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Learning the hard way: clinical trials in 
juvenile idiopathic arthritis
Roberta A Berard,1 Ronald M Laxer2

There have been unprecedented advances 
in the treatments and outcomes reported 
for patients living with juvenile idiopathic 
arthritis (JIA) over the last 20 years. The 
future direction of care with multinational 
collaborations (Paediatric Rheumatology 
International Trials Organisation 
(PRINTO), Pediatric Rheumatology 
Collaborative Study Group (PRCSG), 
Childhood Arthritis and Rheumatology 
Research Alliance) and advances in preci-
sion medicine will undoubtedly continue 
to revolutionise our approach to diag-
nosis, treatment and perhaps ultimately 
cure of JIA. In Annals of the Rheumatic 
Diseases, Brunner et al report on the use 
of subcutaneous golimumab for children 
with active polyarticular course JIA.1 This 
trial, no doubt associated with immense 
direct and indirect costs, produced nega-
tive results, as it did not achieve its primary 
end point. Despite this, there is wide-
spread international opinion that golim-
umab, like other tumour necrosis factor 
(TNF) inhibitors, is effective and should 
be added to the therapeutic armamen-
tarium for children with JIA. We must 
reflect on this outcome as we consider 
further studies with new agents in the 
treatment of children with JIA.

To date, three trials of anti-TNF agents 
(etanercept, infliximab and adalimumab),2–4 
one of a selective T cell costimulation 
modulator (abatacept),5 and an inter-
leukin-6 receptor inhibitor6 (tocilizumab) 
have shown efficacy and safety in the treat-
ment of polyarticular course JIA in spite of 
the fact that primary end point of efficacy 
was not met in the infliximab trial. Amar-
ilyo et al7 published a meta-analysis of 
randomised withdrawal trials which eval-
uated the five separate trials (abatacept,5 
adalimumab,8 anakinra,9 etanercept10 and 
tocilizumab6) all versus placebo. There were 
no statistical differences among biological 

agents for efficacy or safety. The parallel 
design infliximab trial published in 2007 
failed to meet the primary efficacy end 
point of American College of Rheuma-
tology Pediatric 30 Criteria (ACRPed30) 
at week 14 of infliximab (3 mg/kg) versus 
placebo.3 Several factors including inade-
quate infliximab dosing, too brief placebo 
treatment phase and higher-than-expected 
placebo-response rate may have contrib-
uted to these negative results. Concerns 
regarding this study, some of which we raise 
again 10 years later, were addressed in an 
accompanying editorial.11 Subsequently, 
infliximab monotherapy was shown to be 
effective in the aggressive combination drug 
therapy in very early polyarticular juvenile 
idiopathic arthritis (ACUTE-JIA trial),12 a 
randomised open-label trial that compared 
methotrexate, methotrexate/sulfasalazine/
hydroxychloroquine (COMBO) and inflix-
imab (3–5 mg/kg) in disease-modifying 
antirheumatic drug-naive patients. At week 
54, ACRPed75 was achieved in 100% on 
infliximab, 65% on COMBO and 50% on 
methotrexate monotherapy, p<0.0001. 
Furthermore, patients on infliximab 
remained in a state of inactive disease for a 
longer duration (6 months) than the other 
two treatment arms (3 months for COMBO 
and 1 month for methotrexate). Despite the 
initial negative trial, infliximab continues to 
be used in clinical practice with effective-
ness reported similar to the other biological 
agents.13

There are inherent challenges in the 
study of treatment efficacy in children 
and in particular concerning rare diseases 
such as JIA.11 14–16 There are requirements 
from the medical community, pharmaceu-
tical industry and regulatory agencies that 
have an ethical responsibility to design, 
conduct and report on high-quality studies 
of medicines in children. To minimise the 
number of children exposed to placebo 
while providing adequate recruitment, 
the three-part placebo-controlled, double-
blind, randomised withdrawal design17 
has been used in several trials in patients 
with JIA. This trial design tends to over-
estimate the effect of the trial agent, as 
only those who have an initial response 
proceed to the blinded withdrawal phase. 
Theoretically, this design should be limited 

to drugs with short half-lives that will not 
lead to carry-over effects; otherwise the 
time of the second phase would need to 
be increased, thus negating the benefit of 
this trial design.

In the current golimumab study, 
members of PRINTO and PRCSG report 
on the use of golimumab in polyarticular 
course JIA resistant to treatment with meth-
otrexate.1 The study involved 33 sites in 
12 countries for a total enrolment of 173 
patients. Similar to the etanercept, adalim-
umab, abatacept and tocilizumab trials, the 
study was a randomised withdrawal trial 
with the primary outcome defined as JIA 
flares in the withdrawal phase. Secondary 
outcomes included ACRPed50/70/90 
responses, clinical remission, pharmacoki-
netics and safety. In the open-label phase, 
89%/79.2%/65.9%/36.4% demonstrated 
an ACRPed30/50/70/90 response. At the 
end of phase II (week 48) the primary end 
point was not met (JIA flares, golimumab 
vs placebo: 32/78=41% vs 36/76=47%; 
p=0.41).

It is important to consider the reasons 
why this trial might not have met its 
primary end point. One can postulate on 
the possible factors contributing to the 
negative results. (1) The long half-life of 
golimumab could have led to carry-over 
effects in the randomised withdrawal 
phase. (2) Disease duration at time of 
initiation of golimumab as well as dura-
tion and dosing of methotrexate may have 
had a differential impact on response to 
therapy.12 18 The eligibility criteria speci-
fied disease duration of at least 6 months 
but disease duration at baseline was not 
collected; the proportion of patients on 
a dose of 15 mg/m2 subcutaneous meth-
otrexate was not provided. (3) The pres-
ence of neutralising antibodies could have 
had an effect on efficacy (the number 
of patients with high titre neutralising 
antibodies was small (n=8) in this study 
precluding definitive assessment of the 
clinical impact). The other main biolog-
ical trials2–6 similarly report low preva-
lence and generally low titre neutralising 
antibodies, but there are issues with the 
timing of testing, reliability of the assays 
and generalisability of the results. The 
prevalence and potential clinical signifi-
cance of antidrug antibodies in primary 
and secondary treatment failure to biolog-
ical agents in paediatric rheumatology 
warrants further investigation.

There are no doubt differences in the 
pathogenesis of rheumatoid arthritis (RA) 
and JIA, at minimum as evidenced by 
the absence of circulating autoantibodies 
(rheumatoid factor and anti-cyclic-citrulli-
nated peptide(CCP)) in most cases as well 
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as the presence of chronic anterior uveitis; 
however, there has yet to be a biological 
agent that has proven to be ineffective for 
use in JIA once its effect has been demon-
strated in RA. Similarly, biological agents 
found to be effective in the adult spondy-
loarthropathies have been successful in the 
paediatric population with enthesitis-re-
lated arthritis,19 20 a forerunner to spondy-
loarthropathy in later years. Furthermore, 
biological agents effective in systemic JIA 
have been used successfully in adult-onset 
Still’s disease, likely the same disease differ-
entiated essentially by the age of onset.

As highlighted, there are many chal-
lenges in conducting typical randomised 
controlled trials in paediatric patients 
including ethics, acceptability, diffi-
culty in recruiting an adequate sample 
size, rarity of disease and standardisa-
tion (age, outcome measures, selective 
reporting) and alternate trial designs are 
not without challenges. It may be time 
to rethink the regulatory approach to 
approvals of biological agents that have 
been documented to be effective in the 
adult population. At a minimum, perhaps 
approval of a new biological agent for 
non-systemic polyarticular course JIA 
(that already has proven efficacy in RA) 
should only require paediatric trials of 
pharmacokinetic and safety to save the 
time and expense of a clinical trial only 
to have it fail. Alternatively, perhaps, as 
shown in systemic JIA,21 the randomised 
placebo-controlled trial with early escape 
should again be considered. Either 
approach will save significant resources 
and allow patients to get the treatment 
they need in a more expeditious way.
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Treating axial spondyloarthritis and peripheral 
spondyloarthritis, especially psoriatic arthritis, to 
target: 2017 update of recommendations by an 
international task force
Josef S Smolen,1,2 Monika Schöls,3 Jürgen Braun,4 Maxime Dougados,5 
Oliver FitzGerald,6 Dafna D Gladman,7 Arthur Kavanaugh,8 Robert Landewé,9 
Philip Mease,10 Joachim Sieper,11 Tanja Stamm,12 Maarten de Wit,13 Daniel Aletaha,1 
Xenofon Baraliakos,4 Neil Betteridge,14 Filip van den Bosch,15 Laura C Coates,16 
Paul Emery,17 Lianne S Gensler,18 Laure Gossec,19 Philip Helliwell,20 Merryn Jongkees,21 
Tore K Kvien,22 Robert D Inman,23 Iain B McInnes,24 Mara Maccarone,25 
Pedro M Machado,26 Anna Molto,5 Alexis Ogdie,27 Denis Poddubnyy,11,28 
Christopher Ritchlin,29 Martin Rudwaleit,11,30 Adrian Tanew,31 Bing Thio,32 
Douglas Veale,33 Kurt de Vlam,34 Désirée van der Heijde35

AbstRAct
Therapeutic targets have been defined for axial and 
peripheral spondyloarthritis (SpA) in 2012, but the evidence 
for these recommendations was only of indirect nature. 
These recommendations were re-evaluated in light of new 
insights. Based on the results of a systematic literature 
review and expert opinion, a task force of rheumatologists, 
dermatologists, patients and a health professional 
developed an update of the 2012 recommendations. 
These underwent intensive discussions, on site voting 
and subsequent anonymous electronic voting on levels 
of agreement with each item. A set of 5 overarching 
principles and 11 recommendations were developed 
and voted on. Some items were present in the previous 
recommendations, while others were significantly changed 
or newly formulated. The 2017 task force arrived at a 
single set of recommendations for axial and peripheral 
SpA, including psoriatic arthritis (PsA). The most exhaustive 
discussions related to whether PsA should be assessed 
using unidimensional composite scores for its different 
domains or multidimensional scores that comprise multiple 
domains. This question was not resolved and constitutes an 
important research agenda. There was broad agreement, 
now better supported by data than in 2012, that remission/
inactive disease and, alternatively, low/minimal disease 
activity are the principal targets for the treatment of PsA. As 
instruments to assess the patients on the path to the target, 
the Ankylosing Spondylitis Disease Activity Score (ASDAS) 
for axial SpA and the Disease Activity index for PSoriatic 
Arthritis (DAPSA) and Minimal Disease Activity (MDA) for 
PsA were recommended, although not supported by all. 
Shared decision-making between the clinician and the 
patient was seen as pivotal to the process. The task force 
defined the treatment target for SpA as remission or low 
disease activity and developed a large research agenda to 
further advance the field.

IntRoductIon
Recommendations on general treatment targets in 
spondyloarthritis (SpA) and the strategy to treat 

SpA to these targets were developed in 2012 by an 
international task force.1 These recommendations 
are deliberately generic and intended to inform 
the optimal treatment approach rather than advise 
around a specific drug entity, since it was deemed 
important to develop and describe a conceptual 
framework independent of particular drug avail-
ability or preference. Other groups have focused on 
drug therapies in management recommendations 
for axial SpA and psoriatic arthritis (PsA)2–4; two of 
the three management recommendations adopted 
the treat-to-target (T2T) concept.2 4 This concept, 
originally developed for chronic diseases such as 
diabetes,5 has already been successfully imple-
mented for rheumatoid arthritis (RA).6 Systematic 
literature reviews (SLRs) underpinning the T2T 
recommendations for RA revealed data from several 
trials with efficacy of a target-driven therapeutic 
approach as superior to usual clinical care in RA for 
clinical, functional and structural outcomes.7 8 The 
2012 task force applied this concept to SpA, despite 
the fact that the SLR on the original T2T recom-
mendations for SpA revealed only indirect evidence 
favouring this approach, given the absence of data 
from strategic clinical trials.9

All recommendations developed in 2012 for SpA 
treatment to target were based on evidence levels of 
the lowest category1 (category 5),10 which derives 
solely from expert opinion, even if they were based 
on several lines of indirect evidence. Therefore, 
an ambitious research agenda was then proposed 
to focus on improving the definition of treatment 
targets and validating respective instruments and 
emphasised the importance of data collection from 
strategic clinical trials. The participants under-
stood such limitations and in the manuscript it was 
stated at the time that ‘given the small evidence 
base, the research agenda is of utmost importance’, 
anticipating a revision of the document ‘in about 
4 years or 5 years…, when significant evidence 
accumulates regarding the individual points of the 
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recommendations’ that ‘either allow confirmation or modifica-
tions’ of the conclusions.1

Subsequently, in line with those expectations, a number of 
publications in the field have addressed several points raised in 
the research agenda. Therefore, our objective was to re-evaluate 
and update the recommendations.

Methods
At the beginning of this endeavour, a steering committee (SC) 
comprising rheumatologists from Europe and North America 
experienced in SpA clinical research, a patient and a health 
professional (in total 13 members) was convened in August 2016 
in Vienna, Austria, by a rheumatologist (JSS) and a methodolo-
gist (DvdH) to discuss the potential need for a recommendation 
update based on the information available from the literature 
published in recent years. Research questions for an update 
of the systematic literature review (SLR)9 were formulated by 
the SC members; the process adhered to the updated Euro-
pean League Against Rheumatism (EULAR) standard operating 
procedures (SOPs) for developing recommendations.11 The SLR, 
which was performed by MS and covered the period from the 
last SLR (2011) to the end of 2016 is summarised in the online 
supplementary material A. It was presented at a 2-day meeting 
in March 2017 in Düsseldorf, Germany. The detailed SLR was 
reported to the SC. The SC then carefully reviewed every item 
of the overarching principles and recommendations developed 
in 2012 and proposed an amended set of recommendations for 
discussion by the whole task force.

The next day, the task force comprising 36 members was 
convened (one additional expert, TKK, was involved in the 
planning of the activity and in the level of agreement voting 
and manuscript development process). Among these members 
were four patient representatives (NB, MJ, MM, MdW), 1 (non-
MD) health professional (TS), 2 dermatologists (AT, BT) and 28 
rheumatologists, 6 of whom came from North America with the 
remainder coming from Europe. All experts had a significant 
publication record in the field of SpA. Indeed, several of the 
experts are also committee members of the Group for Research 
and Assessment of Psoriatic Arthritis (GRAPPA; www. grappanet-
work. org/ committee- list) and coauthors of the 2015 GRAPPA 
PsA treatment recommendations; another group of experts 
is involved in Assessment of SpondyloArthritis international 
Society (ASAS) activities (http:// asas- group. org/ committee. php) 
and participated in the development of the ASAS-EULAR axial 
SpA management recommendations4 and a third group has 
been involved in the generation of the EULAR PsA manage-
ment recommendations,2 with some small overlap among these 
involvements.

In line with the SOPs, no representative of the company 
providing the unrestricted grant was present to avoid any poten-
tial influence on the discussion or development of the recom-
mendations; this position has been and still is a general principle 
throughout all T2T activities.

At the beginning, the convenor summarised the 2012 recom-
mendations together with the 2012 discussions. In particular, 
the 2012 task force had originally contemplated developing 
three sets of recommendations, namely one for axial SpA, one 
for peripheral SpA excluding PsA and one for PsA. During the 
2012 process, it became apparent that the three proposed sets 
had significant overlap such that the final recommendations 
comprised a common trunk of five overarching principles and 
nine recommendations, as well as two recommendations each 
for axial SpA, PsA and peripheral SpA.

Given the recent proliferation of instruments (categorical and 
continuous) for evaluating the multiple domains of PsA,12 one of 
the SC members (OF) presented a summary of these measures to 
the task force. The methodologist (DvdH) addressed the scien-
tific and methodological background of selecting components of 
composite indices for chronic rheumatic diseases.

An abbreviated version of the SLR was then presented to the 
task force (MS) with residual information available on request. 
Of note, very few data exist for peripheral SpA and, therefore, 
in line with the results of the SLR, the current activity focused 
on axial SpA and PsA.

For the discussion and decision-making process of the recom-
mendations, each item of the 2012 version was shown together 
with the SC proposal for the new version. Each of the items 
was subjected to a thorough discussion in light of the evidence 
presented and to a rigorous voting process. The methodologist 
explained that, as in the previous and similar endeavours,1 4 13 the 
initial ballot required at least 75% of votes to accept a proposal 
for a recommendation. If this result was not achieved, textual 
amendments were discussed and in the next round 67% of the 
votes were needed. If that amendment was not sufficient, the 
process continued and then a member vote of >50% was needed 
for approval and acceptance.

The level of evidence (LoE) and strength or recommenda-
tion (SoR) was based on the Oxford Evidence-Based Medicine 
categorisation.10

After the meeting, the newly formulated recommendations 
were compiled in a single table together with the LoE, SoR and 
voting results at the meeting. All task force members assigned 
electronically (by email) and anonymously level of agreement 
(LoA) with each item on a scale of 0 (no agreement at all) to 10 
(full agreement).

Results
General aspects
Implementation, feasibility and validity
A central question, mentioned by the convenor in his introduc-
tory remarks, concerned the implementation of the previous 
recommendations. Implementation may be supported by the 
fact that both EULAR PsA and ASAS-EULAR axial SpA manage-
ment recommendations have adopted the T2T approach. The 
T2T recommendations for RA were also strongly integrated into 
the respective American College of Rheumatology (ACR) and 
EULAR management guidance documents.13 14 Nevertheless, 
implementation is often impeded in clinical practice.15 Learning 
collaboratives, that is, group-based multisite educational collab-
oratives, can be successful in this respect.16

In some practice settings, effective implementation is attained 
when rheumatologists have to enter detailed data into registries.17 
However, even if rheumatologists agree with certain principles, 
the practical application of these principles may be limited.18 A 
recent survey revealed that ‘a busy clinical practice, accompa-
nied by a shortage of supporting staff, was identified as the main 
barrier to full compliance with the T2T recommendations from 
the physician standpoint’.19 Indeed, ‘limitations arise as a result 
of … lack of time for the individual patient with RA’,20 21 despite 
the fact that the T2T-RA recommendations only call for using 
a composite measure for RA disease activity that includes joint 
counts.1 Since T2T recommendations are developed primarily 
for clinical practice, feasibility should be a major character-
istic, among others, in line with the Appraisal of Guidelines for 
Research and Evaluation II guidelines, which call for applicability 
and consideration of resource implications when developing 
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recommendations.22 In other words, a measure is feasible when 
it can ‘be applied easily, given constraints of time, money or 
interpretability’ despite the complexity of its development.23 
In addition, the composite ‘measure must discriminate between 
situations of interest’, be truthful, that is, have face, construct, 
content and criterion validity and demonstrate reliability.23 
Notably, health professionals in rheumatology may support the 
implementation and practice of T2T recommendations.

Instruments for PsA
In the presentation on the measures used for PsA assessment, 
several different instruments, their components and calculations 
were addressed and are shown in table 1. They comprise the 
Composite Psoriatic Disease Activity Index (CPDAI),24 Disease 
Activity index for PSoriatic Arthritis (DAPSA),25 GRAppa 
Composite Exercise (GRACE) index,26 Minimal Disease 
Activity (MDA)27 and Psoriatic Arthritis Disease Activity Score 
(PASDAS).12 Most of these instruments allow calculation of 
continuous scores, while one (MDA) is dichotomous or cate-
gorical. The continuous scales can also be applied to define 
disease activity categories or states. One measure focuses only 
on joint activity (DAPSA), the others also include measures of 
other (non-articular) musculoskeletal domains (such as enthesitis 
and axial disease), skin manifestations, physical functioning or 
quality of life (table 1).

Selection of domains for composite measures of disease activity
The presentation on the selection of components for composite 
disease activity measures focused on axial SpA. Issues of 
methodological rigour, instrument properties pertaining to 
composite measures and the preference of a unidimensional 
approach to disease activity assessment were discussed.28 Addi-
tionally, the concern of combining domains into a composite 
that may not track together, particularly regarding response to 
therapy, was addressed, since the risk increases of missing true 
improvement in individual domains, or missing non-response 
or deterioration in other domains. Moreover, in this situa-
tion a good performance of one dimension can ‘compensate’ 
for a bad result in another dimension despite being different 
disease manifestations. This may not be the case when the 
disease domains are assessed separately with respective vali-
dated instruments. For example, uveitis occurs frequently in 
patients with axial SpA (>20%) and concomitant psoriasis or 
inflammatory bowel disease (IBD) are not rare.29 30 However, 
uveitis activity31 since relating to a different domain should 
not be part of an index for axial SpA.

It was also noted that composites should not combine 
a measure of inflammation with a measure of structural 
changes or physical functional, since damage and function 
are different constructs than activity. While they are partly a 
consequence of the inflammatory process, they do not reflect 
this process directly (figure 1). Furthermore, when outcome 
measures are combined with activity measures, the ability to 
detect improvement might preclude a subgroup of patients 
with long-standing disease from achieving remission despite 
experiencing clear-cut absence of inflammation.32–35 More-
over, when the data from these instruments are correlated 
with physical function as an outcome, circular reasoning may 
ensue. Therefore, ASAS improvement and partial remission 
criteria, which include function (table 2),36 are less discrimi-
native and appropriate than the respective Ankylosing Spon-
dylitis Disease Activity Score (ASDAS) categories.37 ta
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In general, composite measures have the advantage of encom-
passing various aspects linked to a construct, such as inflamma-
tion. For example, in RA and also PsA joint swelling and acute 
phase reactant (APR) levels are more strongly associated with 
progression of joint damage, than joint tenderness,38–41 patient 
global and pain assessments, while the latter are more strongly 
associated with disability than damage; a composite measure that 
combines these individual variables reflecting current disease 
activity will, therefore, relate to the totality of future adverse 
disease outcomes.42–44 Of note, the term ‘outcome’ is frequently 
used interchangeably with the term ‘end point’ (of an interven-
tion, ie, outcome of a treatment or a study), while here it will 
be used primarily to reflect the sequel of diseases like axial SpA 
and PsA.

A number of task force members believe that in PsA, as a 
multidimensional disease, one should be aiming to measure 
psoriatic disease as a construct and, therefore, the instrument 
needed to combine individual domains into a single ‘snapshot’ 
of the disease; moderate disease activity in several domains 
may altogether contribute to a single score representing high 
disease activity and response criteria and cut-offs will reflect 
the disease as a whole. Others are of the opinion that espe-
cially in a multidimensional disease unidimensional scoring 
of the individual components is pivotal to understand the 
heterogeneity in an individual patient and especially thera-
peutic effects on the individual domains. By this reasoning all 
disease manifestations should be assessed, but separately and 
not within one index (a unidimensional approach). Indeed, 
just like in RA or axial SpA, where management recommen-
dations relate to the respective levels of disease activity,4 13 14 
the most recent management recommendations for PsA relate 
to the level of activity of the individual domains and not a 
total score of psoriatic disease.2 3 It is also noteworthy that the 
recent approvals by regulatory authorities of all novel thera-
pies for PsA were based on clinical trials using unidimensional 
primary end points, even though they were derived from 
RA and were thus not specific for PsA joint involvement nor 
other manifestations of the disease. While the ACR response 
criteria include a measure of physical function, it is one of five 
measures (of which three need to be fulfilled) that can only be 

used if joint counts improve by a minimum of 20%, 50% or 
70%.45 In post hoc subanalyses, however, several of the newer 
composite scores such as PASDAS were evaluated26 and newer 
trials are including composite multidimensional measures 
related to all domains and/or the unidimensional DAPSA as 
key outcomes.

During the meeting and in the process of developing the 
manuscript, no clear agreement emerged between these two 
schools of thought. Most of the participants who advocated 
multidimensional scores were members of GRAPPA commit-
tees, while most of those advocating unidimensional scoring 
approaches were not. Thus, it appears that this is still an area 
of research that needs to be growing and methods of defining 
validity are developing.46 47 To this end, several ongoing 
studies are aiming to further define the optimal outcome 
measures for PsA.

the consensus
overarching principles
Providing a framework to embed the individual recommenda-
tions was important. Such a framework has been studied rarely 
in a methodological fashion. Therefore, the previous document 
already included ‘principles’ that govern and underscore the 
realisation of the recommendations.1 The current task force 
adhered to this approach and agreed on five overarching princi-
ples, in line with the 2012 recommendations.
A. The treatment target must be based on a shared decision 

between patient and rheumatologist. This first principle 
remained unchanged. It is fundamental to good clinical 
practice and constitutes a quality indicator of patient care 
in other diseases.48 There was discussion whether the term 
‘target’ should be changed to ‘targets’, because SpA exhibits 
clinical heterogeneity and patients and rheumatologists 
wish to achieve the treatment target across disease domains, 
whether musculoskeletal or extramusculoskeletal. A 
counterargument addressed the point that the singular 
‘target’, which focuses on a state to be attained, pertains 
to the outcome of all domains. Furthermore, ‘treatment 
targets’ is a term that is rarely, if ever used and might require 

Figure 1 Relationships between inflammation, damage and disability. Inflammation, by virtue of pain and stiffness, elicits disability which is 
reversible on reversal of disease activity. Inflammation also induces damage which is usually irreversible. Damage also induces disability; due to 
its irreversible nature, damage-induced disability is irreversible, meaning that with increasing damage the floor of physical functioning that can be 
reached on reversal of disease activity rises. 
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clarification for patients and rheumatologists. The patients 
felt strongly about the need for physicians to adhere to 
evidence-based therapies and to educate patients on the 
importance of such therapies versus unproven approaches. 
While there was broad agreement here, this aspect was felt 
to be more appropriate for the individual recommendations 
(to be discussed subsequently) and to drug management 
guidance documents. In a first ballot, the 75% majority 
needed was not obtained; the principle as worded and the 
original singular version of ‘target’ then received 69.4% 
approval in the second ballot.

B. Treatment to target by measuring disease activity, and 
adjusting therapy accordingly, improves outcomes. Since the 
previous version of these recommendations, evidence for the 
benefit of a T2T strategy compared with routine care has 
been obtained for PsA in the TICOPA trial.49 Therefore, it 

was proposed to replace the previous wording ‘contributes to 
short-term and/or long-term outcomes’ simply by ‘improves 
outcomes’. Although no T2T study has been performed in 
axial SpA, it was deemed that such an approach could also 
improve outcomes in axial SpA, given the correlation of 
damage progression with disease activity.50 51 T2T studies 
are currently ongoing in axial SpA (eg, TICOSPA, NCT 
03043846, and STRIKE, NCT 02897115). In the course of 
the deliberations, it was mentioned that the efficacy benefit 
of a T2T approach in PsA was somewhat counterbalanced 
by more adverse events in the TICOPA trial,49 however, this 
may be related to therapy choice (rapid csDMARD escalation 
and combinations) and partially due to reporting bias (T2T 
patients were reviewed every 4 weeks, controls every 12 
weeks) rather than the T2T strategy itself. Nevertheless, 
as will be detailed in the individual recommendations 

table 2 Clinical assessment of axial spondyloarthritis

bAsdAI62 Questions calculation

1. How would you describe the overall level of fatigue/tiredness you have 
experienced?

Assess each question on a numerical rating scale (NRS) of 0 (none) 
to 10 (very severe), alternatively, a VAS can be used for questions 
1–5 (NRS preferred by ASAS)
Calculation of BASDAI:

 ► Compute the mean of questions 5 and 6
 ► Calculate the sum of the values of question 1–4 and add the 

result to the mean of questions 5 and 6
 ► Divide the result by 5

2. How would you describe the overall level of ankylosing spondylitis neck, 
back or hip pain you have had?

3. How would you describe the overall level of pain/swelling in joints other 
than neck, back or hips you had?

4. How would you describe the overall level of discomfort you have had from 
any areas tender to touch or pressure?

5. How would you describe the overall level of morning stiffness you have had 
from the time you wake up?

6. How long does your morning stiffness last from the time you wake up?

AsdAs84 89 Parameters calculations

1. Total back pain (BASDAI question 2) ASDAS-CRP: 0.121 x total back pain+0.110 x patient 
global+0.073 x peripheral pain/swelling+0.058 x duration 
of morning stiffness+0.579xln(CRP+1); ASDAS-ESR: 
0.113xpatient global+0.293x√ESR+0.086 x peripheral pain/
swelling+0.069 x duration of morning stiffness+0.079xtotal back 
pain
Assess each question on an NRS of 0 (none) to 10 (very severe)

2. Patient global assessment

3. Peripheral pain/swelling (BASDAI question 3)

4. Duration of morning stiffness (BASDAI question 6)

5. C reactive protein (CRP) in mg/L (or erythrocyte sedimentation rate (ESR))
(the lowest value for CRP can be 2 mg/L)

Improvement criteria

ASAS 2090 Improvement ≥20% and absolute improvement of ≥1 unit (on a scale of 
0–10; or 10 units on a scale of 0–100) in at least three of the four following 
domains:

Patient global assessment

Pain

Function (BASFI)63

Inflammation (mean of morning stiffness-related BASDAI VAS scores for 
questions 5 and 6)

  No worsening of ≥20% and ≥1 unit in the remaining domain

ASAS 4091 Improvement ≥40% and absolute improvement of ≥2 unit (on a scale of 
0–10; or 10 units on a scale of 0–100) in at least three of the four following 
domains:

Patient global assessment

Pain

Function (BASFI)63

Inflammation (mean of morning stiffness-related BASDAI VAS scores for 
questions 5 and 6)

No worsening at all in the fourth domain

Remission criteria

  ASAS partial remission90 A value not above two units on a 0–10 scale in each of the four domains: 
patient global, pain, function, inflammation (mean of morning stiffness-
related BASDAI VAS scores for questions 5 and 6)*

  ASDAS inactive disease84 ASDAS <1.3

ASAS, Assessments of SpondyloArthritis international Society90; ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity 
Index62; BASFI, Bath Ankylosing Spondylitis Functional Index; VAS, Visual Analogue Scale.
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and mentioned in principle C, safety aspects have to be 
considered when using a T2T approach. Thus, it was 
suggested to mention that for axial SpA this principle should 
currently be read as ‘T2T is based on the assumption that it 
improves outcomes’. Despite these caveats, the new wording 
was accepted by a majority of task force members (83.3%) 
in the first ballot.

C. SpA and PsA are multifaceted systemic diseases; the 
management of musculoskeletal and extra-articular 
manifestations should be coordinated, as needed, between the 
rheumatologist and other specialists (such as dermatologists, 
gastroenterologists, ophthalmologists). The original version: 
‘SpA and PsA are often complex systemic diseases’ was 
changed in two aspects: first, ‘complex’ was deemed by 
some to suggest that these diseases are too complicated to 
be understood, while it was used in 2012 to address the 
disease heterogeneity. Various additional aspects, especially 
concerning the term ‘extra-articular manifestations’, 
were discussed and are provided in online supplementary 
material B. The term ‘extra-articular’ will refer to non-
musculoskeletal abnormalities, such as the skin or the eye; 
indeed, current management recommendations separate 
these domains regarding specific treatment approaches.2 3 
However, the management recommendations also separate 
arthritis from other musculoskeletal manifestations; 
therefore, we will refer to axial disease, dactylitis and 
enthesitis as ‘non-articular musculoskeletal manifestations’ 
for the sake of semantic consistency and differentiation from 
‘extra-articular’ manifestations. Furthermore, replacing 
‘specialists’ by ‘specialties’ was discussed, but did not find 
popularity. Finally, it was suggested to expand ‘extra-articular’ 
to ‘extra-articular and other manifestations’ to also account 
for cardiovascular risk and other comorbidities; however, this 
also did not find major agreement, since these comorbidities, 
while serious and to be taken into account when following 
patients with SpA, constitute primarily consequences of 
chronic inflammation in general, rather than extra-articular 
manifestations of the underlying SpA, which are the focus of 
the current endeavour. Changing ‘complex’ to ‘multifaceted’ 
achieved 100% approval, maintaining ‘specialists’ rather 
than changing to ‘specialties’ achieved 86% approval, and 
leaving ‘extra-articular’ unchanged attained 69.4% of votes 
in a second ballot.

D. The goals of treating the patient with axial SpA or PsA 
are to optimise long-term health-related quality of life 
and social participation through control of signs and 
symptoms, prevention of structural damage, normalisation 
or preservation of function, avoidance of toxicities and 
minimisation of comorbidities. Compared with the previous 
version, the qualification ‘primary’, in the sense of ‘main’, 
for the goal was felt to be confusing, since several goals (and 
not just one) were mentioned thereafter. Therefore, it was 
suggested to simply delete ‘primary’ and replace goal by its 
plural form. This found an 86% approval. In a second ballot, 
the previous term ‘maximise’ was replaced by ‘optimise’ 
(72%). Discussions on specifying MRI regarding structural 
damage assessment and mentioning acute phase reactants in 
the context of this principle were not taken further here and 
postponed to deliberations on the specific recommendations. 
Of note and in reference to discussions mentioned above, 
comorbidities are specifically included here.

E. Abrogation of inflammation is important to achieve these 
goals. Compared with previous principle D, which stated 
that ‘abrogation of inflammation is presumably important’, 

‘presumably’ was now deleted, since sufficient evidence had 
accumulated over the last 5 years that inflammation is pivotal 
for progression of damage.39 50–52 Therefore, even though PsA 
is not a homogeneous disease and up to one-third of patients 
may have non-progressive arthritis where this paradigm may 
not apply,53 in the majority of patients, interference with 
inflammation is needed to achieve good outcomes. It was also 
suggested to exchange the word ‘abrogation’ by ‘elimination’ 
because this might be better understood; however, reference 
to the patient version of RA recommendations revealed that 
this term can be easily transposed for lay people.54 There was 
94.4% agreement with the above version in the first ballot.

Recommendations
The task force next evaluated potential changes to the recom-
mendations. All options were acceptable, namely: to be left 
as they had originally been constructed, amended, deleted or 
expanded in number and/or changed in sequence. Adherence to 
the evidence available was the pivotal driver during this process. 
The previous recommendations and the proposals for amend-
ment by the SC were presented and discussed. This process 
resulted in a total of 11 bullet points.

1. The treatment target should be clinical remission/inactive 
disease of musculoskeletal (arthritis, dactylitis, enthesitis, 
axial disease) and extra-articular manifestations. This bullet 
point previously read: ‘A major treatment target should 
be clinical remission/inactive disease of musculoskeletal 
involvement (arthritis, dactylitis, enthesitis, axial disease), 
taking extra-articular manifestations into consideration’. 
Thus, from the perspective of the content, the updated 
recommendation remained similar, but it was shortened and 
a few items deleted. For example, it was not deemed neces-
sary to call the target a ‘major’ one, since remission should 
be the aim in essentially all patients, while the term ‘should’ 
inherently suggests that this may not always be achievable 
(see item 4). Also, the phrase ‘taking extra-articular mani-
festations into consideration’ already suggested that their 
reversal should be accounted for. Importantly, however, 
no clinical trial used remission or inactive disease as a 
target for a strategic trial. The only strategic trial currently 
published focused on MDA, which likely corresponds to a 
low disease activity state as it allows for residual activity in 
some items.49 On the other hand, there is sufficient indirect 
evidence to suggest that in axial SpA and PsA, progression 
of damage is most strongly inhibited in states of remission/
inactive disease; low disease activity including MDA also 
conveys good structural outcomes50 52 55 and physical func-
tion is maximised in remission.52 This recommendation was 
voted for by 75% of the participants in the first ballot.

2. The treatment target should be individualised based on 
the current clinical manifestations of the disease; the 
treatment modality should be considered when defining 
the time required to reach the target. The first part of 
this recommendation constituted the previous point 2; 
the term ‘according to’ was just replaced by ‘based on’. 
It was also suggested that the term ‘current’ was deleted 
or changed, since one treats ‘active’ disease; however, the 
group preferred to adhere to ‘current’, since rheumatolo-
gists would understand what was meant. In the course of 
the discussions, several task force members suggested to 
add a time aspect, since the T2T concept generally calls 
for timely adaptation of therapy if a treatment is insuffi-
ciently effective and that the target and the time to reach 
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the target are related concepts. On the other hand, the time 
point at which one can discern a good from a minor or no 
response differs depending on the drugs used (eg, shorter 
with non-steroidal anti-inflammatory drugs) than biologic 
(b) DMARDs or methotrexate). Thus, an interim proposal 
for this recommendation read: ‘The treatment target and 
the time to reach the target should be individualised based 
on the current clinical manifestations of the disease and the 
treatment modality’. The opinion was then expressed that 
the target and the time to reach the target, while related, 
constituted separate concepts and, therefore, should 
be separated. With respect to timelines, treatment with 
DMARDs should show significant improvement within 
3 months and attainment of the target within 6 months. 
These considerations resulted in the present version which 
attained a 94.4% approval.

3. Clinical remission/inactive disease is defined as the absence 
of clinical and laboratory evidence of significant disease 
activity. This recommendation, which defines item 1, 
ultimately remained almost unchanged compared with 
2012, but three discussion points were raised. First, it was 
suggested to exclude the need for laboratory evidence in 
the definition, because MDA, and also clinical DAPSA,25 
did not include C reactive protein (CRP) or erythrocyte 
sedimentation rate (ESR) in their formulae and were still 
associated with good outcomes. The opposite view related 
to the fact that APR levels were significantly associated 
with progression of damage both in PsA and axial SpA,38 56 
and therefore should not be excluded from assessment of 
disease activity. Moreover, APRs are the only objective 
measure of articular or spinal disease activity (especially 
in axial SpA) and reflect the same dimension as activity of 
arthritis or of spondylitis. It is noteworthy that this recom-
mendation refers to ‘clinical remission/inactive disease’, in 
other words, it does not call for remission/inactive disease 
by imaging techniques such as sonography or MRI. Never-
theless, both DAPSA remission and a Boolean remission 
definition focusing on musculoskeletal items, but not MDA 
or CPDAI, were associated with minimal sonographic 
activity in PsA.57 58 Finally, the question was raised whether 
having the concept of remission was necessary or rather the 
terms inactive disease or minimal disease activity would be 
sufficient. However, in the course of the discussion several 
participants mentioned that the concept of remission was 
essential for rheumatic diseases, since it implies a cure-like 
state with no further progression of damage; importantly 
in this context, damage is associated with active joint or 
spinal disease, potentially even progressing slightly in low 
disease activity.39 50 52 As a result of these deliberations, this 
recommendation was approved in the first ballot by 88.9% 
of the task force members.

4. Low/minimal disease activity may be an alternative treat-
ment target. Stringent remission, as defined in point 3, may 
be difficult to achieve in many patients in clinical practice, 
especially in those with long-standing disease or substan-
tial comorbidities. The discussion focused on the need to 
understand the potential failure to attain a state named 
remission, since this failure could be a consequence of the 
instruments used; in particular, including physical func-
tion in an index may preclude attaining remission in those 
patients in whom function is severely impaired due to signif-
icant damage. This has been seen in ankylosing spondylitis 
(AS), where ASAS partial remission includes function36 and 
is less frequently achieved than ASDAS inactive disease.59 

Of note, ASDAS terminology refers to low disease activity 
as moderate disease activity, since the disease activity states 
include ‘very high’ in addition to ‘high’; this should be 
considered when interpreting ASDAS data or using ASDAS 
in practice. It was then discussed that the Health Assess-
ment Questionnaire Disability Index (HAQ) was just one 
item of several in the MDA criteria set or other indices, 
such as the CPDAI or GRACE, and patients could fulfil the 
other elements. However, allowing only six items to be 
achievable in the MDA, for example, may still decrease the 
chances of reaching a satisfactory status. MDA was applied 
as target in TICOPA, an open-label but controlled clinical 
trial, which allowed the SLR to adjudicate a high level of 
evidence (2b) to the trial  and to this item with a grade of 
recommendation of B10 (table 3). All task force members 
acknowledged the importance of this first-in-disease 
randomised strategic trial. By corollary, since low disease 
activity is an alternative target to remission, higher disease 
activity states are unacceptable, unless these are due to 
explicit patient preferences or reduction of disease activity 
is precluded by comorbidities or risks. Thus, ultimately the 
agreement on the treatment target should be based on a 
shared decision making between clinicians and patients. 
This recommendation achieved a 97.2% approval.

5. Disease activity should be measured on the basis of clinical 
signs and symptoms, and acute phase reactants. Initially, the 
question was raised if imaging should also be included when 
speaking of disease activity assessments. However, this 
suggestion was refuted because there are no data justifying 
the use of imaging in follow-up as yet and it is not feasible 
to perform MRI every few weeks in axial SpA. In early RA, 
following patients using ultrasound to target sonographic 
remission was not superior to clinical follow-up and a waste 
of healthcare resources.60 61 In light of the deliberations on 
point 3, no further discussions on the use of APRs in clinical 
practice ensued. This item remained unchanged compared 
with the 2012 version and achieved a 88.9% majority vote.

6. Validated measures of musculoskeletal disease activity and 
assessment of cutaneous and/or other relevant extra-ar-
ticular manifestations should be used in clinical practice 
to define the target and to guide treatment decisions; the 
frequency of the measurements depends on the level of 
disease activity. This item is related to recommendation 10 
of the 2012 version. However, it was one of the recom-
mendations, which had been separately developed for axial 
SpA, peripheral SpA and PsA. Since all three recommen-
dations had many components in common, it was deemed 
appropriate to combine them into a single recommenda-
tion. Previously, this item partly referred to specific instru-
ments, such as Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI)62 plus APRs or ASDAS, with or without 
measures of function such as Bath Ankylosing Spondylitis 
Functional Index63’ for axial SpA, or ‘arthritis, dactylitis, 
enthesitis, axial disease’ and ‘cutaneous manifestations’ for 
PsA. It was felt that the aspect of specific scores should be 
separated from the more general parts and that extra-ar-
ticular manifestations should be considered in PsA and in 
peripheral and axial SpA, given the potential for wide-
ranging clinical manifestations, by which they are also 
classified.64 Thus, this general comment was expanded 
and somewhat reworded to include cutaneous and ‘other 
relevant extra-articular manifestations’, indicating that 
eye (uveitis) and bowel (IBD) manifestations should also 
be considered, in line with overarching principle C. The 
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2012 recommendation included the notion that the vali-
dated measures should also be ‘documented regularly’; 
this was now omitted, but it should be part of standard 
of care in the context of the T2T recommendations that 
results of measuring disease activity must be recorded in 
the patients’ charts. Also, in line with the previous version, 
it is recommended that patients with high disease activity 
should be rheumatologically evaluated at short intervals 
(every 1–3 months), while those who achieved the treat-
ment target could be followed less frequently, such as every 
6–12 months; hence, the dependence on disease activity. As 
ultimately worded, this recommendation obtained 84.4% 
of the votes.

7. In axial SpA, ASDAS is a preferred measure and in PsA 
DAP SA or MDA should be considered to define the target. 
This bullet point addresses the clinical assessment of axial 
SpA and PsA, which was a focus of intensive debates during 
the consensus meeting. The discussion addressed both SpA 
subentities separately for some time, although there was 
some intermix in the course of these deliberations.
Regarding axial SpA, the 2012 version had suggested the 
assessment of ASDAS and/or BASDAI plus CRP. However, 
it was mentioned that the discrimination of BASDAI 
plus CRP is not as good as that of ASDAS and a model 
with ASDAS versus one including BASDAI and CRP was 

more closely correlated with syndesmophyte formation.65 
Indeed, ASDAS is more associated with various biomarkers 
of inflammation than BASDAI66 and correlates better with 
MRI changes.67 When ASAS partial remission was brought 
into the discussion, it became clear that, as stated before, it 
comprises physical function which is primarily an outcome 
variable and partly dependent on spinal damage, making it 
less responsive and discriminative than ASDAS. However, 
colleagues from the USA felt that the requirement of a labo-
ratory measure (CRP) in the ASDAS could decrease feasi-
bility in the USA in daily clinical practice, since laboratory 
testing may not always be possible on or sometimes even 
close to the date of the visits. It was counter-argued that 
CRP from the previous visit could be used when the patient 
was in the office and ASDAS could be corrected once the 
new laboratory evaluation was available, or a CRP could 
already be collected before the office visit, but this may 
not be generally feasible. Moreover, recommendation 3 
states that remission should also be defined by laboratory 
markers, so a CRP value should be obtained to be able to 
comply with this recommendation.
After this discussion on assessment of axial SpA, scoring 
systems for disease activity of PsA became again a heavily 
debated topic. It was restated by some members that from 
a methodological viewpoint composite measures should 

table 3 The 2017 updated treat-to-target recommendations for spondyloarthritis

loe GoR Voting
loA (0–10)
Mean (sd)

Overarching principles

A. The treatment target must be based on a shared decision between patient and rheumatologist n.a. n.a. 69.4% 9.7 (0.7)

B. Treatment to target by measuring disease activity, and adjusting therapy accordingly, improves outcomes n.a. n.a. 83.3% 9.3 (1.2)

C. SpA and PsA are multifaceted systemic diseases; the management of musculoskeletal and extra-articular 
manifestations should be coordinated, as needed, between the rheumatologist and other specialists (such as 
dermatologist, gastroenterologist, ophthalmologist)

n.a. n.a. 86.1% 9.8 (0.5)

D. The goals of treating the patient with SpA or PsA are to optimise long-term health-related quality of life and 
social participation through control of signs and symptoms, prevention of structural damage, normalisation or 
preservation of function, avoidance of toxicities and minimisation of comorbidities

n.a. n.a. 86.1% 9.9 (0.3)

E. Abrogation of inflammation is important to achieve these goals n.a. n.a. 94.4% 9.2 (1.8)

Recommendations

1. The treatment target should be clinical remission/inactive disease of musculoskeletal (arthritis, dactylitis, 
enthesitis, axial disease) and extra-articular manifestations

5 D 75% 9.2 (1.8)

2. The treatment target should be individualised based on the current clinical manifestations of the disease; the 
treatment modality should be considered when defining the time required to reach the target

5 D 94.4% 9.6 (0.8)

3. Clinical remission/inactive disease is defined as the absence of clinical and laboratory evidence of significant 
disease activity

2c B 88.9% 9.6 (0.6)

4. Low/minimal disease activity may be an alternative treatment target 2b/5* B/D* 97.2% 9.6 (0.9)

5. Disease activity should be measured on the basis of clinical signs and symptoms, and acute phase reactants 2c B 88.9% 9.3 (0.9)

6. Validated measures of musculoskeletal disease activity and assessment of cutaneous and/or other relevant 
extra-articular manifestations, should be used in clinical practice to define the target and to guide treatment 
decisions; the frequency of the measurements depends on the level of disease activity

5 D 84.4% 9.4 (0.8)

7. In axial SpA, ASDAS is a preferred measure and in PsA DAPSA or MDA should be considered to define the 
target

2c B 51.6% 7.9 (2.5)

8. The choice of the target and of the disease activity measure should take comorbidities, patient factors and 
drug-related risks into account

5 D 91.4% 9.5 (1.7)

9. In addition to clinical and laboratory measures, imaging results may be considered in clinical management 5 D 93.9% 9.1 (1.3)

10. Once the target is achieved, it should ideally be maintained throughout the course of the disease 2c B 100% 9.8 (0.5)

11. The patient should be appropriately informed and involved in the discussions about the treatment target, and 
the risks and benefits of the strategy planned to reach this target

5 D 76.5% 9.9 (0.4)

*2b (A) for PsA, 5 (D) for axial SpA.
ASDAS, Ankylosing Spondylitis Disease Activity Score; DAPSA, Disease Activity index for PSoriatic Arthritis; LoA, level of agreement among the task force members (mean (SD); 
LoE, level of evidence and GoR, grade of recommendation, both according to the Oxford Centre of Evidence-Based Medicine (evidence as provided by clinical trials underlying 
the recommendation); MDA, Minimal Disease Activity; n.a., not applicable; PsA, psoriatic arthritis; SpA, spondyloarthritis.
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ideally be unidimensional.28 68 This view was opposed by 
others stating that a multidimensional measure such as 
CPDAI and PASDAS allowed the physician to see indi-
vidual jmgdomain responses while providing a compre-
hensive measure of inflammatory disease activity. The 
discussion continued with the question, why one needed 
to bring them together and then still look at them sepa-
rately rather than leaving them separate; to calculate the 
composite scores one must have the individual component 
scores. Those suggesting separate assessments mentioned 
that not all drugs have similar efficacy on all domains, 
based on the genetic and pathogenic heterogeneity of the 
disease69; consequently, a drug may convey a good result 
when using a multidimensional score due to an excellent 
effect on the skin, but lack efficacy on an individual aspect 
of the disease, such as the joints. They further asked if a 
drug should be approved for PsA on the basis of results 
of such a composite measure. The dermatologists among 
the task force members mentioned that fumarates, which 
are primarily used in Europe, have significant effects on the 
skin and only modest benefit on the articular disease.70 71 
Similarly, cyclosporine has only little effect on arthritis72 
and inhibition of interleukin-17 has similar efficacy as 
tumour necrosis factor-inhibition on joints but a more 
profound effects on the skin.73 Additional information on 
PsA scores comes from a post hoc analysis of the Psoriasis 
Randomised Etanercept STudy in subjects with psoriatic 
Arthritis (PRESTA)  trial in which a 100 mg weekly dose of 
etanercept was compared with 50 mg weekly. At 12 though 
not at 24 weeks the CPDAI but not the DAPSA distin-
guished treatment response between the two doses.74 In the 
original trial, however, no significant difference of artic-
ular, dactylitis and enthesitis scores was observed between 
the doses at any time point; only the Psoriasis Area and 
Severity Index (PASI) differentiated between the doses at 12 
but not 24 weeks.75 Etanercept is approved at 50 mg weekly 
for PsA and at 100 mg weekly (for the first 12 weeks) for 
psoriasis. Notably management recommendations by both 
GRAPPA and EULAR suggest different treatment algo-
rithms when patients present with a predominance of 
arthritis, enthesitis or skin involvement.2 3 Generally T2T 
recommendations are not dealing with recommendations 
on individual therapies but, as stated before, are of generic 
nature; the treatment-related considerations addressed here 
have been specifically mentioned during the meeting or in 
the course of manuscript development in relation to the 
validity of instruments used to assess PsA activity and are 
thus pertinent for the general aspects of the discussion and 
not to make any therapeutic inferences.
Importantly, it was generally agreed that all manifesta-
tions of PsA needed to be assessed and that for each of the 
domains validated measures existed, but there was disa-
greement whether to bring them together into one score 
or evaluate them separately. One task force member stated 
that recommendations are also important to educate rheu-
matologists to include assessment of the skin and other 
manifestations when dealing with patients with PsA; 
dermatologists should at least also enquire about joint 
manifestations. Recommendations should provide a goal 
for attaining better disease control and should not be based 
solely on feasibility considerations. Others asked if rheu-
matologists should then be forced to perform detailed skin 
and other assessments, given that their main focus is the 
arthritic component and that scores needed to be feasible 

in light of the time constraints in clinical practice that have 
been identified as factors limiting T2T. Some rheumatolo-
gists may prefer to cooperate with a dermatologist when 
making treatment decisions for patients with more severe 
skin disease rather than making their own decisions, in line 
with overarching principle C.
Feasibility was seen as an important aspect of the appli-
cability of a score23 and from this perspective separate 
assessment of individual domains (musculoskeletal and 
cutaneous), in line with items 1 and 6 of the recommenda-
tions, was regarded by some to be more feasible and inform-
ative than combining them in a global composite measure. 
Furthermore, the question whether evidence existed for 
the contribution of skin involvement, or other measures 
that are not joint-related, to progression of joint damage 
in patients with PsA is unresolved; however, quality of life 
is strongly influenced by both musculoskeletal and skin 
disease. Regarding skin involvement, the dermatologists 
mentioned that a PASI of 1 or a Bosy Surface Area (BSA) of 
3, as would be compatible with MDA or even fulfilment 
of very low disease activity (VLDA) criteria, that is, seven 
out of the seven components of the MDA, was less relevant 
than the contextual aspects: a BSA of 1, being equal to one 
palm of overall skin involvement, would be seen differently 
depending on the localisation of the skin affection (eg, face) 
and the patients’ illness perception. However, the BSA 
thresholds of 1 and 3 are in line with the new T2T recom-
mendations in psoriasis developed by the National Psoriasis 
Foundation.76 A proposal to revalidate the DAPSA with the 
addition of a skin component was contested in light of the 
methodological aspect of unidimensionality. Likewise, the 
suggestion to revalidate MDA by deleting skin involvement 
and HAQ and adding CRP was countered by those who felt 
that skin should be included for face validity considering a 
construct of overall disease activity and that MDA had been 
used in the TICOPA trial as originally constructed.
At some point, the discussion was stopped because all 
arguments had already been heard with no resolution of 
the methodological dissent. Given this difference of opin-
ions, it was suggested that further research needed to be 
performed in PsA. In the field of axial SpA, the situation 
was much clearer, even though the evidence was less direct. 
Therefore, the way was paved for voting just on axial SpA.
Thus, the initial ballot involved only the first part of the 
current recommendation. However, the first proposal 
stating that ASDAS was ‘the’ preferred measure attained 
only 59.4% of the votes, rather than the necessary 75%. 
The ensuing discussion focused around the fact that a 
recommendation to use the ASDAS did not imply that it 
was mandatory to use the ASDAS and it was proposed 
to replace ‘“the” preferred measure’ by ‘“a” preferred 
measure’.
At this point in time, a task force member voiced the disap-
pointment regarding the sole focus on instruments for axial 
SpA, in light of the significant advancements in the PsA 
field since the days of the last T2T consensus. It was prop-
ositioned to also include PsA-specific assessments in the 
recommendation. It was remarked that neither had a stra-
tegic trial been performed in axial SpA hitherto nor had the 
ASDAS been used in such strategy; therefore, it was felt that 
the overall levels of information for axial SpA and PsA were 
not so disparate as to justify focusing on axial SpA alone. 
It was further argued that the only strategic trial published 
in the wide field of SpA had been performed in PsA, using 
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MDA as an anchor for advancing therapy,49 and that, just as 
much as ASDAS, both the continuous DAPSA (focusing on 
joint involvement) and MDA (a binary measure of disease 
state covering important domains of PsA including joints, 
skin and entheses) had been shown to have construct validity 
and were easy to perform in clinical practice. MDA defines 
a state; DAPSA allows definition of all disease activity states 
as well as levels of response to treatment.77 It was further 
stated that several items of the research agenda developed 
in 2012 (validation of scores, definition of disease activity 
states, response criteria, remission definition, therapeutic 
strategic trial)1 had been fulfilled for PsA and that, there-
fore, indeed the focus should not only be on axial SpA.
After this plea, the second part of the current recom-
mendation was proposed, but attained only 53.1% of the 
votes. Subsequent proposals also failed to now achieve a 
two-thirds majority. In a final ballot, the wording as stated 
in the recommendation was accepted by a simple majority 
of 51.6% of the participants. Of note, >70% of the task 
force members assigned a level of agreement of 8 or higher 
in the anonymous vote after the meeting (see below).

