, IL-10, IL-7, CCL2, TNF, FTH1, CXCL10, CCL3 and IL-6 
(GSE45867). Each column is a patient; data were represented by z- score. The expression level of paired synovial biopsy 
samples obtained from the affected knees of patients with early RA before and 12 weeks after initiation of tocilizumab 
(n=12) or methotrexate (n=7) therapy were measured using GeneChip human genome U133 plus 2.0 arrays; (B) 
heatmap showing that HCQ downregulated the expression of targeted cytokines in PBMC of three healthy participants 
induced by rheumatogenic, heat- killed group A Streptococcus (GSE74235) ; each column is a PBMC sample (before or 
24 hours after HCQ treatment); the expression level of each gene was measured by RNA- seq of Illumina HiSeq 2000; 
data were represented by z- score and the log2 (fold change). (C) Tofacitinib (GSE69300), sodium aurothiomalate, 
azathioprine, methotrexate, prednisolone, methylprednisolone (GSE12860) downregulated genes of targeted cytokines; 
left: whole skin from C57/B6 female mice after 4 days of treatment of vehicle (n=2) or tofacitinib (n=3) were used 
to calculate the fold change; expression was measured by Affymetrix mouse genome 430 2.0 array; right: human 
chondrocytes were stimulated with supernatant of rheumatoid arthritis synovial fibroblast (RASF), which have been 
treated with steroids, DMARDs or nothing; expression level of cytokines in RASF supernatant- stimulated chondrocytes 
were measured by Affymetrix human genome U133A array and fold change was represented; (D) compared with no 
treatment, Auronfin, dexamethasone, diclofenac (an NSAID), GW 627368X (an EP4 receptor antagonist), aIL6 and 
sulfasalazine treated cells showed lower expression of these genes (GSE95588); expression level of samples from TNF 
treated CD14+ MCSF- differentiated macrophages with or without drug treatment were measured by Illumina HiSeq; 
each column is a replicate. Z- score: relative expression level of a gene in all samples, fold change (log2): drug treated 
versus untreated. blue cells: downregulated; red cells: upregulated. DMARDs, disease- modifying anti- rheumatic drugs; 
HCQ, hydroxychloroquine; IL, interleukin; MCSF, macrophage colony- stimulating factor; NSAID, non- steroidal anti- 
inflammatory drugs; PBMC, peripheral blood mononuclear cells; RA, rheumatoid arthritis; SF, synovial fibroblasts; TNF, 
tumour necrosis factor.

The COVID-19 has been declared a pandemic by 
WHO since 11 March 2020.1 The cumulative inci-
dence of COVID-19 cases is showing similar trends 
in European Union and USA, and the UK confirmed 
that, while at a different stage depending on the 
country, the COVID-19 pandemic is progressing 
rapidly in all countries.2 As of 10 April 2020, 
COVID-19 has been confirmed in 1521252 people 
worldwide, carrying a mortality of approximately 

6.1%.3 With tens of millions of individuals 
suffering rheumatic diseases (RDs) around the 
world who routinely receive glucocorticoids and 
disease- modifying anti- rheumatic drugs (DMARDs) 
(table 1), RD patients with compromised immune 
systems make up a large population of susceptible 
patients in which novel coronavirus infection may 
cause devastating consequences.
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Table 1 Summary of drugs commonly used in rheumatic diseases 
and their mechanisms of action
Drugs Mechanisms of action

Glucocorticoids Inhibit NF-κB; suppress immune cell function; decrease cytokine 
production; increase apoptosis of immune cells.24

Hydroxychloroquine Interfere with lysosomal activity, autophagy and membrane 
stability; alter signalling and transcriptional activity; inhibit cytokine 
production; modulate costimulatory molecules.25

Methotrexate Pyrimidine and purine metabolism inhibitor via inhibition of 
dihydrofolate reductase; stimulation of adenosine signalling; 
downregulation of cytokines, eicosanoids and matrix 
metalloproteinases.26

Leflunomide Pyrimidine synthesis inhibitor via inhibition of dihydroorotate 
dehydrogenase.

Azathioprine Purine synthesis inhibitor; inhibits lymphocyte proliferation.27

Cyclosporine Calcineurin inhibitor; binds cyclophilin; blocks T cell activation and 
inhibits cytokine transcription.28

Tacrolimus Calcineurin inhibitor; binds FK506 binding protein; blocks T cell 
activation and inhibits cytokine transcription.27

Mycophenolate mofetil Purine synthesis inhibitor by inhibiting IMP dehydrogenase.27

Anakinra IL-1 antagonist.

Tocilizumab IL-6 receptor antagonist.

Infliximab, adalimumab, 
certolizumab pegol and 
others

TNF-α inhibitor.

Tofacitinib, baricitinib and 
others

Inhibitor of JAK, which transmit extracellular data to the cell nucleus 
influencing DNA transcription.

IL, interleukin; JAK, Janus kinase; TNF-α, tumour necrosis factor-α.

Accumulating evidence suggests that a subgroup of patients 
with severe COVID-19 might have a cytokine storm syndrome 
represented by acute respiratory distress syndrome (ARDS) and 
secondary haemophagocytic lymphohistiocytosis, which are two 
of main causes of mortality.4 Disease severity of COVID-19 was 
correlated with hypercytokinaemia, characterised by increased 
serum interleukin (IL)-2, IL-7, IL-10, granulocyte colony- 
stimulating factor (G- CSF), IP10/CXCL10, monocyte chemoat-
tractant protein 1 (MCP-1), macrophage inflammatory protein 
1-α (MIP-1), tumour necrosis factor-α (TNF-α), ferritin and 
IL-6.5–8 In addition, decreased monocyte count was found in 
patients with COVID-19,9 low levels of CD4+ T and CD8+ T 
cells were more common in severe cases,7 while numbers of 
leucocytes, B cells and NK cells were similar between patients 
and healthy controls.9 On the novel coronavirus infection, 
CD4+ T cells were activated to become pathogenic Th1 cells 
and generate granulocyte- macrophage colony- stimulating factor, 
augmenting the expression of IL-6 in CD14+CD16+ monocytes.9

As hyperinflammation underlies the mechanism of severe 
COVID-19, anti- inflammatory therapies may benefit those 
patients. The immunocompromised situation may prevent 
them from the virus- induced cytokine storm syndrome. Avail-
able transcriptome data including RNA- seq and GeneChip 
human genome arrays show that glucocorticoids (prednisone, 
methylprednisolone and dexamethasone) and some DMARDs 
(tocilizumab, methotrexate, hydroxychloroquine, tofacitinib, 
azathioprine and so on) could suppress the cytokine profile 
represented in severe COVID-19 (IL-2, 7, 10 and 6, G- CSF/
CSF3, IP10/CXCL10, MCP-1/CCL2, MIP-1/CCL3, TNF and 
FTH1) in patients with rheumatoid arthritis (figure 1A), in 
mouse models (figure 1C left) as well as in human cells in vitro 
(figure 1B,C (right) and figure 1D) (detailed in figure legends 
and online supplementary materials). Therefore, these immu-
nosuppressive agents could likely reduce hyperinflammation in 
concurrent COVID-19 of patients with RD by inhibiting gene 
expression of the cytokine profile.

Although it is not routinely recommended and might exacer-
bate COVID-19- associated lung injury,10 treatment with methyl-
prednisolone may be beneficial for patients who develop ARDS.11 
Chloroquine, an antimalarial medicine, was highly effective 
in reducing viral replication in vitro,12 and chloroquine phos-
phate has demonstrated marked efficacy and acceptable safety 
in treating COVID-19 associated pneumonia in multicentre clin-
ical trials (not completed) in China.13 Chloroquine phosphate 
was then recommended in the new version of the Guideline 
for the Prevention, Diagnosis, and Treatment of Pneumonia 
Caused by COVID-19 issued by the National Health Commis-
sion of the People’s Republic of China,14 followed by guidelines 
documented by Dutch Centers for Disease Control15 and Italian 
Society of Infectious and Tropical disease.16 A French open- label 
non- randomised clinical trial showed that hydroxychloroquine 
treatment reduces viral load in patients with COVID-19 and 
azithromycin reinforced it.17 However, the sample size is small, 
and dropout rate is relatively high. Another clinical trial in China 
did not find significant difference in rates of viral load disappear-
ance in patients with COVID-19 taking hydroxychloroquine 
or not.18 Therefore, the use of chloroquine or hydroxychloro-
quine in COVID-19 is still under debate. Some other DMARDs 
also were promising therapies in COVID-19, such as cytokine- 
targeting biologicals and signalling molecules inhibitors. The IL-6 
receptor antagonist tocilizumab has been approved in patients 
with COVID-19 pneumonia and elevated IL-6 in China.19 
Furthermore, Janus kinase inhibition could affect both inflam-
mation and cellular viral entry in COVID-19.20 By targeting 
IL-1, anakinra, showed significant survival benefit in patients 
with sepsis, which is a hyperinflammation situation, without 
increased adverse events in a phase III randomised controlled 
trial.21 There is also an ongoing clinical trial comparing the effi-
cacy and safety of emapalumab, an anti- interferon-γ monoclonal 
antibody, with anakinra in COVID-19.22

Data on the susceptibility, disease severity and prognosis 
of COVID-19 in patients with RD on immunosuppressants 
still lack. Zhu et al23 reported a case of COVID-19- associated 
pneumonia following kidney transplantation who is receiving 
immunosuppressive therapy of prednisone, tacrolimus and 
mycophenolate mofetil, recovered with reduction of immu-
nosuppressants and a low dose of methylprednisolone.23 In 
this case, the patient only had mild symptoms and recovered 
quickly with antivirus and anti- inflammation therapies. It is still 
too early to forecast the risk of infection and disease severity 
of COVID-19 in patients with RD, especially those who are on 
immunosuppressive therapies, but it is likely to follow the dele-
terious course previously reported by other community- acquired 
respiratory viruses. When treating opportunistic virus infection 
following DMARDs treatment in patients with RD, a reduction 
or even temporary discontinuation of those immunosuppres-
sants is a common strategy and allows them to reacquire anti- 
infection immunity within a short period, which is conducive 
to eliminating the virus. Clinical manifestations of COVID-19 
infection in this population may be distinctive, and treatment 
requires careful consideration. More observation data about the 
prevalence and severity of COVID-19 in patients with RD and 
experience of management are urgently needed.
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Just listen to your patient, he is telling you the 
diagnosis.

Sir William Osler (1849–1919),

Canadian physician and professor of medicine

WHaT Will THe fuTure of rare diseases 
look like?
We picture an 18- year- old young man from a village 
somewhere in Europe. His name is Omer. Omer has 
been suffering from disease episodes since his early 
childhood: bursts of fever, fatigue and abdominal 
pain. He visited many doctors, but none of them 
was able to establish a satisfactory treatment. He 
went through a diagnostic and therapeutic odyssey 
typical for rare disease patients. Fatigue has led 
him into social isolation. He is perceived as a 
malingerer.1

omer uses Today’s TeCHnology To find 
Help
He begins to Google. Due to the unspecific nature of 
his approach, the search does not bring up specific 
results, though. Helpful medical knowledge is not 
accessible to him this way. Consequently, he looks 
for help through social media. He is targeted for an 
advertisement of a symptom checker app because 
of his previous searches and app downloads in his 
Ad- ID. He reads ‘start a symptom assessment!’ and 
decides to instal the app.

Omer starts the symptom assessment in his 
mother tongue. The chatbot’s underlying ontology 
is designed to translate professional medical 
concepts into common language. It initially asks 
about his basic demographics, ethnicity, pre- 
existing conditions, current symptoms and their 
specific attributes. The dialogue reveals that Omer 
has lately also shown a red, hot, swollen, sharply 
bordered painful eruption in the calf.

Based on its internal probabilistic disease models, 
the chatbot’s reasoning algorithms compile a first list 
of possible underlying diseases, among them several 
autoimmune diseases and periodic fever syndromes. 
The chatbot realises the complex situation and the 
need for a deeper anamnesis. It continues assessing 
the course and quality of Omer’s symptoms. It asks 
about the onset, intensity and duration of his fevers 
thereby identifying the presence of repeating disease 
episodes. In reaction, the chatbot encourages Omer 
to track his symptoms over time to increase the 
value of timing- related information.

By asking detailed questions regarding the 
possible diseases, the reasoning algorithm rules 
some of them in and some of them out. For 

example, the reported absence of weight loss 
renders tuberculosis less likely. Omer is invited to 
upload pictures of his skin manifestations aiming 
to classify them based on a specific diagnostic algo-
rithm. In the consequence, the absence of an urti-
carial rash reduces Omer’s probability of having 
Muckle- Wells syndrome. The chatbot asks for red 
flag symptoms to exclude emergencies. In the end, 
it establishes a well- founded list of differentials that 
it uses as hypotheses for the following steps—some 
periodic fever syndromes are still on it.

Its working hypotheses lead the chatbot to ask 
about Omer’s previous diseases and treatments. 
Omer reports a previous appendectomy and the 
use of painkillers. The app considers the previous 
appendectomy as hint towards Familial Mediterra-
nean fever (FMF) but at the same time realises the 
need for more information.

Therefore, explaining the purpose in clear words 
and following the ethical recommendations of the 
European Union (EU),2 the chatbot asks for access 
to health- relevant data stored elsewhere:

 ► Activity data tracked by the smartphone 
to retrieve information about the disease 
frequency and periodicity.

 ► His current and past location to adjust for 
regional disease incidences.

 ► Insurance notes from his medical record 
to confirm his appendectomy and previous 
treatments.

Omer consents.
Given the possibility of genetic disorders that can 

manifest in typical facial phenotypes, the chatbot 
suggests to perform a selfie face scan, using the 
smartphone’s three- dimensional sensor. Facial 
dysmorphism is not found and the app recalculates 
the probabilities of different genetic disorders.

Seeing Omer’s long medical history, the chatbot 
considers a genetic component and asks for access to 
his genetic profile—not only to look for gene muta-
tions but also for single nucleotide polymorphisms. 
Thereby, it aims to personalise disease probabili-
ties to make the diagnostic process more efficient. 
However, Omer denies to have such a profile. The 
chatbot subsequently starts a more thorough family 
history assessment which uncovers that his uncle is 
experiencing similar fevers.

Because the collected evidence seems sufficient 
the chatbot decides to end the assessment at this 
point. The resulting probability for FMF is high 
enough, with regards to FMF disease criteria3:

 ► Recurrent febrile episodes.
 ► Signs of peritonitis during episodes.
 ► Possibly Erysipelas- like skin manifestations.
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figure 1 The system consists of a consumer part (green), a clinical part (turquoise) and a hybrid intelligent system (blue) that are able to 
communicate. The hybrid intelligent system consists of a network of different parts, including case registry, research data repository, knowledge 
models and algorithms. The framework is designed to enable patients and physicians to exchange health and research data, access valid medical 
knowledge and use reviewed reasoning technology while ensuring the quality of the components, auditability and a learning system. C2C- API: 
consumer- to- clinical handover application programming interface; CDSS: clinical decision support system

 ► Appropriate ethnicity.
 ► Age <20 years.
 ► (Suspected) family history of FMF.
Based on all the collected data, the app provides an assess-

ment report containing a list of the possible underlying diseases 
ranked by their calculated probabilities.

The reasoning algorithm recognises that securing the diag-
nosis of FMF needs professional support. Therefore, it compiles 
a sequence of diagnostic steps:

 ► A physical examination and an ultrasound scan to evaluate 
for lymphadenopathy and splenomegaly.

 ► An interferon- gamma release assay to rule out tuberculosis.
 ► A blood test to evaluate presence of signs of inflammation 

and autoimmune diseases.
 ► A urine sample to test for proteinuria as a sign of renal 

amyloidosis.
 ► A genetic test to confirm a Mediterranean fever (MEFV) 

gene mutation.
The app creates a status- quo report in which all previous 

findings, working hypothesis, remaining differentials and the 
next diagnostic steps are presented. It asks Omer to send it to a 
doctor of his choice. However, Omer denies to have an appro-
priate doctor. Because of this, the app retrieves experts for this 
disease from a repository and suggests the nearest specialist. 
Omer agrees to contact the expert in the nearest city 90 km away 
and to forward the assessment report. The chatbot now sees 
that the expert’s clinic has a standardised consumer- to- clinical 

handover application programming interface. After an auto-
mated check of the data has confirmed the legitimacy of the 
request, it delivers Omer's case data in a structured, ontology- 
based form.

The expert spots Omer’s request in the inbox of his clinical 
decision support system (CDSS). Beside a time- saving and well- 
structured description of the status- quo, Omer’s app provides 
as well information on why certain tests are needed and what 
their outcomes would mean for the diagnostic progress. More-
over, it visualises the underlying reasoning in an understandable 
and traceable way according to the rules of the International 
Telecommunication Union4 to make the machine’s arguments as 
verifiable as possible. Underlying affected molecular pathways 
are presented, too.

After having examined Omer’s report, the expert agrees on 
FMF being a possible explanation. Referring to the recommen-
dations for diagnosis of FMF,5 the app actively suggests a specific 
genetic test. To save Omer the long way to the city, the specialist 
sets up a video consultation with him to explain the situation 
and the diagnostic process to follow: Omer receives a sequence 
of home test kits for (dried) blood, urine and genetic testing via 
mail and returns them.

The genetic test confirms a biallelic pathogenic mutation in 
the MEFV gene. The CDSS recommends colchicine treatment 
following the recommendations of the European League Against 
Rheumatism .6 In a video consultation the expert explains the 
results and medication to Omer, sending him an electronic 
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prescription via the app. Omer picks up the medication in his 
local pharmacy the next day.

Omer’s treatment success and the potential side effects 
are continuously monitored, making use of patient- reported 
outcome measures, symptom tracking and data from sensors. 
Urine tests to monitor for amyloidosis are performed at home. 
The chatbot regularly interacts with Omer to ask about his well- 
being and compliance.

Once, the app notifies the expert due to changes in the 
tracked parameters suggestive of therapy failure. After a tele- 
consultation, medication is changed to an anti- IL-1 treatment. 
The following outcome measures improve and Omer remains 
free of attacks.

Omer’s data are stored in a standardised ontology- based 
format in his personal health wallet. He is thankful for the help 
he has perceived and decides to donate his data to the medical 
community. His case data are added to an international, not- 
for- profit registry. Insights from Omer’s case are analysed in 
conjunction with other cases, are checked by an expert panel 
and returned into the app’s knowledge base to enable a learning 
system that improves with the knowledge added by every case 
(figure 1).

is someTHing like THis already possible? almosT
There are symptom checker apps that perform symptom assess-
ments to compile lists of likely diseases or to give safe next 
step advice.7 8 One of them is combining knowledge models 
of diseases with probabilistic reasoning that deliver promising 
results also in the field of rare diseases.9 There is an increasing 
number of deep learning artificial intelligence algorithms10 
that support specific diagnostic tasks like the classification of 
specific skin conditions11 12 or the recognition of facial pheno-
types of genetic disorders based on images.13 There is polygenic 
risk assessment.14 There are expert repositories that allow to 
search for the right specialist.15 EU recommendations exist for 
electronic health record formats that will enable patients and 
physician to share health data securely.16 CDSS to help experts 
to diagnose rare diseases have been developed.9 17 Video consul-
tations,18 19 remote self- testing kits20 and electronic prescrip-
tions21 are a reality. Dry- blood sampling is on its way.22 Remote 
patient monitoring with sensors23 is in use. Digital therapeutics 
are a reality,24 disease telemonitoring exists25 and digital tracking 
of outcome measures has shown positive effects.26 Most infor-
mation about rare diseases is already collected in databases that 
use common standards to describe disease phenotypes and are 
connected to databases of genetic variants.27

But now, to unfold the full potential of these technologies, and 
at the same time avoiding their risks, the pieces have to be inte-
grated in a seamless, easy- to- use and ethical platform patients 
and physicians can trust (figure 1). To ensure trust, traceability 
of the system processes will be crucial to overcome the limita-
tions of non- transparent systems and guarantee accountability 
in the event of incorrect diagnosis or treatment complications. 
A system that is transparent in its decision making is needed, so 
that patients and physicians will be able to act autonomously and 
responsibly. Convenience should not be enough when it comes 
to personal health. Trustworthiness of data handling as well as 
medical quality of knowledge- base and algorithms are essen-
tial. Here the authors see clinical and scientific experts to take 
responsibility and set up a not- for- profit repository that provides 
ontology- based up- to- date knowledge. The repository will 
function as a gold- standard basis for hybrid intelligent systems 
regulated by risk- managing methodologies similar to medical 

device regulation. Machine learning algorithms will analyse the 
outcome data and point out interesting patterns to experts who 
will explore the biomedical causality behind these observations 
according to proven scientific standards.

In this future, disease experts will collaboratively provide their 
knowledge and machines will participate in the sphere of proven 
knowledge and feed back their observations to the experts. Then, 
machines and humans will truly work and think together—and it 
will usher in the age of AI.

glossary of Terms
Chatbot A computer programme that conducts a conversation in 

natural language via text or voice

Clinical decision support 
system (CDSS)

An expert system that supports physicians by 
facilitating the diagnostic reasoning process

Consumer- to- clinical 
handover application 
programming interface

A communication protocol between a health chatbot 
application and a CDSS to facilitate the transfer of case 
information

Hybrid intelligent system A software system that combines methods from 
multiple fields of artificial intelligence

Knowledge models A representation of (medical) knowledge in machine 
readable form

Machine reasoning 
algorithm

A predefined set of steps to draw conclusions from 
input data

Machine learning algorithm A mathematical model that learns how to give a 
prediction/output based on input data through a 
training process

Ontology A formal specification of a shared, usually hierarchically 
organised conceptualisation to represent the knowledge 
of a subject area, for example from the medical domain

Research data repository A subject- specific database designed to store, organise, 
use, share and archive research datasets

Symptom checker A software designed to determine the possible causes 
for user- reported symptoms to provide advice on next 
steps or treatment
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AbsTRACT
Objectives To inform the 2019 update of the 
european league against Rheumatism (eUlaR) 
recommendations for the management of rheumatoid 
arthritis (Ra).
Methods a systematic literature research (slR) 
to investigate the efficacy of any disease- modifying 
antirheumatic drug (DMaRD) (conventional synthetic 
(cs)DMaRD, biological (b) and biosimilar DMaRD, 
targeted synthetic (ts)DMaRD) or glucocorticoid (GC) 
therapy in patients with Ra was done by searching 
MeDline, embase and the Cochrane library for articles 
published between 2016 and 8 March 2019.
Results 234 abstracts were selected for detailed 
assessment, with 136 finally included. They comprised 
the efficacy of bDMaRDs versus placebo or other 
bDMaRDs, efficacy of Janus kinase (JaK) inhibitors 
(JaKi) across different patient populations and 
head- to- head of different bDMaRDs versus JaKi or 
other bDMaRDs. switching of bDMaRDs to other 
bDMaRDs or tsDMaRDs, strategic trials and tapering 
studies of bDMaRDs, csDMaRDs and JaKi were 
assessed. The drugs evaluated included abatacept, 
adalimumab, aBT-122, baricitinib, certolizumab 
pegol, sBi-087, CnTO6785, decernotinib, etanercept, 
filgotinib, golimumab, GCs, Gs-9876, guselkumab, 
hydroxychloroquine, infliximab, leflunomide, 
mavrilimumab, methotrexate, olokizumab, otilimab, 
peficitinib, rituximab, sarilumab, salazopyrine, 
secukinumab, sirukumab, tacrolimus, tocilizumab, 
tofacitinib, tregalizumab, upadacitinib, ustekinumab 
and vobarilizumab. The efficacy of many bDMaRDs 
and tsDMaRDs was shown. switching to another 
tumour necrosis factor inhibitor (TnFi) or non- TnFi 
bDMaRDs after TnFi treatment failure is efficacious. 
Tapering of DMaRDs is possible in patients achieving 
long- standing stringent clinical remission; in patients 
with residual disease activity (including patients 
in lDa) the risk of flares is increased during the 
tapering. Biosimilars are non- inferior to their reference 
products.
Conclusion This slR informed the task force 
regarding the evidence base of various therapeutic 
regimen for the development of the update of eUlaR’s 
Ra management recommendation.

InTROduCTIOn
To provide the task force on the 2019 update 
of the European League against Rheumatism 
(EULAR) recommendations for the pharmacolog-
ical management of rheumatoid arthritis (RA) with 
all available evidence that had emerged since the 
last update, systematic literature researches (SLRs) 

Key messages

What is already known about this subject?
 ► Since the 2016 update of the recommendations 
for the management of rheumatoid arthritis 
(RA), the body of evidence has grown vividly. 
Therefore, this systematic literature research 
(SLR) was performed to inform the 2019 
European League against Rheumatism (EULAR) 
task force with the summarised evidence 
on efficacy of conventional and targeted 
synthetic disease- modifying antirheumatic 
drugs (DMARDs), biological DMARDs and 
glucocorticoids.

What does this study add?
 ► Trials comparing biological DMARDs have 
shown similar efficacy, regardless of the 
underlying mode of action.

 ► Head- to- head trials between Janus kinase (JAK) 
inhibitors (JAKi) and tumour necrosis factor 
inhibitor inhibitors did not reveal clinically 
important differences in efficacy.

 ► Drug tapering of DMARDs, including JAKi is 
possible, especially in patients achieving stable 
remission.

 ► Treating patients to target using MRI- defined 
remission does not lead to better outcomes 
when compared with a conventional clinical 
treat- to- target strategy.

How might this impact on clinical practice or 
future developments?

 ► This SLR, alongside with the safety SLR, 
provided the 2019 EULAR RA management 
recommendations task force with the emerged 
evidence since 2016.
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were performed. In 2016, three SLRs were conducted assessing 
efficacy of biological disease- modifying antirheumatic drugs 
(bDMARDs),1 efficacy of glucocorticoids (GCs), conventional 
synthetic (cs) and targeted synthetic (ts) DMARDs,2 and safety of 
pharmacological treatments in RA.3 The 2019 update was based 
on two SLRs, one on safety and the present one on efficacy of 
pharmacological interventions in RA.

The body of evidence has grown vividly in the last 3 years, 
especially regarding tsDMARDs inhibiting Janus Kinase inhib-
itor (JAKi), novel bDMARDs targeting new as well as established 
pathways and trials comparing bDMARDs to other bDMARDs 
or tsDMARDs, providing important information on the compar-
ative efficacy of these compounds.4 Further, studies on tapering 
and stopping treatment broaden the information base for rheu-
matologists and patients on the question of possible disease 
flares after tapering or cessation of drugs, once patients have 
reached the clinical target. Strategic studies on how to optimally 
treat patients to target,5 using clinical and imaging targets have 
also answered important research questions.6 Finally, a large 
number of trials compared the efficacy and safety of biosimilars 
(bs) DMARDs with those of their bio- originators (bo), including 
switching between boDMARD and respective bsDMARDs.

This SLR was conducted to update the evidence on efficacy of 
pharmacological interventions in RA. This involves the evidence 
accrued since the last update of the treatment recommendations 
for RA, published by EULAR in 2016.7 Another SLR focusing 
on safety of pharmacological treatments in RA is published 
separately.8

MeTHOds
The EULAR updated standard operating procedures were 
followed,9 and an SLR protocol was developed and approved by 
the steering committee.

Studies eligible for inclusion in this SLR were randomised, 
controlled, double- blind trials investigating csDMARDs, 
bDMARDs (bo and bsDMARDs), tsDMARDs or GCs in adult 
patients with RA classified according to the 2010 American 
College of Rheumatology (ACR)/EULAR or the ACR 1987 
criteria. This SLR was considered to further update the available 
evidence since the previous SLRs, therefore, articles published 
between 1 January 2016 and 8 March 2019 with no language 
restriction were searched. Additionally, studies presented as 
conference abstracts at the EULAR and ACR annual meetings 
from 2016 to 2018 were also eligible for inclusion. References of 
original articles published on submission of the manuscript (after 
the data cut), but with respective conference abstracts included 
before, were included in the reference list.

The initial literature search was conducted by an experienced 
librarian (LF) using Medline, Embase, The Cochrane CENTRAL 
Register of Controlled Trials (Central) and the EULAR/ACR 
abstract archives as information sources. The detailed search 
strategy for each database is shown in the online supplementary 
tables S1.1–S1.6.

The study selection process was conducted independently by 
two investigators (AK and AS) and discussed until agreement was 
achieved. A senior methodologist (RL) was consulted in the case 
of uncertainties. After the initial title and abstract screening for 
identification of reports of potential interest, a detailed assess-
ment for eligibility of preselected articles was done. Data of 
eligible studies were extracted based on standardised methods 
using pivotal forms. Variables of interest were predefined in 
the review protocol, including signs and symptoms of arthritis 
and commonly used composite measures, respective core set 

variables, physical function, patient- reported outcomes and 
measures of structural damage.

Sixteen research questions were defined according to the 
Patient population, Intervention, Control, Outcome (PICO) 
principle with the help of the steering committee. All typical RA 
study populations were included, methotrexate (MTX)- naïve 
or generally DMARD- naïve patients, csDMARD insufficient 
responders (IR), bDMARD- IR or tsDMARD- IR. Adequately 
defined control groups receiving either placebo or active treat-
ment were mandatory for inclusion in this analysis. These 
involved the efficacy of bDMARDs with or without csDMARD 
combination, head- to- head comparisons of bDMARDs and 
switching between different bDMARDs, tapering and stopping 
bDMARDs, as well as the efficacy of tsDMARDs and the respec-
tive head- to- head comparison to bDMARDs. Other research 
questions involved biosimilars, switching between bsDMARDs 
and respective boDMARD, the efficacy of csDMARDs and the 
efficacy of GC (in combination with csDMARDs). All interven-
tions of interest are shown in online supplementary table S1.7. 
A detailed description of the PICOs is shown in online supple-
mentary table S1.8.

Risk of bias (RoB) in individual studies was assessed at study 
level using the Cochrane Collaborations Risk of Bias tool for 
randomised controlled trials (RCTs). The assessment was done 
independently by two investigators (AK and AS). Differing 
assessments were discussed until consensus was reached.

Due to the heterogeneity of the available studies, no meta- 
analysis was performed, and results will be reported narra-
tively. Descriptive forest plots were created using RevMan V.5.3 
(Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014).

ResulTs
The study selection process involved 15 037 references. After 
deduplication, 7876 remained for title and abstract screening, of 
which 234 were selected for full article review and 136 articles 
finally included. A detailed flow chart is depicted in figure 1. 
Details of all studies included are shown in online supplementary 
table S2.1.

RoB was considered as low for most RCTs included. RCTs were 
rated as having an unclear RoB most commonly due to insuffi-
cient reporting of random sequence generation and/or allocation 
concealment. Due to their unblinded nature, open- label studies 
were considered as having a high RoB. Trials reported in confer-
ence abstracts were not assessed regarding RoB due to limited 
information. Results of the RoB assessment are shown in online 
supplementary table S2.2.

Characteristics of each trial for which data were extracted 
(study size, PICOs), baseline characteristics (online supplemen-
tary table S2.3–S2.12), results of studies and summary data for 
each intervention group (online supplementary table S3.1–S3.13) 
as well as the respective citations (section 4 in the online supple-
mentary appendix) are shown in the supplement. A summary 
of included trials and therapies investigated is shown in table 1.

efficacy of csdMARds (or combination of csdMARds) versus 
other csdMARds
Five trials (all with unclear or high RoB) investigated the efficacy 
of csDMARDs alone or in combination versus other csDMARDs 
(see table 1). Baseline characteristics and detailed results are 
shown in online supplementary table S2.12 and online supple-
mentary table S3.13, respectively.
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Figure 1 PRISMA flow chart describing the study selection process. DMARDs, disease- modifying antirheumatic drugs; PRISMA, Preferred Reporting 
Items for Systematic Reviews and Meta- Analyses; SLR, systematic literature research.

The open- label CareRA trial (high RoB) stratified very early, 
csDMARD naive patients based on their risk factors (presence 
of erosions, disease activity, rheumatoid factor and anticitrul-
linated protein antibodies) into high and low risk.10 High- risk 
patients were randomised to three different csDMARD regimens 
(Combination therapy for early Rheumatoid Arthritis (COBRA) 
classic: methotrexate (MTX)+sulfasalazine (SSZ) + prednisone 
60 mg step- down vs COBRA Slim: MTX+prednisone 30 mg 
step- down vs COBRA Avant Garde: MTX+leflunomide (LEF) 
+ prednisone 60 mg step- down). Low- risk patients were either 
randomised to MTX tight- step up or COBRA Slim). The treat-
ment arms investigated in high- risk patients showed comparable 
efficacy in achieving the primary endpoint (Disease Activity 
Score of 28 joints (DAS28)- C reactive protein (CRP) <2.6) at 
week 52 for COBRA Classic (64.3%, 63/98).

COBRA Slim (60.2%, 59/98) and COBRA Avant Garde 
(62.4%, 58/93, p=0.840). In low- risk patients, COBRA- Slim 
and MTX- tight step up also showed comparable efficacy at week 
52 (67.4%, 29/43 vs 57.4%, 27/47, p=0.329). However, the 
area under the curves for mean DAS28- CRP change from base-
line as well as time- to- remission were favouring MTX plus pred-
nisone combination therapy. Radiographic damage was minimal 
and comparable across all treatment arms. Sustained and compa-
rable efficacy was shown after 2 years of treatment in high- risk 
patients.11

Investigation of LEF plus SSZ plus hydroxychloroquine (HCQ) 
triple therapy compared with MTX+SSZ+ HCQ triple therapy 
or LEF alone in a 48- week double- blind RCT was terminated 
early due to gastrointestinal complications in the LEF +SSZ+ 
HCQ arm. Conventional triple therapy (MTX+SSZ+ HCQ) 
was superior to LEF +SSZ+ HCQ and LEF alone (ACR20: 87% 
vs 46%, p<0.01, 87% vs 36%, p<0.001, respectively), with no 
apparent efficacy benefit of the LEF triple therapy compared 
with LEF alone at week 48 (ACR20: 46% vs 36%, p>0.05).12

efficacy of bdMARds, alone or in combination with 
csdMARds, in csdMARd and bdMARd-IR patients with 
(established) RA
Trials comparing bDMARDs to placebo with or without 
csDMARD background therapy (21 articles/abstracts, 7 with 
low RoB) showed effective reduction of signs and symptoms 
for several different modes of action (see table 1), including 

molecules targeting B- cells (SBI-087, BCD-020),13 14 inter-
feron-6 (IL-6) receptor (sarilumab),15 16 IL-6 cytokine (siru-
kumab, olokizumab, vobarilizumab),17–22 GM- CSF receptor 
(mavrilimumab) and GM- CSF cytokine (otilimab).23–25 IL-12/23 
inhibition (ustekinumab) and IL23i (guselkumab) did not show 
significant differences from placebo. Molecules targeting IL- 17A 
(secukinumab, CNTO6785),26–28 and CD4 (tregalizumab) 
showed no or only minor efficacy compared with placebo 
(and lower efficacy compared with abatacept (ABA) as active 
comparator) in different patient populations.29 Primary efficacy 
outcomes are summarised in table 2, baseline characteristics are 
shown in online supplementary table S2.3 and secondary effi-
cacy outcomes in online supplementary table S3.1.

Trials comparing bsdMARds to bodMARds
Twenty- four non- inferiority trials (12 with low RoB) inves-
tigated the bioequivalence of bsDMARDs to their respective 
boDMARDs. All showed conclusive comparable results, irre-
spective of the compound (adalimumab (ADA), etanercept, 
infliximab and rituximab; for bsDMARD studied see table 1, 
online supplementary table S2.10 and online supplementary 
table S3.11).30–55

Switching between biosimilars and bio- originators revealed 
no changes in efficacy in trials of one ADA (SB5, low RoB),56 
three etanercept (two with low RoB: GP2015, LBEC0101; 
CHS-0214: conference abstract—RoB not assessed),32 57–59 and 
two infliximab biosimilars (SB2, CT- P13, both low RoB).60 61 
Detailed characteristics and results of the studies are shown in 
online supplementary tables S2.11 and S3.11.

Head-to-head studies (bdMARds)
Seven bDMARD head- to- head studies were included (six with 
low RoB; one high RoB). Efficacy results are summarised in 
table 3 (baseline characteristics and detailed efficacy outcomes 
are shown in online supplementary tables S2.3 and S3.2.).

The Optimal Management of patients with rheumatoid 
arthritis who Require Biologic Therapy (ORBIT) trial (high 
RoB), an open- label non- inferiority RCT comparing B- Cell 
depletion (rituximab) to tumour necrosis factor inhibitor (TNFi) 
therapy in csDMARD- IR and bDMARD- naïve patients, found 
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Table 1 Interventions and therapeutic compounds of trials included for review

Intervention no of articles/ abstracts* Therapeutic compound Target

csdMARds, csdMARd combination, 
Glucocorticoids versus other csdMARds 
or placebo (10–12 130 131)

5 Tacrolimus +methotrexate (MTX) versus 
leflunomide+MTX

FKBP12; dihydrofolate reductase 
+purine metabolism; dihydroorotate 
dehydrogenaseMTX+sulfasalazine + glucocorticoids versus 

MTX +glucocorticoids versus MTX +Leflunomide 
+Glucocorticoids

MTX versus MTX+glucocorticoids

MTX+sulfasalazine + Hydroxychloroquine versus 
leflunomide +sulfasalazine + hydroxychloroquine 
versus leflunomide monotherapy

bdMARd ±csdMARds versus placebo
(13–29 132–136)

21 BCD-020 CD-20

SBI-087

Tregalizumab CD-4

Abatacept CD-80/CD-86

Certolizumab pegol TNF

Olokizumab IL-6

Sirukumab

Sarilumab IL-6 receptor

Vobarilizumab

CNTO6785 IL-17

Secukinumab

Otilimab GM- CSF

Mavrilimumab GM- CSF receptor

Ustekinumab IL-12/23

Guselkumab IL-23

bdMARds versus other bdMARds (4 62–66 

137 138)
8 Rituximab versus etanercept/adalimumab CD-20 versus TNF

ABT-122 versus adalimumab TNF/IL- 17A versus TNF

Certolizumab pegol versus adalimumab TNF

Sirukumab versus adalimumab IL-6 versus TNF

Sarilumab versus adalimumab IL-6 receptor versus TNF

Secukinumab versus abatacept IL-17 versus CD-80/CD-86

Mavrilimumab versus golimumab GM- CSF versus TNF

bdMARd induction versus csdMARd 
induction in early disease (69–72 139)

5 Certolizumab pegol versus MTX TNF

Abatacept versus MTX CD-80/CD-86

Infliximab versus MTX TNF

Tocilizumab versus MTX IL-6 receptor

switching between bdMARds (4 67 68) 3 Certolizumab pegol versus adalimumab TNF

Abatacept; rituximab; tocilizumab versus adalimumab; 
certolizumab; infliximab; golimumab; etanercept

CD-80/CD-86; CD-20; IL-6 receptor 
versus TNF

Sarilumab IL-6 receptor

Tapering of bdMARds/tsdMARds or 
csdMARds (107–124 126–128 140–145)

25 Abatacept CD-80/CD-86

Tocilizumab IL-6 receptor

Adalimumab; certolizumab pegol; etanercept; 
infliximab;

TNF

csDMARDs

Glucocorticoids

strategic studies (6 146) 2

tsdMARds±csdMARds versus placebo 
(73–100 125 147–152)

32 Baricitinib JAK 1/2

Decernotinib JAK 3

Filgotinib JAK 1

GS-9876 SYK

Peficitinib JAK 1

Tofacitinib JAK 1/3

Upadacitinib JAK 1

tsdMARds±csdMARds versus 
bdMARds±csdMARds (101–106)

5 Baricitinib versus adalimumab JAK 1/2 versus TNF

Tofacitinib versus adalimumab JAK 1/3 versus TNF

Upadacitinib versus adalimumab JAK 1 versus TNF

Continued

http://ard.bmj.com/


748 Kerschbaumer A, et al. Ann Rheum Dis 2020;79:744–759. doi:10.1136/annrheumdis-2019-216656

Rheumatoid arthritis

Intervention no of articles/ abstracts* Therapeutic compound Target

bsdMARds versus bodMARds (30–34 36–55) 24 Adalimumab: ABP 501, AdaliRel, BI 695501, CinnoRA, 
FKB327, GP2017, PF-06410293, SB5, ZRC 3197

TNF

Etanercept: CHS-0214, GP2015, HD203, LBEC0101 TNF

Infliximab: BCD-055, CT- P13, NI-071, PF-06438179/
GP1111, SB2

TNF

Rituximab: BCD-020, CT- P10, DRL- RI, GP2013 CD-20

switching between bsdMARds and 
bodMARds (32 35 56–61 153)

6 Adalimumab: SB5 TNF

Etanercept: GP2015, CHS-0214, LBEC0101 TNF

Infliximab: SB2, CT- P13 TNF

*Studies answering multiple research questions account for mismatch between included articles/abstracts and numbers in this table. References of manuscripts published after 
the SLRs data cut, with the respective conference abstracts included before, are shown, but were not counted.
bDMARD, biological disease- modifying antirheumatic drug; boDMARD, biooriginator disease- modifying antirheumatic drug; bsDMARD, biosimilar disease- modifying 
antirheumatic drug; CD, cluster of differentiation; csDMARD, conventional synthetic disease- modifying antirheumatic drug; GM- CSF, granulocyte- macrophage colony- stimulating 
factor; IL, interleukin; JAK, Janus kinase; SYK, spleen tyrosine kinase; TNF, tumour necrosis factor; tsDMARD, targeted synthetic disease- modifying antirheumatic drug.

Table 1 Continued

that RTX is non- inferior to TNFi over 52 weeks regarding clin-
ical efficacy.62

Sarilumab monotherapy showed clinical and functional supe-
riority compared with ADA monotherapy in patients who were 
intolerant or inadequately responding to MTX.63

Mavrilimumab (targeting GM- CSFR) was compared with 
golimumab in a 24- week phase 2b trial of csDMARD and/or 
TNFi- IR patients and had similar efficacy.64

ABT-122, a bispecific dual variable domain immunoglobulin 
targeting TNF and IL- 17A, exhibited similar efficacy rates in the 
120 mg arm as ADA in MTX- IR patients over 12 weeks.65

The SIRROUND- H study investigated superiority of siru-
kumab (IL- 6i) monotherapy over ADA monotherapy in MTX- 
IR, bDMARD naive patients. The study failed to meet one 
of its coprimary endpoints with no significant differences in 
ACR50% response rates at week 24; the other primary endpoint 
(DAS28- ESR mean change from baseline at week 24) was met.66

The EXXELERATE study did not show superiority of certoli-
zumab pegol compared with ADA and therefore failed to meet 
its primary endpoint, showing similar ACR20% response rates 
at week 12.4

switching between different bdMARds
Three trials on switching between different bDMARDs were 
included (see online supplementary table S2.4 and online supple-
mentary table S3.3 for details).

EXXELERATE also studied the efficacy of single- blinded 
switching to a second TNFi (without washout) in patients with 
primary non- response to either certolizumab pegol or ADA 
(unclear RoB). Twelve weeks after switching 58% (ADA to 
certolizumab pegol) and 62% (certolizumab pegol to ADA) of 
patients achieved DAS28- ESR≤3.2 or a DAS28- ESR reduction 
of 1.2 or more.4

An exploratory analysis of the EXTEND trial, an open- label 
extension study of the ASCERTAIN trial, investigated patients 
switched from tocilizumab (TCZ) to sarilumab (conference 
abstract). After 12 and 24 weeks about one- third of patients 
non- responders to TCZ achieved clinical response (Clinical 
Disease Activity Index (CDAI) ≤10; ACR70) after switching to 
sarilumab.67

The open- label ROC trial (high RoB) investigated patients 
who failed one TNFi therapy, comparing non- TNFi therapies 
(ABA, RTX, TCZ) to a second TNFi drug. The primary efficacy 
endpoint, superiority in EULAR good or moderate response at 
week 24, was met with higher responses in the non- TNFi group 

(101/146, 69%) compared with 52% in the second TNFi group 
(OR 2.12; 95% CI 1.31 to 3.46; p=0.003).68 bDMARD thera-
pies in early RA patients.

Five reports on induction therapy with bDMARDs in early 
disease were included (two with low RoB), baseline characteris-
tics are shown in online supplementary table S2.5 and results in 
online supplementary table S3.4.

In DMARD naïve patients with poor prognostic factors, CZP 
in combination with dose optimised MTX (C- EARLY) was 
shown to be superior to placebo +MTX, with 28.9% of patients 
achieving sustained DAS28 <2.6 at week 40 and week 52 in the 
combination arm compared with 15% of patients in the MTX 
arm.69

In the AVERT-2 study, ABA+MTX did not show superiority 
to placebo +MTX regarding SDAI remission (≤3.3) at week 24 
(21.3% ABA+MTX vs 16% placebo +MTX), the primary effi-
cacy endpoint.70

DINORA compared infliximab +MTX treatment to MTX 
or placebo treatment only. INF+MTX showed superiority 
to placebo only, but not to MTX monotherapy, in achieving 
sustained remission (no swollen joints, ≤2 tender joints and an 
acute phase within the normal range) after 1 year (32% vs 14% 
vs 0% for INF+MTX, MTX and placebo, respectively).71

TCZ monotherapy as well as combination therapy of TCZ 
with MTX was clinically superior to MTX therapy in early RA 
patients. Inhibition of radiographic damage was found to be 
significantly greater with 8 mg/kg TCZ intravenous +MTX 
than in the MTX monotherapy arm modified total Sharp score 
(ΔmTSS 0.08 vs 1.14). TCZ 8 mg/kg intravenous monotherapy 
showed less radiographic progression than MTX monotherapy 
(ΔmTSS 0.26 vs 1.14, p value not reported).72

efficacy of tsdMARds (JAKi)
In total, 32 articles/abstracts on tsDMARDs were included 
(see table 1); 16 trials were regarded as having low RoB. Base-
line characteristics and efficacy outcomes are shown in online 
supplementary tables S2.8 and S3.9, respectively.

Decernotinib (JAK- 3i) and peficitinib (non- selective JAKi) 
were effective as monotherapy and in combination with 
csDMARDs or MTX in various populations.73–82

Filgotinib (JAK-1 selective JAKi) was effective in reducing 
signs and symptoms of RA as well as improving physical function 
and patients quality of life in two phase II studies investigating 
MTX- IR patients in combination with MTX (DARWIN 1) and 
as monotherapy (DARWIN 2).83
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Table 2 Primary efficacy outcomes of trials comparing biological DMARDs with or without background csDMARD therapy to placebo

study Risk of bias Treatment n
Time point 
(weeks) Primary endpoint Outcome P value

Damjanov 201613 High Pbo/Pbo/Pbo+MTX 40 16 ACR 20 (%) NR Reference

SBI-087/Pbo/Pbo+MTX 43 NR NS

SBI-087/SBI-087/Pbo+MTX 42 NR NS

SBI-087/Pbo/SBI-087+MTX 43 NR NS

SBI-087/SBI-087/SBI-087+MTX 41 NR 0.046

Mazurov 201814 Abstract Placebo +MTX 52 24 ACR 20 (%) 29 Reference

BCD-020 600 mg+MTX 107 66 <0.001

Fleischmann 2017 
(TARGET)15

Low Placebo +csDMARDs 181 12/24 ACR 20 (%) / ΔHAQ- DI 34/−0.3 Reference

SLM 150 mg Q2W+csDMARDs 181 56/−0.5 <0.001

SLM 200 mg Q2W+csDMARDs 184 61/−0.6 <0.001

Tanaka 2018b 
(KAKEHASI)16

Abstract Placebo +MTX 82 24 ACR 20 (%) 15 Reference

SLM 150 mg Q2W+MTX 81 68 <0.001

SLM 200 mg Q2W+MTX 80 58 <0.001

Aletaha 2017 
(SIRROUND- T)17 18

Low Placebo±csDMARDs 294 16 ACR 20 (%) 24 Reference

SKM 50 mg Q4W±csDMARDs 292 40 <0.001

SKM 100 mg Q2W±csDMARDs 292 45 <0.001

Takeuchi 2017 
(SIRROUND- D)19

Unclear Placebo +csDMARD 556 16/52 ACR 20 (%)/ΔmTSS 26/1.96 Reference

SKM 50 mg Q4W+csDMARD 557 55/0.35 <0.001

SKM 100 mg Q2W+csDMARD 557 54/0.3 <0.001

Takeuchi 2016 
(RA0083)20

Low Placebo +MTX 29 12 ΔDAS28- CRP −0.64 Reference

OKZ 60 mg Q4W+MTX 32 −2.18 <0.001

OKZ 120 mg Q4W+MTX 32 −2.45 <0.001

OKZ 240 mg Q4W+MTX 36 −2.68 <0.001

Dorner 201721 Abstract (Open- Label) TCZ 162 mg QW 60 12 ACR 20 (%), no formal 
comparison

78 NR

VBM 150 mg Q4W 62 73

VBM 150 mg Q2W 62 77

VBM 225 mg Q2W 63 81

Weinblatt 201722 Abstract Placebo +MTX 69 12 ACR 20 (%) 62 Reference

VBM 75 mg Q4W+MTX 69 75 NS

VBM 150 mg Q4W+MTX 70 81 NS

VBM 150 mg Q2W 68 78 NS

VBM 225 mg Q2W 69 72 NS

Burmester 2017b 
(EARTH EXPLORER 1)23

Low Placebo +MTX 81 12/24 ACR 20 (%)/ΔDAS28- 
CRP

25/−0.68 Reference

MVM 150 mg Q2W+MTX 79 51/−1.9 <0.001

MVM 100 mg Q2W+MTX 85 61/−1.64 <0.001

MVM 30 mg Q2W+MTX 81 73/−1.37 <0.001

Buckley ACR 201824 25 Abstract Placebo +MTX 37 12 DAS28- CRP <2.6 (%) 3 Reference

OTM 22.5 mg +MTX 37 5 0.547

OTM 45 mg+MTX 37 16 0.077

OTM 90 mg+MTX 37 19 0.053

OTM 135 mg+MTX 37 14 0.122

OTM 180 mg+MTX 37 14 0.134

Tahir 2017 (REASSURE)26 Unclear Placebo±MTX 214 24 ACR 20 (%) 19.6 Reference

SEC 3×10 mg/kg i.v. Q2W/150 mg s.c. 
Q4W±MTX

213 35 <0.001

SEC 3×10 mg/kg i.v. Q2W/75 mg s.c. 
Q4W±MTX

210 35 <0.001

Mease 201827 Unclear Placebo +MTX 51 16 ACR 20 (%) 41 Reference

CNTO6785 15 mg Q4W+MTX 52 52 NS

CNTO6785 50 mg Q4W+MTX 51 47 NS

CNTO6785 100 mg Q4W+MTX 51 37 NS

CNTO6785 200 mg Q4W+MTX 52 40 NS

Dokoupilova 2018 
(REASSURE2)28

Unclear Placebo +csDMARDs 81 24 ACR 20 (%) 27 Reference

SEC 150 mg+csDMARDs 81 38 0.157

SEC 75 mg+csDMARDs 80 38 0.200

Continued
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study Risk of bias Treatment n
Time point 
(weeks) Primary endpoint Outcome P value

van Vollenhoven 201829 Low Placebo +MTX 79 12 ACR 20 (%) 35 Reference

TLM 25 mg+MTX 80 42 0.395

TLM 100 mg+MTX 78 47 0.165

TLM 200 mg+MTX 76 44 0.274

Bi 2018 (RAPID- C)132 High Placebo +MTX 113 24 ACR 20 (%) 24 Reference

CZP +MTX 316 55 <0.001

Smolen 2017a133 Low Placebo +MTX 55 28 ACR 20 (%) 40 Reference

UKM 90 mg Q8W+MTX 55 53 0.877

UKM 90 mg Q12W+MTX 55 55

GKM 50 mg Q8W+MTX 55 38 0.101

GKM 200 mg Q8W+MTX 54 44

Detailed results of risk of bias analyses are shown in online supplementary table S2.2 in the supplementary appendix.
Δ, change from baseline; ACR, American College of Rheumatology response criteria; csDMARD, conventional synthetic disease- modifying antirheumatic drugs; CZP, certolizumab 
pegol; DAS28- CRP, Disease Activity Score of 28 joints with C- reactive protein; GKM, guselkumab; HAQ- DI, Health Assessment Questionnaire Disability Index; i.v., intravenous; 
mTSS, modified total Sharp score; MTX, methotrexate; MVM, mavrilimumab; NR, not reported; NS, not significant; OKZ, olokizumab; OTM, Otilimab; Pbo, placebo; s.c., 
subcutaneous; SEC, secukinumab; SKM, sirukumab; SLM, sarilumab; TCZ, tocilizumab; TLM, tregalizumab; UKM, ustekinumab; VBM, vobarilizumab.

Table 2 Continued

GS-9876, an oral spleen tyrosine kinase inhibitor did not 
show clinical efficacy compared with placebo.84

Baricitinib (BARI) (JAK-1/2i) showed efficacy compared with 
placebo in csDMARD- IR (RA- BUILD) patients,85 86 MTX- IR 
patients,87 88 and in early RA as monotherapy or in combination 
with MTX.89 90

Upadacitinib proved to be efficacious versus placebo in phase 
3 trials of various RA populations, MTX- naive,91 csDMARD/
MTX- IR,92–98 bDMARD- IR (SELECT- BEYOND)99 100 and 
tsDMARD versus bDMARD head- to- head trials.

Five reports on three different head- to- head trials (three with 
low RoB) comparing tsDMARDs to ADA were included. Base-
line characteristics are shown in online supplementary table S2.9 
and detailed efficacy results in online supplementary table S3.10.

In RA- BEAM, BARI 4 mg+MTX was shown to be superior 
to ADA 40 mg Q2W+MTX clinically (ACR20 at week 12: 70% 
vs 61%, p=0.014; ΔDAS28- CRP at week 12: −2.24 vs −1.95, 
p<0.001) and functionally (ΔHAQ at week 12: −0.66 vs −0.56, 
p≤0.01). Regarding structural progression, ADA and BARI were 
superior compared with placebo (change from baseline in mTSS 
at week 24: BARI: 0.41 vs ADA: 0.33 vs placebo: 0.9, p vs 
placebo <0.001).101 102 Regarding core set variables, the differ-
ences related to patient reported outcomes and CRP, but not to 
swollen joint counts (SJCs).

ORAL strategy investigated the non- inferiority of tofacitinib 
5 mg two times per day with or without MTX compared with 
ADA 40 mg Q2W+MTX. Non- inferiority was demonstrated 
for tofacitinib +MTX versus ADA +MTX (ACR50 at week 24: 
46% vs 44%, difference: 2%; 98.34% CI −6% to 11%), but 
not for tofacitinib monotherapy versus ADA +MTX (ACR50 
at week 24: 38% vs 44%; −6% (−14%–3%)) or versus tofaci-
tinib +MTX (ACR 50 at week 24: 38% vs 46%; −8% (−16%–
1%)).103 104

Upadacitinib+MTX was shown to be superior to ADA +MTX 
in SELECT- COMPARE in both coprimary endpoints (ACR20 at 
week 12: 70.5% vs 63%, p<0.05; DAS28- CRP<2.6 at week 
12: 28.7% vs 18%, p<0.001), with radiographic superiority of 
upadacitinib +MTX vs placebo +MTX (ΔmTSS at week 26: 
0.24 vs 0.92, p<0.001) and numerically similar results between 
upadacitinib +MTX and ADA +MTX (ΔmTSS at week 26: 
0.24 vs 0.10).105 106 Also in this study, the differences related to 
patient- reported outcomes and CRP, but not to SJCs.

Key outcomes are summarised in table 4. Figure 2 shows 
descriptive forest plots using ACR 20/50 and 70 response rates. 
Figure 3 summarises outcomes of trials investigating the efficacy 
of bDMARDs and tsDMARDs (based on their mode of action) 
compared with placebo.

strategy trials
IMAGINE- RA, a non- blinded strategic trial (high RoB) which 
enrolled patients with stable, controlled disease activity 
(DAS28- CRP ≤3.2 and no swollen joints), compared an MRI 
guided with a purely clinical treat- to- target strategy. The trial did 
not meet its coprimary endpoints at month 24, as no differences 
in DAS28- CRP<2.6 rates (85% vs 88%, respectively) or differ-
ences in the proportion of patients who had no radiographic 
progression (66% vs 62%) were observed. However, in the MRI- 
T2T group, more patients needed treatment escalation (73% vs 
17%) and initiation of bDMARD therapy (46% vs 2%) accom-
panied by higher costs and three times more serious adverse 
events.6

Tapering and stopping therapy
In total 25 studies (three with low RoB) investigated tapering 
and/or stopping csDMARD, bDMARD or tsDMARD therapy. 
Primary results are shown in table 5, baseline characteristics 
are shown in online supplementary table S2.7 and secondary 
outcomes are shown in online supplementary tables S3.6, S3.7 
and S3.8

Tapering and stopping csdMARds or GCs
MUSICA, a double- blind, non- inferiority RCT (low RoB) 
investigated randomised MTX dosage reduction to 7.5 mg/
week compared with continuation of 20 mg/week in MTX- IR 
patients with open- label ADA initiation. The mean DAS28- CRP 
was statistically lower in the standard- dose group (3.75 vs 4.12, 
p=0.014) and non- inferiority of high versus low MTX dosage 
was therefore not shown (ΔDAS28- CRP 0.37 (95% CI 0.07 to 
0.66) at week 24; NI- margin: 15%=0.56).107 Thus, a mandatory 
dose reduction from 20 to 7.5 mg MTX weekly seems too low 
for combination therapy with a TNFi.

A Canadian open- label RCT (high RoB) reported no differences 
in DAS28- ESR change after patients treated with certolizumab 

https://dx.doi.org/10.1136/annrheumdis-2019-216656
https://dx.doi.org/10.1136/annrheumdis-2019-216656
https://dx.doi.org/10.1136/annrheumdis-2019-216656
https://dx.doi.org/10.1136/annrheumdis-2019-216656
https://dx.doi.org/10.1136/annrheumdis-2019-216656
https://dx.doi.org/10.1136/annrheumdis-2019-216656
http://ard.bmj.com/
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plus csDMARD had been randomised to continue combination 
therapy or discontinue csDMARDs (−2.1 vs −2.1).108–110

The SEMIRA trial (conference abstract) investigated patients 
treated with TCZ ±csDMARD therapy who also had stable GC 
therapy of 5 mg/day, comparing blinded tapering of GCs with 
continuation of GCs. A significant increase of disease activity 
(ΔDAS28- ESR) was seen in the discontinuation group compared 
with continuation (0.613, 95% CI 0.346 to 0.879, p<0.001). 
Sixty- six per cent of patients discontinuing remaining in stable 
DAS28 ≤3.2 without experiencing disease flares, compared with 
77% (RR 0.833, 95% CI 0.714 to 0.972, p=0.021) in the stable 
GC group.111

Several trials (one low RoB, one unclear RoB, one high RoB) 
showed non- inferiority of MTX tapering versus continuation in 
patients receiving ongoing (long- term) TCZ therapy.112–114

A substudy of the CareRA study investigated randomised 
step- down from COBRA Avant- Garde (MTX+LEF + initial 
prednisone 30 mg step- down) to either MTX (15 mg/week) or 
LEF (20 mg/day) monotherapy if they achieved an DAS28- CRP 
≤3.2 after treatment induction during period of 40–52 weeks 
of therapy. After 65 weeks, significantly more patients achieved 
DAS28- CRP <2.6, CDAI ≤10 or SDAI ≤11 in the MTX arm 
(30/32, 93.8%; 32/32, 100%; 32/32, 100% respectively) than in 
the LEF arm (19/26, 73.1%, p=0.031; 21/26, 80.8%, p=0.009; 
22/26, 84.6%, p=0.021)115 116 bDMARD tapering.

The POET study, a large open- label RCT (high RoB) 
randomised patients in stable low disease activity for 6 months 
(DAS28- ESR ≤3.2 or based on rheumatologists’ impression) to 
either stop or continue their TNFi therapy, comparing propor-
tions of patients experiencing a disease flare (DAS28- ESR ≥3.2 
+ DAS28- ESR change from baseline >0.6) during 12 months. 
About 20% of patients could stop their TNFi therapy without 
experiencing a flare, but among those who continued TNFi 
therapy 50% did not experience a flare (TNFi stopping: 18.2% 
vs TNFi continuation: 51.2%, p<0.001; HR 3.50; 95% CI 2.60 
to 4.72).117 118

In C- OPERA, Japanese patients discontinued or continued 
certolizumab pegol after achieving DAS28- ESR ≤3.2 at week 
52. At week 104, 29.3% of patients who stopped certolizumab
pegol could maintain SDAI remission, compared with 41.5% of 
patients continuing (p=0.026). Significantly more radiographic 
progression occurred in patients who stopped certolizumab until 
week 104 (ΔmTSS at week 104 0.66 vs 3.01, p=0.001).119

In C- EARLY, a trial investigating certolizumab +MTX in 
csDMARD naive patients with early RA, patients who achieved 
DAS28- ESR≤3.2 at year 1 were either continued on CZP every 
2 weeks, increased dosing interval of CZP (to every 4 weeks) 
or stopped CZP completely. Although the trial failed to meet 
its primary endpoint (% of patients in DAS28- ESR≤3.2 without 
flare at week 104), similar results for CZP Q2W versus interval 
prolongation to CZP every 4 weeks (48.8% vs 53.2%, p=0.112) 
were seen. Furthermore, 39.2% of patients could stop CZP 
completely and maintain DAS28- ESR ≤3.2 but the difference 
compared with continuation was significant (48.8% vs 39.2%, 
p=0.041).120

Further studies investigated the discontinuation of TCZ 
after combination therapy with MTX (SURPRISE study) and 
achieving DAS28- ESR <2.6: sustained DAS28- ESR <2.6 and 
DAS28- ESR ≤3.2 rates were more frequent in patients receiving 
concomitant MTX compared with TCZ monotherapy after 
104 weeks (24% vs 14%, p=0.005; 55% vs 27%, p=0.005).121 
Tapering TNFi dose by 33% in patients with DAS28- ESR ≤3.2 
for 3 months did not lead to increased flare rates (12% vs 16%, 
HR: 0.90, 95% CI 0.23 to 3.48, p=0.873), reducing the TNFi 
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Figure 2 Forest plots showing risk ratios of ACR 20, 50 and 70 responses in trials comparing JAK inhibitors+MTX to adalimumab +MTX in MTX- IR 
patients. 1, tofacitinib; 2, upadacitinib; 3, baricitinib. ACR, American College of Rheumatology; IR, insufficient responder; M- H, Mantel- Haenszel; MTX, 
methotrexate; JAK, Janus kinase.

