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Greetings from the editor
Josef S Smolen

Since the time I had the privilege to take 
over the editorship of the ARD from Tore 
Kvien, I have provided biannual ‘Greetings 
from the editor’. By convention, greetings 
in the January issues focused on the 
preceding year’s evolutions and future plans 
for ARD, coupled with best wishes for a 
happy new year; and in the June issues, on 
the occasion of the Annual EULAR 
Congresses, the Greetings comprised an 
update on the most recent and current 
content of the Journal and also wishes for a 
successful Congress. Alas, last year, for the 
first time in its history, the EULAR Congress 
had to take place virtually and this year 
again, we will not have the opportunity to 
meet at the conference site face to face. The 
COVID-19 pandemic prevents us from 
sitting in large lecture halls with many other 
participants, engaging in personal discus-
sions with speakers and other colleagues, 
seeing each others’ smiles and body 
language and getting together socially.

Exactly a year ago, I ended my greet-
ings saying: ‘Let us hope that an effective 
therapy and vaccine against COVID-19 will 
be developed in due course’.1 And much 
to my surprise, by the time of my January 
2021 greetings, the first vaccine had shown 
good efficacy and safety in clinical trials2 
and soon thereafter it was approved; other 
vaccines swiftly followed. While effective 
therapies that prevent COVID-19 are not 
yet in sight, the vaccines were developed in 
record time.

The COVID-19 pandemic is reminiscent 
of other pandemic and epidemic situations. 
Indeed, about 100 years ago, the influenza 
pandemic of 1918–1920 cost more lives 
than World War I. It took 15 years from 
the time of that pandemic to isolate the 
virus.3 Burnet, recipient of the Nobel prize 
for physiology and medicine in 1960 for his 
contribution to the elucidation of acquired 
immunological tolerance, and who is likely 
best known to rheumatologists for his 
clonal selection theory of antibody produc-
tion,4 was the first to cultivate the influenza 
virus on developing hen eggs in 1935.5 
With his continuing research,6 this achieve-
ment ultimately enabled developments that 

culminated in the production and successful 
application of influenza vaccines almost a 
decade later.7 8

Why is influenza mentioned here? 
First, because it provoked a similarly fatal 
pandemic 100 years ago as SARS- CoV-2 
has today. Second, because it has been 
proposed to occasionally elicit autoanti-
bodies like rheumatoid factor and anti- 
phospholipid antibodies,9 observations that 
also have been reported for patients with 
COVID-19 in ARD recently.10 11 Third, 
because we have learnt in previous studies 
that disease modifying antirheumatic 
drugs, including tumour necrosis factor 
(TNF) inhibitors, interfere with the effi-
cacy of influenza vaccination only to a small 
extent,12 while rituximab has significant 
effects in this respect.13 These and other 
pieces of information are contained in a 
timely update of EULAR recommendations 
regarding vaccinations last year14 but also 
most recently in EULAR points to consider 
for the current SARS- CoV-2 vaccination 
programmes published in this issue.15 And 
fourth and finally, because the example of 
a single personality, a pillar and hero across 
many areas of medicine, Sir Burnet reveals 
how closely related research into infectious 
disease and investigations of immunological 
mechanisms are.

When Burnet received the Behring Award 
of the University of Marburg/Lahn on 15 
March 1954, he mentioned his esteem for 
Emil von Behring,16 a 1901 Nobel laureate 
(actually the first to be awarded this prize for 
medicine), who had detected the therapeutic 
value of ‘anti- toxins’, extracted from sera of 
immunised animals, against diptheria and 
tetanus and founded a manufacturing plant 
for these sera, the ‘Behringwerke’. However, 
Burnet particularly praised Paul Ehrlich 
because in his view Ehrlich, like nobody 
else into Burnet’s days, had brought micro-
biology, immunology and chemotherapy (in 
the sense of antimicrobial therapy such as 
against syphilis) together.16 Indeed, Ehrlich, 
himself a Nobel laureate (1908), by having 
developed the ‘side chain theory’ of anti-
body production17 and having invented the 
term ‘horror autotoxicus’ (ie, fear of self- 
destruction) as a first historic discrimination 
of self and non- self and thus recognition of 
tolerance, is one of the founders of modern 
immunology. All these foundations within 
the field remain relevant in current ther-
apeutic approaches: convalescent serum, 

monoclonal antibodies against SARS- CoV-2 
spike protein and vaccination with spike 
protein are exploratory or approved and 
effective therapeutic or preventive options. 
Moreover, medicines that are part of the 
rheumatologists’ armamentarium appear to 
be efficacious against severe COVID-19.18 19

This excursion to Burnet, Ehrlich and 
Behring should remind us that epidemics 
and pandemics have been around since times 
past—obviously already much before the 
20th century, such as the plague—and were 
ultimately successfully conquered. It also 
allows the forming of a coordinated response, 
such as that which arose at the beginning of 
the 20th century with the foundation of the 
Behringwerke, to produce animal sera against 
various toxins and vaccines against typhoid 
and tetanus, and closes with the takeover of 
the Behringwerke by BioNTech20 to produce 
their vaccine against SARS- CoV-2, the first 
COVID-19 vaccine to be licensed; one of 
several vaccines that serve, among many 
others, our patients.

In a treatise on rheumatic fever, yet 
another belatedly recognised consequence 
of an epidemic with particular rheumato-
logical impact21 22 that has only become 
controllable with the widespread avail-
ability of antibiotics, Copeman stated over 
75 years ago in ARD that ‘clinical medicine 
is the study of man in his enviroment’.23 To 
present, studies on people with rheumatic 
and musculoskeletal diseases to under-
stand the value of novel therapies, develop 
insights into diagnostics and outcomes 
assessments, enlighten aetiology and patho-
genetic pathways, has been and continues to 
be the focus of ARD since its foundation in 
1939. Adherence to these principles is also 
visible in this issue.

Several points- to- consider or recommen-
dations are presented in this June issue: 
one on the pathophysiology of COVID-19 
(accompanied by an elegant editorial)24 25; 
one on the important topic of adherence 
to treatment26; and one on the standardi-
sation of scoring in arthritis models, an area 
where standardisation had not been under-
taken hitherto.27 A review authored by one 
of the world’s premier groups provides an 
important summary of current knowledge 
and prospects on functional genomics.28

In the ‘Heroes and Pillars of Rheuma-
tology’ section, eminent authors remind 
us of two major figures in rheumatology of 
the late 20th century into the most recent 
years, Charles L Christian and Joachim R 
Kalden, a US and a European hero, respec-
tively, who have inspired the whole world 
with their research and personalities.29 30 
These remarkable leaders were among the 
most important scientific and clinical 
pillars of modern rheumatology, mentoring 
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numerous rheumatologists, including chair-
persons of rheumatology departments who 
are active in our current day, and both 
having been Presidents of the respective 
major organisations across the Atlantic, 
namely, ACR and EULAR.

As always, this issue also presents 
many original research papers and letters, 
together with the correspondence section. 
In this issue, some focus is given again to 
COVID-19, COVID-19 which has become 
a major research focus for rheumatologists 
and which has interfered with all our lives 
over these past 15 months. Enjoy reading 
these and the other papers.

With the 2021 Congress, the EULAR 
Presidency of Professor Iain McInnes will 
end. With his dedication and his immense 
spirit to advance the impact of the organ-
isation, he has steered EULAR splendidly 
through difficult and, sometimes surreal, 
times. The creation of a virtual research 
center31 during his term of office will help to 
further advance the field and likely become 
a source of inspiration and important 
manuscripts to be submitted to major scien-
tific journals such as ARD. Thrown into the 
virtual reality of an EULAR Congress, he 
and his team have already made the 2020 
Congress a very special, very successful and, 
in many ways, a memorable event, while 
the plans for this year’s event will fully 
materialise as you read these Greetings. 
His support for ARD, both as associate 
editor and reviewer, was exemplary and is 
acknowledged thankfully. The Presidency 
moves to Professor Annamaria Iagnocco 
who is cordially welcomed and under whose 
leadership EULAR will further prosper and 
flourish! During her term of office, EULAR 
will hold its 75th anniversary next year and 
we all already now look forward to this 
celebration.

Let me close by wishing, as we all do, 
that the pandemic will soon be under full 
control. Let me also wish you an inspiring 
and successful EULAR 2021, and let us 
hope that we will meet in person and in joy 
again for EULAR 2022.

Kind regards
Josef Smolen
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Rheumatology and COVID-19 at 1 year: 
facing the unknowns
Leonard Calabrese    ,1 Kevin L Winthrop    2

This issue of the Annals of the Rheumatic 
Diseases includes the freshly minted Euro-
pean Alliance of Associations for Rheuma-
tology (EULAR) points to consider on the 
pathophysiology and use of immunomod-
ulatory therapies in COVID-19.1 This 
publication adds to the formidable extant 
literature on COVID-19, which is of 
particular interest to rheumatology as the 
field has become an important stakeholder 
in the investigation of immune- based ther-
apies targeting the inflammatory phase of 
SARS- CoV-2 infection. From the outset, 
we believe these authors recognised that 
their mission to provide real- time analysis 
in a timely and reflective manner was a 
Sisyphean task, as at the time of this 
writing, over 113 635 publications have 
been posted on PubMed and MedRxiv 
alone, largely in the past 12 months 
(search date 14 February 2021). To their 
credit, the systematic review process in the 
accompanying literature search2 even 
included a ‘hand search’ of the ever 
increasingly quoted ‘grey literature’ 
consisting of the torrent of press releases 
on new drugs and therapies. These types 
of sources in the COVID-19 field are of 
particular importance as they are often 
amplified by social media, creating what 
some may refer to as ‘epistemic chaos’, 
and posing an increasing threat to the iter-
ative method of science (eg, the early 
embrace of hydroxychloroquine). Thus, 
these points to consider should be viewed 
as ephemeral and will need ongoing cura-
tion to maximise their value in the months 
ahead.

To poise ourselves to best meet this 
challenge, we thought it logical to not 
focus on what has already happened 
but rather to attempt to selectively gaze 
ahead and consider some key areas of 
interest to the field of rheumatology 
which will likely impact our profession 
and our patients.

UNKNOWN NUMBER 1: COVID-19 
VACCINES AND RHEUMATOLOGY
We now have strong efficacy data reported 
for three different vaccine constructs: 
90%–95% for mRNA vaccines from 
Pfizer3 and Moderna,4 89% for a protein- 
conjugate vaccine from Novovax5 and 
somewhat lesser efficacy for the adeno-
viral vaccines that have recently reported. 
Interestingly, the adenoviral- based Astra- 
Zeneca vaccine reported 62% efficacy 
in Brazil, but markedly higher efficacy 
in England (90%), where mistakenly a 
half- dose was used as the primary vacci-
nation followed by the correct full dose.5 
The adenoviral- based Janssen vaccine 
reported 72% efficacy in a one- dose trial; 
data from their phase III trial using two 
doses are still pending.5 We know that 
these vaccines provide neutralising anti-
body titres and measures of cell- mediated 
immunity equal to or greater than that 
found in convalescent plasma of those 
with prior wild- type infection.6 We hope 
this implies more robust protection and 
for longer time periods than does natural 
infection, and there are data to support 
longer- term durability of vaccine- induced 
immune responses.6 Interestingly, while 
second cases among individuals have been 
reported (and in some cases had worse 
outcomes), the incidence of second cases 
in the 6–9 months after infection appears 
to be small, with as few as <1% being 
reinfected as documented in a large public 
health study in England.7

So what does this mean for those 
with immune- mediated inflammatory 
diseases? Most of our understanding of 
vaccine responses in rheumatic disease 
and the influence of disease- modifying 
antirheumatic drugs (DMARDs) on those 
responses has been generated by a small 
number of studies involving influenza, 
pneumococcal and tetanus vaccines, and 
less commonly others. In general, ritux-
imab is well known to severely reduce 
the humoral response to vaccination. 
Both methotrexate and JAK inhibitors 
have been shown to decrease response to 
influenza or pneumococcal polysaccha-
ride vaccinations. Tumour necrosis factor 
blockers and interleukin (IL)-17 blockers 
have been shown to have little or no effect 

on these vaccines.8 Very little data exist for 
abatacept, but likely responses are dimin-
ished.8 From an efficacy standpoint, it is 
likely that some of these DMARDs will 
diminish COVID-19 vaccine immunoge-
nicity, raising the need to study these prac-
tical questions as soon as possible. From 
a safety standpoint, phase III trials have 
not raised any serious safety concerns, 
and the postmarketing period is remark-
ably devoid of serious adverse events 
despite widespread scrutiny and millions 
of individuals having been vaccinated. The 
safety of these vaccines remains to be seen 
in rheumatology patients, however. No 
vaccines currently available (or expected 
to be available in the near future) are 
live replicating vaccines, including the 
adenoviral vaccines, and therefore are 
not contraindicated in immunosuppressed 
patients. The potential for COVID-19 
vaccines to induce disease flare or poten-
tially new autoimmune and/or auto-
inflammatory complications remains 
unquantified. This is of particular rele-
vance as the impact of downstream effects 
of innate interferon responses gener-
ated particularly by the mRNA vaccines 
remains unknown. Thus, efforts such as 
the EULAR COVAX database (https://
www. eular. org/ eular_ covid19_ database. 
cfm) where rheumatology providers can 
report untoward effects from COVID-19 
vaccines are vitally important.

The wildcards of vaccine acceptance 
and the evolution of new virus variants 
make the future impossible to predict, but 
our strategy at present is easy to articu-
late: we should vaccinate as many willing 
people as quickly as possible no matter 
the vaccine type. The rise of new variants 
that are less susceptible to vaccine- induced 
(and natural) immunity has been demon-
strated already in the context of phase III 
trials for at least two vaccines in develop-
ment, reminding us that this is likely not 
a ‘one and done’ situation.5 This virus 
has become endemic and commitment to 
long- term development and maintenance 
of effective vaccines will remain important 
for governments and industry alike. As a 
rheumatology community, we will need 
to continue to invest in the research that 
will guide our ability to best protect our 
patients.

UNKNOWN NUMBER 2: 
AUTOIMMUNITY AND COVID-19
The intersection of COVID-19 and auto-
immunity is complex and bidirectional.3 
For patients with pre- existing clinical or 
subclinical autoimmune/autoinflamma-
tory diseases, there is potential for their 
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disease and/or therapies to have an effect 
on the clinical course of COVID-19 infec-
tion, as well as the potential for their 
disease to be influenced by the infec-
tion after recovery (figure 1). For those 
without apparent autoimmune/autoin-
flammatory diseases, there is the potential 
for new- onset immune- mediated diseases 
which have been anecdotally reported9 
and await more critical appraisal. In terms 
of laboratory evidence of autoimmunity, 
it should not be surprising that numerous 
groups have documented the presence 
of autoantibodies including antinuclear 
antibodies10 11 and antiphospholipid anti-
bodies12 in patients with COVID-19 as 
mechanistically viral infections have long 
been known to disturb immunological 
tolerance.3 The biological importance of 
these observations remains unclear, but 
recently, a series of intriguing studies have 
suggested that these autoantibodies not 
only may be associated with clinical disease 
but also may be functioning as drivers of 
immunopathogenesis. The work of Knight 
and colleagues12 has demonstrated that 
not only are antiphospholipid antibodies 
detectable in the majority of patients with 
severe COVD-19 but also these antibodies 
were highly capable of driving thrombosis 
in a preclinical model used to study immu-
nothrombosis. Mechanistically, the work 
of Sanz and colleagues10 not only docu-
mented the presence of autoantibodies in 
patients with severe COVID-19 but also 
described that such patients displayed 
hallmarks of extrafollicular B- cell acti-
vation previously described in SLE.13 In 
early 2021, a series of investigations have 
now further documented new- onset IgG 
autoantibodies in hospitalised patients 
with COVID-1914 and in a multicentre 
effort led by Utz and colleagues15 have 
demonstrated reactivity to antigens 

associated with rare autoimmune diseases 
and even more frequently against cyto-
kines correlating with immune response 
to SARS- CoV-2. Finally, an intriguing 
study by Combes and colleagues16 has 
demonstrated that patients with severe 
COVID-19 produce antibodies which 
functionally inhibit interferon- stimulated 
gene expression via an Fc- mediated mech-
anism. Collectively, there is a growing 
case that autoreactivity is more than an 
epiphenomenon of the autoantigenome17 
potentially leading to alternative immu-
notherapeutic approaches that include 
apheresis and other strategies. Further 
work is urgently needed.

UNKNOWN NUMBER 3: LONG 
COVID-19 AND RHEUMATOLOGY
The most expansive unknown is how the 
yet- undefined population with symptoms 
persisting after recovery from both severe 
and mild COVID-19, a disorder now being 
referred to as long COVID-19 or long- 
haul COVID-19, will impact the field of 
rheumatology.18 The fact that global cases 
of COVID-19 now exceed 100 million 
and that estimates of persistent symptoms, 
often dominated by fatigue, musculoskel-
etal pain, brain fog, dyspnoea and other 
complaints, may be seen in one in four 

or more patients greater than 2 months 
post-‘recovery’19 portends for a public 
health problem of massive proportions. 
How such patients will be managed and 
what the role of rheumatology will play in 
research and management of such patients 
are yet undefined.20 21 For now perhaps, 
the most immediate challenge is to define 
the aetiopathogenesis of such symptoms 
which hopefully will inform potential 
therapies. Rheumatologists may have a 
larger role in managing such patients if 
inflammatory and or autoimmune mech-
anisms are found culpable, but this mech-
anism is but one which we propose is 
possible (box 1). For now, the immediate 
challenges must start with careful epidemi-
ological and classification exercises, then 
move to defining potential mechanisms, 
before finally determining where our 
specialty will be placed in management 
of such patients. It is likely that clinical 
trials for such patients will include at some 
point immune- based therapies as they 
have in acute COVID-19 and where rheu-
matologists have played important roles. 
Already, most long- COVID-19 clinics are 
multidisciplinary and rheumatologists are 
contributing.

UNKNOWN NUMBER 4: 
IMMUNOMUDULATORS IN THE 
TREATMENT OF COVID-19
Over the past year, over 2600 trials have 
been listed on the Global Coronavirus 
COVID-19 Clinical Trial Tracker (https://
www. covid- trials. org/), including over 
100 involving IL-6 and JAK inhibitors 
alone (search date 21 February 2021). 
This is an extraordinarily fast- moving 
area and, to date, with the exception of 
glucocorticoids,22 no drugs have had a 
dramatic impact on mortality. The case 
of IL-6 inhibitors has been particularly 
vexing as numerous randomised and non- 
randomised prospective trials have yielded 
highly mixed results23 24 until recently. In 
February, the Randomised Evaluation of 
COVID-19 Therapy trial demonstrated 
that tocilizumab reduces the risk of death 
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Figure 1 Bidirectional effects of COVID-19 on autoimmune/autoinflammatory diseases. MIS- A, 
multisystem inflammatory syndrome in adults; MIS- C, multisystem inflammatory syndrome in 
children.

Box 1 Possible aetiopathogeneic mechanisms of long COVID-19*

1. End organ damage as sequelae of severe COVID-19.
2. Effects of persistent and possible occult viral infection.
3. Exacerbation of underlying comorbidities, including clinically occult autoimmune and

autoinflammatory disease states.
4. De novo autoimmune or autoinflammatory disease from persistent immune activation

or autoimmunity.
5. Unknown mechanisms.

 ► Can be based on more than one mechanism in a given patient.

https://www.covid-trials.org/
https://www.covid-trials.org/
http://ard.bmj.com/


681Calabrese L, Winthrop KL. Ann Rheum Dis June 2021 Vol 80 No 6

Editorial

(absolute risk reduction 4% at 28 days) 
when given to hospitalised patients with 
severe COVID-19. This has been the 
largest trial of IL-6 inhibition to date and 
gives us pause in our effort to critically 
appraise where IL-6 inhibition will now 
fit in the treatment of severe COVID-
19.25 Reasons for the somewhat surprising 
data may include the power of its sheer 
size (ie, over 2000 patients on active IL-6 
inhibition), the fact that 82% also received 
glucocorticoids (now a standard of care 
for serious disease) and improvements 
in general care of patients with serious 
disease. Moving ahead, we now await 
results of numerous other agents targeting 
multiple pathways both singly and combi-
nation protocols. Perhaps instead of 
finding a dramatic drug, we will ultimately 
whittle away at COVID-19 morbidity and 
mortality by iterative steps.

As the Nobel Laureate Niels Bohr once 
said ‘Prediction is very difficult, especially 
if it’s about the future!’ but in COVID-19 
that is exactly what we must do. These are 
but a few of the many pressing issues for 
the field of rheumatology to consider. We 
know there will be many more, so stay 
tuned.

Handling editor Josef S Smolen
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Born in Marburg in 1937, Joachim (Jochen) R 
Kalden studied medicine in Freiburg, Marburg and 
Tübingen. He developed his passion for immu-
nology early on: ‘The immunological histamine 
release in the diagnosis of drug allergic conditions’, 
was the title of his doctoral thesis in 1966, and it 
was the first testimony to his occupation with immu-
nology, his later great professional love. Always at 
the forefront of research, he developed this passion 
with his characteristic great curiosity and visionary 
power over many decades. As a postdoctoral fellow 
in the Department of Therapeutics at the Univer-
sity of Edinburgh, he was deeply involved in the 
scientific basis of immunopathogenesis of autoim-
mune diseases with a then very novel idea: auto-
antibodies were responsible for the development 
of myasthenia gravis, an autoimmune disease of 
the neuromuscular endplate. He was dedicated to 
find new methods to detect such autoantibodies to 
open diagnostic and, more importantly, therapeutic 
opportunities. This was the temptation that drove 
him throughout his life: to develop methods based 
on an understanding of the pathophysiology of 
autoimmune diseases that could be used to precisely 
intervene into their disease processes. This concept 
is the basis of modern therapy of inflammatory 
rheumatic diseases and the concept to induce remis-
sion, which is intensively connected with Joachim 
R Kalden as a worldwide appreciated, extremely 
active protagonist.

Joachim R Kalden received his clinical training 
in Hannover, Germany, as an assistant in the Divi-
sion of Clinical Immunology at the Department 
of Internal Medicine at the Hannover Medical 
School, which had just been founded and had set 
itself the goal of promoting innovative approaches 
in teaching and research. His mentor, Helmut 
Deicher, had discovered the anti- DNA antibodies 

in parallel to Maxime Seligmann, Paris, when he 
was a postdoctoral fellow in the Kunkel Laboratory 
at the Rockefeller University in New York. In this 
new and modern environment, Joachim R Kalden 
was then able to complete his habilitation on the 
immunopathogenesis of myasthenia gravis. After a 
short period as a senior physician in the Division 
of Clinical Immunology and Transfusion Medicine, 
he accepted the position as chair of the Institute 
of Clinical Immunology (later also ‘and Rheu-
matology’) at the Friedrich- Alexander University 
Erlangen- Nuremberg at the age of 39 years. After 
restructuring of the Department of Internal Medi-
cine at the Medical Faculty, he eventually became 
Director of the Department of Medicine III with 
a focus on clinical immunology, rheumatology, 
oncology/haematology and allergology.

Joachim R Kalden early recognised the exciting 
new opportunities offered by rheumatology if it 
only was understood scientifically and immunolog-
ically. He understood how to put his visions into 
practice—for the good of the discipline, but above 
all for the good of the care of patients suffering 
from inflammatory rheumatic diseases. When 
he started in Erlangen in 1976, rheumatology, in 
particular with the conservative German tradition 
of spa- based treatments, was backward in many 
areas; it often had little scientific basis, nor was it 
anchored in medicine as an independent specialty. 
In fact, there was hardly any academic rheuma-
tology unit in Germany at that time and there 
was even a dispute over the introduction of the 
subspecialty ‘rheumatology’. In Erlangen, Joachim 
R Kalden created the basis for the development 
of this new field—clinically, scientifically, in terms 

Figure 1 Jochen Kalden at the 30 year anniversary of 
the German Rheumatism Research Center (DRFZ) 2018.

Figure 2 Joachim Kalden and members of the Academy 
of Rheumatology in Kairo 2008 (from left to right: 
Joachim Kalden, Josef Smolen, Ferdinand Breedveld, Paul 
Emery, Maxime Dougados, Gerd Burmester, all former 
EULAR presidents).
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of personnel, with national and international reputation. With 
his charisma, he inspired young scientists to become involved 
in various aspects of rheumatology and clinical immunology. 
He created an atmosphere of collaborative scientific discourse, 
recognised early the value of international networking and 
allowed his staff to gain experience in designated laboratories 
and clinics around the world. He was always open minded and 
supportive of new ideas. Thus, the Department of Medicine III 
in Erlangen grew into a nationally and internationally leading 
research institution. International reviewers quickly confirmed 
the quality of the Department under the direction of Joachim R 
Kalden. The establishment of two research groups of the Max 
Planck Society in Erlangen attached to his department was a 
great success of Joachim R Kalden’s scientific work.

The very first therapeutic uses of monoclonal antibodies in 
rheumatoid arthritis in a larger clinical trial then arose from 
collaborative work between his institution and scientists from 
one of the Max Planck groups. This scientific excellence, which 
included a deep understanding of autoimmunity, especially in 
systemic lupus erythematosus, was later the basis for major 
collaborative research centres and the selection as one of the 
sites for an Interdisciplinary Centre for Clinical Research by the 
German Research Council. Thus, through Joachim R Kalden, a 
small laboratory with very limited staff was transformed into an 
internationally highly appreciated research centre in Erlangen. 
The Franconian location, with its beer gardens, wine cellars and 
restaurants, offered excellent opportunities for exchanging new 
ideas and making scientifically innovative plans outside the daily 
clinical routine. Joachim R Kalden’s motto in life was ‘joie de 
vivre’ combined with science. In his youth, he had been an excel-
lent and ardent hand ball player, was able to play the drums (his 
love were 4/4 drum tracks) and then developed a keen passion 
for modern art. His office was both a harbour for scientific 
papers, but also for piles of museum catalogues. He was also a 
connoisseur of excellent wines, which was of course easy in the 
Franconian environment.

Throughout Germany, Joachim R Kalden worked tirelessly 
to strengthen rheumatological research. He was instrumental 
in the idea of establishing a German Rheumatism Research 
Centre, currently headed by Andreas Radbruch, and as a 
member and President of the Board of Trustees, he played a 
decisive role in its development over many years, making it a 

German model institution for cooperation between hospitals 
and non- university research institutes (figure 1).

In clinical care, Joachim R Kalden has had a major impact 
on the development of modern therapies. He was involved 
in the clinical trials of biologics from the very beginning and 
helped to launch and advance this development based on 
new ideas created by the European rheumatology ‘dream 
team’ of Sir Ravinder Maini, Ferdinand Breedveld, Josef 
Smolen and himself, which was later joined by Peter E 
Lipsky from the USA. Apart from clinical science, he and his 
colleagues made seminal discoveries on the pathophysiology 
of autoimmune disease. For instance, his group showed that 
impaired phagocytosis of apoptotic material is a key step for 
the development of systemic lupus erythematosus. This envi-
ronment of scientific excellence, translational competence 
and rapid clinical development that he created is the basis of 
modern rheumatology. Joachim R Kalden understood how to 
develop all aspects of the field and he was one of the leaders 
in modern rheumatology. Consequently, he was president of 
the German Society of Rheumatology and of the European 
League Against Rheumatism (figure 2), but he also served as 
long- term president of the German Society of Immunology. 
He connected clinical medicine with science and understood 
early on that the connection of the two fields has tremen-
dous potential and that it is worthwhile to align one’s life 
with them. In his environment, as a mentor and teacher, he 
has inspired, trained, promoted and shaped many scientists 
and rheumatologists who are active today (figure 3) and he 
was also able to successfully hand over this great environ-
ment to his successor in 2006. He was significantly involved 
in international exchange programmes (figure 4), through 
which young colleagues were given the opportunity to 
become acquainted with experimental and clinical rheuma-
tological work and care as guests in other countries.

Figure 3 Joachim Kalden and Gerd Burmester at the ILAR Congress, 
Sydney, Australia, 1984.

Figure 4 Joachim Kalden at the Targeted Therapies Meeting in Miami 
2000.
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Thus, he was not only an outstanding scientist, teacher and 
visionary, a doyen of German rheumatology and a great shaper of 
international immunology and rheumatology. Above all, he was a 
great, a loving, a wonderful friend to us, whom one could always ask 
for advice and who was literally at hand at day and night times not 
only for clinical and scientific matters, but also for private matters.
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Dr Charles L Christian arrived in New York City in 
1953, having grown up in Wichita, Kansas, and grad-
uating from medical school at Case Western Reserve 
in Cleveland, Ohio. In New York, Dr Christian 
embarked on training in internal medicine at Colum-
bia’s Presbyterian Hospital where he met an indi-
vidual who would shape the course of his career, Dr 
Charles Ragan, a founder of the Arthritis Foundation. 
Dr Christian, or Chuck as he was usually called, went 
on to shape the developing field of rheumatology, 
advancing understanding of our most complex 
diseases as an investigator, master clinician, mentor 
and academic leader. During an era when the cellular 
and humoral features of the immune system were 
just coming into focus, Chuck performed laboratory 
experiments with precision and creativity to achieve 
new understanding of three significant diseases: rheu-
matoid arthritis (RA), systemic lupus erythematosus 
(SLE) and vasculitis. Review of his publications from 
the 1950s and 1960s provides a window into a time 
when figures were hand drawn and papers often 
had a single author. While the tools of technology 
that we rely on today were not available to Chuck, 
his insights have had a sustained impact on how we 
understand and treat autoimmune rheumatic diseases 
(table 1). His talents and his dedication to patients, 
colleagues, science and medicine supported a lifetime 
of remarkable contributions.

RHEUMATOID ARTHRITIS
Dr Christian’s research addressing immunologic 
mechanisms in RA was inspired by Dr Ragan, who with 
Dr Harry M. Rose can be credited with the discovery 
of rheumatoid factor. Dr Ragan was Chairman of 
the Department of Medicine at Columbia University 
College of Physicians & Surgeons at the time Chuck 
joined their faculty as a young physician. In 1957, 
in a paper published with Dr Ragan, and in a single- 
author study published in Journal of Experimental 
Medicine, Chuck described aggregated gamma glob-
ulin as the serum target of rheumatoid factor.1 2 This 
study was only the first of many that would provide 
a detailed characterisation of the autoantibodies and 
immune complexes that are essential mediators of 
autoimmune rheumatic diseases.

Chuck’s thinking was systematic. When in 1961 
(as an Instructor at Columbia) he asked himself how 
rheumatoid factor might be related to RA, he articu-
lated three hypotheses: (1) as a non- specific reflection 
of synovitis or vasculitis, (2) as a pathogenic mediator 
of the disease or (3) as a response to the agent driving 
the disease but not itself contributing to disease 
pathogenesis.3 He favoured the third. When in 1964 
he discussed evidence that the immune system was 
involved in the pathogenesis of rheumatic disease, he 

laid out the case point by point and then described 
two hypotheses for its action: direct antibody- 
mediated injury versus injury due to antigen–antibody 
reactions, drawing the analogy to serum sickness.4 
At that time, knowledge of the cellular arm of the 
immune system was more limited than knowledge of 
antibodies and their pathogenic potential, but with 
the information at hand, Chuck went on to demon-
strate the role of immune complexes and consistently 
showed breadth of both clinical and scientific knowl-
edge, a logical thought process and a dispassionate 
assessment of potential mechanisms of disease.

SYSTEMIC LUPUS ERYTHEMATOSUS
Patients with SLE were diagnosed and managed 
by Chuck throughout his career, first at Columbia, 
for 25 years at Hospital for Special Surgery (HSS) 
(figure 1) and during his ‘retirement’, when he served 
as chief of the one- person Division of Rheumatology 
at the University of Florida in Jacksonville, Florida. 
Those patients served as inspiration for research 
studies leading to seminal observations that continue 
to guide our understanding of the pathophysiology 
of SLE. After the description of the lupus erythema-
tosus (LE) cell in 1957, there was growing interest 
in characterising the plasma factors involved in 
formation of that characteristic cell.5–10 In 1958, as a 
postdoctoral fellow supported by the Arthritis Foun-
dation, Chuck developed a modification of the latex 
fixation test, coating latex particles with calf thymus 
nucleoprotein.11 Characteristic of the experimental 
rigour Chuck would demonstrate throughout his 
career, his data nailed the specificity of the identified 
antibodies for patients with a clinical diagnosis of 
SLE and those demonstrating the LE cell phenom-
enon. He later provided extensive analyses of the 
specificity and biochemical properties of anti- DNA 
antibodies, including their association with comple-
ment (shown by Chuck and Jane Morse to be due to 
C1q) and formation of cryoprecipitates in sera from 
some lupus patients with active disease.12–15 His data 
supported the hypothesis that immune complexes 
can mediate tissue injury.16–18 Chuck’s report, with 
Graham Hughes and Selwyn Cohen, of the relation-
ship between levels of anti- DNA antibodies, best 
measured using the ammonium sulfate precipitation 
(Farr) technique, and lupus disease activity, published 
in Annals of the Rheumatic Diseases, was the basis of 
the proposal that serologic criteria could be used as 
guides in the management of the patient with SLE 
(figure 2).19

From Chuck’s study of the properties of auto-
antibodies came a career- long curiosity regarding 
the composition of immune complexes and their 
contribution to organ inflammation and damage. He 
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demonstrated that non- precipitating antibody favoured the devel-
opment of chronic glomerulonephritis as well as the role of reticu-
loendothelial cells in clearing immune complexes, and he proposed 
that lupus nephritis, whether membranous or proliferative, was 
driven by deposition of antibody–antigen complexes.16–18 20

Laboratory insights were enriched and were guided by Chuck’s 
personal experience diagnosing and managing hundreds of patients 
with SLE. It was his landmark paper with Dorothy Estes, ‘The 
Natural History of Systemic Lupus Erythematosus by Prospective 
Analysis’, published in Medicine in 1971 that served as the primer 
on the clinical manifestations and prognostic factors of SLE for 
several generations of medical students.21 The value of careful 
monitoring and clinical and immunologic characterisation of 
monozygotic and dizygotic twins was described in a series of publi-
cations that strongly supported a genetic contribution to SLE.22–24 
Autoantibodies and tubuloreticular inclusions, now understood to 
reflect type I interferon, were seen prior to development of clinical 
symptoms in ‘healthy’ twins, while impaired lymphocyte function 
was associated with, rather than preceded, development of clinical 
SLE.24 Together, those observations can be viewed as precursors 

to a current view that generation of autoantibodies and interferon 
represent two fundamental contributors to SLE pathogenesis.

VASCULITIS
Chuck acknowledged that the insights gleaned from physical 
examination, imaging and laboratory investigation were insuf-
ficient to fully understand rheumatic diseases and implement 
optimally effective therapies. He expressed a most compelling 
question: what provides the stimulus for the immune reaction in 
autoimmune rheumatic diseases?4 That curiosity led him to pursue 
the possibility that the response of the immune system to micro-
bial infection might be at the heart of many of our diseases. The 
concept was supported by his identification of bacterial protein in 
immune complexes from a patient with bacterial endocarditis,25 
but the potential for a microbe to serve as a direct participant in an 
autoimmune rheumatic disease was more speculative.

Chuck’s experience in the analysis of antigen–antibody 
complexes in RA and SLE was a precursor to his studies of immune 
complexes from patients with polyarteritis nodosa, performed 
with David Gocke et al.26–28 The ‘Australia antigen’ had been 
described in 1965 by Blumberg et al based on observations of 
an isoprecipitin in sera from patients with haemophilia who had 
received multiple blood transfusions, and he had documented the 
antigen on viral- like particles.29–31 Chuck’s study of patients with 
polyarteritis nodosa documented complexes containing antibody 
and the Australia antigen.26 At the time of publication of this work, 
in Lancet in 1970, data had been accumulating that the Australia 
antigen represented a component of hepatitis B virus, a discovery 
for which Blumberg was awarded the Nobel Prize in 1976.31 The 
data presented by Chuck strongly supported an aetiologic role for 
the hepatitis B virus in the systemic vasculitis seen in the study 
patients and he proposed that the clinical syndrome reflected an 
immunologic response to an infectious agent.26 27

Table 1 Charles L Christian, MD: major scientific contributions

Observation References

Identification of aggregated gamma globulin as the target of 
rheumatoid factor

1 2

Demonstration of the specificity of anti- DNA antibodies for a 
diagnosis of SLE

11

Association of anti- DNA antibodies with complement components 12 13

Application of anti- DNA antibodies as a biomarker of lupus disease 
activity

19

Demonstration of the role of immune complexes in chronic 
glomerulonephritis

16–18

Description of the natural history of SLE 21

Support for a genetic contribution to SLE based on studies of 
monozygotic and dizygotic twins

22–24

Demonstration of presence of hepatitis B ‘Australia’ antigen in 
immune complexes from patients with polyarteritis nodosa

26–28

High- dose methylprednisolone as treatment for SLE 41

SLE, systemic lupus erythematosus.

Figure 1 Charles L Christian, MD, dictating a patient note in the 
Hospital for Special Surgery arthritis clinic, circa 1980.

Figure 2 DNA- binding activity in serum samples from clinically 
active or inactive patients with SLE. Figure 2 is adapted from Hughes et 
al.19 JRA., juvenile rheumatoid arthritis; RA, rheumatoid arthritis; SLE, 
systemic lupus erythematosu.

http://ard.bmj.com/


687Crow MK. Ann Rheum Dis 2021;80:685–688. doi:10.1136/annrheumdis-2019-216630

Heroes and pillars of rheumatology

A POTENTIAL ROLE FOR VIRUSES
The clinical presentation of SLE or vasculitis often features 
influenza- like symptoms characteristic of common infections. 
Data from murine lupus models, particularly the studies of Robert 
Mellors, who had established a research laboratory at HSS, stim-
ulated Chuck’s interest in pursuing a potential viral aetiology for 
SLE.32 Dr Mellors had demonstrated expression of the glycopro-
tein gp70 of the non- ecotropic endogenous retrovirus in kidneys 
from NZB/W F1 lupus mice, now understood to be attributable 
to a genomic deletion resulting in deficiency of a transcriptional 
regulator needed for control of endogenous retrovirus transcrip-
tion.33 While serologic analyses performed with Paul Phillips 
demonstrated elevated titers of antibodies specific for several 
viruses in SLE, the interpretation was that the antibodies repre-
sented a polyclonal increase in immunoglobulin rather than a mark 
of a specific agent.34–38 The possibility that a virus might serve as 
a trigger for autoimmune rheumatic disease persists to this day, 
with current investigation of the host response to SARS- CoV-2 
generating a growing number of reports of development of autoan-
tibodies in patients with COVID-19.39 The observation that a non- 
structural protein of SARS- CoV-2 can bind to the U1 RNA of the 
small nuclear ribonucleoprotein (RNP) particle that is the target 
of anti- RNP antibodies provides a potential mechanism consistent 
with Chuck’s prediction of an aetiologic role for a virus in devel-
opment of systemic autoimmunity.40

MENTOR AND ACADEMIC LEADER
Dr Christian’s impact on the training of a generation of academic 
rheumatologists and as a leader in academic medicine equaled 
his contributions to science. Ironically, his career as a mentor 
began with his first trainee, Harry Spiera, who developed his 
own career as a revered clinical rheumatologist in New York City, 
and ended with his final trainee, Harry’s son Robert Spiera, who 
currently leads studies of novel therapeutics in systemic sclerosis 
and vasculitis. In early 1970, Chuck was recruited to HSS, where 
he served as Physician- in- Chief and Director of Rheumatic 
Diseases, as well as Chief of the Division of Rheumatology at 
Weill Cornell Medical College from 1970 to 1995. He devel-
oped a leading rheumatology fellowship training programme 
and together with his mentees extended his impact on clinical 
medicine (figure 3). With Kimberly et al he introduced high- 
dose pulse methylprednisolone therapy for patients with lupus 
nephritis.41 With Hal Whitman and John Laragh he identified 
ACE blockade as an effective treatment for scleroderma renal 
crisis.42 Impaired Fc- mediated mononuclear phagocyte function 

in patients with lupus nephritis was documented in studies 
performed by several HSS rheumatology fellows mentored by 
Chuck.43

The 1970s through the 1980s were a period of growth for 
rheumatology at HSS. Lawrence Kagen, Robert Lightfoot, 
Michael Lockshin and Paul Phillips came to HSS from Columbia 
and together with Chuck established a strong presence among 
the orthopaedic- focused faculty at the institution. Stellar physi-
cian scientists, particularly Bob Kimberly and Robert Inman, 
joined the faculty following completion of their training. Later, 
in 1983, Jane Salmon and I were invited by Chuck to join the 
faculty, primarily as physician scientists. Stephen Paget, who 
later succeeded Chuck as HSS Physician- in- Chief, was among 
those trainees who joined as clinical faculty. Graduates of the 
HSS rheumatology training programme have gone on to serve 
as chiefs of divisions of rheumatology at academic institutions 
and as leaders of the American College of Rheumatology (ACR) 
(John Sergent, Allan Gibofsky, Peggy Crow). International 
colleagues were particularly welcomed by Chuck, including 
Graham Hughes and Stefano Bombardieri, who spent time at 
HSS as visiting scientists or research fellows. Persistence paid off 
when Keith Elkon finally made his way from London to HSS, 
where he pursued investigation of some of the autoantibodies 
initially studied by Chuck.44 Keith made important contributions 
to the field of rheumatology and HSS through his own work 
and as a consequence of his and Chuck’s recruitment of Aziz 
Gharavi, Dror Mevorach, Jorn Drappa, Akshay Vaishnaw and 
Eloisa Bonfa, primarily as research trainees. Aziz had worked 
with Graham Hughes and Keith at Hammersmith Hospital in 
London where he described anticardiolipin antibodies. He 
continued his work on the antiphospholipid syndrome and its 
associated antibodies with Keith and Mike Lockshin at HSS. Dror 
studied mechanisms of clearance of apoptotic cells with Keith 
and went on to serve as Chairman of Medicine at the Hadassah- 
Hebrew University Medical Center in Jerusalem. Both Jorn and 
Akshay have gone on to distinguished careers in biotechnology 
after studying the Fas mutation in the MRL/lpr lupus model and 
in patients with the autoimmune lymphoproliferative syndrome 
with Keith. Eloisa described the role of anti- P autoantibodies in 
Keith’s lab and has established a distinguished career as a leader 
at the University of Sao Paolo Medical School in Brazil. Keith 
continues to make significant contributions to unravelling the 
pathogenesis of SLE in his current position at the University 
of Washington. Chuck’s final recruit was Lionel Ivashkiv from 
Brigham and Women’s Hospital. Lionel currently serves as HSS 
Chief Scientific Officer and has defined cell signalling pathways 
important in RA. Apologies to the many mentees and collabo-
rators of Chuck who are not mentioned here. Together, we are 
a family of dedicated rheumatologists who cherish our experi-
ences guided by an incomparable role model.

Commitment to service to the academic community was an 
important feature of Chuck’s career. He twice served as Acting 
Physician- in- Chief at the New York Hospital and as Acting 
Chairman of the Department of Medicine at Cornell University 
Medical College.

He served as Editor- in- Chief of Arthritis & Rheumatism from 
1971 to 1975, was President of the ACR in 1976 and 1977 and 
received the Presidential Gold Medal of the ACR in 1996, in 
recognition of outstanding achievements in rheumatology over 
an entire career (figure 4). He was an emeritus member of the 
American Society for Clinical Investigation.

Chuck was the ultimate ‘triple- threat’ contributor to academic 
medicine. But he was more than a creative scientist, skilled 
clinician, educator, mentor and leader. He was elegant, kind, Figure 3 Charles L Christian, MD, with Peggy Crow, MD, circa 1983.
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generous and respectful of his colleagues and particularly caring 
for his patients. There are few rheumatologists who have left 
such a deep and significant mark on the field or who so perfectly 
represent what we might all aspire to achieve in our own careers.
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ABSTRACT
For more than a decade, genome- wide association 
studies have been applied to autoimmune diseases and 
have expanded our understanding on the pathogeneses. 
Genetic risk factors associated with diseases and traits 
are essentially causative. However, elucidation of the 
biological mechanism of disease from genetic factors is 
challenging. In fact, it is difficult to identify the causal 
variant among multiple variants located on the same 
haplotype or linkage disequilibrium block and thus the 
responsible biological genes remain elusive. Recently, 
multiple studies have revealed that the majority of risk 
variants locate in the non- coding region of the genome 
and they are the most likely to regulate gene expression 
such as quantitative trait loci. Enhancer, promoter and 
long non- coding RNA appear to be the main target 
mechanisms of the risk variants. In this review, we 
discuss functional genetics to challenge these puzzles.

INTRODUCTION
Autoimmune diseases, such as rheumatoid arthritis, 
are thought to arise from the interaction of genetic 
and environmental factors. The contribution of 
genetic factors to autoimmune diseases has been 
examined for more than 40 years. Initial investiga-
tions focused on major histocompatibility complex 
genes and were followed by those that focused 
on several other candidate genes. Improvements 
in commercial arrays since 2007 has led to the 
development of the current form of genome- wide 
association studies (GWASs). GWASs have been 
applied in many studies investigating autoimmune 
diseases and have expanded our understanding 
of their underlying genetic factors. GWASs rely 
on single- nucleotide polymorphisms (SNPs) and 
haplotype blocks, which are distributed across 
all chromosomes. A number of representative tag 
SNPs—500 000 to several millions—are selected 
based on the haplotype information and combined 
into a single array for typing. The loci associated 
with disease susceptibility can then be determined 
by comparing variants represented by tag SNPs 
between patients and controls and identifying those 
that are significantly different.

GWASs have helped identify thousands of loci as 
being statistically associated with a risk for various 
diseases and traits.1 The same loci have also been 
identified in other independent analyses of the same 
diseases, suggesting that the associations deter-
mined using GWASs hold true.2 Genetic risk factors 
are essentially causative for specific diseases and 
traits; however, understanding the biological mech-
anism of risk from a genetic factor is challenging. 
Although there are only three possible patterns, 
with corresponding intermediate phenotypes, in 
which risk variants are involved in the development 
of a disease (figure 1), the types of change brought 
about by risk variants are complex. Furthermore, 

many variants significantly associated with each 
other are often in strong linkage disequilibrium 
(LD) and form a haplotype.3 Thus, although asso-
ciations between variants and diseases can be iden-
tified, it is difficult to identify the causal variant 
among multiple variants located on the same haplo-
type,4 and experimental validations are needed to 
determine the functional variants.5 Furthermore, 
understanding the biological functions of risk vari-
ants is challenging, since more than 80% of disease- 
associated variants are located in non- coding 
regions of the genome.6 Transcriptome analysis can 
offer some clues regarding how these variants alter 
gene regulation and the expression of splice vari-
ants of target genes,7 but the detailed relationship 
between risk variants and genes is largely unknown.

Analyses that integrate various ‘omics’ studies 
and GWAS data have emerged as powerful tools for 
understanding the functions of risk variants identi-
fied in a GWAS. The capabilities of next- generation 
sequencing techniques for analysing the functions 
of non- coding regions have advanced dramati-
cally in recent years, enabling the comprehensive 
analysis of enhancers, promoters, histone modifi-
cations and chromatin structures. Analysis of the 
expression of quantitative trait loci (QTL) is used 
to investigate how particular variants lead to inter-
mediate phenotypes (eg, epigenetic statuses). QTL 
are DNA markers on a chromosome that indicate 
genes involved in a quantitative trait.8 Recently, 
QTL analysis has been used to identify loci that 
are associated with a particular quantitative pheno-
typic trait or disease and can be caused to polygenic 
effects.9 Therefore, QTL analysis has been used for 
assessing human polygenic diseases and phenotypes 
as well as intermediate phenotypes, such as gene 
expression.

In this review, we discuss the possible functional 
genomic strategies for integrating GWAS results 
with the current understanding of specific diseases. 
In particular, we focus on promoters, enhancers 
and long non- coding RNAs. We also list a suite of 
analytical methods for the functional dissection of 
disease- associated risk loci. We believe that func-
tional genomics will enhance our understanding 
of the immunological and biological functions of 
genes.

FUNCTIONS OF GWAS-IDENTIFIED RISK 
VARIANTS
The ever- increasing number of genome- wide geno-
typing arrays has enabled the imputation of variants 
and the compilation of larger and more accurate 
reference datasets.10–12 Identifying the function 
of risk variants is important for understanding 
the mechanism of disease onset. Indeed, several 
risk variants affect the structures of proteins, for 
example, by inducing amino acid alterations or 
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splicing variations. However, the functions of the majority 
(more than 80%) of risk variants are unknown because many of 
them are located in non- coding genomic regions. To elucidate 
the functions of risk variants, more detailed GWAS and omics 
data regarding intermediate phenotypes of the whole genome 
are necessary.

Post- GWAS omics analyses can improve our understanding of 
the molecular events orchestrating the development of diseases 
and traits. In particular, high- throughput transcriptomic3 7 and 
genome- wide epigenomic3 analyses are commonly used omics 
analyses that can be exploited to identify QTL. QTL identified 
through omics analyses overlapping with GWAS- identified risk 
variants hint at the pathogenetic mechanism of a disease. There 
are various types of QTL, which we have described below. The 
most common QTL type is expression QTL (eQTL), which is 
defined as a variant directly related to the expression level.

Expression QTL
The majority of disease- associated variants reside in non- coding 
regions of the genome, suggesting that they regulate gene 
expression. Indeed, a combination of statistical analysis, imputed 
genotypes in LD, transcriptomics and epigenomics has helped 
identify a number of eQTL that overlap with variants implicated 
in autoimmune diseases.3 Since eQTL are strongly influenced 
by epigenetic changes, they are often observed in conjunction 
with epigenetic QTL (figure 2). In many cases, eQTL function as 
cis- eQTL, which directly affect the expression of nearby genes 
(usually within 250 kb to 1 Mb) in an allele- specific manner.7 13 14 
In contrast, eQTL that are located at distance from their gene- of- 
origin, often on different chromosomes, are referred to as trans- 
eQTL. Some cis- eQTL associated to house- keeping genes, are 
observed in many different tissue types; however, the majority 
of eQTL are highly tissue specific.12 The 3D map of chromatin 
interaction can be used to contextualise eQTLs. Hi- C and other 
chromosome conformation capture technologies provide a quan-
titative and qualitative description of the 3D arrangement of the 
genome and further our understanding of gene regulation.15

Splicing QTL
Splicing QTL (sQTL), a subtype of eQTL, enable the quantita-
tion of genetic variation due to the expression of RNA isoforms 
from alternative splicing events. sQTL are thought to contribute 
significantly to disease development because splicing is a major 
post- transcriptional modification and the primary mechanism 

governing protein diversity. Alternative splicing affects multiex-
onic genes, often in a cell type- specific fashion, and modu-
lates phenotypic changes in a flexible and dynamic manner.16 
RNA- sequencing (RNA- seq) is used for analysing both eQTL 
and sQTL.16 In multiple sclerosis, the estimated effect size of 
sQTL is larger than that of eQTL, supporting the well- known 
importance of RNA splicing in the brain.3 Thus, RNA splicing 
is a promising area of investigation to understand the effect of 
genetic variation in a complex disease.

Epigenetic QTL, including DNA methylation QTL and histone 
modification QTL
Epigenetic events are classically defined as post- translational 
modifications that determine chromatin status, including DNA 
methylation and multiple types of histone modifications (eg, 
H3K4me1, H3K4me3 and H3K27ac; figure 2). DNA methyla-
tion QTL (meQTL) and histone modification QTL are directly 
affected by their different genotypes. Epigenetic QTL are cell 
type and context specific.17 Indeed, epigenetic QTLs are highly 
specific for disease conditions, such as malignancy, or the effects 
of specific drugs. It is tempting to speculate that the high degree 
of specificity inherent to epigenetic QTL can be exploited to 
identify novel patient- specific therapeutic targets.

Assay for transposase-accessible chromatin QTL and DNase I 
hypersensitive site QTL
Gene expression and epigenetic events involve chromatin status, 
which is affected by both genetic variants and environmental 
factors. DNase I hypersensitive sites (DHS) indicate an open chro-
matin structure influence and are influenced by transcriptional 
regulatory elements and histone modifications (figure 2).9 Assay 
for transposase- accessible chromatin sequencing (ATAC- seq) 
also detects open chromatin. Genetic variants that are correlated 
with the phenotypes of DHS and ATAC are called DHS- QTL 
and ATAC- QTL, respectively. These QTL contribute to differ-
ences in gene regulation between individuals.18

Transcription factor-binding site QTL
Sequence- specific transcription factors (TFs) regulate gene 
expression by binding to cis- regulatory elements in the promoter 
and enhancer regions. TFs typically recognise binding- site motifs 
with particular DNA sequences (figure 2). Variants in DNA TF 
binding sites are designated as TF- binding site QTL (bQTL). For 

Figure 1 Risk patterns of causative variants and intermediate phenotypes. Disease development involves a variety of characteristic intracellular 
and internal events. These are collectively referred to as intermediate phenotypes when we consider a causal genotype and the disease outcome. 
Intermediate phenotypes involve gene expression, protein expression and epigenetic effects and others. There are three possible patterns via which 
causative variants are associated with disease. First, a risk- associated genotype acts on the disease via the intermediate phenotype, which is assigned 
as the causal intermediate phenotype. Second, the intermediate phenotype is not causal but the consequence of the disease. Third, intermediate 
phenotypes are independent from the disease.
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example, the binding site of transcription factor 21 has been 
reported to have bQTL effects.19

Promoter usage QTL and enhancer activity QTL
eQTL variants are typically enriched in regulatory regions. In 
particular, variants located in promoter regions are associated 
with alternative transcript usage and include variations in the 
mRNA 5’-end. These are termed promoter usage QTL (puQTL; 
figure 2).18 On average, there are more than four promoters per 
human gene, indicating that studies of puQTL are important for 
understanding eQTL effects.18

Enhancers are located remotely from promoters, and, 
unlike promoters, they regulate gene expression in a 

distance- independent manner by impacting transcriptional 
timing and cell- specificity of gene expression. Variants related 
to enhancer activity are referred to as enhancer activity QTL 
(eaQTL; figure 2). Methods that capture the 5'-end of a tran-
script are often used to identify puQTL and eaQTL.20

Non-coding RNA QTL
Micro RNAs (miRNAs) and long non- coding RNAs (lncRNAs) 
represent a class of non- coding RNAs that act as post- 
transcriptional regulators of gene expression and mRNA 
translation.21 miRNAs and lncRNAs are transcripts composed 
of 21–25 bp and >200 bp, respectively, and are extensively 
reported to be involved in transcriptional regulation (figure 1). 

Figure 2 Genetic variants and quantitative trait loci (QTL). (A) Genetic variants can affect different types of transcriptional and post- transcriptional 
regulatory factors, including (a) gene expression level, (b) open chromatin status, (c) histone modifications, (d) promoter usage and enhancer 
activity, (e) chromatin conformation, (f) transcription factor binding sites, and (g) DNA methylation. (B) Actually, genome- wide association studies 
(GWASs) results integrate a variety of omics layer data constructed using the latest technologies (eg, the eQTL study involves RNA- seq for exploring 
gene expression profiles). In the upper row, the regional association plot of GWAS is presented. The purple dot indicates the top single- nucleotide 
polymorphism (SNP) (SNP with the smallest p value). SNPs highly correlated with the top SNP are equally likely to be causal in the LD block (pink 
box), demonstrating how omics data can be combined with GWAS findings to provide insights into causal variants and genes. These SNPs are 
usually outside the gene body (pink peaks, a) and are located in the regulatory region of the gene. The region is open (assay for transposase- 
accessible chromatin (ATAC)- peaks (blue), b) and flanked by modified histones (light blue and pink peaks, c). The non- coding RNA- expressed region 
(d) indicates active promoter and enhancer positions, which interact (Micro- C, brown bars, e) with each other. Integration of these data for each 
cell provides evidence for genes and cell types implicated in the disease GWAS findings. CAGE, cap analysis of gene expression; ChIP, chromatin 
immunoprecipitation.
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We describe the relationship between promoters, enhancers and 
long non- coding RNAs in detail below.

PROMOTERS AND RISK VARIANTS
Promoters are regulatory modules located upstream of the tran-
scription start site (TSS). They are approximately 100–1000 bp 
long and contain a core region and one or more proximal 
regions.22 The core promoter supports the assembly of the tran-
scription preinitiation complex, including general TFs and RNA 
polymerase (Pol) II.23 Core promoters control the magnitude of 
transcription, but not its induction, by regulating the binding of 
RNA Pol II at the TSS. Once the RNA Pol II reaches a few bases 
downstream of the TSS, further transcript elongation requires 
the binding of TFs and cofactors to the proximal region of the 
promoter.24–26

Genetic variants located in promoter regions, originally desig-
nated as eQTL, influence the strength and/or stability of the 
interaction between TFs and the promoter of an immune system- 
related gene, likely modifying its expression pattern and thus 
facilitating the onset of autoimmune diseases.27 For example, a 
variant altering the binding affinity for the transcription factor 
C/EBPβ in the promoter of FasL increases the risk of developing 
systemic lupus erythematosus.28 Similarly, an eQTL variant in 
the promoter of FCRL3, highly expressed in B cells, increases its 
affinity for NF-κB binding, rendering it a risk factor for rheuma-
toid arthritis.29

Promoters are widespread; thus, promoter risk variants that 
alter gene expression cannot always be determined by eQTL 
analysis but are revealed by puQTL analysis. Cap analysis of 
gene expression (CAGE), which detects the 5’-end of target tran-
scripts, can help detect puQTL and eaQTL.20 30 In some cases, 
the results of CAGE are not linked to eQTL results. For example, 
TTC23 has two promoter regions 1.6 kb apart; rs8028374 was 
mapped as a puQTL with significant opposite effects on the two 
promoter regions. However, TTC23 has not been identified as 
an eQTL.18

Risk variants are found to be enriched in regulatory elements 
and are therefore thought to regulate gene expression levels, 
often in a cell type- and context- specific manner (eg, stimula-
tion and disease conditions). Overall, the relative participation 
of alternative promoters in the transcriptional output of genes, 
a previously underappreciated factor affecting disease devel-
opment and complex trait associations, but the integration 
of puQTL and eQTL in various cell types and cell conditions 
provides new insights into the mechanisms underlying eQTL and 
helps explain the prevalence of specific transcript isoforms.18

ENHANCERS AND RISK VARIANTS
Enhancers are distal regulatory modules that boost the tran-
scription of associated promoters, irrespective of their orienta-
tion. The first enhancer was identified in vitro decades ago as 
a distal sequence that increased the transcription of a reporter 
gene under the control of the SV40 promoter.24 Enhancers 
typically span 50–1500 bp and contain multiple TF binding 
sites, enabling them to orchestrate proper spatiotemporal gene 
expression during development31 or in response to signalling 
molecules.32 Enhancers are structurally and functionally similar 
to the proximal regions of promoters. Indeed, both promoters 
and enhancers are bound by multiple TFs, support the formation 
of the preinitiation complex, and recruit RNA Pol II.33 Func-
tionally, both promoters and enhancers support bidirectional 
transcription and activate transcript elongation.33 In promoters, 
the sense strand expresses mRNA and the antisense strand 

expresses promoter upstream transcripts (PROMPT/uaRNA). In 
enhancers, both the sense strand and the antisense strand express 
non- coding enhancer RNAs (eRNA) which are short, typically 
unspliced and non- adenylated transcripts.

Most GWAS variants have been found to overlap with cell 
type- specific enhancers that have been newly annotated through 
epigenomic profiling (table 1).34 35 Enhancer variants probably 
play an important role in fine- tuning the transcriptional output 
of each cell type and therefore affect susceptibility to common 
diseases. A number of classical methods to identify enhancers rely 
on the evolutionary conservation of non- coding sequences.35 36 
In a landmark study, the candidate causal variants for 21 autoim-
mune diseases were integrated with RNA- seq data and chromatin 
features of control and stimulated human CD4+ T- cell subsets, 
regulatory T cells, CD8+ T cells, B cells and monocytes.3 Impor-
tantly, 90% of the causal variants were located in the non- coding 
regions of the genome. Approximately 60% of the variants were 
mapped to enhancers specific to immune cells, which showed 
increased histone acetylation and transcriptional activity on 
immune stimulation.3 The same study demonstrated that causal 
disease variants had a high probability of being context- specific 
immune enhancers and suggested that most non- coding causal 
variants alter atypical regulatory motifs rather than recognisable 
consensus motifs.3 Validation of enhancers and promoters iden-
tified through GWASs has historically been highly challenging.

More recently, next- generation sequencing technologies used 
in large- scale epigenomics projects have enabled the mapping 
and characterisation of regulatory regions in the human genome. 
Several methods have been developed to efficiently detect 
enhancers, such as chromatin immunoprecipitation- sequencing 
(ChIP- seq), which is used to identify TF binding or a histone 
modification in the enhancer sequence, and the DHS- seq and 
ATAC- seq methods, which are used to identify the open chro-
matin structure of activated enhancers. These methods were 
initially used in combination to detect enhancers.37 As direct 
detection methods of regulatory regions, self- transcribing 
active regulatory region sequencing (STARR- seq) and CAGE- 
sequencing have been developed, which are used for assaying the 
enhancer activity of millions of enhancer candidates from arbi-
trary sources of DNA.38 In combination with next- generation 
sequencing, CAGE- sequencing enables the genome- wide deter-
mination of coding and non- coding TSSs.20 33 39 The resulting 
database is instrumental to the identification of promoters 
and enhancers, both of which are characterised by the bidirec-
tional transcripts. Enhancer activation leads to the bidirectional 
production of low levels of eRNAs.40

EFFECTS OF LNCRNAS AND OTHER TRANSCRIPTS FROM 
NON-CODING REGIONS
The cumulative expression of non- coding genes is approx-
imately four times greater than the expression of all mRNAs, 
making lncRNAs one of the most abundant RNA species within 
the average cell.9 The genomic and epigenomic characterisation 
of lncRNA- coding regions revealed that lncRNAs preferentially 
originate from enhancers rather than promoters.20 lncRNAs do 
not encode proteins; however, lncRNAs longer than 200 nucleo-
tides fold into complex structures and have biological functions. 
Functional lncRNAs can specifically interact with proteins, DNA 
and other RNAs to exert their molecular functions (figure 3). 
Folded lncRNAs have a variety of functions, such as transcrip-
tional regulation (figure 3A), recruitment of TFs and proteins 
(figure 3B), degradation of transcript and splicing variants 
(figure 3C), and chromatin remodelling (figure 3D).20 41 42
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lncRNAs are a key component of the repertoire of regulatory 
elements that control cell differentiation and maintain tissue 
homeostasis. Recently, lncRNAs have been clearly implicated in 

immune cell lineage commitment and immune responses (table 2). 
They have also emerged as an important class of molecules 
implicated in various human cancers as well as cardiovascular, 

Table 1 Genome- wide association studies (GWASs)- associated expression quantitative trait loci (eQTL) affecting gene regulatory elements

#
GWAS- associated 
QTL variant Chr

Variant genomic 
position

Associated
disease

Affected DNA 
regulatory element Affected gene(s)

Gene TSS genomic 
position (Refseq)

Genomic distance 
variant to TSS (bp)

Reference 
paper

1 rs34481144 11 320 836 Influenza infection Core promoter IFITM3 320 813 23 65

2 rs71542466 6 32 666 728 / Proximal promoter HLA- DQB1 32 666 607 121 66

3 rs115662534(T) 20 46 117 814 / Proximal enhancer CD40 46 118 344 −530 67

rs548231435(C) 20 46 118 145 / Proximal promoter CD40 46 118 344 −199

4 rs4794067 17 47 731 462 Autoimmune 
hepatitis—related to 
SLE and periodontitis

Proximal enhancer (?) TBX21 (Tbet) 47 733 455 −1993 68

5 rs10750836 11 69 048 055 SLE Proximal promoter/
proximal enhancer

TPCN2 69 048 998 −943 69

6 rs2275675 1 183 470 348 SLE Proximal promoter/
proximal enhancer

SMG7 183 472 621 −2273 70

7 rs6426749 1 22 384 980 Osteoporosis Enhancer LINC00339 22 025 504 359 476 71

8 rs174575 11 61 830 531 Colorectal cancer Enhancer FADS2 61 828 391 2140 72

AP002754.2 61 655 702 174 829

9 rs56069439 19 17 283 116 Breast cancer and 
ovarian cancer

Enhancer ABHD8 17 301 616 −18500 73

10 rs4748812 10 22 550 154 Childhood acute 
lymphoblastic 
leukaemia

Enhancer PIP4K2A 22 714 326 −164172 74

rs11591377 10 22 124 373 Childhood acute 
lymphoblastic 
leukaemia

Enhancer BMI1 22 326 450 −202077

11 rs62510556 8 117 152 033 Type 2 diabetes Enhancer SLC30A8 116 950 217 201 816 75

12 rs7864322 
rs12352658 
rs7847449 and 
rs10759944 all in 
LD with the GWAS 
variant rs965513

9 97 786 652 Thyroid cancer All variants in the 
same enhancer

FOXE1 97 853 915 −67263 76

97 789 486 FOXE1 97 853 915 −64429

97 789 616 FOXE1 97 853 915 −64299

97 794 690 FOXE1 97 853 915 −59225

97 793 827 FOXE1 97 853 915 −60088

97 786 652 PTCSC2 97 853 080 −66428

97 789 486 PTCSC2 97 853 080 −63594

97 789 616 PTCSC2 97 853 080 −63464

97 794 690 PTCSC2 97 853 080 −58390

97 793 827 PTCSC2 97 853 080 −59253

13 rs1335532 1 116 558 335 Protection from 
multiple sclerosis

Enhancer CD58 116 570 972 −12637 77

14 rs2159100 12 2 237 227 Schizophrenia Enhancer CACNA1C 2 052 987 184 240 78

15 rs3181077 3 46 204 161 Narcolepsy Enhancer CCR1 46 208 313 −4152 79

CCR3 46 163 604 −46163604

16 rs7163757 15 62 099 409 Type 2 diabetes Enhancer VPS13C 61 854 457 244 952 80

17 rs148314165 6 137 908 854 SLE Enhancer TNFAIP3 137 871 228 37 626 81

rs200820567 137 908 903 TNFAIP3 137 871 228 37 675

18 rs139767239, 
rs115133228, 
rs12722502, 
rs12722635, in LD 
with rs706778 and 
rs706779

10 6 058 827 T1D Intronic enhancers IL2RA 6 062 151 −3324 82

6 054 123 6 062 151 −8028

6 051 176 6 062 151 −10975

6 051 177 6 062 151 −10974

6 056 986 6 062 151 −5165

6 056 861 6 062 151 −5290

19 rs17810546 3 159 947 262 Coeliac disease Silencer IL12A 159 989 057 −41795 83

bp, base pair; Chr, chromosome; SLE, systemic lupus erythematosus; T1D, type 1 diabetes; TSS, transcription start site.
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neurodegenerative, and autoimmune diseases.43 44 If variants 
with eQTL effects are located on lncRNAs, they may affect 
transcriptional regulators.20 Therefore, the relationship between 
lncRNAs and risk variants in diseases and traits has received a 
significant amount of attention and should be the focus of future 
research.

Genome- wide lncR- eQTL analysis is expected to uncover 
how GWAS variants relate with lncRNA expression in common 
diseases and phenotypes. A comprehensive eQTL analysis was 
previously performed using genome- wide lncRNA expression 
and genotype data from human peripheral blood mononuclear 
cells of 43 unrelated individuals. Subsequently, various omics 

Figure 3 Genetic variants and long non- coding RNAs (lncRNAs). Genetic variants can affect the quantification and function of lncRNAs. (A) lncR- 
QTL, (B) regulation of transcription by lncRNAs, (C) binding of RNAs and lncRNAs, resulting in the formation of alternative splicing isoforms, and (D) 
interaction of lncRNAs with chromatin- modifying enzymes and nucleosome- remodelling factor. QTL, quantitative trait loci.

Table 2 Examples of lncRNAs involved in immune cell functions

Cell type lncRNA Function Reference

Myeloid cells Morrbid Cis regulation of the Bcl2l11 gene 84

Monocytes/macrophage NTT Facilitation of cell differentiation and upregulation of IL10 and CXCL10 85

PACER Supression of Cox2 86

TCON_00019715 Promotion of macrophages to the M1 phenotype 87

HOTAIR IkB degradation 88

Lnc- MC Facilitation of monocyte differentiation and upregulation of ACVR1B 89

LincRNA- COX2 Transcriptional supression of target genes, for example, Ccl5 gene suppression via hnRNPA/B and 
hnRNPA2/B1 binding

90

Dendritic cells Lnc- DC Supression of IL6 and IL8 expression via STAT3 binding 47

HOTAIRM1 monocyte/DC differentiation with miR-3960 91

NEAT1 Induction of tolerogenic phenotype in DC 92

Malat1 Induction of tolerogenic phenotype in DC 93 94

T cell NeST Upregulation IFNG gene expression 95

NRON Regulation of NFAT 96

TH2- LCR Regulation of cytokine expression in Th2 cells 97

LncRNA- CD244 Inhibition of IFNG and TNF 98

Linc- MAF-4 Regulation of MAF expression 42

LicR- Ccr2-5'AS Upreguration of Ccr gene expression 99

NKILA Inhibition of NF- kB activity 100
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integrative network analyses were applied to construct variant- 
lncRNA- mRNA interaction networks, resulting in the detection 
of 707 pairs of cis- effect associations (p<5.64E−06) and 6657 
trans- effect associations (p<3.51E−08).45

The integration of genetic data sets from 1829 expression 
profiles in the FANTOM5 project uncovered the existence 
of nearly 20 000 functional lncRNAs. Approximately 2000 
lncRNAs were expressed in significantly associated tissue/
trait pairs. For example, the association between the middle 
temporal gyrus and autism spectrum disorder involves 18 
lncRNAs from 49 genes.20 On the other hand, a genetic variant 
over- represented in patients with coeliac disease lies within lnc-
13, reduces its binding affinity for HDAC1, and weakens the 
epigenetic repression of inflammatory genes.46 lncRNAs regu-
late multiple processes in disparate subsets of immune cells, such 
as the intensity of STAT3 signalling in human dendritic cells,47 
Th1 versus Th2 differentiation of human lymphocytes,42 and 
perhaps not surprisingly, the epigenetics- mediated training of 
immune responses in human monocytes.41 Thus, lncRNAs play 
an important role in gene regulation, and their profiling can 
reveal associations with specific tissues and cells.

FURTHER ANALYSES FOR FUNCTIONAL GENOMICS
Several different analyses have been used to annotate putative 
causal variants in GWASs, such as risk- associated SNPs in the 
promoter and enhancer regions (figure 2B; table 1).48 Some of 
the functions of risk- associated enhancers and promoter vari-
ants have been experimentally proven, while others have been 
inferred from positional information; however, the functions of 
enhancers are particularly difficult to prove. In fact, the functions 
of many risk variants that exist outside of gene bodies remain 
unclear. Enhancers may be far away from the TSS, even further 
than 1 Mb. Transcriptional regulation from distal locations is 
facilitated by the folding of the genome, which places regulatory 
elements in three- dimensional proximity of the TSS. Advances 
in analytical techniques and next- generation sequencing tech-
niques, like Hi- C- sequencing and micro- C- sequencing, allow 
the identification of trans- acting regulatory elements as well as 
cis -acting elements49–51 (figure 2B). Integrated analysis of omics 
data is also currently undergoing various statistical advances.

Biological analysis of regions regulated by TFs that were previ-
ously analysed by reporter assays can now be comprehensively 
performed through massive parallel reporter assays (MPRAs). In 
MPRAs, a library of barcoded candidate regulatory sequences 
is generated, cloned in the backbone of a reporter plasmid, 
and then transfected into an appropriate cell line. RNA- seq 
then allows the precise identification and quantitation of the 
transcriptional output associated with each regulatory variant. 
MPRAs facilitates the high- resolution, quantitative dissection 
of sequence- activity relationships of transcriptional regulatory 
elements with high reproducibility. MPRAs were developed to 
test the function of enhancer sequences in combination with 
targeted mutagenesis52 53 and have subsequently been exploited 
to test human promoters, enhancers54 and eQTL.55 56 However, 
episomal reporter plasmids do not allow the testing of candi-
date regulatory sequences in their original context, a limitation 
that may affect the validation of epigenetic QTL. Chromatinised 
adenoviral and lentiviral vectors have therefore been developed 
to circumvent this limitation.57 58

A new type of screening assay based on CRISPR/Cas9 tech-
nology examines the functions of regulatory regions in their orig-
inal genomic context. CRISPR/Cas9 is used to test the function of 
candidate regulatory regions by targeted genomic deletion.59 Other 

CRISPR- based screening approaches, such as CRISPR/Cas9–medi-
ated activation and inactivation, have been coupled with RNA- seq- 
based transcriptional quantification. However, these methods have 
not yet been scaled to the genome- wide level.60 Furthermore, new 
approaches that combine CRISPR- based genome engineering with 
patient- specific induced pluripotent stem cell- based models are 
powerful tools for identifying putative causal loci that regulate gene 
expression and cellular functions.61

Advances in next- generation sequencing have improved single- cell 
gene expression analysis. Bulk RNA- seq experiments, commonly 
used in transcriptomic studies, examine the average gene expression 
among sampled cells and thus mask cell heterogeneity. However, 
single- cell RNA sequencing (scRNA- seq) can be used to reveal the 
heterogeneity of gene expression between various cells. Large- 
scale scRNA- seq can reveal patterns of gene, isoform, and allelic 
expression across different cell types and cell conditions.62 Most 
scRNA- seq methods use unique molecular identifiers (UMIs) of 
specific allelic origin.62 Utilisation of UMIs confers an important 
advantage to eQTL analysis, since they are useful to precisely under-
stand allele imbalance. However, scRNA- seq analysis methods have 
low detection sensitivity and may not be able to detect many genes 
with low levels of expression, suggesting a need for improvement.63 
New statistical analyses have been developed to enable cell type 
identification, such as deconvolution analysis, which uses scRNA- seq 
and reference panel data. In addition to the transcriptomic analysis, 
scRNA- seq is also used in epigenomic analyses (eg, single- cell ChIP- 
sequencing). Additionally, spatial transcriptomics methods are also 
improving markedly.64 In the future, spatial transcriptomics methods 
may enable the visualisation, while retaining the spatial information 
of the tissue.

CONCLUSIONS
As described above, considerable progress has been made in 
understanding the genetics and pathogenesis of autoimmune 
diseases. However, our understanding of the causality of these 
diseases is inadequate, and the development of new therapies 
based on genomic information for these diseases is required. 
Therefore, we need to apply a variety of approaches to identify 
the missing links.

GWASs are based on the hypothesis that commonly occur-
ring diseases involve commonly occurring variants, with a 
large number of variants being involved in the development 
of a disease. Accordingly, functional analyses of risk variants 
are complicated. Statistical associations between genes and 
diseases alone cannot identify the risk variants that contribute 
to pathogenesis. Integration of GWAS data and omics data has 
the potential to elucidate the function of each risk variant while 
also identifying disease and tissue specificity. These findings will 
help reveal a more detailed mechanism of pathogenesis of auto-
immune diseases and thus lead to their precise diagnosis and 
treatment.
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ABSTRACT
Objectives Severe systemic inflammation associated 
with some stages of COVID-19 and in fatal cases led 
therapeutic agents developed or used frequently in 
Rheumatology being at the vanguard of experimental 
therapeutics strategies. The aim of this project was to 
elaborate EULAR Points to consider (PtCs) on COVID-19 
pathophysiology and immunomodulatory therapies.
Methods PtCs were developed in accordance 
with EULAR standard operating procedures for 
endorsed recommendations, led by an international 
multidisciplinary Task Force, including rheumatologists, 
translational immunologists, haematologists, 
paediatricians, patients and health professionals, based 
on a systemic literature review up to 15 December 2020. 
Overarching principles (OPs) and PtCs were formulated 
and consolidated by formal voting.
Results Two OPs and fourteen PtCs were developed. 
OPs highlight the heterogeneous clinical spectrum of 
SARS- CoV-2 infection and the need of a multifaceted 
approach to target the different pathophysiological 
mechanisms. PtCs 1–6 encompass the pathophysiology 
of SARS- CoV-2 including immune response, endothelial 
dysfunction and biomarkers. PtCs 7–14 focus on 
the management of SARS- CoV-2 infection with 
immunomodulators. There was evidence supporting 
the use of glucocorticoids, especially dexamethasone, 
in COVID-19 cases requiring oxygen therapy. No other 
immunomodulator demonstrated efficacy on mortality to 
date, with however inconsistent results for tocilizumab. 
Immunomodulatory therapy was not associated with 
higher infection rates.
Conclusions Multifactorial pathophysiological 
mechanisms, including immune abnormalities, play a 
key role in COVID-19. The efficacy of glucocorticoids 
in cases requiring oxygen therapy suggests that 
immunomodulatory treatment might be effective in 
COVID-19 subsets. Involvement of rheumatologists, 
as systemic inflammatory diseases experts, should 
continue in ongoing clinical trials delineating optimal 
immunomodulatory therapy utilisation in COVID-19.

INTRODUCTION
The rapid worldwide spread of the SARS- CoV-2 has 
led to an unpreceded pandemic. SARS- CoV-2 infec-
tion leads to heterogeneous disease phenotypes, 

from asymptomatic or mild disease associated with 
an uneventful recovery to severe disease leading to 
acute respiratory distress syndrome (ARDS), multi-
organ failure and death.1 Immune mechanisms are 
critically involved in evolution of severe COVID-
19, suggesting potential efficacy of immunomodu-
latory treatments.2 3

Key messages

What is already known about this subject?
 ► SARS- CoV-2 infection is potentially life 
threatening with severe disease being 
associated with immune system activation 
with severe pneumonia and pulmonary 
immunothrombosis that may be amenable to 
immunomodulatory treatments which have 
largely been pioneered in the rheumatology 
therapeutic arena.

 ► The enormous amount of studies published in a 
very short timeframe and the continuous flow 
of new data leads to difficulties in summarising 
best evidence for clinical practice for severe 
COVID-19 treatment.

What does this study add?
 ► Multifactorial pathophysiological mechanisms, 
including immune and non- immune cell 
abnormalities and loss of endothelial 
homeostasis, play a key role in  
COVID-19.

 ► These are first EULAR–endorsed ‘points to 
consider’ (PtC) providing a framework to 
optimise the use of immunomodulatory 
therapies for the care of people with SARS- 
CoV-2 infection.

 ► This article highlights areas of therapeutic 
success but also areas of uncertainty (eg, 
timing/add- in approach for glucocorticoids in 
combination with other immunomodulatory 
agents) that require to be addressed by further 
research and barriers to overcome in order to 
develop new therapeutic strategies for SARS- 
CoV-2 infection. 
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Since rheumatologists are at the vanguard of immunomodula-
tory therapy utilisation, they are well placed to provide insights 
in their usage, safety profile and timing towards potential miti-
gation of the severe inflammatory reactions associated with 
SARS- CoV-2 infection. Although an extremely large volume of 
publication is already available, most of the research is descrip-
tive and definitive randomised controlled trials (RCTs) remains 
scarce. In this rapidly evolving landscape, and with the need 
to optimally define therapeutics solutions, it is considerably 
important to provide the medical and scientific community with 
guidance using the best available evidence. This is especially the 
case since antiviral agents have thus far failed to show a signifi-
cant improvement of survival in COVID-19.4–6 The aim of this 
project was to elaborate EULAR points to consider (PtCs) on 
COVID-19 pathophysiology and immunomodulatory therapies 
from the rheumatology perspective through a systematic litera-
ture review (SLR)- based approach.

METHODS
After approval by the EULAR Executive Committee, the conve-
nors (XM and DGM) and the methodologist (PMM) led a multi-
disciplinary Task Force guided by the 2014 updated EULAR 
standardised operating procedures.7 The Task Force consisted of 
24 members from 8 different countries, including rheumatolo-
gists, translational immunologists (two of them also representing 
the Emerging EULAR Network), haematologists, paediatric rheu-
matologists, a methodologist, one health professional and one 
patient representative. Four virtual meetings of the Task Force 
were held, one inJuly 2020 and three in November 2020. Two 
fellows (AA and AN), guided by the methodologist, performed 
an SLR, retrieving individual studies on pathophysiology of 
SARS- CoV-2 infection and its management with immunomod-
ulatory therapies. Given the fast- paced publication of articles on 
treatment with potential impact on the formulation of PtCs, the 
last SLR update was performed on 11 December 2020. The SLR 
is published separately, however, it forms an integral part of the 
project.

Based on the presented evidence and expert opinion, and 
following a process of iterative discussion, the overarching prin-
ciples (OPs) and PtCs were developed. According to EULAR 
guidance, the steering group (convenors, methodologist and 
fellows) prepared draft- statements based on the evidence from 
the SLRs and each statement was presented, discussed and voted 
on (informal voting). The statements were accepted if more than 
75% of the Task Force approved the wording in the first round. 
If this was not reached, further discussion ensued and wording 
was refined. At least a 67% approval rate was required in the 
second voting round and more than 50% in the third round.8 
The level of evidence (LoE) supporting each statement was 
assigned according to the Oxford Centre for Evidence Based 
Medicine 2011 LoE.9 Finally, each Task Force member anony-
mously indicated their level of agreement with each PtC online 

(numerical rating scale ranging from 0=‘completely disagree’ to 
10=‘completely agree’). Based on the heterogeneity of studies 
gathered by the SLR and on the paucity of high- quality evidence 
(namely RCTs) despite the large amount of published articles, 
a research agenda was formulated. The final manuscript was 
reviewed and approved by all Task Force members, followed by 
ratification by the EULAR Executive Committee.