8. The choice of the target and of the disease activity measure 
should take comorbidities, patient factors and drug-related 
risks into account. This recommendation is similar to item 6 
in 2012. An interim proposal read: ‘Comorbidities, patient 
factors and drug characteristics including risks should be 
considered when choosing the target and interpreting 
disease activity scores and the level of the target; drug 
characteristics including risks, should also be taken into 
account’. The discussion centred around the need to incor-
porate ‘drug characteristics including risks’, since drug-re-
lated risks would not influence the choice of the instrument 
but rather only of the target. The term patient factors refers 
to patient preferences or individual patient situations, such 
as a particular profession which may require a more or a 
less stringent treatment target. The question arose if patient 
input should also be addressed here, but it was argued 
that this aspect was already comprised in the overarching 
principles. Also, some felt that the recommendation was 
quite lengthy. Nevertheless, a ballot on the interim version 
took place, but attained only a 68.6% rather than a 75% 
majority. After further debates and reformulation attempts, 
the recommendation as now worded achieved a 91.4% 
majority.

9. In addition to clinical and laboratory measures, imaging 
results may be considered in clinical management. This is 
a new recommendation which relates to previous item 9 
from the common trunk and the various items 11 from 
the specific recommendations approved in 2012. The 
part on ‘functional impairment, extra-articular manifesta-
tions, comorbidities and treatment risks’ was deleted from 
previous bullet point 9, since it was addressed in other 
items. The portion on ‘clinical and laboratory measures’ 
was reworded and brought to the front of the recommen-
dation, since these measures should be the main focus of 
assessment. Of note, the term imaging results relates to all 
imaging modalities, conventional radiography, MRI and 
sonography, in line with what had been stated in points 
9 and 11 in 2012. While imaging is not recommended as 
a target, it may assist where there is doubt if a target has 
been reached (ie, if the target was not reached because of 
inflammation or other reasons). This recommendation, as 
a replacement of previous numbers 9 and 11, achieved a 
93.9% majority.

10. Once the target is achieved, it should ideally be maintained 
throughout the course of the disease. This recommen-
dation is almost identical to no. 7 from 2012 version. It 
was deemed a logical consequence of the items related to 
attainment of the target and there was almost no discus-
sion—100% of the participants voted for this wording.

11. The patient should be appropriately informed and involved 
in the discussions about the treatment target, and the risks 
and benefits of the strategy planned to reach this target. 
This recommendation is identical to no. 8 of the 2012 
version. Some slight rewordings did not appeal to the task 
force. Also, a discussion on the addition of the term ‘treat-
ment goals’ rather than ‘treatment target’ took place, but 
it was ultimately agreed that the term ‘target’ was used 
throughout the document and should not be weakened. 
The current wording was approved by 76.5% of the task 
force members.

After the task force meeting, the overarching principles and 
specific recommendations were placed into a logical sequence 
and then subjected to anonymised electronic voting regarding 
the levels of agreement. These results, together with the levels 
of evidence and strengths of recommendations are presented 
next to each item (table 3). The task force members’ LoA with 
the overarching principles ranged from 9.2 to 9.9 out of 0–10, 
reflecting a high level of agreement. Likewise, the LoA with 10 
of the individual recommendations ranged from 9.1 to 9.9. Only 
recommendation 7 reached a lower LoA, namely 7.9. It is note-
worthy that two participants did not agree at all (score of 0), 
nine gave scores of 5–7, but the majority (70.3%) still bestowed 
scores between 8 and 10 (13 scored 10) to this recommendation.

The updated recommendations are also captured in an algo-
rithm (figure 2).

Research agenda
While several points of the previous research agenda have been 
answered now, other items remained open and new research 
questions arose. These are listed in table 4.

dIscussIon
T2T has been widely used for several decades to improve 
outcomes of non-rheumatic diseases.78–80 More recently, T2T 
strategies have also entered the field of rheumatology and T2T 
recommendations for RA were published at the beginning of this 
decade.81 In the interim, T2T recommendations have also been 
developed for gout and systemic lupus erythematosus (SLE).82 83 
In 2012, an international task force had also developed T2T 
recommendations for treating SpA, including AS and PsA.1

While treatment recommendations should be based on available 
evidence, neither the T2T recommendations for gout or SLE nor 
the previous ones for SpA derived from clear evidence showing 
the superiority of such steered treatment approach. They arose 
from a strong belief that this would be the case, with support from 
indirect information. Moreover, the recommendations elicited 
awareness of an important unresolved question and a pertinent 
research agenda. This agenda was indeed published as part of the 
SpA recommendations and many research questions raised several 
years ago have now been answered.

For example, one research question related to the validation 
and definition of disease activity and response criteria. Subse-
quently, several composite measures were validated,12 disease 
activity states defined and response criteria developed.77 A 
further quest was the definition of remission, which was also 
attained for PsA (remission) and axial SpA (inactive disease).77 84 

group.bmj.com on January 4, 2018 - Published by http://ard.bmj.com/Downloaded from 

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


13Smolen JS, et al. Ann Rheum Dis 2018;77:3–17. doi:10.1136/annrheumdis-2017-211734

Recommendation

The research question regarding the importance of including 
all domains of PsA or axial SpA in the remission definition is 
still unresolved. There are conflicting data on the magnitude 
of influence of psoriasis on physical function as measured by 
the HAQ.85 86 Yet another research question related to differ-
ences between low disease activity and remission in terms of 
outcomes which was clearly the case.52 87 Likewise, the question 
regarding the relationship between disease activity and damage 
found a clear answer.38 50 52 Finally, the pursuit of designing and 
performing a therapeutic trial comparing steered therapy aiming 
at remission or low disease activity with non-steered treatment 
was also completed in PsA.49

Thus, a large part of the research agenda posed in 2012 was 
addressed over the last few years; therefore, it was deemed 

timely to re-evaluate the recommendations. The committee went 
through at times lengthy discussions, but ultimately formulated 5 
overarching principles and 11 recommendations, which received 
very high levels of agreement in a final anonymous ballot. Most 
importantly, while all recommendations developed in 2012 had 
a very low LoE and GoR (5 and D, respectively), 5 of the 11 
recommendations in 2017 are now based on B grades of recom-
mendation, a clear advancement in 5 years.

Another aspect deserves mention: the 2012 task force originally 
planned to develop three separate sets of recommendations, one 
each for axial SpA (AS), PsA and peripheral SpA (such as reactive 
and IBD arthritis) and finally arrived at nine common and two 
additional separate recommendations for each of the SpA subsets. 
Now the task force did not even discuss separate recommendations 

Figure 2 Algorithm based on the 2017 update of the treat-to-target recommendations for spondyloarthritis. axSpA, axial SpA; CRP, C-reactive 
protein; DAPSA, Disease Activity index for PSoriatic Arthritis; MDA, Minimal Disease Activity; PsA, psoriatic arthritis; SpA, spondyloarthritis.

table 4 Research agenda

Axial involvement in PsA  ► Do spinal and peripheral involvements respond similarly or differently?

Enthesitis, dactylitis  ► More data need to be attained on the response of dactylitis or enthesitis to different therapies when compared with arthritis and skin 
disease.

 ► How does dactylitis or enthesitis affect physical function, health-related quality of life, social participation or cardiovascular risk?
 ► To what extent does their inclusion in composite measures increase or decrease validity and sensitivity to change?

Skin involvement  ► More data need to be attained on the response of psoriasis to different therapies when compared with arthritis and other musculoskeletal 
symptoms.

 ► How does skin involvement affect physical function or cardiovascular risk?
 ► To what extent does its inclusion in composite measure increase or decrease validity and sensitivity to change?
 ► To what extent do skin changes affect quality of life, work participation and social inclusion beyond the respective effects of arthritis and 

other musculoskeletal manifestations?

Imaging  ► Is imaging useful for follow-up in axial SpA and PsA?
 ► Should imaging remission be a treatment target in axial SpA and PsA?

Functioning/disabillity  ► What is the impact of functioning/disability in composite measures developed for PsA?

Strategic trials  ► Strategic trials in axial SpA and at least one additional strategic trial in PsA.

Maintenance of response  ► How can response be maintained?
 ► Can the dose of the therapy employed be reduced or the interval of applications be expanded and outcome maintained?

Care by specialists  ► Is care of axial SpA, peripheral SpA or PsA by a specialist (such as a rheumatologist) advantageous for outcomes when compared with care 
by a non-specialist?

Patient  ► Is outcome different when patients are informed in a structured way when compared with more general means of information?

Harmonisation  ► Nomenclature should be harmonised—remission vs inactive disease; minimal disease activity vs low disease activity, etc.

Structural damage  ► Does achievement of the treatment target result into prevention or retardation of structural damage development in the spine/peripheral 
joints in SpA?

Biomarkers  ► We need better biomarkers of disease activity than CRP for both axial SpA and PsA.

AS, ankylosing spondylitis; CRP, C-reactive protein; PsA, psoriatic arthritis; SpA, spondyloarthritis.
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for axial SpA, peripheral SpA and PsA, since all respective items 10 
and 11 in 2012 were very similar, indeed.1 Thus, while 9 plus 2×3 
recommendations had been developed in 2012, this committee 
arrived at a total of 11 rather than 15 points. While trials in 
patients with peripheral SpA other than PsA were not found in the 
SLR, it is noteworthy that DAPSA had originally been derived and 
validated in reactive arthritis.25

The wording of the overarching principles, for which no 
evidence was sought as they relate to very general conduct and 
treatment approaches, was more focused and the sequence 
slightly amended compared with the 2012 recommendations. 
Shared decision-making between patients and rheumatolo-
gists, recognition of the multiple facets of SpA, adjustment of 
therapy according to disease activity and targeting optimisation 
of health-related quality of life by abrogating inflammation 
continue to be their major aspects. Thus, the overarching princi-
ples remained essentially similar.

With respect to the individual recommendations, items 
1–5 are very similar when compared with 2012. Targeting 
remission/inactive disease (item 1) and, as an alternative, low/
minimal disease activity (number 4) are the mainstays of treat-
ment to target. Remission was defined as the absence of clinical 
and laboratory evidence of significant disease activity (item 3). 
Likewise, the need to individualise therapy in line with disease 
manifestations (number 2) and disease activity assessment by 
measuring clinical signs and symptoms as well as acute phase 
reactants (item 5) was upheld. The use of validated measures 
of musculoskeletal disease activity, but also of extra-articular 
manifestations, previously presented as the 10th and 11th 
recommendations, is now addressed as point 6.

Item 7 is now more specific than previous item 10 in terms 
of the recommendation of specific instruments. For axial 
SpA, ASDAS is now more clearly highlighted as assessment 
tool. Some discussion arose around this instrument, since it 
comprises CRP which is often not immediately available in 
clinical practice, although it was clarified that a previous CRP 
measurement could be used until the new laboratory result 
became available. Moreover, recommendations no. 3 and 5 
state that the target should include clinical and laboratory 
measures, which implies that CRP should be obtained irrespec-
tive of whether it is included in the ASDAS or kept separately. 
The focus on ASDAS in this recommendation puts the previous 
inclusion of BASDAI plus CRP into the background, which 
also respects the high discriminative capacity and sensitivity to 
change of ASDAS.66

For PsA, DAPSA and MDA are now explicitly mentioned, 
although other instruments are not discounted, awaiting further 
evaluation. DAPSA includes CRP, but as it is unidimensional it 
focuses only on joint involvement, incorporating patient global 
and pain assessments, but does not include a measurement of 
skin abnormalities nor non-articular musculoskeletal involve-
ment; these manifestations need to be separately evaluated, 
as mentioned in items 1 and 6. MDA comprises peripheral 
arthritis, enthesitis and skin involvement, but since it does not 
include a laboratory variable (as addressed in items 3 and 5), 
this should be separately evaluated. It is the only target evalu-
ated in a T2T study to date.49 There is concern about the inclu-
sion of physical function in MDA as this may reflect damage 
as well as activity and thus be less appropriate for patients 
with longstanding disease and irreversible disability. Of note, 
MDA is a state and thus useful as a target. DAPSA allows one 
to all define states, includingremission or low disease activity. 
It constitutes a more PsA-specific joint-related measure than 
those applied in numerous pivotal clinical trials performed for 

the approval of new drugs and advancement of our treatment 
armamentarium, which used RA-derived assessments. Disease 
activity states have also been defined for the various multidi-
mensional indices, such as CPDAI, GRACE and PASDAS.24 88

The subsequent three recommendations, items 8–10, focus 
on the necessity to take comorbidities and risks of therapy 
into consideration, the possibility to consider using imaging 
tools in addition to clinical and laboratory assessments (not 
instead) and the importance of sustaining a good outcome, 
once achieved. The final point reiterates overarching principle 
A by addressing information on and discussion of the treat-
ment approaches with the patient. Thus, in their totality, these 
recommendations are ‘framed’ by the basic aspect of thorough 
physician-patient interactions in the context of planning for 
and making any therapeutic decisions.

With the exception of one item, the level of agreement with the 
recommendations was generally very high, on average exceeding 
a level of 9 on a scale between 0 and 10. Item 7, which addressed 
specific tools, attained a somewhat lower level of agreement 
based on the various controversies around this issue as detailed 
previously. Nevertheless, even this recommendation achieved a 
mean level of agreement of almost 8 (out of 10), corroborating 
the decision made by the task force. However, it should be 
acknowledged that the task force did not reach agreement about 
the use of unidimensional versus multidimensional instruments 
for assessing disease activity in PsA. In contrast, the unidimen-
sional approach to evaluate disease activity in axial SpA, which 
can also exhibit multiorgan involvement although less frequently 
than PsA, was not disputed.

Of particular importance, the current recommendations do 
not address any specific type of treatment but rather deal with 
a general approach to treating SpA; management recommen-
dations, in contrast, deal with specific drugs for particular 
situations and have been specifically developed by respective 
committees, focusing on differences in management depending 
on the predominance of activity in specific disease domains.2–4 
The current task force comprised a large number of experts 
which included several patients and a health professional. 
Among the rheumatologists, all had experience in the treat-
ment of axial and peripheral SpA and most even had clinical 
trial experience. The development of the recommendations 
adhered to the EULAR SOPs for developing recommenda-
tions11 and the recommendations are aimed at healthcare 
providers and patients as well as at clinical trialists, regulators 
and hospital or health insurance administrators. Also, a new 
research agenda has been developed.

In summary, an update of recommendations to treat SpA to 
target is presented based on new evidence accrued over the past 5 
years. These recommendations are summarised in a Table, but all 
textual explanations are part and parcel of the recommendations. 
They are also depicted in a simple algorithm presented in figure 2. 
Adhering to these recommendations may significantly improve 
outcomes in patients with axial and peripheral SpA and PsA.
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Back to the future: forget ultrasound and 
focus on clinical assessment in rheumatoid 
arthritis management
Roberto Caporali,1 Josef S Smolen2

AbstrAct
Ultrasound (US) unquestionably improves many aspects 
of rheumatoid arthritis (RA) diagnosis and management, 
but no consensus has been reached regarding the 
optimal US methodology that should be used, and high 
levels of standardisation have not yet been attained. 
Current evidence from two randomised controlled trials 
does not support the US in directing treatment decisions. 
A return to the endorsement of clinical assessment and 
the adoption of T2T strategies aiming at ACR/EULAR 
remission still represent the standard of care for RA and 
should be pursued through appropriate educational 
programmes. Thus, for now, the major application of 
sonography in arthritis should have a focus on diagnostic 
and especially differential diagnostic aspects.

In recent years, the scientific literature has produced 
an increasing number of publications supporting the 
potential advantages of integrating musculoskel-
etal imaging, especially ultrasound (US), into the 
management of rheumatoid arthritis (RA).1–3 The 
added value of US has been advocated at all levels 
of the disease stages4: from predicting diagnosis,1 
to supporting the diagnostic and classification 
process,5 guiding treatment choices and response,6 
predicting structural damage and flares,7 8 and 
influencing the concept and management of remis-
sion and treatment tapering.9 10 US has been shown 
to be superior to clinical assessment in detecting 
inflammation by assessing the presence of the 
most important elementary lesions in RA: syno-
vial hypertrophy (SH), synovial effusion (SE) and 
Power Doppler activity (PD).2 Nevertheless, some 
recent evidence has unexpectedly highlighted major 
pitfalls of the most widespread imaging tool in the 
field of RA.

First of all, it is not clear what SH (grey scale) or a 
PD signal really mean; it has been shown repeatedly 
that SH can also represent a residue of past synovitis, 
and therefore, it does not appear to be a reliable 
tool to assess ongoing inflammation.11 The meaning 
of pathological findings can change according to 
the age group being assessed; it has been reported 
that synovial abnormalities are frequent in clinically 
inactive juvenile idiopathic arthritis and do not 
predict a flare of synovitis.12 Moreover, PD signals 
have not consistently been found to be associated 
with histopathological findings of inflammation, 
with some discordant results,13 14 suggesting that 
the interpretation of sonographic findings in RA is 
unreliable or, at best, equivocal. Second, even the 
European League Against Rheumatism (EULAR) 
recommendations for the use of imaging of the 

joints in the clinical management of RA15 identified 
the lack of strong evidence to support the role of US 
and the urgent need for standardisation and dedi-
cated trials. US was included in most of the recom-
mended points, however, with vague and quite 
general indications on its use such as ‘US may be 
used’, and with a low level of evidence. No specific 
details on which joints to assess, how often and on 
the pathological findings to look for could be given.

But perhaps, we should go one step backwards 
and restart by looking at healthy individuals. To 
date, there is still no clear definition of what can 
be considered a normal finding of musculoskeletal 
US. It has been known since more than a decade 
that >10% of the joints of healthy individuals are 
PD-positive; it has recently been shown that 88% 
of 207 healthy subjects presented at least one joint 
with US abnormal findings: signs of SE in 52% of 
them, presence of SH in 48% (with or without PD 
positivity); in 64 subjects, SH was associated with 
SE and in eight cases with PD.16 Erosions can also 
be found in healthy subjects,16 a finding that has 
been recently corroborated by MRI.17 Given the 
fact that single US abnormalities may not repre-
sent pathological findings, it is the combination of 
different pieces of information such as the age of 
the patient, the grade of detected abnormality and 
the number of joints affected that may be more 
useful in the interpretation of the significance of US 
appearances.

In 2005, the Outcome Measures in Rheuma-
tology (OMERACT) Ultrasound group18 made 
the first attempt to provide consensus definitions 
of ultrasonographic pathology in inflammatory 
arthritis. Nevertheless, subsequent systematic 
reviews of the literature to assess the scoring systems 
for synovitis, tendon lesions and erosions applying 
the OMERACT filter demonstrated the absolute 
lack of standardisation and agreement concerning 
the use of US in RA,2 19 20 including but not limited 
to number and type of joints to be assessed and 
comparators for construct validity (clinical exam-
ination, laboratory findings or other imaging 
modalities). The development of standardised 
procedures is further complicated by the variability 
introduced by differences in machine characteristics 
and resolutions, settings, transducers and presets, 
particularly when assessing PD.19

In this context of uncertainty, two very recent 
trials tried to fill the gap by assessing the role of US 
over conventional clinical approaches for achieving 
clinical remission under a treat to target (T2T) tight 
control approach: the ‘Targeting Synovitis in Early 
Rheumatoid Arthritis’ (TaSER) and the ‘Aiming for 
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Remission in rheumatoid arthritis: a randomised trial examining 
the benefit of ultrasound in a Clinical Tight Control regimen’ 
(ARCTIC).21 22 Both trials set out to test the hypothesis that 
‘incorporating muscoskeleteal ultrasound (MSUS) disease 
activity assessment into a T2T strategy would produce superior 
clinical and imaging outcomes compared with a strategy driven 
by a composite disease activity score’.23 Both trials concluded 
that the routine, systematic use of US to inform on treatment 
decisions does not add to clinical management of RA in terms of 
clinical or imaging outcomes. Thus, when using a T2T strategy 
aimed at clinical remission or even low disease activity, the two 
prospective clinical trials demonstrated that following patients 
using sonography is not needed20 21 and may be both time 
consuming and economically unsound.22 While providing some 
disappointing results on the adjunctive role of US, the two trials 
reinforced the evidence on the really good outcomes achieved 
by following the clinical T2T strategy. Even if there are certainly 
some limitations of these studies, as mentioned in a recent view-
point article,24 we should not forget that, despite having been 
known long before,23 the methodology and design of at least 
one of these trials were criticised only after the final results ques-
tioning the advantage of targeting sonographic remission had 
been published.

As a matter of fact, the recently published 2016 EULAR 
recommendations for the management of early arthritis stated 
that both for detecting arthritis and for monitoring disease 
activity, the role of US is still to be fully elucidated.25

It is well known that applying the T2T and tight control 
paradigm ensures better long-term outcomes in terms of remis-
sion rates and duration, halting of structural progression and 
prevention of functional and work disability, regardless of the 
therapeutic strategy.26–28 Indeed, patients who achieve strin-
gent clinical remission have significantly less damage progres-
sion, even on methotrexate monotherapy,29–31 and experience 
normalisation of physical function32—so how much better than 
being associated with non-progression of damage and normal 
function can sonographic remission be? Indeed, the adoption of 
more stringent targets such as the American College of Rheu-
matology (ACR)/EULAR criteria for remission (both the index-
based and Boolean definitions) has been strongly associated 
with the achievement of the best outcomes, including (notably) 
absence of sonographic disease activity.33–35 While low disease 
activity is an alternative treatment target,26 the clinical, func-
tional and radiographical outcomes are nevertheless worse than 
in stringent remission.36–38

Nonetheless, we do acknowledge that US assessments in the 
routine management of RA need to be further improved and 
clinical assessment warrants a higher degree of standardisation. 
Indeed, while the vast majority of rheumatologists agree (in 
theory) with the principles of the T2T strategy and the scientific 
value of more stringent remission criteria, the application in clin-
ical practice is still suboptimal, and the choice of the target often 
deviates from the recommended definitions.39 40

In routine clinical practice, the majority of us still apply 
DAS28-based definition of remission, conscious of the signifi-
cant level of residual disease activity allowed by these measures. 
This happens despite the availability of more stringent and easy 
to apply disease activity measures such as the Clinical Disease 
Activity Index41 that can be quickly calculated without the need 
for a calculator or inflammatory markers results. Should we then 
‘stop fooling ourselves’ (as suggested by Boers42) at least when 
designing clinical trials or reviewing submitted manuscripts still 
adopting definitions of remission different from ACR/EULAR 
definitions?

In conclusion, US unquestionably improves many aspects of 
disease diagnosis and management, but no consensus has been 
reached regarding the optimal US methodology that should 
be used, and high levels of standardisation have not yet been 
attained. Current evidence from randomised controlled trials 
does not support the US in directing treatment decisions. A return 
to the endorsement of clinical assessment and the adoption of 
T2T strategies aiming at ACR/EULAR remission still represent 
the standard of care for RA and should be pursued through 
appropriate educational programmes. Thus, for now, the major 
application of sonography in arthritis should have a focus on 
diagnostic and especially differential diagnostic aspects—there 
it has been and continues to be an extremely powerful pillar.43 44
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ExtEndEd rEport

Subcutaneous golimumab for children with active 
polyarticular-course juvenile idiopathic arthritis: 
results of a multicentre, double-blind, randomised-
withdrawal trial
Hermine I Brunner,1 nicolino ruperto,2 nikolay tzaribachev,3 Gerd Horneff,4  
Vyacheslav G Chasnyk,5 Violeta panaviene,6 Carlos Abud-Mendoza,7 Andreas reiff,8 
Ekaterina Alexeeva,9 nadina rubio-pérez,10 Vladimir Keltsev,11 daniel J Kingsbury,12 
Maria del rocio Maldonado Velázquez,13 Irina nikishina,14 Earl d Silverman,15 
rik Joos,16 Elzbieta Smolewska,17 Márcia Bandeira,18 Kirsten Minden,19 
Annet van royen-Kerkhof,20 Wolfgang Emminger,21 Ivan Foeldvari,22 
Bernard r Lauwerys,23 Flavio Sztajnbok,24 Keith E Gilmer,25 Zhenhua xu,25 
Jocelyn H Leu,25 Lilianne Kim,25 Sarah L Lamberth,25 Matthew J Loza,25 
daniel J Lovell,1 Alberto Martini,2 for the paediatric rheumatology International trials 
organisation (prInto) and the pediatric rheumatology Collaborative Study Group 
(prCSG)

AbstrACt
Objective this report aims to determine the safety, 
pharmacokinetics (pK) and efficacy of subcutaneous 
golimumab in active polyarticular-course juvenile 
idiopathic arthritis (polyJIA).
Methods In this three-part randomised double-blinded 
placebo-controlled withdrawal trial, all patients received 
open-label golimumab (30 mg/m2 of body surface 
area; maximum: 50 mg/dose) every 4 weeks together 
with weekly methotrexate during part 1 (weeks 0–16). 
patients with at least 30% improvement per American 
College of rheumatology Criteria for JIA (JIA ACr30) in 
part 1 entered the double-blinded part 2 (weeks 16–48) 
after 1:1 randomisation to continue golimumab or start 
placebo. In part 3, golimumab was continued or could be 
restarted as in part 1. the primary outcome was JIA  
flares in part 2; secondary outcomes included JIA 
ACr50/70/90 responses, clinical remission, pK and  
safety.
results Among 173 patients with polyJIA enrolled, 
89.0% (154/173) had a JIA ACr30 response and 
79.2%/65.9%/36.4% demonstrated JIA ACr50/70/90 
responses in part 1. At week 48, the primary endpoint 
was not met as treatment groups had comparable 
JIA flare rates (golimumab vs placebo: 32/78=41% vs 
36/76=47%; p=0.41), and rates of clinical 
remission were comparable (golimumab vs placebo: 
10/78=12.8% vs 9/76=11.8%). Adverse event and 
serious adverse event rates were similar in the treatment 
groups during part 2. Injection site reactions occurred 
with <1% of all injections. pK analysis confirmed 
adequate golimumab dosing for polyJIA.
Conclusion Although the primary endpoint was not 
met, golimumab resulted in rapid, clinically meaningful, 
improvement in children with active polyJIA. Golimumab 
was well tolerated, and no unexpected safety events 
occurred.

Clinical trial registration nCt01230827; results.

IntrOduCtIOn
Juvenile idiopathic arthritis (JIA) is a group of 
diseases characterised by chronic immune-medi-
ated arthritis of unknown aetiology with disease 
onset before age 16.1 First-line therapy for chil-
dren with a polyarticular course of JIA (polyJIA) 
includes non-steroidal anti-inflammatory drugs 
(NSAIDs) and methotrexate (MTX). Children who 
are intolerant to MTX or fail to achieve adequate 
disease control may require treatment with 
biological disease-modifying antirheumatic drugs 
(DMARDs).2 3 Golimumab is a fully human, antitu-
mour necrosis factor (TNF)α monoclonal antibody 
that can be administered by either intravenous infu-
sion or subcutaneous injection. Clinical trials in 
adults support the efficacy and safety of subcuta-
neous golimumab for the treatment of rheumatoid 
arthritis (RA), psoriatic arthritis, ankylosing spon-
dylitis and ulcerative colitis.4 The objectives of the 
GO-KIDS study were to evaluate the efficacy, safety 
and pharmacokinetics of subcutaneous golim-
umab in children with active polyJIA despite MTX 
therapy. Here, we report efficacy through week 96 
and safety results through the final database lock 
(325.6 patient-years (PY) of golimumab exposure).

MethOds
study design
This three-part placebo-controlled, double-blind, 
randomised withdrawal trial was conducted by 
members of the Paediatric Rheumatology Inter-
national Trials Organisation (PRINTO)5 and the 
Paediatric Rheumatology Collaborative Study 
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Group (PRCSG) at 33 centres in 12 countries in Europe, Latin 
America, Canada and the USA.

Part 1 of the study was a 16-week, open-label, lead-in period 
in which all patients received subcutaneous golimumab dosed at 
30 mg/m2 of body surface area (maximum dose: 50 mg) every 4 
weeks. At week 16, patients entered the double-blind withdrawal 
period (Part 2), provided they had a JIA American College of 
Rheumatology (ACR) 30 response,6 that is, >30% improvement 
in at least three of the six JIA ACR core response variables (CRVs) 
without ≥30% worsening in more than one of the remaining JIA 
CRVs compared with baseline. Patients who failed to achieve a 
JIA ACR30 response in Part 1 were discontinued from the study 
(see online supplementary material).

Upon entry in Part 2 (weeks 16–48), patients were randomly 
assigned 1:1, in a double-blind manner, to either receive placebo 
or continue golimumab. Randomisation, using an algorithm, was 
done via an interactive voice response system with stratification 
by geographic region (Europe, North America, Latin America), 
JIA disease type (psoriatic subtype vs other subtypes), prior anti-
TNFα therapy and age at enrolment.

Patients continued in Part 2 until week 48, unless they expe-
rienced a JIA flare, that is, ≥30% worsening in at least three 
of the six JIA CRVs without >30% improvement in more than 
one of the remaining JIA CRVs7 compared with week 16. After 
week 48, patients could enter Part 3 and receive open-label goli-
mumab at the same dose received in Part 1. However, patients 
randomised to placebo in Part 2 who were in clinical remission8 
at week 48 were discontinued from the study per protocol. 
Although Part 3 was scheduled to continue through week 248, 
the study was discontinued by the sponsor earlier because the 
primary and major secondary efficacy endpoints at week 48 (see 
online supplementary material) were not met. Site investigative 
personnel and patients were blinded to study allocation starting 
at week 16. The study was conducted in accordance with the 
Declaration of Helsinki,9 Good Clinical Practice Guidelines 
and local requirements. Enrolment commenced in December 
2010, and the last patient completed Part 2 in August 2013; the 
study was discontinued with the last dose of study drug admin-
istered on 31 March 2014, and the last study-related procedure 
occurred on 27 May 2014.

The trial was registered with  ClinicalTrials. gov (NCT01230827).

Patients
Patients aged 2–17 years diagnosed with rheumatoid factor 
(RF)-positive or RF-negative polyarticular, extended oligoar-
ticular JIA, systemic JIA without systemic features or juvenile 
psoriatic arthritis (JPsA),1 and disease duration of  ≥6 months 
were eligible. All patients had to have active JIA (≥5 joints 
with active arthritis: ie, the presence of joint swelling or, in 
the absence of swelling, limitation of range of motion (LROM) 
plus pain on motion and/or tenderness on palpation) despite  
≥3 months of MTX treatment (10–30 mg/m2/week; ≥15 mg/
week for patients with body surface area ≥1.67). The study 
mandated that 80% of the enrolled patients be naïve to biologic 
DMARDs, while the remaining patients could have failed at 
most one anti-TNFα medication. Stable doses of NSAIDs, 
low-dose corticosteroids (maximum prednisone equivalent: 
0.2 mg/kg/day or 10 mg, whichever was lower) were allowed. 
MTX and corticosteroid dosing were kept stable through week 
48. Additional eligibility criteria are listed in the online supple-
mentary material.

Assessments and outcome measures
Clinical assessments included the six JIA CRVs: number of 
joints with active arthritis, number of joints with LROM, visual 
analogue scale (VAS) of physician global assessment (PGA) of 
disease activity (range in cm: 0–10; 0=inactive JIA), VAS of 
parent assessment of the child’s overall well-being (PatGA) 
(range: 0–10 cm; 0=very well), physical function measured by 
the Childhood Health Assessment Questionnaire (CHAQ)-Dis-
ability Index (range: 0–3; 0=no disability)10 and the erythrocyte 
sedimentation rate (ESR) as a laboratory measure of inflamma-
tion.6 Clinically inactive disease was defined as a PGA indicating 
no disease activity (≤0.5 cm) plus absence of all of the following: 
joints with active arthritis, morning stiffness of ≥15 min, ESR 
>20 mm/h, active uveitis and systemic features attributable to 
JIA.8 Presence of clinically inactive disease continuously for 
≥6 months constituted clinical remission while on medication 
for JIA.8 The primary efficacy endpoint was the proportion of 
patients with no JIA flare7 during Part 2, compared with week 
16; however, we report here the proportion of patients with 
JIA flare, consistent with the prevailing literature. Secondary 
endpoints included JIA ACR30/50/70/90 responses,6 changes in 
the JIA-CRVs compared with baseline and the presence of inac-
tive disease and clinical remission.8

For post-hoc exploratory analysis, we calculated the Juvenile 
Arthritis Disease Activity Score using erythrocyte sedimentation 
rate (JADAS71-ESR; range: 0–101; inactive JIA: ≤1.0; minimal 
JIA activity: ≤2.0).11 12 Evaluations of JIA flare (primary 
outcome), JIA ACR response rates, inactive disease or clin-
ical remission were all performed in real time by independent 
blinded evaluators at the coordinating centres of PRINTO and 
PRCSG, according to validated criteria. The analyses presented 
in the manuscript are based on in-house analyses.6–8 13 14

Pharmacokinetics, antibodies to golimumab and biomarkers
Blood samples for pharmacokinetics (PK) and immunogenicity 
were collected throughout the study. PK analyses were conducted 
at week 8 for a subset of 30 patients, for 121 patients at week 
16 and for all patients at week 48. Serum golimumab concen-
trations were measured by a validated electrochemiluminescent 
assay15 and compared with those previously found efficacious in 
adults with RA receiving subcutaneous golimumab. Antibodies 
to golimumab were assayed using a highly sensitive, drug-tol-
erant, enzyme immunoassay that was recently developed and 
validated (data on file). Patients who were positive for antibodies 
to golimumab were then tested for neutralising antibodies.

Serum biomarkers, including interleukin-6, C reactive protein 
(CRP), serum amyloid A (V-PLEX platform, Meso Scale Diagnos-
tics, Rockville, Maryland, USA) in patients with paired samples 
drawn at baseline and week 16 (n=147) were also evaluated.

statistical analysis
The study report followed the CONSORT statement.16 Primary 
endpoint analysis used the Cochran-Mantel-Haenszel (CMH) 
test, stratified by JIA disease categories, prior anti-TNF therapy 
and age. Intention-to-treat analysis was performed. For contin-
uous variables, missing changes from baseline were imputed 
using the median change from baseline for all patients in the 
same stratum, and the last-observation-carried-forward meth-
odology was used for missing postbaseline data. For secondary 
endpoints, the CMH test was used to determine statistical signif-
icance for differences in JIA ACR30/50/70/90 responders at 
week 48 relative to baseline. After week 48, no data imputation 
was performed for study visits, hence only observed data are 
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available. Survival analysis was performed and Kaplan-Meier 
estimates calculated. The log-rank test, adjusted for stratifica-
tion criteria, was used to test for significant differences between 
treatment groups in the median time to flare in Part 2. Post-hoc 
analyses were performed to identify predictors of flares.

The safety population included all enrolled patients (n=173). 
Serious infections were defined in accordance with the definition 
of serious adverse events (SAEs) in the International Conference 
on Harmonisation guidelines.17

Sample size estimation assumed flare rates of 37% for the goli-
mumab group and 65% for the placebo group in Part 2, based 
on published data.18 Assuming an 85% JIA ACR30 response rate 
in Part 1, it was estimated that enrolment of 170 patients was 
needed so that ≥134 patients (67 per group) entered Part 2 to 
achieve ≥90% power to detect a significant difference in JIA 

flare rates between groups using a two-sided significance test 
with α=0.05. Two planned interim analyses were performed: 
at week 8, in the first 30 patients enrolled for futility analyses 
and for PK comparison of golimumab exposure in JIA with 
target exposures determined to be similar to those in adults 
with RA; and at week 16, for population PK and to test whether 
the planned enrolment suffices to yield an adequate number of 
patients to enter Part 2. Results of these interim analyses (data 
not shown) indicated the study should continue as planned.

results
Patient disposition and baseline characteristics
In Part 1, 173 patients were enrolled and received golimumab 
(figure 1); of these, 19 patients discontinued the study before 

Figure 1 Patient disposition.
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week 16, with 154 (89%) entering Part 2 to be randomised to 
placebo (n=76) or golimumab (n=78). A total of 145 (84%) 
patients continued in Part 3. Prior to study termination, 25 
patients discontinued during Part 3, and the remaining 120 
patients were discontinued due to Sponsor decision. Reasons for 
discontinuation are listed in figure 1. Baseline disease charac-
teristics support that patients had active polyJIA and moderate 
disability. Demographic and disease characteristics for patients 
randomised to placebo or golimumab in Part 2 were comparable 
(table 1).

response to open-label golimumab in part 1
Patients improved on golimumab as early as week 4, and JIA 
ACR30/50/70/90 response rates increased over time during Part 
1. At week 16, 154 of 173 (89.0%) patients were JIA ACR30 
responders, and 137 (79.2%), 114 (65.9%) and 63 (36.4%) were 
JIA ACR50/70/90 responders, respectively, with 59 (34.1%) 
achieving clinically inactive disease (figure 2A). All six JIA 
CRVs markedly improved from baseline to week 16 (figure 2B). 
Through week 16, response to golimumab was comparable in 

patients with JPsA (n=15) to that of the other 158 patients (data 
not shown); however, interpretation of these results is limited by 
the small number of patients with JPsA.

response to double-blind study medication in part 2
The primary endpoint at week 48 was not met. The propor-
tions of patients with JIA flares were comparable in both 
treatment groups (placebo vs golimumab: 36/76=47.4% vs 
32/78=41.0%; p=0.41; see online supplementary table S1). 
The median time to flare was similar between groups (placebo: 
95.6 weeks; golimumab: 108.4 weeks; figure 3A). At week 
48, and irrespective of treatment allocation in Part 2, the 
majority of patients were improved compared with baseline. 
There was no difference in the frequency of clinical remission 
between treatment groups (placebo vs golimumab: 11.8% vs 
12.8%; p=0.848; figure 3B). Mean changes in JADAS71-ESR 
scores were also similar in both treatment groups at week 48 
(figure 3C). Flare rates among patients who continued with 
golimumab after week 16 remained relatively similar regard-
less of the baseline CRP levels, while flare rates increased with 

table 1 Summary of baseline patient demographic and disease characteristics

Part 1

Part 2

All randomised patientsPlacebo Golimumab

Patients, n 173 76 78 154

Female, n (%) 131 (75.7) 57 (75.0) 59 (75.6) 116 (75.3)

Age, years  11.2±4.4 11.1±4.5 11.1±4.4  11.1±4.5

JIA categories, n (%)

  Polyarticular RF-negative  90 (52.0) 40 (52.6) 37 (47.4)  77 (50.0)

  Polyarticular RF-positive  34 (19.7) 13 (17.1) 18 (23.1)  31 (20.1)

  Oligoarticular extended  22 (12.7)  9 (11.8) 12 (15.4)  21 (13.6)

  Psoriatic arthritis  15 (8.7)  7 (9.2)  8 (10.3)  15 (9.7)

  Systemic JIA  12 (6.9)  7 (9.2)  3 (3.8)  10 (6.5)

JIA CRVs

  Joints with active arthritis  15.0±10.0 15.0±10.6 14.8±9.2  14.9±9.9

  Joints with LROM  12.2±10.6 11.6±10.9 12.3±9.9  11.9±10.3

  PGA   5.6±2.0  5.5±2.0  5.7±1.8   5.6±1.9

  PatGA   4.4±2.3  4.5±2.3  4.3±2.5   4.4±2.4

  Physical function (CHAQ)   1.0±0.7  1.0±0.7*  0.9±0.7   1.0±0.7

  ESR, mm/h  21.6±19.9 12.6±12.0 13.9±12.9  13.3±12.4

  CRP, mg/dL   1.1±2.2  1.2±2.4  0.9±1.9   1.0±2.2

JADAS71-ESR score  25.8±12.3 25.6±11.4* 25.7±12.8  25.7±12.1

Concomitant medications

  Oral prednisone

    Patients, n (%)  42 (24.3) 14 (18.4) 19 (24.4)  33 (21.4)

    Dose, mg/day   5.3±2.8  4.0±2.3  5.6±2.6   4.9±2.5

    Dose, mg/kg/day   0.13±0.07  0.10±0.03  0.14±0.07   0.12±0.06

  Methotrexate

    Dose, mg/m2 BSA/week  12.8±3.3 12.6±3.4 13.3±3.4  12.9±3.4

    Dose, mg/week‡  16.0±5.0† 15.4±4.5 16.7±5.4  16.1±5.0

Prior biological DMARD use

  Adalimumab   2 (1.2)  1 (1.3)  0   1 (0.6)

  Etanercept  16 (9.2)  7 (9.2)  6 (7.7)  13 (8.4)

  Infliximab   3 (1.7)  1 (1.3)  2 (2.6)   3 (1.9)

Data are presented as mean ± SD unless otherwise noted.
*n=75.
†n=172.
‡127 (73.4%) patients had previously received MTX ≥15 mg/week.
BSA, body surface area; CHAQ, Children’s Health Assessment Questionnaire; CRP, C reactive protein (normal: 1.0 mg/dL); CRVs, core response variables; DMARD, disease-
modifying antirheumatic drug; ESR, erythrocyte sedimentation rate; JADAS71-ESR, Juvenile Arthritis Disease Activity Score using ESR; JIA, juvenile idiopathic arthritis; LROM, 
limitation in range of motion; PGA, physician global assessment of disease activity; PatGA, global assessment of patient overall well-being; RF, rheumatoid factor.
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increasing baseline CRP levels for patients receiving placebo 
(figure 3D).

long-term response after week 48 in part 3
Among the 76 patients randomised to placebo, 33 flared and 
received golimumab before week 48, 33 remained on placebo 

through Part 2 but switched to golimumab after week 48, while 
the remaining 10 patients were in clinical remission at week 48. 
The latter patients were discontinued as per protocol at week 
48. Measures of treatment response and JIA activity observed 
at week 96 are summarised in table 2. At week 96, the rando-
misation groups did not differ significantly in the proportion 

Figure 2 Proportions of enrolled patients with a JIA ACR30/50/70/90 response and inactive disease through week 16 (A), and the mean per cent 
improvement in the JIA core response variables at week 16 (B). JIA ACR30/50/70/90, ≥30%/50%/70%/90% improvement in the American College of 
Rheumatology juvenile idiopathic arthritis response criteria. CHAQ, Children’s Health Assessment Questionnaire; JIA ACR, juvenile idiopathic arthritis 
American College of Rheumatology; VAS, visual analogue scale.
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of patients achieving clinical inactive disease (placebo vs golim-
umab: 27/64=42.2% vs 33/69=47.8%; p=0.119). At the time 
of the final database lock (golimumab for up to 160 weeks), 
there were no differences in the proportion of patients in 
remission between randomisation groups: 44.9% (35/78) of 
patients randomised to golimumab during Part 2 and 43.4% 
(33/76) of patients randomised to placebo during Part 2; nor 
were there differences in the mean JADAS71-ESR scores (data 
not shown).

biomarker analysis
In Part 1, higher JIA ACR response rates at week 16 were asso-
ciated with lower baseline levels of inflammatory cytokines (eg, 
interleukin-6, CRP, serum amyloid A), blood neutrophils and 
ESR (see online supplementary figure S1, supplementary table 
S2). Likewise, levels of inflammatory cytokines (baseline, week 
16) were associated with week 48 JIA outcomes, positively with 
JIA flare rates and negatively with JIA improvement (inactive 

disease, clinical remission) in patients randomised to placebo 
but not those who continued golimumab in Part 2 (see online 
supplementary figure S2, supplementary table S3).

safety
For the safety population (n=173) AEs and SAEs that occurred 
throughout the study are summarised in table 3, providing infor-
mation on 325.6 PY of golimumab exposure. Overall during the 
study, 160 (92.5%) patients reported ≥1 AE and 39 (22.5%) 
patients reported 35 SAEs. AEs that occurred in ≥10% of 
patients included upper respiratory infections (28.3%), naso-
pharyngitis (25.4%), JIA flare (22.5%) and vomiting (14.5%). 
Rates of AEs and SAEs were similar across the two exposure 
groups in Part 2 (AEs/SAEs per 100 PY exposure; randomised 
to golimumab: 358.5/17.1, randomised to placebo: 526.3/32.5).

There were 116 AEs occurring in 88 patients that were consid-
ered possibly, probably or definitely related with golimumab 
treatment by the investigator and 12 AEs that were considered 

Figure 3 (A) Kaplan-Meier plot of JIA flare events starting Part 2 of the study. (B) Proportions of randomised patients with a JIA ACR30/50/70/90 
response and clinical remission at week 48 as compared with baseline (week 0). (C) Mean change in JADAS71-ESR through week 48. (D) 
The proportion of patients who flared during the trial. Flare rates remained relatively stable over time among patients who continued with 
golimumab after week 16 and remained relatively similar regardless of the baseline CRP levels. However, among patients receiving placebo in 
Part 2, the proportion of patients who flared in Part 2 increased depending on CRP levels at baseline: for example, for patients with baseline CRP 
levels ≥0.02 mg/dL, the flare rate was 48.6% (35/72) and for those with baseline CRP levels ≥1.0 mg/dL, the flare rate was 86.7% (13/15). JIA 
ACR30/50/70/90, ≥30%/50%/70%/90% improvement in the American College of Rheumatology juvenile idiopathic arthritis response criteria; CRP, C 
reactive protein; JADAS71-ESR, Juvenile Arthritis Disease Activity Score using erythrocyte sedimentation rate; JIA, juvenile idiopathic arthritis.
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severe (conjunctivitis, pyelonephritis, otitis media, skin bacterial 
infection, acute tonsillitis, appendicitis, peritonsillar abscess, 
gastritis, hypoglycaemia, worsening of JIA and demyelination). 
The latter occurred in an 18-year old female who had received 
golimumab for over 20 months when, based on clinical features 
and MRI, multiple sclerosis (MS) was diagnosed; MS was consid-
ered to be very likely related to golimumab exposure, with clin-
ical symptoms and imaging features improving after golimumab 
discontinuation. At week 4, there was one patient with toxic 
hepatitis (alanine aminotransferase levels of ≥5 times upper 
limit of normal, total bilirubin normal). This SAE was considered 
possibly related to study drug and resolved despite golimumab 
continuation. AEs included two cases of new-onset iridocyclitis; 
one in the placebo group and one in the golimumab group. No 
deaths or malignancies were reported during the study. A total 
of 16 patients had a total of 21 AEs or SAEs that led to study 
discontinuation (including worsening of JIA, transient transam-
initis, alanine aminotransferase increased, aspartate aminotrans-
ferase increased, serum sickness-like reaction, uveitis, chest pain, 
gall bladder oedema, affective disorder, positive QuantiFERON 
test and demyelination). Injection site reactions occurred with 
23 (0.6%) of a total of 4019 injections; none of the reactions 
were serious or severe or led to study discontinuation. The inci-
dence of injection site reactions was similar between the treat-
ment groups during Part 2.

Clinical pharmacology
Steady-state trough serum golimumab concentrations at the 
dosage regimen chosen for this study were similar to those 
observed in adults with RA receiving approved dosages (data 
not shown). A total of 46.8% (72/154) of the randomised 
patients tested positive for antibodies to golimumab, of which 
eight (8/154=5.2%) had high-titre antibodies (>1:1000). 
There was no apparent difference in the incidence of anti-
bodies to golimumab between patients who received golim-
umab continuously compared with those receiving placebo 
in Part 2 (14/28=50.0% vs 16/35 45.7%). Sixty-six patients 
were evaluable for neutralising antibodies (NAb); of these, 
45.5% (30/66) were positive for NAb (overall NAb incidence 

of 19.5%). Patients who were antibody positive with low titres 
had golimumab concentrations similar to patients who were 
negative for antibodies to golimumab. However, patients who 
were antibody positive with titres >1:1000 generally had 
NAb and lower golimumab concentrations. In this study, the 
formation of antibodies to golimumab did not appear to have 
a substantial impact on clinical efficacy. Of the eight patients 
with titres >1:1000, none experienced disease flare, and seven 
achieved JIA ACR30 response. Additionally, a positive anti-
bodies-to-golimumab status and antibody titre levels did not 
appear to be associated with injection site reactions. However, 
the number of patients with high antibody titres was small, 
limiting the ability to definitively assess the clinical impact of 
antibodies to golimumab.

dIsCussIOn
Results of this study demonstrate that subcutaneous golimumab 
dosed at 30 mg/m2 body surface area (maximum: 50 mg) every 
4 weeks resulted in a rapid response to open-label therapy, had 
an acceptable safety profile and yielded a similar PK profile as 
that achieved in adults with RA.19 20 On background medica-
tions, including mandatory MTX, after three doses of golim-
umab, 34.1% (59/173) of the patients reached clinical inactive 
disease status. Importantly, the primary endpoint of this trial 
was not met as the placebo and golimumab groups did not 
differ in JIA flare rates during the double-blinded period of 
the study (Part 2).