Figure 3 Efficacy of different targets of biological and targeted 
synthetic disease- modifying drugs compared against placebo, shown 
across major clinical trial outcomes of randomised controlled trials 
published from 2016 to 2018. ACR, American College of Rheumatology 
response criteria; CD, cluster of differentiation; DMARD, disease- 
modifying antirheumatic drugs; EULAR, European League against 
Rheumatism; GM- CSF, colony- stimulating factor; HAQ, Health 
Assessment Questionnaire; IL, interleukin; JAK, Janus kinase; mTSS, 
modified total Sharp score; Syk, spleen tyrosine kinase; TNF, tumour 
necrosis factor.

dose by 66% resulted in not statistically significantly different 
flare rates (DAS28- ESR >3.2 and ΔDAS28- ESR ≥0.6) compared 
with treatment continuation (29% vs 16%, HR 2.52, 95% CI 
0.85 to 7.48, p=0.097).122

A novel tapering strategy, using a biomarker, matrix metal-
loproteinase (MMP-3), or combined SDAI +MMP-3- guided 
tapering of bDMARDs in patients achieving SDAI ≤3.3 and 
normalisation of MMP-3 showed non- inferiority at week 52 
as compared with just clinically guided maintenance of SDAI 
≤3.3.123 Open- label interval prolongation in patients with 
high ADA trough levels (defined as >8 µg/mL) did not lead to 
increased disease activity (using DAS28- ESR, CDAI or SDAI).124

Tapering of tsdMARds
The RA- BEYOND study randomised patients from four 
trials of BARI at 4 mg who had achieved stable CDAI ≤10 
to either continue BARI 4 mg or reduce dose to 2 mg. While 
more patients who continued full dose maintained CDAI low 
disease activity compared with those who reduced the dose 
(93% vs 83%, p<0.001 at 3 months; 87% vs 75%, p<0.001, 
at 6 months; 80% vs 67%, p<0.01 at 12 months for BARI 
4 mg continuation vs dose reduction to BARI 2 mg, respec-
tively), a majority of patients maintained their good disease 
state despite dose reduction. Further, in patients being in 
CDAI ≤2.8 at randomisation, fewer patients lost their disease 
activity state. Of those who flared after dose reduction, the 
majority (66.7%) regained their CDAI <10 state within 24 
weeks after dose increase to 4 mg. Thirteen of the 16 patients 
not regaining their CDAI <10 state after 24 weeks were able 
to do so at a subsequent time point.125

Combined bdMARds and csdMARds tapering and/or stopping
IMPROVED, a Dutch strategy trial (high RoB) aimed at drug 
free remission in patients with early RA and undifferentiated 
arthritis. After 5 years, 15%–20% (p=0.374) of patients could 
achieve drug- free remission.126

Dose reduction (by 50%) or stopping either csDMARDs, 
bDMARDs or both compared with dose continuation was inves-
tigated in a study of patients achieving stable DAS28- ESR <2.6 
for at least 6 months (high RoB). In the control group 6.5% of 
patients flared, while 42%–77% flared after dose reduction or 
stopping therapy completely.127

The TARA study compared csDMARD tapering with 
bDMARD tapering in patients who had long- standing combi-
nation therapy and found no significant differences in the flare 
(defined as DAS44 >2.4 and/or SJC >1) ratio between both 
groups (HR 0.91; 95% CI 0.68 to 1.22; p=0.55).128

dIsCussIOn
This SLR was performed to inform the task force for the 2019 
update of the EULAR recommendations for the management of 
RA on the efficacy of various DMARDs as presented in publica-
tions from 2016 to March 2019. These publications covered a 
total of 32 DMARDs.

The SLR confirmed the high efficacy of csDMARD plus GC 
combination therapy as well as the efficacy of TNFi, IL- 6Ri, ABA 
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Table 5 Primary outcomes of studies investigating csDMARD, bDMARD and tsDMARD tapering and stopping
study Primary outcome endpoint (week) Treatment arm n Result P value

csdMARd tapering

Kaeley 2016 (MUSICA)107 Mean DAS28- CRP 24 ADA 40 mg Q2W+7.5 mg MTX 154 4.12 0.014

ADA 40 mg Q2W+20 mg MTX 155 3.75

Keystone 2016 (CAMEO)144 ΔDAS28- ESR 24 ETN 50 mg QW; MTX discontinuation 98 0.5 0.815

ETN 50 mg QW +MTX continuation 107 0.04

Pope EULAR 2017/ACR 
2018/2019108–110

ΔDAS28- ESR 76 CZP +csDMARD continuation 37 −2.1 NR

CZP +csDMARD discontinuation 44 −2.1

Burmester ACR 2018 (SEMIRA)111 ΔDAS28- ESR 24 TCZ ±csDMARDs; GC tapering 131 0.538 <0.001

TCZ ±csDMARDs; GC continuation 128 −0.075

Pablos 2018 (JUST- ACT)112 ΔDAS28- ESR week 16 week 28 28 TCZ 8 mg/kg+MTX 82 0.007 95% CI −0.40 to 0.27

TCZ 8 mg/kg+PLC 82 0.073

Kremer 2018 (COMP- ACT)113 ΔDAS28- ESR week 24 week 40 40 TCZ 162 mg s.c. +PLC 147 0.46 95% CI 0.045 to 0.592

TCZ 162 mg s.c. +MTX 147 0.14

Edwards 2018 (ACT- TAPER)114 Pat. Maintaining EULAR good/moderate response from 
week 24–60

60 TCZ 8 mg/kg Q4W+PBO 136 77% 0.036

TCZ 8 mg/kg Q4W+MTX 136 65%

Stouten 2018 (CareRA)115 116 DAS28- CRP <2.6 65 MTX +LEF->MTX 15 mg/week 32 94% 0.031

MTX+LEF->LEF 20 mg/day 26 73%

bdMARd tapering

Oba 2017/Tanaka ACR 2018 
(RRRR)140 141

1- year sustained discontinuation rate of INF 106 INF 3 mg/8 mg/10 mg/kg Q8W based on TNF 
levels

170 24% 0.631

INF standard 3 mg/kg Q8W 167 21%

Chatzidionysiou 2016 (ADMIRE)142 DAS28 <2.6 at week 28 28 ADA +MTX continuation 16 94% 0.001

ADA discontinuation; MTX monotherapy 16 33%

Ghiti Moghadam 2016/2018 
(POET)117 118

% of pat. DAS28 ≥3.2 + ΔDAS28 >0.6 for 1 year 52 Stopping TNFi 531 51% <0.001

Continuation of TNFi 286 18%

Atsumi 2017 (C- OPERA)119 ΔmTSS 104 CZP +MTX continuation 108 0.66 0.001

Stopping CZP; MTX+PLC 71 3.01

Kaneko 2018 (SURPRISE)121 TCZ free rate 104 stopping TCZ; MTX monotherapy 49 67% 0.001

stopping TCZ; No DMARD 53 29%

Weinblatt 2017 (C- EARLY)120 DAS28- ESR ≤3.2 without flares during week 52–104 104 CZP 200 mg Q2W+MTX (standard) 84 49% Reference

CZP 200 mg Q4W+MTX (reduced frequency) 126 53% 0.112

Placebo +MTX (CZP stopped) 79 39% 0.041

Ibrahim 2017 (OPTIRRA)122 Flare rate (ΔDAS28 ≥0.6 + DAS28 >3.2 + ΔSJC OR 
ΔDAS28 >1.2 + DAS28 >3.2)

24 TNFi 33% tapering; csDMARD 26 12% 0.873

TNFi 66% tapering; csDMARD 21 29% 0.097

Control; csDMARD continuation 50 16% Reference

Bouman 2017 (DRESS)145 Incidence of major flare (ΔDAS28- CRP >1.2 or ΔDAS28- 
CRP >0.6+DAS28- CRP ≥3.2 for >12 weeks)

144 TNFi dose reduction extension 115 17% 3%, 95% CI -10% 
to 15%

Usual care extension 57 14%

l’Ami 2018124 ∆DAS28- ESR 28 ADA 40 mg Q3W±MTX 27 −0.14 0.01

ADA 40 mg Q2W±MTX 27 0.3

tsdMARd tapering

Takeuchi 2019 (RA- BEYOND)125 CDAI ≤10 12 Continued BARI 4 mg±csDMARD 281 93% <0.001

BARI Step- down 2 mg±csDMARD 278 83%

Δ, change from baseline; ACR, American College of Rheumatology; ADA, adalimumab; BARI, baricitinib; bDMARD, biological disease- modifying antirheumatic drug; CDAI, Clinical Disease Activity Index; CRP, C- reactive protein; csDMARDs, conventional synthetic disease- modifying 
antirheumatic drugs; CZP, certolizumab pegol; DAS28, Disease Activity Score of 28 joints; ESR, erythrocyte sedimentation rate; ETN, etanercept; EULAR, European League against Rheumatism; GC, glucocorticoid; INF, infliximab; LEF, leflunomide; mTSS, modified total Sharp Score; MTX, 
methotrexate; MTX, methotrexate; PLC, placebo; SJC, swollen joint count; TCZ, tocilizumab; TNFi, tumour necrosis factor inhibitor; tsDMARD, targeted synthetic DMARD.

and rituximab as well as bsDMARDs in csDMARD (including 
MTX) IR patients. With respect to bsDMARDs, switch (including 
multiple switch) studies between bs and boDMARDs confirmed 
long- term safety and efficacy of biosimilars. Like bDMARDs, 
JAKi are efficacious in patients with RA. Several trials compared 
one bDMARD class (usually TNFi agents) with bDMARDs of 
other classes revealing similarity of response. Likewise, head- to- 
head trials between JAKi and anti- TNF did not reveal clinically 
important differences regarding efficacy.

In patients who failed a TNFi or other bDMARDs, 
tsDMARDs and also bDMARDs of the same or other classes 
revealed generally similar clinical efficacy4 99 100 or relatively 
small differences.68 Of interest (and part of the previous 
research agenda), sarilumab, an anti- IL- 6R antibody, showed 
efficacy in patients who had an IR to TCZ, another IL- 6Ri,67 
and in a study published after this SLR, TNFi showed efficacy 
after failure of JAKi.129

A strategy trial comparing treatment aimed at clinical 
remission to therapy aimed at remission by MRI showed no 
difference in clinical outcomes, but more adverse events and 

more costs in the imaging group, further confirming that 
stringent clinical remission is a sufficient treatment target and 
that imaging remission not only fails to convey better effi-
cacy, but may constitute a potentially dangerous and costly 
overtreatment.6

Tapering studies revealed that dose reduction of JAKi and 
bDMARDs is feasible and that when starting dose reduction in 
sustained stringent remission less patients flare when compared 
with start of tapering just in sustained low disease activity.125 
Importantly, patients who flare can mostly (70%–80%) regain 
their prior good response.

The results of this SLR were presented to the task force and, 
together with the safety SLR,8 formed the basis for the update of 
the EULAR RA management recommendations.
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AbsTRACT
Objectives To perform a systematic literature review 
(slR) concerning the safety of synthetic (s) and biological 
(b) disease- modifying anti rheumatic dugs (DMaRDs) to 
inform the 2019 update of the eUlaR recommendations 
for the management of rheumatoid arthritis (Ra).
Methods an slR of observational studies comparing 
safety outcomes of any DMaRD with another 
intervention for the management of Ra. a comparator 
group was required for inclusion. For treatments still 
without registry data (eg, sarilumab and the Janus kinase 
(JaK) inhibitors baricitinib, upadacitinib), randomised 
controlled trials (RCTs) and long- term extensions (lTes) 
were used. Risk of bias (RoB) was assessed according to 
standard procedures.
Results Forty- two observational studies fulfilled 
the inclusion criteria, addressing safety outcomes 
with bDMaRDs and sDMaRDs. nine studies showed 
no difference in the risk of serious infections across 
bDMaRDs and two studies (high RoB) showed 
an increased risk with bDMaRDs compared with 
conventional synthetic (cs) DMaRDs (adjusted incidence 
rate ratio 3.1–3.9). The risk of Herpes zoster infection 
was similar across bDMaRDs, but one study showed 
an increased risk with tofacitinib compared with 
abatacept (adjusted HR (aHR) 2.0). Five studies showed 
no increased risk of cancer for bDMaRDs compared 
with csDMaRDs. an increased risk of lower intestinal 
perforation was found for tocilizumab compared with 
csDMaRDs (aHR 4.5) and tumour necrosis factor 
inhibitor (TnFi) (aHR 2.6–4.0). sixty manuscripts reported 
safety data from RCTs/lTes. Overall, no unexpected 
safety outcomes were found, except for the possibly 
increased risk of venous thromboembolism (VTe) with 
JaK inhibitors.
Conclusion Data obtained by this slR confirm the 
known safety profile of bDMaRDs. The risk of VTe in Ra, 
especially in patients on JaK inhibitors, needs further 
evaluation.

InTROduCTIOn
Over the past 20 years, a large number of treatment 
options have become available for people with rheu-
matoid arthritis (RA). This is especially important 
since many patients will need to receive multiple 

drugs over the course of their disease, in order to 
attain and maintain adequate control.

Treatment options for RA include drugs with 
different modes of action formally categorised as 
conventional synthetic disease- modifying antirheu-
matic dugs (csDMARDs), biological DMARDs 
(bDMARDs), including both biological orig-
inal (boDMARDs) and biosimilar DMARDs 
(bsDMARDs) and also targeted synthetic DMARDs 
(tsDMARDs); in RA, the only currently approved 
tsDMARDs are Janus kinase (JAK) inhibitors (JAKis).1 
With the increasing number of available drugs, 
many with direct or indirect evidence of similar effi-
cacy stemming from randomised controlled trials 
(RCTs), safety plays an increasingly important role in 
decision- making.2

On a daily basis, clinicians decide which drug to 
choose as first- line therapy and what is the more 
efficacious second option when the first fails. 
Patients’ characteristics (eg, comorbidities) are also 
important to inform these decisions and reflect, to a 
certain extent, perceived differences in safety across 
drugs.3 In principle, drug development programme 
is designed to capture relevant safety signals early, 
which in extremis may lead to programme cessa-
tion before approval. These early safety signals are 
also key to inform future research, for drugs that 
do succeed. But despite tight regulations, RCTs 
have important intrinsic limitations in evaluating 
the safety of interventions (eg, limited numbers of 
strictly selected patients not necessarily representing 
‘real- world’ practice) that render postmarketing 
monitoring especially relevant.4 This includes safety 
assessments in (unselected) patients from cohorts 
and registries that are followed for long periods 
and, as such, better capture less frequent adverse 
events or risks related to certain comorbidities.

In order to inform the task force responsible for 
the 2019 update of the European League Against 
Rheumatism (EULAR) RA management recom-
mendations,2 we performed a systematic literature 
review (SLR) to update the evidence for the safety 
of csDMARDs, tsDMARDs and bDMARDs in 
patients with RA. This SLR is an extension of the 
SLR performed previously for the corresponding 
2016 update.3 The results of this and another SLR 
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focusing on efficacy5 provided the task force with the current 
state of evidence.

MeTHOds
Literature search
The steering group of the EULAR task force for the 2019 update 
of the RA management recommendations outlined the scope 
of the literature search according to the Population, Interven-
tion, Comparator, Outcomes (PICO) format and defined the 
criteria for a study being eligible.6 The search was performed in 
MEDLINE, Embase and the Cochrane CENTRAL Register of 
Controlled Trials (Central), without language restrictions, and 
comprised publications from 2016 until 8 March 2019, as an 
update of the previous SLR.3 Studies published after 8 March 
2019 were not included and thus not presented to the task force. 
Details on complete search strategies are provided in online 
supplementary text 1. The literature search addressed the safety 
of DMARDs. Observational studies, namely, cohort studies or 
registries with >30 cases were the main study type. Partici-
pants were adults (≥18 years old) with a clinical diagnosis of 
RA. Studies including patients with other diagnoses were eligible 
only if results from patients with RA were presented separately. 
The intervention was any DMARD (csDMARD, bDMARD—
including biosimilars—or tsDMARD), including all drugs (meth-
otrexate, leflunomide, hydroxychloroquine, sulfasalazine, gold, 
azathioprine, chlorambucil, chloroquine, ciclosporin, cyclo-
phosphamide, mycophenolate, minocycline, penicillamine, 
tacrolimus, anakinra, infliximab, etanercept, adalimumab, goli-
mumab, certolizumab pegol, rituximab, abatacept, tocilizumab, 
sarilumab, sirukumab, olokizumab, ixekizumab, guselkumab, 
ustekinumab, mavrilimumab, tofacitinib, baricitinib, peficitinib, 
filgotinib, upadacitinib or fostamatinib), formulations and dura-
tion. Glucocorticoids were also included. The comparator was 
another bDMARD, sDMARD, glucocorticoid, combination 
therapy or the general population. Studies were only eligible 
if they included a comparator group. All safety outcomes were 
considered, namely, infections (including serious infections (SIs), 
opportunistic infections (OIs) such as tuberculosis and herpes 
zoster (HZ)), malignancies, mortality, major cardiovascular 
events (MACEs) including venous thromboembolism/pulmonary 
embolism (VTE/PE), change in lipid levels, elevation of creatine 
phosphokinase, impairment in renal function, elevation of liver 
enzymes, haematological abnormalities, gastrointestinal side 
effects, demyelinating disease, induction of autoimmune disease 
and teratogenicity.

In addition, RCTs and long- term extensions (LTEs) selected in 
the accompanying SLR addressing efficacy5 were also included 
to assess safety of drugs yet without registry data available.

selection of studies, data extraction and assessment of risk 
of bias
Two reviewers (AS and AK) independently screened titles and 
abstracts, and if necessary, the full text, for eligibility. Data from 
eligible studies were extracted regarding study and population 
characteristics, inclusion/exclusion criteria, follow- up time, 
interventions, outcome definition and outcome measures using 
a standardised data extraction form. The same two reviewers 
independently assessed the risk of bias (RoB) of each included 
study using the ‘Hayden- tool’ for observational studies and the 
Cochrane Collaboration’s tool for RCTs.7 8 A brief tutorial on 
how to use the ‘Hayden- tool’ is provided elsewhere.9 For study 
selection, extraction and RoB assessment, disagreements were 

discussed until consensus was achieved, and a third reviewer 
(RL) was involved whenever necessary.

ResuLTs
Of a total of 3886 references (after deduplication), 155 were 
selected for a full- text review and 42 observational studies fulfilled 
the inclusion criteria. In addition, 60 RCTs/LTEs were included 
from the efficacy SLR (flow chart in online supplementary figure 
S1).

safety aspects from observational studies
Of the 42 observational studies, 16 addressed the risk of infec-
tions in patients receiving bDMARDs (3 also included patients 
on tofacitinib),10–25 8 studies focused on malignancies,16 26–32 
with all except one (comparing MTX to the general popula-
tion),27 assessing patients on bDMARDs. The risk of MACEs was 
evaluated in 10 studies, all performed in patients treated with 
bDMARDs,16 33–41 with one also including patients on tofaci-
tinib.33 Three studies addressed the risk of lower intestinal perfo-
rations (LIPs),42–44 five addressed the risk of withdrawal due to 
adverse events,45–49 and two addressed the risk of immunolog-
ical reactions,50 51 all in patients treated with bDMARDs (online 
supplementary table S1). Studies were very heterogeneous; thus, 
data pooling was not possible, and the results are presented 
descriptively.

Infections
Out of 16 studies addressing the risk of infections, 3 compared 
bDMARDs with csDMARDs,10 21 25 and 13 compared the risk 
across bDMARDs (table 1 and online supplementary tables S2–
S31).11–20 22–24 Three of these studies also compared tofacitinib 
with bDMARDs.14 17 18

Two studies have shown an increased risk of SIs both with 
tumour necrosis factor inhibitor (TNFi) (adjusted incidence 
rate ratio (aIRR) 3.1; p<0.001; one study at moderate RoB)12 
and non- TNFi (aIRR 3.9 (95% CI 1.2; 24.3); one study at high 
RoB)25 compared with csDMARDs. Another study, at moderate 
RoB, showed that the risk of sepsis (complicating an SI) is lower 
in patients treated with bDMARDs compared with those on 
csDMARDs at the time of the SI. However, it is unclear whether 
this finding reflects an underlying biological mechanism or 
residual confounding.21

Most new evidence on the risk of SI stems from studies 
comparing bDMARDs (nine studies, four at low RoB) and, overall, 
no major differences were found (table 1). In addition, no signifi-
cantly increased risk of SI (HR 1.54 (95% CI 0.93; 2.56)) was 
found comparing tofacitinib with TNFi (one study at high RoB).18 
Two studies (one at low RoB) reported no difference in the risk of 
any OIs between tocilizumab and TNFi.20 22 One of these studies 
also found no difference between rituximab and TNFi (aHR 0.96 
(95%CI 0.62; 1.50)).22 Two studies, both at high RoB, found no 
difference in the risk of HZ infection between TNFi and non- 
TNFi, but in one study, an increased risk with tofacitinib compared 
with abatacept was reported (aHR 2.01 (95% CI 1.40; 2.88)). One 
study showed an increased risk of tuberculosis with monoclonal 
TNFi antibodies (as a group) compared with etanercept (aOR 
2.49 (95% CI 1.45; 4.25)) and another for adalimumab against 
etanercept (aIRR 1.87 (95% CI 1.27; 2.73)), both at high RoB. 
One study (at low RoB) reported a decreased risk of tuberculosis in 
patients treated with rituximab compared with those on TNFi (HR 
0.16 (95% CI 0.04; 0.67)).

https://dx.doi.org/10.1136/annrheumdis-2019-216653
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Table 1 Serious infections, comparison between different bDMARDs/tsDMARDs (observational studies)

study Id Registry Intervention Control aHR (I vs C) Risk of bias

serious infections

Carrara 2019
Clin Exp Rheumatol11

RECORD ADA ETA 1.4 (1.0; 2.0) High

IFX 1.0 (0.6; 1.6)

CZP 1.3 (0.5; 3.6)

GOL 1.1 (0.4; 3.2)

ABA 0.3 (0.1; 0.8)

RTX 1.0 (0.5; 1.9)

TCZ 1.2 (0.6; 2.6)

Cecconi 2018
J Clin Rheumatol12

BIOBADABRASIL ADA IFX aIRR: 0.5 (0.4; 0.8) Moderate

ETA aIRR: 0.8 (0.6; 1.2)

Grøn 2019
Ann Rheum Dis15

DANBIO and ARTIS ABA RTX aIRR: 0.9 (0.7; 1.1) Low

TCZ aIRR: 0.8 (0.6; 1.0)

Harrold 2018
Arthritis Res Ther16

CORRONA CZP Other TNFi aIRR: 1.3 (0.8; 1.9) Low

Machado 2018
Arthritis Res Ther18

Claims database TNFi Non- TNFi 1.1 (1.0; 1.4) High

TOFA 1.5 (0.9; 2.6)

Mori 2017
PLoS One19

SARABA IFX ETA 1.5 (0.8; 3.0) Moderate

ADA 1.7 (0.9; 3.3)

ABA 1.1 (0.6; 2.2)

TCZ 1.0 (0.6; 1.9)

Pawar 2019
Ann Rheum Dis20

Claims database TCZ TNFi 1.1 (1.0; 1.2) High

ABA 1.4 (1.2; 1.6)

Rutherford 2018
Ann Rheum Dis23

BSRBR- RA IFX ETA 0.9 (0.8; 1.0) Low

ADA 1.0 (0.9; 1.1)

RTX 0.9 (0.8; 1.0)

TCZ 1.2 (1.0; 1.5)

CZP 0.8 (0.6; 1.0)

Silva- Fernández 2018
Rheumatology (Oxford)24

BSRBR- RA RTX TNFi 1.0 (0.7; 1.4) Low

Opportunistic infections

Pawar 2019
Ann Rheum Dis20

Claims database TCZ TNFi 1.0 (0.6; 1.8) High

ABA NR

Rutherford 2018
Rheumatology (Oxford)22

BSRBR- RA RTX TNFi 1.0 (0.6; 1.5) Low

TCZ 0.5 (0.2; 1.7)

Herpes zoster

Pawar 2019
Ann Rheum Dis20

Claims database TCZ TNFi 0.9 (0.5; 1.7) High

ABA NR

Curtis 2016
Ann Rheum Dis14

Claims database ADA ABA 1.0 (0.8; 1.3) High

CZP 1.1 (0.9; 1.5)

ETA 1.1 (0.9; 1.3)

GOL 1.1 (0.8; 1.6)

IFX 1.2 (1.0; 1.4)

RTX 1.1 (0.9; 1.4)

TCZ 1.1 (0.9; 1.4)

TOFA 2.0 (1.4; 2.9)

Tuberculosis

Cho 2017
Semin Arthritis Rheum13

Claims database Monoclonal AB (ADA; GOL; 
IFX)

ETA aOR: 2.5 (1.5; 4.3) High

Lim 2017
Plos one17

Files from Taichung Veterans 
General Hospital

ADA ETA aIRR: 1.9 (1.3; 2.7)* High

GOL †

TCZ †

ABA †

TOFA †

Pawar 2019
Ann Rheum Dis20

Claims database TCZ TNFi † High

ABA NR

Rutherford 2018
Rheumatology (Oxford)22

BSRBR- RA RTX TNFi 0.2 (0.0; 0.7) Low

TCZ 0.4 (0.1; 2.6)

Continued
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study Id Registry Intervention Control aHR (I vs C) Risk of bias

Pneumocystis jirovecii pneumonia

Rutherford 2018
Rheumatology (Oxford)22

BSRBR- RA RTX TNFi 3.2 (1.4; 7.5) Low

TCZ NR

*Including only patients without history of tuberculosis (effect not significant if including all patients irrespective of history).
†No cases of tuberculosis occurred so comparisons are not possible. Values in bold reflect a statistically significantly effect (ie, ratio different from 1). Additional details in online 
supplementary tables S2–31
ABA, abatacept; ADA, adalimumab; aHR, adjusted HR; aIRR, adjusted incidence rate ratio; aOR, adjusted OR; ARSTIS, anti- Rheumatic Treatment in Sweden Register; bDMARDs, 
biologic disease- modifying antirheumatic drugs; BSRBR, British Society of Rheumatology Biologics Register; CORRONA, Consortium of Rheumatology Researchers of North 
America; CZP, certolizumab pegol; ETA, etanercept; GOL, golimumab; IFX, infliximab; NR, not reported; RA, rheumatoid arthritis; RECORD, RECord- linkage On Rheumatic Diseases 
(administrative dataset); RTX, rituximab; TCZ, tocilizumab; TNFi, tumour necrosis factor inhibitor; TOFA, tofacitinib; tsDMARD, target synthetic disease- modifying antirheumatic 
drugs.

Table 1 Continued

Malignancies
Three studies reported no increased risk of malignancies (excluding 
non- melanoma skin cancer (NMSC)) with bDMARDs compared 
with the general population.28 31 32 Similarly, the risk of cancer 
was not increased in patients treated with bDMARDs compared 
with those on csDMARDs (aHR range 0.4–1.4; five studies, four 
at low RoB) (table 2),26 29–32 including also patients with a history 
of cancer.30 In two studies, both at low RoB, the risk of cancer 
was not different comparing TNFi with non- TNFi.16 31 A signal, 
however, was found for an increased risk of NMSC with meth-
otrexate in one study at moderate RoB (standardised incidence 
rate (SIR) 2.52 (95% CI 2.01; 3.11))27; and another study with 
bDMARDs (except tocilizumab) both compared with the general 
population.31 The latter also reported an increased risk of NMSC 
with abatacept compared with csDMARDs (aHR 2.15 (95% CI 
1.31; 3.52)) and TNFi (aHR 2.12 (95% CI 1.14; 3.95)) based on 
the occurrence of 17 events. Details on studies addressing malig-
nancies are shown in online supplementary tables S32–S59.

Major cardiovascular events
Several studies addressing MACE could be included (10 studies, 
two at low RoB; details in online supplementary tables S60–S86). 
Three studies (one at low RoB) have shown no increased risk of 
MACE for bDMARDs compared with csDMARDs.35 39 40 In four 
studies (one at low RoB), no differences between bDMARDs 
were found,16 34 37 38 except in two studies, both at high RoB, 
in which a lower risk of myocardial infarction with abatacept 
compared with TNFi was reported (table 3).36 41 Of note, no 
difference in risk of stroke or heart failure was found between 
abatacept and TNFi.34 36 38 The risk of VTE was evaluated in two 
studies, both at high RoB.33 36 One has shown no increase with 
tofacitinib (aHR 1.33 (95% CI 0.78; 2.24)) and another study 
showed no increase with abatacept (aHR 1.27 (95% CI 0.63; 
2.57)), both compared with TNFi.

Lower intestinal perforations
Three studies addressed the risk of LIP (online supplementary 
tables S87–S92).42–44 One study, at low RoB, compared the risk of 
LIP between various bDMARDs and csDMARDs and has shown 
that only patients on tocilizumab had an increased risk (aHR 4.48 
(95% CI 2.01; 9.99)) (two patients had history of diverticulitis, 
one of them on tocilizumab).43 Two other studies, at high RoB, 
compared the risk of LIP between non- TNFi and TNFi and both 
report again an increased risk for tocilizumab (IRR 4.0 (95% CI 
1.1; 14.1)42 and aHR 2.55 (95% CI 1.33; 4.88)).44 All studies were 
adjusted for cotreatment with glucocorticoids and nonsteroidal 
anti- inflammatory drugs (NSAIDs), and the latter two studies also 
for history of diverticulitis. In addition, one of these studies has 

also shown an increased risk for tofacitinib compared with TNFi 
(aHR 3.24 (95% CI 1.05; 10.04)).44

Other adverse events
Studies addressing the risk of withdrawals due to adverse events 
and immunological reactions reported results in line with the 
known safety profile of bDMARDs (online supplementary tables 
S93–S103).45–51

safety aspects from RCTs
In total, 21 studies evaluating bsDMARDs,52–72 18 studies evalu-
ating boDMARDs73–90 and 21 studies evaluating tsDMARDs91–111 
were included (online supplementary table S104). Overall, the 
incidence of major adverse events was low in all RCTs with 
mostly no differences between the active treatment and placebo or 
active comparator. Exceptions were a numerically higher number 
of deaths with sirukumab compared with placebo and adalim-
umab,86 88 a numerically higher number of cases of NMSC with 
JAKi compared with placebo or active comparator,91–93 95 98 111 and 
the additional safety signals detailed below. LTEs did not show new 
safety signals compared with the controlled phase of their respec-
tive trials (online supplementary tables S105–S118).

Herpes zoster
The cases of HZ was low but numerically higher with all JAKi 
compared with placebo in nine RCTs (five at low RoB; online 
supplementary table S115). In addition, the risk of infection by 
HZ with JAKi was reported in three head- to- head trials. In two 
studies, the risk was low and comparable between tofacitinib 
(1%–2%) or baricitinib (2%) and adalimumab (2%).93 94 The 
risk was somewhat higher in another study comparing barici-
tinib (2%–3%) with methotrexate (1%).95 Of note, in this study, 
HZ cases occurred mostly in Japanese patients (7/11; 73%). One 
LTE in Japanese patients treated with tofacitinib (5 or 10 mg) 
reported an HZ infection incidence rate of 7.4 cases per 100 
patient years (PY).108 The risk was much lower (1.72/100 PY) 
in another LTE with only Chinese patients on tofacitinib 5 mg 
(1.51/100 PY with 10 mg),103 and in one multinational LTE 
(without Asian patients), in patients treated with baricitinib 
4/8 mg (2.5/100 PY).101

Venous thromboembolism and pulmonary embolism
The risk of VTE/PE with JAKi was reported in three placebo- 
controlled trials and in two head- to- head trials (all at low RoB) 
(table 4). Although the number of events was low, in three of 
these trials, VTE occurred only in patients receiving tsDMARDs 
(in total six events, five were PE, one fatal).92 94 96

https://dx.doi.org/10.1136/annrheumdis-2019-216653
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Table 2 Malignancies in patients on bDMARDs compared with patients on csDMARDs (observational studies)

study Id Registry Intervention Control aHR (I vs C) Risk of bias

All types of cancer

Wadstrom 2017
JAMA Intern Med31

ARTIS TCZ csDMARDs 0.9 (0.7; 1.2) Low

ABA 0.9 (0.7; 1.1)

RTX 0.9 (0.7; 1.0)

TNFi 0.9 (0.9; 1.0)

Patients with history of cancer

Silva- Fernández 2016
Rheumatology (Oxford)30

BSRBR- RA TNFi csDMARDs 0.6 (0.4; 0.9) Low

RTX 0.4 (0.1; 1.8)

solid cancer (excluding nMsC)

Wadström 2017
JAMA Intern Med31

ARTIS TCZ csDMARDs 1.0 (0.7; 1.3) Low

ABA 0.9 (0.7; 1.2)

RTX 0.9 (0.8; 1.1)

TNFi 0.9 (0.9; 1.0)

non- melanoma skin cancer

Wadström 2017
JAMA Intern Med31

ARTIS TCZ csDMARDs 0.9 (0.4; 2.2) Low

ABA 2.2 (1.3; 3.5)

RTX 1.0 (0.7; 1.6)

TNFi 1.1 (0.8; 1.4)

Melanoma

Wadström 2017
JAMA Intern Med31

ARTIS TCZ csDMARD <5 events Low

ABA 1.4 (0.7; 3.1)

RTX 0.7 (0.4; 1.4)

TNFi 0.8 (0.6; 1.2)

Cervical cancer

Kim 2016
Arthritis Rheumatol26

Claims database bDMARDs csDMARDs 1.3 (0.9; 2.0) High

Wadström 2016
Ann Rheum Dis32

ARTIS TNFi csDMARDs 1.4 (0.6; 3.1) Low

Haematological cancer

Wadstrom 2017
JAMA Intern Med31

ARTIS TCZ csDMARDs <5 events Low

ABA 1.0 (0.5; 2.0)

RTX 0.7 (0.5; 1.2)

TNFi 0.9 (0.7; 1.1)

  Lymphoma

Mercer 2017
Ann Rheum Dis29

BSRBR- RA IFX csDMARDs 0.9 (0.4; 2.1) Low

ETA 1.0 (0.5; 2.3)

ADA 1.0 (0.5; 2.0)

All TNFi 1.0 (0.6; 1.8)

Additional details in online supplementary tables S32–59.
ABA, abatacept; ADA, adalimumab; aHR, adjusted HR; ARSTIS, anti- Rheumatic Treatment in Sweden Register; bDMARDs, biologic disease- modifying antirheumatic drugs; BSRBR, British Society 
of Rheumatology Biologics Register; csDMARDs, conventional synthetic disease- modifying antirheumatic drugs; ETA, etanercept; IFX, infliximab; RA, rheumatoid arthritis; RTX, rituximab; TCZ, 
tocilizumab; TNFi, tumour necrosis factor inhibitor; TOFA, tofacitinib.

Lower intestinal perforations
Six trials reported the risk of intestinal perforations with inter-
leukin (IL)-6 inhibitors (IL- 6i) bDMARDs (including both IL- 6R 
and IL-6 inhibitors) yet without observational data available 
(table 5). In two of these trials (both at low RoB), intestinal perfo-
rations occurred only in patients treated with IL- 6i.73 88 History 
of diverticulitis was an exclusion criteria in only one study,73 and 
no association with other known risk factors, for example, treat-
ment with glucocorticoids or NSAIDs, has been reported in any 
study. The risk of LIP was assessed in nine RCTs/LTEs in patients 
on tsDMARDs and all report no cases.91 92 94 97 98 102 108 110 111

dIsCussIOn
New evidence from this SLR does not justify amending the previous 
statement that bDMARDs can be safely used to treat patients with 
RA.3 In addition, it extends this conclusion to tsDMARDs, although 
data remain somewhat limited as yet. The risk of SIs was moder-
ately increased with bDMARDs compared with csDMARDs and 

no difference was found across bDMARDs. The risk of tuberculosis 
is increased with TNFi, especially with monoclonal antibodies, but 
tuberculosis has occurred in trials of other b/tsDMARDs used in 
RA. The risk of HZ infection is not increased with bDMARDs, 
but is with JAKi, especially in certain ethnicities. The overall risk 
of malignancies (except NMSC) and MACE was not increased for 
bDMARDs or tsDMARDs. The known risk of LIP after IL- 6i has 
been further confirmed. VTE/PE after JAKi is a valid concern and 
needs further evaluation.

Observational studies were defined as the main study type of 
interest in this SLR assessing safety of therapies in RA. With observa-
tional research, unselected patients from daily practice are studied 
including those with comorbidities usually ineligible for RCTs. As 
such, observational studies yield results that are easier to translate 
to what clinicians encounter in the ‘real world’ (external validity), 
and thus are more informative. Also, their long follow- up is ideal 
to study rare adverse events, which are too difficult to ‘capture’ in 
the shorter RCTs. However, observational studies are not without 
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Table 3 Major cardiovascular events, comparison between different bDMARDs/tsDMARDs (observational studies)

study Id Registry Intervention Control aHR (I vs C) Risk of bias

Major cardiovascular events

Harrold 2018
Arthritis Res Ther16

CORRONA CZP Other TNFi aIRR: 1.0 (0.5; 2.1) Low

Jin 2018
J Rheumatol36

Claims database ABA TNFi 0.8 (0.7; 0.9) High

Kim 2017
Arthritis Rheumatol37

Claims database TCZ TNFi 0.8 (0.6; 1.3) High

Kim 2018
Semin Arthritis Rheum38

TCZ ABA 0.8 (0.6; 1.2) High

Myocardial infarction

Jin 2018
J Rheumatol36

Claims database ABA TNFi 0.6 (0.4; 0.9) High

Kim 2017
Arthritis Rheumatol37

Claims database TCZ TNFi 0.7 (0.4; 1.3) High

Kim 2018
Semin Arthritis Rheum38

TCZ ABA 1.1 (0.7; 1.9) High

Zhang 2016
Ann Rheum Dis41

Claims database ADA ABA 1.2 (0.9; 1.6) High

CZP 1.2 (0.8; 2.0)

ETA 1.3 (1.0; 1.8)

GOL 1.1 (0.6; 2.1)

IFX 1.3 (1.0; 1.7)

RTX 1.1 (0.8; 1.4)

TCZ 0.9 (0.5; 1.5)

TNFi 1.3 (1.0; 1.6)

stroke

Jin 2018
J Rheumatol36

Claims database ABA TNFi 1.1 (0.8; 1.5) High

Kim 2017
Arthritis Rheumatol37

Claims database TCZ TNFi 0.9 (0.5; 1.6) High

Kim 2018
Semin Arthritis Rheum38

TCZ ABA 0.7 (0.4; 1.4) High

Heart failure

Generali 2019
Rheumatol Int34

Claims database ABA ETA 1.4 (0.6; 3.5) High

Jin 2018
J Rheumatol36

Claims database ABA TNFi 0.8 (0.3; 1.9) High

Kim 2018
Semin Arthritis Rheum38

Claims database TCZ ABA 1.2 (0.7; 2.0) High

Venous thromboembolism

Desai 2018
Arthritis Rheumatol33

Claims database TOFA TNFi 1.3 (0.8; 2.2) High

Jin 2018
J Rheumatol36

Claims database ABA TNFi 1.3 (0.6; 2.6) High

Additional details in online supplementary tables S60–86.
ABA, abatacept; ADA, adalimumab; aHR, adjusted HR; aIRR, adjusted incidence rate ratio; bDMARDs, biologic disease- modifying antirheumatic drugs; CORRONA, Consortium of Rheumatology 
Researchers of North America; CZP, certolizumab pegol; ETA, etanercept; GOL, golimumab; IFX, infliximab; RTX, rituximab; TCZ, tocilizumab; TNFi, tumour necrosis factor inhibitor; TOFA, tofacitinib; 
tsDMARDs, target synthetic disease- modifying antirheumatic drugs.

limitations. For instance, patients in different treatment groups 
may have prognostic dissimilarities (driven by non- random treat-
ment allocation) that can blur treatment effects (confounding by 
indication).4 Also, information bias, especially relevant in studies 
from administrative (‘claims’) databases, is a possible limitation. 
We assessed how researchers dealt with these and other issues by 
using a validated tool to estimate an overall RoB for each study, 
which should be considered when interpreting the results of this 
SLR.

Importantly, however, we have also evaluated safety data from 
RCTs and LTE for drugs as yet without much ‘real- world’ data 
available. Even if most RCTs are not powered to detect differ-
ences in adverse events between treatment groups, and LTEs 
have no comparator allowing a proper risk assessment, early 
safety signals can be detected and inform future research. Two 

examples are the assessment of VTE/PE with JAKi and the imbal-
ance in mortality for sirukumab.86 88 92 94 96

New evidence from studies assessing the risk of infections with 
bDMARDs are mostly in line with the 2016 SLR. That is, an 
increased risk of SI with bDMARDs compared with csDMARDs 
was again noted, but without major differences across bDMARDs. 
New data also support an increased risk of tuberculosis with mono-
clonal TNFi, especially adalimumab, compared with etanercept 
(conflicting data in the previous SLR), but this is a quantitative and 
not a qualitative result and all patients undergoing TNFi (and most 
other bDMARD) therapy must be tested (and if positive treated) 
for latent tuberculosis.13 17 In addition, all (old and new) studies are 
at high RoB (eg, by the lack of validation of the outcome), which 
hampers firm conclusions to be drawn. The risk of tuberculosis 
with non- TNFi has been less well studied. Although a lower risk of 
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Table 4 Venous thromboembolism in patients on tsDMARDs (randomised controlled trials)

study Id (trial) Follow- up Intervention n VTe (%) Risk of bias

Placebo- controlled trials

Burmester 2018
Lancet (SELECT- NEXT)91

12 PBO 221 0 (0) Low

UPA 15 QD 221 0 (0)

UPA 30 QD 219 0 (0)

Dougados 2017
Ann Rheum Dis (RA- 
BUILD)92

24 PBO 228 0 (0.0) Low

BAR 2 QD 229 0 (0.0)

BAR 4 QD 227 1 (0.4)*

Genovese 2018
Lancet (SELECT- BEYOND)96

24 PBO 169 0 (0) Low

UPA 15 QD 164 3 (1.8)†

UPA 30 QD 165 1 (0.6)‡

Head- to- head trials

Fleischmann 2017
Arthritis Rheumatol (RA- 
BEGIN)95

52 MTX Q1W mono 210 1 (0.5)§ Low

BAR 4 QD mono 159 0 (0.0)

BAR 4 QD+MTX Q1W 215 0 (0.0)

Taylor 2017
N Engl J Med (RA- BEAM)94

52 BAR 4 QD 487 1 (0.2)¶ Low

ADA 40 Q2W 330 0 (0.0)

*Pulmonary embolism.
†One case of pulmonary embolism occurred during the 12- week PBO- controlled phase and two cases (one with concomitant deep venous thrombosis) between week 12 and 
week 24 in patients who switched from PBO to UPA15 (2/72=2.8%).
‡One case of pulmonary embolism in a patient who switched from PBO to UPA30 after week 12.
§Death by pulmonary thromboembolism.
¶Thrombophlebitis.
mono, monotherapy; QD, once daily; Q1W, once a week.

Table 5 Intestinal perforations in patients on bDMARDs (IL-6 inhibitors) (randomised controlled trials)

study Id (trial) Follow- up Intervention n n intestinal perforations (%) Risk of bias

Placebo- controlled trials

Aletaha 2017
Lancet (SIRROUND- T)73

24 PBO 294 0 (0.0) Low

SIR 50 Q4W 292 2 (0.7)

SIR 100 Q2W 292 3 (1.0)*

Fleischmann 2017
Arthritis Rheumatol 
(TARGET)79

24 PBO 181 0 (0.0) Low

SAR 150 Q2W 181 0 (0.0)

SAR 200 Q2W 184 0 (0.0)

Takeuchi 2016
Mod Rheumatol85

12 PBO 29 0 (0.0) Unclear

OKZ 60 Q4W 32 0 (0.0)

OKZ 120 Q4W 32 0 (0.0)

OKZ 240 Q4W 26 0 (0.0)

Takeuchi 2017
Ann Rheum Dis 
(SIRROUND- D)86

52 PBO 556 1 (0.2)† Unclear

SIR 50 Q4W 663 1 (0.2)‡

SIR 100 Q2W 662 0 (0.0)

Head- to- head trials

Burmester 2017
Ann Rheum Dis 
(MONARCH)74

24 ADA 40 Q2W 184 0 (0.0) Low

SAR 200 Q2W 184 0 (0.0)

Taylor 2018
Ann Rheum Dis 
(SIRROUND- H)88

68 ADA 40 Q2W 186 0 (0.0) Low

SIR 50 Q4W 186 1 (0.5)§

SIR 100 Q2W 187 1 (0.5)§

*Two additional perforations occurred in patients switching from placebo to SIR 100 after week 24 up to week 52; thus, in total, seven perforations occurred (three upper 
gastrointestinal perforations and four lower intestinal perforations).
†Upper gastrointestinal perforation.
‡Lower intestinal perforation (patients randomised to PBO with early escape to SIR 50).
§Location not specified.
ADA, adalimumab; OKZ, olokizumab; PBO, placebo; Q2W, every 2 weeks; Q4W, every 4 weeks; SAR, sarilumab; SIR, sirukumab.

tuberculosis with rituximab compared with TNFi has been found, 
it remains unclear whether this finding reflects drugs’ different 
modes of action or is better explained by residual confounding (eg, 
by treatment with glucocorticoids).22

The current SLR adds to the available literature by increasing the 
body of evidence showing no difference in the risk of HZ infection 
between TNFi and non- TNFi. On the contrary, one study from a 
claims database has shown an increased HZ risk with tofacitinib 
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compared with abatacept.14 RCTs and LTE were less informative 
due to small number of cases (mostly mild), but suggest a class 
effect for JAKis and that infection by HZ is especially relevant in 
Japanese108 and Korean patients with RA.112 The reason for this 
geographical distribution remains unknown, but a genetic predis-
position could play a role. Live HZ vaccination has proven to be 
safe and effective in inducing immune responses,113 but did not 
reduce the risk of infection in another (likely underpowered) 
study,114 in patients with RA starting tofacitinib. A non- live, recom-
binant HZ vaccine is available but not yet tested in RA.115 More 
data are needed to clarify the role of HZ vaccination in RA espe-
cially in patients starting on JAKi.116

The risk of LIP has been consistently found to be increased 
in patients on tocilizumab in three independent observational 
studies included in this SLR,42–44 which is in line with the avail-
able evidence.117 Thus far, ‘real- world’ data on IL- 6Ri are avail-
able only for tocilizumab, but data from RCTs suggest a class 
effect. The risk of LIP with sarilumab will have to be re- evaluated 
once registry data become available. Screening for risk factors 
for LIP (eg, history of diverticulitis) is advised before initiating 
IL- 6Ri.117 More long- term observational studies (with a proper 
comparator) are needed to clarify the risk of LIP with JAKi seen 
in previous pooled analyses of trial data.118–120

Overall, the risk of MACE did not differ between bDMARDs 
and csDMARDs nor across different bDMARDs. Of note, most 
evidence stems from studies on ‘claims databases’ with a high 
risk of bias. One recent open- label RCT, not included in the SLR 
because it was accepted for publication after the search was done 
(8 March 2019), compared the risk of MACE between tocilizumab 
and etanercept over a mean of 3.2 years of follow- up in patients 
with ≥1 traditional cardiovascular (CV) risk factor and also found 
no difference in risk of MACE.121 In contrast, RCT data suggest 
an imbalance in the number of deaths (also by MACE) between 
sirukumab and placebo/active comparator, which halted its further 
development in RA.122

While one observational study performed with ‘claims’ data 
showed no significant increased risk of VTE with tofacitinib 
compared with TNFi,33 data from RCTs included in this SLR suggest 
an increased risk of VTE with JAKi. These data are in line with a 
recent pooled analysis of the baricitinib clinical trials programme, 
where VTE occurred exclusively among patients on baricitinib 
4 mg, but not baricitinib 2 mg or placebo during the 24- week 
placebo- controlled period.123 Additional events were observed in 
patients treated with baricitinib 2 and 4 mg after the first 24 weeks 
of exposure. An interim analysis of an ongoing open- label study 
(A3921133) reported an increased risk of blood clots in deep veins 
and in the lungs with both the 5 mg and, especially, with the 10 mg 
twice daily doses of tofacitinib as compared with patients taking 
TNFi in patients with ≥1 CV risk factor.124 125 This interim analysis 
was published after the literature search (8 March 2019) and after 
the task force meeting for the EULAR recommendations on the 
management of RA had already taken place. These data suggest 
that JAKi increases the risk of VTE, above the underlying effect of 
RA itself,126 especially in patients with CV risk factors, but the risk 
is low and with unclear pathogenic mechanisms. Nonetheless, in 
light of the currently available evidence, the European Medicine 
Agency (EMA) has issued warnings to use tofacitinib and barici-
tinib with caution in RA patients with risk factors for VTE.124 127 
In addition, the Food and Drug Administration did not approve 
the 4 mg dose of baricitinib.128 129 Well- designed long- term obser-
vational studies will be key to clarify this issue in the near future.

Although this SLR aimed at including all safety outcomes, studies 
assessing the safety of using DMARDs during pregnancy could not 
be included. Also, controlled studies assessing the long- term safety 

of glucocorticoids are still lacking. Two studies (without compar-
ator) have shown that treatment with glucocorticoids might asso-
ciate with increased mortality, and in one of these studies, the risk 
was dose- dependent.130 131 The reader is referred to the EULAR 
points to consider for the use of DMARDs in pregnancy and lacta-
tion and the EULAR recommendations on the management of 
glucocorticoid therapy in rheumatic diseases.132 133 Recently, EMA 
alerted practitioners to the risk of severe liver failure with tocili-
zumab, based on yet unpublished data.134

Finally, although the first observational studies on tsDMARDs 
could have been included (all on tofacitinib), still most evidence 
included in this SLR pertains to bDMARDs. With more tsDMARDs 
expected to be approved in the coming years, more ‘real- world’ 
evidence will be generated to inform future updates of this SLR, 
following the usual periodic revisions of the RA management 
recommendations.
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Key messages

What is already known about this subject?
 ► The introduction of biologic disease- modifying 
antirheumatic drugs (DMARDs) and more 
recently, targeted synthetic DMARDs has 
transformed the treatment pathway of 
rheumatoid arthritis (RA). However, new 
therapies are significantly more expensive than 
previous treatments.

 ► A recent meta- analysis estimated the annual 
direct medical costs in the USA, for biologic 
users to be approximately three times greater 
than those using any treatment regimen 
according.

What does this study add?
 ► The decreasing trend in costs for hospital 
expenditure and surgery suggested a cost shift 
in other components of direct costs.

 ► In the context of RA, indirect costs constitute a 
considerable proportion of total cost of illness. 
The evidence is not strong enough to support 
the argument that biologics live up to their 
promise that expensive drug costs could easily 
be recovered.

 ► Current cost of illness studies may have 
underestimated the true economic burden of RA 
due to indirect costs is not routinely taken into 
consideration.

 ► There needs to be more consistency in the 
approaches being adopted to estimate the cost 
of illness of RA.

How might this impact on clinical practice or 
future developments?

 ► In the face of ageing populations, rising 
healthcare expenditure and evolving treatment 
pathways it is important to understand not only 
the health gains, but also where costs are being 
incurred and what cost savings are occurring 
as a consequence, when making health policy 
decisions.

 ► When estimating the cost of illness of RA, we 
need to consider the impact of absenteeism and 
presenteeism, and informal care from patients’ 
and carers’ perspectives.

AbsTRACT
background The past decades have seen rapid 
advances in the treatment of rheumatoid arthritis (Ra). 
in particular, the introduction of biologic and targeted 
synthetic disease- modifying antirheumatic drugs have 
improved clinical outcomes and reconfigured traditional 
Ra cost compositions.
Objectives To map the existing evidence concerning 
cost of illness of Ra, as the treatment pathway evolves 
in the biologic era, and examine how costs have been 
measured and estimated, in order to assemble and 
appropriately interpret available data.
Methods systematic review of studies that estimated 
the costs of patients with Ra. multiple electronic 
databases were searched to identify studies published 
between 2000 and 2019. The reported total costs and 
cost components were evaluated according to the study 
and population characteristics. The cochran- armitage 
test was used to determine statistically significant trends 
in increasing or decreasing proportions over time.
Results overall, 72 studies were included. drug costs 
compromised the main component (up to 87%) of direct 
costs with an increasing trajectory over time, although 
not statistically significant. The proportion of costs for 
hospitalisation showed a statistically significant decrease 
chronologically (p=0.044). indirect costs, primarily 
associated with absenteeism and work disability 
accounted for 39% to 86% of total costs. The reported 
indirect costs are highly sensitive to the approach to 
estimation.
Conclusions a decreasing trend in inpatient 
costs chronologically suggested a cost shift in other 
components of direct costs. indirect costs still contributed 
a considerable proportion of total costs, with work 
disability being the main cost component. Economic 
analyses that do not incorporate or appropriately 
measure indirect costs will underestimate the full 
economic impact of Ra.

InTROduCTIOn
Over the past decades, there have been major 
advances in the management of rheumatoid arthritis 
(RA). The identification of cytokines that promote 
synovial inflammation (eg, tumour necrosis factor, 
granulocyte- macrophage colony- stimulating 
factor and interleukin-6) led to therapeutics that 
target the disease process itself.1 The introduction 
of biologic (b) disease- modifying antirheumatic 
drugs (DMARDs) in the late 1990s offered potent 
options for patients with inadequate response to 
conventional synthetic DMARDs. This situation 
has advanced further with the advent of Janus 

Kinase inhibitors (targeted synthetic DMARDs) in 
the last 3 years. However, these targeted therapies 
are significantly more expensive than the previous 
conventional DMARDs. A recent meta- analysis 
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box 1 Common cost components and terminology in cost 
of illness studies

direct costs
The cost of resources used for treating a particular illness, 
including:
Direct medical costs: medical care expenditures, such as drugs, 
hospitalisation, surgery, outpatient, emergency room visit, 
healthcare workers, diagnostic test.
Direct non- medical costs: the consumption of non- healthcare 
resources, such as device and adaptation to home/car, 
transportation and informal care.

Indirect costs
Indirect costs refer to productivity losses due to morbidity and 
mortality, borne by the individual, family, society or the employer.18 
Morbidity costs represent the monetary value of lost production 
due to sick leave, early retirement and reduced work performance, 
whereas the monetary value of lost production due to the 
premature death of the patient is defined as a mortality cost.41

Absenteeism: Time off to work, such as sick leaves, lost wages.
Presenteeism: Work performance impacted by health problems, 
such as productivity impairment.
Work disability: The permanent partial or complete disablement 
for work purposes,42 which can be measured by unemployment, 
disability pension and early retirement.

Human capital versus friction cost approach
There are two approaches commonly used to value indirect 
costs. The friction cost approach only values the estimated actual 
production that is lost during the time it takes to replace the sick 
worker, known as the ‘friction period’, while the human capital 
approach is generally taken to reflect lost productive potential.43

Perspective
The COI studies may be carried out from a variety of perspectives, 
each of which then includes different cost components leading 
to different results for the same illness. These perspectives may 
measure costs to a society, healthcare system, third- party payers, 
patients and their families and business sectors.
The societal perspective is the most comprehensive because 
it includes all direct and indirect costs for all members in a 
given society where they are involved, and it is often preferred 
because it allows a complete analysis of all of the opportunity 
costs attributable to an illness.18 The cost components in each 
perspective is presented in the table below.
Costs included in COI studies by perspectives

  
Perspective Medical cost Non- medical 

cost
Indirect costs

Societal All costs* All costs* All costs*

Payer Covered costs Covered costs

Patient Our- of- pocket 
costs

Transportation/
informal care

Wage losses

Employer Absenteeism/
presenteeism

This refers to all costs attributable to an illness, subject to data availability of 
each study.

Continued
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estimated an annual direct medical costs for RA of US$12 509 
for all patients using any treatment regimen and US$36 053 for 
biologics users, in the USA.2

Cost of illness (COI) is an estimate of the total burden of 
disease in monetary terms, and is highly relevant to policy 
decision- making.3 Decisions on reimbursement of healthcare 
intervention require not only evidence on potential health gains 
from interventions, but also evidence on relevant cost compo-
nents. A clear understanding on where the costs are incurred and 
what cost savings are occurring as a consequence is essential to 
resource allocation.

Although many COI studies in RA exist, these studies have 
different definitions for COI. Further, varying methodological 
approaches have been used, and costs have been estimated from 
different settings and perspectives. The aim of this systematic 
review was to map the existing evidence on COI of RA. In partic-
ular, this review examined how costs have been measured and 
estimated, as well as assembled and interpreted based on avail-
able data.

MeTHOds
The systematic review was carried out according to the Preferred 
Reporting Items for Systematic Review and Meta- Analysis 
(PRISMA) statement4 and registered on PROSPERO (registered 
number: CRD42018085227).

Studies were included if they met the following criteria: (1) 
population included adult patients diagnosed with RA; and (2) 
cost associated with RA were measured or estimated, such as 
direct costs, indirect costs or both. Because COI studies are 
descriptive analyses of the economic burden of health prob-
lems on a population, trials were not included in this systematic 
review. Common cost components and terminologies in COI 
studies are presented in box 1.

A search was carried out on Ovid MEDLINE and EMBASE 
(last searched, February 2019). Due to the introduction of first 
biologics in the late 1990s and the subsequent evolution of 
the treatment pathway, only studies from 2000 onwards were 
included. In addition to search terms relating to RA, a search 
filter5 for economic studies was also used to capture potentially 
relevant studies (online supplementary table S1). The search 
was restricted to English language studies only. The titles and 
abstracts of all retrieved studies were screened, and full text of 
all potentially eligible articles were reviewed in detail.

All relevant data, including patient characteristics, costs (and 
its breakdown when reported), setting, methodologies, main 
findings and limitations, were extracted by one reviewer, using 
a prepiloted data extraction form. A random sample of 50% of 
studies was validated independently by a second reviewer. In the 
absence of a quality assessment tool for COI studies, we modi-
fied the Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS) checklist6 (online supplementary table S2) 
to evaluate the quality of included studies. A narrative synthesis 
approach was adopted to summarise the evidence. The estimated 
total COI was evaluated according to study characteristics and 
expressed in their cost compositions of direct or indirect costs 
if reported. All absolute costs were converted to US dollars, 
inflated to 2017 levels and adjusted for buying power using 
purchasing power parities to facilitate comparison. For studies, 
where the cost year was not reported, the last year of the enrol-
ment period was used. In order to determine if there was an 
increasing or decreasing trend in the proportion of drug costs 
and inpatient costs of overall direct costs, the Cochran- Armitage 
test for linear trend in proportions was used.7 Data were entered 
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box 1 Continued

Prevalence- based versus incidence- based approach
There are two key approaches to estimating COI—namely 
prevalence- based and incidence- based approaches. The 
prevalence- based approach estimates the total cost of a disease 
incurred in a given year, while the incidence- based approach 
involves calculating the lifetime costs of cases first diagnosed 
in a particular year, providing a baseline against which new 
interventions can be evaluated.44

into a Microsoft Excel 2016 spreadsheet and analysed using R 
V3.5.2.

ResulTs
The search identified 2981 potentially relevant studies, of which 
72 met the inclusion criteria (online supplementary figure S1).

study characteristics
Overall, these studies estimated the COI of RA in 28 countries 
(online supplementary table S3). The majority were conducted 
in Europe (n=34; 47.2%), followed by North America (n=19; 
26.4%), Asia (n=15; 20.8%), Latin America (n=3; 4.2%) and 
Australasia (n=1; 1.4%). Among the studies, females accounted 
for the main composition of population ranging from 57.5% to 
95.6%. The mean age of participants ranged from 46 to 63 years 
old. The mean duration of disease among participants ranged 
from the onset of disease to 25.9 years.

Methodological approaches
In the majority of the studies, the data sources were retrospective 
databases (n=61; 84.7%), including health insurance databases, 
disease registries and hospital administrative records, followed 
by self- reported questionnaire surveys (n=10; 13.8%). One 
study estimated costs by simulation modelling approach.8 Cost 
of illness estimates were estimated from different perspectives—
that of the society (n=32; 44.4%), payers (n=14; 19.4%), 
patients (n=2; 2.8%) and employers (n=3; 4.2%); 21 (29.2%) 
studies did not report perspective.

Overall, the majority of included studies (n=58; 80.5%) were 
carried out using a prevalence- based approach (box 1). The 
studies that adopted the incidence- based approach focused on 
recent- onset patients and were primarily conducted in a Euro-
pean setting.9–16 Cost components and measurement of direct 
or indirect costs also varied markedly due to the aims and data 
availability among studies. Twenty- seven studies reported both 
direct and indirect costs, while 36 studies and 9 studies reported 
direct and indirect costs only, respectively. The following sections 
are presented based on this arrangement to avoid cross- reporting 
of studies that reported both direct and indirect costs.

direct costs of RA
In estimating direct costs, multiple cost components were included 
in the estimates. Most commonly, these consisted of drug costs, 
inpatient costs, outpatient costs (including costs of visiting different 
healthcare professionals) and various other healthcare- related costs 
(including costs of diagnosis, devices and adaptation to homes/
cars, transportation and informal care). The annual estimates of 
direct costs of patients with RA ranged from US$401 to US$67 
306 in the 36 studies that reported direct costs. Of these, 22 studies 
included these common cost components (figure 1), that is, drug 

costs, inpatient and outpatient costs. Except for two studies with 
different patient characteristics (newly diagnosed patients9 and 
elderly population17) drug costs contributed to between 9.8% and 
87.2% of direct costs. Although drug costs comprised the main 
component of direct costs, no statistically significant increasing 
trend was found (p=0.647, table 1). However, the proportion of 
costs for hospitalisation showed a statistically significant decrease 
over time (p=0.044).

Indirect costs of RA
Indirect costs in COI studies refer to productivity losses due to 
morbidity and mortality, borne by the individual, family, society 
or the employer.18 Morbidity costs represent the monetary value 
of lost production due to sick leave, reduced work performance 
and early retirement. These are also known as absenteeism (time 
off work), presenteeism (work performance impacted by health 
problems) and work disability.