RESULTS
Two OP and 14 PtCs were formulated and encompass the patho-
physiology of SARS- CoV-2 infection and its treatment with 
immunomodulatory agents (table 1). The PtC are intended to 
provide insights in pathogenesis and guidance on therapeutic 
aspects, and the target users are healthcare providers taking care 
of patients infected with SARS- CoV-2 as well as patients and 
policy- makers.

Overarching principles
OP- A: the phenotype of SARS- CoV-2 infection is heterogeneous, 
ranging from asymptomatic to fatal disease due to multiorgan 
damage

The Task Force recognised the importance of outlining this 
concept as OP to set the scenario for the PtCs. A heterogeneous 
clinical spectrum is a hallmark of SARS- CoV-2 infection and a 
challenge for the clinicians. Patients with severe manifestations, 
severe systemic inflammation and ARDS remain difficult to treat 
leading to a negative outcome in a high number of cases.

OP- B: SARS- CoV-2 infection may need different treatment 
approaches, including antiviral, oxygen therapy, anti- coagulation 
and/or immunomodulatory treatment at different stages of the 
disease

An increasing number of articles outlined the complexity of 
SARS- CoV-2 pathophysiology and recommendations issued by 
the WHO and other key stakeholders10–12 reflect the necessity 
to combine supportive therapy along with agents with different 
mechanisms of action, for example, antiviral treatment, oxygen 
therapy, anticoagulation and the inflammatory response along 
with other key mechanism involved in the process. However, 
it is not yet clear when and how to combine these various 
approaches (eg, combination vs sequential therapy).

PtCs: pathophysiology of COVID-19
PtC-1: genetically determined differences including, but not 
limited to, immune gene pathways may contribute to the variable 
immune response to SARS- CoV-2 and ultimately impact on the 
disease prognosis (LoE 3/4)

Genetic differences may contribute to the clinical heteroge-
neity of SARS- CoV-2 infection with the type 1 interferon (IFN) 
pathway emerging as the strongest genetic association in both 
genome wide association studies (GWAS) and from Mendelian 
genetic studies of critically ill patients.13 A GWAS study also 
reported associations with immune response genes such as C- C 
Motif Chemokine Receptor 9 and C- X- C Motif Chemokine 
Receptor 6, and severe COVID-19.14 The same study reported 
higher risk of severe disease in people with blood group A.14 
Whole- exome sequencing reported variants of genes involved in 
IFN mediated immune response in a subset of patients with severe 
COVID-19 and patients showing these variants had hampered 
IFN immunity in vivo and in vitro.15–18 Data concerning (HLA) 
haplotypes are still conflicting.14 19 To note, low allelic vari-
ability of the ACE−2, whose binding by the SARS- CoV-2 spike 
protein facilitates cellular entry of the virus, was also observed 

Key messages

How might this impact on clinical practice?
 ► It is anticipated that clinicians will use these PtC as a basis 
for the optimal management of people with SARS- CoV-2 
infection and for further strategies for optimal therapy.

 ► These PtC will also support relevant stakeholders when 
evaluating new immunomodulatory therapeutic approaches 
to treat SARS- CoV-2 infection.
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in infected patients compared with normal subjects but was not 
associated with disease severity.20–22

PtC-2: cellular (LoE 3/4) and humoural (LoE 3) immune 
responses against SARS- CoV-2 vary across individuals, infection 
course and disease spectrum, but there is insufficient evidence to 
associate these directly with outcomes

The activation of phagocytes, antigen- sensitised T cells and 
B- cells have been extensively studied in SARS- CoV-2 infection. 
It is worth noting, however, that most studies assessed individual 
cell populations through extremely variable methods (ie, flow 
cytometry gating and sub- population definition) and measured 
specific anti- SARS- CoV-2 immunoglobulins with home- made 
assays using different viral proteins as substrate, thereby 
preventing definitive conclusions. Among the few studies using 
an unsupervised clustering approach through mass cytom-
etry and other high throughput sequencing techniques (single 
cell RNA sequencing, Cellular Indexing of Transcriptomes and 
Epitopes, Assay for Transposase- Accessible Chromatin, among 
others) several cell populations where reported to be consistently 
altered. The lymphoid compartment disruption was mostly char-
acterised by a reduction in CD4 and CD8 positive lymphocytes 
in patients with SARS- CoV-2 infection compared with healthy 
controls but also in patients displaying a severe disease vs milder 
phenotypes.23–32 In addition, this subset of patients displayed a 
higher amount of polyfunctional T cells along with an exhausted 
CD8+ phenotype as highlighted by a high PD-1+ expres-
sion.23 25 29 An alteration of cytotoxicity, as suggested by a reduc-
tion in granzymes A, B and perforin expression by CD8+ cells, 
was reported by one study.23 Natural killer and B- lymphocytes 

pools were also reduced in patients with SARS- CoV-2 infec-
tion when compared with healthy donors regardless of disease 
severity.25 27 In terms of myeloid response, an increase of clas-
sical CD14+ monocytes pool was consistently reported, along 
with a significant reduction of HLA- DR expression; as opposed 
to a reduction of dendritic cells in both mild and severe patients 
compared with healthy controls.23 26–28 33–36 In addition, the pool 
of immature neutrophils (pre and pro- neutrophils) was reported 
to be increased.35 36

With regard to the humoural response, a few studies used stan-
dardised, although based on different viral antigens, commer-
cially available ELISA or chemiluminescence immunoassays.37–41 
The authors reported appearance of anti- SARS- CoV-2 IgM 
within the first 2 weeks after the onset of symptoms but the fate 
of these antibodies is still controversial with studies reporting 
variable kinetics up to weeks 4–5 after the onset of symp-
toms. Conversely, anti- SARS- CoV-2 IgG variably appear either 
together with IgM in week 140 41 or in weeks 2-337 38 being still 
detectable up to week 4,38 week 637 40 or week 8.41 Data on the 
kinetics of neutralising antibodies are even more controversial. 
Additionally, results on other isotypes (IgA) are scarce, although 
potentially relevant for the clinical setting.

PtC-3: levels of many proinflammatory cytokines, especially 
serum interleukin-6, are elevated in COVID-19 and could be 
associated with outcome (LoE 3/4)

The cytokine expression profile during the course of 
SARS- CoV-2 infection has already been extensively studied. Since 
the level of proinflammatory cytokines is elevated in some stages 
of the disease, but not at very high levels, the group considered 

Table 1 Overarching principles and points to consider on COVID-19 pathophysiology and immunomodulatory treatment from the rheumatology 
perspective, with levels of evidence (LoE) and levels of agreement (LoA)

Overarching principles
LoA mean (SD);
% of votes ≥8/10

A. The phenotype of SARS- CoV-2 infection is heterogeneous ranging from asymptomatic to lethal disease due to multiorgan damage. 9.92 (0.3); 100

B. SARS- CoV-2 infection may need different treatment approaches, including antiviral, oxygen therapy, anticoagulation and/or immunomodulatory treatment 
at different stages of the disease.

9.92 (0.3); 100

Points to consider

COVID-19 pathophysiology

1. Genetically determined differences including, but not limited to, immune gene pathways may contribute to the variable immune response to SARS- CoV-2 
and ultimately impact on the disease prognosis (LoE 3/4).

9.25 (1.2); 100

2. Cellular (LoE 3/4) and humoral (LoE 3) immune responses against SARS- CoV-2 vary across individuals, infection course and disease spectrum, but there is 
insufficient evidence to associate these directly with outcomes.

8.71 (1.1); 83

3. Levels of many proinflammatory cytokines, especially serum IL-6, are elevated in COVID-19 and could be associated with outcome (LoE 3/4). 8.79 (1.0): 96

4 .Hyperactivation of platelets, the complement system, endothelial damage and loss of endothelial homeostasis are pathophysiological mechanisms 
facilitating hypercoagulability and thrombosis during SARS- CoV-2 infection (LoE 4).

9.0 (1.1); 92

5. Multiparameter algorithms including neutrophil- to- lymphocyte ratio and acute phase reactants (eg, C reactive protein, ferritin) may be helpful to predict 
survival, mortality or disease progression and severity (LoE 4).

8.88 (1.3); 88

6. Primary infection with SARS- CoV-2 in children is largely a benign event. However, a small number of children develop a multisystem inflammatory 
syndrome which may reflect distinct pathophysiological mechanisms compared with adults (LoE 4/5).

9.38 (0.9); 96

Immunomodulatory therapy

7. In non- hospitalised patients with SARS- CoV-2 infection there is currently no evidence to support the initiation of immunomodulatory therapy (LoE 2/3/4). 9.58 (1.0); 96

8. In hospitalised patients with SARS- CoV-2 infection that do not need oxygen therapy there is currently no evidence to support the initiation of 
immunomodulatory therapy to treat their COVID-19 (LoE 2/3/4).

9.04 (1.6); 88

9. Hydroxychloroquine should be avoided for treating any stage of SARS- CoV-2 infection since it does not provide any additional benefit to the standard of 
care, and could worsen the prognosis in more severe patients particularly if co- prescribed with azithromycin (LoE 2).

9.75 (0.5); 100

10. In patients with COVID-19 requiring supplemental oxygen, non- invasive or mechanical ventilation, systemic glucocorticoids should be used since they 
can decrease mortality; most evidence concerns the use of dexamethasone (LoE 2/3).

9.67 (0.7); 100

11. An evolving RCT landscape cannot yet allow formal recommendation of the routine use of tocilizumab in patients with COVID-19 requiring oxygen 
therapy, non- invasive or invasive ventilation (LoE 2).

8.79 (1.2): 83

12. In COVID-19 there is no robust evidence to support the use of anakinra at any disease stage (LoE 2/4). 9.38 (1.0); 96

13. In patients with COVID-19 requiring non- invasive ventilation or high- flow oxygen, the combination of remdesivir plus baricitinib could be considered 
since it can decrease time to recovery and accelerate improvement in clinical status (LoE 2).

8.19 (2.2); 88

14. In COVID-19 there is currently insufficient evidence to recommend the use of other immunomodulators, including ruxolitinib, IVIg, convalescent plasma 
therapy except in Ig- deficient patients, interferon kappa, interferon beta, leflunomide, colchicine (LoE 2), sarilumab, lenzilumab, eculizumab, cyclosporine, 
interferon alpha (LoE 3), canakinumab (LoE 4).

9.42 (0.9); 96

IL-6, interleukin 6; IVIg, intravenous Ig; RCT, randomised controlled trial.
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that the term severe systemic inflammatory state seems more 
appropriate than the frequently used ‘cytokine storm’.42 Of 
interest, while most studies used a targeted approach towards 
one cytokine or one family of cytokines subsequently leading to 
bias, only a few used multiparametric assays allowing the multi-
variable assessment of the expression of several cytokines at the 
same time. Among these, several studies reported a consistent 
elevation of interleukin (IL)-6, IL-1 beta and tumor necrosis 
factor along with Th1 associated cytokines (IFN- gamma, IL-18) 
in COVID-19 patients compared with healthy donors but 
the magnitude of cytokine elevations was greater in patients 
displaying more severe disease phenotypes compared with mild 
or moderate diseases.28 33 43–45

These results are concordant with the large amount of 
studies correlating IL-6 levels with disease severity and negative 
outcomes.46 In addition to these, anti- inflammatory cytokines 
and a broad range of chemokines and growth factors expression 
profiles were inconsistently reported to be disrupted to a vari-
able extent according to disease severity and outcomes but these 
results were not felt consistent enough by the TF to lead to the 
formulation of a PtC.47 However, the extent of cytokinaemia 
in cases of severe and critical COVID-19 is less than that seen 
in other disorders associated with elevated cytokine production, 
such as chimeric antigen receptor T- cell- induced cytokine release 
syndrome and non- COVID-19 ARDS.42 48

PtC-4: hyperactivation of platelets, the complement system, 
endothelial damage and loss of endothelial homeostasis are 
pathophysiological mechanisms facilitating hypercoagulability 
and thrombosis during SARS- CoV-2 infection (LoE 4)

A large number of studies described an increased prevalence 
of thrombosis and thromboembolic disease in patients with 
SARS- CoV-2 infection.49 Controversy still exists as to whether 
hypercoagulability in SARS- CoV-2 infection may be immune 
driven or immunothrombotic in nature or may be linked to 
direct viral endothelitis (or both). Platelet aggregation and acti-
vation, as expected in the context of endothelial injury and 
immune activation were observed and were more pronounced in 
severe COVID-19.50–60

PtC-5: multiparameter algorithms including neutrophil- 
to- lymphocyte ratio and acute phase reactants (eg, C reactive 
protein, ferritin) may be helpful to predict survival, mortality or 
disease progression and severity (LoE 4)

In order to help clinicians in disease management, several 
studies aiming at creating algorithms for prediction of disease 
progression, severity or outcomes have been published.61–73 
Among them, a few have used robust statistical approaches using 
uni- and multivariate analysis, followed by logistic regression or 
least absolute shrinkage and selection operator. Most of them 
included various parameters from clinical data (demographics, 
comorbidities, symptoms), biological results (acute phase 
reactants such as C reactive protein, ferritin, procalcitonin, 
calprotectin; coagulation markers such as platelets, D- dimer, 
prothrombin time; immune cell count such as neutrophils, 
lymphocytes or neutrophil- to- lymphocyte ratio) or imaging 
results (chest CT).

The relevance of combining different parameters for prog-
nostic purposes in further underscored by the recent release of 
predictive criteria for COVID-19 severe systemic inflammatory 
state.74

PtC-6: primary infection with SARS- CoV-2 in children is 
largely a benign event. However, a small number of children 
develop a multisystem inflammatory syndrome which may 
reflect distinct pathophysiological mechanisms compared with 
adults (LoE 4/5)

Epidemiological data pertaining to SARS- CoV-2 infec-
tion in children are rather homogeneous describing mild to 
moderate symptoms in most cases.75 However, from the end 
of April 2020, a number of alerts have been raised in several 
countries about children with proven SARS- CoV-2 infection 
developing a multisystem inflammatory syndrome (MIS- C).76 
More recently reports of MIS- C in young adults have been 
published.77 Studies comparing clinical and serological features 
of children and adults with SARS- CoV-2 infection are scarce 
and included small cohorts of patients hence they do not allow 
to draw definitive conclusions on similarities and differences 
of SARS- CoV-2 infection across the lifespan.78 However, the 
discussion on this PtC was led by the paediatric rheumatolo-
gists and resulted in an agreement to include expert opinion 
given the paucity of data from the SLR. In particular, the Task 
Force supported the hypothesis that this clinical heteroge-
neity may reflect distinct pathophysiological mechanisms, not 
yet fully elucidated, that occur in children and in adults with 
SARS- CoV-2 infection.

PtCs: immunomodulatory treatment
PtC-7: in non- hospitalised patients with SARS- CoV-2 infection 
there is currently no evidence to support the initiation of immu-
nomodulatory therapy (LoE 2/3/4)

The literature assessing the efficacy of immunomodula-
tory therapies on reducing time to an undetectable viral load, 
reducing the duration of clinical symptoms or preventing clin-
ical deterioration in patients presenting with mild or moderate 
forms including mild hypoxaemia not requiring hospitalisation 
remains scarce since most of the clinical research has included 
more severe patients. However, it is worth noting that among 
the few studies available, none provided evidence of treatment 
efficacy in this specific population. More specifically, none of 
the RCTs assessing the efficacy of hydroxychloroquine (HCQ) 
in non- hospitalised patients reported positive outcomes.79 80 It is 
possible that this phase of SARS- CoV-2 infection requires more 
efficient anti- viral drugs than immunomodulatory drugs.

PtC-8: In hospitalised patients with SARS- CoV-2 infection 
that do not need oxygen therapy there is currently no evidence to 
support the initiation of immunomodulatory therapy (LoE 2/3/4)

A large number of studies on hospitalised patients with 
SARS- CoV-2 infection and various disease severity investigated 
immunomodulatory therapy. However, none of the investigated 
compounds except leflunomide in one small RCT,81 specifi-
cally demonstrated to be effective if added to standard of care 
(SOC) in hospitalised patients with mild- to- moderate disease 
not requiring oxygen therapy compared with SOC only. Of 
note, in the large RECOVERY RCT, analysis of the subgroup of 
patients without oxygen support showed a possible (not statisti-
cally significant) deleterious effect of dexamethasone (DEX) on 
mortality: OR 1.22, 95% CI 0.93 to 1.61, p=0.14.82 Likewise, 
HCQ was clearly ineffective in three RCTs including patients 
with mild to moderate disease and it even showed a negative 
safety profile.79 80 Due to the lack of efficacy and the safety 
concerns also in patients with severe COVID-19, and the histor-
ical debate about the role of HCQ in SARS- CoV-2 infection, 
with HCQ shortages being reported during the SARS- CoV-2 
pandemic, the group decided to elaborate a separate PtC for this 
drug.

PtC-9: HCQ should be avoided for treating any stage of 
SARS- CoV-2 infection since it does not provide any additional 
benefit to the SOC, and could worsen the prognosis in more severe 
patients particularly if coprescribed with azithromycin (LoE 2)
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In the early phases of the SARS- CoV-2 pandemic, HCQ was 
extensively used for the management of infected patients due to 
its known antiviral and immunomodulatory effects.83 However, 
the initial promising data from prospective/retrospective studies 
have not been confirmed by RCTs. Data from eight RCTs on 
HCQ in patients with SARS- CoV-2 infection and different 
degrees of COVID-19 severity consistently showed that the 
addition of this compound to SOC did not provide any benefit 
at any stage of the disease.79 80 84–89 Importantly, the RECOVERY 
study reported that for some outcomes such as progression to 
invasive mechanical ventilation (IMV) or death, and proba-
bility to be discharged alive, the addition of HCQ to SOC led to 
even worse outcomes compared with SOC alone. Furthermore, 
safety concerns have been raised since patients treated with 
HCC+SOC displayed a higher rate of adverse events compared 
with SOC only at any disease stage, mainly if associated with 
azithromycin. For example, HCQ- treated patients with severe 
COVID-19 displayed prolongation of the corrected QT interval, 
elevation of liver- enzymes and higher risk of death from non–
SARS- CoV-2 cardiac causes.86 87

PtC-10: in patients with COVID-19 requiring supplemental 
oxygen, non- IMV, systemic glucocorticoids should be used since 
they can decrease mortality; most evidence concerns the use of 
DEX (LoE 2/3)

This PtC was elaborated based on the results of 6 RCTs on 
patients with severe COVID-19. Two trials investigated DEX,82 90 
two investigated methylprednisolone (MTP),91 92 and two inves-
tigated hydrocortisone.93 94 While the overall analysis of patients 
yielded conflicting results for the majority of outcomes, the 
evidence on mortality from subgroup analysis was striking 
and revealed the beneficial effect of DEX and MTP in specific 
subgroups of patients. The RECOVERY trial demonstrated that 
the addition of DEX to SOC reduced mortality only in patients 
requiring respiratory support.82 The addition of MTP to SOC 
reduced mortality only in patients aged 60 or over by mecha-
nisms potentially including rescue of immunosenescence.91 The 
group agreed that the evidence was more consistent for DEX 
rather than for MTP. Based on this data, DEX has been included 
in most of the recommendations of treatment for critical inten-
sive care unit (ICU) patients and for mild- to- moderate pneu-
monia needing oxygen in medical wards. Of note, in the latter 
population, there is no study to decipher the effect of gluco-
corticoids between the patients requiring a low rate of oxygen 
1–2 L/min) and those requiring higher rate (3–15 L/min). It is an 
important point since the pathophysiology might be different in 
both groups.

PtC-11: an evolving RCT landscape cannot yet allow formal 
recommendation of the routine use of tocilizumab in patients 
with COVID-19 requiring oxygen therapy, non- invasive or inva-
sive ventilation (LoE 2)

The SLR retrieved 104 articles evaluating tocilizumab (TCZ) 
in SARS- CoV-2 infection and only three were RCTs.95–97 A 
scenario similar to that reported above for HCQ occurred for 
TCZ. Based on the evidence of the severe systemic inflamma-
tion at some stages of the disease, where IL-6 is perceived to 
be ‘a leading actor’ and on results from early studies with low 
LoE, many of which lacking a control group, prompted initial 
widespread TCZ use. Two published RCT96 97 were negative but 
probably included mild patients, some of them not requiring 
oxygen support since day-28 mortality was low: 4.9% and 2.4%, 
respectively. The third published study (CORIMUNO-19)95 
focusing on patients requiring at least 3 L/min oxygen but not in 
ICU showed a 33% reduction of non- invasive or invasive venti-
lation (NIV) or death at day 14, but day-28 mortality was not 

different between groups (around 12%). Of note, two studies 
in the preprint phase, the first one (EMPACTA) with the same 
inclusion criteria as CORIMUNO-19), and positive with the 
same composite primary outcome, the second one (COVACTA) 
negative for its primary outcome, but with positive results in the 
post hoc analysis of patients not in ICU. Lastly, in the patients 
recently admitted in ICU within 2 days, the REMAP- CAP study 
was prematurely stopped because of positive results on survival 
with TCZ98 and an emulated trial in the same population found 
an improvement of survival.99 Interestingly, safety of TCZ was 
good in all these studies with in some of them a decrease of 
the rate of serious infections in the TCZ arm versus placebo or 
usual care arm. To summarise, despite the encouraging signals 
in some subgroups, it remains impossible at the date of this 
paper to draw definitive conclusions and to formulate a PtC 
either recommending or discouraging the use of TCZ in severe 
COVID-19. Meta- analysis on aggregated or individual patient 
data and further clinical trials are warranted and results from 
these trials will inform about the potential benefit of TCZ, in 
selected patients. Observational studies suggested benefit of 
glucocorticoids in combination with TCZ, but RCTs are needed 
for the evaluation of TCZ in addition to DEX/MTP vs DEX/
MTP alone. This will be an important step for determining the 
possible place of this drug as an ‘add on therapy’ in glucocorti-
coid non- responsive cases.

PtC-12: in COVID-19 there is no robust evidence to support 
the use of anakinra at any disease stage (LoE 2/4)

At present, the only RCT available on anakinra in SARS- CoV-2 
infection was conducted by the CORIMUNO-19 Collaborative 
group in mild- to- moderate COVID-19 pneumonia requiring at 
least 3 L/min oxygen but not receiving NIMV or IMV ventilation 
at randomisation. The study was stopped early following the 
recommendation of the data and safety monitoring committee 
since no beneficial effect was observed.100 As far as moderate- 
to- severe COVID-19 is concerned, conflicting results have been 
reported from three retrospective controlled studies.101–103

PtC-13: in patients with COVID-19 requiring NIV or high- flow 
oxygen, the combination of remdesivir plus baricitinib could be 
considered since it can decrease time to recovery and accelerate 
improvement in clinical status (LoE 2)

At present, the only RCT available on baricitinib in SARS- CoV-2 
infection compared remdesevir + baricitinib versus remdesevir 
+placebo.104 Patients receiving baricitinib had a median time to 
recovery of 7 days, as compared with 8 days with control (rate 
ratio for recovery, 1.16; 95% CI 1.01 to 1.32; p=0.03), except 
in the subgroup of patients with a baseline NIV (including high 
flow oxygen) in whom median time to recovery was 10 days 
with the combination, as compared with 18 days with control 
(rate ratio for recovery, 1.51; 95% CI 1.10 to 2.08). In light 
of these data, the main issue that emerged during the discus-
sion pertained to the target population in which to recommend 
baricitinib + remdesivir. The majority of Task Force members 
agreed to suggest baricitinib + remdesivir only in the subgroup 
of patients with a baseline NIV since the small difference in time 
to recovery observed in the overall cohort was felt clinically not 
pertinent, although statistically significant.

PtC-14: in COVID-19 there is currently insufficient evidence 
to recommend the use of other immunomodulators, including 
ruxolitinib, IVIg, convalescent plasma therapy except in Ig- de-
ficient patients, IFN kappa, IFN beta, leflunomide, colchicine 
(LoE 2), sarilumab, lenzilumab, eculizumab, cyclosporine, IFN 
alpha (LoE 3), canakinumab (LoE 4)

Various other immunomodulatory compounds have been 
investigated in SARS- CoV-2 infection. However, the available 
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evidence to date is either too scarce/conflicting, although from 
RCTs, as in the case of ruxolitinib, IFN beta, IFN kappa, IVIg 
and convalescent plasma or with too low LoE/conflicting results 
as in the case of sarilumab, lenzilumab, eculizumab, IFN alpha, 
tumour necrosis factor alpha inhibitors and canakinumab (LoE 
3/4). Hence, no recommendation either in favour or against 
the use of these compounds in SARS- CoV-2 infection could be 
formulated. The group did not comment on drugs for which 
published literature was not available, although being in the 
pipeline.

DISCUSSION
These are the first EULAR- endorsed PtCs on pathophysiology 
and immunomodulatory therapy of SARS- CoV-2 infection. 
Their aim is to serve as a reference for clinicians involved in 
the care of people with SARS- CoV-2 infection and the use of 
immunomodulatory therapy as seen from the translational rheu-
matology perspective. They have been proposed by a rheuma-
tology/multidisciplinary team. Since rheumatologists are the 
experts on inflammatory systemic diseases and on the use of 
immunomodulatory therapy, they should be involved in mecha-
nistic/pathophysiological studies and in the design, conduct and 
interpretation of trials with immunomodulatory therapies in 
COVID-19.

With the OPs, we recognised that the management of 
SARS- CoV-2 infection, with its heterogeneous nature, 
requires a multifaceted approach considering viral replica-
tion, hypercoagulability and the inflammatory response, the 
latter of which was our specific focus. In this regard, these 
PtCs focus on pathophysiology and immunomodulatory 
treatment and the discussion leading to formulation of these 
PtCs was based not only on the evidence obtained by the 
SLR but also on the opinion of experts of inflammation and 
immunomodulatory therapy.

These PtCs in no way attempt to undermine local regula-
tions or guidelines released by overarching institutions such 
as the WHO. Rather, they seek to provide recommendations 
of good practice integrating evidence- based medicine and 
expert opinion, which can help clinicians analysing their 
own therapeutic strategy and inspire changes where appro-
priate. It is important to emphasise that our findings do 
not apply to people living with rheumatic and musculoskel-
etal diseases (RMDs) receiving immunomodulatory treat-
ments where a dedicated EULAR Task Force has already 
developed provisional recommendations for the manage-
ment of people with RMDs in the context of SARS- CoV-2 
pandemic.105

One major pitfall encountered in the development of these 
PtCs was the extremely large bulk of literature that challenged 
its appraisal including a surprisingly high number of articles 
lacking original data, thus being uninformative to the discus-
sion. Interestingly, the narrative around ‘cytokine storm’ and 
its specific therapy at the start of pandemic lacked evidence so 
was not included in the OP or PTC in the present recommen-
dations. The rapidly evolving COVID-19 landscape along with 
the ongoing release of new studies represents a major challenge, 
since recommendations should only be elaborated on existing 
published peer- reviewed literature and following robust meth-
odological procedures. To overcome these issues, we performed 
hand- search work throughout the entire SLR process and 
TF meetings, and based these PtCs on a very recent literature 
update. Based on the SLR results and the inputs from the group, 
a research agenda was also outlined (box 1).

In conclusion, these EULAR PtCs provide relevant guid-
ance on the pathophysiology of SARS- COV-2 infection, 
especially immunomodulatory therapy utilisation from the 
rheumatology perspective. Indeed, the pathophysiology with 
an initial viral alveolitis and subsequent immunothrombosis 
and available evidence points towards a central role for 
immunomodulatory therapy, especially glucocorticoids, in 
improving disease survival in severe COVID-19. These first 
EULAR PtCs are intended to evolve and should be updated 
in response to the rapid increase of knowledge about the 
disease and the forthcoming vaccines.
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immunomodulatory agents (eg, anticytokines) versus 
glucocorticoids alone.
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ABSTRACT
Background Non- adherence to treatment could 
preclude reaching an optimal outcome. Thirty to 80% of 
patients with rheumatic and musculoskeletal diseases 
(RMDs) do not adhere to the agreed treatment.
Objectives The objective was to establish points to 
consider (PtCs) for the prevention, screening, assessment 
and management of non- adherence to (non- )
pharmacological treatments in people with RMDs.
Methods An EULAR task force (TF) was established, 
and the EULAR standardised operating procedures for 
the development of PtCs were followed. The TF included 
healthcare providers (HCPs), comprising rheumatologists, 
nurses, pharmacists, psychologists, physiotherapists, 
occupational therapists and patient- representatives 
from 12 European countries. A review of systematic 
reviews was conducted in advance to support the TF in 
formulating the PtCs. The level of agreement among the 
TF was established by anonymous online voting.
Results Four overarching principles and nine PtCs 
were formulated. The PtCs reflect the phases of action 
on non- adherence. HCPs should assess and discuss 
adherence with patients on a regular basis and support 
patients to treatment adherence. As adherence is an 
agreed behaviour, the treatment has to be tailored to the 
patients’ needs. The level of agreement ranged from 9.5 
to 9.9 out of 10.
Conclusions These PtCs can help HCPs to support 
people with RMDs to be more adherent to the agreed 
treatment plan. The basic scheme being prevent non- 
adherence by bonding with the patient and building 
trust, overcoming structural barriers, assessing in a 
blame- free environment and tailoring the solution to the 
problem.

INTRODUCTION
Thirty to 80% of people with rheumatic and muscu-
loskeletal diseases (RMDs) do not follow the recom-
mended treatment plan.1–3 Non- adherence equally 
affect medication, non- pharmacological interven-
tions and keeping follow- up appointments and are 
associated with worse outcomes, increased risk of 
cardiovascular disease, decreased functioning and 

loss of health- related quality of life.1–7 Strategies to 
reduce non- adherence are thus essential to achieve 
an optimal outcome.4–6

The problem of non- adherence is addressed in 
some EULAR recommendations on the manage-
ment of specific health conditions or in the role of 
professionals, but none specifies interventions in or 
actual directions on how to improve non- adherent 
behaviour.8–11 All these recommendations focus on 
specific aspects of non- adherence and do not cover 
the multifaceted nature of this phenomenon, such 
as its detection or assessment.

Although general recommendations are lacking, 
a large number of studies have tested various 
interventions targeting non- adherence, including 
screening and assessment of non- adherence,1 provi-
sion of equitable and coordinated access to treat-
ment through, for example, flexibility in scheduling 
or financial resources according to the respective 
health system,12 integration of patients in treatment 
decisions,12 enhancement of patients’ autonomy,13 
stratification and individualisation of interventions 
based on the needs and preferences of patients 
including psychosocial markers,8 9 information and 
education,10–13 systems to remind patients about 
appointments, intake of medication and exercises 
whenever necessary,14 compatibility of treatment 
interventions to the daily routines of patients,9 13 
and offer opportunities to get in touch with other 
individuals with similar health conditions or other 
social support.12 13 Interventions are delivered by 
rheumatologists, other medical specialists, general 
practitioners or health professionals in rheuma-
tology (HPRs) (ie, nurses, pharmacists, physiother-
apists, occupational therapists and psychologists) in 
close collaboration with each other in primary and 
secondary care settings.

The objective of the present work is to estab-
lish points to consider (PtCs) for the prevention, 
screening, assessment and management of non- 
adherence in people with RMDs for use in daily 
clinical practice.

The users of these PtCs are intended to be rheu-
matologists and HPRs (together will be referred as 
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healthcare providers or HCPs), patients and caregivers, regu-
lators, trainers and others, at the individual or organisational 
level (eg, patient organisations, pharmaceutical and/or insurance 
companies). Regarding their scope, these PtCs are applicable to 
all RMDs, except those with an acute or subacute course (eg, 
some viral arthritis), as longer duration of diseases increase the 
chances of non- adherence.4 In addition, the scope of the PtCs 
does not include children and adolescents, as their non- adherent 
behaviour differs from that of adults, mainly on its great reli-
ance on social support of caregivers.15 We acknowledge that 
different RMDs may have specific problems—for example, non- 
symptomatic conditions, such as osteoporosis, pose additional 
challenges to motivate a patient to follow a long- term prescrip-
tion (prescription in this context refers to any instruction (mostly 
written) from a physician or health professional in rheumatology 
stating the form, dosage and kind of treatment, including but not 
limited to medications, exercises, diets and follow- up appoint-
ments); however, non- adherence affects them all, and only very 
exceptionally a PtC for an RMD might not apply to another.

In addition, these PtCs only refer to non- adherence to pharma-
cological or non- pharmacological treatments that are prescribed 
or recommended. They are not including non- adherence to 
lifestyle changes, such as diet, weight loss and smoking or to 
visit schedules. Regarding medication, the task force decided 
that symptomatic medicines may not be the specific objective of 
these PtCs, and that non- pharmacological treatments should be 
restricted to exercises and medical devices (eg, splints). Exercises 
may be defined as a type of physical activity that is planned, 
structured and purposeful.16 17

Finally, in the context of these PtCs and following the defi-
nition of the WHO, non- adherence is defined as the extent to 
which a person’s behaviour does not correspond with the agreed 
prescription, of pharmacological or non- pharmacological treat-
ments, by an HCP.4 Besides being intentional or non- intentional, 
non- adherence (1) may occur at the start of treatment (initial 
non- acceptance), and so the patient never collects the prescrip-
tion, or does not sign up to exercises, and hence does not follow 
any of the prescription; (2) may be a result of a poor execution, 
either by taking an incorrect dose, taking the drug at a wrong 
time or by decreasing or increasing the frequency of doses (or 
their equivalents in exercises or the use of medical devices) or 
(3) may be due to discontinuation of the treatment at any time 
during the treatment course.1

METHODS
These PtCs were developed according to the consensus process 
suggested by the EULAR Standard Operating Procedures.18 An 
international expert task force was established by a steering 
committee (LC, VR, AdT and TAS), and included people with 
RMDs (n=2), EMEUNET members (n=3 (AM, RGD and 
VR)), and representatives from relevant HCP groups: nurses 
(n=3), occupational therapists (n=2), psychologists (n=3), 
physiotherapists (n=1), pharmacists (n=2) and rheumatologists 
(n=6), all of whom had various levels of expertise in the field 
of non- adherence and came from a broad geographical distri-
bution across Europe. A systematic review (SR) of reviews and 
meta- analysis on existing strategies to prevent or mitigate non- 
adherence, supervised by the methodologist and the convenors, 
was presented at a first task force meeting (the SR is subject of a 
separate publication19). In this meeting, the scope, users, structure 
of the document and overarching principles were established by 
nominal group technique, as well as additional clinical questions 
to be addressed by SR. These clinical questions were converted 

into Population Intervention Comparison Outcome questions by 
the convenors (LC and VR), methodologist (AdT) and research 
fellows (VR and JBNT), and the search strategies developed, by 
an experienced Librarian, in Medline, CINAHL, web of science, 
science direct and the Cochrane Database of SR. The quality of 
the selected reviews was assessed using ‘A MeaSurement Tool 
to Assess systematic Reviews’ (available at https:// amstar. ca/). 
The quality and risk of bias of the original studies were obtained 
directly from the published reviews (ie, Cochranes Risk of Bias 
tool20 for intervention studies and QUADAS-221 for assess-
ment studies). Because of the high heterogeneity, the evidence 
was synthesised qualitatively. In a second meeting of the task 
force, the results of the SR were discussed and the PtCs were 
formulated. Data from the SR were categorised according to 
the Oxford system for levels of evidence,22 and statements were 
voted and discussed using a three round Delphi technique. Level 
of agreement (LoA)/voting was scored anonymously ( www. sli. 
do) on a numerical rating scale ranging from zero (completely 
disagree) to 10 (completely agree). The first two Delphi rounds 
were performed during the second task force meeting. Agree-
ment in the Delphi was defined as >80% of experts within the 
task force voting in favour (nine or 10) or against (one or two) 
an item. Items with agreement against were excluded from the 
list. Items with agreement in favour were maintained without 
further voting, unless reformulation was proposed. All inter-
mediate items and those that needed reformulation were voted 
in a second round. Finally, in the third Delphi round (done by 
electronic communication ( www. surveymonkey. de)), task force 
members were asked to give their final rating on every point to 
consider. All members of the task force were asked to respond 
during each round.

RESULTS
The results of the taskforce efforts are divided into four over-
arching principles and nine PtCs. The difference, in absence of 
strong evidence, is that overarching principles are not sugges-
tions on what to do, but more principles to understand why and 
how the following points are formulated. They are explained 
and justified in detail below and presented in table 1 with the 
accompanying level of evidence (LoE), grade of recommenda-
tion (GR) and LoA.22

Overarching principles
Overarching principle A: adherence impacts the outcomes of people 
with RMDs
In RMDs, non- adherence has been associated with worse disease 
severity, increased pain and fatigue, higher rates of depression, 
lower function and a decrease in quality of life and physical 
activity.19

Overarching principle B: shared decision making is key, since 
adherence is a behaviour following an agreed prescription
Ideally, patients and their HCPs should agree on the recom-
mended treatment, including duration, dosage and frequency of 
medication intake, or exercises or device use over a period of 
time. To make an informed decision, patients need to under-
stand their choices (ie, shared decision making, or SDM). The 
SDM process has been defined as ‘an approach where HCPs and 
patients share the best available evidence when faced with the 
task of making decisions, and where patients are supported to 
consider options, to achieve informed preferences’.23 During 
the SDM process, mutual expectations in terms of efficacy, 
safety and monitoring should be discussed, as well as fears and 
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necessities about the specific treatment. The patient should be 
informed about the need to be adherent and how adherence will 
be evaluated. Agreement is part of the definition of adherence in 
the sense that if the patient did not agree to start with, it could 
not be considered non- adherence. Although, SDM is ambitious 
in systems with time constraints and low availability of profes-
sionals, it cannot be overlooked if we want to action at all on 
non- adherence.

Overarching principle C: adherence is influenced by multiple factors
Patients may have comorbidities, multiple treatments, circum-
stances, cognitions and preferences that need to be taken into 
account, when addressing non- adherence. Health systems are 
complex and, in each setting, different HCPs may have different 
roles. These PtCs have an integrative approach that goes beyond 
the clinical encounter, as they stress that all, HCPs and patients, 
are involved in the care of patients.

Overarching principle D: adherence is a dynamic process that 
requires continuous evaluation
Patients’ beliefs and fears about prescribed treatments, as well 
as behaviours, are influenced by experience and by external and 
internal determinants, for example, depression, other comorbid-
ities, side effects, lack of efficacy or life changes that pose logistic 
hurdles. We cannot assume that a person will continue to be 
adherent or non- adherent to any given treatment, and that this 
will be maintained and stable across prescriptions.

Points to consider
PtC 1: all HCPs involved in the management of people with RMDs 
should take responsibility for promoting adherence
Effective interventions to reduce non- adherence in RMDs were 
reviewed by our group, and we confirmed that HCP, both physi-
cians—namely, rheumatologists, GP and orthopaedic surgeons—
and HPRs—such as nurses, physiotherapists, occupational 
therapists, psychologists, exercise physiologists, patient educa-
tors and pharmacists—were involved in the delivery of these 
interventions.19 Nieuwlaat et al underscore in their Cochrane 
review that nurses, pharmacists and therapists are increasingly 

becoming part of delivering interventions that target non- 
adherent behaviour in people with RMDs.24 This PtC gives 
responsibility to the full care team. It highlights both the rele-
vant role of these HPRs and also both the need to acknowledge 
their efforts, and to coordinate teams beyond the rheumatology 
clinic. Training in specific interventions—for example, motiva-
tional interview or communication skills—may also be behind 
effective or non- effective interventions.25 Very importantly, the 
HCPs should be involved and should be trained as well.

PtC 2: effective patient-health professional communication should 
be applied to enhance adherence
An overview of SR on strategies proven effective to reduce non- 
adherence to medication and prescribed exercises found that 
effective communication was part of most multifaceted interven-
tions proven successful. Unfortunately, the content and nature 
of effective communication is not well detailed.19 Despite the 
absence of consensus on a definition of effective communication, 
its components—namely, empathy, open questions or bilateral 
feedback, among others—were discussed and detailed by the 
task force (see online supplemental table S3).25–27 Very impor-
tantly, as effective communication helps build trust with the 
patient and ensures a proper transmission of information about 
the condition and treatment,25–28 it should be in place before the 
point at which the prescription is discussed.

PtC 3: barriers and facilitators of adherence of a specific patient to a 
specific prescription should be appropriately evaluated
Many different factors determining non- adherent behaviour 
in people with RMDs have been identified in many studies, 
covering various domains. The WHO generated a framework by 
which these factors were classified into five different domains: 
(i) patient- related, (ii) condition- related, (iii) therapy- related, 
(ív) the socioeconomic context and (v) the healthcare system.4 
Our overview of SR of qualitative studies demonstrated that the 
list of barriers and facilitators is extensive, with many factors not 
being modifiable, and none of them being a sole predictor of 
non- adherence.19

Table 1 Overarching principles and points to consider for the prevention, screening, assessment and management of non- adherence in people 
with RMDs for use in the daily clinical practice
Adherence is defined as the extent to which a person’s behaviour corresponds with the agreed prescription*4

Overarching principles LoA

A Adherence impacts the outcomes of people with RMDs. 98.6

B Shared decision making is key, since adherence is a behaviour following an agreed prescription. 95.8

C Adherence is influenced by multiple factors. 97.5

D Adherence is a dynamic process that requires continuous evaluation. 96.2

Points to consider LoE GR LoA

1 All HCPs involved in the management of people with RMDs should take responsibility for promoting adherence. 5 D 98.6

2 Effective patient- health professional communication should be applied to enhance adherence. 5 D 99.4

3 Barriers and facilitators of adherence of a specific patient to a specific prescription should be appropriately evaluated. 5 D 95.2

4 Patient education should be provided for people with RMDs as an integral part of standard care. 1A A 95.9

5 Care should be tailored to patient preferences and goals to enhance adherence. 5 D 98.4

6 Adherence should be discussed regularly based on open questions and particularly when disease is not well controlled. 5 D 98.9

7 The HCP should explore which factors might negatively influence adherence, including: opportunity (eg, availability or cost), capability (eg, memory 
problems), motivation (eg, concerns).

5 D 93.8

8 Together with the patient, the HCP should tailor the approach to overcome individual barriers to adherence, for example, simplifying the regimen, using 
reminders, providing education, discussing the patient’s beliefs on treatments.

5 D 97.9

9 When specific expertise or interventions for adherence are needed, they should be made available to patients. 5 D 97.7

*Prescription in this context refers to any instruction (mostly written) from a physician or health professional in rheumatology stating the form, dosage and kind of treatment, including but not limited to medications, 
exercises, diets and follow- up appointments.
GR, grade of recommendation20 ; HCP, healthcare providers; LoA, Level of agreement of task force members on a numeric rating scale from 0 (no agreement) to 10 (perfect agreement); LoE, level of evidence; RMDs, 
rheumatic and musculoskeletal diseases.
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Some factors change with time and can appear either to be a 
cause, or a consequence, of patient non- adherence (eg, depres-
sion can lead to less motivation to adhere, but it can also be a 
consequence of disease activity due to non- adherence). Barriers 
to adherence are considered complex and multi- faceted and 
non- adherence should never be perceived as patients’ fault only 
(eg, the hospital pharmacy was not open the only day a patient 
could take off from work that month, or the patient’s skills for 
self- injection are very limited). Based on the overview SR,19 we 
have produced a checklist of factors related to non- adherence, 
which could help HCPs to identify barriers to adherence at the 
individual level (see online supplemental table S1).

PtC 4: patient education should be provided for people with RMDs 
as an integral part of standard care
Most interventions with proven effectiveness in non- adherence 
include components of patient education,19 namely provision 
of knowledge or information, self- management programmes, 
cognitive behavioural interventions, mindfulness, stress manage-
ment, individual consultations, sharing experiences among 
patients, motivational discussions, exercise counselling, lifestyle 
change interventions and self- help courses. With this PtC, the 
task force wants to emphasise that ‘all people with RMDs should 
have access to and be offered patient education throughout the 
course of their disease including as a minimum; at diagnosis, 
at pharmacological treatment change and when required by the 
patient’s physical or psychological condition’.11

Of course, we cannot overwhelm the patient at diagnosis or 
treatment start with information, but studies agree in that patient 
education, either direct or supported via websites,29 30 brochures, 
SMS24 25 or e- health may reduce non- adherent behaviour. In 
order to be effective, education/information should include 
information about drugs,31 32 disease process,31 32 physical exer-
cises,31 joint protection,31 33 pain control,31 33 coping strategies31 
and lifestyle changes.32 33 Delivery formats can include verbally 
(face to face31 or by telephone34), written (as leaflets31 or using 
test messages29 30) and visualised in charts35 (see online supple-
mental table S2).

PtC 5: care should be tailored to patient preferences and goals to 
enhance adherence
As already mentioned, the list of potential factors that can influ-
ence non- adherence to treatment is extensive and challenging to 
address. However, building a trust and a sound patient–HCPs 
relationship will prepare the scene for a responsible and blame- 
free framework that will reduce non- adherence in the long 
term.2 28 This tailored care has a maximum exponent during the 
SDM process, when options and patient preferences are the basis 
for an agreement to be treated and monitored.23

PtC 6: adherence should be discussed regularly based on open 
questions and particularly when disease is not well controlled
As adherence changes with time, the task force could not specify 
a best moment to assess non- adherence. Finally, we suggest that 
non- adherence should be assessed in a continuum. The task 
force discussed the opportunity to discuss non- adherence when 
the disease is not well controlled but specifically agreed to high-
light the need for regularity. Regularly in this context would be, 
at a minimum, once per year.

Some experts within the TF argued to use validated measures 
of non- adherence, for instance, by the Medication Event Moni-
toring System, the level/dose ratio or the medication possession 
ratio.36 The reality is that the non- adherence construct has many 

grey areas and more than 200 ways to measure non- adherence 
to medication exist.37 The TF undertook an SR of instruments 
to screen non- adherence to medication and exercises in people 
with RMDs, including but not limited to validated questions, 
questionnaires, assessment and others (eg, pill counts, worn 
splint), without identifying a single measure that was clearly 
superior, neither for medication nor for exercises.19

In practical terms, whether non- adherence is a problem or 
not, it should be discussed through open conversation with the 
patient. The ‘some people’ approach may facilitate the generation 
of a safe space for more elaborated questions and answers (‘We 
know it can be difficult, everybody has some problems, could 
you tell me what problems you encountered when taking your 
medication?’ or ‘Could you show me how you actually wear the 
splint? How do you actually perform the exercises?’).28 Other 
forms of screening, like questionnaires, looking at pharmacy 
indicators, drug levels or wearables can be used, always tailored 
to patient preferences and goals to reduce non- adherence, but a 
single measure without the open discussion is not recommended.

PtC 7: the HCP should explore which factors might negatively 
influence adherence, including opportunity (eg, availability or cost), 
capability (eg, memory problems) or motivation (eg, concerns)
This PtC adds a method or systematic approach to explore 
barriers to adherent behaviour. We used the Capability, 
Opportunity and Motivation model of Behaviour (COM- B) 
as framework to explore patient’s drivers for non- adherence 
and as instrument to identify possible targets for reducing non- 
adherence.38 The model acknowledges that behaviour is part 
of an interacting, dynamic system involving these components 
to determine a person’s non- adherence. The problems that are 
easiest to address are those of practical nature—for example, 
unavailability at local pharmacy, pharmacy open hours, interfer-
ence with occupation —and thus they should be the first ones 
explored. Next would be knowledge or capability related, for 
example, the patient does not really understand the duration of 
treatment, what to do in case of missing dose, or how to inject. 
These can be explored by asking the patient, with some level of 
detail, how she or he actually takes the medication or, in the case 
of exercises, how he or she performs the exercises. Regardless of 
problems in these previous areas, the motivation to adhere, or 
intention, has to be explored. This is usually explored in terms 
of needs and concerns.1

PtC 8: together with the patient, the HCP should tailor the approach 
to overcome individual barriers to adherence, for example, 
simplifying the regimen, using reminders, providing education, 
discussing the patient’s beliefs on treatments
Based on the reasons for non- adherence, the solutions must be 
tailored to tackle the specific problems. There is not general 
recipe or ‘one size fits all’ as how to do this and solutions to tackle 
non- adherence are plenty. The two steps of a tailored approach 
would be (1) to identify the reasons of non- adherence, including 
the assessment of problems, as well as low health literacy or skills, 
and (2) to focus on the specific problems, modulating the inter-
vention to the individual (eg, a patient clearly needs a reminder 
but does not have a smartphone, we should recommend the use 
of pill boxes with timers). Some randomised controlled trials 
that specifically named their strategies as ‘tailored’ showed posi-
tive results.32 34 39–41 Many include revising treatment schemes to 
make them as convenient and easy to follow as possible.

Besides patient education strategies, already highlighted, 
there are simple things that can be done, like advising on cueing 
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behaviours (eg, pairing medication taking with an established 
behaviour, such as brushing teeth),42 monitoring (eg, using 
a calendar or a diary to track medication taking),42 including 
the family and close ones in the intervention,42 review plans/
strategies and give feedback (including positive reinforcement) 
and answers.42 Individualising the prescription and regimen 
according to the preferences and goals of the patient has been 
proven effective.43 In the case of exercises, it has been suggested 
to split treatment visits,44 increase proxy efficacy (ie, patients’ 
confidence in the therapist’s ability to function effectively on 
his/her behalf; this can be done by showing that the therapist 
competency really aids achieving goals)45 and discuss barriers 
and facilitators of exercises with the patient,46 encouraging him/
her to plan own treatment regimens, discussing intentions and 
helping recasting unrealistic plans,46 individualising physical 
activity advice,40 tailor graded exercise programme,47 training 
in the proper execution of physical exercises46 and providing 
visual media of the prescribed exercises and explanatory written 
information.48 A list of practical things is shown in the online 
supplemental table S2.

PtC 9: when specific expertise or interventions for adherence are 
needed, they should be made available to patients
Some interventions, especially those related to avoid intentional 
non- adherence may need specialised skills, such as motivational 
interviewing.24 If the care team includes a psychologist, she or he 
should be ideally involved, either in the management of the indi-
vidual patients or as trainer or consultant for the team members. 
Other skills, such as being able to deliver effective communica-
tion, are insufficiently incorporated in most teams.

DISCUSSION
The topic of non- adherence is of utmost importance and yet 
not adequately addressed in rheumatology. Non- adherence 
both results in poorer outcomes and also in increased resource 
use and medical costs.49 Non- adherence varies across RMDs, 
being critical in gout,50 51 and osteoporosis,52 but also in rheu-
matoid arthritis, where it even vary across medication.49 The 
work of this multidisciplinary taskforce has highlighted both the 
complexity and a possible practical approach to non- adherence 
to prescribed treatments in RMDs.

The WHO definition of adherence does not easily translate 
into operational terms, as it relates to a behaviour.16 Non- 
adherence can take many different forms: the patient could actu-
ally be overdosing the medication, the exercises or the use of 
devices, or not using it as prescribed (eg, misapplying medication 
or exercises, or using splints ineffectively). The complexity and 
difficulty of identifying factors accurately and predicting medi-
cation non- adherence has led to the development of cognitive 
models to better explain this complex phenomenon.1 12 53 These 
models take into account areas such as illness beliefs, expec-
tations, barriers and intentions, and have become the basis 
of measurement instruments.36 In practical terms, and in the 
context of a frank discussion, we should ask the patient about 
his or her beliefs and concerns about treatments, as these are 
universally present in patients on long- term treatments.54 In 
this line, Foot et al found a moderate effect of pharmacological 
treatment necessity in rheumatoid arthritis and systemic scle-
rosis—both being the RMDs with largest ‘need’ belief of treat-
ment—and lowest in osteoporosis, while they found a strong 
negative association between concerns about adverse effects of 
taking medicines and non- adherence in rheumatoid arthritis and 
in osteoporosis and moderate in systemic sclerosis.55 Patients will 

always weigh up necessity and concern, and therefore we have a 
‘window of opportunity’ for patient education and counselling.

Patient- centeredness and shared decisions are key elements in 
relation to (non- )adherence. If perspectives and preferences of 
patients are not adequately taken into account in medical deci-
sions, non- adherence might get a paternalistic connation. Instead 
the HCP ‘telling’ the patient what to do and the patient needing 
to follow this advice, a common patient- centric perspective 
should be established, and patients should be encouraged to take 
active role in the subsequent decision. However, we acknowl-
edge, that it is not possible for HCPs to assess or be certain that 
a patient has agreed to the proposed treatment plan, especially 
because some patients may give socially desirable answers (for 
fear of disappointing the HCPs). Therefore, adherence should 
be discussed regularly, and the patients must be given assurance 
that they can be honest, because it is their right not to take the 
treatment as prescribed. However, the patients should also be 
encouraged to tell the HCPs about not taking the treatment as 
only with mutual trust, optimal can take place.

The aim of our taskforce was to be as practical as possible. 
Other groups have already issued recommendations to reduce 
non- adherence in RMDs,56 but they dealt specifically with medi-
cation and rheumatoid arthritis, and we wanted to be broader. 
A practical local initiative designed a model for prescription to 
tackle non- adherence,57 and in a very practical paper, Rashid 
et al synthesise the implications of qualitative research in the 
field of non- adherence into the following 11 statements: (1) 
individualise care plan, (2) address practical barriers for the 
individual, (3) adopt a patient- centred approach, (4) increase 
HCPs involvement, (5) ensure long- term follow- up, (6) promote 
self- management, (7) increase family or carer involvement, (8) 
improve patient education, (9) address system barriers, (10) 
increase access to non- prescribing HCPs and (11) improve staff 
training.58 Many of these suggestions reflect our views and 
conclusions.

Exercises are a pillar in the treatment of most RMDs and non- 
adherence may be even larger than to medication. We realise that 
both the definition of adherence and most of the literature deal 
with non- adherence to medication, and thus will not entirely 
apply to exercises or to other prescribed treatments, such as use 
of splints. However, due to the generic nature of the PtCs, we 
assume that our results can equally be applied to any treatment 
the patient is receiving and thus will cover exercises as well.

Two aspects differ from the initial plans of this taskforce. 
First, prevention was not initially included as an objective of 
the taskforce; however, it soon became clear that prevention is 
the ultimate solution to avoid non- adherence, and strategies to 
achieve it will probably overlap with those of an optimal SDM 
process. Second, in the proposal approved by the EULAR exec-
utive, non- adherence to visits and to diet, and not only to medi-
cation or exercises, were initially included. However, the task 
force thought that visits and diet were too complex to measure, 
and would overlap with other initiatives, and left them out of the 
scope and the research agenda.

Finally, regarding the implementation of these PtCs, the task 
force wanted to stress, on one hand the need to adopt a truly 
patient- centred approach and, on the other, the need to make 
system changes. Several PtCs involve the patient as main stake-
holder in the issue of non- adherence. Nothing can be done in 
terms of non- adherence without the help of the one who agrees, 
or not, to follow the treatment or exercises as prescribed. To 
engage him or her, we will need to attain basic effective commu-
nication skills and make SDM a reality. The consequences will be 
a better outcome and higher odds of adequate self- management. 
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Similarly, if we do not evaluate periodically non- adherence at an 
organisational level, and address system barriers, many of which 
are modifiable, including improved staff training, we will not be 
able to make effective changes, or measure the impact of imple-
mented strategies. There is enough information to support better 
use of existing resources and treatments, this include reducing 
non- adherence.

In summary, these PtCs can help HCPs to support people with 
RMDs to adhere to the agreed treatment plan, the basic scheme 
being minimise non- adherence by bonding with the patient and 
building trust, and by overcoming structural barriers, assess in a 
blame- free environment and tailor the solution to the problem.
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ABSTRACT
Animal models for inflammatory arthritides such 
as rheumatoid arthritis (RA) and psoriatic arthritis 
are widely accepted and frequently used to identify 
pathological mechanisms and validate novel therapeutic 
strategies. Unfortunately, many publications reporting 
on these animal studies lack detailed description and 
appropriate assessment of the distinct histopathological 
features of arthritis: joint inflammation, cartilage damage 
and bone erosion. Therefore, the European consortium 
BeTheCure, consisting of 38 academic and industrial 
partners from 15 countries, set as goal to standardise 
the histological evaluation of joint sections from animal 
models of inflammatory arthritis. The consensual 
approach of a task force including 16 academic and 
industrial scientists as well as laboratory technicians 
has resulted in the development of the Standardised 
Microscopic Arthritis Scoring of Histological sections 
(’SMASH’) recommendations for a standardised 
processing and microscopic scoring of the characteristic 
histopathological features of arthritis, exemplified by four 
different rodent models for arthritis: murine collagen- 
induced arthritis, collagen–antibody- induced arthritis, 
human tumour necrosis factor transgenic Tg197 mice 
and rat pristane- induced arthritis, applicable to any other 
inflammatory arthritis model. Through standardisation, 
the SMASH recommendations are designed to improve 
and maximise the information derived from in vivo 
arthritis experiments and to promote reproducibility and 
transparent reporting on such studies. In this manuscript, 
we will discuss and provide recommendations for 
analysis of histological joint sections: identification of 
the regions of interest, sample preparation, staining 
procedures and quantitative scoring methods. In 
conclusion, awareness of the different features of the 
arthritis pathology in animal models of inflammatory 
arthritis is of utmost importance for reliable research 
outcome, and the standardised histological processing 
and scoring methods in these SMASH recommendations 
will help increase uniformity and reproducibility in 
preclinical research on inflammatory arthritis.

INTRODUCTION
Inflammatory arthritides such as rheumatoid 
arthritis (RA) and psoriatic arthritis are common 
systemic inflammatory diseases characterised by 

synovial inflammation causing structural joint 
damage and functional disabilities.1 2 Numerous 
animal models that closely resemble characteristic 
features found in patients with arthritis are studied 
worldwide to identify novel pathologenetic mech-
anisms or to validate novel therapeutic approaches 
(figure 1).3–5 Based on the complexity of the 
disease, it is of particular importance to correctly 
address the effects of therapeutic agents, or other 
interventions, such as gene knock- ins or knock- 
outs on the distinct pathophysiological features 
including synovial inflammation, bone erosion and 
cartilage damage in these models. Unfortunately, 
published findings from many animal studies lack 
detailed description and appropriate assessment of 
the distinct histopathological features of arthritis: 
methods of processing and scoring are poorly 
defined, and often several histological variables 
are combined into one score, thereby losing power 
to detect differences and making it impossible to 
uncouple processes like joint inflammation and 
destruction. While clinical trial designs are highly 
regulated,6–8 studies of experimental arthritis are 
not standardised and every group may have its own 
methods for histological processing and scoring of 
joint sections, thereby hampering the combination 
and comparison of multiple data sets. Therefore, 
the European consortium BeTheCure, consisting 
of 38 academic and industrial partners from 15 
countries, funded by the Innovative Medicine 
Initiative, a public–private partnership between the 
European Union and the European Federation of 
Pharmaceutical Industries and Associations, set as 
one of their main goals to standardise the histolog-
ical evaluation of joint sections from animal models 
of inflammatory arthritis. A task force team of 16 
academic scientists, industrial scientists and labora-
tory technicians experienced in arthritis models has 
therefore developed the Standardised Microscopic 
Arthritis Scoring of Histological sections (‘SMASH’) 
recommendations for a standardised processing 
and microscopic scoring of the histopathological 
features of arthritis, exemplified by four different 
models, and applicable to any other inflammatory 
arthritis model. Selected arthritis models included 
three of the most established systemic mouse 
models, namely, collagen- induced arthritis (CIA), 
collagen–antibody- induced arthritis (CAIA) and 

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0003-1334-5668
http://orcid.org/0000-0001-7790-8197
http://orcid.org/0000-0002-2758-4400
http://orcid.org/0000-0003-1867-3150
http://orcid.org/0000-0002-4969-2576
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2020-219247&domain=pdf&date_stamp=2021-04-23
http://ard.bmj.com/


715Hayer S, et al. Ann Rheum Dis 2021;80:714–726. doi:10.1136/annrheumdis-2020-219247

Recommendation

human tumour necrosis factor transgenic Tg197 mice as well as 
the rat pristane- induced arthritis (PIA) model.9–16 Importantly, 
the standardised assessment of these four models allowed us to 
highlight their differences regarding extent of synovial inflam-
mation, subchondral bone erosion and articular cartilage damage 
or development of osteophytes, the latter not being untypical for 
RA but common in spondyloarthritis. These differences, as well 
as the different pathophysiological mechanisms like the relative 
contribution of the innate and/or the adaptive immune system 
to pathogenesis, determine which model suits the investigator’s 
research question best.3–5 17–19

These SMASH recommendations are primarily aimed at 
scientists performing histological analysis of joints from arthritis 
studies in mice and rat. Through standardisation of processing 
and scoring arthritis pathology, the SMASH recommendations 
aim to improve and maximise the information derived from in 
vivo arthritis experiments and to promote reproducibility and 
transparent reporting on such studies.

METHODOLOGY
The BeTheCure task force included 16 academic scientists, 
industrial scientists and laboratory technicians from eight Euro-
pean countries experienced in histological evaluation of arthritis 
models. This task force aimed to develop a basic set of recom-
mendations for the histopathological assessment of inflammatory 
arthritis based on expert opinions and published literature.20–31 
Histological procedures and scoring systems have been collected, 
discussed and defined during Annual BeTheCure meetings, three 
BeTheCure animal workshops in Stockholm, Athens and Vienna 
and two expert meetings in Nijmegen and Vienna, which finally 
resulted in the consensus definition of 30 main recommenda-
tions. Recommendations on technical procedures resulted from 
best practice and knowledge of experts. Recommendations on 
scoring systems have been finally validated in common micro-
scopic screening rounds by SH, MJV, CG, MIK. Final levels of 
agreement were assessed by a voting survey (1, disagree, to 10, 
agree) derived from all task force members (table 1). Mean levels 
of agreement (SD) were very high for these recommendations 

(>9/10). Representative images of joint sections were selected 
from a collection of histological sections from four animal 
models (CIA, CAIA, Tg197 and PIA) provided by the contrib-
uting institutions of the task force members.

RESULTS
The BeTheCure task force defined 30 recommendations divided 
into seven categories for the standardisation of histological 
processing, evaluation, scoring and reporting of histopatho-
logical features from inflammatory arthritis in mice and rats 
(table 1).

Category 1: sample selection, orientation and regions of 
interest for mouse and rat hind paw sections
Due to short reproduction times, relatively low costs, easy 
housing and handling and for ethical reasons, mice and rats 
are the most commonly used species in animal experiments for 
arthritis research. Depending on the arthritis model, different 
joints are affected and can be assessed for histopathological 
evaluation, including knee joints, carpal, tarsal and/or ankle 
joints. Knee joints are only recommended for histopathological 
analysis in gonarthritis models like methylated bovine serum 
albumin (mBSA)- mediated antigen- induced arthritis or after 
intra- articular injection of pathogenic mediators like cytokines 
and ligands like streptococcal cell wall (SCW) fragments into 
the knee joint. For systemic arthritis models affecting multiple 
joints, such as CIA, CAIA, Tg197 and PIA, studying the histo-
pathology of the hind paws is the most established and recom-
mended method. Clinical signs of arthritis such as joint swelling 
and redness in hind paws or loss of grip strength can be non- 
invasively and longitudinally evaluated during the disease course 
and can be related to histological outcomes at the end of the 
study. Histological evaluation of affected front paws demon-
strates limitations in standardisation due to lack of consistent 
cutting planes.

Before starting an animal experiment, appropriate sample 
size calculation is essential for designing a scientifically conclu-
sive and ethically justifiable study.32 33 Therefore, the primary 
outcome measure (ie, synovial inflammation, bone erosion or 
cartilage damage) should be defined for testing the research 
hypothesis (online supplemental figure S1). Histological sections 
of the hind paws can be prepared either in transverse or sagittal 
plane. Preparation of sagittal sections allows for the evaluation 
of both ankle and tarsal joints including the talocrural (tibia, 
fibula, talus), subtalar (talocalcaneal), talocalcaneonavicular, 
calcaneocuboid, cuneocuboid, intercuneiform, cuneonaviculare 
and tarsometatarsal joints (figure 2A). Sagittal sections can be 
presented in two variants: in a talus- orientated or calcaneus- 
orientated section plane. Evaluation of metatarsophalangeal and 
interphalangeal joints in sagittal sections is not recommended as 
only a single phalange will be cut using this orientation.

Preparation of transverse sections of the hind paw allows 
for the evaluation of eight to nine tarsal joints including calca-
neocuboid, cuneonavicular, intercuneiform and tarsometatarsal 
joints (figure 2B). The evaluation of metatarsophalangeal or 
interphalangeal joints is not always feasible due to the difficulty 
in preparing consistent cutting planes.

Category 2: sample preparation of hind paws, decalcification 
and staining procedures for histological sections
Since frozen joint sections comprising bone tissue are difficult 
to cut and transfer onto slides, and detailed organisation and 
morphology is often lost, paraffin embedding is recommended 

Figure 1 Common histopathological features of inflammatory joint 
damage in human RA and experimental models. TRAP- stained joint 
sections indicate synovitis, pannus formation, synovial osteoclast 
formation, subchondral bone erosions as well as cartilage erosion in 
human RA (upper row, MTP-1 joint section) and experimental arthritis 
models (lower row, affected tarsal joint from a 10- week- old Tg197 
mouse). Original magnification is 50× (upper left), 100× (upper right; 
lower left) and 200× (lower right). B, bone; BM, bone marrow; C, 
cartilage; P, synovial pannus; RA, rheumatoid arthritis; S, synovium; 
TRAP, tartrate- resistant acid phosphatase.
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Table 1 Recommendations for standardised processing, scoring and reporting of the histopathology from inflammatory arthritis in mice and rats

Recommendations
Mean level of 
agreement (SD)

Category 1: Sample selection and orientation

1) Before starting an animal experiment to test a research hypothesis, a sample size calculation should be performed by defining the primary outcome 
measure, the anticipated effect size, the SD, the power and significance level.

9,2 (2,3)

2) To maximise standardisation in the evaluation of histopathology of systemic inflammatory arthritis models, hind paws rather than front paws are 
recommended for analysis.

9,0 (2,1)

3) Either sagittal or transverse sections can be used for the evaluation of tarsal and/or ankle joints, as long as a standardised orientation is applied. 9,1 (2,2)

4) To guarantee optimal morphology, paraffin- embedded joint sections rather than cryo- sections should be used for standardised evaluation of
histopathology.

9,7 (0,8)

Category 2: Sample preparation, decalcification and staining procedures

5) Fixation of isolated paws should be performed in 4%–10% formalin for at least 6 hours at room temperature for mice or overnight at 4°C for rats. 9,6 (1,3)

6) Decalcification should be done in 14% EDTA solution or in 5% formic acid, and compatibility of decalcification agents should be carefully adjusted to 
planned staining procedures.

9,7 (0,6)

7) Conventional histological stainings such as H&E, tartrate- resistant acid phosphatase (TRAP), safranin O (SafO) or toluidine blue (TB) staining are 
recommended for accurate histological analysis of the various joint pathology features.

9,6 (0,7)

8) Our recommended staining protocols can be used as basic guidelines and will increase standardisation. 9,8 (0,5)

Category 3: General points to consider for scoring histopathology of inflammatory arthritis

9) For accurate histological scoring, the distinct histopathological features like synovial inflammation, bone erosion, cartilage destruction, proteoglycan 
depletion and optionally new bone formation should be evaluated as separate parameters.

9,7 (0,6)

10) Histological scoring of the hind paws should be evaluated in standardised cutting planes and depths for each specimen, and should cover at least three 
articular joints of ankle/tarsal bones in sagittal sections or at least six tarsal joints in transversal sections.

9,8 (0,6)

11) Histopathological analysis should be evaluated in at least two (non- serial) sections, simultaneously stained and obtained scores should be subsequently 
averaged to result in a single data point per animal.

9,4 (1,3)

12) Histopathological analysis should preferentially be based on the consensus of two independent observers. 9,1 (1,4)

13) Analysis should be performed in a blinded manner and can be performed using either a semiquantitative scoring system or a quantitative analysis with 
appropriate software.

9,9 (0,5)

14) For standardised semiquantitative assessment of the distinct parameters, joint pathology scores should range from 0 (healthy) to 3 (severe) with in- 
between grading scores of 0.25–0.5 depending on the level of expertise.

9,4 (1,3)

15) For standardised quantitative analysis of the distinct parameters, joint pathology should be expressed as area (in mm2 of total region of interest) in the 
case of synovial inflammation, bone erosion, total cartilage and new bone formation, in percentage (% destained cartilage per total cartilage) or as cell counts 
(in number of positive cells of total region of interest).

9,4 (1,4)

Category 4: Recommendations for evaluating synovial inflammation

16) Evaluation of synovial inflammation should be performed in H&E- stained sections with 25× magnification for overview purposes and subsequent 50–
100× magnification for detailed scoring.

9,5 (1,1)

17) The degree of synovial inflammation is recommended to be scored either as semiquantitative or quantitative readout parameter as described under 14) 
and 15).

9,8 (0,6)

18) A universal, semiquantitative scoring system for synovial inflammation is proposed as: 0, healthy, one to two cell layers of synovial membrane, no 
inflammatory infiltrates; 1, three to five cell- layered synovial membrane, mild cellular infiltrate into the synovium and exudate in the joint cavity with low 
cell density; 2, multilayered synovial membranes, enhanced cellular infiltrates and increased cell density throughout the joints; 3, maximally expanded 
inflammation filling all joint cavities, hyperplastic synovial tissue with high cell density.

9,6 (0,8)

Category 5: Recommendations for evaluating bone erosion

19) Evaluation of bone erosion should be performed in H&E or TRAP- stained sections under 25× magnification for overview purposes and subsequent 100× 
magnification for detailed scoring.

9,8 (0,6)

20) The degree of bone erosion is recommended to be scored either as semiquantitative or quantitative readout parameter as described under 14)
and 15).

9,4 (1,8)

21) In respect to local varieties of the severity of erosions, semiquantitative analyses of bone erosion should be scored as the average calculated for multiple 
joint areas within one section.

9,1 (1,7)

22) A universal semiquantitative scoring system for bone erosion is proposed as: 0, healthy, intact bone surface; 1, small focal bone lesions at the surface of 
cortical bone; 2, enhanced focal, subchondral bone erosions, partial or complete penetration of cortical bone and small breakthrough of cortical bone to bone 
marrow cavity possible; 3, massive, enlarged erosions of the bone tissue, extended synovial pannus invasion causing complete breakthrough of the cortical 
bone to the bone marrow cavity, and loss of bone architecture.

9,5 (1,0)

23) TRAP staining is recommended for further quantification of osteoclasts (as number per total region of interest), where synovial osteoclasts are defined as 
TRAP+ multinucleated (more than three nuclei) cells within the inflammatory synovial tissue.

9,8 (0,6)

Category 6: Recommendations for evaluating cartilage erosion and proteoglycan loss

24) Histological scoring of cartilage damage should consist of two major parameters: (1) loss of proteoglycans from the superficial cartilage layer and (2) 
cartilage erosion of the superficial and/or the deeper calcified cartilage layer.

9,8 (0,4)

25) Evaluation of cartilage erosion and proteoglycan loss should be performed in SafO or TB- stained sections under 100–200× magnifications for detailed 
scoring.

9,7 (0,6)

26) The degrees of cartilage erosion and proteoglycan loss are recommended to be scored either as semiquantitative or quantitative readout parameter as 
described under 14) and 15).

9,8 (0,6)

27) In respect to semiquantitative analyses, the severity of cartilage damage should be scored as the average calculated for multiple joint areas within one 
section.

9,4 (1,1)

Continued
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for histological analysis of mouse and rat joints. The following 
paragraphs provide a detailed guideline for isolation, fixation 
and decalcification of joint samples for subsequent paraffin 
embedding.

Sample preparation of hind paws and decalcification of bone tissue
For proper processing of joints for histology, hind paws are 
cut 2–3 mm above the ankle, nails are removed, and the skin is 
either randomly incised or completely removed to allow easy 

penetration of formalin (figure 3A). To improve the workflow, 
samples can already be positioned into the embedding cassette 
(figure 3B) before fixation and decalcification steps. Paws are 
fixed in 4%–10% formalin for at least 6 hours at room tempera-
ture (RT) for mice or overnight at 4°C for rats. Caution is 
advised in case of subsequent immunohistochemical enzymatic 
staining such as tartrate- resistant acid phosphatase (TRAP), 
where the formalin fixation period must not exceed 24 hours 
to avoid disturbances in enzymatic activities or delicate epitope 
structures. In contrast, longer formalin fixation is not critical for 
regular H&E, toluidine blue (TB) or safranin O (SafO) stainings. 
Fixed samples are then decalcified in 14% EDTA solution for at 
least 1 week (for mice) or 2–4 weeks (for rats) at 4°C, with weekly 
refreshing of the solution (figure 3C). Alternatively, the use of 

Recommendations
Mean level of 
agreement (SD)

Category 7: Data analysis, statistics and reporting

28) Semiquantitative or quantitative scoring data should be graphically represented, tested for their Gaussian distribution and statistically evaluated by using 
appropriate parametric or non- parametric tests.

9,9 (0,3)

29) Representative images of the obtained joint pathology are recommended to be shown to support histological findings. 9,9 (0,5)

30) To allow standardisation, reproducibility and comparison between different research groups, we recommend to report a minimal dataset to describe the 
details of the histological procedures and scoring systems, either in the methods section of the main manuscript or as supplemental material in publications.

9,6 (1,1)

Table 1 Continued

Figure 2 Regions of interest for histopathological evaluation in 
sagittal and transverse sections of hind paws. (A) Sagittal section 
plane of a hind paw can be used to evaluate the ankle and tarsal 
joints and can be presented as two variants: A more talus- orientated 
section plane can be used to assess four to five joints and a more 
calcaneus- orientated section plane to assess four joints. Regions of 
interest for assessing arthritic features in articular joints are indicated 
by a blue rectangle. (B) Transverse section plane of a hind paw 
allows for the evaluation of eight to nine articular joints of tarsal and 
metatarsal bones. Original magnification of histological images is 25×. 
Abbreviations marked in the bones of the hind paw: Ca, calcaneus; Cub, 
cuboid; Cun, cuneiformes; Na, naviculare; MT, metatarsal; Ta, talus; Ti, 
tibia.

Figure 3 Preparation and positioning of hind paws for sagittal or 
transverse paraffin- embedded tissue sections. (A) Prepared hind paw 
of a mouse after skin removal. (B) Proper positioning of isolated hind 
paws for sagittal (left) and transverse sections (right) into embedding 
cassette. (C) Fixation and decalcification methods for processing of hind 
paws for histological analysis. (D) Example of an automated paraffin- 
embedding protocol. RT, room temperature.
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5% formic acid as decalcification reagent is possible, with incu-
bation for 7–10 days and refreshing of the solution after 3–4 days 
(for compatibility of decalcification agents with staining methods 
see below). A simple way to test the completion of decalcifica-
tion is to penetrate a bone outside the region of interest with 
a needle and check whether the tissue has become pliable and 
soft without crepitus. Samples can be subsequently embedded in 
paraffin or stored in 70% ethanol for later processing.

Paraffin-embedding procedure
Samples should be properly positioned into the embedding 
cassette for subsequent paraffin- embedding allowing appro-
priate cutting planes (figure 3B). Any standard vacuum infil-
tration process can be applied for paraffin embedding of paw 

samples. A representative paraffin- embedding procedure is given 
in figure 3D.

Standard staining procedures for the evaluation of synovial 
inflammation, bone erosion and cartilage damage
Paraffin- embedded joints are cut on a regular microtome with 
disposable blades at a thickness of 2–5 µm. Paraffin sections 
should be mounted on negatively charged slides to avoid detach-
ment of the specimen during staining procedures. To ensure a 
reliable scoring of pathology of the entire joint, multiple sections 
approximately 50–70 µm apart should be used. All sections 
should be stained simultaneously to avoid variation in colour 
and intensity. The following standard histological stainings are 
recommended for histological analysis of joint pathology:

 ► H&E staining: for quantification of synovial inflammation, 
in particular. H&E is also suitable for detection of bone and 
cartilage erosions.

 ► TRAP staining: for detection of multinucleated osteoclasts 
and scoring the extent of bone erosions.

 ► SafO or TB staining: for determination of proteoglycan loss 
and cartilage erosion.

Deparaffinisation and rehydration of sections
Before staining, paraffin sections are deparaffinised with xylene 
(2 times 5 min at RT), followed by rehydration through a graded 
series of 100%, 96% and 70% ethanol, and finally with distilled 
water (each 5 min at RT).

Table 2 HE staining procedure

H&E staining

Reagents:
 ► Meyer’s hemalum stock solution: 1× working solution according to 

manufacturer’s protocol
 ► Eosin working solution: 300 mL eosin solution, 600 mL distilled water, 0.1 mL 

acetic acid 100%
 ► 1% HCl in 70% ethanol

Staining procedure (at room temperature): Time

Stain with Meyer’s hemalum working solution 10 min

Rinse in distilled water 15 s

Differentiate in 1%HCl/70%ethanol (under gentle shaking) 5 s

Rinse in running tap water (blue- stained nuclei) 10 min

Incubate with eosin working solution 15 s

Rinse in distilled water 15 s

Dehydrate in 96% ethanol 5 min

Rinse in 100% ethanol 5 min

Incubate in xylene* or xylene substitutes (eg, N- butyle acetate)
*xylene covers three isoforms: xylene, xylol or dimethylbenzene

5 min

Seal the slides with permanent mounting medium (eg, Eukitt or 
Permount) and a coverslip

Table 3 TRAP staining procedure

TRAP staining

Reagents:
Various kits for TRAP staining are commercially available, like 
leucocyte acid phosphatase kit from Sigma Diagnostics Cat.
No. 387- A
Preparation of tartrate solution: mix the following 
components: 0.25 mL Naphthol AS- BI phosphoric acid, 1.0 mL 
acetate solution, 0.5 mL tartrate solution add 45 mL distilled 
water

Staining procedure Time

Prepare tartrate solution always freshly according to 
manufacturer instructions

Incubate tartrate solution on specimen at 37°C in a water bath 
protected from light

1 hour

Preparation of substrate solution: mix following components
0.25 mL fast garnet GBC base solution
0.25 mL sodium nitrite solution

rest for 2 min at RT

Add substrate solution to preincubated slides and develop at 
37°C

2 min

Rinse with distilled water 15 s

Counterstain nuclei with Meyer’s haematoxylin (see H&E 
staining steps 1–3)

RA, rheumatoid arthritis; TRAP, tartrate- resistant acid phosphatase.

Table 4 Safranin O and TB staining procedure

Safranin O staining

Reagents:
1% HCl in 70% ethanol
1% acetic acid in water
Weigert’s iron haematoxylin working solution
0.1% fast green in distilled water
0.1% safranin in distilled water

Staining procedure (at room temperature): Time

Incubate with Weigert‘s haematoxylin working solution 5 min

Differentiate in 1%HCl/70%ethanol (under gentle shaking) 5 s

Rinse in running tap water 15 s

Incubate in 0.1% safranin O 30 s to 1 min

Rinse in 1% acetic acid 15 s

Rinse in running tap water 15 s

Incubate with fast green 0,1% 5–7 min

Rinse in 96% ethanol 15 s

Rinse in 100% ethanol until no colour can be removed up to 1 min

Incubate in xylene 5 min

Seal the slides in permanent mounting medium (eg, Eukitt)

TB staining

Reagents:
TB stock solution 10×: 1% TB O, 1% natriumtetraborate in water. Stock solution 
should be filtrated two times before use. 1× TB working solution is prepared in water.

Staining procedure (at room temperature): Time

Incubate in TB working solution (1×) 8–30 s

Rinse in distilled water 15 s

Rinse in 96% ethanol (metachromatic dye becomes visible) 10–20 s

Dehydrate in absolute ethanol 5 min

Incubate in xylene 5 min

Mount with permanent mounting medium (eg, Eukitt)

TB, toluidine blue.
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H&E staining for the evaluation of synovial inflammation
H&E stain is one of the most commonly used stains in histo-
logical analyses. An example of an H&E staining procedure is 
given in table 2. The staining method involves application of 
hemalum, a complex formed from haematoxylin and alum that 
colours nuclei blue. The nuclear staining is followed by coun-
terstaining with eosin, which colours eosinophilic structures in 
various shades of pink (cytoplasm) or red (erythrocytes, eosin-
ophilic granules). H&E staining is routinely used not only to 

address the presence, distribution and density of cells in tissues 
but also to give structural information about bone and cartilage. 
In arthritis assessment, the H&E staining is highly suitable to 
score the degree of inflammation, visualising the presence of 
inflammatory cells in the synovial tissue and joint cavities.