The randomised withdrawal design has been successfully used 
for the study of biological DMARDs in JIA, including those 
blocking TNFα. This trial design was introduced in JIA for 
ethical reasons to minimise placebo exposure13 and for sample 
size consideration, but the design also has limitations: the clin-
ical effects of biological DMARDs often exceed their pharmaco-
logical half-life, resulting in delayed flare events in the placebo 
groups.18 21 The reasons for the sustained JIA control in patients 
receiving placebo in Part 2 remain unknown.

However, levels of inflammatory cytokines, especially at base-
line, were significantly associated with JIA courses (high: JIA 
flare, low: inactive disease, clinical remission) at week 48 in the 
placebo arm but not the golimumab arm. Thus, the low inflam-
matory burden of the study population (mean baseline CRP: 
1.0 mg/dL) may have contributed to the low frequency of flares 
in the placebo group during Part 2.

In addition, failure in achieving the primary and all major 
secondary endpoints could have been influenced by the manda-
tory MTX background therapy that might have helped maintain 
disease control. However, in previous randomised-withdrawal 
studies with optional MTX background therapy, up to 79% 
of patients with JIA received MTX, but randomisation groups 
differed in flare rates nonetheless.18 22–24

Although not studied specifically, we do not think that the 
failure of this study in reaching the primary endpoint was due to 
inappropriate golimumab dosing based on exploratory PK anal-
yses (data not shown); and drug levels in polyJIA were similar 
to those shown to be therapeutic in RA. In fact, exposure to 
medication for most prior clinical trials of biological DMARDs 
in polyJIA found to be efficacious in adults with RA also yielded 
a robust response in polyJIA.

The safety profile of golimumab was consistent with that 
observed in adults and other TNFα agents in JIA, with few 
patients discontinuing the study because of AEs. Although occur-
rence of MS in this study is a concern, it has been reported with 
other anti-TNFα DMARDs in both JIA and adult RA.

table 2 Clinical efficacy outcomes at week 96

Patients randomised 
to placebo in Part 2 
(n=61)

Patients randomised 
to golimumab in Part 
2 (n=68)

JIA ACR30 response 45/61 (73.8) 47/68 (69.1)

JIA ACR50 response 45/61 (73.8) 47/68 (69.1)

JIA ACR70 response 42/61 (68.9) 44/68 (64.7)

JIA ACR90 response 32/61 (52.5) 33/68 (48.5)

Inactive disease status 27/64 (42.2) 33/69 (47.8)

Clinical remission* 33/76 (43.4) 35/78 (44.9)

JADAS71-ESR, mean±SD  5.2±10.8  5.1±11.8

Data reported as n/N (%) and using observed data unless otherwise noted; week 
96 is the latest follow-up time point to describe these efficacy results because the 
number of patients decreased considerably over time beyond week 96. At week 16, 
76 patients were randomised to receive placebo; 10 patients remained on placebo 
through the week-48 database lock, 33 patients crossed over to golimumab before 
week 48 and 33 patients crossed over to golimumab after week 48. After week 48, 
no data imputation was performed for study visits that occurred after the study 
termination date.
*Patients who achieved protocol-defined clinical remission at any time from week 
24 through the final database lock.
JADAS71-ESR, Juvenile Arthritis Disease Activity Score using erythrocyte 
sedimentation rate; JIA ACR30/50/70/90, ≥30%/50%/70%/90% improvement in the 
American College of Rheumatology juvenile idiopathic arthritis response criteria.
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In conclusion, the primary study endpoint was not met. 
However, treatment with golimumab in children with active 
polyarticular course of JIA resulted in rapid clinically meaningful 
improvement that was maintained over time even in patients 
who received placebo after week 16. Golimumab was well toler-
ated, and no unexpected safety events occurred.
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table 3 Summary of adverse events up to final database lock

Part 1 Part 2 Part 3 Part 1–3

Golimumab Placebo* Golimumab Placebo* Golimumab total

Treated pts, n 173 76 78 73 72 173

PY of follow-up 53.7 46.2 46.9 86.7 90.5 325.6

Pts with ≥1 AE 118 (68.2) 63 (82.9) 61 (78.2) 56 (76.7) 59 (81.9) 160 (92.5)

  AE incidence/100 PY
  (95% CI)

564.7
(502.9 to 632.0)

526.3
(462.2 to 596.9)

358.5
(306.3 to 417.0)

261.7
(228.8 to 298.1)

320.4
(284.6 to 359.5)

339.4
(319.6 to 360.0)

  Common AEs†

  Infections and infestations 67 (38.7) 48 (63.2) 37 (47.4) 41 (56.2) 40 (55.6) 135 (78.0)

    Upper respiratory tract infection 12 (6.9) 21 (27.6) 13 (16.7) 12 (16.4) 13 (18.1) 49 (28.3)

    Nasopharyngitis 16 (9.2) 9 (11.8) 6 (7.7) 13 (17.8) 12 (16.7) 44 (25.4)

  Gastrointestinal disorders 34 (19.7) 22 (28.9) 12 (15.4) 20 (27.4) 21 (29.2) 73 (42.2)

    Vomiting 7 (4.0) 5 (6.6) 1 (1.3) 7 (9.6) 9 (12.5) 25 (14.5)

    Nausea 10 (5.8) 4 (5.3) 3 (3.8) 3 (4.1) 3 (4.2) 22 (12.7)

    Abdominal pain 8 (4.6) 7 (9.2) 1 (1.3) 3 (4.1) 0 17 (9.8)

    Diarrhoea 6 (3.5) 5 (6.6) 1 (1.3) 1 (1.4) 5 (6.9) 16 (9.2)

  Musculoskeletal and connective tissue 
disorders 19 (11.0) 17 (22.4) 14 (17.9) 16 (21.9) 21 (29.2) 63 (36.4)

    Worsening of JIA 6 (3.5) 10 (13.2) 10 (12.8) 6 (8.2) 13 (18.1) 39 (22.5)

  General disorders 21 (12.1) 16 (21.1) 7 (9.0) 10 (13.7) 11 (15.3) 54 (31.2)

    Fever 8 (4.6) 11 (14.5) 4 (5.1) 4 (5.5) 3 (4.2) 24 (13.9)

  Nervous system disorders 14 (8.1) 6 (7.9) 8 (10.3) 5 (6.8) 8 (11.1) 33 (19.1)

    Headache 10 (5.8) 6 (7.9) 6 (7.7) 3 (4.1) 6 (8.3) 26 (15.0)

Pts with ≥1 SAE 8 (4.6) 10 (13.2) 8 (10.3) 7 (9.6) 13 (18.1) 39 (22.5)

  SAE incidence/100 PY
  (95% CI)

16.8
(7.7 to 31.8)

32.5
(18.2 to 53.6)

17.1
(7.4 to 33.6)

10.4
(4.8 to 19.7)

24.3
(15.2 to 36.8)

18.1 (13.8 to 23.4)

  Musculoskeletal and connective tissue 
disorders 4 (2.3) 7 (9.2) 4 (5.1) 2 (2.7) 7 (9.7) 21 (12.1)

    Worsening of JIA 3 (1.7) 5 (6.6) 3 (3.8) 2 (2.7) 5 (6.9) 17 (9.8)

    Arthritis 1 (0.6) 2 (2.6) 1 (1.3) 0 2 (2.8) 4 (2.3)

  Infections and infestations 2 (1.2) 2 (2.6) 1 (1.3) 3 (4.1) 3 (4.2) 11 (6.4)

    Pneumonia 0 1 (1.3) 0 0 1 (1.4) 2 (1.2)

    Upper respiratory tract infection 0 1 (1.3) 0 0 1 (1.4) 2 (1.2)

  Gastrointestinal disorders 0 0 1 (1.3) 2 (2.7) 0 3 (1.7)

    Constipation 0 0 1 (1.3) 1 (1.4) 0 2 (1.2)

Pts with ≥1 injection site reaction 10 (5.8) 3 (3.9) 2 (2.6) 1 (1.4) 6 (8.3) 20 (11.6)

Data are presented as n (%) unless otherwise noted.
*At week 16, 76 patients were randomised to receive placebo; 10 patients remained on placebo through the week-48 database lock and were discontinued, 33 patients crossed 
over to golimumab before week 48 and 33 patients crossed over to golimumab after week 48.
†Preferred terms occurring in>10% of all treated patients by system-organ class/preferred term.
AE, adverse event; CI, confidence interval; JIA, juvenile idiopathic arthritis; pts, patients; PY, patient-year; SAE, serious adverse event.
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The EuroMyositis registry: an international 
collaborative tool to facilitate myositis research
James B Lilleker,1,2 Jiri Vencovsky,3 Guochun Wang,4 Lucy r Wedderburn,5 
Louise pyndt diederichsen,6 Jens Schmidt,7 paula oakley,8 olivier Benveniste,9 
Maria Giovanna danieli,10 Katalin danko,11 nguyen thi phuong thuy,12 
Monica Vazquez-del Mercado,13 Helena Andersson,14 Boel de paepe,15 
Jan L deBleecker,15 Britta Maurer,16 Liza J McCann,17 nicolo pipitone,18 
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AbstrACt
Aims the EuroMyositis registry facilitates collaboration 
across the idiopathic inflammatory myopathy (IIM) 
research community. this inaugural report examines 
pooled registry data.
Methods Cross-sectional analysis of IIM cases from 11 
countries was performed. Associations between clinical 
subtypes, extramuscular involvement, environmental 
exposures and medications were investigated.
results of 3067 IIM cases, 69% were female. the 
most common IIM subtype was dermatomyositis (dM) 
(31%). Smoking was more frequent in connective tissue 
disease overlap cases (45%, or 1.44, 95% CI 1.09 to 
1.90, p=0.012). Smoking was associated with interstitial 
lung disease (ILd) (or 1.32, 95% CI 1.06 to 1.65, 
p=0.013), dysphagia (or 1.43, 95% CI 1.16 to 1.77, 
p=0.001), malignancy ever (or 1.78, 95% CI 1.36 to 
2.33, p<0.001) and cardiac involvement (or 2.40, 95% 
CI 1.60 to 3.60, p<0.001). dysphagia occurred in 39% 
and cardiac involvement in 9%; either occurrence was 
associated with higher Health Assessment Questionnaire 
(HAQ) scores (adjusted or 1.79, 95% CI 1.43 to 2.23, 
p<0.001). HAQ scores were also higher in inclusion 
body myositis cases (adjusted or 3.85, 95% CI 2.52 
to 5.90, p<0.001). Malignancy (ever) occurred in 13%, 
most commonly in dM (20%, or 2.06, 95% CI 1.65 to 
2.57, p<0.001). ILd occurred in 30%, most frequently 
in antisynthetase syndrome (71%, or 10.7, 95% CI 8.6 
to 13.4, p<0.001). rash characteristics differed between 
adult-onset and juvenile-onset dM cases (’V’ sign: 
56% dM vs 16% juvenile-dM, or 0.16, 95% CI 0.07 to 
0.36, p<0.001). Glucocorticoids were used in 98% of 
cases, methotrexate in 71% and azathioprine in 51%.
Conclusion this large multicentre cohort demonstrates 
the importance of extramuscular involvement in patients 
with IIM, its association with smoking and its influence 
on disease severity. our findings emphasise that IIM is a 
multisystem inflammatory disease and will help inform 
prognosis and clinical management of patients.

IntroduCtIon
The idiopathic inflammatory myopathies (IIM), 
or ‘myositis spectrum disorders’, are a rare and 
heterogeneous group of multisystem autoimmune 

diseases. IIM traditionally encompasses polymy-
ositis (PM), dermatomyositis (DM) and juvenile 
dermatomyositis (JDM). Inclusion body myositis 
(IBM) has become recognised as an entity distinct 
from PM, identified by a characteristic distribu-
tion of muscle weakness and treatment-resistant 
course. Additionally, skeletal muscle inflammation 
can occur in the context of other connective tissue 
diseases (CTDs), termed CTD-overlap myositis. 
Immune-mediated necrotising myopathy (IMNM) 
and the antisynthetase syndrome (ASS) are also 
now recognised as distinct entities under the IIM 
umbrella.1 The importance of serotype in predicting 
clinical features and prognosis is becoming increas-
ingly recognised.2 

Estimates of the prevalence of IIM vary widely 
from 0.55 to 17.50 per 1 00 000 people.3 The rarity 
and heterogeneity of IIM has hampered research 
efforts and impeded the delivery of large-scale 
interventional clinical trials.4 Consequently, the 
therapeutic evidence-base in IIM is remarkably 
limited.5 6 Recently, several IIM research databases 
and registries have been created to pool resources 
and expertise, facilitating completion of several 
international IIM research studies.7–11

We describe the data held within EuroMyositis, 
the largest IIM disease registry, highlighting the 
differing clinical characteristics of each IIM diag-
nostic subtype and analyse associations with extra-
muscular involvement, malignancy, environmental 
exposures and disease severity.

Methods
the euroMyositis registry
Several smaller registries were integrated in 2003 to 
produce the EuroMyositis Registry (https:// euromy-
ositis. eu/) (see online supplementary appendix A).

Anonymised downloads from those agreeing 
to participate (Belgium, China, Czech Republic, 
Hungary, Italy, Mexico, Norway, Sweden, Swit-
zerland, the UK and Vietnam) were obtained on 
15 August 2016, including 92% (3487/3790) of all 
cases in the Registry. During data processing, 420 
cases were excluded from further analysis; for 317 
cases, confirmation of diagnosis was not available, 

to cite: Lilleker JB, 
Vencovsky J, Wang G, 
et al. Ann Rheum Dis 
2018;77:30–39.

handling editor tore K Kvien

 ► Additional material is 
published online only. to view, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
annrheumdis- 2017- 211868).

For numbered affiliations see 
end of article.

Correspondence to
dr Hector Chinoy, national 
Institute for Health research 
Manchester Musculoskeletal 
Biomedical research Unit, 
Central Manchester University 
Hospitals nHS Foundation trust, 
Manchester Academic Health 
Science Centre, the University of 
Manchester, Manchester, UK;  
 hector. chinoy@ manchester. 
ac. uk

received 31 May 2017
revised 28 July 2017
Accepted 1 August 2017
published online First 
30 August 2017

group.bmj.com on January 4, 2018 - Published by http://ard.bmj.com/Downloaded from 

http://www.eular.org/
http://ard.bmj.com/
https://euromyositis.eu/
https://euromyositis.eu/
https://dx.doi.org/10.1136/annrheumdis-2017-211868
http://crossmark.crossref.org
http://ard.bmj.com/
http://group.bmj.com


31Lilleker JB, et al. Ann Rheum Dis 2018;77:30–39. doi:10.1136/annrheumdis-2017-211868

Clinical and epidemiological research

for 55 cases, conflicting data entries were identified and the 
remaining 48 cases had rare IIM subtypes (see online supple-
mentary appendix B). A total of 3067 cases (81% of the whole 
Registry) were included in the final analysis.

Analysed sections of the Registry included demographics, clin-
ical features and environmental/lifestyle exposures, including 
smoking and toxins (asbestos, silica, fibreglass, solvents and coal 
dust). Where available (64%, 1951/3067), the autoantibody 
profile for each case was obtained to facilitate accurate diag-
nostic subtype classification. Specific analysis of the associations 
between serotype and phenotype will be the subject of a separate 
publication. Disease severity assessments made using the Inter-
national Myositis Assessment & Clinical Studies Group Core Set 
Measures ‘disease activity’ and ‘disease damage’ toolkits12 were 
obtained where available, as were records of any medications 
prescribed for IIM treatment. Longitudinal data were avail-
able for some cases (19%, 596/3067), although we limited this 
report to cross-sectional analysis using information from the last 
recorded patient visit.

definitions
Investigators at each site initially determined the diagnostic 
subtype for each case according to the criteria employed by the 
Registry (see online supplementary appendix B). In addition, 
rather than retain traditional subtype designation of cases as 
either PM, DM or JDM, and given the growing consensus that 
the different IIM subtypes, particularly ASS and IMNM have 
distinct clinical, pathological and serological characteristics,13–16 
we performed a process of retrospective subtype reclassification 
using the data available in the Registry at the time of study.

PM, DM and JDM cases met Bohan and Peter ‘definite’ or 
‘probable’ diagnostic criteria.17 18 The Registry specifies that 
these criteria should only be applied (and thus permit inclusion of 
the patient in the Registry as a PM, DM or JDM case), if known 
infectious, toxic, metabolic, dystrophic or endocrine myopa-
thies have been excluded by appropriate evaluations and that no 
exclusion criteria are met (see online supplementary appendix 
B). IBM cases met either the Medical Research Council, Griggs 
et al or European Neuromuscular Centre diagnostic criteria.19–21

Those with suspected PM, DM or JDM, who did not fulfil 
these criteria were classified as ‘unspecified myositis’ and 
excluded from further analysis, unless they met the criteria for 
ASS (in which case they were analysed within the ASS group, 
see below) or had myositis overlapping with a CTD (in which 
case they were analysed with the CTD-overlap myositis group). 
CTD-overlap myositis was defined as PM, DM, JDM or unspec-
ified myositis coexisting with a CTD that met relevant diagnostic 
criteria.22–26 This report uses the term JDM for current adults 
with juvenile-onset (<18 years) disease. Six cases of ‘juvenile 
PM’ were excluded from further analysis due to the rarity of this 
diagnostic entity and the difficulty in drawing conclusions from 
such a small sample.

For the purposes of this report, we pooled those with ASS 
(including where felt to be occurring in association with another 
IIM diagnostic subtype) into a single category by applying criteria 
proposed by Connors et al.27 This included retrospective reclas-
sification of those with PM, DM, JDM or CTD-overlap myositis 
cases as having ASS if they possessed an antisynthetase autoanti-
body (anti-Jo1, anti-PL-7, anti-PL-12, anti-EJ, anti-OJ, anti-KS 
or anti-Zo autoantibodies), where results of these were available. 
These were combined with cases where the recruiting clinician 
deemed that criteria for ASS were met at the time of recruitment 
(see online supplementary appendix B). We also reclassified 

those with ‘unspecified myositis’ and amyopathic DM28 as ASS 
if they possessed an antisynthetase antibody and had coexisting 
interstitial lung disease (ILD), Raynaud’s phenomenon, arthritis 
or mechanics’ hands. Remaining cases with clinically amyopa-
thic DM were analysed as part of the DM group (n=38). We 
excluded a small number of cases where conflicting data were 
identified. This included 28 patients with PM, IMNM and IBM 
that had the presence of a DM-specific rash recorded and 27 
patients with DM where the presence of a DM-specific rash 
could not be confirmed.

The Registry categorises statin-related myotoxicity (SRM) 
cases using definitions suggested by Alfirevic et al (SRM1–6).29 
We reclassified as IMNM any case with statin-associated IMNM 
(SRM6) or SRM occurring in association with 3-hydroxy-3-meth-
ylglutaryl-coenzyme A reductase (anti-HMGCR) autoantibodies. 
Remaining cases with SRM1-5 were excluded from further anal-
ysis (n=16). We also reclassified as IMNM any case of PM that 
had anti-SRP or anti-HMGCR autoantibodies. All diagnostic 
subtype classifications were applied in a mutually exclusive 
manner (ie, cases could not be assigned to two IIM subtype 
groups). A summary of all diagnostic reclassifications is shown 
in online supplementary appendix B.

Malignancy is recorded in the EuroMyositis Registry regard-
less of the relationship to the diagnosis of IIM. We assigned cases 
a label of ‘cancer-associated myositis’ (CAM), where malignancy 
was diagnosed within 3 years of IIM diagnosis.30 31 Smoking 
was defined as having ever smoked at least one cigarette per 
day for more than 1 year. Cardiac involvement was defined as 
the occurrence of pericarditis, myocarditis, arrhythmia or sinus 
tachycardia occurring due to the IIM disease process. ILD was 
defined by chest X-ray or CT, and abnormal pulmonary function 
tests, and occurring as part of the IIM disease process. Disease 
onset was the date of onset of the first symptoms of IIM. Envi-
ronmental toxin exposure refers to prior exposure to any of 
asbestos, silica, fibreglass, solvents or coal dust. Further details of 
the definitions used by the EuroMyositis Registry are contained 
in online supplementary appendix A.

statistics
Downloaded data were imported into STATA for Windows 
V.13.0 (College Station, Texas, USA) for processing. Cross-sec-
tional descriptive statistical analysis was performed. For contin-
uous variables, normally distributed data were summarised by 
calculation of means and SD. Non-normally distributed data 
were summarised using medians and IQR. Associations were 
assessed using logistic regression and expressed as OR and 95% 
CI. This was performed unadjusted, except with regard to anal-
ysis of disease activity data from the last patient visit, which was 
adjusted for disease duration. Kaplan-Meier analysis and propor-
tional hazards regression was used to analyse differences in the 
interval between disease onset and diagnosis. In this case, the HR 
is presented to indicate the likelihood of a diagnosis being made 
over time. Where frequencies are presented, the denominator 
may vary between different variables because of missing data. 
No imputation was performed and only complete cases for each 
variable were analysed. A p value of <0.05 was considered as 
statistically significant.

results
Case characteristics
Data regarding 3067 cases from 11 countries were analysed. 
The most common diagnoses were DM (31%, 949/3067), 
PM (27%, 813/3067) and ASS (17%, 512/3067) (table 1). Of 
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those with CTD-overlap myositis, systemic sclerosis (SSc) was 
the most common coexisting CTD (39%, 141/358). Most cases 
were Caucasian (80%, 2155/2681), and 69% (2058/3002) 
were female. Those with IBM were more likely to be male than 
those with other diagnostic subtypes (61% (142/233) IBM vs 
29% (802/2769) for remainder, OR 3.83, 95% CI 2.91 to 5.04, 
p<0.001).

The mean age at IIM diagnosis was 51 years (SD 17) (table 1). 
IBM cases (mean age at diagnosis 65 years, SD 10) and IMNM 
cases (mean age at diagnosis 57 years, SD 15) were older at time 
of diagnosis when compared with the remainder of the adult-
onset myositis cohort (IBM: p<0.001; IMNM: p=0.003). The 
overall median interval between disease onset and IIM diag-
nosis was 8 months (IQR 3–22, n=1668). This was significantly 
longer for IBM cases (median 41 months (IQR 24–72), HR 0.38, 
95% CI 0.33 to 0.44, p<0.001) and significantly shorter for 
DM, ASS and IMNM cases (DM: median 5 months (IQR 2–11), 

HR 1.71, 95% CI 1.54 to 1.90, p<0.001; ASS: median 7 months 
(IQR 3–13), HR 1.28, 95% CI 1.13 to 1.44, p<0.001; IMNM: 
median 7 (IQR 4–12), HR 1.28, 95% CI 1.02 to 1.61, p=0.037) 
when compared with the remainder of the cohort.

Heliotrope rash and Gottron’s papules/sign were observed 
in similar proportions in those with DM and JDM. However, 
the shawl and ‘V’ signs were less common in those with JDM 
(shawl sign: 45% (234/522) of DM vs 15% (6/40) of JDM, OR 
0.22, 95% CI 0.09 to 0.53, p=0.001; ‘V’ sign: 56% (308/554) 
of DM vs 16% (7/43) of JDM, OR 0.16, 95% CI 0.07 to 0.36, 
p<0.001). Calcinosis occurred in 6% (78/1314) of cases overall 
but was more common in those with JDM (44% (23/52) of JDM 
vs 4% (55/1262), OR 17.4, 95% CI 9.45 to 32.04, p<0.001) 
and CTD-overlap myositis (10% (16/165) of CTD-overlap vs 
5% (62/1149), OR 1.88, 95% CI 1.06 to 3.35, p=0.031) when 
compared with the remainder of the cohort. Of the ASS cases, 
90% (439/487) had myopathic muscle weakness, 71% (357/502) 

table 1 Demographic and clinical information of cases in the EuroMyositis Registry

dermatomyositis Polymyositis
Antisynthetase 
syndrome

Connective tissue 
disease-overlap 
myositis

Inclusion body 
myositis

Immune- 
mediated 
necrotising 
myopathy

Juvenile 
dermato-
myositis

total
n (%)

Number of cases—n 
(% of total)

949 (31) 813 (27) 512 (17) 358 (12)* 240 (8) 105 (3) 90 (3) 3067 (100)

Gender—% male | % 
female (n=3002)

30 | 70 29 | 71 31 | 69 21 | 79 61 | 39 36 | 64 32 | 68 944 (32) male
2058 (69) female

Ethnicity—% per 
diagnosis (n=2681)

  Caucasian 75 74 86 86 96 93 76 2155 (80)

  Asian/Oriental 15 20 6 10 3 4 12 332 (12)

  Hispanic 7 4 1 1 0 2 9 98 (4)

  Black African 3 3 5 3 1 1 3 81 (3)

  Other 0 0 2 1 0 0 0 15 (1)

Mean age in years 
at disease onset (SD) 
(n=2427)

49 (15) 50 (15) 48 (15) 45 (15) 61 (10) 56 (15) 10 (5) 49 years (SD 16)

Mean age in years 
at diagnosis (SD) 
(n=2000)

51 (15) 52 (15) 49 (15) 48 (15) 65 (10) 57 (15) 10 (5) 51 years (SD 17)

Median interval in 
months between 
disease onset and 
diagnosis (IQR) 
(n=1668†)

5 (2–11) 8 (3–19) 7 (3–13) 11 (4–24) 41 (24–72) 7 (4–12) 8 (3–22) 8 months
(IQR 3–22)

Clinical features—% 
per diagnosis

Myopathic muscle 
weakness (n=2521)

92 98 90 94 92 94 91 2352 (93)

Rash‡ (n=1993) 100 0 44 32 0 0 100 1077 (54)

Raynaud’s phenomenon 
(n=1903)

25 28 51 60 8 20 18 643 (34)

Periungal erythema 
(n=1305)

52 6 32 33 2 15 37 434 (33)

Arthritis (n=2288) 20 20 50 42 8 10 23 632 (28)

Mechanics’ hands 
(n=1958)

22 8 38 16 1 4 7 363 (19)

Calcinosis (n=1314) 7 1 3 10 1 0 44 78 (6)

Ulceration (n=1152) 13 2 3 10 0 2 5 79 (7)

Disease onset is defined as the date of onset of the first symptoms of idiopathic inflammatory myopathy.
*Associated connective tissue diseases: systemic sclerosis (39%, 141/358), Sjögrens syndrome (15%, 54/358), mixed connective tissue disease (15%, 52/358), rheumatoid 
arthritis (9%, 32/358), systemic lupus erythematosus (9%, 32/358), other (13%, 47/358).
†Excludes 281 cases where diagnosis and onset are recorded with the same date.
‡Includes Gottron’s papules/sign heliotrope, rash, ‘V’ sign, shawl sign and erythroderma.
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ILD, 51% (198/385) Raynaud’s phenomenon, 50% (238/472) 
arthritis and 38% (146/380) mechanics’ hands.

environmental exposures
Overall, 37% (611/1646) of cases were smokers (table 2). 
Smoking was more common in CTD-overlap myositis cases 

compared with the remainder of the cohort (45% (103/231) 
vs 36% (508/1415), OR 1.44, 95% CI 1.08 to 1.90, p=0.012). 
Prior exposure to environmental toxins was observed more 
frequently in those with IBM (28% (21/75) vs 16% (136/855), 
OR 2.06, 95% CI 1.20 to 3.52, p=0.008). Environmental toxin 
exposure was also more common in smokers, compared with 

table 2 Environmental exposures, extramuscular complications and disease severity assessments of cases in the EuroMyositis Registry

dermatomyositis Polymyositis
Antisynthetase 
syndrome

Connective 
tissue disease-
overlap 
myositis

Inclusion body 
myositis

Immune- 
mediated 
necrotising 
myopathy

Juvenile 
dermatomyositis

total
n (%)

environmental 
exposures—% per 
diagnosis

Current or previous 
smoker (n=1646)

33 39 42 45 35 29 20 611(37)

Environmental toxin 
exposure (n=930)

16 17 21 15 28 4 0 157 (17)

extramuscular 
complications— % 
per diagnosis

Interstitial lung 
disease (n=2442)

21 17 71 32 3 10 6 720 (30)

Cardiac involvement 
(n=1715)

9 9 11 12 4 10 7 156 (9)

Malignancy ever 
(n=2788)
Of these—% with 
each type*:

20 8 12 13 16 7 0 374 (13)

  Breast 22 23 17 16 8 14 – 19%

  Bowel 8 7 12 14 21 0 – 10%

  Ovarian 13 2 2 3 0 0 – 7%

  Lung 10 7 14 9 0 0 – 9%

  Other 52 63 61 59 72 86 – 58%

‘Cancer -associated 
myositis’† (n=2701)

9 3 3 3 5 3 – 132 (5)

Dysphagia (n=1945) 43 35 26 53 50 36 16 767 (39)

disease severity 
assessments at 
last visit— median 
(IQr), n

Median (IQr), 
n

Duration of follow-up 
in years‡

2.6 (1.5–6.1), 186 2.8 (1.3–5.6), 
124

3.2 (1.8–6.5), 123 3.8 (2.1–6.6), 91 3.3 (1.5–5.9), 33 2.2 (0.7–5.6), 
23

1.3 (0.5–7.1), 16 3.0 (1.5–6.1), 
596

MMT-8 score (0–80) 75 (64–79), 156 72 (61–78), 89 75 (69–80), 93 71 (59–77), 55 63 (53–70), 21 69 (57–77), 21 78 (70–80), 7 73 (63–79), 442

Physician-completed 
global disease 
activity VAS (0–100)

10 (1–26), 258 10 (2–26), 156 9 (1–24), 163 8 (1–27), 107 14 (4–29), 39 16 (10–53), 36 10 (0–23), 13 10 (1–26), 772

Patient-completed 
global disease 
activity VAS (0–100)

30 (5–55), 203 45 (28–55), 103 40 (10–55), 123 47 (22–64), 83 44 (24–67), 32 42 (10–60), 30 3 (1–16), 13 40 (11–57), 587

HAQ-DI (0–3) 0.50 (0–1.25), 239 0.88 (0.25–
1.50), 132

0.63 (0–1.25), 142 0.88 (0.38–1.50), 
98

1.82 (1.38–2.50), 
38

0.56 (0.13–
2.13), 26

0 (0–0.13), 17 0.75 (0.13–
1.50), 692

Creatine kinase (as 
ratio of ULN)

0.44 (0.29–0.97), 63 1.12 (0.45–
3.20), 62

0.63 (0.35–2.06), 
40

0.66 (0.31–1.90), 
19

1.79 (1.17–2.02), 
5

1.28 (0.63–
2.79), 8

0.56 (0.39–1.85), 11 0.63 (0.37–
1.78), 208

Extramuscular 
disease activity VAS 
(0–100)

7 (0–22), 237 4 (0–15), 141 8 (0–18), 149 6 (0–16), 100 0 (0–15), 35 0 (0–15), 29 12 (0–27), 11 5 (0–18), 702

Myositis Damage 
Index global VAS 
(0–100)

16 (3–34), 146 20 (5–38), 84 19 (8–34), 85 26 (8–36), 58 47 (39–62), 22 14 (3–40), 18 29 (11–41), 8 20 (6–38), 421

*Multiple malignancies were recorded in some cases, therefore total may exceed 100%.
†Malignancy diagnosed within 3 years of the idiopathic inflammatory myopathy diagnosis.
‡For cases with >1 visit with any disease severity assessment recorded. Environmental toxin exposure includes exposure to asbestos, silica, fibreglass, solvents or coal dust.
HAQ-DI, Health Assessment Questionnaire-Disability Index; VAS, visual analogue scale; MMT-8, manual muscle test-8 score; ULN, upper limit of normal.
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those that had never smoked (26% (71/273) vs 13% (73/571), 
OR 2.40, 95% CI 1.66 to 3.46, p<0.001).

disease activity and disease damage assessments
At the last patient visit, lower manual muscle testing-8 (MMT-8) 
scores (adjusted OR 0.95, 95% CI 0.93 to 0.98, p<0.001) 
and higher Health Assessment Questionnaire-Disability Index 
(HAQ-DI) scores (adjusted OR 3.85, 95% CI 2.52 to 5.90, 
p<0.001) were observed in those with IBM compared with the 
remainder of the cohort (table 2). IBM cases also had a higher 
Myositis Damage Index (MDI) global VAS compared with the 
remainder of the cohort (median 47 (IQR 39–62) vs 19 (IQR 
5–36), adjusted OR 1.05, 95% CI 1.03 to 1.07, p<0.001).

Cases with ASS had a higher MMT-8 score at the last patient 
visit compared with the remainder of the cohort (adjusted 
OR 1.03, 95% CI 1.01 to 1.05, p=0.019). Cases with DM, 
JDM and ASS had lower HAQ-DI scores compared with the 
remainder of the cohort (DM: adjusted OR 0.74, 95% CI 0.60 
to 0.91, p=0.004. JDM: adjusted OR 0.09, 95% CI 0.02 to 
0.47, p=0.004. ASS: adjusted OR 0.72, 95% CI 0.57 to 0.93, 
p=0.011).

extramuscular involvement and malignancy
Interstitial lung disease
Overall, 30% (720/2442) of cases had ILD (table 2), observed 
most frequently in those with ASS (71% (357/502) vs 19% in 
remainder of cohort (363/1940), OR 10.7, 95% CI 8.6 to 13.4, 
p<0.001). ILD was least frequent in those with IBM (3%, 7/218) 
and JDM (6%, 4/72). In cases with ILD, current or previous 
smoking and prior exposure to environmental toxins were 
observed more frequently than in those without ILD (smoking: 
41% (191/462) vs 35% (387/1114), OR 1.32, 95% CI 1.06 to 
1.65, p=0.013; toxin exposure: 22% (57/256) vs 14% (93/651), 
OR 1.72, 95% CI 1.19 to 2.48, p=0.004) (table 3). At their last 
visit, cases with ILD had a higher extramuscular disease activity 
VAS (median 10 (IQR 2–22) vs 3 (IQR 0–15), adjusted OR 1.02, 
95% CI 1.01 to 1.03, p=0.001) and MDI global VAS (median 25 
(IQR 13–40) vs 14 (IQR 4–37), adjusted OR 1.01, 95% CI 1.00 
to 1.02, p=0.005) (table 3).

Cardiac involvement
Nine per cent (156/1715) of cases had cardiac involvement 
(table 2). This was most frequently observed in those with 
CTD-overlap myositis (12%, 27/230). Overall, those with SSc 
were more likely to have cardiac involvement compared with 
those without SSc (18% (13/74) vs 9% (143/1641), OR 2.23, 
95% CI 1.20 to 4.16, p=0.011). Cardiac involvement was less 
frequent in those with IBM compared with the remainder of the 
cohort (4% (8/185) vs 10% (148/1530), OR 0.42, 95% CI 0.20 
to 0.87, p=0.020). Smoking was significantly more frequent in 
those with cardiac involvement compared with those without 
(55% (56/102) vs 34% (426/1265), OR 2.40, 95% CI 1.60 to 
3.60, p<0.001) (table 3). Cardiac involvement was also asso-
ciated with exposure to environmental toxins (27% (18/68) vs 
14% (97/702), OR 2.25, 95% CI 1.26 to 4.01, p=0.006).

At the last patient visit, the presence of cardiac involvement 
was associated with a higher patient-completed global disease 
activity VAS (median 50 (IQR 31–66) vs 41 (12-59), adjusted 
OR 1.02, 95% CI 1.00 to 1.03, p=0.007), HAQ-DI (median 
1.00 (IQR 0.38–1.63) vs 0.67 (IQR 0.13–1.38), adjusted OR 
1.52, 95% CI 1.10 to 2.12, p=0.012), extramuscular disease 
activity VAS (median 12 (3-25) vs 7 (0–19), adjusted OR 1.02, 
95% CI 1.00 to 1.03, p=0.017) and MDI global VAS (median 31 

(IQR 12–48) vs 20 (IQR 5–38), adjusted OR 1.01, 95% CI 1.00 
to 1.03, p=0.047) (table 3).

Gastrointestinal involvement
Dysphagia was observed in 39% (767/1945) of cases and was 
more common in those with CTD-overlap myositis (53% 
(137/258), OR 1.90, 95% CI 1.46 to 2.47, p<0.001) (table 2). 
The presence of dysphagia was more frequent in those with SSc 
(67% (63/94), OR 3.31, 95% CI 2.13 to 5.14, p<0.001). The 
rate of dysphagia was also higher in those with IBM compared 
with the remainder of the cohort (50% (111/224), OR 1.60, 
95% CI 1.21 to 2.11, p=0.001).

Smoking was more frequent in those with dysphagia (42% 
(247/584) vs 34% in those without dysphagia (322/951), OR 
1.43, 95% CI 1.16 to 1.77, p=0.001) (table 3). At the last patient 
visit, dysphagia was associated with a higher patient-completed 
global disease activity VAS (median 46 (IQR 17–65) vs 37 (IQR 
10–53), adjusted OR 1.01, 95% CI 1.00 to 1.02, p=0.007), 
HAQ-DI (median 1.0 (IQR 0.25–1.63) vs 0.63 (IQR 0.13–1.13), 
adjusted OR 1.60, 95% CI 1.30 to 1.96, p<0.001), extramus-
cular global VAS (median 7 (IQR 0–21) vs 5 (IQR 0–16), adjusted 
OR 1.02, 95% CI 1.01 to 1.03, p=0.003) and MDI global VAS 
(median 25 (IQR 10–43) vs 17 (IQR 3–32), adjusted OR 1.02, 
95% CI 1.01 to 1.03, p=0.001). The MMT-8 score was lower 
in those with dysphagia (median 71 (IQR 59–78) vs 73 (IQR 
64–78), adjusted OR 0.98, 95% CI 0.96 to 0.99, p=0.044).

Malignancy
Malignancy occurred in 13% (374/2788) of cases (table 2). 
Breast cancer was the most frequently observed cancer subtype 
(affecting 19% of those with cancer (70/374)). DM cases had 
a higher frequency of malignancy (20% (166/841) vs 11% 
(208/1947) in non-DM cases, OR 2.06, 95% CI 1.65 to 2.57, 
p<0.001). No malignancy was recorded in cases with JDM. Of 
those with cancer, CAM was defined in 46% (132/287; onset 
dates missing for remaining 87). CAM was more common in 
those with DM compared with the remainder of the cohort 
(9% (72/795) vs 3% (60/1906), OR 3.06, 95% CI 2.01 to 4.36, 
p<0.001). In those with CAM, the median interval between IIM 
diagnosis and cancer diagnosis was 1 month (ie, cancer onset 
1 month after IIM diagnosis, IQR −3 to +12 months) (figure 1).

Smoking was more frequent in those with malignancy (51% 
(133/263) vs 37% (472/1294), OR 1.78, 95% CI 1.36 to 2.33, 
p<0.001) (table 3). Those with malignancy were older at the 
time of IIM disease onset, compared with those without malig-
nancy (57 (SD 14) vs 48 (SD 16) years, OR 1.05, 95% CI 1.04 
to 1.05, p<0.001). The presence of malignancy was associated 
with a higher patient-completed global disease activity VAS 
(median 47 (IQR 24–64) vs 38 (IQR 10–55), adjusted OR 1.01, 
95% CI 1.00 to 1.02, p=0.009), HAQ-DI (median 1.13 (IQR 
0.63–1.63) vs 0.63 (IQR 0.13–1.38), adjusted OR 1.60, 95% CI 
1.26 to 2.04, p<0.001) and MDI global VAS (median 37 (IQR 
22–53) vs 17 (IQR 5–35), adjusted OR 1.03, 95% CI 1.02 to 
1.05, p<0.001) (table 3).

Medication
A total of 2613 instances of usage of medications to treat IIM 
were recorded in 1023 cases (table 4). Oral glucocorticoid usage 
was recorded in 98% (969/993) of cases. Higher proportions of 
intravenous immunoglobulin usage were evident for cases with 
JDM (25%, 12/49), IMNM (18%, 9/50) and IBM (17%, 8/47). 
Cases with ASS had the highest proportions with recorded usage 
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of both cyclophosphamide (39%, 44/114) and rituximab (14%, 
26/184).

When considering all forms of IIM, the preferred steroid 
sparing agents were methotrexate (71%, 500/704) and azathio-
prine (51%, 311/615). In those with ASS, usage rates of azathi-
oprine and methotrexate were similar (60% (77/128) and 60% 
(76/127), respectively). A high proportion of IBM cases had 

medication usage recorded in the ‘other biologic’ category (48%, 
14/29) relating to participation of Swedish patients with IBM in 
a clinical trial of anakinra.32

dIsCussIon
Using the large EuroMyositis Registry dataset, we have identified 
several important new associations, including the strong influ-
ence of extramuscular involvement (malignancy, cardiac involve-
ment and dysphagia) on disease severity. This was demonstrated 
by higher disease activity and damage scores, including worse 
functional performance according to the HAQ-DI. We found 
that smoking and environmental toxin exposure was associated 
with the occurrence of extramuscular involvement (ILD, cardiac 
involvement, malignancy and dysphagia), although this observa-
tion may relate more to direct toxic effects rather than be related 
to the IIM disease process itself.

We have also used data from the Registry to confirm several 
previously described observations. This includes the link between 
malignancy and DM, the different demographic characteristics 
of those with IBM compared with other IIM diagnostic subtypes 
and the differing skin disease characteristics of DM and JDM. 
We also found that cases with CTD-overlap disease, especially 
those with SSc, were at increased risk of cardiac involvement and 
dysphagia. We have demonstrated a similar frequency of ILD27 
and cardiac involvement33 in IIM as described in other sources 
in the literature. The frequency of malignancy we identified was 
towards the lower range of that reported.1

Figure 1 Onset of malignancy in relation to date of diagnosis 
of idiopathic inflammatory myopathy (IIM) for cases with cancer-
associated myositis. Month 0 indicates date of IIM diagnosis.

table 4 Medications used to treat idiopathic inflammatory myopathy in the EuroMyositis Registry

% within each diagnostic subtype 
with recorded use of each 
medication

dermatomyositis
(n=353)

Polymyositis
(n=206)

Antisynthetase 
syndrome
 (n=184)

Connective 
tissue 
disease-
overlap 
myositis
(n=134)

Inclusion 
body 
myositis
 (n=47)

Immune- 
mediated 
necrotising 
myositis
(n=50)

Juvenile 
dermatomyositis
(n=49)

overall total
n (% per 
medication)*
(2613 
medications 
in 1023 cases)

Glucocorticoids 98 100 98 96 89 98 96 969/993 (98)

Disease modifying antirheumatic drugs

Methotrexate 69 76 60 72 82 82 74 500/704 (71)

Azathioprine 44 52 60 51 35 59 57 311/615 (51)

Ciclosporin 31 27 31 23 4 28 40 152/545 (28)

Antimalarials 37 11 16 29 7 0 48 131/533 (25)

Mycophenolate 17 20 31 29 24 13 33 119/511 (23)

Tacrolimus 1 5 2 0 0 0 0 9/487 (2)

Leflunomide 0 3 3 4 0 6 6 11/489 (2)

Biological therapies

Rituximab 6 4 14 7 2 12 0 72/1025 (7)

Other biologic† 7 4 11 20 48 19 22 62/493 (13)

Immunomodulatory therapies

IVIg 11 13 7 7 17 18 25 118/1025 (12)

Plasma exchange 2 2 0 0 0 0 0 5/490 (1)

Other

Cyclophosphamide 15 14 39 18 4 17 6 101/520 (19)

Other (not specified) 5 3 8 10 14 0 11 34/501 (7)

Topical therapies

Topical glucocorticoids 7 2 2 1 4 0 6 18/489 (4)

Topical tacrolimus 0 0 0 1 0 0 0 1/485 (0)

Median number of recorded 
medications per case (IQR)

2 (1–3) 2 (1–3) 3 (2–4) 2 (2–3) 2 (2–3) 2 (1–3) 2 (1–3) two 
medications 
(IQR 1–3)

*Some cases have received mediation from multiple categories.
†Includes antitumour necrosis factors, anakinra and abatacept.
IMNM, immune-mediated necrotising myopathy; IVIg, intravenous immunoglobulin.
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The literature described complex associations between envi-
ronmental exposures and IIM. Smoking has been shown to 
interact with serotype (particularly anti-Jo1 autoantibody 
status) and genotype in IIM, and this may explain some of our 
findings.34 Additionally, several other environmental factors 
have been investigated, particularly ultraviolet light exposure, 
seasonal birth patterns and prior infections.35–37 Thus, while our 
observational data cannot imply a causative role for smoking 
or environmental toxin exposure in the development of extra-
muscular manifestations of IIM, it is possible that these environ-
mental factors could be of pathogenic relevance.

Disease registries are increasingly facilitating large-scale obser-
vational studies in IIM. In the USA, the MYOVISION registry 
has recently reported on factors associated with a reduced 
health-related quality of life in IIM.38 Factors identified included 
a diagnosis of IBM and the presence of ILD. We demonstrated a 
significantly higher HAQ-DI score in those with IBM compared 
with those with other IIM diagnostic subtypes. However, we did 
not demonstrate similar findings with regard to the presence of 
ILD. This may be explained by the fact that our analysis was 
restricted to understanding differences between IIM subtypes, 
whereas the MYOVISION authors compared data for IIM cases 
against normative data from the general population and from 
rheumatoid arthritis cases.

Our analysis has several limitations, many of which are 
inherent to analysis of disease registries. We did not perform 
any data validation, including verification of diagnosis. Differing 
local practices, for example, local methods of detecting cardiac 
involvement or malignancy, may have influenced the way data 
were recorded at individual sites and the definition used in the 
registry for some features (eg, ILD) may not include use of gold 
standard diagnostic techniques. Most had only cross-sectional 
data recorded, meaning that the incidence of some clinical 
features might be underestimated. In other cases, reporting bias 
may mean that some reported frequencies are overestimates. 
Usage rates of certain sections of the Registry also varied between 
centres, making analysis difficult in some cases. Additionally, in 
some cases it is possible that the associations demonstrated might 
be influenced by confounders that we have not accounted for.

Data now comprising the Registry were first recorded as 
early as 1999 in some cases. At that time, IMNM had not been 
recognised as a specific IIM subtype, there were no available clas-
sification criteria for ASS and several antisynthetase antibodies 
were yet to be discovered. Despite our attempts to minimise 
inclusion of misdiagnosed cases, there remains the possibility 
that some cases, particularly those with PM, could have been 
misdiagnosed. We also highlight the fact that several alterna-
tive proposed diagnostic and classification criteria for IIM are 
available, use of which may have influenced the results. The 
complexity of IIM and the lack of consensus diagnostic criteria 
or definitions of each subtype remain a significant problem for 
patients, clinicians and researchers alike. Such issues are likely to 
improve after ratification of the forthcoming European League 
Against Rheumatism/American College of Rheumatology IIM 
classification criteria.39

Further recruitment into the EuroMyositis Registry will 
increase our power to detect rarer associations and further eluci-
date rarer disease subtypes such as juvenile-PM. The steering 
committee welcomes applications for implementation in addi-
tional paediatric and adult centres (https:// euromyositis. eu).
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ExtEndEd rEport

Mortality in idiopathic inflammatory myopathy: 
results from a Swedish nationwide population-based 
cohort study
Gerd Cecilie dobloug,1 John Svensson,2 Ingrid E Lundberg,2 Marie Holmqvist2,3

AbstrACt
patients with idiopathic inflammatory myopathies (IIMs) 
suffer an increased burden of comorbidities, but data on 
mortality in recently diagnosed IIM are conflicting. Also, 
little is known when, if ever, in relation to IIM diagnosis, 
mortality is increased.
Methods A population-based IIM cohort of patients 
diagnosed between 2002 and 2011 and general 
population comparators were identified using healthcare 
registers. they were linked to the cause of death register 
for follow-up.
results 224 (31%) of the 716 patients with IIM and 
870 (12%) of the 7100 general population died during 
follow-up. this corresponded to a mortality rate of 
60/1000 person-years in IIM and 20/1000 person-years 
in the general population. the cumulative mortality at 
1 year after diagnosis was 9% in IIM and 1% in the 
general population, and increased in both IIM and the 
general population with time. the overall hazard ratio 
(Hr) 95%CI of death comparing IIM with the general 
population was 3.7 (3.2 to 4.4). When we stratified on 
time since diagnosis, we noted an increase in mortality 
already within the first year of diagnosis compared with 
the general population, Hr 9.6 (95% CI 6.9 to 13.5). 
this Hr then plateaued around 2 after >10 years with 
the disease, although the estimates were not statistically 
significant. Malignancies, diseases of the circulatory and 
respiratory system were common causes of death.
Conclusion Mortality is increased in patients with 
contemporary IIM. the increased mortality was noted 
within a year of diagnosis, which calls for extra vigilance 
during the first year of IIM diagnosis.

IntroduCtIon
The idiopathic inflammatory myopathies (IIMs) are a 
heterogeneous group of chronic, systemic disorders, 
defined by weakness of striated muscle.1 Other organs 
such as lungs, joints, heart and skin are frequently 
involved, suggesting that these are systemic inflam-
matory diseases, but the exact aetiology is unknown. 
On the basis of clinical, histopathological and 
immunological features, these disorders are often 
differentiated into three distinct and major subsets: 
polymyositis (PM), dermatomyositis (DM) and 
sporadic inclusion body myositis (sIBM).2 3 IIMs are 
regarded as treatable disorders, but many patients 
respond poorly to immunosuppressive treatment, 
and persisting muscle impairment, as well damage of 
other organs, such as the lung, is a frequent problem. 
To date, IIM is considered to be associated with 
increased severe comorbidity, primarily related to 

muscle weakness and visceral involvement, as well as 
increased mortality.4 5

However, population-based valid mortality 
assessments in IIM have been limited due to the 
rarity of the disease, variation in the use of classifica-
tion and diagnostic methods, a heterogeneous study 
population and the subsequent risk of selection 
bias.6 7 Hospital-based studies from the 1970s have 
indicated increased mortality,8–12 and later work has 
further supported this notion.13 Studies presented 
have shown large variations in mortality estimates; 
10-year survival proportions vary between 18% and 
90%,3 4 13–24 variations probably due to differences 
in study design, patient selection, and large propor-
tions of patients lost to follow-up. One of the latest 
studies, which is the largest population-based IIM 
mortality study to date, compared death rates in 326 
Norwegian patients with IIM diagnosed between 
2003 and 2012 in southern parts of Norway, with 
death rates in the general population. In that study, 
a standardised mortality ratio of 2.4/2.6/1.7 in PM/
DM/sIBM was reported.20 Unfortunately, incidence 
rates of death and timing of death risk in relation to 
IIM diagnosis was not assessed. A later study from 
the USA, following patients diagnosed 2005–2014, 
reported 1-year, 5-year and 10-year mortality 
proportions that are considerably lower than earlier 
studies,23 which could indicate that we today are 
better at identifying and treating high-risk patients, 
thus removing some of the excess risk.

In clinical decision making pertaining to surveil-
lance of patients with IIM, it is crucial to know if 
there is an increased mortality even in patients diag-
nosed with IIM today, and if so, when in relation to 
IIM diagnosis, the risk is elevated and which are the 
major causes of death.

We therefore performed the first nationwide 
population-based cohort study of mortality in adult 
IIM compared with a randomly selected general 
population comparator cohort with focus on abso-
lute and relative risks and how the risks develop in 
relation to IIM diagnosis.