Absenteeism and work disability were the major cost compo-
nents of indirect costs, although the definitions varied among 
studies. The measurements of sick leave, work hour loss and 
short- term work disability were the most commonly reported 
items in terms of absenteeism; receiving disability pension and 
early retirement were categorised as work disability. Others 
included presenteeism, unemployment due to RA, unpaid work 
or non- marketplace activities and third- party help. Only four 
of the nine studies reported that only indirect costs provided a 
breakdown of cost components (table 2).

With heterogeneous definitions in the limited number of 
studies, it is challenging to compare cost compositions. Presen-
teeism, while rarely estimated in studies, accounted for 8.8% 
and 92.9% of indirect costs in the Danish and Japanese studies, 
respectively.19 20 Overall, annual estimates of indirect costs 
ranged from US$595 to US$22 444 in the nine reported studies.

direct and indirect costs of RA
Overall, 27 studies estimated both direct and indirect costs 
(figure 2). The annual estimates of combined direct and indi-
rect costs ranged from US$2408 to US$83 845; the majority of 
the estimates were in the range of US$10 000 to US$30 000. 
One outlier was observed—a study conducted in Norway21; 
in which the high monetary value was due to the subgroup on 
biologic treatments as well as a high proportion of indirect costs 
accounting for 67.7%.

The human capital approach (HCA, box 1) was used in 10 
studies to estimate indirect costs, whereas one study used the fric-
tion cost approach (FCA). Five studies used both approaches.11 21–24 
The remaining 11 studies did not report their approach. Estimates 
using the HCA were 1.5 to 4.4 times higher than those using FCA 
in those studies that adopted both approaches.

In terms of the composition of direct and indirect costs, the 
approach to estimating indirect costs had an important impact. 
For studies where indirect costs dominated, the approach to esti-
mating indirect costs had an important impact. It was observed 
that work disability measured by disability pension was taken 
into account in these studies,11–13 24 25 except for two studies from 
Mexico and Hong Kong,26 27 where indirect costs were driven 
by unemployment due to RA. On the other hand, for those 
studies where direct costs dominated, work disability was gener-
ally not included as an indirect cost component.22 28–32 Indirect 
costs mainly consisted of sickness absence, resulting in a lower 
percentage of indirect costs. In addition, these studies have rela-
tively lower annual estimates of absolute costs (<US$10 000) in 
common. With the exception of studies in which indirect costs 
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Figure 1 Distribution of cost components in direct costs of RA chronologically. Costs incurred from visits to other healthcare professionals, such 
as nurse, physical therapist and occupational therapist, that were measured separately in some studies,10 12 13 15 16 21 23 25 31 45–53 were summarised as 
‘outpatient’. Costs for diagnostic tests, devices and adaptation, transportation and informal care were categorised as ‘others’. *Drug costs were not 
the largest contributor to direct costs. RA, rheumatoid arthritis.

Table 1 The Cochran- Armitage test for linear trend analysis in proportions of drug costs and hospitalisation costs

Cost component

Proportion of direct costs
(correlation structure)

One- sided test

Test statistic

(ρ1, ρ2, ρ3, ρ4, ρ5 … ρ20) Z P value

Drug (0.122, 0.098, 0.130, 0.234, 0.237) Increasing 0.376 0.647

(0.482, 0.588, 0.599, 0.838, 0.417)

(0.485, 0.364, 0.732, 0.661, 0.735) Decreasing 0.353

(0.872, 0.832, 0.762, 0.846, 0.865)

Hospitalisation (0.106, 0.438, 0.203, 0.342, 0.058) Increasing 1.706 0.956

(0.099, 0.032, 0.313, 0.033, 0.380)

(0.254, 0.344, 0.106, 0.183, 0.140) Decreasing 0.044*

(0.044, 0.080, 0.049, 0.116, 0.052)
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mainly consisted of sickness absence, indirect costs accounted 
from 39.4% to 85.5% total costs in the biologic era.

Modified CHeeRs scores
Overall studies scored well against the 21 criteria of the modified 
CHEERS checklist (online supplementary figure S2 and online 
supplementary table S4). Four items relating to study perspec-
tive, characterising uncertainty, characterising heterogeneity and 
conflicts of interests scored less with over a quarter of studies 
failing to report the details.

dIsCussIOn
The aim of this systematic review was to examine how cost 
components have been measured and estimated in COI studies 
of RA in the biologic era, so as to assemble and appropriately 

interpret available data. Results included 72 studies that were 
conducted in 28 countries, with differences in populations, 
healthcare systems, cost estimates and methodologies across 
and within countries. The variety in methodologies might 
be due to different study purposes as well as data availability. 
The prevalence- based approach provides a snapshot on the 
economic burden of RA to the society, while the incidence- based 
approach aims to estimate from the onset of disease, and there-
fore, requires longitudinal data. Also, most studies conducted 
retrospective analyses from claim database or disease registries 
rather than developing a dedicated primary data collection. The 
majority of included studies estimated costs directly and entirely 
attributed to RA, whereas few studies measured all expenditures 
incurred to the patients with RA or incremental costs by using 
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Table 2 Measurements of cost components in indirect cost of RA

Reference Absenteeism Work disability Others

Malinowski 
et al54

Short- term/long- term/ 
permanent work disability

NA NA

Søgaard et al20 Work hour loss/sick leave NA Presenteeism

Sruamsiri et al19 Work hour loss NA Presenteeism

Merkesdal et 
al55

Sick leave Disability payment 
from cessation of 
work

NA

RA, rheumatoid arthritis.

Figure 2 Distribution between direct and indirect costs in total costs of RA. RA, rheumatoid arthritis.

matched- control or regression- based approaches. For indirect 
costs, although HCA was more commonly used, this approach 
has been criticised as possibly overestimating actual indirect 
costs, while the FCA is relatively difficult to implement as it 
requires detailed information or assumptions.18

On visual inspection, the proportion of drug costs, as the 
main component contributing to direct costs, was increasing 
over time. Although no statistically significant increase in this 
trend could be established. However, the statistically significant 
decrease in the proportion of costs for hospitalisation suggests 
that costs have shifted to other components of direct costs. 
These results need to be interpreted with caution though due 
to the small sample size. The cost of informal care was only 
available in a limited number of studies, which indicated it could 
contribute to a significant proportion in direct costs.15 16 33 For 
indirect costs, absenteeism and work disability were the most 
commonly reported components. Work disability, which mainly 
included pay- outs for disability pensions, was identified as the 
key cost driver of indirect costs. Although presenteeism was 
rarely addressed, it varied substantially in our findings (8.8%, 
92.9%).19 20 While absenteeism and work disability are rela-
tively straightforward to measure, presenteeism still lacks a clear 
measurement methodology.34 35 Where indirect costs dominated 
in those studies that reported both direct and indirect costs, the 

approach to estimating indirect costs had an important impact. 
In the studies measuring work disability rather than considering 
sickness absence only, indirect costs contributed a much larger 
proportion than direct costs, and also resulted in relatively 
higher monetary values.

Since the introduction of first biologic (etanercept) in 1998 
in the USA and subsequent wide adoption of early and intensive 
treatment strategies, the composition of total costs of RA has been 
transformed. In an earlier systematic review conducted by Rat 
and Boissier,36 direct costs accounted for 25% to over 50% of the 
total cost among the included studies between 1978 and 2002. 
In addition, costs associated with inpatient care contributed up 
to 75% of direct costs. Our findings from included studies from 
2000 onwards indicated that drug costs comprised the main cost 
component of direct costs although disease progression of RA has 
been postponed and slowed with biologics. Higher direct costs 
were consistently observed when the entire or a high proportion 
of the population were on biologic treatments (US$9618–US$26 
964 vs US$401–US$9493). Indirect costs continue to contribute 
a considerable proportion to total costs in the biologic era, with 
work disability accounting for the majority of costs. However, 
the strength of the current evidence is not sufficient to conclude 
that biologics live up to their promise that expensive drug costs 
could easily be recovered. Thus, economic analyses that exclude 
or only partially include indirect costs will underestimate the full 
economic impact of RA.

In the value- based pricing system, criteria such as those for 
severe diseases, addressing unmet needs, innovative technologies 
and having wider societal benefits are well supported by general 
public.37 A COI study provides a clear understanding on where 
the costs are incurred and what cost savings are occurring as 
a consequence. However, owing to disparities in costing meth-
odologies, perspectives and healthcare settings across studies, 
even if they were undertaken in the same country, it is difficult 
to draw a meaningful chronological trajectory to examine the 
change in landscape. Ideally, future COI studies of RA ought to 
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include both direct costs (including drug costs, inpatient and 
outpatient costs) and indirect costs (including costs associated 
with absenteeism, presenteeism and work disability). Further-
more, the inclusion and reporting of sensitivity analyses are vital 
for readers to understand the uncertainty around the COI esti-
mates and the robustness of the conclusions that studies reach.38 
Sensitivity analyses can also be used to explore alternative meth-
odological approaches may lead to differences in results, for 
example FCA and HCA.

Our results have potential limitations. First, we refrained from 
excluding studies based on certain quality criteria, such as study 
design, costing approaches, or sample size, resulting in a high 
degree of uncertainty and large variation in cost estimates. There 
are additional methodological challenges which, together with 
the countries where the studies were performed, lead to vari-
ation in findings across studies. However, our objective was to 
ensure a truly comprehensive overview of the literature on the 
economic burden of RA. Second, because total costs included 
various components that were not homogenous in all studies, 
and a breakdown of total costs into individual components 
was not reported in all studies, it is not appropriate to pool 
estimates from different countries or to perform formal quan-
titative analyses (meta- analysis). Therefore, we assembled and 
analysed available data narratively and explored the heteroge-
neity between studies. Third, we searched for published English- 
language studies; therefore, some non- English studies will have 
been omitted.

Although not reported in any of the included studies, the 
advent of cheaper biosimilars provides potential for reducing 
pressure on healthcare budgets. To the best of our knowledge, 
there has been no COI study exploring the economic impact of 
biosimilars in RA since the first biosimilars for infliximab and 
etanercept were approved in the USA and Europe in 2016. It has 
been suggested that highly equivalent and lower cost biosimilars 
could reduce the pressure on healthcare budgets and compen-
sate for inequalities in access to therapy potentially caused by 
economic differences between countries.39 However, challenges 
remain regarding price, biologics switching in clinical practice 
and postmarketing pharmacovigilance.40 Hence, future studies 
should focus on the economic impact of informal care from 
patients’ perspective, presenteeism and the entry of biosimilars.

COnClusIOn
Our research findings suggest that in the biologic era, drug costs 
comprised the main cost component of direct costs while the 
proportion of inpatient costs was decreasing over time. Indirect 
costs still contribute a considerable proportion of total costs, 
with work disability being the main cost component. Economic 
analyses without taking indirect costs into account or measuring 
properly will underestimate the full economic impact of RA.
Twitter stefan siebert @stefansiebert1
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AbsTrACT
Objective To perform an update of a review of the 
efficacy and safety of disease- modifying antirheumatic 
drugs (DMaRDs) in psoriatic arthritis (Psa).
Methods This is a systematic literature research of 
2015–2018 publications on all DMaRDs in patients 
with Psa, searching Medline, embase and the Cochrane 
library. efficacy was assessed in randomised controlled 
trials. For safety, cohort studies, case–control studies and 
long- term extensions (lTes) were analysed.
results 56 publications (efficacy: n=33; safety n=23) 
were analysed. The articles were on tumour necrosis 
factor (TnF) inhibitors (n=6; golimumab, etanercept 
and biosimilars), interleukin (il)- 17a inhibitors (n=10; 
ixekizumab, secukinumab), il-23- p19 inhibitors (n=2; 
guselkumab, risankizumab), clazakizumab (il-6 inhibitor), 
abatacept (CD80/86 inhibitor) and aBT-122 (anti- TnF/
il- 17a), respectively. One study compared ustekinumab 
(il-12/23i) with TnF inhibitor therapy in patients 
with entheseal disease. Three articles investigated 
DMaRD tapering. Trials on targeted synthetic DMaRDs 
investigated apremilast (phosphodiesterase-4 inhibitor) 
and Janus kinase inhibitors (JaKi; tofacitinib, filgotinib). 
Biosimilar comparison with bio- originator showed 
non- inferiority. safety was evaluated in 13 lTes, 9 
cohort studies and 1 case–control study investigating 
malignancies, infections, infusion reactions, multiple 
sclerosis and major cardiovascular events, as well as 
efficacy and safety of vaccination. no new safety signals 
were identified; however, warnings on the risk of venous 
thromboembolic events including pulmonary embolism 
when using JaKi were issued by regulators based on 
other studies.
Conclusion Many drugs in Psa are available and have 
demonstrated efficacy against placebo. efficacy varies 
across Psa manifestations. safety must also be taken into 
account. This review informed the development of the 
european league against Rheumatism 2019 updated 
Psa management recommendations.

InTrOduCTIOn
Pharmacological treatment options for psoriatic 
arthritis (PsA) have significantly increased over 
the past years. Data from randomised controlled 
trials (RCTs) have provided evidence for efficacy of 
various novel agents, such as biological or targeted 

synthetic disease- modifying antirheumatic drugs 
(DMARDs). Among these are biological DMARDs 
(bDMARDs) targeting interleukin (IL)- 17A (ixeki-
zumab, secukinumab)1–5; the p19 subunit of IL-23 
(guselkumab, risankizumab)6 7; the costimulation 
molecule CD80/86 (abatacept)8; the IL-6 cytokine 
(clazakizumab)9; and a bispecific antibody inhib-
iting tumour necrosis factor (TNF) and IL- 17A 

Key messages

What is already known about this subject?
 ► The previous update of the European League 
Against Rheumatism (EULAR) recommendations 
on pharmacological management of psoriatic 
arthritis (PsA) was conducted in 2015.

 ► This systematic literature research was 
performed to inform the 2019 EULAR task force 
on the evidence that emerged on the efficacy 
and safety of pharmacological treatment of 
patients with PsA.

What does this study add?
 ► Biological disease- modifying antirheumatic 
drugs targeting interleukin (IL)- 17A 
(secukinumab, ixekizumab), guselkumab 
(targeting the subunit p19 of IL-23) as well 
as Janus kinase inhibitors (JAKi) (tofacitinib, 
filgotinib) were effective in reducing signs 
and symptoms across all disease domains of 
patients with PsA.

 ► No new safety signals for tumour necrosis 
factor inhibitors and conventional synthetic 
disease- modifying antirheumatic drugs were 
identified, and no venous thromboembolic 
events or pulmonary embolisms were reported 
in the evaluated randomised controlled trials 
and their long- term extensions in JAKi- treated 
patients with PsA.

How might this impact on clinical practice or 
future developments?

 ► This systematic literature research provided 
the 2019 EULAR PsA management 
recommendations task force with evidence that 
emerged since 2015.
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Figure 1 Flow chart of studies reporting efficacy and/or safety of disease- modifying antirheumatic drugs in psoriatic arthritis, published in 2015–
2018. SLR, systematic literature research.

(ABT-122).10 Further, Janus kinase inhibitors (JAKi; including 
tofacitinib and filgotinib) have recently been assessed in PsA.11–13

Safety evaluation of pharmacological interventions in PsA has 
to be derived beyond the controlled period of RCTs and needs 
to account for long- term extension (LTE) phases of RCTs and 
patients included in observational clinical cohorts, registries and 
postmarketing monitoring; the latter are especially relevant since 
they also comprise routine care patients who are not suitable for 
inclusion into clinical trials, for example due to comorbidities.14

The objective of the present systematic literature research 
(SLR) was to inform the task force developing the 2019 update 
of the European League Against Rheumatism (EULAR) recom-
mendations for the management of PsA on the current state of 
evidence of efficacy and safety of non- topical pharmacological 
agents for the treatment of PsA. This SLR focused on studies 
published since the last SLR performed in 2015.15

MeTHOds
The review protocol for this SLR was developed by the steering 
group in accordance with the EULAR standardised operating 
procedures for EULAR recommendations.16

The eligibility criteria for inclusion were defined, conforming 
to previous SLRs, as studies on adult patients (≥18 years) with 
PsA, classified according to the Classification Criteria for Psori-
atic Arthritis (CASPAR) or Moll and Wright criteria.15 Patient 
populations of interest were as follows: naive for conventional 
synthetic DMARDs (csDMARDs) or insufficient responders 
(IR) to non- steroidal anti- inflammatory drugs (NSAIDs) who 
were eligible for csDMARD treatment; csDMARD- IR patients; 
bDMARD- IR patients; and csDMARD+bDMARD IR mixed 
populations.

Only studies on systemic PsA therapies were searched; these 
were defined as csDMARDs (including methotrexate, lefluno-
mide, sulfasalazine, hydroxychloroquine, chloroquine, injectable 
gold/gold salts, azathioprine, ciclosporin, penicillamine, cyclo-
phosphamide, mycophenolate, chlorambucil, minocycline); 
bDMARDs (anakinra, infliximab, etanercept, adalimumab, ritux-
imab, abatacept, tocilizumab, golimumab, certolizumab- pegol, 
alefacept, ustekinumab, secukinumab, brodalumab, ixekizumab, 
guselkumab, clazakizumab and bimekizumab and respective 
biosimilars); targeted synthetic DMARDs (tsDMARDs) (apremi-
last, tofacitinib, baricitinib, upadacitinib, filgotinib); systemic 

glucocorticoids or NSAIDs; and any combination of these 
treatments.

For efficacy evaluation, only randomised, controlled, double- 
blind trials (RCTs) were included. Phase II trials were included 
if no phase III trials were available for a given compound. In 
the case of strategic, switching or dose- reduction trials, open- 
label designs were also eligible for inclusion. Placebo treatment 
or any of the agents listed above were eligible as comparator. 
Data on switching to a TNF inhibitor (TNFi) after failure of 
another TNFi, DMARD tapering and/or stopping treatment 
were expected to be scarce; therefore, we expanded the eligi-
bility criteria for study inclusion beyond RCTs to inform the task 
force with any data available, including open- label, cohort and 
case–control studies.

Outcomes of interest were signs and symptoms of PsA, defined 
as composite measures including the American College of Rheu-
matology (ACR) response criteria, the Disease Activity Index 
for Psoriatic Arthritis or the minimal disease activity (MDA) 
state. Core set measures of disease activity that were evalu-
ated included swollen and tender joints; patient pain as well 
as patient and evaluator global assessments of disease activity; 
dactylitis; enthesitis; skin disease (evaluated through the Psori-
asis Area Severity Index (PASI) or psoriasis- affected body surface 
area); and physical function (Health Assessment Questionnaire 
Disability Index (HAQ- DI), Short- Form 36 Physical Compo-
nent Score). Progression of structural damage was assessed as 
reported, which was by the Psoriatic Arthritis Modified Sharp 
van der Heijde Score.

For safety, RCTs and their LTE periods were evaluated for 
safety signals. In addition, cross- sectional, cohort and case–
control studies were analysed. Aside from laboratory abnor-
malities, the most important safety outcomes evaluated were 
infections (including candida and herpes zoster infections), 
malignancies, cardiovascular events, gastrointestinal adverse 
events, depression and suicide attempts, and proportions of 
serious adverse events (for RCTs).

The initial literature search was conducted by a database 
expert (LF) in Embase, Medline and the Cochrane Library 
without language restriction. Based on the previous SLR, the 
search included all studies published between 1 January 2015 
and 21 December 2018 (last date searched). For completeness, 
data of full articles published after the last date of the literature 
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Table 1 Drugs investigated in PsA randomised controlled trials 
published in 2015–2018

Therapeutic 
compound

Articles/
abstracts (n) drug target Population

Biological DMARDs

Golimumab 1 TNF csDMARD/NSAID- IR

Etanercept 1 MTX+DMARD- naive

Adalimumab biosimilar 
(CT- P13)

1 csDMARD- IR

Etanercept biosimilar 
(CHS-0214)

1 csDMARD- IR

Ixekizumab 10 IL- 17A csDMARD- IR/TNFi- IR

Secukinumab 5 NSAID- IR/mixed 
csDMARD/TNFi- IR

ABT-122 1 TNF/IL- 17A csDMARD/TNFi- IR

Ustekinumab 1 IL-12/23 Patients with active 
enthesitis

Risankizumab 1 IL-23–19p NSAID/csDMARD/
TNFi- IR

Guselkumab 1 csDMARD/TNFi- IR

Clazakizumab 1 IL-6 NSAID/csDMARD- IR

Abatacept 1 CD80/86 csDMARD/TNFi- IR

Targeted synthetic DMARDs

Apremilast 5 PDE4 csDMARD- IR/TNFi- IR/
csDMARD- naive

Tofacitinib 2 JAK-1/2/3 csDMARD- IR/TNFi- IR

Filgotinib 1 JAK-1 csDMARD- IR

csDMARD, conventional synthetic disease- modifying antirheumatic drug; DMARD, 
disease- modifying antirheumatic drug; IL, interleukin; IR, insufficient responders; 
JAK, Janus kinase; MTX, methotrexate; NSAID, non- steroidal anti- inflammatory 
drug; PDE4, phosphodiesterase-4; PsA, psoriatic arthritis; TNF, tumour necrosis 
factor; TNFi, TNF inhibitor.

Figure 2 Efficacy results of randomised controlled trials stratified 
by mode of action and disease domain. Data from previous systematic 
literature research are also accounted for in this figure. *Different 
instruments used in studies. ACR, American College of Rheumatology 
Response; CD, cluster of differentiation; GKM, guselkumab; HAQ, Health 
Assessment Questionnaire Disability Index; IL, interleukin; JAK, Janus 
kinases; PASI, Psoriasis Area Severity Index; PDE4, phosphodiesterase-4 
inhibitor; PsA- mSvdHS, Psoriatic Arthritis Modified Sharp van der Heijde 
Score; RKM, risankizumab; TNF, tumour necrosis factor.

search could be included in the SLR if the abstract of the respec-
tive trial had been published within the time frame of our SLR. 
The search terms used are shown in online supplementary 
tables S1.1–S1.6. Title and abstract screening, as well as data 
extraction, was conducted by one researcher (AK). The results 
of the title and abstract screening process were discussed with 
several experienced authors (JSS, LG, XB).

Risk of bias (RoB) was assessed using the Cochrane Collabo-
ration’s Risk of Bias tool for RCTs, and each study was assigned 
as having low, unclear or high RoB. Cohort and case–control 
(ie, safety) studies were assessed using the Newcastle- Ottawa 
Scale (details shown in online supplementary tables 4.2.1 and 
4.2.2).17 18

resulTs
Of 5528 studies screened, 181 were assessed for eligibility in 
detail and 56 publications (33 articles on efficacy and 23 on 
safety) were finally included in this SLR (for details see the flow 
chart in figure 1 and table 1). Figure 2 depicts a crude summary 
on the efficacy results of interventions by mode of action and 
disease domain. Most RCTs were regarded to have low RoB, 
while unclear RoB was most commonly due to insufficient 
reporting on random sequence generation. Open- label studies 
(n=3) and LTEs (n=13) included were considered to have 
high RoB. Detailed RoB results (efficacy: online supplementary 
table S2.2; safety: online supplementary table S4.2.3 and online 
supplementary table S4.2.4), baseline characteristics (efficacy: 
online supplementary tables S2.3- S2.5; safety: online supple-
mentary table S4.3) and detailed results (online supplementary 

tables S3.1- S3.2) are presented in the online supplementary 
appendix.

efficacy of csdMArds
No primary trial data were published from 2015 to 2018 on 
the efficacy of csDMARDs. Indirect evidence on the efficacy 
of methotrexate (MTX) was shown in the SEAM- PsA trial. 
While a placebo arm was absent, MTX monotherapy showed 
good efficacy regarding arthritis measures (50.7%, 30.6% and 
13.8% for ACR20, ACR50 and ACR70 responses, respectively), 
as well as good skin responses (66.3% clear or almost clear 
skin) and improvement of physical function (−0.41 HAQ- DI; 
change from baseline) at week 24. Radiographic progression 
in the MTX arm was very low, with 0.08 mean change from 
baseline to week 48 and with 89.4% of patients not progressing 
in the Psoriatic Arthritis Modified Sharp van der Heijde Score. 
However, baseline radiographic damage was low in this popu-
lation, possibly contributing to the low amount of radiographic 
progression across all treatment arms.19

efficacy of bdMArds
TNF inhibitors
Two trials investigated the efficacy of TNF inhibition in 
csDMARD- naive (etanercept) and csDMARD- IR (golim-
umab).19 20

The SEAM- PsA study compared etanercept monotherapy 
or etanercept+MTX combination therapy with MTX mono-
therapy in csDMARD- naive patients. Etanercept monotherapy 
as well as combination therapy with MTX were superior to 
MTX and showed similar efficacy in both treatment groups 
(ACR20 response at week 24: 50.7% vs 60.9% vs 64% for 
MTX, etanercept monotherapy and etanercept+MTX combi-
nation therapy, respectively); improvement in skin changes, 
swollen or tender joint counts, and disability according to the 
HAQ- DI did not differ between the etanercept group and the 
MTX group. Intravenous golimumab was superior compared 
with placebo (ACR20 at week 14: 75.1% vs 21.8%).19 Detailed 
results are shown in online supplementary tables S3.1 and S3.2.

One cohort study (high RoB) investigated the feasibility of 
switching to a second or third TNFi after insufficient response 
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to a first TNFi. Patients achieved moderate efficacy results in 
their second, but only weak responses in their third TNFi course. 
The median drug survival was 64 months (second TNFi) and 14 
months (third TNFi).21

Biosimilar studies
Two non- inferiority studies demonstrated the bioequivalence of 
bio- originators and their respective biosimilars (infliximab (INF) 
vs CT- P13, low RoB; etanercept vs CHS-0214).22 23 Registry 
data (high RoB) of non- medical switching between INF and 
CT- P13 suggest similar clinical efficacy at 3 months post- switch 
and similar 1- year retention rates (INF: 86.2%, 95% CI 84% to 
88%; CT- P13: 86%, 95% CI 80% to 91%).24

bDMARDs targeting IL-17A
Ten reports of IL- 17A- inhibiting agents (ixekizumab (IXE), 
secukinumab) were included with low RoB of all primary study 
reports; secukinumab has already been addressed in the previous 
SLR.15

IXE was efficacious in csDMARD- IR as well as TNFi- IR 
patients. In csDMARD- IR (SPIRIT- P1) better efficacy was seen 
at week 24 compared with placebo, with numerically similar 
ACR20, ACR50 and ACR70 rates as adalimumab (ADA) 
(included as reference arm; study not powered to show non- 
inferiority). Further, structural progression was significantly 
lower compared with placebo and similar to ADA (table 2); skin 
responses were also significantly better with IXE than placebo 
and appeared also better for IXE than ADA.1 25 Stratification by 
concomitant DMARD usage revealed similar results regarding 
clinical signs and symptoms and physical function and a trend 
towards an advantage of combination therapy as opposed to 
monotherapy in the Q4W group. Also in TNFi- IR patients 
(SPIRIT- P2), IXE showed superiority over placebo for IXE every 
2 weeks (Q2W) and every 4 weeks (Q4W) at week 24 regarding 
signs and symptoms, physical disability, skin disease, and extra- 
articular manifestations (dactylitis, enthesitis) of PsA.2 26 27

Secukinumab (FUTURE 1–5) continued to show efficacy 
in reducing signs and symptoms of arthritis as well as skin 
disease and extra- articular musculoskeletal manifestations 
(enthesitis, dactylitis) and inhibited radiographic progression 
when compared with placebo in NSAID- IR, csDMARD- IR and 
TNF- IR patients.3–5 28–30

bDMARDs targeting IL-23-p19
Two trials, investigating molecules targeting the p19 subunit 
of IL-23, guselkumab (low RoB) and risankizumab (conference 
abstract), were included. Guselkumab was superior compared 
with placebo in reducing arthritis signs and symptoms, as well as 
enthesitis and dactylitis.6 Risankizumab improved arthritis and 
skin symptoms significantly more than placebo, but there was 
no clear difference between the different dosing intervals and 
no significant difference versus placebo in improving dactylitis, 
enthesitis or physical function.7 31

Other bDMARDs
In an open- label RCT (high RoB) on patients with primary 
entheseal disease but unbalanced baseline characteristics, usteki-
numab (UST) was reported to be superior to TNFi therapy in 
resolving enthesitis (Spondyloarthritis Research Consortium of 
Canada Enthesitis Index, SPARCC=0 at week 24: UST 73.9% vs 
TNFi 41.7%, p=0.018) and skin disease (PASI100 at week 24: 
UST 59% vs TNFi 29%, p=0.039). No differences in resolving 
arthritis disease activity were observed between the groups.32

A study on abatacept (anti- CD80/86) in patients with PsA 
with previous IR to csDMARDs or TNFis showed significant 
but only modest efficacy compared with placebo for musculo-
skeletal (table 2) and skin manifestations, but was not effective 
regarding physical function. More patients in the abatacept arm 
showed radiographic non- progression at week 24 compared 
with placebo (42.7% vs 32.7%, nominal p=0.034), while the 
mean change of structural damage appeared similar between 
the groups (0.30 vs 0.35 at week 24 for abatacept and placebo, 
respectively).8

ABT-122 (a dual variable domain immunoglobulin directed 
against TNF and IL-17) was investigated in a 12- week phase 
II study in MTX- IR patients. ABT-122 was superior to placebo 
at both doses (120 mg and 240 mg), showing similar ACR20 
responses compared with ADA (table 2); the 240 mg dose 
showed significantly higher efficacy compared with placebo 
and ADA in ACR50 and ACR70 responses. PASI75 and PASI90 
responses were similar to ADA and significantly higher in the 
ABT-122 group compared with placebo.10

IL-6 inhibition through clazakizumab showed only modest 
efficacy compared with placebo, with no clear dose response and 
no difference in skin outcomes in a phase II trial.9

Detailed results of non- TNFi bDMARDs are shown in table 2.

efficacy of tsdMArds
Three RCTs (all with low RoB) investigated JAKi in PsA (table 3).

Tofacitinib was superior to placebo in csDMARD- IR patients 
and, although not formally tested, exhibited numerically similar 
results as ADA in OPAL Broaden.12 OPAL Beyond investigated 
tofacitinib in TNFi- IR patients and met its co- primary efficacy 
endpoints (ACR20 and HAQ- DI at week 12) for 5 mg and 10 mg 
two times per day, compared with placebo (p<0.001). Filgotinib, 
a selective JAK-1 inhibitor, also significantly reduced signs and 
symptoms of PsA compared with placebo in a phase II trial.13

Evidence regarding the clinical efficacy of phosphodiesterase-4 
(PDE4) inhibition using apremilast (APR) in csDMARD- IR 
patients was confirmed in two RCTs (one low RoB, one unclear 
RoB).33 34 Furthermore, APR was effective in reducing signs 
and symptoms of PsA in patients who were csDMARD- naive 
(PALACE-4, low RoB)35 or bDMARD- naive (ACTIVE), but the 
overall response rates were relatively low.36

Detailed results are summarised in table 3 and online supple-
mentary tables S3.1- S3.2.

Tapering/stopping treatment
A small pilot RCT (n=17, high RoB) on phased treatment 
tapering (of csDMARDs and bDMARDs) over a total time 
period of 4 months was performed in patients with stable MDA 
and on a stable treatment regimen for the past 6 months. While 
5 of 11 patients in the withdrawal arm (45%) could be with-
drawn from treatment without experiencing a flare (ie, losing 
MDA at follow- up), 6 patients experienced a flare (54.6%, 4 
on bDMARD+MTX, 2 on MTX monotherapy) compared with 
none in the continuation (control) arm.37

A small German cohort study (high RoB) investigated treat-
ment stopping of any DMARD (without tapering) in 26 patients 
(14 receiving MTX monotherapy and 12 receiving TNFi therapy) 
with absence of any disease symptoms (arthritis, enthesitis, 
dactylitis, axial disease) and minimal skin disease (PASI <1). Of 
the patients, 76.9% experienced a flare after a mean of 74.5 
(±51.7) days, with no difference between previous treatments 
or any other variable predictive of flare.38

https://dx.doi.org/10.1136/annrheumdis-2020-217163
https://dx.doi.org/10.1136/annrheumdis-2020-217163
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safety
Cohort and case–control studies
bDMARD therapy was associated with an increased risk of 
infection (OR 1.7 vs no bDMARD; 95% CI 1.33 to 2.18), 
while csDMARD therapy was not (OR vs no csDMARD 1.15; 
95% CI 0.91 to 1.47).39 A study investigating the risk of herpes 
zoster found a significantly increased risk in patients treated 
with glucocorticoids (HR 1.08; 95% CI 1.04 to 1.13) and 
TNFi+csDMARD combination therapy (HR 2.37; 95% CI 1.32 
to 4.22), but not with either csDMARD or TNFi monotherapy.40 
Influenza vaccination was safe and effective in inducing immune 
responses in patients with PsA receiving TNFi and/or csDMARD 
treatment.41

A large cohort study from the UK using a medical record data-
base found a higher incidence of major adverse cardiac events 
(MACE) in patients with PsA without DMARD prescription 
(HR 1.24; 95% CI 1.03 to 1.49), while patients with PsA with 
DMARD prescription did not show a significantly higher inci-
dence (HR 1.17; 95% CI 0.95 to 1.46) when compared with 
matched control patients (without the diagnosis of psoriasis, PsA 
or rheumatoid arthritis and without DMARD prescription).42 
Eder et al43 investigated the incidence of cardiovascular events 
in a large PsA clinic and found no difference in MACE between 
TNFi versus MTX versus untreated patients with PsA, and 
further no increased incidence in patients treated with gluco-
corticoids or NSAIDs. Another cohort study from a UK register 
found a significantly higher incidence rate of MACE in patients 
receiving glucocorticoids (incident rate ratio(IRR): 4.95; 95% CI 
2.04 to 12.01) as compared with patients receiving DMARDs 
(MTX, salazopyrine, bDMARDs: IRR 1.31, 95% CI 0.99 to 
1.73; leflunomide, azathioprine: IRR 0.71, 95% CI 0.23 to 
2.21) and patients with PsA without drug prescription (reference 
group).44

No increased risk of cancer (risk ratio of TNFi- treated vs TNFi- 
naive: 0.9, 95% CI 0.7 to 1.1) was found in a study combining 
two large population- based registries from Sweden (ARTIS) 
and Denmark (DANBIO).45 A small Italian longitudinal cohort 
study investigated the incidence of malignancies and found no 
increased risk of malignancy occurrence in patients receiving 
TNFi therapy compared with csDMARD- treated patients after 
adjusting for conventional risk factors.46

TNFi treatment did not lead to an increased risk for develop-
ment of multiple sclerosis in an analysis of the Danish DANBIO 
registry (standardised incidence ratio (SIR): 1.45; 95% CI 0.20 
to 10.3).47 No new safety signals were found in a study investi-
gating infusion reactions in a large cohort of patients receiving 
INF irrespective of the indication.48

Adverse events of special interest of RCTs and LTEs
IXE showed increased rates of injection site reactions as 
compared with control arms (SPIRIT- P1: placebo 4.7% vs IXE 
Q4W 24.3% vs IXE Q2W 26.5% vs ADA 5.9%; SPIRIT- P2: PLC 
4% vs IXE Q4W 11% vs IXE Q2W 24%) at week 24. Candida 
infections were observed in patients treated with IXE (SPIR-
IT- P1: PLC and ADA 0 vs 2 cases receiving IXE; SPIRIT- P2: 
PLC 0 vs IXE 8 (3%) cases).49 50 During the placebo- controlled 
period, no incident case of inflammatory bowel disease (IBD) 
occurred.1 2 However, one event of IBD occurred after week 108 
in SPIRIT- P2.50 In an LTE of a phase II study investigating broda-
lumab (IL-17 receptor inhibitor), 11 cases of oral candidiasis, 
1 report of suicidal ideation and 1 case of neutropaenia were 
observed.51

No new safety signals were observed in studies investigating 
APR, with nausea and diarrhoea more commonly occurring in 
treatment groups as compared with placebo.33–36 52 In ACTIVE 
two patients treated with APR experienced an adverse event of 
depression during the placebo- controlled period and another 
two during the extension APR- exposure period.36

IL-6 inhibition with clazakizumab did not show new safety 
signals compared with IL- 6R inhibitors.9

During the treatment period of guselkumab (IL-23- p19i), most 
adverse events were mild and similar compared with placebo.6 
One adjudicated major cardiovascular event (MACE) occurred 
in a patient receiving risankizumab (IL-23- p19i), and two cases 
of depression, with none on placebo.31

No new unexpected safety events were identified in LTEs of 
studies investigating UST and certolizumab- pegol.53 54

JAK inhibition with tofacitinib showed higher rates of herpes 
zoster (incidence rate (IR): 2.05; 95% CI 1.17 to 3.33) and 
MACE were reported in three patients (IR 0.38; 95% CI 0.08 to 
1.11).55 One case of herpes zoster and one MACE were observed 
in patients treated with filgotinib (vs none in the placebo 
group).13 While no venous thromboembolic events or pulmo-
nary embolisms were observed in patients with PsA treated with 
tofacitinib or filgotinib,13 55 such events were seen in other indi-
cations when tofacitinib, baricitinib and upadacitinib were used, 
especially in an ongoing study on patients with RA with high 
cardiovascular risk (tofacitinib study A3921133); warnings in 
these regards were issued by regulators, especially with respect to 
patients with a high risk for venous thromboembolic events.56 57

dIsCussIOn
To inform the task force conducting the 2019 update of the 
EULAR recommendations for pharmacological management 
of PsA, this SLR was conducted and included results of 56 
publications from January 2015 to December 2018. The field 
is emerging quickly, and several new compounds, not captured 
in the time frame of this update, are currently under investiga-
tion.58 59

The efficacy of TNF inhibition across various disease domains 
was confirmed, as well as the bioequivalence of biosimilars 
compared with their bio- originators. IL- 17A inhibition was 
effective across all disease domains, while bispecific inhibition of 
TNF and IL- 17A (ABT-122) showed numerically better results 
compared with ADA. Agents targeting the subunit p19 of IL-23 
had heterogeneous results. Guselkumab had good efficacy in 
reducing arthritis, skin, enthesitis and dactylitis symptoms, while 
risankizumab was only efficacious in resolving arthritis and skin 
disease. Inhibition of JAK appeared effective in PsA. Clinical effi-
cacy of PDE4 inhibition was confirmed; however, radiographic 
outcomes have still not been assessed.

Switching to a second TNFi after failure of a first course of 
TNFi therapy appears to be effective based on observational 
data. Studies on DMARD tapering in PsA are scarce; only one 
small pilot RCT studied treatment tapering, with 20%–45% of 
patients continuing to have controlled disease activity after treat-
ment cessation for 3 months.

Evaluation of treatment safety across nine cohort studies and 
one case–control study did not reveal new safety signals for TNFi 
and csDMARDs regarding infections, occurrence of cardiovas-
cular events, malignancies, infusion reactions or incidence of 
multiple sclerosis in patients with PsA. Safety data of RCTs and 
respective LTEs showed higher rates of injection site reactions 
and candida infections in patients receiving IXE, as well as one 
event of IBD after 108 weeks, in line with data on secukinumab. 

http://ard.bmj.com/


785Kerschbaumer A, et al. Ann Rheum Dis 2020;79:778–786. doi:10.1136/annrheumdis-2020-217163

Psoriatic arthritis

Herpes zoster rates were higher in patients receiving tofacitinib, 
and one herpes zoster event was seen in a patient receiving filgo-
tinib. No venous thromboembolic events or pulmonary embo-
lisms were reported in any of the RCTs or LTEs in JAKi- treated 
patients with PsA, but regulators issued warnings on the risk 
of venous thromboembolism (VTE) and pulmonary embolism 
based on data in other patient populations and indications, espe-
cially for patients at risk for VTE.

This SLR has several limitations: (1) abstract screening, report 
analysis, RoB analysis and data extraction were performed by 
one researcher only (AK); (2) due to the heterogeneity of the 
RCTs included, meta- analysis would not have led to representa-
tive results and therefore results were reported narratively; (3) 
only little data on drug tapering and only few safety studies were 
available for analysis, limiting the conclusions on these topics; 
and (4) no trial has been published that investigated the efficacy 
of treatments on axial spondyloarthritis in patients with PsA and 
we could therefore not address this aspect in our SLR.

This SLR informed the task force on the 2019 update of the 
EULAR management recommendations for pharmacological 
treatment in PsA.
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AbSTrACT
Objective To evaluate the impact of laboratory results 
on scoring of the Physician Global assessment (PGa) of 
disease activity in systemic lupus erythematosus.
Methods Fifty clinical vignettes were presented via an 
online survey to a group of international lupus experts. 
For each case, respondents scored the PGa pre and post 
knowledge of laboratory test results (pre- lab and post- 
lab PGas). agreement between individual assessors and 
relationships between pre- lab and post- lab PGas, and 
PGas and systemic lupus erythematosus Disease activity 
index 2000 (sleDai- 2K) were determined. Respondents 
were also asked about factors they incorporate into their 
PGa determinations.
results sixty surveys were completed. The inter- 
rater PGa reliability was excellent (pre- lab intraclass 
correlation coefficient (iCC) 0.98; post- lab iCC 0.99). 
Post- lab PGas were higher than pre- lab PGas: median 
(iQR) pre- lab PGa 0.5 (1.05), post- lab PGa 1 (1.3) 
(p<0.001), with a median (iQR) difference of 0.2 
(0.45). in general, all abnormal labs including elevated 
anti- double stranded Dna antibody level (dsDna) and 
low complement impacted PGa assessment. Cases with 
weakest correlations between pre- lab and post- lab 
PGa were characterised by laboratory results revealing 
nephritis and/or haematological manifestations. Both 
pre- lab and post- lab PGas correlated with sleDai- 
2K. However, a significantly stronger correlation was 
observed between post- lab PGa and sleDai- 2K. 
Multiple factors influenced PGa determinations. some 
factors were considered by an overwhelming majority of 
lupus experts, with less agreement on others.
Conclusions We found excellent inter- rater reliability 
for PGas in a group of international lupus experts. Post- 
lab PGa scores were higher than pre- lab PGa scores, 
with a significantly stronger correlation with the sleDai- 
2K. Our findings indicate that PGa scoring should be 
performed with knowledge of pertinent laboratory 
results.

InTrOduCTIOn
The Physician Global Assessment (PGA) is a 
frequently used, subjective outcome measure of 
disease activity in systemic lupus erythematosus 
(SLE) which encapsulates the physician’s judge-
ment of overall, (global) disease activity. It is used 
in clinical trials, observational cohorts and in clin-
ical care, often supplementing other assessments 
such as the SLE Disease Activity Index (SLEDAI) 
and the British Isles Lupus Assessment Group 
(BILAG) Index. The PGA is also an integral part 
of SLE treatment response indices. It is included in 

the SLE Responder Index (SRI) and BILAG- based 
Combined Lupus Assessment (BICLA),1 2 and used 
to define low disease activity (Lupus Low Disease 
Activity State- LLDAS) and remission.3 4 Surprisingly, 
PGA scoring is typically performed with minimal 
guidance and accordingly, factors determining the 
physician global assessment of lupus disease activity 
are incompletely understood. Some clinicians score 
the PGA at the time of the patient encounter while 
others determine the PGA after receipt of laboratory 
results. A single- clinician pilot study performed in a 
U.S. outpatient setting suggested that there is signif-
icant variability between the PGA scored before and 
after receipt of laboratory test results; furthermore, 
the PGA scored with knowledge of laboratory 
results had a better association with SLEDAI.5

The current study was initiated to formally eval-
uate the effect of laboratory test results on PGA 
scoring in SLE and was performed on 50 lupus 
case scenarios by a group of international lupus 
experts. Agreement between individual assessors 
was determined. Additionally, factors influencing 
the physician assessment of lupus disease activity 
were explored.

Key messages

What is already known about this subject?
 ► The physician global assessment (PGA) is a key 
outcome measurement of lupus disease activity 
used in longitudinal cohorts and clinical trials.

What does this study add?
 ► The inter- rater reliability of the PGA has not 
been previously assessed, and in this study was 
excellent among lupus experts.

 ► Including laboratory test results when 
determining the PGA generally results in a 
higher PGA score.

 ► PGAs scored with knowledge of laboratory 
values have a better correlation with other 
validated disease activity measures than PGAs 
scored prior to knowledge of these data.

How might this impact on clinical practice or 
future developments?

 ► Scoring of the PGA with access to laboratory 
test results is recommended. Simple, clear 
and precise instructions for PGA scoring may 
improve its performance and consistency in 
clinical practice and in clinical trials.
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Table 1 Clinical characteristics of survey vignettes

Cases (n=50)
N (%) or mean (Sd) or median 
(IQr: 25th-75th)

Female gender 42 (84)

Age (years) 37.6 (13.2)

Disease duration (years) 10 (6.7)

SLEDAI- 2K 4 (2–9)

SLEDAI- 2K (range) 0–28

Current disease manifestations in case description

 Acute/subacute cutaneous lupus 7 (14)

 Chronic cutaneous lupus 4 (8)

 Ulcers 8 (16)

 Alopecia 6 (12)

 Arthritis/arthralgias 8 (16)

 Serositis 3 (6)

 Renal* 14 (28)

 Neurological 3 (6)

 Haematological† 13 (26)

 Immunological/inflammatory 42 (84)

 Gastroenterological 1 (2)

Past disease manifestations in case description

 Acute/subacute cutaneous lupus 30 (60)

 Chronic cutaneous lupus 4 (8)

 Ulcers 18 (36)

 Alopecia 12 (24)

 Arthritis/arthralgias 30 (60)

 Serositis 10 (20)

 Renal 23 (46)

 Neurological 7 (14)

 Haematological 28 (56)

 Immunological/inflammatory 40 (80)

 Gastroenterological 3 (6)

Medications

 Prednisolone (n taking)  34 (68)

 Prednisolone (dose, mg) 7.5 (5–10)

 Hydroxychloroquine (n taking) 40 (80)

 Other immunosuppressant (n taking) 34 (68)

Current laboratory abnormalites

 ESR >20 mm/hour 38 (76)

 ESR >40 mm/hour 18 (36)

 CRP >5 mg/L 27 (54)

 CRP >10 mg/L 18 (36)

 Haemoglobin <10 g/dL 4 (8)

 White blood cell count <3.5×109/L 5 (10)

 Platelet count <100×109/L 4 (8)

 eGFR ≤60 mL/min/1.73 m2 5 (10)

 Hypocomplementaemia‡ 27 (54)

 C3 <80 mg/dL 26 (52)

 C4 <10 mg/dL 14 (28)

 Anti- dsDNA antibody >30 IU/mL 37 (74)

 Anti- dsDNA antibody >75 IU/mL 31 (62)

 Proteinuria 11 (22)

 Pyuria >4 WBC per HPF 6 (12)

 Hematuria>4 RBC per HPF 8 (16)

 Red blood cell casts 1 (2)

 24 hours urine P/C ratio >0.3 g 14 (28)

 No laboratory abnormalities 6 (12)

*Renal: presence of proteinuria, haematuria, albuminuria, casts or pyuria.
†Haematological: presense of haemoglobin <10 g/dL, white cell count <3.5×109/L or platelet count <100×109/L.
‡Immunological/inflammatory: presense of ESR >20, CRP >5, low C3 or C4 or positive anti- dsDNA antibody level.
CRP, C- reactive protein; dsDNA, anti- double stranded DNA antibody level; eGFR, estimated glomerular filtration rate; 
ESR, erythrocyte sedimentation rate; HPF, high power field; P/C, protein/creatinine; RBC, red blood cell; SLEDAI- 2K, 
Systemic Lupus Erythematosus Disease Activity Index 2000; WBC, white blood cell.

MeTHOdS
Survey design
An invitation to participate was sent to a group of 194 interna-
tional rheumatologists with expertise in SLE. None were involved 
in the survey design. Fifty de- identified clinical vignettes based 
on real- life cases, spanning the spectrum of SLE manifestations 
and severity (SLEDAI- 2K range: 0 to 28), were presented via an 
online survey using SurveyMonkey.

Each case was organised in the same format and included 
demographic descriptors (sex, age and occupation), past SLE 
history, detailed current disease features, treatment and labora-
tory test results. Clinical characteristics of the cases are presented 
in table 1. Case pairs with and without inclusion of laboratory 
test results were presented in random order to each expert, who 
was asked to first score the PGA without laboratory test results 
(‘pre- lab’). The case vignette was then re- presented with inclu-
sion of results of laboratory tests and the respondent was next 
asked to score the ‘post- lab’ PGA. Only forward progression 
through the survey was allowed; however, participants were able 
to log in multiple times until the survey was fully completed. 
Scoring of the PGA with the usual instructions ‘How do you rate 
your patient’s current disease activity?’ was performed using the 
well established anchored scale of 0 to 3 with 0=none, 1=mild, 
2=moderate and 3=most active disease imaginable.6 Following 
the assessment of cases, respondents were asked to answer 10 
qualitative questions in order to clarify how they incorporated 
data into their PGA scoring. Multiple reminders were sent to 
complete the study and only completed surveys were used in this 
data analysis.

Patients were not involved in this research.

Statistical analysis
Measures of central tendency and spread were used to describe 
responses, and Pearson’s correlation coefficient (CC) was used 
to evaluate the relationship between pre- lab and post- lab PGA 
and between pre- lab and post- lab PGA and SLEDAI- 2K. Inter- 
rater reliability of PGA responses was assessed using the intra-
class correlation coefficient (ICC) with a two- way random effect 
model (2,k). Data were analysed using Stata V.15 (StataCorp, 
College Station, Texas).

reSulTS
respondent demographics
Completed surveys were received from 60 respondents, 
providing a data set of 3000 unique paired responses. Demo-
graphic characteristics of the respondents are presented in 
table 2 (See Acknowledgements for a list of contributors).

Pre-laboratory and post-laboratory PGA scores
Pre- lab PGA scores ranged from 0 to 2.25 and post- lab PGA 
scores ranged from 0.4 to 2.5. Inter- rater PGA reliability among 
lupus experts was excellent (pre- lab PGA ICC 0.98; post- lab 
PGA ICC 0.99). Descriptive statistics (median, IQR) for the 
individual case PGA scores are shown in online supplementary 
table S1. The spread of PGA scores according to SLEDAI- 2K 
score groupings dividing cases into mild, moderate or severe 
disease activity (SLEDAI- 2K <6, 6 to 11 and >11) are shown 
in online supplementary figure S1A (pre- lab PGA) and S1B 
(post- lab PGA). There was significantly greater variability of 
pre- lab PGAs for cases with higher SLEDAI- 2K and significantly 
greater spread of post- lab PGAs for cases with intermediate 
SLEDAI- 2K compared with cases with low or high SLEDAI- 2K 
scores. Knowledge of laboratory results influenced PGA scoring. 

The median post- lab PGA (1.0, IQR 1.3) was higher than pre- lab 
PGA (0.5 (1.05)) (p<0.001), in all but two cases (table 3). In two 
cases, the post- lab median PGA was lower than the pre- lab PGA 
score; these cases represented two of the six vignettes with no 
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Table 2 Respondent demographics

respondents (n=60)
N (%) or mean 
(Sd)

Continent

 North America 24 (40)

 South America 5 (8.33)

 Europe 15 (25)

 Asia 10 (16.67)

 Australia 6 (10)

Years of rheumatology practice

 0–10 years 9 (15)

 11–20 years 20 (33.33)

 21–30 years 18 (30)

 >30 years 13 (21.67)

Percentage of time practicing in the following locations

 Urban 90.8 (21.4)

 Suburban 39.3 (40.3)

 Rural 8.2 (24.7)

Percentage of time spent in the following settings

 Clinical practice 48 (19.5)

 Clinical research 30 (19.1)

 Basic research 13.7 (15.3)

 Teaching 18 (9.9)

How often the PGA is performed for SLE patients

 Every clinic/study visit 41 (68.33)

 Once a year 7 (11.67)

 Never 7 (11.67)

 Other 5 (8.33)

Number of patients with SLE seen in the past year

 0–10 1 (1.67)

 11–30 1 (1.67)

 31–50 1 (1.67)

 51–100 13 (21.67)

 >100 44 (73.33)

Number of SLE clinical trials participated in during the last year

 0 8 (13.33)

 1–5 42 (70)

 >5 10 (16.67)

Number of patients enrolled in SLE clinical trials during the last year

 0 12 (20)

 1–5 22 (36.67)

 >5 26 (43.33)

PGA, physician global assessment; SLE, systemic lupus erythematosus.

abnormal laboratory results. The delta- PGA was defined as the 
difference between the post- lab and pre- lab PGA. The median 
(IQR) delta- PGA, for all case pairs was 0.2 (0.45) (table 3).

The correlation between pre- lab and post- lab PGA was moder-
ately strong (Pearson correlation coefficient=0.682 (95% CI 
0.030 to 0.621). In 20 cases, the CC was ≥0.8; in 14 cases, the 
CC was 0.6 to 0.79 and in 16 cases, the CC was ≤0.59. The 16 
cases with the poorest correlation between pre- lab and post- lab 
PGA (CC ≤0.59) were primarily vignettes in which laboratory 
data revealed lupus nephritis and/or haematological manifestations 
(online supplementary table S2). The median delta PGA was ≥0.3 
in 19 cases. A higher pre- lab PGA appeared to be predictive of a 
median delta PGA of ≥0.3, as the delta PGA was ≥0.3 in half of 
the cases with a pre- lab PGA between 1 and 2, in comparison to 
35% of those with pre- lab PGA between 0 and 1 (online supple-
mentary table S3).

Influence of laboratory abnormalities on PGA score
In general, all abnormal laboratory results, including elevated 
anti- dsDNA antibody and low complement levels impacted the 

scoring of the PGA (table 3). Laboratory abnormalities with 
the greatest impact on post- lab PGA were urinalysis (presence 
of urinary casts, pyuria, haematuria and proteinuria), throm-
bocytopenia and elevations of erythrocyte sedimentation rate 
(ESR) >40 mm/hour and C- reactive protein (CRP) >10 mg/L, 
each with a median delta PGA greater than 0.5. Hypocomple-
mentaemia, mild anaemia, leucopenia and elevations of ESR 
>20 mm/hour and CRP >5 mg/L had less influence on PGA 
scores, but each was associated with a median delta PGA ≥0.3.

relationship between PGA and SledAI-2K
Disease activity assessed using the SLEDAI- 2K ranged from 0 to 28. 
There was a moderately strong correlation between SLEDAI- 2K 
and PGA, which was significantly higher for post- lab (CC=0.79, 
95% CI 0.48 to 0.80) than pre- lab (CC=0.67, 95% CI 0.66 to 
0.88) PGA, Steiger’s test p value=0.038 (figure 1A and B).

Qualitative factors determining PGA scoring
Most respondents (86.7%) found the instructions for PGA scoring 
(‘How do you rate this patient’s current disease activity’) under-
standable, although several respondents desired a more specific 
definition of ‘current’, that is, the duration of time incorporated by 
the PGA (table 4). The majority of respondents (83.3%) also found 
the Visual Analogue Scale of 0 to 3 easy to use; a suggestion for 
improvement was to ‘change the scale to 0 to 10 to allow greater 
precision in differentiating disease activity’. Another comment was 
that ‘subdecimal differences were not meaningful’.

Factors influencing respondents’ PGA scoring are shown in 
table 4. Approximately two- thirds of respondents indicated that 
they take prior disease manifestations into account, largely to 
give context to a patient’s current disease manifestations, and to 
help judge new activity compared with chronic ongoing activity. 
The amount of time incorporated into the definition of ‘current 
disease activity’ prior to the PGA assessment visit varied; 73% 
considered 7 to 10 days (36.7%) or 1 month (36.7%) as their 
timeframe for ‘current’ disease activity (see table 4). Disease 
activity during the day of the visit or during the previous 1 to 
2 days or up to 3 or 6 months was considered by 10%. The 
majority of respondents indicated that they also factor current 
medications into their PGA score. Approximately one- third of 
respondents indicated that they took prior damage and medi-
cations into account when scoring the PGA and over 80% of 
respondents considered patient- reported factors such as pain, 
fatigue, functional limitation and impaired quality of life in their 
PGA determinations. Serological markers, that is, hypocomple-
mentaemia and the presence of dsDNA antibodies were incor-
porated into PGA scoring by 88.7% and 85% of respondents 
(respectively), while 50% reported that ESR or CRP values influ-
enced their scoring of the PGA. Lastly, respondents reported 
that before including any feature into their overall assessment of 
disease activity, that they needed to be at least 80% certain that 
the feature was attributed to SLE.

dISCuSSIOn
This study is the first to formally assess factors that impact the 
scoring of the PGA in evaluating SLE disease activity. The PGA 
is a subjective measure which is dependent on on the assessor’s 
clinical judgement. It is the summation of the clinical and labo-
ratory information for a particular patient encounter. The data 
presented here demonstrate that when scored by physicians with 
expertise in SLE, the PGA performs well across continents and 
cultures. Although some cases had a wide range of PGA scores, 
there was a high degree of agreement among these respondents, as 
ICCs for inter- rater reliability between the PGAs of assessors were 

https://dx.doi.org/10.1136/annrheumdis-2019-216753
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Table 3 Influence of laboratory abnormalities on PGA scoring

laboratory abnormality CC 95% CI n

Pre- lab PGA Post- lab PGA
delta
(Pre – Post)

Median IQr Median IQr Median IQr

Casts 0.35 (0.10 to 0.55) 1 0.80 0.50 2.10 0.50 −1.40 0.60

Pyuria 0.46 (0.23 to 0.64) 6 0.93 0.83 2.03 0.55 −0.94 0.81

Haematuria 0.46 (0.23 to 0.64) 8 1.06 1.02 2.08 0.51 −0.91 0.86

Platelets<132×109/L 0.42 (0.19 to 0.61) 5 0.59 0.63 1.62 0.80 −0.87 0.72

Platelets<50×109/L 0.36 (0.11 to 0.56) 2 0.45 0.93 1.65 1.00 −0.85 0.88

Proteinuria 0.46 (0.23 to 0.64) 11 0.59 0.56 1.47 0.51 −0.78 0.69

Haemoglobin <10 g/dL 0.60 (0.41 to 0.74) 4 0.51 0.95 1.46 0.73 −0.78 0.68

Elevated 24 hours protein:creatinine ratio 0.47 (0.25 to 0.65) 14 0.82 0.70 1.67 0.48 −0.74 0.73

CRP >10 mg/L 0.59 (0.40 to 0.74) 18 1.03 0.67 1.72 0.53 −0.58 0.57

ESR >40 mm/hour 0.59 (0.39 to 0.73) 18 0.98 0.68 1.59 0.63 −0.55 0.58

Low C4 0.57 (0.37 to 0.72) 14 1.15 0.65 1.76 0.52 −0.54 0.55

CRP >5 mg/L 0.62 (0.44 to 0.76) 27 0.85 0.62 1.45 0.57 −0.50 0.54

Albuminuria 0.47 (0.25 to 0.65) 1 2.00 2.05 2.55 0.30 −0.50 1.30

Anti- dsDNA antibody >75 IU/mL 0.64 (0.45 to 0.77) 31 0.82 0.59 1.35 0.54 −0.45 0.52

Low C3 0.64 (0.46 to 0.77) 26 0.96 0.56 1.44 0.53 −0.41 0.48

Elevated anti- dsDNA antibody 0.65 (0.47 to 0.78) 37 0.72 0.57 1.22 0.55 −0.41 0.50

Haemoglobin
<11.5 g/dL

0.66 (0.49 to 0.78) 21 0.95 0.68 1.43 0.59 −0.40 0.51

Low C3 or C4 0.65 (0.48 to 0.78) 27 0.97 0.55 1.44 0.53 −0.40 0.47

ESR >20 mm/hour 0.67 (0.50 to 0.79) 38 0.78 0.61 1.26 0.57 −0.39 0.48

WBC <3.5×109/L 0.62 (0.43 to 0.75) 5 1.35 0.84 1.87 0.52 −0.36 0.61

anti- dsDNA, anti- double stranded DNA antibody level; CC, correlation coefficient between pre- lab and post- lab PGA in cases where laboratory abnormality was present; CRP, C- reactive protein; ESR, erythrocyte 
sedimentation rate; PGA, physician global assessment; WBC, white blood cell count.

Figure 1 (A) Correlation of SLEDAI- 2K with the PGA determined without laboratory results (pre- lab) (CC 0.67, 95% CI 0.66 to 0.88). (B) Correlation 
of SLEDAI- 2K with the PGA determined with knowledge of laboratory results (post- lab) (CC 0.79, 95% CI 0.48 to 0.80). The correlation of the post- 
lab PGA with SLEDAI- 2K is significantly greater than the correlation of the pre- lab PGA with SLEDAI- 2K (p=0.038 PGA, Steiger’s test). CC,correlation 
coefficient; PGA, physician global assessment;SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index 2000.

0.98 and 0.99 for pre- lab and post- lab PGAs, respectively. This 
finding, along with the good correlation between the PGA and 
SLEDAI- 2K, provides reassurance that the PGA is a valid outcome 
measure. This is an important conclusion given that the PGA is a 
component of multiple composite measures used in clinical trials 
evaluating new treatments for SLE.

An essential finding is that PGAs scored with inclusion of 
laboratory data were consistently and significantly higher than 
those scored without these data. Importantly, PGAs scored with 
knowledge of laboratory data correlated significantly better with 
the SLEDAI- 2K, a validated instrument of lupus disease activity. 
This suggests that the post- lab PGA is a more accurate measure 
of SLE disease activity than a PGA determined before knowl-
edge of laboratory results. Our vignettes were based on real- life 
patients and included cases in which the only abnormalities were 
elevated inflammatory markers and/or serological abnormalities. 
Not surprisingly, the cases with the largest differences between 
pre- PGA and post- PGA determinations were those in which labo-
ratory results revealed abnormalities in the renal or haematolog-
ical domains. We found that in 40% of the cases evaluated in this 

study, meaningful differences (>0.3 units) were noted between 
PGA scores with and without laboratory results. This is particularly 
relevant as both the SRI and BICLA, composite response indices 
used in clinical trials, require that the PGA not increase by more 
than >0.3 units.

The PGA was first incorporated into an instrument assessing SLE 
disease activity in the Lupus Activity Index (LAI) in the 1990’s.7 As 
the final score of the LAI included laboratory variables in a separate 
domain, the PGA in this context was based solely on the physician’s 
assessment of disease activity at the time of the patient visit, that 
is, without laboratory values. The PGA has subsequently been used 
as a stand- alone instrument in clinical trials as well as in longitu-
dinal lupus cohorts to measure lupus disease activity. While waiting 
for laboratory data may be logistically cumbersome and may delay 
the completion of the PGA, most assessors incorporate laboratory 
values into their PGA scores, as intuitively, ‘global’ disease activity 
integrates all features of disease including laboratory data. Simi-
larly, treatment decisions in both the clinic and in clinical trials 
are usually finalised only after laboratory values are known. While 
some clinical trials allow PGA scoring to occur when laboratory 
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Table 4 Qualitative factors affecting physician global assessment of 
lupus disease activity
respondents (n=60) N (%)

Is the question: ‘How do you rate this patient’s current disease activity?’ understandable?