TRAP staining for the identification of bone-resorbing osteoclasts 
and bone erosions
TRAP is an enzyme with optimal activity in acidic conditions and 
is frequently used as histochemical marker for osteoclasts. TRAP 
is expressed by mature osteoclasts as well as its precursors, but its 
biological function in the latter is still unknown.34 35 The purple 
TRAP staining in combination with the haematoxylin- blue coun-
terstained nuclei forms a perfect method to identify not only 
multinucleated osteoclasts but also to easily detect bone sites 

Figure 4 H&E staining used for the assessment of synovial 
inflammation in sagittal or transverse sections. (A) Rectangles and bold 
numbers indicate the areas with joints of interest for histopathological 
evaluation. (B) Representative magnified images of a healthy and 
an inflamed joint illustrating synovitis and pannus formation. H&E 
staining (blue nuclei of cells) indicates synovial joint inflammation 
(green line) characterised by inflammatory cell infiltrates, increase in 
synoviocytes, thickening of synovial lining and sub- lining as well as 
invasion of pannus tissue (blue dashed lines). H&E staining also allows 
morphological discrimination of intact bone surface and bone erosions 
(loss of bone tissue and eroded bone tissue substituted by invading 
synovial pannus tissue). Left, intact healthy joint in wild- type mice. 
Middle and left, inflamed, eroded arthritic joint (here represented by 
the Tg197 model, 10 weeks of age. Original magnification is 100×. B, 
bone; BI, bone marrow inflammation; Ca, calcaneus; Cub, cuboid; Cun, 
cuneiformes; Na, naviculare; MT, metatarsal; S, synovium; SI, synovial 
inflammation; Ta, talus; Ti, tibia.

Figure 5 Scoring of synovial joint inflammation in collagen- induced 
arthritis and collagen- antibody- induced arthritis: (A) Representative 
H&E- stained sections illustrating the grading of scores for joint 
inflammation in CIA (days 35 and 42 after immunisation). (B) 
Quantitative assessment of the area of synovial joint inflammation 
by manual drawing and contouring the region of interest. (C) 
Semiquantitative scoring of synovial inflammation from 0 to 3 based 
on characteristic features including density of infiltrating inflammatory 
cells, synovial hyperplasia and pannus invasion for synovial 
inflammation. Original magnification is 25×. CIA, collagen- induced 
arthritis; CAIA, collagen–antibody- induced arthritis.

Table 5 Compatibility of decalcification agents with staining methods

Compatibility of staining

Decalcification H&E TRAP Toluidine blue Safranin O IHC

EDTA Highly Highly Highly Less35 Highly

Formic acid Highly Less* Highly Highly Not compatible with some epitopes31 36 38

*Expert experiences.
IHC, immunohistochemistry; TRAP, tartrate- resistant acid phosphatase.
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eroded and invaded by synovial pannus tissue. A TRAP staining 
protocol is provided in table 3.

SafO or TB staining for the evaluation of proteoglycan loss and 
cartilage erosion
SafO and TB are cationic stains that bind to acidic proteoglycans 
and are often used to study articular cartilage. Standard staining 
procedures are given in table 4. SafO stains healthy articular 
cartilage as an intense orange- red colour. Fast green, an acidic 
substrate, which strongly binds to noncollagenous proteins, is 
used as counterstain. TB, a blue cationic dye, is an alternative for 
SafO to stain cartilage proteoglycans. It stains mast cell granules 
into purple colour and has a different shade of dark blue and 
purple when bound to cartilage. The intensity of SafO or TB 
staining is proportional to the proteoglycan content in the carti-
lage, making these staining highly suitable to evaluate proteo-
glycan loss from articular cartilage in arthritic joints.

Compatibility of decalcification agents with staining methods
There is an ongoing debate whether the different decalcifica-
tion buffers are compatible with all the staining procedures; 
indeed, the choice of the decalcification buffer can influence 
the visual appearance of the staining.36–41 For example, SafO 
staining results in brighter, different tinctorial staining on formic 
acid- decalcified sections than when pretreated with EDTA.38 In 
contrast, TRAP staining is superior and more reliable on EDTA- 
decalcified sections than on formic acid- decalcified material, 
since acid decalcifying agents may inhibit enzymatic staining 
procedures (table 5). Decalcification may result in reduced anti-
genicity and nucleic acid degradation limiting further molec-
ular analysis.40 42 43 Therefore, immunohistochemistry stainings 
and spatial transcriptomics may benefit from EDTA rather than 
formic acid- based decalcification.42 43 The molecular and cellular 
assessment of synovial, bone or cartilage tissue may also require 
alternative procedures such as (non)- decalcified cryo- sectioning 
for immunhistochemistry or tissue digestions of synovial tissue 
for cellular phenotyping by flow cytometry.44 45

Category 3: general points to consider for scoring 
histopathology of inflammatory arthritis
As demonstrated in numerous animal studies,27 29 46–51 some 
therapeutic agents or genetic interventions can lead to a decou-
pling of joint inflammation from structural damage, which 
will not be recognised when applying a method that merges all 
histological features into one score. Therefore, distinct histo-
pathological features like synovial inflammation, bone erosion, 
cartilage destruction and proteoglycan depletion should be eval-
uated as separate parameters. As detailed histological analyses, 
which are not possible in humans, are one of the main justifica-
tions to perform animal studies, researchers also have an ethical 
obligation to extract as much information as possible from these 
experiments.

Histopathological analysis should be evaluated in at least two 
sections (with a minimum distance of 50 µm apart) from the 
same specimen and should include the same joints in compa-
rable cutting planes and depths. Obtained scores should be Figure 6 Scoring of synovial joint inflammation in the Tg197 model. 

Representative H&E images illustrating the grading of scores for joint 
inflammation in Tg197 mice evaluated using sagittal sections with (A) 
calcaneus or (B) talus orientation or (C) transverse section of hind paws. 
Representative histological images are taken from 15 weeks old wild- 
type and from 10 to 15 weeks old Tg197 mice (A–C). (D) Description 
of characteristic features enabling semiquantitative scoring of synovial 
joint inflammation from 0 to 3. Original magnification is 25×.

Figure 7 Evaluation of bone erosions and osteoclasts in arthritic 
joints. (A) Schematic representation of the bone subareas within a 
single joint, which should be evaluated for the severity of erosion. 
Bone erosions should be assessed in each joint separately and finally 
calculated as mean score from all the investigated joints. (B) TRAP- 
stained sections identify purple- coloured TRAP +multinucleated bone- 
resorbing osteoclasts (more than three nuclei) and the occurrence of 
subchondral bone erosion. Left: intact joint architecture in non- arthritic 
mice. Right: inflammatory, erosive joint demonstrating the generation 
of synovial osteoclasts and the formation of an invasive pannus tissue 
penetrating into subchondral bone areas. (C) Left: manual drawing 
of the area of subchondral bone erosion (blue dashed lines) in TRAP- 
stained section for quantitative data assessment on bone erosions 
(mm2). Right: HE- stained section of the same region. Representative 
histological images are taken from 15 weeks old wild- type and Tg197 
mice (A–C). Original magnification is 200×. B, bone; BM, bone marrow; 
C, cartilage; SI, synovial inflammation; SP, synovial pannus; TRAP, 
tartrate- resistant acid phosphatase.
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subsequently averaged to result in a single data point per animal 
and should preferentially be based on the consensus of two inde-
pendent observers. Analysis should be performed in a blinded 
manner and can be performed using either a semiquantitative 
scoring system or by quantitative analysis with appropriate soft-
ware. Of note, both evaluation procedures should cover at least 
three articular joints of ankle/tarsal bones in sagittal sections and 
at least six tarsal joints in transversal sections (figure 4A).

Semiquantitative scoring
Histopathological features like synovial inflammation, bone 
erosion, cartilage erosion and proteoglycan loss are recom-
mended to be scored as separate readout parameters in grading 
arbitrary scores ranging from 0 (healthy, intact) to 3 (severe) 
with in- between grading scores of 0.25–0.5 (depending on the 
level of expertise).

Whereas inflammation is scored as an overall score of the 
total region of interest per section, and the mean of at least two 
sections is determined, the severity of bone and cartilage damage 
may differ between joints within the same section. Therefore, it 
is recommended to score the degree of damage in each joint or 
subarea individually and calculate the mean score per section 
(and subsequently per paw) by dividing the sum of all scores by 
the number of analysed subareas. Evaluation sheets were created 
to assist semiquantitative scoring (online supplemental figure 
S2A–C). Experts will be able to score these readout parameters 
without counting single sites.

Quantitative analysis
Quantitative analysis of histopathological features requires 
the use of a microscope equipped with a digital camera and 

connected to a software system that allows marking and deter-
mination of areas, surfaces and distances on microscopic images 
(examples of software systems: OsteoMeasure System from 
OsteoMetrics, Atlanta, Georgia, USA; Definiens from Definiens 
AG, Germany; Leica Application Suite from Leica microsystems, 
Germany; Image J from National Institutes of Health, USA). 
The investigator screens the region of interest row by row and 
manually draws a line around the individual histopathological 

Figure 8 Scoring of bone erosions in arthritic joints. (A) 
Representative images from TRAP- stained sections indicating severity 
scores of bone erosions in small tarsal joints graded from 0 (none) to 
3 (severe). Here, erosions are exemplified on sagittal tarsal sections 
from 8- week- old wild- type and 8- week- old to 12- week- old Tg197 
mice. (B) Marked areas defining bone erosion from the same images 
(blue fields). (C) Labelling of bone erosion in larger bones such as tibia 
(tibiotalar joint) in HE- stained sections from CIA model (days 35 and 42 
after immunisation). (D) Description of characteristic features defining 
grading scores of local bone erosion from 0 to 3 in the affected joints. 
Original magnification is 200×. CIA, collagen- induced arthritis; TRAP, 
tartrate- resistant acid phosphatase.

Figure 9 Evaluation of cartilage damage in arthritic joints. (A) 
Schematic representation of the cartilage areas within a single joint, 
which should be evaluated for the severity of cartilage damage. 
Cartilage damage should be assessed in each joint separately and 
finally calculated as mean score from all the investigated joints. (B) 
TB or SafO- stained cartilage in healthy (left) and inflamed joint (right) 
sections. Healthy, intact mouse articular cartilage consists of two layers 
that are separated by a tight mark: the dark blue (TB) or red (SafO) 
stained superficial, non- calcified layer and the underlying stained 
calcified cartilage layer. Inflammation- mediated loss of proteoglycans 
is indicated by the loss of blueness (TB) or redness (SafO) of superficial, 
non- calcified cartilage layer, which can be easily estimated. Cartilage 
damage can be further characterised by the erosion of the superficial 
cartilage layer and/or erosion of the underlying calcified cartilage layer 
invaded by pannus tissue. (C) Labelling of cartilage damage including 
proteoglycan loss of the superficial cartilage layer (destaining, black 
line) and cartilage erosion (erosion of underlying calcified cartilage 
layer- orange line). Subchondral bone erosion areas are indicated by red 
lines. Images are represented from hind paw sections of a wild- type 
mouse and Tg197 animals (12 weeks of age). Original magnification 
is 200×. B, bone; BI, bone marrow infiltrates; BM, bone marrow; C, 
cartilage; JC, joint cavity; SafO, safranin O; SI, synovial inflammation; SP, 
invading synovial pannus; TB, toluidine blue.

https://dx.doi.org/10.1136/annrheumdis-2020-219247
https://dx.doi.org/10.1136/annrheumdis-2020-219247
http://ard.bmj.com/


722 Hayer S, et al. Ann Rheum Dis 2021;80:714–726. doi:10.1136/annrheumdis-2020-219247

Recommendation

features or marks individual cells on the computer screen (online 
supplemental figure S3). Drawings are routinely performed in 
100× or 200× magnification of the tissue section. Quantitative 
data from all the fields of interest are automatically added and 
calculated by the software. Results are given as area (in mm2 
per total region of interest) in case of synovial inflammation, 
bone erosion, total cartilage, destained cartilage or as percentage 
(proteoglycan loss in %; area of destained cartilage in relation 
to area of superficial cartilage) or as number of positive cells 
per total region of interest, like TRAP+multinucleated synovial 
osteoclasts (in cell numbers).

Category 4: recommendations for evaluating synovial 
inflammation
Evaluation of synovial inflammation representing the extent 
and density of infiltrating inflammatory cells, synovial hyper-
plasia and pannus invasion can be performed in H&E- stained 
sagittal or transverse sections from hind paw sections with 
25× magnification for overview purposes and with 50–100× 
magnification for specific scoring purposes (figure 4). Overall 
semiquantitative scores, ranging from 0 to 3, can be used, or 
quantitative assessment of the affected area (in mm2 per total 
region of interest) can be performed as illustrated in sagittal 
sections from hind paws of CIA (figure 5). Similar presentation 

and scores of joint inflammation as in CIA are found in CAIA 
and are, therefore, not defined separately here. Representative 
images of the different grades of synovial inflammation are 
also provided in the three variants of tissue section planes from 
the Tg197 transgenic model (figure 6) and in transverse plane 
from rat PIA (online supplemental figure S4). A semiquantita-
tive scoring can be commonly described for the various arthritis 
models as following: 0, healthy, one to two cell layers of syno-
vial membrane, no inflammatory infiltrates; 1, three to five 
cell- layered synovial membrane, mild cellular infiltrate into the 
synovium and exudate in the joint cavity with low cell density; 2, 
multilayered synovial membranes, enhanced cellular infiltrates 
and increased cell density throughout the joints; 3, maximal 
expanded inflammation filling all joint cavities, hyperplastic 
synovial tissue with high cell density. The main differences in 
joint inflammation between distinct models can be observed in 
(1) the inflammatory tissue composition with respect to cell type 
contribution and (2) the extent of extra- articular inflammation, 
which is, for example, more extended in CIA or CAIA than in the 
Tg197 model. Of note, this also varies within a model depending 
on the disease phase that is studied, either early after the arthritis 
onset, during established disease or during the resolution phase.

Figure 10 Scoring of proteoglycan loss in arthritic joints. Left and 
middle, representative images of TB and SafO- stained paw sections 
illustrating the different grading scores (0, none, to 3, severe) of 
proteoglycan loss in articular cartilage. Proteoglycan loss is represented 
by hind paw sections from CIA (day 42 after immunisation, SafO) and 
Tg197 model (8–12 weeks of age, TB), respectively. Right, description 
of characteristic features defining the grading scores of proteoglycan 
loss in the different animal models. Eroded areas of superficial layer 
are evaluated as complete loss. Original magnification is 200×. CIA, 
collagen- induced arthritis (in mice); CAIA, collagen- antibody- induced 
arthritis (in mice); PIA, pristane- induced arthritis (in rats); SafO,safranin 
O; TB,toluidine blue; Tg197, human TNF transgenic mouse.

Figure 11 Scoring of cartilage erosions in arthritic joints. Left and 
middle, representative images of SafO and TB stained paw sections 
illustrating the different grading scores (0, none; to 3, severe) of 
cartilage erosion in the articular cartilage. Cartilage damage is 
represented by images from CAIA (day 12 after induction, SafO) 
and Tg197 model (8–12 weeks of age, TB). Right, description of the 
characteristic features defining the grading scores of cartilage erosion 
in the different animal models. Original magnification is 200×. CIA, 
collagen- induced arthritis (in mice); CAIA, collagen- antibody- induced 
arthritis (in mice); PIA, pristane- induced arthritis (in rats); SafO,safranin 
O; Tg197, human TNF transgenic mouse; TB,toluidine blue.
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On expert level, a separate quantification can be performed 
of the inflammatory cell mass in infiltrates (within the 
synovium) and exudates (in the joint cavity), of the synovial 
hypertrophy and of the invading pannus tissue. Optionally, 
further inflammatory variables can be assessed including 
the qualitative analysis and phenotyping of infiltrating and 
residual synovial cells as well as of bone marrow infiltrates 
by immunohistochemistry.44 45 52

Category 5: recommendations for evaluating bone erosions
Bone erosions are defined as sites of bone loss that occur 
through resorption by synovial osteoclasts formed at the 
cartilage–pannus junction as well as at sites of inflamed syno-
vial tissue adjacent to bone tissue (figure 7).53–55 Evaluation 
of bone erosions in ankle/tarsal joints can be performed in 
H&E or TRAP- stained sections under 25× magnification for 

overview purposes and under 100× magnification for precise 
scoring purposes. As severity of bone erosion may differ 
between joints of the same specimen, it is recommended 
to score each joint (subarea) individually and calculate the 
mean score per section for at least two sections (figure 7C). 
Implementing TRAP staining is recommended for identifica-
tion and quantification of bone- resorbing osteoclasts and the 
bone sites targeted. H&E staining can be used to determine 
the extent of bone erosions but does not allow to estimate 
osteoclasts. Synovial osteoclasts are defined as TRAP+-
multinucleated (more than three nuclei) cells within the 
inflammatory synovial pannus tissue. Of note, TRAP+os-
teoclasts located in the bone marrow are not counted as 
synovial osteoclasts, although an increased number of these 
cells may be observed with increasing severity of arthritis. 
The area of inflammation- mediated bone erosions can be 
either assessed quantitatively by manual contouring (in mm2 
per total region of interest) or semi- quantitatively graded 
using the following scoring protocol: 0, healthy, intact bone 
surface; 1, small focal bone lesions at the surface of cortical 
bone; 2, enhanced focal, subchondral bone erosions, partial 
or complete penetration of cortical bone and small break-
through of cortical bone to bone marrow cavity possible; 3, 
massive, enlarged bone erosion of the bone tissue, extended 
synovial pannus invasion mostly causing complete break-
through of the cortical bone to the bone marrow cavity and 
loss of bone architecture (figure 8). This global scoring can 
be commonly used for all models; however, some discrepan-
cies on the severity of bone destruction can be found based 
on different pathophysiological processes of the models, the 
size of investigated bone (thinner cortical bone of small talus 
vs thicker cortical bone of tibia or calcaneus), the time point 
of analysis and the disease progression of the model. For 
example, the Tg197 model shows the strongest progressive 
bone destruction phenotype compared with CIA, CAIA or 
PIA models.16 30 47 56 57

Category 6: recommendations for evaluating cartilage 
erosion and proteoglycan loss
TB or SafO staining is used for the identification of cartilage 
damage in arthritic mice and rats, which consists of two major 
features: (1) loss of proteoglycan content from the superficial 
cartilage layer and (2) cartilage erosion of either the superficial 
or the deeper calcified cartilage layer or both of them. Under 
healthy conditions, the murine and rat articular cartilage consists 
of two layers, which are separated by a tight mark: the super-
ficial, non- calcified layer and the underlying calcified cartilage 
layer. Inflammatory conditions lead to (1) destaining of the 
superficial, noncalcified cartilage layer characterised by loss of 
the dark blue (TB) or red (SafO) staining, indicative of proteo-
glycan loss and (2) loss of cartilage tissue layers by invading 

Table 6 Typical histopathological features in different arthritis models

Animal models

RA features Non- RA features

Known affected jointsInflammation Bone erosion Cartilage damage New bone formation

Tg197 ++ +++ +++ Absent All peripheral joints and spine (i)

CIA +++ ++ +++ +++ All peripheral joints and spine (i), larynx

CAIA +++ ++ ++ +++ Front and hind paws; (ii)

PIA +++ ++ + +++ Front and hind paws, spine (ii)

(i) Whole body positron emission tomography/computed tomography (PET/CT) imaging indicated systemic arthritis affecting various joints (see references60 61).
(ii) Other joints have not been reported so far.
CAIA, collagen–antibody- induced arthritis; CIA, collagen- induced arthritis; PIA, pristane- induced arthritis; RA, rheumatoid arthritis; Tg197, human TNF transgenic mouse.

Figure 12 Summarised work flow and bullet points of SMASH 
recommendations. ROI, region of interest; SafO, safranin O; SMASH, 
Standardised Microscopic Arthritis Scoring of Histological; TB, toluidine 
blue;TRAP, tartrate- resistant acid phosphatase.
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synovial pannus and/or digestive processes coming from the 
synovial fluid (figure 9). Evaluation of cartilage erosion and 
proteoglycan loss in ankle/tarsal joints can be performed in SafO 
or TB- stained sections under 100× magnification. For quantita-
tive assessment, the complete region of interests can be manually 
contoured to obtain the area of total or destained cartilage tissue 
(in mm2 per total region of interest). Severity of cartilage damage 
may differ between joints of the same specimen. With respect 
to semiquantitative scoring, it is, therefore, recommended to 
assess the proteoglycan loss and cartilage erosion for each joint 
(subarea) separately, and finally calculate the mean score from 
all evaluated joints per section (figure 9A). Due to obvious 
differences present in inflammation- mediated cartilage damage 
between the models, scoring grades for proteoglycan loss as well 
as cartilage erosion ranging from 0 to 3 are separately defined 
for the models (figures 10 and 11). Of particular notice are the 
visible differences present in cartilage erosion: Tg197 model 
predominantly displays erosion of the underlying, calcified carti-
lage and only during very late stage in the disease degradation of 
the superficial cartilage is observed. In contrast, early degrada-
tion of the superficial cartilage layer is observed in models such 
as CIA, CAIA and PIA.30 31 58 59

Category 7: data analysis, statistics and reporting
Evaluated data on the histopathological features (synovial 
inflammation, subchondral bone erosion, number of osteoclasts, 
proteoglycan loss, cartilage damage) should be graphically repre-
sented, checked for Gaussian distribution and statistically evalu-
ated using appropriate parametric or nonparametric tests (online 
supplemental table S1). Furthermore, representative images of 
the obtained joint pathology are recommended in publications to 
support histopathological findings. Finally, to enable standardi-
sation and comparison of data sets between different research 
groups, we recommend to report in detail on both the histo-
logical procedures and scoring systems in publications (online 
supplemental table S2).

Typical histopathological features in different animal models 
of inflammatory arthritis
Arthritis models are characterised by the development of 
synovial inflammation, bone erosions and cartilage destruc-
tion in various joints; however, the onset, progression and 
extent of the distinct features vary between different models 
and induction protocols and also depend on the microbio-
logical status of the animal facility and genetic background 
and sex of the animals. Therefore, to determine the best 
time point for histopathological analysis, investigators are 
strongly advised to perform a pilot study of the animal 
model to gain insight into the kinetics, severity and variation 
of the arthritis model at their local animal facility. Histo-
pathologically, variations can be found in terms of (1) sites 
and extent of cellular influx into the synovium and joint 
cavities, whereby CIA and CAIA models show the strongest 
cellular infiltrations, (2) cellular composition of synovial 
infiltrates and synovial pannus, (3) occurrence of subchon-
dral bone erosions especially observed in Tg197 mice and 
(4) degradation of the cartilage layers (table 6). Moreover, 
some arthritis models do not only represent RA character-
istics but also develop spondyloarthropathy- like features, 
namely, new bone formation. It should be noted that except 
for Tg197 mice, CIA, CAIA and PIA models may display 
various degrees of new bone formation, sometimes leading 
to excessive osteophytes in the tarsal/ankle joints (online 

supplemental figure S5). This feature, if present, should 
also be quantitatively assessed as additional parameter, for 
example, through drawing and calculating the area of new 
bone formation (in mm2 per total region of interest). It is 
also worth mentioning that these bone appositions mask the 
bone erosion process, causing an underestimation of bone 
destruction. Therefore, it is advised to be familiar with the 
longitudinal changes of the distinct features in the individual 
model.

OUTLOOK AND CONCLUSION
Hind paws of arthritis models are the most established and most 
commonly used joints for analysis allowing for a combination of 
both clinical and histopathological disease parameters; however, 
systemic arthritis also result in inflammation in other joints such 
as knees, shoulders and spine in models like CIA or Tg197, as 
demonstrated by in vivo whole body positron emission tomog-
raphy/computed tomography (PET/CT) imaging studies.60 61

In conclusion, awareness of the different features of the 
arthritis pathology in mouse and rat models of inflammatory 
arthritis is of utmost importance for reliable research outcome, 
and the standardised histological processing and scoring methods 
with SMASH recommendations phrased by the BeTheCure 
consortium will help to increase uniformity and reproducibility 
in preclinical research on inflammatory arthritis (figure 12).
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ABSTRACT
Objectives To investigate efficacy and safety of the Janus 
kinase-1 inhibitor filgotinib in patients with active rheumatoid 
arthritis (RA) with limited or no prior methotrexate (MTX) 
exposure.
Methods This 52- week, phase 3, multicentre, double- 
blind clinical trial (NCT02886728) evaluated once- daily 
oral filgotinib in 1252 patients with RA randomised 2:1:1:2 
to filgotinib 200 mg with MTX (FIL200 +MTX), filgotinib 
100 mg with MTX (FIL100 +MTX), filgotinib 200 mg 
monotherapy (FIL200), or MTX. The primary endpoint was 
proportion achieving 20% improvement in American College 
of Rheumatology criteria (ACR20) at week 24.
Results The primary endpoint was achieved by 81% of 
patients receiving FIL200+ MTX versus 71% receiving 
MTX (p<0.001). A significantly greater proportion treated 
with FIL100+ MTX compared with MTX achieved an 
ACR20 response (80%, p=0.017) at week 24. Significant 
improvement in Health Assessment Questionnaire- Disability 
Index was seen at week 24; least- squares mean change 
from baseline was −1.0 and −0.94 with FIL200+MTX and 
FIL100+MTX, respectively, versus −0.81 with MTX (p<0.001, 
p=0.008, respectively). Significantly higher proportions 
receiving FIL200+MTX (54%) and FIL100+MTX (43%) 
achieved DAS28(CRP) <2.6 versus MTX (29%) (p<0.001 for 
both) at week 24. Hierarchical testing stopped for comparison 
of ACR20 for FIL200 monotherapy (78%) versus MTX (71%) 
at week 24 (p=0.058). Adverse event rates through week 52 
were comparable between all treatments.
Conclusions FIL200+MTX and FIL100+MTX both 
significantly improved signs and symptoms and physical 
function in patients with active RA and limited or no prior 
MTX exposure; FIL200 monotherapy did not have a superior 
ACR20 response rate versus MTX. Filgotinib was well 
tolerated, with acceptable safety compared with MTX.

INTRODUCTION
Early control of rheumatoid arthritis (RA), 
including initiation of effective treatment as 
soon as possible, is critical to prevent disability, 

joint destruction, and decreased quality of life 
(QoL).1–4 For patients, the highest priority is 
returning to normality quickly.5 The European 

Key messages

What is already known about this subject?
 ► Results from previous phase 3 studies and 
subsequent long- term follow- up of baricitinib, 
upadacitinib, and tofacitinib showed that 
treatment with small molecule Janus kinase 
(JAK) inhibitors with or without conventional 
synthetic disease- modifying antirheumatic 
drugs have a clinically meaningful benefit over 
methotrexate (MTX) monotherapy in reducing 
the signs and symptoms of rheumatoid arthritis, 
as well as radiographic progression, in MTX- 
naïve patients.

 ► Safety signals such as increased risk of 
infections, venous thromboembolism, and 
major adverse cardiovascular event warrant 
careful evaluation of the risks and benefits of 
treatment, especially in the first- line treatment.

What does this study add?
 ► This study is the first to evaluate filgotinib—a 
once- daily, oral, selective JAK-1 inhibitor—in 
patients with rheumatoid arthritis who had no 
or limited exposure to MTX.

 ► Filgotinib, either alone or in combination with 
MTX, was found to have a clinically meaningful 
benefit over MTX monotherapy with an 
acceptable safety profile up to 52 weeks.

How might this impact on clinical practice or 
future developments?

 ► Filgotinib in combination with MTX could be 
considered as a treatment option for patients 
with moderately or severely active rheumatoid 
arthritis who have limited or no previous 
exposure to MTX.
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Table 1 Baseline demographics and clinical characteristics

FIL 200 mg+MTX n=416 FIL 100 mg+MTX n=207 FIL 200 mg n=210 MTX n=416
Total
N=1249

Age, years 53 (13.8) 54 (12.6) 52 (13.9) 53 (13.7) 53 (13.6)

 ≥65 years, n (%) 87 (21) 39 (19) 40 (19) 87 (21) 253 (20)

 ≥70 years, n (%) 42 (10) 18 (9) 22 (11) 44 (11) 126 (10)

 ≥75 years, n (%) 21 (5) 7 (3) 10 (5) 16 (4) 54 (4)

Female, n (%) 325 (78%) 158 (76%) 166 (79%) 312 (75%) 961 (77%)

Race, n (%)

 White 278 (67%) 132 (64%) 135 (64%) 278 (67%) 823 (66%)

 Asian 90 (22%) 51 (25%) 47 (22%) 85 (20%) 273 (22%)

 American Indian or Alaska Native 26 (6%) 12 (6%) 18 (9%) 33 (8%) 89 (7%)

 Black or African American 15 (4%) 8 (4%) 8 (4%) 14 (3%) 45 (4%)

 Native Hawaiian or Pacific Islander 1 (<1%) 0 1 (1%) 3 (1%) 5 (<1%)

 Other* 6 (1%) 4 (2%) 0 3 (1%) 13 (1%)

 Not permitted* 0 0 1 (1%) 0 1 (<1%)

Ethnicity, n (%)

 Hispanic or Latino 93 (22%) 40 (19%) 45 (21%) 84 (20%) 262 (21%)

 Not Hispanic or Latino 322 (77%) 167 (81%) 165 (79%) 332 (80%) 986 (79%)

 Not permitted* 1 (<1%) 0 0 0 1 (<1%)

Geographical region,† n (%)

 Region A 173 (42%) 85 (41%) 86 (41%) 170 (41%) 514 (41%)

 Region B 149 (36%) 75 (36%) 76 (36%) 149 (36%) 449 (36%)

 Region C 58 (14%) 28 (14%) 28 (13%) 56 (14%) 170 (14%)

 Region D 13 (3%) 8 (4%) 8 (4%) 16 (4%) 45 (4%)

 Region E 23 (6%) 11 (5%) 12 (6%) 25 (6%) 71 (6%)

BMI, median (Q1, Q3), kg/m2 26.8 (23.0, 31.2) 26.7 (23.5, 31.3) 26.4 (23.3, 30.0) 26.8 (23.1, 31.5) 26.7 (23.1, 31.1)

Smoking status, n (%)

 Non- smoker 300 (72%) 146 (71%) 151 (72%) 287 (69%) 884 (71%)

 Former smoker 64 (15%) 32 (16%) 24 (11%) 70 (17%) 190 (15%)

 Current smoker 52 (13%) 29 (14%) 35 (17%) 59 (14%) 175 (14%)

RA duration, years 1.9 (3.6) 2.3 (4.7) 2.6 (6.3) 2.3 (5.5) 2.2 (5.0)

 Median 0.4 0.4 0.4 0.3 0.4

 ≤6 month 229 (55%) 111 (54%) 116 (55%) 230 (55%) 686 (55%)

 6 month–1 year 40 (10%) 27 (13%) 21 (10%) 52 (13%) 140 (11%)

 ≥1 year 147 (35%) 69 (33%) 73 (35%) 134 (32%) 423 (34%)

RF or anti- CCP positive, n (%) 317 (76%) 162 (78%) 158 (75%) 322 (77%) 959 (77%)

hsCRP (mg/L) 18.0 (25.3) 17.7 (27.4) 17.3 (23.2) 16.9 (24.4) 17.5 (25.0)

mTSS erosions>0, n (%) 392 (94%) 197 (95%) 199 (95%) 385 (93%) 1173 (94%)

DMARD naïve, n (%) 319 (77%) 159 (77%) 164 (78%) 322 (77%) 964 (77%)

Prior non- MTX csDMARD use, n (%) 73 (18%) 38 (18%) 35 (17%) 76 (18%) 222 (18%)

Concurrent antimalarial use, n (%) 35 (8%) 24 (12%) 17 (8%) 42 (10%) 118 (9%)

Concurrent oral steroid use, n (%) 143 (34%) 88 (43%) 89 (42%) 174 (42%) 494 (40%)

Steroid dose, mg/day 6.6 (2.3) 7.2 (2.9) 6.6 (2.2) 6.5 (2.3) 6.6 (2.4)

DAS28(CRP) 5.7 (1.0) 5.7 (1.0) 5.8 (0.9) 5.7 (1.0) 5.7 (1.0)

SJC66 16 (9.8) 16 (9.3) 16 (9.7) 16 (9.4) 16 (9.6)

TJC68 26 (14.5) 25 (13.9) 26 (13.7) 26 (13.8) 26 (14.0)

Patient global assessment (VAS) 65 (21.0) 66 (21.6) 68 (19.2) 66 (21.0) 66 (20.8)

Physician global assessment (VAS) 66 (17.0) 68 (6.3) 66 (14.4) 67 (16.8) 67 (16.4)

Patient pain (VAS) 64 (22.0) 67 (22.1) 67 (18.4) 66 (21.4) 65 (21.3)

HAQ- DI 1.5 (0.6)‡ 1.6 (0.7) 1.6 (0.7) 1.6 (0.6) 1.6 (0.6)

mTSS units§ 11.4 (20.0) 13.3 (27.0) 16.5 (32.4) 13.7 (29.2) 13.3 (26.7)

CDAI 39.5 (12.8) 39.2 (12.7) 40.0 (12.6) 40.2 (12.5) 39.8 (12.6)

SDAI 41.3 (13.4) 41.0 (13.5) 41.8 (13.1) 41.9 (13.4) 41.5 (13.4)

SF-36 PCS 33.9 (7.5)‡ 33.7 (8.0) 33.6 (7.7)¶ 33.3 (7.3) 33.6 (7.5)

FACIT- F 28.3 (10.9)** 27.3 (11.9) 27.3 (10.9)†† 27.1 (10.7)‡‡ 27.6 (11.0)

Data are mean (SD), unless otherwise indicated.
*Other races included people whose predominant origins cannot be determined or who are of mixed race and do not identify with a primary race. Not permitted category includes patients whose local regulators did not allow collection of race or 
ethnicity information.
†Region A: USA, Spain, Germany, South Korea, Canada, Belgium, South Africa, Australia, New Zealand, UK, Italy, Ireland, Israel; Region B: India, Poland, Ukraine, Bulgaria, Russia, Czech Republic, Hungary, Serbia, Romania, Slovakia; Region C: 
Mexico, Argentina, Chile; Region D: Taiwan, Thailand, Malaysia, Hong Kong; Region E: Japan.
‡n=414.
§Campaign A, n=1226.
¶n=208.
**n=411.
††n=206.
‡‡n=415.
BMI, body mass index; CCP, cyclic citrullinated peptides; CDAI, Clinical Disease Activity Index; csDMARD, conventional synthetic DMARD; DAS28(CRP), 28- joint Disease Activity Score with C- reactive protein; DMARD, disease- modifying 
antirheumatic drug; FACIT- F, Functional Assessment of Chronic Illness Therapy–Fatigue; FIL, filgotinib; HAQ- DI, Health Assessment Questionnaire–Disability Index; hsCRP, high- sensitivity C- reactive protein; mTSS, Modified total Sharp/van der Heijde 
score; MTX, methotrexate; SF-36 PCS, Short Form 36 Physical Component Summary score; Q1, first quartile; Q3, third quartile; RA, rheumatoid arthritis; RF, rheumatoid factor; SDAI, simplified disease activity index; SJC66, swollen joint count based 
on 66 joints; TJC68, tender joint count based on 68 joints; VAS, Visual Analogue Scale.
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League Against Rheumatism (EULAR) and American College 
of Rheumatology (ACR) recommend initial therapy with 
methotrexate (MTX) alone or with glucocorticoids to 
induce remission or low disease activity by week 24, pref-
erentially maintained over time.2 6 However, only approxi-
mately 30% of patients with RA achieve this objective with 
MTX monotherapy.7 8 Following treat to target approaches, 
including temporary glucocorticoids, this might increase 
to 60%–70%.9 Thus, alternative therapies providing rapid 
disease control are desirable. Such therapies will also benefit 
patients with seropositivity, elevated acute phase reactants, 
and early erosions, which, in a recently updated matrix, 
predict rapid radiographic progression.10

Filgotinib, an oral, selective Janus kinase (JAK)-1 inhib-
itor, was efficacious in phase 2 and phase 3 trials in patients 
with RA.11–14 In these trials, filgotinib 200 or 100 mg daily 
with conventional synthetic disease- modifying antirheu-
matic drugs (DMARDs) or as monotherapy demonstrated 
rapid, significant improvements in disease activity versus 
placebo.11–14 This phase 3 study (NCT02886728) evalu-
ated the efficacy and safety of filgotinib with MTX or as 
monotherapy as compared with standard of care MTX 

monotherapy in patients with active RA with limited or no 
prior MTX exposure.

METHODS
Study design and conduct
This 52- week, randomised, double- blind, active- controlled, 
phase 3 trial was conducted at 227 sites in 31 countries from 
8 August 2016 to 5 October 2018. Patients were randomised 
2:1:1:2 to receive filgotinib 200 mg with MTX (FIL200+MTX), 
filgotinib 100 with MTX (FIL100+MTX), filgotinib 200 mg 
(FIL200), or MTX. Patients provided written informed consent 
prior to screening.

Study participants
Eligible patients were ≥18 years with RA per 2010 ACR/EULAR 
criteria,15 limited (<3 doses ≤25 mg) or no prior MTX expo-
sure, ≥6 swollen joint count of 66 joints (SJC66)), and ≥6 tender 
joints of 68 joints (TJC68)) at screening and day 1. At screening, 
eligible patients were required to have 1 of the following: sero-
positivity for rheumatoid factor and/or anticyclic citrullinated 
peptide or ≥1 radiographic erosion (centrally read); or serum 
C- reactive protein (CRP) ≥4 mg/L. Key exclusion criteria 

Screened
n=1855

Randomised
n=1252*

FIL 200 mg QD + MTX QW
n=416

MTX QW
n=416

FIL 100 mg QD + MTX QW
n=207

FIL 200 mg QD 
n=210

Completed 
week 24 on 
study drug

n=376
90.4%

Study drug discontinued 
between weeks 0–24

n=40 (9.6%)
• Subject decision 14 (3.4%)
• Adverse event 17 (4.1%)
• Lost to follow-up 6 (1.4%)
• Lack of efficacy 0
• Investigator’s discretion 1

(0.2%)
• Noncompliance with study 

drug 1 (0.2%)
• Death 1 (0.2%)
• Pregnancy 0

Completed 
week 24 on  
study drug

n=373
89.7%

Study drug discontinued 
between weeks 0–24

n=43 (10.3%)
• Subject decision 20 (4.8%)
• Adverse event 5 (1.2%)
• Lost to follow-up 8 (1.9%)
• Lack of efficacy 7 (1.7%)
• Investigator’s discretion 3

(0.7%)
• Noncompliance with study 

drug 0
• Death 0
• Pregnancy 0

Completed 
week 24 on 
study drug

n=193
93.2%

Study drug discontinued 
between weeks 0–24

n=14 (6.8%)
• Subject decision 7 (3.4%)
• Adverse event 5 (2.4%)
• Lost to follow-up 1 (0.5%)
• Lack of efficacy 1 (0.5%)
• Investigator’s discretion 0
• Noncompliance with study 

drug 0
• Death 0
• Pregnancy 0

Completed 
week 24 on  
study drug

n=188
89.5%

Study drug discontinued 
between weeks 0–24

n=22 (10.5%)
• Subject decision 6 (2.9%)
• Adverse event 4 (1.9%)
• Lost to follow-up 7 (3.3%)
• Lack of efficacy 2 (1.0%)
• Investigator’s discretion 1

(0.5%)
• Noncompliance with study 

drug 1 (0.5%)
• Death 0
• Pregnancy 1 (0.5%)

Eligible but not 
randomised

n=58

Completed 
week 52 on  
study drug

n=333
80.0%

Study drug discontinued 
between weeks 0–52

n=83 (20.0%)
• Adverse event 29 (7.0%)
• Subject decision 20 (4.8%)
• Lack of efficacy 13 (3.1%)
• Lost to follow-up 10 (2.4%)
• Investigator’s discretion 4

(1.0%)
• Protocol violation 2 (0.5%)
• Death 3 (0.7%)
• Noncompliance with study 

drug 2 (0.5%)
• Pregnancy 0

Completed 
week 52 on  
study drug

n=300
72.1%

Study drug discontinued 
between weeks 0–52

n=116 (27.9%)
• Adverse event 25 (6.0%)
• Subject decision 32 (7.7%)
• Lack of efficacy 34 (8.2%)
• Lost to follow-up 11 (2.6%)
• Investigator’s discretion 6

(1.4%)
• Protocol violation 8 (1.9%)
• Death 0
• Noncompliance with study 

drug 0
• Pregnancy 0

Completed 
week 52 on  
study drug

n=172
83.1%

Study drug discontinued 
between weeks 0–52

n=35 (16.9%)
• Adverse event 13 (6.3%)
• Subject decision 10 (4.8%)
• Lack of efficacy 7 (3.4%)
• Lost to follow-up 4 (1.9%)
• Investigator’s discretion 1

(0.5%)
• Protocol violation 0
• Death 0
• Noncompliance with study 

drug 0
• Pregnancy 0

Completed 
week 52 on  
study drug

n=170
81.0%

Study drug discontinued 
between weeks 0–52

n=40 (19.0%)
• Adverse event 5 (2.4%)
• Subject decision 9 (4.3%)
• Lack of efficacy 9 (4.3%)
• Lost to follow-up 11 (5.2%)
• Investigator’s discretion 2

(1.0%)
• Protocol violation 2 (1.0%)
• Death 0
• Noncompliance with study 

drug 1 (0.5%)
• Pregnancy 1 (0.5%)

Figure 1 Study flow and patient disposition through 24 and 52 weeks. *Three patients were randomised (1 to FIL 200 mg+MTX and 2 to MTX 
monotherapy) but not dosed. FIL, filgotinib; MTX, methotrexate; QD, once daily; QW, once weekly.
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included previous use of JAK inhibitors or biological DMARDs. 
Prior or concomitant use of stably dosed hydroxychloroquine 
was allowed. Full inclusion/exclusion criteria are in online 
supplemental methods.

Interventions
Filgotinib 100 or 200 mg were administered orally once daily. 
MTX was administered orally once weekly, starting with 10 mg/
week and escalating to 15 mg at week 4 and 20 mg at week 
8; in Japan, maximum 15 mg/week per local MTX prescribing 
practices. Local standard of care for folic acid supplementation 
was followed. After 4 weeks, a one- time 5 mg MTX dose reduc-
tion for intolerance was permitted if the dose remained ≥10 mg. 
Concomitant stable doses of non- steroidal anti- inflammatory 
drugs or glucocorticoids (≤10 mg/d prednisone/equivalent) 
were permitted.

Patients without 20% improvement from baseline in SJC66 
and TJC68 at week 24, or at 2 consecutive visits from weeks 
30 through 52, discontinued study drug and received standard 
of care, but continued study visits. Eligible patients completing 
the study could enter the long- term extension study (LTE) 
(NCT03025308); all others had a 4- week post- treatment visit.

Endpoints
The primary endpoint was proportion of patients receiving 
FIL200+MTX versus MTX achieving ACR2016 at week 24. 
Key secondary endpoints tested hierarchically at week 24 

were ACR20 FIL100+MTX versus MTX, change from base-
line in Health Assessment Questionnaire- Disability Index 
(HAQ- DI), proportion of patients achieving 28- joint Disease 
Activity Score (DAS28(CRP))<2.6, change from baseline in 
modified total Sharp/van der Heijde score (mTSS), Short 
Form 36–Physical Component Score (SF-36 PCS), and 
Functional Assessment of Chronic Illness Therapy- Fatigue 
(FACIT- F; online supplemental figure S1).

Additional secondary and other endpoints evaluated 
over 52 weeks were the proportion of patients achieving 
ACR20/50/70, DAS28(CRP) <2.6, Simplified Disease 
Activity Index (SDAI)≤3.3, Clinical Disease Activity Index 
(CDAI) ≤2.8, and Boolean remission; and change from base-
line in mTSS and its components, individual ACR compo-
nents, DAS28(CRP), CDAI and SDAI. Radiographs were 
scored centrally as campaign A (radiographs taken at baseline 
and week 24) and campaign B (radiographs taken at baseline, 
week 24, and week 52 for patients who had images after week 
24) by 2 blinded assessors and adjudicated by a third assessor,
if necessary. Additional details are in online supplemental 
methods.

Safety was evaluated through adverse events (AEs) and 
laboratory assessments. All potential major adverse cardio-
vascular events (MACE) and thromboembolic events were 
adjudicated centrally by an independent committee. An inde-
pendent data monitoring committee reviewed safety data 
periodically.

Figure 2 Primary, key secondary, and other secondary efficacy outcomes: (A) proportion of patients who achieved ACR20 over time; (B) change 
from baseline in HAQ- DI at week 24 and week 52; (C) proportion of patients achieving DAS28(CRP) <2.6 at week 24 and week 52. ###p<0.001; 
##p<0.01; #p<0.05. The difference between filgotinib 200 mg and MTX for ACR20 at week 24 was not significant (p=0.058). ***Exploratory 
p<0.001; **exploratory p<0.01; *exploratory p<0.05, for supportive analysis without adjustment for multiplicity. an=372, 190, 185, and 370 for 
FIL200+MTX, FIL100+MTX, FIL200, and MTX, respectively. bn=332, 169, 171, and 307 for FIL200+MTX, FIL100+MTX, FIL200, and MTX, respectively. 
Error bars represent 95% CI for proportions of patients and SD for mean. For HAQ- DI, p values are based on least- squares mean difference versus 
MTX. Supporting values for (A) are shown in online supplemental table S3. ACR20, 20% improvement in American College of Rheumatology criteria; 
DAS28(CRP), 28- joint Disease Activity Score with C- reactive protein; FIL, filgotinib; HAQ- DI, Health Assessment Questionnaire- Disability Index; MTX, 
methotrexate.
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Table 2 Primary and key secondary efficacy outcomes at week 24
FIL MTX Difference versus MTX* P value versus MTX

Primary outcome

ACR20, FIL200+MTX versus MTX

 n/N 337/416 297/416

  % (95% CI) 81.0 (77.1 to 84.9) 71.4 (66.9 to 75.9) 9.6 (3.6 to 15.6) <0.001†

Key secondary outcomes, hierarchically tested

ACR20, FIL100+MTX versus MTX

 n/N 166/207 297/416

 % (95% CI) 80.2 (74.5 to 85.9) 71.4 (66.9 to 75.9) 8.8 (1.5 to 16.1) 0.017†

HAQ- DI change from baseline, FIL200+MTX versus MTX

 N 372 370

 Mean±SD −0.94±0.72 −0.79±0.63 −0.2 (−0.3, –0.1) <0.001†

HAQ- DI change from baseline, FIL100+MTX versus MTX

 N 190 370

 Mean±SD −0.90±0.68 −0.79±0.63 −0.1 (−0.2, 0.0) 0.008†

DAS28(CRP) <2.6, FIL200+MTX versus MTX

 n/N 225/416 121/416

  % (95% CI) 54.1 (49.2 to 59.0) 29.1 (24.6 to 33.6) 25.0 (18.3 to 31.7) <0.001†

DAS28(CRP) <2.6, FIL100+MTX versus MTX

 n/N 88/207 121/416

 % (95% CI) 42.5 (35.5 to 49.5) 29.1 (24.6 to 33.6) 13.4 (5.0 to 21.8) <0.001†

ACR20, FIL200 versus MTX

 n/N 164/210 297/416

  % (95% CI) 78.1 (72.3 to 83.9) 71.4 (66.9 to 75.9) 6.7 (−0.7 to 14.1) 0.058†

Key secondary outcomes after break in statistical testing hierarchy

HAQ- DI change from baseline, FIL200 versus MTX.

 N 185 370

 Mean±SD −0.89±0.63 −0.79±0.63 −0.1 (−0.2, 0.0) 0.029

DAS28(CRP) <2.6, week 24, FIL200 versus MTX

 n/N 89/210 121/416

  % (95% CI) 42.4 (35.5 to 49.3) 29.1 (24.6 to 33.6) 13.3 (5.0 to 21.6) <0.001

mTSS change from baseline, FIL200+MTX versus MTX

 N 355 356

 LSM (95% CI) 0.1 (−0.2 to 0.4) 0.4 (0.1 to 0.7) −0.3 (−0.6 to 0.0) 0.068

mTSS change from baseline, FIL100+MTX versus MTX

 N 184 356

  LSM (95% CI) 0.1 (−0.2 to 0.5) 0.4 (0.1 to 0.7) −0.3 (−0.7 to 0.1) 0.14

mTSS change from baseline, FIL200 versus MTX

 N 173 356

 LSM (95% CI) −0.1 (−0.5 to 0.2) 0.4 (0.1 to 0.7) −0.6 (−0.9, 0.2) 0.006

SF-36 PCS change from baseline, FIL200+MTX versus MTX

 N 373 371

 Mean±SD 12.3±8.9 9.7±8.6 2.9 (1.8, 4.0) <0.001

SF-36 PCS change from baseline, FIL100+MTX versus MTX

 N 190 371

 Mean±SD 11.1±9.0 9.7±8.6 1.6 (0.3, 2.9) 0.019

SF-36 PCS change from baseline, FIL200 versus MTX

 N 185 371

 Mean±SD 10.4±9.1 9.7±8.6 0.8 (−0.5, 2.2) 0.23

FACIT- F change from baseline, FIL200+MTX versus MTX

 N 365 365

 Mean±SD 10.6±11.5 10.1±11.2 1.3 (−0.1, 2.6) 0.061

FACIT- F change from baseline, FIL100+MTX versus MTX

 N 189 365

 Mean±SD 11.4±11.3 10.1±11.2 1.3 (−0.3, 2.9) 0.11

FACIT- F change from baseline, FIL200 versus MTX

 N 181 365

 Mean±SD 10.2±11.4 10.1±11.2 0.3 (−1.3, 1.9) 0.70

*Difference versus MTX (95% CI) for dichotomous outcomes and LSM difference versus MTX (95% CI) for continuous outcomes.
†P value adjusted for multiplicity. All other p values are exploratory.
ACR20, 20% improvement in American College of Rheumatology criteria; DAS28(CRP), Disease Activity Score in 28 joints with C- reactive protein; FACIT- F, Functional Assessment of Chronic Illness Therapy- Fatigue; 
FIL100, filgotinib 100 mg; FIL200, filgotinib 200 mg; HAQ- DI, Health Assessment Questionnaire- Disability Index; LSM, least- squares mean; mTSS, Modified total Sharp/van der Heijde score; MTX, methotrexate; SF-36 PCS, 
Short Form-36 Physical Component Summary.
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Statistical analysis
A sample size of 400 patients receiving FIL200+MTX and 
400 receiving MTX monotherapy would provide 90% power 
at a two- sided α of 0.05 to test superiority of FIL200+MTX 
compared with MTX for change from baseline in mTSS at 
week 24, which is common in RA studies assessing structural 
damage.17–19 The total sample size was 1200 patients (400 
patients for FIL200+MTX group, 200 patients for FIL100 
+MTX group, 200 patients for FIL200 group, and 400 patients 
for MTX group). This sample size also provided >90% power 
to detect a 16% difference in ACR20 between patients receiving 
MTX (estimated response rate, 62%) versus any filgotinib treat-
ment (78%) at a two- sided α of 0.05.

Type I error was controlled by hierarchical testing of primary 
and key secondary endpoints (online supplemental figure S1). 
The primary efficacy hypothesis was a superiority test (two- sided 
α=0.05) comparing ACR20 at week 24 for FIL200 +MTX 
versus MTX, using logistic regression analysis with treatment 
group and stratification factors, and non- responder imputation 
for missing data. Sequential testing for the primary and key 
secondary endpoints was implemented, and when a null hypoth-
esis was not rejected, statistical significance was not considered 
for remaining hypotheses.

Efficacy and safety analyses were based on all randomised 
patients who received ≥1 dose of study drug. Efficacy analyses 

were based on on- treatment data. For binary endpoints, logistic 
regression was used with treatment and stratification factors 
(geographical region and seropositivity at screening) included in 
the model and non- responder imputation. Following treatment 
discontinuation, patient data were imputed as non- responses. 
Treatment effect on continuous endpoint change from baseline 
was evaluated with a mixed- effect model for repeated measures 
with treatment, visit, treatment by visit interaction, stratifica-
tion factors, and baseline value as fixed effects and patient as 
a random effect. For structural endpoints, a linear mixed- effect 
model for change from baseline at week 24 (campaign A) and 52 
(campaign A and B) and a generalised linear mixed- effect model 
for the proportion of patients with no radiographic progression 
(ie, Δ mTSS ≤0) at week 52 using campaign A and B data were 
employed.

Safety endpoints were analysed per treatment by number 
and percentage of patients with events for categorical values or 
summary statistics for continuous data. All statistical analyses 
were performed using SAS V.9.4 (SAS Institute).

Public involvement statement
The public was not involved in the design, conduct, or reporting 
of this research.

Figure 3 Change in modified total Sharp/van der Heijde score (mTSS) and components from baseline at (A) week 24 and (B) week 52. 
***Exploratory p<0.001; **exploratory p<0.01; *exploratory p<0.05; for supportive analysis without adjustment for multiplicity. Error bars represent 
95% CI. For mTSS, week 24 includes only data from campaign A and week 52 includes data from campaign A and B. Week 52 n values are not 
provided for mTSS change from baseline, as the analysis included both campaign A (through week 24) and campaign B (through week 52 including 
re- reading of baseline and week 24). ES, erosion score; FIL, filgotinib; JSN, joint space narrowing; LSM, least- squares mean; MTX, methotrexate.
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RESULTS
Patients and disposition
Overall, 1252 patients were randomised, and 1249 received 
study treatment. In total, 90.5% patients completed study drug 
through week 24, and 82% through week 52 (figure 1). The 
largest proportion of patients enrolled from the USA (25.5%) 
and Eastern Europe (26.7%). Baseline demographic and disease 
characteristics were similar among treatment arms (table 1). At 
baseline, median disease duration was 0.4 years, and 77.2% of 
patients were DMARD naïve.

Efficacy
At week 24, the mean dose of MTX was 18 mg/week (online 
supplemental table S1). Significantly higher proportions 
of patients receiving FIL200+MTX (81%, p<0.001) and 
FIL100+MTX achieved ACR20 (80%, p=0.017) versus 
MTX (71%) at week 24 (figure 2A). Patients receiving either 
FIL200+MTX or FIL100+MTX had significant improvement 
in physical function HAQ- DI versus MTX at week 24; the 
least- squares mean (LSM) of the treatment difference in change 
in HAQ- DI from baseline versus MTX (95% CI) was −0.20 
(−0.27,–0.12) (p<0.001) and −0.13 (−0.23,–0.03) (p=0.008) 
for FIL200+MTX and FIL100+MTX, respectively (figure 2B; 
table 2). Significantly higher proportions of patients receiving 
FIL200+MTX and FIL100+MTX achieved DAS28 (CRP) 
<2.6 versus MTX at week 24 (p<0.001 for all comparisons; 
figure 2C; table 2).

ACR20 for FIL200 (78%) at week 24 did not significantly 
differ from MTX (71%; p=0.058) (figure 2A). Therefore, 
exploratory p values without multiplicity adjustment are 
reported for all subsequent endpoints. At week 24, the LSM of 
the treatment difference in change in HAQ- DI from baseline for 
FIL200 versus MTX was −0.11 (figure 2B); 42% of patients 

receiving FIL200 achieved DAS28(CRP) <2.6 versus 29% with 
MTX.

At week 24, the LSM change from baseline in mTSS was 0.13 
with FIL200+MTX, 0.13 with FIL100+MTX, and −0.13 with 
FIL200 versus 0.42 with MTX (figure 3A). Treatment with filgo-
tinib or MTX improved health- related QoL, as measured with 
SF-36 PCS and FACIT- F. At week 24, change from baseline in 
SF-36 PCS was greater for FIL200+MTX and FIL100 +MTX 
versus MTX; and similar to MTX for FIL200, and improvements 
in FACIT- F scores were comparable across treatments (table 2).

At week 52, the LSM change from baseline in mTSS was 0.21 
for FIL200+MTX, 0.27 for FIL100+MTX, and 0.23 for FIL200 
versus 0.74 for MTX (figure 3B). More patients receiving any 
filgotinib treatment had no radiographic progression defined as 
Δ mTSS ≤0 at week 24 versus MTX (online supplemental table 
S2). The cumulative distribution plots of change from baseline in 
mTSS are shown in online supplemental figure S2.

At week 2, ACR20 response was achieved by 42.1%, 37.2%, 
and 39.5% of patients receiving FIL200+MTX, FIL100+MTX, 
and FIL200 versus 16.6% of patients receiving MTX (figure 2A). 
Proportions of patients who achieved ACR50/70 and DAS28 
(CRP) <2.6 or remission at weeks 24 and 52 were higher with 
both doses of FIL+MTX or FIL200 mg versus MTX (figure 4). 
At week 24, all filgotinib groups resulted in greater improvement 
across components of ACR versus MTX (table 3).

Safety
The most common treatment- emergent AEs (TEAEs) occur-
ring in >5% of patients were nausea, upper respiratory tract 
infection, nasopharyngitis, headache and hypertension. Serious 
TEAEs were reported for 6%, 6%, 8%, and 7% of patients 
receiving FIL200+MTX, FIL100+MTX, FIL200, and MTX, 
respectively.

Figure 4 Proportion of patients achieving (A) ACR50 at weeks 24 and 52; (B) ACR70 at weeks 24 and 52; (C) remission at week 24; and (D) 
remission at week 52. ***Exploratory p<0.001; **exploratory p<0.01; *exploratory p<0.05; for supportive analysis without adjustment for 
multiplicity. ACR50/70, 50%/70% improvement in American College of Rheumatology criteria; CDAI, Clinical Disease Activity Index; FIL, filgotinib; 
MTX, methotrexate; SDAI, Simple Disease Activity Index.
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Over 52 weeks, infection and serious infection rates were 
comparable for filgotinib versus MTX. Infections were 
reported for 36%, 37%, 36%, and 38% of patients receiving 
FIL200+MTX, FIL100+MTX, FIL200, and MTX, respec-
tively; 1%, 1%, 2%, and 2% receiving FIL200+MTX, 
FIL100+MTX, FIL200, and MTX reported serious infections 
(table 4). The most common infections were upper respiratory 
tract infection, nasopharyngitis, urinary tract infection, and 
bronchitis. The most common serious infections were pneu-
monia, bronchitis, and sepsis. There were three opportunistic 
infections (FIL200+MTX, oesophageal candidiasis; MTX, 

Pneumocystis jirovecii pneumonia, pneumonia cryptococcal). 
There was one serious AE of non- disseminated herpes zoster in 
a Japanese patient in their 50s receiving FIL200 who required 
hospitalisation for intravenous antiviral therapy; other cases 
were uncomplicated.

Four deaths occurred: 3 in FIL200+MTX, 1 in FIL100+MTX. 
The causes of death included lupus myocarditis (possible over-
lapping systemic autoimmune disease), intracranial aneurysm, 
interstitial lung disease, and sudden cardiovascular death, which 
occurred 68 days after study drug discontinuation. A total of 
9 MACEs were positively adjudicated during the study: 4 

Table 3 Additional efficacy outcomes at week 24
FIL 200 mg+MTX n=416 FIL 100 mg+MTX n=207 FIL 200 mg n=210 MTX n=416

DAS28(CRP) change from baseline

 N 374 190 183 368

 Mean±SD −3.2±1.3 −2.9±1.3 −3.0±1.2 −2.5±1.3

 LSM difference versus MTX (95% CI) −0.8 (−0.9 to –0.6) −0.5 (−0.7 to –0.3) −0.5 (−0.7 to –0.3)

 Exploratory P versus MTX <0.001 <0.001 <0.001

CDAI change from baseline

 N 372 187 184 364

 Mean±SD −31.3±13.2 −30.0±13.3 −31.3±12.6 −28.2±13.4

 LSM difference versus MTX (95% CI) −4.1
(−5.3 to –2.9)

−2.8
(−4.3 to –1.3)

−2.9
(−4.4 to –1.4)

  Exploratory P versus MTX <0.001 <0.001 <0.001

SDAI change from baseline

 N 372 187 183 362

 Mean±SD −32.7±13.8 −31.1±14.1 −32.7±13.1 −29.0±14.1

 LSM difference versus MTX (95% CI) −4.6
(−5.9 to –3.4)

−3.1
(−4.6 to –1.6)

−3.4
(−4.9 to –1.9)

  Exploratory P versus MTX <0.001 <0.001 <0.001

SJC66 change from baseline

 N 374 190 186 370

 Mean±SD −14±8.9 −14±8.8 −15±9.5 −13±8.8

 LSM difference versus MTX (95% CI) −2 (−2 to –1) −2 (−2 to –1) −2 (−3 to –1)

 Exploratory P versus MTX <0.001 <0.001 <0.001

TJC68 change from baseline

 N 374 190 186 370

 Mean±SD −20±12.5 −20±13.0 −22±12.4 −19±12.9

 LSM difference versus MTX (95% CI) −2 (−3 to –1) −2 (−3 to –1) −3 (−4 to –1)

 Exploratory P versus MTX <0.001 0.005 <0.001

Patient global assessment change from baseline

 N 374 190 184 370

 Mean±SD −42±26.8 −36±27.4 −38±26.6 −34±27.4

 LSM difference versus MTX (95% CI) −9 (−13 to –6) −3 (−7 to 1) −4 (−8 to 0)

 Exploratory P versus MTX <0.001 0.11 0.066

Physician global assessment change from baseline

 N 372 187 185 364

 Mean±SD −51±21.1 −51±22.2 −49±19.5 −46±21.4

 LSM difference versus MTX (95% CI) −5 (−8 to –3) −4 (−7 to –1) −3 (−6 to 0)

 Exploratory P versus MTX <0.001 0.007 0.046

Patient pain change from baseline

 N 372 190 185 370

 Mean±SD −41±28.0 −37±27.8 −39±26.1 −34±27.6

 LSM difference versus MTX (95% CI) −9 (−12 to –5) −3 (−7 to 1) −4 (−8 to 0)

 Exploratory P versus MTX <0.001 0.13 0.047

hsCRP change from baseline

 N 374 190 186 368

 Mean±SD −13.4±27.1 −10.9±24.5 −12.7±24.5 −7.5±23.5

 LSM difference versus MTX (95% CI) −5.3
(−7.2 to –3.3)

−3.3
(−5.7 to –0.9)

−4.6
(−7.0 to –2.2)

 Exploratory P versus MTX <0.001 0.007 <0.001

CDAI, Clinical Disease Activity Index; CRP, C- reactive protein; DAS28(CRP), Disease Activity Score in 28 joints with CRP; FIL, filgotinib; hsCRP, high- sensitivity CRP; LSM, least- squares mean; MTX, methotrexate; SDAI, 
Simplified Disease Activity Index; SJC66, swollen joint count based on 66 joints; TJC68, tender joint count based on 68 joints.
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(1%) in FIL200+MTX, 1 (1%) in FIL100+MTX, 2 (1%) in 
FIL200, and 2 (1%) in MTX (table 4). All positively adjudicated 
MACE occurred in patients with cardiovascular risk factors. No 
venous thromboembolism (VTE) occurred with filgotinib; two 

positively adjudicated VTEs (pulmonary emboli) occurred with 
MTX treatment.

Malignancies, excluding non- melanoma skin cancer (NMSC) 
occurred in 4 (1%) patients receiving MTX (breast cancer, 

Table 4 Treatment- emergent adverse events and laboratory abnormalities up to week 52
FIL 200 mg+MTX n=416 FIL 100 mg+MTX n=207 FIL 200 mg n=210 MTX n=416

Safety summary

TEAE 318 (76%) 164 (79%) 143 (68%) 305 (73%)

TE SAEs 26 (6%) 13 (6%) 17 (8%) 28 (7%)

TEAE leading to premature discontinuation of study drug 28 (7%) 13 (6%) 5 (2%) 25 (6%)

Death 3 (1%) 1 (1%) 0 0

TEAEs in >5% of patients

 Nausea 43 (10%) 32 (16%) 13 (6%) 45 (11%)

 Nasopharyngitis 16 (4%) 13 (6%) 12 (6%) 16 (4%)

 Upper respiratory tract infection 21 (5%) 5 (2%) 9 (4%) 17 (4%)

 Headache 18 (4%) 8 (4%) 5 (2%) 19 (5%)

 Alopaecia 15 (4%) 13 (6%) 3 (1%) 15 (4%)

 Diarrhoea 12 (3%) 10 (5%) 4 (2%) 20 (5%)

TEAEs of special interest

Infection 148 (36%) 76 (37%) 75 (36%) 157 (38%)

Serious infection 5 (1%) 3 (1%) 5 (2%) 8 (2%)

Opportunistic infection 1 (<1%)* 0 0 2 (1%)†

Herpes zoster 6 (1%) 3 (1%) 4 (2%) 4 (1%)

Active TB 0 0 0 0

Malignancy (excluding NMSC) 1 (<1%)‡ 0 0 4 (1%)§

NMSC 2 (1%)¶ 0 0 1 (<1%)**

Gastrointestinal perforations 1 (<1%)†† 0 0 0

Adjudicated VTE 0 0 0 2 (1%)‡‡

Adjudicated MACE 4 (1%)§§ 1 (1%)¶¶ 2 (1%)*** 2 (1%)†††

Laboratory assessments

Haemoglobin change from baseline, mean±SD, g/dL 0.2±1.2 0±1.1 0.4±1.1 −0.1±1.0

  G3 or G4 decrease 6 (2%) 0 1 (1%) 5 (1%)

Neutrophils change from baseline, mean±SD, 103/µL −1.3±2.1 −1.3±2.1 −1.0±2.0 −0.8±1.8

  G3 or G4 decrease 2 (1%) 5 (3%) 2 (1%) 1 (<1%)

Lymphocytes change from baseline, mean±SD, 103/µL −0.2±0.6 −0.2±0.7 −0.1±0.7 −0.1±0.6

  G3 or G4 decrease 14 (3%) 3 (2%) 0 6 (2%)

Platelets change from baseline, mean±SD, 103/µL −40±72.6 −33±66.9 −50±79.6 −18±78.2

  G3 or G4 decrease 1 (<1%) 2 (1%) 0 1 (<1%)

ALT change from baseline, mean±SD, 103/µL 12±29.9 6±22.2 2±13.0 6±19.7

  G3 or G4 increase 18 (4%) 7 (3%) 1 (1%) 4 (1%)

AST change from baseline, mean±SD, 103/µL 9±20.3 7±18.4 5±9.1 4±12.5

  G3 or G4 increase 5 (1%) 3 (2%) 2 (1%) 1 (<1%)

Creatinine change from baseline, mean±SD, 103/µL 0.1±0.1 0.04±0.1 0.1±0.2 0.03±0.1

  G3 or G4 increase 0 0 0 1 (<1%)

CK change from baseline, mean±SD, 103/µL 70±395.1 45±79.3 73±97.2 12±59.7

  G3 or G4 increase 7 (2%) 3 (2%) 3 (1%) 2 (1%)

Fasting LDL cholesterol, change from baseline, mean±SD, mg/dL 17±27.6 12±27.8 14±28.7 2±24.4

  % change, mean±SD 22±32.1 16±29.6 20±33.5 12±23.0

Fasting HDL cholesterol, change from baseline, mean±SD, mg/dL 11±14.5 6±13.6 12±15.3 1±11.0

  % change, mean±SD 21±30.9 12±25.0 21±27.9 6±23.2

Fasting LDL/HDL ratio, mg/dL, change from baseline, mean±SD, mg/dL −0.01±0.63 0.05±0.62 −0.1±0.75 0.001±0.54

Data are shown as n, (%) unless otherwise indicated.
*Oesophageal candida.
†Pneumocystis jirovecii pneumonia and cryptococcal pneumonia.
‡Breast cancer.
§Breast cancer, malignant melanoma, prostate cancer, and small cell lung cancer.
¶Basal cell carcinoma.
**Squamous cell carcinoma.
††Diverticular perforation.
‡‡Two adjudicated events of pulmonary embolism.
§§Two adjudicated events of non- fatal stroke, one adjudicated event each of non- fatal MI and CV death (lupus myocarditis).
¶¶Adjudicated CV death (intracranial aneurysm).
***Adjudicated non- fatal MI and non- fatal stroke.
†††Two adjudicated events of non- fatal stroke.
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; CV, cardiovascular; FIL, filgotinib; G2, grade 2; G3, grade 3; G4, grade 4; HDL, high- density lipoprotein; LDL, 
low- density lipoprotein; MACE, major adverse cardiovascular event; MI, myocardial infarction; MTX, methotrexate; NMSC, non- melanoma skin cancer; SAE, serious AE; TB, tuberculosis; TE, treatment- emergent; TEAE, 
treatment- emergent AE; VTE, venous thromboembolism.
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malignant melanoma, prostate cancer, and small cell lung 
cancer) and 1 (<1%) receiving FIL200+MTX (breast cancer). 
NMSC occurred in 2 (1%) patients receiving FIL200+MTX and 
1 (<1%) receiving MTX. Diverticular gastrointestinal perfora-
tion occurred in 1 (<1%) patient receiving FIL200+MTX, non- 
steroidal anti- inflammatory drugs, and corticosteroids.

Laboratory abnormalities and TEAEs through 52 weeks are 
presented in table 4.

Mean haemoglobin increased slightly from baseline at week 
52 with filgotinib (online supplemental figure S3). Mean 
decreases in platelets, neutrophils, and lymphocytes remained 
within normal range through week 52 for all treatments. There 
were no grade ≥3 increases in platelets. There was no temporal 
association between low lymphocytes and infection.

Grade 3 liver enzyme elevations were more frequent versus 
MTX with FIL200+MTX and FIL100+MTX, but comparable 
for FIL200 and MTX (table 4). However, no case satisfied Hy’s 
law to suggest drug- induced hepatocellular injury. Grade 3 
creatinine increase was reported with MTX; none occurred with 
filgotinib. Grade 3 creatine kinase (CK) elevation incidence was 
similar with filgotinib versus MTX; grade 4 elevation occurred 
only with filgotinib. These events were transient, without symp-
toms of muscle toxicity or rhabdomyolysis. One patient receiving 
FIL200 discontinued due to asymptomatic grade 3 CK elevation. 
Cholesterols increased by a mean (SD) of 17 (28), 12 (28), and 
14 (29) mg/dL for low- density lipoprotein (LDL) cholesterol and 
11 (15), 6 (14), and 12 (15) mg/dL for high- density lipoprotein 
(HDL) cholesterol with FIL200+MTX, FIL100+MTX, and 
FIL200, respectively; however, LDL/HDL ratios remained stable 
(table 4).

DISCUSSION
Early diagnosis and treatment are desirable to achieve RA 
treatment goals: induction of remission, maintenance of phys-
ical function, and maximisation of patient QoL.2 6 Although 
treatment with all filgotinib regimens and MTX in the current 
study were effective in improving disease activity, physical func-
tion, and patient reported outcomes, patients who received 
FIL200+MTX or FIL100+MTX achieved a superior ACR20 
response and improvements in HAQ- DI and DAS28(CRP) <2.6 
at week 24 compared with MTX. However, the proportion 
of patients achieving ACR20 at week 24 treated with FIL200 
monotherapy did not attain statistical significance versus MTX 
in the hierarchical testing scheme.

The clinical benefits achieved in the study were considered 
alongside the potential risks of all treatment regimens. Over 
52 weeks, rates of serious AEs, infections, serious infections, 
opportunistic infections, herpes zoster, MACE and malignancies 
were similar between filgotinib and MTX arms. No VTEs were 
observed in patients receiving filgotinib. Three deaths occurred 
in patients receiving filgotinib and an additional death occurred 
more than 2 months after cessation of filgotinib. There was no 
pattern in specific cause of death, and events were consistent 
with common causes of mortality in RA apart from the event of 
lupus myocardiopathy.20

Liver enzyme elevations were more commonly observed with 
filgotinib in combination with MTX than with either filgotinib 
monotherapy or MTX. However, no reported case satisfied 
Hy’s law to suggest drug- induced liver injury. Filgotinib, either 
as a monotherapy or with MTX, was associated with decreases 
in neutrophil, lymphocyte, and platelet counts, and increases 
in lipids and CK. These results were similar to prior filgotinib 
trials.11–13 MTX monotherapy was also associated with decreases 

in neutrophil, lymphocyte, and platelet counts; such decreases 
are an expected feature of successful reduction in RA disease 
activity. The longer term safety of filgotinib is being evaluated in 
two ongoing LTE trials (NCT02065700; NCT03025308).

Limitations of this study include that the design precluded 
adjusting the MTX dose following the initial 8- week period, 
increasing the dose >20 mg/week, or switching to an inject-
able formulation. Additionally, patients receiving concomi-
tant glucocorticoids were required to receive a stable dose, 
precluding use as short- term bridging therapy. The lack of 
a placebo group might have increased the response in all 
treatment groups due to expectation bias. Nevertheless, the 
responses observed with filgotinib are consistent with other 
studies of filgotinib.11–13 The inability to demonstrate superi-
ority of FIL200 monotherapy versus MTX for ACR20 at week 
24 precluded further claims of statistical significance for other 
clinically important endpoints, such as physical function and 
remission, for which FIL200 appeared to have benefit over 
MTX. Finally, the low progression rate of structural damage 
compromised the ability to demonstrate a benefit between 
filgotinib arms versus MTX.

In early RA, separation between two active medications can be 
observed based on the proportion of patients achieving the clin-
ically meaningful threshold such as the ACR20 but also by the 
depth of response seen by those on treatment. Thus, two medi-
cations can show similar proportions of ACR20 responses, and 
their true difference in efficacy is only revealed when assessing 
ACR50 and ACR70 responses.21 Although ACR20 was chosen 
as the primary endpoint, other endpoints of clinical interest 
were also evaluated. All filgotinib treatments achieved numeri-
cally better disease control versus MTX alone for higher hurdle 
endpoints such as ACR50/70 and remission.

Early intensive treatment aims to limit both disease activity—
ideally inducing disease remission—and progression of struc-
tural damage that could lead to loss of function and disability in 
the long term. Despite aiming to enrich the study with patients 
at risk for structural progression, the proportion of patients in 
whom structural damage progressed was low. While longer dura-
tion of follow- up may be necessary to demonstrate the impact 
of filgotinib on irreversible joint damage, overall, there was less 
progression of structural damage with all filgotinib treatments 
versus MTX alone at week 52 and with FIL 200 mg at week 24. 
These comparisons were not adjusted for multiplicity, and thus 
no final conclusion can be drawn.

As current guidelines recommend early initiation of DMARDs 
after RA diagnosis, it is important to note that 34% of the 
patients enrolled in the study had disease duration >1 year with 
no DMARD therapy prior to study enrolment, which may limit 
the generalisability of our findings. However, in sensitivity anal-
yses in which patients were stratified by disease duration of <1 
or>1 year (data not shown), results were similar regardless of 
disease duration for all endpoints evaluated.

In patients with active RA who had limited or no prior MTX 
exposure, filgotinib with MTX reduced signs and symptoms 
of RA and improved physical function, and these effects were 
sustained through 52 weeks. Both filgotinib doses were well 
tolerated with an acceptable safety profile. Given the high- 
hurdle outcomes at week 52, an initial dose of filgotinib 200 
mg eventually tapering to 100 mg in patients with good disease 
control at 1 year may be considered in clinical practice. An addi-
tional study evaluating early, temporary use of JAK- inhibitors or 
bDMARDs in patients with a suboptimal early response to initial 
MTX and tapering glucocorticoids is needed to assess potential 
benefits of this strategy.
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ABSTRACT
Objectives Lack of effective biomarkers in anti- 
citrullinated protein antibody (ACPA)- negative 
rheumatoid arthritis (RA) impedes early diagnosis 
and treatment. This study aimed to identify novel 
autoantibodies in RA and verify their diagnostic values 
in ACPA- negative RA based on protein microarray 
technology.
Methods A total of 1011 sera from 559 RA (276 
ACPA- positive and 283 ACPA- negative), 239 disease 
controls (DCs) and 213 healthy controls (HCs) were 
collected and sampled on two sequential microarrays 
and ELISA and western blot (WB) detection, for novel 
autoantibodies discovery, validation and verification, 
respectively. The high- density protein microarray printed 
with a broad spectrum of recombinant human proteins 
was first employed to screen candidate autoantibodies, 
then focused microarrays composed of candidate 
autoantigens were used for validation, followed by ELISA 
and WB to verify the presence of the most promising 
candidates in ACPA- negative RA.
Results Nine novel autoantibodies were identified 
by two sequential microarrays with positivity 
17.93%–27.59% and specificities >90% in ACPA- 
negative RA. Among these, anti- PTX3 and anti- DUSP11 
autoantibodies presented with the highest sensitivity 
and were consistently verified by ELISA and WB. Pooling 
samples of all cohorts, the positivities of anti- PTX3 and 
anti- DUSP11 in ACPA- negative RA were 27.56% and 
31.80%, respectively, similar to those in ACPA- positive 
RA, and significantly higher than in HCs (4.69% and 
2.35%) and DCs (10.04% and 8.49%) (p<0.0001). 
Combination of anti- PTX3 with anti- DUSP11 significantly 
increased the diagnostic sensitivity (38.00%) with 
specificity of 88.72%, regardless of ACPA status.
Conclusion Anti- PTX3 and anti- DUSP11 
autoantibodies are newly identified biomarkers for 
diagnosis of ACPA- negative RA.

INTRODUCTION
Rheumatoid arthritis (RA) is characterised by 
systemic inflammation and joint erosion with 
high morbidity.1 2 Persisting synovitis leads to 
progressive joint damage and functional decline.3 
Prompt diagnosis at early stage is fundamental 
for preventing handicap and maintaining physical 
ability.2 The presence of specific autoantibodies 
is critical for early diagnosis. Rheumatoid factor 
(RF), the classic autoantibody, can be detected 
in 70%–80% of patients with RA but with low 

specificity.4 Anti- citrullinated protein antibodies 
(ACPAs) are more specific and usually coexist 
with RF,5 both of them included in 2010 Amer-
ican College of Rheumatology (ACR) classifica-
tion criteria for RA.2 6 However, approximately 
one- third of RA are ACPA- negative, posing a great 
challenge to clinicians, especially in early phase. 
More importantly, ACPA- negative RA differs from 
ACPA- positive RA in aspects from aetiopathology 
to clinical features.7–12 Identification of novel auto-
antibodies is not only crucial for early recognition 
of ACPA- negative RA but also helpful for revealing 
underlying pathological mechanisms.

Recently, rapid progress in microarrays made 
it possible to discover novel biomarkers in high- 
throughput way.13–16 In this study, two types of 
protein microarrays were employed sequentially in 
a large cohort including ACPA- negative and ACPA- 
positive RA, disease controls (DCs) and healthy 
controls (HCs), aiming to find novel autoantibodies 
qualified as ACPA- negative RA biomarkers. Tradi-
tional methods such as ELISA and western blot 
(WB) were also conducted to validate the practica-
bility of candidate autoantibodies.

Key messages

What is already known about this subject?
 ► Lack of effective biomarkers in anti- citrullinated 
protein antibody (ACPA)- negative rheumatoid 
arthritis (RA) impedes early diagnosis and 
prompt treatment.

What does this study add?
 ► Nine novel autoantibodies are identified as 
promising biomarkers for the diagnosis of 
ACPA- negative RA.

 ► The combination of anti- PTX3 and anti- DUSP11 
autoantibodies is an effective and optimal 
tandem panel for identification of patients 
with RA negative for ACPA, and is readily to be 
translated into clinical practice.

How might this impact on clinical practice or 
future developments?

 ► This study suggests potential biomarkers to 
improve the early diagnosis and intervention of 
patients with ACPA- negative RA.
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MATERIALS AND METHODS
Patients and controls
Patients with RA having visited Peking Union Medical College 
Hospital from 2010 to 2020 were sequentially recruited. Diag-
nosis of RA was applied with 2010 ACR/European League 
Against Rheumatism classification criteria.17 All patients 
with RA included were treatment- naïve or free from disease- 
modifying antirheumatic drugs (DMARDs) treatment for at least 
3 months before enrolled in this study. A total of 559 patients 
with RA were included and classified as ACPA- positive (n=276) 
and ACPA- negative (n=283). Two hundred thirteen healthy 
subjects (HCs) and 239 patients with other diseases (DCs) were 
included as controls. DCs included 37 systemic lupus erythema-
tosus (SLE), 32 primary Sjögren’s Syndrome (pSS), 40 osteoar-
thritis (OA), 70 ankylosing- spondylitis (AS), 10 antineutrophil 
cytoplasmic antibody- associated vasculitis (AAV), 40 Behcet’s 
disease (BD) and 10 Takayasu arteritis (TA). Diagnosis of DCs 
was applied with their corresponding classification criteria.18–24 
Five hundred fifty- nine RA were separated into three cohorts: 
discovery, validation and verification cohort, whose serum were 
used for the high- density protein microarray, focused microarray, 
and ELISA and WB, respectively. The two- phase microarray 
strategy was adopted for biomarkers identification (online 
supplemental figure 1). First, 120 sera including ACPA- positive 
RA, ACPA- negative RA, HCs and DCs (BD, TA and SLE) at a 
ratio of 30:30:30:30 were applied to the high- density protein 
microarray. Then, the focused microarray consisting of candi-
date autoantigens was employed for validation. Four hundred 
eighty- seven serum samples including 145 ACPA- positive RA, 
145 ACPA- negative RA, 98 HCs and 99 DCs (11 OA, 39 AS, 18 
BD, 10 AAV, 21 pSS) were measured. ELISA and WB verification 
involved an additional cohort with 101 ACPA- positive RA, 108 
ACPA- negative RA, 85 HCs and 110 DCs (29 OA, 31 AS, 12 BD, 
11 pSS, 27 SLE). The demographic and clinical characteristics of 
participants are shown in online supplemental tables 1 and 2. All 
participants provided signed informed consent.