Methods
study design
This study is a population-based nationwide cohort 
study comparing patients with IIM (exposed) to the 
general population (unexposed) with respect to risk 
of death.

setting
In Sweden, adult patients with IIM are treated by 
rheumatologists, neurologists, dermatologists or by 
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internists. Virtually. all healthcare, including inpatient care, is 
universally accessed by all residents, and 95% of all rheumatol-
ogists and neurologists are hospital based and work in publicly 
funded healthcare. Using the unique personal identification 
number issued to all Swedish residents, data from national 
and virtually complete administrative or clinical registers on 
demographics, morbidity and mortality can be linked together. 
These registers also allow for unbiased identification of general 
population comparators and enable prospective assessments of 
morbidity and mortality, independently of IIM status.

study population
The IIM cohort
Using the Swedish National Patient Register, a nationwide register 
with full coverage of inpatient care since 1987 and for special-
ised outpatient care since 2001, we identified a cohort of indi-
viduals with IIM. To be included in the incident/newly diagnosed 
IIM cohort, each individual had to be ≥18 years, have a first-
ever visit 2002–2011 plus a follow-up visit within 1–12 months 
listing International Classification of Disease (ICD) 10 codes 
indicating IIM (please be referred to the appendix for ICD-10 
codes used). The validity of the ICD codes used for IIM has been 
tested in the same underlying study population as included in the 
current study, and it indicates high validity of the ICD codes used 
to identify IIM (positive predictive value of >85 and sensitivity 
of >85% for all ICD codes except those indicating sIBM).25 
In addition, there are two previously published papers: one 
Swedish,26 partly using the same study population as presented 
here, and one Canadian,27 also using administrative data, where 
using ICD codes to identify IIM was found to have a sensitivity 
of 88%,  specificity of 96%27 and a positive predictive value of 
85%.26 In the present study, only visits at IIM specialist clinics 
(rheumatology, internal medicine, dermatology and neurology) 
were included in the identification algorithm (which is presented 
in Svensson et al25). Based on this algorithm, that we believe 
is somewhat stricter than in the examples presented above, we 
were able to identify DM as a subgroup of IIM, but due to the 
overlap in ICD codes for PM and sIBM, the rest of the patients 
with IIM were analysed together (referred to as other inflamma-
tory myopathies). The latest of the two IIM defining visits was 
used as index date.

the general population
For each patient classified as a patient with IIM, we randomly 
selected 10 individuals from the Swedish Population Register 
(which includes all Swedish residents). Matching variables were 
sex, year of birth, year when the patient with IIM was first found 
with an ICD code indicating IIM, and county of residence. Each 
population-based general population comparator was required 
to be alive at the index date of its corresponding patient with 
IIM.

data sources used to detect outcomes during follow-up
We linked the patients with IIM and their general population 
comparators to the following data sources: i) The Swedish Popu-
lation Register, which includes information on births, deaths, 
emigration and immigration for the entire Swedish popula-
tion.28 Follow-up data from this register were available until 
31 December 2013. ii) The cause of death register, which includes 
information on death date and underlying cause of death.

By linking the patients with IIM and their matched general 
population comparators to these registers, we identified all 
deaths including their causes and all emigrations from Sweden 

during follow-up, enabling us to perform a cohort analysis 
with high internal and external validity and virtually no loss of 
follow-up.

definition of outcome
Primary outcome for this study was overall death. The secondary 
outcomes were cause-specific deaths: certain infections and 
parasitic diseases, malignant neoplasms, diseases of the respira-
tory system and diseases of the circulatory system (for ICD-10 
codes used to identify deaths from the above diagnoses, please 
be referred to online supplementary table 1). To add information 
on morbidity around the time of death, we have also investigated 
the main reasons for hospitalisation the month prior to death.

Follow-up
Follow-up started at index date, which was the date of the 
second visit in the IIM cohort. Follow-up ended at death, first 
emigration or 31 December 2013, whichever came first. Once 
an individual is censored, he or she is no longer followed and 
stops contributing person-time. Two (0.3%) of the patients with 
IIM and 61 (0.9%) of the general population emigrated during 
follow-up.

statistical analyses
Crude rates were calculated by dividing the number of events 
during follow-up by the corresponding person-time at risk. All 
rates are presented as number of events per 1000 person-years. 
The absolute risks were calculated in men and women separately 
as well as based on subgroups of IIM, age group at diagnosis and, 
since mortality is increased in individuals with low income and 
low socioeconomic status,29 educational level (highest achieved 
educational level <10 years, 10–12 years and >12 years). To 
compare the mortality in patients with IIM and the general 
population, Cox proportional hazards models were constructed 
to estimate HRs. All models were adjusted for age at index date 
as a continuous variable, birth year, sex and residential area 
(with Stockholm as the reference category). The HR of death 
overall and death from diseases of the circulatory and respiratory 
systems, from malignant neoplasms, and from certain infections 
and parasitis diseases were estimated. We also made subgroup 
analysis based on sex, IIM diagnosis (DM and PM/sIBM), age 
group and educational level. We used Cox proportional hazards 
models with time since diagnosis as time varying covariates 
to estimate the HR of death in four different disease duration 
windows (<1 year, 1–≤5 years, 5–10 years and >10 years) in 
order to assess when in the disease course patients with IIM are 
at highest risk of death. All HRs were also adjusted for educa-
tional level. Kaplan-Meier survival curves were plotted to assess 
time to event and the cumulated mortality at 1, 5 and 10 years 
after start of follow-up. Since there was no major difference in 
the results from DM and other inflammatory myopathies, results 
based on IIM overall are presented.

All analyses were performed using The SAS software package, 
V.9.4 and STATA IC V.11.2.

results
baseline characteristics of the study population
In total, 716 individuals were included in the IIM cohort; 55.2% 
were women, mean (SD) age at start of follow-up was 61.4 (14.5) 
years (table 1). In the general population, the proportion women 
and the mean age at start of follow-up was the same as in the 
IIM cohort. The educational level in the IIM cohort was similar 
to the educational level in the general population; 26% had an 

group.bmj.com on January 4, 2018 - Published by http://ard.bmj.com/Downloaded from 

https://dx.doi.org/10.1136/annrheumdis-2017-211402
http://ard.bmj.com/
http://group.bmj.com


42 Dobloug GC, et al. Ann Rheum Dis 2018;77:40–47. doi:10.1136/annrheumdis-2017-211402

Clinical and epidemiological research

education extending 12 years. Information on treatment during 
the first year after start of follow-up was available on a subgroup 
of the study population. It can be found in online supplementary 
table 2.

Follow-up
The total time of follow-up in the IIM cohort and in the general 
population was 49 740 person-years (3740 in patients with IIM, 
43 963 in the general population). Median (IQR) follow-up in 
the IIM cohort was 4.6 (5.4) and 6.0 (5.5) years in the general 
population.

Absolute mortality and the causes of death
Two hundred twenty-four (31%) of the IIM cohort and 870 
(12%) in the general population died during follow-up. This 
corresponded to a crude incidence rate (95% CI) of 59.9 
(42.0 to 77.8) deaths/1000 person-years in IIM and 19.8 
(16.5 to 23.1) deaths/1000 person-years in the general popula-
tion. The mortality rate was similar in men and in women in the 

IIM cohort but, in the general population, the mortality rate was 
higher in men than in women (figure 1).

The mortality rate also increased with age in both IIM and 
general population and decreased with increasing educational 
level.

At time of death, patients with IIM were younger than the 
general population (mean (SD) age 73 (11) in IIM and 79 (10) 
in the general population, median (IQR) 75 (15) in IIM and 81 
(12) in the general population). Of those who died, more were 
women in IIM than in the general population (56% vs 47%). 
Main causes of death in patients with IIM were, besides muscu-
loskeletal and connective tissue disease, malignancies, diseases 
of the circulatory system and diseases of the respiratory system. 
The general population also mainly died from these three disease 
groups (table 2). When we looked at the causes for hospitalisa-
tions during the month prior to death, we noted that it was more 
common for patients with IIM than the general population to be 
hospitalised overall (45% vs 36%). Patients with IIM were more 
often hospitalised due to diseases of the respiratory system and 
diseases of the musculoskeletal system and connective tissue. In 
the general population, the most common reasons for hospital-
isation were diseases of the circulatory system and malignancies 
(table 2). Among those patients with IIM who died from diseases 
of the respiratory system (n=21), 20 patients had been hospi-
talised the month prior to death. The most common reasons 
for hospitalisation was pneumonia and interstitial lung disease 
(online supplementary table 3). There was also one hospital-
isation for pulmonary arterial hypertension the month prior to 
death in this group. Among those who died from diseases of the 
circulatory system (n=63), 26 were hospitalised the month prior 
to death. Among those, the most common cause for hospital-
isation was non-ischaemic heart disease (online supplementary 
table 4). More information on hospitalisations a month prior 
to death and more details on the causes of death are found in 
online supplementary tables 3–7.

The cumulative mortality at 1 year after diagnosis was 9% in 
IIM and 1% in the general population, at 5 years it was 23% in 
IIM and 8% in general population and at 10 years, the propor-
tion was 31% and 12% (figure 2).

table 1 Characteristics of patients with idiopathic inflammatory 
myopathies (IIMs) identified from the National Patient Register 2002–
2011 and their general population comparator cohort

IIM, n=716

General 
population, 
n=7100

Women 395 (55.2) 3922 (55.2)

Men 321 (45.8) 3178 (45.8)

Mean (SD) age at start of follow-up 61.4 (14.5) 61.3 (14.5)

Educational level

  <10 years 233 (32.5) 2319 (32.7)

  10–12 years 288 (40.2) 2821 (39.7)

  >12 years 184 (25.7) 1854 (26.1)

Dermatomyositis (DM) 230 (32.1) NA

Other inflammatory myopathies (non-DM) 486 (67.9) NA

Number of individuals (per cent of total number) in each subgroup if not stated 
otherwise.

Figure 1 Number of events (N), person years at risk (PYR) and incidence rates (IRs) of death in patients with IIM identified in the National Patient 
Register between 2002 and 2011 and in an individually matched general population comparator. HR and 95% CI with the matching factors (sex, 
residential area and year of diagnosis) were taken into account and adjusted for age. Overall and stratified by sex, age group, educational level and 
IIM subgroup.
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Mortality in IIM compared with the general population
After adjusting for age, sex, residential area, birth year and year 
of diagnosis, the overall HR (95% CI) of death comparing the 
IIM cohort and the general population, was 3.73 (3.19 to 4.37). 
The increased risks could be seen in patients with DM as well 
as the other inflammatory myopathies, in all age groups, and 
in both women and men with IIM compared with the general 
population (figure 1). The relative risk of death in IIM versus 
the general population was highest in the youngest age group 
(HR <53 years at diagnosis 7.14, 95% CI 4.06 to 12.54) and 
decreased with age (HR ≥72 years at diagnosis 2.83, 95% CI 
2.27 to 3.53) (figure 1). When restricting the outcome to 
certain infections and parasitic diseases, diseases of the circu-
latory systems, diseases of the respiratory system, malignant 

neoplasms and other causes of death, we noted increased risks 
in all outcomes in IIM overall compared with the risk in the 
general population (figure 3), although the elevated relative 
risk for death from certain infections and parasitic diseases was 
not statistically significant. Adjusting the HRs for educational 
level did not alter the interpretation of our findings (please be 
referred to online supplementary tables 8 and 9 for estimates).

Mortality in relation to time since diagnosis
When we stratified on time since diagnosis, we noted an 
increased absolute and relative risk of death within the first year 
of diagnosis, overall and in all cause specific outcomes, except 
for death from certain infections and parasitic diseases where 
number of events were few and the CI wide (figure 3, figure 4). 
For diseases of the respiratory system and malignant neoplasms, 
the absolute risks were highest within 1 year of diagnosis in 
patients with IIM and decreased with disease duration. The 
opposite was seen in the general population regarding diseases 
of the respiratory system and malignant neoplasms, where the 
mortality increased with time (figure 4). The relative risk of 
death was therefore elevated already within 1 year of diagnosis 
and remained elevated throughout follow-up (figure 3). The risk 
of death from circulatory diseases was also increased in patients 
with IIM already within 1 year of diagnosis, point estimate 4.9, 
and it thereafter increased to a point estimate of 6.2 after >10 
years of follow-up.

dIsCussIon
In this first nationwide, population-based IIM mortality study, we 
have demonstrated that IIM indeed is associated with increased 
mortality. There has been some discussion regarding whether 
there is an increased mortality in patients diagnosed with IIM in 
recent years,23 but this study leaves little doubt to this question. 
This study also demonstrates that the mortality is highest within 
the first year of IIM diagnosis, and it remains more than doubled 
compared with the general population throughout a follow-up 
of over 10 years, although the increased relative risk was not 
statistically significant after 10 years. After adjusting for age, 
sex, residential area, birth year and year of diagnosis, a >3-fold 
mortality risk was seen in IIM compared with the general popu-
lation. The increased mortality was manifest in IIM overall, and 
in DM, in all age groups, in all educational levels and in both 
women and men with IIM compared with the general popula-
tion. In addition, we found that at the time of death, patients 
with IIM were younger and to a higher extent women compared 

table 2 Causes of death of all who died during follow-up and 
the main diagnosis for hospitalisation up to 1 month prior to death 
in patients with idiopathic inflammatory myopathy (IIM) identified 
from the National Patient Register 2002–2011 as well as the general 
population cohort

IIM patients

General 
population 
comparators p Value*

Death from all causes 224 870

Information from cause of death register

  Certain infections and parasitic 
diseases

5 (2.2) 22 (2.5) 0.80

  Malignant neoplasms 75 (33.5) 232 (26.7) 0.04

  Mental and behavioural disorders 5 (2.2) 44 (5.1) 0.07

  Endocrine, nutritional and metabolic 
disease

5 (2.2) 27 (3.1) 0.49

  Diseases of the nervous system 10 (4.5) 46 (5.3) 0.62

  Diseases of the respiratory system* 21 (9.4) 49 (5.6) 0.04

  Diseases of the digestive system 4 (1.8) 27 (3.1) 0.29

  Diseases of the musculoskeletal 
system and connective tissue

29 (12.9) 2 (0.2) <0.00

  Diseases of the genitourinary system 2 (0.9) 9 (1.0) 0.85

  Symptoms signs and abnormal 
clinical lab findings

4 (1.8) 27 (3.1) 0.29

  External causes of morbidity and 
mortality

1 (0.4) 28 (3.2) 1.00

  Diseases of the circulatory system 63 (28.1) 357 (41) 0.00

Information on those hospitalised up 
to a month prior to death 101 (45.1) 317 (36.4)

  Certain infections and parasitic 
diseases

5 (5) 15 (4.7) 0.93

  Malignant neoplasms 36 (35.6) 93 (29.3) 0.60

  Mental and behavioural disorders 0 (0.0) 2 (0.6) 0.79

  Endocrine, nutritional and metabolic 
disease

2 (2.0) 6 (1.9) 0.56

  Diseases of the nervous system 0 (0.0) 5 (1.6) 0.20

  Diseases of the respiratory system 15 (14.9) 32 (10.1) 0.02

  Diseases of the digestive system 3 (3.0) 5 (1.6) 0.76

  Diseases of the musculoskeletal 
system and connective tissue

7 (6.9) 2 (0.6) <0.00

  Diseases of the genitourinary system 2 (2.0) 14 (4.4) 0.18

  Symptoms signs and abnormal 
clinical lab findings

4 (4.0) 26 (8.2) 0.23

  External causes of morbidity and 
mortality

5 (5.0) 16 (5.0) 0.70

  Diseases of the circulatory system 21 (20.8) 91 (28.7) 0.08

Number of individuals (percent of total number) in each subgroup if not stated 
otherwise.

Figure 2 Kaplan-Meier curves of death in idiopathic inflammatory 
myopathy (red line) and general population (blue line).
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with the general population. The cumulative mortality at 1 year 
and 5 years after diagnosis was 9% and 23%, respectively, in 
IIM and 1% and 8%, respectively, in the general population. At 
10 years, the proportion was 31% and 12%. Not surprisingly, 
we found the same major causes of death in patients with IIM 
(malignancies, respiratory and circulatory diseases, as well as 
musculoskeletal diseases), as previously reported.4 17 30–32

The high mortality in the first year after IIM diagnosis and 
the thereafter decreasing risk of death was in contrast to the 
general population where mortality increased with time. The 
high mortality in the first year after IIM diagnosis refers not 

unexpectedly to cancer, but importantly also to pulmonary 
and circulatory disease, the latter which contributes largely to 
the mortality seen after 5 years with IIM. This emphasises the 
systemic nature of IIM and that a careful surveillance for cancer 
and also for lung and heart involvement in newly diagnosed 
patients with IIM is needed, and furthermore, that a careful 
monitoring of function of these organs at least during the first 
year of follow-up is important. These comorbidities are captured 
both by the disease activity score, myositis disease activity tool, 
and the disease damage score, myositis damage index, devel-
oped by the International Myositis Assessment and Clinical 

Figure 3 HR and 95% CI comparing the risk of death in patients with idiopathic inflammatory myopathy (IIM) identified in the National Patient 
Register between 2002 and 2011 and in an individually matched general population comparator. Adjusted for matching factors (sex, residential 
area and year of diagnosis) and age. Overall and stratified by underlying cause of death and time since IIM diagnosis.
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studies group network, and these can be used in clinical prac-
tice for surveillance and as support tools for decision making on 
therapies.33

Mortality studies in patients with IIM diagnosed during the 
last decade are scarce, and study design differences could partly 
explain the wide range of estimates previously presented. A 
majority of the studies lack general population comparators 
and are therefore not able to relate the risk of death in IIM to 

the risk of death in the general population, which explains why 
the data in these reports are presented as 1-year, 5-year and 
10-year survival proportions. Three of the more recent publica-
tions,13 22 24 including patients partly diagnosed during the last 
decade, present 5-year and 10-year survival proportions similar 
to what we have presented in this study, but the most recent 
and the so far largest study published,23 which studied patients 
actively followed at Johns Hopkins in 2006–2014 but perhaps 

Figure 4 Deaths/1000 person-years (PY) by cause of death and time since start of follow-up in idiopathic inflammatory myopathies (black bars) and 
the general population (grey bars).
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diagnosed earlier, presented significantly improved 5-year and 
10-year survival proportions (95% at 5 years and 90% at 10 
years). They did follow patients from the date of diagnosis, but 
since patients were required to be actively followed, and there-
fore alive, sometime between 2006 and 2014, those who were 
diagnosed before 2006 and died within the first years will not 
have contributed with events in their follow-up, thus lowering 
the mortality proportion significantly. This could at least 
partly explain their seemingly different results. The only so far 
published study on recently diagnosed patients with IIM, and 
with a general population comparator but with a smaller study 
population and lacking the risks in relation to disease duration, 
presents results that are in line with our main results.20

The main strength of this study is the nationwide, popula-
tion-based IIM cohort including newly diagnosed patients who 
are actively followed in contemporary time. Although we are 
not including patients diagnosed after 2011, we believe the esti-
mations are true for patients diagnosed even in the last years. 
There are no substantial changes in work up or follow-up of 
these patients in the last years and could have had an impact on 
the relative risk. The general population cohort and our possi-
bility to add prospectively collected and linked data on comor-
bidity and covariates from mandatory public registers with 
high coverage further increases both the internal and external 
validity of our finding. The risk of misclassification of the overall 
outcome death is low since the Swedish Population Register has 
high validity and coverage.34 Our algorithm to identify all indi-
viduals who were exposed (patients with IIM) has been assessed 
and the robustness of the definition has been tested, and the 
risk of differential misclassification of exposure is therefore 
low. A limitation of our study is the overlap of ICD codes used 
for IBM and PM. Due to this, we could only analyse DM sepa-
rately and not other subgroups of IIMs. However, the increased 
mortality rate was found in both DM and in non-DM inflam-
matory myopathies. The absence of clinical information such as 
myositis specific autoantibodies and muscle biopsy features and 
other clinical phenotypes is another limitation of this study, and 
to assess mortality in relation to such information would have 
strengthened our results.

Over the last 20 years, the autopsy rates have decreased in 
Sweden.35 This could lead to a non-differential misclassification 
of outcome pertaining to the cause-specific assessments of death 
presented in this study, thus reducing the size of the true asso-
ciation. However, cancer, pulmonary and circulatory manifesta-
tions are well recognised comorbidities and causes of death in 
IIM from previous studies.

In conclusion, mortality rate is increased during the first 10 
years after diagnosis of IIM. Novel information from this study 
is that the overall mortality in IIM is highest during the first year 
after IIM diagnosis and then decreases, in contrast to the general 
population where the reversed was seen with an increased 
mortality rate during a >10-year follow-up period. The major 
causes of death in patients with IIM are malignancies, diseases of 
the circulatory and respiratory system, all of them already during 
the first year after IIM diagnosis. This emphasises that IIM are 
severe disorders with frequent extramuscular manifestations and 
that these patients need careful monitoring of muscle strength 
and of heart and lung function as well as careful surveillance for 
malignancies.
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AbstrACt
Objectives patients with rheumatoid arthritis (rA) 
have an excess risk of cardiovascular disease (CVd). We 
aimed to assess the impact of CVd risk factors, including 
potential sex differences, and rA-specific variables on 
CVd outcome in a large, international cohort of patients 
with rA.
Methods In 13 rheumatology centres, data on CVd 
risk factors and rA characteristics were collected at 
baseline. CVd outcomes (myocardial infarction, angina, 
revascularisation, stroke, peripheral vascular disease 
and CVd death) were collected using standardised 
definitions.
results 5638 patients with rA and no prior CVd were 
included (mean age: 55.3 (Sd: 14.0) years, 76% women). 
during mean follow-up of 5.8 (Sd: 4.4) years, 148 
men and 241 women developed a CVd event (10-year 
cumulative incidence 20.9% and 11.1%, respectively). 
Men had a higher burden of CVd risk factors, including 
increased blood pressure, higher total cholesterol and 
smoking prevalence than women (all p<0.001). Among 
the traditional CVd risk factors, smoking and hypertension 
had the highest population attributable risk (pAr) overall 
and among both sexes, followed by total cholesterol. the 
pAr for disease Activity Score and for seropositivity were 
comparable in magnitude to the pAr for lipids. A total 
of 70% of CVd events were attributable to all CVd risk 
factors and rA characteristics combined (separately 49% 
CVd risk factors and 30% rA characteristics).
Conclusions In a large, international cohort of 
patients with rA, 30% of CVd events were attributable 
to rA characteristics. this finding indicates that rA 
characteristics play an important role in efforts to reduce 
CVd risk among patients with rA.

IntrOduCtIOn
Patients with rheumatoid arthritis (RA) have an 
increased risk of cardiovascular disease (CVD),1 
which may be attributable to a combination of 
traditional CVD risk factors and RA-specific char-
acteristics.2 3 In a recent meta-analysis, hyperten-
sion, diabetes mellitus, hypercholesterolaemia and 
obesity were shown to increase the risk of CVD in 
patients with RA.4 

Successful prevention of CVD requires identifica-
tion of persons at high risk. However, for patients 
with RA, established CVD risk calculators have been 
shown to provide inaccurate estimates.5 6 This impre-
cision may be due to several factors. Despite a high 
atherosclerotic burden, patients with RA have more 
silent myocardial infarctions (MI) compared with 
non-RA persons.7 This asymptomatic atheroscle-
rosis in the carotid and coronary arteries may not be 
accounted for during CVD risk evaluation.8–10

Another factor that may explain the incorrect 
estimation of CVD is the female preponderance. In 
the general population, it is well documented that 
women manifest CVD at older ages than men.11 
Possible differences between the sexes in risk factors 
associated with CVD have been explored in large 
general population cohorts.12–14 It is unknown 
whether the impact of traditional risk factors on 
CVD differs between the sexes in patients with RA.

RA is an inflammatory joint disease and the 
increased risk of CVD is likely also related to 
disease-specific factors, such as inflammation 
and disease activity. Inflammation also influences 
traditional CVD risk factors, such as lipopro-
teins.15 Patients with RA are known to have lower 
lipoprotein levels than non-RA persons,16–18 despite 
their increased CVD risk, because lipid levels 
decrease with increasing inflammation.16 17 19 20 
This lipid paradox complicates the CVD risk evalu-
ation of patients with RA.21 Therefore, it is recom-
mended to assess the lipid profile when the disease 
is not active. Thus, the importance of each CVD 
risk factor on CVD outcomes in patients with RA 
may differ from that in the general population.

The objectives of this study were to assess the 
impact of CVD risk factors and RA characteris-
tics, including potential sex differences, on CVD 
outcomes in a large, international cohort of patients 
with RA.

PAtIents And MethOds
study populations
Thirteen cohorts of patients with RA origi-
nating from 10 different countries (UK, Norway, 
The Netherlands, USA, Sweden, Greece, South 
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Africa, Spain, Canada and Mexico) were combined. Patients in 
each cohort were included based on physician diagnosis of RA 
and/or fulfilment of 1987 or 2010 American College of Rheu-
matology criteria for RA. Cohorts followed patients prospec-
tively through study visits at regular intervals or retrospectively 
through medical record review. Data were collected using stan-
dardised definitions, but patient management strategies were 
not standardised. Details regarding these cohorts are located on 
the consortium website (http://www. atacc- ra. com) and in our 
previous publication.22 The study complied with the Declara-
tion of Helsinki, was approved by ethical boards/committees 
at each centre, and informed consent was obtained from the 
subjects where required. Data were anonymised and aggregated 
for analyses.

Variable definitions
The primary outcomes were fatal/non-fatal CVD events 
including acute coronary syndrome (ST-elevation and non-ST 
elevation MI and unstable angina pectoris), chronic ischaemic 
heart disease (stable angina pectoris), coronary revascularisation 
(eg, percutaneous coronary intervention and coronary artery 
bypass grafting), CVD death, cerebrovascular events (ischaemic 
cerebrovascular accident and transient ischaemic attack) and 
peripheral vascular events (with and without revascularisation 
procedures, peripheral artery disease). Not included were cases 
of confirmed cerebral haemorrhage, non-coronary cardiac death, 
non-ischaemic CVD, heart failure and aortic aneurysm.

Traditional CVD risk factors collected at baseline were 
age, sex, smoking status (current, former, never), systolic and 
diastolic blood pressure, lipid levels (total cholesterol (TC), high 
density lipoprotein cholesterol (HDL-c), low density lipopro-
tein cholesterol (LDL-c), triglycerides), body mass index (BMI), 
family history of CVD, diabetes mellitus and hypertension. Data 
on use of lipid-lowering medications and antihypertensives were 
also collected.

RA-specific factors were collected at baseline including rheu-
matoid factor (RF) positivity, anticitrullinated protein antibodies 
(ACPA) positivity, erythrocyte sedimentation rate (ESR), C reac-
tive protein (CRP) and Disease Activity Score including 28 
joints (DAS28) using ESR. RF and ACPA were considered posi-
tive based on the tests performed at each centre. ACPA testing 
was unavailable in some patients. CRP was unavailable in one 
cohort, and DAS28 was unavailable in another cohort. Data on 
use of non-steroidal anti-inflammatory drugs (NSAIDs), Cox-2 
inhibitors, glucocorticoids and RA therapies were also collected.

statistical methods
Descriptive statistics (means, percentages and so on) were used 
to summarise characteristics at baseline by sex with compari-
sons performed using χ2 and rank-sum tests. Multiple imputa-
tion methods were used to impute missing values for CVD risk 
factors using 10 repetitions. Log-transformations were used 
when imputing lipid levels to avoid bias when computing lipid 
ratios from imputed data.23

The cumulative incidence of CVD by sex according to time 
since baseline and age was estimated using Kaplan-Meier 
methods. Adjusted curves were obtained using inverse proba-
bility weighting.24 The influence of CVD risk factors and RA 
characteristics on development of CVD was estimated overall 
and separately by sex using multivariable Cox models. All 
models were stratified according to high and low CVD risk 
centres to account for underlying differences in CVD event rates 
and to avoid issues with instability of estimates for small centres. 

Univariable models adjusted for age and multivariable models 
containing all CVD risk factors and all CVD risk factor plus 
RA characteristics were examined. As sex differences were not 
substantially different for adjusted univariable models compared 
with multivariable models, only the multivariable model results 
were reported. Estimates for triglycerides were obtained by 
removing HDL-c and adding triglycerides to the overall multi-
variable model.

Population attributable risk (PAR) is the proportion of disease 
in a population that could be prevented by elimination of an 
exposure or risk factor. PAR is commonly calculated as PAR = 
(P(D) – P(D|Ē))/P(D), where P(D) is the probability of disease 
(ie, CVD), and P(D|Ē) is the conditional probability of disease 
among individuals without the risk factor.25 PAR is a function 
of time, since it depends on the probability of disease and the 
prevalence of the risk factor, which changes over time. Thus, the 
cumulative incidence of CVD was used to estimate the proba-
bility of CVD over time, and these estimates were obtained from 
Cox models to allow for adjustment for multiple risk factors. 
The conditional probability of CVD over time for those without 
a risk factor was estimated from the same Cox models, but with 
a target cohort that matched the observed cohort except that it 
lacked the risk factor of interest. For continuous risk factors, 
such as lipid levels, target values representing desirable levels 
were chosen. An overall PAR considering the impact of a collec-
tion of risk factors was also obtained by utilising target cohorts 
modifying several risk factors simultaneously. The sum of PAR 
for single risk factors may not equal the PAR for a combination 
of several risk factors due to overlapping exposures and non-ad-
ditive effects.26 Reported values of PAR correspond to 10 years 
after baseline, as 10 years is a commonly used time horizon for 
CVD risk assessment. p Values <0.05 were considered to be 
statistically significant. Analyses were performed using SAS V.9.4 
and R V.3.2.0 (R Foundation for Statistical Computing, Vienna, 
Austria).

results
risk factors
Baseline characteristics of the 5638 included patients with RA 
without prior CVD are presented in table 1. The mean age (±SD) 
in the total population was 55.3 (±14.0 years). There was a clear 
female preponderance (75.9% overall) with even higher female/
male ratios among the two Hispanic cohorts. Statistically signifi-
cant differences between the sexes were observed in the majority 
of the baseline characteristics. Male patients were older and had 
a higher burden of traditional CVD risk factors, including higher 
blood pressure/more hypertension and were more often smokers 
(p<0.001 for all). Higher levels of CRP (p<0.001) were also 
seen in men compared with women. Women had slightly higher 
TC, HDL-c and ESR levels and were more frequent users 
of synthetic and biological disease-modifying antirheumatic 
drugs (DMARDs) (p<0.001 and 0.005, respectively).

Outcomes
During a mean (±SD) follow-up of 5.8 (±4.4) years, 389 patients 
(148 men and 241 women) developed CVD events (including 
166 patients with MI, 88 with stable or unstable angina, 62 
with revascularisation, 35 with cardiovascular deaths, 147 with 
cerebrovascular events and 46 with peripheral vascular events). 
The unadjusted cumulative incidence of CVD at 10 years after 
baseline was 20.9% (95% CI  17.3% to 24.4%) among men and 
11.1% (95% CI 9.6% to 12.7%) among women. Adjustment 
for CVD risk factors had minimal impact on 10-year CVD risk 
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estimates (19.2% among men and 11.4% among women). The 
cumulative incidence of CVD was higher in men than in women 
in all ages above 40 years (figure 1).

relative risk
The age-adjusted relative risk of CVD was higher among men 
than women (HR: 1.74; 95% CI 1.41 to 2.12). Additional adjust-
ment for CVD risk factors reduced the sex effect slightly (HR: 
1.49; 95% CI 1.19 to 1.85; table 2). Age was significantly associ-
ated with CVD overall and in both sexes, and the age effect was 
not impacted by adjusting for other CVD risk factors. TC, LDL-c 
and triglycerides were all significantly associated with CVD 
following age adjustment, but no longer reached statistical signif-
icance following adjustment for other CVD risk factors. Among 
men the only lipid measure that was significantly associated with 
CVD was triglycerides, which remained statistically significant 
following adjustment for all CVD risk factors. Smoking and 
hypertension were strong predictors of CVD overall and among 
both sexes, even after adjustment for all other CVD risk factors. 
Diabetes mellitus was significantly associated with CVD among 
women, but did not reach statistical significance among men. 
BMI was not significantly associated with CVD. Regarding RA 
characteristics, DAS28 and RF/ACPA positivity were significantly 
associated with CVD with age adjustment, but were no longer 
significant after adjustment for all CVD risk factors. There was 

no evidence of differential effects between sexes regarding the 
association between CVD risk factors and CVD outcomes (inter-
action p>0.1 for all) or between RA characteristics and CVD 
outcomes (interaction p>0.6 for all).

Population attributable risk
PAR estimates the fraction of CVD events that could be 
prevented by a potential target intervention. Hence, PAR is 
a function of risk factor prevalence, effect size and a chosen 
target. Smoking and hypertension had the highest PAR values 
overall and among both sexes (figure 2 and table 3). PAR for 
smoking and for hypertension were nearly twice as high among 
men than women (37.2% vs 18.1% and 26.1% vs 14.7%, 
respectively), but these differences did not reach statistical 
significance (p=0.12 and p=0.24, respectively). PAR for TC 
was 11.5% overall, with an insignificantly higher PAR among 
men than women (p=0.56). PAR for the remaining CVD risk 
factors was <10% overall and for both sexes. For the RA char-
acteristics, DAS28 and RF/ACPA positivity had similar PAR 
to TC (12.6% and 12.2%, respectively). PAR for decreasing 
DAS28 when decreasing it to 3.2, if >3.2 at baseline was 16.9% 
among women compared with 6.2% among men (p=0.46). 
PAR for RF/ACPA was also higher among women than men 
(13.7% vs 9.4%), but not significantly (p=0.74). PAR for ESR 
and for CRP were <5% overall and for both sexes.

table 1 Descriptive baseline characteristics of 5638 patients with RA without prior CVD

Characteristics Available  (n) Overall (n=5638) Female (n=4278) Male (n=1360) p Value

  Length of follow-up, years 5638 5.8 (4.4) 5.8 (4.4) 6.0 (4.6) –

  Age, years 5638 55.3 (14.0) 54.7 (14.4) 57.2 (12.7) <0.001

  White race 3945 3699 (94%) 2924 (93.4%) 775 (95.2%) 0.056

RA characteristics

  Calendar year of RA diagnosis 5628 1998.4 (9.9) 1998.1 (10.1) 1999.2 (9.1) 0.007

  RA disease duration, years 5628 6.4 (9.2) 6.9 (9.5) 4.9 (8.0) <0.001

  RF and/or ACPA positive 5485 3949 (72%) 2982 (71.8%) 967 (72.7%) 0.540

  ESR, mm/hour 4737 24.8 (21.4) 25.1 (20.9) 23.8 (22.8) <0.001

  C reactive protein, mg/L 4528 15.4 (27.1) 13.7 (24.8) 21.1 (33.0) <0.001

  DAS28 4448 4.0 (1.7) 4.0 (1.7) 3.9 (1.7) 0.466

Traditional CVD risk factors

  Systolic blood pressure, mm Hg 5345 136.0 (21.9) 134.3 (22.0) 141.3 (20.7) <0.001

  Diastolic blood pressure, mm Hg 5343 79.6 (11.1) 78.5 (11.0) 83.0 (10.7) <0.001

  Total cholesterol, mmol/L 4457 5.2 (1.1) 5.2 (1.1) 5.1 (1.1) <0.001

  Low density lipoprotein, mmol/L 4364 3.1 (1.0) 3.1 (1.0) 3.1 (1.0) 0.077

  High density lipoprotein, mmol/L 4403 1.5 (0.4) 1.5 (0.5) 1.3 (0.3) <0.001

  Triglycerides, mmol/L 4240 1.4 (0.8) 1.4 (0.7) 1.5 (1.0) 0.001

  Current smoker 5368 1148 (21%) 788 (19.3%) 360 (28.1%) 0.001

  Ever smoker 5120 2688 (52%) 1838 (47.1%) 850 (69.7%) <0.001

  Body mass index, kg/m2 5160 27.0 (5.4) 26.9 (5.7) 27.2 (4.4) <0.001

  Hypertension 5618 2344 (42%) 1726 (40.5%) 618 (45.7%) 0.001

  Diabetes mellitus 5637 395 (7%) 290 (6.8%) 105 (7.7%) 0.237

  Family history of CVD 3677 876 (24%) 658 (23.8%) 218 (23.9%) 0.931

Medication

  Antihypertensives 5608 1314 (23%) 1008 (23.7%) 306 (22.6%) 0.437

  Lipid-lowering therapy 5604 510 (9%) 383 (9.0%) 127 (9.4%) 0.395

  Synthetic DMARD 5593 2610 (47%) 2085 (49.1%) 525 (38.9%) <0.001

  Biological DMARD 5592 891 (16%) 762 (18.0%) 129 (9.6%) <0.001

  Corticosteroid 5590 1527 (27%) 1177 (27.7%) 350 (26.0%) 0.201

  Corticosteroid dosage, mg/day 869 5.8 (4.4) 5.6 (4.2) 6.4 (5.2) 0.066

Values in table are mean (SD) or n (%).
ACPA, anticitrullinated protein antibody; CVD, cardiovascular disease; DAS28, Disease Activity Score including 28 joints; DMARD, disease-modifying antirheumatic drug; ESR, 
erythrocyte sedimentation rate; RA, rheumatoid arthritis; RF, rheumatoid factor.
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In aggregate, all the CVD risk factors in table 3 combined 
explained 49.0% of the CVD risk in patients with RA. The 
RA characteristics explained 30.3% of the CVD risk, and the 
CVD risk factors and RA characteristics combined explained 
69.6% of the CVD risk. PAR for all the CVD risk factors 
combined was higher among men (61.1%) than among women 
(42.8%), but this difference was not statistically significant 
(p=0.29). In contrast, PAR for all RA characteristics combined 

was higher among women (39.9%) than among men (18.0%), 
but not significantly (p=0.39). Furthermore, when both CVD 
risk factors and RA characteristics were combined, the PAR 
for men and women was similar (72.7% vs 69.3%, respec-
tively, p=0.82). Additional adjustment for use of antihyperten-
sives, lipid-lowering medications, NSAIDs, Cox-2 inhibitors, 
glucocorticoids and family history of CVD had little impact 
(2.0% increase in PAR).

dIsCussIOn
Our study illuminated that both traditional and RA-specific 
factors had significantly different prevalence among women 
and men with RA. There was a sex difference in CVD event 
rates in patients with RA for all ages above 40 years, and this 
was independent of traditional CVD risk factors and markers of 
RA disease activity. Despite sex differences in the prevalence of 
many risk factors, the relative risks for CVD for the risk factors 
did not differ between the sexes, and this resulted in no signif-
icant differences in the PAR between the sexes. Altogether, the 
CVD risk factors and RA characteristics explained 70% of the 
PAR for CVD outcomes, leaving 30% unaccounted for.

Our findings among patients with RA of no differential effects 
of CVD risk factors between the sexes differed from reports in the 
general population. The INTERHEART study found that smoking 
had a higher impact on CVD among men than women, and hyper-
tension and diabetes mellitus had a higher impact among women 
than men.13 Schnohr et al27 also found a higher impact of diabetes 
mellitus on CVD risk among women compared with men, but no 
differential sex effect for hypertension. In contrast, they found a 
higher impact of smoking on CVD among women compared with 
men.27 While the relative risk of diabetes mellitus in our study was 
also higher for women than men, the effect of smoking appeared 
to be greater in men than women, but neither difference reached 
statistical significance. The female predominance of RA may have 

Figure 1 Cumulative incidence of cardiovascular disease (CVD) 
among men (solid line) and women (dashed line) with rheumatoid 
arthritis according to age.

table 2 Adjusted HRs for cardiovascular disease for both sexes

risk factor
Age-adjusted and sex-
adjusted hr (95% CI) Multivariable-adjusted* hr (95% CI) p Value for sex 

differenceCardiovascular disease Overall Overall Women Men

Male sex (vs female) 1.74 (1.41 to 2.13) 1.49 (1.19 to 1.85) – – –

Age, years† 1.70 (1.57 to 1.85) 1.66 (1.52 to 1.81) 1.74 (1.56 to 1.94) 1.54 (1.33 to 1.79) 0.19

Total cholesterol, mmol/L 1.10 (1.02 to 1.20) 1.15 (0.93 to 1.43) 1.06 (0.80 to 1.40) 1.27 (0.90 to 1.77) 0.94

LDL-c, mmol/L 1.15 (1.04 to 1.27) 1.00 (0.79 to 1.27) 1.11 (0.81 to 1.52) 0.89 (0.62 to 1.29) 0.29

HDL-c, mmol/L 0.73 (0.56 to 0.95) 0.67 (0.48 to 0.93) 0.76 (0.51 to 1.15) 0.51 (0.28 to 0.94) 0.82

Triglycerides, mmol/L‡ 1.17 (1.06 to 1.30) 1.13 (0.99 to 1.29) 1.08 (0.89 to 1.31) 1.24 (1.01 to 1.51) 0.79

Current smoker 2.05 (1.58 to 2.67) 1.98 (1.52 to 2.58) 1.79 (1.28 to 2.50) 2.50 (1.56 to 4.03) 0.20

Former smoker 1.46 (1.14 to 1.86) 1.43 (1.12 to 1.83) 1.36 (1.01 to 1.82) 1.75 (1.10 to 2.79) 0.39

Hypertension 1.62 (1.31 to 2.00) 1.59 (1.28 to 1.96) 1.40 (1.07 to 1.84) 1.95 (1.38 to 2.75) 0.30

Diabetes mellitus 1.49 (1.08 to 2.06) 1.39 (0.99 to 1.95) 1.62 (1.06 to 2.50) 1.13 (0.66 to 1.96) 0.42

Body mass index, kg/m2 1.01 (0.99 to 1.03) 1.00 (0.98 to 1.02) 1.00 (0.97 to 1.02) 1.00 (0.96 to 1.04) 0.79

Rheumatoid arthritis

  DAS28 ≥3.2 1.40 (1.03 to 1.90) 1.24 (0.91 to 1.70) 1.32 (0.88 to 1.98) 1.12 (0.68 to 1.84) 0.80

  RF/ACPA positive 1.30 (1.02 to 1.65) 1.23 (0.96 to 1.56) 1.26 (0.92 to 1.70) 1.18 (0.79 to 1.76) 0.99

  ESR, mm/hour† 1.02 (0.98 to 1.07) 1.01 (0.97 to 1.06) 1.03 (0.96 to 1.09) 1.01 (0.94 to 1.08) 0.68

  CRP, mg/L† 1.02 (0.99 to 1.04) 1.01 (0.98 to 1.04) 1.01 (0.96 to 1.05) 1.02 (0.97 to 1.06) 0.82

*All cardiovascular risk factors were included in one multivariable model for each sex, except triglycerides. Each rheumatoid arthritis variable was subsequently added to the 
overall and sex-specific multivariable models including all the cardiovascular disease risk factors.
†Per 10 unit increase.
‡Estimates for triglycerides were obtained by removing HDL-c and adding triglycerides to the overall multivariable model.
ACPA, anticitrullinated protein antibodies; CRP, C reactive protein; DAS28, Disease Activity Score including 28 joints; ESR, erythrocyte sedimentation rate; HDL-c, high density 
lipoprotein cholesterol; LDL-c, Low density lipoprotein cholesterol; RF, rheumatoid factor.
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limited statistical power for these comparisons despite the large 
sample size in this study.

Our findings that smoking and hypertension had the highest 
PAR were consistent with the findings from the INTERHEART 
study and Schnohr et al.27 28 Our PAR for smoking (18.1% for 
women and 37.2% for men) was similar to the INTERHEART 
study (15.8% for women and 44.0% for men), which differed 
from Schnohr et al (37% among women and 22% among men). 
PAR for hypertension also differed between the INTERHEART 
study (35.8% among women and 19.5% among men) and 
Schnohr et al (14% among women and 18% among men), but 
in this case our PAR (14.7% among women and 26.1% among 
men) was closer to those of Schnohr et al. Likewise our PAR for 
diabetes mellitus (4.0% among women and 1.0% among men) 
agreed more closely with Schnohr et al (3% for both sexes) than 
with INTERHEART (19.1% among women and 10.1% among 
men). The reasons for these disparate PARs between studies in 

the general population are unknown. However, there could be 
differences in smoking exposures or in hypertension control 
between these study populations.

Concordant with our findings, neither of the general popula-
tion studies noted differential effects of lipids on CVD between 
sexes.13 27 The relation of LDL-c and CVD events appeared to 
be U-shaped for both RA and non-RA persons.29 Low levels of 
LDL-c have been linked to an increased risk of CVD also in 
other chronic diseases, such as heart failure and cancer.30 31 In 
our study, the PAR for LDL-c among men was negative, indi-
cating that lowering LDL-c may not reduce CVD risk among 
men. This is consistent with other reports of a modest impact 
of lipids on future CVD in RA. In addition, Schnohr et al27 
reported low PAR of 9% among men and 12% among women 
for hypercholesterolaemia, despite high hypercholesterolaemia 
prevalence of 47% among men and 57% among women. With 
lower prevalence rates of hypercholesterolaemia in RA than in 
the general population, it is not surprising that our PAR for 
lipids were low.

The RA-specific variables seem to have a greater impact on 
CVD among women than men. While the prevalence of RF/
ACPA positivity and DAS28 levels was similar between the sexes, 
the effect sizes of RA characteristics appeared to be larger among 
women than men, despite lack of statistical significance. More-
over, higher levels of ESR in women than men may partially 
explain this apparent difference in PAR. Furthermore, RA disease 
duration was longer among women, and more women than men 
were receiving biological DMARDs at baseline.

Of interest, the PAR for DAS28 and for RF/ACPA positivity 
were comparable in magnitude to the PAR for TC, under-
scoring the importance of RA characteristics in attributing CVD 
outcomes among patients with RA. Altogether, RA characteris-
tics accounted for 30% of the CVD risk. These findings indicate 
that RA characteristics play an important role in efforts to reduce 
CVD risk among patients with RA.

Strengths of this study include its large sample size that comprised 
several diverse cohorts of patients with RA, as well as the careful 
assessment of RA characteristics and CVD risk factors in these 
cohorts. In addition, most of the cohorts were either popula-
tion-based or included all consecutive patients, which should 
reduce selection bias issues. However, several cohorts were devel-
oped at referral centres, so the possibility of referral bias cannot 
be excluded. Limitations include the possibility of differences in 
measurement of CVD risk factors and CVD events despite agree-
ment on variable definitions across cohorts. Moreover, patient 
counselling and aggressive treatment of CVD risk at some centres 
may limit generalisability of our findings. Finally, RA characteris-
tics were measured at the single time point of study inclusion. As 
RA disease activity fluctuates over time, assessment at a single time 
point may lead to underestimation of the impact of RA character-
istics on development of CVD events.

In this large, international cohort of patients with RA, no signifi-
cant sex differences were observed concerning the risk factors’ effect 
on future CVD. Furthermore, the importance of various CVD risk 
factors differed from what is reported from other patient popula-
tions. Knowledge regarding the impact of various risk factors on 
CVD events is essential to individualise CVD risk evaluation and 
prevention for patients with RA. Optimal management of CVD risk 
factors continues to be an important goal of CVD risk management 
in patients with RA as evidenced by the sizeable proportion of CVD 
risk attributable to CVD risk factors. Furthermore, the substantial 
proportion of CVD risk attributable to RA characteristics indicates 
that RA disease activity and severity play an important role in efforts 
to reduce CVD risk among patients with RA.

Figure 2 Population attributable risk for cardiovascular risk factors 
and RA characteristics overall (panel A), among women (panel B) and 
among men (panel C). ACPA, anticitrullinated protein antibodies; CRP, 
C reactive protein; ESR, erythrocyte sedimentation rate; RA, rheumatoid 
arthritis; RF, rheumatoid factor.
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Abatacept in the treatment of adult dermatomyositis 
and polymyositis: a randomised, phase IIb treatment 
delayed-start trial
Anna tjärnlund,1 Quan tang,1 Cecilia Wick,1 Maryam dastmalchi,1 Herman Mann,2 
Jana tomasová Studýnková,2 radka Chura,3 nicola J Gullick,3 rosaria Salerno,3 
Johan rönnelid,4 Helene Alexanderson,5 Eva Lindroos,1 rohit Aggarwal,6 
patrick Gordon,3 Jiri Vencovsky,2 Ingrid E Lundberg1

AbstrACt
Objectives to study the effects of abatacept on disease 
activity and on muscle biopsy features of adult patients 
with dermatomyositis (dM) or polymyositis (pM).
Methods twenty patients with dM (n=9) or pM (n=11) 
with refractory disease were enrolled in a randomised 
treatment delayed-start trial to receive either immediate 
active treatment with intravenous abatacept or a 3 
month delayed-start. the primary endpoint was number 
of responders, defined by the International Myositis 
Assessment and Clinical Studies Group definition 
of improvement (doI), after 6 months of treatment. 
Secondary endpoints included number of responders 
in the early treatment arm compared with the delayed 
treatment arm at 3 months. repeated muscle biopsies 
were investigated for cellular markers and cytokines.
results 8/19 patients included in the analyses achieved 
the doI at 6 months. At 3 months of study, five (50%) 
patients were responders after active treatment but only 
one (11%) patient in the delayed treatment arm. Eight 
adverse events (AEs) were regarded as related to the 
drug, four mild and four moderate, and three serious AEs, 
none related to the drug. there was a significant increase 
in regulatory t cells (tregs), whereas other markers were 
unchanged in repeated muscle biopsies.
Conclusions In this pilot study, treatment of patients 
with dM and pM with abatacept resulted in lower 
disease activity in nearly half of the patients. In patients 
with repeat muscle biopsies, an increased frequency of 
Foxp3+ tregs suggests a positive effect of treatment in 
muscle tissue.

IntrOduCtIOn
Dermatomyositis (DM) and polymyositis (PM) are 
chronic rheumatic diseases characterised by muscle 
weakness and low endurance. Other organs are 
often affected, such as skin in DM, but also lungs, 
joints and the gastrointestinal tract. Treatment 
of DM/PM includes high-dose glucocorticoids in 
combination with other immunosuppressive agents; 
however, effects are often disappointing and many 
patients are not able to regain muscle function.1 
Health-related quality of life in patients with DM 
and PM is low compared with the general popula-
tion.2 The majority of commonly used drugs are not 
approved for myositis, and only few randomised 
controlled trials (RCTs) have been performed in this 

patient group. Thus, there is an unmet need for new 
therapies for these patients.

T cells likely play a role in the disease process 
in DM and PM indicated by the predominance of 
T cells in the inflammatory infiltrates in muscle 
biopsies.3 CD28 is a key costimulatory molecule 
that is constitutively expressed on naïve T cells 
and binds to B7-1 (CD80) and B7-2 (CD86). The 
cytotoxic T lymphocyte antigen-4 (CTLA-4) binds 
specifically to B7-1 and B7-2, and hence inhibits the 
CD28-mediated costimulation of T cells. CTLA-4, 
CD28, CD86 and CD40 have been demonstrated 
on inflammatory cells infiltrating muscle tissue in 
patients with DM and PM.4 Another study demon-
strated expression of BB-1, a counter-receptor 
for CTLA-4 and CD28, on major histocompati-
bility complex (MHC) class I-expressing muscle 
fibres from PM muscle tissue.5 The BB-1-positive 
fibres bound strongly to CLTA-4 and CD28 on the 
invasive CD8+ T cells, indicating a functional role 
for these molecules in muscle inflammation.

Abatacept is a fully human fusion protein of 
CTLA-4 and the Fc portion of human IgG1. Treat-
ment with abatacept in rheumatoid arthritis (RA) 
has been successful in reducing disease activity.6 7 
There are a few case reports where off-label abata-
cept treatment in myositis has shown beneficial 
effects,8–11 but no RCT has been performed.

The aim of this study was to investigate the effi-
cacy and safety of abatacept in patients with DM 
or PM refractory to conventional treatment using 
a randomised trial design with delayed start in one 
arm.12 We furthermore aimed to study the effects 
of abatacept on tissue cell phenotype and molec-
ular expression in repeated muscle biopsies and 
correlate the molecular data to clinical outcome.