 Yes 52 (86.7)

 No 8 (13.3)

Is the Visual Analogue Scale (score 0–3) format easy to use?

 Yes 50 (83.3)

 No 10 (16.7)

Do you have a sufficient understanding of what the 0, 1, 2, 3 anchors/landmarks mean in relation to 
disease activity?

 Yes 49 (81.7)

 No 11 (18.3)

When assessing CURRENT disease activity for scoring the PGA:

Time - Do you assess disease activity…

 On the day of the visit only? 10 (16.7)

 Over the previous 1–2 days? 1 (1.67)

 Over the previous 7–10 days? 22 (36.7)

 Over the previous 1 month? 22 (36.7)

 Over the previous 3 months? 4 (6.67)

 Over the previous 6 months? 1 (1.67)

Prior disease activity - Do you take into account prior disease manifestations?

 Yes 41 (68.3)

 No 19 (31.7)

Medications:
Do you take CURRENT medications into account?

 Yes 40 (66.7)

 No 20 (33.3)

Do you take PREVIOUS medications into account?

 Yes 13 (21.7)

 No 47 (78.3)

Damage - Do you take prior damage defined by the SLICC/ACR damage index into account?

 Yes 19 (31.7)

 No 41 (68.3)

Patient reported items - Do you take patient reported items pain/fatigue/functional limitations/impaired 
quality of life into account?

 Yes 50 (83.3)

 No 10 (16.7)

Laboratory tests:
Do you take hypocomplementaemia into account?

 Yes 53 (88.3)

 No 7 (11.7)

Do you take anti- DNA antibody titer into account?

 Yes 51 (85)

 No 9 (15)

Do you take ESR into account?

 Yes 34 (56.7)

 No 26 (43.3)

Do you take C- reactive Protein into account?

 Yes 32 (53.3)

 No 28 (46.7)

Certainty of attribution to SLE: Mean % (SD)

How sure do you need to be of SLE attribution in order to score the manifestation on the 
PGA?

80 (14)

ACR, American College of Rheumatology; ESR, erythrocyte sedimentation rate; PGA, physician global assessment; 
SLE, systemic lupus erythematosus; SLICC, Systemic Lupus Erythematosus International Collaborating Clinics.

values have been received, other trials have mandated that the PGA 
be completed at the time of the clinical trial visit, that is, without 
knowledge of the laboratory values accompanying the visit. This 
inconsistent scoring process can lead to discrepancies between the 
PGA score and treatment decisions.

Following the determinations of pre- PGA and post- PGA scoring 
of the clinical vignettes, respondents completed a qualitative survey 
regarding the factors they consider relevant when scoring the PGA, 
and its instructions. Despite the excellent agreement of PGA scores 
between respondents, we noted marked differences in the factors 

influencing their scoring. Clear, precise and concise instructions 
will likely improve PGA accuracy and consistency in clinical prac-
tice as well as in SLE clinical trials.

There are several limitations of this study. Although strengths 
of this study include the large number of cases and the number of 
international experts evaluating each case, the excellent observed 
inter- rater reliability is based on respondents who are lupus 
experts. These data may not be generalisable to general rheuma-
tologists or other physicians who treat fewer patients with SLE. 
Although the case vignettes were based on real patient scenarios, 
the use of vignettes as opposed to real patients is an additional 
limitation and may have resulted in higher inter- rater reliability 
than if actual patients had been evaluated.

In conclusion, the current study reveals a very high level of agree-
ment in PGA scoring of case vignettes among lupus experts, and 
shows that the availability of laboratory data significantly impacts 
PGA scoring. PGAs performed with knowledge of laboratory 
testing results in a score which is higher and which has a signifi-
cantly greater correlation with the SLEDAI- 2K. The variability of 
factors reported by respondents which contribute to their PGA 
determination supports further evaluation and refining of PGA 
scoring instructions. Precise guidelines for the completion of the 
PGA will likely improve its performance as an outcome measure in 
both observational studies and clinical trials.
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Key messages

What is already known about this subject?
 ► Idiopathic thrombocytopenic purpura (ITP) 
may play a role in early- stage systemic lupus 
erythematosus (SLE). The incidence of SLE in 
patients with ITP and the potential relationship 
between them is still unclear.

What does this study add?
 ► There were literatures about ITP and lupus. 
However, most of them are either small 
sample size, nor short duration. For example, 
Moutsopoulos et al showed that haematological 
abnormalities such as thrombocytopaenia in 
ANA positive individuals are not associated 
with an evolution to SLE after a follow- up of 
2–5 years. Olivera et al described four cases of 
immune thrombocytopenic purpura diagnosed 
from 7 months to 5 years (average 3 years) 
before juvenile SLE became evident.

 ► Our study aimed to investigate this association 
by using a population- based database with 
1 million population and 14 years follow- up. We 
believed this big data approach might reduce 
the selection bias and strengthen the grade 
of evidence. Moreover, by this big database, 
we can provide more information about ITP 
and SLE, including cumulative incidence, age 
stratification, as well as interactions with 
comorbidities.

How might this impact on clinical practice or 
future developments?

 ► This cohort study demonstrated that patients 
with ITP have a higher risk of SLE. Clinically, 
patients with ITP should be monitored for 
incidental lupus.

AbSTrACT
background idiopathic thrombocytopenic purpura 
(iTp) may play a role in early- stage systemic lupus 
erythematosus (slE). The incidence of slE in patients 
with iTp and the potential relationship between them 
is still unclear. This study was performed to provide 
epidemiological evidence regarding the relationship 
between iTp and slE occurrence.
Methods in this population- based retrospective cohort 
study, the risk of slE was analysed in a cohort of patients 
newly diagnosed with iTp between 2000 and 2013. 
controls were selected at a 1:2 ratio through propensity 
score matching (psm) using the greedy algorithm. The 
cox proportional hazard model was used to analyse the 
association between iTp and slE incidence. There were 
four different cox regression models, and the sensitivity 
analyses were implemented to evaluate the HR of slE 
after exposure with iTp.
results in the age- matched and sex- matched iTp and 
non- iTp cohort, the average follow- up time was about 
80 months in this study. There were 34 (4.70%) and 27 
(0.19%) incident cases of slE in iTp and non- iTp group. 
The incidence rates were 62.0 (95% ci 44.3 to 86.8) and 
2.10 (95% ci 1.44 to 3.06), respectively. The adjusted 
HR of incidental slE in the iTp group was 25.1 (95% ci 
13.7 to 46.0). The other risk factors for slE were female 
sex and sjogren’s syndrome. after psm, the incidence 
rate and Kaplan- meir curves of slE were consistent 
with the results for the age- matched and sex- matched 
population, the HR 17.4 (95% ci 5.28 to 57.4) was 
estimated by conditional cox model.
Conclusion This cohort study demonstrated that 
patients with iTp have a higher risk of slE. clinically, 
patients with iTp should be monitored for incidental 
lupus.

InTroduCTIon
Idiopathic thrombocytopenic purpura (ITP) is an 
idiopathic bleeding disorder that is characterised 
by thrombocytopaenia and normal or increased 
numbers of bone marrow megakaryocytes. The 
pathogenesis of primary ITP remains unknown. 
Secondary ITP can be related to autoimmune 
disease, immunodeficiency and infection.1 The 
premature destruction of platelets by the reticu-
loendothelial system occurs due to the binding of 
autoantibodies to several platelet surface antigens.2 
ITP is often accompanied by an increase in bone 
marrow megakaryocyte number.3 Clinically, ITP is 
mainly diagnosed based on the following criteria: 

(1) the reduced platelet count is detected at least 
twice, and the blood cell morphology is normal; 
(2) the spleen is generally small; (3) the number 
of megakaryocytes in the bone marrow is normal 
or increased, accompanied by maturation disor-
ders and (4) other secondary thrombocytopaenia 
is excluded. Clinical manifestations of ITP are 
chills, fever and even sudden spontaneous mucosal 
bleeding in the skin.4

Systemic lupus erythematosus (SLE) is a chronic 
inflammatory autoimmune disease involving 
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Figure 1 Flow chart of the study design. ITP, idiopathic 
thrombocytopenic purpura; SLE, systemic lupus erythematosus.

multiple systems, with a remitting or relapsing course.5 6 It is 
characterised by the production of various autoantibodies and by 
various clinical manifestations, although the more common early 
manifestations are arthritis, glomerulonephritis and haemocy-
topenia.7 Platelets play a crucial role in immunity, not only in 
the defence against pathogens,8 9 but also in the development 
of autoimmune diseases.10 Some studies had indicated that the 
platelet system is activated during SLE.11 Olivera et al described 
four cases of immune thrombocytopenic purpura diagnosed 
from 7 months to 5 years (average 3 years) before juvenile SLE 
became evident.12 On the contrary, in a retrospective study, 
Moutsopoulos et al showed that haematological abnormalities 
such as thrombocytopaenia in anti- nuclear antibody (ANA) posi-
tive individuals are not associated with an evolution to SLE after 
a follow- up of 2–5 years.13 Most of previous studies are either 
small sample size, nor short duration. Hence, our study aimed 
to investigate this association by using a population- based data-
base with 1 million population and 14 years follow- up, and to 
analyse the incidence of ITP in SLE, including data on cumula-
tive incidence, and age stratification, as well as interactions with 
comorbidities.

PATIenT And MeTHodS
data sources
Data from the National Health Insurance Research Database 
(NHIRD) of Taiwan were used in this study, which is maintained 
by the National Research Agency for research purposes. The 
NHIRD includes the data of more than 99% of Taiwan’s popula-
tion. The database contains information on diagnoses, hospital-
isations, examinations and prescriptions. The informed consent 
was waived because of the retrospective nature of observational 
study and the anonymous datasets were used.

Study participants and patient inclusion and exclusion criteria
As shown in figure 1, Taiwan’s NHIRD enrolled a total of 
993 161 patients. Diseases were defined according to Inter-
national Classification of Diseases, Ninth Revision (ICD-9) 
codes. The participants of the present study were hospitalised 
patients diagnosed with ITP (ICD-9- Clinical Modification (CM) 
code 287.3) during 1997–2013 (n=1070). The index date was 
defined as the first date of admission with ITP +28 days. The 

exclusion criteria were as follows: (1) index date before 2000 
(n=268); (2) died before the index date (n=26); (3) SLE diag-
nosis before the index date (n=50) and (4) no age- matched and 
sex- matched controls (n=3). Finally, 723 patients were included 
in this cohort. Follow- up started on the index date and ended at 
SLE occurrence, death or end of the study (31 December 2013).

non-ITP controls
We then matched ITP patients at a ratio of 1:20 to 14 460 controls 
by sex and age. We performed propensity score matching (PSM) 
at a 1: 2 ratio to minimise the potential confounding effects of 
sex, age and selected comorbidities on the incidence of SLE. In 
order to make the frequency of selected variables uniform in the 
study and control cohort. Then we included PSM to identified 
668 IPT patients and 1336 individuals without ITP.

There were 992 091 patients who had never hospitalised for 
ITP in Longitudinal Health Insurance Database (LHID) 2000. 
We then matched patients with ITP to 14 460 controls at a 1:20 
ratio by sex and age at the index date, while the controls were 
all at risk at index date.

outcome and relevant variables
Patients diagnosed with SLE (ICD-9- CM code 710.0) with at 
least three outpatient visits or one hospital admission within 
1 year were defined as the main outcome for this study. The 
comorbidities analysed in this study were rheumatoid arthritis 
(ICD-9- CM code 714.0), Sjogren’s syndrome (ICD-9- CM 
code 710.2), systemic sclerosis (ICD-9- CM code 710.1), vascu-
litis (ICD-9- CM code 443.0), hypertension (ICD-9- CM codes 
401–405), diabetes mellitus (ICD-9- CM code 250), hyperlipi-
daemia (ICD-9- CM codes 272.0–272.4), coronary artery disease 
(ICD-9- CM codes 410–414), osteoporosis (ICD-9- CM code 
733), cerebral vascular accident (ICD-9- CM codes 430–438), 
asthma (ICD-9- CM code 493), chronic obstructive pulmonary 
disease (ICD-9- CM codes 490–492 and 493–496), chronic 
kidney disease (ICD-9- CM code 585), chronic liver diseases 
(ICD-9- CM codes 571 and 573), hyperthyroidism (ICD-9- CM 
code 242), thyroiditis (ICD-9- CM code 245), pancreatitis 
(ICD-9- CM codes 5770 and 5771), affective psychosis 
(ICD-9- CM code 296) and ankylosing spondylitis (ICD-9- CM 
code 720.0), inflammatory bowel disease (ICD-9- CM codes 
555–556), human immunodeficiency virus infection (ICD-9- CM 
codes 042–044, V08) and antiphospholipid antibody syndrome 
(ICD-9- CM codes 289.8).

Statistical analysis
The absolute standardised difference (ASD) was used to evaluate 
the balance of baseline characteristics in the age- matched and 
sex- matched and propensity score- matched populations. Gener-
ally, ASD <0.1 is considered a small difference. The incidence 
rate (per 100 000 person- months) of SLE was calculated, and 
the crude relative risk (and its 95% CI).14 was estimated through 
Poisson regression. The Kaplan- Meier curves were plotted to 
determine the cumulative incidence of SLE since the index date. 
The log- rank test was used to compare the difference in cumula-
tive incidence. Multiple Cox proportional hazard regression was 
used to estimate the adjusted HR (aHR) of SLE in the patients 
with ITP after controlling for covariates (listed in table 1). We 
used four models to explore the HR of SLE for ITP exposure 
and covariates,14 the models including (1) model 1, the predictor 
is ITP exposure alone, (2) model 2, ITP exposure +demographic 
variables, (3) model 3, ITP exposure +demographic variables+-
medical utilisation and comorbidities at baseline in age- matched 
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Table 1 Baseline characteristics among ITP group and non- ITP group

before PSM (1:20 age–sex matching) 1:2 PSM

non- ITP n=14 460 (%) ITP n=723 (%) ASd non- ITP n=1336 (%) ITP n=668 (%) ASd

Sex 0.000 0.038

 Female 8340 (57.68) 417 (57.68) 801 (59.96) 390 (58.38)

  Male 6120 (42.32) 306 (42.32) 535 (40.04) 278 (41.62)

Age 0.000 0.047

 <30 3720 (25.73) 186 (25.73) 333 (24.93) 173 (25.90)

 30–45 2480 (17.15) 124 (17.15) 194 (14.52) 110 (16.47)

 45–65 3780 (26.14) 189 (26.14) 349 (26.12) 171 (25.60)

 ≥65 4480 (30.98) 224 (30.98) 460 (34.43) 214 (32.04)

Urbanisation 0.044 0.044

 Urban 8427 (58.28) 406 (56.15) 727 (54.42) 376 (56.29)

 Suburban 4441 (30.71) 238 (32.92) 458 (34.28) 221 (33.08)

 Rural 1592 (11.01) 79 (10.93) 151 (11.30) 71 (10.63)

Low income 72 (0.50) 6 (0.83) 0.041 6 (0.45) 4 (0.60) 0.021

Length of hospital stays* 1.196 0.045

 0 day 12 897 (89.19) 286 (39.56) 556 (41.62) 286 (42.81)

 1–6 days 840 (5.81) 188 (26.00) 381 (28.52) 180 (26.95)

 ≥7 days 723 (5.00) 249 (34.44) 399 (29.87) 202 (30.24)

Co- morbidity†

 RA 93 (0.64) 11 (1.52) 0.085 6 (0.45) 10 (1.50) 0.107

 Sjogren syndrome 64 (0.44) 13 (1.80) 0.129 10 (0.75) 9 (1.35) 0.059

 Systemic sclerosis 4 (0.03) 1 (0.14) 0.038 0 (0.00) 1 (0.15) 0.055

 Vasculitis 25 (0.17) 8 (1.11) 0.117 12 (0.90) 3 (0.45) 0.055

 Hypertension 3208 (22.19) 213 (29.46) 0.167 400 (29.94) 195 (29.19) 0.016

 Diabetes mellitus 1409 (9.74) 109 (15.08) 0.162 211 (15.79) 103 (15.42) 0.010

 Hyperlipidaemia 1281 (8.86) 91 (12.59) 0.121 158 (11.83) 86 (12.87) 0.032

 Coronary artery disease 1130 (7.81) 95 (13.14) 0.175 188 (14.07) 91 (13.62) 0.013

 Osteoporosis 525 (3.63) 51 (7.05) 0.153 88 (6.59) 45 (6.74) 0.006

 Cerebral vascular accident 800 (5.53) 73 (10.10) 0.171 131 (9.81%) 67 (10.03) 0.008

 Asthma 619 (4.28) 35 (4.84) 0.027 79 (5.91) 35 (5.24) 0.029

 COPD 1109 (7.67) 100 (13.83) 0.200 178 (13.32) 89 (13.32) 0.000

 Chronic kidney disease 184 (1.27) 28 (3.87) 0.165 45 (3.37) 26 (3.89) 0.028

 Chronic liver diseases 855 (5.91) 171 (23.65) 0.516 239 (17.89) 123 (18.41) 0.014

 Hyperthyroidism 112 (0.77) 16 (2.21) 0.119 26 (1.95) 15 (2.25) 0.021

 Thyroiditis 13 (0.09) 3 (0.41) 0.119 3 (0.22) 3 (0.45) 0.021

 Pancreatitis 21 (0.15) 9 (1.24) 0.133 10 (0.75) 7 (1.05) 0.032

 Affective psychosis 145 (1.00) 12 (1.66) 0.057 27 (2.02) 10 (1.50) 0.040

 Ankylosing spondylitis 20 (0.14) 4 (0.55) 0.071 3 (0.22) 2 (0.30) 0.015

 IBD 153 (1.06) 11 (1.52) 0.041 17 (1.27) 11 (1.65) 0.031

 HIV infection 1 (0.01) 7 (0.97) 0.138 0 (0.00) 6 (0.90) 0.135

 APS 3 (0.02) 20 (2.77) 0.236 0 (0.00) 19 (2.84) 0.242

ITP treatment at baseline‡

 No drug admiration 199 (27.52) 189 (28.29)

 Corticosteroid only 462 (63.90) 425 (63.62)

 HCQ or azathioprine 62 (8.58) 54 (8.08)

*Length of hospital stay was identified within 2 years before index date.
†Comorbidity was identified within 1 year before index date.
‡ITP treatment was identified within 6 months after diagnosis with ITP.
.APS, antiphospholipid antibody syndrome; ASD, absolute standardised difference; HCQ, hydroxychloroquine; IBD, inflammatory bowel disease; ITP, idiopathic thrombocytopenic 
purpura; PSM, propensity score matching; RA, rheumatoid arthritis.

and sex- matched population. (4) Model 4, the conditional Cox 
model with ITP exposure alone in propensity score- matched 
population, to estimate the effect of ITP on the risk of SLE. The 
sensitivity analysis was implemented to evaluate the HR of SLE 
after exposure with ITP. Statistical significance was defined as 
p<0.05. All statistical analyses were performed using SAS V.9.4 
software (SAS Institute).

reSulTS
demographic characteristics and comorbidities
Given that SLE has a low incidence, the control group was first 
matched by sex and age at a ratio of 1:20. Eligible study partici-
pants were 723 patients in the ITP group and 14 460 age- matched 
and sex- matched individuals in the control (comparison) group. 
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Table 2 Incidence of SLE in PSM study group

before PSM
(1:20 age–sex matching) 1:2 PSM

non- ITP n=14 460 ITP n=723 non- ITP n=1336 ITP n=668

Follow- up person months 1 288 470 54 840 115 163 51 334

SLE 27 34 3 29

Incidence rate* (95% CI) 2.10 (1.44 to 3.06) 62.0 (44.3 to 86.8) 2.60 (0.84 to 8.08) 56.5 (39.3 to 81.3)

Crude relative risk (95% CI) Reference 29.6 (17.9 to 49.0) Reference 21.7 (6.61 to 71.2)

*Incidence rate, per 100 000 person- months.
ITP, idiopathic thrombocytopenic purpura; PSM, propensity score matching; SLE, systemic lupus erythematosus.

Figure 2 The cumulative incidence of SLE for patients with and without ITP, (A) age- matched and sex- matched population. (B) Propensity score- 
matched population. ITP, idiopathic thrombocytopenic purpura; PSM, propensity score matching; SLE, systemic lupus erythematosus.

Further, for comparison, PSM was conducted at a ratio of 1:2 
(only this ratio was selected, and a higher ratio could not provide 
a suitable control). Finally, 668 patients with ITP and 1336 
controls after PSM (figure 1) were included. Although number of 
women was slightly more (57%) than men, the difference in age 
and sex between the two groups was non- significant (table 1). 
The prevalence of ITP comorbidities in the age- matched and 
sex- matched population was high, as shown in table 1. Following 
PSM, most baseline characteristics were balanced. The mean 
(SD) follow- up time of the ITP and control groups was 76.85 
(52.00) and 86.20 (50.83) months, respectively.

Comparison of Sle incidence and Hr between ITP and Sle 
and comparison groups
Before PSM, the incidence of SLE in the ITP group and the 
control group was 62.0 and 2.10 per 100 000 person- years, 
respectively. After PSM at a 1:2 ratio, the incidence of SLE in the 
ITP group and the control group was 56.5 and 2.60, respectively. 
Before PSM (age and sex matching at a 1:20 ratio), the crude 
relative risk of SLE in the ITP group was 29.6 (95% CI 17.9 to 
49.0) compared with the control group (table 2). After PSM at 
a 1:2 ratio, the crude relative risk of SLE for the ITP group was 
21.7 (95% CI 6.6 to 71.2). The survival curve (figure 2) revealed 
that the cumulative incidence of SLE was higher in the ITP group 
than in the comparison group (p<0.0001).

Proportional hazard regression used to estimate the aHr of 
Sle
Table 3 indicated the results of Cox regressions, the HRs of SLE 
for ITP exposure were 28.7 (95% CI 17.3 to 47.6), 28.5 (95% 
CI 17.2 to 47.3), 25.1 (95% CI 13.7 to 46.0) and 17.4 (95% CI 
5.28 to 57.4) through model 1 to model 4. The consistent find-
ings of significant higher risk of SLE in ITP patients were found 
across four different regression models. In model 4, we also 
found female had increased risk (aHR=20.5, 95% CI 4.94 to 
84.9) of SLE compared with male. The patients who had comor-
bidity with Sjogren syndrome (aHR=6.02, 95% CI 1.33 to 27.3) 
got significantly excess relative risk of SLE.

Sensitivity analysis for estimating the aHr of Sle
Table 4 provided four scenarios to test the stability of HR of 
SLE in different definition of ITP exposure and SLE event. In 
NHIRD, there was no laboratory report to identify the cases 
of SLE. We try to develop three scenarios, listed in the table 4, 
to improve the accuracy of diagnosis with SLE. We found the 
aHRs were 25.1 (95% CI 13.7 to 46.0), 32.0 (95% CI 16.8 to 
61.1) and 39.7 (95% CI 19.1 to 82.4) in scenarios 1, 2 and 3. 
The higher association (aHR) was found between ITP exposure 
and risk of moderate or severe SLE. Furthermore, we excluded 
the cases potentially had secondary ITP, in scenario 4, showed 
the aHR=27.0 (95% CI 14.4 to 50.5) of SLE for ITP exposure.
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Table 3 Cox proportional hazard regressions for estimation of adjusted HRs on SLE

Variable

Hr (95% CI)

1:20 age- matched and sex- matched population 1:2 PSM population

Model 1: ITP exposure 
alone

Model 2: ITP exposure 
+demographic variables

Model 3: model 2+medical 
utilisation and comorbidities at 
baseline

Model 4: conditional cox 
model with ITP exposure 
alone

ITP (ref: non- ITP) 28.7 (17.3 to 47.6) 28.5 (17.2 to 47.3) 25.1 (13.7 to 46.0) 17.4 (5.28 to 57.4)

Sex (ref: male)

  Female 20.7 (5.01 to 84.8) 20.5 (4.94 to 84.9)

Age (ref: 30–45)

 <30 1.19 (0.63 to 2.24) 1.20 (0.62 to 2.32)

 45–65 0.58 (0.28 to 1.21) 0.56 (0.25 to 1.25)

 ≥65 0.44 (0.18 to 1.07) 0.42 (0.15 to 1.21)

Urbanisation (ref: Urban)

 Suburban 1.09 (0.63 to 1.88) 1.13 (0.65 to 1.97)

  Rural 0.68 (0.24 to 1.91) 0.71 (0.25 to 2.01)

Low income Cannot estimate Cannot estimate

Length of hospital stays* (ref: 0 day)

 1–6 days 1.35 (0.69 to 2.65)

 ≥7 days 0.91 (0.35 to 2.35)

Comorbidity†

 Rheumatoid arthritis 2.02 (0.39 to 10.40)

 Sjogren syndrome 6.02 (1.33 to 27.34)

 Systemic sclerosis Cannot estimate

 Vasculitis 4.24 (0.84 to 21.5)

 Hypertension 1.36 (0.56 to 3.33)

 Diabetes mellitus 0.75 (0.24 to 2.38)

 Hyperlipidaemia 0.41 (0.09 to 1.79)

 Coronary artery disease 0.23 (0.03 to 1.79)

 Osteoporosis 1.20 (0.34 to 4.21)

 Cerebral vascular accident 1.93 (0.51 to 7.26)

 Asthma 1.41 (0.43 to 4.68)

 Chronic obstructive pulmonary 
disease

1.06 (0.40 to 2.77)

 Chronic kidney disease Cannot estimate

 Chronic liver diseases 1.55 (0.71 to 3.39)

 Hyperthyroidism 1.93 (0.58 to 6.40)

 Thyroiditis Cannot estimate

 Pancreatitis Cannot estimate

 Affective psychosis Cannot estimate

 Ankylosing spondylitis Cannot estimate

 IBD 0.70 (0.09 to 5.24)

 HIV Cannot estimate

 APS Cannot estimate

*Length of hospital stay was identified within 2 years before index date.
†Comorbidity was identified within 1 year before index date.
APS, antiphospholipid antibody syndrome; IBD, inflammatory bowel disease; ITP, idiopathic thrombocytopenic purpura; PSM, propensity score matching; RA, rheumatoid arthritis; 
SLE, systemic lupus erythematosus.

Table 4 Sensitivity analysis in the estimation of the SLE risk for ITP exposure in age- matched and sex- matched population

aHr* (95% CI)

Scenario 1 Definition of SLE event: at least three outpatient visits or 1 admission within 1 year by rheumatologist. (Main finding) 25.1 (13.7 to 46.0)

Scenario 2 Definition of SLE event: scenario 1+treated with systemic corticosteroids or DMARDs (including HCQ or azathioprine) 32.0 (16.8 to 61.1)

Scenario 3 Definition of SLE event: scenario 1+treated with DMARDs (including HCQ or azathioprine)† 39.7 (19.1 to 82.4)

Scenario 4 Exclusion of patients with RA, Sjogren syndrome, systemic sclerosis, vasculitis, thyroiditis, ankylosing spondylitis, inflammatory bowel 
disease, HIV, antiphospholipid antibody syndrome at baseline. (Excluding secondary ITP)

27.0 (14.4 to 50.5)

*aHR of ITP exposure on the risk of SLE, the covariates including age group, sex, urbanisation, low income, length of hospital stay and comorbidities listed in table 1.
†The treatment of SLE was identified within 6 months after first diagnosis of SLE.
aHR, adjusted HR; HCQ, hydroxychloroquine; ITP, idiopathic thrombocytopenic purpura; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus.
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dISCuSSIon
This study is the first retrospective cohort study that used nation-
wide population- based data to assess the risk of SLE in patients 
with ITP. The present study demonstrated that the patients with 
ITP had a 26 times higher risk of new- onset SLE compared with 
the control population. Furthermore, the consistent findings of 
significant higher risk of SLE in patients with ITP were found 
across four different regression models. we also found that the 
men had a decreased risk of SLE compared with the women. 
The patients who had comorbidity with Sjogren syndrome got 
significantly excess relative risk of SLE.

Previous studies revealed that thrombocytopaenia is a 
common clinical manifestation and is one of the haematological 
criteria of SLE,15 and it is the first manifestation in 5% of the 
patients with SLE, occurring in 20% of the patients.16 More-
over, 1%–5% of adult patients with ITP develop SLE later.17 
SLE and ITP have similar clinical manifestations, and it has 
been reported that 3%–16% of patients with ITP may develop 
SLE.18 Zhao et al reported that 12.8% of patients with throm-
bocytopaenia in SLE at the first episode were diagnosed with 
ITP.19 Keita et al found that initial haematological abnormalities 
may be the first clinical manifestation of SLE.20 Our study was 
consistent with previous studies and had provided more infor-
mation on long- term cumulative incidence and interaction with 
comorbidities.

The possible mechanisms of ITP in SLE remain unknown. 
Several studies from different countries have assessed the asso-
ciation between ITP and SLE risk but have not yet arrived at a 
consensus.21 22 Severe organ involvement in lupus is associated 
with thrombocytopaenia.19 Thrombocytopaenia indicates a poor 
prognosis of SLE.23 Thrombocytopaenia is an independent risk 
factor of death and has been found to be associated with higher 
disease activity and greater damage in different SLE cohorts.24 
Thrombocytopaenia is associated with more serious diseases 
and has a negative effect on the survival of patients with SLE.25 
Thrombocytopaenia has been shown to be a predictor in patients 
with higher disease activity, likelihood of end- organ damage and 
mortality.19 26 An obvious negative correlation was found between 
platelet and B- cell percentage, confirming the functional role of 
B cells in the pathogenesis of autoimmune thrombocytopaenia.27 
Min et al confirmed that patients with ITP BAFF and CD4+ 
T- cell expression of peripheral blood have significantly higher 
than healthy individuals.28 Thai et al29 observed that BAFF could 
enhance the survival rate of spleen plasma cells and induce B- cell 
resistance during ITP cell failure treatment. These findings about 
ITP prove the link between BAFF and CD4+ T cells, and that 
ITP can induce B- cell resistance.

Our present study is noteworthy for several reasons. First, 
this was the national study on the association between ITP and 
the subsequent development of SLE. Second, this was a nation-
wide study in the Taiwanese population; this study provided a 
sufficiently large sample size to avoid selection bias. Third, the 
16- year long- term population data were extracted from the 
LHID from 1997 to 2013. Therefore, the results are considered 
more comprehensive.

This study has several limitations. First, the cause–effect rela-
tionship was not established. Second, we included patients with 
ITP from the LHID 2000 database. Thus, some patients who 
may not have been adequately diagnosed with ITP were included 
in the cohort. Furthermore, a similar study on the relationship 
between ITP and SLE should include patients from other races 
and countries. There was no study provide the validation of 
diagnosis with SLE or ITP, however, in the sensitivity analysis 

(table 4), we observed consistent results in different definition 
of SLE and ITP.

ConCluSIon
This study demonstrated that patients with ITP are at a higher 
risk of SLE. Clinically, patients with ITP should be educated and 
monitored for the risk of incidental SLE.
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AbsTrACT
Objective Tanezumab, a nerve growth factor inhibitor, 
was investigated for osteoarthritis (Oa) of the hip or 
knee in a study with 24- week treatment and 24- week 
safety follow- up.
Methods This double- blind, randomised, phase 
iii study enrolled adults in europe and Japan with 
moderate- to- severe Oa who had not responded to or 
could not tolerate standard- of- care analgesics. Patients 
were randomised to tanezumab 2.5 mg or 5 mg 
subcutaneously or matching placebo every 8 weeks 
(three doses). Co- primary end points were change from 
baseline to week 24 in Western Ontario and McMaster 
Universities Osteoarthritis index (WOMaC) Pain and 
Physical Function, and Patient’s Global assessment 
of Oa (PGa- Oa). Joint safety and neurological 
assessments continued throughout the 48- week study.
results From March 2016 to December 2017, 849 
patients were randomised and evaluated (placebo n=282, 
tanezumab 2.5 mg n=283, tanezumab 5 mg n=284). at 
week 24, there was a statistically significant improvement 
from baseline for tanezumab 5 mg compared with placebo 
for WOMaC Pain (least squares mean difference±se 
–0.62±0.18, p=0.0006), WOMaC Physical Function
(–0.71±0.17, p<0.0001) and PGa- Oa (–0.19±0.07, 
p=0.0051). For tanezumab 2.5 mg, there was a 
statistically significant improvement in WOMaC Pain and 
Physical Function, but not PGa- Oa. Rapidly progressive 
osteoarthritis (RPOa) was observed in 1.4% (4/283) and 
2.8% (8/284) of patients in the tanezumab 2.5 mg and 
tanezumab 5 mg groups, respectively and none receiving 
placebo. Total joint replacements (TJRs) were similarly 
distributed across all three treatment groups (6.7%–7.8%). 
Tanezumab- treated patients experienced more paraesthesia 
(5 mg) and hypoaesthesia (both doses) than placebo.
Conclusion Tanezumab 5 mg statistically significantly 
improved pain, physical function and PGa- Oa, but 
tanezumab 2.5 mg only achieved two co- primary 
end points. RPOa occurred more frequently with 
tanezumab 5 mg than tanezumab 2.5 mg. TJRs were 
similarly distributed across all three groups.
Trial registration number nCT02709486.

InTrOduCTIOn
Globally, osteoarthritis (OA) is a leading cause of 
disability1 with joint pain that often makes common 

Key messages

What is already known about this subject?
 ► A systematic review and meta- analysis of 
the efficacy and safety of tanezumab for 
osteoarthritis (OA), published in 2015, was 
based on a search of PubMed and Embase 
using relevant keywords (tanezumab, 
fulranumab, fasinumab, anti- nerve growth 
factor (NGF), NGF, osteoarthritis or OA) and lists 
of studies obtained from the developers.

 ► The authors imposed no eligibility restrictions 
on the age of participants, the duration of 
disease or concomitant medication use (non- 
steroidal anti- inflammatory drug or opioids), nor 
language or publication date/status restrictions.

 ► This systematic review showed that the 
early tanezumab studies investigated mostly 
intravenous administration with primary end 
points evaluated at 16 weeks.

 ► Doses were body weight- adjusted or 
administered as fixed doses (up to  
tanezumab 10 mg).

 ► The few studies performed using subcutaneous 
injection were impacted by temporary partial 
clinical holds placed on non- cancer pain studies 
of all NGF monoclonal antibodies following 
joint safety findings in clinical trials, which were 
adjudicated as rapidly progressive osteoarthritis, 
and concerns regarding histomorphological 
changes in the sympathetic nervous system 
reported in preclinical studies.

 ► After a comprehensive assessment of the 
clinical data related to joint safety and 
neurological safety as well as additional 
preclinical studies of sympathetic nervous 
system morphology and function, a risk 
minimisation plan including comprehensive 
surveillance for joint safety and sympathetic 
neurological safety was implemented.

 ► The phase III OA programme conducted post-
2015 used only lower doses of tanezumab 
administered subcutaneously in difficult- to- 
treat patients, and incorporated extensive risk 
management procedures to maintain patient 
safety.

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0001-8252-7815
http://orcid.org/0000-0001-9821-7635
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2019-216296&domain=pdf&date_stamp=2020-05-11
NCT02709486
http://ard.bmj.com/
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Figure 1 Study design. Scheduled in- clinic visits occurred at screening, baseline and weeks 2, 4, 8, 12, 16, 24, 32 and 48, with telephone contact 
scheduled for weeks 20, 28, 36, 40 and 44. Patients who did not complete the double- blind treatment period were still followed through the 24- week 
safety follow- up period.

Key messages

What does this study add?
 ► Of the phase III OA programme, this is the first study to 
assess the efficacy of tanezumab 2.5 mg and 5 mg every 8 
weeks for 24 weeks with additional 24- week safety follow- 
up in patients with moderate- to- severe OA and inadequate 
response to standard- of- care analgesics.

How might this impact on clinical practice or future 
developments?

 ► This study demonstrates the efficacy of subcutaneous 
tanezumab in difficult- to- treat patients with OA.

 ► Adjudicated joint safety end points occurred only in 
tanezumab- treated patients.

 ► Total joint replacements were similarly distributed across all 
three treatment groups.

 ► A longer- term active- controlled study (ClinicalTrials.gov, 
NCT02528188) will provide data to further characterise the 
risk- benefit of tanezumab in patients with OA. 

daily activities difficult. Patients with knee or hip OA also have 
a higher risk of mortality than the general population due to 
increased cardiovascular events.2

To manage the pain associated with OA, guidelines recommend 
a combination of non- pharmacological approaches and analge-
sics3 4 including acetaminophen (paracetamol), non- steroidal 
anti- inflammatory drugs (NSAIDs) and opioids. Limited efficacy 
in some patients and concerns about adverse effects5 6 mean that 
an alternative to current pharmacological treatment options is 
needed.

Nerve growth factor (NGF) is involved in pain signalling7 and 
has been implicated in OA pain.8 Early clinical trials of the NGF 
monoclonal antibody tanezumab investigated mostly intrave-
nous administration of doses that were body weight- adjusted or 
administered as a fixed dose (up to 10 mg), and used primary 
efficacy end points measured at 16 weeks or earlier.9 Cases of 
rapidly progressive osteoarthritis (RPOA) were observed in 

some of these studies.10 Due to these joint safety concerns and 
histomorphological changes in the sympathetic nervous system 
observed in preclinical animal studies,11 the US Food and Drug 
Administration placed partial clinical holds on studies of NGF 
antibodies in 2010 and 2012, respectively. Investigation of these 
events provided evidence that led to the subsequent lifting of 
the tanezumab clinical holds, and an overall risk minimisa-
tion strategy including comprehensive monitoring of joint and 
neurological safety was implemented in subsequent studies. 
The phase III OA programme conducted after the clinical holds 
were removed (post-2015) used only lower doses of tanezumab 
administered subcutaneously in difficult- to- treat patients, incor-
porated extensive risk mitigation and surveillance, excluded 
patients with evidence of or risk factors for RPOA or who were 
unsuitable for joint replacement and restricted chronic concom-
itant use of NSAIDs while in the study.

The current study was designed to assess the efficacy 
(24 weeks) and safety (total 48 weeks, including a 24- week 
post- treatment safety follow- up period) of subcutaneous  
tanezumab (2.5 mg or 5 mg vs placebo, every 8 weeks for a total 
of three doses) in patients with moderate- to- severe OA with an 
inadequate response to, or who could not tolerate, standard- of- 
care analgesics including acetaminophen, NSAIDs and tramadol or 
opioids.

MeTHOds
study design
This was a phase III, randomised, double- blind, placebo- 
controlled, parallel- group, multicentre trial conducted at 104 
hospital, clinical research or general practice sites in Europe 
and Japan from March 2016 to November 2018. Patients were 
recruited directly by investigators, through referrals, and also by 
advertising.

The study comprised a screening period (up to 37 days prior 
to randomisation), a 24- week double- blind treatment period 
and a 24- week safety follow- up period (figure 1). The screening 
period included a washout phase (lasting a minimum of 2 days 
for all prohibited pain medications), if required, and an initial 
pain assessment period (the 7 days prior to randomisation/base-
line) to establish average pain levels in the index joint.

http://ard.bmj.com/
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Patients
Adults (≥18 years of age, male or female) were eligible for 
inclusion if they had a diagnosis of OA of the hip or knee in 
the index joint based on American College of Rheumatology 
criteria12 13 confirmed radiographically (Kellgren- Lawrence14 
grade ≥2) as diagnosed by the Central Readers. They were 
also required to have a documented history of: acetaminophen 
providing insufficient pain relief; and oral NSAIDs providing 
inadequate pain relief or an inability to be taken due to intol-
erance or contraindication; and inadequate pain relief from, or 
intolerance or contraindication to, either tramadol or opioids 
(or unwillingness to take opioids). Other key inclusion criteria 
were Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC15) Pain subscale score ≥5 in the index joint 
at screening and baseline, WOMAC Physical Function subscale 
score ≥5 in the index joint at baseline (all as single time points, 
and an increase after washout of analgesics was not required); 
and ‘fair’, ‘poor’ or ‘very poor’ Patient’s Global Assessment of 
OA (PGA- OA) at baseline.

Key exclusion criteria were radiographic evidence of specified 
bone or joint conditions (RPOA, atrophic or hypotrophic OA, 
subchondral insufficiency fracture, spontaneous osteonecrosis of 
the knee, osteonecrosis or pathological fracture) or other condi-
tions (excessive malalignment of the knee, severe chondrocal-
cinosis, other arthropathies [eg, rheumatoid arthritis], systemic 
metabolic bone disease, large cystic lesions, primary or meta-
static tumour lesions, stress or traumatic fracture) identified by a 
group of centralised musculoskeletal radiologist readers.16 Also 
excluded were those with a history of osteonecrosis or osteo-
porotic fracture, significant trauma or surgery to a knee, hip 
or shoulder within the previous year. Patients with a history of 
carpal tunnel syndrome with signs or symptoms in the 1 year 
prior to screening were excluded, as were those with a history or 
presence of clinically significant neurological disease or psychi-
atric disorder. Use of an oral or intramuscular corticosteroid 
within the last 30 days, intra- articular corticosteroid injection 
in the index joint within 12 weeks or in any other joint within 
the last 30 days, intra- articular hyaluronic acid injection in the 
index joint within 30 days or long- acting hyaluronic acid formu-
lation injection in the index joint within 18 weeks also resulted 
in exclusion.

randomisation and blinding
Patients were randomised in a 1:1:1 ratio, stratified by index 
joint (hip or knee) and most severe Kellgren- Lawrence grade 
(2, 3 or 4) in any hip or knee, to one of three parallel groups: 
tanezumab 2.5 mg, tanezumab 5 mg or matching placebo.

A code was created by the computerised randomisation 
schedule, which was generated and held by a person indepen-
dent of the study. All patients, investigators, study coordinators, 
clinical site staff, clinical research associates and the sponsor’s 
staff directly involved in the study were blinded.

Procedures
All study treatments (placebo, tanezumab 2.5 mg and  
tanezumab 5 mg) were provided by Pfizer in matching glass 
prefilled syringes. Treatments were administered subcutane-
ously (1 mL) into the abdomen or anterior thigh by study site 
staff at baseline, week 8 and week 16.

Use of non- study analgesic medication was restricted through 
week 32, as detailed below. After week 32, patients could be 
started on any standard treatment for OA pain.

Except for the 24 hours prior to any study visit for efficacy 
assessments, acetaminophen (rescue therapy, up to 4000 mg/day or 
as permitted by local or national labelling) was allowed during the 
initial pain assessment period and up to 5 days/week up to week 
24, and then as needed until week 32. Limited use of NSAIDs 
(prescription or over- the- counter, ≤10 days per 8- week period, 
total ≤40 days) was permitted on an occasional basis until week 
32 for self- limiting conditions not related to OA, but not within 
48 hours or five half- lives, whichever was greater, of study visits 
for efficacy assessments. All other analgesics were prohibited from 
48 hours prior to the screening initial pain assessment period until 
week 32.

efficacy outcomes
The three co- primary efficacy end points were change from 
baseline to week 24 in WOMAC15 Pain subscale score, WOMAC 
Physical Function subscale score and PGA- OA score. WOMAC 
Pain and Physical Function subscale scores assessed symptoms 
over the previous 48 hours in the index joint on an 11- point 
numeric rating scale (NRS) and PGA- OA was rated on a 5- point 
Likert scale. An electronic device was used during clinic visits 
to complete the study questionnaires, including WOMAC and 
PGA- OA.

Key secondary end points included the proportion of patients 
achieving at least 50% reduction in WOMAC Pain subscale score 
at week 24, change from baseline to week 2 in WOMAC Pain 
subscale score and change from baseline to week 1 in the average 
pain score in the index joint. Patients used an electronic diary 
to rate their average pain in the index joint over the previous 
24 hours on an 11- point NRS (from 0=no pain to 10=worst 
possible pain). Other secondary end points included the propor-
tion of patients achieving at least 30%, 70% and 90% reductions 
in WOMAC Pain subscale score at week 24.

safety outcomes
Safety assessments included treatment- emergent adverse events 
(AEs), physical examination, laboratory tests, vital signs and 
orthostatic blood pressure, 12- lead electrocardiograms and anti-
tanezumab antibody assessments. AEs were coded using Medical 
Dictionary for Regulatory Activities V.21.1 and severity and 
causality were assessed by study investigators. AEs were consid-
ered serious based on established definitions (those that were 
fatal or life- threatening, required new or extended hospitalisa-
tion or resulted in significant or persistent disability, or birth 
defects).17

Joint safety monitoring included radiography of bilateral hips, 
knees and shoulders at screening, week 24 and week 48, eval-
uated by a Central Reader. After the baseline visit, the Central 
Reader requested follow- up MRI if there were equivocal radio-
graphic findings that required investigation. Musculoskeletal 
examinations, evaluation of relevant AEs and monitoring of pain 
scores to detect increased, severe, persistent joint pain occurred 
throughout the study. Investigators could request imaging, 
including MRI, to evaluate patients who reported increased, 
severe, persistent pain. Those images were also evaluated by 
the Central Reader. All possible or probable joint safety events 
identified by the Central Reader or the investigator, and all total 
joint replacements (TJRs), for any reason, were reviewed by a 
blinded Adjudication Committee (comprised of external experts 
in orthopaedic surgery, orthopaedic pathology, rheumatology 
and musculoskeletal radiology).

Joint safety was evaluated based on the numbers of patients 
with adjudicated joint safety end points (RPOA type 1 or type 
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2, subchondral insufficiency fracture, primary osteonecrosis or 
pathological fracture) and TJRs. RPOA type 1 was defined as 
a significant loss of joint space width ≥2 mm (predicated on 
optimal joint positioning) within approximately 1 year, without 
gross structural failure; RPOA type 2 was defined as abnormal 
bone loss or destruction, including limited or total collapse of 
at least one subchondral surface, that is not normally present in 
conventional end- stage OA.18

Neurological assessment included the Neuropathy Impair-
ment Score19 and Survey of Autonomic Symptoms.20 Patients 
were evaluated by a consulting neurologist if an AE of periph-
eral neuropathy or abnormal peripheral sensation was reported 
as serious or severe, caused study withdrawal or was unresolved 
at the end of study participation; or if there was a clinically 
significant neurological examination abnormality which met 
one or more of the criteria noted above. Patients with AEs of 
any seriousness or severity that were suggestive of sympathetic 
autonomic neuropathy (ie, bradycardia, orthostatic hypotension, 
syncope, anhidrosis or hypohidrosis) were evaluated by a cardi-
ologist or neurologist, as specified in the protocol.

statistical analysis
From two previous clinical trials ( ClinicalTrials. gov, 
NCT0073390221 and NCT0074447122), treatment differences 
between tanezumab 2.5 mg/tanezumab 5 mg and placebo were 
assumed to be –0.75/–0.77 for WOMAC Pain, –1.01/–1.05 
for WOMAC Physical Function and –0.25/–0.34 for PGA- OA, 
and within- group SD were 2.76, 2.63 and 0.94 for the three 
outcomes, respectively. A sample size of 270 patients per treat-
ment group was estimated to provide ~80% power to achieve 
statistical significance at the 5% two- sided level for the two 
comparisons of tanezumab (2.5 mg and 5 mg) versus placebo 
over all three co- primary end points.

The primary efficacy population comprised all those 
randomised who received ≥1 dose of study treatment. Safety 
was also assessed in this population.

The graphical approach of gatekeeping strategy23 was 
applied for co- primary and key secondary end points to 
control the family- wise type 1 error rate of 5% (two- sided). 
The co- primary efficacy end points were analysed using 
analysis of covariance (ANCOVA), with model terms for 
baseline score of the corresponding end point, baseline diary 
average pain, index joint (knee or hip), highest Kellgren- 
Lawrence grade and treatment group, with study site as a 
random effect. Missing data at week 24 were handled with 
a multiple imputation strategy dependent on the reason for 
discontinuation. Based on the gatekeeping strategy, co- pri-
mary end points of tanezumab 5 mg were first tested versus 
placebo and, if statistically significant (p≤0.05), co- primary 
end points of tanezumab 2.5 mg were then tested versus 
placebo. A tanezumab treatment group was considered supe-
rior to placebo only if all three co- primary end points were 
statistically significant. Gated by the primary analysis (ie, 
conducted if the co- primary end points were statistically 
significant for both treatment groups), the key secondary 
end points were tested using logistic regression (WOMAC 
Pain responders) and ANCOVA (WOMAC Pain at week 2 
and average pain at week 1).

Unblinded safety data were reviewed regularly throughout by 
an independent, external Data Monitoring Committee.

SAS software V.9.4 (SAS Institute, Cary, North Carolina, USA) 
was used for all statistical analyses. The study was registered on  
ClinicalTrials. gov (NCT02709486).

Patient and public involvement
This research was done without patient involvement in the 
design of the study: the research question was derived from 
the tanezumab phase III development programme, as agreed 
with regulatory agencies. The study design was based on earlier 
studies, using outcome measures that had been developed/
validated academically with patient participation. The patients 
were recruited directly by investigators, through referrals and 
also by advertising, and gave their written informed consent 
after explanation of the details of the trial. They were not asked 
to assess the burden of the intervention or time required. The 
research findings will be disseminated via the standard channels, 
including a plain language summary.

resulTs
Of the 2145 patients who were screened, 849 were randomised 
between 29 March 2016 and 21 December 2017 and all of 
them received study medication; 58.2% (1248/2145) of patients 
screened did not meet the study entry criteria, mostly due to 
insufficient pain or not meeting the radiographic criteria 
(figure 2). During the double- blind treatment period, most 
patients received all three planned doses of study medication 
(85.8% for placebo, 93.3% for tanezumab 2.5 mg and 93.0% 
for tanezumab 5 mg). The double- blind 24- week treatment 
period was completed by 750 (88.3%) patients, 696 (82.0%) 
completed both the treatment and safety follow- up periods and 
726 (85.5%) completed the 24- week safety follow- up period. 
All 849 patients contributed to both efficacy and safety datasets 
(figure 2).

Demographics and baseline characteristics were comparable 
across treatment groups (table 1). The age of the population 
ranged from 26 to 89 years and the majority (587/849, 69.1%) 
were female; for 83.0% (705/849) of the patients, their OA 
index joint was a knee.

At week 24, there was a statistically significant improvement 
from baseline in all three co- primary end points for patients 
receiving tanezumab 5 mg compared with placebo: WOMAC 
Pain (least squares (LS) mean difference±SE–0.62±0.18, 
p=0.0006), WOMAC Physical Function (–0.71±0.17, 
p<0.0001) and PGA- OA (–0.19±0.07, p=0.0051) (figure 3). 
Tanezumab 2.5 mg was not statistically significantly better than 
placebo for all three co- primary end points: at week 24 there 
was a statistically significant improvement for WOMAC Pain 
(–0.46±0.18, p=0.0088) and Physical Function (–0.59±0.18, 
p=0.0008), but PGA- OA (–0.11±0.07, p=0.1092) was not 
significantly different from placebo (figure 3).

From the predefined gatekeeping strategy, because the PGA- OA 
end point was not met for the tanezumab 2.5 mg treatment group, 
further hypothesis testing of the three key secondary end points 
for both tanezumab treatment groups could not be performed. 
Without adjustment for multiple comparisons, the three key 
secondary efficacy end points for both the tanezumab 5 mg and 
tanezumab 2.5 mg treatment groups were better than the placebo 
treatment group (all nominal p≤0.05) (table 2). The proportion 
of patients achieving at least a 50% reduction from baseline in 
WOMAC Pain subscale score at week 24 was 33.8% (placebo), 
45.4% (tanezumab 2.5 mg) and 47.9% (tanezumab 5 mg), with a 
similar pattern for the other categories of response (≥30%, ≥70%, 
≥90%) (figure 4).

During the double- blind treatment period, a total of 55.0%, 
53.0% and 57.0% of patients in the placebo, tanezumab 2.5 mg and  
tanezumab 5 mg groups, respectively, experienced AEs (table 3). 
During this period, arthralgia was the most common AE in the 
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Figure 2 Patient disposition. *Patients screened but not randomised for a reason not related to a specific eligibility criterion. †After either 
completing the treatment period or discontinuing the treatment period.

placebo group, and of AEs that occurred in ≥3% of patients 
in any of the groups, back pain and OA were more frequent 
in both tanezumab treatment groups than placebo (table 3). 
Study discontinuations due to AEs were similar across the three 
groups (table 3). Serious AEs occurred in 1.1% (placebo), 2.8%  
(tanezumab 2.5 mg) and 3.2% (tanezumab 5 mg) of patients 
during the double- blind treatment period (table 3), and none 
was considered treatment- related by investigators. There were 
two deaths during the double- blind treatment period in the 
tanezumab 5 mg group, and neither were considered treatment- 
related (table 3).

Of the 79 patients requiring adjudication for joint safety, most 
(58/79, 73.4%) were adjudicated as normal progression of OA 
(table 4). A total of 14 patients had an adjudicated joint safety 
end point, all receiving tanezumab, including 1.4% (4/283) and 
2.8% (8/284) adjudicated as RPOA in the tanezumab 2.5 mg and 
tanezumab 5 mg groups, respectively (table 4).

A total of eight joints in eight patients were adjudicated as RPOA 
type 1, of which three of eight were in the tanezumab 2.5 mg 
group: these included two knees (baseline Kellgren- Lawrence 
grades 0 and 1, both non- index joints) and one index hip (baseline 
Kellgren- Lawrence grade 3). The other five joints with RPOA type 
1 were in the tanezumab 5 mg group: these were all knees of base-
line Kellgren- Lawrence grade 2 (four joints, of which three were 
index joints and one was a non- index joint) or 3 (one non- index 
joint). Two of the eight joints affected by RPOA type 1 underwent 
TJR (both baseline Kellgren- Lawrence grade 3, of which one was 
the index hip in the tanezumab 2.5 mg group and one a non- index 
knee in the tanezumab 5 mg group).

A total of four joints in four patients were adjudicated as 
RPOA type 2, of which one of four was in the tanezumab 2.5 mg 
group, and was an index hip (baseline Kellgren- Lawrence grade 
4) which underwent TJR. The other three joints with RPOA type
2 were in the tanezumab 5 mg group: all were hips (one index 
and two non- index) of baseline Kellgren- Lawrence grade 3, of 
which one (the index joint) underwent TJR.

One patient in the tanezumab 5 mg group had a joint adju-
dicated as primary osteonecrosis, a non- index hip with base-
line Kellgren- Lawrence grade 0 that did not undergo TJR. One 
patient in the tanezumab 2.5 mg group had a joint adjudicated as 
subchondral insufficiency fracture, a non- index knee with base-
line Kellgren- Lawrence grade 2 that did not undergo TJR.

Overall, there were 63 TJRs in 61 patients, evenly distrib-
uted across the three treatment groups with the majority 
(54/63, 85.7%) being index joints (table 4). In most cases, 
the joint replacement surgery was considered to be elec-
tive (40/63, 63.5%), that is, not associated with an AE or 
an adjudicated joint safety end point. Four patients (4/61, 
6.6%) had a TJR during the treatment period (0, two and 
two patients in the placebo, tanezumab 2.5 mg and tane-
zumab 5 mg treatment groups, respectively), 52 patients 
(52/61, 85.2%) after completing treatment but during, or 
after completing or discontinuing the safety follow- up period 
(15, 19 and 18 patients in the placebo, tanezumab 2.5 mg and  
tanezumab 5 mg treatment groups, respectively) and five 
patients (5/61, 8.2%) after discontinuing treatment and 
continuing or not in the safety follow- up period (four, one and 
0 patients in the placebo, tanezumab 2.5 mg and tanezumab 

http://ard.bmj.com/


805Berenbaum F, et al. Ann Rheum Dis 2020;79:800–810. doi:10.1136/annrheumdis-2019-216296

Osteoarthritis

Table 1 Demographics and baseline characteristics

Placebo
(n=282)

Tanezumab 2.5 mg
(n=283)

Tanezumab 5 mg
(n=284)

Sex, n (%) Male 86 (30.5%) 85 (30.0%) 91 (32.0%)

Female 196 (69.5%) 198 (70.0%) 193 (68.0%)

Age, years Mean (SD) 64.2 (9.6) 65.2 (8.4) 65.2 (10.2)

Range 26–87 41–88 32–89

Race, n (%) White 247 (87.6%) 245 (86.6%) 248 (87.3%)

Black or African- American 0 0 0

Asian 34 (12.1%) 38 (13.4%) 34 (12.0%)

Other 1 (0.4%) 0 2 (0.7%)

Body mass index, kg/m2 Mean (SD) 30.4 (4.8) 29.9 (4.8) 30.3 (4.6)

Range 20–39 20–39 17–39

Time since index joint OA diagnosis, years Mean 7.4 6.0 6.7

Range 0–37.9 0–30.6 0–37.7

Index joint, n (%) Hip 47 (16.7%) 49 (17.3%) 48 (16.9%)

Knee 235 (83.3%) 234 (82.7%) 236 (83.1%)

Kellgren- Lawrence grade of index joint, n (%)* 0 0 2 (0.7)† 0

1 0 0 0

2 59 (20.9%) 49 (17.3%) 58 (20.4%)

3 123 (43.6%) 131 (46.3%) 121 (42.6%)

4 100 (35.5%) 101 (35.7%) 105 (37.0%)

WOMAC Pain subscale score Mean (SD) 6.59 (0.94) 6.70 (0.94) 6.60 (0.89)

Range 4.4–9.4 2.8–10.0 4.6–9.6

WOMAC Physical Function subscale score Mean (SD) 6.67 (0.87) 6.77 (0.87) 6.76 (0.88)

Range 5.1–9.4 4.9–9.8 4.6–9.4

PGA- OA score, n (%) Very good 0 0 1 (0.4%)

Good 0 0 1 (0.4%)

Fair 145 (51.6%) 132 (46.8%) 136 (47.9%)

Poor 117 (41.6%) 129 (45.7%) 129 (45.4%)

Very poor 19 (6.8%) 21 (7.4%) 17 (6.0%)

*Kellgren- Lawrence grade for classifying OA severity, ranging from 0 (no OA) to 4 (severe OA).
†In the tanezumab 2.5 mg group, two patients with OA grade 0 were included as a result of protocol deviations.
OA, osteoarthritis; PGA- OA, Patient’s Global Assessment of osteoarthritis; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

5 mg treatment groups, respectively). Two of the patients, both 
in the placebo group, underwent TJR in a second joint.

During the double- blind treatment period, paraesthesia 
and hypoaesthesia were more frequent with tanezumab 5 mg 
than placebo, and hypoaesthesia was also more frequent with  
tanezumab 2.5 mg than placebo (table 3). No patients had 
severe paraesthesia or hypoaesthesia; one patient with mild 
hypoaesthesia discontinued treatment in the tanezumab 5 mg 
group and had a final diagnosis of carpal tunnel syndrome 
(table 3). During the treatment period, carpal tunnel 
syndrome was observed in three patients, including two in the  
tanezumab 2.5 mg group and one in the tanezumab 5 mg group. 
A total of 22 patients reported an AE which required a neuro-
logical consultation. Following review of the clinical informa-
tion for these patients, a blinded external neurologist reported 
primary diagnoses of radiculopathy (one, five and three 
patients in the placebo, tanezumab 2.5 mg and tanezumab 5 mg 
groups, respectively), mononeuropathy (one, five and three 
patients, respectively) and polyneuropathy (one patient in the  
tanezumab 2.5 mg group), with other patients having no neuro-
pathic symptoms or signs (one patient in the placebo group) or 
neuropathic symptoms but no clinically significant signs (one 
patient each in the placebo and tanezumab 2.5 mg groups).

AEs potentially related to sympathetic nervous system func-
tion occurred with low frequencies in all treatment groups 
during the double- blind treatment period, including bradycardia 

(two, two and four patients in the placebo, tanezumab 2.5 mg 
and tanezumab 5 mg groups, respectively), orthostatic hypoten-
sion (0, 0 and three patients, respectively) and syncope (0, 0 
and one patient, respectively). Based on protocol- specified cardi-
ology or neurology consultations for patients reported to have 
AEs potentially related to sympathetic nervous system function, 
study investigators determined that no patient in any treatment 
group was considered to have a sympathetic neuropathy.

dIsCussIOn
This study showed that in patients who have not responded to or 
could not tolerate standard- of- care analgesics, tanezumab 5 mg, 
administered subcutaneously, statistically significantly improved all 
three co- primary efficacy end points at 24 weeks: WOMAC Pain, 
WOMAC Physical Function and PGA- OA. Tanezumab 2.5 mg 
improved WOMAC Pain and WOMAC Physical Function, but 
was not statistically significant on the PGA- OA end point at week 
24. The proportion of patients achieving at least a 50% reduc-
tion from baseline in WOMAC Pain at week 24 was 33.8% for 
placebo, compared with 45.4% for tanezumab 2.5 mg and 47.9% 
for tanezumab 5 mg (figure 4) and rates of discontinuation due 
to insufficient clinical response were low (figure 2). Tanezumab 
was generally well tolerated through the 24- week treatment and 
24- week safety follow- up periods, with similarly low rates of 
discontinuations due to AEs observed among patients receiving 

http://ard.bmj.com/


806 Berenbaum F, et al. Ann Rheum Dis 2020;79:800–810. doi:10.1136/annrheumdis-2019-216296

Osteoarthritis

Figure 3 Change from baseline to week 24 in the co- primary end points: WOMAC Pain subscale score, WOMAC Physical Function subscale score 
and PGA- OA score. *p≤0.05; **p≤0.01; ***p≤0.001 vs placebo. WOMAC Pain assessed pain over the previous 48 hours in the index joint, and was 
the mean of five questions each scored on an 11- point numerical rating scale (NRS), from 0 to 10 with higher score indicating more pain. WOMAC 
Physical Function assessed ability to move around and perform activities of daily living over the previous 48 hours in the index joint, and was the 
mean of 17 questions each scored on an 11- point NRS, from 0 to 10 with higher score indicating worse function. PGA- OA was rated on a 5- point 
Likert scale from 1=‘very good’ (asymptomatic and no limitation of normal activities) to 5=‘very poor’ (very severe symptoms which are intolerable 
and inability to carry out all normal activities) in answer to the question “Considering all the ways your osteoarthritis in your hip/knee affects you, 
how are you doing today?” Reproduced from Berenbaum F, Blanco F, Guermazi A, Vignon E, Miki K, Yamabe T, Viktrup L, Junor R, Carey W, Brown M, 
Verburg K, West C. Ann Rheum Dis. 2019;78(suppl 2):262–263, with permission from BMJ Publishing Group Ltd. LS, least squares; PGA- OA, Patient’s 
Global Assessment of osteoarthritis; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

Table 2 Results for key secondary end points

Placebo
(n=282)

Tanezumab 2.5 mg
(n=283)

Tanezumab 5 mg
(n=284)

Treatment response: ≥50% reduction from 
baseline in WOMAC Pain at week 24*

Number of patients with treatment response 95 (33.8%) 128 (45.4%) 136 (47.9%)

Odds ratio vs placebo 1.72 1.87

P value† 0.0022 0.0004

WOMAC Pain: change from baseline to week 
2‡

LS mean (SE) –1.35 (0.14) –2.02 (0.14) –1.69 (0.14)

LS mean difference vs placebo (SE) –0.67 (0.14) –0.34 (0.14)

P value† <0.0001 0.0149

Average pain score: change from baseline to 
week 1‡

LS mean (SE) –0.57 (0.11) –1.06 (0.11) –0.93 (0.11)

LS mean difference vs placebo (SE) –0.49 (0.11) –0.36 (0.11)

P value† <0.0001 0.0009

*Mixed baseline/last observation carried forward.
†Nominal, unadjusted p value. In line with the predefined gatekeeping strategy, hypothesis testing of the three key secondary end points could not be performed: no key 
secondary end points can be declared as statistically significantly better than placebo treatment.
‡Multiple imputation.
LS, least squares; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

tanezumab and placebo. TJRs were similarly distributed across 
all three treatment groups. Adjudicated joint safety end points 
occurred only in tanezumab- treated patients, and more frequently 
with tanezumab 5 mg than tanezumab 2.5 mg.