Construction and quality assessment of high-density protein 
microarrays
High- density protein microarrays and the Saccharomyces cere-
visiae expressing recombinant vectors (including target gene 
sequences) were provided by Dr. Heng Zhu’s laboratory at 
Johns Hopkins University. Human open reading frames (ORFs) 
were selected from the Invitrogen Ultimate ORF collection.25 
Using Gateway site- specific recombination,26 ORFs were shut-
tled to yeast expression vector producing N- terminal glutathione 
S- transferase (GST) fusions of each protein, and purified using 
a previously described strategy.27 After high throughput affinity 
purification using the GST tag, proteins are printed in dupli-
cate onto glass slides. Each microarray consisted of 48 blocks 
and each block included 992 probe points arranged in a 32×31 
array, with 2 adjacent parallel points designed as duplicates. The 
protein microarray consisted of 21 827 non- redundant recombi-
nant human proteins.

The microarray quality was assessed by hybridisation with 
mouse anti- GST monoclonal antibodies (Beijing Protein Inno-
vation Co.). Briefly, the microarray was blocked with 3% bovine 
serum albumin (BSA) and then incubated with mouse anti- GST 
monoclonal antibody (1:1000) at room temperature for 1 hour. 
After phosphate- buffered saline (PBS) with 0.1% Tween (PBST) 
washes, the microarray was incubated with PE- Cy5- labelled 
anti- mouse IgG (1:1000) for 1 hour in darkness followed by 
thorough wash. GenePix 4000B microarray scanner (Grace 

Bio- Labs, USA) was excited by 635 nm laser (power=95, photo-
multiplier tube=650) for microarray scan. GenePix Pro V.6.0 
(Molecular Devices, USA) was used to quantify the signal inten-
sity, calculated by the ratio of foreground signal to the back-
ground. The probes were considered detectable when the ratio 
of their signals to noise was over 3 for both duplicates.

Sera hybridisation with high-density protein microarrays
Sera were centrifugated and diluted with PBS at 1:1000. The 
microarray was blocked with 3% BSA and incubated with 
diluted sera at room temperature for 1 hour. After washing, 
the PE- Cy5- labelled anti- human IgG (1:1000) was applied as 
described in the quality assessment of microarrays. Signal inten-
sities were normalised and the cut- off was calculated according 
to procedures described previously by Hu et al.28 Briefly, we first 
identified proteins with normalised signal intensities less than 
1 (the median). Symmetric pseudodata for the right side of the 
axis (x=1) were then generated to estimate the SD. The mean 
of the normalised signal intensities for all spots in a microarray 
was determined. The cut- off was defined as mean+5 SD and 
the spot with signal intensity greater than the cut- off was iden-
tified as ‘positive’ hit. Autoantibody candidates were deter-
mined according to the following criteria: (1) χ2 test or Fisher’s 
exact test on positive incidence showing statistical significance 
(p<0.05), and (2) positive rate >25% in RA, ≥30% in ACPA- 
negative RA and <10% in assembled controls.

Construction of focused protein microarray and sera 
hybridisation
Thirty- five candidate autoantigens identified via high- density 
protein microarray, and PAD4, an autoantigen reported before in 
literature, were sorted out and printed in duplicates to construct 
the focused protein microarray. The protocols for serum hybri-
disation and data acquirement were similar to those of the high- 
density protein microarray, but with modified scanner power 
(power=90). Negative controls were set for each serum by 
incubation with microarray spots coated by GST- tag or coating 
buffer and the signal intensities were analysed. The cut- off was 
determined by receiver operating characteristic curve. Under 
the condition of specificity greater than 90%, the point with the 
highest sum of sensitivity and specificity was set as the optimal 
cut- off value.

ELISA and multiplex cytokines assay
Anti- PTX3 and anti- DUSP11 antibody levels in serum were 
measured with ELISA. The 96- well immunoplate (Thermo 
Scientific) was coated with 50 ng/well of PTX3 (P26022, R&D 
Systems) or DUSP11 (H00008446-P01, NOVUS) overnight, 
then the protocol as previously described was followed.29 
Briefly, coated plates were blocked with 5% BSA/PBS at 37℃ 
for 3 hours. After washing, the serum diluted in 1% BSA/PBS 
(1:50) was added and incubated at 37℃ for 4 hours. Then, the 
plate was washed and incubated with horseradish peroxidase- 
conjugated anti- human IgG antibody (1:10 000) (BE0122, 
EASYBIO) for 1 hour; Tetramethylbenzidine (TMB) was added 
after washes. The control experiment was conducted by coating 
the plate with irrelevant protein (5% BSA) and the rest proce-
dures were the same as previously described. PTX3 blocking 
experiment was carried out to confirm the specificity, with sera 
preincubated with PTX3 at different concentrations (100 ng/
mL, 1 µg/mL, 5 µg/mL) or unrelated poly- histidine (His)- tagged 
protein (Protein- RdRP) overnight, and then detected by ELISA 
and WB.

https://dx.doi.org/10.1136/annrheumdis-2020-218460
https://dx.doi.org/10.1136/annrheumdis-2020-218460
https://dx.doi.org/10.1136/annrheumdis-2020-218460
http://www.ncbi.nlm.nih.gov/protein/P26022
https://www.novusbio.com/products/dusp11-recombinant-protein_h00008446-p01
http://ard.bmj.com/
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PTX3 levels in plasma were measured with Human Pentraxin 
3 ELISA Kit (ab214570, Abcam) and plasma levels of IL-6, 
IL- 12p70 and IL-1β were measured using LEGENDplexTM 
Human Inflammation Panel (13- plex, 740118, BioLegend), 
according to the manufacturer’s instructions.

IgG and Fab fragments isolation
IgG in plasma was isolated using the ProteoExtract Albumin/
IgG Removal Kit (Merck), according to the manufacturer’s 
instructions. The eluted IgG was enriched by centrifugal filters 
(UFC905096, Merck) and resuspended in PBS. The Fab frag-
ments of Ig molecules were cleaved and purified by F(ab')2 
Micro Preparation Kit (44688, Thermo Scientific).

WB analysis
PTX3 (P26022, R&D) and DUSP11 (H00008446-P01, NOVUS) 
proteins were subjected to sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS- PAGE), and then transferred 
to polyvinylidene fluoride (PVDF) membrane. The membranes 
were blocked followed by incubation with serum (1:100) over-
night at 4°C. After washing, the membranes were incubated with 
anti- human IgG (1:10 000) (BE0122, EASYBIO) or anti- human 
IgG (Fab’)2 (ab98535, Abcam) for 1 hour. Protein bands were 
visualised on the detection system (Bio- Rad, USA). Anti- PTX3 
(ab190838, Abcam) and anti- DUSP11 (10 204-2- AP, Protein-
tech) antibodies were applied.

Statistical analysis
Data were analysed using GraphPad Prism V.6 software (San 
Diego, California, USA). Independent sample t- test was used to 
compare differences between two groups with normal distribu-
tion. For data with non- normal distribution, non- parametric tests 
were applied. Categorical variables were compared using the χ2 
test. Correlations were evaluated using Spearman’s correlation 
analysis. P<0.05 was considered significant.

Patient and public involvement
This study was carried out without patient and public 
involvement.

RESULTS
Novel autoantibodies identified by high-density protein 
microarray
Microarray quality assessment revealed that each array captured 
more than 96.8% of detectable proteins, and the linear correla-
tion coefficient was 0.97 based on duplicates’ signal intensities, 
ensuring high reproducibility (online supplemental figure 2A,B). 
In the discovery cohort, 35 newly found autoantibodies were 
identified as candidate biomarkers for RA with the sensitivity 
26.67%–55.00% and the specificities>90%. The positivity 
was less than 7% in both HCs and DCs (table 1). The profiles 
of these autoantibodies are shown in figure 1A and table 1. 
Their positivity in ACPA- negative RA was comparable to that 
in ACPA- positive RA, which might imply the independence of 
these autoantibodies on ACPA and their significance as potential 
biomarkers for ACPA- negative RA.

Validation by focused protein microarray
Signal distributions of negative controls for RA and control 
sera were both consistently and basically around 1, indicating 
the interference of nonspecific binding was neglectable (online 
supplemental figure 3A, B). In the validation cohort, nine auto-
antibodies were confirmed to be relatively specific for RA with 
all specificities>90%, consistent with results in the discovery 
cohort. Their sensitivities were 20.34%–27.93% in total RA, 
and 17.93%–27.59% in ACPA- negative RA, compared with 
the positivity <10% in assembled controls (all p<0.05) (online 
supplemental table 3, figure 2A). Analysis of the nine autoan-
tibodies expressions in RA revealed strong positive correlation 
with each other (online supplemental figure 4). PAD4, an auto-
antigen identified in RA previously,13 was validated in our cohort 
with sensitivity of 21.72% and specificity of 90.36%.

Clinical correlation analysis revealed that in ACPA- positive 
RA, all of nine autoantibodies positively correlated with Disease 
Activity Score 28 (DAS28) and tender joint counts. Eight of nine 
autoantibodies (except anti- PAGE5 autoantibody) positively 
correlated with erythrocyte sedimentation rate (ESR) (online 
supplemental table 3), whereas no such correlations were 
observed in ACPA- negative RA.

Among these biomarkers, anti- PTX3 and anti- DUSP11 
presented the greatest sensitivity in RA (figure 2B, online supple-
mental table 3). The autoimmunogenicity of PTX3 and DUSP11 
was readily detected, and the representative images are displayed 
in figure 1B with consistent positive signals from duplicates. 
Besides, ACPA- positive and ACPA- negative RA displayed higher 
signal intensities of anti- PTX3 and anti- DUSP11 autoantibodies 
than HCs and DCs in the validation cohort (figure 2C). And 
both autoantibodies positively correlated with DAS28 and ESR 
(figure 2D).

Determination of anti-PTX3 and anti-DUSP11 autoantibodies 
in patients with RA
An independent cohort comprising 209 patients with RA (101 
ACPA- positive, 108 ACPA- negative), 110 DCs (29 OA, 31 AS, 
12BD, 11 pSS, 27 SLE) and 85 HCs were subjected to further 
verification of anti- PTX3 and anti- DUSP11 autoantibody pres-
ence in RA by ELISA. First, we demonstrated that optical density 
(OD) values of positive sera reduced significantly with irrelevant 
protein (5% BSA) coating and there was no difference between 

Figure 1 Analysis of rheumatoid arthritis (RA) candidate 
autoantibodies in discovery cohort by hybridising with high- density 
protein microarray. (A) Heatmap of the signal intensities obtained from 
the 35 candidate autoantigens in the discovery cohort (n=120). White 
indicates saturated signal intensities (>12). (B) Representative images 
of anti- citrullinated protein antibody (ACPA)−RA or ACPA+RA and 
control serum samples. DCs, disease controls; HCs, healthy controls; 
BD, Behcet’s disease; SLE, systemic lupus erythematosus; TA, Takayasu 
arteritis.
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positive and negative sera (online supplemental figure 5), elim-
inating the interference of nonspecific binding. Compared with 
HCs and DCs, anti- PTX3 and anti- DUSP11 antibodies were 
significantly upregulated in both ACPA- positive and ACPA- 
negative RA (figure 3A, online supplemental figure 6). And 
consistent with previously reported, anti- PTX3 autoantibody 
was also detected in some patients with SLE (online supple-
mental figure 7). RA sera positive for anti- PTX3 or anti- DUSP11 
in ELISA, and samples collected from HCs and DCs were 
further detected by WB. The presence of anti- PTX3 and anti- 
DUSP11 autoantibodies was respectively confirmed in 90.74% 
(49/54) of anti- PTX3 positive sera and 86.44% (51/59) of anti- 
DUSP11 positive sera, implicating consistency between ELISA 
and WB and reliable existence of these two autoantibodies in 
RA. (figure 3B). Similarly, positive sera in microarrays were 
also confirmed by WB in 88.31% (68/77) of anti- PTX3 posi-
tive and 83.75% (67/80) of anti- DUSP11 positive sera (online 
supplemental figure 8A,B). Positive band was detected in those 
incubated with IgG isolated from anti- PTX3 or anti- DUSP11 
positive RA, but not IgG isolated from HC, and the Fab parts 
of IgG were identified being responsible for the specific binding 
(online supplemental figure 8C, D). In addition, the ELISA 
signals and the WB band intensities of tested antibody were 
inhibited by preincubation with corresponding autoantigen at a 
concentration- dependent manner, confirming the specificity of 
ELISA and WB (online supplemental figure 9).

Consistent with the results observed in the validation cohort, 
anti- PTX3 antibody levels in ELISA positively correlated with 
active disease markers including C- reactive protein (CRP) 
and DAS28 (online supplemental figure 10), and serum PTX3 
levels and IL-6, IL- 12p70 and IL-1β as well in patients with RA 
(figure 3C). In addition, serum anti- PTX3 decreased dramati-
cally in patients with RA after effective DMARDs treatment 
(figure 3D).

The ELISA and WB experiments were repeated more than 
twice, and similar results were obtained.

Panels of autoantibodies combination improved the power of 
identifying ACPA-negative RA
To improve the sensitivity of recognising ACPA- negative RA, 
tandem panels were built by various combinations of the 
top five autoantibodies, namely anti- DUSP11, anti- PTX3, 
anti- PAGE5, anti- METTL21C and anti- FGF12 autoanti-
bodies. Patients expressing any of these autoantibodies were 
defined as positive. Based on the pooled data from microar-
rays in the discovery and validation cohort, we scrutinised 
all possible combinations and found panels composed of 
anti- PTX3, anti- DUSP11 (PD panel), PD plus anti- PAGE5 
(PDA panel) and PDA plus anti- METTL21C autoantibodies 
(PDAM panel) manifested the best among binary, ternary 
and quaternary panels, respectively (figure 4A) with similar 

Figure 2 Analysis of anti- PTX3 and anti- DUSP11 autoantibodies in validation cohort by focused protein microarray. (A) Heatmap of the signals 
obtained from the nine validated autoantigens in the validation cohort (n=487). (B) Receiver operating characteristic (ROC) curves of auti- PTX3 
and anti- DUSP11 autoantibodies for total rheumatoid arthritis (RA) versus controls. The area under the curve (AUC) in ROC analysis was 0.6211 for 
anti- PTX3, and 0.6078 for anti- DUSP11. (C) Signal intensities of anti- PTX3 and anti- DUSP11 autoantibodies in anti- citrullinated protein antibody 
(ACPA)+RA (n=145), ACPA−RA (n=145), healthy controls (HCs, n=98) and disease controls (DCs, n=99). (D) Correlation between the autoantibodies 
and erythrocyte sedimentation rate (ESR) and Disease Activity Score 28 (DAS28) in ACPA+RA. Box plots show median, upper and lower quartiles. 
*P<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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Youden’s Index. Their positive rates in ACPA- negative RA 
were not significantly different (p=0.3502). Panel PD was 
preferred due to its high performance–cost ratio, with signif-
icant increased sensitivity (38.00%) at little cost of specificity 
(88.72%), regardless of the ACPA positivity (figure 4B).

Moreover, the pooled positivity of anti- PTX3 and anti- 
DUSP11 in the total cohort (559 RA, 213 HCs and 239 DCs) 
was calculated. The positivity of anti- PTX3 and anti- DUSP11 in 
ACPA- positive and negative RA and total RA were significantly 
higher than that in DCs and HCs (p<0.0001) (table 2). We 
further compared clinical characteristics of anti- PTX3 and anti- 
DUSP11- positive versus negative patients in RA subsets and total 
RA, respectively (table 3, online supplemental table 4), and found 
in ACPA- positive RA, patients positive for anti- PTX3 seemed 
to have higher disease activity, consistent with the correlation 
analysis (online supplemental table 3 and online supplemental 
figure 10). Anti- PTX3 or anti- DUSP11 antibody levels did not 
differ among patients with different disease duration regardless 
of ACPA positivity.

DISCUSSION
ACPA- negative RA comprises up to one- third of patients with 
RA, whereas lack of serum biomarkers in ACPA- negative RA 
poses a big challenge to early diagnosis, highlighting the impor-
tance of identifying specific autoantibodies in this subset. High 
throughput proteins in microarray making it an ideal tool for the 
discovery of disease biomarkers. However, considering the high 

sensitivity and small sample size screened in the first microarray, 
we employed the two- phase strategy and different cohorts with 
a large number of subjects to profile autoantibodies in RA. Nine 
newly identified biomarkers, namely anti- DUSP11, anti- PTX3, 
anti- PAGE5, anti- DOHH, anti- METTL21C, anti- FGF12, anti- 
UBXN10, anti- TBC1D19 and anti- STK3 autoantibodies, were 
found specific for diagnosis of RA in both discovery and valida-
tion cohorts. To our knowledge, these autoantibodies were first 
reported as RA biomarkers.

To further increase the diagnostic sensitivity, tandem panels 
were measured and the combination of anti- PTX3 and anti- 
DUSP11 autoantibodies was found to have optimal performance 
in diagnosing RA regardless of ACPA status. Moreover, the 
positivity of anti- PTX3 and anti- DUSP11, discovered by high- 
density protein microarrays and confirmed by tailored protein 
microarray, was also verified by ELISA and WB, implicating the 
potential of their readily translation into clinical practice.

The most common autoantigens studied before in RA are 
modified such as citrullinated and carbamylated antigens. 
PAD4 and BRAF were identified autoantigens without modi-
fication,13 involved in the pathogenesis of RA. The auto-
antigens identified in our study were also non- modified 
and have a potential role in autoimmunity. PTX3 acts as 
an essential component of innate immunity.30–32 We have 
shown high circulating levels of PTX3 and validated its role 
to activate inflammasome and pyroptosis in RA.33 Presence 
of anti- PTX3 autoantibody reveals the autoimmunogenicity 

Figure 3 ELISA and western blot of anti- PTX3 and anti- DUSP11 autoantibodies. (A) Measurement of anti- PTX3 and anti- DUSP11 autoantibodies by 
ELISA in an additional cohort of patients with rheumatoid arthritis (RA) (n=209) (anti- citrullinated protein antibody (ACPA)+RA: 101; ACPA−RA: 108), 
disease controls (DCs) (n=83) and healthy controls (HCs) (n=85). The results were normalised as the ratio of the OD value to mean OD+2SD obtained 
in HCs per experiment. (B) Western blot for detecting anti- PTX3 and anti- DUSP11 autoantibodies in serum samples from ACPA+RA, ACPA−RA, HCs 
and DCs. (C) Correlation of anti- PTX3 autoantibody with serum PTX3 levels and interleukin (IL)-6, IL- 12p70 and IL-1β levels. (D) Anti- PTX3 detection 
by western blot in two paired samples before and after effective treatment. Box plots show median, upper and lower quartiles. AS, ankylosing- 
spondylitis; BD, Behcet’s disease; OA, osteoarthritis; PSS, primary Sjögren’s Syndrome. *P<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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of PTX3. Besides, our previous study has demonstrated 
elevated PTX3 secretion by RA neutrophils.33 NETosis is 
enhanced in RA34 and NETs- derived particles containing 
PTX3 may be transferred to mDC.35 These evidences collec-
tively suggested autoimmunity against PTX3 in RA. Another 
autoantigen identified was DUSP11, belonging to dual- 
specificity phosphatases (DUSPs), a heterogeneous group 
of protein phosphatases.36 DUSPs are reported to modulate 
critical signalling pathways in various diseases, but the exact 
role of DUSP11 is poorly studied. Further exploration about 
the autoantigen may provide new insight in the pathogenesis 
of RA.

Anti- PTX3 autoantibody has also been reported in AAV and 
SLE.29 37 In our cohort, presence of anti- PTX3 autoantibody was 
also observed in a few cases with other autoimmune diseases 

(ADs), but rarely found (with very weak positivity) in HCs, which 
could be ascribed to B cell hyperactivation, a common pathoge-
netic mechanism of ADs. Though anti- PTX3 autoantibody is not 
exclusively presented in RA, it could be a valuable auxiliary tool 
in aiding the diagnosis of ACPA- negative RA, especially distin-
guishing RA from HCs, OA and AS, given that other ADs have 
characteristic autoantibody spectrum and clinical features.

Compared with ACPA- positive RA, ACPA- negative RA is 
poorly understood in aetiology and pathogenesis. Early diag-
nosis of ACPA- negative RA is challengeable to clinicians due to 
lack of biomarkers. Hopefully, these newly- identified autoanti-
bodies could fill the gap and promote early treatment. Though 
not restricted to ACPA- negative RA, these autoantibodies may 
hint underlying mechanisms and promote further exploration 
into the pathology. Further efforts are still needed to explore 

Figure 4 The sensitivity and specificity of newly identified autoantibody panels in the diagnosis of anti- citrullinated protein antibody (ACPA)- 
negative rheumatoid arthritis (RA). (A) The top three autoantibody panels for diagnosis among binary, ternary and quaternary panels. (B) Panel PD 
positivity in ACPA+ and ACPA−RA. P, anti- PTX3; D, anti- DUSP11; A, anti- PAGE5; M, anti- METTL21C; F, anti- FGF12.

Table 2 Pooled positivity of anti- PTX3 and anti- DUSP11 in rheumatoid arthritis (RA), disease and healthy controls.

Autoantibody ACPA+RA %, (n/N) ACPA−RA %, (n/N) Total RA %, (n/N) HCs %, (n/N) DCs* %, (n/N)

Anti- PTX3 27.17%, (75/276) ****$$$$ 27.56%, (78/283) ****$$$$ 27.37%, (153/559) **** $$$$ 4.69%, (10/213) 10.04%, (24/239)

Anti- DUSP11 26.45%, (73/276) ****$$$$ 31.80%, (90/283) ****$$$$ 29.16%, (163/559) ****$$$$ 2.35%, (5/213) 8.49%, (18/212)

*Including systemic lupus erythematous (anti- PTX3: 24.32%, 9/37; anti- DUSP11: 0.00%, 0/10), primary Sjögren’s Syndrome (anti- PTX3: 12.50%, 4/32; anti- DUSP11: 18.75%, 
6/32), osteoarthritis (anti- PTX3: 7.50%, 3/40; anti- DUSP11: 0.00%, 0/40), ankylosing- spondylitis (anti- PTX3: 5.71%, 4/70; anti- DUSP11: 8.57%, 6/70), antineutrophil cytoplasmic 
antibody- associated vasculitis (anti- PTX3: 10.00%, 1/10; anti- DUSP11: 20.00%, 2/10), Behcet’s disease (anti- PTX3: 7.50%, 3/40; anti- DUSP11: 10.00%, 4/40), and Takayasu 
arteritis (anti- PTX3: 0.00%, 0/10; anti- DUSP11: 0.00%, 0/10).
†Significant difference between RA and healthy controls (HCs): ****p<0.0001.
‡Significant difference between RA and disease controls (DCs): $$$$p<0.0001.
ACPA, anti- citrullinated protein antibody.;
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roles of these autoantibodies in RA. And to extrapolate to more 
generalised population, larger cohort verification with different 
ethnicities is warranted.
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Table 3 Comparison of clinical characteristics between anti- PTX3 positive versus negative patients with rheumatoid arthritis (RA) (n=559)

ACPA+RA ACPA−RA Total RA

Anti- PTX3 +
(n=75)

Anti- PTX3 –
(n=201) P value

Anti- PTX3 +
(n=78)

Anti- PTX3 –
(n=205) P value

Anti- PTX3 +
(n=153)

Anti- PTX3 –
(n=406) P value

CRP, mg/L 22.70
(7.68–55.28)

16.03
(5.61–37.20)

0.0505 14.30
(3.96–68.34)

16.60
(3.90–59.08)

0.9579 19.15
(5.64–56.48)

16.08
(4.67–44.42)

0.2386

ESR, mm/hour 54.00
(31.50–74.50)

36.00
(22.00–60.25)

0.0115 35.00
(14.25–63.50)

32.50
(14.00–61.00)

0.8214 42.00
(19.50–72.00)

34.50
(19.75–61.00)

0.0858

TJC 15 (6–26) 10 (5–17) 0.0159 13 (6–26) 9 (4–16) 0.0256 14 (6–26) 9 (5–17) 0.0012

SJC 7 (3–13) 5 (3–8) 0.0508 3 (1–10) 5 (2–10) 0.1516 5 (2–12) 5 (2–10) 0.8491

DAS28 6.76
(5.56–8.24)

5.62
(4.72–6.84)

0.0004 5.54
(4.63–7.40)

5.55
(4.39–6.71)

0.3746 6.19
(4.94–7.55)

5.60
(4.57–6.78)

0.0047

IgG, g/L 15.50
(11.80–17.90)

14.90
(11.80–18.59)

0.7578 13.90
(11.15–17.34)

13.10
(10.42–16.10)

0.1749 15.00
(11.60–17.48)

13.90
(11.03–17.29)

0.2566

IgA, g/L 3.44
(1.94–4.78)

2.91
(2.05–4.03)

0.2578 2.72
(2.05–3.57)

2.54
(1.54–3.39)

0.2235 2.86
(1.98–4.20)

2.74
(1.77–3.81)

0.1615

IgM, g/L 1.80
(1.16–2.52)

1.60
(1.13–2.36)

0.4556 1.29
(0.88–1.81)

1.29
(0.93–1.99)

0.6447 1.42
(1.00–2.27)

1.40
(1.03–2.23)

0.9614

Data are depicted as median (IQR) unless otherwise indicated.
ACPA, anti- citrullinated protein antibody; CRP, C- reactive protein; DAS28, Disease Activity Score 28; ESR, erythrocyte sedimentation rate; SJC, swollen joint count; TJC, tender joint 
count.
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ABSTRACT
Objectives Circulating myeloid precursors are 
responsible for post- natal osteoclast (OC) differentiation 
and skeletal health, although the exact human precursors 
have not been defined. Enhanced osteoclastogenesis 
contributes to joint destruction in rheumatoid arthritis 
(RA) and tumour necrosis factor (TNF) is a well- known 
pro- osteoclastogenic factor. Herein, we investigated the 
interplay between receptor activator of nuclear factor 
kappa-Β ligand (RANK- L), indispensable for fusion of 
myeloid precursors and the normal development of OCs, 
and TNF in directing the differentiation of diverse pre- OC 
populations derived from human peripheral blood.
Methods Flow cytometric cell sorting and analysis was 
used to assess the potential of myeloid populations to 
differentiate into OCs. Transcriptomic, epigenetic analysis, 
receptor expression and inhibitor experiments were used 
to unravel RANK- L and TNF signalling hierarchy.
Results TNF can act as a critical homoeostatic regulator 
of CD14+ monocyte (MO) differentiation into OCs by 
inhibiting osteoclastogenesis to favour macrophage 
development. In contrast, a distinct previously 
unidentified CD14−CD16−CD11c+ myeloid pre- OC 
population was exempt from this negative regulation. In 
healthy CD14+ MOs, TNF drove epigenetic modification 
of the RANK promoter via a TNFR1- IKKβ-dependent 
pathway and halted osteoclastogenesis. In a subset 
of patients with RA, CD14+ MOs exhibited an altered 
epigenetic state that resulted in dysregulated TNF- 
mediated OC homoeostasis.
Conclusions These findings fundamentally re- 
define the relationship between RANK- L and TNF. 
Moreover, they have identified a novel pool of human 
circulating non- MO OC precursors that unlike MOs are 
epigenetically preconditioned to ignore TNF- mediated 
signalling. In RA, this epigenetic preconditioning occurs 
in the MO compartment providing a pathological 
consequence of failure of this pathway.

INTRODUCTION
Osteoclasts (OCs) are polykarion bone- resorbing 
cells that can be derived from either yolk sac 
erythro- myeloid progenitors or bone marrow/
circulating monocyte (MO) precursors1 supported 
by the receptor activator of nuclear factor kappa-Β 
(RANK) receptor and tumour necrosis factor 
(TNF) family cytokine RANK- ligand (RANK- L).2 3 
Circulating MO also have the capacity to differ-
entiate into macrophages (Mϕ) or dendritic cells 
(DCs).4 5 Recently, human ontogenetic and tran-
scriptomic studies have re- classified DCs, MO, 
MO- derived cells and tissue resident Mϕ based on 

their differentiation from specific precursor cells.6 7 
While murine studies have identified specific OC 
myeloid precursors8 that play a crucial role in post- 
natal OC differentiation in vivo,1, it is unclear 
whether specific non- MO circulating OC precur-
sors exist in humans. Moreover, how such precur-
sors respond to competing differentiating and 
activating cytokine signals and select their eventual 
cell fate is poorly understood.

Murine studies have shown that in combination 
with RANK- L, TNF is a direct maturation/acti-
vation stimulus of OC precursors.9–11 It has been 
assumed that TNF mediates equivalent actions 
across human OC precursors. Consistent with 
this notion, TNF is one of the main mediators of 
joint inflammation in inflammatory diseases such 

Key message

What is already known about this subject?
 ► OC differentiation and maturation from myeloid 
precursors relies on receptor activator of nuclear 
factor kappa-Β (RANK) signalling and murine 
studies suggest that tumour necrosis factor 
(TNF) is a potent coactivator.

 ► One of the gold standard therapy for 
rheumatoid arthritis includes blocking TNF 
although a consistent portion of patients do 
not respond and display progressive joint 
destruction.

What does this study add?
 ► We have discovered a novel non- monocyte 
(MO) osteoclast (OC) precursor population in 
the human peripheral blood and demonstrated 
its epigenetic and transcriptomic imprint 
towards OC differentiation.

 ► We have demonstrated that TNF can act as a 
homoeostatic regulator of classical peripheral 
CD14+ MOs by inhibiting their differentiation 
into OCs to favour macrophages and showed 
how this mechanism is epigenetically 
perturbated in a portion of patients with 
rheumatoid arthritis (RA) with active disease.

How might this impact on clinical practice or 
future developments?

 ► These data provide an important insight into 
the cellular and epigenetic heterogeneity in 
RA and can be used to develop alternative 
therapeutics for those patients that do not 
respond to current therapies.

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0001-8683-1718
http://orcid.org/0000-0003-2575-9331
http://orcid.org/0000-0001-5926-5941
http://dx.doi.org/10.1136/annrheumdis-2020-219262
http://dx.doi.org/10.1136/annrheumdis-2020-219262
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2020-219262&domain=pdf&date_stamp=2021-05-10
http://ard.bmj.com/


749Ansalone C, et al. Ann Rheum Dis 2021;80:748–757. doi:10.1136/annrheumdis-2020-219262

Rheumatoid arthritis

as rheumatoid arthritis (RA), which is associated with articular 
damage and systemic bone loss.12 13 Furthermore, in the clinical 
setting, treatment with TNF inhibitors has been shown to reduce 
articular erosion.14 However, the precise effects of TNF acting 
directly on human myeloid/MO/OC precursors remains ill- 
defined. Inflamed tissues, both in acute or chronic states, exhibit 
elevated levels of TNF, usually associated with MO recruitment 
and maturation even in the presence of RANK- L.15 It is unclear 
why in environments that are favourable to osteoclastogenesis, 
a preponderance of infiltrating myeloid precursors does not 
differentiate down the OC lineage.

Herein, we report the existence of a human CD14−C-
D16−CD11c+ myeloid precursor population that is epigeneti-
cally predisposed to rapidly differentiate into OCs. Notably, 
this population is unresponsive to a previously unrecognised 
homoeostatic TNF- mediated signal that fundamentally governs 
cell fate decisions in CD14+ MOs that favours Mϕ development. 
Moreover, we provide evidence that this effect is mediated by 
TNF via epigenetic regulation of the RANK promoter in circu-
lating CD14+ MOs and that this pathway is perturbed in RA.

MATERIALS AND METHODS
Detailed experimental procedures and analyses are provided in 
online supplemental files.

RESULTS
Distinct epigenetically primed OC precursors in human blood
Circulating CD14+ MOs are regarded as classical OC precur-
sors,16 but the existence of a distinct circulating human precursor 
is not known. To investigate the osteoclastogenic potential of 
circulating human myeloid cells we used fluorescence- activated 
cell sorting (figure 1A) to purify circulating MO subsets (classical 
Lin−HLA−DR+CD14+CD16−, intermediate Lin−HLA−DR+C-
D14+CD16+ and non- classical Lin−HLA−DR+CD14dimCD16++) 
and other myeloid cells (Lin−HLA−DR+CD14−CD16−). Culture 
of these populations with macrophage- colony stimulating factor 
(M- CSF) and RANK- L verified that classical MOs differen-
tiate into mature OCs while intermediate and non- classical 
populations only produced few and variable numbers of small 
OCs17 (figure 1B,C). Intriguingly, purified Lin−HLA−DR+C-
D14−CD16− myeloid cells differentiated into OCs, with 
numbers comparable to classical CD14+ MOs (figure 1B,C). 
Lin−HLA−DR+CD14−CD16− myeloid cells can be subdivided 
via CD11c expression into populations that contain conven-
tional pre- DCs (CD14−CD16−CD11c+) and plasmacytoid DCs 
(CD14−CD16−CD11c−)7; only the CD14−CD16−CD11c+ 
population was able to adhere and differentiate into mature OCs 
(figure 1D).

The in vivo kinetics of osteoclastogenesis from precursors to 
a mature OC are not clear in humans, however, murine studies 
have shown that preconditioned cells can mature into OCs 
within 48 hours.18 The in vitro generation of a mature OCs from 
circulating CD14+ MOs or in vitro differentiated MO- derived 
pre/immature DCs or Mϕ takes in excess of 7–14 days.5 19 20 We 
hypothesised that this reflects the non- preconditioned state of 
the precursor and thus time is required for in vitro cell differ-
entiation/trans- differentiation. In support of this, CD14+ MOs 
are preincubated overnight with M- CSF to generate CD14+ 
pre- OCs. This preincubation leads to upregulation of RANK 
and CSF1R (M- CSF receptor) transcripts (figure 1E),21 and 
increased tri- methylation of histone H3 at lysine 4 (H3K4me3) 
in the RANK promoter (figure 1E), indicative of a transcrip-
tionally active epigenetic state.22 In comparison, immediate 

ex vivo evaluation of the identified CD14−CD16−CD11c+ 
myeloid population revealed that they have higher levels of 
RANK transcript and decreased levels of CSF1R compared with 
classical CD14+ MOs (figure 1F). This was associated with an 
increased level of H3K4me3 at the RANK promoter but less at 
the CSF1R promoter of CD14−CD16−CD11c+ myeloid popu-
lation compared with donor- matched CD14+ MOs (figure 1F). 
Pre- OCs from both CD14+ MOs and CD14−CD16−CD11c+ 
cells were generated by M- CSF overnight incubation. Assess-
ment of OC differentiation 72 hours post- RANK- L stimulation, 
revealed that while CD14+ pre- OCs produce few small OCs 
at this time point, CD11c+ pre- OCs rapidly differentiate into 
macroscopically larger OCs, with numbers significantly higher 
than those differentiated from donor- matched CD14+ pre- OCs 
(figure 1G). Taken together, these results suggest that the circu-
lating CD14−CD16−CD11c+ myeloid population contains OC 
precursors that are in an epigenetically precommitted state to 
rapidly differentiate into mature OCs.

TNF over-rides RANKL-driven osteoclastogenesis of CD14+ 
circulating precursors but not CD14−CD16−CD11c+ precursors
TNF is a well- known pro- osteoclastogenic factor, both in 
vitro9 10 23 and in vivo.24–26 However, nothing is known about 
how human circulating precursors respond to simultaneous expo-
sure to TNF family member cytokines, as would be expected in 
a physiological setting. Therefore, we simultaneously stimulated 
human CD14+ pre- OCs and CD11c+ pre- OCs with RANK- L 
and TNF. Unexpectedly, we found that synchronised stimulation 
of CD14+ pre- OCs with RANK- L and TNF resulted in substan-
tial inhibition of osteoclastogenesis (figure 2A,B). The resulting 
cells exhibited Mϕ morphology, although dissimilar to either 
regulatory M- CSF- driven Mϕ (M- Mϕ) or pro- inflammatory 
GM- CSF- driven Mϕ (GM- Mϕ) (online supplemental figure S1).

In comparison to what was observed in CD14+ pre- OCs, TNF 
was unable to inhibit the generation of mature OCs derived from 
CD11c+ pre- OCs (figure 2A,B). Extending the duration of differ-
entiation to 14 days, we found that TNF completely abrogated 
the resorptive activity of CD14+ pre- OCs but had no effect on 
CD11c+ pre- OCs resorption (figure 2C,D). In order to demon-
strate that CD11c+ pre- OCs were not completely unrespon-
sive to TNF, the secretion of relevant cytokines was evaluated. 
Notably, TNF stimulation resulted in the increased secretion 
of interferon-γ in CD11c+ pre- OCs but not CD14+ pre- OCs 
(online supplemental figure S2). Conversely, TNF stimulation 
resulted in the secretion of interleukin (IL)-12, IL-1β and IL-6 in 
CD14+ pre- OCs but not CD11c+ pre- OCs (online supplemental 
figure S2). Thus, circulating CD14−CD16−CD11c+ precur-
sors and CD14+ MOs display a fundamental difference in their 
response to TNF, with CD14−CD16−CD11c+ precursors able to 
differentiate into mature and functional OCs.

TNF-mediated epigenetic modification of the RANK promoter 
controls RANK transcription and expression in CD14+-derived 
OC precursors
To further explore the unexpected inhibition of osteoclastogen-
esis by TNF, we extended our cellular and molecular character-
isation of CD14+ pre- OCs. Increasing RANK- L concentration 
to potentially outcompete the simultaneous TNF signal did not 
restore OC differentiation (figure 3A). In comparison, there was 
a TNF dose- dependent reduction in the development of mature 
multinucleated OCs (figure 3B). To demonstrate TNF specificity 
and exclude the possibility of cross- contamination, addition 
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Figure 1 Identification and epigenetic state of osteoclast (OC) precursor populations in human blood. (A–D) Sorted peripheral blood mononuclear 
cells (PBMCs) were plated overnight with 25 ng/mL macrophage- colony stimulating factor (M- CSF) and subsequently 25 ng/mL receptor activator of 
nuclear factorkappa- B ligand (RANK- L) was added to differentiate cells into OCs. At day 7 cells were fixed and stained for TRAP. (A) Representative 
flow cytometric plots showing the gating strategy used to sort monocyte (MO) subsets and CD14−CD16−CD11c+ myeloid cells. Cells were pre- 
gated as single Lin− (CD19−CD3−CD15−CD56−) HLA- DR+. Numbers indicate percentage of parental subset. (B) Representative digital reconstructed 
wells at 4× (with a boxed 10× magnification) and (C) quantification of multinucleated (nuclei ≥3) cells (MNCs) TRAP+ (purple) OC differentiated 
from CD14dimCD16++, CD14+CD16+, CD14+CD16− and CD14−CD16− subsets. (D) Representative digital images of TRAP stained wells at 4× with 
boxed 10× magnification images of CD14−CD16−CD11c− and CD14−CD16−CD11c+ cells. (E–G) CD14+ MOs and CD14−CD16−CD11c+ precursors 
were magnetically enriched from PBMCs (purity ≥96%) and incubated overnight with 25 ng/mL M- CSF to generate pre- OCs. (E–F) CSF1R and 
RANK mRNA expression (left hand side) and ChIP assay for H3K4me3 at promoter regions (right- hand side) of CSF1R and RANK genes in either (E) 
CD14+ MOs before and after 25 ng/mL M- CSF overnight stimulation (CD14+ pre- OCs) and (F) in freshly isolated donor- matched CD14+ MOS and 
CD14−CD16−CD11c+ myeloid cells. Bars show mean±SD. Data were analysed with two- way analysis of variance (ANOVA) for paired data and Sidak’s 
multiple comparisons test or paired Wilcoxon t- test (n=3–4 in E and n=6 in F). *p≤0.05; **p≤0.01. (G) Representative image of TRAP staining and 
quantification of TRAP+ MNCs/well of CD14+ pre- OCs and CD11c+ pre- OCs after 72 hours of 25 ng/mL RANK- L. Dotted lines indicate donor- matched 
samples. Data were analysed with Mann- Whitney test (n=4). *p≤0.05.
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of the TNF inhibitor etanercept27 reversed osteoclastogenesis 
(online supplemental figure S3A,B).

To characterise the time- dependence of this effect of TNF, 
CD14+ pre- OCs were stimulated with suboptimal levels of 
RANK- L that resulted in the appearance of mono- nucleated and 
bi- nucleated TRAP+ cells after 72 hours stimulation. The addi-
tion of TNF at this 72 hours time- point did not inhibit osteoclas-
togenesis (online supplemental figure S4A,B) but rather caused 
an increase in OCs (online supplemental figure S4C), consistent 
with many previous studies.28 Therefore, the kinetics of expo-
sure to TNF are critical for its effect on differentiation of CD14+ 
pre- OCs into mature OCs; with precursors initially having to 
commit to the OC lineage before there is a positive synergy 
between RANK and TNF.

To investigate the molecular mechanism responsible for early 
TNF exposure- mediated inhibition observed in CD14+ pre- 
OCs, we examined the epigenetic state of the RANK promoter 
and the resulting transcript and protein expression. On 4 hours 

Figure 2 Tumour necrosis factor (TNF) over- rides receptor activator 
of nuclear factorkappa- B ligand (RANKL)- driven osteoclastogenesis 
of CD14+ pre- osteoclasts (OCs) but not CD11c+ pre- OCs. (A–B) 
Freshly isolated peripheral blood mononuclear cells (PBMCs) were 
stained for flow cytometry and CD16−CD14+ monocytes (MOs) and 
CD14−CD16−CD11c+ precursors were sorted, incubated overnight with 
25ng/mL macrophage- colony stimulating factor to generate pre- OCs, 
and then differentiated into OCs for 7 days with 25 ng/mL RANK- L 
(MR) ±10 ng/mL TNF (MRT). (A) Representative digital reconstructed 
TRAP stained wells at 4× with boxed 10× magnification and (B) 
quantification of numbers of TRAP+ multinucleated cells (MNCs) per 
well. Data were analysed with two- way analysis of variance (ANOVA) 
and Holm- Sidak’s multiple comparisons test for paired data (n=3). 
*p≤0.05. Error bars show mean±SD of n=3. (C–D) CD14+ MOs and
CD14−CD16−CD11c+ precursors were magnetically enriched, seeded 
onto mineral- coated wells, and differentiated into OCs for 14 days as in 
(A,B). (C) Digital images of resorption pits (mineral substrate in black; 
resorption pits in white) and (D) % of resorption. Statistical analysis was 
performed using two- way ANOVA and Sidak’s multiple comparisons test 
for paired data. Error bars=mean±SD of n=3. **p≤0.01.

Figure 3 Tumour necrosis factor (TNF) mediates epigenetic 
modification of the receptor activator of nuclear factor kappa-Β (RANK) 
promoter and controls RANK transcription and expression in CD14+ 
pre- osteoclasts (OCs). (A–F) Enriched CD14+ monocytes (MOs) were 
incubated overnight with 25 ng/mL to generate CD14+ pre- OCs. OCs 
were differentiated in the presence of RANK- ligand (RANK- L)±TNF. 
(A) Quantification of number of TRAP+ multinucleated cells (MNCs)/
well after 6 days of culture in increasing concentrations of RANK- L (25, 
50 or 100 ng/mL)±10 ng/mL TNF. Error bars show mean±SD of n=3. 
Data were analysed with two- way analysis of variance (ANOVA) and 
Tukey’s multiple comparisons test. ****p≤0.0001. (B) Quantification of 
TRAP+ MNCs/well after 6 days of 25 ng/mL RANK- L±TNF at different 
concentrations (0.1, 1 or 10 ng/mL). Bars=mean±SD of n=3. Data 
were analysed with Friedman test with Dunn’s multiple comparisons 
test, comparing to 0 ng/mL TNF. **p≤0.01. (C–F) CD14+ pre- OCs 
were differentiated in the presence of 25 ng/mL macrophage- colony 
stimulating factor (M- CSF)+25 ng/mL RANK- L (MR) or MR +10 ng/
mL TNF (MRT). (C) ChIP assay for H3K4me3 at the RANK promoter 
(left- hand side) and at the CSF1R promoter (right- hand side) on 
CD14+pre- OCs (0 hour) and after 4 hours MR or MRT stimulation. Bars 
show mean±SD of n=4. Data were analysed with two- way ANOVA 
for paired data and Sidak’s multiple comparisons test. *p≤0.05. (D) 
mRNA expression of RANK was evaluated at 0, 4, 12, and 24 hours 
after cytokine addition on CD14+ pre- OCs. Data were analysed with 
two- way ANOVA and Dunnet’s multiple comparisons test. **p≤0.01; 
***p<0.001; n=4. (E) Representative histograms of uptake of 
fluorescent RANK- L (RANK- LPB; black lines) after 72 hours of MR or 
MRT stimulation. Grey filled lines indicate unstained controls. (F) 
Graph shows quantification of RANK- LPB uptake; ΔMFI was calculated 
by subtraction of the unstained background fluorescence. Statistical 
significance was assessed via one- way ANOVA and Holm- Sidak’s 
multiple comparisons test. **p≤0.01; n=3. (G) CD14+ pre- OCs and 
CD11c+ pre- OCs were stimulated with MR or MRT for 4 hours. Graphs 
show RANK and CSF1R mRNA fold change, calculated by normalising to 
values at 0 hour prior stimulation (on pre- OCs after overnight M- CSF). 
Statistical significance was calculated using 2- way ANOVA for paired 
data and Sidak’s multiple comparisons test. **p≤0.01 *p≤0.05. Error 
bars show mean±SD of n=5.

https://dx.doi.org/10.1136/annrheumdis-2020-219262
https://dx.doi.org/10.1136/annrheumdis-2020-219262
https://dx.doi.org/10.1136/annrheumdis-2020-219262
http://ard.bmj.com/


752 Ansalone C, et al. Ann Rheum Dis 2021;80:748–757. doi:10.1136/annrheumdis-2020-219262

Rheumatoid arthritis

stimulation with RANK- L, CD14+ pre- OCs displayed enhanced 
H3K4me3 at the RANK promoter, with subsequent increased 
RANK transcript at 12 hours and 24 hours (figure 3C,D). The 
simultaneous addition of TNF with RANK- L suppressed this 
enhanced H3K4me3 and upregulation of transcript (figure 3C,D). 
This correlated with suppression of RANK expression at the cell 
surface (figure 3E,F). Notably, H3K4me3 levels at the CSF1R 
promoter and CSF1R transcripts were unaltered on RANK- L 
±TNF stimulation (figure 3C and online supplemental figure 
S5). As noted before, in contrast to CD14+ pre- OCs, CD11c+ 
pre- OCs were not sensitive to the TNF inhibition (figure 2). To 
investigate the disconnect between the two cell types, we eval-
uated the transcriptional expression of RANK post- TNF treat-
ment in donor- matched CD14+ pre- OCs and CD11c+ pre- OCs. 
Simultaneous addition of TNF with RANK- L suppressed the 
level of RANK in CD14+ pre- OCs but not in CD11c+ pre- OCs 

(figure 3G). Combined, these data suggest that TNF- mediated 
signalling in CD14+- derived OC precursors, but not CD14−C-
D16−CD11c+ precursors, epigenetically modulates the RANK 
locus, resulting in loss of transcript and protein expression.

TNF over-rides RANKL-driven osteoclastogenesis of CD14+ 
circulating precursors via a TNFR1 and canonical NF-κB 
pathway
RANK- L and TNF belong to the same TNF superfamily; stimula-
tion of their respective receptors results in activation of NF-κB. 
However, TNF stimulation of TNFR1 and TNFR2 primarily 
leads to activation of the canonical and non- canonical NF-κB 
pathways, respectively.29 30 RANK- L stimulation of RANK 
predominately leads to the activation of the non- canonical 
NF-κB pathway.31 TNFR1 and TNFR2 are expressed on both 

Figure 4 Tumour necrosis factor (TNF) over- rides receptor activator of nuclear factorkappa-Β ligand (RANKL)- driven osteoclastogenesis of CD14+ 
pre- osteoclasts (OCs) via a TNFR1 and canonical NF- kB pathway. (A) Freshly isolated peripheral blood mononuclear cells (PBMCs) were stained for 
flow cytometry. Representative histograms showing TNFR1 and TNFR2 expression on CD14+ monocytes (MOs) and CD14−CD16−CD11c+ precursors 
and quantification of Δmean fluorescence intensity (MFIs) (calculated by subtracting the MFI of the TNFR to the relative MFI of the isotype control). 
Cells were pre- gated on single Lin−(CD3−CD19−CD15−CD56−) HLA- DR+. Dotted lines indicate donor- matched samples. Data were analysed with 
Wilcoxon matched- paired signed rank test (n=6). *p≤0.05. (B–F) CD14+ pre- OCs were differentiated in the presence of 25 ng/mL macrophage- 
colony stimulating factor+25 ng/mL RANK- L (MR) or MR +10 ng/mL TNF (MRT). (B) Quantification of numbers of TRAP+ MNCs/well (top graph) 
and % of resorbed area (bottom graph) calculated, respectively at day 7 and day 10 of MR or MRT cultures±antibody blocking TNFR1 or TNFR2 
(αTNFR1 and αTNFR2) or±the respective isotype controls (iso1 and iso2, respectively). Statistical significance was assessed with two- way analysis 
of variance (ANOVA) and Sidak’s multiple comparisons test, comparing all data to MR. Error bars=mean±SD of n=3. ***p<0.001, ****p<0.0001. 
(C) Representative digital reconstructed wells of TRAP staining and 10× magnifications (in purple) at day 7 (top) and mineral- coated wells (mineral 
substrate in black; resorption pits in white) at day 10 (bottom) of CD14+- derived OC culture. (D) Representative digital images of resorption assay at 
day 10, (E) quantification of % of resorbed area and (F) quantification of numbers of TRAP+ MNCs/well differentiated at day 7 with MR or MRT in the 
presence of an IKK-β inhibitor at 100 nM (MRT+100 nM) or 300 nM (MRT+300 nM) or+vehicle control (MRT+v). (E) Mean±SD of one representative 
experiment of n=4. Data in (F) were analysed with Friedman analysis of variance and Dunn’s multiple comparisons test. *p≤0.05; **p≤0.01. Error 
bars indicate mean±SD of n=3.
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CD14+ circulating MOs and CD14−CD16−CD11c+ myeloid 
cells (figure 4A).32 However, the level of TNFR1 is significantly 
lower on CD14−CD16−CD11c+ precursors (figure 4A). To assess 
the role of TNFR1 and TNFR2 in the TNF- mediated inhibition 
of OC differentiation from CD14+ MOs, we utilised TNFR1- 
specific and TNFR2- specific blocking antibodies. Blockade of 
TNFR1, but not TNFR2, mitigated the inhibitory effect of TNF 
on OC numbers and function (figure 4B,C). Given that TNFR1- 
mediated signalling is through the canonical NF-κB pathway 
(via the IκB kinase (IKK) complex formed by IKK-α, IKK-β 
and NEMO),30 we used a selective IKK-β inhibitor (TPCA-1) 
to specifically block this signalling cascade. Inhibition of IKK-β 
significantly suppressed the ability of TNF to inhibit OC differ-
entiation and activation (figure 4D–F). Importantly, TPCA-1 did 
not affect RANK- L- induced osteoclastogenesis or their resorp-
tive capacity (figure 4D,E), as this is primarily driven by non- 
canonical NF-κB signalling.33–35 TNFR1- mediated signals have 
also been associated with initiation of caspase cascades and subse-
quent apoptosis. TNF stimulation of CD14+ pre- OCs resulted in 
decreased caspase activation and no change in apoptosis levels 
(online supplemental figure S6). Interestingly, RANK- L- mediated 
differentiation of CD14+ pre- OCs for 72 hours resulted in 

upregulation of TNFR2 (online supplemental figure S7A,B). 
This corresponded with TNFR2- dependent TNF- mediated 
enhancement of OC differentiation in these precommitted OC 
precursors (online supplemental figure S7C,D). Taken together, 
our data reveal a fundamental dual role of TNF in enhancing 
or blocking OC differentiation. Early exposure to concomitant 
RANK- L and TNF activates the canonical NF-κB pathway via 
TNFR1 and halts osteoclastogenesis; in contrast, later TNF 
addition on precommitted pre- OCs aids RANK- L and osteoclas-
togenesis via TNFR2 and non- canonical NF-κB signalling. This 
may also partly explain why circulating CD14−CD16−CD11c+ 
precursors are unresponsive to TNF- mediated inhibition, given 
their lower levels of TNFR1 (figure 4A).

Patients with RA have a perturbed myeloid compartment and 
TNF does not negatively regulate OC differentiation
Cell in the myeloid compartment and TNF play key roles in RA 
pathology. Analysis of circulating CD14+ MOs and CD14−C-
D16−CD11c+ precursors in our RA cohort showed that while 
the abundance of CD14+ MOs was not affected in RA, CD14−C-
D16−CD11c+ precursors were significantly reduced (figure 5A). 

Figure 5 Patients with rheumatoid arthritis (RA) have epigenetically perturbed CD14+ monocytes with increased receptor activator of nuclear factor 
kappa-Β (RANK) expression. (A) Freshly isolated peripheral blood mononuclear cells (PBMCs) from healthy controls (HC) and RA were stained for 
flow cytometry and percentages of CD14+ MOs and CD14−CD16−CD11c+ precursors in PBMCs were calculated. Statistical significance was calculated 
using unpaired t- test (n=10 HC and n=14 RA). ****p≤0.0001. (B) Diffbind normalised peak intensity heatmap highlighting the size and consistency 
of differences between HC and RA. Samples are given by column and the 6763 significantly differential peaks (<5% FDR) by row. Colour intensity 
indicates row scaled (z- score) peak intensity with blue as low and red as high. Rows have been hierarchically clustered using Spearman distances. (C) 
Network plot of the enriched (p<0.0001) Gene Ontologies for the 6763 significantly differential peaks (FDR<5%). Nodes denote Gene Ontologies and 
edges join nodes where >50% significant peak containing genes are shared. Node colour intensity represents enrichment (−log10p) and node size 
the number of significant peaks containing genes. Representative names for node clusters are given. (D) Genome Browser traces of the RANK, TNFR1 
and TNFR2 H3K4me3 promoter peaks. (E) Input normalised peak intensity boxplots for the RANK, TNFR1 and TNFR2 promoter peaks (top) and relative 
mRNA expression measured on freshly isolated CD14+ monocytes (MOs) from HC and RA (bottom). Unadjusted diffbind p values are given in the top 
graph. Two- way analysis of variance (ANOVA) and Sidak’s multiple comparisons test was used for the analysis in the bottom graph. Graph shows box 
and whiskers with min to max of n=4 for HC and n=11 for RA. *p≤0.05; **p≤0.01. (F) Freshly isolated PBMCs from HC and RA were stained for flow 
cytometry to evaluate TNFR1 and TNFR2 expression. Box and whiskers show TNFR1 and TNFR2 expression on CD14+ MOs in Δmean fluorescence 
intensity (MFIs) for n=13 each group. Error bars shows min to max variation.

https://dx.doi.org/10.1136/annrheumdis-2020-219262
https://dx.doi.org/10.1136/annrheumdis-2020-219262
https://dx.doi.org/10.1136/annrheumdis-2020-219262
http://ard.bmj.com/


754 Ansalone C, et al. Ann Rheum Dis 2021;80:748–757. doi:10.1136/annrheumdis-2020-219262

Rheumatoid arthritis

This is consistent with previous studies showing reduced mDCs 
in both RA bloodstream and inflamed synovium.36 Whether this 
is due to their rapid recruitment and differentiation in situ or to 
their minor contribution to bone erosion in RA pathology is not 
known. However, recent independent studies both in the blood 
and the synovium have interrogated the molecular signature of 
both CD14+ MOs and CD1C pre- DC (which are the closest 
subset to our CD11c+ myeloid precursors) in RA.37 38 Analysis 
of this publicly available data revealed a high transcriptional 
correlation between blood and synovial CD1C cells (online 
supplemental figure S8A), indicating a common cell lineage 
origin. Notably, among the most differentially expressed gene, 
RANK was dramatically upregulated in the CD1C synovial coun-
terpart, compared with circulating cells (online supplemental 
figure S8B). These data taken together suggest that CD11c+ 
(or CD1C cells) are present in the inflamed synovium and have 
the molecular potential to differentiate into OC; although their 
contribution to RA bone erosion remains elusive.

In contrast, although the abundance of circulating MOs was 
unaffected in RA, prior studies have shown that their transcrip-
tional profile is different from non- inflammatory controls.39 We 
therefore hypothesised, having shown that the epigenetic status 
of CD14+ MOs controls the inhibitory TNF effect, that RA blood 
CD14+ MOs may exhibit a distinct epigenetic state. To gain 
further insight into this dysregulation, genome- wide H3K4me3 
histone modification was investigated using ChIPseq. Compar-
ison between patients with biological naïve RA with moderate to 
severe disease (DAS28=4.44±0.9) and healthy control CD14+ 
MOs, identified 6764 significantly differential peaks (adjusted 
p>0.05) (figure 5B). Pathway enrichment and network analysis 
revealed that these differential peaks of RA MOs were primary 
associated with cell differentiation and development pathways 
(figure 5C and online supplemental dataset 1).

Based on the observed changes in RANK, CSF1R, TNFR1 
and TNFR2 in healthy MOs, a focused analysis of the ChIPseq 
data showed that there was a significant increase of H3K4me3 in 
RA CD14+ MOs at the RANK and TNFR1 loci but not TNFR2 
and CSF1R (figure 5D,E). This corresponded with an increased 
level of RANK transcript but not TNFR1 (figure 5E). However, 
increased TNFR2 transcript was detected in RA CD14+ MOs 
(figure 5E), although this did not correspond to a significant 
increase in cell surface expression (figure 5F).

Given the observed altered epigenetic landscape in RA MOs 
and the strong evidence that TNF drives joint destruction in RA, 
we hypothesised that the homoeostatic effect of TNF on circu-
lating myeloid cells would be perturbed in RA and could thus 
promote OC- mediated erosive pathology. To assess the impact 
of this on responsiveness to TNF, CD14+ pre- OCs from RA and 
healthy controls were differentiated in the presence of RANK- 
L±TNF. While TNF consistently inhibited osteoclastogenesis 
in healthy controls, we observed a significant decrease in the 
capacity of TNF to inhibit osteoclastogenesis in patients with RA, 
with a certain degree of variance (figure 6A). In particular, 44% 
manifest TNF- mediated inhibition (responders), whereas in 56% 
of patients TNF was unable to inhibit osteoclastogenesis (non- 
responders; figure 6A,B). Remarkably, TNF had an enhancing 
pro- osteoclastogenic effect in 45% of the non- responder group. 
To further investigate the heterogeneity in the patients with 
RA, ChIPseq data of those patients that showed TNF- mediated 
inhibition (responders) and those that did not (non- responders) 
were compared. This analysis revealed that there were 4172 
significantly differential peaks (figure 6C). Pathway enrichment 
showed that abundant peaks in RA MOs of the non- responder 
group were associated with transmembrane receptor protein 

kinase pathways and DNA- binding transcription repressor 
activity pathways (figure 6D and online supplemental dataset 2). 
Among the transmembrane receptor protein kinase pathways, 
CSF1R was found to be lower in the non- responders compared 
with the responders. STRING analysis of the identified trans-
membrane receptor protein kinase pathway associated genes 
also provided a link between CSF1R and NRP1 (figure 6E). 
Interestingly, NRP1 is known to act as a coreceptor for vascular 
endothelial growth factor (VEGF)- R40 in MOs/macrophage, 
and VEGFR expression and VEGF- mediated signalling has been 
associated with MO differentiation into OCs.41 42 Evaluation of 
RA patient serum revealed that high levels of VEGF correlate 
with response to TNF (figure 6F). Combined, these data suggest 
that in a proportion of patients with RA the high levels of VEGF 
correlate with a perturbation in the myeloid compartment, such 
that TNF homoeostatic control is diminished, thereby enhancing 
the potential for maturation of OCs derived from the circulating 
MO pool when they enter the joint.

DISCUSSION
Our data reveal an unexpected role for TNF in the control of 
cell fate decisions in the myeloid compartment that regulates 
OC development and subsequent activation. In homoeostatic 
conditions, TNF can directly over- ride OC differentiation 
signals to which circulating myeloid precursors would other-
wise respond. Furthermore, we have identified a specific human 
Lin−HLA−DR+CD14−CD16−CD11c+ precursor population 
that preferentially differentiates down the OC lineage, and that, 
based on its epigenetic state, is unresponsive to homoeostatic 
regulation imparted by TNF. In RA, a proportion of patients 
with moderate/severe disease activity exhibit failure of this regu-
latory role of TNF with some patients even exhibiting acceler-
ated osteoclastogenesis on TNF exposure at this very early time 
point in the precursor differentiation pathway. This perturbed 
response is due to an altered MO epigenetic landscape. Taken 
together, our findings provide a novel, previously unrecognised 
hierarchy between TNF cytokine family members regulating cell 
fate decisions in both health and disease, which is mediated via 
the epigenetic set- point of circulating precursors defining their 
capacity to respond to cytokine combinations in the local milieu.

Our finding that homoeostatic TNF can control MO, but 
not other myeloid precursor differentiation in osteoclastogenic 
rich environments defines a paradigm in which priming of cells 
within the circulating myeloid compartment creates either a 
permissive or non- permissive epigenetic state that allows cells to 
differentiate down the most appropriate lineage. It is however, 
currently unclear how this epigenetic state is achieved in circu-
lating MOs or how TNF drives additional changes, and thus 
the role of specific histone methyltransferase and/or demeth-
ylases should be evaluated in future studies.43 Previous studies 
have demonstrated that CD14+ MO- derived immature DC- like 
cells have the ability to transdifferentiate into OCs more effi-
ciently than CD14+ MO progenitors.19 44 Note however, that 
circulating pre- DCs are the only cell subset capable of gener-
ating classical DCs while CD14+ MO can only generate DC- like 
cells.7 Our findings provide the first evidence that circulating 
human Lin−HLA−DR+CD14−CD16−CD11c+, which can also 
phenotypically be associated with the pre- DC population, can 
differentiate down the OC lineage. Whether Lin−HLA−DR+C-
D14−CD16−CD11c+/pre- DCs are the missing OC precursor in 
humans remains to be conclusively determined.

Based on this work, we suggest that in a normal self- 
resolving inflammatory event (which can include sterile/acute 
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inflammation), Lin−HLA−DR+CD14−CD16−CD11c+ cells 
recruited to bone will still respond to the cytokine rich local 
environment by differentiating down the OC lineage and thus 
help maintain skeletal health. In contrast, circulating CD14+ 
MOs are in a non- permissive state and are inhibited from 
contributing to the OC pool. We recognise the limitations of 
our study; in that we have used in vitro methods to evaluate 
cell fate decisions within the myeloid compartment. Evidence 

to further support this theory would require human in vivo/
ex vivo cell fate mapping studies to determine which precur-
sors (Lin−HLA−DR+CD14−CD16−CD11c+ or CD14+ MOs) 
contribute to the bone- associated OC pool. Unfortunately, 
these assays are not currently possible. Further studies will 
need to define a way of identifying Lin−HLA−DR+CD14−C-
D16−CD11c+—versus MO- derived OCs in situ to better under-
stand this alternative route to mature OCs. Moreover, they 

Figure 6 Tumour necrosis factor (TNF) does not inhibit CD14+- derived osteoclast (OC) differentiation in a portion of patients with rheumatoid 
arthritis (RA). (A–B) CD14+ pre- OCs were differentiated for 7 days into OCs in the presence of 25 ng/mL macrophage- colony stimulating factor (M- 
CSF) and receptor activator of nuclear factorkappa-Β ligand (RANK- L) (MR) ±10 ng/mL TNF (MRT). (A) Percentage of inhibition of OC differentiation 
was calculated as 100−[(100×#OCs(MRT))/#OCs(MR)] in patients with healthy controls (HC) and RA. Light red dots indicate non- responder group and 
light blue dots the responder using in subsequent ChIP analysis. Data were analysed with Mann Whitney test (n=16). **p≤0.01. (B) Representative 
reconstructed wells and 10× magnifications of TRAP staining of one representative HC, one RA non- responder and one RA responder, in MR and 
MRT conditions. OCs=TRAP+ multinucleated cells, MR=M- CSF+RANK L, MRT=M- CSF+RANK- L+TNF. (C) Volcano plot for RA responders versus non- 
responders across the 65 717 consensus peaks. Significantly differential peaks (<5% FDR) are highlighted in red. Positive fold changes denote greater 
peak intensity in RA responders. (D) Boxplot of the 35 significantly differential peaks (<5% FDR) between RA non- responders and RA responders 
that are associated with the top enriched (p<0.0001) gene ontology transmembrane receptor protein kinase activity. Individual peaks (and the gene 
they are associated with) are given on the x- axis and the Diffbind normalised peak intensity (per peak z- score) is given on the y- axis. Separate boxes 
are provided for non- responder samples (n=3) and responder samples (n=3). (E) STRING network plot of the genes in the transmembrane receptor 
protein kinase activity gene ontology. Nodes represent proteins and edges joining nodes represent protein–protein associations (known interactions; 
blue—curated data, pink—experimentally determined. Predicted interactions; green—gene neighbours. Other interaction; black—coexpression). 
Genes of interest are circled in green. (F) Correlation analysis between % of inhibition of OC differentiation and serum vascular endothelial growth 
factor (VEGF) concentration.
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should also investigate the global molecular and epigenetic 
signature of Lin−HLA−DR+CD14−CD16−CD11c+ and CD14+ 
precursors cells, and their respective mature OCs, to ultimately 
identify the specific precursor cells and molecular mechanisms 
involved in inflammatory joint destruction.

Anti- TNF therapy is one of the gold standard treatments 
for multiple inflammatory- mediated diseases including RA. It 
is paradoxical however, given that TNF inhibitors are known 
to be antierosive,45 that we show an antierosive effect for TNF 
itself via a homoeostatic pathway in health. Crucially, we do 
show that in a proportion of patients with RA with have higher 
levels of VEGF, there is a failure in this homoeostatic pathway. 
Leading us to hypothesise that such failure may represent a route 
MO preconditioning and subsequent accelerated erosion in a 
subset of patients. Characterising the nature of such a failure 
may offer future therapeutic opportunities. For instance, deter-
mining how to re- engage this regulatory pathway may lead to 
new antierosive therapeutics that have the ability to re- sensitise 
some patients with RA to the regulatory element of TNF biology. 
This could also have the added value of reducing the capacity 
of TNF, produced for example during RA synovitis, to sensitise 
early precursors down the OC pathway. Finally, the newly iden-
tified Lin−HLA−DR+CD14−CD16−CD11c+ precursor route 
to mature OCs represents an unexplored independent mecha-
nism to mature OCs and potentially erosive progression in RA. 
A detailed understanding of this new pathway could reveal an 
as yet untargeted pathway in the disease context. In summary, 
these data support further evaluation of these pathways in RA 
and other diseases associated with bone pathology to discover 
their utility as alternative therapeutic strategies to abrogate 
erosive progression.
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ABSTRACT
Objectives Diagnostic reasoning in systemic lupus 
erythematosus (SLE) is a complex process reflecting 
the probability of disease at a given timepoint against 
competing diagnoses. We applied machine learning 
in well- characterised patient data sets to develop an 
algorithm that can aid SLE diagnosis.
Methods From a discovery cohort of randomly selected 
802 adults with SLE or control rheumatologic diseases, 
clinically selected panels of deconvoluted classification 
criteria and non- criteria features were analysed. Feature 
selection and model construction were done with 
Random Forests and Least Absolute Shrinkage and 
Selection Operator- logistic regression (LASSO- LR). The 
best model in 10- fold cross- validation was tested in a 
validation cohort (512 SLE, 143 disease controls).
Results A novel LASSO- LR model had the best 
performance and included 14 variably weighed features 
with thrombocytopenia/haemolytic anaemia, malar/
maculopapular rash, proteinuria, low C3 and C4, 
antinuclear antibodies (ANA) and immunologic disorder 
being the strongest SLE predictors. Our model produced 
SLE risk probabilities (depending on the combination of 
features) correlating positively with disease severity and 
organ damage, and allowing the unbiased classification 
of a validation cohort into diagnostic certainty levels 
(unlikely, possible, likely, definitive SLE) based on the 
likelihood of SLE against other diagnoses. Operating 
the model as binary (lupus/not- lupus), we noted 
excellent accuracy (94.8%) for identifying SLE, and high 
sensitivity for early disease (93.8%), nephritis (97.9%), 
neuropsychiatric (91.8%) and severe lupus requiring 
immunosuppressives/biologics (96.4%). This was 
converted into a scoring system, whereby a score >7 has 
94.2% accuracy.
Conclusions We have developed and validated an 
accurate, clinician- friendly algorithm based on classical 
disease features for early SLE diagnosis and treatment to 
improve patient outcomes.

INTRODUCTION
Diagnosis of systemic lupus erythematosus (SLE) 
can be challenging and delayed by several months 
or years,1–3 resulting in increased patient uncer-
tainty, referrals and healthcare utilisation.4 Delays 

in diagnosis and treatment initiation have been 
linked to increased flares and organ dysfunction.4–6

SLE diagnosis often relies on the acumen of physi-
cians and is typically elicited by the presence of ‘high- 
yield’ features or multiple, although less- specific 
findings. Due to absence of diagnostic criteria, clas-
sification criteria, developed to facilitate the inclu-
sion of homogenous disease populations in clinical 

Key messages

What is already known about this subject?
 ► Systemic lupus erythematosus (SLE) diagnosis 
often poses significant challenges especially at 
early stages and formal diagnostic criteria are 
currently missing.

What does this study add?
 ► By the use of machine learning (Least Absolute 
Shrinkage and Selection Operator- logistic 
regression) training of well- defined features 
of SLE, including features that are not part of 
the classification criteria, derived from a large 
discovery cohort, we have developed a novel 
statistical model for SLE diagnosis.

 ► The new model, including 14 variably weighed, 
standard clinical and serological features, can 
produce individualised SLE risk probabilities 
enabling the classification of a validation cohort 
into unlikely, possible, likely and definite SLE.

 ► When treated as binary (ie, SLE or not SLE), 
the model shows excellent combination of 
sensitivity and specificity for SLE (including 
early and severe forms of the disease) against 
competing rheumatologic diseases.

 ► The logistic regression model can be converted 
into a simple scoring system for both clinical 
and serological features, with an operational 
cut- off score of 7.

How might this impact on clinical practice?
 ► Pending further validation in prospective 
studies, the new diagnostic model (SLE Risk 
Probability Index) can assist the early diagnosis 
and treatment of patients with SLE to improve 
disease outcomes.
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studies,7 are commonly used as a diagnostic aid. The Systemic 
Lupus International Collaborating Clinics (SLICC)8 and Euro-
pean League Against Rheumatism/American College of Rheuma-
tology (EULAR/ACR)9 10 criteria enable the earlier classification 
of increased number of patients.11 Moreover, the EULAR/ACR 
2019 criteria achieve the highest combination of sensitivity and 
specificity.9–11 Improved classification has not remedied the chal-
lenge for diagnosis especially at early stages.11 12

Artificial intelligence tools based on machine learning (ML) 
are increasingly used to manage difficult medical tasks. Such 
models can be trained from different kinds of medical or 
biological data.13 14 ML has been used for the molecular classi-
fication of inflammatory myositis15 and rheumatoid arthritis,16 
for predicting mortality,17 response to biological agents18 and 
disease activity,19 whereas less effort has been directed towards 
diagnosis.20 21 Building robust computational models that avoid 
excess complexity represents an important challenge.14 22

Herein, we applied ML on panels of clinical features aiming 
to construct a model that can accurately detect SLE against 
competing rheumatologic conditions. We used a discovery cohort 
of patients with SLE or control diseases to train two standard ML 
algorithms, namely, the Random Forests (RF) the Least Absolute 
Shrinkage and Selection Operator (LASSO) followed by Logistic 
Regression (LR). RF is a non- linear method with high complexity 
and thus, less explainable, whereas the LR is a linear method 
supporting simpler, more clinically interpretable results.23 The 
best model selected by internal cross- validation (CV) was further 
evaluated in an independent validation cohort. Through this 
process, we developed a novel, simple Least Absolute Shrinkage 
and Selection Operator- logistic regression (LASSO- LR) model 
of variably weighed, standard clinical features that can produce 
individualised SLE risk probabilities alike clinical diagnostic 
reasoning. Our model had excellent accuracy for SLE, including 
early and severe forms of the disease, therefore it could represent 
a useful clinical tool.

METHODS
Discovery and validation cohorts
We used data from the Rheumatology Clinics at the University 
Hospital of Heraklion and the ‘Attikon’ University Hospital, 
Athens. Both centres have established SLE registries and use 
homogenised, structured forms for collecting clinical charac-
teristics (including classification criteria), use of treatments and 
disease outcomes.11 24–26 We included patients diagnosed during 
01/2005-06/2019 with SLE or miscellaneous control rheuma-
tological diseases that are relevant to the differential diagnosis 
of lupus (online supplemental table S1) by consultant rheuma-
tologists with ≥5 years clinical practice. A randomly selected 
discovery cohort of 401 patients with SLE and 401 controls 
ere used to construct, train and compare the ML models. The 
balanced (1:1) ratio of SLE and controls helps to minimise any 
predictive modeling biases. An external validation cohort of 
consecutively registered 512 patients with SLE and 143 controls 
was used to provide an unbiased estimate of the diagnostic accu-
racy of the best model. The study was approved by the local 
ethics committees.

Variables and data set preparation
For each patient, demographics, rheumatological disease and 
date of diagnosis, date of earliest reported occurrence of each 
of the items from the three classification criteria (ACR 1997,27 
SLICC 2012,8 EULAR/ACR 20199 10) and date of last follow- up 
visit/assessment were extracted. Attribution of the criteria items 

to SLE or not was arbitrated by rheumatologists (DTB, GKB, 
AF) using the EULAR/ACR attribution rule.9 10 We used criteria 
items both in their original version and after deconvolution into 
subitems (eg, ‘maculopapular rash’ subitem from the EULAR/
ACR 2019 ‘acute cutaneous lupus’ criterion). In addition, we 
monitored a predefined list of non- criteria features (online 
supplemental table S2). Missing data were eliminated through 
vigorous charts review and quality control.

Disease subsets and outcomes
Early SLE was defined as duration less than 24 months since 
diagnosis. Lupus nephritis was determined according to kidney 
histological findings suggestive of lupus in a patient with 
compatible clinical and/or serological findings. Neuropsychi-
atric lupus was diagnosed through multidisciplinary approach28 
and ascertained by the Italian Study Group attribution model.29 
The British Isles Lupus Assessment Group (BILAG) glossary30 
was used to classify the severity of manifestations as previously 
detailed.11 26 Use of immunosuppressive/biologic treatments and 
the physician global assessment of disease severity were also 
collected. The date of each item of the SLICC/ACR damage 
index (SDI)31 was monitored.

Feature selection, model construction and evaluation
We followed two approaches for developing a predictive model 
for SLE. First, we combined each one of the three classifica-
tion criteria with additional, non- redundant features from the 
other two criteria sets and with non- criteria features; second, we 
developed a de novo model based on clinical variables selected 
from the three classification criteria and non- criteria features. 
Univariable LR (online supplemental table S3) was performed 
in the discovery cohort to determine the association of each 
individual feature with SLE and correlation analysis (online 
supplemental table S4) to detect collinearity between features/
predictors and assist clinicians in the construction of feature 
panels. Clinicians (GKB,CA) created 20 panels of features with 
the aim to introduce alternative feature versions. Each panel was 
submitted into two ML algorithms for feature selection, namely, 
RF and LASSO, the latter followed by LR (figure 1). Details are 
provided in the online supplemental methods.

We performed a 10- fold stratified CV) process (division of the 
dataset into 10 folds of near- equal size without resubstitution) 
to construct and compare the 40 multivariable models for their 
predictive capability. Each fold (10%) was used as a test data set 
to determine the model performance, while the remaining nine 
folds (90%) were used as the training data set for the model 
construction. We evaluated the following metrics (averaged from 
the 10 CV test data sets): sensitivity, specificity, accuracy and 
area under the receiver operating characteristic curve (AUC- 
ROC). The model with the highest accuracy was selected as the 
best to undergo evaluation in the validation cohort.

Statistical analysis
The Kruskal- Wallis analysis of variance was used to compare 
means and the χ2 test to compare proportions. To convert the 
LASSO- LR model into scoring system, regression coefficients 
were divided by the smallest coefficient followed by rounding to 
the nearest 0.5 value. Statistical analyses were performed using 
the R software (V.3.5.1) and SPSS (V.25.0). Feature selection and 
ranking, model construction, evaluation and validation were 
developed in MATLAB V.9.2.
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RESULTS
Combination of the classification criteria with additional 
features yields modest improvements in diagnostic accuracy 
for SLE
Classification criteria comprising different collections of clinical 
and immunological features classify patients with SLE in routine 
practice with high sensitivity and specificity.11 32–38 We exam-
ined whether their combination with additional, non- redundant 

features can improve their performance. We used a balanced 
discovery cohort of 802 patients with clinically diagnosed SLE 
or control diseases to fit two ML algorithms, RF and LASSO- LR 
(figure 1). Combinatory models of the criteria with additional 
features showed increased accuracy for SLE (by 0.38%–3.11% 
in the 10- fold CV runs) over the original versions of the criteria 
(online supplemental table S5). The greatest improvement was 
observed for ACR 1997- based models where LASSO feature 

Figure 1 Schematic overview of the methodology for developing a machine learning- based diagnostic model for SLE. We used a discovery cohort 
of randomly selected 802 adults with SLE or control rheumatologic diseases (1:1 ratio) to prepare 20 clinically selected panels of classification criteria 
items (both in their original version and deconvoluted into subitems in the case of composite items) and non- criteria features. Two machine learning 
methods were applied for feature selection and model construction for each panel: (A) Random Forests (RF) and (B) Least Absolute Shrinkage and 
Selection Operator (LASSO) followed by logistic regression (LASSO- LR). The best model (highest accuracy the in 10- fold cross- validation process) was 
further tested in an independent dataset of 512 patients with systemic lupus erythematosus (SLE) and 143 disease controls (validation cohort). AUC, 
area under the curve; CV, cross- validation; ROC, receiver operating curve.
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selection identified alopecia, hypocomplementinemia, macu-
lopapular rash and interstitial lung disease (ILD) as additional 
predictors for SLE. Modeling the EULAR/ACR 2019 classifica-
tion score together with antinuclear antibodies (ANA) (treated as 
additional feature rather than as entry criterion), ILD and livedo 
reticularis showed enhanced diagnostic performance. These 
results suggest that certain modifications that could improve—al-
beit modestly—the accuracy of the classification criteria for SLE.

A de novo-constructed LR model has superior performance 
for SLE diagnosis
We next sought to develop a novel statistical algorithm by 
integrating individual items from the classification criteria 
and additional non- criteria manifestations. Feature selection 
was performed either embedded in RF or prior to the model 
construction phase, with LR based on LASSO- LR. An important 
difference between these two methods is that if several highly 
correlated variables are predictive, LASSO may select one or 
a few while RF may use all of them. The best model in the 
discovery cohort 10- fold CV runs was a LASSO- LR model of 14 
clinical parameters (hereafter referred to as ‘SLERPI’: SLE Risk 
Probability Index) (online supplemental table S5).

The model parameters included features from all three sets 
of classification criteria and ILD as a single non- criteria feature. 
Autoimmune thrombocytopenia or haemolytic anaemia, malar 
or maculopapular rash, low C3 and C4, proteinuria (all defined 
according to the EULAR/ACR 2019 criteria), ANA and the ACR 
1997 immunological disorder (modified to include anti-β2- 
glycoprotein antibodies) had the strongest positive association 
with SLE (figure 2A, online supplemental figure S1). Using a 
validation cohort of 512 clinically diagnosed patients with SLE 
and 143 disease controls to confirm our model, we noted excel-
lent ability to discriminate true positive (SLE) versus false posi-
tive (control) cases with an area under the ROC curve (AUC) of 
0.981 (figure 2B).

The new LR model enables SLE risk stratification into distinct 
diagnostic certainty levels
To determine how our model could be used in clinical practice, 
we applied the LR equation to generate SLE risk probabilities 
ranging 0%–100%, depending on the combination of features/
predictors. We reasoned that different ranges of probabilities 
correspond to varying diagnostic certainty levels alike clinical 
thinking. For this, we calculated the SLE risk probabilities for 
all patients in the discovery cohort followed by unsupervised 
k- means clustering to detect unbiased risk probabilities parti-
tions. Following merging of the closely related clusters C and 
D (online supplemental figure S2), we obtained four groups 
of increasing risk probability bins (0%–14%, 15%–43%, 
44%–86%, 87%–100%).

Next, we used the validation cohort to determine the propor-
tion of actual SLE and control patients captured within each 
predicted SLE risk group (figure 3A). Results were averaged 
from randomly generated, non- overlapping patient subsets 
(seven subsets each containing 73 or 74 patients with SLE, two 
subsets containing 71 and 72 disease controls). We confirmed 
the high discriminating capacity of our model as the majority of 
control (80%) and patients with SLE (82%) were in the lowest 
(0%–14%) and highest (87%–100%) risk groups, respectively. 
Concordantly, accuracy was highest in the two extreme risk 
groups but dropped in the intermediate ones. Thus, about 21% 
and 71% of the validation cohort patients in the 15%–43% and 
44%–86% risk groups, respectively, had clinical SLE (figure 3B).