PAtIents And MethOds
trial design
This was a phase IIb pilot study with a randomised 
delayed treatment design. Half of the patients were 
randomised to treatment with abatacept from week 
0 (arm A) and half to start active treatment after 
3 months (arm B)12 (figure 1A). The open-label 
study had no placebo, but the efficacy outcome 
assessors were blinded to treatment arm. The 
study (NCT01315938) was conducted at three 
sites (Karolinska University Hospital Stockholm, 
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Sweden; King’s College Hospital NHS, London, UK; and 
the Institute of Rheumatology Prague, Prague, Czech Republic), 
and the institutional review board at each location approved 
the protocol. Written informed consent was obtained from each 

participant. The study was conducted in accordance with the 
Declaration of Helsinki, Good Clinical Practice and applicable 
regulatory requirements. Randomisation was performed by an 
external monitor on the basis of random numbers generated by 

Figure 1 (A) Schematic diagram of the design of the abatacept treatment in polymyositis and dermatomyositis trial. Participants were randomised 
to receive abatacept treatment immediately (arm A) or as delayed-onset after 3 months (arm B). Depicted (longitudinal arrows) are the intervals for 
infusions and visits for clinical evaluation. (B) Diagram on patient flow.
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a computer program using global randomisation with the three 
sites and stratified by DM and PM.

Patients
Eligible participants were between 18 and 80 years with 
confirmed diagnoses of DM or PM.13 14 (For detailed informa-
tion on muscle biopsy features, autoantibodies and extramuscular 
manifestation in addition to skin rash, see online supplementary 
table 1.) Patients had active disease after treatment with gluco-
corticoids (≥0.5 mg/kg/day for ≥1 month), in combination 
with at least one other immunosuppressive drug, methotrexate 
(minimum dose 15 mg/week) or azathioprine (minimum dose 
100 mg/day) for at least 3 months. Concomitant methotrexate or 
azathioprine was allowed, with stable doses for ≥1 month prior 
to inclusion in the study. Active disease was defined as persisting 
or worsening muscle weakness (Manual Muscle Test (MMT)-8 
bilaterally <150) or low endurance measured by Functional 
Index for myositis (FI-2) <20% of upper value,15 together with 
at least one other sign of active disease: elevated (above upper 
limit of normal) serum levels of muscle enzymes, inflammation 
in a recent muscle biopsy (<1 month) or on MRI findings consis-
tent with inflammation, or active extramuscular disease. Inclu-
sion and exclusion criteria are shown in online supplementary 
material 1 and 2).

Intervention
Abatacept was administered intravenously at a dose based on 
body weight at the screening visit: participants weighing <60 kg 
received 500 mg, 60–100 kg received 750 mg and those >100 kg 
received 1000 mg. Participants were treated with abatacept for 
6 months and received a total of seven intravenous infusions at 
weeks 0, 2, 4, 8, 12, 16 and 20 (arm A) or at weeks 12, 14, 16, 
20, 24, 28 and 32 (arm B).

Outcomes
The primary endpoint was the number of responders, defined 
according to the International Myositis Assessment and Clinical 
Studies Group (IMACS) preliminary definition of improvement 
(DOI),16 after treatment with abatacept for 6 months. IMACS 
DOI is defined as relative improvement by ≥20% in three of any 
six core set measures, with no more than two core set measures 
worsening by ≥25%, which cannot be MMT.

Secondary objectives included the number of responders in 
the delayed-onset arm compared with active treatment arm at 3 
and 6 months, and the change in individual components of the 
IMACS core set measures for disease activity and in the muscle 
endurance as tested by FI-2, in the delayed-onset arm compared 
with active treatment arm at 3 and 6 months. The efficacy on the 
individual components of the IMACS core set measures, muscle 
endurance tested by FI-2, health-related quality of life assessed 
by Short Form-36 (SF-36) and signs of inflammation in muscle 
tissue (repeated muscle biopsies) were assessed after 6 months 
of active treatment. Worsening according to IMACS criteria (see 
online supplementary material 3) was assessed after 6 months of 
active treatment.

As a post-hoc analysis we applied the new myositis response 
criteria.17 We compared the median total improvement score 
(0–100) achieved by patients in study arm A versus study 
arm B at 3, 6 and 9 months’ time points. We also reported 
the frequency of patients meeting minimal, moderate and major 
improvement using thresholds of ≥20, 40 and 60, respectively, 
on total improvement scores at each time points.

Efficacy was assessed by a physician and physical therapist both 
blinded to the treatment arm the patients had been randomised 
to. Safety was assessed at every visit by the safety assessors based 
on clinical and laboratory examinations. The safety assessors 
determined any relatedness of adverse events (AE) or serious AE 
(SAE), categorised into mild, moderate or severe, to the study 
drug.

Muscle biopsies and immunohistochemistry
Muscle biopsies taken before and after 6 months of abatacept 
treatment in six patients were immunohistochemically stained 
for cellular markers and cytokines CD3, CD4, CD8, Foxp3, 
Ki67, CD68, CD19, CD20, CD31, DC-LAMP-PE, CD163, 
CTLA-4, CD244, interleukin-15, tumour necrosis factor-α and 
MHC class I (for details see online supplementary material 4 and 
online supplementary table 2).

Autoantibody testing
Patients sera taken before and after 6 months of treatment 
were analysed for presence of autoantibodies against Jo-1, SRP, 
Mi-2, PM/Scl 70, PM/Scl 75, PM/Scl 100, PL7, PL12, EJ, OJ, 
NXP2, TIF1-γ, SAE, MDA5, Ku and Ro52 using a validated line 
immunoassay system line blot (Euroimmun, Lübeck, Germany), 
according to the manufacturer’s instruction. Additional autoan-
tibody data were retrieved retrospectively from the EuroMyo-
sitis registry and from medical records.

statistical analysis
This was a pilot study. The response rate on which to base power 
calculations was unknown; hence the study was not powered 
to confirm efficacy. Based on feasibility considerations, it was 
estimated that 20 patients (10 DM; 10 PM) could be included at 
the three sites.

Baseline characteristics were summarised by randomised group 
and are presented as mean and SD for continuous (approximate) 
normally distributed variables, medians and IQRs for non-nor-
mally distributed variables, and frequencies and percentages 
for categorical variables. The significance of difference in the 
number of patients achieving DOI in each study arm at specified 
time points was compared using Fisher’s exact test. Continuous 
variables between the two arms at 3 and 6 months were analysed 
using the Student’s t-test if (approximate) normally distributed, 
or rank-sum, non-parametric test for non-normally distributed 
variables. Post-treatment versus pretreatment biopsies were 
compared using Wilcoxon matched-pairs signed-rank test. Anal-
ysis of the primary endpoint was based on the intention-to-treat 
(ITT) principle, applying non-responder imputation, where ITT 
population was defined as all patients who were randomised, 
and provided at least one baseline and corresponding postbase-
line efficacy measurement. Analysis of secondary endpoints used 
last observation carried forward for continuous variables, in 
addition to the per-protocol principle.

results
The date of first patient visit was 2 March 2011, and the date 
of last patient visit was 28 November 2013. Out of 23 
screened patients, 20 were randomised (figure 1B). One patient 
randomised to the delayed-onset arm (arm B) was changed to 
arm A to receive study drug earlier due to aggressive progress of 
weakness, in accordance with the study protocol. At study start 
there were 11 patients in arm A with immediate treatment, and 
nine in arm B the delayed-onset arm. One patient in study arm A 
was withdrawn from study after the first infusion due to rapidly 
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progressive muscle weakness resulting in no postbaseline effi-
cacy assessments; according to the protocol this patient was not 
included in the ITT analysis. Two patients in study arm B were 
withdrawn—one after the fourth infusion due to AE and another 
after the fifth infusion—because of worsening symptoms and 
withdrawal from the study by patient choice. These two patients 
were included in ITT considered as non-responders. Seventeen 
patients completed 9 months of the study.

Baseline characteristics are summarised in table 1. The two 
study arms were balanced, although the patients in arm A were 
significantly older than patients in arm B. No significant differ-
ences between patients from different sites were found. All 
patients had active disease with significant muscle weakness. 
Half of the patients had extramuscular organ involvement: 

interstitial lung disease (ILD), arthritis or dysphagia. Line blot 
analyses demonstrated autoantibody positivity for Jo-1 (n=6, 
30%), PL-7 (n=1, 3%), PL-12 (n=1, 3%), Mi-2a (n=1, 3%), 
Mi-2b (n=1, 3%), SRP (n=2, 10%), TIF1-γ (n=2, 10%), NPX-2 
(n=1, 3%), MDA5 (n=2, 10%), Ro52 (n=8, 40%) and Ku 
(n=1, 3%), with no significant differences between the groups 
(online supplementary table 3).

Primary outcome
After 6 months of active treatment with abatacept, 8 out of 19 
(42%) analysed (ITT) patients were classified as responders 
and reached the DOI, whereas 11 (58%) patients were non-re-
sponders (online supplementary table 1). Among responders, 

table 1 Baseline characteristics of all patients enrolled in the study

Variable* All (n=20) Arm A (n=11) Arm b (n=9) p Value†

Sex, n (%)

  Female 13 (65) 8 (73) 5 (56) 0.6424

  Male 7 (35) 3 (27) 4 (44)

Diagnosis, n (%)

  DM 9 (45) 5 (45) 4 (44) 1.0000

  PM 11 (55) 6 (55) 5 (56)

Ethnic origin, n (%)

  Caucasian 17 (89) 9 (90) 8 (89) 1.0000

Other‡ 2 (11) 1 (10) 1 (9)

Age at diagnosis, median (IQR), years 46.0 (40.3–54.5) 49.0 (40.0–60.0) 45.0 (36.0–48.0) 0.1393

Age at baseline, median (IQR), years 51.5 (45.3–58.8) 58.0 (46.0–61.0) 47.0 (40.5–54.0) 0.0375

Disease duration§, median (IQR), years 3.0 (1.3–6.0) 2.0 (1.0–5.0) 3.0 (2.0–6.5) 0.3539

Concomitant medication

  Glucocorticoid, n (%)  18 (90) 11 (100) 7 (78) 0.1895

  Mean, mg/day (SD) 12.2 (6.6) 12.7 (5.7) 11.4 (8.3) 0.7039

  Methotrexate, n (%) 11 (55) 6 (55) 5 (56) 1.0000

  Azathioprine, n (%) 3 (15) 3 (27) 0 (0) 0.2184

Previous biological treatment, n (%)
Rituximab

5 (25)
5 (25)

1 (9)
1 (9)

4 (44)
4 (44)

0.1273
0.1273

Previous IVIG treatment,
n (%)

7 (35) 3 (27) 4 (44) 0.6424

Arthritis, n (%) 10 (50) 5 (45) 5 (56) 1.0000

Myositis-associated interstitial lung disease, n 
(%)

10 (50) 5 (45) 5 (56) 1.0000

Dysphagia, n (%) 12 (60) 8 (73) 4 (44) 0.3618

Patient’s global disease activity assessment, VAS 
(100 mm)

60.0 (23.0–77.5) 42.0 (21.0–78.0) 61.0 (31.5–75.5) 0.4512

Physician’s global disease activity assessment, 
VAS (100 mm)

40.0 (25.8–45.3) 30.0 (22.0–51.0) 40.0 (29.0–44.0) 0.4009

MMT-8 (0–80) 69.5 (63.3–73.0) 70.0 (64.0–73.0) 69.0 (62.0–74.5) 0.7950

HAQ (1–3) 1.07 (0.69–1.88) 1.00 (0.63–1.88) 1.13 (0.69–2.25) 0.4574

CK, µcat/L 4.4 (2.1–18.3) 2.8 (2.0–22.6) 4.6 (3.0–16.0) 0.5444

LDH, µcat/L 4.1 (3.7–6.7) 4.1 (3.7–7.3) 4.2 (3.3–5.0) 0.4088

Extramuscular global assessment, VAS (100 mm) 30.0 (20.0–41.0) 29.0 (11.0–42.0) 30.0 (24.5–43.5) 0.4478

ESR 32.0 (17.8–49.8) 32.0 (12.0–50.0) 32.0 (21.5–46.0) 0.8403

CRP 3.0 (2.0–6.1) 2.2 (1.0–5.0) 5.9 (2.7–15.9) 0.0965

SF-36 mental 41.5 (30.8–56.5) 45.0 (28.5–58.0) 38.0 (36.0–53.0) 0.6611

SF-36 physical 28.5 (25.0–32.5) 31.0 (20.0–35.0) 28.0 (25.0–30.0) 0.6601

*Presented as median (IQR) if not indicated otherwise.
†Significance of difference between arm A and arm B.
‡Black African and Afro-Caribbean.
§Time from myositis diagnosis to baseline.
CK, creatine kinase (normal level: 0.6–3.5 microcat/L); CRP, C reactive protein; DM, dermatomyositis; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; 
IVIG, intravenous immunoglobulin; LDH, lactate dehydrogenase (normal level: <3.5 microcat/L); MMT, Manual Muscle Test-8; PM, polymyositis; SF-36, Short Form-36; VAS, visual 
analogue scale.
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there were two patients with DM and six patients with PM, six 
women and two men. There were no statistically significant 
differences in numbers of DM/PM or female/male between 
responders and non-responders, nor were there differences 
in response rates between the different sites. Worsening was 
apparent for four patients, mainly due to worsening in extramus-
cular global disease activity (presented in online supplementary 
table 4).

secondary outcomes
When comparing number of responders in the different arms 
after 3 months, when patients in arm A had been on active 
treatment for 3 months and patients in arm B had not yet 
started, there were five (50%) responders in arm A and 1 (11%) 
responder in arm B (p=0.1409). After 6 months, when patients 
in arm A had received active treatment for 6 months and patients 
in arm B had received active treatment for 3 months, there were 
six (60%) responders in arm A and one (11%) responder in arm 
B (p=0.0573).

Significant improvements in individual components of the 
IMACS core set measures could be seen for arm A compared 
with arm B at 3 and 6 months (table 2).

There was a significant improvement in muscle performance 
after 6 months of active treatment for the whole patient popula-
tion, evidenced by the increase in MMT-8 and decrease in muscle 
disease activity (table 3). In addition, there was a numerical 
improvement in disease activity for all organ systems assessed. 
Myositis Intention to Treat Activity Index (MITAX) results are 
presented in online supplementary table 4.

The improvement on muscle performance measured by FI-2 
after 6 months of active treatment was significant in number of 
repetitions for right shoulder flexion from a median (IQR) of 20 

(17–70) to 37 (20–72) (p=0.0291), as well as for heel lift 25 
(9–45) to 38 (13–66) (p=0.0103), with numerical improvement 
in all dimensions of FI-2. There was also significant improve-
ment in the patient-reported outcome measures SF-36 in the 
physical component, with an increase from a median (IQR) 
of 31 (24–35) to 37 (24–45) (p=0.0054) after 6 months of 
active treatment.

We could not demonstrate a particular baseline phenotype 
that was associated with response to abatacept treatment.

response using the new myositis response criteria
Total improvement score was significantly higher in study arm A 
at study month 3 as compared with study arm B (median, IQR) 
(28.8 (15–37.5) vs 5.0 (0–12.5), p=0.03) (figure 2). Similar 
trends were seen in median total improvement score in the two 
treatment groups at study months 6 and 9. In arm A, minimal 
improvement was achieved by 60%, 80% and 90% of the patients 
at 3, 6 and 9 months, respectively, whereas in arm B minimal 
improvement was achieved by 20%, 40% and 40% of the patients 
at 3, 6 and 9 months, respectively. Forty per cent of patients in 
arm A achieved moderate improvement compared to only 10% in 
arm B. No patient achieved major improvement at any time point.

Muscle biopsies
The expression of Foxp3 in muscle biopsies was significantly 
higher after compared with before abatacept treatment (p<0.05) 
(figure 3A). Other markers were unchanged after treatment, 
including CD3 expression (figure 3C). MMT-8 of the six patients 
with repeat biopsy was higher after 6 months of treatment but 
not statistically significant (median (IQR) 72.00 (60.25–74.00) 
vs 73.50 (66.00–78.50) (figure 3D).

table 2 Comparison of change in the individual components of the IMACS core set measures including the MYOACT of the MDAAT for the 
extramuscular disease activity at study months 3 and 6 (for Myositis Intention to Treat Activity Index (MITAX) score see online supplementary table 
4) 

Variable*

study month 3† (n=19) Weeks 0–12

p Value¶

study month 6‡ (n=19) Weeks 0–24

p Value§A (n=10) b (n=9) A (n=10) b (n=9)

Patient’s global disease activity assessment, VAS 
(100 mm)

−1.1 (15.8) 2.1 (18.5) 0.4343 −12.1 (13.8) 2.0 (13.6) 0.0386

Physician’s global disease activity assessment, VAS 
(100 mm)

−10.8 (13.7) 0.3 (13.8) 0.0959 −14.3 (17.0) −1.0 (17.5) 0.0742

MMT-8 (0–80) 2.5 (4.7) −4.9 (9.1) 0.0375 3.8 (5.5) −2.6 (10.9) 0.1883

HAQ (0–3) −0.2 (0.4) −0.0006 (0.2) 0.2957 −0.2 (0.5) −0.2 (0.4) 0.7995

CK, µcat/L −3.2 (10.9) 13.5 (18.7) 0.0943 −5.5 (14.9) 10.8 (16.6) 0.0133

LDH, µcat/L −0.3 (1.3) 1.9 (3.3) 0.0648 −0.5 (1.9) 1.1 (1.5) 0.1296

Extramuscular global assessment, VAS (100 mm) −12.7 (14.5) 1.4 (12.2) 0.0353 −8.1 (9.6) 0.9 (17.5) 0.1778

Constitutional disease activity, VAS (100 mm) −8.1 (15.1) −0.3 (18.2) 0.2339 −10.9 (22.1) −7.6 (16.5) 0.7160

Cutaneous disease activity, VAS (100 mm) −8.8 (10.9)b −0.8 (5.2) 0.0613 −1.4 (15.9) −0.1 (14.8) 0.8572

Skeletal disease activity, VAS (100 mm) −6.5 (11.7) 2.1 (11.2) 0.1325 −8.7 (16.8) −9.0 (16.6) 0.9703

Gastrointestinal disease activity, VAS (100 mm) −6.7 (8.9) −3.4 (5.0) 0.3415 −5.5 (8.2) −1.5 (5.1) 0.1179

Pulmonary disease activity, VAS (100 mm) −6.4 (7.4) −1.1 (3.4) 0.2216 −3.6 (7.9) −2.7 (6.0) 0.9084

Cardiovascular disease activity, VAS (100 mm) 0 (0) 0.6 (1.8) 0.7333 0 (0) −2.0 (3.9) 0.0387

Muscle disease activity, VAS (100 mm) −8.1 (8.6) 3.4 (24.4) 0.3249 −7.6 (11.8) 0.7 (25.9) 0.9047

*Presented as mean difference between week 0 and week 12 (3 months) or between week 0 and 24 (6 months) (SD).
†Study month 3: arm A, active treatment for 3 months; arm B, no active treatment.
‡Study month 6: arm A, active treatment for 6 months; arm B, active treatment for 3 months.
§Significance of difference between study arm A and study arm B.
¶ Significance of difference between study A and study arm.
CK, creatine kinase (normal level: 0.6–3.5 microcat/L; IMACS, International Myositis Assessment and Clinical Studies Group; LDH, lactate dehydrogenase (normal 
level: <3.5 microcat/L); MDAAT, Myositis Disease Activity Assessment Tool;  MMT-8, Manual Muscle Test-8; MYOACT, Myositis Disease Activity Assessment Visual Analogue 
Scales;VAS, visual analogue scale.
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Autoantibodies
Autoantibody levels were unchanged after 6 months of abatacept 
treatment. One exception was a patient with borderline positive 
anti-MDA5 antibody before, but negative after treatment. There 
was no autoantibody positivity that was associated with clinical 
response or no response to treatment.

safety
There were 36 AEs reported during the study, of which 8 were 
considered to be related to the study drug. Half of these AEs 

were mild and half were of moderate severity. There were no 
severe AEs. Out of the 28 reported AEs that were not related 
to the study drug, 17 were mild, 4 were moderate, 2 were 
severe, 4 were SAEs and 1 had no severity registered. The most 
common AEs reported were infections (n=14), followed by 
cardiovascular events (n=4), tumours (n=3), skin manifes-
tations (n=3), musculoskeletal system effects (n=3), gastro-
intestinal effects/nausea (n=2), urinary tract effects (n=1), 
neuropathological effects (n=1) and other (n=5). The infec-
tions comprised upper respiratory tract (n=9), urinary tract 
(n=1), herpes zoster (n=1), left flank pain (n=1) and unspec-
ified (n=2).

dIsCussIOn
This was a pilot study to investigate the efficacy and safety of 
abatacept treatment in patients with DM and PM with persistent 
active disease after conventional immunosuppressive treatment. 
Although not powered to confirm efficacy, results revealed that 
almost half of the patients in this refractory population achieved 
clinically meaningful and statistically significant improvements. 
After 6 months of active treatment, 42% of patients were 
responders with lower disease activity according to the IMACS 
DOI, and significant improvement in muscle performance, 
evidenced by improved MMT-8 and decreased muscle disease 
activity, was demonstrated. These results were confirmed using 
the new response criteria for myositis.

Active treatment for 6 months revealed significantly improved 
muscle performance measured by MMT-8 and also in two of the 
subscales of the muscle endurance test FI-2. The clinical rele-
vance of these improved measures is supported by the improved 
patient-reported outcome in the physical component of the 
health-related quality of life instrument. Long-term effective-
ness of abatacept has been demonstrated in patients with RA, 
where the clinical efficacy increased with time even after 24 
weeks.18 This was strongly linked to concomitant methotrexate 
use. In our trial methotrexate (minimum dose 15 mg/week) use 
was allowed concomitantly with study drug and was kept at a 
stable dose throughout the study period. Seventy-five per cent 

table 3 Median change in the individual components of the IMACS core set measures and extramuscular manifestations after active treatment 
for 6 months

Variable*

All (n=19)

p Value† % Change‡start end

Patient’s global disease activity assessment, VAS (100 mm) 42.0 (24.5–74.0) 29.0 (13.5–69.5) 0.4578 31.0

Physician’s global disease activity assessment, VAS (100 mm) 30.0 (22.5–46.0) 20.0 (10.0–40.5) 0.0633 33.3

MMT-8 (0–80) 70.0 (64.0–73.0) 74.0 (68.5–78.0) 0.0471 5.7

HAQ (0–3) 1.00 (0.63–1.81) 1.00 (0.38–1.44) 0.4272 0.0

CK, µcat/L 3.0 (2.0–30.4) 2.8 (1.5–7.1) 0.4384 6.7

LDH, µcat/L 4.5 (3.8–7.1) 4.0 (3.1–4.6) 0.2992 11.1

Extramuscular global assessment, VAS (100 mm) 30.0 (15.5–43.50) 23.0 (9.0–36.0) 0.1958 23.3

Constitutional disease activity, VAS (100 mm) 15.0 (11.0–44.0) 11.0 (5.0–16.5) 0.0607 26.7

Cutaneous disease activity, VAS (100 mm) 11.0 (0.0–28.0) 5.0 (0.0–38.0) 0.6803 54.5

Skeletal disease activity, VAS (100 mm) 21.0 (0.0–37.8) 7.0 (0.0–16.5) 0.2596 66.7

Gastrointestinal disease activity, VAS (100 mm) 3.0 (0.0–14.8) 0.0 (0.0–9.0) 0.1298 100.0

Pulmonary disease activity, VAS (100 mm) 5.5 (0.0–15.0) 0.0 (0.0–6.0) 0.2180 100.0

Cardiovascular disease activity, VAS (100 mm) 0.0 (0.0–3.8) 0.0 (0.0–0.0) 0.3089 (0.0) 0.0

Muscle disease activity, VAS (100 mm) 18.0 (11.5–37.0) 10.0 (4.5–24.5) 0.0435 44.4

*Presented as median (IQR).
†Significance of difference between start of treatment and end of treatment.
‡Change of median from start of treatment to end of treatment, expressed as absolute percentage.
CK, creatine kinase (reference: 0.6–3.5 microcat/L; HAQ, Health Assessment Questionnaire; IMACS, International Myositis Assessment and Clinical Studies Group; LDH, lactate 
dehydrogenase (reference: <3.5 microcat/L); MMT-8, Manual Muscle Test-8; VAS, visual analogue scale.

Figure 2 Median total improvement score in patients with drug early 
(arm A, black line) versus drug late (arm B, red line) at study months 3, 
6 and 9. The solid square (black) and solid round (red) are the median 
total improvement scores for drug early and drug late, respectively. Error 
bars denote the 25–75th interquartile values for the total improvement 
score.
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of responders and 36% of non-responders were on concomitant 
methotrexate.

A beneficial effect of abatacept on muscle performance 
was seconded by a higher expression of anti-inflammatory 
Foxp3+ regulatory T cells (Tregs) in muscle biopsies taken after 
compared with before 6 months of treatment. We have previ-
ously shown a decrease in number of Foxp3+ cells in the muscle 
tissue of patients with myositis  on treatment with glucocorti-
coids.19 This difference could be related to the different treatment 
targets since tissue-resident Foxp3+ Tregs have been implicated 
in muscle repair and regeneration.20 21 The effect of abatacept on 
Tregs is still unknown. Abatacept therapy in patients with RA has 
generated inconclusive results concerning the ability of abata-
cept to induce Treg cells and may reflect differences in different 
compartments, blood, synovial tissue or muscle.22–24 No differ-
ential expression in the other cell surface markers or cytokines 
analysed was detected in our study.

The safety profile with abatacept treatment in myositis 
revealed no new safety signals. The most commonly reported AE 
was infection in the upper respiratory tract, followed by cardio-
vascular effects, of which all were considered mild or moderate 
in severity.

This study was an open pilot study with a limited number of 
patients where we applied a novel study design, delayed-start 

design, to strengthen the data.12 We observed improvement in 
the active treatment arm compared with the delayed-start arm at 
3 months. Although results are encouraging, future randomised 
placebo-controlled trials in larger patient populations are needed. 
Importantly, none of the patients in the study had characteristics 
of immune-mediated necrotising myopathy, although two had 
anti-signal recognition particle (SRP) antibodies. In this pilot 
study the major improvement was seen in muscle performance. 
There was improvement also in extramuscular domains—skel-
etal and cutaneous—although the improvement did not reach 
statistical significance.

Our results provide evidence that abatacept treatment is clin-
ically efficacious in a subgroup of patients with DM or PM and 
has an acceptable safety profile in refractory patients. These 
results suggest that abatacept might provide a new treatment 
option in PM/DM and warrants further investigation.
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by computerised image analysis of whole muscle sections, Foxp3 expressed as the number of positive cells per tissue area, while CD3 expression 
was calculated as the percentage positively stained areas of the whole tissue area. (D) Muscle strength of patients with DM and PM using MMT-8. 
*p<0.05; ns, not statistically significant. DM, dermatomyositis; MMT-8, Manual Muscle Test-8; PM, polymyositis. 
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ExtEndEd rEport

TNF blockers inhibit spinal radiographic progression 
in ankylosing spondylitis by reducing disease 
activity: results from the Swiss Clinical Quality 
Management cohort
Christoph Molnar,1 Almut Scherer,1 xenofon Baraliakos,2 Manouk de Hooge,3 
raphael Micheroli,4 pascale Exer,5 rudolf o Kissling,6 Giorgio tamborrini,7 
Lukas M Wildi,4 Michael J nissen,8 pascal Zufferey,9 Jürg Bernhard,10 Ulrich Weber,11,12 
robert B M Landewé,13,14 désirée van der Heijde,3 Adrian Ciurea,4 on behalf of the 
rheumatologists of the Swiss Clinical Quality Management program

AbstrACt
Objectives to analyse the impact of tumour necrosis 
factor inhibitors (tnFis) on spinal radiographic 
progression in ankylosing spondylitis (AS).
Methods patients with AS in the Swiss Clinical Quality 
Management cohort with up to 10 years of follow-
up and radiographic assessments every 2 years were 
included. radiographs were scored by two readers 
according to the modified Stoke Ankylosing Spondylitis 
Spine Score (mSASSS) with known chronology. 
the relationship between tnFi use before a 2-year 
radiographic interval and progression within the interval 
was investigated using binomial generalised estimating 
equation models with adjustment for potential 
confounding and multiple imputation of missing 
values. Ankylosing Spondylitis disease Activity Score 
(ASdAS) was regarded as mediating the effect of tnFi 
on progression and added to the model in a sensitivity 
analysis.
results A total of 432 patients with AS contributed 
to data for 616 radiographic intervals. radiographic 
progression was defined as an increase in ≥2 mSASSS 
units in 2 years. Mean (Sd) mSASSS increase was 0.9 
(2.6) units in 2 years. prior use of tnFi reduced the odds 
of progression by 50% (or 0.50, 95% CI 0.28 to 0.88) 
in the multivariable analysis. While no direct effect of 
tnFi on progression was present in an analysis including 
time-varying ASdAS (or 0.61, 95% CI 0.34 to 1.08), the 
indirect effect, via a reduction in ASdAS, was statistically 
significant (or 0.75, 95% CI 0.59 to 0.97).
Conclusion tnFis are associated with a reduction of 
spinal radiographic progression in patients with AS. this 
effect seems mediated through the inhibiting effect of 
tnFi on disease activity.

IntrOduCtIOn
The introduction of tumour necrosis factor inhibi-
tors (TNFis) nearly two decades ago has considerably 
improved the treatment of ankylosing spondylitis (AS) 
in patients with insufficient response to conventional 
treatment by reducing symptoms and signs of the 
disease, together with reduced inflammatory activity 
in the sacroiliac joints and the spine.1 Besides inflam-
mation, spinal damage caused by new bone formation 

contributes to impairment of spinal mobility and func-
tion in AS.2 Therefore, retarding spinal radiographic 
progression in addition to improving symptoms 
should remain an important treatment goal.3 While 
an association between disease activity and future 
spinal radiographic progression has been demon-
strated,4 5 the deductive reasoning that lowering 
inflammation by TNFi might inhibit radiographic 
damage remains elusive. Three open-label extensions 
of randomised controlled trials of TNFi in AS over 2 
years failed to demonstrate inhibition of radiographic 
progression in comparison with a historical cohort 
of patients not treated with biologicals.6–8 However, 
TNFi use was associated with a lower odds of spinal 
radiographic progression in an observational study.9 
Methodological shortcomings of this latter publica-
tion and requirements for prospective cohort anal-
yses to elucidate this controversial issue have been 
amply discussed.10 We hereby present a longitudinal 
analysis of up to 10 years of follow-up, with 2-year 
clinical and radiographic intervals, with the aim of 
investigating the relationship between treatment with 
TNFi, subsequent course of disease activity and spinal 
radiographic progression.

MethOds
study population
We used data from the ongoing Swiss Clinical 
Quality Management (SCQM) cohort of patients 
with a clinical diagnosis of axial spondyloar-
thritis (axSpA).11 Clinical assessments, following 
the recommendations of ASAS,12 were performed 
at annual visits. Radiographs of the cervical and 
lumbar spine were recommended every 2 years. 
Patients were included in the present study if they 
fulfilled the modified New York criteria for AS13 
with central reading of the pelvic radiographs and if 
they had at least two sets of spinal radiographs with 
an interval of 2 years±1 year. Sensitivity analyses 
were performed in patients with interval duration 
between radiograph sets of 2 years±6 months. The 
study was approved by the Ethics Committee of 
the Canton of Zurich (KEK-ZH-Nr. 2014–0439). 
Written informed consent was obtained from all 
patients.
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Assessment of radiographic progression
All available radiographs per patient were scored at the same time 
according to the modified Stoke Ankylosing Spondylitis Spine 
Score14 (mSASSS) by two trained readers (XB and MdH) inde-
pendently, blinded to all other data, but with known chronology. 
Averaged scores per vertebral corner (VC) were used. An inde-
pendent adjudicator (AC) scored all of the radiographs from 
patients with an absolute difference in mSASSS status scores 
between the primary readers of ≥5 units in at least one radio-
graph set. Only scores of radiographs with ≤3 missing VCs per 
cervical or lumbar segment were used. Individual missing VCs 
were imputed using an adaptation algorithm (see online supple-
mentary materials). Radiographic progression was defined as 
an increase in mSASSS of at least 2 units over an interval of 2 
years, based on calculations of the smallest detectable change 
(SDC).15 In addition, we assessed the proportion of patients with 
formation of at least one new syndesmophyte over a period of 
2 years.16

statistical analysis
Reliability between the two readers for mSASSS was explored by 
Bland-Altman plot on 2-year progression intervals of mSASSS 
and by calculating the SDC for 2-year progression scores 
and the intraclass correlation coefficient (ICC; type 2, k) on 
mSASSS. The relationship between TNFi treatment and radio-
graphic progression over time was investigated using binomial 
generalised estimating equations (GEE) to account for repeated 
measurements within a patient. An ‘exchangeable’ correlation 
structure was chosen (see online supplementary materials). The 
duration of radiographic intervals was added as a covariate to 
the model to account for differences in interval lengths. Progres-
sion of ≥2 mSASSS units in 2 years was modelled by using the 
binomial family and the logistic link function. To account for 
missing values, the GEE was fitted using multiple imputation of 
missing covariate data (see online supplementary materials).

The GEE analyses were adjusted for baseline radiographic 
damage16 17 (mSASSS or the presence of syndesmophytes18 in 
different models), sex,19 symptom duration, human leuco-
cyte antigen B27 (HLA-B27) status,19 smoking status,17 20 21 
the number of physical activity sessions per week,22 presence 
of peripheral arthritis,23 body mass index categories and treat-
ment with non-steroidal anti-inflammatory drugs (NSAIDs)24 25 
recorded as a dichotomous variable (yes/no) at every visit. To 
address the issue of confounding by indication, a model was 
fitted that was additionally adjusted for the Ankylosing Spondy-
litis Disease Activity Score (ASDAS) value before start of TNFi 
(ASDAS at inclusion for non-TNFi patients).

Based on available data on the potential impact of TNFi on 
progression to date,6–9 26 27 different longitudinal models were 
run that varied with regards to the variable representing TNFi 
treatment: use of TNFi prior to the radiographic interval as yes/
no, as number of years of continuous use of TNFi, or alterna-
tively, as ≤4 years versus >4 years of TNFi use,9 26 27 treatment 
with TNFi during the 2 year radiographic interval as yes/no or 
as duration of use of <50% versus ≥50% of the radiographic 
interval.

Disease activity variables (Bath Ankylosing Spondylitis 
Disease Activity Index (BASDAI) and C reactive protein (CRP) 
or ASDAS) after start of TNFi were regarded as potential inter-
mediate variables mediating the effect of TNFi on radiographic 
progression and were therefore not included in the main statis-
tical models. To investigate the potential mediating effect of 
disease activity on the impact of TNFi (independent variable) on 

radiographic progression (dependent variable), we estimated the 
indirect effect and tested it with the Sobel test with second-order 
estimator of the SE, as described by Hayes.28 The direct effect 
of TNFi on radiographic progression was tested by introducing 
disease activity variables (BASDAI, CRP or ASDAS) at start of 
each radiographic interval in the main models.

results
A total of 432 patients with AS presented with at least one 2-year 
radiographic interval during the observation period in SCQM. 
Mean (SD) time between radiographs was 2.1 (0.4) years. 
Interobserver reliability was ‘good’ (ICC 0.85). The SDC of 
progression in a 2-year radiographic interval was 1.89 mSASSS 
units, which is below the threshold of 2 mSASSS units defining 
progression. A Bland-Altman plot is shown in the online supple-
mentary figure S1. Adjudication was performed in 130 patients. 
Baseline disease characteristics are shown in table 1.

table 1 Baseline characteristics at first radiograph

Parameter n

Male sex, % 432 65.7

HLA-B27 positive, % 391 80.6

Age, years 432 40.3 (11.0)

Symptom duration, years 424 13.8 (9.7)

BASDAI 369 4.2 (2.3)

ASDAS 351 2.8 (1.1)

CRP (mg/L), median (IQR) 365 8.0 (3.0; 11.0)

Elevated CRP, % 364 40.4

BASFI 373 3.1 (2.6)

BASMI 375 2.2 (2.0)

mSASSS, median (IQR) 432 1.0 (0.0; 6.0)

mean (SD) 6.6 (12.5)

Syndesmophytes present, % 432 34.3

EQ-5D 370 65.1 (21.6)

Current peripheral arthritis, % 378 28.6

Current enthesitis, % 381 54.3

BMI 25–30, % 373 29.5

BMI >30, % 373 15.6

On NSAID treatment, % 341 83.9

On TNFi treatment, % 432 37.7

Ever TNFi treatment, % 432 43.1

Years of TNFi treatment in treated patients 163 2.1 (1.7)

Current smokers, % 365 38.4

Number exercise sessions per week, median 
(IQR)

366 2.0 (0.0; 2.0)

Patients with different number of radiographic 
intervals*, %

432 100

  One interval 304 70.4

  Two intervals 83 19.2

  Three intervals 35 8.1

  Four intervals 9 2.1

  Five intervals 1 0.2

Except where indicated otherwise, values are the mean (SD).
*Differences in baseline characteristics in patients with different number of 
radiographic intervals are provided in the online supplementary table S8.
ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing 
Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional 
Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; BMI, body mass index; 
CRP, C reactive protein; EQ-5D, EuroQol 5-domain; HLA-B27, human leucocyte 
antigen B27; mSASSS, modified Stoke Ankylosing Spondylitis Spine Score; NSAID, 
non-steroidal anti-inflammatory drug; TNFi, tumour necrosis factor inhibitor.
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Adjusted longitudinal analyses
Mean (SD) radiographic progression was 0.9 (2.3) mSASSS units 
in 2 years. Any TNFi use before a radiographic interval (yes vs 
no) was used as main TNFi variable in the adjusted analyses 
(figure 1A). Prior TNFi treatment versus no TNFi treatment 
was associated in multivariable analyses of 616 radiographic 
intervals in 432 patients with a reduction of the odds for radio-
graphic progression during the next 2-year interval by 50% (OR 
0.50, 95% CI 0.28 to 0.88, p=0.02). Baseline mSASSS (OR 
1.06, 95% CI 1.04 to 1.09, p<0.001) and male sex (OR 2.16, 
95% CI 1.09 to 4.30, p=0.03) were associated with an increase 
in radiographic damage after 2 years. The impact of prior TNFi 
use in reducing radiographic progression during the next 2-year 
radiographic interval was confirmed in an adjusted model with 
progression defined as the appearance of at least one new syndes-
mophyte in 2 years (OR 0.55, 95% CI 0.33 to 0.94) (figure 1B). 
Treatment with NSAIDs at baseline, smoking, HLA-B27, periph-
eral arthritis, overweight, obesity and physical exercise were not 
found to be associated with an effect on radiographic progres-
sion in both models. The estimated impact of prior TNFi use 
was not affected by the additional adjustment for disease activity 
measures (ASDAS) before treatment start, performed to address 
the issue of confounding by indication (table 2).

The magnitude of the effect of all variables on progression 
was also confirmed in the subset of patients with radiographic 
interval duration of 2 years±6 months and in a complete case 
analysis of 403 radiographic intervals from 301 patients (see 
online supplementary tables S1 and S2, respectively).

A beneficial effect of TNFi treatment before a radiographic 
interval on progression was also confirmed in adjusted models 

with alternative variable choices for TNFi use, as summarised in 
table 3 and presented in full in the online supplementary tables 
S3 and S4. These data also suggest that a longer duration of 
TNFi treatment is associated with a stronger protective effect, 
since each additional year of continuous TNFi therapy before 
a radiographic interval was associated with a reduced risk of 
progression (model 2 in table 3). Moreover, >4 years of treat-
ment before the radiographic interval resulted in a lower estimate 
of progression than ≤4 years of TNFi use (model 3 in table 3). 
In contrast to prior TNFi use, TNFi treatment during a 2-year 
radiographic interval (assessed either as ‘yes/no’ or as ‘duration 
of TNFi treatment during the interval (≤50% vs >50%)’) was 
not associated with a reduction of progression in the respective 
interval (models 4 and 5 in table 3 and  online supplementary 
tables S5 and S6).

Impact of reduction of disease activity by tnFi on 
radiographic progression
TNFi treatment before a 2-year radiographic interval was asso-
ciated with a reduced disease activity at the start of that interval, 
as assessed by the ASDAS: −0.96 units, 95% CI −1.15 to −0.77, 
p<0.001. The association of disease activity measures at baseline 
of a 2-year radiographic interval with progression in the respec-
tive interval was analysed in separate GEE models with base-
line mSASSS as dependent variable (models 6–8 in table 4). A 
higher ASDAS increased the probability of radiographic progres-
sion (OR 1.39, 95% CI 1.06 to 1.81). When adding ASDAS as 
a covariate to the multivariable model displayed in figure 1A, 
it was significantly associated with radiographic progression 

Figure 1 Multivariable analysis of 616 radiographic intervals from 432 patients after multiple imputation of missing covariate data for the 
identification of factors associated with (A) radiographic progression defined as an increase of ≥2 mSASSS units per 2 years and (B) radiographic 
progression defined as the formation of at least one new syndesmophyte per 2 years. Analysis performed in 616 radiographic intervals from 432 
patients after multiple imputation of missing covariate data. BMI, body mass index; HLA-B27, human leucocyte antigen B27; mSASSS, modified Stoke 
Ankylosing Spondylitis Spine Score; NSAIDs, non-steroidal anti-inflammatory drugs; Ref, reference; TNFi, tumour necrosis factor inhibitor. *mSASSS at 
start of each 2-year radiographic interval in A and presence of syndesmophytes at start of each 2-year radiographic interval (yes vs no) in B.
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(table 4, model 9). The TNFi variable in the model without 
ASDAS captures the total TNFi effect on progression. In a 
model with ASDAS, the TNFi variable coefficient estimated the 
direct effect of TNFi on radiographic progression, which was 
not significant (OR 0.61, 95% CI 0.34 to 1.08, p=0.09). The 
estimated indirect effect of TNFi on progression via a reduction 
in ASDAS was on the contrary statistically significant (OR 0.75, 
95% CI 0.59 to 0.97, p=0.01).

When analysing the unadjusted radiographic progression 
in 2-year intervals following the use of TNFi, responders to 
TNFi (defined by an ASDAS ≤2.1 at start of the radiographic 
interval) had a significantly lower mean spinal progression than 
non-responders to TNFi (defined by ASDAS >2.1), with a mean 
mSASSS progression of 0.31 versus 1.45 units (Kruskal-Wallis 
test p=0.02). Radiographic progression was entirely inhibited in 
TNFi patients reaching an inactive disease status (ASDAS ≤1.3) 
at the start of the next 2-year radiographic interval (mean spinal 
progression in these patients was 0.01 mSASSS units vs 0.52 
mSASSS units in patients with ASDAS between 1.3 and 2.1, Krus-
kal-Wallis test p=0.01). Cumulative probability plots of spinal 
progression after stratification by ASDAS status at the start of the 
next radiographic interval are presented for patients treated with 
TNFi in figure 2. Stratification by baseline CRP status (elevated 

CRP vs normal CRP) segregated less well between radiographic 
progressors and non-progressors in this population than stratifi-
cation by the ASDAS (see online supplementary figure S2).

dIsCussIOn
The current longitudinal analysis of a large observational 
national cohort, consisting of both patients treated with TNFi 
and untreated patients, supports the notion of an effect of TNFi 
treatment on inhibition of radiographic spinal progression in 
patients with AS. As residual confounding cannot be completely 
ruled out in an observational context, causality could not be 
proven, although it remains the most plausible explanation for 
our findings. Long-term randomised controlled trials to defin-
itively clarify this issue will never be performed for ethical 
reasons.

We demonstrate an association between TNFi use and reduced 
risk of spinal structural damage, both in terms of mSASSS and 
new syndesmophyte formation. The odds of radiographic 
progression were nearly halved over the next 2 years in patients 
having started TNFi treatment before this 2-year interval. The 
pattern of correlations demonstrated in our mediational anal-
yses is consistent with the hypothesis that the impact of TNFi 

table 2 Impact of pretreatment Ankylosing Spondylitis Disease Activity Score (ASDAS) on spinal radiographic progression

Variable Or 95% CI p Value

TNFi use before radiographic interval yes/no 0.52 0.29 to 0.92 0.02

AsdAs at start of TNFi and ASDAS at inclusion for non-treated patients 1.33 1.00 to 1.78 0.05

mSASSS at start of each radiographic interval 1.07 1.04 to 1.09 <0.001

Male sex 2.10 1.07 to 4.12 0.03

Disease duration (5 years) 1.13 0.99 to 1.29 0.07

Current smoking 1.04 0.59 to 1.86 0.88

HLA-B27 1.03 0.46 to 2.29 0.94

Number of exercise sessions per week 0.95 0.82 to 1.10 0.47

Peripheral arthritis 0.87 0.48 to 1.60 0.66

NSAID use at start of each radiographic interval 0.83 0.41 to 1.68 0.60

BMI 25–30 (Reference: BMI <25) 1.39 0.77 to 2.49 0.27

BMI >30 (Reference: BMI <25) 1.66 0.81 to 3.39 0.16

Duration of radiographic interval 1.66 0.85 to 3.23 0.14

Radiographic spinal progression defined as an increase in mSASSS ≥2 units. The model corresponds to the multivariable model used in figure 1A with the additional 
incorporation of pretreatment ASDAS in TNFi-treated patients as a covariate in order to account for confounding by indication. The ASDAS at inclusion was considered for non-
TNFi-treated patients (616 radiographic intervals from 432 patients after multiple imputation of missing covariate data).
ASDAS, Ankylosing Spondylitis Disease Activity Score; BMI, body mass index; HLA-B27, human leucocyte antigen B27; mSASSS, modified Stoke Ankylosing Spondylitis Spine Score; 
NSAID, non-steroidal anti-inflammatory drug; TNFi, tumour necrosis factor inhibitor.

table 3 Impact of alternative variable choices for TNFi use on spinal radiographic progression from different multivariable models*

Model Alternative variable choices for tnFi use Or 95% CI p Value

1 TNFi use prior to radiographic interval (yes versus no) 0.50 0.28 to 0.88 0.02

2 Number of years of continuous use of TNFi prior to interval† 0.79 0.66 to 0.94 0.01

3 ≤4 years of TNFi use prior to radiographic interval 0.55 0.31 to 0.98 0.04

>4 years of TNFi use prior to radiographic interval 0.30 0.10 to 0.90 0.03

4 TNFi use prior to radiographic interval (yes versus no) 0.52 0.27 to 0.98 0.05

TNFi use during the radiographic interval (yes versus no) 0.87 0.49 to 1.56 0.64

5 TNFi use prior to radiographic interval (yes versus no) 0.54 0.28 to 1.03 0.06

TNFi use during ≤50% of duration of radiographic interval 1.41 0.66 to 3.00 0.37

TNFi use during >50% of duration of radiographic interval 0.81 0.43 to 1.50 0.50

*Summarised results from different multivariable models with same covariates used as in figure 1 with the exception of the TNFi variable(s). Full models are depicted in the 
online supplementary tables S3–S6. Model 1 corresponds to the model in figure 1A. Spinal progression was defined as ≥2 mSASSS units in a 2-year interval. Analyses performed 
in 616 radiographic intervals from 432 patients after multiple imputation of missing covariate data.
†Estimated effect of TNFi per year of continuous TNFi use.
TNFi, tumour necrosis factor inhibitor.
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on spinal radiographic progression is mediated by its decreasing 
effect on disease activity (ASDAS, BASDAI or CRP). Only a 
trend for a direct effect of TNFi on reduction of spinal progres-
sion could be found. ASDAS outperformed BASDAI and CRP 
alone for the association of disease activity with radiographic 
progression, confirming previous analyses.4

We present important clues concerning the period of time 
needed before the inhibitory effects can be objectified: around 2 
years of continuous TNFi use, as there was no impact of TNFi 
treatment during a 2-year radiographic interval, while there 
was an effect if the treatment was started before this interval. 
Our study therefore reconciles conflicting results of previous 
investigations. Treatment with TNFi over 2 years in three open-
label extensions of randomised control trials in AS failed to 
demonstrate an inhibition of radiographic progression during 
this period.6–8 The principal explanation for this seems to be 
that inflammation needs to be suppressed for at least 2 years in 
order to demonstrate an inhibition of radiographic progression. 
In another study with fewer patients with AS, less radiographic 
progression was only demonstrated after 4 years of follow-up.26 
This was also demonstrated in two observational studies.9 27 
We confirm the finding that longer periods of treatment with 
TNFi translate into a stronger inhibition of progression in two 

different models: one accounting for the number of years of 
continuous TNFi therapy and the second using a cut-off of 4 
years of treatment.

Radiographic spinal progression was nearly entirely inhibited 
in the following 2-year radiographic interval in patients with AS 
reaching an inactive disease status (ASDAS ≤1.3)29on treatment 
with TNFi. While a treat-to-target approach has been recom-
mended, the content of the target was not mentioned.30 Our 
study suggests that ASDAS ≤1.3 might be an adequate target, if 
the goal of treatment is inhibition of further spinal radiographic 
damage in addition to control of signs and symptoms, provided 
that the target seems realistic based on the clinical context.

The issue of whether NSAIDs alone may have an impact on 
structural damage remains controversial. Continuous versus on 
demand use of celecoxib has been shown to inhibit progression 
in a randomised controlled trial, particularly in the subgroup of 
patients with elevated CRP levels.24 31 However, in a more recent 
study with similar design, diclofenac had no impact on progres-
sion.32 Conflicting results have also been found in observational 
studies.9 25 In our study, use of NSAIDs was not associated 
with an independent effect on progression. We acknowledge, 
however, that data collection in SCQM does not allow for calcu-
lation of the recommended NSAIDs index.33 We confirm in our 
study that baseline structural damage and male sex are the major 
drivers of radiographic progression.16–19

We have not addressed the issue of whether any particular 
TNFi agent might have a greater impact on spinal radiographic 
progression than another, due to insufficient patient numbers. 
The fact that the impact of TNFi on progression seems to be 
mediated by a decrease in disease activity would argue against 
major differences between individual TNFi. It also remains to be 
demonstrated whether new biological agents and in particular 
anti-interleukin-17 drugs34 also have an impact on radiographic 
progression.

Strengths of our investigation include the prospective study 
design, standardised regular clinical and radiographic assess-
ments at 2-year intervals allowing for the implementation of a 
longitudinal analysis and statistical methods (GEE analyses) that 
take into account potential confounders and the within-patient 
correlation of structural damage. We acknowledge the fact that 
our analyses were based on only one radiographic interval in 
around 2/3 of patients. The scoring of radiographs with knowl-
edge of chronology might be seen as an additional limitation, but 
it has been shown to be more sensitive to change than reading 
with paired time order,35 and readers were blinded to clinical 
data, including treatment.

In addition to the possibility of residual confounding, which 
has already been highlighted, observational studies might be 
prone to other risks of bias. We have addressed the issue of 
confounding by indication by performing sensitivity analyses 
with adjustment for disease activity measures and other covari-
ates before the start of treatment. Involvement of a multitude 
of rheumatologists throughout Switzerland in this real-life 
cohort might be the source of inconsistent data collection and 
measurement errors. We have previously demonstrated that 
adherence to ASAS treatment recommendations and response 
rates to TNFi were similar in private practices and academic 
centres.36 Classification as AS was established by central reading 
of the pelvis radiographs. We have used multiple imputation 
techniques for missing values and have provided complete case 
analyses to allow for the evaluation of the robustness of our 
investigation.