The efficacy observed in the current study is supported by two 
previous placebo- controlled studies in patients with knee21 or 
hip22 OA that administered tanezumab 2.5 mg and 5 mg intrave-
nously, with both doses resulting in improvement across most of 

the end points at week 24 (online supplementary tables 1 and 2: 
some of the 24- week data are previously unpublished). As with 
the current study, significant improvements in WOMAC Pain 
and Physical Function were seen with tanezumab 2.5 mg at week 
24 in both those intravenous studies. The tanezumab 5 mg dose 
did not reach significance on WOMAC Pain or the PGA- OA at 
week 24 in the intravenous knee study (online supplementary 
table 1). The placebo response for PGA- OA at week 24 was 
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Figure 4 Proportion of patients achieving at least 30%, 50%, 70% and 90% reductions in WOMAC Pain subscale score at week 24. *P≤0.05; 
**p≤0.01; ***p≤0.001 vs placebo. Mixed baseline/last observation carried forward. Nominal, unadjusted p value. In line with the predefined 
gatekeeping strategy, hypothesis testing of the three key secondary end points could not be performed: no key secondary end points can be declared 
as statistically significantly better than placebo treatment. WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

larger in the current study (–0.72, figure 3) than that observed in 
these earlier intravenous studies (–0.33 to –0.52, online supple-
mentary tables 1 and 2).

The large placebo response on the PGA- OA end point in the 
current study may potentially have contributed to the failure 
of the tanezumab 2.5 mg dose to reach statistical significance 
on this end point. Contextual factors can contribute consid-
erably to the treatment effect in OA,24 with multiple factors 
influencing the size of the placebo response,25 and it is possible 
that treatment expectations were high in the current difficult- 
to- treat population receiving subcutaneous injection of a medi-
cation previously shown to be effective. A reduced treatment 
response to tanezumab or an administration route effect cannot 
be excluded, but there were also differences in patient popu-
lations. It should also be noted that some pre- hold OA studies 
(conducted before 2015) had a flare design. The current study 
was conducted in Europe and Japan in patients with moderate- 
to- severe OA for whom standard- of- care treatment was inad-
equate or unsuitable. Baseline WOMAC Pain scores were less 
severe in the current population compared with the previous 
intravenous tanezumab knee21 and hip22 OA studies, although 
baseline joint radiographic findings were more severe, with 36% 
of patients with Kellgren- Lawrence grade 4 in the current study 
compared with <21% in the previous studies.21 22 The associa-
tion between pain and radiographic findings has not always been 
consistent,26 but a relationship has been reported for knee OA.27 
Overall, the proportion of patients with a moderate (≥30%) 
or substantial (≥50%) clinically important improvement in 
WOMAC Pain28 with tanezumab compared with placebo at 24 
weeks was statistically significant in the current study, although 
smaller than observed in the intravenous tanezumab knee21 and 
hip22 studies (online supplementary tables 1 and 2). Notwith-
standing the limitation in dichotomising continuous data,29–32 an 
effect size (placebo- adjusted LS mean change divided by model- 
based SD) of 0.20 has been proposed as the lower bound for 

a small meaningful effect (or change in pain).33 In our study, 
the effect size (placebo- adjusted) for tanezumab 2.5 mg and 5 mg 
dose regimens at week 24 was modest at 0.24 (0.46/1.93=0.24) 
and 0.32 (0.62/1.93=0.32), respectively, although both above 
the suggested lower threshold for meaningfulness.

In the current study, tanezumab was generally well toler-
ated during the 24- week treatment period, with similarly 
low rates of discontinuation due to AEs observed among 
patients taking tanezumab and placebo. The observed AEs 
were consistent with previous studies,9 21 22 34 35 with no new 
safety signals identified. Paraesthesia was more frequent with  
tanezumab 5 mg than placebo, and hypoaesthesia was more 
frequent with both tanezumab doses than placebo. TJRs were 
similarly distributed across all three treatment groups, mostly in 
joints with a baseline Kellgren- Lawrence grade of 3 or 4. Non- 
elective joint replacements were more frequent in the tane-
zumab 5 mg treatment group (11/20 joints, 55.0%) compared 
with tanezumab 2.5 mg (6/22 joints, 27.3%) or placebo (6/21 
joints, 28.6%). Adjudicated joint safety end points were only 
reported in tanezumab- treated patients, and there were twice 
as many cases of RPOA type 1 (n=8) than RPOA type 2 
(n=4) (table 4). The tanezumab 5 mg treatment group had the 
highest incidence of RPOA type 1, RPOA type 2 and primary 
osteonecrosis (one case), whereas the only subchondral insuf-
ficiency fracture was observed in the tanezumab 2.5 mg group. 
OA is frequently a multijoint disease, and the joints adjudi-
cated as RPOA included both index and non- index joints. All 
four joints adjudicated as RPOA type 2 in the tanezumab treat-
ment groups had a baseline Kellgren- Lawrence grade of 3 or 4. 
There were three joints with baseline Kellgren- Lawrence grade 
0 or 1, which were adjudicated as RPOA type 1 (two joints in 
the tanezumab 2.5 mg treatment group) or osteonecrosis (one 
joint in the tanezumab 5 mg treatment group).

The frequency of RPOA in the current study (12/567, 2.1% 
of tanezumab- treated patients) is higher than that seen in a 
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Table 3 Summary of treatment- emergent adverse events (AEs) reported by the investigator

Patients, n (%)

Treatment period
(first dose to week 24)

up to end of study
(first dose to week 48)

Placebo
(n=282)

Tanezumab 2.5 mg
(n=283)

Tanezumab 5 mg
(n=284)

Placebo
(n=282)

Tanezumab 2.5 mg
(n=283)

Tanezumab 5 mg
(n=284)

Any AE 155 (55.0%) 150 (53.0%) 162 (57.0%) 178 (63.1%) 184 (65.0%) 198 (69.7%)

Serious AE*† 3 (1.1%) 8 (2.8%) 9 (3.2%) 11 (3.9%) 24 (8.5%) 27 (9.5%)

Treatment- related AE 40 (14.2%) 42 (14.8%) 48 (16.9%) 46 (16.3%) 52 (18.4%) 59 (20.8)

Discontinued study medication due to AE (and 
continued study)

7 (2.5%) 3 (1.1%) 4 (1.4%) 7 (2.5%) 3 (1.1%) 4 (1.4%)

Discontinued study due to AE 2 (0.7%) 5 (1.8%) 1 (0.4%) 2 (0.7%) 6 (2.1%) 4 (1.4%)

Most common AEs‡

 Arthralgia 34 (12.1%) 27 (9.5%) 23 (8.1%) 54 (19.1%) 53 (18.7%) 47 (16.5%)

 Nasopharyngitis 25 (8.9%) 31 (11.0%) 22 (7.7%) 33 (11.7%) 39 (13.8%) 30 (10.6%)

 Back pain 15 (5.3%) 16 (5.7%) 17 (6.0%) 23 (8.2%) 27 (9.5%) 25 (8.8%)

 Headache 18 (6.4%) 15 (5.3%) 14 (4.9%) 21 (7.4%) 20 (7.1%) 16 (5.6%)

 Osteoarthritis 5 (1.8%) 9 (3.2%) 13 (4.6%) 9 (3.2%) 17 (6.0%) 26 (9.2%)

 Paraesthesia 5 (1.8%) 5 (1.8%) 12 (4.2%) 6 (2.1%) 6 (2.1%) 12 (4.2%)

 Influenza 5 (1.8%) 5 (1.8%) 9 (3.2%) 5 (1.8%) 9 (3.2%) 11 (3.9%)

 Fall 8 (2.8%) 12 (4.2%) 7 (2.5%) 13 (4.6%) 19 (6.7%) 9 (3.2%)

 Pain in extremity 7 (2.5%) 9 (3.2%) 5 (1.8%) 11 (3.9%) 16 (5.7%) 9 (3.2%)

 Musculoskeletal pain 7 (2.5%) 6 (2.1%) 7 (2.5%) 14 (5.0%) 13 (4.6%) 11 (3.9%)

 Joint swelling 3 (1.1%) 6 (2.1%) 8 (2.8%) 4 (1.4%) 7 (2.5%) 10 (3.5%)

 Neck pain 4 (1.4%) 3 (1.1%) 2 (0.7%) 10 (3.5%) 5 (1.8%) 4 (1.4%)

 Urinary tract infection 4 (1.4%) 6 (2.1%) 2 (0.7%) 6 (2.1%) 9 (3.2%) 4 (1.4%)

 Rapidly progressive osteoarthritis 0 1 (0.4%) 2 (0.7%) 0 4 (1.4%) 11 (3.9%)

AE of abnormal peripheral sensation§

 Paraesthesia 5 (1.8%) 5 (1.8%) 12 (4.2%) 6 (2.1%) 6 (2.1%) 12 (4.2%)

 Hypoaesthesia¶ 2 (0.7%) 4 (1.4%) 6 (2.1%) 2 (0.7%) 7 (2.5%) 7 (2.5%)

 Decreased vibratory sense 3 (1.1%) 0 1 (0.4%) 3 (1.1%) 1 (0.4%) 2 (0.7%)

AEs based on the usual definition for clinical trials. A blinded adjudication committee reviewed all possible or probable joint safety events resulting in differences in reported 
joint AEs (table 3) and adjudicated joint events (table 4).
*AEs were considered serious based on established definition.17 During the double- blind treatment period, three patients in the placebo group had serious AEs, including one 
with cataract, one with osteoarthritis and one with lymphatic fistula. Eight patients in the tanezumab 2.5 mg group had serious AEs, including three with four nerve injuries 
or bone fractures, one with acute myocardial infarction and coronary artery stenosis and one each with ocular vascular disorder, cerebrovascular accident, osteoarthritis and 
rotator cuff syndrome. Nine patients in the tanezumab 5 mg group had serious AEs, including two with three hepatobiliary disorders, two with osteoarthritis and one each with 
arrhythmia, cardiorespiratory arrest, pancreatitis, nasopharyngitis, pneumonia and arthralgia.
†There were three deaths during the study. Two deaths occurred during the double- blind treatment period in patients in the tanezumab 5 mg treatment group: neither were 
considered by the investigator to be related to study medication (one patient, aged 81 years, died on study day 90, with the cause of death reported as severe cold with probable 
influenza virus infection. The other patient, aged 77 years, was found dead at home on study day 114; the event was reported as cardiorespiratory arrest). The third patient aged 
60 years, in the tanezumab 2.5 mg treatment group, died of cerebrovascular accident. This patient was lost to follow- up and the death was not confirmed by the family or the 
doctor (it was stated on a returned letter that had been sent to the patient by the study site as part of attempts by the investigator to make contact with the patient).
‡Reported in ≥3% of patients in any treatment group up to end of study.
§Reported in ≥1% of patients in any treatment group during the treatment period.
¶One patient with mild hypoaesthesia of the left index finger discontinued treatment in the tanezumab 5 mg group after two doses of study drug, completed the safety follow- 
up period and the adverse event was ongoing at study end. The patient was evaluated by a local neurologist and cervical spine MRI showed disc protrusion at C5- C6 and C6- C7 
and a nerve conduction study showed a mild left- sided carpal tunnel syndrome. The external expert neurologist considered the patient to have had carpal tunnel syndrome.

similarly designed but shorter 16- week North American study 
with less exposure to the 5 mg dose (6/464, 1.3%) and fewer 
patients with Kellgren- Lawrence grade 4 OA.34 Comparison of 
data from the current study with data from previous tanezumab 
studies (conducted before 2015) that did not include risk mitiga-
tion measures and enhanced surveillance for joint safety events is 
difficult.

The comprehensive joint safety assessment used in the current 
tanezumab development programme was strengthened after the 
clinical holds were removed and provides radiographic and symp-
tomatic details on the natural progression of OA in patients with or 
without treatment. The sequential radiography allows for identifi-
cation of RPOA type 1 that was not done before, and the Central 
Reader and Adjudication Committee evaluation of imaging allow 

for a more precise identification of RPOA type 2 cases. These 
features may help to identify a potential correlation between 
RPOA type 1 and type 2 and better characterise the risk- benefit 
of tanezumab in patients with OA. As the pathophysiology of 
RPOA is poorly understood,10 the tanezumab clinical programme 
represents the largest dataset available to evaluate RPOA.

The strengths of this study compared with the pre- hold 
programme (studies conducted before 2015) include the recruit-
ment of difficult- to- treat patients and comprehensive joint 
safety and sympathetic neurological surveillance, and 24- week 
safety follow- up. The limitations include a relatively high rate 
of screening failures. Understanding of the pathogenesis of joint 
safety events seen with tanezumab, and how this is similar to 
or different from the rapid joint space narrowing or rapidly 

http://ard.bmj.com/
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Table 4 Summary of adjudicated joint safety findings (baseline to week 48)

Placebo
(n=282)

Tanezumab 2.5 mg
(n=283)

Tanezumab 5 mg
(n=284)

Patients adjudicated for joint safety, n (%) 19 (6.7%) 27 (9.5%) 33 (11.6%)

 Patients with adjudicated joint safety end point 0 5 (1.8%) 9 (3.2%)

   RPOA 0 4 (1.4%) 8 (2.8%)

    Type 1 0 3 (1.1%) 5 (1.8%)

    Type 2 0 1 (0.4%) 3 (1.1%)

   Primary osteonecrosis 0 0 1 (0.4%)

   Pathological fracture 0 0 0

 Subchondral insufficiency fracture 0 1 (0.4%) 0

Patients with normal OA progression* 17 (6.0%) 22 (7.8%) 19 (6.7%)

Patients with other joint outcome* 2 (0.7%) 0 5 (1.8%)

Total joint replacement

 Patients with ≥1 total joint replacement, n (%) 19 (6.7%)† 22 (7.8%) 20 (7.0%)

 Number of joints 21 22 20

 Index/non- index 16/5 21/1 17/3

 Elective/non- elective‡ 15/6 16/6 9/11

   Knee/hip/shoulder/other 8/13/0/0 13/9/0/0 10/9/1/0

 Baseline Kellgren- Lawrence grade 0/1/2/3/4 0/1/1/13/6 0/0/1/5/16 0/0/1/8/9

RPOA type 1 was defined as a significant loss of joint space width ≥2 mm (predicated on optimal joint positioning) within approximately 1 year, without gross structural failure; RPOA type 2 was 
defined as abnormal bone loss or destruction, including limited or total collapse of at least one subchondral surface, that is not normally present in conventional end- stage osteoarthritis.18

*Excludes any patient who had one or more of the outcomes included in the adjudicated joint safety end point.
†In the placebo group, two patients had two joint replacements.
‡Elective when not associated with an AE or an adjudicated joint safety end point.
AE, adverse event; OA, osteoarthritis; RPOA, rapidly progressive osteoarthritis.

destructive arthropathies seen elsewhere, is currently limited. 
A longer- term active- controlled study (NCT02528188) will 
provide more data to further characterise the risk- benefit of 
tanezumab in patients with OA.

COnClusIOn
This study demonstrates subcutaneous tanezumab at a dose of 
5 mg every 8 weeks statistically significantly improves pain, phys-
ical function and PGA- OA at 24 weeks in patients with moderate- 
to- severe OA who have not responded to or could not tolerate 
standard- of- care analgesics. Tanezumab 2.5 mg improved pain 
and function in patients with moderate- to- severe OA, but did not 
reach statistical significance on the other co- primary end point, 
PGA- OA. Adjudicated joint safety end points occurred only in 
tanezumab- treated patients, with RPOA in 1.4% and 2.8% of 
patients in the tanezumab 2.5 mg and tanezumab 5 mg groups, 
respectively, and in none receiving placebo. The frequency of 
TJR was similar across all three treatment groups.
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AbsTrACT
Objectives Obesity is a well- recognised risk factor 
for osteoarthritis (Oa). Our aim is to characterise body 
mass index (BMi)- associated pathological changes in the 
osteochondral unit and determine if obesity is the major 
causal antecedent of early joint replacement in patients 
with Oa.
Methods We analysed the correlation between BMi 
and the age at which patients undergo total knee 
replacement (TKR) in 41 023 patients from the australian 
Orthopaedic association national Joint Replacement 
Registry. We then investigated the effect of BMi on 
pathological changes of the tibia plateau of knee joint in 
a representative subset of the registry.
results 57.58% of patients in australia who had 
TKR were obese. Patients with overweight, obese class 
i & ii or obese class iii received a TKR 1.89, 4.48 and 
8.08 years earlier than patients with normal weight, 
respectively. Microscopic examination revealed that 
horizontal fissuring at the osteochondral interface was 
the major pathological feature of obesity- related Oa. The 
frequency of horizontal fissure was strongly associated 
with increased BMi in the predominant compartment. 
an increase in one unit of BMi (1 kg/m2) increased the 
odds of horizontal fissures by 14.7%. 84.4% of the 
horizontal fissures were attributable to obesity. Reduced 
cartilage degradation and alteration of subchondral bone 
microstructure were also associated with increased BMi.
Conclusions The key pathological feature in Oa 
patients with obesity is horizontal fissuring at the 
osteochondral unit interface. Obesity is strongly 
associated with a younger age of first TKR, which may be 
a result of horizontal fissures.

InTrOduCTIOn
Obesity affects more than a quarter of the global 
population. Despite numerous public health initia-
tives aimed at tackling this issue, the incidence 
of obesity continues to rise.1 Obesity is a well- 
recognised risk factor for osteoarthritis (OA) and 
contributes to 45% of the OA burden in Australia.2–5 
Obese patients with total knee replacement (TKR) 
have a high risk of perioperative complications, 
which may lead to surgical revision, and pose a high 
direct medical cost.6–9

The underlying mechanism of obesity- related 
OA is complex and controversial.10 Abnormal 
mechanical loading and meta- inflammation are 
factors considered to contribute to the pathogen-
esis of OA.11 Studies on the aetiology of obesity- 
related OA among obese animal models generally 
suggested metainflammation as the main cause of 
obesity- related OA.12–14 On the other hand, epide-
miological studies on human OA suggested that 
excessive abnormal mechanical loading on artic-
ular joints is the main risk factor on OA progres-
sion.2 15 A recent population- based cohort study in 
the Netherlands also supported the concept that 

Key messages

What is already known about this subject?
 ► Obesity is a risk factor for osteoarthritis (OA) 
but the mechanism of obesity- related OA is 
complex and controversial. It is still not clear if 
obesity heralds an early total knee replacement 
(TKR) in patients with OA nor are the underlying 
pathological features of obesity- related OA well 
documented.

What does this study add?
 ► Based on assessment of the registry data of 
over 40 000 cases, more than 57% of patients 
in Australia who had a TKR were obese.

 ► Patients classified as overweight, obese class I 
& II and obese class III received a TKR 2, 4 and 8 
years earlier than patients with normal weight.

 ► Horizontal fissuring at the osteochondral 
interface caused by mechanical overload is a 
novel pathological feature in OA patients with 
obesity.

How might this impact on clinical practice or 
future development?

 ► Obesity heralds an early TKR in patients with 
OA. Horizontal fissuring on the osteochondral 
interface is the major pathological feature 
of OA patients with obesity. Appreciation 
of such a pathogenetic mechanism may 
help in developing new interventions in the 
management of obesity- related OA.
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obesity- related mechanical stress is the most important risk 
factor for knee OA.15

While current understanding on the impact of abnormal 
mechanical loading in patients with obesity- related OA is mostly 
limited to epidemiological data, we proposed that the patho-
logical changes in the osteochondral units in the joints of these 
patients could provide insights into the mechanism underlying 
OA in obesity. A functional osteochondral unit plays a central 
role on biomechanical function as it distributes the loading 
on the joint surface.16 The interface also prevents movement 
of large molecules between these structural components.17 
During OA development, the integrity of the osteochondral 
unit is breached by neurovascular invasion, increasing the cross-
talk between cartilage and subchondral bone.18 19 At present, 
however, the pathological changes at the osteochondral interface 
in OA patients with obesity remain unclear.

To determine the impact of obesity on OA, we analysed the 
correlation between body mass index (BMI) and the age at 
which patients undergo TKR in 41 023 cases of patients from the 
Australian Orthopaedic Association National Joint Replacement 
Registry (AOANJRR). We then investigated the effect of BMI on 
histopathological changes of the knee joint in a representative 
subset of the registry, to search for a link between BMI, histo-
pathological changes of the osteochondral unit and its interface, 
and the subsequent age at which first TKR was performed.

MeTHOds
study population
We obtained deidentified data on all primary TKR procedures 
performed for primary OA from 1 September 1999 to 31 
December 2015 from the AOANJRR. Summary data, including 
age, BMI and gender, for 41 023 cases were collected. Data 
were categorised by BMI using the following WHO definition: 
‘Underweight and Normal weight’ (<24.9 kg/m2), ‘Overweight’ 
(25–29.9 kg/m2), ‘Obese class I & II’ (30–39.9 kg/m2) and ‘Obese 
class III’ (≥40 kg/m2).

We also collected specimens from 88 patients with primary 
OA who had a TKR as a representative subset from this registry. 
We selected patients from each of the four categories of BMI 
without the knowledge of the registry cohort data. Samples 
size in each group was determined by availability and patient 
consent. Comparison between the cases and the registry cohort 
showed that the average age at the time of TKR in each category 
was similar, but the percentages of cases in each BMI category 
between the groups were different. Patient clinical data including 
BMI, age, gender and radiographic information were recorded. 
The diagnosis of OA was made according to the classification 
of the American College of Rheumatology.20 All radiographs 
were assessed according to the Kellgren and Lawrence criteria 
by an experienced assessor, who was blinded to patients’ BMI.21 
The most severe OA compartment, either medial or lateral, was 
identified as the predominant compartment.22 Informed written 
consent was obtained from all patients.

Micro-CT
A cylindrical specimen of osteochondral tissue was extracted 
from both the centre one- third of the medial and lateral tibial 
plateaus by a precision bone trephine under continuous water 
irrigation.23 After fixation, all tissue blocks were examined using 
a micro- CT scanner (Skyscan 1174, Bruker, Kontich, Belgium) 
according to previous publication.24 25

The following parameters were calculated: bone volume frac-
tion (BV/TV, %), trabecular thickness (Tb.Th, μm), trabecular 

separation (Tb.Sp, μm), trabecular number (Tb.N, 1/mm), struc-
ture model index (SMI), degree of anisotropy (DA) and connec-
tively density (Conn.Dn, 1/mm3). Bone mineralised density 
(BMD, mg/cm3) of subchondral bone (SCB) was calibrated by 
using the attenuation coefficient of two defined BMD phantoms 
of 0.25 and 0.75 g/cm3.

Histological specimen processing
All tissue blocks were processed for histological evaluation. 
Each was infiltrated and embedded in methyl- methacrylate; 5 
μm thickness sections were obtained and stained with Goldner’s 
Trichrome for the morphological and histomorphometric exam-
ination of SCB and the osteochondral interface and Safranin- O/
Fast Green for evaluation of cartilage degradation.24 25

Histomorphometric measurements of sCb
Histomorphometry was performed using Bioquant Osteo Histo-
morphometry software (Bioquant Osteo, Nashville, Tennessee, 
USA). The following parameters were measured: thickness of 
osteoid (O.Th, μm), per cent osteoid volume (OV/BV, %), per 
cent osteoid surface (OS/BS, %), specific osteoid surface (OS/BV, 
mm2/mm3), per cent eroded surface (ES/BS, %), specific eroded 
surface (ES/BV, mm2/mm3), eroded surface in bone tissue volume 
(ES/TV, mm2/mm3) and the ratio of osteoid surface to eroded 
surface (OS/ES).24

Histological evaluation of articular cartilage and 
osteochondral interface
The assessment was performed by histopathologists (MZ and 
JP), blinded to the BMI of each patient, using the Osteoar-
thritis Research Society International (OARSI) grading system.26 
A fissure at the osteochondral interface was defined as a gap 
in the cartilage–bone interface containing at least two of the 
following characteristics: (1) cartilage erosion; (2) free carti-
lage/bone debris; (3) fibrogranulation tissue infiltration; (4) 
rupture of microcapillaries and the presence of red blood cells 
and leucocytes within the fissures. The definition and location 
of the fissures were mutually agreed by qualified investigators 
(MZ, LC and JP). The length is characterised by the surface of 
the calcified cartilage immediately beneath the separation. The 
area of fissures is characterised by an area of the splitting at the 
osteochondral interface. These two parameters were measured 
by Bioquant Osteo Histomorphometry software.

statistical analysis
Registry cohort data were expressed as mean±SD. Data were 
tested for normality using the Shapiro- Wilks test. One- way anal-
ysis of variance (ANOVA) followed by post- hoc comparison was 
applied to analyse differences in age at TKR between the four 
weight categories.

Among the 88 cases collected for microstructural and patho-
logical analyses, an independent sample t- test was applied to 
compare the mean age at TKR between each category and its 
represented category. Fisher’s exact test and one- way ANOVA 
were used to, respectively, compare the categorical and contin-
uous variables of the demographic characteristics among four 
categories based on BMI in the case series subset.

Univariable and multivariable general linear regression models 
were used to investigate the association between BMI and the 
parameters of bone microstructure, remodelling and cartilage 
OARSI grading (all as continuous variables). Univariable and 
multivariable logistic regression models were applied to explore 
the effect of BMI on the frequency of the fissures in osteochondral 
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Table 1 Relationship between body mass index and mean age of patients undergoing total knee replacement

normal weight Overweight Obese class I & II Obese class III One- way AnOVA
P (age)n (%) Age n (%) Age n (%) Age n (%) Age

Overall 4 533 (11.05) 71.70±9.43 12 867 (31.37) 69.81±9.07 19 432 (47.37) 67.22±8.34 4 191 (10.21) 63.62±7.77 <0.0001

Male 1 797 (9.9) 71.77±9.75 6 808 (37.4) 69.24±9.08 8 441 (46.4) 66.63±8.27 1 149 (6.3) 63.60±7.80 <0.0001

Female 2 736 (12.0) 71.66±9.42 6 059 (26.5) 70.45±8.56 10 991 (48.1) 67.67±8.39 3 042 (13.3) 63.63±8.27 <0.0001

Data are represented as mean±SD or number (percentage). Mean ages among four categories in each registry were significantly different at p<0.001 by post- hoc comparison.
ANOVA, analysis of variance.

Table 2 Demographic and clinical characteristics of the subset of patients undergoing total knee replacement

normal weight Overweight Obese class I & II Obese class III

P value(n=26) (n=19) (n=31) (n=12)

Women (N/%) 8 (30.8) 12 (63.2) 15 (48.4) 8 (66.7) 0.413

Age/year* 72.46±8.31 69.00±8.03 66.84±9.28 61.42±6.49 0.003

X- ray/ K- L† 2.5 (2 to 3) 2 (1 to 3) 2 (2 to 4) 2 (2 to 3.75) 0.725

Predominant compartment 0.093

 Medial (N/%) 17 (65.4) 18 (94.7) 24 (77.4) 8 (66.7)

 Lateral (N/%) 9 (34.6) 1 (5.3) 7 (22.6) 4 (33.3)

The comparisons of continuous parameters were performed using one- way analysis of variance. Comparison of categorical data was performed using Fisher’s exact test.
*Values presented as mean±SD.
†Value presented as median (25th, 75th percentiles).
K- L, Kellgren and Lawrence.

interface. In logistic regression models, we defined dummy vari-
ables using 0 to indicate cases without horizontal fissures and 1 
to indicate cases with horizontal fissures. Multivariable linear 
regression and logistic regression were adjusted for sex and age. 
OR and 95% CIs are reported. The relationship between hori-
zontal fissures (including area and length) and BMI was assessed 
by Spearman’s correlation.

To estimate the proportion of horizontal fissures attributable 
to obesity, we calculated the attributable fraction among the 
exposure (AFex) by using the formula AFex= (OR−1)/OR.27–29

The OR value was obtained by multivariable logistic regression 
to estimate the ORs for the association between the horizontal 
fissures and normal weight, overweight and obesity.

Variables were expressed as mean±SD, median (25th, 75th 
percentiles) and frequencies (percentage), respectively. All statis-
tical methods were applied by Prism 7 software and IBM SPSS 
Statistics (V.25). All hypotheses were two- tailed tested, and 
p<0.05 was considered statistically significant.

resulTs
OA Patients with obesity received TKr at younger age than 
those of normal weight
We analysed the characteristics of 41 023 cases of patients with 
primary OA receiving TKR and grouped them into 4 categories 
according to their BMI. As shown in table 1, 57.58% of patients 
who had a TKR were obese. The age at which OA patients had 
a TKR differed significantly within their BMI groups. A negative 
correlation between age at TKR and BMI category was observed 
(p<0.0001) with post hoc testing showing the age at TKR signifi-
cantly decreased with each increase in BMI category. Patients in 
the overweight, obese class I&II and class III categories received 
a TKR 1.89, 4.48 and 8.08 years earlier than patients in the 
normal weight category, respectively. The association was inde-
pendent of sex. Comparison of age at TKR between the case 
series and AOANJRR cohort showed no significant age differ-
ences in each category (online supplementary figure 1). Table 2 

summarises the demographic characteristics of the case series 
subset.

Increased bMI is associated with less articular cartilage 
degradation
We then investigated the histopathology of a representative 
subset of 88 cases from the AOANJRR. Patients with higher BMI 
displayed less disruption and matrix loss in the articular carti-
lage surface in the predominant compartment, as well as overall 
in both medial and lateral compartments, when compared with 
patients with lower BMI. Patients in the normal weight category 
displayed cartilage erosion and degenerative changes, starting 
from the superficial layer and extending to the deeper layers, 
while patients in the obese categories had less cartilage erosion 
on the articular surface (table 3). In the predominant compart-
ment, lower OARSI scores were associated with increased BMI 
in unadjusted (p=0.003) and multivariable linear regression 
(p adjusted=0.004). Similar results were obtained in both medial 
and lateral compartments (medial p=0.011, p adjusted =0.016 
and lateral p=0.030, p adjusted=0.044). These results suggested 
that OA patients with obesity have less cartilage degradation 
compared with OA patients of normal weight.

Impact of increased bMI on sCb microstructure
We next examined if increased BMI had an impact on SCB 
microstructure. In the predominant compartment, linear regres-
sion adjusted for sex and age showed that BV/TV and BMD 
were negatively associated with BMI, while SMI was positively 
associated with BMI. Interestingly, without justification of the 
predominant compartment, there was nonlinear correlation 
between BMI and the microarchitectural parameters by both 
univariable and multivariable linear regression in both medial 
and lateral compartments (online supplementary table 1).

Histomorphometric assessment revealed that BMI was signifi-
cantly and positively associated with parameters representing the 
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Table 3 Body mass index- associated changes of cartilage degradation and subchondral bone (SCB) remodelling

unadjusted Age and sex adjusted

β (95% CI) P value β (95% CI) P value

Predominant Cartilage evaluation OARSI −0.046 (−0.076 to −0.016) 0.003 −0.048 (−0.081 to −0.016) 0.004

Bone formation OV/BV (%) 0.001 (0.000 to 0.001) 0.019 0.001 (0.000 to 0.001) 0.014

OS/BS (%) 0.004 (0.001 to 0.007) 0.022 0.004 (0.001 to 0.008) 0.024

O.Th (µm) 0.327 (0.161 to 0.492) 0.000 0.293 (0.112 to 0.454) 0.002

Bone resorption ES/BS (%) 0.000 (−0.001 to 0.000) 0.349 0.000 (−0.001 to 0.000) 0.254

ES/BV (mm2/mm3) −0.003 (−0.009 to 0.002) 0.228 −0.004 (−0.010 to 0.002) 0.178

ES/TV (mm2/mm3) −0.001 (−0.003 to 0.001) 0.190 −0.001 (−0.003 to 0.001) 0.173

OS/BV (mm2/mm3) −0.148 (−0.015 to 0.069) 0.199 0.032 (−0.015 to 0.079) 0.181

OS/ES 0.776 (−0.080 to 1.632) 0.075 0.788 (−0.171 to 1.747) 0.106

Medial Cartilage evaluation OARSI −0.035 (−0.062 to −0.008) 0.011 −0.037 (−0.066 to −0.007) 0.016

Bone formation OV/BV (%) 0.001 (0.000 to 0.001) 0.014 −0.001 (0.000 to 0.001) 0.011

OS/BS (%) 0.004 (0.001 to 0.007) 0.014 0.004 (0.001 to 0.008) 0.015

O.Th (µm) 0.345 (0.181 to 0.510) 0.000 0.311 (0.133 to 0.490) 0.001

Bone resorption ES/BS (%) 0.000 (0.000 to 0.000) 0.579 0.000 (0.000 to 0.000) 0.596

ES/BV (mm2/mm3) −0.002 (−0.007 to 0.002) 0.237 −0.002 (−0.007 to 0.002) 0.310

ES/TV (mm2/mm3) −0.001 (−0.002 to 0.001) 0.396 −0.001 (−0.002 to 0.001) 0.423

OS/BV (mm2/mm3) 0.030 (−0.012 to 0.071) 0.163 0.036 (−0.011 to 0.082) 0.399

OS/ES 0.772 (−0.084 to 1.629) 0.077 0.764 (−0.197 to 1.724) 0.118

Lateral Cartilage evaluation OARSI −0.033 (−0.062 to −0.003) 0.030 −0.033 (−0.064 to −0.001) 0.044

Bone formation OV/BV (%) 0.001 (9.915E−5 to 0.001) 0.020 0.001 (0.000 to 0.001) 0.009

OS/BS (%) 0.004 (0.001 to 0.007) 0.024 0.004 (0.001 to 0.008) 0.017

O.Th (µm) 0.320 (0.161 to 0.479) 0.000 0.319 (0.143 to 0.495) 0.001

Bone resorption ES/BS (%) 0.000 (−0.001 to 0.000) 0.226 0.000 (−0.001 to 0.000) 0.235

ES/BV (mm2/mm3) −0.004 (−0.010 to 0.001) 0.137 −0.004 (−0.011 to 0.002) 0.167

ES/TV (mm2/mm3) −0.001 (−0.003 to 0.001) 0.153 −0.001 (−0.003 to 0.001) 0.199

OS/BV (mm2/mm3) 0.027 (−0.016 to 0.069) 0.218 0.034 (−0.013 to 0.081) 0.149

OS/ES 0.768 (−0.087 to 1.632) 0.078 0.823 (−0.119 to 1.766) 0.086

Dependent variable: histomorphomectric parameters (continuous variable). Independent variable: BMI (kg/m2, continuous variable). Method: linear regression.
ES/BS, per cent eroded surface; ES/BV, specific eroded surface; ES/TV, eroded surface in bone tissue volume; OARSI, Osteoarthritis Research Society International Grading; OS/BS, 
per cent osteoid surface; OS/BV, specific osteoid surface; OS/ES, the ratio of osteoid surface to eroded surface; O.Th, thickness of osteoid; OV/BV, per cent osteoid volume.

Figure 1 Representative images of horizontal fissures in the 
osteochondral units from OA patients with normal weight and morbid 
obesity. In patients with normal weight (A), cartilage is firmly attached 
on calcified cartilage (CC). In patients with obese class III (B), a 
horizontal fissure is observed at the osteochondral interface between 
the articular cartilage (AC) and subchondral bone (SCB). Free bone 
debris (black arrowhead) and cartilage erosion (empty arrow) are 
presented within the fissure.

formation of osteoid, including OV/BV, OS/BS and O.Th in both 
univariable and multivariable linear regression models in the 
predominant, lateral and medial compartments (table 3). BMI 

was not associated with bone surface erosion, as demonstrated 
by bone resorption parameters, including ES/BS, ES/BV, ES/TV 
and OS/ES, in neither predominant, medial nor lateral compart-
ments. These results showed that while obesity increased osteoid 
formation and SMI in SCB, total bone volume and BMD were 
decreased.

Obesity causes horizontal fissuring and cartilage erosion at 
the osteochondral interface
We next examined the integrity of the osteochondral interface 
between cartilage and SCB.30 We observed that patients with 
obesity displayed horizontal fissures with cartilage erosion at 
the osteochondral interface (figure 1), characterised by irregular 
cartilage erosion, fibrogranulation tissue infiltration, the pres-
ence of cartilage/bone debris and rupture of microcapillaries 
within the fissures at the osteochondral interface (figure 2). The 
presence of red blood cells and leucocytes within the fissures situ-
ated between the non- mineralised and calcified cartilage regions 
indicated that the fissures were not artefacts or damage during 
sample preparation. While not all patients with obesity had 
these pathological changes, patients with obesity showed higher 
frequency of horizontal fissuring, compared with those with 
normal weight. Horizontal fissures were a unique feature of OA 
pathology in patients with obesity. In the predominant compart-
ment, 75% of patients in the obese class III category displayed 
horizontal fissures with cartilage erosion at the osteochondral 

http://ard.bmj.com/


815Chen L, et al. Ann Rheum Dis 2020;79:811–818. doi:10.1136/annrheumdis-2020-216942

Osteoarthritis

Figure 2 Representative cases of horizontal fissures at the 
osteochondral interface. (A) Free cartilage (*) and bone debris (black 
arrowhead) are observed in the horizontal fissures. Presence of plasma 
cells (white arrowhead) is seen. (B) Cluster of red blood cells (black 
arrow) and leucocyte (white arrowhead) within the fissure. Cartilage 
erosion towards the articular surface (empty arrow) was observed in 
the horizontal interface between hyaline cartilage and the mineralised 
tissue. (C) Fibrous infiltration (white arrow), cartilage (*) and bone 
debris (black arrowhead) were observed within the fissures. (D) 
Fibrogranulation tissue infiltration (white arrow) was present in the 
horizontal fissures. Free cartilage debris (*) was also seen. Staining 
method: Goldner’s Trichrome.

Table 4 Pathological changes of horizontal fissuring in osteochondral interface among body mass index categories

Cartilage 
erosion
n (%)*

Fibrogranulation 
tissue infiltration
n (%)*

rbC/leucocyte 
infiltration
n (%)*

bone/cartilage 
debris
n (%)*

Total†
n (%)

length of fissures
(μm)

Area of fissures
(mm2)

Mean Median‡ Mean Median ‡

Predominant

 Normal weight 2 (7.7%) 2 (7.7%) 0 (0) 1 (3.8%) 2 (7.7%) 27.11±97.02 0 (0 to 0) 0.002±0.006 0 (0 to 0)

 Overweight 3 (15.8%) 3 (15.8%) 0 (0) 3 (15.8%) 3 (15.8%) 58.70±171.08 0 (0 to 0) 0.01±0.03 0 (0 to 0)

 Obese class I & II 6 (19.4%) 7 (22.6%) 1 (3.2%) 7 (22.6%) 7 (22.6%) 72.75±143.29 0 (0 to 30.25) 0.01±0.03 0 (0 to 0.002)

 Obese class III 9 (75.0%) 6 (50.0%) 1 (8.3%) 8 (66.7%) 9 (75.0%) 483.38±493.48 423.30 (0 to 693.60) 0.02±0.03 0.02 (0 to 0.04)

Medial

 Normal weight 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 0 (0 to 0) 0 0 (0 to 0)

 Overweight 2 (10.5%) 2 (10.5%) 0 (0) 2 (10.5%) 2 (10.5%) 55.62±166.81 0 (0 to 0) 0.006±0.020 0 (0 to 0)

 Obese class I & II 8 (25.8%) 8 (25.8%) 1 (3.2%) 8 (25.8%) 9 (29.0%) 87.28±163.30 0 (0 to 133.31) 0.01±0.03 0 (0 to 0.004)

 Obese class III 7 (58.33%) 6 (50%) 1 (8.3%) 5 (41.7%) 7 (58.33%) 434.65±470.20 411.31 (0 to 693.60) 0.03±0.03 0.014 (0.096)

Lateral

 Normal weight 4 (15.4%) 5 (19.2%) 0 (0) 3 (11.5%) 5 (19.2%) 66.85±146.38 0 (0 to 0) 0.003±0.01 0 (0 to 0)

 Overweight 4 (21.1%) 5 (26.3%) 0 (0) 4 (21.1%) 5 (26.3%) 118.98±243.15 0 (0 to 0) 0.01±0.03 0 (0 to 0.012)

 Obese class I & II 9 (29.0%) 10 (32.3%) 0 (0) 7 (22.6%) 10 (32.3%) 147.52±348.71 0 (0 to 253.65) 0.02±0.04 0 (0 to 0.016)

 Obese class III 7 (58.33%) 4 (33.3%) 0 (0) 7 (58.33%) 7 (58.33%) 364.67±431.92 221.51 (0 to 789.39) 0.03±0.03 0.025 (0 to 0.047)

*Data were presented as number (N) and percentage (%) of cases with the described pathology.
†Total number of cases with horizontal fissures.
‡Data were presented as median and IQR.
RBC, red blood cells.

interface of the predominant compartment, compared with 
only 7.7% of patients in the normal weight group. Over 58% 
of patients in the obese class III category displayed fissuring 
in both medial and lateral compartments of the tibial plateau, 

compared with none in the medial compartment and 19.2% 
in the lateral compartment of patients with normal weight 
(table 4). Measurement of the length and area of fissures showed 
that there were significant correlations between fissures and BMI 
in the predominant compartment or medial and lateral compart-
ments without justification of the predominant compartment 
(table 5). The association between BMI and the presence of 
horizontal fissuring was significant after adjusting for sex and 
age (table 5). An increase in one unit of BMI (1 kg/m2) increased 
the odds of horizontal fissures by 14.7% (OR (95% CI) 1.147 
(1.055 to 1.246)) in the predominant compartment. Subanal-
ysis of attributable fraction showed that obesity increases the 
attributable fraction of horizontal fissures. The AFex of obesity 
was 84.4%, estimating that over 80% of the horizontal fissures 
in the predominant compartment were attributable to obesity. 
Together, these results suggested that abnormal overload in 
patients with obesity strongly contribute to horizontal fissures at 
the osteochondral interface.

dIsCussIOn
We showed that 57.58% of patients in Australia who had a TKR 
were obese. Patients with overweight, obese class I & II or obese 
class III received a TKR 1.89, 4.48 and 8.08 years earlier than 
patients with normal weight, respectively. While the altered 
microstructure in SCB and the reduced cartilage degradation 
were observed in patients with higher BMI, horizontal fissuring 
at the osteochondral interface was the key pathological feature of 
obesity- induced OA. The frequency of horizontal fissures at the 
osteochondral interface was positively associated with increased 
BMI. Subanalysis of attributable fraction showed that 84.4% of 
the horizontal fissures in the predominant compartment were 
attributable to obesity.

Previous studies have shown that more than two- thirds of 
obese individuals have OA and eventually undergo TKR.2 31 32 
Changulani et al showed that the mean age at which morbidly 
obese (BMI ≥40 kg/m2) patients underwent TKR was 13 years 
younger than patients with normal BMI, based on data from 344 
patients.33 The data are similar with our large cohort study that 
age at TKR in patients with class III obesity was nearly 8 years 
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Table 5 Body mass index (BMI)- associated horizontal fissuring in osteochondral interface

unadjusted P value Age and sex adjusted P value

Predominant

 Incidence of fissures (OR (95% CI))* 1.144 (1.061 to 1.233) <0.001 1.147 (1.055 to 1.246) 0.001

 Length of fissures (µm) (R)† 0.403 <0.001 0.417 <0.001

   Area of fissures (mm2) (R)‡ 0.400 <0.001 0.391 <0.001

Medial

 Incidence of fissures (OR (95% CI))* 1.173 (1.081 to 1.273) <0.001 1.186 (1.081 to 1.302) <0.001

 Length of fissures (µm) (R)† 0.463 <0.001 0.507 <0.001

   Area of fissures (mm2) (R)‡ 0.467 <0.001 0.518 <0.001

Lateral

 Incidence of fissures (OR (95% CI))* 1.086 (1.017 to 1.159) 0.013 1.078 (1.004 to 1.157) 0.038

 Length of fissures (µm) (R)† 0.264 0.013 0.240 0.027

 Area of fissures (mm2) (R)‡ 0.286 0.007 0.224 0.040

*Logistic regression between BMI (kg/m2, continuous variable) and incidence of fissures.
†Spearman’s rank correlation analysis between BMI (kg/m2) and the length of fissures (µm).
‡Spearman’s rank correlation analysis between BMI (kg/m2) and the area of fissures (mm2).

Figure 3 Hypothetic model of shear force- induced horizontal fissures 
in osteoarthritis (OA) patients with obesity. Osteochondral unit is a 
multiphasic materials structure. The unit may receive direct loading from 
cartilage to subchondral bone (SCB) in OA patients with normal weight. 
However, in patients with obesity, articular cartilage (AC) experiences 
a large lateral deformation due to the high compressive stress, the 
deformation being restrained by the underlying calcified cartilage (CC) 
and SCB, which generates secondary shear stress to induce horizontal 
fissures and cartilage erosion at the osteochondral interface.

younger than in those of normal weight. Due to the life span of 
knee prostheses, our study suggested that a weight- loss strategy 
prior to TKR in patients with obesity is warranted.

Abnormal mechanical loading is an important mechanism 
in accelerating the progression of obesity- related OA.34–36 The 
present study has shown that patients with obesity have more 
mechanically related pathological changes at the osteochon-
dral interface. The osteochondral unit is a functional complex 
with cartilage having a higher Poisson’s ratio than the under-
lying mineralised bone.37 38 Under high compression loading, 
cartilage displays a larger lateral deformation; however, the 
deformation is restrained by its underlying calcified bed and the 
SCB.39 This results in the generation of secondary shear force to 
the cartilage–bone interface, creating fissures and exacerbating 
OA progression.39 Interestingly, the pathologesis of horizontal 
splitting of osteochondral interface in human OA was initially 
reported in 1915 and later confirmed by Meachim and Bentley 
in 1978. Animal studies in the 1980s of the overload- induced 
OA also showed induction of horizontal splitting of osteochon-
dral interface.40 41 However, little attention has been paid to this 
observation over the last two decades. It is also noteworthy that 

horizontal fissures differ from cartilage delamination. The latter 
is caused by acute trauma in younger adults due to the sudden 
introduction of shear forces to the subchondral interface.42 43 
Delamination is an isolated chondral lesion, normally causing 
complete separation of cartilage from the subchondral bone and 
results in the formation of a cartilage flap in the joint.44 45 On the 
other hand, horizontal fissures are a condition of chronic inflam-
mation, causing cartilage erosion at the subchondral interface 
due to secondary shear force generated by compressive stress. 
No cartilage flaps or complete separation is seen. Our study 
showed that microscopic horizontal fissures are characterised by 
horizontal cartilage erosion, inflammation and rupture of micro-
capillaries at the osteochondral interface.

The effect of obesity on the microstructure of SCB seems 
somewhat contradictory.46 47 Previously, it has been shown that 
lower subchondral thickness in the SCB of femoral heads from 
patients with overweight/obesity compared with normal- weight 
patients.48 On the other hand, Reina et al showed that increased 
bone volume and more plate- like trabeculae was associated with 
increased BMI.49 In our study, we observed that patients with 
obesity have relatively higher osteoid formation and lower BV/
TV in predominant compartment as compared with those in 
non- obese patients, suggesting that obesity alters the SCB micro-
structure in OA patients.

There are, however, limitations in this study. First, the sample 
size collected for histopathological evaluation was relatively 
small as compared with the registry cohort and selection of cases 
was intentional, according to the category of BMI. Neverthe-
less, the mean age of the case series in all four categories was 
identical to those from the registry data, suggesting insignificant 
impact bias on sample size and collection. Second, there is lack 
of control subjects. The main source of control subjects in this 
setting can only be cadaveric specimens or those obtained as 
results of amputation, which are often unsatisfactory specimen, 
and cannot be reliably controlled. Third, this is a cross- sectional 
observational study.

We hypothesise that obesity induces shear forces on the osteo-
chondral interface causing horizontal fissures in patients with 
OA (figure 3). As hyaline cartilage, calcified cartilage and SCB 
have different mechanical properties; high compression loading 
generates excessive shear forces and thus induces fissuring at the 
interface. The structural deterioration enhances the metainflam-
matory reactions, attracts the ingrowth of vessels and nerves into 
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the cartilage and further aggravates the symptoms of patients 
with obesity during joint motion.

Our study has shown that the key pathological feature in OA 
patients with obesity is horizontal fissuring at the osteochon-
dral interface. Obesity is strongly associated with a younger age 
of first TKR, and may be due to horizontal fissures. While the 
causal relationship between this pathological change and earlier 
TKR seen in patients with obesity remains unclear, our observa-
tion provides a possible explanation between BMI and age of OA 
patients undergoing TKR.
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ABSTRACT
Objectives To report the level and trends of prevalence, 
incidence and years lived with disability (Ylds) for 
osteoarthritis (oa) in 195 countries and territories from 
1990 to 2017 by age, sex and socio- demographic index 
(sdi; a composite of sociodemographic factors).
Methods publicly available modelled data from the 
global Burden of diseases, injuries, and Risk Factors 
study (gBd) 2017 were used. The burden of oa was 
estimated for 195 countries and territories from 1990 to 
2017, through a systematic analysis of prevalence and 
incidence modelled data using the methods reported 
in the gBd 2017 study. all estimates were presented 
as counts and age- standardised rates per 100 000 
population, with uncertainty intervals (Uis).
Results globally, the age- standardised point prevalence 
and annual incidence rate of oa in 2017 were 3754.2 
(95% Ui 3389.4 to 4187.6) and 181.2 (95% Ui 162.6 
to 202.4) per 100 000, an increase of 9.3% (95% Ui 
8% to 10.7%) and 8.2% (95% Ui 7.1% to 9.4%) from 
1990, respectively. in addition, global age- standardised 
Yld rate in 2017 was 118.8 (95% Ui 59.5 to 236.2), 
an increase of 9.6% (95% Ui 8.3% to 11.1%) from 
1990. The global prevalence was higher in women and 
increased with age, peaking at the >95 age group 
among women and men in 2017. generally, a positive 
association was found between the age- standardised 
Yld rate and sdi at the regional and national levels. 
age- standardised prevalence of oa in 2017 ranged from 
2090.3 to 6128.1 cases per 100 000 population. United 
states (6128.1 (95% Ui 5729.3 to 6582.9)), american 
samoa (5281 (95% Ui 4688 to 5965.9)) and Kuwait 
(5234.6 (95% Ui 4643.2 to 5953.6)) had the three 
highest levels of age- standardised prevalence. oman 
(29.6% (95% Ui 24.8% to 34.9%)), Equatorial guinea 
(28.6% (95% Ui 24.4% to 33.7%)) and the United 
states 23.2% (95% Ui 16.4% to 30.5%)) showed the 
highest increase in the age- standardised prevalence 
during 1990–2017.
Conclusions oa is a major public health challenge. 
While there is remarkable international variation in the 
prevalence, incidence and Ylds due to oa, the burden is 
increasing in most countries. it is expected to continue 
with increased life expectancy and ageing of the global 
population. improving population and policy maker 
awareness of risk factors, including overweight and 
injury, and the importance and benefits of management 

of oa, together with providing health services for 
an increasing number of people living with oa, are 
recommended for management of the future burden of 
this condition.

Key messages

What is already known about this subject?
 ► To the best of our knowledge, no study 
has reported the national- level burden of 
osteoarthritis (OA). The region- specific burden 
of OA has been reported using the Global 
Burden of Diseases, Injuries, and Risk Factors 
Study 2010, which needs to be updated.

What does this study add?
 ► Globally, the age- standardised point prevalence, 
annual incidence and years lived with disability 
(YLD) rate of OA in 2017 were 3754.2 (95% 
UI 3389.4 to 4187.6), 181.2 (95% UI 162.6 to 
202.4) and 118.8 (95% UI 59.5 to 236.2) per 
100 000 respectively.

 ► Globally, an increase in age- standardised 
prevalence (9.3% (95% uncertainty intervals 
(UI) 8% to 10.7%)), incidence (8.2% (95% UI 
7.1% to 9.4%)) and YLD (9.6% (95% UI 8.3% 
to 11.1%)) rates of OA was seen between 1990 
and 2017.

 ► The United States (6128.1/100 000 (95% UI 
5729.3 to 6582.9)), American Samoa (5281 
(95% UI 4688 to 5965.9)) and Kuwait (5234.6 
(95% UI 4643.2 to 5953.6)) were the three 
countries with highest age- standardised 
prevalence estimates in 2017.

 ► The global prevalence was higher in women 
and increased with age, peaking at the >95 age 
group among women and men in 2017.

How might this impact on clinical practice or 
future developments?

 ► Preventive measures previously addressed 
need to be reaffirmed throughout the world, 
especially in the older female population of 
the countries with the highest burden of OA, 
to effectively reduce the future burden and 
disability of OA.
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InTROduCTIOn
Osteoarthritis (OA) is a prevalent and disabling condition that 
imposes a remarkable burden, with notable implications for the 
individuals affected, healthcare systems and wider socioeco-
nomic costs.1 2 A large proportion of the OA burden is due to hip 
and knee OA, which at end stage may lead to joint replacement. 
In recent years, the burden of OA has been presented in several 
review papers based on few national studies, and no detailed 
information was provided across all countries.2–4 Moreover, 
worldwide OA burden was reported using the Global Burden of 
Disease (GBD) 2010 Study, but country- level information was 
not reported, and these overall OA burden estimates need to be 
updated from the 2010 estimates.5 One study reported the global 
burden of musculoskeletal diseases using the WHO Burden of 
Diseases Database during 2000–2015, but it did not specifi-
cally focus on OA.6 To provide comprehensive, comparable and 
up- to- date information on OA burden, this report presents the 
modelled global-, regional- and national- level prevalence, inci-
dence and years lived with disability (YLDs) of OA as reported 
in the GBD 2017 Study, presenting counts and age- standardised 
rates from 1990 to 2017 by age, sex and Socio- demographic 
Index (SDI; a composite of sociodemographic factors).

MeTHOdS
Overview
The GBD 2017 Study, conducted by Institute of Health Metrics 
and Evaluation (IHME), is the largest and most comprehensive 
effort, to date, to measure epidemiological levels and trends 
worldwide. One hundred and ninety- five countries and territo-
ries, 7 super- regions and 21 regions have been included in GBD 
studies since 1990,7 and GBD 2017 systematically studied 359 
diseases and injuries, 282 causes of death and 84 risk factors. 
The general methodology of GBD 2017 developed by IHME 
and its main improvements compared with previous cycles have 
been explained in previous publications.7–10 Detailed informa-
tion about fatal and non- fatal estimates used in GBD 2017 can 
be found at https:// vizhub. healthdata. org/ gbd- compare/ and 
http:// ghdx. healthdata. org/ gbd- results- tool.11 12

Case definition and data sources
In the GBD 2017 Study, only OA of the hip and knee was 
included, and the reference definition was symptomatic OA of 
the hip or knee radiologically confirmed as Kellgren- Lawrence 
grade 2-4.7 13 Grade 2 symptomatic OA involves one defined 
osteophyte in hip or knee and pain for at least 1 month out of 
the past 12 months. Grade 3–4 symptomatic OA includes osteo-
phytes and joint space narrowing in hip or knee, with grade 4 
also including deformity, and pain for at least 1 month out of 
the past 12 months.7 13 Covariates were used in the modelling 
process to highlight data obtained from definitions other than 
the reference definition, such as self- report.

Only hip and knee sites were reviewed to obtain GBD OA esti-
mates as hip and knee are the common sites of OA in larger joints 
and are considered to produce the greatest disability. Failure of 
these joints could lead to the need for high- cost joint replace-
ment, where available, contributing to direct healthcare costs. 
As noted in GBD 2017, although OA of the spine is common, 
the associated symptoms and disability were considered to have 
been captured in the estimates of low back pain and neck pain. 
Hand OA was also not considered as a separate entity in these 
GBD 2017 OA estimates.7

A systematic review of the population- based prevalence and 
incidence of OA was performed for the years 1980 to 2009 

for GBD 2010 and updated for GBD 2017. Detailed informa-
tion on the search terms used for prevalence and incidence are 
described elsewhere.7 Studies with the following characteristics 
were excluded: (a) subpopulations clearly not representative of 
the national population; (b) not a population- based study; (c) 
small sample size (<150) and (d) reviews.7

Data obtained in GBD 2017 for knee OA included prevalence 
(site- years=395) and incidence (site- years=5), and for hip OA 
prevalence (site- years=350) and incidence (site- years=5) were 
used for the study estimates.7 Notably, a site- year is a unique 
combination of location and calendar year and is defined as 
a national or other subnational geographical unit contrib-
uting data in a given year. The number of countries with data 
for estimating the prevalence (n=26) and incidence (n=4) of 
knee OA were low as was the number for hip OA prevalence 
(n=24) and incidence (n=3). For knee and hip OA, the number 
of GBD regions with data was higher for prevalence (n=12 and 
n=9 respectively) compared with incidence (n=2 for both).7 In 
addition, USA claims data for 2000 and 2010–2014 by state and 
Taiwan claims data from 2016 were included. Notably, hospital 
inpatient data were not used as they were not considered to be 
representative of population- based prevalence.7 The exact data 
sources used in estimating the burden of OA in the different 
countries can be found at GBD 2017 Data Input Sources Tool 
using the following link: http:// ghdx. healthdata. org/ gbd- 2017/ 
data- input- sources. Where data were not available or sparse for 
a country or region, an advantage of using DisMod- MR 2.1 was 
that, in addition to pooling heterogeneous data and checking 
for internal consistency to adjust for methodological differ-
ences, DisMod- MR 2.1 allowed for the use of covariates and the 
borrowing of strength across time and geography. Using disease- 
relevant country characteristics, such as average body mass index 
(BMI), and random effects, values were estimated based on the 
actual data from similar countries and territories to model data 
where actual data does not exist. Uncertainty intervals allow the 
assessment of the strength of the evidence.

data processing and disease model
While MarketScan data reported all OA in 2000 and 2010–
2014, National Health and Nutrition Examination Survey 
(NHANES) I was the only NHANES cycle that diagnosed 
and reported separately for hip and knee using radiologically 
confirmed diagnoses and self- reported pain. Consequently, data 
from NHANES I were used to estimate the proportion of OA 
that is hip and knee, by sex. The fraction of OA cases attrib-
utable to hip and knee was calculated and then applied to the 
MarketScan data to determine the prevalence of OA of hip and 
OA of knee.7

Prior settings in the DisMod- MR 2.1 model included setting 
remission to 0 with an assumption that there was no incidence or 
prevalence of OA before the age of 30 years. It was also assumed 
that excess mortality is zero as the data on mortality risk associ-
ated with OA are not consistent.7

Study covariates were used where studies identified cases of 
OA through varying methods, which included X- ray examina-
tions only, self- reported OA with pain, self- reported OA with 
no information on pain or medical record review where cases 
of OA were assumed to have been diagnosed by X- ray examina-
tion. For each of these covariates, the crosswalk was estimated 
before DisMod- MR 2.1 comparing, for example, geographies, 
which had data according to the reference case definition and 
the alternative. Bounds with an upper and lower limit were set in 
DisMod- MR 2.1. For each of 3 years of claims data in the USA, 

https://vizhub.healthdata.org/gbd-compare/
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-2017/data-input-sources.
http://ghdx.healthdata.org/gbd-2017/data-input-sources.
http://ard.bmj.com/
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covariates were added. Detailed information on this subject can 
be found elsewhere.7

Severity and years lived with disability
International Classification of Diseases (ICD) version 10 codes 
were used for OA of the hip (M16) and knee (M17). The ICD-9 
code for OA is 715 without specific codes for hip and knee sites. 
Four disease sequelae (severity levels) were considered for OA, 
where each sequela had specific disability weights (DWs) ranging 
from 0 to 0.165 (online supplementary table S1). The GBD 2013 
European Disability Weights Measurement Study and GBD 2010 
Disability Weights Measurement Study were used as sources 
of DW values. More details have been described in previous 
studies.7 14

To determine the proportion of each severity level for OA, the 
information reported in four studies from three regions was used. 
OA severity was classified based on the Western Ontario and 
McMaster Universities Arthritis Index (WOMAC),15 with scores 
0–5 taken as mild, 6–13 as moderate and ≥14 as severe.16 17 Esti-
mates were pooled across studies using a random- effects meta- 
analysis model. The pooled percentages of mild 47.0% (42.2% 
to 51.9%), moderate 35.9% (31.3% to 40.7%), and severe 
17.1% (12.9% to 21.6%), between patient and physician ratings 
reported in a study from Bangladesh were applied to low- and 
middle- income countries. The pooled proportions from three 
other studies in high- income countries were mild 74.3% (64.8% 
to 82.7%), moderate 24.3% (16.4% to 33.1%), and severe 1.1% 
(0.6% to 1.7%).7 After streaming out 1000 draws assuming a 
binomial distribution, percentages were scaled to a sum of 1 at 
each draw.