Using the upper limit probabilities of the risk groups as diag-
nostic thresholds (>14%, >43%, >86%), the average positive 
likelihood ratios (LR) for SLE were 5.0, 13.8 and 58.4, respec-
tively, corresponding to moderate, large and very large increases 
in the likelihood of SLE (figure 3C). The >14% threshold had 
a negative LR 0.017, suggesting it can be used to exclude SLE 
against competing diseases with relatively high certainty. Taken 
together, we can assign the groups ‘definitive SLE’, ‘likely 
SLE’, ‘possible/cannot rule out SLE’ and ‘unlikely SLE’ to our 
model probability bins 87%–100%, 44%–86%, 15%–43% and 
0%–14%, respectively. To put these data into clinical context, 
figure 3D illustrates matrices of predicted SLE risk probabilities 
based on combinations of various features.

Next, we examined the criterion validity of our model 
by determining its predictive ability against disease- relevant 
outcomes in the validation SLE cohort. Patients’ risk probabilities 
correlated positively with increasing disease severity (p<0.0001) 
and organ damage (p=0.0019) (figure 3E), reflecting increased 
disease burden. Likewise, patients with SLE with low predicted 
risk probabilities (0%–14%, 15%–43%) had milder forms of the 
disease due to lower prevalence of British Isles Lupus Assessment 
Group (BILAG) A manifestations and organ damage (online 
supplemental figure S3A- B).

The SLERPI has high accuracy for detecting SLE including 
patients with early disease and severe disease requiring 
potent treatment
In addition to continuous risk prediction, binary outcome 
models (disease of interest is present or absent) are most helpful 
in decision- making. We used the discovery cohort for the unbi-
ased definition of the model probability cut- off to separate SLE 
versus other rheumatological diseases. Based on the maximal 
Youden’s statistics, the 50% risk probability threshold was 
chosen (online supplemental figure S4A- C). At this threshold, 
the SLERPI demonstrated high sensitivity (95.1%), specificity 
(93.7%) and accuracy (94.8%, corrected to 93.9% based on an 
expected 3:17 ratio of SLE: controls in real- life setting) in the 
total validation cohort (figure 4A, (online supplemental figure 
S5Α). When tested against the control subset with undifferenti-
ated connective tissue disease (n=56), the model specificity was 
91.1%. We further determined the model discriminative ability 
in disease subsets of clinical relevance such as early SLE, lupus 
nephritis, neuropsychiatric SLE(NPSLE) and severe disease 
necessitating potent immunosuppressive or biological treatment. 
The model yielded very high rates of correct predictions within 
the aforementioned patient groups (figure 4B, online supple-
mental figure S5B).

Finally, to facilitate its implementation in daily practice, we 
converted our model into a simple scoring system (table 1). 
The scoring system- generated SLE probabilities showed high 
correlation with the risk probabilities produced by the original 
LR model (r2 0.996) in the validation cohort. When operated at 
a threshold of >7 (out of maximum score 30.5), the sensitivity, 
specificity and accuracy were estimated at 94.2%, 94.4% and 
94.2%, respectively, suggesting comparable performance with 
the original model.

DISCUSSION
Herein, we have developed and validated a simple, clinically 
applicable model to assist SLE diagnosis through ML training 
of well- characterised data from two large discovery and valida-
tion patient cohorts. Our model comprising 14 classical, vari-
ably weighted features, enables continuous risk prediction for 
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Figure 2 A Least Absolute Shrinkage and Selection Operator- logistic regression (LASSO- LR) model shows high discriminating capacity for SLE 
against competing rheumatological diseases. (A) A LASSO- LR model comprising of 14 clinical and serological features showed the highest accuracy 
for SLE in the 10- fold cross- validation runs from the discovery cohort. The plot illustrates the features associated with increased likelihood for SLE as 
compared with control rheumatological diseases along with the corresponding effect sizes (OR; 95% CI, p value). All model parameters are treated as 
dichotomous (ie, present=1, absent=0) in the LR equation as follows: F(x)=Intercept + (1.80×mucosal ulcers 1) + (2.96×synovitis1) + (1.83×serositis1) 
+ (3.66×immunologic disorder2) + (4.42×antinuclear antibodies (ANA)3) + (2.13×alopecia4) + (2.17×neurologic disorder4) + (4.25×malar and/or 
maculopapular rash3) + (2.58×subacute cutaneous lupus erythematosus (SCLE) and/or discoid lupus erythematosus (DLE)3) + (1.82×leucopenia3) + 
(6.46×thrombocytopenia and/or autoimmune haemolytic anaemia (AIHA)3) + (6.63×low C3 and C43) – (1.45×interstitial lung disease (ILD) 5); 1defined 
according to the ACR 1997 classification criteria, 2defined according to the ACR 1997 criteria modified to include also positive anti-β2 glycoprotein 
IgG or IgM antibodies, 3defined according to the EULAR/ACR 2019 classification criteria, 4defined according to the SLICC 2012 classification criteria, 
5see online supplemental table S2) for definition. (B) The LASSO- LR model presented in (A) was further evaluated in an external (validation) cohort 
of patients with 512 patients with SLE and 143 disease controls. The graph represents the receiver operating curve with a calculated area under the 
curve of 0.981 indicating an excellent capacity of the model to discriminate SLE versus disease controls.
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Figure 3 The Least Absolute Shrinkage and Selection Operator- logistic regression (LASSO- LR) model can generate SLE risk probabilities, which 
correspond to distinct diagnostic certainty levels and correlate with disease outcomes. (A) Bar plot representation of the fraction of patients with SLE 
patients and disease controls (validation cohort) according to increasing bins of predicted SLE risk probabilities (0%–14%, 15%–43%, 44%–86%, 
87%–100%) calculated by the LASSO- LR model shown in figure 2. Superimposed are the diagnostic accuracies (blue- coloured) corresponding to the 
rates of correct classification of disease controls against patients with SLE in the lower two probability bins (0%–14%, 15%–43%), and of patients 
with SLE against disease controls in the higher two probability bins (44%–86%, 87%–100%). Results are averages (±SD) for patient fractions or 
95% CI for the accuracy metric) calculated from randomly generated, non- overlapping subsets of patients with SLE (seven subsets each containing 
73 or 74 patients) and disease controls (two subsets containing 71 and 72 patients) from the validation cohort. The majority of control (average 80%) 
and SLE (average 82%) patients belong to the lowest (0%–14%) and the highest (87%–100%) risk probability groups, respectively. In accordance, 
accuracy was highest in these two extreme risk groups but dropped in the intermediate ones (15%–43%, 44%–86%). (B) Bar plot representation 
of the relative proportion of SLE and disease controls (validation cohort) within each SLE risk probability bin (0%–14%, 15%–43%, 44%–86%, 
87%–100%). Calculations were made from the non- overlapping subsets of patients with SLE and disease controls as outlined in (A). (C) Positive- 
and negative- likelihood ratios (LRs) (mean, 95% CI) for the diagnosis of SLE against control diagnoses, according to different SLE risk probability 
thresholds (>14%,>43%,>86%) applied to the discovery cohort. Calculations were made from the non- overlapping subsets of patients with SLE and 
disease controls as outlined in (A). The >14% threshold had an average LR+5.0 and LR–0.017, which correspond to a moderate increase when tested 
positive and a large decrease when tested negative in the likelihood for SLE, respectively. (D) Matrices of SLE risk probabilities based on different 
combinations of features included in the LASSO- LR diagnostic model. In each scenario, the calculated probability fits to one of the four SLE risk groups 
corresponding to varying diagnostic certainty levels (unlikely SLE: 0%–14%, possible/cannot rule out SLE: 15%–43%, likely SLE: 44%–86%, definite 
SLE: 87%–100%). (E) Dot plot analysis of the model- generated SLE risk probabilities according to the severity of disease manifestations (defined 
based on the BILAG system) and organ damage (SLICC/ACR Damage Index (SDI)). Data were generated from the validation cohort patients with SLE 
(n=512) and are presented as mean (95% CI). The Kruskal- Wallis (non- parametric) analysis of variance test was performed and two- tailed p values 
are shown. ANA, antinuclear antibodies; RMDs, rheumatic diseases; SCLE, subacute cutaneous lupus erythematosus; SDI, SLICC/ACRdamage index; 
SLE, systemic lupus erythematosus.
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clinical SLE, thus resembling clinical reasoning, while attaining 
a combination of high sensitivity and specificity against alterna-
tive rheumatologic diseases. When used as a dichotomous algo-
rithm (SLE- or- not), the SLERPI exhibits high accuracy for SLE, 
including early and severe/organ- threatening disease forms.

In clinical practice, physicians can elicit the diagnosis of SLE 
even in the presence of a few high- yield manifestations such 
as typical malar rash in an individual with anti- DNA autoanti-
bodies.1 39 Such decisions reflect a form of human intelligence 
that develops through clinical experience even with a limited 
number of patients. Conversely, computational intelligence tools 
require training on large comprehensive data sets to produce 
valid results.14 We used a discovery sample of well- characterised 
SLE and control patients for unbiased selection of features that 
contribute most to clinical SLE diagnosis. Patients with SLE with 
relatively early disease (median duration 4.2 years) and irrespec-
tive of the severity of manifestations were included, as compared 
with developing classification criteria, which typically rely on 
cases with long- standing disease.

Thrombocytopenia/autoimmune haemolytic anaemia 
(AIHA), malar rash, proteinuria, ANA, immunological disorder 
(anti- DNA, anti- Sm, anti- phospholipid antibodies) and combined 
C3 and C4 hypocomplementemia were the strongest predictors 
against competing rheumatological diseases. These results are in 
line with the variably weighted items introduced in the EULAR/
ACR 2019 classification criteria, where, for example, thrombo-
cytopenia/AIHA is scored higher than leucopenia and malar rash 
higher than other rashes.9 10 40

SLE displays marked phenotypic heterogeneity ranging 
from systemic to organ- limited/dominant forms. Clinical and 

immunological features may accrue sequentially in time, thus 
reflecting an evolving process.41 42 Indeed, various terms have 
been used to describe different patient profiles such as ‘definitive 
SLE’, ‘probable SLE’, ‘possible SLE’, ‘lupus- like’ or ‘incomplete 
lupus’. Our model calculates risk probabilities, which correlate 
with certainty levels for the presence of SLE versus competing 
rheumatological diseases. Based on unsupervised clustering, we 
hereby propose a risk probability- based stratification of patients 
with suspected SLE into ‘unlikely’, ‘possible’ (cannot rule out), 
‘likely’ and ‘definitive’ SLE, depending on the type and number 
of features. This approach resembles diagnostic reasoning espe-
cially when encountering a patient for the first time.43 44 Our 
model can be used not only to exclude (when risk probability 
is <14%) or confirm (when risk probability exceeds 86%) SLE 
but also to alert physicians to identify and monitor patients with 
intermediate probabilities. Similar approaches have been used in 
other complex diseases.45

By operating our model as binary, we achieved very high rates 
of sensitivity, specificity and accuracy assessed in a validation 
cohort. Our model can identify SLE under different clinical 
scenarios such as: (a) lupus autoantibodies concurring with a 
single clinical feature from a major organ (eg, thrombocytopenia/
AIHA), (b) multiple clinical but no immunological features, (c) 
limited or non- specific serological features (eg, ANA) concur-
ring with high- yield clinical manifestations (eg, malar rash). We 
noted excellent performance within patient subgroups with early 
disease, biopsy- proven lupus nephritis, neuropsychiatric disease 
and severe disease necessitating potent immunosuppressive or 
biologic therapies.

Figure 4 The new diagnostic model has high accuracy for systemic lupus erythematosus (SLE) including early and severe disease requiring 
immunosuppressive or biologic treatment. (A) Confusion matrix of the actual versus predicted cases of patients with SLE (n=512) and disease controls 
(n=143) in the validation cohort. The LASSO- LR diagnostic model was operated as binary (SLE or not- SLE) by setting the SLE risk probability threshold 
at ≥50%. Based on the number of true- positive, true- negative, false- positive and false- negative cases, sensitivity, specificity, accuracy, positive- and 
negative- likelihood ratios are estimated as metrics of the model diagnostic performance. (B) Sensitivity of the LASSO- LR model (operated as binary) 
for the detection of clinically relevant subsets of SLE including early disease, lupus nephritis, neuropsychiatric lupus, haematological lupus and severe 
lupus requiring potent immunosuppressive and/or biologic treatment.
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ML- based tools are increasingly used to simulate human 
‘medical reasoning’ and effectively handle complex tasks. Such 
models can be trained from many different kinds of medical or 
biological data. Our data sets included well- defined features 
derived from the three classification criteria, and also non- 
criteria features often considered by physicians in cases of 
suspected SLE. ILD was a feature alienating the probability of 
SLE while favouring alternative rheumatological disease. Inte-
gration of additional clinical, laboratory or biological (eg, tran-
scriptome) variables could lead to the development of even 
more robust models.46 47 The fact that our model comprises 14 
classical, easily retrieved clinical variables facilitates its clinical 
implementation.

Additional studies should prospectively evaluate and inde-
pendently validate the proposed model to establish its clin-
ical utility and effect on a variety of patient and healthcare 
outcomes. Notwithstanding, our analysis might provide useful 
insights towards the possible future development of formal SLE 
diagnostic criteria, a currently unmet need.39 To this end, estab-
lishing a firm diagnosis and treatment plan still remains at the 
judgement of experienced physicians.

Our study is limited by its retrospective design and data 
extraction from medical records; accordingly, some clinical 
information may have been missed or underestimated. None-
theless, both centres maintain detailed patient registries and 
use structured forms for collecting clinical data, which helps 
to reduce possible information/data completeness bias. Devel-
oping a model for early diagnosis should ideally be based on 

cohorts with very early disease and before the appearance of 
adverse outcomes, however, it can be challenging to recruit large 
numbers of such cases.3 48 Although we used two state- of- the art 
ML approaches, a number of other sophisticated algorithms of 
higher complexity exist (eg, deep neural networks49). Our model 
also requires validation in additional cohorts of diverse popu-
lation characteristics (eg, non- Caucasians), including infectious 
disease controls.

Conclusively, we have developed and evaluated a new, simple 
and interpretable model for the detection of SLE based on 
common clinical and serological features. Our model provides 
risk predictions that correlate with clinical endpoints and support 
patient probabilistic disease classification of potential clinical 
relevance. Pending further confirmation of its performance, the 
SLERPI could assist the early diagnosis and treatment of SLE, 
including early and severe forms, to improve patient outcomes.
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Table 1 A simple scoring system version of the SLE Risk Probability 
Index*

Feature Score

Malar rash or maculopapular rash† 3

Subacute cutaneous lupus erythematosus or discoid lupus erythematosus† 2

Alopecia‡ 1.5

Mucosal ulcers§ 1

Arthritis§ 2

Serositis§ 1.5

Leucopenia<4000/μL (at least once)† 1.5

Thrombocytopenia or autoimmune haemolytic anaemia† 4.5

Neurological disorder‡ 1.5

Proteinuria>500 mg/24 hours† 4.5

ANA† 3

Low C3 and C4† 2

Immunological disorder (any of: anti- DNA, anti- Sm, anti- phospholipid 
antibodies)¶

2.5

Interstitial lung disease** –1

SLE if total score >7††

*Apply the model in individuals with clinical suspicion for SLE. Each feature is 
counted if present (ever) and if not explained by other cause (eg, drug effects, 
infections, malignant disorders, alternative more likely disease).
†Defined as in Aringer et al.9 10

‡Defined as in Petri et al.8

§Defined as in Hochberg.27

¶Defined as in Hochberg27 modified to include also positive anti-β2 glycoprotein 
IgG or IgM or IgA antibodies.
**Radiologic features of lung disease suggesting inflammation and fibrosis of the 
alveoli, distal airways and septal interstitium of the lung, as observed with a high- 
resolution CT scan of the chest.
††When operated at a threshold (sum of individual scores) of >7 (out of a 
maximum value 30.5), the sensitivity, specificity and accuracy rates are 94.2%, 
94.4% and 94.2%, respectively.
ANA, antinuclear antibodies; SLE, systemic lupus erythematosus.
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ABSTRACT
Objective To determine the ominosity of the European 
League Against Rheumatism (EULAR)/American College 
of Rheumatology (ACR) Systemic Lupus Erythematosus 
Classification Criteria by determining its predictive 
role for disease severity in the first 5 years following 
diagnosis.
Methods 867 patients with systemic lupus 
erythematosus (SLE) from the Toronto Lupus Clinic 
were included (all first 12 months after SLE diagnosis). 
The EULAR/ACR criteria score was calculated based 
on baseline information. To determine disease severity 
in the first 5 years after diagnosis, adjusted mean SLE 
Disease Activity Index 2000 (AMS), flares, remission and 
immunosuppressive treatment were used as outcomes. 
The Systemic Lupus International Collaborating Clinics 
(SLICC) registry comprised the validation cohort.
Results Based on receiver operating characteristic 
analysis, a EULAR/ACR score of 20 was used as a 
threshold to compare outcomes between groups. In the 
first 5 years of disease course, patients with a score of 
≥20 had higher AMS scores (p<0.001) and were more 
likely to ever experience a flare (p<0.001). These patients 
had lower probabilities of achieving remission and higher 
requirements for immunosuppressives. Results were 
confirmed in the SLICC validation cohort. Patients with 
a score of ≥20 had higher AMS during the first 5 years 
of disease (5.4 vs 3.1% and ≥20 vs <20 respectively, 
p≤0.001). The score correlated with AMS (r=0.43, 
p≤0.001) in the same time frame.
Conclusion A EULAR/ACR score of ≥20 is an indicator 
of ominosity in SLE. Patients with a score of ≥20 were 
characterised by a more active disease course throughout 
the first 5 years. These criteria provide prognostic 
information regarding disease severity in the first 5 years 
following diagnosis.

INTRODUCTION
Systemic lupus erythematosus (SLE) is a multi-
system autoimmune disease in which adverse 
outcomes remain a major challenge. Over the last 
five decades, the prognosis of patients with SLE has 
improved.1 However, they still have a twofold to 
fivefold increased risk of death compared with the 
general population,2 and a potential life loss of 23.6 
years.1 3 Since the great majority of these patients 
are younger than 50 years of age,4 5 in addition to 
mortality, morbidity is also an important outcome. 
Morbidity in patients with SLE is determined 
throughout the disease course6 by disease activity, 
irreversible organ damage and comorbidities.7

SLE is characterised by different patterns of 
disease activity throughout its course.8 Overall, 
persistent disease activity and flares appear to be 
important predictors of both mortality9 and damage 
accrual.10 11 On the other hand, early and sustained 
remission predicts a better prognosis.9

Features predictive of disease activity early in 
the disease course include socioeconomic and 
demographic characteristics such as ethnicity 
(non- Caucasians)12–16 and lower education.12 14 In 
addition, high disease activity and high anti- double- 
stranded DNA (dsDNA) antibodies at baseline have 
been described to predict higher disease activity in 
the SLE course.11 12 15

Recently, a new set of classification criteria for 
SLE using an additive point system has been intro-
duced,17–19 the 2019 European League Against 
Rheumatism (EULAR)/American College of 

Key messages

What is already known about this subject?
 ► Systemic lupus erythematosus (SLE) is a 
heterogeneous disease characterised by an 
unpredictable activity course. Persistent disease 
activity and flares are important predictors of 
mortality and damage accrual. Prior studies 
have identified features predictive of disease 
activity throughout the disease course, such as 
low education, ethnicity, sex and high double- 
stranded DNA antibodies at baseline.

What does this study add?
 ► This is the first study that aimed to determine 
the possible link between the new European 
League Against Rheumatism (EULAR)/American 
College of Rheumatology (ACR) criteria 
numerical scores at diagnosis and subsequent 
disease severity. Our results suggest that the 
score of the EULAR/ACR criteria could serve 
to predict ominosity in SLE, that is, to detect 
patients with a greater likelihood of disease 
severity over the first 5 years of their disease 
course.

How might this impact on clinical practice or 
future developments?

 ► This new set of classification criteria could be 
helpful not only in classifying SLE cases but 
could also in providing prognostic information 
regarding the disease course in the first 5 years 
following diagnosis.

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0002-9074-0592
http://orcid.org/0000-0001-7506-9166
http://orcid.org/0000-0003-0591-2976
https://acrabstracts.org/abstract/the-new-eular-acr-2019-sle-classification-criteria-defining-ominosity-in-sle/
https://acrabstracts.org/abstract/the-new-eular-acr-2019-sle-classification-criteria-defining-ominosity-in-sle/
https://acrabstracts.org/abstract/the-new-eular-acr-2019-sle-classification-criteria-defining-ominosity-in-sle/
https://acrabstracts.org/abstract/the-new-eular-acr-2019-sle-classification-criteria-defining-ominosity-in-sle/
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2020-218670&domain=pdf&date_stamp=2021-04-23
http://ard.bmj.com/


768 Whittall Garcia LP, et al. Ann Rheum Dis 2021;80:767–774. doi:10.1136/annrheumdis-2020-218670

Systemic lupus erythematosus

Rheumatology (ACR) Classification Criteria.20 21 The EULAR/
ACR criteria have been proven to be more sensitive than the 
1997 ACR criteria and more specific than the 2012 Systemic 
Lupus International Collaborating Clinics (SLICC) criteria.21 
In addition, it has been shown to perform well in patients with 
early disease and in different ethnicities.22 23

Furthermore, in a study including new- onset patients with 
SLE, EULAR/ACR criteria correlated with SLE Disease Activity 
Index 2000 (SLEDAI- 2K) and Revised Systemic Lupus Activity 
Measure (SLAM- R) scores, with both disease activity scoring 
systems indicating a correlation of the EULAR/ACR criteria with 
disease activity.24 Also, in a separate cohort of patients, higher 
EULAR/ACR scores were associated with higher rates of organ 
damage.25

We aimed to determine the ominosity of this classification 
system by determining its potential predictive role for disease 
severity in the first 5 years of the disease course.

METHODS
Patients and setting
Patients with SLE have been followed up prospectively at the 
University of Toronto Lupus Clinic since 1970. By November 
2019, 870 patients with inception SLE were registered (recruited 
in the first 12 months after SLE diagnosis). All patients met 
the revised 1997 ACR classification criteria for SLE26 or three 
criteria and a supportive biopsy (skin or kidney).

During the first visit, each patient underwent a complete 
history and physical examination that includes demographic 
data, past or present organ- specific disease- related symptoms, 
physical examination findings and laboratory evaluation.

The cohort was followed up at regular intervals (every 2–6 
months). At each follow- up visit, clinical and laboratory infor-
mation is collected according to a standard protocol. For every 
patient, SLEDAI −2K is calculated and recorded at every visit. 
All information is stored on a computer database.

EULAR/ACR classification criteria score
For each patient, a score of the EULAR/ACR criteria was calcu-
lated based on the baseline clinical, laboratory and renal biopsy 
information. The baseline information was obtained from the 
first two visits at the University of Toronto Lupus Clinic, as 
some of the data and therapies ordered at the first visit were 
recorded only at the second visit. We confirmed that the clinical 
and laboratory information fulfilled the proposed definitions of 
the EULAR/ACR criteria.20 This allowed for the assignment of 
numerical scores for each of the EULAR/ACR criteria present in 
each patient.

Outcomes
To determine the ominosity of the EULAR/ACR criteria on the 
SLE clinical course, we used different outcomes to establish 
disease severity over the first 5 years after diagnosis.

Adjusted mean SLE Disease Activity Index 2000 (AMS)
The AMS represents the average disease activity over a period 
of time.27 28

Flares
A flare was defined as an increase in SLE Disease Activity Index 
2000 (SLEDAI- 2K) score of ≥4 from the previous visit.29–31

Remission
Remission was defined according to the definition of remission 
in systemic lupus erythematosus (DORIS).32

 ► Complete remission off treatment: no clinical and serolog-
ical disease activity (SLEDAI- 2K score=0), no glucocorti-
coids and no immunosuppressive therapy allowed.

 ► Clinical remission off treatment: serologically active clinical 
quiescent (SACQ) disease, described as clinical SLEDAI- 2K 
score=0, high anti- dsDNA Abs and/or C3 decrease present, 
no glucocorticoids and no immunosuppressive therapy 
allowed.

 ► Complete remission on treatment: SLEDAI- 2K score=0, 
prednisone 1–5 mg/day, immunosuppressive therapy 
allowed.

 ► Clinical remission on treatment: SACQ disease, prednisone 
1–5 mg/day and immunosuppressive therapy allowed.
Antimalarials were allowed in all groups.

Therapy
 ► Glucocorticoid requirement: cumulative doses and average 

daily dose of glucocorticoids were calculated from the time 
of entry to the cohort.

 ► Immunosuppressive use: the percentages of patients still on 
immunosuppressive therapy by the end of the first, third and 
fifth years.

 ► Antimalarials use: the percentages of patients still on antima-
larials by the end of the first, third and fifth year.

Cohort without lupus nephritis (LN)
In order to examine if the EULAR/ACR score was a surrogate 
for LN, we performed a subgroup analysis excluding patients 
who had LN at presentation and determined the outcomes for 
this subgroup, including AMS, flares and remission in the first 5 
years following SLE diagnosis.

Validation cohort
To validate our results from the Toronto Lupus Cohort, we used 
the SLICC registry, a large multiethnic inception cohort followed 
up for a 10- year period.33 Patients were assessed on an annual 
basis with laboratory tests to evaluate disease activity parame-
ters. When reviewing the SLICC registry data to determine the 
feasibility of calculating the EULAR/ACR score at baseline, three 
issues were detected:
1. Isolated haemolytic anaemia was not recorded in the

database.
2. Anti- Sm Abs were not reported separately from anti- DNA

Abs.
3. Hypocomplementaemia was reported as normal or low, so

we could not separate C3 from C4.
Given that only 1.8% of patients in the lupus clinic cohort had 

isolated haemolytic anaemia, 11.8% were positive anti- Sm with 
negative anti- dsDNA Abs and that hypocomplementaemia is in 
the same section of the EULAR/ACR score with only one point 
difference between one of them low or both low, we considered 
that it was feasible to calculate the EULAR/ACR score.

When analysing outcomes, only AMS could be determined, 
given that the follow- up was annual.

Statistical analysis
Descriptive statistics and bar charts were generated for patients’ 
baseline characteristics and EULAR/ACR score distributions. 
P values from unpaired t- tests, χ2 tests and Cochran- Armitage 
trend test were provided for continuous, binary and multilevel 
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categorical variables. When we examined the linear relation-
ship between EULAR/ACR scores and adjusted mean SLEDAI, 
although residual diagnostics showed that the square root trans-
formed the AMS fitted the model better, the untransformed data 
did not depart from the model assumption far. To simplify the 
clinical interpretation, we reported parameter estimates and p 
values from the untransformed linear regression model.

Since the flare outcome in our data followed closely to a 
Poisson distribution, we performed a univariate Poisson regres-
sion, the independent variable being the EULAR /ACR score at 
baseline and the dependent variable being the total number of 
flares each patient could have over the first 5 years. Overdisper-
sion was corrected by Pearson scaling, relative risk with 95% 
CIs, and p values were reported.

For the outcome of remission, we described the first remis-
sion episode the patients had using the four DORISs as separate 
outcomes and also performed non- parametric cumulative inci-
dence function curves to look at time to first remission (for each 
of the four types); Grey’s test was used to detect the differences 
between patients with a total EULAR/ACR score of ≥20 or below. 
Multivariable Cox proportional regressions were performed to 
find the risk (HRs and 95% CIs) of higher EULAR/ACR score on 
the outcome of remissions; death was considered as competing 
risk in Fine and Grey’s subdistribution hazard models; baseline 
age and race were entered as adjusting variables.34 35

We performed receiver operating characteristic (ROC) anal-
ysis in order to determine the optimal predictive value for poor 
outcomes. We chose the best cut- off value for the EULAR/ACR 
score with the higher Youden Index (equivalent to the point on 
the ROC closest to the top- left corner). From this ROC analysis, 
we found the best cut- off for AMS was a score of 22 for year 1, 
19 for year 3 and 23 for year 5. The best cut- off for flares was a 
score of 16. All values were close to 20, which was the median 
score. We used this as a threshold to compare demographic 
characteristics, clinical characteristics and outcomes of patients 
above and below this score.

Patient and public involvement
Patients were involved with data collection and will be involved 
in choosing results to share, when and in what format to dissem-
inate the study results to the relevant wider patient communities.

RESULTS
Cohort characteristics
A total of 867 inception patients were included; 768 (88.6%) 
had a follow- up of at least 1 year; 659 (76%) had a follow- up 
of 3 years; and 568 (65.6%) had a follow- up of 5 years. The 
majority (87.5%) of the population were woman, with a mean 
age of 36.2 years at SLE diagnosis. Most patients were Cauca-
sians (66.7%), followed by black (14.2%) and Chinese (8.3%) 
patients. The mean disease duration, defined as the time between 
diagnosis and the first visit, was 0.2 years; the median time 
between the first visit and the second visit was 3.3 months.

At the first visit, the mean±SD SLEDAI- 2K score was 9.4±8.0; 
56.2% of the patients were treated with glucocorticoids, 17.4% 
with immunosuppressive therapy and 37% with antimalarials. 
Data are shown in table 1.

When we applied the EULAR/ACR criteria to our cohort, 
16 patients (1.8%) had a score of <10 (online supplemental 
figure 1 shows the distribution of the 1997 ACR criteria in these 
patients). In addition, 25 patients (2.8%) had a negative Antinu-
clear Antibodies; of these patients, only 4 had a score ≤10.

Overall, the scores had a normal distribution curve, as shown 
in figure 1.

The three most common clinical domains of the EULAR/
ACR criteria present in the studied cohort were joint involve-
ment (62.4%), acute cutaneous lupus (48.2%) and non- scarring 
alopecia (45.5%), as shown in table 2.

Based on ROC analysis a EULAR/ACR score of 20 was used as 
a threshold to compare demographic, clinical characteristics and 
outcomes between groups.

Table 1 Demographic characteristics of our cohort at first visit

Variable Total
N=867

EULAR/ACR 
score<20
N=415

EULAR/ACR 
score≥20
N=452

P value

Sex

 Female 759 (87.5) 364 (87.7) 395 (87.4) 0.866

  Male 108 (12.5) 51 (12.3) 57 (12.6)

Race <0.001

 Caucasian 578 (66.7) 316 (76.1) 262 (58.0)

 Black 123 (14.2) 42 (10.1) 81 (17.9)

 Chinese 72 (8.3) 20 (4.8) 52 (11.5)

 Others 40 (4.6) 15 (3.6) 25 (5.5)

 Native North American 3 (0.3) 1 (0.2) 2 (0.4)

 Filipino 38 (4.4) 15 (3.6) 23 (5.1)

 Mixed 10 (1.2) 4 (1.0) 6 (1.3)

Age (years) 36.2±14.2 38.1±15.1 34.5±13.1 <0.001

Disease duration (years) 0.2±0.3 0.2±0.3 0.2±0.3 0.866

SLEDAI- 2K score 9.4±8.0 6.3±5.4 12.2±8.9 <0.001

SLICC Damage Index 0.1±0.4 0.1±0.4 0.1±0.4 0.133

Therapy

 Glucocorticoids at first visit 487 (56.2) 185 (44.6) 302 (66.8) <0.001

 Antimalarials at first visit 321 (37.0) 151 (36.4%) 170 (37.6) 0.709

 Immunosuppressives at 
first visit

151 (17.4) 58 (14) 93 (20.6) 0.010

Values are expressed as mean±SD or n (%).
Bold face p values denote statistical significance.
ACR, American College of Rheumatology; EULAR, European League Against 
Rheumatism; SLEDAI- 2K, SLE Disease Activity Index 2000; SLICC, Systemic Lupus 
International Collaborating Clinics.

Figure 1 Histogram distribution of the EULAR/ACR criteria score 
in our population. ACR, American College of Rheumatology; EULAR, 
European League Against Rheumatism.
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Associations between the EULAR/ACR score, demographic and 
clinical characteristics at baseline
The Caucasian population less frequently presented with a 
score of ≥20 (58.0% vs 76.1% and ≥20 vs <20, respectively; 
p≤0.001), in comparison to the black population, which most 
commonly had a score ≥20 (17.9% vs 10.1% and ≥20 vs <20, 
respectively; p=0.002).

At baseline, patients who presented with a higher score were 
younger (34.5 vs 38.1 years old and ≥20 vs <20, respectively; 
p≤0.001), had higher SLEDAI- 2K score (12.2 vs 6.3 and ≥20 vs 
<20, respectively; p≤0.001) and were more likely to receive 
glucocorticoids (66.8% vs 44.6% and ≥20 vs <20, respectively; 
p≤0.001) and immunosuppressive therapy (20.6% vs 14.0% 
and ≥20 vs <20, respectively; p=0.010). The use of antimalar-
ials was the same between the two groups (37.6% vs 36.4%, 
p=0.709; shown in table 1).

As expected, patients with a score of ≥20 had greater number 
of organ system involvements, except for autoimmune haemo-
lysis, psychosis, subacute cutaneous and discoid rash, which were 
evenly distributed between groups. Table 2 shows the distribu-
tion of the EULAR/ACR domains in our cohort.

Associations between the EULAR/ACR score and disease 
severity in the first 5 years after diagnosis
Adjusted mean SLEDAI
Patients with a score of ≥20 were characterised by a more active 
disease course as determined by higher AMS over the first 1, 3 
and 5 years of the disease course, as shown in table 3.

The total EULAR/ACR score correlated with the AMS over 
the first 1, 3 and 5 years (r=0.36, p<0.001; r=0.30, p<0.001; 
and r=0.28, p<0.001; for 1, 3 and 5 years respectively). In addi-
tion, in the first year of the disease course, every increase of 10 
points in the score increased the AMS by 2.2 units (univariate 
linear regression, beta=0.22, p<0.0001).

On multivariable linear regression analysis, the EULAR/ACR 
score continued to significantly correlate with AMS over the first 
1, 3 and 5 years (p=<0.0001); age at baseline also correlated 
with AMS at 3 and 5 years (p=0.025 and p=0.045, respec-
tively), as shown in online supplemental table 1).

Flares
Patients with a higher score were more likely to ever present 
with a flare (69.4% vs 55.8% and ≥20 vs <20, respectively; 
p<0.001) and more frequently experienced ≥2 flares in the first 

Table 2 Distribution of the EULAR/ACR criteria in our cohort and in the validation SLICC cohort

Clinical domains

Lupus clinic
EULAR/ACR score<20
N=415 (%)

Lupus clinic
EULAR/ACR score≥20
N=452 (%)

Lupus clinic
All patients
N=867 (%) P value

Validation SLICC cohort
N=807 (%)

Constitutional

  Fever 59 (14.1) 129 (28.6) 188 (21.6) <0.001 21 (2.6)

Haematological

 Leucopenia 97 (23.2) 175 (38.8) 272 (31.3) <0.001 66 (8.2)

 Thrombocytopenia 40 (9.5) 104 (23.1) 144 (16.3) <0.001 25 (3.2)

 Autoimmune Haemolysis 12 (2.9) 16 (3.5) 28 (3.2) 0.568 –

Neuropsychiatric

 Delirium 13 (3.1) 28 (6.2) 41 (4.7) 0.031 2 (0.25)

 Psychosis 12 (2.9) 17 (3.8) 29 (3.33) 0.457 0 (0)

 Seizure 11 (2.6) 30 (6.7) 41 (4.7) 0.005 2 (0.25)

Mucocutaneous

 Alopecia 150 (35.8) 246 (54.5) 396 (45.5) <0.001 97 (12)

 Oral ulcers 126 (30.1) 165 (36.6) 291 (33.4) 0.042 324 (40)

 Subacute or discoid 62 (14.8) 51 (11.3) 113 (13.0) 0.126 86 (10.7)

 Acute cutaneous 167 (39.9) 252 (55.9) 419 (48.2) <0.001 232 (35)

Serosal

 Pleural or pericardial effusion 63 (15.0) 181 (40.1) 244 (28.0) <0.001 232 (28)

  Acute pericarditis 42 (10.0) 111 (24.6) 153 (17.6) <0.001 14 (1.7)

Musculoskeletal

 Joint involvement 214 (51.1) 329 (72.9) 543 (62.4) <0.001 607 (75.2)

Renal

 Proteinuria>0.5 g/24 hours 68 (16.2) 191 (42.4) 259 (29.8) <0.001 112 (13.9)

 Renal biopsy class II or V 17 (4.1) 62 (13.7) 79 (9.1) <0.001 52 (6.4)

 Renal biopsy class III or IV 15 (3.6) 98 (21.7) 113 (13.0) <0.001 74 (9.2)

 Antiphospholipid Ab 128 (30.5) 138 (30.6) 266 (30.6) 0.987 239 (29.6)

Complement

 Low C3 or low C4 136 (32.5) 300 (66.5) 436 (50.1) <0.001 282 (34.9)

  Low C3 and low C4 41 (9.8) 170 (37.7) 211 (24.2) <0.001 –

SLE- specific Antibodies

 Anti- dsDNA or Sm Ab 201 (48.0) 406 (90.0) 607 (69.8) <0.001 272 (34.9)

Bold face p values denote statistical significance.
Ab, antibody; ACR, American College of Rheumatology; dsDNA, double- stranded DNA; EULAR, European League Against Rheumatism; SLE, systemic lupus erythematosus; SLICC, 
Systemic Lupus International Collaborating Clinics; Sm, Smith.
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5 years of disease course (43.9% vs 34.1% and ≥20 vs <20, 
respectively; p=0.017), as shown in figure 2.

Results from the multivariable Poisson regression analysis, 
adjusting for ethnicity and age at baseline, showed that every 10 
point increase in the EULAR/ACR score increased the risk of a 
flare by 22.5% (RR 1.225, 95% CI 1.110 to 1.352, p<0.001). 
When comparing organ- specific flares, the group of patients 
with a score ≥20 more frequently presented renal (31.6% vs 
12.8% and ≥20 vs <20, respectively; p≤0.001) and haemato-
logical (8% vs 2.2% and ≥20 vs <20, respectively; p=0.007) 
flares in comparison to patients with a score of <20. There was 
no difference in the rest of organ- specific flares between groups, 
as shown in online supplemental table 2.

Remission
We compared the characteristics of the first remission episode 
between groups using the four DORISs. The most frequent first 
remission of patients with a score of ≥20 was clinical remission 
on treatment (28.46%), in comparison to patients with a score of 
<20, of whom nearly half (48.73%) achieved a complete remis-
sion off treatment as their first remission, as shown in table 4.

Individuals with a score of ≥20 had lower probabilities of 
achieving remission of at least 15% compared with individuals 

with a low score. The HR with significant p values confirmed 
this finding (figure 3). The results remained significant in the 
multivariable Cox proportional regressions adjusting for age and 
race. Caucasian populations had a higher chance of achieving 
remission compared with non- Caucasian populations. This 
information is shown in online supplemental table 3.

Treatment
Patients with a score of ≥20 were characterised by a greater 
cumulative and mean daily doses of glucocorticoids during 
the first 1, 3 and 5 years of disease course. Also, they used 
more immunosuppressive medications in the same time course 
compared with patients with a score of <20. The percentage use 
of antimalarials was similar between groups, as shown in table 3.

Cohort without LN
In order to determine if the EULAR/ACR score was a surrogate 
for LN, we performed a subgroup analysis excluding 310 patients 
who had LN at presentation, leaving 557 patients. There was 
no difference in the outcome AMS as shown in online supple-
mental table 1. Regarding the remission outcome, the HRs in 
the subgroup without LN remained significant for all DORISs 
except clinical remission on treatment, which could be due to 
the smaller number of patients, as shown in online supplemental 
table 3. As for the flare outcome, there was a trend towards a 
higher rate of flares in the group of patients with a higher score, 
although this was not statistically significant (62.2% vs 53.7% 
and ≥20 vs <20, respectively; p=0.101).

Validation cohort
A total of 807 patients were included, all of whom completed at 
least a 5- year follow- up. The mean score was 14; 21.3% had a 
score of ≥20. table 2 shows the EULAR/ACR clinical and labo-
ratory characteristics of this cohort. Patients with a score of ≥20 
had higher AMS during the first 5 years of disease in comparison 
to patients with a lower score (5.4 vs 3.1% and ≥20 vs <20, 
respectively; p=<0.001). The EULAR/ACR score correlated 
with AMS (r=0.43, p≤0.001) in the same time frame.

DISCUSSION
To our knowledge, this is the first study that aimed to determine 
the possible link between the new EULAR/ACR scores at diag-
nosis and subsequent disease severity. Our study suggests that 
this classification criteria score could serve to detect patients 
with a greater likelihood of disease severity over the first 5 years 
of their disease course.

Table 3 AMS and treatment characteristics in the first 5 years of 
disease course

Variable EULAR/ACR 
score<20

EULAR/ACR 
score≥20

P value

AMS

 1 year* 4.9±4.5 7.3±4.6 <0.001

 3 years† 4.1±3.7 5.6±3.6 <0.001

 5 years‡ 3.7±2.9 5.1±3.2 <0.001

Cumulative glucocorticoid 
dose (g)

 1 year* 3.9±3.3 5.4±3.8 <0.001

 3 years† 9.4±7.3 12.3±8.7 <0.001

 5 years‡ 12.5±10.6 16.9±11.4 <0.001

Average glucocorticoid dose 
(mg/day)

 1 year*

   mean 17.4±11.8 21.7±11.8 <0.001

   median 14 (10–22) 20 (13–29) <0.001

 3 years†

   mean 13.3±7.5 15.4±7.9 0.004

   median 12 (8–17) 14 (10–20) <0.001

 5 years‡

   mean 11.9±6.5 13.9±6.9 0.003

   median 10 (8–14) 12 (9–17) <0.001

Use of antimalarial

 1 year* 200 (53.8) 230 (58.1) 0.228

 3 years† 177 (56.5) 211 (61.0) 0.259

  5 years‡ 149 (55.8) 182 (60.5) 0.261

Use of immunosuppressive

 1 year* 82 (22.0) 182 (40.0) <0.001

 3 years† 83 (26.5) 152 (43.9) <0.001

 5 years‡ 66 (24.7) 124 (41.2) <0.001

Values are expressed as mean±SD, median (IQR) or n (%).
Bold face p values denote statistical significance.
*N=372 and 396 in low and high score groups at 1 year.
†N=313 and 346 in low and high score groups at 3 years.
‡N=267 and 301 in low and high score groups at 5 years.
AMS, adjusted mean SLE Disease Activity Index 2000.

Figure 2 Graph illustrating the number of flares in the first 5 years of 
disease course, comparing patients with an European League Against 
Rheumatism/American College of Rheumatology score of ≥20 vs <20.
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Our results revealed that patients with a EULAR/ACR score 
of ≥20 had higher AMS scores throughout the first 5 years after 
diagnosis, presented with more flares and were characterised by 
a less likelihood to achieve any of the four DORISs of remission 
during the same time frame.

In our cohort, black patients more frequently had a score of 
≥20. Also, patients with a higher score tended to be younger. 
These are known features associated with a more active disease 

course.12–14 24 36 37 Importantly, after performing multivariable 
linear regression analysis, the EULAR/ACR score continued to 
significantly correlate with our studied outcomes throughout the 
first 5 years. High disease activity at baseline predicts a higher 
disease activity on subsequent visits.12 14 In our study, patients 
that scored ≥20 had higher SLEDAI- 2K scores at baseline. Inter-
estingly, a recent study by Teng et al on patients with new- onset 
SLE found an association between EULAR/ACR scores and 

Table 4 First remission episode based on the four DORISs

First remission episode EULAR/ACR score<20
N=275 (%)

EULAR/ACR score≥20
N=267 (%)

P value

DORISs Complete remission off treatment 134 (48.73) 63 (23.6) <0.001

Clinical remission off treatment 55 (20) 63 (23.6) 0.310

Complete remission on treatment 61 (22.2) 65 (24.3) 0.551

Clinical remission on treatment 25 (9.1) 76 (28.46) <0.001

Complete and clinical remission off treatment 189 (68.7) 126 (47.2) <0.001

Complete and clinical remission on treatment 86 (31.3) 141 (52.8) <0.001

In 542 patients who had at least one episode of remission.
Bold face p values denote statistical significance.
ACR, American College of Rheumatology; DORIS, definition of remission in systemic lupus erythematosus; EULAR, European League Against Rheumatism.

Figure 3 Remission according to the four definitions of remission in systemic lupus erythematosus. Kaplan- Meier survival curves stratified by 
European League Against Rheumatism/American College of Rheumatology criteria scores of ≥20 and <20. HRs and 95% CIs of higher score group 
versus low score group on the outcome of four types of remission.
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baseline SLEDAI- 2K (r2 0.65, p<0.0001) and SLAM- R (r2 0.37, 
p<0.0001) scores, in agreement with our findings.24

Individuals with a score of ≥20 experienced more flares in 
the first 5 years of the disease course. Moreover, this group of 
patients also had higher numbers of renal and haematological 
flares. Interestingly, in the study of Carneiro et al, patients with 
a higher EULAR/ACR score had higher rates of renal damage, 
which persisted even after they removed the renal domain from 
the final classification score,25 suggesting that in the setting of 
renal activity, the presence of a multisystem disease at baseline 
could predict the risk of subsequent renal flares.

Importantly, patients with a EULAR/ACR score of ≥20 
required more aggressive therapy determined by higher cumu-
lative doses of glucocorticoids. By the fifth year, there was a 
striking difference between groups (close to 4.5 g). They also 
had higher percentages of immunosuppressive therapy use in the 
same period of time. These differences in treatment are probably 
driven by the higher disease activity that characterised this group 
of patients. These findings are certainly of interest, since gluco-
corticoid and immunosuppressive therapy are known to increase 
the risk of infections,38–40 a leading cause of mortality during the 
first years of the SLE disease course.1 Also, glucocorticoids are 
known inducers of atherosclerosis, which leads to cardiovascular 
comorbidities, a major cause of death in patients with SLE older 
than 40 years.1 41–43

Accumulating knowledge suggests that the use of antimalarials 
during the early course of the disease is associated with a less 
severe disease course.14 44 In our results, both groups had similar 
percentages of antimalarial use throughout the first 5 years of 
disease course.

In the subgroup of patients without LN, the group with a 
score of ≥20 had a higher AMS throughout the first 5 years as 
well as lower probability of achieving remission for all DORISs 
except clinical remission on treatment. Also, they tended to have 
a greater number of flares, although this was not statistically 
significant, which could be attributed to the reduction in sample 
size.

Our findings were further confirmed in an independent cohort. 
The SLICC cohort appeared to be milder with a lower EULAR/
ACR score in comparison to the Toronto Lupus Clinic cohort. 
Even with a lower mean score, ≥20 points still correlated with 
disease activity in the first 5 years of disease course, hence, a 
predictor of ominosity. It has been well documented that individ-
uals with a more active disease, especially during the first years 
after diagnosis, have more damage accrual and higher mortality 
rates.10 11 43

In 1982, Ginzler et al found a correlation between the number 
of American Rheumatism Association criteria fulfilled at diag-
nosis and mortality,45 and more recently, a study by Carneiro 
et al found that patients with higher EULAR/ACR scores at the 
time of diagnosis tended to have an increased incidence of organ 
damage.25 We did not find a correlation between EULAR/ACR 
score at baseline and damage at 5 years after diagnosis (data not 
shown), although we consider that 5 years is too early to estab-
lish damage accrual and mortality, and an independent anal-
ysis should be performed after a 10- year follow- up in order to 
address this question. The strengths of this study are that it was 
performed in a large prospectively followed inception cohort of 
patients with SLE who entered the cohort within 0.2 years from 
diagnosis; a large number were still actively followed up at year 
5 at intervals of 3–6 months, allowing for frequent data points 
affecting the outcomes. Another strength is that the results were 
validated in the SLICC registry, an independent inception multi-
ethnic cohort.

Overall, a EULAR/ACR score of ≥20 is an indicator of 
ominosity in the SLE disease course throughout the first 5 years 
after diagnosis. Patients with SLE with an EULAR/ACR score 
of ≥20 had higher AMS scores, lower likelihood of achieving 
remission, a trend towards a greater number of flares and more 
need for immunosuppressive therapy. Thus, this new set of clas-
sification criteria not only could be helpful in classifying SLE 
cases but also could provide prognostic information regarding 
the disease course in the first 5 years following diagnosis.
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ABSTRACT
Background/objectives The European League Against 
Rheumatism (EULAR)/American College of Rheumatology 
(ACR) 2019 classification criteria for systemic lupus 
erythematosus system showed high specificity, while 
attaining also high sensitivity. We hereby analysed the 
performance of the individual criteria items and their 
contribution to the overall performance of the criteria.
Methods We combined the EULAR/ACR derivation 
and validation cohorts for a total of 1197 systemic lupus 
erythematosus (SLE) and n=1074 non- SLE patients with 
a variety of conditions mimicking SLE, such as other 
autoimmune diseases, and calculated the sensitivity 
and specificity for antinuclear antibodies (ANA) and the 
23 specific criteria items. We also tested performance 
omitting the EULAR/ACR criteria attribution rule, which 
defines that items are only counted if not more likely 
explained by a cause other than SLE.
Results Positive ANA, the new entry criterion, was 
99.5% sensitive, but only 19.4% specific, against a 
non- SLE population that included other inflammatory 
rheumatic, infectious, malignant and metabolic diseases. 
The specific criteria items were highly variable in 
sensitivity (from 0.42% for delirium and 1.84% for 
psychosis to 75.6% for antibodies to double- stranded 
DNA), but their specificity was uniformly high, with low 
C3 or C4 (83.0%) and leucopenia <4.000/mm³ (83.8%) 
at the lowest end. Unexplained fever was 95.3% specific 
in this cohort. Applying the attribution rule improved 
specificity, particularly for joint involvement.

Conclusions Changing the position of the highly 
sensitive, non- specific ANA to an entry criterion and the 
attribution rule resulted in a specificity of >80% for all 
items, explaining the higher overall specificity of the 
criteria set.

The most relevant performance characteristics of any 
classification criteria are sensitivity and specificity of 
the whole set of criteria in a relevant validation cohort. 
Accordingly, for the European League Against Rheu-
matism (EULAR)/American College of Rheumatology 
(ACR) 2019 classification criteria for systemic lupus 
erythematosus (SLE), these data were reported in the 
joint publication1 2 together with comparative sensi-
tivity and specificity values of the ACR 1997 and the 
Systemic Lupus International Collaborating Clinics 
(SLICC) 2012 criteria systems.

Key messages

What is already known about this subject?
 ► The European League Against Rheumatism 
(EULAR)/American College of Rheumatology 
(ACR) 2019 classification criteria for systemic 
lupus erythematosus (SLE) have higher 
sensitivity than the ACR criteria, but maintained 
high specificity.
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The EULAR/ACR classification criteria project comprised four 
phases.1–3 Phase I evaluated ANA as an entry criterion4 and gener-
ated criteria items in an expert Delphi exercise,5 an international 
early SLE cohort6 and an SLE patient survey.7 Phase II reduced the 
number of items in a nominal group technique exercise,8 evaluated 
the interdependency of items in a two- step association study9 and 
precisely defined the remaining items.10 Phase III grouped the items 
and derived an individual weight for each item, based on a multi-
criteria decision analysis.11 Phase IV relied on a large international 
cohort collected worldwide, and split into a derivation and a valida-
tion cohort.1 2 This cohort contains data from a total of 1197 SLE 
patients and 1074 non- SLE patients.

The EULAR/ACR 2019 criteria require a positive antinuclear anti-
body (ANA) test with a titre of ≥1:80 by HEp-2 immunofluores-
cence or equivalent at any time as an obligatory entry criterion. For 
ANA positive patients, criteria ordered in seven clinical and three 
immunological domains are applied according to specific weights. 
A total sum score of 10 or more allows for classification as SLE. 
Criteria items count only if there is no more likely explanation 
than SLE. As in previous criteria systems, at least one clinical item 
is required, and historically positive items count. With these features, 
the EULAR/ACR 2019 criteria achieved about as high a specificity as 
the 1997 updated ACR criteria12 and still as high a sensitivity as the 
2012 SLICC criteria,13 with an improved combined specificity and 
sensitivity as compared with the previous criteria.1 2 These character-
istics are maintained across sexes and ethnicities and in those with 
early disease.14

While the performance of the individual items was not reported, 
the information on their sensitivity and specificity may be highly 
instructive. Indeed, individual criterion performance characteristics 
of the ACR 198215 and SLICC 201213 criteria were considered in 
the EULAR/ACR criteria approach, particularly in its early phases.10 
For example, the strategic decision to evaluate repositioning ANA as 
an entry criterion3 was influenced by these data. Here, we present 
the sensitivity and specificity analysis of the EULAR/ACR criteria 
individual items.

PATIENTS AND METHODS
Subjects
Data on the 1982 ACR patient database15 and 2012 SLICC deriva-
tion cohort13 were taken from the respective publications. For the 
analysis of the EULAR/ACR international patient cohort, the deri-
vation and validation cohorts were combined. To this cohort, every 
centre contributed up to 100 SLE cases and 100 non- SLE cases with 
conditions mimicking SLE.1 2 SLE diagnosis was used as a gold stan-
dard. Diagnoses of non- SLE control subjects included other connec-
tive tissue diseases (62.6%), other rheumatic and musculoskeletal 
diseases (28.7%), cancer, membranous nephritis and chronic infec-
tions (online supplemental table 1). A standardised form containing 
all items of the EULAR/ACR, SLICC and ACR criteria sets was used 
to collect data on all cases and controls. All laboratory tests, including 
ANA and SLE- specific autoantibodies, were performed locally, 
according to the submitting centre’s laboratory standards. The diag-
noses of SLE versus non- SLE were triple- confirmed by independent 
investigators. Where needed, this procedure involved several steps, 
including direct queries. Cases were only included if the submitting 
centre and all three external investigators agreed.1 2 Sixty- eight cases 
(2.9%) were excluded due to lack of consensus on the diagnosis. The 
cohorts were comprised the 1197 triple- confirmed SLE cases and 
1074 triple- confirmed non- SLE cases.1 2

Analyses
The sensitivity and specificity of the individual items were evaluated 
using the EULAR/ACR criteria attribution rule. In an additional 
analysis, sensitivities and specificities were evaluated without the 
EULAR/ACR criteria attribution rule. The attribution rule states that 
items shall only be counted if there were no more likely explanation 
than SLE. This rule would for example preclude counting arthritis 
in a patient with rheumatoid arthritis (RA) for SLE. Sensitivity was 
calculated as the proportion of SLE patients (truly) positive for a 
criterion in the whole cohort, specificity as the proportion of all non- 
SLE patients negative for a criterion. CIs were calculated using the 
bias- corrected and accelerated bootstrap method (BCa method) with 
B=2000 bootstrap samples.1 2

RESULTS
Specificity of individual items
With the anticipated exception of the entry criterion of a positive 
ANA, which had a very high sensitivity of 99.5%, but a low speci-
ficity of only 19.4%, all criteria items had a specificity of at least 80% 
(table 1). In fact, only three items had a specificity lower than 90%, 
namely low complement C3 or C4 (83.0%), leucopenia (83.8%) 
and positive antiphospholipid antibodies (87.7%). The limited spec-
ificity appeared almost exclusively due to their prevalence in other 
conditions, such as primary antiphospholipid syndrome and primary 
Sjögren’s syndrome, which were included in the non- SLE cohorts 
(see online supplemental table 1). Of relevance, these items were also 
assigned relatively low weights of 2 or 3 (table 1). The 95% CIs are 
shown in online supplemental table 2.

Sensitivity of individual items
As expected, given that the goal of the new criteria set was to 
maximise the specificity for SLE, the differences in sensitivity 
were greater than those for specificity. Even when not taking the 
entry criterion of positive ANA into account, sensitivity ranged 
from as high as 75.6% for antibodies to double- stranded DNA 
(dsDNA), 72.0% for joint involvement and 71.7% for low C3 
or C4 to as low as 1.84% for psychosis and 0.42% for delirium. 
An acute cutaneous LE (ACLE) rash was seen in 42.8%, 10.9% 
had a subacute cutaneous LE (SCLE) and 8.4% a discoid rash, 

Key messages

What does this study add?
 ► In the combined EULAR/ACR derivation and validation 
cohorts, which contained large groups of patients with 
other connective tissue diseases in the non- SLE population, 
antinuclear antibodies (ANA) had high sensitivity, but only 
19.4% specificity.

 ► The most important factors for the increase in specificity 
of the EULAR/ACR criteria were the shifting of ANA to the 
position of an entry criterion, and the attribution rule, by 
which items count towards SLE only if there is no more likely 
alternative explanation.

 ► Fever, the entirely new item in the EULAR/ACR criteria, had a 
sensitivity of 14.8% and a specificity of 95.3% for SLE.

How might this impact on clinical practice or future 
developments?

 ► While the EULAR/ACR classification criteria should not be 
used as diagnostic criteria, the findings are applicable to the 
diagnostic process: ANA are a useful screening test, but not 
specific for SLE. Other symptoms should only be attributed 
to SLE if there is no more likely other diagnosis found. This of 
course applies to fever, which, if otherwise unexplained, is an 
argument for SLE.

https://dx.doi.org/10.1136/annrheumdis-2020-219373
https://dx.doi.org/10.1136/annrheumdis-2020-219373
https://dx.doi.org/10.1136/annrheumdis-2020-219373
http://ard.bmj.com/
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while 35.5% had non- scarring alopecia and 27.0% oral ulcers. 
One- third of the SLE patients had proteinuria, with class III or 
IV nephritis more than twice as common as class II or V nephritis 
(table 1). Pleural and/or pericardial effusions were found in 
16.0%, and 14.8% had non- infectious fever.

Sensitivity plus specificity
Based on these data, despite the low sensitivity of some items, 
every single item has a combined sensitivity plus specificity of 
>1.0, ranging from 1.004 for delirium to 1.693 for specific anti-
bodies to dsDNA.

Comparison with the ACR 1982 and SLICC 2012 data sets
We compared the sensitivity and specificity data with those of the 
ACR 1982 criteria15 and the SLICC 2012 criteria,13 in as much 
as these data have been reported. Fever, acute pericarditis, the 
separate categories of class III/IV and class II/V lupus nephritis 
and low C3 and C4 were items newly defined within the EULAR/
ACR classification criteria project10 and could therefore not be 
compared. For some of the other variables (eg, delirium), data 
are reported only for the whole (neurological) criterion in the 
SLICC data set, and therefore likewise not available for compar-
ison. As shown in table 2, most of the available values were in a 
similar range. However, there was a difference in the specificity 
of arthritis, which was reported as 37% for the ACR and 43.6% 
for the SLICC criteria systems, but 90.9% in the EULAR/ACR 
2019 system, using the SLICC criteria definition. When the same 
data were analysed without the attribution rule, specificity fell 
to 57.6%, much closer to the range of the previous sets (table 2, 
right column).

Role of correct attribution
We analysed the role of the attribution rule for all EULAR/
ACR classification criteria items. As shown in table 3, which is 
ordered by the size of the change, arthritis was most affected by 
correctly attributing this symptom to the more likely explana-
tion, which was most commonly RA. Other items that were less 
affected were fever, proteinuria, oral ulcers (eg, Behçet’s disease) 
and acute pericarditis. The remaining items were not affected. 
Had the attribution rule not been applied, the numbers of SLE 
patients for whom items would have been counted, that is, the 
sensitivity of the items, would only have relevantly increased for 
fever, and marginally for joint involvement (table 3). Neuropsy-
chiatric symptoms, including delirium, seizures and psychosis, 
may also be due to an underlying disease process other than SLE.

Changes to low-specificity items in the EULAR/ACR 
classification criteria
In addition to the impact of the attribution rule for increasing 
the specificity of the joint involvement criterion and the stra-
tegic shift in position of ANA positivity to an entry criterion, 
effectively eliminating an impact of its low specificity (19.4%), 
the exclusion of lymphopenia by the vote of the external experts 
in the nominal group technique exercise also influenced spec-
ificity (table 4). Likewise, photosensitivity was not included, 
increasing the specificity of ACLE. Finally, for antiphospholipid 
antibodies, specificity remained at below 90%, but this item has 
received a low weight,11 carrying only two points.1 2 In contrast 
to the previous classification criteria sets, all items now reached 
>80% specificity and most items had a specificity of 90% or 
more (table 1).

Table 1 Relative item weight, number of SLE and non- SLE patients fulfilling and not fulfilling the individual EULAR/ACR criteria items and the 
resulting sensitivities and specificities

Criterion Weight

n=1197 SLE n=1074 non- SLE

Sensitivity (%) Specificity (%)Positive Negative Positive Negative

ANA (entry criterion) 1191 6 866 208 99.5 19.4

Fever 2 177 1020 51 1023 14.8 95.3

Leucopenia 3 574 623 174 900 48.0 83.8

Thrombocytopenia 4 190 1007 44 1030 15.9 95.9

Autoimmune haemolysis 4 53 1144 1 1073 4.4 99.9

Delirium 2 5 1192 0 1074 0.4 100.0

Psychosis 3 22 1175 0 1074 1.8 100.0

Seizure 5 60 1137 8 1066 5.0 99.3

Alopecia 2 425 772 63 1011 35.5 94.1

Oral ulcers 2 323 874 75 999 27.0 93.0

Discoid LE 4 100 1097 3 1071 8.4 99.7

SCLE 4 131 1066 3 1071 10.9 99.7

ACLE 6 512 685 12 1062 42.8 98.9

Pleural/pericardial effusion 5 192 1005 34 1040 16.0 96.8

Acute pericarditis 6 61 1136 11 1063 5.1 99.0

Joint involvement 6 862 335 98 976 72.0 90.9

Proteinuria 4 398 799 11 1063 33.3 99.0

Class II/V nephritis 8 124 1073 2 1072 10.4 99.8

Class III/IV nephritis 10 262 935 1 1073 21.9 99.9

Antiphospholipid ab. 2 315 882 132 942 26.3 87.7

C3 or C4 low 3 858 339 183 891 71.7 83.0

C3 and C4 low 4 554 643 48 1026 46.3 95.5

Anti- dsDNA ab. 6 905 292 68 1006 75.6 93.7

Anti- Sm ab. 6 282 915 9 1065 23.6 99.2

ab., antibody; ACLE, acute cutaneous lupus erythematosus; ACR, American College of Rheumatology; ANA, antinuclear antibodies; dsDNA, double- stranded DNA; EULAR, European League Against Rheumatism; SCLE, 
subacute cutaneous lupus erythematosus; SLE, systemic lupus erythematosus.

http://ard.bmj.com/
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DISCUSSION
Our evaluation of individual items comprising the EULAR/ACR 
2019 classification criteria and previous iterations of SLE clas-
sification criteria provides important insights. First, individual 
classification criteria items in the EULAR/ACR 2019 criteria 
system have relative homogeneity in specificity that was unprec-
edented in previous sets. Limiting the criteria set to relatively 
high specificity items improves overall specificity. Second, these 
data shed light on the differences in performance between the 
different criteria sets. Third, the current data highlight the prev-
alence of various organ manifestations in three different classifi-
cation criteria cohorts over four decades.

These data on the individual items revealed that the EULAR/ACR 
2019 classification criteria approach has led to relatively uniform 
specificities, ranging between 83% and 100%. In fact, all but three 
items had a specificity of 90% or higher. This is an important insight 
as classification criteria are only as strong as their weakest compo-
nent.16 Compared with the ACR15 and SLICC13 criteria systems, 

the most pronounced impact on specificity was found for ANA and 
joint involvement or arthritis. A positive ANA test result ranged in 
specificity between 19% and 49%. The particularly low specificity 
of positive ANA in the EULAR/ACR cohort is explained by the 
fact that almost two- thirds of the non- SLE patients with conditions 
mimicking SLE had other connective tissue diseases. Positive ANA 
was strategically repositioned to constitute an obligatory entry crite-
rion at a titre of ≥1:80, after the high sensitivity of this test was 
reconfirmed.4

For joint involvement, the attribution rule of the EULAR/ACR 
criteria increased specificity. This attribution rule took the place of 
statements for each individual criterion regarding conditions that 
should not be scored. The ACR15 and SLICC criteria,13 for example, 
defined thrombocytopenia ‘in the absence of offending drugs’ and 
‘in the absence of other known causes such as drugs, portal hyperten-
sion, and thrombotic thrombocytopenic purpura’, respectively, with 
such exclusions defined for various items. The EULAR/ACR 2019 
attribution rule defines for all items that they should only be counted 

Table 2 Sensitivities and specificities of individual items in comparison with the data reported in the ACR 1982 classification criteria and SLICC 
2012 classification criteria manuscripts

Criterion

ACR 1982 SLICC 2012

EULAR/ACR 2019

Attribution rule applied

Yes No*

Sensitivity (%) Specificity Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)
Sensitivity 
(%) Specificity (%)

ANA (entry criterion) 99 49 96.5 45.2 NA NA 99.5 19.4

Leucopenia† 46 89 46.4 94.8 48.0 83.8

Thrombocytopenia† 21 99 13.5 98.0 15.9 95.9

Autoimmune haemolysis† 18 99 7.1 99.5 4.4 99.9

Psychosis 13 99 NR‡ NR‡ 1.8 100

Seizure 12 99 NR‡ NR‡ 5.0 99.3

Alopecia NR NR 31.9 95.7 35.5 94.1

Oral ulcers† 27 96 44.2 92.1 27.0 93.0 92.4

Discoid LE† 18 99 19.7 93.6 8.4 99.7

SCLE† NR NR NR‡ NR‡ 10.9 99.7

ACLE† 57 96 65.2 80.1 42.8 98.9

Pleural/pericardial effusion† 56 86 35.2 97.2 16.0 96.8

Joint involvement† 86 37 79.0 43.6 72.0 90.9 72.4 57.6

Proteinuria 51 94 32.9 46.4 33.3 99.0 96.1

Antiphospholipid ab. NR NR 53.5 86.0 26.3 87.7

C3 or C4 low NR NR 59.0 92.6 71.7 83.0

Anti- dsDNA ab.† 67 92 57.1 95.9 75.6 93.7

Anti- Sm ab. 31 95 26.1 98.7 23.6 99.2

For the EULAR/ACR 2019 criteria system, the left two columns depict data attributed per EULAR/ACR classification criteria attribution rule, while the right two columns show data when the attribution rule was 
deliberately omitted.
*Data are only shown for items with alternative explanations captured in the cohort; if no numbers are shown the resulting numbers were identical to the columns with the attribution rule applied.
†Different item definitions used.
‡The SLICC criteria 2012 manuscript reports data on ACLE plus SCLE and on the complete neuropsychiatric domain only.
ab., antibody; ACLE, acute cutaneous lupus erythematosus; ACR, American College of Rheumatology; ANA, antinuclear antibodies; dsDNA, double- stranded DNA; EULAR, European League Against Rheumatism; NR, not 
reported; SCLE, subacute cutaneous lupus erythematosus; SLICC, Systemic Lupus International Collaborating Clinics.

Table 3 Influence of correctly applying the EULAR/ACR criteria attribution rule on individual items, ordered by magnitude of the effect
Criterion n=1197 SLE n=1074 non- SLE

Attribution rule

Applied Not applied Applied Not applied

Positive Negative Positive Negative Positive Negative
Specificity 
(%) Positive Negative

Specificity 
(%)

Joint involvement 862 335 866 331 98 976 90.9 455 619 57.6

Fever 177 1020 226 971 51 1023 95.3 89 985 91.7

Proteinuria 398 799 398 799 11 1063 99.0 42 1032 96.1

Oral ulcers 323 874 323 874 75 999 93.0 82 992 92.4

Acute pericarditis 61 1136 61 1136 11 1063 99.0 14 1060 98.7

The effects on the number of SLE patients with these criteria fulfilled were minimal (left columns), specificity did change for several items (right columns).
ACR, American College of Rheumatology; EULAR, European League Against Rheumatism; SLE, systemic lupus erythematosus.

http://ard.bmj.com/
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for SLE if there is no more likely alternative explanation.10 More 
likely alternative explanations also include other systemic autoim-
mune diseases. RA, usually anticyclic citrullinated peptide positive, 
rheumatoid factor positive and erosive, was one of the examples 
used for illustrating this rule during the criteria process. RA was also 
one of the diseases specifically addressed, for allowing the classifica-
tion of RA/SLE overlap (Rhupus) situations.17 18 However, this attri-
bution rule now increased the specificity from 58% to 91%.

SLE joint disease differs from RA in that frank palpable 
synovitis needs not be present. Indeed, in contrast to RA, 
ultrasonography provides a clear increase in sensitivity,19 and 
the SLICC criteria definition was superior to palpable syno-
vitis.1 2 13 The new criteria set therefore employs the same 
definition as in the 2012 SLICC criteria system, and, from 
the EULAR/ACR review on, termed articular manifestations 
joint involvement instead of arthritis. Joint involvement was 
the most prevalent clinical item in all of the three sets. If 
anything, the percentage of patients with joint involvement 
declined slightly over time, from 86% in the ACR via 79% 
in the SLICC criteria to 72% in the EULAR/ACR patient 
cohort. With most SLE patients having joint involvement, 
SLE needs to be in the differential diagnosis of symmetrical 
polyarthritis. Still, RA, for one example, is at least 10 times 
more common, reiterating the point of attribution made 
above.

The attribution rule also influenced the specificity of other criteria 
items, namely fever, proteinuria, oral ulcers and acute pericarditis. 
Fever is one example, which must not be attributed to SLE when 
there is another, more likely explanation, such as infection. This will 
also affect sensitivity. Of 226 SLE patients with fever, only 177 (78%) 
had clear non- infectious fever best explained by SLE. In the non- SLE 
group, of 89 patients with fever, only 51 (57%) had no more likely 
other explanation, be it infections or other clearly febrile conditions, 
such as adult onset Still’s disease or familial Mediterranean fever 
(FMF). It is important to stress the cohort included a small number 
of patients with infection, which is not representative of the situation 
when patients are admitted with fever. Oral ulcers in 7 of 82 non- 
SLE patients were expectedly attributable to other diseases, such as 
Behçet’s; and serositis was more likely attributed to causes like FMF 
or tuberculosis in 3 of 14 non- SLE patients with acute pericarditis.

Finally, the highest weighted items also have very high 
specificity, while items with a specificity of less than 90% 
carry a maximum of 3 points (table 1). The introduction 
of low complement levels by the SLICC group13 was an 
important step. However, having either C3 or C4 low only 
showed a limited specificity of 83%, which should also be 
taken into consideration for diagnostic purposes. In contrast, 

low values for both C3 and C4 increased the specificity to 
96%.

There are some limitations to consider when analysing 
changes in item sensitivity and specificity from this data set. 
These include different definitions, such as the definition of 
joint involvement, different cut- off values for haematology, 
and slightly different definitions for serositis and neuropsy-
chiatric items. Temporal changes in pattern may still be of 
interest. The 1982 ACR criteria cohort15 included almost 
50% of patients with lupus nephritis (by proteinuria); this 
percentage was lower and amounted to approximately one- 
third for both the SLICC13 and EULAR/ACR1 2 data sets. 
Oral ulcers stayed remarkably constant at 27% sensitivity 
in the ACR and EULAR/ACR criteria. While ACLE lesions 
were found in approximately half of the patients throughout 
the cohorts, discoid LE was found in less than 10% of the 
EULAR/ACR cohort patients, as compared with almost 20% 
in the ACR and SLICC cohorts. In the EULAR/ACR cohort, 
SCLE was slightly more prevalent than discoid LE. Some 
of these changes may represent earlier disease and earlier 
interventions over time,20 or differences in case selection 
between the cohorts. In the haematological domain, leuco-
penia stayed and thrombocytopenia remained at percent-
ages of just below 50% and around 20, while autoimmune 
haemolytic anaemia had decreased to around 5% in the 
more recent cohorts. Serosal manifestations also decreased 
from half in the ACR 1982 to one in eight in the EULAR/
ACR 2019 criteria cohort, and neuropsychiatric manifesta-
tions fell to 5%. Since items were counted if present at any 
time, differences in disease duration could also influence 
sensitivity.

Limitations to inferences made about the specificity 
of criteria items relate to the case- mix and frequency of 
control diagnoses. This cohort included a large number 
of systemic autoimmune rheumatic diseases including 
Sjögren’s syndrome, systemic sclerosis, RA and primary 
antiphospholipid antibody syndrome. This cohort also 
included controls with membranous nephritis, thyroiditis, 
autoimmune hepatitis, viral infections, tuberculosis and 
sarcoidosis. However, the numbers of these control subjects 
were smaller. The relatively high proportions of patients 
with connective tissue diseases and patients with RA have 
implications for the performance of several of the items. 
Also, autoantibody testing was performed locally, resulting 
in variability in test performance. While we believe that the 
array of conditions is reflective of the typical differential 
diagnoses of SLE at our institutions, in other clinical settings 

Table 4 Changes to items of (relatively) low specificity made in the course of the EULAR/ACR SLE classification criteria project

Criterion

ACR 1982 SLICC 2012

EULAR/ACR 2019

Derivation

ValidationNo attribution Attribution

Specificity (%) Specificity (%) Specificity (%) Specificity (%) Specificity (%)

ANA 49 45.2 19.4 Entry criterion

ACLE/photosensitive rash NR 80.1 89.2 No EULAR/ACR criterion

ACLE 96 NR 98.8 98.8 99.0

Joint involvement 37 43.6 48.4 86.6 94.6

Lymphopenia <1500×109/L NR 81.6 72.2 No EULAR/ACR criterion

Lymphopenia <1000×109/L NR 94.7 81.4 No EULAR/ACR criterion

Antiphospholipid ab. NR 86.0 88.6 88.6 86.9

ab, antibody; ACLE, acute cutaneous lupus erythematosus; ACR, American College of Rheumatology; ANA, antinuclear antibodies; EULAR, European League Against Rheumatism; NR, not reported; SLE, systemic lupus 
erythematosus; SLICC, Systemic Lupus International Collaborating Clinics.
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RA and fibromyalgia may be the two most common consid-
erations. This could influence item specificity and thus limit 
the generalisability of the data. In general, however, attri-
bution to SLE only if there is no more likely alternative 
explanation should help specificity under any conditions. 
The same should hold true for limiting the criteria to higher 
specificity tests. With regard to undifferentiated connective 
tissue disease, also a usual consideration, two studies reas-
suringly show that a subset of these patients not only fulfil 
EULAR/ACR classification criteria, but then also apparently 
have true SLE.21 22

In conclusion, data on the individual items comprising the 
new EULAR/ACR classification criteria for SLE demonstrate 
a wide range in sensitivity and a relatively uniform high level 
of specificity for all weighted items. Use of ANA as an oblig-
atory entry criterion and the attribution rule contribute to 
the improved specificity.
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ABSTRACT
Objectives To determine if the polymorphism encoding 
the Arg206Cys substitution in DNASE1L3 explains the 
association of the DNASE1L3/PXK gene locus with systemic 
lupus erythematosus (SLE) and to examine the effect of the 
Arg206Cys sequence change on DNASE1L3 protein function.
Methods Conditional analysis for rs35677470 was 
performed on cases and controls with European ancestry 
from the SLE Immunochip study, and genotype and haplotype 
frequencies were compared. DNASE1L3 protein levels were 
measured in cells and supernatants of HEK293 cells and 
monocyte- derived dendritic cells expressing recombinant and 
endogenous 206Arg and 206Cys protein variants.
Results Conditional analysis on rs35677470 eliminated 
the SLE risk association signal for lead single- nucleotide 
polymorphisms (SNPs) rs180977001 and rs73081554, which 
are found to tag the same risk haplotype as rs35677470. The 
modest effect sizes of the SLE risk genotypes (heterozygous 
risk OR=1.14 and homozygous risk allele OR=1.68) suggest 
some DNASE1L3 endonuclease enzyme function is retained. 
An SLE protective signal in PXK (lead SNP rs11130643) 
remained following conditioning on rs35677470. The 
DNASE1L3 206Cys risk variant maintained enzymatic activity, 
but secretion of the artificial and endogenous DNASE1L3 
206Cys protein was substantially reduced.
Conclusions SLE risk association in the DNASE1L3 locus is 
dependent on the missense SNP rs35677470, which confers 
a reduction in DNASE1L3 protein secretion but does not 
eliminate its DNase enzyme function.

INTRODUCTION
DNASE1L3 possesses endonuclease enzyme activity 
for lipid- associated DNA and nucleosomal chromatin 
molecules,1 2 which enables it to prevent harmful 
anti- DNA autoimmune responses towards self- DNA.2 3 
Consequently, there is a high penetrance of disease in 
humans homozygous for a complete loss- of- function 
mutation in the DNASE1L3 gene.4–7 Common varia-
tion in the DNASE1L3 locus is also associated with risk 
for systemic lupus erythematosus (SLE), scleroderma/
systemic sclerosis (SSc) and rheumatoid arthritis (RA). 
The rs35677470 single- nucleotide polymorphism 
(SNP) encodes an arginine to cysteine substitution at 
position 206 of the DNASE1L3 protein (Arg206Cys). 
This missense variant is known as the causal variant for 
association of RA and SSc risk with the DNASE1L3 
locus in genome- wide (and Immunochip- wide) associ-
ation studies (GWAS).8–11 The 3p14.3 locus containing 

the DNASE1L3 gene is associated with risk for SLE in 
GWAS; however, this association is generally known 
by the location of a lead associated SNP in a neigh-
bouring gene, PXK.12–14 Functionally, the Arg206Cys 
variant is reported to eliminate the enzyme activity 
of DNASE1L32 15 via destabilisation of the protein 
architecture.16

MATERIALS AND METHODS
See online supplemental text.

RESULTS
Conditional analysis on rs35677470 eliminates 
the SLE risk signal in the DNASE1L3/PXK locus
To determine the dependence of the lead risk associa-
tion signal on the DNASE1L3 Arg206Cys variant, we 
performed conditional analysis for rs35677470 in the 
Immunochip association dataset of SLE.13 No signifi-
cant risk signal remains for the lead SNPs rs180977001 
(imputed SNP, P=2.5×10−8 OR=1.27 (1.17–1.39), 
Pcond=0.043) and rs73081554 (directly genotyped SNP, 

Key messages

What is already known about this subject?
 ► The coding polymorphism rs35677470 is the 
causal variant for rheumatoid arthritis (RA) and 
scleroderma/systemic sclerosis (SSc) association 
in the DNASE1L3/PXK locus and is reported to 
eliminate DNASE1L3 enzyme function.

What does this study add?
 ► The coding polymorphism rs35677470 is 
the causal variant for the systemic lupus 
erythematosus (SLE) risk association in the 
DNASE1L3/PXK locus.

 ► Secretion of DNASE1L3 protein is drastically 
reduced by the 206Cys protein variant.

 ► The DNASE1L3 206Cys variant retains DNase 
enzyme activity.

How might this impact on clinical practice or 
future developments?

 ► Patients with SLE, RA and SSc carrying the 
rs35677470 risk allele are candidates for 
DNASE1L3 replacement therapy or potential 
therapies rescuing cellular secretion of the 
DNASE1L3 protein.
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P=1.3×10−7 OR=1.26 (1.15–1.37), Pcond=0.144) in the region,
following adjustment for rs35677470 (figure 1). A residual protec-
tive association signal remains, however, following conditioning on 
rs35677470 (rs11130643 P=4.2×10−7 OR=0.89 (0.85–0.93), 
Pcond=1×10−5 OR=0.81 (0.74–0.89)(see online supplemental tables
S1 and S2).17

We calculated that the SLE OR for heterozygous carriers of the 
rs35677470 risk allele is 1.14 (1.05–1.24) and the SLE OR for a 
homozygous risk allele carrier is 1.68 (1.14–2.47), implying that 
the defect conferred by Arg206Cys is much less deleterious than 

complete DNASE1L3 deficiency (online supplemental table S3). 
Hence, we investigated the defect caused by the substitution of 
cysteine for arginine in DNASE1L3 at position 206.