In conclusion, our data suggest that TNFi therapy in AS has 
a clinically relevant inhibitory effect on spinal radiographic 

Figure 2 Cumulative probability plot of 2-year progression in the 
modified Stoke Ankylosing Spine Score (mSASSS), illustrating the change 
in mSASSS values from baseline of each individual radiographic interval 
to 2 years in patients already treated with TNFi at start of the respective 
interval, stratified by the ASDAS cut-off level reached at the beginning 
of each radiographic interval: ASDAS >2.1 (n=111, 136 radiographic 
intervals), ASDAS >1.3 and ≤2.1 (n=68, 85 radiographic intervals) and 
ASDAS ≤1.3 (inactive disease status; n=40, 48 radiographic intervals). 
Radiographic progression was defined as an increase in mSASSS 
of ≥2 in 2 years (dotted line). ASDAS, Ankylosing Spondylitis Disease 
Activity Score.

group.bmj.com on January 4, 2018 - Published by http://ard.bmj.com/Downloaded from 

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


68 Molnar C, et al. Ann Rheum Dis 2018;77:63–69. doi:10.1136/annrheumdis-2017-211544

Clinical and epidemiological research

progression if treatment is continued for at least 2 years and that 
this effect is mediated by a decrease in disease activity.
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ExtEndEd rEport

The value of 18F-FDG-PET/CT in identifying the 
cause of fever of unknown origin (FUO) and 
inflammation of unknown origin (IUO): data from a 
prospective study
Verena Schönau,1 Kristin Vogel,1 Matthias Englbrecht,1 Jochen Wacker,1 
daniela Schmidt,2 Bernhard Manger,1 torsten Kuwert,2 Georg Schett1

AbstrACt
background Fever of unknown origin (FUo) and 
inflammation of unknown origin (IUo) are diagnostically 
challenging conditions. diagnosis of underlying disease 
may be improved by 18F-fluorodesoxyglucose positron 
emission tomography (18F-FdG-pEt).
Methods prospective study to test diagnostic utility of 
18F-FdG-pEt/Ct in a large cohort of patients with FUo or 
IUo and to define parameters that increase the likelihood 
of diagnostic 18F-FdG-pEt/Ct. patients with FUo or 
IUo received 18F-FdG-pEt/Ct scanning in addition to 
standard diagnostic work-up. 18F-FdG-pEt/Ct results 
were classified as helpful or non-helpful in establishing 
final diagnosis. Binary logistic regression was used to 
identify clinical parameters associated with a diagnostic 
18F-FdG-pEt/Ct.
results 240 patients were enrolled, 72 with FUo, 142 
with IUo and 26 had FUo or IUo previously (exFUo/
IUo). diagnosis was established in 190 patients (79.2%). 
the leading diagnoses were adult-onset Still’s disease 
(15.3%) in the FUo group, large vessel vasculitis 
(21.1%) and polymyalgia rheumatica (18.3%) in the IUo 
group and IgG4-related disease (15.4%) in the exFUo/
IUo group. In 136 patients (56.7% of all patients and 
71.6% of patients with a diagnosis), 18F-FdG-pEt/
Ct was positive and helpful in finding the diagnosis. 
predictive markers for a diagnostic 18F-FdG-pEt/Ct 
were age over 50 years (p=0.019), C-reactive protein 
(Crp) level over 30 mg/L (p=0.002) and absence of fever 
(p=0.001).
Conclusion 18F-FdG-pEt/Ct scanning is helpful in 
ascertaining the correct diagnosis in more than 50% 
of the cases presenting with FUo and IUo. Absence of 
intermittent fever, higher age and elevated Crp level 
increase the likelihood for a diagnostic 18F-FdG-pEt/Ct.

IntroduCtIon
Fever of unknown origin (FUO)1 2 and inflamma-
tion of unknown origin (IUO)3 are major diagnostic 
challenges with about 200 differential underlying 
diagnoses.4–7 FUO is defined as (1) illness for at 
least 3 weeks, (2) body temperature over 38.3°C 
on several occasions and (3) no specific diagnosis 
despite extended diagnostics.4–8 Causes for FUO 
can be divided into four major disease groups: 
infections, tumours, non-infectious inflammatory 
diseases (NIIDs) and miscellaneous causes.8 In 
developing countries, the major cause of FUO is 

infection,9–15 while it is NIID in developed coun-
tries. IUO represents chronic inflammation without 
fever. The aetiology of IUO can vary from malig-
nancy to self-limiting disease.3 16 The clinical presen-
tation of FUO and IUO might differ, but they often 
reflect similar disease entities. Therefore, attempts 
in establishing standardised diagnostic protocols for 
both diseases should pursue similar strategy.17–19 

Diagnostic work-up of FUO/IUO includes detailed 
medical history, physical examination, laboratory 
tests, blood cultures, urine cultures and standard 
imaging such as chest radiograph, echocardiog-
raphy and abdominal ultrasonography. However, 
often these investigations do not lead to definite 
diagnosis. Hence, a high proportion of patients with 
FUO/IUO (in several studies 30%–50%) leave the 
hospital without specific diagnosis.17–19 Combina-
tion of 18F-fluorodesoxyglucose positron emission 
tomography (18F-FDG-PET) with CT is considered 
as a promising diagnostic tool in the work-up for 
FUO/IUO.20–31 It combines high spatial resolution 
with detection of increased glycolysis due to malig-
nancy or inflammation.21 32–34 Small retrospec-
tive studies and only one prospective study have 
suggested the utility of 18F-FDG-PET/CT in the 
diagnostic work-up of FUO35–47 and IUO.16 48

To date, larger studies addressing the role of 
18F-FDG-PET/CT in the diagnostic work-up of 
FUO and IOU are still scarce.49 Importantly, it is 
unclear which patients with FUO/IUO may profit 
most from the use of 18F-FDG-PET/CT. Because of 
its diagnostic effectiveness, 8F-FDG-PET/CT may 
speed up the diagnostic process, reduce total costs 
and save patients with FUO/IUO from unnecessary 
invasive procedures, especially if the underlying 
disease (1) lacks characteristic symptoms, (2) is not 
defined by specific serum biomarkers and (3) easily 
escapes detection by conventional investigation.

PAtIents And Methods
Patients and study design
This prospective study included all adult patients 
(age ≥18 years) with a diagnosis of FUO or  IUO 
admitted to the ward of the Immunology and Infec-
tious Disease Clinic of the Department of Internal 
Medicine 3, a tertiary care centre for immunoin-
flammatory and infectious diseases, between 
January 2007 and June 2015. FUO2 4 was defined 
as a febrile illness with body temperatures >38.3°C 
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(>101°F) lasting over at least 3 weeks without achieving diag-
nosis after thorough history taking, physical examination and 
standard diagnostic procedures. IUO was defined as illness of at 
least 3-week duration with body temperatures <38.3°C (101°F) 
and C-reactive protein (CRP) >7 mg/L and/or erythrocyte sedi-
mentation rate (ESR) >age/2 in men or (age+10)/2 in women and 
without achieving diagnosis.15 At admission, the presence of 
FUO and IUO was tested and patients were classified as FUO, 
IUO or—in case no signs of FUO or IUO at the time of admis-
sion—exFUO/IUO. All patients received a single 18F-FDG-PET/
CT scan and defined standard diagnostic work-up (see below) 
for FUO/IUO during the same hospital stay (figure 1). Patients 
provided written informed consent for 18F-FDG-PET/CT. The 
ethics commission of the University Clinic of Erlangen approved 
the study procedure. All procedures were done according to the 
Declaration of Helsinki.

18F-FdG-Pet/Ct scanning
Patients fasted for at least 4 hours before 18F-FDG-PET/CT 
scans. Because higher blood glucose levels can decrease the FDG 
uptake,50 51 patients’ blood glucose level had to be <180 mg/dL 
before 3 MBq/kg of 18F-FDG was injected. Scans were acquired 
1 hour after injection. First non-contrast low-radiation-dose CT 
scan was performed followed by PET scan encompassing the 
same imaging field using Siemens Biograph TruePoint 64 PET/
CT (until September 2011) or Biograph mCT 40 combining 
lutetium oxyorthosilicate PET with multislice CT.52 The patients 
were in supine position and had their arms in elevated position.

Image processing
Images were iteratively reconstructed using standard software 
shipped with the system and available as PET, CT and fused PET/
CT images for evaluation. The data were corrected for attenu-
ated and scattered photons. Scans were independently evaluated 
at the day of examination by two nuclear medicine specialists 
(DS and TK) without the knowledge of patients’ medical history 
and classified as ‘pathological’ and ‘non-pathological’. Scans 
were considered pathological if moderate to high focal tracer 

uptake (according to Walter and colleagues) was detected addi-
tionally to areas of physiological tracer uptake (kidney, brain, 
heart, urinary bladder, intestinal smooth muscle, liver, spleen and 
testis).53–55 Due to the qualitative nature of scan interpretation 
(localisation, pathological/non-pathological) the inter-reader 
disagreement was very low (2 cases out of 240; both related to 
lymph node grading) and no intrareader variability was found.

standard diagnostic work-up
These procedures included: thorough history taking (previous 
medical history and medication; drug abuse; travel, family, 
sexual, inflammation/infection and rheumatologic history; 
hobbies; occupation; and animal contact), detailed physical 
examination (special focus on lymph nodes, temporal arteries, 
eyes, skin, liver and spleen), standard laboratory testing (blood 
counts, electrolytes, creatinine, protein electrophoresis, alka-
line phosphatase, aspartate aminotransferase, alanine amino-
transferase, lactate dehydrogenase (LDH), creatine kinase, uric 
acid), autoimmune diagnostics (antinuclear antibodies, anti-dou-
ble-stranded DNA antibodies, antineutrophil cytoplasmic anti-
bodies, rheumatoid factor, anticyclic citrullinated peptide two 
antibodies), blood cultures, urine cultures, chest radiography, 
abdominal ultrasonography and echocardiography.

Comparison of 18F-FdG-Pet/Ct results and final diagnosis
Final diagnosis was judged by the study team after all results 
of standard work-up, 18F-FDG-PET/CT scan and later confir-
matory procedures (eg, histology) were finalised. Results were 
grouped according to de Kleijn and colleagues17 in no diagnosis, 
malignancy, infection, NIID and other diseases. The judgement 
whether 18F-FDG-PET/CT was helpful for ascertaining final 
diagnosis was done by the study team. To assess the predictive 
value of 18F-FDG-PET/CT, results were additionally divided 
into four groups.29 (1) True negatives, if 18F-FDG-PET/CT 
was normal and no other investigations or clinical follow-up 
(≥3 month) revealed any underlying disease. (2) True positives, 
if 18F-FDG-PET/CT detected a specific disease process causing of 
FUO/IUO, which was then confirmed by additional investigations 

Figure 1 Study design. Patients with either FUO or IUO were referred. At referral, diagnosis of FUO or IUO was confirmed. Patients not fulfilling 
FUO or IUO criteria at the time of admission were termed patients with exFUO/IUO. All patients received 18F-fluorodesoxyglucose positron emission 
tomography/CT scanning and a standard diagnostic procedure as outlined. FUO, fever of unknown origin; IUO, inflammation of unknown origin; PET, 
positron emission tomography.
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(eg, histology or response to treatment). (3) False negatives, 
if 18F-FDG-PET/CT was normal but a specific disease process 
could be detected with another diagnostic test or response to 
specific treatment. (4) False positives, if 18F-FDG-PET/CT 
showed tracer uptake that could not be identified as the cause 
of FUO/IUO by additional tests. For example, pathological FDG 
uptake in the large arteries or para-aortic tissue was considered 
helpful in establishing the diagnosis of large vessel vasculitis or 
IgG4-related disease, respectively. In contrast, FDG uptake only 
in the bone marrow and lymph nodes in a patient with the final 
diagnosis of Still’s disease was classified as non-helpful (see also 
online supplementary table 1). Negative 18F-FDG-PET/CT scans 
were generally not considered as being helpful for ascertaining 
final diagnosis.

statistical analysis
For summarising data, descriptive statistical analysis was applied, 
including calculation of arithmetic means and SD for interval data 
and frequency analysis for categorical data. Furthermore, we also 
calculated the positive predictive value (PPV), negative predic-
tive value (NPV) as well as sensitivity and specificity in order 
to evaluate the correct classification and prediction quality of 
18F-FDG-PET/CT. A binary logistic regression model using forced 
entry method adding all independent variables and an intercept 
to the model at a single step was used to identify independent 
clinical parameters that are related to helpful 18F-FDG-PET/CT. 
According to previous studies26 35 37 and taking into account the 
typical manifestations of FUO and IUO, the following param-
eters were chosen as predictors for setting up the regression 
model: sex (male; female), age (<50 years; >50 years), fever 
(>38.2°C; absence; presence); CRP (<30 mg/L; >30 mg/L), 
diabetes (absence; presence), immunosuppressive treatment 
in medical history (absence; presence), corticosteroids prior 
to PET-CT (absence; presence), leukocytosis (<10 000 cells/
µL; >10 000 cells/µL), anaemia (haemoglobin <11 mg/dL; 
>11 mg/dL) and elevated LDH (<250 U/L; >250 U/L). All statis-
tical analyses were calculated using SPSS Software Package (IBM 
SPSS Statistics 21 for Windows, IBM Corporation). p Values 
≤0.05 were considered statistically significant.

results
Patients’ characteristics
A total of 240 patients were enrolled (117 male, 123 female): 
72 patients were classified as FUO (46 male, 26 female; age 
range: 18–84 years, median age: 51.7 years), 142 as IUO (56 
male, 86 female; age range: 18–86 years, median age: 61.3 
years) and 26 (15 male, 11 female; age range: 19–73 years, 
median age: 50.8 years) did not fulfil FUO/IUO criteria at 
the time of 18F-FDG-PET/CT but were admitted to hospital 
because of FUO or IUO diagnosed in the referring centre. We 
subsequently used the term exFUO/IUO for this group. Acute 
phase parameters were elevated in FUO (CRP 95.3±76.5 mg/L; 
ESR 63.5 mm±31.4 mm) and IUO (48.3±53.2 mg/L and 
54.4±29.0 mm, respectively). Fifty-nine patients (24.6%) had 
received glucocorticoids prior to the 18F-FDG-PET/CT scan 
(minimum dose 2.5 mg/d; maximum dose 240 mg/day). Gluco-
corticoids and antibiotics were discontinued at day of hospital 
administration. A summary of patients’ characteristics is given 
in table 1.

diagnosis
Diagnosis could be made in 190 patients (79.2%), while in the 
remaining 50 patients (20.8%) the cause of illness remained 

undefined. Out of the 190 patients with diagnosis, 132 had NIID 
(69.5%), 27 had infections (14.2%), 20 malignancies (10.5%) 
and 11 other diseases (5.6%). Online supplementary table 2 gives 
an overview on the various diagnoses in the patients with FUO, 
IUO and exFUO/IUO. NIID contributed slightly more often to 
diagnosis in patients with IUO (61.9%) than patients with FUO 
(48.6%) and exFUO/IUO (40.0%) (table 2). Infections were only 
found in patients with FUO and IUO, whereas the diagnosis of 
other diseases were most frequent in patients with exFUO/IUO. 
The latter finding was mostly attributed to cases of IgG4-related 
disease in patients with exFUO/IUO. Malignancies were distrib-
uted evenly among the three groups.

When looking at individual diagnoses, we found a clear 
separation between patients with FUO, IUO and exFUO/IUO. 
Although each clinical presentation was associated with a large 
variety of different diagnoses (online supplementary table 2), 
the most prevalent cause of FUO was adult-onset Still’s disease 
(15.3%) (defined by Yamaguchi criteria plus lab values) by 
far, while in IUO, large vessel vasculitis (defined by American 
College of Rheumatology (ACR) criteria) was the leading diag-
nosis (21.1%) followed by polymyalgia rheumatica (18.3%) 
(defined by Rice criteria). IgG4-related disease (ascertained by 
IgG4-positive plasma cells in histology) was the most prevalent 
diagnosis (15.4%) in the patients with exFUO/IUO (figure 2A).

diagnostic contribution of 18F-FdG-Pet/Ct
We next asked whether 18F-FDG-PET/CT scan is helpful in 
finding the diagnosis. Positive 18F-FDG-PET/CT scans leading 
to diagnosis (true positive) were found in 136 patients (56.7% 
of all patients and 71.6% of the patients with a diagnosis) 
(figure 2B). The most common diagnoses in the true positive 
group were large vessel vasculitis (n=29), followed by infec-
tions (n=24), polymyalgia rheumatica (n=21), malignancies 
(n=19) and IgG4-related disease (n=9) (figure 3). True negative 
results, meaning a negative 18F-FDG-PET/CT scan and no final 

table 1 Characteristics of FUO, IUO and exFUO/IUO groups

Fuo Iuo exFuo/Iuo

Sex: male/female (N) 46/26 56/86 15/11

Age (years; mean±SD) 51.7±19.5 61.3±14.3 50.8±12.5

CRP (mg/L; mean±SD) 95.3±76.5 48.3±53.2 2.0±0.74

ESR (mm; mean±SD) 63.5±31.4 54.4±29.0 12.1±7.5

Haemoglobin (g/
dL; mean±SD)

11.8±1.9 12.1±1.7 13.8±1.3

LDH (U/L; mean±SD) 27.4±148.5 250.7±91.2 220.4±82.8

Leukocytes (G/L; mean±SD) 9.5±5.0 9.9±4.0 7.1±2.4

Glucocorticoids use (%) 13.9 (10/72) 31.7 (45/142) 15.4 (4/26)

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; FUO, fever of unknown 
origin; IUO, inflammation of unknown origin; LDH, lactate dehydrogenase.

table 2 Diagnostic groups according to clinical presentation

Fuo Iuo exFuo/Iuo

Chronic inflammatory disease, 
n (%)

34 (47.2) 88 (62.0) 10 (38.5)

Infection, n (%) 11 (15.3) 16 (11.3) 0 (0)

Malignancy, n (%) 6 (8.3) 12 (8.5) 2 (7.7)

Miscellaneous disease, n (%) 1 (1.4) 3 (2.1) 7 (26.9)

No diagnosis, n (%) 20 (27.8) 23 (16.2) 7 (26.9)

Total, n (%) 72 (100) 142 (100) 26 (100)

FUO, fever of unknown origin; IUO, inflammation of unknown origin.
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diagnosis and no diagnosis after at least a 3-month follow-up, 
were found in 20 patients (8.3%). In 72 patients (30.0%), we 
detected a tracer uptake in addition to the physiological uptake 
that was not explained by the final diagnosis or no diagnosis 

could be made. Hence, these patients were categorised as false 
positive. In few (n=12) patients, we had false negative (5.0%) 
scans, but the disease could be detected with other diagnostic 
tests or was responsive to specific treatment. Four of them had 

Figure 2 Most prevalent diagnoses and helpfulness of PET-CT. (A) Most prevalent diagnoses: bar graph showing the most prevalent diagnoses 
in patients with FUO, IUO or exFUO/IUO. Only diagnoses a more than one patient are shown. A complete list of diagnoses is shown in online 
supplementary table 2. (B) Helpfulness of PET-CT: classification of 18F-FDG-PET/CT scanning results in relation to final diagnosis. (1) ‘True positives’ if 
the 18F-FDG-PET/CT detected a specific disease process causing of FUO or IUO, which was then confirmed by additional investigations or a response to 
a medical treatment. (2) ‘False negatives’ if 18F-FDG-PET/CT was normal, but a specific disease process could be detected with another diagnostic test 
or if there was response to a specific treatment. (3) ‘False positives’ if the 18F-FDG-PET/CT showed an FDG uptake or disease process that could not 
be identified as the cause of FUO or IUO by additional tests. (4) ‘True negatives’ if neither 18F-FDG-PET/CT nor standard diagnostic procedure found 
the cause for FUO/IUO. 18F-FDG-PET, 18F-fluorodesoxyglucose positron emission tomography; AAV, ANCA-associated vasculitis; AOSD, adult-onset 
Still’s disease; E. nodosum, erythema nodosum; FMS, fibromyalgia; FUO, fever of unknown origin; IgG4, IgG4-associated syndrome; IUO, inflammation 
of unknown origin; LVV, large vessel vasculitis; PF, periodic fever; PMR, polymyalgia rheumatic; RA, rheumatoid arthritis; SLE, systemic lupus 
erythematosus.
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either large vessel vasculitis or isolated temporal arteritis. The 
PPV of 18F-FDG-PET/CT was 65.4% with an NPV of 62.5% 
and a diagnostic accuracy of 65%. The sensitivity was high with 
91.1%, while the specificity was low at 21.7%.

Clinical predictors for helpful 18F-FdG-Pet/Ct
For analysing which parameters predict positive 18F-FDG-PET/
CT scans leading to diagnosis, data from 237 patients could be 

analysed. Three patients were excluded because of incomplete 
data on clinical parameters. When performing binary logistic 
regression model, the variables that could predict diagnostic 
18F-FDG-PET/CT were age over 50 years (p=0.019), CRP level 
over 30 mg/L (p=0.002) and absence of fever (p=0.001). In 
figure 4, we plotted the likelihood for a diagnostic 18F-FDG-PET/
CT scan in patient groups with or without fever and the 
subgroups according to CRP level (<30 mg/L vs >30 mg/L) 

Figure 3 PET-CT examples. Examples of diagnostic 18F-fluorodesoxyglucose positron emission tomography/CT scans resembling different disease 
categories: (A) giant cell arteritis with aortic tracer uptake; (B, C) polymyalgia rheumatic with tracer uptake in the periarticular tissue of the shoulder 
(B) and the hip (C) joints; (D) pulmonary tracer uptake based on bronchial carcinoma confirmed by histology; (E) pulmonary tracer uptake of a lung 
lesion of histologically confirmed IgG4 syndrome; (F) tracer uptake in the bone marrow of the femoral heads based on histologically confirmed 
Erdheim-Chester’s disease; (G) tracer uptake in the mediastinal lymph nodes due to histology and bacteriology confirmed tuberculosis; (H) tracer 
uptake in the spleen based on histology-proven lymphoma of spleen.
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and age (<50 years vs >50 years). Patients with elevated CRP, 
higher age and no fever had an almost 80% chance for diag-
nostic 18F-FDG-PET/CT, while the chance in younger patients 
with fever and lower CRP level was very low (8.3%).

dIsCussIon
FUO and IUO remain diagnostic challenges. The percentage of 
undiagnosed cases ranges from 9% to 50% in FUO6–15 and 11% 
to 60% in IUO.16 48 Different diagnostic approaches have been 
suggested in FUO and IUO.17–19 Only small retrospective studies 
and one prospective study have addressed the diagnostic perfor-
mance of 18F-FDG-PET/CT in FUO (online supplementary table 
3),35–47 and very limited data exist in IUO.16 48 Our study is the 
so far largest with the advantage of (1) a prospective setting, 
(2) the inclusion of both FUO and IUO, (3) thorough diagnostic 
work-up before referral and (4) evaluation in a ‘real-life’ clinical 
setting as all patients admitted to our ward were evaluated.

Investigating 240 patients with FUO and IUO, we show that 
18F-FDG-PET/CT is helpful in identifying underlying diseases. 
Scans led to diagnosis in 56.7% of all patients and 71.6% of 
those patients with final diagnosis. This values are comparable 
to published studies on FUO varying between 26% and 75%35–47 
and studies on IUO.16 48 Moreover, 18F-FDG-PET/CT was some-
times helpful in finding the diagnosis in patients with ‘exFUO/
IUO’ such as IgG4 syndrome and large vessel vasculitis.56–60 
Nonetheless, data obtained in this group need to be seen with 
some caution as we could not predict the frequency of patients 
with exFUO/IUO and their numbers were actually rather small. 
To assess its role in defining diagnosis, 18F-FDG-PET/CT scans 
were rated as true positive, true negative, false positive and false 
negative results in relation to the final diagnosis. Scans were 
‘true positive’ in 136 patients (56.7%) with a PPV of 65.4% 
and an NPV of 62.5%. Comparable to other studies, sensitivity 
was 91.8%. Few scans (n=12) were ‘false negative’, 4 of which 
had large vessel vasculitis (3 temporal artery arteritis; 1 Takaya-
su’s arteritis), suggesting the limitation of 18F-FDG-PET/CT 
in isolated temporal artery arteritis. Negative scans (‘true’ and 
‘false’ negative) were generally not considered as being helpful in 
ascertaining the correct diagnosis. Nonetheless, a negative scan 
may still point to a certain direction as it makes some diagnoses 
(eg, tumours or abscesses) more unlikely.

We observed a rather high number of ‘false positive’ scans 
(30%) reducing specificity to 21.7% and diagnostic accuracy 

to 65%. This observation, however, may be attributed to the 
rigorous definition of ‘false positive’ as a tracer uptake in addi-
tion to the physiological uptake being not helpful for diagnosis. 
This definition also includes tracer uptake in the bone marrow 
and lymph nodes as sign of inflammation. A substantial improve-
ment in specificity can be reached when classifying increased 
bone marrow and lymph nodes uptake resembling unspecific 
signs of inflammation as ‘true negative’ increasing specificity 
to 53.8% with sensitivity remaining at 91.8%. Then, also 
PPV (76%), NPV (80.6%) and diagnostic accuracy (77.1%) were 
increased. Because classification into the different groups (true 
positive, false positive, true negative and false negative) varies 
between studies, we summarised in online supplementary table 3 
whether 18F-FDG-PET/CT contributed to ascertaining diagnosis 
(PET/CT helpful or PET/CT not helpful). 18F-FDG-PET/CT was 
helpful in finding the underlying disease responsible for FUO 
in 42%–92% of cases,35–47 while it was possible in 36%–74% 
of IUO cases16 48 (online supplementary table 3). Data from our 
study (57%) are accordance with these findings.

Searching for clinical parameters associated with helpful 
18F-FDG-PET/CT, we found that age over 50 years, CRP level 
over 30 mg/L and absence of fever predicted helpfulness of 
18F-FDG-PET/CT. This finding confirms other studies showing 
elevated CRP level associated with diagnostically helpful scan.61 
In contrast to Crouzet et al37 and Gafter-Gvili et al26 we did 
not find that anaemia, lymphadenopathy or male sex correlated 
with diagnostic 18F-FDG-PET/CT. The better performance of 
18F-FDG-PET/CT in patients older than 50 years and those 
without fever is most likely attributed to the higher prevalence 
of large vessel vasculitis as major diagnostic entity responsible for 
IUO. However, fever and younger age is often associated with 
adult-onset Still’s disease, which usually yields negative results 
in 18F-FDG-PET/CT. We think that such easy-to-use predictors 
for helpful 18F-FDG-PET/CT scans will allow more tailored and 
cost-effective use of 18F-FDG-PET/CT in the diagnostic work-up 
of patients with FUO/IUO.33 Such approach may also help to 
implement a fast track to 18F-FDG-PET/CT as shown in the 
diagnostic work-up trees for patients with FUO/IUO based on 
the concepts of Mulders-Manders and colleagues.10 Such tree is 
depicted in figure 5.

Limitations of this study are related to the referral of the 
patients to a clinic specialised to immunology and infectious 
diseases. Hence, referral bias towards immune-mediated diseases 
cannot be excluded and may account for the lower prevalence of 
malignancies in this population and underestimation of cancer 
prevalence in the patients with FUO/IUO. However, cancer often 
goes along with organ-specific symptoms in addition to fever and 
inflammation, and therefore, selective diagnostics with ultra-
sound or CT are employed earlier. In consequence, such patients 
are not anymore ‘FUO/IUO’ patients and 18F-FDG-PET/CT is 
rather done for staging than diagnostics. In addition, the study 
reflects the real-life situation in a referral centre for immune-me-
diated diseases and is therefore of relevance for the rheumato-
logic community. A second limitation is that we do not know 
whether and to what extent consequent application of whole-
body CT before 18F-FDG-PET/CT would contribute to correct 
diagnosis. While the latter appears to be the diagnostic technique 
of choice in larger centres with good access to 18F-FDG-PET/
CT, whole-body CT can be seen as an alternative approach for 
ascertaining diagnosis at least in some patients (see figure 5) and 
should be performed if no 18F-FDG-PET/CT is available. Finally, 
a third limitation of the study is that the general applicability 
of the results in all ethnicities, since the overwhelming ethnical 
background of the population studied herein was Caucasian.

Figure 4 Prediction chart for diagnostic PET/CT. The chart shows the 
likelihood (%) of a diagnostic 18F-fluorodesoxyglucose positron emission 
tomography/CT scanning in patients with fever of unknown origin or 
inflammation of unknown origin dependent on age, C-reactive protein 
level and the presence/absence of fever. CRP, C-reactive protein; PET, 
positron emission tomography.
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In summary, this large prospective study in patients with FUO/
IUO showed that the 18F-FDG-PET/CT allows ascertaining diag-
nosis in 56.7% of the patients, substantially improving correct 
diagnosis in FUO/IUO. The likelihood to identify the under-
lying disease is higher in patients older than 50 years, those with 
elevated CRP and those without fever.
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ExtEndEd rEport

Modification of structural lesions on MRI of the 
sacroiliac joints by etanercept in the EMBARK trial: 
a 12-week randomised placebo-controlled trial in 
patients with non-radiographic axial spondyloarthritis
Walter p Maksymowych,1 Stephanie Wichuk,1 Maxime dougados,2 Heather E Jones,3 
ron pedersen,4 Annette Szumski,5 Lisa Marshall,3 Jack F Bukowski,6 robert G Lambert7

AbstrACt
Objective to evaluate the impact on structural lesions 
observed on MrI in the sacroiliac joints (SIJ) at 12 weeks 
in patients with non-radiographic axial spondyloarthritis 
(nr-axSpA) receiving etanercept or placebo in EMBArK 
(Effect of Etanercept on Symptoms and objective 
Inflammation in nr-axSpA, a 104 week study).
Methods patients were randomised to double-blind 
etanercept 50 mg/week or placebo for 12 weeks. 
Structural lesions at baseline and 12 weeks were scored 
by two independent readers using the Spondyloarthritis 
research Consortium of Canada (SpArCC) SIJ structural 
score (SSS) on t1-weighted MrI. Change in SpArCC SSS 
and correlation with improvement in clinical outcomes 
was evaluated.
results MrI scans from 185 patients (etanercept, 
n=88; placebo, n=97) were reviewed. At baseline, there 
were no significant differences in mean SpArCC SSS 
between etanercept and placebo. From baseline to 12 
weeks, change in mean SpArCC SSS was significantly 
greater for etanercept than placebo for erosion (–0.57 vs 
–0.08, respectively, adjusted p value=0.017) and backfill 
(0.36 vs 0.06, adjusted p value=0.022). A treatment 
difference was also present for the subgroup of patients 
with SIJ inflammation on MrI (SpArCC bone marrow 
oedema ≥2): erosion: –0.81 versus –0.13 for etanercept 
versus placebo, respectively, p=0.007; backfill: 0.48 
versus 0.08, respectively, p=0.032. decrease in erosion 
and increase in backfill correlated with improvement in 
more clinical outcomes for etanercept than placebo.
Conclusion treatment with etanercept was associated 
with significantly greater reduction in erosions and 
increase in backfill at 12 weeks compared with placebo, 
consistent with a very early reparative response to 
antitumour necrosis factor therapy. the impact on 
disease progression in spondyloarthritis should be 
studied further.
trial registration number nCt01258738; post-
results.

IntrOduCtIOn
Sacroiliitis in axial spondyloarthritis (axSpA) is typi-
cally detected on pelvic radiography and is consid-
ered a defining feature of this disease.1 It reflects 
structural changes resulting from inflammation and 
ranges from erosion in early disease to sclerosis and 
ankylosis in later stages. However, it has not been 
used as an outcome for studies of disease-modifying 

therapy because it is not reliably detected, definite 
features may not be observed for several years after 
symptom onset, and its lack of sensitivity to change 
requires that studies be conducted over several 
years.

MRI of the sacroiliac joint (SIJ) is a major 
advance because it detects inflammation soon after 
disease onset and may depict structural lesions, 
even in patients with non-radiographic axSpA 
(nr-axSpA).1–5 MRI evaluation of the SIJ combines 
information visualised simultaneously on two types 
of routine MRI scans. The T1-weighted (T1W) 
sequence detects signal from fat, so adult bone 
marrow of iliac and sacral bones is bright due to its 
fat content.6 The signal from fat can be suppressed, 
allowing visualisation of inflammation in the bone 
marrow using fat-suppressed sequences, such as 
short tau inversion recovery (STIR), which is a 
water-sensitive sequence. Cortical bone is dark on 
both sequences.

Several structural lesions may be observed on 
T1W MRI of the SIJ.7 A breach in cortical bone 
of iliac or sacral bones and loss of bright signal 
from adjacent marrow matrix indicates erosion.6 7 
STIR scans show increased signal if inflammation 
is still active. When inflammation in bone marrow 
resolves, it may be replaced by new tissue, fat meta-
plasia, appearing bright on T1W MRI. Inflamma-
tion in an erosion may be replaced by new tissue, 
termed backfill. Ankylosis is apparent on T1W MRI 
when marrow matrix traverses the joint space and 
the dark signal from cortical bone is lost.6 7 Stan-
dardised definitions for these lesions have been 
developed and validated together with a scoring 
method that assesses individual lesions.7

Modification of structural lesions by antitu-
mour necrosis factor (anti-TNF) therapy has not 
been demonstrated in a randomised controlled 
trial (RCT) in SpA using radiography of the spine 
because it is insufficiently sensitive to change within 
the time frame of such trials. Structural lesions in 
the SIJ are likely to predate development of spinal 
disease.3 In a small placebo-controlled trial of 
patients with axSpA, most of whom met the modi-
fied New York (mNY) criteria for radiographic 
damage, differences from baseline were observed 
in bone marrow oedema (BME) and structural 
lesions on MRI following 12 weeks of adalimumab 
therapy.8 However, no differences were observed 
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between adalimumab and placebo for absolute changes in MRI 
active or structural lesions. We hypothesised that even in patients 
with nr-axSpA, MRI of the SIJ would be a more sensitive endpoint 
to demonstrate structural modification and conducted a post hoc 
analysis to evaluate the impact of etanercept or placebo on struc-
tural lesions at 12 weeks in patients with nr-axSpA.

MetHOds
Patients and study design
EMBARK (Effect of Etanercept on Symptoms and Objective Inflam-
mation in nr-axSpA, a 104 week study;  ClinicalTrials. gov identifier: 
NCT01258738)9 was a randomised, controlled, phase 3b, 104 week 
clinical trial to evaluate the safety and efficacy of etanercept in 
patients with nr-axSpA.10 11 Patients had axSpA per Assessment of 
SpondyloArthritis international Society (ASAS) criteria12 13 without 
meeting the mNY criteria for radiographic axSpA. Patients had 
symptoms for >3 months and <5 years, Bath Ankylosing Spondy-
litis Disease Activity Index (BASDAI) score ≥4 and had responded 
inadequately to ≥2 non-steroidal anti-inflammatory drugs 
(NSAIDs). All patients fulfilled the ASAS imaging (sacroiliitis on 
imaging and ≥1 SpA feature) or clinical criteria (human leucocyte 
antigen-B27 positive and ≥2 other SpA features). Patients received 
double-blind etanercept 50 mg/week or placebo for 12 weeks, then 

open-label etanercept 50 mg/week.10 All patients continued back-
ground NSAIDs.

evaluation of bMe of the sIJ
In the EMBARK study, STIR scans of the SIJ and spine were 
assessed for BME independently by two central readers, blinded 
to treatment and patient characteristics, using the Spondyloar-
thritis Research Consortium of Canada (SPARCC) scores.14 15 
The readers’ mean score was used. Potential reader discrepancies 
were prespecified, and in these cases, an adjudicator reviewed 
the MRI scans and the mean of all three readers’ scores was 
used.10 A SPARCC MRI SIJ score ≥2 was considered an indi-
cator of definite SIJ inflammation on MRI.16

evaluation of structural lesions using the sPArCC MrI 
sss method
In this analysis, the SPARCC SIJ structural score (SSS) was used to 
assess the structural lesions of erosion, backfill, fat metaplasia and 
ankylosis on T1W MRI.7 Paired baseline and 12-week T1W MRI 
scans were scored independently by two different readers blinded 
to patients, time point and inflammation scores from the STIR MRI 
images.

The presence or absence of lesions in SIJ quadrants (erosion, 
fat metaplasia) or SIJ halves (backfill, ankylosis) was recorded yes/
no using direct online data entry based on a schematic of the SIJ.7 
Erosion and fat metaplasia were each scored from 0 to 8 per slice 
for five slices (total score 0–40). Backfill and ankylosis were each 
scored from 0 to 4 per slice for five slices (total score 0–20). When 
assessing erosion and backfill using SSS methodology, scoring is 
mutually exclusive for individual quadrants on individual images. 
The mean of the two reader scores was used to compare change 
in structural lesion scores between treatment groups and to assess 
correlations with clinical parameters.

standardised definitions of lesions seen on t1W MrI
The standardised definitions of SIJ structural lesions are provided 
below.6 7 17 18 All definitions are based on T1W scans. A compar-
ison of T1W and STIR images of erosion and backfill is provided in 
figure S1 in the online supplementary file1.

 ► Erosion: Full-thickness loss of the dark appearance of iliac 
or sacral cortical bone at its anticipated location and loss of 
the normal bright appearance of adjacent bone marrow.

 ► Backfill: Complete loss of iliac or sacral cortical bone at its 
anticipated location and increased signal clearly demarcated 
from adjacent normal marrow by dark signal with irregular 
contour reflecting sclerosis at the eroded bone border.

 ► Fat metaplasia: Increased periarticular signal on T1W 
sequences. Homogeneous signal across the lesion must 
extend >1 cm in depth from the joint surface.

 ► Ankylosis: Bone marrow signal between the sacral and iliac 
bone marrow with full-thickness loss of the dark appearance 
of iliac and sacral cortical bone.

statistical analysis
This analysis included the modified intent-to-treat (mITT) popula-
tion with baseline and 12-week MRI scans. Treatment differences 
in demographic and baseline characteristics were analysed using 
one-way analysis of variance (ANOVA) or χ2 tests. Treatment differ-
ences in baseline structural lesions were analysed using one-way 
ANOVA. p Values comparing change in lesions between etanercept 
and placebo were obtained from the analysis of covariance models 
adjusted for significant differences in patient characteristics and 
lesions at baseline. This analysis was repeated for the patient subsets 
with baseline SPARCC BME scores ≥2 and <2.

table 1 Demographics and baseline disease characteristics

Characteristics

Patients with MrI 
scans (n=185)

Full mItt 
population (n=215)

etn, n=88 PbO, n=97 etn, n=106 PbO, n=109

Age, years 31.7 (7.8) 32.2 (7.9) 31.9 (7.8) 32.0 (7.8)

Male, n (%) 58 (65.9) 54 (55.7) 68 (64.2) 62 (56.9)

White, n (%) 68 (77.3) 71 (73.2) 79 (74.5) 79 (72.5)

Symptom duration, 
years

2.5 (2.0) 2.4 (1.5) 2.4 (1.9) 2.5 (1.8)

Concomitant DMARD 
use, n (%)

19 (21.6) 20 (20.6) 21 (19.8) 21 (19.3)

Family history of SpA, 
n (%)

26 (29.6) 21 (21.7) 28 (26.4) 23 (21.1)

ASDAS-CRP 3.0 (0.9) 2.9 (1.0) 3.0 (0.9) 3.0 (1.0)

BASDAI (0–10) 5.9 (1.8) 6.0 (1.9) 6.0 (1.8) 6.0 (1.9)

Total back pain 
(0–10 cm VAS)

5.5 (2.5) 5.4 (2.3) 5.5 (2.4) 5.5 (2.4)

BASFI (0–10 cm VAS) 4.2 (2.5) 3.8 (2.5) 4.2 (2.5) 3.9 (2.5)

CRP, mg/L 7.4 (11.2) 6.3 (10.7) 6.8 (10.6) 6.4 (10.5)

CRP>3 mg/L, n (%) 44 (50.0) 39 (40.2) 48 (45.3) 44 (40.4)

HLA-B27 positive, 
n (%)

60 (68.2) 73 (75.3) 72 (67.9) 83 (76.2)

MRI sacroiliitis 
positive*, n (%)

74 (84.1) 78 (80.4) 87 (82.1) 87 (79.8)

MRI sacroiliitis 
positive* or
CRP>3 mg/dL, n (%)

80 (90.9) 85 (87.6) 94 (88.7) 95 (87.2)

SPARCC MRI SIJ score 
(0–72)

8.3 (10.1) 7.7 (10.1) 8.0 (9.7) 7.7 (10.1)

SPARCC MRI spine 23-
DVU score (0–414)

5.5 (9.7) 3.9 (7.2) 5.2 (9.3) 3.8 (7.0)

All values are mean (SD) unless otherwise noted.
*Baseline MRIs were read by a central imaging reader for the presence of 
sacroiliitis according to ASAS definition.12

ASAS, Assessment of SpondyloArthritis International Society; ASDAS, Ankylosing 
Spondylitis Disease Activity Score; BASFI, Bath Ankylosing Spondylitis Functional 
Index; CRP, C-reactive protein; DMARD, disease-modifying antirheumatic drug; DVU, 
discovertebral unit; ETN, etanercept; HLA, human leucocyte antigen; mITT, modified 
intent-to-treat; PBO, placebo; SIJ, sacroiliac joint; SpA, spondyloarthritis; SPARCC, 
Spondyloarthritis Research Consortium of Canada; VAS, visual analogue scale.
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Two sets of cumulative probability plots were generated to 
compare: (1) week 12 change in erosion, backfill and fat metaplasia 
between etanercept and placebo-treated patients and (2) baseline 
scores to week 12 change from baseline per patient for erosion and 
backfill. The baseline and change scores were the average of the two 
readers.

An ordered logistic regression model tested for treatment differ-
ences among the categories of decreased or increased structural 
lesion scores between baseline and 12 weeks for the subgroups 
of SPARCC BME ≥2 and <2 at baseline. Spearman correlations 
were determined between the change in each structural lesion at 
12 weeks and the change in the following disease characteristics: 

Ankylosing Spondylitis Disease Activity Score based on C-reactive 
protein (ASDAS-CRP), BASDAI, SPARCC MRI SIJ, and SPARCC 
MRI spine 23-discovertebral units (DVU) score. Interobserver intra-
class correlation coefficients (ICC) were calculated to evaluate the 
level of consistency between the two MRI readers in scoring the 
reliability of status and 12 week change scores using the ICC (3,1) 
model.

results
Patients
Within the mITT population (n=215), 185 patients (etanercept, 
n=88; placebo, n=97) had baseline and 12-week MRI scans. 

Figure 1 Mean change from baseline to week 12 with SE in (A) erosion, (B) erosion according to SPARCC BME ≥2 or <2, (C) backfill, (D) backfill 
according to SPARCC BME ≥2 or <2, (E) fat metaplasia, (F) fat metaplasia according to SPARCC BME ≥2 or <2. p Value is adjusted for lesions at 
baseline. Erosion and fat metaplasia range in score from 0 to 40. Backfill ranges in score from 0 to 20. BME, bone marrow oedema; ETN, etanercept; 
PBO, placebo; SPARCC, Spondyloarthritis Research Consortium of Canada.
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Demographics and baseline disease characteristics were similar 
between the full mITT population and the population with 
scans (table 1). At baseline, there were no significant differences 
between the etanercept and placebo groups for the 185 patients 
in this analysis. A total of 152/185 (82.2%) patients were ASAS 
MRI sacroiliitis positive and 128/183 (69.9%) patients had MRI 
inflammation according to SPARCC BME score ≥2.

structural lesions
At baseline, mean (SE) SPARCC SSS for the etanercept and 
placebo groups, respectively, was 2.3 (0.3) and 1.7 (0.3) for 
erosion; 0.76 (0.22) and 0.64 (0.20) for backfill; 0.50 (0.19) and 
0.27 (0.09) for fat metaplasia and 0.15 (0.10) and 0.13 (0.11) 
for ankylosis. The difference between treatment groups was not 
significant for any structural lesion.

From baseline to 12 weeks, change in mean SPARCC SSS 
was significantly greater for etanercept than placebo for erosion 
(–0.57 vs –0.08, respectively; adjusted p value=0.017) and back-
fill (0.36 vs 0.06; adjusted p value=0.022) (figure 1). A treat-
ment difference was also present for the subgroup of patients 
with MRI inflammation at baseline, defined as a SPARCC BME 
score ≥2; erosion: –0.81 versus –0.13 for etanercept versus 
placebo, respectively, p=0.007; backfill: 0.48 versus 0.08, 
p=0.032. Change in mean SPARCC SSS did not differ signifi-
cantly between treatment groups for fat metaplasia or ankylosis 
at 12 weeks.

Change in erosion, backfill and fat metaplasia from baseline to 
week 12 is presented in cumulative probability plots (figure 2). A 
higher percentage of patients with change and a greater degree 
of reduction in erosion and increase in backfill can be noted for 
etanercept versus placebo; the difference in fat metaplasia is 
slight. Cumulative probability plots comparing baseline erosion 
and backfill scores to week 12 change scores per patient demon-
strate that the higher the baseline erosion score, the greater the 
change at 12 weeks (see figure S2 in the online supplementary 
file 1).

Table 2 shows the proportion of patients with erosion or back-
fill scores that decreased, increased, or did not change between 
baseline and week 12 for each treatment group, according to 
SPARCC BME score ≥2 or <2 at baseline. As shown, in the group 
with SPARCC BME ≥2, there is a significant treatment differ-
ence among the change categories for erosion. In the etanercept 
group, erosion decreased (improved) in 15/60 (25.0%) patients 
and increased (worsened) in 1/60 (1.7%) patients, whereas in 
the placebo group, erosion decreased in 8/68 (11.8%) patients 
and increased in 8/68 (11.8%), p=0.010. There was also a 
significant treatment difference among the change categories for 
backfill, in the group of patients with SPARCC BME ≥2: in the 
etanercept group, backfill increased for 8/60 (13.3%) patients 
and decreased for 0/60 (0%) and in the placebo group, backfill 
increased for 1/68 (1.5%) patients and decreased for 1/68 (1.5%, 
p=0.024. The treatment differences for fat metaplasia and anky-
losis were not significant.

Images comparing baseline and 12-week erosion and backfill 
are provided in figure 3.

Correlations between structural lesions and clinical outcomes
Spearman correlations between changes in clinical param-
eters and structural lesions are presented in table 3. At 12 
weeks, the decrease in erosions and increase in backfill 
correlated with improvement in the following responses 
for the etanercept group: ASDAS-CRP, BASDAI, SPARCC 
MRI SIJ and SPARCC spine 23-DVU (erosions only). These 

Figure 2 Cumulative probability of change from baseline to week 12 
in (A) erosion, (B) backfill and (C) fat metaplasia, average of the readers. 
Erosion and fat metaplasia range in score from 0 to 40. Backfill ranges 
in score from 0 to 20.
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correlations were weak to moderate in strength, ranging 
from R=0.29 to R=0.51, p<0.01 for erosions and from 
R=−0.40 to −0.26, p<0.05 for backfill. Additionally, 
weak correlation was noted for the placebo group between 
decrease in erosions and improvement in SPARCC MRI SIJ 
BME (R=0.25, p=0.016).

There was little variation in the interpretations of the 
two MRI readers, as shown by the interobserver ICC for 
structural lesions (see table S1 in the online supplemen-
tary file 1). The ICC values ranged from 0.78 (backfill) to 
0.98 (ankylosis) at baseline and from 0.65 (erosion) to 0.96 
(ankylosis) at week 12. For baseline to 12 week change, ICC 

table 2 Proportion of patients with a decrease, increase or no change in structural lesion score at week 12, according to baseline SPARCC BME

lesion
baseline sPArCC 
bMe treatment group

Change between baseline and week 12, n/n (%)

decreased Increased no change p Value*

Erosion ≥2 ETN 15/60 (25.0) 1/60 (1.7) 44/60 (73.3) 0.010

PBO 8/68 (11.8) 8/68 (11.8) 52/68 (76.5)

<2 ETN 0/26 (0) 1/26 (3.8) 25/26 (96.2) 0.958

PBO 0/29 (0) 0/29 (0) 29/29 (100)

Backfill ≥2 ETN 0/60 (0) 8/60 (13.3) 52/60 (86.7) 0.024

PBO 1/68 (1.5) 1/68 (1.5) 66/68 (97.1)

<2 ETN 0/26 (0) 0/26 (0) 26/26 (100)

PBO 0/29 (0) 0/29 (0) 29/29 (100)

Lesion was considered to have decreased or increased if both readers categorised the change in the same direction. If one reader categorised the change as 0, or if the readers 
characterised the change in opposite directions, then ‘no change’ was chosen.
*p Value from an ordered logistic regression model which tests for a treatment difference among the change categories.
BME, bone marrow oedema; ETN, etanercept; PBO, placebo; SPARCC, Spondyloarthritis Research Consortium of Canada.

Figure 3 Example images of erosion at baseline and backfill at 12 weeks on T1 weighted MRI in two patients. On the baseline scan, erosion is 
indicated by loss of the dark signal of iliac cortical bone and loss of the normal bright appearance of adjacent bone marrow. On the 12-week scan, 
backfill is evident as characterised by increased signal at the site of erosion clearly demarcated from adjacent normal marrow by dark signal with 
irregular contour reflecting sclerosis at the border of the eroded bone.
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values were 0.62, 0.76 and 0.78 for erosion, backfill and fat 
metaplasia, respectively.

dIsCussIOn
In this post hoc analysis, we show for the first time in a place-
bo-controlled RCT in axSpA that etanercept treatment is asso-
ciated with structure-modifying effects using MRI structural 
lesions in the SIJ as the primary outcome. We observed signifi-
cantly greater reduction in erosion and increase in backfill at 12 
weeks for etanercept compared with placebo, consistent with a 
very early reparative response. This was primarily apparent in 
patients with baseline inflammation on MRI. These results add 
to the findings from a small trial of patients, most with anky-
losing spondylitis, which demonstrated change from baseline in 
BME and structural lesions on MRI following 12 weeks of adali-
mumab therapy.8

Previously, we demonstrated in a 2-year observational cohort 
that anti-TNF therapy was associated with significant reduc-
tion in erosion.19 Now we show that this treatment effect can 
be observed by 12 weeks. A previous comparison of etanercept 
versus sulfasalazine in patients with early SpA and substantially 
more baseline radiographic disease than in EMBARK demon-
strated no treatment differences in erosion scores at 24 weeks.20 
That study used whole body MRI and quantified erosion in the 
SIJ using a grading scheme based on the number of erosions 
per SIJ (1=1–2; 2=3–5; 3 =>5 erosions per SIJ). This scoring 
method is limited because erosion may affect the entire vertical 
height of the iliac or sacral bone on a coronal scan, thus, these 
cannot be considered discrete lesions. Additionally, it is difficult 
to assess whether the size of an erosion decreased substantially 
without affecting the number of erosions. Alternative MRI 
sequences, such as opposed-phase gradient-echo sequences, 
may permit more reliable and sensitive assessment for detecting 
erosions in clinical trials in the future.

An important observation from this study is that in patients 
treated with an anti-TNF, resolution of erosion is associated with 

the development of new tissue at the erosion cavity that appears 
bright on T1W MRI. This observation together with an irreg-
ular dark band is termed backfill because it potentially reflects 
the in-filling of an eroded cavity bordered by sclerotic bone. An 
association between resolution of erosion and the appearance 
of backfill was previously reported in a 2-year observational 
cohort.19 This reparative tissue resembles in its signal intensity 
characteristics of the fat metaplasia observed on T1W MRI in 
subchondral bone marrow after resolution of inflammation. Data 
from this RCT indicate that the earliest reparative response after 
anti-TNF therapy is the appearance of backfill, because we did 
not observe any impact of treatment on the development of fat 
metaplasia at 12 weeks, despite resolution of SIJ bone marrow 
inflammation.10 Fat metaplasia was evident by 48 weeks, and it 
correlated with resolution of SIJ bone marrow inflammation.11 
Previous comparison of etanercept versus sulfasalazine showed 
that anti-TNF therapy was associated with development of fat 
metaplasia after 24 weeks and this was directly associated with 
resolution of inflammation.20 The lack of change in fat meta-
plasia in EMBARK at 12 weeks may be due to a shorter treat-
ment duration at the follow-up MRI assessment.