Overall prevalence of OA was divided into the severity cate-
gories by applying the pooled proportions described above. 
YLDs were then calculated by multiplying the prevalence of 
each severity category by severity- specific DWs. The measure to 
compare health conditions across regions and over time is the 
disability- adjusted life year (DALY). One DALY equals one lost 
year of healthy life, and is equal to the sum of years of life lost 
and YLDs.10 As no deaths were attributable to OA in the GBD 
estimated cause of death models, DALYs for OA were consid-
ered to be the same value as YLDs. It was noted that YLDs for 
knee OA and hip OA were combined to estimate the overall OA 
burden. At each computing step, uncertainty was incorporated 
by sampling 1000 draws combining uncertainty from a number 
of sources, including input data, corrections of measurement 
error and estimates of residual non- sampling error. The 2.5th 
and 97.5th centiles of the ordered draws were defined as uncer-
tainty intervals (UIs).

Complementary analyses
Smoothing splines models18 were used to determine the shape 
of association between OA burden measured as YLDs with SDI 
for 21 regions and 195 countries and territories. Although, R2 
of smoothing splines were higher than corresponding linear 
models, we focused more on shape of dose–response relation-
ships rather than fit of models. SDI is a composite indicator 
of lag- distributed income per capita—that is, gross domestic 
product per capita that has been smoothed over the preceding 
10 years, average years of schooling for the population older 
than 15 years, and total fertility rate under the age of 25. It 
ranges from 0 (less developed) to 1 (most developed). R soft-
ware version 3.5.2 was used to generate figures of estimates of 

prevalence and incidence from data available from http:// ghdx. 
healthdata. org/ gbd- results- tool.

ReSulTS
Global level
This study showed that there were about 303.1 million (95% UI 
273.3 to 338.6 million) prevalent cases of hip and knee OA, with 
an age- standardised prevalence estimate of 3754.2 per 100 000 
(95% UI 3389.4 to 4187.6). This was a 9.3% (95% UI 8% to 
10.7%) increase from 1990 to 2017. In addition, OA accounted 
for approximately 14.9 million (95% UI 13.4 to 16.7 million) 
incident cases globally with an age- standardised incidence rate 
of 181.2 (95% UI 162.6 to 202.4), an increase of 8.2% (95% UI 
7.1% to 9.4%) between 1990 and 2017 (table 1). At the global 
level, nearly 9.6 million (95% UI 4.8 to 19.1) YLDs were due 
to OA, with an age- standardised rate of 118.8 (95% UI 59.5 to 
236.2) YLDs per 100 000 population. The age- standardised YLD 
rate increased by 9.6% (95% UI 8.3% to 11.1%) since 1990 
(table 1).

Regional level
At the regional- level, the age- standardised prevalence per 
100 000 of OA in 2017 was highest in high- income North 
America (5923.9 (95% UI 5531.9 to 6367.1)), North Africa and 
Middle East (4609.8 (95% UI 4085.1 to 5200)) and Australasia 
(4594.8 (95% UI 4107.6 to 5136.4)). Conversely, Eastern Sub- 
Saharan Africa (2567.9 (95% UI 2291.5 to 2884.7)), Central 
Sub- Saharan Africa (2632.5 (95% UI 2347.2 to 2969.4)) and 
Western Sub- Saharan Africa (2678.3 (95% UI 2382.3 to 3006.6)) 
had the lowest age- standardised prevalence estimates (table 1).

High- income North America (306.6 (95% UI 285 to 331)), 
Australasia (236 (95% UI 210 to 263.6)) and high- income Asia 
Pacific (233.4 (95% UI 206.6 to 262.8)) had the highest OA 
age- standardised incidence rates, while these rates were lowest 
in Eastern Sub- Saharan Africa (133 (95% UI 117.6 to 149.9)), 
Central Sub- Saharan Africa (135.9 (95% UI 120.4 to 153.2)) 
and East Asia (136.2 (95% UI 120.5 to 153.9)) (table 1).

High- income North America (185.9 (95% UI 94.6 to 375)), 
high- income Asia Pacific (146.4 (95% UI 72.8 to 288.5)) and 
Australasia (145.5 (95% UI 73.2 to 285.7)) had the highest 
age- standardised YLD rates in 2017 while Eastern Sub- Saharan 
Africa (80.8 (95% UI 40.7 to 158.7)) Central Sub- Saharan Africa 
(81.6 (95% UI 41.5 to 162.3)) and Western Sub- Saharan Africa 
(83.9 (95% UI 42 to 165.6)) had the lowest age- standardised 
YLD rates (table 1). The regional- level age- standardised prev-
alence and incidence estimates for all GBD 2017 regions are 
presented by sex in online supplementary figures S1 and S2.

The percentage changes in age- standardised prevalence esti-
mates during 1990–2017 varied across the GBD 2017 regions. 
While all regions showed an increasing trend, high- income 
North America (22.5% (95% UI 16.1 to 29.4)), Australasia 
(14.4% (95% UI 11.3 to 17.4)) and tropical Latin America (14% 
(95% UI 12.8 to 15.2)) displayed the highest increasing trends 
(table 1). These regions were also the top three regions with 
increasing trends in age- standardised incidence and YLD rates. 
No region showed a decreasing trend (table 1). The sex- specific 
percentage changes in age- standardised prevalence estimates and 
incidence rate during 1990–2017 are presented in online supple-
mentary figures S3 and S4.

The number of prevalent cases remarkably increased from 
1990 (141.3 million (95% UI 126.2 to 158.8)) to 2017 (303.1 
(95% UI 273.3 to 338.6)), but the regions contributing to the 
increase in 2017 were different from those in 1990 (online 

https://dx.doi.org/10.1136/annrheumdis-2019-216515
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
https://dx.doi.org/10.1136/annrheumdis-2019-216515
https://dx.doi.org/10.1136/annrheumdis-2019-216515
https://dx.doi.org/10.1136/annrheumdis-2019-216515
https://dx.doi.org/10.1136/annrheumdis-2019-216515
http://ard.bmj.com/


822 Safiri S, et al. Ann Rheum Dis 2020;79:819–828. doi:10.1136/annrheumdis-2019-216515

Osteoarthritis

Ta
bl

e 
1 

Pr
ev

al
en

t c
as

es
, i

nc
id

en
t c

as
es

 a
nd

 y
ea

rs
 li

ve
d 

w
ith

 d
is

ab
ili

ty
 (Y

LD
) f

or
 o

st
eo

ar
th

rit
is

 in
 2

01
7 

fo
r b

ot
h 

se
xe

s 
an

d 
pe

rc
en

ta
ge

 c
ha

ng
e 

of
 a

ge
- s

ta
nd

ar
di

se
d 

ra
te

s 
by

 G
lo

ba
l B

ur
de

n 
of

 D
is

ea
se

 
re

gi
on

s 
(g

en
er

at
ed

 fr
om

 d
at

a 
av

ai
la

bl
e 

fro
m

 h
tt

p:
//g

hd
x.

he
al

th
da

ta
.o

rg
/g

bd
-r

es
ul

ts
-t

oo
l)

Pr
ev

al
en

ce
 (9

5%
 u

nc
er

ta
in

ty
 in

te
rv

al
)

In
ci

de
nc

e 
(9

5%
 u

nc
er

ta
in

ty
 in

te
rv

al
)

Yl
d

s 
(9

5%
 u

nc
er

ta
in

ty
 in

te
rv

al
)

Co
un

ts
(2

01
7)

A
ge

- s
ta

nd
ar

di
se

d 
es

ti
m

at
es

(2
01

7)

Pe
rc

en
ta

ge
 c

ha
ng

e 
in

 
ag

e-
 st

an
da

rd
is

ed
 r

at
es

 
be

tw
ee

n
19

90
 a

nd
 2

01
7

Co
un

ts
(2

01
7)

A
ge

- s
ta

nd
ar

di
se

d 
ra

te
s

(2
01

7)

Pe
rc

en
ta

ge
 c

ha
ng

e 
in

 a
ge

- s
ta

nd
ar

di
se

d 
ra

te
s 

be
tw

ee
n

19
90

 a
nd

 2
01

7
Co

un
ts

(2
01

7)

A
ge

- s
ta

nd
ar

di
se

d 
ra

te
s

(2
01

7)

Pe
rc

en
ta

ge
 c

ha
ng

e 
in

 a
ge

- s
ta

nd
ar

di
se

d 
ra

te
s 

be
tw

ee
n

19
90

 a
nd

 2
01

7

G
lo

ba
l

30
3 

09
6 

52
3

(2
73

 2
79

 8
02

 to
 

33
8 

63
1 

97
6)

37
54

.2
(3

38
9.

4 
to

 4
18

7.
6)

9.
3

(8
.0

 to
 1

0.
7)

14
 9

33
 4

77
(1

3 
38

6 
31

2 
to

 
16

 7
39

 5
63

)

18
1.

2
(1

62
.6

 to
 2

02
.4

)
8.

2
(7

.1
 to

 9
.4

)
9  

60
4 

00
0

(4
 8

08
 5

77
 to

 
19

 1
38

 9
54

)

11
8.

8
(5

9.
5 

to
 2

36
.2

)
9.

6
(8

.3
 to

 1
1.

1)

Hi
gh

-in
co

m
e 

As
ia

-
Pa

ci
fic

18
 1

67
 8

19
(1

6 
15

2 
18

9 
to

 
20

 3
93

 1
11

)

45
75

.2
(4

06
8.

6 
to

 5
14

7.
1)

1.
1

(0
 to

 2
.0

)
73

0 
95

9
(6

48
 2

13
 to

 8
24

 1
37

)
23

3.
4

(2
06

.6
 to

 2
62

.8
)

1.
5

(0
.3

 to
 2

.6
)

57
5 

40
5

(2
86

 6
05

 to
 1

 1
27

 6
56

)
14

6.
4

(7
2.

8 
to

 2
88

.5
)

1.
1

(0
.0

 to
 2

.2
)

Hi
gh

-in
co

m
e 

N
or

th
 

Am
er

ic
a

34
 7

70
 5

65
(3

2  
41

8 
28

7 
to

 
37

 4
20

 4
72

)

59
23

.9
(5

53
1.

9 
to

 6
36

7.
1)

22
.5

(1
6.

1 
to

 2
9.

4)
1 

61
7 

47
0

(1
 4

91
 7

72
 to

 1
 7

54
 3

38
)

30
6.

6
(2

85
.0

 to
 3

31
.0

)
28

.2
(2

1.
6 

to
 3

5.
7)

1 
08

5 
82

0
(5

52
 0

08
 to

 2
 1

81
 3

91
)

18
5.

9
(9

4.
6 

to
 3

75
.0

)
21

.8
(1

5.
5 

to
 2

8.
4)

W
es

te
rn

 E
ur

op
e

31
 9

11
 0

40
(2

8  
69

0 
94

9 
to

 
35

 6
25

 8
18

)

38
66

.5
(3

47
8.

5 
to

 4
30

9.
9)

7.
2

(5
.9

 to
 8

.4
)

1 
38

8 
49

1
(1

 2
36

 5
94

 to
 1

 5
53

 7
30

)
20

0.
8

(1
79

.5
 to

 2
24

.4
)

8.
0

(6
.7

 to
 9

.2
)

1 
00

5 
13

2
(5

04
 0

70
 to

 1
 9

76
 9

66
)

12
2.

8
(6

1.
5 

to
 2

42
.6

)
7.

4
(5

.9
 to

 8
.8

)

Au
st

ra
la

si
a

2 
08

9 
50

9
(1

 8
62

 5
86

 to
 2

 3
37

 3
46

)
45

94
.8

(4
10

7.
6 

to
 5

13
6.

4)
14

.4
(1

1.
3 

to
 1

7.
4)

94
 8

92
(8

4 
32

1 
to

 1
06

 3
93

)
23

6.
0

(2
10

.0
 to

 2
63

.6
)

15
.1

(1
1.

8 
to

 1
8.

3)
65

 7
85

(3
3 

07
1 

to
 1

29
 6

11
)

14
5.

5
(7

3.
2 

to
 2

85
.7

)
14

.6
(1

0.
8 

to
 1

8.
4)

An
de

an
 L

at
in

 
Am

er
ic

a
1 

80
4 

80
8

(1
 6

24
 0

13
 to

 2
 0

12
 5

70
)

33
10

.2
(2

97
8.

7 
to

 3
69

0.
1)

12
.6

(1
0.

1 
to

 1
5.

2)
94

 5
31

(8
4 

55
6 

to
 1

05
 7

17
)

16
7.

4
(1

49
.8

 to
 1

86
.8

)
12

.1
(9

.4
 to

 1
4.

4)
57

 7
19

(2
9 

01
8 

to
 1

14
 4

49
)

10
5.

7
(5

3.
2 

to
 2

09
.3

)
13

.0
(9

.8
 to

 1
6.

0)

Tr
op

ic
al

 L
at

in
 

Am
er

ic
a

7  
41

0 
77

6
(6

 6
46

 6
05

 to
 8

 2
89

 8
72

)
31

39
.5

(2
81

7.
5 

to
 3

50
5.

2)
14

.0
(1

2.
8 

to
 1

5.
2)

39
3 

27
2

(3
51

 1
61

 to
 4

40
 7

32
)

16
0.

3
(1

43
.1

 to
 1

79
.5

)
13

.2
(1

1.
9 

to
 1

4.
4)

23
5 

58
5

(1
18

 6
62

 to
 4

66
 2

96
)

99
.6

(5
0.

2 
to

 1
96

.6
)

14
.7

(1
3.

1 
to

 1
6.

2)

Ce
nt

ra
l L

at
in

 
Am

er
ic

a
6 

92
4 

97
3

(6
 2

33
 8

75
 to

 7
 7

06
 8

66
)

29
32

.5
(2

64
5.

0 
to

 3
25

9.
6)

12
.4

(1
1.

3 
to

 1
3.

5)
36

7 
28

5
(3

28
 8

04
 to

 4
10

 0
93

)
14

8.
4

(1
33

.0
 to

 1
65

.5
)

12
.1

(1
1.

0 
to

 1
3.

1)
22

1 
25

8
(1

 1
 2

35
 to

 4
40

 1
35

)
93

.5
(4

7.
0 

to
 1

85
.3

)
12

.8
(1

1.
4 

to
 1

4.
1)

So
ut

he
rn

 L
at

in
 

Am
er

ic
a

3  
67

5 
39

3
(3

 2
85

 4
13

 to
 4

12
45

25
)

45
60

.1
(4

08
0.

1 
to

 5
11

6.
2)

11
.9

(9
.2

 to
 1

5.
2)

17
9 

24
4

(1
59

 7
55

 to
 2

01
 0

64
)

23
3.

2
(2

07
.5

 to
 2

61
.7

)
11

.8
(9

.1
 to

 1
5.

1)
11

6 
49

8
(5

8 
15

0 
to

 2
29

 6
30

)
14

4.
8

(7
2.

3 
to

 2
86

.4
)

12
.1

(8
.8

 to
 1

5.
7)

Ca
rib

be
an

1 
51

8 
29

0
(1

 3
63

 0
25

 to
 1

 6
95

 1
66

)
29

78
.1

(2
67

5.
0 

to
 3

32
1.

5)
9.

4
(7

.7
 to

 1
1.

0)
77

 1
58

(6
8 

58
2 

to
 8

6 
47

0)
15

1.
0

(1
34

.7
 to

 1
69

.3
)

8.
6

(7
.0

 to
 1

0.
0)

48
 4

22
(2

4 
40

0 
to

 9
6 

53
7)

95
.0

(4
7.

8 
to

 1
89

.3
)

9.
4

(7
.4

 to
 1

1.
5)

Ce
nt

ra
l E

ur
op

e
6 

41
9 

69
8

(5
 7

45
 3

49
 to

 7
 1

93
 0

76
)

31
64

.5
(2

83
8.

2 
to

 3
53

1.
6)

7.
4

(5
.7

 to
 9

.0
)

28
9 

99
9

(2
57

 1
00

 to
 3

25
 8

35
)

16
0.

9
(1

43
.5

 to
 1

80
.2

)
7.

1
(5

.4
 to

 8
.6

)
19

9 
00

0
(9

9  
62

0 
to

 3
89

 5
70

)
98

.7
(4

9.
6 

to
 1

94
.1

)
7.

9
(5

.9
 to

 9
.8

)

Ea
st

er
n 

Eu
ro

pe
11

 6
63

 7
57

(1
0 

42
6 

51
2 

to
 

13
 0

61
 7

52
)

34
55

.5
(3

09
2.

5 
to

 3
85

8.
6)

9.
3

(8
.3

 to
 1

0.
5)

55
2 

62
0

(4
88

 4
53

 to
 6

22
 5

78
)

17
6.

0
(1

56
.7

 to
 1

97
.3

)
8.

7
(7

.7
 to

 9
.9

)
36

3 
53

4
(1

82
 3

90
 to

 7
15

 0
29

)
10

8.
0

(5
4.

3 
to

 2
12

.3
)

9.
6

(8
.3

 to
 1

1.
0)

Ce
nt

ra
l A

si
a

2 
03

2 
80

8
(1

 8
23

 0
55

 to
 2

 2
71

 4
58

)
26

78
.5

(2
40

2.
0 

to
 2

98
7.

9)
8.

4
(6

.9
 to

 1
0.

0)
11

7 
28

7
(1

04
 0

54
 to

 1
32

 4
31

)
13

7.
0

(1
22

.0
 to

 1
54

.0
)

8.
0

(6
.4

 to
 9

.6
)

64
 3

95
(3

2  
54

0 
to

 1
28

 0
56

)
84

.2
(4

2.
4 

to
 1

65
.9

)
8.

6
(6

.7
 to

 1
0.

6)

N
or

th
 A

fri
ca

 a
nd

 
M

id
dl

e 
Ea

st
20

 3
04

 5
55

(1
7 

96
8 

67
3 

to
 

22
 9

63
 7

57
)

46
09

.8
(4

08
5.

1 
to

 5
20

0.
0)

12
.8

(1
1.

4 
to

 1
4.

1)
1 

19
6 

65
5

(1
 0

56
 0

07
 to

 1
 3

56
 5

37
)

23
1.

0
(2

04
.7

 to
 2

60
.7

)
12

.0
(1

0.
7 

to
 1

3.
3)

64
2 

45
9

(3
20

 1
48

 to
 1

 2
60

 6
34

)
14

4.
8

(7
2.

8 
to

 2
82

.9
)

13
.4

(1
1.

7 
to

 1
4.

8)

So
ut

h 
As

ia
56

 4
62

 0
80

(5
0 

06
3 

67
2 

to
 

63
 7

45
 7

07
)

40
32

.1
(3

59
1.

8 
to

 4
55

2.
0)

14
.0

(1
2.

3 
to

 1
5.

8)
3 

02
1 

72
4

(2
 6

82
 8

69
 to

 3
 3

99
 8

09
)

19
2.

8
(1

71
.8

 to
 2

16
.6

)
11

.0
(9

.6
 to

 1
2.

6)
1 

78
0 

92
3

(8
85

 8
11

 to
 3

 5
64

 2
41

)
12

6.
3

(6
3.

2 
to

 2
50

.1
)

14
.6

(1
2.

8 
to

 1
6.

6)

So
ut

he
as

t A
si

a
21

 4
22

 4
38

(1
8 

80
2 

80
4 

to
 

24
 3

95
 0

11
)

34
75

.7
(3

07
5.

0 
to

 3
94

2.
2)

13
.0

(1
1.

6 
to

 1
4.

7)
1 

16
1 

93
6

(1
 0

19
 5

35
 to

 1
 3

24
 2

98
)

16
7.

5
(1

47
.7

 to
 1

90
.0

)
12

.6
(1

1.
3 

to
 1

4.
1)

68
3 

87
4

(3
38

 7
96

 to
 1

 3
53

 0
50

)
11

0.
2

(5
4.

8 
to

 2
17

.4
)

13
.6

(1
1.

9 
to

 1
5.

4)

Ea
st

 A
si

a
63

 7
35

 8
70

(5
6 

29
1 

60
7 

to
 

72
 0

88
 6

81
)

30
42

.9
(2

69
3.

2 
to

 3
43

5.
4)

6.
4

(4
.1

 to
 8

.9
)

2 
86

3 
02

5
(2

 5
18

 3
87

 to
 3

 2
58

 6
29

)
13

6.
2

(1
20

.5
 to

 1
53

.9
)

3.
6

(1
.1

 to
 6

.1
)

2 
05

3 
40

0
(1

 0
24

 8
56

 to
 4

 0
99

 1
23

)
97

.8
(4

9.
0 

to
 1

95
.6

)
6.

7
(4

.3
 to

 9
.5

)

Co
nt
in
ue
d

http://ghdx.healthdata.org/gbd-results-tool
http://ard.bmj.com/


823Safiri S, et al. Ann Rheum Dis 2020;79:819–828. doi:10.1136/annrheumdis-2019-216515

Osteoarthritis

Pr
ev

al
en

ce
 (9

5%
 u

nc
er

ta
in

ty
 in

te
rv

al
)

In
ci

de
nc

e 
(9

5%
 u

nc
er

ta
in

ty
 in

te
rv

al
)

Yl
d

s 
(9

5%
 u

nc
er

ta
in

ty
 in

te
rv

al
)

Co
un

ts
(2

01
7)

A
ge

-  s
ta

nd
ar

di
se

d 
es

ti
m

at
es

(2
01

7)

P e
rc

en
ta

ge
 c

ha
ng

e 
in

 
ag

e-
 st

an
da

rd
is

ed
 r

at
es

 
be

tw
ee

n
19

90
 a

nd
 2

01
7

Co
un

ts
(2

01
7)

A
ge

- s
ta

nd
ar

di
se

d 
ra

te
s

(2
01

7)

Pe
rc

en
ta

ge
 c

ha
ng

e 
in

 a
ge

- s
ta

nd
ar

di
se

d 
ra

te
s 

be
tw

ee
n

19
90

 a
nd

 2
01

7
Co

un
ts

(2
01

7)

A
ge

-  s
ta

nd
ar

di
se

d 
ra

te
s

(2
01

7)

Pe
rc

en
ta

ge
 c

ha
ng

e 
in

 a
ge

- s
ta

nd
ar

di
se

d 
ra

te
s 

be
tw

ee
n

19
90

 a
nd

 2
01

7

O
ce

an
ia

24
0  

74
5

(2
12

 5
39

 to
 2

73
 4

78
)

34
41

.2
(3

05
6.

9 
to

 3
88

3.
9)

6.
4

(3
.3

 to
 8

.9
)

14
 7

92
(1

3  
01

7 
to

 1
6 

91
6)

16
4.

2
(1

45
.2

 to
 1

86
.3

)
5.

7
(2

.6
 to

 8
.5

)
76

03
(3

79
2 

to
 1

5 
01

4)
10

7.
0

(5
3.

6 
to

 2
10

.4
)

5.
8

(2
.5

 to
 9

.1
)

W
es

te
rn

 S
ub

-
Sa

ha
ra

n 
Af

ric
a

5 
10

5 
00

1
(4

 5
41

 0
27

 to
 5

 7
51

 3
33

)
26

78
.3

(2
38

2.
3 

to
 3

00
6.

6)
9.

3
(7

.4
 to

 1
1.

1)
31

4 
51

4
(2

77
 6

16
 to

 3
57

 0
71

)
13

7.
5

(1
22

.2
 to

 1
55

.0
)

9.
0

(6
.9

 to
 1

1.
0)

16
1 

72
7

(8
1 

09
4 

to
 3

22
 0

73
)

83
.9

(4
2.

0 
to

 1
65

.6
)

10
.1

(7
.6

 to
 1

2.
5)

Ea
st

er
n 

Su
b -

Sa
ha

ra
n 

Af
ric

a
4 

18
0 

09
0

(3
 7

19
 5

39
 to

 4
 7

06
 0

47
)

25
67

.9
(2

29
1.

5 
to

 2
88

4.
7)

6.
5

(5
.6

 to
 7

.5
)

26
1 

13
8

(2
30

 9
17

 to
 2

95
 9

52
)

13
3.

0
(1

17
.6

 to
 1

49
.9

)
6.

1
(5

.3
 to

 7
.2

)
13

3 
07

8
(6

6 
43

0 
to

 2
63

 9
76

)
80

.8
(4

0.
7 

to
 1

58
.7

)
7.

3
(6

.0
 to

 8
.6

)

Ce
nt

ra
l S

ub
-S

ah
ar

an
 

Af
ric

a
1 

39
0 

05
0

(1
 2

36
 0

32
 to

 1
 5

67
 1

23
)

26
32

.5
(2

34
7.

2 
to

 2
96

9.
4)

2.
2

(−
0.

2 
to

 4
.6

)
89

 0
94

(7
8 

56
6 

to
 1

01
 5

10
)

13
5.

9
(1

20
.4

 to
 1

53
.2

)
1.

9
(−

0.
4 

to
 4

.4
)

43
 7

50
(2

1 
94

1 
to

 8
7 

17
6)

81
.6

(4
1.

5 
to

 1
62

.3
)

3.
1

(−
0.

1 
to

 6
.3

)

So
ut

he
rn

 S
ub

-
Sa

ha
ra

n 
Af

ric
a

1 
86

6 
26

0
(1

 6
64

 9
23

 to
 2

 0
94

 8
77

)
32

76
.5

(2
92

0.
5 

to
 3

67
4.

1)
9.

6
(8

.4
 to

 1
0.

9)
10

7 
39

2
(9

5 
19

7 
to

 1
21

 2
24

)
16

9.
1

(1
50

.3
 to

 1
89

.6
)

9.
4

(8
.1

 to
 1

0.
7)

58
 6

34
(2

9 
49

5 
to

 1
 1

5 
97

2)
10

2.
2

(5
1.

3 
to

 2
01

.1
)

9.
4

(7
.8

 to
 1

0.
9)

Ta
bl

e 
1 

Co
nt

in
ue

d

supplementary figure S5). Similarly, the number of incident cases 
increased from 1990 (7.4 million (95% UI 6.6 to 8.3)) to 2017 
(14.9 million (95% UI 13.4 to 16.7)) with different contributing 
regions in 2017 than in 1990 (online supplementary figure S6).

national level
Age- standardised prevalence estimates of OA in 2017 ranged 
from 2090.3 to 6128.1 cases per 100 000 population. United 
States (6128.1 (95% UI 5729.3 to 6582.9)), American Samoa 
(5281 (95% UI 4688 to 5965.9)) and Kuwait (5234.6 (95% 
UI 4643.2 to 5953.6)) were the countries with the highest age- 
standardised prevalence estimates in 2017. Taiwan (2090.3 
(95% UI 1870.8 to 2333.8)), North Korea (2290.7 (95% UI 
2025.1 to 2590.9)) and Madagascar (2353.5 (95% UI 2082.7 
to 2660.4)) had the lowest estimates (figure 1 and online supple-
mentary table S2). The percentage change in age- standardised 
prevalence estimates from 1990 to 2017 differed substantially 
between countries. Oman (29.6% (95% UI 24.8% to 34.9%)), 
Equatorial Guinea (28.6% (95% UI 24.4% to 33.7%)) and 
United States (23.2% (95% UI 16.4% to 30.5%)) showed the 
largest increases. Taiwan (−0.2% (95% UI −6.3% to 5.1%)), 
Central African Republic (−0.3% (95% UI −3.9% to 3.0%)) 
and DR Congo (−3.4% (95% UI −6.8% to 0.0%)) showed 
slight but non- significant decreasing trends (online supplemen-
tary table S2).

Age- standardised incidence rates of OA in 2017 varied from 
99.5 to 316.9 cases per 100 000 population. United States 
(316.9 (95% UI 295 to 341.1)), Kuwait (260.7 (95% UI 230.5 
to 295.5)) and Qatar (258 (95% UI 228 to 292.4)) showed the 
highest age- standardised incidence rates in 2017. Taiwan (99.5 
(95% UI 88.7 to 111.1)), North Korea (105.7 (95% UI 93.1 to 
119.9)) and Madagascar (122.3 (95% UI 107.9 to 139.2)) had 
the lowest rates (figure 2 and online supplementary table S3). 
United States (29.1% (95% UI 21.9% to 37.1%)), Oman (27.5% 
(95% UI 22.6% to 33.1%)) and Equatorial Guinea (27% (95% UI 
22.7% to 32%)) showed the largest increases in age- standardised 
incidence rates from 1990 to 2017. Only two of the 195 coun-
tries showed a slight decreasing trend: (Central African Republic 
−0.6% (95% UI −4.0% to 2.8%) and DR Congo −3.6% (95% 
UI −6.7% to −0.2%) (online supplementary table S3).

The countries with highest age- standardised prevalence esti-
mates of OA in 2017 also had the highest age- standardised YLD 
rates (online supplementary figure S7 and table S4). The largest 
increases in age- standardised YLD rate during 1990–2017 were 
seen in Oman (30.8% (95% UI 24.7% to 37.3%)) and Equato-
rial Guinea (30.1% (95% UI 24.6% to 36.2%)) and Maldives 
(24.3% (95% UI 18.7% to 29.8%)). Only Taiwan (−0.3 (95% 
UI −6.7% to 5.9%)) and DR Congo (−2.6 (95% UI −6.7% to 
1.7%)) showed slight decreasing trends (online supplementary 
table S4).

Age and sex patterns
The global prevalence estimate was higher in women and 
increased with age, peaking at the >95 age group for both 
women and men in 2017. In addition, the number of prevalent 
cases increased with age and peaked at 60–64 years age for both 
men and women, then decreasing trends for number of prevalent 
cases were seen up to the oldest group (figure 3). In 2017, the 
global incidence rate was higher in women and increased with 
age up to the 55–59 years age group. There was no visible differ-
ence between the incidence in men and women in all age groups. 
The number of incident cases reached the highest level at the 
55–59 years age group, then decreasing trends were seen up to 
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Figure 1 Age- standardised prevalence estimates of osteoarthritis per 100 000 population in 2017, by country. ATG, Antigua and Barbuda; BRB, 
Barbados; COM, Comoros; DMA, Dominica; FJI, Fiji; FSM, Federated States of Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; 
MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon Islands; SYC, Seychelles; TLS, Timor- Leste; TON, Tonga; TTO, 
Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; WSM, Samoa (generated from data available from http://ghdx.healthdata.
org/gbd-results-tool).

Figure 2 Age- standardised incidence rate of osteoarthritis per 100 000 population in 2017, by country. ATG, Antigua and Barbuda; BRB, Barbados; 
COM, Comoros; DMA, Dominica; FJI, Fiji; FSM, Federated States of Micronesia; GRD, Grenada; KIR, Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, 
Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon Islands; SYC, Seychelles; TLS, Timor- Leste; TON, Tonga; TTO, Trinidad and 
Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; WSM, Samoa (generated from data available from http://ghdx.healthdata.org/gbd-
results-tool).

the oldest group (online supplementary figure S8). The pattern 
of YLD rate by sex across the age groups was relatively similar to 
that of prevalence. Both counts and rates were not different for 
men and women (online supplementary figure S9).

Burden of osteoarthritis by Socio-demographic Index
Generally, a positive association was found between the age- 
standardised YLD rate and SDI at the global level and for all GBD 
regions between 1990 and 2017 (figure 4). At the global level and 
in high- income North America, Southern Latin America, North 
Africa and Middle East, South Asia and Oceania regions, the 
observed burden estimates of OA were higher than the expected 

level based on the SDI between 1990 and 2017. High- income 
Asia Pacific and Southeast Asia had a higher than expected level 
of burden at the initial and last years of the measurement period, 
respectively (figure 4). A positive association of age- standardised 
YLD rate of OA and SDI for 195 countries and territories in 
2017 was noted. The age- standardised YLD rate was higher 
than the expected level for a number of the countries/territories, 
including United States, Egypt and American Samoa (figure 5).

dISCuSSIOn
This report provides the most up- to- date estimates of preva-
lence, incidence and YLD for OA in 195 countries and territories 
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Figure 3 Global number of prevalent cases and prevalence estimates of osteoarthritis per 100 000 population by age and sex, 2017; Dotted and 
dashed lines indicate 95% upper and lower uncertainty intervals, respectively (generated from data available from http://ghdx.healthdata.org/gbd-
results-tool).

Figure 4 Age- standardised years lived with disability (YLD) rates for osteoarthritis for 21 Global Burden of Disease (GBD) regions by Socio- 
demographic index, 1990–2017; expected values based on the Socio- demographic index and disease rates in all locations are shown as the black line. 
Twenty- eight points are plotted for each GBD region and show observed age- standardised YLD rates from 1990 to 2017 for that region (generated 
from data available from http://ghdx.healthdata.org/gbd-results-tool).

from 1990 to 2017. OA accounted for 303.1 million prevalent 
cases, 14.9 million incident cases and 9.6 million YLDs in 2017. 
National- level burden of OA in 2017, not previously reported, 
has been included in this study derived from the publicly 
available GBD 2017 Study data (https:// vizhub. healthdata. 

org/ gbd- compare/ and http:// ghdx. healthdata. org/ gbd- results- 
tool).11 12

Age- standardised prevalence of hip and knee OA for GBD 
regions estimated using the data from GBD 2010 Study has been 
previously reported,5 but those estimates could not be directly 

http://ghdx.healthdata.org/gbd-results-tool
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Figure 5 Age- standardised years lived with disability (YLD) rates of osteoarthritis by 195 countries and territories and Socio- demographic index, 
2017; expected values are shown as the black line. Each point shows observed age- standardised YLD rate for specified country in 2017 (generated 
from data available from http://ghdx.healthdata.org/gbd-results-tool).

compared with our findings owing to differences between GBD 
2010 and GBD 2017 in the data sources and methodologies used. 
Additionally, the previous study did not report age- standardised 
prevalence, age- standardised incidence rate and DALY rate of 
OA combined and for both sexes, separately. Other systematic 
reviews reported prevalence and incidence of OA only for some 
selected countries and regions.2–4 19

The age- standardised prevalence and incidence rate increased 
from 1990 to 2017. Similar results were also reported in previous 
studies,2 3 5 with the suggestion that the burden of OA would 
increase over time, and were predicted to be one of the leading 
causes of YLDs, globally.2 Thus it is essential that prevention 
measures, management and treatment of OA are given priority. 
The burden of OA is increasing globally, being most prevalent 
in high- income North America, North Africa and Middle East 
and Australasia. It has been estimated that the medical costs of 
OA account for about 1% to 2.5% of national gross domestic 
product, with knee joint replacement contributing to most of 
these healthcare costs.2 OA cost estimates often include only 
healthcare costs, and the indirect costs, including cost due to 
work loss and premature retirement, are not taken into account. 
This, in turn, can lead to an underestimation of the total health-
care costs of the condition. Overall, national costs together with 
personal out- of- pocket expenses of those with OA were most 
likely to exceed the direct healthcare costs.1 2

As shown here and in previous studies,2–4 20 the burden of 
OA is higher in women, hence this group should be targeted 
in a prevention, management and treatment programme. Simi-
larly, the global prevalence estimate was higher in women and 
increased with age, peaking at the oldest age group for both 
women and men in 2017. A similar pattern was observed in the 
data from GBD 2010 Study, especially for hip OA, where knee 
and hip OA were reported separately.5 Also, a systematic review 
reported the highest prevalence estimate of OA in people aged 
70 years for both men and women.21 Although joint replacement 
surgery may be a treatment for end- stage OA, there is no cure for 

the condition, contributing to the increased prevalence among 
older populations.

Incidence rates were found to have a different distribution 
pattern compared with prevalence, peaking among those aged 
55–59 years, with a declining trend observed until the 85–89 year 
age group. Other studies in Spain and UK, in contrast, found the 
highest incidence rate of hip and knee OA among people aged 
75–80 and 75–84 years, respectively.20 22 Overall, the global- 
level age patterns of OA reported in this study could only be 
indirectly compared with the national- level patterns reported by 
previous studies as the reported age categories do not necessarily 
align.

A positive association was found between OA burden and the 
developing level of GBD regions and countries; this has not been 
previously reported. The high burden of OA was not constrained 
to countries with a high SDI level such as USA but was also seen in 
countries with a middle SDI level, where there is an increasing life 
expectancy, such as Egypt and American Samoa. The burden of OA 
was higher than the expected level, particularly in some regions, 
including high- income North America, Southern Latin America, 
North Africa and Middle East, South Asia and Oceania, and coun-
tries such as USA, Egypt and American Samoa. The burden of 
OA observed could be considered relative to the expected burden 
based on the SDI when considering preventive measures.

Despite the high burden of OA worldwide, there is no cure 
and a lot of work remains to be done to prevent the onset of 
OA. Strategies to prevent OA should focus on its modifiable risk 
factors and help health policy makers to define high- risk groups. 
Modifiable risk factors which should be targeted include BMI23–25 
and knee injuries,23 which could be prevented. High BMI or BMI 
≥25 kg/m2 is one of the most critical risk factors of OA and needs 
to be included in global-, regional- and national- level prevention 
policies. The increasing prevalence of overweight and obesity is 
contributing to the increasing burden of OA. More recent studies 
reported that the prevalence of adult obesity has doubled in more 
than 70 countries during the past three decades.26 27

http://ghdx.healthdata.org/gbd-results-tool
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Strengths and limitations
The heterogeneous nature of OA measurement makes it diffi-
cult to compare estimates across populations and may lead to 
serious misclassifications.28 Definitions used for individual 
studies are not reported, but data entered into DisMod- MR 2.1 
were from studies that included symptomatic OA diagnosed by 
clinical assessment, radiographically or by self- report. These 
varying methods have been flagged in the modelling process 
with covariates to let DisMod- MR 2.1 adjust the data points to 
the level predicted if the study had measured the reference diag-
nosis. However, while this modelling allows comparison of data 
across regions over time, the variation in the way in which OA 
is defined is a limitation that precludes truly valid comparisons 
across different regions.

The data reported in this study were primarily extracted from 
modelled data from DisMod- MR 2.1 generated by the IHME. 
As stated in the methods, the number of regions and countries 
with actual data was low, hence the findings rely heavily on the 
modelled data using covariates and borrowing strength across 
time or geography. Consequently, national/country- level results 
should be interpreted with caution. This study emphasises 
the importance of health data collection at the country level, 
including musculoskeletal diseases, particularly for OA, which is 
essential to provide more robust burden estimates.

These data include only OA of the hip and knee, so do not 
capture the entire burden of OA. It is expected that future GBD 
studies will include OA of other joints, such as the hands, and 
these will further clarify the true burden of OA.

COnCluSIOnS
OA is a major public health challenge. Although there is varia-
tion between countries in prevalence, incidence and YLDs due 
to OA, its burden is increasing in most countries, especially 
among women. This trend is expected to continue as the ageing 
of the global population is rising. Attempts to mitigate the future 
burden of OA require better awareness, especially of the risk 
factors, and early diagnosis and treatment of OA together with 
the improvement of healthcare infrastructure for managing the 
increasing number of patients with OA. Continuing to expand 
OA population- based data collection at the national level is 
essential to monitor the disease burden and to further deal with 
the need for better care.
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AbsTrACT
Objectives To evaluate the associations of regular 
glucosamine use with all- cause and cause- specific 
mortality in a large prospective cohort.
Methods This population- based prospective cohort 
study included 495 077 women and men (mean (sd) 
age, 56.6 (8.1) years) from the UK Biobank study. 
participants were recruited from 2006 to 2010 and 
were followed up through 2018. We evaluated all- cause 
mortality and mortality due to cardiovascular disease 
(cVd), cancer, respiratory and digestive disease. HRs and 
95% cis for all- cause and cause- specific mortality were 
calculated using cox proportional hazards models with 
adjustment for potential confounding variables.
results at baseline, 19.1% of the participants reported 
regular use of glucosamine supplements. during a 
median follow- up of 8.9 years (iQR 8.3–9.7 years), 19 
882 all- cause deaths were recorded, including 3802 
cVd deaths, 8090 cancer deaths, 3380 respiratory 
disease deaths and 1061 digestive disease deaths. in 
multivariable adjusted analyses, the HRs associated 
with glucosamine use were 0.85 (95% ci 0.82 to 0.89) 
for all- cause mortality, 0.82 (95% ci 0.74 to 0.90) for 
cVd mortality, 0.94 (95% ci 0.88 to 0.99) for cancer 
mortality, 0.73 (95% ci 0.66 to 0.81) for respiratory 
mortality and 0.74 (95% ci 0.62 to 0.90) for digestive 
mortality. The inverse associations of glucosamine 
use with all- cause mortality seemed to be somewhat 
stronger among current than non- current smokers (p for 
interaction=0.00080).
Conclusions Regular glucosamine supplementation 
was associated with lower mortality due to all causes, 
cancer, cVd, respiratory and digestive diseases.

bACkgrOund
Glucosamine is a non- vitamin, non- mineral 
specialty supplement commonly used to manage 
osteoarthritis and join pain.1 2 In most European 
countries, it is an approved prescription drug for 
osteoarthritis; however, in other countries such as 
the USA and Australia, it falls under the Dietary 
Supplements Health and Education Act and is one 
of the most popular supplements.3 4

Although the effectiveness of glucosamine 
supplementation for osteoarthritis and joint pain 
remains controversial,1 5 several human, animal and 
laboratory studies have suggested that glucosamine 

may have anti- inflammatory properties,6–8 which 
could decrease the risk of multiple diseases.9–11 In 
this context, several recent epidemiological inves-
tigations indicated that glucosamine use might play 
a role in prevention of cancer,12–14 cardiovascular 
disease (CVD)15 and other diseases.16 17 Nonethe-
less, only a few studies15 18 19 have evaluated the 
associations between glucosamine use and mortality 
outcomes, especially for cause- specific mortality. 
Moreover, there is only limited evidence on how 

key messages

What is already known about this subject?
 ► Although several epidemiological investigations 
indicated that glucosamine use might play a 
role in prevention of cancer, cardiovascular 
disease (CVD), and other diseases, only a 
few studies have evaluated the associations 
between glucosamine use and mortality 
outcomes, especially for cause- specific 
mortality.

 ► In addition, there is limited evidence on how 
potential modifiable factors affect associations 
of glucosamine use with all- cause and cause- 
specific mortality.

What does this study add?
 ► Regular glucosamine use is associated with 
a lower risk for total mortality (15%), CVD 
mortality (18%), cancer mortality (6%), 
respiratory mortality (27%) and digestive 
mortality (26%).

 ► Furthermore, the protective associations of 
glucosamine use against all- cause mortality 
appeared to be somewhat stronger in current 
smokers than non- current smokers.

How might this impact on clinical practice or 
future developments?

 ► These findings indicate that regular 
glucosamine use may provide a benefit against 
mortality among the general population; further 
clinical trials and possibly pharmacological 
studies may increase our understanding of any 
potential benefit of glucosamine supplement 
use.
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potential modifiable factors affect associations of glucosamine 
use with all- cause and cause- specific mortality.18 For example, 
a recent study using data derived from the UK Biobank showed 
a weaker association of glucosamine use with CVD mortality 
in participants who were not current smokers compared with 
current smokers.15 However, the relatively small sample size in 
the previous analysis18 limited the ability to fully explore how 
associations with mortality due to all causes, cancer, respiratory 
and digestive disease vary with smoking status.

In this large- scale prospective cohort study of nearly half a 
million UK adults, we evaluated the association between regular 
glucosamine supplement use and mortality from all causes, CVD, 
cancer, respiratory disease and digestive disease. Furthermore, 
we analysed the potential effect modification by several other 
risk factors for all- cause and cause- specific mortality.

METHOds
study population
The UK Biobank is a very large, population- based prospective 
cohort study designed to improve the prevention, diagnosis and 
treatment of a wide range of diseases and to promote health 
throughout society.20 Details of the study design and population 
have been reported elsewhere.20 In brief, the UK Biobank recruited 
over 500 000 men and women aged 40–70 years between 2006 
and 2010 from across the UK. Participants provided detailed self- 
reported data via a touch screen questionnaire and a verbal inter-
view with trained nurses at the assessment centres at baseline, and 
a wide range of physical measurements were collected.

Exposure assessment
Participants attended 1 of 22 assessment centres across the UK 
where they completed a touch screen questionnaire. One of the 
questions asked, ‘Do you regularly take any of the following?’, 
and participants could select answers from a list of supplements 
that included glucosamine. From this information, we defined 
the regular use of glucosamine as ‘1=yes’ and ‘0=no’.

Ascertainment of deaths
The UK Biobank undertook comprehensive data linkage for 
mortality status. Information about date and cause of death was 
obtained from the Information Centre (for England and Wales) 
and the National Health Service Central Register Scotland (for 
Scotland).20 Further detailed information about the linkage 
procedure is available at http:// content. digital. nhs. uk/ services. 
The International Classification of Diseases, 10th Revision 
(ICD-10) codes were used to identify the causes of death. For 
this analysis, we measured all- cause mortality and mortality due 
to CVD (codes I00- I99), cancer (codes C00- C97), respiratory 
diseases (codes J09- J98) and digestive diseases (codes K20- K93). 
The participants were followed up from the date of recruit-
ment (between 2006 and 2010) to the date of death or the end 
of follow- up (14 February 2018 for England and Wales and 1 
January 2017 for Scotland), whichever occurred first.

COvAriATEs
The UK Biobank used a baseline touch screen questionnaire to 
assess several potential confounders: sociodemographic char-
acteristics (age, sex, ethnicity, Townsend Deprivation Index, 
education and average total annual household income), life-
style behaviours (smoking status, alcohol consumption, phys-
ical activity, body mass index (BMI) and vegetable and fruit 
consumption), health conditions (CVD (myocardial infarc-
tion, angina or stroke), respiratory disease (chronic obstructive 

pulmonary disease or emphysema), cancer, digestive disease 
(liver failure, cirrhosis or alcoholic liver disease), dementia, 
depression, longstanding illness, hypertension, diabetes and 
high cholesterol), drug use (chondroitin, aspirin and other 
non- steroidal anti- inflammatory drug (NSAID) use), vitamin 
supplementation (vitamin A, vitamin B, vitamin C, vitamin D, 
vitamin E, multivitamin and folic acid) and mineral and other 
dietary supplementation (calcium, iron, zinc, selenium and fish 
oil)). Education was coded as degree (college/university degree), 
or no degree, which was derived from the questionnaire. BMI 
was calculated by dividing a participant’s weight by the square 
of his or her height in metres (kg/m2). The Townsend Depri-
vation Index is a composite measure of deprivation based on 
non- home ownership, non- car ownership, unemployment and 
household overcrowding,21 which represents the participant’s 
socioeconomic status. According to WHO recommendations 
on physical activity for health,22 we categorised participants as 
<150 or ≥150 min/week, which was  based  on  total moderate 
physical activity minutes per week. Hypertension was defined 
as a self- reported history of hypertension, a systolic blood pres-
sure ≥140 mm Hg,  a diastolic  blood pressure ≥90 mm Hg or 
the report of antihypertensive drugs use. Arthritis defined by 
ICD-10 codes was obtained from hospital records, while the 
information on the other conditions was obtained by self- report 
with augmentation of these data using ICD-10 from hospital 
records. Further details of these measurements are available on 
the UK Biobank website ( www. ukbiobank. ac. uk).

statistical analysis
Baseline characteristics are presented as the mean (SD) for 
continuous variables and number (%) for categorical variables. 
To minimise the potential for inferential bias, we conducted 
multiple imputation with chained equations to deal with missing 
values,23 24 and five datasets were imputed. All variables used 
in the analyses were included in the imputation model. The 
interaction was included with a product of the two variables (ie, 
glucosamine use and smoking status) and computed after impu-
tation in the imputed file. Due to low proportions of missing 
data, we regard this way to handle interactions to work satisfac-
torily. Detailed information on the number of missing variables 
is shown in online supplementary table S1.

Cox proportional hazards models were performed to calcu-
late HRs and 95% CIs for associations of glucosamine use with 
risk of all- cause and cause- specific mortality. The models for 
mortality from CVD, respiratory disease, cancer or digestive 
disease excluded participants with a history of CVD, respiratory 
disease, cancer or digestive disease at baseline, respectively. For 
the analyses, we ran two models: the basic model (model 1) was 
adjusted for age and sex (women or men), and the fully adjusted 
model (model 2) was adjusted for the same factors as model 1 
and included ethnicity (white or others), education (degree or no 
degree), household income (<£18 000, £18 000–£30 999, £31 
000–£51 999, £52 000–£100 000 and >£100 000), Townsend 
Deprivation Index, BMI, smoking status (current, former or 
never), alcohol consumption (current, former or never), physical 
activity (<150 or ≥150 min/week), vegetable consumption (<2.0, 
2.0–3.9 or ≥4.0 servings/day), fruit consumption (<2.0, 2.0–3.9 
or ≥4.0 servings/day), diabetes (yes or no), hypertension (yes or 
no), high cholesterol (yes or no), CVD (yes or no), cancer (yes or 
no), respiratory disease (yes or no), digestive disease (yes or no), 
dementia (yes or no), depression (yes or no), longstanding illness 
(yes or no), arthritis (yes or no), statin use (yes or no), chondroitin 
use (yes or no), aspirin use (yes or no), non- aspirin NSAID use 

https://webarchive.nationalarchives.gov.uk/20180328131950/http://content.digital.nhs.uk/services
www.ukbiobank.ac.uk
https://dx.doi.org/10.1136/annrheumdis-2020-217176
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Figure 1 Flow chart of participant enrolment. Cardiovascular disease (CVD) (myocardial infarction, angina or stroke), respiratory disease (chronic 
obstructive pulmonary disease or emphysema) and digestive disease (liver failure, cirrhosis or alcoholic liver disease) at baseline.

(yes or no), vitamin supplement use (yes or no; multivitamin, folic 
acid, vitamin A, vitamin B, vitamin C, vitamin D or vitamin E) and 
mineral and other dietary supplement use (yes or no; calcium, iron, 
zinc, selenium or fish oil). The proportional hazards assumption 
was tested using a Schoenfeld residuals plot,25 and we found no 
violation of the assumption in this study. In addition to conven-
tional multivariate Cox regression analysis, we constructed a 
propensity score for adjustment; we obtained the propensity score 
using a logistic regression that included the aforementioned base-
line covariates for glucosamine use.

We conducted a stratified analysis to assess potential modi-
fication effects by the following factors: sex (women or men), 
age  (<60 or  ≥60  years),  ethnicity  (white  or  others),  obesity 
(yes or no), physical activity (<150 or ≥150 min/week), current 
smoking status (yes or no), current alcohol consumption status 
(yes or no), hypertension (yes or no), diabetes (yes or no), high 
cholesterol (yes or no), statin use (yes or no) and aspirin use (yes 
or no). We evaluated potential effect modification by modelling 
the cross- product term of the stratifying variable with glucos-
amine use in a fully adjusted model.

We also conducted a series of sensitivity analyses to test 
the robustness of our results. First, because participants who 
took glucosamine also tended to take other supplements, or 
chondroitin more often than participants who did not take 
glucosamine, we performed sensitivity analyses by excluding 
participants who used any other supplements and chondroitin, 
respectively. Second, we excluded participants who died within 
2 years of follow- up to minimise potential reverse causation. 
Third, we removed participants with missing values for covari-
ates. We used R V.3.6.1 (R Development Core Team, Vienna, 
Austria) for all statistical analyses, and p<0.05 (two- sided) were 
considered significant. Because we tested multiple interactions, 
we conservatively corrected for multiple testing using Bonfer-
roni correction and set significance level of 0.05/60=0.00083.

rEsulTs
baseline characteristics
We excluded participants who withdrew from the study (1299), 
and those with missing data on the use of glucosamine (6160). 
Our final analysis included 495 077 participants with data for 

all- cause mortality. Participants with relevantly prevalent disease 
were excluded per cause- specific mortality outcome, leaving 466 
368 participants for the analyses of CVD mortality, 455 418 for 
cancer mortality, 493 120 for respiratory mortality and 493 660 
for digestive mortality (figure 1).

Of the 495 077 participants (mean (SD) age, 56.6 (8.1) years), 
269 549 (54.4%) were women. Overall, 94 346 (19.1%) partici-
pants reported glucosamine use at baseline. Compared with non- 
users, glucosamine users were older, more likely to be women, 
current non- smokers, more physically active and with higher 
comorbidities, including cancer, hypertension and arthritis, 
but a lower prevalence of CVD and diabetes (table 1). Glucos-
amine users also tended to take more chondroitin, non- aspirin 
NSAIDs, vitamins and minerals and other dietary supplements 
than nonusers.

Associations of glucosamine use with all-cause and cause-
specific mortality
During a median follow- up of 8.9 years (IQR 8.3–9.7 years), 
we documented 19 882 all- cause deaths, 3802 CVD deaths, 
8090 cancer deaths, 3380 respiratory deaths and 1061 diges-
tive disease deaths. In age- adjusted and sex- adjusted analyses, we 
found significant inverse associations between glucosamine use 
and risk of mortality due to all- cause, CVD, cancer, respiratory 
disease and digestive disease (all p<0.001) (table 2). In the multi-
variable adjusted analyses, the HRs associated with glucosamine 
use were 0.85 (95% CI 0.82 to 0.89) for all- cause mortality; 
0.82 (95% CI 0.74 to 0.90) for CVD mortality; 0.94 (95% CI 
0.88 to 0.99; p=0.031) for cancer mortality; 0.73 (95% CI 0.66 
to 0.81) for respiratory disease mortality and 0.74 (95% CI 0.62 
to 0.90) for digestive disease mortality (table 2).

subgroup analyses
We conducted stratified analyses for associations of glucosamine 
use with all- cause and cause- specific mortality according to 
potential risk factors using the fully adjusted model (figures 2 and 
3). We observed a significant interaction effect between glucos-
amine use and current smoking on the risks of all- cause mortality 
(p for interaction=0.00080). However, the associations between 

http://ard.bmj.com/
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Table 1 Baseline characteristics of study participants by 
glucosamine use

Characteristics
Overall
(n=495 077)

glucosamine non- 
users
(n=400 731)

glucosamine 
users
(n=94 346)

Age, mean (SD), years 56.55 (8.09) 55.95 (8.20) 59.08 (7.07)

Women 269 549 (54.4) 210 497 (52.5) 59 052 (62.6)

TDI, mean (SD) −1.31 (3.09) −1.20 (3.14) −1.79 (2.79)

Education

 Degree 160 288 (32.4) 129 146 (32.2) 31 142 (33.0)

  No degree 334 789 (67.6) 271 585 (67.8) 63 204 (67.0)

Ethnicity

 White 455 861 (92.1) 367 313 (91.7) 88 548 (93.9)

 Others 39 216 (7.9) 33 418 (8.3) 5798 (6.1)

Household income (£)

 <18 000 116 815 (23.6) 95 680 (23.9) 21 135 (22.4)

 18 000–30 999 127 517 (25.8) 100 419 (25.1) 27 098 (28.7)

 31 000–51 999 127 427 (25.7) 102 879 (25.7) 24 548 (26.0)

 52 000–100 000 97 565 (19.7) 80 314 (20.0) 17 251 (18.3)

 >100 000 25 753 (5.2) 21 439 (5.3) 4314 (4.6)

BMI, mean (SD), kg/m2 27.43 (4.80) 27.45 (4.84) 27.36 (4.65)

Smoking status

 Never 271 144 (54.8) 219 107 (54.7) 52 037 (55.2)

 Former 171 668 (34.7) 135 486 (33.8) 36 182 (38.4)

 Current 52 265 (10.6) 46 138 (11.5) 6127 (6.5)

Alcohol consumption

 Never 21 931 (4.4) 18 688 (4.7) 3243 (3.4)

 Former 17 858 (3.6) 15 136 (3.8) 2722 (2.9)

 Current 455 288 (92.0) 366 907 (91.6) 88 381 (93.7)

Physical activity (min/
week)

 <150 228 019 (46.1) 189 753 (47.4) 38 266 (40.6)

  ≥150 267 058 (53.9) 210 978 (52.6) 56 080 (59.4)

Vegetable consumption 
(servings/day)

 <2.0 97 853 (19.8) 83 776 (20.9) 14 077 (14.9)

 2.0–3.9 222 743 (45.0) 179 783 (44.9) 42 960 (45.5)

 ≥4.0 174 481 (35.2) 137 172 (34.2) 37 309 (39.5)

Fruit consumption 
(servings/day)

 <2.0 136 458 (27.6) 118 612 (29.6) 17 846 (18.9)

 2.0–3.9 201 446 (40.7) 163 136 (40.7) 38 310 (40.6)

 ≥4.0 157 173 (31.7) 118 983 (29.7) 38 190 (40.5)

Supplement or drug use

 Vitamin 157 133 (31.7) 104 719 (26.1) 52 414 (55.6)

 Minerals and other 
dietary supplements

184 377 (37.2) 118 971 (29.7) 65 406 (69.3)

 Aspirin 66 052 (13.3) 53 402 (13.3) 12 650 (13.4)

 Statin 56 544 (11.4) 46 186 (11.5) 10 358 (11.0)

 Non- aspirin NSAIDs 71 109 (14.4) 53 152 (13.3) 17 957 (19.0)

 Chondroitin 7813 (1.6) 1581 (0.4) 6232 (6.6)

Health conditions

 CVD 28 709 (5.8) 24 621 (6.1) 4088 (4.3)

 Cancer 39 659 (8.0) 31 506 (7.9) 8153 (8.6)

 Diabetes 25 968 (5.2) 22 517 (5.6) 3451 (3.7)

 Hypertension 279 956 (56.5) 225 247 (56.2) 54 709 (58.0)

 Respiratory diseases 1957 (0.4) 1555 (0.4) 402 (0.4)

 Digestive diseases 1417 (0.3) 1259 (0.3) 158 (0.2)

 High cholesterol 86 406 (17.5) 70 408 (17.6) 15 998 (17.0)

 Arthritis 23 217 (4.7) 15 440 (3.9) 7777 (8.2)

 Dementia 219 (0.0) 184 (0.0) 35 (0.0)

 Depression 76 642 (15.5) 53 848 (13.4) 15 133 (16.0)

Continued

Characteristics
Overall
(n=495 077)

glucosamine non- 
users
(n=400 731)

glucosamine 
users
(n=94 346)

  Longstanding illness 162 123 (32.7) 131 024 (32.7) 31 099 (33.0)

Values are numbers (%) unless stated otherwise.
BMI, body mass index; CVD, cardiovascular disease; NSAID, non- steroidal anti- inflammatory 
drug; TDI, Townsend Deprivation Index.

Table 1 Continued

glucosamine use and all- cause and cause- specific mortality were 
not significantly modified by sex, age, ethnicity, obesity, current 
alcohol status, physical activity, diabetes, statin and aspirin use 
(figures 2 and 3).

sensitivity analyses
The associations of glucosamine use with all- cause and cause- 
specific mortality did not change appreciably when we excluded 
participants who died within 2 years of follow- up (see online 
supplementary table S2); when we excluded participants who 
used any other supplements (see online supplementary table 
S3); nor when we excluded participants with missing values for 
covariates (see online supplementary table S4). Likewise, when 
the analyses of glucosamine were restricted to non- users of 
chondroitin, material changes in the results were not observed 
(see online supplementary table S5).

disCussiOn
In this large population- based cohort study involving 495 077 
individuals, we found that regular glucosamine use was signifi-
cantly associated with a 15% lower risk of total mortality and 
18% for CVD mortality; 6% for cancer mortality; 27% for 
respiratory mortality and 26% for digestive mortality. These 
associations were independent of other potential confounders, 
including sociodemographic factors, lifestyle behaviours, health 
status, drug use and other supplements use. Furthermore, the 
protective associations of glucosamine use against all- cause 
mortality appeared to be somewhat stronger in current smokers 
than non- current smokers.

Our results showed that glucosamine use was reported by 
19.1% of participants; similarly, glucosamine use was reported by 
22.0% of the Australian population aged 45+ years.4 Our results 
are consistent with findings from several previous studies, which 
indicated an inverse association between glucosamine use and 
mortality. In the Vitamins and Lifestyle (VITAL) study, glucos-
amine use was significantly associated with a lower risk of all- 
cause mortality.18 An animal study found that glucosamine may 
prolong life span by mimicking a low carbohydrate diet,26 while 
the protective effect of a low carbohydrate diet on mortality has 
been demonstrated in population- based studies.27 28 Moreover, 
these observations echoes the results of a study using the UK 
Biobank data with a mean of 7 years of follow- up, of which Ma et 
al15 reported that habitual glucosamine use was associated with 
a lower risk of CVD mortality. Our current study, with nearly 
two additional years of follow- up, has provided further evidence 
supporting the association between glucosamine use and a lower 
risk of CVD mortality. Besides, our study has shown a reduction 
of cancer- specific mortality in association with glucosamine use 
agrees with the VITAL study, which found an inverse association 
between glucosamine use and the risk of colorectal12 and lung 
cancer.29 With regard to respiratory- specific mortality, only one 
study supports our finding that the use of glucosamine is asso-
ciated with a reduced risk of death from respiratory disease.18 
From a mechanistic perspective, our observation is supported by 

https://dx.doi.org/10.1136/annrheumdis-2020-217176
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Table 2 Associations of glucosamine supplement use with risk of all- cause and cause- specific mortality

Outcomes
glucosamine 
non- users

glucosamine 
users

Model 1* Model 2† Propensity score adjusted

Hr (95% Ci) P value Hr (95% Ci) P value Hr (95% Ci) P value

All- cause mortality 16 665 (4.2) 3217 (3.4) 0.70 (0.67 to 0.73) <0.001 0.85 (0.82 to 0.89) <0.001 0.82 (0.79 to 0.86) <0.001

CVD mortality 3202 (0.8) 600 (0.7) 0.67 (0.61 to 0.73) <0.001 0.82 (0.74 to 0.90) <0.001 0.78 (0.71 to 0.86) <0.001

Cancer mortality 6571 (2.2) 1519 (2.1) 0.82 (0.78 to 0.87) <0.001 0.94 (0.88 to 0.99) 0.031 0.90 (0.85 to 0.96) 0.001

Respiratory disease mortality 2917 (0.7) 463 (0.5) 0.56 (0.51 to 0.62) <0.001 0.73 (0.66 to 0.81) <0.001 0.68 (0.61 to 0.76) <0.001

Digestive disease mortality 914 (0.2) 147 (0.2) 0.61 (0.51 to 0.73) <0.001 0.74 (0.62 to 0.90) <0.001 0.73 (0.60 to 0.88) <0.001

Values are numbers (%) unless stated otherwise.
*Model 1: adjusted for age and sex.
†Model 2: additionally adjusted for Townsend Deprivation Index, ethnicity, education, household income, body mass index, fruit consumption, vegetable consumption, smoking 
status, alcohol consumption, physical activity, diabetes, hypertension, high cholesterol, CVD, cancer, respiratory disease, digestive disease, arthritis, dementia, depression, 
longstanding illness, statin use, chondroitin use, aspirin use, non- aspirin NSAID use, vitamin supplementation and mineral and other dietary supplementation.
CVD, cardiovascular disease; NSAID, non- steroidal anti- inflammatory drug.