206Cys variant impedes secretion of DNASE1L3 protein 
transiently expressed in HEK293 cells, but enzymatic activity 
is retained
In assaying the cell- free supernatants of HEK293 cells transfected 
with DNASE1L3 expression constructs, we observed that wild- type 
rDNASE1L3 206Arg protein was secreted into supernatants, but the 

Figure 1 The missense variant rs35677470 encoding DNASE1L3 Arg206Cys explains the risk association signal at 3p14.3. A regional association 
plot for SLE cases with European ancestry from the Immunochip association study13 shows an extended region of association spanning from 
DNASE1L3 to ACOX2 on chromosome 3. The lead imputed SNP rs180977001 (indicated by a pink arrow in both plots) did not retain any significant 
signal when analyses were conditioned on rs35677470 (purple symbol in top plot). A residual signal for a protective secondary association remained 
following rs35677470 conditioning, lead SNP rs11130643 (indicated by a black arrow in both plots). Directly genotyped SNPs are depicted by circles 
and imputed SNPs are depicted by squares.
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protein was not secreted in the presence of the 206Cys encoded by 
the adenine risk allele of rs35677470 (figure 2A). The difference in 
secretion appeared despite similar cellular expression (figure 2A,B) of 

the protein and equal expression of the transcripts (data not shown). 
Secretion of rDNASE1L3 protein could be blocked with brefeldin 
A, which inhibits Golgi- mediated protein secretion, indicating 

Figure 2 DNASE1L3 protein secretion is abolished by the autoimmune disease risk allele encoding DNASE1L3 206Cys. (A) rDNASE1L3 206Arg 
protein is detected in the supernatants of HEK293 cells transiently expressing the DNASE1L3 gene from 1- day post- transfection, but rDNASE1L3 
206Cys protein is not. Independent western blots were probed with monoclonal and polyclonal antibodies to DNASE1L3. Note that the polyclonal 
DNASE1L3 antibody detects a non- specific band from FCS at ~25 kDa (not shown). (B) Secretion of rDNASE1L3 from HEK293 cells is inhibited by the 
Golgi blocker BFA. HEK293 cells were transfected with expression vectors of DNASE1L3 206Arg and 206Cys in the absence of FCS. Thirty hours after 
transfection, secretion was blocked by the addition of BFA. Cells and cell- free supernatants were harvested 16 hours after treatment with Golgi block 
and assayed by western blot. (C) rDNASE1L3 protein concentrations quantified by ELISA in HEK293 cell- free supernatants and cell lysates (corrected 
for cell number) correlates with rDNASE1L3 protein detected by western blot in B. rDNASE1L3 concentrations in cell lysates were measured in a 
single ELISA well, and concentrations in supernatants are represented as the mean and SD of duplicate ELISA wells. (D) Endonuclease activity of 
recombinant DNASE1L3 in supernatants correlates with the amount of protein secreted. Enzyme activity of secreted rDNASE1L3 in supernatants (as 
in B,C) was measured in an endonuclease activity assay using plasmid DNA, or plasmid DNA coated with liposomes, as a substrate. Plasmid DNA 
was measured by a quantitative PCR (qPCR) assay for GFP. DNase I was spiked into cell- free supernatants of untransfected cells where indicated. (E) 
HEK293 cells were transfected with 500, 50 or 5 ng of expression vectors of DNASE1L3 206Arg and 206Cys as in B, and rDNASE1L3 protein secretion 
was assayed by western blot using a polyclonal antibody. (F) rDNASE1L3 DNA enzyme activity was tested in a nuclear chromatin fragmentation assay. 
Cell supernatants were incubated with isolated nuclei and genomic DNA was isolated. DNA fragmentation was observed by gel electrophoresis. 
Conditioned supernatants in digestion assay were as follows: lane 1, control vector; lanes 2–4, DNASE1L3 206Arg vector at 500, 16 and 0.5 ng 
transfections, respectively; lanes 5 and 6, DNASE1L3 206Cys vector at 500 and 16 ng transfections. (G) Quantitative analysis of rDNASE1L3 206Arg 
and 206Cys nuclear chromatin fragmentation activity. Supernatants from transfected cells in E were combined with purified nuclei. Genomic DNA 
was isolated and DNA fragmentation was assayed by qPCR as in F. Bars and error bars represent mean values and SD of qPCR assays run in triplicate. 
Each figure is representative of two (C), three (F–H) or four independent experiments. (H) Fragmentation of cell- free DNA in supernatants of cells 
transfected in E was measured by a qPCR assay differentiating the ratio of polynucleosomal fragment lengths (360 bp and greater) to fragments 
of mononucleosomal length (180 bp) and greater. BFA, brefeldin A; cfDNA, cell- free DNA; Ctrl, control; FCS, fetal calf serum; GFP, green fluorescent 
protein gene; rDNASE1L3, recombinant DNASE1L3 protein; SN, supernatant.
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that secretion occurs via the classical endoplasmic reticulum Golgi 
complex secretion pathway as reported (figure 2B,C).1 Blocking of 
rDNASE1L3 protein secretion led to significant accumulation of 
intracellular rDNASE1L3. Not surprisingly, the large difference in 
protein secretion correlated with a large difference in DNASE1L3 
endonuclease activity for exogenous plasmid DNA substrate, as 
well as nuclear chromatin DNA, by the supernatants (figure 2D–H). 
Notably, a faint band of secreted rDNASE1L3 206Cys protein was 
sometimes present in supernatants (figure 2B,E). This rDNASE1L3 
206Cys supernatant was enzymatically active, resulting in a twofold 

to fivefold reduction of plasmid DNA and a twofold to fourfold 
increase in fragmentation of endogenous and exogenous nuclear 
chromatin (figure 2D–H).

206Cys variant impedes secretion of endogenous DNASE1L3 
protein in healthy subjects homozygous for the rs35677470 
risk allele
It is reported that high levels of DNASE1L3 transcript are 
expressed in dendritic cells (DCs) derived from monocytes 
following culture with GM- CSF and interleukin-4,18 19 and that 

Figure 3 Significantly reduced secretion of endogenous DNASE1L3 206Cys from monocyte- derived DCs of homozygous risk allele carriers. (A) Gene 
expression of DNASE1L3 is greatest in monocyte- derived DC, in comparison with monocyte- derived Mφ, and PBMCs, DCs and CD14+ monocytes. 
DNASE1L3 expression measured by qPCR (normalised to HPRT1); each symbol is representative of one healthy subject. The legend indicates the 
genotypes of each subject; black/grey circles are subjects not genotyped. MoDCs secrete DNASE1L3 protein, which accumulates intracellularly when 
secretion is blocked by BFA. MoDCs were suspended in serum- free RPMI and further cultured for 24 hours (±BFA treatment overnight). DNASE1L3 
protein was measured by ELISA in supernatants (B) and cell lysates (C) of healthy subjects homozygous for 206Arg (n=13), homozygous for 206Cys 
(n=3) or heterozygous (n=3 or 5). (D) Cell- free DNA fragmentation in these moDC supernatants was estimated by a nucleosomal fragmentation 
qPCR assay as in 2F (n=10 GG subjects in +BFA group). Fragmentation of cell- free DNA in plasma and by plasma was measured by the nucleosomal 
chromatin fragmentation qPCR as in 2F- H. A further statistical comparison of all 3 genotype groups without Golgi block was performed by ordinary 
one- way analysis of variance (P=0.0499). Cell- free DNA fragmentation in plasma assayed directly (E) was from healthy subjects homozygous for 
206Arg (n=19), homozygous for 206Cys (n=3) or heterozygous (n=9). Plasma combined with purified nuclei in a nuclear chromatin digest assay 
was from healthy subjects homozygous for 206Arg (n=19), homozygous for 206Cys (n=3) or heterozygous (n=9). Genomic DNA was isolated from 
digested nuclei and analysed by qPCR (F) and gel electrophoresis (G,H). Each unique unrelated subject is indicated by a symbol, and the mean of 
each group is represented by the bar. Comparisons for statistical significance were performed where indicated between groups without Golgi block. 
Rs35677470 genotype groups ‘GG’ or ‘AG’ were compared with the ‘AA’ group using a one- tailed Mann- Whitney test. Statistical significance is 
given or * denotes a p value of <0.05 or *** denotes a p value<0.001. Each symbol in A–F represents the average value of sample replicates run in 
triplicate (A,D,E,F) or duplicate (B,C). G and H are both representatives of two independent experiments. BFA, brefeldin A; cfDNA, cell- free DNA; DC, 
dendritic cell; moDC, monocyte- derived dendritic cell; Mφ, macrophage; PBMC, peripheral blood mononuclear cells; RPMI, Roswell Park Memorial 
Institute 1640 Medium.
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these cells secrete detectable levels of DNASE1L3 protein.19 We 
obtained fresh blood from consented healthy volunteers and 
confirmed the highest expression of DNASE1L3 transcript is 
present in monocyte- derived dendritic cells (moDCs) (figure 3A). 
We also confirmed the secretion of DNASE1L3 protein from 
moDCs is dependent on the classical Golgi complex secretion 
pathway (figure 3B,C). DNASE1L3 gene expression in moDCs 
did not differ based on rs35677470 genotype (figure 3A). 
Furthermore, no difference in cytotoxicity, morphology, quan-
tity or viability of moDCs was observed between rs35677470 
genotypes (online supplemental figure S1, data not shown).

As with the recombinant DNASE1L3 protein, the 206Cys 
variant impeded secretion of endogenous DNASE1L3 from 
moDCs of healthy humans homozygous for the rs35677470 risk 
allele by an average of 10- fold (figure 3B). Blocking secretion of 
DNASE1L3 led to increased intracellular protein in all genotype 
groups (figure 3C). Nucleosomal fragmentation of endogenous 
cell- free DNA from moDCs and in plasma, as well as exogenous 
nuclear chromatin by plasma, was significantly reduced (but 
not absent) in homozygous carriers of the 206Cys genotype, 
compared with 206Arg homozygotes (figure 3D–H). Equimolar 
comparisons of DNASE1L3 enzyme activity by genotype were 
not possible because DNASE1L3 protein levels in plasma were 
below the detection limits of the ELISA and western blot assays. 
Secretion of DNASE1L3 by heterozygous moDCs was much less 
than the intermediate amount of protein secretion expected, 
and enzyme activity was not reduced in association with protein 
levels.

DISCUSSION
Here we showed that conditioning on the coding polymor-
phism rs35677470 eliminates the SLE risk association signal in 
the DNASE1L3/PXK locus. The lead SNPs rs180977001 and 
rs73081554 tag the same SLE risk haplotype as rs35677470. A 
secondary signal conferring SLE protection remained following 
conditioning on rs35677470. The most residual associated SNP 
is rs11130643, which shares a haplotype with a previously 
reported SLE protective haplotype,17 a haplotype which we 
also propose to be protective for RA and scleroderma (online 
supplemental table S4). The DNASE1L3 locus was previously 
associated with SLE in GWAS12 14; however, these studies did not 
report the rs35677470 missense variant association due to the 
absence of rs35677470 and any of its informative proxies on the 
SNP arrays used in those studies. Consequently, rs35677470 was 
missed altogether, or poorly imputed (ie, imputation score of 
0.8112), resulting in loss of significant risk association. The func-
tional basis of the protective haplotype remains to be established.

The Arg206Cys variant was originally reported to eliminate 
DNASE1L3 enzyme activity.15 However, a complete lack of 
enzyme activity is inconsistent with the effect size of disease 
risk in human subjects homozygous for 206Cys, given that 
DNASE1L3 deficiency leads to a monogenic form of lupus 
involving anti- DNA autoimmunity (usually presenting as hypo-
complementemic urticarial vasculitis syndrome).4–7 We found 
that the Arg206Cys substitution reduces DNASE1L3 protein 
secretion, but that the limited amounts of secreted 206Cys 
protein still retain functional enzyme activity for the artificial 
and physiological substrates of plasmid and nuclear chromatin, 
respectively. Reduced DNASE1L3 enzyme secretion is consistent 
with reduced but not absent endonuclease activity reported by 
others.2 We also observed that nucleosomal fragmentation of 
cell- free DNA in plasma as well as enzyme activity in plasma 
correlated strongly to genotype, consistent with our in vitro 

observations. Given that circulating DNASE1L3 prevents the 
manifestation of anti- DNA autoimmunity in response to extra-
cellular self- DNA, it follows that enzyme activity of DNASE1L3 
206Cys in vivo is reduced due to a reduction in secreted protein, 
and subsequently, we expect that reduced clearance of extracel-
lular self- DNA leads to increased risk of anti- chromatin autoim-
munity (online supplemental figure S2).

Reizis and colleagues ascertained that the TLR signalling 
pathway (and not the STING pathway) is involved in the innate 
immune sensing of DNA via MyD88, initiating the anti- DNA 
immune response in Dnase1l3 knockout mice.2 20 Two potentially 
distinct sources of natural DNA antigen in the anti- DNA auto-
immune response are apoptotic microparticles and neutrophil 
extracellular traps (NETs) derived from neutrophils undergoing 
NETosis. The unique C- terminal tail of DNASE1L3 confers its 
capacity for enzymatic activity on DNA in liposomes and enables 
DNASE1L3 endonuclease activity for chromatin DNA associated 
with NETs and microparticles.2 19 21 Microparticles are capable 
of eliciting an anti- DNA immune response in an animal model, 
and neutrophil NETs, in addition to being a candidate source 
for antigenic chromatin, are widely implicated in the pathogen-
esis of SLE. Of particular relevance, a high proportion of serum 
NET remnants correlated with low DNase enzyme activity in 
some patients with lupus nephritis.5 Importantly, DNase I and 
DNASE1L3 are necessary to clear neutrophil NETs and ensure 
survival in an animal model of sterile neutrophilia,21 implying 
that these DNases have evolved to prevent the effects of an over-
whelming response by neutrophils during an immune response 
to infection. Further studies are needed to determine if Dnase1l3 
knockout mice spontaneously develop anti- dsDNA antibodies to 
environmental triggers that favour the appearance of apoptotic 
microparticles or neutrophil NETs. Furthermore, the factors 
(genetic, tissue- specific or other) which drive the development 
of autoimmune disease characterised by anti- dsDNA antibodies 
versus anti- citrullinated protein antibodies or anti- centromere 
antibodies (present in rs35677470 associated SLE, RA8 or SSc9 11 
respectively) also remain to be explored.

Given that rs35677470, rs180977001 and rs73081554 all 
tag the same risk haplotype, that loss- of- function variants in 
DNASE1L3 result in Mendelian forms of autoimmune disease, 
that rs35677470 is the categorical SNP associated with RA and 
SSc within this locus and that the missense variant confers a 
drastic secretion phenotype on the encoded DNASE1L3 protein, 
we conclude that rs35677470 is the causal variant for the associ-
ation of the SLE risk haplotype at chromosome 3p14.3.
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ABSTRACT
Background Monogenic autoinflammatory diseases 
(AID) are caused by mutations in innate immune 
genes. The effects of these mutations on allergic 
inflammation are unknown.
Objectives We investigated allergic, immunological 
and clinical phenotypes in FMF (familial 
Mediterranean fever), CAPS (cryopyrin- associated 
periodic syndrome), TRAPS (tumour necrosis factor 
receptor- associated periodic syndrome), HIDS (hyper- 
IgD syndrome), PAPA (pyogenic arthritis, pyoderma 
gangrenosum and acne), DADA2 (deficiency of 
adenosine deaminase 2), HA20 (haploinsufficiency 
of A20), CANDLE (chronic atypical neutrophilic 
dermatosis, lipodystrophy, elevated temperature) and 
SAVI (STING- associated vasculopathy of infancy).
Methods In this cross- sectional study, clinical 
data were assessed in 425 patients with AID using 
questionnaires and chart reviews. Comparator data 
were obtained from public databases. Peripheral 
blood mononuclear cells obtained from 55 patients 
were stimulated and CD4+ cytokine production 
assessed.
Results Clinical laboratory features of Type 2 
immunity were elevated in CAPS but reduced in 
most AID, particularly DADA2. Physician- diagnosed 
allergic diseases were prevalent in multiple AID, 
including CAPS and DADA2. T helper 2 (Th2) cells 
were expanded in CAPS, TRAPS and HIDS; Th9 cells 
were expanded in HA20.
Conclusions CAPS is characterised by an enhanced 
Type 2 signature, whereas FMF and CANDLE are 
associated with reduced Type 2 responses. DADA2 
is associated with reduced Type 2 responses but a 
high rate of physician- diagnosed allergy. Therefore, 
NLRP3- driven autoinflammation may promote Type 
2 immunity, whereas AID like DADA2 may manifest 
clinical phenotypes that masquerade as allergic 
disorders. Further investigations are needed to 
determine the contribution of autoinflammation to 
allergic clinical and immunological phenotypes, to 
improve the treatment of patients with AID.

INTRODUCTION
Autoinflammation is mediated by activated innate 
cells like monocytes and neutrophils, whereas 
allergic inflammation is typified by a Type 2 immune 

Key messages

What is already known about this subject?
 ► Monogenic autoinflammatory diseases 
(AID) cause systemic inflammation with 
heterogeneous clinical and immunological 
phenotypes.

What does this study add?
 ► Familial Mediterranean fever (FMF) and chronic 
atypical neutrophilic dermatosis, lipodystrophy 
and elevated temperature (CANDLE) are 
associated with reduced Type 2 responses and a 
low prevalence of clinical allergy.

 ► Cryopyrin- associated periodic syndrome (CAPS) 
is associated with eosinophilia, clinical allergy 
and Th2 (T helper 2) expansion.

 ► Several AID, including deficiency of adenosine 
deaminase 2 (DADA2), are associated with 
reduced Type 2 responses but a high prevalence 
of physician- diagnosed allergy, suggesting that 
autoinflammation can masquerade as allergic 
disease.

How might this impact on clinical practice or 
future developments?

 ► Physicians should consider Type 2 immunity 
as a factor in CAPS but should be cautious in 
attributing allergic symptoms in other AID to 
Type 2 immune activation, as these features 
could be due to untreated autoinflammation. 
Understanding how innate genes modulate 
allergic phenotypes will provide new insights 
into the role of innate immunity in allergy- 
associated diseases, and may identify novel 
targets in patients refractory to treatments 
targeting Type 2 immunomodulators.
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response, comprising signature cytokines like interleukin (IL)-4, 
IL-5, IL-9 and IL-13.1 Autoinflammation is thought to repress 
Type 2 immunity.2 3 Accordingly, the autoinflammatory disease 
(AID) familial Mediterranean fever (FMF) is associated with a 
reduced prevalence of clinical allergy—or inappropriate Type 
2 response to allergens.4–6 However, certain autoinflammatory 
cytokines can also promote Type 2 immunity in some contexts.6–8 
This raises the question of whether autoinflammation generally 
suppresses Type 2 immunity, or whether different autoinflam-
matory pathways have disparate effects on Type 2 pathogen-
esis. One way to investigate this question is to determine the 
degree to which allergic immunophenotypes are represented in 
monogenic AID.9 Because monogenic AID are extremely rare, 
systematic investigations are challenging in these populations. 
However, the National Institutes of Health (NIH) AID cohort 
contains 425 patients with nine monogenic AID, providing a 
unique resource to study this question. We hypothesised that 
autoinflammation would generally lower the risk of allergy, and 
that patients with monogenic AID would have a reduced Type 
2 immunological phenotype compared with the general popu-
lation. We tested this hypothesis by systematically investigating 
the NIH AID cohort for clinical laboratory evidence of Type 2 
responses, allergy- associated physician- diagnoses and ex- vivo 
Type 2 immunophenotypes.

METHODS
Retrospective analysis of patient charts
All monogenic AID cohorts containing >10 patients were 
included in the analysis. Patients with monogenic AID diag-
nosed between 1976 and 2020 were identified based on disease- 
causing variants in MEFV (FMF), NLRP3 (cryopyrin- associated 
periodic fever syndrome, CAPS), TNFRSF1A (tumour necrosis 
factor receptor- associated periodic syndrome, TRAPS), ADA2 
(deficiency of adenosine deaminase 2, DADA2), MVK (hyper- IgD 
syndrome, HIDS), PSTPIP1 (pyogenic arthritis, pyoderma 
gangrenosum and acne, PAPA), TNFAIP3 (haploinsufficiency of 
A20, HA20), proteasome genes (chronic atypical neutrophilic 
dermatosis, lipodystrophy and elevated temperature, CANDLE) 
and STING1 (STING- associated vasculopathy of infancy, SAVI). 
Using the NIH Biomedical Translational Research Information 
System (BTRIS), clinical documentation from 1990 to 2020 was 
queried for: “allergic rhinitis”, “hay fever”, “seasonal allergy”, 
“asthma”, “reactive airway disease”, “eczema”, “atopic derma-
titis”, “food allergy”, “urticaria”, “hives”, “angioedema”, 
“eosinophilia”, “hypereosinophilia”, “eosinophilic esophagitis”, 
“eosinophilic gastrointestinal disease”, “eosinophilic gastro-
enteritis”, “eosinophilic colitis”, “EoE” and “EGID”. Docu-
mentation identified through BTRIS was reviewed manually 
by three independent reviewers, clinical laboratory data were 
obtained from BTRIS and all biopsies interpreted at the NIH 
were reviewed for eosinophilic gastrointestinal disease (EGID). 
Data collected during or after allogeneic haematopoietic stem 
cell transplantation (HSCT) or during autologous HSCT were 
excluded.

Survey development
Questionnaires were developed by a panel of allergists, rheuma-
tologists and survey researchers to assess (1) asthma, (2) allergic 
rhinitis (AR), (3) eczema, (4) food allergy, (5) urticaria and 
(6) angioedema. Questions regarding asthma, AR and eczema 
were taken from National Healthcare Interview Survey (NHIS), 
National Health and Nutrition Examination Survey (NHANES) 
and International Study of Asthma and Allergies in Childhood 

(ISAAC).10–12 Questions regarding food allergy were taken 
from the Chicago Food Allergy Research Survey.13 Questions 
regarding urticaria and angioedema were taken from protocol 
09- I-0126, which studies physical urticaria. Urticaria questions 
were validated by investigators on our study development panel, 
and angioedema questions had been validated in a cohort of 
patients with C1 esterase inhibitor deficiency.14 15

Patient recruitment and sample collection
Informed consent was obtained via NIH protocol 94- HG-0105, 
17- I-0016 or 10- I-0148. Patients visiting the NIH Clinical 
Center between November 2019 and June 2020 completed the 
questionnaires in- person with study investigators, and blood was 
collected for immunophenotyping. Alternately, patients were 
contacted and completed the questionnaire via telephone, tele-
medicine or electronic communication between November 2019 
and December 2020.

T helper immunophenotyping
Peripheral blood mononuclear cells (PBMCs) were extracted 
from whole blood using density gradient centrifugation (Ficoll) 
and cryopreserved. After thawing, cells were rested overnight at 
37°C in RPMI with 10% FBS (fetal bovine serum) and antibi-
otics, then stimulated with 20 ng/mL phorbol myristate acetate 
(PMA), 1 µg/mL ionomycin, 200 units/mL human IL-2 and 
60 µg/mL human IL-4 for 5 hours; 10 µg/mL brefeldin A was 
added after 90 min. Cells were stained for viability (Live- Dead 
BLUE, Invitrogen), fixed and permeabilised (BD Cytofix/Cyto-
perm), and stained with: CD3 APC- Cy7, CD4 BUV395, CD8 
v500, CD45RO PE- Texas Red, IL-2 PerCpCy5.5, IL-4 BUV605, 
IL-13 BV711, IL-9 PE, IL-5 v450, interferon (IFN)-γ AF700, 
tumour necrosis factor (TNF)-α PE- Cy7, IL- 17A FITC, IL-21 
AF647, IL-10 e655. Data were collected on a LSRFortessa (BD) 
and analysed using FlowJo (Treestar) and Prism (GraphPad).

Outcome measures
All self- reported or chart- based physician- diagnoses of AR, 
asthma and eczema were included. A diagnosis of convincing food 
allergy required >1 ‘stringent’ symptom (Chicago Food Allergy 
Research Study) as the most severe reaction. Biopsy- proven 
eosinophilic esophagitis (EoE) was defined as >15 eosinophils 
per high- power field (HPF), and eosinophilic gastroenteritis 
(EGE) as >50 eosinophils per HPF. Comparator data were 
taken from National Center on Healthcare Statistics (asthma, 
AR and eczema), Chicago Food Allergy Research Study (food 
allergy) and population- based databases (EGID).16–19 Episodes 
of urticaria and angioedema were self- reported. Patients were 
asked whether symptoms correlated with AID flare. For serum 
immunoglobulin E (IgE) and absolute eosinophil count (AEC) 
calculations, the mean value for each patient was used. CD4+ 
T subsets were compared between patients with AID, healthy 
volunteers and patients with atopic dermatitis based on effector 
cytokine production: Thelper 1 (Th1; IFN-γ), Th2 (IL-4, IL-5, 
IL-13), Th9 (IL-9) and Th17 (IL- 17A).

Statistical analysis
Combined data from chart review and questionnaires in patients 
with AID were compared with the US general population 
(NHIS). FMF was also compared with other AID because FMF 
is the prototypical AID and the only one in which allergy was 
previously studied. Benjamini- Hochberg adjusted Fisher’s t- test 
was used to compare diagnoses between AID and the general 
population and between FMF and other AID. Pearson’s test was 
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used to correlate AEC with acute phase reactants (APR). AEC, 
IgE levels and CD4+ immunophenotypes were compared using 
Benjamini- Hochberg adjusted Mann- Whitney test. Statistical 
analysis was performed in Prism (GraphPad) and R.

RESULTS
Clinical characteristics of study participants
Four hundred and twenty- five patients with monogenic 
AID were enrolled in protocols 94- HG-0105 or 17- I-0016 
and assessed at the NIH between 1976 and 2020 (table 1). 
Most carried a diagnosis of FMF (n=118), CAPS (n=85), 
TRAPS (n=73), DADA2 (n=53) or HIDS (n=38). Smaller 
cohorts with PAPA (n=18), HA20 (n=14), CANDLE (n=14) 
and SAVI (n=12) were also followed. All patients carried a 
molecular diagnosis of MEFV, NLRP3, TNFRSF1A, ADA2, 
MVK, PSTPIP1, TNFAIP3, proteasome genes or STING1 
disease- causing variants, confirmed by Sanger sequencing.

Clinical laboratory values obtained between 1989 and 
2020 were located for 415 (97.6%) patients. Clinical docu-
mentation from 1990 to 2020 was located for 400 patients 
(94.1%); questionnaire data were obtained for 201 (50.3%) 

of these patients. Mean ages of the cohorts at the time of 
assessment varied, with a higher mean age and disease dura-
tion in older cohorts (FMF and TRAPS). For all diseases, 
onset of symptoms was usually in early childhood. Most 
patients were receiving treatment with biological immuno-
modulators, reflecting severe disease; 4.9% to 35.7% were 
also receiving prescriptions for allergy- directed therapies, 
indicating that symptoms were severe enough to be treated 
in daily clinical practice (table 1).

Mean total serum IgE levels are reduced in DADA2 and HIDS
IgE is a major mediator of Type 2 immunity, and total serum 
IgE levels strongly predict allergic disease.20 21 One hundred 
and seventeen patients with AID had a serum IgE measured 
at the NIH Clinical Center between 1989 and 2020; none 
of the AID cohorts had an increased prevalence of elevated 
peak IgE (>100 kU/L) relative to the general population 
(figure 1A). Indeed, mean IgE was lower in DADA2 (43.42 
kU/L) and HIDS (57.23 kU/L) than in the general popula-
tion (172.3 kU/L) (figure 1B, online supplemental table S1). 
Serum IgE increases during childhood, but our findings were 

Table 1 Demographics of the NIH AID cohorts

FMF CAPS TRAPS HIDS PAPA DADA2 HA20 CANDLE SAVI

Total numbers identified and assessed

Identified (total) 118 85 73 38 18 53 14 14 12

Assessed (total, chart review or questionnaire) 98 85 70 36 18 53 14 14 12

Underwent retrospective chart review 93 85 70 36 18 53 14 14 12

Completed questionnaire 50 40 29 17 11 31 13 5 5

Assessed (total, laboratories) 113 83 72 38 18 53 14 14 12

Demographics

Mean age at analysis (range) 34.8
(2-82)

26.1
(0–73)

33.3
(1-40)

14.1
(1-80)

31.8
(7-62)

18.6
(1-58)

26.5
(4-62)

14.5
(4-27)

20.2
(7-55)

Mean age at diagnosis (range) 18.7
(1-54)

15.8
(0–69)

23.8
(0–34)

7.9
(0–66)

20.5
(0–51)

16
(0–56)

23
(2-56)

9.5
(2-19)

16.7
(5-54)

Mean disease duration in years at analysis (range) 27.6
(1-68)

18.25
(0–70)

26.5
(0–33)

7.3
(0–63)

17.5
(0–44)

13.3
(1-37)

18.4
(2-50)

9.4
(2-19)

24.5
(4-50)

Sex (% M) 62.6% 45.2% 54.2% 34.2% 72.2% 47.1% 30.8% 57.1% 41.7%

Immunomodulation ever (%)

Any 96.3% 100% 87.1% 88.9% 94.4% 92.2% 100% 100% 91.7%

Colchicine 87.6% 14.5% 19.4% 38.9% 16.6% 0% 28.6% 35.7% 0%

Steroids 11.1% 61.5% 62.9% 75% 83,3% 11.8% 92.8% 100% 66.7%

IL-1 targeted therapy 38.3% 100% 62.3% 86.1% 94.4% 3.9% 28.6% 42.9% 0%

TNF- targeted therapy 11.1% 6% 66.1% 38.9% 55.6% 92.2% 50% 42.9% 0%

JAK inhibitor 0% 0% 0% 0% 5.6% 0% 28.6% 85.7% 91.7%

Other biologics 6.2% 2.4% 9.7% 8.3% 11.1% 17.6% 7.1% 50% 25%

Allergic disease- directed therapy* 7.4% 23.8% 9.7% 50% 11.1% 21.6% 42.8% 28.6% 33.3%

Immunomodulation at time of analysis (%)

Any 87.7% 98.8% 77.4% 88.9% 94.4% 92.2% 57.14% 100% 75%

Colchicine 82.7% 2.4% 1.6% 0% 0% 0% 23.1% 0% 0%

Steroids 1.2% 8.4% 12.9% 16.7% 44.4% 11.8% 7.1% 64.3% 41.7%

IL-1 targeted therapy 29.6% 97.6% 51.6% 69.4% 94.4% 3.9% 21.4% 0% 0%

TNF- targeted therapy 3.7% 2.4% 22.6% 13.9% 44.4% 92.2% 21.4% 0% 0%

JAK inhibitor 0% 0% 0% 0% 5.6% 0% 28.6% 85.7% 75%

Other biologics 4.9% 1.2% 0% 5.6% 0% 17.6% 0% 0% 8.3%

Allergic disease- directed therapy* 4.9% 13.1% 4.8% 19.4% 11.1% 19.6% 35.7% 21.4% 33.3%

*Antihistamines, leukotriene inhibitors, nasal or pulmonary corticosteroids, short- acting beta agonists, subcutaneous allergen immunotherapy, dupilumab.
AID, autoinflammatory disease; CANDLE, chronic atypical neutrophilic dermatosis, lipodystrophy and elevated temperature; CAPS, cryopyrin- associated periodic fever syndrome; 
DADA2, deficiency of adenosine deaminase 2; FMF, familial Mediterranean fever; HA20, haploinsufficiency of A20; HIDS, hyper- IgD syndrome; IL, interleukin; JAK, Janus kinase; 
NIH, National Institutes of Health; PAPA, pyogenic arthritis, pyoderma gangrenosum and acne; SAVI, STING- associated vasculopathy of infancy; TNF, tumour necrosis factor; 
TRAPS, tumour necrosis factor receptor- associated periodic syndrome.
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not affected by adjusting for age (figure 1C,D). Reduced 
total IgE levels in HIDS and DADA2 provide an objective 
measure of reduced Type 2 immunophenotypes in these 
patients, suggesting that inactivating MVK and ADA2 muta-
tions repress Type 2 responses.

Peripheral eosinophilia is associated with CAPS
Although IgE is a critical mediator of immediate hyper-
sensitivity reactions, eosinophils also play a major role in 
allergic responses either through primary eosinophil dysreg-
ulation or downstream of other effectors.1 Mean AEC was 
calculated for 414 subjects and was reduced in FMF, PAPA, 
DADA2, CANDLE and SAVI relative to the general popu-
lation (figure 2A). By contrast, CAPS was associated with 
elevated mean AEC, eosinophilia (AEC>500) and hyper-
eosinophilia (AEC>1500) (figure 2A–C). This is consistent 
with previous reports of eosinophilia in Neonatal- Onset 
Multisystem Inflammatory Disease, the most severe form of 
CAPS.22 Reduced AEC in five AID provides another objective 
measure of reduced Type 2 immunity, suggesting that autoin-
flammation generally suppresses Type 2 responses. However, 
elevated AEC in CAPS suggests that NLRP3- mediated auto-
inflammation promotes Type 2 immunity.

Eosinophilia can result from primary immune cell dysreg-
ulation or from secondary factors like infection and medica-
tion toxicity.23 One way of determining whether eosinophilia 
is linked to underlying immune- mediated disease is to assess 
whether AEC correlates with disease activity.23 Because our 

analysis dated to 1990 and included many time points at 
which clinical disease activity indices were not yet in use, 
AID activity was quantified by following APR levels.24 We 
determined the relationship between AEC and APR for all 
patients with AID with at least one instance of eosinophilia 
(n=76). AEC positively correlated with APR in 16 (21%) 
patients with AID with eosinophilia, including 14 (33.3%) 
patients with CAPS with eosinophilia, and 3 (75%) with 
hypereosinophilia (figure 2D–F, online supplemental figure 
S1). AEC negatively correlated with APR in only 4 (9.5%) 
patients with CAPS with eosinophilia and in 0 patients with 

Figure 1 Serum IgE levels in the general US population and in nine 
monogenic autoinflammatory diseases (AID). Data are shown for the 
general US population, FMF, CAPS, TRAPS, HIDS, PAPA, DADA2, HA20, 
CANDLE and SAVI. (A) Bar graph shows percentage of patients with 
a peak serum IgE >100 kU/L. (B) Violin plot shows serum IgE levels 
for each population. (C- D) Scatterplots show serum IgE (kU/L) versus 
age for HIDS (C) and DADA2 (D) cohorts. The geometric mean serum 
IgE for the general US population, with 95% CI, is shown in black. 
*p<0.05 versus general US population; Benjamini- Hochberg adjusted
Mann- Whitney. CANDLE, chronic atypical neutrophilic dermatosis, 
lipodystrophy and elevated temperature; CAPS, cryopyrin- associated 
periodic fever syndrome; DADA2, deficiency of adenosine deaminase 
2; FMF, familial Mediterranean fever; HA20, haploinsufficiency of A20; 
HIDS, hyper- IgD syndrome; IgE, immunoglobulin E; NHANES, National 
Health and Nutrition Examination Survey; PAPA, pyogenic arthritis, 
pyoderma gangrenosum and acne; SAVI, STING- associated vasculopathy 
of infancy; TRAPS, tumour necrosis factor receptor- associatedperiodic 
syndrome.

Figure 2 Eosinophilia and absolute eosinophil counts (AEC) in the 
general US population and in nine monogenic autoinflammatory 
diseases (AID). Data are shown for the general US population, FMF, 
CAPS, TRAPS, HIDS, PAPA, DADA2, HA20, CANDLE and SAVI. (A) 
Violin plot shows mean AEC for each population. (B- C) Bar graphs 
show percentage of patients with eosinophilia (peak AEC>500, B) 
and hypereosinophilia (peak AEC>1500, C). (D) Volcano plot shows 
correlation (R, Pearson) versus p value (Pearson) of AEC versus 
erythrocyte sedimentation rate (ESR, mm/hour) for each patient with 
AID with eosinophilia (AEC>500). Colours of dots indicate specific AID 
(FMF, green; CAPS, dark blue; TRAPS, purple; HIDS, fuchsia; PAPA, teal; 
DADA2, orange; HA20, red; CANDLE, yellow). Size of dots distinguishes 
patients with eosinophilia (AEC>500) from those with hypereosinophilia 
(AEC>1500). (E- F) Representative plots for one CAPS patient with 
hypereosinophilia: dot plot of AEC and ESR values over a period 
of 8 years (E) and correlation plot of AEC versus ESR (F). *p<0.05, 
**p<0.01, ***p<0.005, ****p<0.001 versus general US population. 
#p<0.05, ##p<0.01, ###p<0.005, ####p<0.001 versus FMF; Benjamini- 
Hochberg adjusted Mann- Whitney (A) or Benjamini- Hochberg adjusted 
Fisher’s t- test (B–C). CANDLE, chronic atypical neutrophilic dermatosis, 
lipodystrophy and elevated temperature; CAPS, cryopyrin- associated 
periodic fever syndrome; DADA2, deficiency of adenosine deaminase 
2; FMF, familial Mediterranean fever; HA20, haploinsufficiency of A20; 
HIDS, hyper- IgD syndrome; NHANES, National Health and Nutrition 
Examination Survey; PAPA, pyogenic arthritis, pyoderma gangrenosum 
and acne; SAVI, STING- associated vasculopathy of infancy; TRAPS, 
tumour necrosis factor receptor- associated periodic syndrome
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CAPS with hypereosinophilia (figure 2D, online supple-
mental figure S1). These findings suggest that eosinophilia 
correlates with autoinflammation in CAPS—particularly 
in patients with hypereosinophilia—further suggesting 
that NLRP3- mediated autoinflammation promotes Type 2 
responses.

Physician-diagnosed clinical allergy is common in multiple 
AID
Our analysis of clinical laboratory data suggested that autoinflam-
mation generally represses Type 2 immunity, with the strongest 
negative signature in DADA2. The exception was CAPS, which 
was associated with increased clinical laboratory evidence of 
Type 2 responses linked to disease activity. These findings led us 
to ask whether these Type 2 immunological signatures correlated 
with physician- diagnosed disease rates in AID. We first investi-
gated the prevalence of physician- diagnosed eczema because this 
diagnosis is made on the basis of clinical features.25 Unexpect-
edly, physician- diagnosed eczema was highly prevalent in CAPS, 
CANDLE, DADA2 and HA20—with the strongest associations 
in DADA2 and HA20 (figure 3A, online supplemental table 
S1). A substantial number of diagnoses were confirmed by the 
NIH dermatology service in CAPS (35%) and DADA2 (45.8%), 
providing a gold- standard measure; other patients were diag-
nosed by NIH rheumatologists and community physicians. 
Symptoms were mild in most cases but limited daily activities 
in 4.5% of patients with AID who completed the questionnaire.

Our observation that eczema was common in four AID led 
us to determine the prevalence of physician- diagnosed airway 
inflammation. Allergic airway inflammation can manifest as AR 
or asthma: patient- reported physician- diagnosed disease is a 
validated method of measuring AR and asthma prevalence with a 
high positive predictive value for objective methods like spirom-
etry.26 Asthma diagnoses were rare in FMF, consistent with prior 
reports,6 27 and in CANDLE (figure 3B, online supplemental 
table S1). Conversely, asthma was frequently diagnosed in 
patients with CAPS, HA20 and SAVI (figure 3B). Furthermore, 
physician- diagnosed AR was twofold to sixfold more common in 
AID than in the general population, with the highest prevalence 
in CAPS and HA20 (figure 3C). Symptoms affected daily activi-
ties in 21.4% of patients with AID who completed the question-
naire. Many patients were treated with allergy- directed therapies 
(AR, 35.9%; asthma, 46.6%), suggesting that symptoms were 
attributed to allergic inflammation.

In addition to skin and airway disease, Type 2 immunity can 
also cause food allergy. Because cross- sectional investigations do 
not permit systematic allergen sensitisation testing, consensus 
criteria are often used to estimate food allergy prevalence in 
population- wide studies.13 Based on these criteria, food allergy 
prevalence was not significantly different between AID and the 
general population (online supplemental table S1). To incor-
porate a more established measure of allergic gastrointestinal 
disease, we also investigated EGID, a tissue- specific Type 2 
immune response often triggered by exposure to food allergens.28 
Biopsy- proven EoE was diagnosed in three patients with AID 
(DADA2, TRAPS and CANDLE), whereas EGE was diagnosed 
in two patients (HA20 and HIDS) (figure 3D). Although only 
one patient was diagnosed in each cohort, EGID is so rare that 
these associations were significant individually and in aggregate. 
Moreover, eosinophilic gastrointestinal infiltration not meeting 
criteria for EGID was noted in four patients (DADA2, n=2; 
TRAPS, n=1; CAPS, n=1). Larger, multicentre AID cohorts will 
be needed to determine the strength of this association between 
two extremely rare diseases.

Chronic idiopathic urticaria and angioedema are rare in AID
Chronic urticaria is challenging to diagnose in AID, because 
neutrophilic urticaria is a prominent feature of several AID and is 
only distinguished from true urticaria based on temporal associa-
tion with flare and histopathological appearance.29 Flare- related 
urticaria, or recurrent hives temporally linked to AID flare, was 
reported in CAPS (n=78, 91.8%), HIDS (n=8, 22.2%) and 
CANDLE (n=5, 35.7%) (table 2). By contrast, chronic idio-
pathic urticaria unrelated to AID flare was rare (0%–5.6%), 
consistent with the general prevalence of this disease.30–32 
Angioedema frequently accompanies true urticaria but not 
neutrophilic urticaria. Recurrent isolated angioedema was not 
reported by patients with AID, but perioral swelling temporally 
associated with flare was reported by one family with TRAPS 
and one patient each with DADA2, HA20 and CANDLE. This 
was not accompanied by urticaria and may represent soft tissue 
swelling rather than angioedema.29

Relationship of allergic diagnoses to autoinflammatory 
symptoms
Together, these cross- sectional analyses indicated that CAPS is 
associated with a Type 2 clinical and immunological signature, 
whereas other AID—particularly DADA2—are associated with 
a reduced Type 2 immunological signature but high rates of 
physician- diagnosed allergy. Several primary immune diseases 
are associated with phenotypes that mimic allergy but are driven 

Figure 3 Common and disease- specific prevalence of physician- 
diagnosed allergy- associated diseases in nine monogenic 
autoinflammatory diseases (AID). Data are shown for the general 
US population, FMF, CAPS, TRAPS, HIDS, PAPA, DADA2, HA20, 
CANDLE and SAVI. Bar graphs show percentage of patients reporting 
physician- diagnosed eczema (A), asthma (B) or allergic rhinitis (C); or 
percentage of patients with a biopsy- proven diagnosis of eosinophilic 
gastrointestinal disease (EGID) (D) *p<0.05, **p<0.01, ***p<0.005, 
****p<0.001 versus general US population. #p<0.05, ##p<0.01, 
###p<0.005, ####p<0.001 versus FMF; Benjamini- Hochberg adjusted 
Fisher’s t- test. CANDLE, chronic atypical neutrophilic dermatosis, 
lipodystrophy and elevated temperature; CAPS, cryopyrin- associated 
periodic fever syndrome; DADA2, deficiency of adenosine deaminase 
2; FMF, familial Mediterranean fever; HA20, haploinsufficiency of A20; 
HIDS, hyper- IgD syndrome; NHANES, National Health and Nutrition 
Examination Survey; PAPA, pyogenic arthritis, pyoderma gangrenosum 
and acne; SAVI, STING- associated vasculopathy of infancy; TRAPS, 
tumour necrosis factor receptor- associatedperiodic syndrome.
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by non- Type 2 responses,29 33 leading us to hypothesise that many 
allergic diagnoses might reflect uncontrolled autoinflammation. 
We tested this hypothesis by asking patients whether allergic 

symptoms worsened during AID flares. A minority of patients 
reported an association between AID flare and severity of 
eczema (12.2%), asthma (23.5%) or AR (14%) (online supple-
mental table S2). Patients with EoE reported no association with 
AID activity, whereas patients with EGE reported that symp-
toms worsened during AID flare. This suggests that uncontrolled 
autoinflammation does not underlie most physician- diagnosed 
allergy in AID. However, most EGE cases and some eczema, 
AR and asthma diagnoses may indeed reflect uncontrolled auto-
inflammation. This finding highlights the utility of studying 
physician- diagnosed disease, which—although less discrimina-
tory than allergen sensitisation testing—is often used to guide 
treatment in patients with AID (table 1).

Type 2 immune signatures are unrelated to autoinflammation-
directed treatments
Because we analysed patients on multiple immunomodulatory 
treatments (table 1), Type 2 immunological signatures might 
alternately reflect a drug reaction. We therefore reanalysed pre- 
treatment and post- treatment clinical laboratory data in patients 
who are untreated (online supplemental table S3). IgE and AEC 
values were not significantly different in untreated versus treated 
samples, suggesting that medication effects do not underlie Type 
2 immune signatures in these AID. There was a trend towards 
reduced post- treatment AEC in CAPS, consistent with our 
observation that AEC correlated with disease activity. To deter-
mine whether physician- diagnosed allergy might be related 
to autoinflammation- directed therapy, we compared rates in 
patients treated with different immunomodulators (online 
supplemental table S4). We found no significant differences, 
indicating that allergic diagnoses were related to underlying AID 
rather than medication reactions.

Th2 or Th9 expansion is seen in multiple AID
Although IgE and eosinophils are important allergic immu-
nomodulators, Type 2 cytokine- secreting T helper 2 (Th2) 
and Th9 cells are central to Type 2 responses, leading us to 
ask whether Th2/Th9 expansion might underlie physician- 
diagnosed allergy in some AID.34 35 We therefore immunophe-
notyped CD4+ cells in >4 randomly selected patients with AID 
from seven cohorts. Most patients with AID were treated with 
biological immunomodulators at the time of analysis, a poten-
tial confounder (online supplemental table S4). Consistent 
with prior reports, however, Th17 were expanded in several 
AID, confirming that these samples displayed AID- related 

Figure 4 T helper immunophenotypes in seven monogenic 
autoinflammatory diseases (AID). Data are shown for healthy volunteers 
(HV), patients with atopic dermatitis (AD), FMF, CAPS, TRAPS, HIDS, 
PAPA, DADA2 and HA20. Violin plots show percentage of memory 
T helper cells (CD3+CD4+CD8-CD45RO+) producing IL- 17A (A), IFN-γ 
(B), IL-9 (C), IL-13 (D), IL-4 (E) and IL-5 (F). *p<0.05, **p<0.01, 
***p<0.005, ****p<0.001 versus HV. #p<0.05, ##p<0.01, ###p<0.005, 
####p<0.001 versus FMF; Benjamini- Hochberg adjusted Mann- Whitney. 
CAPS, cryopyrin- associated periodic fever syndrome; DADA2, deficiency 
of adenosine deaminase 2; FMF, familial Mediterranean fever; HA20, 
haploinsufficiency of A20; HIDS, hyper- IgD syndrome; HV, helathy 
volunteer; IFN, interferon; IL, interleukin; PAPA, pyogenic arthritis, 
pyoderma gangrenosum and acne;TRAPS, tumour necrosis factor 
receptor- associated periodic syndrome.

Table 2 Prevalence of recurrent flare- related and chronic idiopathic urticaria

Disease
Any urticaria
Number (95% CI)

Flare- related urticaria
Number (95% CI)

Chronic idiopathic urticaria
Number (95% CI)

FMF (n=98) 8.2% (4.2% to 15.3%) 1% (0.01% to 5.6%) 2% (0.04% to 7.1%)

CAPS (n=85) 91.8% (84% to 96%) 91.8% (84% to 96%) 0 (0% to 4.3%)

TRAPS (n=70) 10% (4.9% to 19.2%) 4.3% (1.2% to 11.9%) 1.4% (0.1% to 7.8%)

HIDS (n=36) 27.8% (15.8% to 44%) 22.2% (11.7% to 38.1%) 2.8% (0.1% to 14.2%)

PAPA (n=18) 16.7% (5.8% to 39.2%) 5.6% (0.3% to 25.8%) 5.6% (0.2% to 25.8%)

DADA2 (n=53) 22.6% (13.5% to 35.5%) 7.5% (3% to 17.9%) 0 (0% to 6.8%)

HA20 (n=14) 35.7% (16.3% to 61.2%) 7.1% (0.01% to 31.5%) 0 (0% to 21.5%)

CANDLE (n=14) 35.7% (16.3% to 61.2%) 35.7% (16.3% to 61.2%) 0 (0% to 21.5%)

SAVI (n=12) 8.3% (0.4% to 35.4%) 8.3% (0.4% to 35.3%) 0 (0% to 24.2%)

General population31 32 46 8.8% to 23% NA 0.5% to 6%

CANDLE, chronic atypical neutrophilic dermatosis, lipodystrophy and elevated temperature; CAPS, cryopyrin- associated periodic fever syndrome; DADA2, deficiency of adenosine deaminase 2; 
FMF, familial Mediterranean fever; HA20, haploinsufficiency of A20; HIDS, hyper- IgD syndrome; PAPA, pyogenic arthritis, pyoderma gangrenosum and acne; SAVI, STING- associated vasculopathy of 
infancy; TRAPS, tumour necrosis factor receptor- associated periodic syndrome.
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T- cell dysregulation (figure 4A–B).36 37 Th9 were signifi-
cantly expanded in HA20; IL-13+ Th2 were not significantly 
expanded in any AID; IL-4+ Th2 were expanded in TRAPS; 
and IL-5+ Th2 were expanded in CAPS, TRAPS and HIDS 
(figure 4C–F, online supplemental table S5). Th2 expansion in 
CAPS is consistent with the observed clinical Type 2 signature, 
whereas Th9 expansion is consistent with the high prevalence 
of asthma and eczema seen in HA20. Th2/Th9 expansion was 
not, however, seen in DADA2 or other AID associated with 
eczema and AR. Together, these results suggest that Th2/Th9 
expansion promotes physician- diagnosed allergy in AID like 
CAPS, but that non- Type-2 mechanisms likely underlie these 
phenotypes in AID like DADA2.

DISCUSSION
This is the first systematic cross- sectional study of Type 2 immu-
nological and clinical phenotypes in multiple monogenic AID. 
Whereas we expected a consistent Type 2 immunophenotype 
across the different AID, we saw variable patterns in the nine 
syndromes. FMF and CANDLE were associated with reduced 
Type 2 responses, including AEC and physician- diagnosed 
asthma. However, CAPS was associated with a Type 2 signature 
of eosinophilia, physician- diagnosed allergy and Th2 expansion. 
Because Type 2 inflammation can be triggered by stimuli other 
than allergens, the mechanisms underlying Type 2 responses in 
CAPS may be related to non- allergic factors including T cell- 
intrinsic or eosinophil- intrinsic functions of NLRP3. Further-
more, the correlation of AEC with APR suggests that Type 2 
immunomodulators could mediate NLRP3- related pathology. 
These hypotheses both warrant further investigation. Notably, 
FMF and CAPS had disparate associations despite the central 
role of IL-1β in both AID, suggesting that MEFV and NLRP3 
modulate Type 2 responses by mechanisms other than systemic 
IL-1β induction. Potential mechanisms include protective linkage 
of MEFV with asthma- associated genes on chromosome 16 (ie, 
IL4RA and TPSAB1).6 27 NLRP3 is on the same chromosome as 
two asthma- associated genes, FLG and IL6RA, raising the possi-
bility of pathogenic linkage.38 NLRP3 may also promote Type 
2 immunity through direct induction of IL4 transcription or 
IL-18- dependent augmentation of Th2 differentiation.6 7 27 39 40 
Future studies should clarify the mechanisms by which these 
genes modulate Type 2 responses.

Unexpectedly, several AID like DADA2 were associated 
with a reduced Type 2 immune signature but high rates of 
physician- diagnosed allergy, suggesting that autoinflammation 
can masquerade as allergic disease. For example, AID- associated 
sinus mucosal swelling could mimic AR in CAPS and CANDLE, 
whereas structural lung disease could mimic asthma in SAVI.41–43 
Many of these phenotypes, including eczematous dermatitis in 
DADA2, have not been previously described in AID and are 
empirically treated with allergy- directed therapies. Of note, 
7.5% of patients with AID started and later discontinued allergy- 
directed therapies, suggesting that these may not be efficacious 
for allergic phenotypes in some patients with AID. The obser-
vation that autoinflammation can promote allergy- associated 
phenotypes therefore expands the spectrum of AID and iden-
tifies a potential need to alter treatment strategies. Because 
many patients with AID reported symptoms severe enough 
to limit daily activities, addressing these phenotypes will alle-
viate a substantial clinical burden. It will be critical to further 
characterise the mechanisms underlying these phenotypes, to 
avoid unnecessary treatment with allergy- directed therapies for 
patients with AID.

Several limitations arose due to the study design and popu-
lations. Because of the rarity and periodicity of monogenic 
AID, patients were not age/gender matched and were often 
clinically inactive when analysed. Because the study protocols 
did not enroll healthy subjects, comparator data were obtained 
from public databases. These subjects were evaluated in other 
settings and may have undergone less in- depth evaluation for 
allergic phenotypes. We addressed these potential sources of 
selection bias by using criteria from these public comparator 
studies and by including FMF as an additional comparator. 
We also attempted to address this confounder by assessing for 
family history of allergy, which was reported in 62% of patients 
with AID. However, the significance of this finding was unclear 
because most of these family members also had at least one AID- 
related pathogenic mutation, and because comparator data were 
not available from the general population studies. Because the 
NIH is a quaternary referral centre, most patients with AID were 
taking immunomodulators at the time of analysis. To address 
this potential confounder, we performed additional analyses 
(online supplemental tables S3,S4) and rested PBMCs overnight 
to reduce in vitro medication effects. Finally, the retrospective 
design did not permit allergen sensitisation testing, allergen- 
specific IgE or spirometry. However, patient- reported physician- 
diagnosis has a high positive predictive value for gold- standard 
tests and is often used to guide treatment.26 44 45 Moreover, using 
physician- diagnosed disease allowed us to identify autoinflam-
mation as a potential driver of allergy- associated phenotypes, an 
important finding with clinical implications.

In summary, this study expands the spectrum of AID, with 
scientific and clinical implications that substantially advance the 
field. It is the first investigation of allergy- associated phenotypes 
across multiple AID, representing >20 years of comprehensive 
investigations at a dedicated AID centre. This allowed extensive 
phenotyping that revealed previously unrecognised correla-
tions. The Type 2 immune signature of CAPS suggests that some 
patients may benefit from combination therapy targeting auto-
inflammation and Type 2 inflammation. Conversely, the dispa-
rate associations with Type 2 responses and physician- diagnosed 
allergy in AID like DADA2 suggests that autoinflammation can 
mimic allergic inflammation. Therefore, physicians should be 
cautious in attributing allergic symptoms in AID to Type 2 activa-
tion, as these symptoms could result from untreated autoinflam-
mation. Further investigation is needed to determine whether 
these results are generalisable to patients with other polygenic 
or monogenic AID, or to a subset of patients with non- AID with 
eczema, asthma or rhinitis. Exploring these mechanisms will 
further illuminate the multifaceted roles of autoinflammation in 
immune- mediated pathologies.
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ABSTRACT
Background Rotator cuff disease (RCD) causes 
prolonged shoulder pain and disability in adults. RCD is 
a continuum ranging from tendinopathy to full- thickness 
tendon tear. Recent studies have shown that subacromial 
decompression and non- surgical treatments provide 
equivalent results in RCD without a full- thickness tendon 
lesion. However, the importance of surgery for full- 
thickness tendon tears remains unclear.
Methods In a pragmatic, randomised, controlled trial, 
417 patients with subacromial pain underwent 3- month 
initial rehabilitation and MRI arthrography (MRA) for 
the diagnosis of RCD. Of these, 190 shoulders remained 
symptomatic and were randomised to non- surgical or 
surgical treatments. The primary outcomes were the 
mean changes in the Visual Analogue Scale for pain and 
the Constant Murley Score for shoulder function at the 
2- year follow- up.
Results At the 2- year follow- up, both non- surgical and 
surgical treatments for RCD reduced pain and improved 
shoulder function. The scores differed between groups by 
4 (95% CI −3 to 10, p=0.25) for pain and 3.4 (95% CI 
−0.4 to 7.1, p=0.077) for function. Among patients with 
full- thickness ruptures, the reduction in pain (13, 95% CI 
5 to 22, p=0.002) and improvement in function (7.0, 
95% CI 1.8 to 12.2, p=0.008) favoured surgery.
Conclusions Non- surgical and surgical treatments 
for RCD provided equivalent improvements in pain 
and function. Therefore, we recommend non- surgical 
treatment as the primary choice for patients with RCD. 
However, surgery yielded superior improvement in pain 
and function for full- thickness rotator cuff rupture. 
Therefore, rotator cuff repair may be suggested after 
failed non- surgical treatment.
Trial registration details  ClinicalTrials. gov, 
NCT00695981 and NCT00637013.

INTRODUCTION
Among adults, rotator cuff disease (RCD) is the 
most common cause of prolonged shoulder pain 
and disability,1 which represent substantial health- 
economic burdens for society.2 RCD typically mani-
fests as shoulder pain and dysfunction,3–5 and has 
a multifactorial aetiology, including intrinsic (eg, 
genetics), extrinsic (eg, trauma) and biopsychoso-
cial factors.6 7 In RCD, tendon damage occurs in 
a continuum of acute- to- chronic changes, which 

range from tendinopathy without frayed tendons to 
a full- thickness tendon tear.8–10

Non- surgical treatment is recommended for RCD 
initially. However, RCD is also frequently treated 
with surgery.9 11–13 Subacromial decompression 
(SAD) surgery is a common procedure for treating 
a painful shoulder.12 Recent studies have shown 
that SAD and non- surgical treatments provide 
equivalent results in RCD without full- thickness 
tendon lesions.3–5 14–17 Another common procedure 
is rotator cuff tendon repair. The annual rate for 
SAD and rotator cuff repair has been up to 130 per 
100 000 persons in Finland.9 12 Whether surgical or 
non- surgical treatment is superior for full- thickness 
rotator cuff tears remains controversial.18–22

In this study, by conducting a pragmatic, 
randomised, controlled trial we aimed to compare 
surgical and non- surgical treatments for RCD with 
or without full- thickness tendon tears after unsuc-
cessful initial rehabilitation. We used the Visual 

Key messages

What is already known about this subject?
 ► Recent studies show that subacromial 
decompression surgery and non- surgical 
treatments provide equivalent results in rotator 
cuff disease without full- thickness tendon 
lesion. The importance of surgery for full- 
thickness tendon tears remains unclear.

What does this study add?
 ► In our pragmatic study setting, we randomised 
patients with rotator cuff disease (RCD) 
who were symptomatic after 3- month initial 
rehabilitation, and measured change of 
shoulder pain and function after 2 years from 
randomisation.

How might this impact on clinical practice or future 
developments?

 ► Our study shows that the outcome of non- 
surgical treatment is equivalent to surgical 
treatment in RCD without full- thickness 
tendon tear even after unsuccessful initial 
rehabilitation. However, surgery yields superior 
improvement in pain and function in patients 
with full- thickness rotator cuff tear if initial non- 
surgical treatment is unsuccessful.
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Analogue Scale (VAS) for pain and the Constant Murley score 
(CMS) for function as primary outcomes.

METHODS
Trial design
This randomised, controlled, pragmatic trial was conducted 
in Central Finland Hospital in Jyväskylä and Oulu University 
Hospital.

Patients
We recruited patients with long- term (>3 months) subacro-
mial pain who were referred from primary and occupational 
healthcare centres and private clinics to the two study hospi-
tals (figure 1). Between June 2008 and December 2014, we 
screened 3233 referrals concerning an upper extremity disorder, 
including 664 who presented with symptoms attributable to 
RCD. The research group physicians (JP, SC, TI, JLi and HL) 
interviewed the patients (490 in Jyväskylä and 174 in Oulu) 
and performed structured examinations. Of these, 417 patients 
met the eligibility criteria box 1) and provided written informed 
consent. After inclusion, patients were advised to undergo up 

to 15 sessions (protocol provided in the online supplemental 
appendix).

After the initial 3- month non- surgical treatment, the candi-
dates underwent MRI arthrography (MRA) and were evaluated 
by a specialist orthopaedic surgeon (TF, KS, KP or TR) for trial 
eligibility. MRA images were evaluated by clinical radiologist 
on duty. A full- thickness tendon tear was diagnosed if contrast 
medium, attributable to a full- thickness tendon tear, was detected 
in subacromial space in MRA. Subsequently, two study phys-
iotherapists (one in each of the trial hospitals) randomised all 
suitable symptomatic patients to either non- surgical or surgical 
treatment (online supplemental table S1). A research assistant 
not involved in the study prepared a computer- generated, block 
randomisation list and sequentially numbered, sealed opaque 
envelopes for patient randomisation. We used a block size of 10 
stratified according to gender and type of rotator cuff tendon 
lesion (RCD with or without a full- thickness tendon tear). The 
blocks were divided between the trial hospitals. The informa-
tion regarding the treatment group was open to patients, the 
treating physicians and the study physiotherapists. Immediately 
before randomisation (baseline), the physiotherapists evaluated 
the primary and secondary study outcomes.

Figure 1 Trial flow chart. MRA of the shoulder. aMRA. bLack of co- operation or change of diagnosis. mo, months; MRA, MRI arthrography; y, years.
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Trial procedures
Patients randomised to non- surgical treatment continued the 
previously initiated rehabilitation programme. Unsuccessful 
non- surgical treatment was defined as severe pain or poor 
subjective function in the shoulder during follow- up. These 
patients were offered a surgical intervention. In surgery, patients 
without full- thickness tendon tears underwent arthroscopic SAD. 
Patients with full- thickness tears received rotator cuff repair 
with single- row technique, with one or more bone anchors, via 
either an arthroscopic or mini- open approach. When necessary, 
patients underwent acromioplasty, acromioclavicular joint resec-
tion or tenotomy of the long head of the biceps. All patients 
followed a structured postoperative rehabilitation protocol (see 
online supplemental appendix).

Outcomes
The primary outcome evaluated 2 years after randomisation was 
the change in the intensity of pain, during the previous week, 
on VAS and the change in CMS for rating shoulder function. 
Outcome measures were recorded at baseline and 3, 6, 12 and 
24 months after randomisation. VAS (0 to 100, 100=worst 
possible pain) was calculated as the mean pain at rest, during 
arm activity and at night. The study physiotherapists measured 
shoulder function with CMS (scale: 1 to 100, 100=best).23 The 
pain- free (VAS <30) shoulder range of motion was measured by 
a goniometer.24

With the arm abducted 90 degrees, maximal isometric 
shoulder abduction strength was measured with a strain- gauge 
dynamometer (DS Europe, Milan, Italy) at Jyväskylä or a spring 
scale at Oulu. The sensor was placed at the level of the styloid 
process of the radius. We used a modified method of measuring 
the strength by calculating the mean of three efforts instead 

of the best out of three as described by Constant.23 Abduction 
strength was rated zero when the patient could not achieve the 
measuring position at 90- degree abduction.

The secondary outcome was the health- related quality of life 
as measured with the RAND 36- Item Health Survey.25 We also 
recorded serious adverse events and re- operations.

Statistical analysis
The appropriate sample size was estimated with a simulation- 
based model. Calculations were based on a 30% difference in 
pain between treatment groups. When significant, a 30% differ-
ence was also likely to be clinically relevant.4 We determined 
that approximately 200 patients (100 per research arm) were 
required for a two- sided significance level of 0.05 (85% power).

All primary analyses were performed based on the intention- 
to- treat (ITT) principle. Data are expressed as the mean and SD, 
the median and IQR or counts and percentages, as appropriate. 
The non- surgery and surgery groups were compared using the 
t- test for continuous variables and Pearson’s χ2 test for cate-
gorical variables in baseline values. Repeated measures of the 
changes in primary (ITT and per protocol, PP) and secondary 
outcomes (ITT) were compared between the non- surgery and 
surgery groups with mixed- effects models and an unstructured 
covariance structure (ie, the Kenward- Roger method for calcu-
lating the df).26 Fixed effects included group, time and group × 
time interactions. We used baseline values as covariates when 
appropriate. The repeated measurements were taken at different 
time points, including baseline, 3, 6, 12 and 24 months. Mixed 
models allowed analysis of unbalanced datasets without imputa-
tion; therefore, we analysed all available data with the full anal-
ysis set. Normal distributions were evaluated graphically and 
with the Shapiro- Wilk W test. All analyses were performed in 
Stata 16.0 (StataCorp LP; College Station, Texas, USA).

Two pre- specified subgroup analyses were performed for 
subgroups of RCD, with or without full- thickness tendon tears.

RESULTS
Recruitment
After 3 months of pragmatic non- surgical treatment, 247 patients 
were excluded due to reasons shown in trial flow chart (figure 1) 
and 187 patients (190 shoulders) randomised (table 1).

Group allocation (full- thickness or non- full- thickness tendon 
lesion) was based on written statement made by clinical radiolo-
gist. Of these, 95 shoulders were randomised to receive surgery 
(50 shoulders with full- thickness ruptures, of which 44 solely 
in the supraspinatus tendon) and 95 to non- surgical treatments 
(48 with full- thickness ruptures, of which 44 were solely in the 
supraspinatus tendon). In the non- surgery group, 12 (13%) 
shoulders experienced severe pain and surgery was performed 
during the 2- year follow- up. In the surgery group, 36 (38%) 
shoulders experienced pain relief before surgery and did not 
undergo surgery. Shoulders treated per protocol were 75% 
(figure 2). Online supplemental table S1 shows the frequency of 
missing data.

Primary outcomes
At the 2- year follow- up, the mean VAS score decreased by 31 
(95% CI 26 to 35) in the non- surgery group and by 34 (95% CI 
30 to 39) in the surgery group. The difference between groups 
was not significant (mean difference: 4, 95% CI −3 to 10; 
p=0.25). The mean Constant score (CS) improved by 17.0 (95% 
CI 14.4 to 19.7) in the non- surgery group and by 20.4 (95% 
CI 17.8 to 23.1) in the surgery group. The difference between 

Box 1 Inclusion and exclusion criteria

Inclusion criteria for all patients
Pain in abduction of the shoulder
Age over 35 years
Duration of symptoms at least 3 months
Written informed consent by the participating subject
Additional inclusion criteria
Subacromial impingement without full- thickness tendon lesion
 Pain in two of the three isometric tests (0 or 30 degrees of 
abduction or external rotation)
 Subacromial injection of lidocaine significantly reduced pain
Full- thickness tendon rupture
 Full- thickness rotator cuff rupture in one to three tendons 
documented with MRI arthrography

Exclusion criteria
Previous surgery of the same shoulder
High- energy trauma before symptoms
Inflammatory arthritis
Adhesive capsulitis
Instability of the affected shoulder
Severe glenohumeral or acromioclavicular joint osteoarthritis
Cervical syndrome/radiculopathy
Progressive cancer
A too high risk for operation
Any disease, social problem or other reason reducing the ability 
to co- operate and jeopardising informed consent
Irreparable rotator cuff tear on MRI arthrography

https://dx.doi.org/10.1136/annrheumdis-2020-219099
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groups was not significant (mean difference: 3.4, 95% CI −0.4 
to 7.1; p=0.077; figure 3 and online supplemental table S2).

Among patients without full- thickness rotator cuff ruptures at 
the 2- year follow- up, the mean VAS decreased by 38 (95% CI 31 
to 45) in the non- surgery group and by 31 (95% CI 24 to 38) in 
the surgery group. The difference between groups was not signif-
icant (mean difference: 7, 95% CI −3 to 17; p=0.19; figure 3 
and online supplemental table S2). The mean CS improved by 
21.6 (95% CI 17.8 to 25.3) in the non- surgery group and by 
20.9 (95% CI 17.1 to 24.7) in the surgery group. The differ-
ence between groups was not significant (mean difference: 0.7, 
95% CI −4.6 to 6.1; p=0.79).

Among patients with full- thickness ruptures at the 2- year 
follow- up, the mean VAS score decreased by 24 (95% CI 18 to 

30) in the non- surgery group and by 37 (95% CI 31 to 43) in
the surgery group. The difference between groups was signifi-
cant (mean difference: 13, 95% CI 5 to 22; p=0.002). The mean 
CS improved by 13.0 (95% CI 9.4 to 16.7) in the non- surgery 
group and by 20.0 (95% CI 16.4 to 23.7) in the surgery group. 
The difference between groups was significant (mean difference: 
7.0, 95% CI 1.8 to 12.2; p=0.008). The PP results are shown in 
Supplements (online supplemental figure S1).

Health-related quality of life
At the 2- year follow- up, the changes in mean RAND-36 scores 
for physical function, general health, vitality, role physical, role 
emotional, social functioning and bodily pain were not signifi-
cantly different between the non- surgery and surgery groups. 
Among patients without full- thickness rotator cuff ruptures, the 
changes of quality of life were similar in the non- surgery and 
surgery groups. Among patients with full- thickness rotator cuff 
ruptures, the bodily pain score improved 13 points (95% CI 3 to 
23; p=0.011) more in the surgery group than in the non- surgery 
group (table 2).

Adherence to non-surgical treatment modalities
During the 2- year follow- up, 38% of all patients underwent 
physiotherapy, 46% performed home- based exercise and 8% 
received corticosteroid injections. The implementation of 
home- based exercise was similar between the treatment groups. 
However, the surgery group had a higher frequency of phys-
iotherapy visits than the non- surgery group (p<0.001), and 
the non- surgery group received more corticosteroid injections 
(p=0.015; online supplemental table S3).

Adverse events
No patients required re- operation, and no serious adverse events 
were noted.

DISCUSSION
We found equivalent improvements in pain and function at 
the 2- year follow- up in both treatment groups, and changes in 
quality of life were not significantly different between the two 
treatment groups. Similar results were found in the subgroup 
of patients without full- thickness ruptures. This result is consis-
tent with previous trials of patients with more acute, undefined, 
initial non- surgical treatment.3–5 14 19 21 27

Among patients with full- thickness rotator cuff ruptures at the 
2- year follow- up, pain relief was better with surgery than non- 
surgical treatment. In this subgroup, the two treatments produced 
significantly different changes in mean pain, pain at rest and pain 
during the night. In contrast, both treatments had similar effects 
on pain related to arm activity. The bodily pain dimension in 
the RAND-36 quality of life questionnaire improved more with 
surgery than non- surgical treatments. These findings contrast 
with recent findings from Kukkonen et al, but support earlier 
findings from Moosmayer et al.18 20 At the 2- year follow- up, 
shoulder function improved with both treatments, but the CS 
improved 7 points more with surgery than non- surgical treat-
ments. The minimum clinically important difference between 
groups has not been determined unequivocally.3 28 29

Due to the pragmatic approach of the study, exercise compli-
ance was relatively low (online supplemental table S3). Patients 
had experienced shoulder pain for relatively long periods of 
time, and many had received physiotherapy before recruit-
ment(table 1). Thus, patients were familiar with the exercise 
methods, which may explain the relatively low attendance at 

Table 1 Baseline characteristics of patients with rotator cuff disease

Non- surgical group
(n=95)*

Surgical group
(n=95)*

Patients 93 94

Men, n (%) 50 (53) 52 (55)

Full- thickness ruptures, n (%) 48 (51) 50 (53)

Right shoulder, n (%) 62 (65) 58 (61)

Age, mean (SD) 56 (8) 56 (8)

Duration of pain, months, median (IQR) 12 (8 to 21) 12 (8 to 36)

Traumatic onset 16 (17) 17 (18)

Pain, VAS, mean (SD)

 Rest 37 (26) 36 (25)

 Arm activity 60 (23) 55 (26)

 Night 51 (29) 50 (28)

Constant score, mean (SD) 55 (16) 57 (17)

Had performed exercises

 PT- guided exercises n (%) 60 (63) 53 (56)

 Home exercises, n (%) 52 (55) 44 (46)

Received corticosteroid injections, n (%) 65 (68) 67 (71)

*Shoulders.
PT, physiotherapist; VAS, Visual Analogue Scale.

Figure 2 Cumulative frequency of shoulders receiving surgery in 
surgical and non- surgical randomisation groups with 95% CIs.
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the recommended physiotherapy. In our study design, non- 
surgical treatment was comparable to ordinary practice. Patients 
in the surgery group attended physiotherapy significantly more 
frequently than patients in the non- surgery group. In the non- 
surgery group, the use of corticosteroid injections was higher 
compared with the surgery group. Our patients presented with 
broad RCD aetiology because we initially merely excluded 
patients with high- energy traumas and irreparable tendon tears. 
Moreover, we analysed RCD subgroups of patients with and 
without full- thickness tears.

None of the five previously published trials reported differ-
ence in surgical and non- surgical treatments for patients with 
RCD without full- thickness rotator cuff tears (impingement).3–5 
In a 2.5- year follow- up study, Brox et al found that surgery 
outcomes were not significantly different from outcomes after 3 
to 6 months of intensive, supervised exercise.3 Similarly, in a 4 to 
8 year follow- up study, Haahr et al found that surgery outcomes 
were not different from outcomes after intensive supervised 
physiotherapy.4 Ketola et al found similar outcomes with super-
vised exercise treatment versus SAD followed by supervised 
exercises.5 Two recent controlled trials and a meta- analysis of 
subacromial decompression efficacy in patients with RCD found 
no difference in VAS pain scores after subacromial decompres-
sion, placebo arthroscopy or exercise therapy.14–16

Five randomised controlled trials compared surgical and 
non- surgical treatments for full- thickness supraspinatus 
tendon ruptures.18–20 22 Moosmayer et al found between- group 

differences that slightly favoured surgery based on the VAS for 
pain, the CS and the American Shoulder and Elbow Surgeons 
Shoulder Score during a 5- year follow- up.19 Another study by 
Kukkonen et al found no difference between surgical and non- 
surgical treatments for non- traumatic supraspinatus tears.27 
Lambers Heerspink et al detected significant improvements in 
degenerative rotator cuff tears at a 1- year follow- up that favoured 
surgery over conservative treatment based on mean scores from 
the Dutch Simple Shoulder Test and a VAS. However, the CS 
values were similar between treatment groups.22 Odak et al 
assessed the efficacy of SAD with or without mini- open cuff- 
repair, yielding no difference between the groups at a 1- year 
follow- up .30 A study of Ranebo et al compared the non- surgical 
and surgical treatment of small, acute traumatic supraspinatus 
tears reporting uniform findings between the groups.31 Among 
these randomised, controlled trials, only two included traumatic 
tears.19 31 In our study, 17% of patients attributed their shoulder 
problems to low- energy traumas. Generally, traumatic rotator 
cuff tears are considered an indication for tendon repair, but 
this lacks solid scientific evidence.31 In contrast, non- traumatic 
rotator cuff tears are often treated conservatively. Tendon degen-
eration has been demonstrated in a majority of rotator cuff 
tendon tears.10 32 The different aetiologies of rotator cuff tears 
may explain the contradictory findings among previous studies.

No previous studies investigated the effectiveness of surgery 
after adequately performed, but unsuccessful, non- surgical treat-
ment of RCD including both non- full- thickness and full- thickness 

Figure 3 Graphs showing the change in pain in the visual analogue scale (VAS, mm) and the Constant score between baseline and the 2- year 
follow- up in all patients with rotator cuff disease and without and with full- thickness rotator cuff rupture.
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tendon lesions. In our trial, all potential participants underwent 
a structured, 3- month rehabilitation before randomisation; thus, 
only symptomatic patients were randomised. In addition, the 
flow of patients referred to specialised care was trackable, and 
our study approach was pragmatic. We submitted two clinical trial 
registries (one subgroup for subacromial impingement syndrome 
stage II and another for full- thickness tendon ruptures) because 
at the time of registration (2008) it was not generally accepted 
that rotator cuff disease is an actual continuum that ranges from 
subacromial impingement syndrome to a full- thickness rotator 
cuff tendon rupture.

Due to the pragmatic approach, it was reasoned to analyse 
these two types of tendon lesions together. We minimised the 
potential influence of technical differences between surgeons for 
recruitment and surgery; five physicians recruited the patients 
and five surgeons performed the surgeries. Therefore, our find-
ings can be readily applied to clinical practice.

Our study lacked a placebo surgery group and the study phys-
iotherapists were not blinded. A potential source of bias is that 
we included three patients twice. The shoulders are not indepen-
dent when reporting pain and disability. Only 63% of patients 
who underwent clinical examination were eligible for this study, 
and 55% of the shoulders preliminarily meeting the inclusion 
criteria were excluded from randomisation, mostly due to relief 
of symptoms. Thus, our primary results are only applicable to 
patients who do not recover after initial non- surgical treatment. 
Moreover, 26% of patients were not treated PP. The results of 
the PP analysis supported the results of the ITT analysis. Surgery 

yielded superior results in the change of shoulder pain and 
the function compared with non- surgical management in PP 
analyses.

CONCLUSIONS
Our results demonstrate that surgery does not provide superior 
results compared with non- surgical treatment for the majority 
of patients with RCD. Among patients with symptomatic RCD 
without a perforating tear, surgery did not provide benefit over 
non- surgical treatment, even when the initial non- surgical treat-
ment did not provide sufficient pain relief. However, when the 
RCD included a perforating tear and symptoms continued after 
initial non- surgical treatment, rotator cuff repair surgery resulted 
in superior outcomes compared with non- surgical treatment.
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Table 2 36- item short form health survey questionnaire (RAND-36) for health- related quality of life

Baseline Change from baseline to months 24 P values between groups

Non- surgical
Mean (SD)

Surgical
Mean (SD)

Non- surgical
Mean (95% CI)

Surgical
Mean (95% CI) Crude Adjusted*

Rotator cuff disease (all) n=190

 Physical function 72 (19) 75 (16) 5 (2 to 9) 5 (2 to 8) 0.78 0.65

 General health 59 (17) 62 (19) 3 (-1 to 6) 1 (-2 to 4) 0.48 0.42

 Vitality 62 (21) 63 (21) 6 (2 to 9) 7 (3 to 10) 0.73 0.89

 Mental health 74 (18) 76 (18) 4 (1 to 7) 5 (2 to 7) 0.37 0.61

 Role physical 38 (40) 44 (39) 22 (13 to 32) 23 (14 to 32) 0.98 0.99

 Emotional role 73 (39) 71 (41) 2 (-7 to 10) 9 (2 to 17) 0.18 0.16

 Social function 74 (22) 80 (23) 8 (3 to 12) 5 (1 to 9) 0.41 0.17

 Bodily pain 44 (19) 43 (19) 15 (10 to 21) 21 (16 to 26) 0.11 0.15

Non- full- thickness rupture n=92

 Physical function 70 (23) 74 (18) 10 (4 to 16) 3 (-3 to 8) 0.065 0.063

 General health 57 (19) 59 (19) 4 (-1 to 9) 1 (-3 to 6) 0.47 0.32

 Vitality 59 (22) 58 (21) 8 (2 to 14) 10 (4 to 15) 0.65 0.92

 Mental health 73 (18) 75 (18) 4 (-1 to 9) 6 (2 to 10) 0.61 0.58

 Role physical 39 (43) 43 (38) 30 (15 to 45) 21 (9 to 34) 0.39 0.43

 Emotional role 70 (43) 65 (43) 12 (-1 to 25) 17 (6 to 28) 0.54 0.51

 Social function 76 (23) 80 (21) 8 (0 to 15) 6 (0 to 12) 0.75 0.42

 Bodily pain 41 (20) 41 (20) 22 (13 to 30) 20 (12 to 27) 0.72 0.46

Full- thickness rupture n=98

 Physical function 74 (16) 76 (14) 2 (-2 to 6) 7 (3 to 11) 0.078 0.096

 General health 60 (16) 64 (19) 2 (-2 to 6) 1 (-3 to 5) 0.77 0.91

 Vitality 63 (20) 67 (20) 4 (0 to 8) 4 (0 to 8) 0.82 0.73

 Mental health 75 (18) 78 (18) 4 (0 to 8) 4 (0 to 8) 0.98 0.82

 Role physical 38 (38) 44 (39) 17 (3 to 30) 24 (11 to 37) 0.43 0.44

 Emotional role 75 (34) 77 (38) −6 (-17 to 5) 2 (-9 to 12) 0.30 0.32

 Social function 73 (22) 81 (25) 8 (2 to 14) 4 (-2 to 10) 0.39 0.26

 Bodily pain 47 (17) 44 (18) 10 (3 to 17) 23 (16 to 30) 0.011 0.006

*Adjusted for baseline values.
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ABSTRACT
Objective To summarise the available information 
on efficacy and safety of immunomodulatory agents in 
SARS- CoV-2 infection.
Methods As part of a European League Against 
Rheumatism (EULAR) taskforce, a systematic literature 
search was conducted from January 2019 to 11 
December 2020. Two reviewers independently identified 
eligible studies according to the Population, Intervention, 
Comparator and Outcome framework and extracted data 
on efficacy and safety of immunomodulatory agents used 
therapeutically in SARS- CoV-2 infection at any stage. The 
risk of bias was assessed with validated tools.
Results Of the 60 372 records, 401 articles were 
eligible for inclusion. Studies were at variable risk of 
bias. Randomised controlled trials (RCTs) were available 
for the following drugs: hydroxychloroquine (n=12), 
glucocorticoids (n=6), tocilizumab (n=4), convalescent 
plasma (n=4), interferon beta (n=2), intravenous 
immunoglobulins (IVIg) (n=2) and n=1 each for 
anakinra, baricitinib, colchicine, leflunomide, ruxolitinib, 
interferon kappa and vilobelimab. Glucocorticoids were 
able to reduce mortality in specific subsets of patients, 
while conflicting data were available about tocilizumab. 
Hydroxychloroquine was not beneficial at any disease 
stage, one RCT with anakinra was negative, one RCT 
with baricitinib+remdesivir was positive, and individual 
trials on some other compounds provided interesting, 
although preliminary, results.
Conclusion Although there is emerging evidence 
about immunomodulatory therapies for the management 
of COVID-19, conclusive data are scarce with some 
conflicting data. Since glucocorticoids seem to 
improve survival in some subsets of patients, RCTs 
comparing glucocorticoids alone versus glucocorticoids 
plus anticytokine/immunomodulatory treatment are 
warranted. This systematic literature review informed 
the initiative to formulate EULAR ’points to consider’ 
on COVID-19 pathophysiology and immunomodulatory 
treatment from the rheumatology perspective.

INTRODUCTION
SARS- CoV-2 infection encompasses a heteroge-
neous clinical picture ranging from asymptomatic 
to multisystem life- threatening manifestations. 
Although the majority of patients experience only 
mild to moderate symptoms, a relevant proportion 
of infected subjects may develop respiratory failure, 
acute respiratory distress syndrome and death.1 2 
The severest forms of COVID-19 pneumonia are 

associated with severe pulmonary inflammatory 
responses, including oedema and inflammatory 
cell infiltration with severe alveolitis and associ-
ated pulmonary immunothrombosis. Beside the 

Key messages

What is already known about this subject?
 ► The SARS- CoV-2 pandemic is a global health 
problem. Aberrant host immune response plays 
an important role throughout the course of 
mild, moderate and severe COVID-19.