The correlations between MRI and clinical parameters 
reported here and in a previous EMBARK publication11 are 
stronger than in previously published SpA clinical studies.21 22 
This may reflect the short symptom duration of patients in this 
trial and/or the substantial differences in lesion scoring meth-
odology used in EMBARK. These correlation data support the 
validity of the MRI feature of backfill as a reparative lesion, 
because the correlations are negative with several parameters 
reflecting disease activity that are scored independently from 
structural lesions: ASDAS, BASDAI and SPARCC MRI SIJ.

The primary study limitation is that the prognostic implica-
tions for development of new bone with these structural lesion 
changes are unclear. Several reports have described associa-
tions between vertebral corner fat metaplasia on T1W MRI 
and development of new syndesmophytes on radiographic 
follow-up.20 23–25 We reported that fat metaplasia in the SIJ is 
also an intermediary tissue between inflammation and ankylosis 
development in the SIJ.6 MRI data from studies of both SIJ and 
spine suggest that the disease evolves over at least two stages, 
irrespective of treatment. First, resolution of inflammation may 
be followed by fat metaplasia in bone marrow and backfill at the 
erosion site. However, reduction in the extent of erosion may 
be observed without development of backfill. Second, ongoing 
tissue remodelling in regions of fat metaplasia and backfill may 
be followed by development of new bone. Anti-TNF therapy 
clearly accelerates the first stage, but its impact on the second 
stage is unclear.

The impact of anti-TNF therapy should be explored in larger 
and longer studies with radiographic endpoints assessing new bone. 
However, even if anti-TNF therapy does not impact this second 
stage of lesion evolution, identification of patients with a propen-
sity to develop fat metaplasia early in the disease course could 
help select patients for early treatment intervention. A preliminary 
report from an observational cohort shows that SIJ fat metaplasia 
independently predicts new bone formation in the spine.26

Improvement in several clinical measures correlated with 
decreases in erosion and increases in backfill in patients receiving 
etanercept. This may reflect the substantial improvement in 
SIJ BME over the 12 weeks between MRI assessments. In the 
48-week analysis, we reported substantial correlation between 
improved clinical measures of disease activity and reduction in 
SIJ BME.11 Also, correlations between clinical improvement 
and resolution of SIJ erosion for patients receiving etanercept 

table 3 Spearman correlations between change from baseline 
to week 12 in disease activity parameters and change in structural 
lesions

erosion backfill Fat metaplasia

r p Value r p Value r p Value

ASDAS-CRP ETN, 
n=83

0.40 <0.001 −0.26 0.018 −0.10 0.352

PBO, 
n=96

−0.09 0.368 0.17 0.098 0.10 0.339

BASDAI ETN, 
n=86

0.35 <0.001 −0.26 0.016 −0.02 0.849

PBO, 
n=97

−0.12 0.233 0.20 0.047 0.14 0.171

SPARCC 
MRI SIJ

ETN, 
n=86

0.51 <0.001 −0.40 <0.001 −0.12 0.269

PBO, 
n=97

0.25 0.016 −0.09 0.379 −0.13 0.219

SPARCC 
spine,
23-DVU

ETN, 
n=86

0.29 0.007 −0.20 0.072 −0.08 0.442

PBO, 
n=97

−0.04 0.674 −0.04 0.735 −0.11 0.299

ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score calculated using 
C-reactive protein; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; 
BME, bone marrow oedema; DVU, discovertebral unit; ETN, etanercept; PBO, 
placebo; R, Spearman correlation; SPARCC, Spondyloarthritis Research Consortium 
of Canada.
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were slightly greater than correlations between improvement in 
spinal inflammation and resolution of SIJ erosion. Relatively few 
patients had spinal inflammation since patients with symptom 
duration >5 years were excluded. Consequently, it is likely that 
clinical measures more closely reflect sacroiliac rather than spinal 
lesions on imaging. Further analysis in larger datasets is neces-
sary to determine whether changes in these structural lesions or 
the accompanying decrease in inflammation were independently 
responsible for clinical improvement.

In conclusion, using the SPARCC SSS method, a validated 
semiquantitative MRI-based scoring method for assessing struc-
tural lesions in the SIJ, we demonstrated in an RCT that etaner-
cept treatment results in amelioration of erosions as early as 12 
weeks in patients with nr-axSpA. This was accompanied by a 
reparative tissue response at the site of erosion that correlated 
with clinical improvement. Understanding the effect of etaner-
cept treatment on new bone formation and maintenance of clin-
ical response beyond 2 years in this population with early disease 
requires further study using radiographic endpoints in long-term 
prospective cohorts.
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ExtEndEd rEport

Mortality following new-onset Rheumatoid Arthritis: 
has modern Rheumatology had an impact?
Marie Holmqvist,1 Lotta Ljung,2 Johan Askling1

AbstrACt
Objective to investigate if, and when, patients 
diagnosed with rheumatoid arthritis (rA) in recent years 
are at increased risk of death.
Methods Using an extensive register linkage, we 
designed a population-based nationwide cohort study 
in Sweden. patients with new-onset rA from the 
Swedish rheumatology Quality register, and individually 
matched comparators from the general population were 
followed with respect to death, as captured by the total 
population register.
results 17 512 patients with new-onset rA between 
1 January 1997 and 31 december 2014, and 78 847 
matched general population comparator subjects were 
followed from rA diagnosis until death, emigration or 31 
december 2015. there was a steady decrease in absolute 
mortality rates over calendar time, both in the rA cohort 
and in the general population. Although the relative risk 
of death in the rA cohort was not increased (Hr=1.01, 
95% CI 0.96 to 1.06), an excess mortality in the rA 
cohort was present 5 years after rA diagnosis (Hr 
after 10 years since rA diagnosis=1.43 (95% CI 1.28 
to 1.59)), across all calendar periods of rA diagnosis. 
taking rA disease duration into account, there was no 
clear trend towards lower excess mortality for patients 
diagnosed more recently.
Conclusions despite decreasing mortality rates, rA 
continues to be linked to an increased risk of death. thus, 
despite advancements in rA management during recent 
years, increased efforts to prevent disease progression 
and comorbidity, from disease onset, are needed.

IntrOduCtIOn
Rheumatoid arthritis (RA) is a chronic inflamma-
tory disease complicated by comorbidity, primarily 
cardiovascular disease.1 At least historically, RA has 
been linked to premature death.2 During the last 
two decades, more intense treatment strategies and 
new therapeutic options have been introduced in 
the management of new-onset RA,3 and the average 
level of RA disease control has improved.4 ‘Modern 
rheumatology’ might thus have impacted the 
elevated mortality in RA. Demonstrating a reduc-
tion, or elimination, of the excess mortality in RA on 
a population level would be the ultimate evidence 
that collectively, all of the components comprising 
‘modern rheumatology’ have paid off.

With few exceptions, however, studies on RA 
mortality published so far have been based on 
patients diagnosed with RA and followed for 
mortality more than 10 years ago.5–8 A meta-anal-
ysis of studies on incident RA diagnosed from 1953 
to 2007 failed to demonstrate any obvious decrease 

in the excess mortality, at least in relative terms,5 
although a decreasing mortality rate was observed 
(but during the same time period, mortality rates 
have decreased also in the general population).5 9 10

To our knowledge, only one study has addressed 
the overall mortality in incident RA among patients 
diagnosed with RA during the most recent decade.11 
This study, following 21 000 new-onset RA from 
1999 to 2014 for mortality for a mean of around 
3 years after RA diagnosis, indicated decreasing 
rates as well as relative risks (RR) compared with 
the general population over time (RR 1.56 in 
patients diagnosed from 1999 to 2006; 1.29 in 
patients diagnosed from 2007 to 2014).11 The short 
follow-up prompts the question of whether better 
management of RA has impacted longer term risks.

The aim of this study was therefore to assess 
overall mortality in a clinical inception cohort of 
patients with RA compared with the general popu-
lation, with particular emphasis on the develop-
ment of absolute risk and RR of death as a function 
of both disease duration and calendar period of RA 
diagnosis. Acknowledging that RA is a heteroge-
neous condition, we further set out to investigate 
mortality risks with different RA phenotypes.

MethOds
design
We performed a nationwide population-based 
cohort study of patients with newly diagnosed 
RA (defined as RA diagnosis within 12 months 
of patient-reported symptom onset, to allow for 
assessments of mortality in relation to RA disease 
onset rather than RA diagnosis) with individually 
matched general population comparator subjects, 
based on prospectively recorded register data.

setting
The publicly funded Swedish healthcare 
system enables access to all healthcare services, 
including specialised care for chronic diseases 
such as RA, for all residents. The incidence of 
RA in Sweden is estimated to be 40 per 100 
000 from 2006 to 2008,12 and the prevalence 
on 31 December 2007 was 0.77%.13 Patients 
with RA are diagnosed and cared for by rheu-
matologists or internists, typically in hospital 
outpatient settings. Prescribed drugs are subsi-
dised and, beyond an upper annual limit of 
Kr2200 (approximately US$260), provided free 
of charge. All residents are assigned a unique 
personal identity number that can be used for 
linkage of different data resources including 
several national health registers of high quality.14
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study population
The new-onset RA cohort
The Swedish Rheumatology Quality (SRQ) Register was 
initiated in 1995 and includes individuals aged 16 years 
or older fulfilling the 1987 American College of Rheuma-
tology criteria for RA.15 The current coverage (on a national 
basis) is estimated to be above 80% of all (new-onset and 
established) RA.16 The register collects information on age, 
sex, rheumatoid factor (RF) status, date of first symptom 
of RA, date of inclusion into the register and the personal 
identification number. This register also contains informa-
tion on drug treatment and disease activity, for example, 
number of swollen and tender joints, erythrocyte sedimenta-
tion rate, serum concentration of C-reactive protein, patient 
and physician’s assessment of global disease activity, and 
Disease Activity Score 28-joint counts (DAS28), from the 
inclusion visit and onwards. For this study, we identified all 
individuals diagnosed with RA between 1 January 1997 and 
31 December 2014 who were included in the register within 
12 months of first symptoms of RA (n=17 512). Validations 
against other data sources suggest that less than 0.8% of all 
new-onset RA in SRQ represent prevalent RA misclassified 
as new onset (Daniela di Giuseppe, SRQ, 2017, personal 
communication). For this study, the date of inclusion into 
the register (typically the date of RA diagnosis) was used as 
index date.

A general population comparator cohort
For each unique patient with RA, we randomly selected up to 
five individuals from the Swedish Population Register (that 
includes all Swedish residents), matched on sex, year of birth 
and residential area (n=78 847). Each subject was assigned 
the same index date as their corresponding patient with RA.

data sources used for follow-up and mortality
Using the personal identification number, we linked the 
cohort of patients with RA and the matched general popu-
lation comparator cohort to the Population Register for 
which data were available through 31 December 2015. 
The Population Register includes information on deaths, 
emigration and immigration for the entire Swedish popula-
tion. Through these linkages, all deaths, causes of death and 
emigrations during follow-up were detected. The nation-
wide and near complete coverage of the National Patient 
Register ensured very low (<1%, but formally not assess-
able) losses to follow-up.

Follow-up and occurrence of death and its causes
The RA cohort and the comparison cohort were followed from 
index date until death, emigration or 31 December 2015 which-
ever came first.

statistical analyses
Descriptive baseline data were summarised and presented as 
proportions, means or medians as appropriate. Mortality was 
assessed by dividing the number of deaths with the corresponding 
person-years of follow-up. The HR of death in RA compared 
with the general population was calculated using Cox regression 
models adjusted for residential area, sex, year of diagnosis and 
age at diagnosis. Analyses were stratified by RF status (yes/
no), sex (men/women), age at index date (quartiles), calendar 
period of index date (1997–2001, 2002–2006, 2007–2011, 
2012–2015), time since start of follow-up (<1 year, 1 to <5 
years, 5–10 years, >10 years) and DAS28 (≤3.2 and >3.2) at 
RA diagnosis. All analyses were carried out with SAS software 
package V.9.4 (SAS Institute) and STATA IC V.11.2. This study 
was approved by the Stockholm Ethics Review Board.

results
Sixty-eight per cent of the 17 512 patients with RA and of the 
78 847 general population comparator subjects were women. 
The mean age at index date was 58 years (table 1). When we split 
our study period into four groups as defined by calendar period 
of RA diagnosis, the gender distribution was stable but the distri-
butions of age (increasingly higher) and RF status (increasingly 
more seronegative RA) varied over time (table 1).

Clinical rA characteristics
During the study period, the duration of RA symptoms at index 
date (diagnosis) decreased somewhat from 1997–2001 to 2012–
2015 (table 2). The disease activity at index date and at the 
return visit at 3–6 months also declined modestly. The use of any 
disease-modifying antirheumatic drug (DMARD) within the first 
year after RA diagnosis was high, and the proportion prescribed 
glucocorticoids, methotrexate or biological drugs during the first 
year after RA diagnosis increased.

Mortality during follow-up
During 123 360 person-years of follow-up (median/interquartile 
follow-up=6.2/7.5 years) in the RA cohort, 2386 individuals died. 
In the comparator cohort (median/interquartile follow-up=6.1/7.1 
years), 9850 individuals died during 549 769 person-years of 

table 1 Characteristics at diagnosis among patients with new-onset RA overall and by calendar period of RA diagnosis, and in matched general 
population comparator subjects, expressed in n (%) if not stated otherwise

Patients with rA General population

All
n=17 512

1997–2001
n=2766

2002–2006
n=3960

2007–2011
n=5513

2012–2015
n=5273

All
n=78 847

Women 11 958 (68.3) 1923 (69.5) 2710 (68.4) 3778 (68.5) 3547 (67.3) 53 358 (67.7)

Age, mean (SD) 58.2 (15.3) 56.8 (15.4) 57.5 (15.1) 58.1 (15.2) 59.5 (15.5) 57.8 (15.5)

Age at diagnosis (years)
<53 

5540 (31.6) 961 (34.7) 1276 (32.2) 1753 (31.8) 1550 (29.4) 25 779 (32.7)

53–62 4381 (25.0) 734 (26.5) 1141 (28.8) 1368 (24.8) 1138 (21.6) 19 687 (25.0)

63–71 4034 (23.0) 546 (19.7) 780 (19.7) 1327 (24.1) 1381 (26.2) 17 728 (22.5)

≥72 3557 (20.3) 525 (19.0) 763 (19.3) 1065 (19.3) 1204 (22.8) 15 653 (19.9)

Seropositive RA 11 265 (64.3) 1864 (67.4) 2673 (67.5) 3532 (64.1) 3196 (60.6) NA

NA, not applicable; RA, rheumatoid arthritis.
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follow-up. In both the RA and the general population comparator 
cohort, the mortality rate was higher among men, increased with 
age and follow-up time, but decreased markedly over successive 
calendar periods of start of follow-up (table 3).

rr of death by calendar period and time since rA diagnosis
Overall, RA was not associated with an increased mortality 
compared with the general population, HR 1.01 (95% CI 
0.96 to 1.06) (figure 1, table 4). However, we noted statisti-
cally significantly increased mortality risks in seropositive RA, in 
women with RA and in individuals 53–72 years at RA diagnosis 
(tables 3 and 4).

Within each calendar period of RA diagnosis, the overall RRs 
decreased during the later years, HR 1997–2001=1.09 (95% 
CI 1.01 to 1.18), HR 2002–2006=1.02 (95% CI 0.94 to 1.10), 
HR 2007–2011=0.95 (95% CI 0.86 to 1.05) and HR 2012–
2015=0.77 (95% CI 0.63 to 0.95), an effect that was due to 
shorter follow-up in later calendar periods. When calendar years 
of RA diagnosis and RA disease duration were cross-tabulated, 

we noted similar HRs per follow-up interval for each calendar 
period of RA diagnosis (figure 1), with decreased risks of death 
the first year after RA diagnosis, in all calendar periods. There-
after, absolute risks and HRs increased with disease duration but 
were not statistically significantly increased until 5 years after RA 
diagnosis (figure 1, table 4).

The same pattern of lack of distinct secular trend in RRs 
emerged when the same analyses were performed separately for 
seropositive RA (for which the relative mortality was typically 
increased throughout the study period) and seronegative RA (for 
which the RRs were typically not increased), and by DAS28 at 
diagnosis (table 5 and online supplementary file 1).

The distribution of causes of death changed somewhat during 
the study period, both for patients with RA and the general 
population. We note a decrease in deaths attributed to diseases 
of the circulatory system in both groups, and reciprocal increases 
in malignant neoplasms (online supplementary table 2).

The survival curves and their 95% CIs are presented in 
figure 2. The absolute 1-year mortality in RA was 0.8% (vs 1.4% 

table 2 Clinical characteristics of patients with new-onset RA at inclusion in the Swedish Rheumatology Quality Register, including data on 
treatments initiated within 1 year of inclusion, by calendar period of RA diagnosis

Year of rA diagnosis
All
n=17 512

1997–2001
n=2766

2002–2006
n=3960

2007–2011
n=5513

2012–2015
n=5273

DAS28 at inclusion* 4.9 (1.4) 5.1 (1.3) 5.3 (1.3) 4.9 (1.5) 4.6 (1.5)

DAS28 at 3–6 months*† 3.2 (1.4) 3.5 (1.4) 3.4 (1.4) 3.1 (1.3) 3.0 (1.3)

Symptom duration at index date, weeks* 25 (16.7) 27 (20.0) 26 (18.3) 24 (15.9) 24 (14.4)

Oral glucocorticoids‡ 10 348 (59.1) 1313 (47.5) 1882 (47.5) 3742 (67.9) 3411 (64.7)

DMARD, any‡ 16 223 (92.6) 2503 (90.5) 3788 (95.7) 5131 (93.1) 4801 (91)

DMARD, Mtx‡ 14 353 (82.0) 1771 (64.0) 3327 (84.0) 4754 (86.2) 4501 (85.4)

Biological drugs‡ 2229 (12.7) 187 (6.8) 502 (12.7) 751 (13.6) 789 (15.0)

*Expressed as mean (SD).
†DAS28 at first revisit to rheumatologist within 3–6 months of diagnosis.
‡Expressed as per cent of all individuals.
DAS28, Disease Activity Score 28-joint counts; DMARD, disease-modifying antirheumatic drug; Mtx, methotrexate; RA, rheumatoid arthritis.

table 3 Number of events (n), PYR and incidence rates (N/1000 PYR) of death in 17 512 patients with new-onset RA identified between 1997 
and 2015 and in an individually matched general population comparator cohort (n=78 847). HR (RR) and 95% CI with the matching factors taken 
into account and adjusted for age and educational level. Overall and by sex, rheumatoid factor status, DAS28 at diagnosis, age at diagnosis and 
calendar period of diagnosis

Patients with new-onset rA General population comparator subjects

hr (95% CI)n PYr Incidence rate n PYr Incidence rate

Overall 2386 123 360 19.3 (17.3 to 21.4) 9850 549 769 17.9 (17.0 to 18.9) 1.01 (0.96 to 1.06)

Women 1412 86 162 16.4 (14.1 to 18.7) 5607 381 574 14.7 (13.7 to 15.7) 1.06 (1.00 to 1.13)

Men 974 37 197 26.2 (21.9 to 30.4) 4243 168 194 25.2 (23.3 to 27.2) 0.93 (0.86 to 1.00)

Seropositive RA 1585 81 455 19.5 (16.9 to 22.0) 9850 549 769 17.9 (17.0 to 18.9) 1.20 (1.13 to 1.28)

Seronegative RA 801 41 904 19.1 (15.7 to 22.5) 9850 549 769 17.9 (17.0 to 18.9) 0.75 (0.70 to 0.82)

DAS28≤3.2 at diagnosis 162 11 777 13.8 (8.7 to 18.9) 9850 549 769 17.9 (17.0 to 18.9) 0.77 (0.64 to 0.92)

DAS28>3.2 at diagnosis 1981 100 723 19.7 (17.3 to 22.0) 9850 549 769 17.9 (17.0 to 18.9) 1.02 (0.97 to 1.07)

Age at diagnosis (years)

  <53 104 44 010 2.4 (1.1 to 3.6) 397 201 205 2.0 (1.4 to 2.5) 1.15 (0.92 to 1.44)

  53 to <63 355 34 028 10.4 (7.4 to 13.5) 1306 152 182 8.6 (7.3 to 9.9) 1.20 (1.06 to 1.35)

  63 to <72 663 25 622 25.9 (20.9 to 30.8) 2418 113 358 21.3 (19.2 to 23.5) 1.20 (1.10 to 1.32)

  ≥72 1264 19 697 64.2 (55.8 to 72.5) 5729 83 022 69.0 (64.9 to 73.1) 0.86 (0.80 to 0.92)

Calendar period

  1997–2001 924 38 553 24.0 (18.2 to 29.7) 3613 172 746 20.9 (18.4 to 23.5) 1.09 (1.01 to 1.18)

  2002–2006 815 40 849 20.0 (15.6 to 24.4) 3242 180 754 17.9 (16.0 to 19.9) 1.02 (0.94 to 1.10)

  2007–2011 535 33 580 15.9 (12.6 to 19.3) 2372 149 719 15.8 (14.3 to 17.4) 0.95 (0.86 to 1.05)

  2012–2015 112 10 375 10.8 (8.0 to 13.6) 623 46 549 13.4 (11.9 to 14.9) 0.77 (0.63 to 0.95)

DAS28, Disease Activity Score 28-joint counts; PYR, person-years at risk; RA, rheumatoid arthritis; RR, relative risk.
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in the general population), the 5-year mortality was 5% (vs 6%), 
the 10-year mortality was 10% (vs 10%), and at 15 years after 
RA diagnosis the mortality was 13% (vs 12%).

dIsCussIOn
In this large mortality study of an inception cohort of patients 
with RA, we made the following important observations: (1) 
There was a steady decrease in mortality rates over calendar 
time, both in the RA cohort and in the general population. (2) 
Across all calendar periods of RA diagnosis, an initial mortality 
‘deficit’ turned into an excess mortality 5–10 years after RA 
diagnosis. (3) Taking RA disease duration into account, there 
was no clearly discernable trend towards lower excess mortality 
for patients with RA diagnosed more recently, although for 
obvious reasons not all calendar periods of RA diagnosis could 
(yet) be followed for 5 or 10 years. (4) The mortality pattern 

was distinctly different for seropositive and seronegative RA, 
and was influenced by baseline disease activity. Patients with 
seronegative RA, and patients presenting with low disease 
activity at diagnosis, had a lower and slower level of risk 
increase, if any. For all of the above reasons, including the 
confounding effects of the different time axes under study 
(age, calendar period and time since RA diagnosis), the overall 
RR in our cohort (HR=1.01) should not be interpreted as a 
null finding.

‘Modern rheumatology’ including features such as more ther-
apeutic options, more effective use of conventional as well as 
biological DMARDs, earlier diagnosis, earlier treatment start 
and increasing vigilance for RA-related comorbidities holds the 
potential to reduce or eliminate the excess mortality in RA. Yet, 
studies evaluating the mortality among patients with incident 
RA from recent years have shown conflicting results.6–8 11 17 In 

Figure 1 The relative risk of death among patients with rheumatoid arthritis (RA), overall and by calendar period of RA diagnosis compared with 
the general population and presented as HRs (95% CI). HRs are presented overall and by RA disease duration (<1 year, 1 to <5 years, 5 to <10 years, 
and ≥10 years since RA diagnosis).

table 4 Mortality rates expressed as deaths per 1000 person-years with 95% CIs (within parenthesis) in patients with rheumatoid arthritis/
general population

Calendar period of 
rA diagnosis total follow-up <1 year 1 to <5 years 5–10 years >10 years

Total study period 19 (17 to 21)/18 (17 to 19) 9 (7 to 10)/15 (14 to 16) 15 (13 to 17)/16 (15 to 17) 24 (21 to 27)/20 (18 to 21) 34 (29 to 39)/24 (22 to 26)

1997–2001 24 (21 to 27)/21 (20 to 22) 10 (6 to 14)/16 (14 to 19) 15 (10 to 19)/17 (15 to 20) 24 (18 to 30)/21 (18 to 24) 34 (27 to 42)/25 (22 to 28)

2002–2006 20 (18 to 22)/18 (17 to 19) 6 (3 to 8)/16 (14 to 17) 15 (11 to 19)/16 (14 to 18) 24 (19 to 29)/19 (17 to 21) 33 (26 to 41)/22 (19 to 25)

2007–2011 16 (14 to 18)/16 (15 to 17) 10 (7 to 13)/15 (14 to 17) 16 (12 to 19)/15 (14 to 17) 21 (17 to 26)/18 (16 to 20) –

2012–2015 11 (9 to 13)/13 (12 to 15) 9 (6 to 11)/14 (12 to 15) 12 (9 to 16)/13 (12 to 15) – –

RA, rheumatoid arthritis.
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the UK primary care data study by Zhang et al and in the Cana-
dian administrative data study by Lacaillle et al there were indica-
tions of declining (relative) risks of death already during the first 
5 years of RA disease, over calendar time, but longer term data 
were not available.7 11 Our study does not immediately corrob-
orate these findings, mainly because in our study there was no 
excess mortality during the first 5 years, in any of the calendar 
periods under study. Instead, and despite clear secular trends 
in increasing use of DMARDs and decreasing disease activity 
during our study period (table 1), our study suggests a slower, 
yet steady, development of an excess mortality thereafter, that is, 
in follow-up periods not covered by the UK and the Canadian 

studies.7 11 In the Dutch study by Radovits et al no improve-
ment in absolute or relative mortality was observed among 
patients diagnosed with RA from 1985 to 2007 and followed for 
mortality through 15 March 2008. Rather, there were indica-
tions of an increasing mortality gap with the excess risk of death 
being observed after 10 years of RA disease duration (which is 
more in keeping with the risk trajectory in our study).6 In the UK 
study based on the Norfolk Arthritis Register (patients with RA 
diagnosed from 1990 to 2004 and followed through 2011), the 
excess in the 7-year mortality remained unchanged over time.8

Our observation that the mortality rates in RA have declined 
in parallel to those in the general population suggests that at 

table 5 HR and 95% CI for death comparing patients with RF-positive and RF-negative patients with RA compared with the general population, 
adjusted for sex, residential area, year of diagnosis and age. Overall and stratified by calendar period of RA diagnosis and time since RA diagnosis

Calendar period of rA 
diagnosis

hr (95% CI)
rA duration categories

<1 year 1 to <5 years 5–10 years >10 years

Total study period

  RF negative 0.43 (0.32 to 0.57) 0.63 (0.55 to 0.72) 0.82 (0.71 to 0.93) 1.24 (1.04 to 1.48)

  RF positive 0.68 (0.55 to 0.84) 1.11 (1.01 to 1.22) 1.34 (1.21 to 1.48) 1.55 (1.35 to 1.77)

1997–2001

  RF negative 0.37 (0.17 to 0.80) 0.54 (0.40 to 0.74) 0.81 (0.65 to 1.01) 1.16 (0.94 to 1.43)

  RF positive 0.72 (0.45 to 1.15) 1.01 (0.82 to 1.25) 1.27 (1.07 to 1.51) 1.57 (1.35 to 1.83)

2002–2006

  RF negative 0.46 (0.25 to 0.86) 0.68 (0.53 to 0.87) 0.87 (0.71 to 1.06) 1.49 (1.07 to 2.07)

  RF positive 0.32 (0.18 to 0.57) 1.01 (0.85 to 1.20) 1.37 (1.19 to 1.58) 1.46 (1.12 to 1.91)

2007–2011

  RF negative 0.43 (0.27 to 0.71) 0.65 (0.52 to 0.81) 0.72 (0.52 to 0.99) –

  RF positive 0.86 (0.61 to 1.22) 1.27 (1.09 to 1.47) 1.40 (1.11 to 1.75) –

2012–2015

  RF negative 0.42 (0.24 to 0.74) 0.61 (0.39 to 0.95) – –

  RF positive 0.83 (0.55 to 1.24) 1.08 (0.79 to 1.49) – –

RA, rheumatoid arthritis; RF, rheumatoid factor.

Figure 2 Kaplan-Meier survival curve comparing patients with new-onset rheumatoid arthritis (RA, red line) with the general population (blue line). 
Time since start of follow-up in years on x-axis. Numbers below the table denote individuals at risk at start of each follow-up period, and number of 
deaths at the end of each period in the RA and in the general population cohort, respectively.
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least, patients with RA have benefitted from general improve-
ments in public health to the same extent as the general popu-
lation, but also that factors specific to patients with RA remain 
at play and maintain the mortality gap. In this regard, our 
observation based on an inception cohort from 1996 followed 
through 2015 extends those from a recent meta-analysis that 
compared mortality in patients with new-onset RA with start of 
inclusion between 1955 and 1995. Since the observed mortality 
declines in the meta-analysis were equally pronounced in 
RA and in the general population, the excess mortality in RA 
remained unchanged in relative terms (an RR around 2).5 The 
absolute mortality presented in the meta-analysis, and in other 
studies,7 11 17 is numerically in line with ours and demonstrates 
a decline in the RA population, as well as in the comparators, 
except in the study by Humphreys et al where unchanged absolute 
risk and RR were presented in patients diagnosed during 1990–
1994, 1995–1999 and 2000–20048 (rate 21/1000 person-years, 
and RR approximately 1.2 during a maximum of 7 years of  
follow-up).

The observation of an initial decrease in mortality following 
RA diagnosis may seem counterintuitive, has been observed 
in other studies of RA mortality (presented in abstract form 
only)18 and remains to be fully explained. Tentative explana-
tions include diagnostic bias (lower tendency to diagnose RA in 
individual terminally ill from other diseases) and selection bias 
(lower likelihood of including patients into a longitudinal moni-
toring system if they are unlikely to survive until or attend at 
least the first 3 months’ return). Importantly, such initial selec-
tion is an unlikely explanation for the ensuing excess mortality 
as it would, if anything, reduce the observed mortality in RA, nor 
is it a likely explanation for the lack of improvement in excess 
mortality over calendar time as there is no sign of any time trend 
regarding this effect.

In addition to temporal trends for RA overall, we also observed 
quite different risk trajectories for seropositive and seronegative 
RA, with a slower and less pronounced development of excess 
mortality for the latter. An increased risk in seropositive RA 
was observed already after 5 years (or earlier) of disease, but an 
excess risk was noted also among the patients with seronegative 
RA, although later in the disease course. Indeed, seropositivity 
has been associated with a worse prognosis of the RA disease, 
with a higher disease activity over time.19 Of note is also our 
finding of no excess mortality, in any time window, among 
patients with low disease activity at diagnosis. These findings 
extend those from the studies by Humphreys et al and Radovits 
et al in which seropositivity and higher disease activity, respec-
tively, were predictors of worse survival.6 8

Our study has several limitations. Inherent in all studies on 
time trends is that, for example, 5 and 10-year risks can only 
be calculated among individuals who were diagnosed 5 and 10, 
respectively, years ago. Therefore, we could not address other 
than shorter term risks for the most recently diagnosed patients. 
It is possible that the treatment paradigms established in recent 
years, and so clearly visible in the descriptive characteristics of 
our study cohort, will have a more demonstrable impact with 
longer disease durations. We set out to assess trends in mortality 
rather than to attribute any such to different causes. To perform 
any analyses of predictors of mortality therefore fell outside 
the aim of this study; we had limited access to data on lifestyle 
factors and did not include or accommodate data on comorbid-
ities or other clinical phenotypes than seropositivity and disease 
activity at diagnosis.

Our study also has several strengths. Data on vital status for 
patients and referents could be linked from public mandatory 

registers with close to full coverage. The cohort was sufficiently 
large to enable analyses of subgroups as defined by age, gender, 
follow-up, calendar time and RA characteristics. Misclassifica-
tion of prevalent RA as new-onset RA, which would introduce 
lead time bias in any ‘inception cohort’ study, is low in SRQ 
and thus unlikely to have influenced our results. The large, 
nationwide RA inception cohort including patients from small 
and large, public and private rheumatology units ensured a good 
generalisability.

In conclusion, despite a decreasing absolute mortality rate, the 
excess risk of mortality in RA compared with the general popu-
lation remains, at least as far as this can currently be studied. 
To close this gap, increased efforts to prevent disease progres-
sion and comorbidity, from disease onset throughout the disease 
course, are needed.
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ExtEndEd rEport

Effect of bisphosphonates on knee 
replacement surgery
tuhina neogi, Shanshan Li, Christine peloquin, devyani Misra, Yuqing Zhang

AbstrACt
Purpose Bone remodelling as a therapeutic target in 
knee osteoarthritis (oA) has gained much interest, but 
the effects of antiresorptive agents on knee oA have 
been conflicting, with no studies to date examining the 
effects of bisphosphonate use on the clinically relevant 
endpoint of knee replacement (Kr) surgery.
Methods We used data from the Health Improvement 
network (tHIn), a general practitioner electronic 
medical records representative of the general UK 
population. We identified older women who had 
initiated bisphosphonate use after their incident knee oA 
diagnosis. Each bisphosphonate initiator was propensity 
score-matched with a non-initiator within each 1-year 
cohort accrual block. the effect of bisphosphonates 
on the risk of Kr was assessed using Cox proportional 
hazard regression. Sensitivity analyses to address residual 
confounding were also conducted.
results We identified 2006 bisphosphonate initiators, 
who were matched to 2006 non-initiators(mean age 
76, mean body mass index 27), with mean follow-up 
time of 3 years. the crude incidence rate of Kr was 22.0 
per 1000 person-years among the initiators, and 29.1 
among the non-initiators. Bisphosphonate initiators 
had 26% lower risk of Kr than non-initiators(Hr 0.74, 
95% CI 0.59 to 0.93); these results were similar when 
additionally adjusted for potential confounders in the 
propensity score (Hr 0.76, 95% CI 0.60 to 0.95). results 
of sensitivity analyses supported this protective effect.
Conclusions In this population-based cohort of older 
women with incident knee oA, those with incident 
bisphosphonate users had lower risk of Kr than non-
users of bisphosphonates, suggesting a potential 
beneficial effect of bisphosphonates on knee oA.

IntroduCtIon
Knee osteoarthritis (OA) is a leading cause of 
disability,1–4 with no approved agents proven to 
alter the disease course. Joint replacement surgery 
remains the only definitive for end-stage disease, 
with knee OA accounting for 97% of all knee 
replacement (KR) surgeries, the numbers and costs 
of which are rising each year.5 Thus, there is an 
urgent need for new effective treatment options for 
knee OA.

Bone plays an important role in OA pathophys-
iology and is considered an important treatment 
target. Since mechanical factors play a central role 
in OA development,6–8 and bone adapts readily to 
mechanical stresses,9 it is essential to understand 
the long-term effects of modulating bone remodel-
ling via antiresorptive agents on the course of OA. 
Trials of antiresorptive agents have had conflicting 

results.10–15 For bisphosphonates, trials have 
focused primarily on medium-term and short-term 
structural endpoints, such as joint-space width on 
radiograph and bone marrow lesions on MRI, with 
the majority not finding a protective effect.10–12 14 
Observational studies have also focused primarily 
on structural changes, but their interpretation is 
limited by potential confounding and selection 
bias.16 17 Additionally, efficacy of bisphosphonates 
in an animal model of OA suggests that it varies 
based on stage of disease at which it is initiated.18

While bisphosphonates may have beneficial artic-
ular cartilage effects, there are theoretical concerns 
about their long-term effects related to decreasing 
bone turnover. Because of its high bone turnover 
state, OA bone may be relatively hypomineralised 
and weaker, and thus more easily deformed,19 20 
but may also have increased stiffness overall due to 
increased subchondral bone thickness and volume.21 
Whether bisphosphonates could increase stiffness 
and interfere with bone adaptation to mechanical 
stresses, which could be detrimental in OA in the 
long term, requires clarification before further 
pursuit of this as an OA treatment.

The most clinically relevant long-term sequela of 
knee OA is end-stage disease leading to joint replace-
ment surgery. If bisphosphonates could reduce the 
risk of KR, it would suggest that these agents have a 
beneficial effect on the disease process, and in turn, 
can prevent or delay a costly surgical intervention. 
On the other hand, if long-term bisphosphonate use 
has a negative impact on bone’s mechanical proper-
ties, then this class of drugs should not be pursued 
for further development for OA management. We 
therefore evaluated the relation of bisphosphonate 
use to KR surgery.

Methods
study sample
The Health Improvement Network (THIN) is a 
UK general practitioner (GP) electronic database 
that has anonymised health data on >12 million 
patients.22 The information available in THIN is 
collected by GPs as part of routine patient care, 
which is deidentified and integrated into a central 
database for research purposes. THIN contains 
information on demographic factors, referrals, 
hospitalisations, laboratory test results and prescrip-
tions ordered by GPs, including the dose, strength 
and formulation of medication. Diagnoses and test 
procedures are recorded with read codes. Prescrip-
tions written by GPs are recorded automatically in 
the database as drug codes, with the use of a coded 
drug dictionary (Multilex). Quality is checked 
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regularly and the information from this database has been found 
to be representative of the UK population.22

Eligible subjects of the current study consisted of women aged 
50–89 years during 2003 to 2012 who were enrolled in THIN 
for at least 1 year without a diagnosis of knee OA prior to inclu-
sion in the study sample. They were also required to have at least 
one GP visit or prescription during the year prior to their knee 
OA diagnosis.

We excluded subjects who were on bisphosphonates prior to 
their knee OA diagnosis, on non-bisphosphonate antiresorptive 
agents or on bisphosphonates that are prescribed only for Paget’s 
disease or metastatic disease in the UK (clodronate, tiludronate); 
those with a KR prior to a knee OA diagnosis; and those with 
rheumatoid arthritis. We also excluded subjects deemed unlikely 
to be a candidate for KR surgery, including subjects with body 
mass index (BMI) >40 kg/m2, history of joint infection, high-risk 
cancer (pancreatic, oesophageal, gastric or metastatic cancer) or 
comorbidities with poor prognosis (end-stage renal disease on 
dialysis and severe pulmonary disease requiring supplemental 
oxygen). In our main analyses, we also excluded individuals with 
incomplete covariate data for BMI, alcohol and smoking status, 
with sensitivity analyses conducted in which we used multiple 
imputation to enable inclusion of such subjects.

study design
We conducted a sequential (ie, time-stratified) propensity score-
matched cohort study to examine the relation of bisphospho-
nate initiation to the risk of KR among older women with 
incident knee OA. We divided the study period (1 January 
2003–31 December 2012) into ten 1-year cohort accrual 
blocks. We propensity score-matched each bisphosphonate initi-
ator with a non-initiator within each cohort accrual block using 
a greedy-matching algorithm.23 The propensity score for initi-
ating bisphosphonates was computed using logistic regression 
within each cohort accrual block. For bisphosphonate initiators, 
the date of the first bisphosphonate prescription was consid-
ered the index date. Non-initiators were assigned an index date 
randomly within the cohort accrual block. The covariate assess-
ment period for the propensity score modelling was prior to the 
index date. Variables included in the propensity score model 
were: sociodemographic factors (age, sex, BMI, smoking status, 
alcohol use and socioeconomic status), knee OA characteristics 
(duration and analgesic use), potential indications for bisphos-
phonate (osteoporosis, osteopaenia and fractures (hip, wrist, 
vertebral, fragility and multiple fractures over time)), bone 
mineral density assessment, glucocorticoid use, falls and fall 
risk, comorbidities (see table 1), healthcare usage (GP visits and 
hospitalisations) and medications (see table 1). Covariate 
balance was assessed with standardised mean differences, all of 
which were <0.1.

Assessment of exposure and outcome
The first bisphosphonate prescription was identified using 
Multilex drug codes in THIN which have been used in prior 
studies.24 25 We focused on the bisphosphonates approved for 
use in osteoporosis in the UK, which include etidronate–calci-
tonin combination therapy, ibandronate, pamidronate, risedro-
nate and zolendronate.

KR was identified using read codes. A similar approach has 
been used to validly identify joint arthroplasties in other studies 
using in THIN26 27 and Clinical Practice Research Database,28–30 
which has substantial overlap with THIN.31–33

statistical analysis
Subjects were followed from the index date until KR, death, loss-
to-follow-up (e.g., transfer out of GP practice), age >90 years, 
last date of data collection by GP or end of study (31 December 
2013). To examine the relation of incident bisphosphonate use to 
KR surgery, we conducted Cox proportional hazards regression 
using age as the time scale with an intention-to-treat approach, 
additionally adjusting for the covariates used in the propensity 
score model.

To explore the possibility of residual confounding, we 
performed additional sensitivity analyses. In the first, we re-ran 
the above analyses without including BMI in the propensity score 
to determine indirectly how much of an influence BMI has on 
the effect estimate. We also did not include alcohol or smoking 
so that our model was not limited to those with complete data. 
We also performed multiple imputation by imputing missing 
BMI, alcohol and smoking data in five blocked datasets that 
were each used to create propensity score-matched datasets 
that were analysed separately with a summary effect estimate 
calculated. Second, we conducted age-matched, BMI-matched 
and OA duration-matched analyses, in which bisphosphonate 
initiators were matched 1:4 with non-initiators, adjusting for all 
other potential confounders used in the propensity score model. 
Third, this latter analysis was repeated using active comparator 
drugs as the referent group: (1) oestrogen initiators; (2) initiation 
of any other bone-modulating agent (eg, strontium, calcitonin, 
raloxifene, teriparatide and oestrogen). Fourth, to account for 
potential selection bias due to death or loss to follow-up (eg, 
individuals transferring out of their GP practice or other issue), 
we applied inverse probability weighting.34 35 To account for 
competing risk of death, we implemented the Fine and Grey 
approach.36 Finally, to assess the influence of unmeasured and 
residual confounding factors, such as bone mineral density, we 
performed a sensitivity analysis using an array approach, which 
is helpful for exploring the effect of residual confounding over a 
wide range of parameter values and effects, and to examine the 
extent of confounding necessary to fully explain the observed 
effect estimate.37

All statistical analyses were performed using SAS V.9.3 (SAS 
Institute, Cary, North Carolina, USA).

results
From among 27 295 subjects who met our inclusion and exclu-
sion criteria, we identified 2225 bisphosphonate initiators. From 
these, 2006 bisphosphonate initiators were propensity-score 
matched to the same number of non-initiators. Eighty-four 
per cent of the bisphosphonate initiators were prescribed alen-
dronate; the remaining were risedronate (13%), ibandronate 
(2%) and etidronate–calcitonin combination therapy (1%). 
The mean age of the cohort was 76, and the mean BMI was  
27.3 kg/m2. Overall, covariate data were well-balanced among 
the initiators and non-initiators (table 1). Approximately 60% 
of the initiators and the non-initiators appeared to have an indi-
cation for bisphosphonate use prior to the index date; however, 
this proportion increased to 82% among the initiators, and 
remained fairly steady among the non-initiators (63%) over the 
follow-up period.

The mean follow-up time for subjects was approximately 3 
years for both groups (table 2). During the follow-up period, 
208 KR surgeries were performed overall, with 138 in bisphos-
phonate initiators and 170 in the non-initiators. The mortality 
rate was similar in both groups (39.7 and 38.2 per 1000 person-
years in the initiators and non-initiators, respectively). The crude 
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incidence rate of KR was 22.0 per 1000 person-years among 
the bisphosphonate initiators and 29.1 per 1000 person-years 
among the comparator group, with a crude incidence rate ratio 
of 0.75 (95% CI 0.60 to 0.94) (table 2). The HR for KR related 
to bisphosphonate initiation was 0.74 (95% CI 0.59 to 0.93), 
and results did not change materially when additionally adjusted 
for the potential confounders used in the propensity score 
(adjusted HR 0.76 (95% CI 0.60 to 0.95)).

Because approximately 15% of subjects had missing values 
for either BMI, smoking and/or alcohol, we performed a sensi-
tivity analysis in which we created the propensity score without 
including these variables. In this analysis, with 2379 initiators 
of bisphosphonates and the same number of propensity score-
matched non-initiators, the adjusted HR was similar to the main 
result (0.79, 95% CI 0.64 to 0.98). In analyses using multiple 
imputation, the adjusted HR was also similar to the main result 
(0.72, 95% CI 0.59 to 0.89). We also conducted a sensitivity anal-
ysis in which we matched each bisphosphonate initiator to four 
non-initiators by age (within 2 years), BMI (±0.5 kg/m2) and OA 
duration (within 2 years). The adjusted HR from this matched 
cohort study was 0.35 (95% CI 0.26 to 0.47). To further address 
confounding by indication, we compared bisphosphonate initi-
ation to that of an active comparator drug (oestrogen and any 
bone-modulating agent, respectively), matched on age, BMI and 
OA duration, and obtained results similar to our main results 
(adjusted HR 0.75 (95% CI 0.30 to 1.87). The smaller sample 
sizes and lower number of KR outcomes precluded precise esti-
mation of these effects.

When we accounted for censoring due to loss to follow-up or 
death with inverse probability weighting, the results remained 
similar to the main results (HR 0.75, 95% CI: 0.59 to 0.94). The 
competing risk of death analysis also provided similar results 

table 1 Baseline participant characteristics in the propensity score-
matched cohort

bisphosphonate 
initiators (n=2006)

non-initiators
(n=2006)

sociodemographics

Age (mean±SD) 76.0±8.2 76.4±8.6

BMI (mean±SD) 27.3±4.5 27.3±4.5

Townsend Deprivation Index (n (%))

    Quintile 1 (lowest) 469 (23.4%) 477 (23.8%)

    Quintile 2 450 (22.4%) 426 (21.2%)

    Quintile 3 473 (23.6%) 496 (24.7%)

    Quintile 4 371 (18.5%) 352 (17.5%)

    Quintile 5 (highest) 243 (12.1%) 255 (12.7%)

Alcohol use (n (%))

    Current drinker 1315 (65.6%) 1333 (66.5%)

    Ex-drinker 71 (3.5%) 74 (3.7%)

    Non-drinker 620 (30.9%) 599 (29.9%)

Smoking (n (%))

    Current smoker 187 (9.3%) 166 (8.3%)

    Ex-smoker 550 (27.4%) 516 (25.7%)

    Non-smoker 1269 (63.3%) 1324 (66.0%)

Knee OA duration (mean±SD) 4.4±3.5 4.4±3.5

Comorbidities (n (%))

Atrial fibrillation 182 (9.1%) 197 (9.8%)

Cancer 328 (16.4%) 334 (16.7%)

Cellulitis 422 (21.0%) 422 (21.0%)

COPD 168 (8.4%) 159 (7.9%)

Dementia/cognitive Impairment 41 (2.0%) 41 (2.0%)

Depression 637 (31.8%) 643 (32.1%)

Diabetes 286 (14.3%) 280 (14.0%)

Fall/risk of falls 732 (36.5%) 733 (36.5%)

Fragility fracture 346 (17.2%) 317 (15.8%)

Hip fracture 209 (10.4%) 169 (8.4%)

Hypertension 1204 (60.0%) 1231 (61.4%)

Hyperlipidaemia 460 (22.9%) 468 (23.3%)

Inflammatory arthritis 93 (4.6%) 98 (4.9%)

Ischaemic heart disease

    None 1668 (83.2%) 1669 (83.2%)

    Angina 209 (10.4%) 216 (10.8%)

    Myocardial infarction 76 (3.8%) 76 (3.8%)

    Postsurgery for coronary artery 
disease 53 (2.6%) 45 (2.2%)

Liver disease 53 (2.6%) 46 (2.3%)

Osteoporosis/osteopaenia 689 (34.3%) 670 (33.4%)

Peptic ulcer 306 (15.3%) 312 (15.6%)

Pneumonia/influenza 190 (9.5%) 179 (8.9%)

Renal disease 418 (20.8%) 419 (20.9%)

Seizure disorder 47 (2.3%) 59 (2.9%)

Stroke 100 (5.0%) 100 (5.0%)

Venous thromboembolism 121 (6.0%) 120 (6.0%)

Wrist fracture 369 (18.4%) 376 (18.7%)

Investigations, healthcare use:

BMD measured (n (%)) 515 (25.7%) 524 (26.1%)

Albumin level (mg/dL) 4.1±0.4 4.1±0.4

GP visits (n (%)) 9±8 9±9

Hospitalisations(n (%)) 1±1 1±2

relevant medication use (n (%))

Paracetamol 978 (48.8%) 982 (49.0%)

NSAIDs 741 (36.9%) 751 (37.4%)

Continued

bisphosphonate 
initiators (n=2006)

non-initiators
(n=2006)

Opioids 1176 (58.6%) 1190 (59.3%)

Antihypertensive medications 1367 (68.1%) 1397 (69.6%)

Lipid-lowering drugs 775 (38.6%) 739 (36.8%)

Oral diabetics 168 (8.4%) 165 (8.2%)

Insulin 46 (2.3%) 50 (2.5%)

Glucocorticoids inhaled 347 (17.3%) 372 (18.5%)

Glucocorticoids oral 524 (26.1%) 545 (27.2%)

Oestrogen 127 (6.3%) 120 (6.0%)

Antiseizure medications 120 (6.0%) 133 (6.6%)

BMD, bone mineral density; BMI, body mass index; COPD, chronic obstructive 
pulmonary disease; GP, general practitioner; NSAIDs, non-steroidal anti-
inflammatory drug; OA, osteoarthritis.

table 1 Continued 

table 2 Relation of incident bisphosphonate use to KR surgery

bisphosphonate 
initiators (n=2006)

non-initiators
(n=2006)

Kr (n) 138 170

total follow-up time (person-
years)

6283 5835

Mean follow-up time (years) 3.13 2.91

Incidence rate of Kr/1000 
person-years

21.96 29.13

Crude incidence rate ratio 0.75 (95% CI 0.60 to 0.94.)

HR 0.74 (95% CI 0.59 to 0.93)

KR, knee replacement.
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(HR 0.76, 95% CI 0.61 to 0.86). Finally, in a sensitivity analysis 
to examine the potential effect of residual confounding on our 
results, we found that in order for an unmeasured confounder 
to nullify the observed HR, that confounder would need to be 
associated with a fivefold difference in risk of the outcome (KR) 
and have a 30% difference in prevalence among bisphosphonate 
initiators versus non-initiators. Such a scenario would be highly 
unlikely (figure 1).

dIsCussIon
In this large cohort of older women with incident knee OA 
derived from the general population, we found that bisphos-
phonate initiation was associated with a ~25% lower risk of 
KR surgery than those who did not initiate bisphosphonates. 
Our findings were consistent across several sensitivity analyses 
that were performed to address potential residual confounding, 
missing data and selection bias, suggesting that it is unlikely for 
unaddressed biases to result in bisphosphonate initiation to have 
a detrimental effect.

Trials of bisphosphonates in knee OA have not been able to 
examine the risk of KR surgery due to the longer duration of 
follow-up required to examine this clinically relevant endpoint. 
Interestingly, though the clinical scenario and mechanisms are 
distinct from that of OA, bisphosphonates have been demon-
strated to reduce the risk of revision surgery after joint replace-
ment, potentially through antiresorptive effects minimising 
periprosthetic bone loss and osteolysis.30 Nonetheless, while there 
are potentially beneficial effects of bisphosphonates and other 
bone-modulating agents on bone and cartilage,38 study results in 
OA have been conflicting to date. We previously demonstrated 
in a spinal OA trial that alendronate reduced spinal osteophyte 
and disc space narrowing progression,39 and an observational 
study also noted less bone pathology on knee imaging by MRI 
(bone marrow lesions and subchondral bone attrition) and knee 

pain.16 A trial of risedronate with 1-year follow-up suggested 
symptom benefits, and minimal non-significant structure bene-
fits based on joint-space width on radiograph.10 However, a 
subsequent larger trial with 2-year follow-up failed to demon-
strate any symptom or structure (joint-space width) benefits,11 
and a small subset (<5%) of this trial that had MRIs demon-
strated no difference in bone marrow lesions between treatment 
and placebo.12 Analysis of prevalent bisphosphonate users in the 
Osteoarthritis Initiative (OAI) cohort demonstrated no signifi-
cant difference in joint-space width versus non-users17; this may 
be partly related to the prevalent drug user study design used 
and analytic approach.40 More recently, a trial evaluating intra-
venous zoledronic acid demonstrated significant differences in 
bone marrow lesion volume and pain between treatment and 
placebo arms at 6 months, but not at the 12-month follow-up.14 
Taken together, these studies have raised questions about 
whether potential benefits are being missed by use of relatively 
insensitive radiographs. Additionally, another concern is whether 
there are potential adverse longer term effects of bisphospho-
nates on OA pathology, such as may arise from inhibiting bone 
turnover, which may in turn lead to increased bone stiffness due 
to increased mineralisation and subsequent theoretical adverse 
biomechanical consequences.