Figure 2 Association of glucosamine supplement use and risk of 
all- cause mortality stratified by potential risk factors. Results were 
adjusted for age, sex, Townsend Deprivation Index, ethnicity, education, 
household income, body mass index, fruit consumption, vegetable 
consumption, smoking status, alcohol consumption, physical activity, 
diabetes, hypertension, high cholesterol, cardiovascular disease, cancer, 
respiratory disease, digestive disease, arthritis, dementia, depression, 
longstanding illness, statin use, chondroitin use, aspirin use, non- aspirin 
non- steroidal anti- inflammatory drug use, vitamin supplementation and 
mineral and other dietary supplementation.

the fact that anti- inflammatory drugs have been proposed as an 
approach to hinder the progress of chronic obstructive pulmo-
nary disease.30

To our knowledge, the association between glucosamine use 
and digestive disease mortality has not been reported previously. 
Although low dose aspirin reduces the risk of CVD events, it 
may increase the risk of upper gastrointestinal complications, 
particularly when it is administered in conjunction with NSAIDs 
or even acetaminophen.31 32 Unlike aspirin or NSAIDs, glucos-
amine is considered relatively safe.33 Future studies are needed 
to investigate the associations of glucosamine use with digestive 
diseases and mortality.

Glucosamine and chondroitin supplements are often taken 
together in a single daily supplements,1 and it is therefore 
possible that our observed associations are driven by either 
of these supplements. To address this issue, we performed 

sensitivity analyses examining the associations of glucosamine 
use alone (excluding participants who took chondroitin) with 
all- cause and cause- specific mortality. We found that the esti-
mates did not change substantially. Therefore, it is likely that 
glucosamine use may reduce the risk of mortality, regardless of 
the co- administration of chondroitin.

Several potential mechanisms could explain the inverse asso-
ciation between glucosamine use and mortality. First, nuclear 
factor-κB (NF-κB) has been implicated in several diseases, such 
as inflammation- related CVD and cancers.34 Glucosamine use 
may affect inflammation by inhibiting the transcription factor 
NF-κB from translocating to the nucleus,6 35 reducing inflam-
mation and thus lowering related mortality. Indeed, several 
previous studies have demonstrated that such anti- inflammatory 
properties of glucosamine might promote healthy outcomes.6–8 
For example, glucosamine use was found to be associated with 
a significant reduction of concentrations of C reactive protein.8 
Reduction of this important marker for systemic inflamma-
tion36 could be related to subsequent lowering of morbidity and 
mortality risk.37 38 Moreover, orally administered glucosamine 
reduced the markers of inflammation in peripheral blood, as well 
as atherosclerotic- induced femoral lesions, in a combined rabbit 
model of chronic arthritis and atherosclerosis.39 Glucosamine 
also prevented the development of inflammation- associated 
aortic lesions.39 Aside from reducing inflammation, an animal 
study reported that glucosamine use could trigger a mimic 
response of a low carbohydrate diet, via reducing glycolysis and 
increasing amino acid catabolism in mice.26 This could explain 
the linkage between glucosamine use and its protective effect, 
as population- based studies found that low carbohydrate diets 
are indeed related to a reduced risk of mortality.27 40 In addi-
tion, several trials reported that a low carbohydrate diet could 
promote beneficial health outcomes.41 42 Mechanisms other than 
anti- inflammation, reducing glycolysis and increasing amino acid 
catabolism might also be involved in mediating our observed 
outcomes. Future studies are needed to explore the diverse phar-
macological roles of glucosamine on different health outcomes.

We observed that the association between glucosamine 
use and all- cause mortality varied by smoking status, with a 
significant inverse association observed among those who are 
current smokers. One of the possible explanation on why we 
observe a stronger effect among current smokers is that, as 
they are at a state of higher inflammatory stress at baseline, the 
anti- inflammatory actions of glucosamine may offer stronger 
benefit.43 It would be interesting to clarify how current 
smokers could benefit from glucosamine use, particular on 
reducing smoking- related mortality.

http://ard.bmj.com/
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Figure 3 Associations of glucosamine supplement use and risk of cause- specific mortality stratified by potential risk factors. (A) Cardiovascular 
disease (CVD) mortality; (B) cancer mortality; (C) respiratory disease mortality; (D) digestive disease mortality. Results were adjusted for age, 
sex, Townsend Deprivation Index, ethnicity, education, household income, body mass index, fruit consumption, vegetable consumption, smoking 
status, alcohol consumption, physical activity, diabetes, hypertension, high cholesterol, CVD, cancer, respiratory disease, digestive disease, arthritis, 
dementia, depression, longstanding illness, statin use, chondroitin use, aspirin use, non- aspirin non- steroidal anti- inflammatory drug use, vitamin 
supplementation and mineral and other dietary supplementation.

strengths and limitations
Our study has several major strengths, including the large sample 
size, the prospective population- based cohort study design and 
minimal loss to follow- up. It is noteworthy that the wealth of 
information on socioeconomic factors, lifestyle, diseases history 
and other covariates of the UK Biobank dataset has enabled us 
to perform comprehensive sensitivity and subgroup analyses. 
Nevertheless, our study also has some limitations. First, while 
data collection on dietary supplements intake was not conducted 

in a clinical setting in order to encourage more truthful reporting, 
the UK Biobank did not gather detailed information on the 
dosage, forms or duration of glucosamine use. Second, as the 
time of taking glucosamine was unknown in the UK Biobank, 
deaths that occurred during the exposure but before the 
follow- up date were not able to be counted. This may exaggerate 
the estimated protective effect of taking glucosamine on the basis 
of what is called an ‘immortal time bias’. Third, regular glucos-
amine use may be a marker for a healthy lifestyle, but it is hard to 
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distinguish the confounding effects of a healthy lifestyle from the 
impact of regular supplementations in an observational study. 
Although we had carefully adjusted for potential confounding 
lifestyle- related factors in our analyses, we could not exclude 
the possibility that the results were confounded by unmeasured 
lifestyle- related factors. In general, with the current observa-
tional study design the possibility of residual confounding due to 
imprecise measurements or unknown factors cannot be excluded 
for all findings in our study, despite our careful adjustment of 
all measured confounders. Fourth, in general, 20–100 imputed 
datasets are recommended,24 while in this study 5 datasets were 
imputed. Due to low proportions of missing data, we regard five 
imputed datasets to work satisfactorily. Lastly, although the UK 
Biobank represents a large and unique resource, low response 
rate (5.5%) could lead to selection biases, potentially limiting 
generalisability of the results in the wider UK population.20

COnClusiOns
In summary, the results of this large- scale prospective cohort 
study show that a considerable proportion (19.1%) of the UK 
population reported regular use of glucosamine supplements. 
We observed that regular use of glucosamine supplements is 
associated with lower mortality due to all causes, CVD, cancer, 
respiratory disease and digestive disease. Further clinical trials 
and possibly pharmacological studies may increase our under-
standing of any potential benefit of glucosamine supplement use.
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Clinical course of coronavirus disease 2019 
(COVID-19) in a series of 17 patients with 
systemic lupus erythematosus under long- term 
treatment with hydroxychloroquine

The current outbreak of severe acute respiratory syndrome coro-
navirus 2 (SARS- CoV-2) disease 2019 (COVID-19) represents a 
source of concern for the management of patients with systemic 
lupus erythematosus (SLE). Indeed patients with SLE have an 
increased risk of severe infections due to intrinsic perturbations 
of their immune response, the use of immunosuppressive drugs, 
as well as the potential presence of organ damage associated 
with their disease. In this context, hydroxychloroquine (HCQ), 
a drug that is currently part of the long- term, standard- of- care 
treatment for SLE, has been reported to possess antiviral activity 
in vitro, and recent results from a preliminary clinical trial might 
support its use in curative or even prophylactic treatment for 
COVID-19.1–3

During the first days of the COVID-19 outbreak in France, 
we launched an observational study with the aim to follow the 
clinical course of COVID-19 in patients with SLE who received 
long- term treatment with HCQ. To be eligible, patients with SLE 
had to (1) fulfil the 1997 criteria of the SLE classifications of 
the American College of Rheumatology or those of the 2019 
European League Against Rheumatism/American College of 
Rheumatology4 5; (2) be on long- term treatment with HCQ; and 
(3) have SARS- CoV-2 carriage in their nasopharyngeal swab, as 
confirmed by real- time reverse transcription PCR analysis.

Data were collected from 17 patients with SLE between 29 
March and 6 April (tables 1 and 2). The initial symptoms of the 
first patient appeared on 5 March and those of the last patient 
on 26 March. The main comorbidities were obesity and chronic 
kidney disease, which were present in 10 (59%) and 8 (47%) 
patients, respectively. All patients except one had clinically quies-
cent SLE, defined as a clinical Systemic Lupus Erythematosus 
Disease Activity Index (SLEDAI) score equal to 0.6 The duration 
of HCQ treatment prior to COVID-19 was relatively long, with 
a median (range) of 7.5 (0.5–29.8) years. Twelve (71%) patients 
were also treated with prednisone, at doses usually below 10 mg 
per day, and seven (41%) with an immunosuppressant. Except 
for a higher rate of dyspnoea, headache and diarrhoea, clin-
ical signs and symptoms of COVID-19 were similar to those 
described previously.7 8

Viral pneumonia was diagnosed in 13 (76%) patients, with 
complications due to respiratory failure in 11 (65%) and acute 
respiratory distress syndrome in 5 (29%). Three patients suffered 
from acute renal failure, with two patients requiring haemodi-
alysis. At admission, HCQ and prednisone were maintained at 
the same dose, whereas immunosuppressant drug intake was 
interrupted or decreased. HCQ blood concentrations were 
assessed in eight patients at admission or during hospitalisation. 
Its median (range) was 648 (254–2095) ng/mL. No additional 
antiviral treatments were started. Antibiotics were administered 
in nine (53%) cases even though no bacterial infections, except 
in one case, were documented. A total of 14 (82%) patients were 
admitted to hospital care, including 7 (41%) to an intensive care 
unit. Oxygen therapy was given to 11 (65%) patients, requiring 
nasal cannula in 5, high- flow nasal cannula in 1 and invasive 
mechanical ventilation in 5. One patient was treated with extra-
corporeal membrane oxygenation. As of 7 April, five (36%) 
patients have been discharged from the hospital, seven (50%) 
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Table 1 Demographics and baseline characteristics of patients with 
SLE infected with SARS- CoV-2

Patients
(N=17)

Women 13 (76)

Age, years, median (range) 53.5 (26.6–69.2)

SLE 16 (94)

Lupus- like syndrome* 1 (6)

Antiphospholipid syndrome 4 (24)

Disease duration, years, median (range) 8.2 (0.8–42.7)

SLICC Damage Index 1 (0–8)

Chronic medical illness

Cerebrovascular disease 3 (18)

Coronary heart disease or cardiovascular disease 2 (12)

Diabetes 0 (0)

Body mass index

 Normal (18.5–25) 5 (29)

 Overweight (25–30) 2 (12)

 Obesity (≥30) 10 (59)

Hypertension 6 (35)

Malignant tumour 1 (6)

Nervous system disease 1 (6)

Chronic obstructive lung disease 2 (12)

Chronic kidney disease 8 (47)

Chronic kidney disease staging

 Mildly decreased (GFR MDRD 89-60 mL/min/1.73 m2) 3 (18)

 Mildly to severely decreased (GFR MDRD 59–30 mL/
min/1.73 m2)

2 (12)

 Severely decreased (GFR MDRD 29–15 mL/
min/1.73 m2)

0 (0)

 Kidney failure (GFR MDRD <15 mL/min/1.73 m2) 3 (18)

Smoking habits

 Never smoker 10 (59)

 Ex- smoker 5 (29)

 Daily smoker 2 (12)

History of thrombosis 6 (35)

 Arterial thrombosis 3 (18)

  Venous thrombosis 4 (24)

Current or history of:

 Arthritis 14 (82)

 Mucocutaneous involvement 10 (59)

 Lupus nephritis 9 (53)

 Serositis 9 (53)

 Cytopaenia 6 (35)

 Neuropsychiatric lupus 4 (24)

Treatment regimen

 HCQ 200 mg/day 4 (24)

 HCQ 400 mg/day 11 (65)

 HCQ >400 mg/day 2 (12)

 Duration of HCQ treatment, years, median (range) 7.5 (0.5–29.8)

 Prednisone use 12 (71)

 Prednisone ≥10 mg per day 2 (12)

 Immunosuppressive agent use† 7 (41)

 ACE inhibitors and/or ARBs 6 (35)

 Non- steroidal anti- inflammatory drugs 0 (0)

 Oral anticoagulant‡ 5 (29)

SLE activity

 Clinical manifestation of SLE 1 (6)

 Positive anti- dsDNA test 6 (35)

Continued
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remained hospitalised and two (14%) died. Except for a single 
patient with active tenosynovitis at the onset of SARS- CoV-2 
infection, none of the patients showed clinical signs of lupus 
during COVID-19.

This case series does not allow to draw conclusions on the inci-
dence rate and severity of COVID-19 in SLE. However, it gives 
a first clinical picture of the course of this infection in patients 
with SLE treated with HCQ, and it furthermore paves the way 
for a larger observational study to identify the risk factors asso-
ciated with the occurrence of a severe form of COVID-19 in 
patients with SLE. With a high prevalence of comorbidities such 
as chronic kidney disease and obesity, patients with SLE could 
suffer from severe forms of COVID-19.9 10 In patients with SLE 
with chronic renal disease, besides the risk of respiratory failure, 
the danger of acute renal failure should be considered as well.

At present, we are awaiting the results of the European Trial of 
Treatments for COVID-19 in Hospitalized Adults (DisCoVeRy, 
NCT04315948), which has the primary objective of evaluating 
the clinical efficacy and safety of different investigational ther-
apeutics, including HCQ. Notwithstanding, our preliminary 
conclusion, based on the observation that most of the patients 
with SLE in this study received long- term treatment with HCQ, 
having blood concentrations of the drug within therapeutic 
range, is that HCQ does not seem to prevent COVID-19, at least 
its severe forms, in patients with SLE.
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Patients
(N=17)

 Low C3 2 (12)

Values are expressed as n (%), unless stated otherwise.
*Patients who fulfilled only 2–3 1997 American College of Rheumatology criteria 
for SLE were classified as antiphospholipid syndrome (APLS) associated with lupus- 
like syndrome.
†Excluding antimalarials and prednisone. Immunosuppressant therapy was 
mycophenolate mofetil for five patients and methotrexate for two.
‡Oral anticoagulant was warfarin for three patients, fluindione for one and 
rivaroxaban for one.
ACE, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor 
blockers; dsDNA, double- stranded DNA antibodies; GFR, glomerular filtration 
rate; HCQ, hydroxychloroquine; MDRD, Modification of Diet in Renal Disease; 
SARS- CoV-2, severe acute respiratory syndrome coronavirus 2; SLE, systemic lupus 
erythematosus; SLICC Damage Index, Systemic Lupus International Collaborating 
Clinics/American College of Rheumatology Damage Index.

Table 1 Continued Table 2 Clinical characteristics, laboratory results, treatment and 
outcome of patients with SLE infected with SARS- CoV-2

Patients
(N=17)

Signs and symptoms at baseline

 Fever 17 (100)

 Cough 14 (82)

 Sputum 4 (24)

 Shortness of breath 14 (82)

 Respiratory rate >24 breaths per minute 9 (53)

 Pulse >125 beats per minute 3 (18)

 Myalgia 8 (47)

 Confusion 1 (6)

 Headache 10 (59)

 Sore throat 6 (35)

 Rhinorrhoea 4 (24)

 Dysgeusia 5 (29)

 Anosmia 5 (29)

 Chest pain 4 (24)

 Diarrhoea 7 (41)

 Nausea and/or vomiting 3 (18)

 Fever + cough + shortness of breath 13 (76)

 Time from illness onset to fever, days 0 (0–12)

 Time from illness onset to cough, days 2.5 (0–12)

 Time from illness onset to dyspnoea, days 4 (0–14)

 Time from illness onset to ARDS, days 8 (3–13)

Final diagnosis and comorbid conditions

 Upper respiratory tract infection 9 (53)

 Pneumonia 13 (76)

 Respiratory failure 11 (65)

 ARDS 5 (29)

 Acute cardiac injury* 1 (6)

 Acute renal injury 3 (18)

 Septic shock 2 (12)

 Ventilator- associated pneumonia 0 (0)

 Other secondary infection 1 (6)

 Venous thrombosis 1 (6)

Chest CT finding: extension of GGO and/or consolidation†

 <10% 1/10 (10)

 10%–25% 3/10 (30)

 25%–50% 3/10 (30)

 >50% 3/10 (30)

Treatment

 Hydroxychloroquine

 Maintenance 17 (100)

 200 mg/day 5 (29)

 400 mg/day 9 (53)

 >400 mg/day 3 (18)

 Whole- blood HCQ concentrations, ng/mL, median (range)‡ 648 (254–2095)

 Prednisone

 Maintenance 12/12§ (100)

 Increase or start of prednisone 0 (0)

 Immunosuppressant

 Withdrawal or decrease of usual immunosuppressant 6/7§ (86)

 Introduction of tocilizumab 1 (6)

 Antiviral therapy 0 (0)

 Antibiotic therapy¶ 9 (53)

 Oxygen therapy 11 (65)

 Nasal cannula 5/11 (45)

Continued
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Are my patients with rheumatic diseases at 
higher risk of COVID-19?

According to the last WHO situation report (10 March 2020), 
the novel Coronavirus disease 2019 (COVID-19) has been 
confirmed in 113 702 patients, most of them in China (71.1%) 
and the rest in other 109 countries, with a global case- fatality rate 
(CFR) of 3.5% (4012 deaths among 113 702 confirmed cases).1 
Most patients have presented with fever, dry cough and fatigue, 
about 81% of cases reported in China have been classified as 
mild, 14% severe and 5% critical, the higher CFR has been 
observed among older patients and with comorbid conditions 
(cardiovascular disease, diabetes, chronic respiratory disease, 
hypertension, cancer, etc).2 To our knowledge none of the fatal 
cases reported has been associated with rheumatic diseases.

Patients with rheumatic diseases are known to be at higher 
risk of infection attributed to disease activity, comorbidities, 
immunosuppressive therapy, etc.3 The WHO promotes that 
the general population take some basic protective measures 
against COVID-19 and other respiratory viruses that include: 
frequent hand washing; social distancing (at least 1 m between 
the patient and anyone who is coughing or sneezing); reducing 
face touching and respiratory hygiene practices such as covering 
mouth and nose with bent elbow or tissue when coughing or 
sneezing. If there is fever, cough and shortness of breath, medical 
care should be sought early. All these measures must also be 
employed and promoted by healthcare workers.

In a recent study, chloroquine showed potent in vitro antiviral 
effect in a COVID-19 assay by increasing endosomal pH that is 
required for virus/cell fusion as well as interfering with glyco-
sylation of cellular receptors,4 adding its well- known immune- 
modulating action. Chloroquine is being considered to be 
included in the next version guidelines for the prevention, diag-
nosis and treatment of pneumonia caused by COVID-19 issued 
by the National Health Commission of the People’s Republic of 
China.5

Based on the clinical information published to date from the 
new and previous outbreaks caused by coronaviruses (severe 
acute respiratory syndrome and Middle East respiratory 
syndrome), there is no overwhelming evidence that patients 
with rheumatic diseases are at an increased risk compared with 
other comorbidities.2 6 Although further information regarding 
this outbreak need to surface before any solid conclusion can 
be made. We believe that based on the knowledge of other viral 
infections and the effect of the therapies used in rheumatic 
patients leads us to think that there is an increased probability 
for this population to acquire COVID-19. In counterpart, there 
is also some evidence of the potential benefit of a drug widely 
used in rheumatic diseases: chloroquine. Only time and the 
directed clinical trials will clarify the prophylactic or therapeutic 
role of chloroquine and its effect on the risk of COVID-19 in 
rheumatic patients.
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Preliminary recommendations of the German 
Society of Rheumatology (DGRh eV) for the 
management of patients with inflammatory 
rheumatic diseases during the SARS- CoV-2/
COVID-19 pandemic

The current outbreak of the SARS- CoV-2 infection provides 
countless unprecedented challenges—also with regard to the 
management of patients with inflammatory rheumatic disease. 
In an attempt to provide guidance, the German Society of 
Rheumatology instructed its commission for pharmacotherapy 
(Kommission Pharmakotherapie) to develop up- to- date recom-
mendations for the management of patients with inflammatory 
rheumatic diseases during the COVID-19 pandemic. As to date 
there are little, if any, evidence- based data to scientifically justify 
guidance, the present preliminary recommendations are based 
on an expert consensus by 17 experienced rheumatologists 
in Germany, taking into account analogies to the procedures 
for other, longer known viral infections, theoretical consider-
ations and already known facts about the SARS- CoV-2 infec-
tion. A deviation from these recommendations may be useful 
in each individual case. The recommendations will be updated 
frequently ( www. dgrh. de). Every physician should also be aware 
of novel developments while the infection proceeds.

1. Prevention of infection
1.1. Patients with inflammatory rheumatic diseases may have 
an increased risk of infection (box 1). Whether this also applies 
to SARS- CoV-2 infections is not known. It is also not known 
whether COVID-19 is more severe in patients with inflamma-
tory rheumatic diseases or whether immunosuppressive therapy 
represents an additional risk for a severe course. Therefore, 
patients with inflammatory rheumatic diseases should:

 ► Observe the actual measures (eg, described by the Robert 
Koch Institute) for the general population and for persons 
at particular risk.

 ► Consistently follow recommendations to avoid contacts to 
other individuals.

 ► Discuss with their employer to which extent contact avoid-
ance can be implemented. Patients can be issued a certificate 
that they are receiving immunosuppressive/immunomod-
ulating therapy, with which they can contact physicians in 
charge for their companies/public health officers/employers.

1.2. Avoid contact between SARS- CoV-2- infected persons and 
rheumatologists, or between infected persons and rheumatolog-
ical care facilities until the infection has subsided (>14 days after 
the end of symptoms).

1.3. Ensure necessary controls for therapy and disease moni-
toring, but weigh the risk of doctor visits against the risk of 
missing controls in individual cases. Monitoring intervals may 
be prolonged in patients with stable disease and stable effica-
cious therapy.

2. AntirheumAtic drug therAPy during the covid-19
PAndemic
A general interruption or reduction of immunosuppression is not 
recommended as patients would be at increased risk of relapse 
that increases the risk of infection (see box 1) and may also lead 
to the necessity of intensifying immunosuppressive therapy, 
possibly beyond the original level. Immunosuppressive therapies 
for remission induction (eg, for vasculitis) should not be delayed 
or underdosed, whereby established therapy regimes with lower 
glucocorticoid (GC) doses should be preferred. Hydroxychloro-
quine should not be discontinued as this may be more beneficial 
than harmful in the SARS- CoV-2 infection.

2.1. Patients without signs of infection
 ► Do not discontinue or reduce immunosuppressive and/or 

disease- modifying antirheumatic drug (DMARD) therapies 
solely for fear of SARS- CoV-2 infection. Consider dose 
reductions of GC in stable disease.

 ► Carefully check the dosages of immunosuppressive drugs 
and/or DMARDs and correct if necessary. Adjust dose as 
recommended in the product information in particular 
circumstances, for example, leucopenia.

2.2. Patients with contact to a SArS-cov-2 positive individual, 
but without signs of infection

 ► Continue therapy as described in 2.1.

2.3. Patients with contact to a SArS-cov-2 positive individual, 
and with symptoms of an infection

 ► Perform a test for SARS- CoV-2.
 ► Do not change therapy in case of mild symptoms and in the 

absence of fever.
 ► Pause antirheumatic medication in case of significant signs of 

infection and especially fever (>38°C).
 ► Continue long- term GC therapy at the same dose.

2.4. Patients tested positive for SArS-cov-2, but without 
signs of infection

 ► Consider pausing or delaying targeted synthetic or biological 
DMARD therapy for 5–6 days after the test/smear has been 
taken.

 ► Continue long- term GC therapy at the same dose.
 ► Do not discontinue conventional synthetic DMARDs.

2.5. Patients tested positive for SArS-cov-2, and with 
symptoms of an infection

 ► Interrupt antirheumatic medication.

Letter

Box 1 important basic risk factors for an infection in 
patients with inflammatory rheumatic diseases

 ► Higher age.
 ► Multimorbidity, especially pre- existing lung disease, diabetes 
mellitus.

 ► History of previous serious infections (eg, sepsis).
 ► Long- term therapy with glucocorticoids, especially ranging 
from 5 mg/day and above (risk increases with long- term 
treatment).

 ► Therapy with disease- modifying antirheumatic drugs 
(DMARD) and other immunosuppressive drugs (exceptions: 
hydroxychloroquine, sulfasalazine).

 ► High activity of the underlying rheumatic disease.
 ► Current cyclophosphamide therapy or therapy less than 8 
weeks ago.

 ► Acquired and congenital immunodeficiencies, in particular:
 – Immunoglobulin deficiency <4 g/dL IgG
 – Lymphopenia below 500/μL, CD4 cells below 200/μL.

http://www.eular.org/
http://ard.bmj.com/
www.dgrh.de
http://ard.bmj.com/


841Ann Rheum Dis April 2020 Vol 79 No 6

Letter

 ► Continue long- term GC therapy at the same dose.

3. generAL meASureS
 ► The rheumatologist should be available for consultation 

from the team treating the SARS- CoV-2 infection itself 
(primary care physician, infectious disease specialist, pneu-
mologist, intensive care physician).

 ► Update the vaccination status of patients and physicians (eg, 
pneumococci, influenza).

 ► Perform pneumocystis jiroveci pneumonia prophylaxis 
where if indicated (eg, therapy with cyclophosphamide or 
GC (≥15 mg prednisolone/day)).
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Table 1 Baseline information of the AOSD patients at enrolment

No. G Age

Disease 
duration 
(months) Clinical manifestations

Previous 
treatments

Treatments before
JAKi initiation Treatments after enrolment

Follow- up
(months) Clinical evaluation

CR time 
with JAKi 
(months)

Present 
pred 
dose 
(mg/day)

1 F 33 12 Polyarthritis, rash CTX, MTX, 
CsA, NSAIDs 
iguratimod, 
thalidomide,

Pred 40 mg+tocilizumab Pred 40 mg+JAKi 5 mg two times 
per day

24 Effective 16 2.5

2 F 27 6 Fever, polyarthritis / Pred 60 mg+MTX+CsA Pred 60 mg+MTX+ JAKi 5 mg two 
times per day

13 Effective 5 5

3 F 32 48 Fever, rash, sore throat, 
myalgia

Thalidomide Pred 30 mg+CsA+HCQ Pred 50 mg+HCQ+ JAKi 5 mg two 
times per day

12 Effective 7 5

4 F 58 24 Polyarthritis, rash Tocilizumab Pred 10 
mg+MTX+HCQ+CsA

Pred 15 mg+MTX+HCQ
+JAKi 5 mg two times per day

6 Relapse when the pred 
dose was reduced to 
2.5 mg/day

1 /

5 F 35 24 Polyarthritis, rash Tocilizumab, 
thalidomide

Pred 10 
mg+MTX+HCQ+LEF

Pred 15 mg+MTX
+JAKi 5 mg two times per day

1 Partially effective / /

6 F 29 10 Polyarthritis, early 
joint destruction, 
lymphnodemegaly, MAS

/ Pred 100 mg+MTX Pred 60 mg+MTX
+JAKi 5 mg two times per day

9 Effective 6 7.5

7 F 72 5 ESR↑ / Pred 30 mg+HCQ Pred 25 mg+HCQ+ JAKi 5 mg one 
time per day

9 Effective 3 5

8 F 25 19 Polyarthritis CsA, HCQ Pred 50 mg+MTX Pred 50 mg+MTX
+JAKi 5 mg two times per day

4 Partially effective / 15

9 F 41 60 Polyarthritis / Pred 120 mg+MTX+NSAIDs Pred 60 mg+MTX+ JAKi 5 mg two 
times per day

5 Partially effective / /

10 F 31 12 Polyarthritis / Pred 20 
mg+MTX+HCQ+CsA

Pred 20 mg+MTX + HCQ+CsA
+JAKi 5 mg one time per day

4 Effective 4 5

11 F 33 1 Fever, rash, sore throat, 
polyarthritis, myalgia

/ Pred 60 mg+MTX+HCQ Pred 40 mg+MTX +HCQ
+JAKi 5 mg two times per day

3 Effective 2 20

12 M 35 4 MAS VP16, DX Pred 25mg+CsA+anakinra Pred 22.5 mg +CsA+anakinra
+JAKi 5 mg two times per day

1 Partially effective / 17.5

13 M 18 22 Polyarthritis, rash / Pred 20 mg+MTX Pred 15 mg+HCQ+ JAKi 5 mg two 
times per day

1 Partially effective / 10

14 F 18 10 MAS, polyarthritis, rash NSAIDs, IVIG Pred 50 
mg+CsA+tocilizumab

Pred 50 mg+CsA+MTX
+JAKi 5 mg two times per day

1 Partially effective / 35

CR, complete remission; CsA, cyclosporine; CTX, cyclophosphamide; DX, dexamethasone; ESR, erythrocyte sedimentation rate; F, female; G, gender; HCQ, hydroxychloroquine; IVIG, intravenous immunoglobulin; JAK, Janus kinases; JAKi, JAK 
inhibitor, tofacitinib; LEF, leflunomide; M, male; MAS, macrophage activation syndrome; MTX, methotrexate; NSAIDs, non- steroidal anti- inflammatory drugs; Pred, prednisone; VP16, etoposide.

     

       

Tofacitinib in refractory adult- onset Still’s 
disease: 14 cases from a single centre in China

Adult- onset Still’s disease (AOSD) is an autoinflammatory 
disease characterised by spiking fever, rash, polyarthralgia, sore 
throat and even life- threatening complications, such as macro-
phage activation syndrome and fulminant hepatitis. Excessive 

and inappropriate production of cytokines is a cornerstone in 
AOSD pathogenesis.1 Unlike anakinra and tocilizumab, Janus 
kinases (JAK) inhibitors block the proinflammatory effect of a 
wide range of cytokines. This range of activity could be bene-
ficial in AOSD patients who are refractory to or intolerant of 
treatment with biologicals. Anti- interleukin 1 (IL-1) agents are 
not available in mainland China. Tofacitinib, a JAK1/3 inhibitor, 
has been proven efficacious in several inflammatory diseases, 
such as rheumatoid arthritis, systemic lupus erythematosus and 
psoriasis arthritis.2 To our interest, a case report observed that 
tofacitinib could ameliorate arthritis in a 13- year- old girl with 
recalcitrant systemic juvenile idiopathic arthritis,3 which is the 
juvenile counterpart of AOSD.4 Moreover, a JAK1/2 inhibitor, 
baricitinib has been reported effective in a 43- year- old patient 
with refractory AOSD.5 Therefore, JAK inhibitors may be a 
novel therapeutic approach for refractory AOSD.

In our study, we aim to describe, to our knowledge for the 
first time, the efficacy of tofacitinib in 14 patients with refrac-
tory AOSD. All patients fulfilled Yamaguchi’s criteria and were 
classified as refractory AOSD as defined previously.6 They were 
followed up for the shortest of 1 month and the longest for 24 
months by the same medical team. The evaluation of tofacitinib 
treatment was conducted at each visit, including clinical mani-
festations, laboratory tests, including white cell count (WBC) 
count, neutrophil per cent, erythrocyte sedimentation rate 
(ESR), C- reactive protein (CRP) and ferritin, as well as gluco-
corticoids dosage adjustment. The AOSD disease activity was 
measured by a modified Pouchot’s systemic score,7 and adverse 
events were also recorded. The effectiveness of treatment was 
defined previously8: effective treatment was considered when all 
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Figure 1 Contribution of improving systemic inflammation and sparing glucocorticoid dose with tofacitinib therapy. (A) Changes in systemic score 
in adult- onset Still’s disease patients from baseline. (B–F) White cell count (WBC) count, neutrophil per cent, erythrocyte sedimentation rate (ESR), 
CRP levels and ferritin levels from baseline. (G) Glucocorticoid- sparing effects of tofacitinib administration. All data were statistically analysed using 
SPSS V.23.0. *p<0.05, **p<0.01, ***p<0.001.

initial clinical manifestations and abnormal laboratory tests had 
resolved, meaning achieving complete remission; partially effec-
tive treatment was considered when all but one initial clinical 
manifestation or abnormal laboratory test had resolved, meaning 
achieving partial remission; ineffective treatment was considered 
when two or more clinical manifestations or abnormal labora-
tory tests persisted.

The demographic data and clinical characteristics of 
the 14 patients are detailed in table 1. Seven of 14 (50%) 
AOSD patients achieved complete remission with decreased 
prednisone, six patients achieved partial remission and one 
relapsed when reduced the dosage of prednisone to 2.5 mg/
day (table 1). Totally, four patients terminated tofacitinib: two 
patients were for partial remission, one for menometrorrhagia 

and one for relapse. Two patients reduced the dosage of 
tofacitinib to 5 mg/day and no relapses were observed after 
the adjustment. After application of tofacitinib for 1 month, 
seven patients quickly achieved complete resolution of fever 
and rashes, eight of polyarthritis. The systemic score was 
quickly reduced after 1 month, and completely improved at 
month 9 (figure 1A). WBC, neutrophil per cent, ESR, CRP 
and ferritin were decreased (figure 1B–F). The average dose 
of prednisone was significantly decreased from 37.3 mg/day to 
5.0 mg/day at month 12 (figure 1G). Adverse events occurred 
in two patients. One had diarrhoea and increased heart rate 
and the other had menometrorrhagia. The first one continued 
the therapy, and the second stopped tofacitinib when achieved 
complete remission.
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The cytokine storm activated by neutrophils and macro-
phages is strongly implicated in AOSD pathogenesis.1 Tofac-
itibib inhibits the effect of IL-6, IL-10, IFN-γ, INF-α and 
granulocyte macrophage- colony stimulating factor (GM- CSF), 
thus suppressing neutrophils NOD- like receptor family pyrin 
domain- containing 3 (NLRP3) activation and IL-1β produc-
tion.9 Tofacitinib also suppresses macrophage activation and 
function.10 It provides some experimental evidence to use tofac-
itinib in refractory AOSD.

In conclusion, application of tofacitinib in refractory AOSD 
patients contributes to disease remission/revolution and sparing 
corticosteroid dosage, especially these with polyarthritis.
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Immunoscintigraphy in axial spondyloarthritis: a 
new imaging modality for 
sacroiliac inflammation

Imaging of sacroiliac joints (SIJ) is one of the cornerstones in 
early recognition of axial spondyloarthritis (axSpA).1 Currently, 
MRI is the preferred technique to visualise bone marrow 
oedema (BME), which can be defined as sacroiliitis when 
certain criteria are met.2 However, the definition of sacroiliitis 
as being ‘highly suggestive for axSpA’ has limitations in situa-
tions when BME is subtle or when SpA- like BME lesions are 
present due to other conditions such as mechanical stress.3 4 
This underscores the need for additional and more specific 
imaging modalities. Given the marked efficacy of tumour 
necrosis factor (TNF) inhibitors in axSpA, with approximately 
50% of patients achieving a clinically important response,5 we 
reasoned that molecular imaging studies aiming at selectively 
visualising TNFα in vivo at the site of clinical inflammation 
could be an attractive approach. Therefore, we set up a proof- 
of- concept study in axSpA patients by performing scintigraphy 
with Tc99m- labelled certolizumab pegol (CZP) as tracer. We 
investigated the agreement between tracer uptake on immu-
noscintigrapy and BME on MRI at the same localisation of 
the SIJ. CZP was conjugated with succinimidyl-6- hydrazino- 
nicotinamide (S- HYNIC), a bifunctional crosslinker. Subse-
quently, solutions of 1.25 mg conjugated S- HYNIC CZP were 
used to radiolabel with Tc99m. Seven axSpA patients (71.4% 
male; mean age 36±5.7 years; mean disease duration 9.3±4.8 
years) were intravenously injected with 740 MBq Tc99m- 
radiolabelled CZP (10.6 MBq/kg) in a similar way as in a clas-
sical bone scintigraphy procedure. Static images with single 

http://orcid.org/0000-0002-4825-5227
http://orcid.org/0000-0003-1016-9064
http://orcid.org/0000-0001-9587-1180
http://orcid.org/0000-0003-0488-2939
http://orcid.org/0000-0002-3720-634X
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-4825-5227
http://orcid.org/0000-0003-1016-9064
http://orcid.org/0000-0001-9587-1180
http://orcid.org/0000-0003-0488-2939
http://orcid.org/0000-0002-3720-634X
http://dx.doi.org/10.1186/s13075-018-1800-z
http://dx.doi.org/10.1016/j.autrev.2019.102390
http://dx.doi.org/10.1542/peds.2018-2845
http://dx.doi.org/10.1136/annrheumdis-2019-216286
http://dx.doi.org/10.1093/rheumatology/key414
http://dx.doi.org/10.1038/s41598-017-13639-y
http://dx.doi.org/10.3899/jrheum.100247
http://dx.doi.org/10.1186/s13075-019-1838-6
http://dx.doi.org/10.1186/s13075-018-1685-x
http://dx.doi.org/10.1093/ibd/izy364
http://ard.bmj.com/


845Ann Rheum Dis June 2020 Vol 79 No 6

Letters

Figure 1 (A,B) MRI and immunoscintigraphy of the sacroiliac joints 
after administration of Tc99m- radiolabelled certolizumab pegol in a 
patient with active axial spondyloarthritis (A) and in one with partial 
ankylosis (B). (a) MRI STIR sequence visualising extensive bone marrow 
oedema at both sacroiliac joints (A) and no bone marrow oedema 
(B). (b) Distribution of Tc99m- radiolabelled certolizumab pegol in 
sacroiliac joints 4–6 hours postinjection depicting clear uptake (A) and 
no uptake (B). (c) Fusion of the MRI and immunoscintigraphic SPECT 
image. (C) Immunoscintigraphic image 4–6 hours postinjection of 
Tc99m- radiolabelled certolizumab pegol of hands of a patient with axial 
spondyloarthritis with concomitant clinically dactylitis of the fourth digit 
depicting marked tracer uptake in both the joints and the accompanying 
flexor tendon of that digit. (D) SPECT- CT 4–6 hours postinjection of 
Tc99m- radiolabelled certolizumab pegol of the right foot in a patient 
with spondyloarthritis and concomitant enthesitis of the Achilles tendon 
depicting distinct tracer uptake at the insertion of the Achilles tendon. 
Below: Table with agreement on the presence of BME on MRI–SIJ 
and tracer uptake on the immunoscintigraphy at patient level and 
at quadrant level. BME, bone marrow oedema; SPECT, single photon 
emission tomography; STIR, short tau inversion recovery.

photon emission tomography (SPECT)/CT of SIJ were acquired 
4–6 hours postinjection. No procedure- related adverse events 
were observed. Of note, all patients had high disease activity 
(mean ASDAS 3.5±0.7) and five out of seven patients failed 
on at least one TNF inhibitor at inclusion. Uptake of tracer 
was scored semiquantitatively, per SIJ quadrant: 0=no uptake, 
1=faint uptake or 2=clear uptake. BME on MRI was scored 
per SIJ quadrant according to the SPARCC method including 
depth and intensity scores.6 Agreement between MRI–SIJ and 
immunoscintigraphy was calculated (kappa; percentage agree-
ment) for all quadrants separately using a cut- off of ≥1 for 
MRI as well as for immunoscintigraphic scores.

A mean score of 12.9±13.2 BME lesions and a mean score 
for tracer uptake on immunoscintigraphy of 4.86±5.4 were 
found. Figure 1 shows the distribution of BME on MRI–SIJ 
and tracer uptake on immunoscintigraphy together with the 
fusion image of MRI and SPECT. Two out of seven patients 
had no BME on MRI and also no tracer uptake on scintig-
raphy. Interestingly, one of those presented with a partial 
ankylosis of the SIJ, suggesting that in vivo detection of TNF 
does not correlate with bone formation (figure 1). The agree-
ment between tracer uptake and MRI–SIJ BME was good for 

all quadrants separately (figure 1). When taking all quadrants 
in consideration, we found a good correlation (kappa=0.82; 
total agreement=91.1%). Clear tracer uptake (score 2) was 
correlated with deep BME lesions on MRI–SIJ with a Spear-
man’s rho correlation of 0.986 (p<0.00) and 0.956 (p<0.00) 
for left and right SIJs, respectively.

At present, there is no agreement on the minimum BME 
size necessary to be defined as ‘positive’ but our study suggests 
that ‘deep’ BME lesions on MRI–SIJs are more suggestive 
of axSpA. Taking these extended lesions into account, very 
high agreement between tracer uptake and MRI–SIJ BME 
lesions was found. Notwithstanding the study’s limitations 
(low sample size and lack of a control group), in an era of 
evidence- based medicine, there is still an unmet need to deter-
mine whether observed BME on MRI is caused by underlying 
cytokine- driven inflammation which can be visualised by this 
immunoscintigraphic approach. This findings support a more 
rational approach of determining the most appropriate biolog-
ical treatment for an individual patient.

In summary, our study showed the presence of TNF- driven 
active disease in SIJs in axSpA patients by using a non- invasive 
immunoscintigraphic technique with radiolabelled CZP. Espe-
cially with deep BME lesions on MRI–SIJ, agreement with 
tracer take- up was excellent.
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Hospital contacts due to hepatobiliary adverse 
events in >5000 patients with inflammatory 
joint disease treated with originator or 
biosimilar etanercept (SB4): an observational 
nationwide study applying linkage between 
DANBIO and national registries

Recent international guidelines recommend the use of biosimilar 
biological drugs on similar terms as their corresponding origina-
tors, including switching from a bio- originator to the biosimilar.1 
However, the comparative safety of biosimilars in patients with 
inflammatory joint diseases (IJD) in routine care is still debated.2 
In a phase 3 randomised trial among patients with rheumatoid 
arthritis, biosimilar etanercept (SB4) had slightly more hepa-
tobiliary adverse events compared with the originator (ETN), 
possibly explained by differences in patients’ comorbid diseases 
and comedication use.3 The occurrence of, for example, hepa-
tobiliary safety events is likely to differ across indications (due 
to differences in age, body weight, use of methotrexate, come-
dication, etc) and has not been explored in etanercept- treated 
patients with psoriatic arthritis or axial spondyloarthritis.4

In April 2016, a mandatory switch from ETN to SB4 was 
performed in Denmark to save costs and the 1- year clinical 
outcomes were reassuring.5 The high penetration of biosimilars 
in Denmark, longitudinal follow- up of adult patients with IJD in 
the nationwide DANBIO registry and the possibility of linkage 
to national registries give optimal conditions for exploring safety 
across treatments.5

In this observational cohort study, we aimed to explore incidence 
rates (IRs) of hospital contacts (hospitalisations or outpatient care) 
due to hepatobiliary events during the first 6 months of routine 
treatment with ETN or SB4 in IJD. It was beyond the aim to 
explore milder/transient hepatobiliary events not causing hospital 
contact. Planned calculations of relative risks and exploration of 

characteristics associated with the outcome were omitted due to 
few events. Patients were divided into five groups according to 
current use of either ETN or SB4 and biological treatment history 
(footnote table 1) including the subgroup of SB4 treated patients 
that switched from prior ETN (=non- medical switchers). Ethics 
approval was not required (epidemiological research).

Patient characteristics and disease activity at treatment start 
(=baseline) were retrieved from DANBIO. Prior comorbidi-
ties and use of prescription medication that might affect hepa-
tobiliary events and the main outcomes (hospital contacts due 
to hepatobiliary events (ICD-10 codes: online supplementary 
table S1) from baseline until 6 months after treatment start) 
were identified through linkage to the Danish National Patient 
Registry and National Prescription Drug Registry.6 Exposure 
time was defined as: from baseline until first hepatobiliary event, 
6 months after treatment start, treatment withdrawal, death or 
emigration, whichever came first. Outcomes are presented as IRs 
per 100 person- years (crude and gender and age standardised).

A total of 5708 treatment courses (2724 ETN/2984 SB4) in 
4719 unique patients were identified (table 1). Among SB4- 
treated patients, 52% were non- medical switchers (table 1). At 
baseline, use of concomitant medication and comorbidities were 
similar in the five groups.

We identified 47 hepatobiliary events during the follow- up 
whereof 21 were hospitalised (table 1). Main events were gall- 
bladder stone- related diseases (13 patients), elevated transam-
inases (n=7), liver cirrhosis (n=5), pancreatitis (n=5) (online 
supplementary table S2). The IRs were low and lowest in non- 
medical switchers. Among the 47 patients with hepatobiliary 
events, 13 (28%) received concomitant methotrexate.

In registries with high completeness, real- world incidence of 
hepatobiliary events was investigated in >5000 patients with 
IJD receiving originator or SB4. The results are expected to be 
representative of other real- life cohorts treated with etanercept. 
Follow- up was restricted to the first 6 months of treatment since 
a time- varying risk was expected. Risk was lowest in the non- 
medical switch group probably due to prior long- term treatment 
with ETN (‘healthy survivor effect’).5

Overall, we identified no negative hepatobiliary safety signal 
of biosimilar versus originator drug. This is reassuring for the use 
of SB4 in routine care.
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Table 1 Characteristics at start of originator etanercept (ETN) or biosimilar SB4 according to biological treatment history
ETN, n=2724 SB4, n=2985

Bio- naïve bDMARD experienced Bio- naïve Non- medical switch from ETN bDMARD experienced

No 1124 1600 567 1537 880

Baseline characteristics

Female 64.5% 67.9% 64.9% 58.8% 69.7%

Age, years 53 (41–62) 53 (42–62) 53 (39–63) 58 (47–68) 55 (43–64)

Diagnosis

 RA 53.6% 51.2% 60.9% 55.5% 58.2%

 PsA 27.3% 20.8% 15.3% 22.3% 14.8%

 AxSpA 19.0% 28.1% 23.8% 22.2% 27.1%

Treatment start year, %

 2010–2013 92.7% 77.9% 0% 0% 0%

 2014–March 2016 7.3% 22.1% 0% 0% 0%

 April 2016–February 2018 0% 0% 100% 100% 100%

Disease duration, years 3 (1–9) 7 (2–14) 3 (1–9) 12 (8–20) 6 (3–13)

Concomitant medication use

Concomitant MT (oral or s.c.)* 49.5% 45.8% 42.3% 48.9% 43.4%

Recent NSAID prescription† 38.9% 43.8% 42.2% 37.9% 47.2%

Recent paracetamol prescription† 35.2% 41.9% 35.3% 48.4% 32.4%

Recent corticosteroid prescription† 36.9% 32.4% 39.0% 13.8% 35.2%

Prior hepatobiliary comorbidity

Hospitalisations, 0–5 years‡ 2.9% 3.0% 2.3% 3.6% 4.0%

Other prior comorbidities

Hypertension 27.1% 27.5% 25.8% 31.8% 28.1%

Diabetes 6.9% 5.2% 6.0% 8.1% 6.5%

Dyslipidaemia 13.8% 15.2% 13.2% 18.1% 16.2%

Coronary artery disease 5.7% 6.1% 4.9% 8.5% 6.4%

Hypothyreodism 9.7% 11.2% 9.2% 12.4% 12.6%

Alcohol abuse 0.4% 0.4% 0.5% 0.3% 0.2%

Hepatobiliary events during 6 months of follow- up

Person- years (PYs) of follow- up 484.0 645.0 249.1 713.3 370.7

Hospitalised or outpatient

 No of events 9 17 6 4 11

 No of events, RA/PsA/AxSpA 5/1/3 6/4/7 4/0/2 3/0/1 7/1/3

 Crude IR/100 PY (95% CI) 1.86 (0.64 to 3.07) 2.64 (1.38 to 3.89) 2.41 (0.48 to 4.34) 0.56 (0.01 to 1.11) 2.97 (1.21 to 4.72)

 Adjusted IR§ (95% CI) 1.90 (0.66 to 3.13) 2.61 (1.37 to 3.84) 2.42 (0.48 to 4.36) 0.56 (0.01 to 1.11) 3.01 (1.23 to 4.79)

Hospitalised

 No of events 3 9 4 2 3

 No of events, RA/PsA/AxSpA 1/0/2 4/2/3 2/0/2 1/0/1 2/0/1

 Crude IR/100 PY (95% CI) 0.62 (0 to 1.32) 1.40 (0.48 to 2.31) 1.61 (0.03 to 3.18) 0.28 (0 to 0.67) 0.81 (0 to 1.73)

 Adjusted IR§ (95% CI) 0.62 (0 to 1.32) 1.37 (0.48 to 2.27) 1.63 (0.03 to 3.22) 0.28 (0 to 0.67) 0.81 (0 to 1.72)

Patient subcohorts according to current (prior) bDMARD treatment: ETN (bDMARD- naive, bDMARD- experienced) and SB4 (bDMARD- naive, non- medical switch from ETN, bDMARD- experienced). Non- medical switchers were defined as the 
subcohort of SB4 treated bDMARD experienced patients with immediate prior ETN (0–90 days previously).
Numbers are medians (IQR) unless otherwise stated. Individual patients could contribute to more than one treatment group. For ETN and SB4, only the first treatment course was included if a patient had >1 treatment course with the same drug. 
Treatment start until 1 February 2018 was allowed, all data were censored 10 August 2018. Data were complete for all variables. £30 days before until 6 days after treatment start.
Hospital contacts (hospitalised, out- patient) due to hepatobiliary events during 6 months’ follow- up are also shown.
*Current use at baseline date according to DANBIO.
†≥1 prescription in NPDR 0–1 years prior to baseline.
‡Hospitalisation in DNPR 0–5 years prior to baseline.
§Standardised for gender and age (age categories 18–45/46–60/61–95 years).
AxSpA, axial spondyloarthritis; bDMARD, biological disease- modifying antirheumatic drug; DNPR, Danish National Patient Registry; ETN, originator etanercept; IR, incidence rate; MTX, methotrexate; NPDR, National Prescription Drug Registry; 
NSAID, non- steroid anti- inflammatory drug; PsA, psoriatic arthritis; RA, rheumatoid arthritis; SB4, biosimilar etanercept.
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Does hydroxychloroquine prevent the 
transmission of COVID-19?

The COVID-19 pandemic has negatively impacted global health 
and has caused more than 45 000 deaths. Some possible treat-
ments are being tested in randomised trials. Recently, news that 
chloroquine/hydroxychloroquine has been successfully used to 
treat pneumonia associated with COVID-19 in reports from 
China and Europe, associated with the panic of transmission has 
led to a high public demand for these medications in some coun-
tries.1 2

Chloroquine has been known since 1934. Its immunomod-
ulatory properties have led to its use as a potential antiviral 
therapy.3 Gautret et al reported a series of patients infected with 
COVID-19, in whom the combined use of hydroxychloroquine 
and azithromycin resulted in lower viral load and negative PCR 
results in nasopharyngeal samples.4

However, the results of studies with a higher level of evidence 
have not been published, and researchers from affected areas/
countries could report whether patients with chronic use of 
chloroquine or hydroxychloroquine for systemic lupus erythae-
matosus and other indications were or not infected by COVID-
19. If they were infected, how is the clinical course in those
patients also deserves attention.

Hopefully, based on an observational study, a hypothesis 
that chloroquine is effective in preventing the transmission of 
this virus could be formulated and many lives and costs can be 
positively impacted if we know about this possible prophylaxis 
option.
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SLE, hydroxychloroquine and no SLE patients 
with COVID-19: a comment

Inter- relationship between COVID-19 and rheumatic diseases 
is an interesting topic in clinical rheumatology. We found that 
article ‘Clinical course of COVID-19 in a series of patients with 
chronic arthritis treated with immunosuppressive targeted thera-
pies’ is informative. Monti et al suggested for ‘avoiding the unjus-
tifiable preventive withdrawal of DMARDs, which could lead 
to an increased risk of relapses and morbidity from the chronic 
rheumatological condition’.1 Whether standard therapy for rheu-
matic diseases have any effect on clinical course of COVID-19 
is an interesting issue. Clinically, co- occurrence between 
COVID-19 and other medical disorder is an interesting situa-
tion. We hereby would like to draw attention to a specific disease 
that is little mentioned, systemic lupus erythematosus (SLE). SLE 
is a common immunological disorder that is seen worldwide. 
There are several thousands of patients with covid-19 world-
wide. Nevertheless, there is no case of SLE with COVID-19. In 
fact, a similar unusual clinical observation is already mentioned 
on COVID-19 and HIV infection.1 HIV‐infected patients who 
intake anti‐HIV drug might have lower risk to get covid-19 than 
general population since anti- HIV drug is proven for efficacy 
against the novel coronavirus.2 Regarding SLE, hydroxychloro-
quine is a widely used drug for treatment.3 Hydroxychloroquine 
is also reported for efficacy against COVID-19.4

Hence, hydroxychloroquine use might be an explanation for 
no report on SLE patient with COVID-19. This is an example 
that can support the suggestion of Monti et al on medication for 
rheumatic diseases in the present COVID-19 crisis.
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Can hydroxychloroquine protect patients with 
rheumatic diseases from COVID-19? Response 
to: ‘Does hydroxychloroquine prevent the 
transmission of COVID-19?’ by Heldwein and 
Calado and ‘SLE, hydroxychloroquine and no 
SLE patients with COVID-19: a comment’ by 
Joob and Wiwanitkit

We thank Dr Heldwein and Calado1 and Dr Joob and Wiwan-
itkit2 for their interest and comments on our paper.3 The authors 
raised the hypothesis that chronic use of hydroxychloroquine 
(HCQ) for the currently approved indications, such as systemic 
lupus erythematosus (SLE), could have an impact on the rate of 
COVID-19 and possibly on the clinical course of the infection.

An in vitro antiviral effect of HCQ has been demonstrated on 
severe acute respiratory syndrome coronavirus 2 (SARS- CoV-2). 
Evidence suggests that HCQ can interfere with the virus- receptor 
binding and proliferation, potentially suggesting a prophylactic 
and therapeutic role of the drug, together with the advantages 
of its immunomodulatory activity.4 5 Given the urgent need to 
identify an efficacious treatment to reduce mortality during the 
COVID-19 pandemic, HCQ has been included in a number 
of national protocols and guidelines to treat the infection, 
based on the results of preliminary clinical data. Nevertheless, 
the evidence supporting the use of HCQ in vivo is still based 
on limited evidence. Two open- label, randomised trials with 
small sample sizes, short follow- up and methodological limita-
tions have led to conflicting results on the efficacy of HCQ in 
obtaining negative nasopharyngeal swab within 6–7 days from 
the initiation of treatment.6 7 Moreover, uncertainty still exists 
on the optimal dosing regimen that would rapidly ensure the 
adequate therapeutic target concentrations in a drug that is 
known to have a very long half- life, large distribution into blood 
and tissues, and slow achievement of the steady- state concentra-
tions, usually within weeks and with wide individual variability.8

Speculating on a preventive role of HCQ when the drug has 
been administered chronically is a currently unresolved issue of 
particular interest for rheumatologists. From our small published 
case series, three of eight symptomatic patients were taking HCQ, 
which did not seem to prevent the infection in these cases.3 It is 
still unknown whether the concomitant use of other immuno-
suppressive drugs might impair the supposed protective role of 
HCQ. Dr Joob and Wiwanitkit2 noted how, to date, there have 
been no reports of patients with SLE affected by COVID-19 in 
the literature and wondered whether this could be linked to the 
extensive use of HCQ in this population. However, this may 
only have been true for the time the authors wrote their corre-
spondence and it might be only a matter of time to learn about 
SLE patients with COVID-19. Moreover, a recently published 
paper adds complexity to this scenario and warns on epigen-
etic dysregulation mechanisms that could lead to an increased 
risk and severity of SARS- CoV-2 infection in patients with SLE, 
regardless of the concomitant immunosuppressive medications. 
Patients with lupus would be characterised by hypomethyla-
tion and overexpression of ACE2, which encodes the receptor 
for SARS- CoV-2 spike glycoprotein, facilitating viral entry and 
enhancing viraemia. Moreover, oxidative stress induced by 
viral infections would exacerbate the DNA methylation defect, 
possibly perpetuating the mechanism. Similar modifications on 
interferon- regulated genes would then exacerbate the immune 

reaction to SARS- CoV-2 in these patients. The oxidative stress 
and DNA demethylation of ACE2 would be particularly activated 
during SLE flares, making the maintenance of disease remission 
even more critical in the course of COVID-19 pandemic.9 In our 
paper we had highlighted the need to ensure sustained remis-
sion in patients with rheumatic diseases, avoiding unnecessary 
withdrawal of treatments which would lead to increased disease 
activity, which is a well- known risk factor for infections. With 
this regard, several authors have been reporting on the shortage 
of HCQ supplies and the connected risk of relapses that patients 
with SLE and other rheumatic diseases are facing.10

These findings and the available evidence highlight how, even 
during these difficult and urgent times of the pandemic, rigorous, 
properly powered, well- conducted, randomised controlled trials 
on HCQ will be the only way to find reliable responses to the 
uncertainty regarding the optimal treatment of SARS- CoV-2 and 
the role of antirheumatic drugs in this infection. Large registry 
data are needed to clarify the incidence of COVID-19 in patients 
with SLE and other rheumatic diseases, the presence of poten-
tially protective factors and treatments, and the outcome of 
these patients.
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Antinuclear antibodies mitotic patterns and 
their clinical associations

Damoiseaux et al1 recently reported an international consensus 
on antinuclear antibodies (ANA) based on 28 different 
patterns in order to harmonise the names and descriptions of 
the distinct HEp-2 indirect immunofluorescence assay (IIFA) 
patterns. The expert panel emphasised the clinical–serological 
relationships between immunofluorescence patterns and the 
corresponding test recommendations, rather than mechanis-
tically testing antigen specificity (sometimes not commercially 
available), to provide the correct weight to the HEp2- IIFA 
pattern.

We appreciate the great effort made by these experts. 
However, we found that both in the original manuscript and 
the online supplementary material, limited mention was made of 
mitotic patterns and their possible clinical associations (with the 
exception of the NuMA- like pattern) which means that they are 
clinically relevant and which go against the primary objective of 
the consensus.

We recently analysed a nationwide cohort of 113 491 sera 
consecutively tested for ANA which was positive in 60 501 
(53%).2 Of these, 592 samples with staining for anti- mitotic 
spindle apparatus (MSA) antigen patterns (NuMA/MSA-1, 
midbody/MSA-2, CENP- F/MSA-3 and centrosome) were chosen 
for further analysis. Of these, 116 patients had a conclusive 
diagnosis.

The most frequent pattern was NuMA (65/116, 56%) which 
had the highest ANA titres: mean 320 (range 80–2560) and 
was the only positive marker in 81.5% of patients, behaving 
as a monospecific antibody, a finding consistent with previous 
studies.3 In a novel description, this pattern was associated with 
chronic idiopathic urticaria (10/10 patients).

MSA-2 was the second most frequent pattern (30/116, 25%) 
and had the lowest mean ANA titres (mean 80, range 80–640) 
and ENA positivity of all anti- MSA patterns (3/30, 10%). Thir-
teen of 30 (43%) had connective tissue disease (CTD), mainly 
Sjögren syndrome (SS), rheumatoid arthritis and systemic lupus 
erythematosus. This pattern was also associated with sensori-
neural hearing loss (11/13). The centrosome pattern (17/116, 
14.6%) had the second highest frequency of extractable nuclear 
antigen (ENA) positivity, mostly ribonucleoprotein positive, and 
was associated with undifferentiated CTD. The autoantibodies 
to the centromere proteins- F (CENP- F) pattern was the least 
frequent (4/116, 3.4%), and only two patients had CTD (SS and 
vasculitis, respectively).

In a preliminary study of anti- MSA positive patients (n=104), 
Virginia- Pascual et al4 found a prevalence of liver disease of 
up to 21%: 28.8% had hypertransaminasaemia (>2 SD) and 
46.6% had cholestasis. The aetiology was heterogeneous, with 
toxic- metabolic pathology in 48%, viral disease in 41% and 
autoimmune diseases in 10%. Unfortunately, the study did not 
discriminate by patterns.