 ► There is intense investigation to explore the 
utility of immunomodulatory drugs commonly 
used in the rheumatology arena as agents that 
may mitigate against COVID-19 to improve 
disease prognosis.

What does this study add?
 ► Robust and reliable evidence of the efficacy 
of immunomodulatory therapies is scarce, but 
results from randomised controlled trials (RCTs) 
ruled out any benefit of hydroxychloroquine 
at any stage of SARS- CoV-2 infection 
while demonstrating the ability of some 
glucocorticoids to reduce mortality in specific 
patient subsets with severe COVID-19.

 ► Data from RCTs on tocilizumab are conflicting, 
and definite conclusions cannot be drawn 
at this point in time. Anakinra was not 
effective in the only available RCT, while 
baricitinib+remdesevir was effective in specific 
patient subgroups (patients with non- invasive 
ventilation) in the only available RCT.

 ► Evidence for several immunomodulatory 
compounds is scarce, and data from RCTs are 
required to elucidate their role in the context of 
different phenotypes of SARS- CoV-2 infection.

How might this impact on clinical practice or 
future developments?

 ► This systematic literature review evaluated the 
evidence pertaining to immunomodulatory 
drugs where there is some evidence for efficacy 
in severe COVID-19 and a good safety profile 
thus far.

 ► Further evidence is needed regarding the 
optimal use and consideration of combination 
therapies for severe disease in a rapidly 
evolving arena.
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specific pathogenic effect of SARS- CoV-2, the immune response 
may be deleterious and excessive since postmortem studies may 
show excessive immune activation but a paucity of evidence for 
active viral alveolitis. A vicious circle encompassing the intrapul-
monary release of proinflammatory mediators, along with the 
aberrant activation of immune cells, coagulopathy and histo-
logical evidence of haemophagocytosis in patients with more 
severe COVID-19 demonstrated some features that resembled 
the macrophage activation syndrome (MAS) also known as 
secondary haemophagocytic lymphohistocytosis (sHLH).3 4

Rheumatologists routinely use immunomodulatory drugs 
and are well aware of conditions like MAS/sHLH that may be 
observed as a complication of autoimmune or inflammatory 
rheumatic and musculoskeletal diseases (RMDs). On this basis, 
a large number of immunomodulatory drugs used in rheuma-
tology for years have been investigated in SARS- CoV-2 infection, 
particularly severe COVID-19. This systematic literature review 
(SLR) was performed to inform the EULAR taskforce respon-
sible for developing the points to consider (PtC) on COVID-19 
pathophysiology and immunomodulatory treatment as viewed 
from the rheumatology perspective. Specifically, the SLR aimed 
to summarise the available information on the use of immuno-
modulatory drugs for the management of SARS- CoV-2 infection 
at any stage.

METHODS
Search methodology
The EULAR task force that developed PtCs on COVID-19 patho-
physiology and immunomodulatory treatment from the rheuma-
tology perspective outlined the scope of the systematic literature 
search, according to the Population, Intervention, Comparator 
and Outcome approach.5 Based on a set of research questions 
encompassing the pathogenesis of SARS- CoV-2 infection, its 
management with immunomodulatory agents and its possible 
role as trigger of new- onset RMDs, three separate searches 
(online supplemental text S1−S4) were performed. The searches 
were performed in MEDLINE, Embase, The Cochrane Database 
of Systematic Reviews, CENTRAL and CINAHL. The searches 
on pathogenesis and RMDs were conducted up to 2 November 
2020, while the one on immunomodulatory treatment up to 
11 December 2020. The PubMed Similar Articles tool was also 
used, and a crosscheck of the key scientific journals in general 
medicine and immunology was performed. Non peer- reviewed 
literature was excluded given this SLR aimed at informing recom-
mendations. However, given the rapid evolution of knowledge 
on COVID-19 treatment, a parallel hand search of ‘grey litera-
ture’ consisting only of RCT not yet published in peer- review 
journals but accessible in press releases or in extenso in preprint 
repositories was performed. These not yet published RCTs are 
presented separately and were not used to inform the PtC. In 
order to ensure this SLR to be as comprehensive as possible and 
provide an overview of all evidence (regardless of the level), no 
restriction to specific study design (eg, randomised controlled 
trials (RCTs)) was defined. The results of the search focused 
on the pathogenesis of SARS- CoV-2 infection are published 
elsewhere.

Study selection, data collection and assessment of risk of bias 
(RoB)
Briefly, original research articles of any study design, published 
in English, in peer- reviewed journals and addressing adults with 
proven SARS- CoV-2 infection treated with one or more immu-
nomodulatory agent were eligible (online supplemental text 

S4). Two reviewers (AA and AN) independently assessed titles 
and abstracts according to the predetermined eligibility criteria, 
followed by full- text review. The agreement between reviewers, 
calculated with the Cohen’s kappa, was 0.95. Discrepancies were 
resolved by discussion. The task force methodologist (PMM) was 
consulted in the case of uncertainties. Data on patient character-
istics, investigated drug administration scheme and comparators 
and outcomes were extracted. The RoB was assessed using vali-
dated tools according to the study design (online supplemental 
text S5). Only the results pertaining to immunomodulatory ther-
apies are presented here.

RESULTS
Of the 60 372 records yielded by the three searches, 700 were 
selected for full- text review and seven additional articles were 
identified by cross- referencing. Of these, 401 articles on 33 ther-
apeutic strategies met the inclusion criteria for the research ques-
tions on immunomodulatory treatment of COVID-19 (online 
supplemental tables S1−S3). Robust evidence was mostly 
available for moderate to severe/critical COVID-19. The best 
evidence available for each compound is shown.

Immunomodulatory therapies with evidence on severe 
(patients on oxygen therapy) or critical (patients in intensive 
care unit (ICU)) COVID-19
Data from RCTs
A total of 39 RCTs, all at high or unclear RoB, evaluating 13 ther-
apeutic approaches in severe/critical COVID-19 were retrieved 
by the SLR (online supplemental table S4).

Glucocorticoids
Efficacy
Of the six RCTs on glucocorticoids in severe/critical COVID-
19, two investigated dexamethasone (DEX) (one at unclear 
and one at high RoB), two investigated methylprednisolone 
(MTP) (one at unclear and one at high RoB) and two investi-
gated hydrocortisone (HCT) (both at unclear RoB). Most of 
the studies included severe and critical patients with between 
15% and 100% of subjects requiring invasive mechanical 
ventilation (IMV).6–11 In one study at high RoB, none of the 
patients needed IMV at enrolment.11 This, along with the 
variability of other inclusion criteria, the use of different 
compounds (eg, long acting vs short acting) and different 
schedule may have contributed to the conflicting results for 
the majority of outcomes in the overall analysis (tables 1 and 
2). Conversely, subgroup analyses revealed positive results 
for two (DEX and MTP) out of three compounds with regard 
to mortality (figure 1). The study from the RECOVERY 
Collaborative Group (unclear RoB) enrolled 6425 patients 
with severe COVID-19 of which 2104 were assigned to 
receive DEX in addition to standard of care (SOC) and 4321 
to receive SOC only.6 The two groups were comparable 
with regard to need of oxygen therapy/non- invasive or IMV 
at randomisation. The addition of DEX to SOC reduced 
mortality but only in patients requiring respiratory support. 
Likewise, the addition of MTP to SOC in a study at unclear 
RoB was able to reduce mortality in patients aged 60 years 
or over.7 HCT failed to show benefit in reducing mortality 
in both studies.9 10 Importantly, the RECOVERY trial also 
reported that in patients not receiving oxygen therapy, DEX 
may have a possible (even if not statistically significant) dele-
terious effect on mortality (OR=1.22, 95% CI 0.93 to 1.61, 
p=0.14).6

https://dx.doi.org/10.1136/annrheumdis-2020-219725
https://dx.doi.org/10.1136/annrheumdis-2020-219725
https://dx.doi.org/10.1136/annrheumdis-2020-219725
https://dx.doi.org/10.1136/annrheumdis-2020-219725
https://dx.doi.org/10.1136/annrheumdis-2020-219725
https://dx.doi.org/10.1136/annrheumdis-2020-219725
https://dx.doi.org/10.1136/annrheumdis-2020-219725
https://dx.doi.org/10.1136/annrheumdis-2020-219725
http://ard.bmj.com/
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The two studies on DEX yielded conflicting results with 
regard to the need of IMV; however, a lack of stratification 
of inpatients with mild to moderate pneumonia receiving 
oxygen therapy did not allow us to untangle the effect of 
DEX in patients requiring a low rate of oxygen (1–2 L/min) 
from the effect in those requiring higher rate (3–15 L/min). 
In addition, the studies on MTP and HCT assessing the need 
of IMV7 10 found no beneficial effect of these compounds. 
One additional study on HCT in patients with COVID-19 
requiring oxygen therapy ≥10 L/min (COVID-19 STEROID) 
emerged from the search of the ‘grey literature’, reporting 
no benefit of HCT on 28- day all- cause mortality.12

Safety
Only one study identified safety concerns related to glucocorti-
coids use in severe COVID-19 with a reported increased insulin 
use at day 7 in patients treated with MTP+SOC compared with 
SOC.7 The other RCTs reported either no difference between 
groups8 or descriptive information without statistical assessment 
of differences (table 3).9–11

Hydroxychloroquine
Efficacy
Of the nine RCTs on hydroxychloroquine (HCQ) in severe COVID-
19, three studies at high RoB did not report any information 
regarding the proportions of patients requiring oxygen therapy/
NIMV/IMV,13–15 two studies reported NIMV/IMV as exclusion 
criterion16 17 and four studies detailed the proportion of enrolled 
patients received either oxygen therapy, NIMV or IMV.18–21 The 
studies assessing mortality,13 16 18–20 three at unclear and one at high 
RoB, agreed that the addition of HCQ to SOC did not provide 
any beneficial effect. As far as clinical severity is concerned, HCQ 
did not reduce the need of IMV,13 16 19 but one RCT at unclear 
RoB demonstrated a higher risk of progression to IMV in patients 
treated with HCQ+SOC compared with SOC only18 (tables 1 and 
2). From the parallel hand search in the ‘grey literature’, we iden-
tified one additional RCT on HCQ that was prematurely discon-
tinued due to inefficacy—the ORCHID trial.22

Safety
Two studies at unclear RoB alerted on safety issues regarding 
HCQ. Overall, more adverse events occurred in the HCQ- 
treated groups. One study reported higher frequency of QTc 
prolongation and elevation in liver enzyme levels in HCQ- treated 
patients.16 The other study reported a greater risk of death in 
HCQ- treated patients, either from non- SARS- CoV-2 infections 
or from cardiac causes, although the incidence of arrhythmias 
was similar across groups.18 It is important to mention that the 
schedule of HCQ in the above- mentioned RCTs was higher 
than that used in rheumatology practice (eg, a stable dose of 
800 mg/day or 800 mg/day for a few days followed by 400 mg/
day). Furthermore, the combination with other drugs that could 
prolongate the QT interval such as azithromycin may account 
for the safety concerns.

Tocilizumab
Efficacy
Three RCTs on tocilizumab (TCZ) at unclear RoB were 
retrieved.23–25 In all studies, NIV/IMV represented an exclu-
sion criterion; however, only the CORIMUNO-19 trial 
excluded also hospitalised patients without need of oxygen 
therapy, focusing only on patients requiring at least 3 L/min 
oxygen therapy. In this regard, the observed mortality at St
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day 28 in the former two RCTs was rather low (2%–5%), 
suggesting that they may have enrolled milder patients than 
CORIMUNO-19. In Stone’s study, 16% of patients did not 
receive oxygen therapy. While Stone et al24 and Salvarani 
et al25 failed to demonstrate any benefit from the addition 
of TCZ to SOC for all the outcomes assessed, the CORI-
MUNO-19 trial demonstrated benefit of adding TCZ to 
SOC with regard to lower progression to NIV, IMV or death, 
although day-28 mortality did not differ between groups.

Two additional RCTs on TCZ were identified in the ‘grey 
literature’. The EMPACTA trial, using the same inclusion 
criteria as CORIMUNO-19, met the composite primary 
outcome of death or IMV at day 28 and was published in The 
New England Journal of Medicine on 17 December 2020.26 
Conversely, the COVACTA trial did not show a benefit in 
terms of clinical improvement or mortality in the overall 
population. Unlike the above- mentioned studies, NIV/IMV 
were not an exclusion criteria in COVACTA, and of note, 

65%–70% of patients were receiving either of the two.27 
However, positive results were reported in a post hoc analysis 
with a significantly lower proportion of patients experiencing 
clinical failure in the subgroup not receiving IMV at randomi-
sation (table 4). In patients recently admitted to ICU within 1 
day, the REMAP- CAP study was prematurely stopped because 
of positive results on hospital mortality with TCZ (28% for 
TCZ vs 35.8% for controls) and on day 90 survival with TCZ: 
(median HR=1.59 (1.24 to 2.05), probability of superiority of 
TCZ >99.9%) (table 4).28 Lastly, an RCT reporting that TCZ 
was not superior to SOC in improving clinical outcomes at 15 
days was published on 22 January 2021.29

Safety
The safety profile of TCZ was good, with the study by Stone et 
al24 showing fewer serious infections in the TCZ group in spite 
of an increase rate of neutropaenia.

Table 2 Effect of immunomodulatory drugs on invasive and non- invasive ventilation and on oxygen support, assessed by randomised controlled 
trials, in moderate to severe COVID-19 (with oxygen therapy) and in critical COVID-19 (patients in ICU)

Outcome Drug Author, year, ref Study groups Results Risk of bias

Non- invasive 
or invasive 
mechanical 
ventilation

Hydroxychloroquine Cavalcanti et al 202016 SOC+PBO
SOC+HCQ + AZT

No difference between groups HCQ OR 1.77 (95% CI 0.81 to 3.87) HCQ+AZT 
OR 1.15 (95% CI 0.49 to 2.70).

Unclear

Abd- Elsalam et al 
202013

SOC
SOC+HCQ

No difference between groups (4.1% vs 5.2%, p=0.75). High

RECOVERY 202018 SOC
SOC+HCQ

Higher progression to IMV in the HCQ group (risk ratio (RR) 1.14; 95% CI 1.03 
to 1.27).

Unclear

Corticosteroids RECOVERY 20206 SOC+DEX
SOC

Risk of progression to IMV was lower in the DEX group than in SOC group (RR 
0.77; 95% CI 0.62 to 0.95).

Unclear

Jeronimo et al 20207 SOC+MTP
SOC

No difference across groups day 7 hour 2.6 (95% CI 8.6 to 13.6); p=0.654. Unclear

Tomazini et al 20208 SOC+DEX
SOC

6.6 (95% CI 5.0 to 8.2) in the DEX group versus 4.0 ventilator- free days (95% 
CI 2.9 to 5.4) in the SOC group (difference: 2.26; 95% CI 0.2 4.38; p=0.04).

High

Dequin et al 202010 SOC+HCT
SOC+PBO

Of the 16 patients per group without IMV at baseline, 8 (50%) in HCT group 
and 12 (75%) in the PBO group required subsequent intubation.

Unclear

Tocilizumab Hermine et al 2020 
CORIMUNO-1923

SOC+TCZ
SOC

At day 14, 12% (95% CI 28% to 4%) fewer patients needed NIV or MV or died 
in the TCZ group than in the SOC group (24% vs 36%, median posterior HR 
0.58; 90% credible interval 0.33 to 1.00).

Unclear

Stone et al24 SOC+TCZ
SOC+PBO

No difference across groups in the progression to IMV or death. 0.83 (95% CI 
0.38 to 1.81; p=0.64).

Unclear

Anakinra Mariette et al 2020 
CORIMUNO-1930

SOC+ANA
SOC

No difference across groups. The proportion of patients dead or in need of NIV 
or IMV on day 14. (47%, vs 51%, HR 1.0 (0.6–1.5).

Unclear

Ruxolitinib (RUXO) Cao et al 202036 SOC+RUXO SOC 
+100 mg vitamin C

No difference between groups in the need of NIV or IMV and if needed in the 
duration (p=0.633 and p=0.232).

High

Interferon (IFN) beta Davoudi- Monfared et 
al 2020, Rahmani et al 
202033 34

SOC+IFN beta SOC No difference between groups in the need of MV and if needed in the 
duration.

High

Monk et al 202035 SOC+IFN beta PBO 
+SOC

No significant difference between treatment groups in the odds of intubation 
or the time to intubation.

Unclear

IVIg Tabarsi et al 202040 SOC+IVIg SOC No difference in need for IMV (p=0.39) (n=21 IVIG vs n=10 control group). High

Baricitinib Kalil et al 202031 BARI+RDV+ SOC. 
PBO+RDV+SOC

The incidence of progression to death or NIV or MIV was lower in the 
RDV+BARI (22.5% vs 28.4%; rate ratio: 0.77; 95% CI 0.60 to 0.98), as was 
the incidence of progression to death or MIV (12.2% vs 17.2%; rate ratio 0.69; 
95% CI 0.50 to 0.95).

Unclear

Oxygen support Hydroxychloroquine Cavalcanti et al 202016 SOC+PBO
SOC+HCQ + AZT

No difference between groups
HCQ+AZT OR 1.10 (95% CI 0.60 to 2.03) HCQ OR 1.19 (95% CI 0.65 to 2.21).

Unclear

Tocilizumab Stone et al 202024 SOC+TCZ
SOC+PBO

The median time to discontinuation of supplemental O2 was 5.0 days (95% CI 
3.8 to 7.6) in the TCZ group and 4.9 days (95% CI 3.8 to 7.8) in the placebo 
group (p=0.69). No difference across groups.

Unclear

Interferon beta 1a Davoudi- Monfared et 
al 2020, Rahmani et al 
202033 34

IFN beta+SOC SOC No difference between groups. High

Only studies reporting on the corresponding outcomes are shown.
AZT, azithromycin; BARI, baricitinib; DEX, dexamethasone; HCQ, hydroxychloroquine; HCT, hydrocortisone; ICU, intensive care unit; IFN, interferon; IMV, invasive mechanical ventilation; MTP, 
methylprednisolone; NIV, non- invasive ventilation; PBO, placebo; RDV, remdesivir; RR, relative risk; RUXO, ruxolitinib; SOC, standard of care; TCZ, tocilizumab.
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Anakinra
Efficacy
One RCT assessed anakinra in patients with COVID-19 
requiring at least 3 L/min oxygen therapy (CORIMUNO-19) 
and was published online in The Lancet Respiratory Medicine on 
22 January 2021.30 The addition of the drug to SOC failed to 
improve survival without NIV (including high- flow oxygen) or 
IMV at day 14 or survival at day 90.

Safety
From a safety perspective, there was a numerical increase of 
serious infections in the anakinra group.

Baricitinib
Efficacy
At present, the only RCT available on baricitinib in SARS- CoV-2 
infection compared remdesevir+baricitinib versus remdese-
vir+placebo.31 Patients receiving remdesevir+baricitinib had a 
median time to recovery of 7 days, as compared with 8 days 
in the remdesevir+placebo group (rate ratio for recovery: 1.16; 
95% CI 1.01 to 1.32; p=0.03), which is statistically significant 
but clinically probably not meaningful, except in the subgroup 
of patients with a baseline NIV (including high flow oxygen) in 
whom median time to recovery was 10 days with the combina-
tion therapy, as compared with 18 days in the remdesivir only 
control group (rate ratio for recovery: 1.51; 95% CI 1.10 to 
2.08). It is important to note that the global mortality in the 
ACTT-2 trial was lower (around 5%) than in other trials like 
the RECOVERY DEX trial (around 20%) that might explain 

the modest effect size observed in ACTT-2. Interestingly, the 
ACTT-4, evaluating the combination of baricitinib and remde-
sivir compared with DEX and remdesivir is currently ongoing.32

Safety
The incidence of adverse events was similar in the two treatment 
groups.

Other immunomodulatory drugs
Efficacy
The SLR yielded three publications on two RCTs on inter-
feron (IFN) beta,33–35 one on the Janus kinase inhibitor 
ruxolitinib,36 one on anti- C5a vilobelimab,37 one on colchi-
cine,38 two on IVIg39 40 and three on convalescent plasma.41–43 
The studies on vilobelimab and colchicine were at unclear 
RoB, while all the others were at high RoB. The studies on 
IFN- beta provided conflicting results on mortality and other 
clinical outcomes (tables 2 and 3).33–35 No differences on 
mortality or in the need of IMV were observed in patients 
treated with ruxolitinib,36 while IVIg reduced mortality in 
hospitalised patients requiring NIMV/IMV.39 The addition 
of colchicine to SOC allowed a larger number of patients 
to achieve cumulative event- free 10- day survival, using a 
composite outcome including mortality or need of IMV, 
and a lower number of patients displayed clinical deteriora-
tion.38 However, patients with a slightly milder phenotype 
not requiring IMV were enrolled. On 24 January 2021 the 
results of the large COLCORONA trial have been released 
highlighting that colchicine reduced hospitalisation, use 

Figure 1 Forest plots showing the risk ratio (RR) and 95% CI for mortality in randomised controlled trials divided by intervention. The latest follow- 
up available is reported in the timing column. Panel A shows RRs in overall cohorts, panel B shows overall cohorts and subgroup analysis in studies 
assessing glucocorticoids and panel C shows all studies on tocilizumab (including grey literature).

http://ard.bmj.com/
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of ventilation and mortality.44 Vilobelimab was not effec-
tive on any of the outcomes assessed (table 4). All studies 
on convalescent plasma failed to show any efficacy on 
28- day mortality, progression to severe disease42 or clinical 
improvement at 2841 or 3043 days. On the day of submission 
of this article, a press release announced that the phase III 
RUXCOVID study evaluating ruxolitinib+SOC compared 
with placebo+SOC in patients with COVID-19 did not meet 
its primary endpoint of reducing the number of hospitalised 
patients with COVID-19 who experienced severe complica-
tions (death, mechanical ventilation or ICU care).45 Finally, 
a press release on 2 July 2020 reported the failure of a phase 
III trial assessing sarilumab in critical patients (requiring 
IMV) with COVID-19,46 while in the above- mentioned 
REMAP- CAP study (grey literature) assessing TCZ and 

sarilumab demonstrated efficacy of the latter in improving 
survival and other outcomes.28

Safety
Ruxolitininb and vilobelimab and convalescent plasma 
showed a good safety profile. Conversely, data were 
conflicting for IFN- beta, not reported for IVIg and worse 
safety profile for colchicine since authors highlighted 
a higher frequency of diarrhoea in colchicine- treated 
patients.

Data from prospective or retrospective controlled studies
Prospective controlled studies were identified as best avail-
able evidence for eight therapeutic strategies, three of which 

Table 3 Safety of immunomodulatory drugs assessed by randomised controlled trials in moderate- to- severe COVID-19 (with oxygen therapy) and 
in critical COVID-19 (patients in ICU)
Drug Author, year Study groups Results RoB

Hydroxychloroquine Cavalcanti et al 202016 SOC+PBO
SOC+HCQ+AZT

Prolongation of the corrected QT interval (p=0.04 for HCQ+AZT; p=0.01 for HCQ) 
and elevation of liver enzyme p=0.02.
More SAE and two deaths in HCQ+AZT groups.

Unclear

RECOVERY 202018 SOC
SOC+HCQ

HCQ group: greater risk of death from cardiac causes (mean (±SE) excess, 0.4±0.2 
percentage points) and from non–SARS- CoV-2 infection (mean excess, 0.4±0.2 
percentage points).

Unclear

Tang et al 202015 SOC
SOC+HCQ

21 (30%) patients HCQ vs 7 (9%) patients PBO. High

Huang et al 202014 SOC+HCQ
SOC

5 patients, 9 AEs in HCQ group, none in control group. High

Self et al 202020 SOC+HCQ
SOC

30 SAEs were reported, including 18 SAEs from 14 patients (5.8%) in the HCQ 
group and 12 serious adverse events from 11 patients (4.6%) in the control group.

Unclear

Ulrich et al 202021 SOC+HCQ
SOC

No difference in AEs between the groups. HCQ was associated with a slight 
increase in mean corrected QT interval, an increased D- dimer, and a trend towards 
an increased length of stay.

High

Corticosteroids Jeronimo et al 20207 SOC+MTP
SOC+PBO

More insulin at day 7 needed in the MTP group.
No more sepsis (but antibiotics in the SOC regimen).

Unclear

Tomazini et al 20208 SOC+DEX
SOC

No difference in AEs between groups. High

Dequin et al 202010 SOC+HCT
SOC+PBO

The proportions of bacteraemia were 6.6% in the hydrocortisone group and 11.0% 
in the placebo group.

Unclear

Edalatifard et al 202011 SOC+MTP
SOC

2 patients in each group (5.8% and 7.1%) showed SAE. High

Angus et al 20209 SOC+HCT
SOC

10 patients (2.6%) with SAE, 9 of whom were in the fixed- dose (n=4) and shock- 
dependent (n=5) HCT groups. Two events (severe neuromyopathy and fungaemia) 
occurred in the fixed- dose hydrocortisone group.

Unclear

Convalescent plasma Simonovich et al 202043 SOC+convalescent plasma
SOC+PBO

No difference in AEs between groups. Unclear

Li et al 202041 SOC+convalescent plasma SOC No difference in AEs between groups. High

Agarwal et al 202042 SOC+convalescent plasma. SOC No difference in AEs between groups. High

Tocilizumab Stone et al 202024 SOC+TCZ
SOC+PBO

Neutropaenia developed in 22 patients in the TCZ group, as compared with only 
one patient in the placebo group (p=0.002), but serious infections occurred in 
fewer patients in the TCZ group (13 (8.1%) vs 14 (17.3%); p=0.03).

Unclear

Hermine et al 2020 
CORIMUNO-1923

SOC+TCZ
SOC

SAE occurred in 20 (32%) patients in the TCZ group and 29 (43%) in the SOC group 
(p = 0.21). Serious infections occurred in 2 (3%) patients in the TCZ group and 14 
(21%) in the control group. Neutropaenia developed in 4 (6%) in the TCZ group 
and 0 in the control group.

Unclear

Colchicine Deftereos et al 202038 SOC+COL
SOC

Diarrhoea was more frequent in the colchicine group (25 patients(45.5%) versus 
nine patients (18.0%); p = 0.003).

Unclear

Ruxolitinib Cao et al 202036 SOC+RUXO
SOC

No differences between groups 15 patients (71.4%) PBO group and 16 (80%) in 
RUXO group.

High

Interferon beta Davoudi- Monfared et al 2020, 
Rahmani et al 202033 34

SOC+IFN beta SOC No differences between groups (all p>0.05). A total of 47 common AEs in the IFN 
and 62 in the control group.

High

Monk et al 202035 SOC+IFN beta PBO+SOC Treatment emergent AEs were more common in the IFN group. Unclear

Vilobelimab Vlaar et al37 SOC+VIL SOC Numbers of SAE were similar between groups (60% of patients in the IFX-1 group 
vs 47% in the control group).

Unclear

Baricitinib Kalil et al 202031 BARI+RDV+ SOC 
PBO+RDV+SOC

No difference in AEs between groups. Unclear

Only studies reporting on safety are shown.
AE, adverse event; AZT, azithromycin; COL, colchicine; DEX, dexamethasone; HCQ, hydroxychloroquine; HCT, hydrocortisone; IFN, interferon; MTP, methylprednisolone; MV, mechanical ventilation; PBO, placebo; RR, 
relative risk; RUXO, ruxolitinib; SAE, severe adverse event; SE, standard error; SOC, standard of care; TCZ, tocilizumab; VIL, vilobelimab.

http://ard.bmj.com/
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using a combination of two immunomodulatory drugs (online 
supplemental table 5).

Glucocorticoids+TCZ
Efficacy
Three studies assessed this therapeutic strategy.47–49 Ramiro et 
al47 enrolled patients requiring any kind of oxygen support, 
reporting that the proportion of patients receiving IMV was 
higher in the cohort of patients treated with SOC versus those 
receiving TCZ (15% vs 1%). The treatment protocol included 
sequential MTP and TCZ, the latter added if lack or clinical 
response to MTP within 2–5 days. Historical control groups 
were identified among patients referred to the same centre 
in the previous month and receiving SOC only. Significant 
positive effects were observed in the TCZ+MTP group with 
regard to mortality, IMV, oxygen support, clinical improve-
ment and time to discharge. Of note, day-28 mortality rate in 
the control group was high (48%).

Likewise, Sanz Herrero et al49 compared patients receiving 
TCZ either monotherapy or in combination with MTP and 
reported that combination therapy was superior to mono-
therapy in reducing the risk of death. On the contrary, Gupta 
et al50 reported that the association between TCZ treatment 
and mortality was similar in patients having received or not 
glucocorticoids on ICU admission (HRs (95% CI) 0.68 (0.46 
to 0.99) and 0.71 (0.53 to 0.96)), respectively.

Safety
One study at unclear RoB reported that although the overall 
rate of adverse events was comparable in the treatment 
groups, there was a trend towards more pulmonary embolism 
in the TCZ+glucocorticoids group (p=0.059). Arrhythmias 
occurred less frequently, although not significantly, in the 
TCZ+glucocorticoids group (p=0.265).47

Glucocorticoids+baricitinib
Efficacy
The combination of baricitinib and glucocorticoids added to 
SOC was assessed in a study at high RoB.51 Patients with severe 
COVID-19, half of which were receiving NIV (IMV was an 
exclusion criterion) received three consecutive days of pulse 

MTP therapy (80, 125 or 250 mg/day) followed by prednisone 
at a starting dose of 30 mg/day tapered until discontinuation 
within 7–10 days. Those receiving only MTP were compared 
with those receiving also baricitinib from day 3 (2 or 4 mg/day), 
and the combination therapy (regardless of the baricitinib dose) 
was linked to more pronounced clinical improvement, a lower 
use of supplemental oxygen both at discharge and 1 month later 
was compared with MTP+SOC.

Safety
A number of adverse events occurred in the two treatment 
groups, including infectious and cardiac adverse events, but the 
authors did not flag any specific scenario attributable to barici-
tinib. Of particular interest, occurrence of venous thromboem-
bolism, a class warning for JAK inhibitors, was similar in the two 
treatment groups.

Other immunomodulatory drugs
A few small prospective studies at variable RoB evaluated mavrili-
mumab,52 lenzilumab,53 eculizumab,54 sarilumab,55 recombinant 
human IL-756 and the combination of ruxolitinib+eculizumab,57 
ruxolitinib+glucocorticoids58 and cyclosporin+glucocorti-
coids.59 However, none of them provided solid positive results.

One retrospective controlled study of infliximab at high 
RoB showed comparable mortality rate and need of IMV in 17 
patients with COVID-19 treated with SOC versus seven patients 
receiving infliximab in addition to SOC. In the ‘grey literature’, 
we came across other ongoing studies with infliximab (ACTIV-1: 
NCT04593940 and CATALYST: ISRCTN40580903) and adali-
mumab (AVID- CC: ISRCTN33260034).60 One retrospective 
study explored anakinra in combination with glucocorticoids 
reporting a possible benefit in reducing mortality.61

Data from non-controlled studies
Canakinumab was evaluated in one retrospective non- controlled 
study and one case report,62 63 tesidolumab was assessed in one 
retrospective study64 and itolizumab was assessed in a prospec-
tive non- controlled study.65 These studies showed favourable, 
although very preliminary results, that required to be confirmed 
in controlled studies.

Table 4 ’Grey literature’ concerning randomised controlled trials

Drug Study name Author, year Study groups Efficacy Safety Risk of bias

Tocilizumab REMAP- CAP Gordon et al 2020 SOC*
SOC* +TCZ
SOC* +SARI

Compared with control, median adjusted ORs for 
hospital survival were 1.64 (95% CrI 1.14, 2.35) 
for TCZ and 2.01 (95% CrI 1.18 to 4.71) for SARI. 
TCZ and SARI were effective across all secondary 
outcomes, including 90- day survival, time to ICU 
and hospital discharge and improvement in the 
WHO ordinal scale at day 14.

Nine serious adverse events reported in the 
TCZ group including one secondary bacterial 
infection, five bleeds, two cardiac events and 
one deterioration in vision. Eleven serious 
adverse events in the control group, four 
bleeds and seven thromboses. No serious 
adverse events in the SARI group.

Unclear

TCZ COVACTA Rosas et al 2020 SOC† +PBO
SOC† +TCZ

No difference between groups in mortality at 
day 28 between TCZ (19.7%) and PBO (19.4%) 
(difference, 0.3% (95% CI −7.6 to 8.2); nominal 
p=0.94).
Post hoc analysis on patients not on IMV: Among 
patients not receiving MV at randomisation, less 
patients in the TCZ group experienced any clinical 
failure at day 28 compared with PBO (29% vs 
42.2%) HR 0.614; 95% CI 0.40 to 0.94; nominal 
p=0.03).

Serious adverse events occurred in 34.9% of 
295 patients in the TCZ arm and 38.5% of 143 
in the PBO arm.

Unclear

*Standard care of each recruiting site. Since participants could be randomised to other interventions within other domains, depending on domains active at the site, patient eligibility and consent 
(see www.remapcap.org). Randomisation to the corticosteroid domain for COVID-19 closed on 17 June 2020.12 Thereafter, corticosteroids were allowed as per recommended standard of care.
†Standard care per local practice (antiviral treatment, low- dose steroids, convalescent plasma and supportive care) was permitted; however, concomitant treatment with another investigational 
agent (except antivirals) or any immunomodulatory agent was prohibited.
AE, adverse event; AZT, azithromycin; COL, colchicine; CrI, credibility interval; DEX, dexamethasone; HCQ, hydroxychloroquine; HCT, hydrocortisone; ICU, intensive care unit; MTP, 
methylprednisolone; PBO, placebo; RUXO, ruxolitinib; SAE, severe adverse event; SARI, sarilumab; SE, standard error; SOC, standard of care; TCZ, tocilizumab.

https://dx.doi.org/10.1136/annrheumdis-2020-219725
https://dx.doi.org/10.1136/annrheumdis-2020-219725
http://www.remapcap.org)
http://ard.bmj.com/
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Table 5 Effect and safety of immunomodulatory drugs assessed in mild COVID-19 (without oxygen support)
Outcome Drug Author, year (ref) Study design Study groups Results Risk of bias

Mortality Hydroxychloroquine Lyngbakken et al 202078 RCT SOC+HCQ
SOC

No difference between groups. High

Ulrich et al 202021 RCT SOC+HCQ
SOC

No difference between groups at day 14 for the composite 
criteria (death, ICU admission, mechanical ventilation, 
extracorporeal membrane oxygenation and/or vasopressor 
use).

High

Baricitinib Bronte et al 202074 Prospective SOC+BARI
SOC

1/20 (5%) in BARI group versus 25/56 (45%) SOC group 
(p<0.001).

High

IFN alpha Wang et al 202071 Prospective SOC+IFN alpha- 2b
SOC

None of the patients died in any group. High

Discharge/Time to 
Hospital Discharge

Hydroxychloroquine Lyngbakken et al 202078 RCT SOC+HCQ
SOC

No difference between groups p by log- rank test=0.71. High

Baricitinib Cantini et al 202073 Prospective SOC+BARI
SOC

Discharge at week 2 occurred in 58% (7/12) of the BARI- 
treated patients versus 8% (1/12) of controls (p=0.027).

High

Leflunomide Wang et al 202069 RCT SOC+LEF
SOC

No difference between groups 29.0 (IQR 19.3–47.3) days 
versu 33.0 (IQR 29.3–42.8) days p=0.170.

High

IFN alpha Wang et al 202071 Prospective SOC+IFN alpha- 2b
SOC

Shorter time to discharge in the treatment group. Even 
shorter if early intervention.

High

Negative conversion of 
SARS- CoV-2

Hydroxychloroquine Mitja et al 202066 RCT SOC+HCQ SOC No difference across groups day 3 and day 7. Unclear

Chen et al 202017 RCT SOC+HCQ SOC No difference in time to negative PCR at day 14: 5 days 
(95% CI 1 to 9 days) and 10 days (95% CI 2 to 12 days) for 
the HCQ and SOC groups, respectively (p=0.40).

High

Omrani et al 202068 RCT SOC+HCQ SOC No difference across groups
day 6 negative PCR (p=0.821)
HCQ+AZT 16/152 (10.5%), HC 19/149 (12.8%), placebo 
18/147 (12.2%).
Day 14 (p=0.072) HC +AZ 30/149 (20.1%), HC 42/146 
(28.8%), placebo 45/143 (31.5%).

High

Leflunomide Hu et al 202070 RCT SOC+LEF
SOC

5 days LEF versus 11 days control group (p=0.046). High

Wang et al 202069 RCT SOC+LEF
SOC

No difference between groups
HR for negative RT- PCR, 0.70; (95% CI 0.391 to 1.256; 
p=0.186).

High

IFN alpha Wang et al 202071 Prospective SOC+IFN alpha- 2b
SOC

Faster in the treatment group. High

IFN kappa Fu et al 202072 RCT SOC+IFN kappa SOC Significantly shorter time to viral RNA negative conversion 
in IFN group.

Unclear

Treatment emergent AEs Hydroxychloroquine Mitjà et al 202066 RCT SOC+HCQ
SOC

AE in SOC 16/184 (8.7%)<121/169 (72.0%) in HCQ group. Unclear

Skipper et al 202067 RCT SOC+HCQ
SOC

AEs with HCQ >PBO at day 5 (43% (92 of 212) versus 22% 
(46 of 211); p<0.001). GI symptoms in 31% (66 of 212).

Unclear

Chen et al 202017 RCT SOC+HCQ
SOC

No SAE reported. Grades 1 and 2 HCQ- related adverse 
events included headache (21.1%), dizziness (5.3%), 
gastritis (5.3%), diarrhoea (5.3%), nausea (5.3%) and 
photophobia (5.3%).

High

Omrani et al 202068 RCT SOC+HCQ
SOC

No SAE. No association (p=0.708) between study group 
and development of pneumonia, which was diagnosed 
in seven participants (1.5%): three (2.0%) in the HC+AZ 
group, one (0.7%) in the HC group and three (2.0%) in the 
placebo group.

High

Ulrich et al 202021 RCT SOC+HCQ
SOC

No difference in AEs between the groups. HCQ was 
associated with a slight increase in mean corrected QT 
interval, an increased D- dimer and a trend towards an 
increased length of stay.

High

Leflunomide Hu et al 202070 RCT SOC+LEF
SOC

ALT and AST reversibly increased LEF group (p=0.049 and 
p=0.176, respectively).

High

Wang et al 202069 RCT SOC+LEF
SOC

No difference in AEs between the groups. High

Tocilizumab Zhao et al 202075 RCT SOC+favipiravir
SOC+favipiravir +TCZ

Nine adverse reactions were reported in the combined 
treatment group, and two adverse reactions were reported 
in the favipiravir group and the TCZ group, respectively.

High

Baricitinib Cantini et al 202073 Prospective SOC+BARI
SOC

No SAEs. 1 patient with transaminases elevation in the 
BARI group.

High

Bronte et al 202074 Prospective SOC+BARI
SOC

No SAEs. High

IFN alpha Wang et al 202071 Prospective SOC+IFN alpha- 2b
SOC

No difference in AEs between the groups. High

IFN kappa Fu et al 202072 RCT SOC+IFN kappa SOC No SAEs. Unclear

Only studies reporting on the corresponding outcome are shown.
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AZT, azithromycin; BARI, baricitinib; COL, colchicine; DEX, dexamethasone; GI, gastrointestinal; HCQ, hydroxychloroquine; HCT, 
hydrocortisone; IFN, interferon; LEF, leflunomide; MTP, methylprednisolone; PBO, placebo; RT- PCR, real time PCR; RUXO, ruxolitinib; SAE, severe adverse event; SAEs, serious adverse events; SE, standard error; SOC, 
standard of care; TCZ, tocilizumab.
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Immunomodulatory therapies with evidence on mild 
COVID-19 (without oxygen therapy)
Six immunomodulatory strategies were assessed in RCTs at 
high or unclear RoB enrolling patients with mild to moderate 
COVID-19 (table 5).

Hydroxychloroquine
Efficacy
Five RCTs evaluated HCQ in mild to moderate COVID-
19,17 21 66–68 but none of them demonstrated any benefit with 
the addition of this drug to SOC (including in milder non- 
hospitalised patients.66 67

Safety
In line with what was reported from studies in severe COVID-
19, the RCTs enrolling mild to moderate COVID-19 highlighted 
safety concerns for HCQ since a higher number of adverse events 
were observed in the HCQ- SOC group compared with SOC.

Other immunomodulatory drugs
Two small RCTs at high RoB reported on leflunomide.69 70 One 
study observed no difference in length of hospital stay,69 while 
conflicting results were reported by both studies with regard to 
a possible effect on negative conversion of SARS- CoV-2. Safety 
concerns were raised by one of the studies with increased liver 
enzymes in leflunomide- treated patients.70

IFN- alpha71 and IFN- kappa72 reduced the time to negative 
conversion of SARS- CoV-2 in two studies. Two prospective 
studies on baricitinib at high RoB provided conflicting results 
for every assessed outcome and only agreed on the fact that addi-
tion of baricitinib to SOC did not worsen the safety profile of 
the therapeutic strategy.73 74 One small study evaluated TCZ+-
favipavir demonstrating positive effects on lung inflammation.75

DISCUSSION
Our SLR has shown that despite the large bulk of articles inves-
tigating several immunomodulatory drugs for the treatment of 
SARS- CoV-2 infection, most studies are at high or unclear RoB, 
and robust evidence on efficacy is available only for a few drugs 
and for a low number of outcomes. In particular, data from RCTs 
showed that the addition of HCQ to SOC was not beneficial at 
any stage of SARS- CoV-2 infection, while glucocorticoids may 
reduce mortality in some subgroups of patients with moderate, 
severe or critical COVID-19. The latter evidence is mainly 
driven by the large RECOVERY trial.6 Regarding TCZ, three 
available RCT were positive, but three other RCTs are negative. 
Thus, TCZ could have a place in some specific subgroups that 
remain to be determined.23 76

The SLR identified a number of pitfalls that prevented the 
comparison of retrieved studies and constrains results interpre-
tation. First, heterogeneity of inclusion criteria even in studies 
claiming to assess the same patient subgroup (eg, severe COVID-
19) was often observed. In fact, various parameters, such as the
partial pressure of oxygen (PaO2)/fractional inspired oxygen 
ratio, C reactive protein level and peripheral oxygen saturation 
to cite a few, with different cut- off values, have been used to clas-
sify patients contributing to a relevant selection bias. We tried to 
overcome this issue and harmonise the presentation of results 
using a framework inspired by one the WHO scales.77

In RCTs, the definition of ‘standard of care’ was also highly 
variable making data interpretation difficult. Every immuno-
modulatory drug that has been assessed was added on top of 
SOC and compared (with a few exceptions) with SOC alone. 

However, in COVID-19, SOC changed rapidly, and the 
approaches recommended as SOC in March 2020 were not the 
same as in the subsequent months. Moreover, other factors such 
as local/national regulations or recommendations, criteria for 
hospital admission/IMV or differing drug availability increased 
study variability even if published within the same timeframe. 
In addition, in some studies, the treatment, including glucocorti-
coids, interferon or other immunomodulatory drugs, was left at 
the discretion of the treating physician, meaning that a subgroup 
of the intervention group could receive other drugs in a non- 
standardised manner, subsequently affecting the interpretability 
of the results.

In prospective observational studies, the main pitfall was that 
the control groups were often historical and thus not comparable 
with the studied group, even if adjusted for baseline character-
istics, given the rapid evolution in the treatment of the disease. 
Finally, yet importantly, study outcomes along with the timing of 
their assessment largely varied across studies.

In conclusion, this SLR informed the EULAR initiative to 
formulate PtC on COVID-19 pathophysiology and immuno-
modulatory therapies. However, the results of the present SLR 
also underscored the need of RCTs with standardised inclusion 
criteria and outcomes in order to robustly elucidate the effect 
of immunomodulatory drugs at different stages of SARS- CoV-2 
infection and ultimately improve the care and prognosis of 
affected people. Another important aspect to be further explored 
is the identification of factors predicting efficacy of the selected 
drug(s) in a specific population.
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Table 1 Demographic and clinical features of rheumatological and 
oncological patients

Rheumatological 
patients
n=202

Oncological 
patients
n=68

Female sex, n (%) 106 (39) 30 (44)

Age (years), n (%)

 18–24 5 (2) 0

 25–54 83 (41) 12 (18)

 55–64 45 (22) 21 (31)

 >65 69 (34) 35 (51)

Education, n (%)

 None 2 (1) 0

 Primary school 9 (4) 4 (6)

 Middle school 54 (27) 12 (18)

 High school 95 (47) 32 (47)

 College/university 36 (18) 17 (25)

 Post- graduate degree 6 (3) 3 (4)

Disease, n (%)

 Rheumatoid arthritis 52 (26) –

 Psoriatic arthritis 27 (13) –

 Ankylosing spondylitis 11 (5) –

 Sjogren’s syndrome 13 (6) –

 Systemic lupus erythematosus 8 (4) –

 Systemic sclerosis and inflammatory  
myositis

25 (12) –

 UCTD 5 (2) –

 ANCA vasculitis and  
cryoglobulinemia

10 (5) –

 Polymyalgia rheumatica and giant cell  
arteritis

19 (10) –

 Takayasu’s arteritis 8 (4) –

 Adult onset Still’s disease 8 (4) –

 IgG4- related disease 7 (3) –

 Other rare diseases* 10 (5)

 Lung cancer – 15 (22)

 Brain cancer – 4 (6)

 Gastrointestinal cancer – 33 (49)

 Genital cancer – 2 (3)

 Breast cancer – 14 (21)

Treatment, n (%)

bDMARDs/tsDMARDs 98 (49) –

 TNF- alpha inhibitors 29 (14) –

 Interleukin-6 inhibitors 10 (5) –

 Rituximab 17 (8) –

 Interleukin-17 inhibitors 12 (6) –

 Interleukin-1 inhibitors 6 (3) –

 JAK- inhibitors 16 (8) –

 Others† 6 (3) –

csDMARDs 120 (59) –

 Methotrexate 64 (32) –

 Hydroxychloroquine 25 (12) –

 Mycophenolate mofetil 15 (7) –

 Leflunomide 12 (6) –

 Others‡ 7 (3) –

Chemotherapy – 47 (69)

Radiotherapy – 2 (3)

Immune checkpoint- inhibitors – 16 (23)

Glucocorticoids 57 (28) 7 (10)

*Rare diseases: Behçet’s disease (n=4), Cogan’s syndrome (n=1), Erdheim- Chester disease (n=2), 
relapsing polychondritis (n=1), sarcoidosis (n=2).
†Other bDMARDs/tsDMARDs: abatacept (n=1), apremilast (n=2), belimumab (n=2), mepolizumab 
(n=2).
‡Other csDMARDs: azathioprine (n=3), cyclosporine (n=3), tacrolimus (n=1).
.ANCA, anti- neutrophil cytoplasmic antibody; bDMARD, biological disease- modifying antirheumatic 
drug; csDMARD, conventional synthetic disease- modifying antirheumatic drug; tsDMARD, targeted 
synthetic disease- modifying antirheumatic drug; UCTD, undifferentiated connective tissue disease.

Potential acceptance of COVID-19 vaccine in 
rheumatological patients: a monocentric 
comparative survey

Similarly to the general population, advanced age, comorbidities 
and chronic glucocorticoid treatment (≥10 mg/day prednisone- 
equivalent) have been identified as negative prognostic factors 
for COVID-19 also in rheumatological patients.1 2Unfortunately, 
until today, the only effective recommended strategy to reduce 
the rate of SARS- CoV-2 infection in rheumatological patients has 
been the application of preventive life- style measures, such as 
social distancing and the use of personal protective equipment.3 
Hopefully, the recently approved COVID-19 vaccines will revo-
lutionise our approach to the pandemic.4 Although the details of 
the COVID-19 vaccination plan are yet to be defined in most EU 
countries, it is expected that rheumatological patients, together 
with other groups of patients suffering from chronic diseases, 
will be considered a priority group.5

To investigate the likelihood of COVID-19 vaccine accep-
tance, we performed a survey in a cohort of consecutive rheu-
matological patients followed up at our tertiary referral centre 
in Milan, Italy. A cohort of patients with neoplastic diseases 
followed up at the Oncologic Department of the same Insti-
tution was included as comparator. All patients provided their 
informed consent for the use of their anonymous data. The 
details of the self- administered questionnaire are available as an 
online supplemental material.

Between 23 November and 11 December 2020, a total of 202 
rheumatological patients and 68 oncological patients answered 
to the questionnaire. Table 1 summarises their main demographic 
and clinical features. Overall, 222 (82%) patients declared to 
be willing to receive COVID-19 vaccine, with no differences 
between the two groups: 88 rheumatological (44%) and 26 
oncological (38%) patients clearly expressed their willingness 
(p=0.48), while 74 rheumatological (37%) and 34 oncological 
(50%) patients gave an affirmative answer provided a recom-
mendation by the treating physician (p=0.06). The propor-
tions of patients openly opposed or sceptical were also similar 
(17% vs 9%, p=0.12). Interestingly, rheumatological patients 
had a higher mean score at the likelihood visual analogue scale 
(7.37±2.68 vs 6.63±2.62, p=0.029). Reasons for declining 
COVID-19 vaccination among rheumatological patients were 
fear of adverse reactions (n=14) and of rheumatic disease wors-
ening (n=3), safety concerns related to the rapidity of vaccine 
production (n=6), doubt on its usefulness (n=1), and a gener-
alised vaccine hesitancy (n=1). When completing the ques-
tionnaire, 25 rheumatological and 2 oncological patients had 
been already diagnosed with COVID-19; nonetheless, a prior 
COVID-19 diagnosis did not influence the vaccination accep-
tance rate (80% in both subgroups). In rheumatological patients, 
among clinical and demographic factors, only a higher level of 
education (college and postgraduate degree 92% vs primary 
and middle school 67%, p=0.01) was associated with a greater 
willingness to get vaccinated. Of interest, concomitant therapies 
did not correlate with the desire of getting vaccinated. Finally, 
in both groups, patients who joined 2020 influenza vaccine 
campaign were keener to get COVID-19 vaccination (90% vs 
36%, p<0.01).

Although the small number of patients included, a few 
conclusions can be drawn from this survey. The most reassuring 
data are the majority of our rheumatological patients consider 

http://www.eular.org/
http://ard.bmj.com/
https://dx.doi.org/10.1136/annrheumdis-2020-219811
http://ard.bmj.com/


817Ann Rheum Dis June 2021 Vol 80 No 6

Letters

positively the opportunity of undergoing COVID-19 vaccination 
and have even a higher likelihood score when compared with 
oncological patients. Moreover, even though intrinsic factors 
such as the level of education still play a major determinant role, 
rheumatologists’ recommendations seem to have a fundamental 
positive influence. This is particularly important for patients 
concerned about vaccine- induced rheumatic disease worsening 
who should be reassured that a potential disease flare could be 
adequately treated after vaccination. To date, recommendations 
for COVID-19 vaccination in rheumatological patients are still 
lacking; nonetheless, international societies advise in favour of 
extensive vaccinations in these groups of patients.6 The third 
millennium ‘V- day’ has just happened but several months will be 
needed for a satisfactory coverage. Physicians and patients are 
in urgent need of coordinated national and international local 
awareness campaigns to defeat COVID-19 vaccine scepticism 
and hopefully put an end to this pandemic.
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SARS- CoV-2 antibody response after COVID-19 
in patients with rheumatic disease

The impacts of rheumatic disease and immunosuppression on 
the development of antibodies to SARS- CoV-2 are unknown. A 
study of healthcare workers showed that detectable SARS- CoV-2 
antibodies were associated with reduced risk of SARS- CoV-2 rein-
fection, and the robustness of this neutralising antibody response 
has implications for seroprevalence studies and vaccine efficacy.1 
While disease- modifying antirheumatic drugs (DMARDs) gener-
ally blunt the immune response to pathogens, immunosuppres-
sive medications such as dexamethasone and baricitinib have 
efficacy in reducing the severity of COVID-19.2 3 Additionally, 
tumour necrosis factor inhibition has been proposed as a poten-
tial mechanism for enhancing germinal centre formation and 
antibody production in severe COVID-19.4 Understanding the 
SARS- CoV-2 antibody response after COVID-19 among rheu-
matic disease patients is therefore of particular interest.5

We examined the SARS- CoV-2 antibody response among 
patients with rheumatic diseases and past COVID-19 at the Mass 
General Brigham (MGB) health system in Boston, Massachu-
setts, USA. Patients with COVID-19 confirmed by positive PCR 
testing and rheumatic disease confirmed by electronic health 
record (EHR) review were identified as previously described.6 
We extracted clinically obtained SARS- CoV-2 antibody results 
and other relevant variables from the EHR. This study was 
considered exempt by the MGB Institutional Review Board.

Out of 188 patients with PCR- confirmed COVID-19 and 
rheumatic disease, 13 patients had subsequent SARS- CoV-2 
antibody testing (table 1). Of these, 2 had undetectable anti-
bodies, 1 had variable results and 10 had positive antibodies. 
Of the two patients with negative antibodies, one patient had 
psoriatic arthritis treated with leflunomide and prednisone and 
had an uncomplicated COVID-19 course. The other patient 
had antineutrophil cytoplasmic antibody- associated vasculitis 
on rituximab, azathioprine and prednisone. This patient had 
negative SARS- CoV-2 antibodies between 28 and 216 days 
after COVID-19 and had a complicated course requiring inten-
sive care unit admission. One patient with antiphospholipid 
syndrome on prednisone, cyclophosphamide, rituximab and 
eculizumab had initial positive antibodies 28 to 87 days after 

http://orcid.org/0000-0001-6806-3794
http://orcid.org/0000-0002-5440-2078
http://orcid.org/0000-0002-7428-315X
http://orcid.org/0000-0001-6806-3794
http://orcid.org/0000-0002-5440-2078
http://orcid.org/0000-0002-7428-315X
http://dx.doi.org/10.1038/s41584-020-00562-2
http://dx.doi.org/10.1038/s41586-020-2521-4
http://dx.doi.org/10.1001/jama.2020.6130
http://dx.doi.org/10.1056/NEJMoa2034577
http://dx.doi.org/10.1136/annrheumdis-2019-215882
http://dx.doi.org/10.1136/annrheumdis-2019-215882
http://ard.bmj.com/


818 Ann Rheum Dis June 2021 Vol 80 No 6

Letters

Table 1 SARS- CoV-2 antibody test results in rheumatic disease patients with COVID-19 confirmed by PCR

Age, years Sex
Rheumatic disease 
diagnosis

Rheumatic disease 
treatment

Timing of SARS- 
CoV-2 antibody 
test(s) relative 
to first positive 
COVID-19 PCR

SARS- CoV-2 antibody 
test result(s)

COVID-19 
complications

COVID-19 
pharmacologic 
treatment

COVID-19 clinical 
outcome

Negative/variable SARS- CoV-2 antibodies

48 Female Psoriatic arthritis Leflunomide 10 mg daily, 
prednisone 10 mg daily

T+177 days Negative total antibody* None None Fully recovered

62 Female ANCA- associated 
vasculitis

Rituximab 1 g (started T−6 
years, most recent dose T−149 
days), azathioprine 100 mg 
daily, prednisone 7.5 mg daily

T+28 days†
T+71 days
T+111 days
T+216 days

Negative IgG, negative 
IgM‡
Negative total antibody*
Negative total antibody*
Negative total antibody*

Hospitalisation with ICU 
admission
Respiratory failure 
requiring oxygen therapy 
by high flow nasal 
cannula

Hydroxychloroquine,
Remdesivir

Persistent cough (T+238 
days). Oxygen requirement 
resolved by hospital 
discharge.

45 Male Antiphospholipid 
syndrome

Prednisone 15 mg daily, 
cyclophosphamide 250 mg 
daily, rituximab 1 g (started 
T−5 years, most recent dose 
T−11 days), eculizumab 900 mg 
(started and most recent dose 
T−9 days)

T+28 days
T+81 days
T+87 days
T+107 days

Positive IgM, negative 
IgG‡
Positive IgM, positive 
IgG‡
Positive IgM, positive 
IgG‡
Negative total antibody*

Hospitalisation with ICU 
admission
Respiratory failure 
requiring mechanical 
ventilation; circulatory 
shock

Remdesivir, SARS- CoV-2 
antibody cocktail 
(regeneron) (T+145 days)

Death (T+154 days)

Positive SARS- CoV-2 antibodies

26 Female Systemic lupus 
erythematosus

None T+1 hour
T+7 days

Positive total antibody*
Positive total antibody*

Hospitalisation with ICU 
admission
TTP requiring plasma 
exchange and 
glucocorticoids

None Recurrent TTP episode 
(T+58 days)

71 Female Rheumatoid arthritis None T+58 days Positive total antibody* None None Fully recovered

73 Male Psoriatic arthritis Etanercept 50 mg weekly T+60 days Positive total antibody* None None Fully recovered

54 Female Systemic lupus 
erythematosus

Rituximab 720 mg (started 
T−86 days, most recent dose 
T−2 days)

T+60 days IgG positive, IgM not 
performed‡

None None Fully recovered

63 Female Systemic lupus 
erythematosus

Azathioprine 100 mg daily, 
belimumab 720 mg monthly 
(started T−336 days, most 
recent dose T−20 days)

T+88 days Positive total antibody* None None Fully recovered

55 Female Sarcoidosis None T+93 days Positive total antibody* None None Fully recovered

52 Female Rheumatoid arthritis None T+94 days
T+210 days

Positive total antibody*
Positive total antibody*

Hospitalisation without 
ICU admission
Supplemental oxygen by 
nasal cannula

None Fully recovered

68 Female Polymyositis Prednisone 6 mg daily, 
methotrexate 25 mg weekly

T+129 days Positive total antibody* None None Fully recovered

51 Female Neurosarcoidosis Methotrexate 15 mg weekly T+155 days Positive total antibody* None None Fully recovered

72 Female Psoriatic arthritis Methotrexate 25 mg weekly T+203 days Positive total tntibody* Hospitalisation without 
ICU admission; no 
oxygen requirement

None Prolonged fatigue (T+262 
days)

*Measured with the Roche Elecsys assay, which reports the positivity of total SARS- CoV-2 antibody (IgM and IgG) and has 99.5% sensitivity at 14 days after COVID-19 infection.
†T=time zero, defined as the date of the first positive COVID-19 PCR test.
‡Measured with the Viracor Eurofins assay, which reports IgM and IgG antibody positivity to SARS- CoV-2. The sensitivity of the assay is unknown.
ANCA, antineutrophil cytoplasmic antibody; ICU, intensive care unit; PCR, polymerase chain reaction; T, time zero; TTP, thrombotic thrombocytopenic purpura.

COVID-19. However, he had a negative antibody response by 
107 days despite persistently positive PCR testing, phylogenetic 
analysis suggestive of persistent infection and viral evolution, 
and clinical concern for recurrent COVID-19, and he died from 
respiratory failure, as reported elsewhere.5

The remaining 10 patients had detectable SARS- CoV-2 anti-
bodies despite the presence of rheumatic diseases and/or the use 
of immunosuppressive medications, including prednisone, meth-
otrexate, azathioprine, etanercept, rituximab and belimumab. 
The median time between SARS- CoV-2 PCR and antibody 
testing was 91 days (IQR: 60–146 days). Of these 10 patients, 
8 patients had full recovery, 1 patient had persistent fatigue, 
and 1 patient with systemic lupus erythematosus (without prior 
haematologic involvement) had a complicated course with recur-
rent episodes of thrombotic thrombocytopenic purpura.

This case series of rheumatic disease patients with PCR- 
confirmed COVID-19 and clinically obtained SARS- CoV-2 anti-
body testing indicates that the majority of patients (10, 77%) 
developed detectable SARS- CoV-2 antibodies, which is reas-
suring. Three patients had negative or variable SARS- CoV-2 anti-
bodies, and two of these patients had severe COVID-19. Three 
patients were on rituximab; two patients on rituximab for many 

years had undetectable circulating CD19+ B cells and undetect-
able or variable SARS- CoV-2 antibodies, while one patient who 
had recently started rituximab (flow cytometry not available) 
had detectable SARS- CoV-2 antibodies. As tests were obtained 
as part of routine clinical care at a tertiary care centre, general-
isability may be limited, antibody titers and tests for neutralising 
antibodies are not available, and the timing of antibody testing 
relative to SARS- CoV-2 infection is variable. Further studies are 
needed to investigate the effects of specific rheumatic diseases 
and DMARDs on the efficacy and durability of the antibody 
response to SARS- CoV-2.
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PASTUL questionnaire: a tool for self- 
assessment of scleroderma skin during the 
COVID-19 pandemic

COVID-19 pandemic heralds the biggest challenge faced by 
health services worldwide and remote consultations are now 
widely implemented. Evaluation of skin involvement with 

modified Rodnan Skin Score (mRSS) is central in systemic scle-
rosis (SSc) as it is associated with internal organ manifestations 
and mortality, and an increase in mRSS requires attention in 
all SSc subsets.1 To monitor skin activity remotely during this 
pandemic we developed the PASTUL (Patient self- Assessment of 
Skin Thickness in Upper Limb) questionnaire. The questionnaire 
specifies a grading of skin (normal (0), mild (1), moderate (2), 
severely (3) thickened) at eight sites corresponding to mRSS with 
maximum score assigned to each site.2

We evaluated the PASTUL questionnaire on feasibility and 
validity in patients with SSc who had either a remote or face- 
to- face appointment at the Royal Free Hospital London, UK. 
Informed consent was obtained and patient instructions were 
provided.

Scleroderma Skin Patient Reported Outcome (SSPRO),3 
Scleroderma Health Assessment (SHAQ),4 the Scleroderma 
Functional Score (SFS)5 and the mRSS were collected to evaluate 
construct validity. The mRSS was done by an experienced rheu-
matologist without referring to the self- assessed score. Content 
validity was evaluated in a subgroup of patients by scoring rele-
vance, clarity and practical difficulty of the PASTUL question-
naire on a 5- point Likert scale using Surveymonkey software. 
Patients were also asked to do the assessment 2 weeks later and 
to record the time required to complete the self- assessment. 
Data were analysed using SPSS V.25 (IBM). Construct validity 
was evaluated using Pearson’s correlation coefficient. Test–retest 
reliability was estimated using intraclass correlation coefficient 
(ICC). Coefficients were interpreted as follows: 0–0.19=negli-
gible, 0.2–0.39=weak, 0.4–0.59=moderate, 0.6–0.79=strong, 
0.8–1.0=very strong.

Hundred and thirty patients were invited of which 104 
(80%) completed all questionnaires. Mean age of participants 
was 57 years (SD 12), 87% was women, 55 (53%) had limited 
cutaneous systemic sclerosis (lcSSc) and 49 (47%) diffuse cuta-
neous systemic sclerosis (dcSSc). PASTUL was completed by 
patients (86%) or a partner/relative (14%). For characteristics 
see online supplemental table S1. Mean PASTUL score was 11 
(SD 7), SHAQ 1.41 (SD 0.77), SFS 13 (SD 9) and SSPRO 48 
(SD 27). PASTUL strongly correlated with total SSPRO and 
SSPRO subdomain physical limitations (r=0.60 and 0.62, 
respectively). Seventy- eight (75%) patients completed mRSS. 
PASTUL and mRSS total and mRSS of upper limbs were 
moderately correlated (r=0.56 and 0.58, respectively). Table 1 
shows the correlations of PASTUL scores with other outcome 
measures.

Similar approaches have been reported of physician- directed 
mRSS and patients’ assessment of full mRSS.6 Here, we refined 
this approach with a simplified instrument scoring only the 
upper limbs but still demonstrated good correlations with key 
outcome measures. Interestingly, correlation between PASTUL 
and mRSS was stronger in lcSSc compared with dcSSc (r=0.53 
vs 0.43) and when assessed by a partner/relative compared with 
patients themselves (r=0.90 vs 0.54). Test–retest reliability, 
assessed in 21 patients, was excellent (ICC of 0.93, p<0.001). 
Participants (N=21) scored relevance with a mean score of 4.0 
out of 5.0 (SD 1.0), clarity of instructions 4.3 out of 5.0 (SD 0.7) 
and practicability with 4.1 out of 5.0 (SD 0.9). The mean time to 
do the self- assessment was 4 min (SD 3).

As the pandemic continues, we need new ways to assess skin 
in our patients with SSc. Correlations with SSPRO and mRSS 
support usefulness of PASTUL as an outcome measure. More-
over, our questionnaire empowers patients to help us delivering 
safe and effective care. Further research is needed to validate the 
PASTUL questionnaire in other groups, assess responsiveness, 
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Table 1 Correlation of PASTUL score with other scleroderma 
outcome measures

Outcome measure
Pearson’s correlation 
coefficient P value

mRSS 0.56 <0.001

mRSS upper limbs 0.58 <0.001

SHAQ (disease index) 0.38 <0.001

SHAQ VAS scores

 VAS pain 0.28 0.107

 VAS GI 0.10 0.239

 VAS breathing 0.17 0.236

 VAS RP 0.16 0.406

 VAS DU 0.26 0.466

 VAS limitations 0.32 0.026

 SFS 0.25 0.011

 SSPRO 0.60 <0.001

SSPRO subdomains

 Physical effects 0.59 <0.001

 Physical limitations 0.62 <0.001

 Emotional effects 0.48 <0.001

 Social effects 0.42 <0.001

DU, digital ulcers; GI, gastrointestinal; mRSS, modified Rodnan Skin Score; 
PASTUL, Patient Self- Assessment of Skin Thickness in Upper Limb; RP, Raynaud’s 
phenomenon; SFS, Scleroderma Functional Score; SHAQ, Scleroderma Health 
Assessment Questionnaire; SSPRO, Scleroderma Skin Patient- Reported Outcome; 
VAS, Visual Analogue Score.

explore the role partners in assessment of skin and ways to 
implement PASTUL in daily practice.

Julia Spierings    ,1,2 Voon Ong,1 Christopher P Denton    1

1University College London, Centre for Rheumatology and Connective Tissue 
Diseases, Royal Free London NHS Foundation Trust, London, UK
2Department of Rheumatology and Clinical Immunology, Universitair Medisch 
Centrum Utrecht, Utrecht, The Netherlands

Correspondence to Professor Christopher P Denton, University College London, 
Centre for Rheumatology and Connective Tissue Diseases, Royal Free London NHS 
Foundation Trust, London, UK;  c. denton@ ucl. ac. uk

Handling editor Josef S Smolen

Acknowledgements The authors would like to thank the patients who 
participated in this project. JS acknowledges EUSTAR, EULAR and Catharine van 
Tussenbroek Fonds for supporting her fellowship.

Collaborators n/a.

Contributors Study design: all authors. Data collection: JS. Data analysis and 
interpretation: all authors. Statistical analysis: JS. Drafting of manuscript: all authors.

Funding JS is supported by travel awards from EUSTAR, EULAR and the Catharine 
van Tussenbroek Fonds.

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

This content has been supplied by the author(s). It has not been vetted by BMJ 
Publishing Group Limited (BMJ) and may not have been peer- reviewed. Any 
opinions or recommendations discussed are solely those of the author(s) and are 
not endorsed by BMJ. BMJ disclaims all liability and responsibility arising from any 
reliance placed on the content. Where the content includes any translated material, 
BMJ does not warrant the accuracy and reliability of the translations (including but 
not limited to local regulations, clinical guidelines, terminology, drug names and 
drug dosages), and is not responsible for any error and/or omissions arising from 
translation and adaptation or otherwise.

This article is made freely available for use in accordance with BMJ’s website 
terms and conditions for the duration of the covid-19 pandemic or until otherwise 
determined by BMJ. You may use, download and print the article for any lawful, 

non- commercial purpose (including text and data mining) provided that all copyright 
notices and trade marks are retained.

© Author(s) (or their employer(s)) 2021. No commercial re- use. See rights and 
permissions. Published by BMJ.

To cite Spierings J, Ong V, Denton CP. Ann Rheum Dis 2021;80:819–820.

Received 22 December 2020
Revised 11 January 2021
Accepted 19 January 2021
Published Online First 29 January 2021

Ann Rheum Dis 2021;80:819–820. doi:10.1136/annrheumdis-2020-219775

ORCID iDs
Julia Spierings http:// orcid. org/ 0000- 0002- 2546- 312X
Christopher P Denton http:// orcid. org/ 0000- 0003- 3975- 8938

REFERENCES
 1 Clements PJ, Hurwitz EL, Wong WK, et al. Skin thickness score as a predictor and 

correlate of outcome in systemic sclerosis: high- dose versus low- dose penicillamine 
trial. Arthritis Rheum 2000;43:2445–54.

 2 Furst DE, Clements PJ, Steen VD, et al. The modified Rodnan skin score is an accurate 
reflection of skin biopsy thickness in systemic sclerosis. J Rheumatol 1998;25:84–8.

 3 Man A, Correa JK, Ziemek J, et al. Development and validation of a patient- reported 
outcome instrument for skin involvement in patients with systemic sclerosis. Ann 
Rheum Dis 2017;76:1374–80.

 4 Steen VD, Medsger TA. The value of the health assessment questionnaire and special 
patient- generated scales to demonstrate change in systemic sclerosis patients over 
time. Arthritis Rheum 1997;40:1984–91.

 5 Silman A, Akesson A, Newman J, et al. Assessment of functional ability in patients 
with scleroderma: a proposed new disability assessment instrument. J Rheumatol 
1998;25:79–83.

 6 Nagy Z, Bálint Z, Farkas H, et al. Establishment and partial validation of a patient skin 
self- assessment questionnaire in systemic sclerosis. Rheumatology 2009;48:309–14.

http://orcid.org/0000-0002-2546-312X
http://orcid.org/0000-0003-3975-8938
http://orcid.org/0000-0002-2546-312X
http://orcid.org/0000-0003-3975-8938
http://dx.doi.org/10.1002/1529-0131(200011)43:11<2445::AID-ANR11>3.0.CO;2-Q
http://www.ncbi.nlm.nih.gov/pubmed/9458208
http://dx.doi.org/10.1136/annrheumdis-2016-210534
http://dx.doi.org/10.1136/annrheumdis-2016-210534
http://dx.doi.org/10.1002/art.1780401110
http://www.ncbi.nlm.nih.gov/pubmed/9458207
http://dx.doi.org/10.1093/rheumatology/ken490
http://ard.bmj.com/


820 Ann Rheum Dis June 2021 Vol 80 No 6

Letters

.

, 

Rituximab in thrombotic primary 
antiphospholipid syndrome: a pilot study from a 
single centre in China

Antiphospholipid syndrome (APS) is a multisystem disorder 
defined by a combination of arterial and/or venous throm-
bosis, recurrent fetal loss in women and persistent presence of 
antiphospholipid (aPL) antibodies such as lupus anticoagulant 
(LAC), anti-β2- glycoprotein I (anti-β2GPI) and anticardiolipin 
antibodies (aCL).1 APS can occur either in primary condition 
(primary APS, PAPS) or in association with other autoimmune 
diseases (secondary APS).

In terms of the treatment of APS, the first- line therapy 
consists of low- dose aspirin or low- molecular- weight heparin2 
or warfarin, usually it was highly effective, but in a few cases, 
APS may be refractory. So in the recent years, new emerging 
treatments have been used, such as hydroxychloroquine, statins, 
rituximab (RTX), eculizumab and intravenous immunoglobulin.3

RTX is a specific anti- CD20 antibody. Several reports showed 
the efficacy of RTX in APS, even in catastrophic APS,4 or in 
combination with SLE and diffuse alveolar haemorrhage,5 or in 
refractory obstetrical APS.6

In our study, we aimed to describe the efficacy of RTX in six 
patients with thrombotic PAPS in Department of Rheumatology 
and Immunology, Ruijin Hospital, Shanghai, China. All patients 
met the criteria for the classification of APS using the Sydney 
criteria.7 8 The diagnose was confirmed by two qualified rheu-
matologists: JT and CY. They were followed up by the same 
medical team. The consent forms were got from the patients.
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Table 1 Baseline characteristics of the thrombotic patients with PAPS at enrolment

Number Gender

Disease
duration
(months) Clinical manifestations Previous treatments

Anti-β2GPI IgG/
IgM ACL IgG/IgM LAC aGAPSS

1 M 24 Mesenteric venous 
thrombosis

Rivaroxaban / Positive Positive 13

2 M 42 Cerebral infarction Hydroxychloroquine, warfarin, 
cyclophosphamide

/ Positive Positive 13

3 M 41 Pulmonary embolism Prednisone, warfarin, 
clopidogrel

/ Positive Positive 14

4 F 36 Deep venous Thrombosis Prednisone, warfarin Positive Positive Positive 13

5 M 30 Cerebral infarction Hydroxychloroquine, aspirin / Negative Positive 9

6 M 36 Cerebral infarction, deep 
venous thrombosis

Hydroxychloroquine, aspirin Positive Positive Negative 10

ACL, anticardiolipin; aGAPSS, adjusted Global Antiphospholipid Syndrome Score; Anti-β2GPI, anti-β2- glycoprotein I; LAC, lupus anticoagulant.

Figure 1 Efficacy of RTX in 6 patients with thrombotic primary 
antiphospholipid syndrome. aCL, anticardiolipin; aβ2GPI, anti-β2- 
glycoprotein I; LAC, lupus anticoagulant.

Table 1 showed the demographic data and clinical charac-
teristics of six patients. All patients had thrombotic events and 
the adjusted Global APS Score indicated the risk of thrombosis. 
After first- line therapy, 500 mg of RTX was given two times, 2 
weeks apart. To reduce infection, so we used half the dose as 
used in Ioannou’s study.9 All six patients had no thrombosis after 
RTX treatment, which indicated RTX might have an effective 
role in thrombotic PAPS in our centre.

In this pilot study, six patients were followed up from 18 to 
27 months. The level of immunoglobulin was reduced 1 month 
after RTX treatment, in average by 21.00%, 21.05% and 12.8% 
for IgG, IgA and IgM, respectively (figure 1). CD19 and CD20 

were quickly reduced after 1 month, and started to increase 
after 6 months of RTX treatment. The levels of LAC showed 
no significant difference after RTX treatment in four patients; 
however, 20% and 12.5% of reduce was seen in patient 2 and 
patient 4. Up to December 2020, aCL antibodies showed the 
trend of decrease. At baseline, the mean level of aCL IgG was 
135.08 units (range (SD): 100.3–200, (44.27)), but at the last 
visit after RTX treatment, the mean level reduced to 80.75 units 
(range (SD):19.7–145.1, (51.30)) (p=0.046, two- tailed paired 
t- test) . Patient 1 was the only one who was positive for aCL 
IgM at baseline, the level reduced from 80 units to 12.5 units, 
84.38% of reduce was observed. It was in accord with Ioannou’s 
study,9 which showed B cell depletion therapy could result in 
reduction in levels of aCL IgG in patients with systemic lupus 
erythematosus (SLE).

For anti-β2GPI antibodies, in patient 2, after RTX treatment, 
the level of anti-β2GPI IgG reduced from 200 to 150 units. 
Moreover, for anti-β2GPI IgM, at baseline, the level was 31.6 
units; after 2 months, the level was 19.4 units; when follwed up 
to 27 months, the level was undetectable.

Elevated aPL antibodies can bind to phospholipids in cell 
membranes and stimulate the coagulation and the complement 
system in patients with APS. B cell activation is thought to play 
an important role in APS pathophysiology. RTX is an anti- CD20 
monoclonal antibody, which can reduce cytokine secretion 
and autoantibody production by specifically targeting B cells 
expressing CD20.10

The study has several limitations, such as small numbers of 
patients with thrombotic PAPS treated with RTX and this was 
just a pilot study, more high evidence studies were needed such 
as randomised controlled trials.

In conclusion, RTX therapy might be effective in patients 
with thrombotic PAPS and application of RTX in these patients 
contributes to disease remission.
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Treatment adherence behaviours in rheumatic 
diseases during COVID-19 pandemic: a Latin 
American experience

With great interest, we read the recommendations from the 
German Society of Rheumatology regarding the management of 
patients with rheumatic diseases during the COVID-19 pandemic,1 
in line with The American College of Rheumatology recommen-
dations2 of continuing immunosuppressive therapy (IT) despite 
concerns of increased susceptibility to infections, since interrup-
tion might trigger an increase in disease activity associated with 
higher infection risk. Thus, one of the greatest challenges of the 
COVID-19 pandemic for rheumatologists concerns the patient’s 
adherence to treatment. Despite rheumatologists agreeing that IT 
should not be interrupted,1 2 patient’s own beliefs, perceptions and 
information about their disease influence the behaviour towards 
treatment adherence. Late in April, Michaud et al reported that 
patients with rheumatic diseases believed that IT increased their 
risk of contracting COVID-19 and the severity of the disease and 
that stopping IT might reduce that risk,3 which led to an urgent 
request to encourage medication adherence in patients with rheu-
matic diseases.4

However, a recent article in reply to Schulze- Koops et al 
demonstrates that despite the fear of contracting COVID-
19, most patients with rheumatic diseases are not modifying 
their treatment. A survey of 500 patients in Greece, during 
the pandemic period, found that only 2.2% discontinued their 
disease- modifying antirheumatic drugs due to fear of immuno-
suppression significantly associated with chronic obstructive 
pulmonary disease and unemployment.5 To address this concern 
in our population, we conducted an anonymous electronic 
survey to determine treatment adherence behaviours during the 
COVID-19 pandemic, for consecutive patients of the outpatient 
rheumatology clinic in the Hospital Universitario (Monterrey, 
Nuevo León, Mexico), which serves a resource- limited popula-
tion that lack access to health insurance, from five neighbouring 
states. Responses from patients without an autoimmune disease 
as diagnosis, of those who lacked knowledge of their medica-
tion, and duplicates were excluded.

Between the 14 and 25 May, we received 450 responses of which 
105 were excluded. Thus, 345 responses were included for analysis, 
and the results are detailed in table 1. We found that 85% (n=293) 
of patients had not changed their medication schemes and that 
changes in medication schemes were mainly due to lack of avail-
ability (48.1%, n=25), followed by fear of contracting COVID-19 
(25%, n=13). Regarding the patient’s knowledge of medication, 
91.3% (n=355) knew the benefits of their medications, and only 
17.7% (n=61) were unaware of the risks of stopping them.

Our results support findings by Fragoulis et al5 and demon-
strate that only a minority of patients (around 15%) are changing 
medication on concerns of immunosuppression, as compared 
with the results of Michaud et al in which up to 42% of patients 
had some change in their medication.3 Issues in medication supply 
explained changes in 48.1% (25 of 52) of our patients, a higher 
number than those reported by Fragoulis et al (26%, 19/73), 
and Michaud et al (10%, 20/197). With a shortage of antima-
larials being the most frequently reported issue. Patients are not 
changing therapeutic regimes due to concern of COVID-19 but 
because of lack of availability; therefore emphasising that the 
new challenge for the rheumatologists is not only to encourage 
medication adherence but to appeal for the patients to have fair 
and sufficient access to medication.
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Table 1 Survey results

N (%)

Age (years)

 <30 48 (13.9)

 30–60 227 (65.8)

 >60 70 (20.3)

 Female 311 (90.2)

Diseases

 Rheumatoid arthritis 177 (51.3)

 Systemic lupus erythematosus 86 (24.9)

 Primary Sjögren’s syndrome 19 (5.5)

 Axial spondyloarthritis 14(4)

 Psoriatic arthritis 10 (2.9)

 Inflammatory myopathies 8 (2.3)

 Scleroderma 8 (2.3)

 Vasculitis 5 (1.5)

 Other* 18 (5.2)

Indicated treatment

 Synthetic DMARDs 195 (56.5)

 Biologic and target DMARDs 25 (7.2)

 Combined therapy (biologic and synthetic) DMARDs 27 (7.8)

 Chloroquine, hydroxychloroquine 90(26)

 Glucocorticoids 139 (40.3)

 NAIDs 16 (4.6)

Behaviours answers

 Without changes in their indicated medication 286 (82.9)

 Without changes in their indicated medication but thinking of 
suspending

7 (2)

 Change in their medication (dose reduction, periodicity decrease 
or application delay)

22 (6.4)

 Suspension of the indicated medication 17(5)

 Suspension of the indicated medication and restart before the 
survey

13 (3.7)

Changed or suspended treatment

 Synthetic DMARDs 15 (28.8)

 Biologic and target DMARDs 8 (15.3)

 Combined therapy (biologic and synthetic) DMARDs 4 (7.7)

 Chloroquine, hydroxychloroquine 25 (48.1)

 Glucocorticoids 10 (19.2)

 NAIDs 1 (1.2)

Reasons for changes or suspension of their medication

 Lack of availability 25 (48.1)

 Fear of getting sick from COVID-19 13(25)

 Indication of the rheumatologist 4 (7.7)

 Indication of other clinicians 3 (5.8)

 Economic reason 2 (3.8)

 Other 5 (9.6)

Synthetic DMARDs: methotretaxe, leflunomide, sulfasalazine, mycophenolate 
mofetil, azathioprine, cyclophosphamide, tacrolimus. Biologic and target DMARDs: 
certolizumab, adalimumab, golimumab, rituximab, tocilizumab, belimumab, 
abatacept, baricitinib, tofacitinib.
*Other: juvenile idiopathic arthritis, mixed connective tissue disease, 
undifferentiated connective tissue disease, Still disease, primary antiphospholipid 
syndrome.
DMARDs, disease- modifying antirheumatic drugs; NAIDs, non- steroidal anti- 
inflammatory drugs.
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Response to: ‘Treatment adherence behaviours 
in rheumatic diseases during pandemic 
COVID-19: a Latin American experience’ by 
Pineda- Sic et al

With great interest but also some concerns we read the study 
of Dr Pineda- Sic et al1 on treatment adherence of patients with 
inflammatory rheumatic diseases (IRD) during the severe acute 
respiratory syndrome coronavirus 2 (SARS- CoV-2)/COVID-19 
pandemic in Latin America. In an anonymous electronic survey of 
consecutive patients at the rheumatology outpatient clinic of the 
university hospital in Monterrey, Mexico, the authors requested 
information about treatment adherence from patients with IRD. 
From the 345 patients who responded between 14 and 25 May 
2020, 293 (85%) had not changed their medication. Importantly, 
91.3% of all patients indicated that they knew about the benefits 
of their treatment.