In the current consensus, for the mitotic and some cytoplasmic 
HEp2- IIFA patterns, the clinical association was based on 
antigen- specific immunoassays and not on the HEp-2 patterns 
as such. Pretest probability that corresponds to the prevalence 
of the disease and clinical suspicion is crucial for the relevance 
of any diagnostic test. The interpretation and importance of 
uncommon ANA patterns are a clinical challenge. A very low 
prevalence of these patterns make it difficult to establish close 
clinical associations between mitotic patterns and clinical 
syndromes. There remains much work still to be carried out in 
this expanding field.
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Response to: ‘Antinuclear antibodies: mitotic 
patterns and their clinical associations’ by 
Betancur and Gómez- Puerta

It is very much appreciated that the correspondence of Betancur 
and Gómez- Puerta1 calls for attention for the clinical relevance of 
mitotic patterns observed in HEp-2 indirect immunofluorescence 
assays (IIFA). Indeed, in the recent publication of the International 
Consensus on ANA Patterns (ICAP) consortium, it is concluded 
that the clinical relevance of the mitotic patterns is limited.2 With 
exception of the Nuclear Mitotic Apparatus (NuMA)- like pattern 
(anti- cellular (AC)-26), there is not much available evidence that 
these patterns clearly hint at a particular clinical manifestation. 
For the NuMA- like pattern, there is formal evidence that approx-
imately one- half of the patients have clinical features of a systemic 
autoimmune disease, especially Sjögren’s syndrome, polymyalgia 
rheumatica, systemic lupus erythematosus, polymyositis and auto-
immune hepatitis.3 ICAP initially defined 28 patterns ordered in 
a classification tree based on nuclear, cytoplasmic or mitotic reac-
tivity of autoantibodies on HEp-2 cells.4 Subsequently, the nuclear 
Topo I- like pattern (AC-29) was added,5 and the codes AC-0 and 
AC- XX were given to negative results or undefined patterns, 
respectively.6 The international consensus, as defined in the classi-
fication tree, the nomenclature and the pattern definitions enable 
harmonisation in HEp-2 IIFA pattern assignment. This harmoni-
sation is crucial in eventually finding clinical associations of rare 
patterns. The original study of Betancur et al,7 unfortunately, 
does not follow the international consensus. While nuclear and 
cytoplasmic patterns are equally identified, Betancur et al utilise 
a cell- cycle related or mitotic spindle apparatus (MSA) category 
instead of mitotic patterns. As such, and differently from the ICAP 
approach, the centromere protein (CENP)- F- like pattern (AC-14) 
is not considered a nuclear pattern, but an MSA- pattern. Also, 
the mitotic pattern referred to by ICAP as ‘intercellular bridge’ 
(AC-27) is assigned as ‘midbody’. The lack of alignment with ICAP, 
however, is to be explained by the fact that the study of Betancur 
et al is a retrospective study based on data obtained in 2013 and 
2014, that is, before the first ICAP publication.4

The study of Betancur et al6 is based on a very large, real- life 
cohort of 113 491 consecutive HEp-2 IIFA test results. Such large 
studies are mandatory to identify possible clinical associations of 
the rare mitotic patterns. The design of the study also illustrates 
the difficulty of adequately defining clinical associations. First, as 
the authors noted themselves, the study cohort is characterised by 
a very high positivity rate: 53% of all the tests were positive. There 
may be different explanations for this finding, which is in sharp 
contrast with our own study revealing only 16% positive results,8 
but by including consecutive samples, it is to be expected that 
follow- up samples of the same patients were included. Second, in 
the positive cohort, 0.46%, that is, 278 sera, revealed a NuMA- like 
MSA pattern. For 152 of these samples, a complete medical history 
was available and for 65 samples, a final diagnosis was obtained. 
Only the latter were included in the study for further analysis. The 
other sera were excluded because the respective patients did not 
meet the clinical criteria of an autoimmune disease or because they 
were considered false positive. Obviously, this resulted in some 
kind of selection bias. Moreover, as a false positive result is to be 
considered a clinically unexpected positive finding, the exclusion of 
such results prevents the identification of unexpected associations. 
Third, the presented relative risks of anti- MSA antibodies for auto-
immune diseases, for instance, the centrosome pattern (AC-24) for 
undifferentiated connective tissue disease (13.58 (3.88–47.46)) or 

the intercellular- bridge/midbody pattern (AC-27) for sensorineural 
hearing loss (15.76 (3.70–67.09)), indicate a rather strong asso-
ciation. The high confidence intervals, however, suggest that the 
relative risks are calculated within the selected cohort of 116 sera/
patients. Obviously, the relative risk would have been much more 
realistic if calculated based on all mitotic patterns identified and on 
all clinical manifestations in the total cohort.

Altogether, it is evident that identifying possible clinical 
associations for the rare mitotic patterns, as well as for rare 
cytoplasmic patterns, is extremely difficult. This topic has 
been on the agenda of the ICAP executive board, and a struc-
tured project with a clear study design is in the pipeline. It is 
obvious that data should be obtained in a prospective study 
including consecutive patients that at the time of first testing 
revealed a mitotic HEp-2 IIFA pattern. For each patient, a 
list of clinical manifestations related to the suspected and/or 
underlying disease should be generated. It should be a multi-
center study to warrant the inclusion of sufficient patients 
and to cover the distinct ethnic populations worldwide. The 
pattern assignment should be according to pre- set definitions, 
preferentially according to ICAP, and should not be influenced 
by the brand of HEp-2 slides used. As far as possible, it is 
also important to test the sera for antigen- specificity because 
intermingling autoantibodies revealing a similar HEp-2 IIFA 
pattern, but being reactive to distinct antigens, may eventu-
ally hamper the finding of a clear- cut clinical association. In 
the end, we fully agree with the final statement of Betancur 
and Goméz- Puerta that ‘there remains much work still to be 
carried out in this expanding field’. A collaborative effort is 
the only way to reach the final goal.
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Antinuclear antibodies by indirect 
immunofluorescence and solid phase assays

Pisetsky et al recently reported substantial variability between 
two antinuclear antibodies (ANA) indirect immunofluorescence 

(IIF) assays as well as one solid- phase assay (SPA) from different 
manufacturers in a study of a cross- sectional cohort of systemic 
lupus erythematosus (SLE) patients.1 This publication triggered 
several responses related to the performance of IIF for ANA 
detection.2–6 Bizzaro questioned whether ANA testing by IIF can 

Correspondence

Figure 1 Results for IIF and CIA (A), and IIF and FEIA (B) obtained in patients with an AARD and controls. On the X- axis, the values obtained with 
automated IIF are given, on the Y- axis, the values obtained by SPA (CIA for panel A and FEIA for panel B). Cut- off values (thresholds) are indicated 
by dashed lines. For IIF, an additional threshold that corresponds to a specificity of 95% is given as well. The two cut- off values and the 95% IIF 
specificity value divides the figure into six section. For each section, the LR (with 95% CI) for AARD is given, as well as the fraction of AARD patients 
and controls that have such value. AARD, ANA- associated rheumatic disorders; ANA, antinuclear antibodies; CIA, chemiluminescent assay; FEIA, 
fluoroenzyme immunoassay; IIF, indirect immunofluorescence; SjS, Sjögren’s syndrome; SLE, systemic lupus erythematosus; SPA, solid- phase assay; SSc, 
systemic sclerosis.
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be replaced by SPAs for the diagnosis of ANA- associated rheu-
matic disorders (AARD).7 On the basis of his experience and a 
literature review, he concluded that (1) overall screening by SPAs 
yields results that are at least comparable to the sensitivity of 
ANA- IIF results, (2) the performance of the assays depends on 
the disease being investigated and (3) the best diagnostic strategy 
seems to be the concomitant use of the two methods,7 which is 
in accord with previous suggestions.8

We hereby further illustrate that combining SPA with IIF adds 
value based on the data from a recently published study of 480 
patients with AARD [SLE (n=119), primary Sjögren’s syndrome 
(SjS, n=65), systemic sclerosis (SSc, n=220), idiopathic inflam-
matory myopathies (IIM, n=50) and mixed connective tissue 
disease (n=56)] and 767 diseased controls.9 ANA detection 
was performed by automated IIF (NOVA View, Inova Diag-
nostics, San Diego, CA, USA) and by two automated SPAs, a 
chemiluminescent assay (CIA) and a fluoroenzyme immuno-
assay (FEIA). Both SPAs measure antibodies to a set of relevant 
AARD- associated autoantigens (for an overview of the antigens, 
see below legend).

The results obtained by IIF, CIA and FEIA in patients with 
AARD and in controls are shown in figure 1, where the cut- off 
values for SPA and IIF as well as the IIF threshold that corre-
sponded to a specificity of 95% are represented. These cut- off 
values and the 95% IIF specificity threshold divide the figure 
into six sections (categories).
1. Upper right category: applying the 95% specificity threshold,

the majority of AARD patients [71%/75% for SLE, 75%/80% 
for SSc, 80% for SjS, 88% for MCTD and 30%/36% for IIM 
(first values for FEIA)] are positive for both SPA and IIF. The 
likelihood ratio for AARD for such results is high [36 (95% 
CI 22–58) for CIA and 181 (95% CI 59–563) for FEIA].

2. Lower right category: a proportion of AARD patients
[11%/7.5% for SLE, 9.5%/4.5% for SSc and 10%/4% for 
IIM (first values for FEIA)] are negative by SPA but clearly 
positive by IIF (values>95% specificity threshold).

3. Upper and lower middle category: weak positive IIF results
(values between the cut- off and the 95% specificity thresh-
old) have a low LR for AARD [0.5 (95% CI 0.4–0.6)]. Within 
this group, SPA- positive results (upper middle section) have 
a higher LR [2 (95% CI 1–3) for CIA and 7 (95% CI 4–15) 
for FEIA] for AARD than SPA- negative results (lower middle 
section) [LR 0.2 (95% CI 0.15–0.3)].

4. Upper left category: SPA detects some SLE patients
[0.8%/2.5% (first value for FEIA)] and SSc patients 
[0.4%/0.9% (first value for CIA)] that are negative by IIF.

5. Lower left category: only a small fraction of AARD patients
is double- negative [5%/3% for SLE, 1.3%/1.8% for SSc, 6% 
for SjS and 12%/10% for IIM (first values for FEIA)]. The 
likelihood ratio for AARD for such results is low (0.06).

Taken together, double positive results detected by SPA and 
IIF are strongly associated with AARD. SPAs have good sensi-
tivity for SjS, but fail to detect a sizeable proportion of SLE, SSc 
and IIM patients that have high IIF reactivity. On the other hand, 
in IIF weak positive or IIF negative patients, SPA can identify 
patients with a higher likelihood for AARD. Similar results were 
reported by Willems et al10 and Op De Beeck et al.11

In conclusion, these data suggest that combining both SPA and 
ANA- IIF assay adds clinical value to the routine investigation of 
patients with suspected AARD.

 
Our figure 1 corresponds to figure 1 from Claessens et al,9 

except that the different AARD diseases are distinguishable and 
that the IIF threshold that corresponds to a 95% specificity 

has been added. We received permission from Autoimmunity 
Reviews (editor) and Elsevier to use a modified version of 
figure 1.9

Automated IIF was performed by NOVA View, Inova Diagnos-
tics, San Diego, CA, USA at a serum dilution of 1/80.

CIA was performed by QUANTA Flash CTD Screen Plus, 
Inova Diagnostics. The autoantigens include dsDNA, Sm/
RNP, Ro60/SSA, Ro52/TRIM21, SS- B/La, centromere (A and 
B), Scl-70/topoisomerase I, Mi-2, RNA- Pol III, PM/Scl, Jo-1, 
PCNA, Ribosomal- P protein (C22 peptide), Ku and Th/To.

FEIA was performed by EliA CTD screen, Thermo Fisher, 
Freiburg, Germany. The autoantigens include dsDNA, Sm, 
SSA/Ro60 and Ro52/TRIM21, SS- B/La, centromere B, Scl-70/
topoisomerase I, Mi-2, RNA- Pol III, PM/Scl, Jo-1, PCNA, 
Ribosomal- P protein, U1- RNP (RNP-70, A, C) and fibrillarin.
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Response to ‘Antinuclear antibodies by indirect 
immunofluorescence and solid phase assays’ by 
Bossuyt et al

We would like to thank Dr Bossuyt and colleagues1 for their 
comments on our article on variability in testing for antinuclear 
antibodies (ANA).2 This letter, along with previous correspon-
dence,3–9 highlights the many issues about ANA testing and the 
results obtained with different assay platforms. We agree that 
a combination of different assays can be a valuable approach 
to assess more completely the serological profile of patients 
with autoantibody- associated rheumatic disease (AARD). We 
would note, however, that, just as indirect immunofluorescence 
assays (IIF) can differ in performance characteristics, so too can 
solid phase assays (SPA). For SPA, differences can result from 
the composition of the antigens on the solid phase and the use 
of mixtures of purified proteins in contrast to a cell extract. It 
is important, therefore, that studies with SPA indicate antigens 
present as Bossuyt et al have done in their letter.

In our study that was published in Annals of Rheumatic 
Diseases, we focused on systemic lupus erythematosus (SLE), 
seeking to understand the high frequency of ANA negativity 
observed in screening of patients for clinical trials for new 
agents.2 We have also been interested in the proposed use of 
ANA positivity as a criterion for the classification of patients 
with SLE.10–12 Since the array of ANA expressed in SLE differs 
from that of other AARD, testing of a variety of IIF and SPA 
kits may be necessary to find a combination most applicable to 
this disease. ANA expression has been viewed as almost invari-
able in SLE although this conclusion is based on the assays used 
for these determinations and therefore may be worth revisiting. 
Future studies with SLE and other AARD will be necessary to 
define better serological findings over the course of disease, 
including the effects of therapy on various ANA.
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Utility of the HEp-2000 antinuclear 
antibody substrate

We write with regards to the recently published consensus paper 
on antinuclear antibody (ANA) staining patterns by Damoiseaux 
et al which was most informative.1 We were surprised, however, 
that there was no mention or discussion of the HEp-2000 
substrate (Immunoconcepts, Sacremento, California, USA) despite 
the acknowledgement that anti- SS- A/Ro60 is frequently missed 
on indirect immunofluorescence assay (IIFA).1 The HEp-2000 
substrate is a modified HEp-2 substrate that is transfected with 
Ro60 cDNA and hence, over- expresses this antigen.2 It produces 
a bright nuclear/nucleolar staining pattern under IIFA when anti- 
SS- A/Ro60 antibodies are present (figure 1), and is one of the most 
commonly detected extractable nuclear antigen antibodies.3

The HEp-2000 substrate is a sensitive way to detect anti- SS- A/
Ro60 antibodies that may be otherwise missed on conventional 
immunoassays, such as immunoblotting and the standard HEp-2 
substrate.4 5 However, it is not a perfect screen as the HEp-2000 
substrate may still miss detection of anti- SS- A/Ro60 sera6 7 indi-
cating that at least a second method for anti- SS- A/Ro60 and other 
antibody detection is still required.8 For other ANA specificities, 
HEp-2000 performs similarly to the standard HEp-2 substrate 
with no significant impact on the detection of other ANA fluores-
cent patterns9 10 and in fact, improved sensitivities.5

It is important to maximise the chances of identifying anti- SS- A/
Ro60, for the antibody, as an example, has significant implications 
for fertile women for the development of neonatal lupus erythema-
tosus which may have devastating sequelae.11 We therefore recom-
mend others to consider the HEp-2000 substrate if employing the 
IIFA method for ANA detection.
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Response to: ‘The utility of the HEp-2000 
antinuclear antibody substrate’ by Lee et al

The correspondence of Lee et al1 questions why the recent 
paper2 of the international consensus on ANA patterns 
(ICAP) consortium about the clinical relevance of HEp-2 
indirect immunofluorescent assay (IIFA) patterns does not 
include the HEp-2000 substrate (Immunoconcepts, Sacra-
mento, California, USA). The decision not to include the 
HEp-2000 substrate origins from the initial conception of 
ICAP: it was decided not to include manipulated cellular 
substrates.3 Since the HEp-2000 cells are transfected with the 
SS- A/Ro60 cDNA, this substrate was not incorporated in the 
consensus. Obviously, this decision is disputable and perhaps 
should be reconsidered in the near future. Indeed, it is to be 
taken into account that also the ‘non- manipulated’ substrates 
may be different. First, characteristics of the subcultures may 
have gradually deviated from the original HEp-2 cells. It is 
even argued that in time the HEp-2 cells have been contam-
inated with HeLa- cells.4 Second, diagnostic companies use 
distinct fixation procedures that eventually also may affect 
the HEp-2 IIFA patterns. Cell cycle progression can also be 
manipulated in order to have more mitotic cells (HEp-20/10; 
Euroimmun, Lübeck, Germany). Differences in conventional 
HEp-2 substrates included in ICAP are most evident for the 
cytoplasmic Rods- and- Rings pattern (anticellular (AC)-23) 
because this pattern is restricted to HEp-2 cell slides from 
only certain manufacturers.3 Genetic manipulation, as in the 
case of the HEp-2000 substrate, obviously has an additional 
impact on the IIFA patterns observed.

As indicated by Lee et al,1 the HEp-2000 substrate has 
increased sensitivity for anti- SS- A/Ro60 antibodies. The IIFA 
pattern observed is referred to as ‘atypical speckled’. This 
pattern, for reasons mentioned above not included in the 
ICAP classification tree,3 is characterised by nuclear/nucle-
olar staining in the interphase cells that have been transfected 
with the SS- A/Ro60 cDNA, that is, in about 30% of the cells. 
This pattern is very specific for the presence of anti- SS- A/
Ro60 antibodies either with or without anti- TRIM21/Ro52 
and/or anti- SS- B/La antibodies.5 Transfection does not seem 
to affect most of the regular HEp-2 IIFA patterns, but the 
nuclear fine speckled pattern (AC-4) in conventional HEp-2 
cells, as far as attributed to the presence of anti- SS- A/Ro60 
antibodies, obviously will change. At the second ICAP work-
shop (September 2015, Dresden, Germany) it actually was 
discussed that anti- SS- A/Ro60 antibodies may reveal a defined 
subtype of the nuclear fine speckled pattern.6 7 Although no 
consensus was reached on this subtype yet, transfection with 
the SS- A/Ro60 gene in the HEp-2000 substrate will hamper 
the identification of such a pattern.

Evidently, the HEp-2000 substrate is more sensitive for the 
detection of anti- SS- A/Ro60 antibodies and this is relevant 
for those diseases that are associated with these antibodies. 
These diseases include the Sjögren’s syndrome, cutaneous 
lupus erythematosus, congenital heart block and neonatal 
lupus. As recognised by Lee et al1 the HEp-2000 substrate 
may still miss detection of anti- SS- A/Ro60 antibodies. There-
fore, it is internationally recommended for clinical suspi-
cion of these diseases to always perform a screening for 
antibodies to extractable nuclear antigens, including SS- A/
Ro60.8 Adequate identification of these autoantibodies is 
particularly relevant for identifying fertile women at risk 
for the development of pregnancy complications such as 

the congenital heart block and neonatal lupus. Altogether 
only 1%–2% of the pregnant women with anti- SS- A/Ro60 
antibodies experience these complications.9 Thus far, it has 
not been resolved which women are at risk. The study of 
Jaeggi et al indicated that high- level anti- SS- A/Ro60 and 
anti- TRIM21/Ro52 antibodies are associated with the occur-
rence of a congenital heart block,10 but to our knowledge 
this has not been confirmed by others. If, indeed, high levels 
of antibodies are required for this clinical manifestation it 
can be speculated that the anti- SS- A/Ro60 reactivity that is 
missed by the HEp-2000 substrate is clinically less relevant, 
but this may also hold for the anti- SS- A/Ro60 reactivity that 
is missed by the conventional HEp-2 substrate. Next, there is 
still debate which autoantibody is responsible for the congen-
ital heart block. From animal studies, it is concluded that a 
subset of anti- TRIM21/Ro52 antibodies (anti- p200 peptide) 
can be responsible for this condition,11 but the correlation 
of anti- p200 to congenital heart block is not validated in the 
Research Registry for Neonatal Lupus cohort.12 In any case, 
anti- TRIM21/Ro52 autoantibodies do not give any nuclear 
HEp-2 IIFA pattern, even not on the HEp-2000 substrate.3 6 
Finally, the pregnancy complications due to the anti- SS- A/
Ro60 and/or anti- TRIM21/Ro52 antibodies are most often 
the first clinical manifestations of autoimmunity in the 
mother, that is, before diseases like the Sjögren’s syndrome 
or cutaneous lupus erythematosus become apparent. As long 
as the detection of these autoantibodies is not part of nation- 
wide pregnancy screenings, the reduced sensitivity of the 
HEp-2 substrate for anti- SS- A/Ro60 antibodies is less rele-
vant for identifying potential pregnancy complications.

Altogether, the question raised by Lee et al1 about 
not having integrated the HEp-2000 substrate in the 
ICAP classification is a valid question. Although ICAP 
initially decided not to include substrates that are (genet-
ically) manipulated, this view might be reconsidered. 
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Regarding micro- RNA- 181a- 5p antisense 
oligonucleotides attenuate osteoarthritis in 
facet and knee joints

I read with considerable interest the paper by Nakamura and 
colleagues dealing with the potential therapeutic use of a locked 
nucleic acid, antisense oligonucleotide (LNA ASO) against a 
micro- RNA in osteoarthritis (OA).1 I was particularly impressed 
with the Osteoarthritis Research Society International and cellu-
larity scores as well as the data on degenerative markers and 
chondrocyte apoptosis/death from the in vivo animal models. 
Nonetheless, I had a couple of questions that I hope the authors 
can help me with.

First, was the reason you had to employ TransFectin Lipid 
Reagent to transfect the in vitro grade LNA ASO because it was 
21 bp, as opposed to the shorter, 16 bp in vivo grade LNA ASO 
for which you apparently did not employ lipofection to transfect 
chondrocytes?2

Second, for the human fluorescense activated cell sorter 
(FACS) data looking at chondrocyte apoptosis/cell death, why 
employ ‘gaps’ (figure 6 E) rather than a head- to- head compar-
ison of interleukin-1β (IL-1β)- treated cultures to demonstrate a 
statistically lower number of apoptotic/dead chondrocytes in the 
LNA ASO- treated cultures, when you were able to demonstrate 
a statistical difference in head- to- head comparisons in both 
animal models (supplemental figs. 2 F,H)?

In looking at the raw data in supplementary figure 13 and 
performing an unpaired, two- tailed, t- test, I found that a head- 
to- head comparison of the LNA ASO and control- treated chon-
drocytes exposed to IL-1β was not statistically different in the 
number of apoptotic/dead chondrocytes (p=0.0901). Was this 
the reason that the authors chose to look at gaps rather than a 
head- to- head comparison?

If that was the case, one might ask how was a significant differ-
ence in ‘gaps’ possible? I would posit that it was due to a ‘floor 
effect’ produced by significantly higher numbers of apoptotic/
dead chondrocytes in the LNA ASO- treated, IL-1β, un- exposed 
cultures. Indeed, when one performs an unpaired, two- tailed, 
t- test on the raw data in supplementary figure 13, there was a 
significantly greater number of apoptotic/dead chondrocytes in 
the LNA ASO- treated compared with the control- treated groups 
that were not exposed to IL-1β (p=0.0108).

That brings up the uncomfortable question: why would LNA 
ASO in phosphate- buffered saline (PBS) produce more dead 

human knee chondrocytes than control oligo in PBS? And, 
perhaps more concerning is the question, what does that imply 
about the clinical efficacy and safety of such an agent in human 
OA?

Although I suspect, ultimately, only clinical trials would be able 
to answer some of these queries, I would appreciate knowing the 
authors thoughts on all of them.
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Response to: ‘Regarding microRNA- 181a- 5p 
antisense oligonucleotides attenuate 
osteoarthritis in facet and knee joints’ 
by Liebling

We wish to thank Dr Liebling for the relevant comments1 
regarding our recent article in Annals of the Rheumatic Diseases 
entitled ‘MicroRNA- 181a- 5p antisense oligonucleotides atten-
uate osteoarthritis in facet and knee joints’.2 We are delighted 
that our article has gathered such interest in the scientific 
community and are happy to provide additional comments. 
In the aforementioned publication, we determined the poten-
tial of locked nucleic acid, antisense oligonucleotides against 
microRNA- 181a- 5p (LNA- miR- 181a- 5p ASO) as a therapy for 
the treatment of osteoarthritis (OA).2 The chemical modifica-
tion of LNA is one of the most advanced ASO delivery systems. 
LNA modifications enable design of oligonucleotides that are 
short while maintaining high affinity and stable binding towards 
targets.3

Regarding the first comment by Dr Liebling, we did not 
employ lipofection reagent for in vivo grade LNA- miR- 181a- 
5p- ASO studies, while we use the reagent to transfect in vitro 
grade LNA- miR- 181a- 5p ASO into chondrocytes. As Dr Lieb-
ling mentioned, the in vivo LNA- miR- 181a- 5p ASO used in our 
studies is 16 nucleotides long, 5 nucleotides shorter than the 
LNA- miR- 181a- 5p ASO used for in vitro studies (21 nucleotides 
in length). This difference in length allows the in vivo LNA- miR- 
181a- 5p ASO to be endocytosed more efficiently via natural 
cellular uptake mechanisms and explains why shorter LNA- ASO 
are significantly more potent when administered to animals in 
vivo.4 We agree that LNA- ASO can be added directly to cell 
cultures in vitro without the need for transfection reagents; 
however, we have not tested if a difference exists in the uptake 
or efficacy of the oligonucleotides delivered with or without 
transfection reagent in chondrocyte cultures in in vitro exper-
iments. In addition, we followed the methodology outlined in 
our previous publication5 to accurately compare cellular effects 
and efficacy of suppression of endogenous miR- 181a- 5p to this 
previous work.

Second, as Dr Liebling indicated, we observed increased 
Annexin V+/7- AAD+positivity in human knee OA chondro-
cytes when using LNA- miR- 181a- 5p ASO at baseline (without 
interleukin (IL)-1β) compared with the scramble control oligo-
nucleotides (figure 6D and online supplementary figure 13). This 
effect is not observed in mouse or rat cells (online supplementary 
figures 3 and 4). Thus, this human chondrocyte response could 
be a result of species- selective ‘off- target effects’ of the in vitro 
grade LNA- miR- 181a- 5p ASO, which we concede as a limita-
tion in the discussion section of our published work.2 However, 
LNA- miR- 181a- 5p ASO is effective at reducing chondrocyte cell 
death in vitro and in vivo under disease- mimicking conditions 
(with either IL-1β-treatment or surgical induction). In partic-
ular, we clearly observe cartilage protective effects of the in vivo 
grade LNA- miR- 181a- 5p ASO in both injury- induced facet joint 
OA and trauma- induced knee OA animal models.

Nevertheless, as Dr Liebling mentioned, in vitro grade LNA- 
miR- 181a- 5p ASO does initiate more human chondrocyte cell 
death than scramble control oligonucleotides in non- disease 
conditions in vitro (figure 6D). As it is possible that the in vivo 
grade LNA- miR- 181a- 5p ASO has less off- target effects, it will be 
necessary to study in vivo and in vitro grade LNA- miR- 181a- 5p 
ASO in culture studies both with and without IL-1β-treatment 
to compare effects on chondrocyte apoptosis. These potential 
toxicity- related issues will need to be addressed in future preclin-
ical studies prior to initiating human clinical trials. If any future 
clinical trials are commenced using this technology, it will be 
crucial to carefully select and monitor patient participants for 
any potential adverse events.
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What rheumatologist should know about 
Fabry disease

Fabry disease (FD) is a rare X- linked lysosomal storage disease 
resulting from the deficient activity of the α-galactosidase A 
enzyme and leading to a progressive accumulation of glyco-
sphingolipids in a wide range of cells throughout the body. Early 
symptoms of FD, that is, neuropathic pain (pain in hands and/or 
feet characterised by exacerbations that are provoked by fever, 
exercise or heat), angiokeratoma (clustered angiomas in charac-
teristic areas including bathing trunk area, lips and umbilicus) 
(figure 1), hypohidrosis/anhidrosis and gastrointestinal disor-
ders, are usually present from childhood or adolescence, while 
progressive nephropathy, left ventricular hypertrophy (figure 2) 
and stroke/transient ischaemic attacks develop by the second to 
fourth decades of life (earlier in males than in females).1 Undi-
agnosed patients with FD can be detected by screening in at- risk 
populations, such as patients with end- stage renal disease, unex-
plained myocardial hypertrophy or early stroke (at the age of 18 
to 55 years).2

Acroparesthesias in FD can be confused with joint pain. There-
fore, patients with unexplained arthritis can represent another 
group of at- risk that may be suitable for screening for FD. In a 
recent study, Vordenbäumen et al performed GLA sequencing in 
798 adult patients with early undifferentiated arthritis (clinical 
arthritis for ≤26 weeks in ≥2 joints, or 1 joint with morning 
stiffness >30 min).3 Only eight variants of GLA gene were 
found, none of which was considered to be pathogenic for FD. 
The authors did not indicate the age range of patients, which 
were included in the screening study. In our opinion, screening 
for FD may be justified in adolescents and younger adults with 
unexplained joint pain, while it would be useless in the middle- 
aged or elderly patients. Nevertheless, we agree with the authors 
that rheumatologists should be alert to the differential diagnosis 
of FD.

We retrospectively studied the medical records of 107 adult 
patients with definite FD, including 70 males and 37 females 
aged 18 to 69 years (median 37 years). A total of 96 of 107 
patients (89.7%) had a history of classic phenotype of FD 
from childhood or adolescence. However, there was a signif-
icant delay to diagnosis of up to 51 years (median 18 years). 
Moreover, diagnosis was established by nationwide screening 
in dialysis units in 27.1% of patients or by family screening in 
45.8% of patients. At the time of diagnosis, patients usually 
presented with a clinical picture of systemic disease with 
mild to moderate proteinuria with or without impairment of 
kidney function (86%), left ventricular hypertrophy (54.2%), 
white matter lesions on brain MRI (48.6%) and/or a history of 
stroke (16.8%).

A total of 28 of 107 patients (26.2%) had previously at least 
one diagnosis of rheumatic disease (table 1). The common 
causes for referral to rheumatologist were skin rash and neuro-
pathic pain. In 9 of 28 patients, the latter was initially misdi-
agnosed as joint pain. The possible causes of diagnostic errors 
included ‘genuine’ arthralgia (n=8), episodes of unexplained 
fever (n=11), Raynaud phenomenon (n=2) and the laboratory 
markers of inflammation (n=12).

In summary, Vordenbäumen et al showed that in adult 
patients with joint pain and at least one swollen joint, FD 
is unlikely to be overlooked in the rheumatology practice. 
In contrast, our data suggest that every third patient with 
established FD receives at least one diagnosis of rheumatic 
disease, mostly in adolescence or at a younger age. In paedi-
atric patients, the most common causes of incorrect diagnosis 
were angiokeratomas that can be confused with purpura and 
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Figure 1 Multiple angiokeratomas in male patient with Fabry disease.

Figure 2 Significant left ventricular hypertrophy on ECG in the same 
patient.
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pain in hands and feet, which was commonly interpreted as a 
manifestation of inflammatory arthritis. Moreover, approxi-
mately 10% of patients with FD presented with ‘genuine’ joint 
pain, episodes of unexplained fever and/or elevated markers 
of inflammation, that is, ESR and C reactive protein, which 
were usually regarded by physicians as indicators of rheumatic 
disease. Of note, hypohidrosis/anhidrosis is an important early 
warning symptom of FD, which is frequently overlooked in 
clinical practice. Vortex keratopathy, or cornea verticillata, 
characterised by the whorl- like, linear opacities in the inferior 
part of the cornea is a relatively specific ocular sign of FD 
that can support diagnosis in more than half of the patients. 
In adult patients with a clinical picture of systemic disease 
involving heart, kidney, central and peripheral nervous system, 
and/or skin, FD can be misdiagnosed as systemic connective 
tissue disease or systemic vasculitis (particularly IgA vasculitis 
in the presence of skin rash or large- vessel vasculitis in patients 
with cerebrovascular events). In males, all manifestations of 
FD are more prominent and develop earlier than in females. 
A detailed family history is essential for the diagnosis of FD, 
while family screening in patients with established diagnosis 
usually identifies other affected family members who can 
benefit from earlier enzyme replacement therapy.

In primary care, ‘don’t expect to see a Zebra, when you hear 
hoof beats’. However, rheumatologists should be aware that it is 
not rare to have a rare disease and should recognise the zebras 
among the horses.4
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Table 1 ‘Rheumatic’ diagnoses in patients with FD

Misdiagnoses n (%)

Arthritis* 9 (8.4)

Systemic vasculitis† 6 (5.6)

Osler- Weber- Rendu disease 5 (4.7)

Systemic lupus erythematosus 4 (3.7)

Rheumatic fever 4 (3.7)

Familial Mediterranean fever 1 (0.9)

*Arthritis included rheumatoid arthritis, juvenile rheumatoid arthritis and 
osteoarthritis.
†Systemic vasculitis included IgA vasculitis, Behcet disease, etc.
FD, Fabry disease.
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Response to ‘What rheumatologist should know 
about Fabry disease’ by Moiseev et al

In their correspondence1 to our study on the prevalence of Fabry 
disease (FD) within a national cohort of early undifferentiated 
arthritis patients in Germany,2 Moiseev et al raise additional 
issues of importance for clinical rheumatologists pertaining to 
the change of symptoms in FD over time.

Retrospective studies analysing the medical history of patients 
with confirmed FD raised concerns that FD may be overlooked 
in rheumatological practice. In particular, Lidove et al reported 
that 9 of 40 patients were mistakenly diagnosed with a rheu-
matic condition in adulthood prior to the diagnosis of FD.3 
This is well in line with the data reported by Moiseev et al in 
their correspondence. They observed erroneous rheumatolog-
ical diagnoses in 28 of 107 confirmed FD cases across all age 
groups. Of importance, a significant delay of FD diagnosis from 
first symptoms is often reported.3–5 For instance, Lidove et al 
report a mean age at diagnosis of 37.2 years with a range up to 
71 years in their study focusing on musculoskeletal complaints 
of FD patients.3 Moreover, a cross- sectional study from the 
Fabry Outcome Survey comparing older (>50 years) to younger 
patients with confirmed FD showed that the mean age at first 
diagnosis was >50 years in the older FD patients, representing 
34% of the 1934 patients included.6 Additionally, patients diag-
nosed at an older age or with a presumably late clinical onset 
may differ phenotypically from patients diagnosed at a younger 
age.6 Although acroparesthesias or Fabry crises tend to be a more 
prominent feature at a younger age and to diminish over time,5 7 
joint complaints remain a significant burden for patients with 
40%–50% of patients>50 years of age reporting joint pain or 
swelling in a survey by Ivleva et al.7 In summary, FD patients 
often display musculoskeletal complaints and the correct diag-
nosis is typically delayed by years. In our opinion, these data 
provided a strong rationale for our study in which we intended 
to explore the prevalence of FD patients in a national cohort 
of early undifferentiated arthritis in adult patients (n=798, 
aged 56.5±14.3 years, range 18–87). We did not find a muta-
tion considered pathogenic under the inclusion criterion of at 
least one swollen joint. Hence, our study reassures us that we 
do not systematically miss the diagnoses of FD in our adult 
early arthritis patients employing current standard of practice 
procedures. However, rheumatologists and even paediatricians 
may not generally be familiar with signs and symptoms of FD.8 
We are therefore delighted that our study raised the interest of 
Moiseev et al who comprehensively summarised clinical features 
of FD and shared data on the musculoskeletal complaints of 
their FD cohort in their comment.
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Blood plasma versus serum: which is right for 
sampling circulating membrane microvesicles in 
human subjects?

We have read with great interest the article by Kato and colleagues 
regarding the ‘Apoptosis- derived membrane vesicles drive the 
cGAS–STING pathway and enhance type I IFN production in 
systemic lupus erythematosus’.1 However, we are concerned that 
the authors studied exclusively blood serum, that is, all blood 
samples from their patients with lupus and healthy controls were 
coagulated ex vivo before analysis.

At least three major changes can occur to the population of 
membrane microvesicles (MVs) during coagulation in a test tube. 
First, a subset of circulating MVs participate in, and become 
consumed by, clotting. For example, studies from our group and 
others indicated that over half of the total membrane MVs in 
blood plasma2 or the in vitro generated MVs3 4 display phospha-
tidylserine (PS) on their surface. PS- positive MVs are procoag-
ulant relative to those that are PS negative2 3 5 because PS forms 
a catalytic membrane surface that promotes assembly and catal-
ysis of coagulation factor complexes.3 6 It is especially true for 
apoptotic MVs,3 5 7 8 since membrane surface exposure of PS is 
a hallmark of cell apoptosis.9 Thus, PS- positive MVs could be 
preferentially involved in clot formation in the sampling tube 
when blood is drawn without anticoagulants. The remaining 
MVs in the serum tube may not be representative of the original 
population of MVs that were in the circulation.4

A second change during clotting ex vivo is the generation of 
new population of MVs that were not originally presented in the 
circulation. Platelets become activated during clot formation in 
a test tube and release artificially generated MVs in vitro during 
the sampling process.10 Platelet- derived MVs generated in the 
sample tube may account for 50% of the MVs in serum.10 Other 
cells in blood may also release MVs during the ex vivo clotting. 
These ‘artificial’ MVs in serum cannot represent the pathophysi-
ological condition of the circulating blood in patients with lupus 
and healthy controls.

A third change during clotting is the possible cleavage of 
proteins on MVs by proteases, that is, thrombin, generated 
during the coagulation cascade. This problem has not been 
widely studied in MV research field, but it is known in other 
fields. For example, thrombin digests apolipoprotein- B into frag-
ments,11 and the ‘intact’ lipoproteins are isolated from plasma, 
not serum.

In our opinion, blood plasma12 prepared in the presence of 
anticoagulants – should be used in MV research because it avoids 
consumption of the ‘original circulating’ MVs, and production 
of the ‘artificial’ MVs, as well as exposure to proteases, during 
clotting ex vivo in the serum sample tubes. But the study results 
with serum, as used by Kato et al and other groups, should be 
confirmed with blood plasma. Artefacts caused by the clotting 
of blood in a test tube may largely affect results and conclusions 
of any studies of circulating membrane MVs in clinical trans-
lational investigations. Therefore, blood sampling of the circu-
lating membrane MVs in human subjects is an important point 
that needs to be clarified among the investigators who conduct 
clinical translational researches.
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Response to: ‘Blood plasma versus serum: which 
is right for sampling circulating membrane 
microvesicles in human subjects?’ by Liu et al

The correspondence on our study is very much appreciated.1 
We have shown that the microvesicles (MVs) in the serum from 
patients with systemic lupus erythematisus *(SLE) contain higher 
concentration of double strand DNA (dsDNA) and have higher 
interferon- stimulated gene (ISG)- inducing activity than healthy 
controls. In the letter from Liu et al, authors addressed several 
concerns regarding the use of serum- derived MVs in experiments 
since these may not represent the physiological MVs present 
in the circulation of patients with SLE.2 We agree that plasma 
is preferable for the preparation of MVs. However, reporter 
activity could not be evaluated using blood plasma due to the 
formation of gel- like material in supernatant during cell- based 
reporter assay. For this reason, we decided to collect serum for 
our study, making it difficult to simultaneously collect enough 
plasma samples for this study.

Liu et al first pointed out that phosphatidylserine- positive 
MVs, including apoptosis- derived membrane vesicles, may be 
involved in clot formation in the sampling tube. If so, larger 
quantities of MVs may be isolated from plasma compared with 
those from serum, and we expect that our experimental results 
will become more prominent.

Second, it is possible that ‘artificial’ MVs may have formed 
from platelets during clotting process. With regard to this 
concern, Dieker and colleagues have shown that plasma- derived 
MVs are able to induce type I interferon (IFN),3 suggesting that 
non- platelet- derived MVs possess ISG- inducing activity. Since 
platelets are normally anucleated, it is unlikely that platelet- 
derived MVs contain genomic dsDNA. As for mitochondrial 
DNA (mtDNA), serum of healthy donors and patients with 
SLE contained similar amounts of mtDNA, further indicating 
that platelet- derived MVs were not the source of ISG- inducing 
activity that we observed. However, the contribution of MVs 
formed by other cells during serum preparation needed to be 
addressed.

As for the third point, surface proteins on MVs may be cleaved 
during coagulation process and lose their original properties. If 
certain features of MVs are possibly lost during serum prepara-
tion, it may be more appropriate to use plasma- derived MVs. We 
are certainly interested in the contribution of surface molecules 
on MVs in ISG- inducing activity as it may affect the efficiency 
of internalisation by IFN- producing cells. We appreciate the 
suggestion and will investigate further to clarify this concern.

Certainly, we share the concerns that coagulation process 
during serum preparation may affect the population and 

property of collected MVs, and admit that there were insuffi-
cient points in our study. However, since others have demon-
strated type I IFN induction with MVs derived from SLE 
plasma,3 we believe that our results are reproducible even when 
plasma samples are used. There are only few reports that have 
evaluated MVs in the blood from patients with SLE. Thus, we 
need further studies to clarify the differences of apoptosis- 
derived membrane vesicles and other MVs when they are 
isolated from serum or plasma.
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Correction: Efficacy and safety of ixekizumab through 52 weeks 
in two phase 3, randomised, controlled clinical trials in patients 
with active radiographic axial spondyloarthritis (COAST- V 
and COAST- W)

Dougados M, Wei JC- C, Landewé R, et al. Efficacy and safety of ixekizumab through 52 weeks 
in two phase 3, randomised, controlled clinical trials in patients with active radiographic axial 
spondyloarthritis (COAST- V and COAST- W). Ann of Rheum Dis 2020;79:176-85.

The numbers in table 1 and supplementary Table 3 were inadvertently sourced from 
outdated documents. The correct details are shown as:

Table 1 Week 16* and 52 efficacy endpoints for patients treated continuously with ixekizumab: 
COAST- V and COAST- W (ITT population: NRI, modified baseline observation carried forward)

COAST- V (bDMARD- naïve) COAST- W (TNFi- experienced)

Ixe q4w
(n=81)

Ixe q2w
(n=83)

Ixe q4w
(n=114)

Ixe q2w
(n=98)

Patients achieving response, n (%)

NRI Week 16 Week 52 Week 16 Week 52 Week 16 Week 52 Week 16 Week 52

 ASAS40 39 (48.1) 43 (53.1) 43 (51.8) 42 (50.6) 29 (25.4) 39 (34.2) 30 (30.6) 30 (30.6)

 ASAS20 52 (64.2) 53 (65.4) 57 (68.7) 59 (71.1) 55 (48.2) 60 (52.6) 46 (46.9) 47 (48.0)

ASAS partial remission 12 (14.8) 22 (27.2) 12 (14.5) 20 (24.1) 7 (6.1) 13 (11.4) 5 (5.1) 8 (8.2)

ASDAS clinically 
important improvement

50 (61.7) 51 (63.0) 50 (60.2) 51 (61.4) 51 (44.7) 53 (46.5) 48 (49.0) 44 (44.9)

ASDAS major 
improvement

24 (29.6) 30 (37.0) 19 (22.9) 29 (34.9) 18 (15.8) 27 (23.7) 21 (21.4) 26 (26.5)

 ASDAS<2.1
(low disease activity)

35 (43.2) 43 (53.1) 35 (42.2) 43 (51.8) 20 (17.5) 27 (23.7) 16 (16.3) 24 (24.5)

 ASDAS<1.3
(inactive disease)

13 (16.0) 18 (22.2) 9 (10.8) 16 (19.3) 4 (3.5) 10 (8.8) 5 (5.1) 4 (4.1)

 BASDAI50 34 (42.0) 43 (53.1) 36 (43.4) 38 (45.8) 25 (21.9) 31 (27.2) 23 (23.5) 27 (27.6)

Mean change from baseline (SD)

mBOCF† Week 16 Week 52 Week 16 Week 52 Week 16 Week 52 Week 16 Week 52

 ASDAS −1.4 (1.2) −1.7 (1.2) −1.4 (1.0) −1.6 (1.0) −1.1 (1.0) −1.2 (1.1) −1.2 (1.1) −1.3 
(1.2)

 BASDAI −3.0 (2.4) −3.3 (2.5) −2.7 (2.1) −3.1 (2.3) −2.1 (2.0) −2.4 (2.4) −2.1 (2.3) −2.4 
(2.3)

 BASFI −2.4 (2.3) −2.8 (2.5) −2.5 (2.2) −2.8 (2.4) −1.6 (2.1) −2.1 (2.5) −1.9 (2.3) −2.1 
(2.3)

SF-36 PCS‡ 7.1 (7.9) 8.3 (9.5) 7.4 (6.6) 8.1 (7.5) 6.3 (7.5) 6.5 (8.5) 6.0 (7.7) 7.1 (7.6)

ASAS Health Index −2.3 (3.3) −2.7 (3.3) −2.8 (3.2) −3.3 (3.6) −2.0 (3.1) −2.3 (3.7) −1.8 (3.9) −2.5 
(3.5)

 SPARCC MRI spine 
score§

−8.9 (16.2) −8.8 (17.3) −8.7 (16.5) −8.5 (15.9) −3.2 (8.3) NA −5.1 (11.9) NA

 SPARCC MRI sacroiliac 
joint score¶

−3.4 (7.6) −3.3 (8.7) −4.1 (7.3) −4.2 (7.5) NA NA NA NA

CRP, mg/L −6.8 (16.7) −9.2 (12.4) −8.4 (15.7) −9.6 (14.5) −11.5 
(30.1)

−10.3 
(31.1)

−10.3 
(19.4)

−9.8 
(19.2)

http://www.eular.org/
http://ard.bmj.com/
http://ard.bmj.com/
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COAST- V (bDMARD- naïve) COAST- W (TNFi- experienced)

Ixe q4w
(n=81)

Ixe q2w
(n=83)

Ixe q4w
(n=114)

Ixe q2w
(n=98)

*Except for ASAS partial remission (both studies), ASDAS clinically important improvement (both studies), ASDAS major 
improvement (both studies), ASDAS <1.3 (COAST- W) and BASDAI50 (COAST- W), all Week 16 data have been previously 
reported.10,11.
†For patients who discontinued study drug because of an adverse event, the baseline observation was carried forward to 
the corresponding time point for evaluation. For patients discontinuing study drug for any other reason, the last non- missing 
observation before discontinuation was carried forward to the corresponding time point for evaluation.
‡SF-36 PCS data are reported as t- scores, based on 2009 US general population norms.
§Observed data only (not assessed after Week 16 in COAST- W). COAST- V: Week 16, n=78 (IXE Q4W) and n=74 (IXE Q2W); 
Week 52, n=72 (IXE Q4W) and n=68 (IXE Q2W). COAST- W: Week 16, n=49 (IXE Q4W) and n=45 (IXE Q2W).
¶Observed data only (not assessed in COAST- W). COAST- V: Week 16, n=78 (IXE Q4W) and n=75 (IXE Q2W); Week 52, n=72 
(IXE Q4W) and n=69 (IXE Q2W).
ASAS, Assessment of SpondyloArthritis international Society; ASDAS, Ankylosing Spondylitis Disease Activity Score; BASFI, 
Bath Ankylosing Spondylitis Functional Index; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; bDMARD, 
biological disease- modifying antirheumatic drug; CRP, C- reactive protein; ITT, intent- to- treat; IXE Q4W, ixekizumab 80 mg 
every 4 weeks; IXE Q2W, ixekizumab 80 mg every 2 weeks; mBOCF, modified baseline observation carried forward; MRI, 
magnetic resonance imaging; NA, not applicable; NRI, non- responder imputation; SD, standard deviation; SF-36 PCS, 
Medical Outcomes Study 36- item Short- Form Health Survey Physical Component Score; SPARCC, Spondyloarthritis Research 
Consortium of Canada; TNFi, tumour necrosis factor inhibitor.

Table 3 Week 16 and 52 efficacy endpoints for patients treated continuously with ixekizumab: 
COAST- V and COAST- W (ITT population: observed data)

COAST- V (bDMARD- naïve) COAST- W (TNFi- experienced)

Ixe q4w
(N=81)

Ixe q2w
(N=83)

Ixe q4w
(N=114)

Ixe q2w
(N=98)

Patients achieving 
response, n (%)

Week 16 Week 52 Week 16 Week 52 Week 16 Week 52 Week 16 Week 52

 ASAS40 39/78 
(50.0)

43/72 
(59.7)

43/81 
(53.1)

42/74 (56.8) 29/100 
(29.0)

39/88 (44.3) 30/91 
(33.0)

30/80 
(37.5)

 ASAS20 52/78 
(66.7)

53/72 
(73.6)

57/81 
(70.4)

59/74 (79.7) 55/100 
(55.0)

60/88 (68.2) 46/91 
(50.5)

47/80 
(58.8)

ASAS partial remission 12/78 
(15.4)

22/72 
(30.6)

12/81 
(14.8)

20/74 (27.0) 7/100 (7.0) 13/88 (14.8) 5/91 (5.5) 8/80 
(10.0)

 ASDAS clinically 
important improvement

50/78 
(64.1)

51/72 
(70.8)

50/80 
(62.5)

51/74 (68.9) 51/100 
(51.0)

53/85 (62.4) 48/91 
(52.7)

44/78 
(56.4)

ASDAS major 
improvement

24/78 
(30.8)

30/72 
(41.7)

19/80 
(23.8)

29/74 (39.2) 18/100 
(18.0)

27/85 (31.8) 21/91 
(23.1)

26/78 
(33.3)

ASDAS <2.1 (low 
disease activity)

35/78 
(44.9)

43/72 
(59.7)

35/80 
(43.8)

43/74 (58.1) 20/100 
(20.0)

27/85 (31.8) 16/91 
(17.6)

24/78 
(30.8)

 ASDAS <1.3 (inactive 
disease)

13/78 
(16.7)

18/72 
(25.0)

9/80 (11.3) 16/74 (21.6) 4/100 (4.0) 10/85 (11.8) 5/91 (5.5) 4/78 (5.1)

 BASDAI50 34/78 
(43.6)

43/72 
(59.7)

36/81 
(44.4)

38/74 (51.4) 25/100 
(25.0)

31/88 (35.2) 23/91 
(25.3)

27/80 
(33.8)

Mean change from 
baseline (SD)

Week 16 Week 52 Week 16 Week 52 Week 16 Week 52 Week 16 Week 52

 ASDAS -1.5 (1.1) -1.8 (1.1) -1.4 (0.9) -1.7 (1.0) -1.2 (1.0) -1.4 (1.1) -1.2 (1.1) -1.5 (1.2)

 BASDAI -3.1 (2.4) -3.6 (2.3) -2.7 (2.0) -3.3 (2.3) -2.3 (2.0) -2.9 (2.3) -2.1 (2.4) -2.8 (2.3)

 BASFI -2.5 (2.3) -3.1 (2.3) -2.5 (2.2) -3.1 (2.4) -1.8 (2.0) -2.6 (2.5) -2.1 (2.3) -2.5 (2.3)

SF-36 PCS* 7.5 (7.7)) 9.4 (9.0) 7.5 (6.6) 9.0 (7.3) 6.8 (7.4) 8.0 (8.7) 6.3 (7.7) 8.2 (7.8)

ASAS Health Index -2.3 (3.3) -3.0 (3.2) -2.9 (3.2) -3.7 (3.5) -2.2 (3.1) -3.0 (3.8) -1.9 (4.0) -2.9 (3.7)

SPARCC MRI spine score -8.9 (16.2) -8.8 (17.3) -8.7 (16.5) -8.5 (15.9) -3.2 (8.3) NA -5.1 (11.9) NA

 SPARCC MRI sacroiliac 
joint score

-3.4 (7.6) -3.3 (8.7) -4.1 (7.3) -4.2 (7.5) NA NA NA NA

CRP, mg/L -7.0 (17.0) -9.4 (11.1) -8.2 (15.5) -10.2 (15.1) -12.7 (31.7) -10.9 (33.1) -11.1 (19.6) -11.4 
(20.5)

*SF-36 PCS data are reported as t- scores, based on 2009 US general population norms.
ASAS, Assessment of SpondyloArthritis international Society; ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath 
Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; bDMARD, biological disease- 
modifying antirheumatic drug; CRP, C- reactive protein; ITT, intent- to- treat; MBOCF, modified baseline observation carried forward; MRI, 
magnetic resonance imaging; NA, not applicable; NRI, non- responder imputation; SF-36 PCS, Medical Outcomes Study 36- item Short- 
Form Health Survey Physical Component Score; IXE Q2W, ixekizumab 80 mg every 2 weeks; IXE Q4W, ixekizumab 80 mg every 4 weeks; 
SD, standard deviation; SPARCC, Spondyloarthritis Research Consortium of Canada; TNFi, tumour necrosis factor inhibitor.
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Correction: Sequencing of the MHC region defines HLA- DQA1 
as the major genetic risk for seropositive rheumatoid arthritis 
in Han Chinese population

Guo J, Zhang T, Cao H, et al. Sequencing of the MHC region defines HLA- DQA1 as the major 
genetic risk for seropositive rheumatoid arthritis in Han Chinese population. Ann Rheum Dis 
2019;78:773–80. doi: 10.1136/annrheumdis-2018-214725.

 ► In the text, all DRβ1:96 hours should be DRβ1:96H.
 ► The sentence on page 775, “followed by DQα1:160A (p=6.25×10−17, OR=2.27, 95% 

CI 1.87 to 2.75)” should be “followed by DQα1:160A (p=6.25×10−17, OR=0.44, 95% 
CI 0.36 to 0.53)”.

 ► The sentences on page 776,
 – “DRβ1:96 hours also showed a significant association (p=6.27×10−7, OR=1.59, 

95% CI 1.33 to 1.91)” should be “DRβ1:96H also showed a significant association 
(p=6.27×10−7, OR=0.64, 95% CI 0.53 to 0.77)”.

 – “Although DRβ1:96 hours became the second independent signal (p=2.80×10−10, 
OR=1.68, 95% CI 1.43 to 1.97)” should be “although DRβ1:96H became the second 
independent signal (p=2.80×10−10, OR=0.58, 95% CI 0.49 to 0.68)”.

 – “DRβ1:96 hours and DRβ1:37N showed similar independent effects (DRβ1:96 
hours: p=4.90×10−16, OR=1.64, 95% CI 1.45 to 1.84…” should be “DRβ1:96H 
and DRβ1:37N showed similar independent effects (DRβ1:96H: p=4.90×10−16, 
OR=0.60, 95% CI 0.54 to 0.68…”.

Figure 3 has been corrected. In the revised figure 3, the frequencies on Y axis have been 
presented according to original frequencies instead of the minor frequencies.

Figure 3 Comparison of individual amino acid frequencies within DQα1:160 and DRβ1:11, 13, 57, 71, 
and 74 in Han Chinese and European populations. The individual amino acid frequencies are plotted in 
healthy controls (blue) and cases (red). Upper panel shows the amino acid frequencies in Han Chinese 
population (the data derived from present study). Lower panel shows the amino acid frequencies in 
European population (the data cited from Raychaudhur’s study6). (A) DQα1:160D and DQα1:160A 
are common amino acids in Han Chinese, but the two variants have not been detected in European 
population. Similar frequencies of amino acids were observed at DRβ1 position 11(B), 13(C), 57(D), 71(E), 
and 74(F) between Han Chinese and European populations.

Supplementary tables 3–6 and 8 have been corrected. In these tables, a few frequencies have 
now been presented as original frequencies instead of the minor frequencies and the ORs have 
been revised accordingly.

Supplementary Table 3 Logistic regression analysis in discovery cohort, using gender as covariate

CHR Marker Case Control Non- reference amino- acid OR (95% CI) P value

6 DQA1:160:A 0.62 0.79 DQA1:160:A 0.44 (0.36 to 0.53) 6.25E-17

6 DQA1:34:E 0.60 0.48 DQA1:34:E 1.66 (1.39 to 1.99) 7.46E-09

6 DRB1:31:F 0.71 0.81 DRB1:31:F 0.58 (0.47 to 0.70) 8.77E-08

6 DRB1:10:Q 0.70 0.60 DRB1:10:Q 1.58 (1.31 to 1.91) 9.14E-07

P value less than 1.0×10−6 was considered as cut- off.
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Supplementary Table 4 Stepwise conditional analysis on HLA- DQα1:160D in discovery cohort, 
using gender as covariate
CHR Marker Case Control Non- reference amino- acid OR (95% CI) P value

6 DRB1:96:H 0.55 0.64 DRB1:96:H 0.64 (0.53 to 0.77) 6.27E-07

P value less than 1.0×10−6 was considered as cut- off.

Supplementary Table 5 Logistic regression analysis in validation cohort, using gender as covariate

CHR Marker Case Control Non- reference amino- acid OR (95% CI) P value

6 DQA1:160:A 0.63 0.78 DQA1:160:A 0.47 (0.40 to 0.56) 4.18E-17

6 DQA1:34:E 0.60 0.47 DQA1:34:E 1.63 (1.40 to 1.89) 1.41E-10

6 DRB1:96:H 0.52 0.64 DRB1:96:H 0.59 (0.50 to 0.68) 4.06E-10

6 DRB1:10:Q 0.71 0.60 DRB1:10:Q 1.61 (1.38 to 1.87) 4.13E-09

P value less than 5.0×10−8 was considered as cut- off.

Supplementary Table 6 Stepwise conditional analysis on HLA- DQα1:160D in validation cohort, 
using gender as covariate

CHR Marker Case Control Non- reference amino- acid OR (95% CI) P value

6 DRB1:96:H 0.52 0.64 DRB1:96:H 0.58 (0.49 to 0.68) 2.80E-10

6 DRB1:74:A 0.61 0.56 DRB1:74:A 1.59 (1.35 to 1.88) 5.26E-07

P value less than 5.0×10−8 was considered as cut- off.

Supplementary Table 8 Stepwise conditional analysis on HLA- DQα1:160D in combined cohort, 
using gender as covariate

CHR Marker Case Control Non- reference amino- acid OR (95% CI) P value

6 DRB1:96:H 0.53 0.64 DRB1:96:H 0.60 (0.54 to 0.68) 4.90E-16

6 DRB1:74:A 0.60 0.55 DRB1:74:A 1.58 (1.39 to 1.78) 2.04E-12

P value less than 5.0×10−8 was considered as cut- off.
Case: frequencies of the Non- reference amino- acid in cases.
Control: frequencies of the Non- reference amino- acid in controls.
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Correction: Is treat- to- target really working in rheumatoid 
arthritis? A longitudinal analysis of a cohort of patients treated 
in daily practice (RA BIODAM)

Ramiro S, Landewe RBM, van der Heijde D, et al. Is treat- to- target really working in rheu-
matoid arthritis? A longitudinal analysis of a cohort of patients treated in daily practice (RA 
BIODAM). Ann Rheum Dis 2020;79:453-9.

The author’s name Gianfranco Ferraciolli is corrected to Gianfranco Ferraccioli.
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Correction: What is axial spondyloarthritis? A latent class and 
transition analysis in the SPACE and DESIR cohorts. A meta- 
analysis and functional study

Sepriano A, Ramiro S, van der Heijde D, et al. What is axial spondyloarthritis? A latent class 
and transition analysis in the SPACE and DESIR cohorts. A meta- analysis and functional study. 
Ann Rheum Dis 2020;79:324–31.

The values for some of the features in the SPACE cohort were switched between patients 
included and excluded in the analysis. The appropriate corrections were made in table 1 and 
online supplementary table S1. The text in the results section was also corrected: “In SPACE, 
included patients were less likely to be HLA- B27 positive (37% vs5 7%) (…)”.

Table 1 Baseline patient characteristics in the space and DESIR cohorts
Space
(n=465)

Desir
(n=576)

Age at baseline (years) 31 (8) 33 (8)

Male gender 161 (35) 269 (47)

Symptom duration (years) 1.8 (2.3) 1.5 (0.8)

ASAS axSpA criteria 172 (37) 358 (62)

axSpA according to Rheumatologist* 136 (30) 269 (47)

ASAS pSpA criteria 182 (39) 320 (56)

ASAS SpA criteria† 249 (54) 443 (77)

Sacroiliitis on MRI- SIJ (ASAS) 64 (14) 153 (27)

BME on MRI- spine (≥5 lesions) 21 (5) 25 (4)

Radiographic sacroiliitis (mNY) 38 (8) 78 (14)

≥1 syndesmophyte on X- spine 15 (3) 39 (7)

Elevated CRP (≥6 mg/L) 118 (25) 169 (29)

Good response to NSAIDs ever 189 (41) 491 (85)

Peripheral arthritis ever 76 (16) 122 (21)

Dactylitis ever 23 (5) 78 (14)

Heel enthesitis ever 91 (20) 261 (45)

Supplementary Table Patient characteristics comparing those included in LCA to those not (SPACE 
cohort)

All (n=748)
Included in LCA 
(n=465)

NOT included in 
LCA (n=283) P value

Age at baseline (years) 31 (8) 31 (8) 30 (8) 0.35

Male gender 287 (39) 161 (35) 126 (45) 0.01

Symptom duration (years) 2 (2) 2 (2) 2 (2) 0.93

Inflammatory back pain 513 (69) 308 (66) 205 (74) 0.027

ASAS axSpA criteria 308 (42) 172 (37) 133 (52) <0.01

ASAS pSpA criteria 281 (39) 182 (39) 99 (39) 0.93

ASAS SpA criteria† 412 (57) 249 (54) 163 (64) 0.01

axSpA according to Rheumatologist* 255 (35) 136 (30) 119 (45) <0.01

HLA- B27 328 (44) 172 (37) 156 (57) <0.01

Dactylitis ever 41 (6) 23 (5) 18 (6) 0.39

Uveitis ever 60 (8) 33 (7) 27 (10) 0.21

Family history of SpA 317 (43) 194 (42) 123 (44) 0.50

Inflammatory bowel disease ever 51 (7) 35 (8) 16 (6) 0.34

Psoriasis ever 95 (13) 54 (12) 41 (15) 0.23

Peripheral arthritis ever 117 (16) 76 (16) 41 (15) 0.56

Heel enthesitis ever 146 (20) 91 (20) 55 (20) 0.96

Current arthritis / any enthesitis / dactylitis 475 (64) 317 (68) 158 (58) <0.01

Elevated CRP (≥6 mg/L) 182 (25) 118 (25) 64 (24) 0.57

Good response to NSAIDs ever 327 (45) 189 (41) 138 (53) <0.01

Number of SpA features (0–9)‡ 2 (1) 2 (1) 2 (1) 0.35

Radiographic sacroiliitis (mNY) 55 (9) 38 (8) 17 (11) 0.26

Sacroiliitis on MRI- SIJ (ASAS) 106 (18) 64 (14) 42 (30) <0.01

BME on MRI- spine (≥5 lesions) 25 (4) 21 (5) 4 (3) 0.42

≥1 syndesmophyte on X- spine 20 (4) 15 (3) 5 (9) 0.06
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Space
(n=465)

Desir
(n=576)

HLA- B27 172 (37) 345 (60)

Family history of SpA 194 (42) 250 (43)

Psoriasis ever 54 (12) 99 (17)

Uveitis ever 33 (7) 52 (9)

Inflammatory Bowel Disease ever 35 (8) 25 (4)

Current arthritis / any enthesitis / dactylitis 317 (68) 398 (69)

Inflammatory back pain 308 (66) 576 (100)

Number of SpA features (0–9)‡ 2 (1) 3 (1)

Values are mean (SD) for continuous variables or number (%) for binary variables. SpA features are positive if ‘ever present’ (any time in the past and/or baseline).
*Clinical diagnosis of axSpA at baseline with a level of confidence >7; Missing data SPACE: axSpA according to Rheumatologist (n=454); Symptom duration (n=461); 
missing data DESIR: axSpA according to Rheumatologist (n=576).
†fulfilment of either ASAS axSpA or ASAS pSpA classification criteria.
‡peripheral arthritis, heel enthesitis, dactylitis, psoriasis, uveitis, inflammatory bowel disease, good response to NSAIDs, elevated CRP and family history of SpA.
ASAS, Assessment of SpondyloArthritis international Society; axSpA, axial spondyloarthritis; BME, bone marrow oedema; CRP, C- reactive protein; mNY, modified New York 
criteria; MRI, magnetic resonance imaging; NSAIDs, nonsteroidal anti- inflammatory drugs; pSpA, peripheral spondyloarthritis; SD, standard deviation; SIJ, sacroiliac joints; 
X- spine, radiograph of the spine.
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