These data are reassuring, as current guidelines, for example by 
the German Society of Rheumatology (DGRh eV),2 the European 
League Against Rheumatism3 or the American College of Rheu-
matology,4 for the management of patients with IRD during the 
SARS- CoV-2/COVID-19 pandemic all recommend maintaining 
antirheumatic therapy in patients with IRD as long as the patients 
do not show signs of COVID-19. However, adherence to therapy 
depends on the patients and their individual balance of presumed 
advantage and feared risk. The study by Pineda- Sic et al1 nicely 
demonstrates that patients with IRD regard the benefits of their 
treatment very high. It is, thus, satisfying to note that the patients’ 
perspective of continuous treatment matches well with the conten-
tion of rheumatology experts that interruption of a clinically effi-
cacious therapy in IRD may be associated with an increased risk of 
relapse,5 which could lead to the necessity of intensifying immu-
nosuppressive therapy, possibly beyond the original level.

The concern that Dr Pineda- Sic et al’s1 study raises relates to 
15% of patients who did modify their antirheumatic medication 
and the reasons why they did so. While 25% of the patients who 
changed their medication did so for fear of getting sick from 
COVID-19, 48.1% had to change treatment for lack of availability 
of medication. These observations are calling for two reactions. 
(1) In light of the increasingly apparent fact that patients with IRD 
are not at an increased risk for infection with SARS- CoV-25 or 
severe COVID-196 7 even when treated with biologic or targeted 
synthetic disease- modifying antirheumatic drugs, rheumatologists 
should be encouraged to increase their efforts to educate patients 
with a particular focus on the risk of unjustified discontinuation 
of therapy solely because of fear of infection with SARS- CoV-2. 
(2) National and international rheumatology societies must make 
every effort to ensure continuous supply of medication to their 
patients. In addition to the need to improve the infrastructure of 
the basic supply of drugs in the future, there should also be ethical 
discussion on providing patients with chronic diseases with drugs 
that might prevent infection with SARS- CoV-2 or avoid a severe 
course of COVID-19 in the general public. To prevent patients 
with IRD from suffering from harm due to lack of medical care, 
the use of drugs necessary for patients with IRD in the context 
of the SARS- CoV-2/COVID-19 pandemic should be the exclu-
sive subject of clinical trials. The use of these drugs outside of 
controlled clinical trials does not provide reliable data on their 
relevance in the pandemic and also risks the health of patients, 
for example those with IRD, who depend on the continued use 
of these drugs.
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Glucocorticoid- induced relapse of COVID-19 in 
a patient with sarcoidosis

The COVID-19 pandemic represents a challenge for rheuma-
tologists: how activity of rheumatological diseases or disease- 
modifying therapies may affect the outcome of SARS- CoV-2 
infection is only beginning to be understood. Gianfrancesco 
et al provided important insights in this regard by evaluating 
the hospitalisation rate of 600 patients with rheumatological 
diseases from 40 different countries.1 They found that glucocor-
ticoid treatment in doses equivalent with prednisolone 10 mg/
day or higher was associated with an increased hospitalisation 
rate.

Here, we describe the case of a 50- year- old man who was 
diagnosed with Löfgren syndrome in January 2019 presenting 
with cough, bilateral ankle joint swelling and mediastinal lymph-
adenopathy. ACE (37.3 U/L, normal range <21.4) and soluble 
IL-2 receptor (1445 U/mL, normal range <710) were elevated 
in the serum. The patient was treated with glucocorticoids until 
October 2019 with complete remission of clinical symptoms and 
normalisation of laboratory parameters.

On 12 March 2020, the patient had contact with a person 
who later tested positive for SARS- CoV-2 RNA. One week after 
the SARS- CoV-2 contact, the patient developed fever (38°C) 
and dry cough suggesting SARS- CoV-2 infection. In addition, 
he developed pain in the ankles during night and with exer-
cise. The fever remitted after 4 days, but the joint complaints 
persisted. SARS- CoV-2 RNA was negative in a combined naso-
pharyngeal and oral swab 14 days after contact with the patient 
with COVID-19. Due to persistent pain and swelling in both 
ankles, the patient re- initiated prednisolone treatment at doses 
of 20–30 mg/day on 28 March (16 days after the SARS- CoV-2- 
contact) against medical advice.

On 2 April, 5 days after initiation of prednisolone treatment, 
the patient presented with painful ankles and slight swelling of 
the right ankle. Auscultation revealed slight rales in two- thirds of 
the right lung. Laboratory tests showed an increase of leucocytes 
to 10 800/µL with 9400 neutrophils/µL and a borderline eleva-
tion of ACE in serum (21.9 U/mL, normal range <21.4). C reac-
tive protein and soluble IL2- receptor were normal. Unenhanced 
CT of the chest showed bilateral, peripheral, ill- defined ground- 
glass opacities involving mainly the right lower lobe (figure 1). 
Additional consolidations were present in the right peripheral 

lung base and to a lesser extent in the left lower lobe. There 
were no typical findings for alveolar sarcoidosis- like peribron-
chovascular consolidations.2 The mediastinal lymph nodes were 
normal- sized and showed regression compared with previous CT 
examination from January 2019. Radiologists considered these 
CT changes as highly suspicious for COVID-19 pneumonia.3 
Also, SARS- CoV-2 RNA was weakly positive in a nasopharyn-
geal swab (Ct value 37.9), but clearly positive in an oral swab (Ct 
value 34.7). Prednisolone was discontinued within 2 days and 
treatment with hydroxychloroquine (HCQ) 400 mg/day orally 
was initiated.

The patient had an uneventful course of infection and could 
be dismissed 5 days later, after the SARS- CoV2 RNA was nega-
tive in the nasopharyngeal and oral swabs.

The patient had experienced a symptomatic SARS- CoV-2 
infection with spontaneous clinical improvement. Treatment 
with prednisolone at doses of 20 to 30 mg/day used for sarcoid-
osis and initiated 6 days after clinical remission was associated 
with a virological relapse with detection of SARS- CoV-2 RNA 
in nasopharyngeal and oral swabs and signs of COVID-19–lung 
disease in the CT scan. A de novo SARS-2 infection was unlikely 
due to strict isolation of the patient. Interestingly, COVID-19 
was associated with a relapse of symptoms of sarcoidosis with 
ankle arthritis. Termination of glucocorticoid treatment and 
potentially also the initiation of HCQ treatment led to viral 
clearance. While we cannot fully exclude an initial false- negative 
test, the temporal sequence suggests that glucocorticoid treat-
ment led to relapse of COVID-19, which was terminated after 
stopping glucocorticoids.

Our case supports previous reports, including the data on 
patients with rheumatological diseases by Gianfrancesco et al, 
that glucocorticoids may worsen SARS- CoV-2 infection.1 4 While 
the data of Gianfrancesco et al included 20 patients with sarcoid-
osis, the authors do not provide information regarding their 
individual therapy or outcome of COVID-19. In general, the 
paper does not provide information whether the SARS- CoV-2 
infection in rheumatic patients was first, re- infection or relapse. 
Here, we provide evidence that immunosuppression with gluco-
corticoids may induce relapse of COVID-19 even after initial 
clinical improvement. While more specific immunomodulatory 
therapies may be useful in the treatment of COVID-19,5 non- 
selective, broad- spectrum immunosuppression may impair viral 
clearance and worsen COVID-19.
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Response to: ‘Glucocorticoid- induced relapse of 
COVID-19 in a patient with sarcoidosis’ by 
Györfi et al

We thank Györfi et al for their correspondence.1 The case they 
present demonstrates a potentially important point that was 
reported in our manuscript2: the effect of systemic glucocorti-
coids may worsen outcomes in patients with rheumatic disease. 
However, as has been highlighted recently by the results of the 
Randomised Evaluation of COVid-19 thERapY (RECOVERY) 
trial, systemic glucocorticoids may have a role to play in treating 
COVID-19.3 Noteworthy, in the RECOVERY trial, dexametha-
sone (6 mg daily for 10 days) only reduced deaths in the patients 
that were ventilated (one- third reduction) or receiving oxygen 
(one- fifth reduction) but no benefit was seen among those 
patients who did not require respiratory support; moreover, the 
trial did not study patients outside the hospital setting. Further, 
differences in outcomes between different glucocorticoid prepa-
rations, administration route, dose and the timing of dosing, and 
pre- existing use compared with use introduced specifically for 
the treatment of COVID-19 have yet to be explored. The point 
made about primary infection, relapse and secondary infection 
requires more in- depth study including into the role of asymp-
tomatic positive nucleic acid swabs for severe acute respiratory 
syndrome coronavirus 2 after recovery from a primary infection. 
Our study was not designed to address this question and infor-
mation about relapse/secondary infection is not captured.

Although we did not examine patients with sarcoidosis sepa-
rately in the report, we appreciate the opportunity to share results 
on this subset of patients. There were 41 patients with sarcoid-
osis in the registry,2 for whom hospitalisation status was only 
provided in 34. The majority were not on prednisone- equivalent 
glucocorticoids (n=23), 13 patients were on 1–9 mg/day and 5 
patients on ≥10 mg/day. There were no significant differences 
in hospitalisation status based on their underlying glucocorti-
coid dose when we examined the patients with sarcoidosis only 
(p=0.43), although it is important to note that we are likely 
underpowered at this time to make robust comparisons among 
groups We plan to report more detailed analyses of patients with 
sarcoidosis when numbers increase.
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Increased rather than decreased incidence of 
giant- cell arteritis during the 
COVID-19 pandemic

We read with much interest the article entitled “Impact of 
delayed diagnoses at the time of COVID-19: increased rate of 
preventable bilateral blindness in giant cell arteritis”,1 reporting 
a reduction in the requests for fast- track assessment of giant cell 
arteritis (GCA) in an Italian centre since the outbreak of the 
COVID-19 pandemic, as compared with the same time frame 
in 2019.

Our tertiary centre offers the same type of fast- track GCA 
pathway. Diagnosis of GCA is made based on clinical presenta-
tion of suggestive symptoms, increased C- reactive protein level 
and typical findings in a temporal artery biopsy and/or typical 
imaging findings on high- resolution MRI,2 as recommended by 
EULAR (EuropeanLeague Against Rheumatism) guidelines.3

On the contrary of Monti et al’s results, we noted a substantial 
increased incidence of patients diagnosed with GCA during the 
COVID-19 pandemic, as compared with those diagnosed during 
the corresponding period in 2019. Seventeen cases of GCA were 
diagnosed during the COVID-19 pandemic, as compared with 
10 in 2019, corresponding to a 70% increase. There were no 
demographical, clinical or biological differences between the 
two groups. Moreover, we did not report an increased rate of 
preventable blindness in patients with GCA or an increase in 
the delay of diagnosis as compared with before the COVID-19 
pandemic.

Our centre has never been faced with the situation of having 
to sort through emergencies, thus COVID-19 did not impact our 
ability to diagnose and manage patients with GCA. This differ-
ence might explain this discrepancy with Monti et al’s study. As 
reported by Monti, the COVID-19 pandemic significantly chal-
lenged their hospitals surge capacity, which might explain the 
low detection rate of GCA during the pandemic.

We believe that the COVID-19 pandemic highlighted the need 
for well- identified fast- track services in order to rule out non- 
GCA patients, to provide a diagnosis of GCA quickly and to start 
treatment early. As to this day, early diagnosis of GCA combined 
with a prompt and appropriate treatment with corticosteroids 
remain the main leverages to prevent irreversible sight loss.
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Response to: ‘Increased rather than decreased 
incidence of giant- cell arteritis during the 
COVID-19 pandemic’ by Lecler et al

We appreciate the correspondence from Lecler et al1 in response 
to our paper highlighting the impact of the COVID-19 epidemic 
on the delayed diagnosis of giant cell arteritis (GCA) leading to 
an increased rate of bilateral blindness.2

The colleagues described their experience with a similar 
fast- track clinic for the early diagnosis of GCA, reporting an 
increased incidence of GCA during the lockdown period without 
an increase in the severity or complications of the disease, nor 
an increase in referral delay. Interestingly, Lecler et al specified 
that their centre was not a referral centre for COVID-19 and 
that they never found themselves facing the emergency related 
to COVID-19. It is therefore conceivable that patients would 
not delay their request for medical attention at a hospital consid-
ered to be ‘COVID- free’ or at least safer compared with the 
one we were operating at, despite a regularly active fast- track 
clinic. It is also possible that some patients were redirected from 
other hospitals in Paris facing the pandemic emergency to the 
outpatient clinic managed by the colleagues, thus leading to 
an increased rate of new diagnoses. Another possible explana-
tion for the different results is that the authors did not specify 
the period of their analysis, but the scale of the pandemic and 
the lockdown timing were slightly shifted in other European 
countries compared with Italy, especially the Lombardy region, 
which was the very first epicentre of the crisis in Europe. This 
can possibly lead to a different impact of the pandemic during 
corresponding periods. Moreover, after our report, since the 
beginning of May, with the gradual reduction of the number of 
SARS- CoV-2 burden in our area, we are assisting to a signif-
icant increase in the new referrals for suspected GCA, with a 
gradual reduction in the diagnostic delay, probably related to the 
reduced perception of fear in coming to the outpatient clinics 
experienced by the patients and their primary care doctors. This 
highlights the fact that our fast- track service is well- recognised 
on the territory and that there is a slow and gradual return to 
perceived safety in seeking medical attention for acute or chronic 
conditions, other than SARS- CoV-2, which will hopefully avoid 
further indirect burden caused by this pandemic
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Comparative analysis of synovial inflammation 
after SARS- CoV-2 infection

Joint and muscle pain is a common symptom seen in many 
viral infections and we read with interest the report by López- 
González et al who described four patients with severe acute 
respiratory syndrome coronavirus-2 (SARS- Cov-2)pos who devel-
oped monoarthritis or oligoarthritis after hospitalisation related 
to crystals deposition disease confirmed by synovial fluid assess-
ment.1 However, no data are available on polyarthritis onset 
after SARS- CoV-2 infection neither on its impact on pre- existing 
chronic joint diseases, as rheumatoid arthritis (RA), in terms of 
clinical worsening or remission loss.

In our hospital, during the SARS- CoV-2 pandemic, we inves-
tigated the synovial tissue (ST) characteristics in a patient (#1) 
who had joint pain complicated with polyarthritis development 
as first symptoms of SARS- CoV-2 infection and in a patient (#2) 
with pre- existing anticitrullinated peptide antibody (ACPA)/
rheumatoid factorpos RA in stable remission who experienced 
severe pulmonary distress and joint symptoms worsening after 
SARS- CoV-2 infection.

Patient #1 is a 61- year- old man who developed severe 
asthenia, anorexia and arthromyalgia followed by polyar-
thritis (Disease Activity Score over 28 joints C- reactive protein 
(DAS28- CRP):4.5; figure 1A) initially treated with non- steroidal 
anti- inflammatory drugs (figure 1B). On 14 April 2020, the 
patient developed cough and mild dyspnoea and chest CT 
showed mild- interstitial pneumonia (figure 1C) and SARS- Cov-2 
nasopharyngeal swab resulted positive. Then, antiviral treat-
ment and hydroxicloroquine were started. Despite a progres-
sive pulmonary function improvement, the articular symptoms 
worsened (DAS28- CRP:5.8) and the patient was tested for 
ACPA and RF which resulted negative. Ultrasound (US) assess-
ment showed joint effusion, ST thickness and increased vascu-
larity (figure 1D). Arthrocentesis and US- guided ST biopsy of 
the knee revealed calcium pyrophosphate or monosodium 
urate crystals absence in the synovial fluid and H&E showed 
ST with stromal activation, oedema and moderate inflammatory 
features (figure 1E–G),2 3 with perivascular and diffuse infiltrates 
composed mostly of CD68pos, CD3pos and CD138pos elements 
(figure 1H–J). After multidisciplinary discussion, baricitinib 
4 mg was started combined with prednisone (10 mg/day) and the 
patient experienced progressive improvement of joint symptoms 
(DAS28- CRP:2.8 after 8 days).

Patient #2 is a 50- year- old woman with ACPA/RFpos RA 
since 2017 in sustained remission under methotrexate (15 mg/
weekly; DAS28- CRP:1.9 in January 2020). On 14 March 2020, 
the patient developed fever (till 39°C), diarrhoea and dyspnoea 
not responsive to cephalosporine. On 23 March 2020, due 
to sudden worsening of pulmonary function needing oxygen 
support (31%) the patient was referred to our emergency depart-
ment where chest X- rays scan showed interstitial pneumonia 
and SARS- CoV-2 nasopharyngeal swab was positive (figure 1K). 
Methotrexate was stopped and antiviral and antibiotic treat-
ment was started (figure 1L). However, the patient developed 
polyarthritis (DAS28- CRP:6.8) and pulmonary function wors-
ening (PaO2/FiO2: 188 at O2 therapy at 40%) and a chest CT 
scan showed bilateral pulmonary consolidation areas with 
ground- glass and crazy paving features (figure 1M). Moreover, 
US showed joint effusion, ST thickness and increased vascu-
larity (figure 1N) and US- guided ST biopsy of the knee showed 
severe inflammation (Krenn synovitis score: 8) with ST thick-
ening and fibrin exudates (figure 1O–Q). Moreover, abundant 
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Figure 1 (A–T) Assessment and management of arthritis in patients 
with severe acute respiratory syndrome coronavirus-2 (SARS- CoV-
2pos). (A) PaO2/FiO2 and Disease Activity Score over 28 joints C- reactive
protein (DAS-28- CRP) values across disease course in patient #1. 
Dotted green lines indicate reference values for PaO2/FiO2 (200) 
and DAS-28- CRP (2.19) for oxygen support need and joint disease 
remission, respectively. Timing of SARS- CoV-2 real- time PCR (RT- PCR) 
and synovial tissue (ST) biopsy performance is indicated on the graph. 
(B) Timeline of the pharmacological treatment administered to patient 
#1: etoricoxib (200 mg/day); lopinavir- ritonavir (133.3 mg/33.3 mg two 
times a day); hydroxicloroquine (800 mg first day followed by 400 mg 
daily afterwards); baricitinib (4 mg/day). (C) Example photograph of 
chest CT- scan of patient #1. (D) Example photograph of ultrasound (US) 
assessment of the biopsied joint (knee) of patient #1. (E–G) Example 
photographs of H&E staining of US- guided minimally invasive ST biopsy 
of patient #1: ST hyperplasia (E–F) and perivascular inflammatory 
infiltrates (G). (H–J) Example photographs of immunohistochemistry 
(IHC) staining of US- guided ST biopsy of patient #1: (H) CD3, (I) CD138 
and (J) CD68 (J).3 (K) PaO2/FiO2 and DAS-28- CRP values across disease
course in patient #2. (L) Timeline of the pharmacological treatment 
administered to patient #2: lopinavir- ritonavir (133.3 mg/33.3 mg two 
times a day), hydroxicloroquine (800 mg first day followed by 400 mg 
daily afterwards), ceftriaxone (2 g daily), azithromycin (500 mg daily) 
and sarilumab (400 mg) were administered intravenously combining 
2 sarilumab 200 mg prefilled syringes mixed in 100 mL 0.9% sodium 
chloride solution for intravenous use. (M) Example photograph of chest 
CT- scan of patient #2. (N) Example photograph of US assessment of 
the biopsied joint (knee) of patient #2. (O–Q) Example photographs of 
H&E staining of US- guided minimally invasive ST biopsy of patient #2. 
(R–T) Example photographs of IHC staining of US- guided minimally 
invasive ST biopsy of patient #2: (R) CD3, (S) CD138 and (T) CD68. CD, 
cluster designation; PaO2/FiO2, ratio of arterial oxygen partial pressure to 
fractional inspired oxygen.
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CD3pos, CD138pos and CD20pos cells (figure 1R,S) infiltrates also 
forming aggregates and few follicles were detected. Numerous 
ST CD68pos cells were seen (figure 1T). Therefore, sarilumab was 
started leading to a significant pulmonary function and articular 
improvement (DAS- CRP:2.3) as shown by the dynamics of cyto-
kines plasma levels (figure 2). At the time of manuscript submis-
sion, the patient was in remission (DAS28- CRP:1.9).

Despite rare, arthritis new onset or its worsening after 
SARS- CoV-2 infection, in patients with pre- existing chronic 
joint disease, may occur and should be promptly treated within 
the pulmonary involvement management. In particular, baric-
itinib which was postulated to have a potential likelihood 
of impairing SARS- CoV-2 suppression or clearance4 was an 
effective option for joint symptoms control and interleukin 6 
receptor inhibitor treatment allowed the successful suppression 
of both lung and joint inflammation.5 6 However, longitudinal 
follow- up of patients with SARS- CoV-2pos who developed new 
onset of arthritis will reveal its clinical persistency as well as the 
timing and the need of long- term anti- inflammatory treatments 
during the convalescence phase.
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Response to: ‘Comparative analysis of synovial 
inflammation after SARS- CoV-2 infection’ by 
Alivernini et al

Few studies have described so far the occurrence of arthritis in 
patients infected with severe acute respiratory syndrome coro-
navirus 2 (SARS- CoV-2).1 For this reason, we read with great 
interest the report by Alivernini et al2 where they present two 
cases of polyarthritis in the context of a SARS- CoV-2 infection, 
with an exhaustive study of synovial tissue. In the immunohis-
tochemical study of both biopsies, they observed inflammatory 
infiltrates mostly composed of CD3+, CD138+ and CD68+ 
cells. Furthermore, in the patient with rheumatoid arthritis, 
case 2, they also detected CD20+ cells. The study of synovial 
tissue in the context of SARS- CoV-2 arthritis is of scientific 
interest, and findings were similar to acute, reactive arthritis 
to other viral infections, in which an infiltrate of T lympho-
cytes, monocytes/macrophages and other inflammatory cells is 
also present.3 In COVID-19, other tissues studied (pulmonary, 
myocardial and hepatic) also showed predominantly inflamma-
tory, non- cytopathic changes. Local presence of SARS- CoV-2, 
demonstrated by reverse transcriptase PCR (RT- PCR), has been 
detected in several organs, including the lungs, heart, liver, 
kidneys, gastrointestinal tract, spleen, lymph nodes, skin and 
placenta.4 Joints have been scantly assessed. In our series, all 
synovial fluid samples tested negative for SARS- CoV-2.5 Here, 
the authors did not mention whether they had carried out 
RT- PCR for SARS- CoV-2 in the synovial tissue, what would have 
been of great interest, especially in case 1.

Regarding the complex issue of management of the infection 
in the context of patients under immunosuppressant agents, in 
case 2, methotrexate was stopped at admission. This practice 
in regard to immunosuppressants after COVID-19 development 
seems logical and matches the recent American College of Rheu-
matology recommendations.6 Conversely, the European League 
Against Rheumatism7 advocates discussing case by case between 
the rheumatologist and the patient due to possible protective 
effects of some disease- modifying antirheumatic drugs, espe-
cially those blocking interleukin-6. Severe COVID-19 poses 
features that resemble a cytokine release syndrome, and it can 
be hypothesised that timely intervention at milder stages may 
impede subsequent worsening.8 Therefore, maintaining immu-
nomodulatory treatment might help control or prevent the cyto-
kine storm and the inflammatory reaction to SARS- CoV-2. This 
perspective will likely be clarified by the several ongoing trials 
testing biological and Janus kinase inhibitors for COVID-19.

María- del- Carmen López- González,1 Vega Jovani,1 Esperanza Merino,2 
Paloma Vela,1,3 Mariano Andrés    1,3

1Seccion de Reumatologia, Hospital General Universitario de Alicante, Alicante, Spain
2Unidad de Enfermedades Infecciosas, Hospital General Universitario de Alicante, 
Alicante, Spain
3Departamento de Medicina Clínica, Universidad Miguel Hernandez de Elche, Elche, 
Spain

Correspondence to Dr Mariano Andrés, Seccion de Reumatologia, Hospital 
General Universitario de Alicante, Alicante 03010, Spain;  
 drmarianoandres@ gmail. com

Handling editor Josef S Smolen

Contributors All the authors contributed to the concept and writing of this letter.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests MA declares speaking fees and research grants from 
Grunenthal, Menarini and Horizon.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Provenance and peer review Commissioned; internally peer reviewed.

This article is made freely available for use in accordance with BMJ’s website 
terms and conditions for the duration of the covid-19 pandemic or until otherwise 
determined by BMJ. You may use, download and print the article for any lawful, 
non- commercial purpose (including text and data mining) provided that all copyright 
notices and trade marks are retained.

© Author(s) (or their employer(s)) 2021. No commercial re- use. See rights and 
permissions. Published by BMJ.

To cite López- González M- C, Jovani V, Merino E, et al. Ann Rheum Dis 2021;80:e92.

Received 28 June 2020
Accepted 29 June 2020
Published Online First 6 July 2020

 ► http:// dx. doi. org/ 10. 1136/ annrheumdis- 2020- 218315

Ann Rheum Dis 2021;80:e92. doi:10.1136/annrheumdis-2020-218368

ORCID iD
Mariano Andrés http:// orcid. org/ 0000- 0002- 0219- 9055

REFERENCES
 1 Yokogawa N, Minematsu N, Katano H. Case of acute arthritis following SARS- CoV-2 

infection. Ann Rheum Dis 2021;80:e101.
 2 Alivernini S, Marco G, Barbara T. Comparative analysis of synovial inflammation after 

SARS- CoV-2 infection. Ann Rheum Dis 2021;80:e91.
 3 Soden M, Vasudevan H, Roberts B, et al. Detection of viral ribonucleic acid and 

histologic analysis of inflamed synovium in Ross River virus infection. Arthritis Rheum 
2000;43:365.

 4 Polak SB, Van Gool IC, Cohen D, et al. A systematic review of pathological findings 
in COVID-19: a pathophysiological timeline and possible mechanisms of disease 
progression. Mod Pathol 2020. doi:10.1038/s41379-020-0603-3. [Epub ahead of 
print: 22 Jun 2020].

 5 López- González M- D- C, Peral- Garrido ML, Calabuig I. Case series of acute arthritis 
during COVID-19 admission. Ann Rheum Dis 2021;80:e58.

 6 Mikuls TR, Johnson SR, Fraenkel L, et al. American College of rheumatology guidance 
for the management of rheumatic disease in adult patients during the COVID-19 
pandemic: version 1. Arthritis Rheumatol 2020;38.

 7 Landewé RB, Machado PM, Kroon F, et al. EULAR provisional recommendations for the 
management of rheumatic and musculoskeletal diseases in the context of SARS- CoV-2. 
Ann Rheum Dis 2020;79:851–8

 8 Liu B, Li M, Zhou Z, et al. Can we use interleukin-6 (IL-6) blockade for coronavirus 
disease 2019 (COVID-19)- induced cytokine release syndrome (CRS)? J Autoimmun 
2020;111:102452.

Correspondence response

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0002-0219-9055
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2020-218368&domain=pdf&date_stamp=2021-04-26
http://dx.doi.org/10.1136/annrheumdis-2020-218315
http://orcid.org/0000-0002-0219-9055
http://dx.doi.org/10.1136/annrheumdis-2020-218281
http://dx.doi.org/10.1002/1529-0131(200002)43:2<365::AID-ANR16>3.0.CO;2-E
http://dx.doi.org/10.1038/s41379-020-0603-3
http://dx.doi.org/10.1136/annrheumdis-2020-217914
http://dx.doi.org/10.1002/art.41301
http://dx.doi.org/10.1136/annrheumdis-2020-217877
http://dx.doi.org/10.1016/j.jaut.2020.102452
http://ard.bmj.com/


1 of 2Ann Rheum Dis June 2021 Vol 80 No 6

COVID-19 prevalence and the impact on quality 
of life from stringent social distancing in a 
single large UK rheumatology centre

We were interested to read the recent report from Gianfran-
cesco et al1 in which they highlight impacts of medication on 
COVID-19 rates from an international registry. An important 
public health prevention measure advocated by European 
League Against Rheumatism (EULAR) and the British Society for 
Rheumatology has been stringent social isolation ‘shielding’ for 
patients on current immunomodulatory medication. ‘Shielding’ 
patients remain isolated in their homes, having minimal contact 
with even members of their household, for potentially 12 weeks 
or more.2 To complement Gianfresesco’s1 work, we present data 
from a large rheumatology cohort in the UK evaluating impact 
of treatment group and shielding on COVID-19 incidence. We 
also present data on impact of therapy and shielding on health- 
related quality of life (HRQoL).

We undertook an audit of our follow- up patient cohort (1 
February 2020 to 1 May 2020) and found death rates from swab 
confirmed COVID- 19in that population (12/10387; 0.12%), 
similar to the local population (4131/7 415 149; 0.12%), 
compiled from a regional COVID-19 test database. We then 

audited follow- up patients with a recorded mobile phone number 
for clinician contact by a linked mobile- phone short message 
service (SMS) message, previously described.3 This method 
enables rapid response and provides a feedback rate compa-
rable to conventional techniques. After piloting a questionnaire 
in patient participation groups, a national charity (Hibbs Lupus 
Trust) and clinicians, we evaluated patients on 24 April 2020, to 
assess rheumatoid disease epidemiology, prevalence of COVID-
19, effect of stringent social distancing (shielding) and HRQoL 
by Short Form-12 (SF12), which assesses Physical Component 
Score (PCS) and Mental Component Score (MCS) on a 0–100 
scale (0- lowest score).4 We present the data as mean and SD, with 
mean differences and 95% CI reported for significant differences 
in HRQoL scores.

By day 7, 1693/7910 of those with mobile phone numbers 
recorded (21.4%, mean age 59.4 years; SD 12.3) had responded 
with complete COVID data, 1605 completed SF-12. Most 
respondents were female (1175/1693, 69.4%) and Caucasian 
(1589/1693, 93.9%). The primary diagnosis was inflammatory 
arthritis: rheumatoid arthritis 846 (50.0%), psoriatic arthritis 
267 (15.8%) and ankylosing spondylitis 82 (4.8%). Of 1693, 
792 (46.8%) were shielding (table 1).

Of 1693, 61 (3.6%) reported COVID-19 infection 
(8- confirmatory swab result; 3- clinical diagnoses with 
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Table 1 Epidemiological data on (A) 1693 patients who completed completing questionnaires on shielding and (B) complete HRQoL scores 
returned by 1605 patients

Numbers COVID infection No COVID infection

(A) All complete COVID-19 questionnaire responders
(n, percentage of cohort)

1693/7910 (21.4%) 61 1632

Demographics

 Age (mean, SD) 59.4 years (12.3) 59.3 years (12.4) 59.4 years (12.3)

 Gender: female 1175 (69.4%) 48; 4.1% (78.7%) 1127; 95.9% (69.1%)

 Male 518 (30.6%) 13; 2.5% (21.3%) 505; 97.5% (30.9%)

 BAME 104 (6.1%) 8; 7.7% (13.1%) 96; 92.3% (5.9%)

 Shielding group 792 (46.8%) 24; 3.0% (39.3%) 768; 97.0% (47.1%)

 Reported COVID-19 exposure 246 (14.5%) 48; 19.5% (78.7%) 198; 80.5% (12.1%)

Treatment category: any therapy

 DMARD any† 1017(60.1%) 27; 2.7% (44.3%) 990; 97.3% (60.7%)

 Biologic any† 543 (32.1%) 14; 2.7% (23.0%) 529; 97.4% (32.4%)

 Glucocorticoid any† 316 (18.7%) 15; 4.7% (24.6%) 301; 95.3% (18.4%)

 Cyclophosphamide any† 16 (0.9%) 0 (0%) 16; 100% (0.9%)

 No rheumatological therapy 351 (20.7%) 19; 5.4% (31.1%) 332; 94.6% (20.3%)

Treatment: monotherapy‡

 DMARD monotherapy (excluding HCQ and sulfasalazine)‡ 283 (16.7%) 6; 2.1% (9.8%) 277; 97.9% (17.0%)

 HCQ monotherapy‡ 84 (5.0%) 4; 4.8% (6.6%) 80; 95.2% (49.0%)

 Biologic monotherapy‡ 191 (11.3%) 9; 4.7% (14.8%) 182; 95.3% (11.2%)

 Glucocorticoid monotherapy‡ 103 (5.2%) 6; 5.8% (9.8%) 97; 94.2% (5.9%)

(B) Complete HRQoL Responders 1605/1693 60 1545

SF 12: MCS Scores, (SD), [number]

 SF-12 MCS (SD) 42.0, (7.2), [1605] 38.9 (8.0), [60]*** 42.2 (8.0), [1545]***

 Shielding versus non- shielding 40.9 (7.4) [746]; 43.0 (6.9) [859]*** 37.2 (7.2) [24]; 39.9 (8.4) [36] 41.0 (7.4) [722]; 43.2 (6.8) [823]***

 Any biological monotherapy versus any DMARD§ 41.9 (7.0) [268]; 42.5 (7.2) [655] 38.2 (9.0) [10]; 40.9 (7.0) [21] 42.0 (6.9) [258]; 42.6 (7.2) [634]

 BAME versus Caucasian 40.6 (7.2) [99]; 42.1 (7.2) [1506]* 38.3 (8.9) [8]; 39.0 (7.9) [52] 40.8 (7.1) [91]; 42.2 (7.2) [1454]

SF 12: PCS: Scores, (SD), [number]

 SF-12 PCS (SD) 38.4 (6.7) [1605] 38.0 (6.5) [60] 38.4 (6.7) [1545]

 Shielding versus non- shielding 36.7 (6.7) [746]; 39.8 (6.3) [859]*** 36.6 (5.6) [24] vs 38.8 (7.0) [36] 36.7 (6.7) [722] vs 39.8 (6.3) [823]*

 Any biologic monotherapy versus DMARD§ 38.5 (6.5) [268]; 38.5 (6.6) [655] 38.1 (7.1) [10]; 36.9 (5.5) [21] 38.5 (6.5) [258]; 38.6 (6.7) [634]

 BAME versus Caucasian 39.1 (7.6) [99]; 38.3 (6.6) [1506] 37.9 (6.3) [8]; 38.0 (6.6) [52] 39.2 (7.6) [91]; 38.3 (6.6) [1454]

Data are presented overall as means and SD, and for patients with and without COVID-19 infection.
Significant results highlighted in bold. *P<0.05; ***p<0.001. See text for details.
†Any refers to the fact the patient may be taking other medications from other groups listed.
‡Monotherapy, patients are not taking any other treatments in this or any other group (conventional DMARD, Biological, steroid).
§Comparitor DMARD group is any DMARD therapy, but no biologic or steroid.
BAME, black and minortiy ethnic; DMARD, disease modifying anti- rheumatic drug; HRQOL, health- related quality of life; MCS, Mental Component Score; PCS, Physical Component Score; SF-12, Short Form-12.
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‘false- negative’ swab; 50- clinical diagnosis, not swabbed in 
line with UK policy at that time)5; 7/61 (11.5%) patients were 
hospitalised, 2 requiring intensive care. Of this group, 24/61 
were shielding, a similar proportion to the non- COVID cohort 
(24/61 vs 768/1632 (p=0.24). We found no significant effect of 
treatment on self- reported COVID-19 incidence (table 1).

HRQoL data (SF12) was collected for 1605/1693 survey 
respondents. There were significantly lower MCS in the 
COVID-19 infected group (n=60) compared with non- infected 
(n=1545), (38.9 (8.0) vs 42.2 (8.0); mean difference: −3.3; 
95% CI -5.2, to 1.4, p<0.001), but no difference in PCS (−0.4; 
95% CI −2.1,1.3) (Table). In patients without COVID-19 the 
‘shielding’ group (722/1545) had significantly lower MCS 
(−2.1; 95% CI −2.9, to 1.4, p<0.001) and PCS (−2.2; 95% CI 
-3.8, to 2.5; p<0.001) than those not shielding (823/1545) 
(Table). Patients adhered well to shielding (792/1693 advised), 
414 (52.3%) not leaving the house and 365 (46.1%) minimal 
contact with others. There were no differences in MCS between 
patients on non- biologic DMARDs (655) and biologic DMARDs 
(268) (0.6, 95% CI: 0.1,2.4). There were small, but significantly 
lower, MCS in and Black and Minority Ethnic (BAME, 99) and 
Caucasian patients (1506) (1.5, 95% CI: 0.1, 3.0, p=0.044). 
There were no differences in PCS between medication, diag-
nostic or ethnic groups.

The COVID-19 pandemic presents many problems for clini-
cians managing patients with rheumatoid disease. Our study 
suggests that overall strict social isolation had little impact on 
the incidence of COVID-19 infection. Patients who had suffered 
from the virus had reduced mental but not physical HRQoL 
scores. Importantly, however, there was adverse effect on both 
MCS and PCS reported by patients undergoing shielding when 
compared with those not, a finding reflecting early work from 
India.6 Quality- of- life scores were not affected by use of biologic 
as opposed to non- biological DMARD, suggesting this was 
not simply a reflection of disease severity. Patients are likely to 
require increased mental and physical support as a result of the 
COVID pandemic, and further work on the role of therapy effi-
cacy and impact of shielding is needed to support the important 
registry work presented by Gianfrancesco et al1 to guide future 
policy.
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Systematic analysis of COVID-19 infection and 
symptoms in a systemic lupus erythematosus 
population: correlation with disease 
characteristics, hydroxychloroquine use and 
immunosuppressive treatments

We read with interest the article of Bozzalla Cassione et al about 
COVID-19 incidence in their systemic lupus erythematosus 
(SLE) cohort.1 Their study adds useful epidemiological informa-
tion about COVID-19 risk in SLE.1 They suggest that hydroxy-
choloroquine was not protective, but could not draw definite 
conclusion and open the question to immunosuppressive drugs’ 
influence. We would like to share analysis of our SLE cohort 
(n=225) that can help to answer these questions and determine 
COVID-19 infection risk factors.

Determining COVID-19 incidence is challenging: PCR lacks 
sensitivity, was usually realised only in severely ill patients and 
patients with suggestive benign symptoms could stay at home 
without medical contact. We studied the incidence of COVID-19 
infection, either asserted or suspected, by analysing positive 
nasopharyngeal PCR, hospitalisation or contact with emergency 
department, but also suspected diagnosis in ambulatory medi-
cine. Each patient was called by phone to determine COVID-19 
suggestive symptoms since 4 February 2020, date of the first case 
in our country.

Among our patients, 92.9% were female, with a mean (±SD) 
age of 51.7 (±14.9) years. Most recent biological evaluation 
showed positivity for ds- DNA in 24% (median (min–max) levels: 
139 (12–758) IU/mL). Mean (±SD) number of 1997 American 
College of Rheumatology (ACR), 2019 American College of 
Rheumatology/European League Against Rheumatism (ACR/
EULAR) and Systemic Lupus International Collaborating Clinics 
(SLICC) classification criteria were 4.5 (±1.5), 20.0 (±8.1) and 
5.8 (±2.2), respectively. One hundred and fifty- two (68.1%) 
patients received chronic treatment with hydroxychloroquine, 

while 92 (42.4%) had an immunosuppressive treatment (gluco-
corticoid: 25.3%; other immunosuppressive drug: 31.4%). 
Mean (±SD) glucocorticoid dose was 4.2 (±2.9) mg of meth-
ylprednisolone. Immunosuppressive drugs were ledertrexate 
(n=23, 10.2%), mycophenolate/tacrolimus/everolimus (n=21, 
9.3%), azathioprine (n=25, 11.1%), belimumab (n=5, 2.2%) 
and rituximab (n=3, 1.3%).

In our cohort, a high suspicion of COVID-19 infection was 
not uncommon, but with absence of severity. Infection was 
confirmed or suspected by medical team in 18 (8.0%) patients 
(table 1): 5 (2.2%) had a positive PCR; 7 (3.1%) were admitted 
to emergency department (without hospitalisation) and 2 
(0.9%) were hospitalised (without intensive care unit, while 
1 for the Italian cohort1) with COVID-19 infection suspected 
or confirmed by the medical team; and 14 (6.2%) were highly 
suspected of COVID-19 after a medical appointment in ambu-
latory medicine. COVID-19 suggestive symptoms were listed 
in table 1: in particular, anosmia/ageusia were declared in 
7.6%. The Italian cohort identified a similar rate of positive 
PCR (2.5%), but a lower rate of COVID-19 suspicion (4.8%): 
however, they considered a strict definition with association of 
symptoms and contact with a positive case, while we also declare 
high clinical suspicion in ambulatory medicine.1 Another series 
from New York (NY) estimated the incidence of COVID-19 
infection at 2%, but without systematic patient contact2 and 
could miss paucisymptomatic patients.

Our data supported the ineffectiveness of chronic use of 
hydroxychloroquine to prevent COVID-19 disease and symp-
toms in SLE population, with similar rate of COVID-19 infec-
tion or suspicion (infection or suspicion in 12 out of 152 (7.9%) 
patients treated with hydroxychloroquine, while in 6 out of 
73 (8.2%) for patients without, p=0.93) and suggestive symp-
toms (p=0.97). Patients with hydroxychloroquine were slightly 
younger (49.7±14.5 years vs 55.6±15.1 years, p=0.0054) but 
with no difference in terms of gender, biological evaluation, 
classification criteria, or immunosuppressive and non- rheumatic 
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Table 1 COVID-19 infection, suspicion and symptoms among patients with systemic lupus erythematosus (n=225)

Variable Categories N (Percent) Variable Categories
N 
(Percent)

Dyspnea No 212 (94.2) COVID-19 infection confirmed or suspect by medical team No 207 (92.0)

Yes 13 (5.8) Yes 18 (8.0)

Chest pain No 214 (95.1) Positive nasopharyngeal PCR No 220 (97.8)

Yes 11 (4.9) Yes 5 (2.2)

Rhinorrhea No 200 (88.9) Admission to emergency department (without hospitalization) for COVID-19 symptoms No 218 (96.9)

Yes 25 (11.1) Yes 7 (3.1)

Pharyngeal pain No 205 (91.1) Hospitalization for COVID-19 symptoms No 223 (99.1)

Yes 20 (8.9) Yes 2 (0.9)

Cough No 203 (90.2) Suspicion of COVID-19 in ambulatory medicine No 211 (93.8)

Yes 22 (9.8) Yes 14 (6.2)

Diarrhea No 201 (89.3)

Yes 24 (10.7)

Headache No 191 (84.9) Ageusia No 211 (93.8)

Yes 34 (15.1) Yes 14 (6.2)

Myalgia No 209 (92.9) Anosmia No 211 (93.8)

Yes 16 (7.1) Yes 14 (6.2)

Fever No 214 (95.1) Ageusia or anosmia No 208 (92.4)

Yes 11 (4.9) Yes 17 (7.6)

Vomiting No 220 (97.8) Ageusia and anosmia No 214 (95.1)

Yes 5 (2.2) Yes 11 (4.9)
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treatment, allowing comparison. A French series of 17 SLE 
patients with COVID-19 infection previously suspected that 
hydroxychloroquine did not prevent severe form of COVID-19.3

The question of immunosuppressive drugs’ influence is 
important because patients could be tempted to stop them. Our 
data are reassuring: patients under immunosuppressive treat-
ment did not present a higher rate of COVID-19 infection or 
symptoms (immunosuppressive drug with or without glucocorti-
coids, with glucocorticoids or without glucocorticoids: p=0.38, 
p=0.77 and p=0.21, respectively, for infection; p=0.66, 
p=0.22 and p=0.14, respectively, for symptoms). If each drug 
was analysed separately, a correlation was found between belim-
umab and hospitalisation (p=0.04) but only two patients (0.9%) 
were hospitalised and it was probably without any clinical signif-
icance. Classification between ‘glucocorticoid use’ or ‘not’ did 
not reveal any difference in infection (p=0.42) and suggestive 
symptoms (p=0.89). However, glucocorticoid dose was posi-
tively associated with positive PCR (OR 1.57, p=0.025), hospi-
talisation (OR 4.39, p=0.030), anosmia and ageusia (OR 1.57, 
p=0.025) and diarrhoea (OR 1.75, p=0.018). This should lead 
to caution in patients with higher doses of glucocorticoids. 
Concerns about glucocorticoid chronic use and COVID-19 
have emerged: glucocorticoids were associated with prolonged 
SARS- CoV-2 RNA shedding4 and were risk factors for hospital-
isation in two cohorts of 86 COVID-19- positive patients with 
inflammatory disease5 and 600 COVID-19- positive patients with 
rheumatic disease.6 Of interest, the patient with SLE described 
by Bozzalla Cassione et al and that needed intensive care unit was 
under oral prednisolone 7.5 mg/day.1 Other immunosuppressive 
treatments were not associated with hospitalisation among the 
18 SLE patients with COVID-19 in the NY series.2

Characterisation was performed with analysis of classification 
criteria (positivity and number of criteria), antinuclear antibody 
(ANA) and ds- DNA levels on the most recent blood analysis 
available: none had significant influence, underlying that more 
severe or more active patients with SLE were not at higher 
risk. Of note, age, gender and comorbidities (reflected by ‘non- 
rheumatic’ treatments) did not have major influence.

In addition to the important epidemiological information 
provided by Bozzalla Cassione et al,1 we underlined that a high 
suspicion of COVID-19 infection was not uncommon in our 
cohort, but with absence of severity. Hydroxychloroquine was 
ineffective in prevention. There was no correlation with immu-
nosuppressive drugs except for glucocorticoid dose. Disease 
characteristics were not associated with COVID-19, while 
comorbidities’ influence seemed limited.
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COVID-19 in paediatric rheumatology patients 
treated with b/tsDMARDs: a cross- sectional 
patient survey study

We read with great interest the article by Salvarani et al 
comparing the COVID-19 infection susceptibility and severity 
between the patients treated with biologic or targeted synthetic 
disease modifying antirheumatic drugs (b/tsDMARDs) and all 
residents in the Reggio Emilia area.1 In their cohort of 1195 
patients treated with b/tsDMARDs, there were nine confirmed 
COVID-19 cases. None of these COVID-19 cases were ≤45 
years of age while only two out of 25 patients who were tested 
for COVID-19 were ≤45 years. They did not observe a different 
susceptibility or severity of COVID-19 in patients treated with 
these drugs.1

Biologic/targeted synthetic DMARDs often target pathways 
of the immune system and this may result in a tendency for 
infections.2 Serious infections have been reported in both chil-
dren and adults treated with these drugs.3 However, the data 
about infection rate and severity in children on b/ts DMARDs 
are limited. Consistent with the findings of Salvarani et al, 
Gianfrancesco et al reported that the use of biologic DMARDs 
was not associated with a higher hospitalisation rate in the 
largest cohort of COVID-19 patients with rheumatic diseases 
(n=600).4 However, none of the patients were below the age 
of 18 years in their cohort. In the same lines, the results of the 
study by Sanchez- Piedra et al suggested that COVID-19 course 
and mortality did not differ significantly between adult rheuma-
tology patients treated with b/tsDMARDs and the general popu-
lation.5 To date, there is no report of a confirmed COVID-19 
case among children with rheumatic diseases who are on biologic 
DMARDs. Thus, the COVID-19 infection rate and severity is 
currently unknown in paediatric rheumatology patients treated 
with b/tsDMARDs.

We performed a cross- sectional survey study to analyse the 
frequency/severity of COVID-19 in paediatric patients with 
rheumatic diseases, treated with b/tsDMARDs. Out of 189 
paediatric rheumatology patients treated with b/ts DMARDs 
followed up in the Pediatric Rheumatology Unit of Hacettepe 
University, Ankara, Turkey, we reached 173 patients by tele-
phone. The characteristics of these patients are presented in 
table 1. Thirty- one patients experienced symptoms associated 
with upper respiratory tract infection and 14 of these were 
tested for COVID-19. The results were negative in all. Three out 
of these 14 patients were admitted to the hospital and received 
intravenous antibiotic treatment. However, all were discharged 
within a few days without any further complications. Thus, in 
our cohort, the paediatric rheumatology patients treated with b/
tsDMARDs did not seem to be at increased risk for COVID-19 
disease or associated severe complications.

In the COVID-19 pandemic, the children are gener-
ally affected less than adults. Although the data about the 
COVID-19 infection rate and severity in adult patients treated 
with b/tsDMARDs increase with time, there is still no data 
regarding COVID-19 in children treated with these drugs. 
Filocamo et al also reported no confirmed COVID-19 case 
among their cohort of 123 paediatric rheumatology patients 
treated with bDMARDs.6 Current rheumatology guidelines 
recommend to continue all therapies that are used in disease 
control during the pandemic. Furthermore, we know that 
active disease is an independent risk factor for infections. 
Thus, it would be critical to follow the accumulating evidence 

and continue the b/tsDMARD therapies in both adults and 
children during the pandemic in the absence of COVID-19 to 
provide an effective disease control.
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Table 1 Paediatric rheumatology patients treated with biologic or 
targeted synthetic disease modifying antirheumatic drugs (n=173)

Characteristics
Number of patients, n (%) or 
mean±SD

Gender, female 81 (47)

Current age, years 13.3±4.6

Age at disease onset, years 5.2±3.9

Disease duration, months 13.3±4.6

Underlying rheumatic disease

 FMF 69 (39.8)

 JIA 68 (39.3)

 Monogenic vasculitis 9 (5.2)

 CAPS 8 (4.6)

 Primary systemic vasculitis 7 (4)

 CRMO 6 (3.4)

 HIDS/MKD 3 (1.7)

 Systemic scleroderma 3 (1.7)

Biologic/targeted synthetic DMARDs grouped due to mechanism of action

 Anti- IL-1 86 (49.7)

 Anti- TNF 61 (35.2)

 Anti- IL-6 14 (8)

 Anti- JAK 8 (4.6)

 Anti- CD20 2 (1.2)

 Anti- IL- 17A 2 (1.2)

 Use of concomitant csDMARD therapy 36 (20)

 URTI symptoms 31 (18)

 Tested for COVID-19 with RT- PCR 14 (8)

 Positive RT- PCR for COVID-19 0 (0)

 Hospitalisation 3 (1.7)

 Need for oxygen supply 0 (0)

CAPS, cryopyrin associated periodic syndrome; COVID-19, coronavirus disease 
2019; CRMO, chronic recurrent multifocal osteitis; csDMARD, conventional synthetic 
disease modifying anti- rheumatic drugs; FMF, familial Mediterranean fever; 
HIDS/MKD, hyperimmunoglobulin D syndrome/mevalonate kinase deficiency; IL, 
interleukin; JAK, Janus kinase; JIA, juvenile idiopathic arthritis; RT- PCR, reverse 
transcriptase PCR; TNF, tumour necrosis factor; URTI, upper respiratory tract 
infection.
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Response to: ‘COVID-19 in paediatric 
rheumatology patients treated with b/
tsDMARDs: a cross- sectional patient survey 
study’ by Cuceoglu et al

We appreciated the comment from Cuceoglu et al1 in response 
to our paper on the susceptibility and severity of COVID-19 in 
a population- based cohort of patients treated with biological 
and targeted synthetic disease- modifying antirheumatic drugs 
(b/tsDMARDs).2 We did not observe patients with COVID-19 
<45 years in our cohort of 1195 cases with autoimmune diseases 
treated with b/tsDMARDs in Reggio Emilia area. Confirming 
our results, the authors did not observe cases of COVID-19 in 
a series of 173 Turkish paediatric patients with rheumatolog-
ical conditions treated with b/tsDMARDs interviewed by tele-
phone. This study confirm also the results of an Italian series of 
123 paediatric patients with chronic rheumatic diseases from a 
geographical area (Lombardia) at high diffusion of COVID-19.3 
Therefore, adult and paediatric patients with autoimmune condi-
tions treated with b/tsDMARDs did not seem to be at increased 
risk of COVID-19 compared with the general population, nor to 
have a worse prognosis when they contract it. However, it cannot 
be excluded, considering that asymptomatic or mild severe acute 
respiratory syndrome coronavirus 2 (SARS- CoV-2) infections 
seem to be frequent in paediatric patients,4 that some cases may 
escape clinical recognition. Even if some b/tsDMARDS have been 
proposed for their mechanism of action as possible treatment of 
the cytokine storm observed in COVID-19, this does not imply 
that the patients treated with these drugs are protected against 
SARS- CoV-2 infection. Therefore, also paediatric patients with 
rheumatological diseases should be strongly advised to comply all 
preventive and control measures prescribed by the health author-
ities,5 particularly hygiene precautions and social distancing. On 
the other hand, these data, which need to be confirmed by larger 
prospective studies, reassure on continuing b/tsDMARDs also 
in paediatric patients during SARS- CoV-2 epidemic. In partic-
ular, maintaining the disease activity under control protects the 
patient from superimposed infections.
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Patient acceptance of using telemedicine for 
follow- up of lupus nephritis in the 
COVID-19 outbreak

We read with interest the preliminary German Society of Rheu-
matology recommendations for the management of patients 
with autoimmune inflammatory rheumatic diseases during the 
COVID-19 pandemic, which highlighted the importance of 
weighing the infection risk of doctor visits against the risk of 
missing disease controls in individual cases.1 Indeed, the atten-
dance of our lupus nephritis clinic dropped by 14.4% in the 
8- week period after the outbreak compared with the same time 
last year based on the citywide computerised Clinical Manage-
ment System (So H, 2020). Those unattended patients were 
at risk of disease flares, which would lead to damage accrual, 
but at the same time, the rest were exposed to the threat of 
COVID-19.2 As the other national body suggested, the use of 
telemedicine (TM), also known as telehealth, to reduce poten-
tial exposure to severe acute respiratory syndrome coronavirus 
2 might be a reasonable option in these patients.3 Since this is a 
shared decision- making process between patients and rheuma-
tology healthcare providers, we conducted an online survey to 
analyse the patient acceptance and perceptions regarding the use 
of TM for follow- up of lupus nephritis during the COVID-19 
outbreak.

Two hundred and three patients currently followed up at 
the lupus nephritis clinic of the Prince of Wales Hospital (a 
regional Hospital in Hong Kong) were contacted on the phone 
for their interest in changing the coming scheduled follow- up to 
TM- based in the form of a videoconference. Patients or carers 
needed to possess the technology for conducting a TM consulta-
tion: a smartphone, tablet or computer with internet connection; 
and 21 patients were excluded as a result. The link of this survey 
was sent to 182 consecutive patients. They were asked to fill in 
an online questionnaire regarding their ideas of TM follow- up 
(online supplementary appendix 1). χ2 test and Student t- test 
were performed to analyse the patient factors associated with the 
willingness to adopt TM follow- up.

Collectively, 155 out of the 182 eligible patients completed 
the questionnaire within a 3- week period from 8 May, when 
there were only isolated local cases confirmed. The mean age 
of the patient was 45.8 (SD 12.50) years. The great majority 
of them was female (91%). Out of the 155 patients, 89 
(57.4%) were willing to undergo TM follow- up. Patients who 
refused TM were significantly older (mean age 49.4±12.8 vs 
43.2±11.7 years, p=0.002). Overall, 40% of patients agreed 
or strongly agreed that they were confident in using TM as a 
mode of follow- up, while 12.3% and 2.6% disagreed or strongly 
disagreed, respectively, with the rest of the patients showing a 
neutral response. The responses of the patients to the opinion 
statements are shown in table 1. The following statements were 
found to be significantly associated with the acceptance of TM: 

‘I am confident about the data privacy and security of TM’, ‘the 
assessment of disease activity by TM is accurate’, ‘routine clinic 
visit increases the infection risk during the COVID-19 outbreak’ 
and ‘TM follow- up reduces the risk of infection during the 
COVID-19 outbreak’. For those who were not willing to use TM, 
the top three reasons were ‘worries about the accuracy of disease 
activity assessment’, ‘worries about data security’ and ‘sick- leave 
certificates are not provided’ (figure 1). One recurrent practical 
reason given by patients reluctant for TM follow- up was that 
they had to come back for blood or urine test and medications 
anyway.

We found a good acceptance and confidence regarding the use 
of TM as a mode of follow- up in patients with lupus nephritis. The 
privacy and security issue, the accuracy of disease activity assess-
ment, as well as the infection risks were important factors consid-
ered by the patients. There were also aspects such as the technical 
or logistic support, which could be modified to potentially improve 
the patient’s acceptance. However, the results should be inter-
preted in the context of local stage of epidemic, population and 
sampling, and mitigation strategies in place. As the usual rheuma-
tology care will likely be disrupted for a prolonged period of time, 
the use of TM will persist. With the loosening of the antiepidemic 
measures in many parts of the world, we should start to take into 
consideration the patient’s preference, as well as perception when 
choosing the mode of care delivery, as we always do. The efficacy 
of TM should also be investigated formally in clinical trials.
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Table 1 Responses of the patients to the opinion statements

Strongly agree Agree Neutral Disagree Strongly disagree

‘I am confident about the data privacy and security of TM’. 16 (10.3%) 49 (31.6%) 75 (48.4%) 11 (7.1%) 4 (2.6%)

‘The assessment of disease activity by routine clinic visit is accurate’. 33 (21.3%) 93 (60%) 28 (18.1%) 1 (0.6%) 0 (0%)

‘The assessment of disease activity by TM is accurate’. 9 (5.8%) 43 (27.7%) 80 (51.6%) 21 (13.5%) 2 (1.3%)

‘Routine clinic visit increases the infection risk during the COVID-19 outbreak’. 34 (21.9%) 75 (48.4%) 28 (18.1%) 17 (11%) 1 (0.6%)

‘TM follow- up reduces the risk of infection during the COVID-19 outbreak’. 36 (23.2%) 88 (56.8%) 25 (16.1%) 6 (3.9%) 0 (0%)

.TM, telemedicine.

Figure 1 Reasons for not willing to use telemedicine.
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Response to: ‘Patient acceptance of using 
telemedicine for follow- up of lupus nephritis in 
the COVID-19 outbreak’ by So et al

We thank our colleagues So and Tam from Hong Kong for 
their comments1 on our recommendations for the manage-
ment of patients with inflammatory rheumatic diseases (IRD) 
during the severe acute respiratory syndrome coronavirus 2 
(SARS- CoV-2)/COVID-19 pandemic published in this journal.2 
In our manuscript, we have recommended to ensure necessary 
controls for therapy and disease monitoring; however, we have 
suggested to always weigh the individual risk of an infection 
associated with a visit to the doctor’s office (eg, while travel-
ling to and from as well as being present at the medical facility) 
against the risk of missing controls. In many IRD, temporary 
prolonged intervals of monitoring patients with stable disease 
and stable efficacious therapy may well be justified. Thus, in 
these patients, this measure may help to decrease the risk of 
getting infected with SARS- CoV-2. However, prolongation 
of monitoring intervals should be limited in time and as the 
pandemic continues, patients will have to be monitored again 
in order to receive appropriate care. Moreover, some concern 
relates to the extension of monitoring intervals in particular 
circumstances, for example, in patients with diseases that 
are known to frequently flare and therefore may cause irre-
versible tissue damage when allowed to attack central organs 
uncontrolled. These diseases comprise many of the vasculit-
ides as well as connective tissue diseases, such as systemic scle-
rosis, dermatomyositis and polymyositis, Sjogren’s disease or 
systemic lupus erythematosus. A safe, reliable and efficacious 
means to perform controls on disease activity and medication 
toxicity in these patients is eagerly awaited.

So and Tam have observed a drop of 14.4% of patient visits 
in their lupus nephritis clinic during the first 8 weeks of the 
COVID-19 pandemic as compared with the same time period 
in 2019. As these patients were felt to be at risk of disease 
flares, the authors conducted an online survey to analyse 
the patients’ acceptance and perceptions regarding the use 
of telemedicine for follow- up of lupus nephritis during the 
COVID-19 outbreak. Of the 155 patients who responded, 
89 (57.4%) were willing to perform a telemedical follow- up. 
Interestingly, however, only 40% of all of the patients declared 
to be confident in telemedicine while even 14.9% disagreed 
or strongly disagreed to perform remote follow- ups. The data 
from Hong Kong show that despite its great potential, tele-
medicine is still a long way from being generally accepted by 
patients and thus also from becoming a widely used alternative 
for conducting necessary disease control in patients with IRD.

Beside a different patient behaviour driven by fear of an 
infection with SARS- CoV-2, the lockdown regulations them-
selves although successful in general to halt the pandemic3 
have also led to an acute restriction of outpatient care options 
for patients with IRD. In Germany, this led to a temporary 
decrease in physical patient visits to doctors’ offices of up to 
50%.4 As a consequence, care was widely switched to telephone 
and telemedicine. These measures were highly accepted by the 
patients as one of the most requested information was related 
to the continuation of disease modifying antirheumatic drugs 
(DMARD) therapy, which could easily be addressed remotely, 
in particular as the recommendations had been published.2 
However, it remains to be shown whether telephone and tele-
medicine will be continued to be accepted as useful when the 

relaxation of the lockdown restrictions will allow outpatient 
care closer to the situation before the COVID-19 pandemic 
and recommended visits to the doctors’ offices and laboratory 
tests even when the rheumatic disease is stable become a rele-
vant issue.2 5

We agree with our colleagues from Hong Kong on the future 
value of telemedical cocare, regardless of the current emer-
gency situation caused by the COVID-19 pandemic. The treat-
ment and care of patients by rheumatologists will be further 
complicated in the future by the limitation of human resources, 
and new ways of supporting care must be sought. Telemedicine 
is probably one of the most promising possibilities. The extent 
to which this can be implemented in severe systemic diseases 
such as systemic lupus erythematosus will have to be further 
investigated in studies. It is conceivable that the corona crisis 
has catalysed the increasing importance of telemedicine in 
rheumatology.6
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Mild COVID-19 in ANCA- associated vasculitis 
treated with rituximab

Treatment for antineutrophil cytoplasmic antibody (ANCA)- 
associated vasculitis usually raises questions about the risk of 
infections. Particular attention has been given to the impact 
of drugs such as cyclophosphamide and B- cell depletory ther-
apies on the severity of COVID-19. Monti et al1 suggest that 
receiving biological disease- modifying antirheumatic drugs may 
not increase risk of COVID-19. Furthermore, Guilpain et al2 
reported a woman treated with rituximab and low- dose predni-
sone due to granulomatosis with polyangeitis proteinase 3- anti- 
neutrophil cytoplasmic antibody (PR3- ANCA) vasculitis, who 
developed pneumonia associated with COVID-19 with a milder 
evolution than expected in other series.

Here, we present a 64- year- old woman diagnosed of 
myeloperoxidase- ANCA microscopic polyangiitis in 2014, with 
secondary hypertrophic pachymeningitis, sinusitis and constitu-
tional syndrome. Her main comorbidities were hypercholestero-
laemia and areata alopecia. On 25 November 2019, vasculitis 
relapsed and was treated with two infusions of 1000 mg ritux-
imab given 2 weeks apart, in addition to three bolus of 125 mg 
methilprednisolone. The patient improved and received main-
tenance treatment with 7.5 mg/day prednisone and a double- 
strenght tablet of trimethropim- sulfamethoxazole 3 days a week.

While on holidays at her daughter’s house in The Nether-
lands, on 7 March 2020 her husband developed fever >38°C, 
odynophagia, discomfort and dyspnoea. He was finally admitted 
to a hospital and diagnosed with COVID-19 infection by reverse 
transcription PCR (RT- PCR) on a nasopharyngeal swab. At the 
same time, she presented feverish, asthenia, myalgia, lack of 
appetite, headache, anosmia and dysgeusia, and was treated with 
paracetamol at home, improving after 2 weeks. One month later, 
after returning home in Spain, she came to our clinic for evalua-
tion due to her exposure to COVID-19.

Blood test results showed positive immunochromatographic- 
specific IgG antibodies assay for severe acute respiratory 
syndrome coronavirus 2 (SARS- CoV-2). IgM antibodies and 
nasopharyngeal swab (RT- PCR) were both negative. Cytometric 
studies revealed 10 B lineage cells. Serum immunoglobulin 
showed moderately decreased IgM (0.23 g/L), and normal IgG 
and IgA concentrations. A test for ANCAs was positive, with a 
perinuclear staining pattern, and an ELISA confirmed the pres-
ence of myeloperoxidase ANCA at a titre of 5.3 U/mL (reference 
range <1).

Patients with compromised immune systems represent a suscep-
tible population in which infections may have devastating conse-
quences. The impact of rituximab treatment on SARS- CoV-2 
infection remains to be clarified. As hyperinflammation under-
lies the mechanism of severe COVID-19, the immunocompro-
mised situation may prevent them from virus- induced cytokine 
storm syndrome.3 Transcriptome data including RNA- seq and 
GeneChip human genome arrays show that glucocorticoids and 
some disease modifying anti- rheumatic drugs (DMARDs) (tocili-
zumab, methotrexate, hydroxychloroquine, tofacitinib, azathio-
prine and so on) could suppress the cytokine profile represented 
in severe COVID-19,3 but there are scarce data about rituximab. 
Rituximab largely depletes peripheral B cells, including memory 
B cells, from blood. It also modulates the immune system through 
different mechanisms including antibody- dependent cellular 
cytotoxicity, complement- dependent cytotoxicity and apoptosis 
induction. In addition, early stem cells and B- precursors do not 
express CD20 on their surface, which gives them resistance 

to the effect of rituximab.4 However, studies have shown that 
patients treated with anti- CD20 agents had a severely impaired 
immunogenicity to vaccines5 and therefore, against emerging 
infections such as COVID-19.

Our patient’s presentation of COVID-19 with mild symptoms 
did not fit the expected clinical course in an immunosuppressed 
patient. This suggests that B- cell depletory therapy may not be 
a risk factor for severe forms of COVID-19 but favour a milder 
course of the disease and the generation of specific antibodies, 
whose future protective role remains unclear.
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COVID-19 and the practice of rheumatology in 
Africa: big changes to services from the 
shockwave of a pandemic

The onset of the COVID-19 pandemic has led to far- reaching 
changes in the delivery of healthcare services across Africa. 
A number of drugs used in the management of rheumatic 
diseases have been touted to have roles to play in the treatment 
and/or exacerbation of COVID-19 symptoms and this has 
resulted in significant changes in the practice of rheumatology. 
The global rheumatology community has risen to this chal-
lenge by demonstrating collaborative partnership, resulting 
in the establishment of the global rheumatology registry to 
collect data on rheumatic patients infected with COVID-19.1 
In view of the study by Gianfrancesco et al,2 an online survey 
consisting of 40 practice and experience questions ((online 
supplementary file 1) and (online supplementary file 2)) was 
created by the COVID-19 African Rheumatology Study Group 
which was formed through the network of the African League 
of Associations for Rheumatology (AFLAR). The aim of the 
study was to identify the changes in rheumatology practice 
and patient behaviour, as well as to highlight key concerns 
of rheumatologists across Africa resulting from the ongoing 
COVID-19 pandemic.

A total of 554 completed responses were received from 20 
African countries. There were 431 (77.8%) responses from 
Northern Africa, 43 (7.8%) from West Africa, 6 (1%) from 
Central Africa, 20 (3.6%) from East Africa and 54 (9.8%) 
from Southern Africa. The scope of practice was adult only 
in 296 (53.4%), paediatric only in 15 (2.7%) and both in 243 
(43.9%). A total of 288 (52.9%) of the respondents practised 
in academic institutions, while 162 (29.2%) practised primarily 
in a private setting. Forty- four (7.9%) were using hydroxy-
chloroquine (HCQ) more than before, 19 (3.4%) admitted to 
have prescribed HCQ to prevent severe COVID-19 disease, 92 
(16.6%) were avoiding the use of steroids, while 77 (13.8%) 
were avoiding commencing a biologic. Also, 112 (20.2%) of 
the respondents have had to reduce the dose of HCQ so that 
the supplies of the drug could last and 67 (12.1%) have had to 
switch from HCQ to other disease modifying anti- rheumatic 
drugs (DMARDs) due to shortage of HCQ.

HCQ shortage was being experienced in the practices of 368 
(66.4%) respondents. The advice to use complementary medi-
cine against COVID-19 has been given by 182 (32.9%), while 
271 (48.1%) have advised the use of vitamins to boost immu-
nity against COVID-19. All forms of rheumatology services 
have been shut down in the practices of 78 (14.1%) respon-
dents, while 341 (61.6%) have either reduced the frequency of 
blood monitoring for DMARDs or suspended it entirely. Fifty- 
seven (10.3%) practitioners have had patients who took unpre-
scribed HCQ and 146 (26.4%) have had patients who used 
unprescribed complementary medicines to prevent COVID-19 
(figure 1). Taking the infection home was the most prevalent 
concern reported by 489 (88.3%) doctors, while 447 (80.7%) 
were concerned about rheumatology patients getting infected 
with the virus (figure 2).

This is the first collaborative work of experts from most 
member countries of AFLAR and it was driven by the unprec-
edented experience of the COVID-19 pandemic. This surge 
of unity in adversity has been similarly reported among rheu-
matologists in Europe and North America since the advent of 
COVID-19.3 4 The long- term experience and daily practice of 

rheumatologists are getting more attention since a number of 
drugs regularly used in rheumatology have been linked, for 
mechanistic reasons, with various potential roles in the treat-
ment of COVID-19.4

Major changes have occurred to the practice of rheumatology 
all across Africa, from the advice given by the doctors to the 
service offered in their practice. Some of these are based on 
largely anecdotal evidence and others are simply dictated by the 
unprecedented constraints and precariousness of the pandemic. 
The acute shortage of HCQ has been experienced by almost 7 out 
of 10 rheumatologists, and 1 out of 5 has had to reduce the doses 
they prescribed to patients in order to enable the supply to last. 
While HCQ has been promoted in the media to possibly have an 
important role to play in the treatment of COVID-19 disease, 
the enthusiasm for it seems to be based on in vitro efficacy and 
not much of empirical evidence in clinical trials.5 6 Unfortu-
nately, millions of patients with rheumatoid arthritis, systemic 
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Figure 1 Observed changes in patient behaviour. HCQ, 
hydroxychloroquine.

Figure 2 Concerns of rheumatologists in the five African regions.
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lupus erythematosus and other rheumatic diseases who depend 
on this drug on a day- to- day basis face the uncertainty of guaran-
teed access. It is therefore crucial to protect the supply of HCQ 
for the safety of these patients for whom the regular use of HCQ 
is not a choice.7

With the shutdown of a significant proportion (14.1%) of 
rheumatologists’ services across Africa, the already constrained 
rheumatology service with low workforce faces even more dire 
consequences. There is a lot of uneasiness regarding the safety of 
the highly immunosuppressive DMARDs such as rituximab and 
the JAK inhibitors or even the uncertain potential usefulness of 
the interleukin-6 inhibitors in the treatment of severe COVID-
19.7 8 As much as 14% of African practitioners will avoid starting 
patients on biologics and more than 6% have reduced the dosing 
of conventional DMARDs. Amidst this confusion, the WHO has 
advised that patients with COVID-19 should not be routinely 
treated with steroids,9 a family of drugs for which rheumatolo-
gists are famous. Ironically, this tends to be the rheumatologist’s 
go- to drug in the event that DMARD treatment is interrupted 
and bridge therapy is required.

Emerging data have raised the suggestion that patients on 
various DMARDs may not be more prone to suffer worse 
outcomes from COVID-19 and are not certain to be more likely 
to get infected.10 11 In the study by Gianfrancesco et al,2 ≥10 mg/
day of glucocorticoids was associated with a higher odds of 
hospitalisation, while antitumour necrosis factor decreased 
the odds of hospitalisation in patients with rheumatic disease. 
DMARDs and non- steroidal anti- inflammatories (NSAIDs) were 
not associated with increased odds of hospitalisation. In Africa, 
there is a variable degree of uneasiness among the prescribers 
of these drugs, and the difficulty with regular blood monitoring 
due to widely disrupted services is a major concern.

While there is still a lot to learn, the strength of this study is its 
capture of a large number of African rheumatologists and its far- 
reaching multinational nature. It also likely signifies a potential 
for more international research collaborations among member 
countries of the AFLAR. A limitation is the inability to ascer-
tain with accuracy the number of practising rheumatologists 
across Africa for various reasons including the fact that some 
are no longer practising within the continent. The already over-
stretched rheumatology services across Africa which have been 
perennially plagued by poor funding and low manpower have 
been thrown into the chaos of a pandemic resulting in major 
unforeseen changes. The practitioners and patients alike carry 
various anxieties and the traditional uses of DMARDs have seen 
various shifts in the current era.
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Case of acute arthritis following SARS- 
CoV-2 infection

In a recent issue of ARD, López- González and colleagues 
reported case series of acute arthritis during COVID-19 admis-
sion; the authors concluded that all four cases of acute arthritis 
in their report were due to crystal- proven gout flares or calcium 
pyrophosphate deposition disease.1 Here we would like to share 
another case of COVID-19 presenting delayed arthritis without 
crystal deposition.

A 57- year- old, male, Japanese patient with a history of hyper-
tension and hyperlipidaemia was admitted to our hospital with 
cough, fever and malaise of 3 days’ duration. Severe acute respi-
ratory syndrome coronavirus 2 (SARS- CoV-2) RNA was positive 
at admission on real- time (RT) PCR using nasopharyngeal swabs 
(SRL Inc). Chest X- rays and CT showed multiple, peripheral, 
ground- glass opacities in the bilateral lungs. The oxygen satura-
tion of the peripheral arteries ranged from 91% to 94% without 
oxygen therapy.

The patient’s symptoms, oxygenation and general condition 
as well as radiological findings spontaneously improved without 
specific treatment for SARS- CoV-2 during the 12- day hospitalisa-
tion. RT- PCR using the nasopharyngeal swabs for SARS- CoV-2 
was negative on day 12. However, his fever recurred on day 
15, and multiple joint pain appeared in the left wrist, the right 
shoulder and the bilateral knees on day 17. His viral pneumonia 
resolved and did not recur. His serum C reactive protein level 
increased from 0.4 mg/dL to 4.8 mg/dL between days 12 and 
19. RT- PCR for SARS- CoV-2 using a nasopharyngeal swab
returned positive on day 14. Antinuclear antibodies, rheuma-
toid factor, anticyclic citrullinated peptide antibodies, hepatitis 
B virus surface antigen, antihepatitis C virus antibodies and anti-
human immunodeficiency virus antibodies were negative. A joint 
examination revealed slight swelling of the right knee. Synovial 
fluid aspirated from the right knee joint on day 23 was nega-
tive for SARS- CoV-2 RNA on RT- PCR and free from crystals 
on polarised microscopic examination. SARS- CoV-2 RNA was 
not detected in the serum or whole blood. The arthritis resolved 
spontaneously on day 27, and RT- PCR for SARS- CoV-2 using 
nasopharyngeal swabs was negative on days 19 and 21.

Viral arthritis is caused by several mechanisms induced by 
direct invasion and immune complex formation. Viral particles 
may act as antigenic components in immune complexes formed 
by the humoural response to viral infection. These immune 
complexes may be preferentially deposited in the joints, leading 
to arthralgia and arthritis.

SARS- CoV-2 viraemia reportedly occurs in 15% of COVID-19 
cases2 but was absent in the present case, which shared clinical 

features with arthritis due to infection by hepatitis B virus, hepa-
titis C virus, parvovirus or alphavirus, such as chikungunya. Since 
the aetiology of acute arthritis in COVID-19 is still unknown,3 
we wished to share the present case of acute arthritis following 
SARS- CoV-2 infection.
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Impact of the COVID-19 lockdown on the 
management and control of patients with GCA

We read with interest the letter by Monti et al1 reporting that 
patients with chronic arthritis treated with disease- modifying 
antirheumatic drugs do not seem to be at increased risk for 
severe complications from COVID-19. However, the indi-
rect complications linked to the COVID-19 epidemic and the 
resulting lockdown must also be considered. This unprecedented 
situation has caused significant physical and psychological stress 
in many individuals. Previous studies have suggested that inflam-
matory rheumatic diseases are related to physiological stress2 3; 
we therefore assessed the impact of the COVID-19 lockdown on 
treatment adherence and disease stability in patients with giant 
cell arteritis (GCA). In this chronic inflammatory vasculitis, the 
duration and adherence to treatment (mainly glucocorticoids) 
are major factors in disease control and relapse prevention.4 5

A cross- sectional phone survey was conducted during the lock-
down in 79 patients with GCA (n=79) living at home and who 
have been followed up at the Dijon University Hospital since 
January 2018. Three trained interviewers used a standardised 
questionnaire to collect data by phone between 14 and 30 April 
2020, that is, 4 weeks into the French lockdown, which started 
on 17 March 2020. If patients reported signs suggesting GCA 
activity, another interviewer conducted a second interview to 
ascertain recent GCA symptoms.

Among the 79 patients included, 74 were interviewed (4 lost 
to follow- up, 1 declined). Table 1 summarises the characteristics 
of the study population and shows the impact of lockdown on 
the activity and monitoring of GCA and the effect on patients’ 
lifestyle. All patients stated compliance with the lockdown rules, 
and 22 (29%) patients reported being in poorer general condi-
tion than before the COVID-19 crisis. In addition, 24 (32%) 
patients reported feeling significantly more stressed since the 
beginning of lockdown. In terms of lifestyle, 50% reported a 
reduction in physical activity. Only one- third implemented alter-
native physical activity, while 42% increased the time spent in 
front of digital screens. The only patient who smoked increased 
his tobacco consumption, and five (7%) patients increased their 
alcohol consumption. Finally, 16% of patients reported gaining 
2 kg of weight or more.

Regarding the monitoring of GCA, 25% of patients who had 
scheduled blood tests did not attend the appointment (seven 
following the advice of their doctor, seven for fear of contamina-
tion and one for another reason). Forty- one (55%) patients had 
a scheduled medical consultation during lockdown. Twenty- one 
(50%) patients cancelled the appointment, 10 attended an 
inperson consultation and 10 had a teleconsultation. In contrast, 
patients reported strong therapeutic adherence, particularly to 
glucocorticoids, despite the alarming and repeated messages 
broadcast in various media that these medications could result 
in more severe forms of COVID-19. In fact, none of the patients 
had discontinued current treatment on their own even though 
32% reported significant anxiety about their risk of infection. 
While adherence to treatment was strong, seven (9.5%) patients 
reported signs suggesting a flare of GCA after the start of lock-
down. Two (29%) of these patients were no longer treated and 
five (71%) were still being treated. We could hypothesise that 
this unusual relapse rate might be the result of a change in life-
style (increased inactivity) associated with significant psycho-
social stress. In addition, lockdown had a negative impact on 
lifestyle, leading to an increase in unhealthy behaviours with 
a rapid decrease in physical activity (ie, after 4 weeks). If 

another period of lockdown becomes necessary, the impact of 
a prolonged sedentary lifestyle on the autonomy of this fragile 
population should be considered.

In conclusion, this study highlights the negative impact of 
the COVID-19 lockdown on the management and control of a 
chronic disease and on the lifestyle of a representative sample of 
patients with GCA confined to their homes.
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Table 1 Characteristics of patients with GCA and their medical and 
lifestyle parameters

Demographic characteristics

Age, mean±SD 77.3±7.5

Female, n (%) 56/74 (76)

Male, n (%) 18/74 (24)

Treatment of GCA, n (%)

 Glucocorticoid 33/74 (45)

 Methotrexate 2/74 (3)

 Tocilizumab 1/74 (1)

 No treatment 31/74 (42)

General parameters, n (%)

 Decrease in general condition 22/74 (29)

  Anxiety 24/74 (32)

Medical parameters, n (%)

 Relapse of GCA 7/74 (9.5)

 Untreated patient 2/7 (29)

 Treated patient 5/7 (71)

 Scheduled biological tests 60/74 (81)

   Carried out 45/60 (75)

 Cancelled for fear of contamination 7/60 (12)

 Cancelled on medical advice 7/60 (12)

 Cancelled for some other reason 1/60 (1)

 Patients who stopped their treatment 0/74 (0)

 Planned medical consultation during the lockdown 41/74 (55)

   Cancelled 21/41 (52)

   Maintained 10/41 (24)

 Teleconsultation 10/41 (24)

Lifestyle parameters, n (%)

 Physical activity

   >25% decrease 37/74 (50)

   No change 33/74 (45)

   >25% increase 4/74 (1)

 Replacement physical activity 12/37 (32)

 Smoking increase (>25%) 1/1 (100)

 Alcohol consumption increase (>2 daily glasses) 5/74 (7)

 Body weight increase (>2 kg) 12/74 (16)

 Increased the time spent in front of screens 31/74 (42)

GCA, giant cell arteritis.
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