Our findings indicate that bisphosphonates do not appear to 
have long-term adverse effects on the course of knee OA, and 
may in fact reduce the risk of KR surgery, suggesting that the 
clinical course may be less severe and/or have a slower rate of 
progression. In the OAI, bisphosphonate use was associated with 
a slower trajectory of joint-space width loss and of MRI-based 
three-dimensional bone shape change, an imaging biomarker 
predictive of OA onset.41 42 Thus, there does not appear to be a 
reason for bisphosphonates to be avoided in those with knee OA, 
and in fact, their use may be beneficial, supporting the ongoing 
investigation of bone modulation as an OA therapeutic target.

Potential limitations of this study deserve comment. Because 
THIN does not have bone density results, there is a concern for 
residual confounding by indication since individuals with lower 
bone mineral density are more likely to be on a bisphosphonate 
and are also more likely to have a lower BMI. We attempted 
to address this by including factors in the propensity score that 
are likely reflective of bone mineral density and risk of osteo-
porosis. The diagnostic code for osteoporosis and osteopaenia 
were not as frequently recorded as one would expect for indi-
viduals on bisphosphonates, likely reflecting the fact that GPs 
do not always record the condition for which bisphosphonates 
are being prescribed. In a manual review of patient profiles, we 
noted that all patients on bisphosphonates without an osteopo-
rosis code (including those who had an osteopaenia code) were 
universally on full-strength doses of a bisphosphonate, usually 
with  ≥1 bone  mineral  density  test  and/or  ≥1 fracture  suspi-
cious for an osteoporotic fracture. Further, the code for oste-
oporosis and/or osteopaenia often occurred well after initial 
bisphosphonate prescription. Additionally, existing published 
literature provides some reassurance that bone mineral density 
status is unlikely to importantly affect our study results. Low 
systemic bone mineral density has either been associated with 
increased risk of knee OA progression or no increased risk.43–46 
Based on such data, one would expect bisphosphonate initiators, 
who presumably may have lower bone mineral density, to have 
potentially either no or increased risk of knee OA progression. 
In contrast, we found that bisphosphonate initiators experienced 
a protective effect even while accounting for BMI. Additionally, 
vitamin D, which is commonly taken as over-the-counter medi-
cation without prescription, particularly in multivitamins, is 

Figure 1 A sensitivity analysis illustrates that it would be under 
only a very extreme scenario that the observed HR of 0.76 would 
be wholly due to unmeasured and residual confounding. The curved 
surface represents the ‘true’ risk ratio, assuming an ARR of 1.0, and 
‘true’ prevalence of the unmeasured confounder in the unexposed 
(non-initiator) group (PC0) of 0.5. PC1 refers to the prevalence of the 
unmeasured confounder in the exposed (initiator) group, and is varied 
from 0.1 to 1.0 on the x-axis. RRCD represents the relative risk of the 
association between the confounder and disease/outcome (KR), such 
that the ‘back wall’ of the figure represents no association between the 
confounder and outcome. If the prevalence of the confounder differs by 
30% in the two groups, and the relation between the confounder and 
outcome has a fivefold differential effect compared with the exposure–
outcome relationship, then the observed effect could be nullified, which 
is highly implausible. ARR, apparent relative risk; KR, knee replacement.
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not reliably recorded within THIN in a standardised fashion, 
and was low but well balanced between the two groups in our 
study sample. Nonetheless, their use is unlikely to importantly 
confound our results given the lack of association of vitamin 
D with knee OA in two recent rigorously conducted clinical 
trials.47 48 Though effects on KR cannot be determined from 
these trials, some studies have suggested that joint-space width 
may be predictive of KR surgery.

We also examined the relation of incident bisphosphonate 
use to hip fracture to determine whether we could replicate 
the findings from existing published data; such a replication 
would suggest that the propensity score model likely adequately 
captured most important confounders. In this analysis, we found 
the HR to be similar to the effect noted for clinical fractures in 
the Fracture Intervention Trial.49 Finally, we performed a sensi-
tivity analysis to address the degree of unmeasured confounding 
that would have to be present to nullify our results. For bone 
mineral density and/or vitamin D to result in a fivefold alter-
ation in the risk of KR while also having a prevalence differen-
tial of 30% between the two groups is highly unlikely. Thus, at 
minimum, it appears that bisphosphonates do not have a detri-
mental effect and may indeed have a potential beneficial effect.

Secular trends precluded robust active user comparator anal-
yses, particularly as many women initiated oestrogens prior to 
knee OA diagnosis. Further, these results are primarily of rele-
vance to older women; whether there should be different biolog-
ical effects in middle-aged women or in men is not clear, but 
cannot be extrapolated from this study.

Our approach to addressing this clinically important question 
also illustrates a number of methodological strengths. We used 
a new user design to avoid selection bias related to the study 
of prevalent users of bisphosphonates.41 We addressed poten-
tial secular trends in bisphosphonate use and KR surgery by 
matching using a time-stratified approach in which the exposed 
(bisphosphonate initiators) and unexposed (non-initiators) were 
matched within the same calendar year. We addressed residual 
confounding in sensitivity analyses focusing on BMI and OA 
duration, important risk factors for KR, which did not alter 
the interpretation of our findings. Our approach to minimising 
potential confounding by indication was twofold: propensity 
score-matched cohort approach and use of an active comparator 
design. We also have reassurance that a competing risk of death 
did not adversely affect our ability to estimate these effects as 
the mortality rate was similar in both groups, and inverse prob-
ability weighting to account for death and loss to follow-up did 
not alter the main findings. Finally, we examined the potential 
effect of unmeasured residual confounding and found our results 
to be robust and unlikely to be plausibly nullified by important 
unmeasured (or unaccounted for) confounding.

In summary, bisphosphonate use in older women with inci-
dent knee OA did not have a detrimental effect on risk of KR 
and appears to have a potential beneficial effect. These findings, 
taken together with other studies’ findings, support the ongoing 
evaluation of bone modulation as a potentially promising thera-
peutic target for knee OA.
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Metabolic and cardiovascular benefits of 
hydroxychloroquine in patients with rheumatoid 
arthritis: a systematic review and meta-analysis
Claire rempenault,1 Bernard Combe,1 thomas Barnetche,2 Cécile Gaujoux-Viala,3 
Cédric Lukas,1 Jacques Morel,1 Charlotte Hua1

ABSTRACT
Objective Cardiovascular disease (CVd) is the leading 
cause of mortality in patients with rheumatoid arthritis 
(rA). Hydroxychloroquine (HCQ) has been shown to 
improve survival rates in other inflammatory diseases. 
We aimed to assess the available literature on the 
cardiovascular impact of HCQ in patients with rA.
Methods We systematically searched for studies 
evaluating the effects of HCQ on cardiovascular 
outcomes of known risk factors for CVd in patients 
with rA. databases searched were MEdLInE (via 
pubMed), EMBase, Cochrane Library and the American 
College of rheumatology and European League Against 
rheumatism annual meetings. A meta-analysis was 
performed with a random-effects model, estimating 
mean differences (Mds), Hrs and 95% CIs. data were 
extracted by one investigator and independently checked 
by another.
Results the literature search revealed 185 articles and 
abstracts of interest; further examination resulted in 16 
studies fulfilling the criteria. the Mds between HCQ users 
and non-users in levels of total, low-density and high-
density cholesterol and triglycerides were −9.8 (95% 
CI −14.0 to −5.6), −10.6 (95% CI −14.2 to −7.0), 
+4.1 (95% CI 2.2 to 6.0) and −19.2 (95% CI −27.2 to 
−11.1), respectively. diabetes incidence was lower for 
HCQ ever users than never users (Hr 0.59 (95% CI 0.49 
to 0.70)). HCQ seemed to decrease insulin resistance 
and incidence of CVd, but data were too few for meta-
analysis.
Conclusion Besides its limited efficacy for disease 
activity and progression, HCQ may benefit the metabolic 
profile and to a lesser extent cardiovascular events 
in patients with rA, which suggests its usefulness 
combined with other conventional synthetic disease-
modifying antirheumatic drugs.

InTROduCTIOn
Mortality is increased in patients with rheumatoid 
arthritis (RA) as compared with the general popu-
lation,1 and cardiovascular diseases (CVDs) are the 
main cause of the mortality. A meta-analysis of 24 
studies of mortality in patients with RA showed a 
50% increased risk of CVD death due to the disease 
itself and its treatments.2 Recommendations for RA 
management include screening, identification of 
CVD risk factors and CVD risk management.3 

Antimalarial agents have been prescribed for 
many years,4 and their potential uses are still being 
explored. Chloroquine and hydroxychloroquine 

(HCQ) are weak basic 4-aminoquinoline compounds; 
because of reduced toxicity, HCQ is preferred over 
chloroquine in rheumatology practice.5 The drug 
has been found to improve survival rates in some 
other inflammatory diseases, notably systemic lupus 
erythematosus.6–8 The mechanism of action of 
HCQ is thought to be related to interference with 
lysosomal activity, inhibition of antigen presenta-
tion and toll-like receptor signalling.9

On the basis of the mechanism of action of 
HCQ, experimental data suggest that it could have 
a protective effect on CVD. Indeed, its effects on 
lysosomes appear to reduce insulin degradation10 
and impede cholesterol synthesis.11 HCQ also 
increases levels of low-density lipoprotein (LDL) 
receptors in the liver, which in turn increases the 
catabolism of plasma LDL and lowers the plasma 
concentration of cholesterol.12 Finally, in vitro 
and animal studies indicated that the antimalarial 
improves insulin secretion and peripheral insulin 
sensitivity.10 13

Some clinical data corroborate these findings. 
Hypoglycaemia is a known side effect of HCQ.14 15 
Several randomised trials of patients with poorly 
controlled diabetes mellitus have suggested that 
HCQ may significantly reduce levels of glycated 
haemoglobin A1c (HbA1c).16 17 A crossover study 
found that 6 weeks of HCQ improved insulin 
sensitivity among obese patients with insulin resis-
tance.18 Moreover, HCQ can be a prophylactic 
agent against some of the major morbidities of 
systemic lupus erythematosus, namely, hyperlipi-
daemia, diabetes mellitus and thrombosis.19

HCQ has been used for treating RA for several 
decades, but its overall effect appears to be 
moderate,20 and since the emergence of more 
efficient conventional synthetic disease-modi-
fying antirheumatic drugs (csDMARDs), such as 
methotrexate (MTX), HCQ is not recommended 
as a single disease-modifying antirheumatic 
drug (DMARD) for patients with RA. However, 
HCQ is sometimes used in association due to 
some data suggesting that it might potentiate the 
effects of MTX.21 22 Nevertheless, since the meta-
bolic effects of HCQ could be of interest in RA 
management, we performed a systematic review 
and meta-analysis of the current literature to assess 
the impact of HCQ on the metabolic profile and 
CVDs of people with RA.
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MATeRIAlS And MeTHOdS
literature search
This systematic review with meta-analysis was based on the 
guidelines of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis statement (see online supplemen-
tary table S1).23 We systematically reviewed articles written in 
English or in French for studies evaluating the metabolic or 
cardiovascular impact of HCQ that were published up to March 
2016 in MEDLINE (via PubMed), EMBase, Cochrane Library 
and databases for the American College of Rheumatology (ACR) 
and European League Against Rheumatism (EULAR) annual 
meetings since 2013. Keywords were ‘rheumatoid arthritis’, 
‘plaquenil’, ‘hydroxychloroquine’ and ‘antimalarial’, with no 
limit on date of publication. In addition, the reference lists of 
articles detected were manually searched to identify additional 
relevant articles. The trials were selected on the basis of their 
titles and abstracts and then on their full text; duplicates were 
removed.

Study selection
The population of interest was all patients with RA regardless 
of disease activity and duration or age. We included studies 
comparing HCQ users and non-users for the known modifi-
able factors of CVD (lipid levels, blood pressure, insulin resis-
tance, HbA1c level, diabetes mellitus, metabolic syndrome) and 
comparing HCQ ever users and never users for incidence of 
CVD according to the WHO definition (ie, a group of disorders 
of the heart and blood vessels including coronary heart disease, 
cerebrovascular disease, peripheral arterial disease, rheumatic 
heart disease, congenital heart disease, deep vein thrombosis and 
pulmonary embolism). Based on this definition and due to the 
lack of data, CVD procedures (such as percutaneous coronary 
intervention or heart surgery) were not included as cardiovas-
cular events. Observational studies and randomised controlled 

trials (RCTs) but not case reports were eligible. Selection criteria 
are shown in online supplementary table S2.

data extraction and quality assessment
Two investigators (CR and CH), using a predetermined form, 
collected data on the study design, sample size, treatments 
received, patient and control group characteristics (age, sex, 
disease duration, biologic agent, prednisone use and dose, expo-
sure time to HCQ and HCQ dose), definition of the outcome 
measures, timing and unit of measurements, presence of known 
cardiovascular risk factors (smoking status, body mass index), 
presence of an established CVD, exposure to statins and statis-
tical analyses performed. Disagreements were resolved by 
consensus. The quality of studies suitable for meta-analysis was 
evaluated. We used the Jadad score for RCTs, (see online supple-
mentary table S3) and a score of eight items pre-established and 
based on the Newcastle-Ottawa scale for cohort studies (see 
online supplementary table S4).

data synthesis and analysis
A meta-analysis was performed for three factors: lipid profiles 
between HCQ users and non-users, change in lipid profiles 
after HCQ initiation and incidence of type 2 diabetes mellitus 
(T2DM) by HCQ exposure. The analysis was not adjusted for 
statin use because these data were available in only one of the 
included studies. Due to heterogeneity in the results presen-
tation and in the statistical tests performed, meta-analysis 
was not feasible for three variables: insulin resistance, HbA1c 
level and CVD incidence. Among included studies, homoeo-
static model assessment for insulin resistance (HOMA-IR) was 
used as a surrogate measure of insulin resistance. HOMA-IR 
was calculated as fasting glucose (mmol/L)×fasting insulin 
(µU/mL)/22.5 or fasting glucose (mg/dL)×fasting insulin 
(µU/mL)/405. High HOMA-IR values were associated with 

Figure 1 Flow chart of the systematic literature review with meta-analysis. ACR, Annual College of Rheumatology; EULAR, European League Against 
Rheumatism.
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insulin resistance. In some studies, pancreatic β-cell function 
was also evaluated by measure of homoeostatic model assess-
ment of β-cell function (HOMA-B). HOMA-B was defined as 
20×fasting insulin (µU/mL)/(fasting glucose (mmol/L)–3.5) or 
360×fasting insulin (µU/mL)/(fasting glucose (mg/dL)–63).24 
Low HOMA-B values were associated with β-cell dysfunc-
tion. Pooled mean differences (MDs) and pooled HRs, with 
95% CIs, were estimated by the meta-analysis, using the 
generic inverse-variance approach, and are shown by forest 

plots for each outcome studied. Estimates and their SEs could 
be entered directly. Statistical heterogeneity of studies was 
assessed by the χ2 Cochran’s Q test, at p<0.05, and the I² 
statistic, with high values indicating high heterogeneity. All 
meta-analyses involved a random-effects model, in case of 
significant heterogeneity. RevMan V.5.1.6 was used for statis-
tical analysis. A p value <0.01 was considered statistically 
significant. Publication bias was assessed with funnel plots 
and Egger’s test.

Table 1 Study characteristics and lipid profiles for HCQ users (group 1) and non-users (group 2)

Study Group n

Ongoing treatments (%)
Results (mg/dl)
(mean (Sd) or median (IQR))

MTX
non-
HCQ csdMARds TnFi CS TC ldl Hdl TG

Kerr et al25 Group 1 150 NR 95 21 41 186.1 (31.8) 108.6 (3) 53.0 (10.9) 124.1 (39.3)

Group 2 638 NR 71 25 40 204 (41.8) 119.7 (48.7) 46.7 (15.7) 153.5 (59.9)

Penn et al26 Group 1 31 NR 26 23 47 201 (33) 112 (30) 63.7 (15.6) 116 (94, 142)

Group 2 146 NR 52 33 40 210 (37) 123 (35) 60.5 (14.4) 121 (84, 156)

Restrepo et al27 Group 1 109 NR NR NR NR 181.2 (35.6) 97.5 (29.7) 60.4 (18.4) 115.1 (56.9)

Group 2 836 NR NR NR NR 185.6 (40.4) 106.5 (33.6) 52.7 (16.3) 132.2 (81.2)

Solomon et al32 Group 1 23 70 30 57 9 179.7 (44.3) 101.7 (36.7) 59.4 (18.2) 92.4 (41.7)

Group 2 23 70 30 57 9 189.4 (37.9) 109.9 (33.1) 60.3 (17.8) 91.6 (44.9)

Rho et al28 Group 1 42 NR NR NR NR NR 103.7 (27.8) 50.4 (14.1) 105.5 (50.5)

Group 2 127 NR NR NR NR NR 115.6 (34.7) 45.3 (13.7) 157.7 (202.6)

CS, corticosteroid; csDMARD, conventional synthetic disease-modifying antirheumatic drug; HCQ, hydroxychloroquine; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
MTX, methotrexate; NR, not reported; TC, total cholesterol; TG, triglycerides; TNFi, TNF inhibitors.

Figure 2 Forest plot of mean differences between hydroxychloroquine users and non-users in levels of total cholesterol (A), low-density lipoprotein 
(B), high-density lipoprotein (C) and triglycerides (D). 
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ReSulTS
literature search results and study characteristics
Initially, 8294 potentially relevant articles were screened and 
8281 were excluded. After manually searching reference lists and 
ACR and EULAR annual meeting databases, reports of 16 studies 
were included; 9 were selected for meta-analysis (figure 1). 
Among these nine studies, seven were cohort studies25–31 and 
two were clinical trials.32 33 The methodological quality was 
good for eight studies and poor for one study33 due to lack of 
randomisation and blinding (see online supplementary tables S3 
and S4). No publication bias was  highlighted (see online supple-
mentary figure S1–3).

This systematic review involved 35 213 patients: 12 245 
HCQ users or ever users and 22 968 HCQ non-users or never 
users. Lipid levels analyses were performed on 6536 HCQ users 
and 9760 non-users, diabetes incidence analyses on 4811 ever 
users and 12 074 never users, insulin resistance analyses on 80 
users and 243 non-users, HbA1c analyses on 33 users and 31 

non-users and CVD analyses on 824 ever users and 1029 never 
users. Patient characteristics are shown in online supplemen-
tary table S5. Except for three studies,26 34 35 the information 
on history of an established CVD was often not available and so 
patients both with and without CVD might have been included.

lipid profiles between HCQ users and non-users
Seven studies compared lipid profiles,25–28 32 34 36 namely, levels 
of total cholesterol (TC), LDL cholesterol, HDL cholesterol 
and triglycerides (TG) between HCQ users and non-users. Five 
studies were included for meta-analysis (table 1).25–28 32 Lipid 
profile was better for HCQ users, with pooled MD for TC, 
LDL, HDL and TG of −9.8 mg/dL (95% CI −14.0 to −5.6) 
(−0.25 mmol/L), −10.6 mg/dL (95% CI −14.2 to −7.0) 
(−0.27 mmol/L), +4.1 mg/dL (2.2; 6.0) (+0.10 mmol/L) and 
−19.1 mg/dL (95% CI −27.2 to −11.1) (−0.22 mmol/L), 
respectively (figure 2). The analysis was not adjusted for statin 

Figure 3 Forest plot of change in levels of total cholesterol (A), low-density lipoprotein (B), high-density lipoprotein (C) and triglycerides (D) after 
hydroxychloroquine initiation.

Table 2 Studies characteristics and T2DM incidence among HCQ ever users (group 1) and never users (group 2)

Study Group n
Total person-
years

T2dM incident 
cases

Ongoing treatment (%)

HR (95% CI)
non-HCQ 
csdMARds TnFi CS

Bili et al29 Group 1 333 484 3 48 24 77 0.31 (0.10 to 1.0)

Group 2 794 2041 45 61 30 77

Holmqvist et al30 Group 1 2670 NR NR NR NR NR 0.59 (0.48 to 0.73)

Group 2 8183 NR NR NR NR NR

Wasko et al31 Group 1 1808 10 364 54 64 0 72 0.62 (0.42 to 0.92)

Group 2 3097 19 313 171 49 0 58

CS, corticosteroid; csDMARD, conventional synthetic disease-modifying antirheumatic drug; HCQ, hydroxychloroquine; NR, not reported; T2DM, type 2 diabetes mellitus; TNFi, TNF 
inhibitors. 
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use because these data were available in only one of the included 
studies.

Change in lipid profiles after initiation of HCQ
Two studies that evaluated lipid levels before and after 2 
months32 or 3 months33 of HCQ treatment were included in the 
meta-analysis (see online supplementary table S6). On pooled 
analysis (figure 3), after initiation of HCQ, mean decrease in 
level of TC, LDL and TG was −13.1 mg/dL (95% CI −20.9 to 
−5.3) (−0.34 mmol/L), −12.3 mg/dL (95% CI −20.2 to −4.6) 
(−0.32 mmol/L) and −12.5 mg/dL (95% CI −28.9 to 3.9) 
(−0.14 mmol/L), respectively, and mean increase in HDL level 
was 1.6 mg/dL (95% CI −0.96 to 4.3) (+0.04 mmol/L).

diabetes incidence by HCQ exposure
Three studies that compared diabetes incidence between HCQ 
ever users and never users were included in the meta-analysis 
(table 2).29–31 Diabetes incidence was lower for HCQ ever users 
than never users (pooled HR 0.59 (95% CI 0.49 to 0.70)) 
(figure 4).

Glycosylated haemoglobin level between HCQ users and non-
users
We included only one RCT.37 Change in HbA1c level from 
baseline to 3 months was −0.19±0.13% in HCQ users versus 
−0.08±0.03% in MTX users, without any statistical comparison.

Insulin resistance and β-cell function between HCQ users and 
non-users
Three studies compared HOMA-IR and HOMA-B between HCQ 
users and non-users.26 32 35 Due to variability in the outcomes, 
meta-analysis was not feasible. In the included studies, there 
was no statistically significant difference between the groups 
for both HOMA-IR and HOMA-B. In the two studies assessing 
it,26 32 HOMA-B values were numerically higher in the HCQ 
users group than in the non-users group, which might suggest 
that HCQ could possibly reduce β-cell dysfunction (see online 
supplementary table S7).

CVd according to HCQ exposure
We included three studies comparing CVD prevalence or inci-
dence between HCQ ever users and never users38–40 (see online 
supplementary table S8). In a retrospective study, presented as an 
abstract at the 2014 ACR annual meeting,38 risk of cardiovascular 
morbidity was reduced among patients with RA with HCQ use 
(OR 0.27 (95% CI 0.16 to 0.46)). In a case-control study,39 CVD 
risk was reduced with HCQ treatment (adjusted OR 0.45 (95% 
CI 0.10 to 2.0)). In a recent retrospective study of an incident 
RA cohort,40 HCQ use was associated with reduced incidence of 
CVD (adjusted HR 0.60 (95% CI 0.41 to 0.94), p=0.02) and 
incidence of a composite of coronary artery disease, stroke and 
transient ischaemic attack (adjusted HR 0.67 (95% CI 0.42 to 
1.070), p=0.09).

dISCuSSIOn
To our knowledge, this is the first systematic review with 
meta-analysis of the metabolic and cardiovascular impact of 
HCQ in patients with RA. According to our results, HCQ has 
a positive impact on metabolic and cardiovascular outcomes 
in patients with RA, both by decreasing modifiable factors for 
CVD, namely, lipid profile, diabetes incidence and glycosylated 
haemoglobin level, and by decreasing the incidence of cardio-
vascular events.

Our meta-analysis showed lower levels of TC, LDL and TG 
and higher HDL level for HCQ users than HCQ non-users. 
Our literature search highlighted two other studies consistent 
with these findings but not fulfilling our selection criteria for 
meta-analysis.34 36 The meta-analysis also showed reduced 
diabetes incidence in patients with RA who ever used HCQ. 
This finding was confirmed in a recent publication from Ozen  
et al41 reporting reduced diabetes incidence with HCQ use 
among patients with RA (adjusted HR 0.67 (95% CI 0.57 to 
0.80)).

Our systematic review with meta-analysis has several strengths. 
The studies we included showed high-quality scores (over 70% 
except for one study) and no significant heterogeneity among 
studies included in the meta-analysis. Apart from two anal-
yses (figure 3C,D), all pooled ORs were strongly significant 
and correlated in favour of a positive impact of HCQ on CVD 
risk. However, most of the studies were observational studies, 
for possible indication bias and no certainty of comparability 
of groups. Moreover, HCQ was often combined with other 
csDMARDs, so concluding on the sole impact of HCQ was diffi-
cult. The fact that we were unable to include CVD interventions 
as cardiovascular events is also a limitation of our study due to 
the risk of minimisation of CVD incidence. Indeed, according 
to the European Guidelines on prevention of CVD, all patients 
who underwent a CVD procedure should receive preventive 
medication as secondary prevention and should be considered 
as patients with CVD.42 Finally, our results should be tempered 
by the possibility of confounding bias. Indeed, because of its 
moderate efficacy in RA, HCQ might be more likely prescribed 
to patients with RA with benign disease than to patients with RA 
with severe and erosive disease who are, however, the most at 
risk for CVD. Consequently, the lower cardiovascular risk noted 
for the patients belonging to the ‘HCQ users’ is perhaps linked 
to the characteristics of these patients’ disease and not to the 
HCQ treatment in itself.

However, HCQ might not have a high efficacy in RA treat-
ment,20 but it is a well-tolerated drug. Therefore, according to 
our results, adding HCQ to other DMARDs could have some 
benefit for metabolic and cardiovascular comorbidities in 
patients with RA, without major side effects. Yet, studies of other 
known cardiovascular risk factors (blood pressure, metabolic 
syndrome etc) are lacking, and these results should be confirmed 
by RCTs comparing csDMARDs alone with csDMARDs associ-
ated with HCQ for quantifiable CVD outcomes.

Figure 4 Forest plot of HRs for diabetes incidence among hydroxychloroquine ever users and never users.
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In conclusion, with limited efficacy for RA disease activity, 
HCQ may benefit lipid profiles and diabetes incidence and, to 
a lesser extent, cardiovascular events and insulin resistance in 
patients with RA. Adding HCQ, a safe and inexpensive treat-
ment, to other csDMARDs may comprise a useful adjunct in the 
prevention of metabolic and cardiovascular events for patients 
with RA.
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ExtEndEd rEport

Lupus low disease activity state is associated with 
a decrease in damage progression in Caucasian 
patients with SLE, but overlaps with remission
Margherita Zen, Luca Iaccarino, Mariele Gatto, Francesca Saccon, Maddalena Larosa, 
Anna Ghirardello, Leonardo punzi, Andrea doria

AbstrACt
Objective to evaluate the prevalence, duration and 
effect on damage accrual of the ’Lupus Low disease 
Activity State’ (LLdAS) in a monocentric cohort of 
patients with systemic lupus erythematosus (SLE).
Methods We studied 293 Caucasian patients with 
SLE during a 7-year follow-up period. disease activity 
was assessed by SLE disease Activity Index 2000 
(SLEdAI-2K) and SELEnA-SLEdAI physician global 
assessment (pGA), and damage by Systemic Lupus 
International Collaborating Clinics/American College of 
rheumatology damage Index (SdI). We considered the 
following definition of LLdAS: SLEdAI-2K ≤4 without 
major organ activity, no new disease activity, pGA 
(0–3)≤1, prednisone ≤7.5 mg/day and well-tolerated 
immunosuppressant dosages. the effect of LLdAS on SdI 
was evaluated by multivariate regression analysis. We 
also evaluated remission defined as clinical SLEdAI-2K=0 
and prednisone ≤5 mg/day in patients treated with/
without stable immunosuppressants and/or antimalarials.
results LLdAS lasting 1, 2, 3, 4 or ≥5 consecutive years 
was achieved by 33 (11.3%), 43 (14.7%), 39 (13.3%), 
31 (10.6%) and 109 (37.2%) patients, respectively. 
patients who spent at least two consecutive years in 
LLdAS had significantly less damage accrual compared 
with patients never in LLdAS (p=0.001), and they were 
significantly less likely to have an increase in SdI (or 
0.160, 95% CI 0.060 to 0.426, p<0.001). on average, 
84% of patients in LLdAS also fulfilled the criteria for 
remission.
Conclusions LLdAS was associated with a decrease in 
damage progression in Caucasian patients with SLE. the 
majority of patients in LLdAS were in remission, which 
can largely contribute to the protective effect of LLdAS 
on damage accrual.

IntrOduCtIOn
Despite the improvement in the diagnosis and treat-
ment of the disease, patients with systemic lupus 
erythematosus (SLE) continue to be at high risk of 
morbidity and mortality.1 

The efficacy of the treat-to-target approach in 
improving disease outcomes has recently been 
demonstrated in rheumatoid arthritis (RA) and 
other rheumatic diseases.2–6

Indeed, remission and low disease activity (LDA) 
are currently used as clinical targets in the manage-
ment of patients with RA.7 Unfortunately, the 
concept of remission in SLE is less clear than in RA, 
and a widely accepted definition of remission to 

be used as therapeutic target in SLE does not exist 
yet.8 In 2016, an international panel of experts and 
patient representatives (DORIS—Definition Of 
Remission In SLE) achieved a consensus, providing 
a framework for testing different definitions of 
remission against long-term outcomes, including 
death and irreversible organ damage.9 In line with 
these suggestions, we have tested a definition of 
remission in our cohort of Caucasian patients with 
SLE.10 11 We demonstrated that remission, defined 
using clinical, serological and therapeutic criteria, 
was not rare, and remission lasting at least two 
consecutive years was associated with a decrease in 
damage progression.11

Recently, Franklyn et al12 suggested a defini-
tion of LDA in SLE (the lupus low disease activity 
state, LLDAS), and they tested this definition in 
their single-centre SLE cohort. They showed that 
patients followed up for a mean period of 3.9 years 
(range 0.06–6.9 years) who spent more than 50% 
of their follow-up time in LLDAS accrued signifi-
cantly less organ damage than other patients.

The aim of our study was to assess the prevalence 
of LLDAS, to evaluate its protective effect against 
damage in our Caucasian SLE cohort and to iden-
tify the shortest duration of LLDAS associated with 
less damage progression in SLE.

PAtIents And MethOds
Caucasian patients with lupus prospectively 
followed at our lupus clinic were eligible for 
inclusion in the study if they met the SLE Amer-
ican College of Rheumatology (ACR) classifica-
tion criteria,13 were diagnosed with SLE between 
January 1990 and December 2008, and had at 
least three visits per year, no more than 5 months 
apart, in the 7-year period from January 2009 to 
December 2015 (an incomplete follow-up due to 
death did not exclude patients from the study). All 
patients provided an informed consent before the 
inclusion in the study.

Information collected at baseline included demo-
graphics (age, gender, year of first symptom, year 
of diagnosis), disease manifestations at baseline and 
over patients’ disease course, current and previous 
therapies, complement (C3 and C4) serum levels, 
antinuclear antibody, antiextractable nuclear 
antigen antibodies, antidouble-stranded DNA (anti-
dsDNA) and antiphospholipid antibodies. The 
cumulative prednisone dose (g) taken by patients 
before baseline was calculated.
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Clinical and laboratory findings (complete blood cell 
count, urea and electrolytes, liver function tests, comple-
ment and anti-dsDNA serum levels, urinary sediment and 
24-hour proteinuria) and data regarding therapy were 
recorded at each visit.

SLE activity was measured by the SLE Disease Activity Index 
2000 (SLEDAI-2K) and Safety of Estrogen in Lupus Erythema-
tosus National Assessment (SELENA)-SLEDAI physician global 
assessment (PGA, scale 0–3) at each visit. Organ damage was 
assessed by the Systemic Lupus International Collaborating 
Clinics/ACR Damage Index (SDI), which was calculated at base-
line and annually thereafter. SDI increase was defined as the 
difference between SDI at the end and at the beginning of the 
follow-up (‘SDI increase’=‘SDI at the end of 2015’ – ‘SDI at the 
beginning of 2009’). Antiphospholipid antibody syndrome (APS) 
was defined according to the revised Sapporo criteria.14

LLDAS was defined as recently reported by Franklyn et al12: 
(1) SLEDAI-2K ≤4, with no activity in major organ systems 
(renal, central nervous system, cardiopulmonary, vasculitis, 
fever), and no haemolytic anaemia or gastrointestinal active 
involvement; (2) no new lupus disease activity compared with 
the previous assessment; (3) a PGA ≤1; (4) a current predni-
sone (or equivalent) dose ≤7.5 mg/day; and (5) well-tolerated 
standard maintenance doses of immunosuppressive drugs and 
approved biological agents. Achievement of LLDAS was deter-
mined at each visit.

We evaluated the effect on damage of different durations 
of LLDAS: 1, 2, 3, 4 and ≥5 consecutive years. In patients 
who experienced a relapsing-remitting disease, only the 
longest period of LLDAS was considered in the analysis.

Remission was assessed according to the definitions previ-
ously published by Zen et al11: complete remission was defined 
as SLEDAI-2K=0 in corticosteroid-free and immunosuppres-
sant-free patients (antimalarials allowed); clinical remission off 
corticosteroids as serological active clinical quiescent disease 
(SACQD) according to SLEDAI-2K in corticosteroid-free 
patients (stable immunosuppressive therapy and antimalarials 
allowed); and clinical remission on corticosteroids as SACQD in 
patients on prednisone 1–5 mg/day (stable immunosuppressants 
and antimalarials allowed).

In this study we classified patients as being in remission or 
not, irrespective of the level of remission achieved, that is, 
patients fulfilling any of the three levels of remission were 

categorised as remitted. Accordingly, remission was overall 
defined as clinical SLEDAI-2K=0 and prednisone ≤5 mg/
day in patients who could be on a stable immunosuppressive 
and/or antimalarial therapy.

statistical analysis
A retrospective analysis of the prospectively collected data was 
performed. Comparison of continuous data with parametric 
and non-parametric distribution was performed using t-test and 
one-way analysis of variance with Bonferroni’s post-hoc analysis 
or by the Wilcoxon’s test and the Kruskal-Wallis test, respec-
tively. Comparison of categorical variables was performed using 
χ2 test (Fisher’s exact test). Factors with a p<0.2 at univariate 
analysis were entered into the multivariate model. Backward 
stepwise multivariate logistic regression was performed with 
damage accrual considered as a dichotomous dependent variable 
(ie, SDI increased or not increased during the follow-up), with 
significance set at 5%. Spearman’s correlation was used to assess 
the relationship between the duration of LLDAS and damage 
accrual. Analyses were performed by the SPSS V.23.0 software 
for Windows.

results
Two-hundred ninety-three patients were considered in the study. 
One hundred sixty-nine patients were excluded and the reasons 
for exclusion were previously detailed.11

During the 7-year follow-up, 33 patients (11.3%) achieved 
1 consecutive year LLDAS, 43 (14.7%) achieved 2 consecutive 
year LLDAS, 39 (13.3%) achieved 3 consecutive year LLDAS, 
31 (10.6%) achieved 4 consecutive year LLDAS and 109 
(37.2%) ≥5 consecutive year LLDAS. Conversely, 38 patients 
(13.3%) had never been in LLDAS. Demographic characteristics 
and damage in our cohort, according to the duration of LLDAS 
achieved, are reported in table 1, and clinical features and  
treatment in online supplementary table S1 and supplementary 
table S2.

Damage more frequently occurred in ocular (17%), neuro-
psychiatric (16.4%), musculoskeletal (14%) and renal (11.3%) 
domains, followed by cutaneous (9.5%) and cardiovascular 
(6.9%) domains; damage in other organs and malignancies were 
more rarely observed.

table 1 Demographic features and damage increase according to the durations of LLDAS achieved during the follow-up

never in lldAs 1-Year lldAs 2-Year lldAs 3-Year lldAs 4-Year lldAs ≥5-Year lldAs p

Number of patients (%) 38 (13.3) 33 (11.3) 43 (14.7) 39 (13.3) 31 (10.6) 109 (37.2)

Age at recruitment, mean±SD years 39.9±13 36.6±16.4 40.0±13.0 42.4±11.7 41.9±11.2 39.8±12.5 n.s.

Female, n (%) 31 (83.7) 27 (81.8) 39 (90.7) 31 (79.5) 25 (80.6) 100 (91.7) n.s.

SLE duration at recruitment, mean±SD years 10.8±7.2 10.2±7.1 11.8±6.7 11.4±6.1 10.2±6.3 12.0±5.4 n.s.

SDI at recruitment, mean±SD 0.87±1.53 0.68±0.90 0.97±1.14 0.75±0.94 0.48±0.85 0.42±0.88 n.s.

SDI increase, mean±SD 1.67±1.35 1.20±0.90 0.91±0.89 0.90±0.87 0.45±0.69 0.27±0.49 <0.05*

Increase in SDI≥1, number of patients (%) 32 (84.2) 26 (78.8) 27 (62.8) 23 (58.9) 13 (41.9) 30 (27.5) <0.05†

Increase in SDI≥2, number of patients (%) 17 (44.7) 9 (27.3) 11 (25.6) 10 (25.6) 2 (8.0) 2 (1.8) <0.05‡

p Values refer to the analysis of variance with 5 df.
*Never in LLDAS vs 1-year LLDAS, p=n.s.; never in LLDAS vs 2-year LLDAS, p=0.001; never in LLDAS vs 3-year LLDAS, p=0.001; never in LLDAS vs 4-year LLDAS, p<0.001; never in 
LLDAS vs ≥5-year LLDAS, p<0.001.
†Never in LLDAS vs 1-year LLDAS, p=n.s.; never in LLDAS vs 2-year LLDAS, p=0.02; never in LLDAS vs 3-year LLDAS, p=0.01; never in LLDAS vs 4-year LLDAS, p<0.001; never in 
LLDAS vs ≥5-year LLDAS, p<0.001.
‡Never in LLDAS vs 1-year LLDAS, p=n.s.; never in LLDAS vs 2-year LLDAS, p=n.s.; never in LLDAS vs 3-year LLDAS, p=n.s.; never in LLDAS vs 4-year LLDAS, p<0.001; never in 
LLDAS vs ≥5-year LLDAS, p<0.001.
LLDAS, lupus low disease activity state; n.s., not significant; SDI, Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index; SLE, 
systemic lupus erythematosus.
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The mean SDI increase was lower in patients achieving LLDAS 
for at least two consecutive years compared with patients never 
in LLDAS (p<0.001), whereas it was similar in patients with 
1-year LLDAS and in those who had never been in LLDAS.

The proportion of patients with damage accrual progressively 
decreased as the duration of LLDAS increased, both in terms of 
SDI increase ≥1 or ≥2 (high damage accrual) (table 1).

Moreover, the higher the duration of LLDAS, the lower the 
increase in SDI (figure 1).

Table 2 reports the characteristics of patients with or without 
damage accrual during the 7-year follow-up.

In a multivariate logistic regression model including LLDAS 
and baseline characteristics, an LLDAS lasting 2, 3, 4 and 5 or 
more consecutive years was protective against damage, whereas 
age, the use of mycophenolate, a higher cumulative prednisone 
dose and APS were independent predictors of damage accrual 
(table 3A). Similar findings were obtained by including in  
the multivariate model lupus therapies and manifestations  
ever occurred during the follow-up (see online supplementary 
table S3).

We also performed a second multivariate analysis, including 
among the potential predictors of damage a remission lasting at 
least two consecutive years in addition to LLDAS, since we previ-
ously demonstrated its protective effect against damage progres-
sion.11 In this model, LLDAS was not independently associated 
to damage, whereas remission was, meaning LLDAS did not 
have any additional protective effect over remission (table 3B).

In table 4 the characteristics of patients who achieved or 
not the LLDAS for at least two consecutive years are reported. 
As baseline predictors are concerned, patients with a higher 
SLEDAI-2K, PGA >1, joint and skin involvement, and those 
treated with methotrexate, ciclosporin and a higher prednisone 
dose were less likely to achieve an LLDAS lasting two or more 
consecutive years (table 4).

The multivariate logistic regression model including baseline 
characteristics showed that a higher cumulative prednisone dose, 
skin involvement and PGA higher than 1 were the three most 
significant negative predictors of LLDAS attainment (OR 0.302, 
95% CI 0.151 to 0.605, p=0.001; OR 0.333, 95% CI 0.148 to 
0.748, p=0.008; OR 0.093, 95% CI 0.151 to 0.605, p<0.001, 
respectively).

As disease manifestations and treatment over the disease 
course are concerned, patients with joint involvement, serositis, 

Figure 1 Correlation between duration of LLDAS or remission and 
damage accrual during the 7-year follow-up. LLDAS, lupus low disease 
activity state; SDI, Systemic Lupus International Collaborating Clinics/
American College of Rheumatology Damage Index.

table 2 Characteristics of patients with or without damage 
increase during the 7-year follow-up

Patients with no 
increase in sdI 
during follow-
up (142)

Patients with 
increase in sdI 
during follow-
up (151) p

Gender (female), n (%) 123 (86.6) 130 (86.1) n.s.

Age at recruitment, 
mean±SD years

37.3±13.41 40.8±12.2 n.s.

SLE duration at recruitment, 
mean±SD years

10.7±7.0 13.48±8.34 0.013

Low C3 or C4 serum levels, 
n (%)

126 (89.4) 131 (86.8) n.s.

Anti-dsDNA Ab, n (%) 121 (85.2) 125 (82.8) n.s.

ANA, n (%) 142 (100) 151 (100) n.s.

Antiphospholipid Ab, n (%) 33 (23.2) 63 (41.7) 0.001

SDI in 2008, mean±SD 0.42±0.84 0.85±1.16 0.007

Lupus manifestations at baseline

    SLEDAI-2K, mean±SD 3.90±3.76 4.98±4.59 0.032

    PGA >1, n (%) 32 (23.5) 39 (26.9) n.s.

    Skin rashes, n (%) 12 (9.8) 35 (23.2) <0.001

    Arthritis, n (%) 13 (9.2) 17 (11.3) n.s.

    Serositis, n (%) 1 (0.7) 3 (2.0) n.s.

    Glomerulonephritis, n (%) 32 (22.5) 27 (17.9) n.s.

    NP manifestations, n (%) 1 (0.7) 1 (0.7) n.s.

    Vasculitis, n (%) 2 (1.4) 8 (5.3) n.s.

    Haematological involvement, 
n (%)

10 (7.0) 11 (7.1) n.s.

Lupus therapy at baseline

    Mycophenolate, n (%) 19 (13.6) 38 (25.5) 0.011

    Azathioprine, n (%) 22 (15.7) 21 (14.1) n.s.

    Ciclosporin A, n (%) 3 (2.1) 3 (2.0) n.s.

    Methotrexate, n (%) 5 (3.6) 9 (6.0) n.s.

    Antimalarials, n (%) 113 (80.7) 100 (67.1) 0.009

    Cyclophosphamide, n (%) 3 (2.1) 1 (0.7) n.s.

    Rituximab, n (%) 2 (1.4) 1 (0.7) n.s.

    Prednisone dose, 
mean±SD, mg

5.41±7.85 7.28±9.85 n.s.

    Cumulative average 
prednisone dose ≥180 mg/
month

24 (16.8) 54 (36.5) <0.001

Lupus manifestations ever

    Skin rashes, n (%) 81 (57.4) 100 (66.8) 0.05

    Arthritis, n (%) 98 (69.5) 120 (79.5) 0.05

    Serositis, n (%) 26 (18.4) 50 (33.1) 0.004

    Glomerulonephritis, n (%) 76 (53.9) 92 (60.9) n.s.

    NP manifestations, n (%) 14 (9.9) 25 (16.6) n.s.

    Vasculitis, n (%) 6 (4.3) 28 (18.5) 0.001

    Haematological involvement, 
n (%)

46 (32.4) 65 (43.0) n.s.

    Antiphospholipid Ab 
syndrome, n (%)

10 (7.0) 30 (19.9) 0.001

Lupus therapy ever

    Methylprednisolone, 
intravenous, n (%)

70 (5.0) 99 (56.1) n.s.

    Mycophenolate, n (%) 49 (34.5) 78 (51.7) 0.003

    Azathioprine, n (%) 40 (28.2) 57 (37.7) n.s.

    Ciclosporin A, n (%) 15 (10.6) 39 (25.8) 0.001

    Methotrexate, n (%) 16 (11.3) 31 (20.5) 0.031

    Antimalarials, n (%) 131 (92.7) 135 (89.4) n.s.

    Cyclophosphamide, n (%) 31 (21.8) 50 (33.1) 0.031

Continued
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vasculitis and those treated with immunosuppressive drugs were 
less likely to achieve an LLDAS for 2 consecutive years. Notably, 
the majority of patients treated with belimumab achieved LLDAS 
for at least 2 years (25/30 patients, 83.3%).

We also evaluated the proportion of patients attaining the 
LLDAS who concomitantly fulfilled the criteria for remission.10 11 
Among the 255 patients achieving the definition of LLDAS for at 
least 1 year during the follow-up, 246 patients (96.5%) satisfied 
the definition of remission for the same length of time.

Hence, in order to quantify the overlap between the defi-
nitions of LLDAS and remission, the proportion of patients 

achieving LLDAS and meanwhile a remission of the same dura-
tion was calculated (figure 2).

Overall, 214 patients (83.9%) experienced a remission being 
as long as their LLDAS, suggesting a high overlap exists between 
the two conditions.

Interestingly, remitted patients accrued significantly less 
damage than did other LLDAS patients (0.59±0.78 vs 
0.90±0.89, p=0.021).

Only one death was observed during follow-up; thus, the 
evaluation of the relationship between LLDAS achievement and 
mortality was not possible.

dIsCussIOn
In the last few years, the beneficial effect of remission on organ 
damage accrual in patients with SLE has been proven.10 11 15 We 
demonstrated that prolonged remission, defined as 5 or more 
consecutive years of no clinical disease activity (SLEDAI-2K=0) 
in patients treated with antimalarials and/or stable dose of 
immunosuppressive drugs and/or prednisone ≤5 mg/day, was 
associated with a decrease in damage progression.10 This finding 
was confirmed by Tsang-A-Sjoe et al in a multiethnic cohort in 
the Netherlands.15 In a further study,11 we found that a remission 
lasting at least 2 years had still a protective effect against new 
damage.

No shared definition of remission is currently accepted 
for SLE; thus, the frequency of remission in SLE 
varies among different cohorts, ranging from 1.2% to 
45%.10 11 15–19 This discrepancy led to the search for other measures 
of outcome, as in other autoimmune diseases, including the  
so-called LLDAS.

The effect of LLDAS on damage was first evaluated by 
Franklyn et al12 who found that among patients followed for 
an average time of 3.9 years, those who spent more than 50% 
of their follow-up in LLDAS accrued significantly less organ 
damage than other patients. This finding was confirmed in the 
study by Tsang-A-Sjoe et al.15

However, the protective effect on damage of different dura-
tions of LLDAS, the shortest duration of LLDAS resulting in 
decreased damage progression as well as the overlap between 
LLDAS and remission have not been evaluated yet.

We demonstrated that 2 consecutive years was the shortest 
duration of LLDAS associated with a decrease in damage 
progression. Interestingly, since the mean follow-up of 
patients in Franklyn et al’s study was 3.9 years,12 the 50% 
of their follow-up time corresponds approximately to  
2 years.

Patients who had a higher SLEDAI-2K or PGA, skin and joint 
involvements, and those treated with a higher cumulative pred-
nisone dose and a higher prednisone dose at baseline were less 
likely to achieve an LLDAS lasting 2 consecutive years. Simi-
larly, vasculitis, immunosuppressants and high prednisone dose 
were associated with lack of LLDAS maintenance for at least 
50% of follow-up in Franklyn et al’s study.12 In a multinational 
cross-sectional study, disease duration ≤1 year, history of discoid 
rash or renal disease, and current elevated anti-dsDNA or hypo-
complementaemia emerged as negative predictors of LLDAS 
achievement at a single point in time.20

Our results are in keeping with the daily clinical practice, since 
high cumulative doses of prednisone are usually employed in 
patients with more active and/or refractory disease, who might 
less likely achieve LLDAS or remission. Skin and joint involve-
ments are usually relapsing-remitting manifestations, which are 
characterised by a rapid fluctuation of activity over time, and 

Patients with no 
increase in sdI 
during follow-
up (142)

Patients with 
increase in sdI 
during follow-
up (151) p

    Rituximab, n (%) 4 (2.8) 18 (11.9) 0.003

  Belimumab, n (%) 10 (7.0) 20 (13.1) n.s.

  Intravenous 
immunoglobulins, n (%)

2 (1.4) 10 (6.6) 0.03

Ab, antibodies; ANA, antinuclear antibodies; anti-dsDNA, antidouble-stranded 
DNA; C3/C4, complement fractions; NP, neuropsychiatric; n.s., not significant; PGA, 
physician global assessment; SDI, Systemic Lupus International Collaborating 
Clinics/American College of Rheumatology Damage Index; SLE, systemic lupus 
erythematosus; SLEDAI-2K, SLE Disease Activity Index 2000.

table 2 Continued 

table 3 Multivariate analysis: protective factors and risk factors for 
damage accrual over the follow-up

Or 95% CI p Value

(A) Baseline predictors and LLDAS

≥5 Consecutive year lldAs 0.071 0.023 to 0.217 <0.001

4 Consecutive year lldAs 0.122 0.034 to 0.443 0.001

3 Consecutive year lldAs 0.252 0.075 to 0.842 0.025

2 Consecutive year lldAs 0.279 0.085 to 0.920 0.036

1-Year LLDAS 0.899 0.232 to 3.480 0.877

Age 1.038 1.015 to 1.062 0.001

Mycophenolate 2.173 1.062 to 4.446 0.034

Antiphospholipid antibody 
syndrome

4.008 1.648 to 9.749 0.002

Cumulative Pdn dose, g 1.016 1.003 to 1.033 0.049

(B) Baseline predictors, LLDAS and remission

≥2 consecutive year remission 0.076 0.023 to 0.250 <0.001

Age 1.045 1.021 to 1.069 0.001

skin involvement 2.303 0.961 to 5.516 0.061

Mycophenolate 2.160 1.044 to 4.470 0.038

Antiphospholipid antibody 
syndrome

2.928 1.205 to 7.114 0.018

Cumulative Pdn dose, g 1.021 1.005 to 1.037 0.011

Variables entered in the multivariate analysis A were duration of LLDAS (categorical 
variable with six levels) and the following baseline characteristics: age, disease 
duration, SDI, mean SLEDAI-2K, skin involvement, vasculitis, use of mycophenolate 
and antimalarials, mean prednisone dose, APS and cumulative prednisone dose.
Variables entered in the multivariate analysis B were remission (considered as a 
dichotomous variable with two levels: remission lasting ≥2 consecutive years vs 
remission lasting <2 years), LLDAS (considered as a dichotomous variable with 
two levels: LLDAS lasting ≥2 consecutive years vs LLDAS lasting <2 years), and the 
following variables at baseline: age, disease duration, cumulative prednisone dose, 
SDI, APS, mean SLEDAI-2K, skin involvement and vasculitis, use of mycophenolate, 
cyclophosphamide and antimalarials, and mean prednisone dose.
Significant variables are given in bold.
LLDAS, lupus low disease activity state; PDN, prednisone. 
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flares can occur shortly after remission is achieved. In addition, 
although those manifestations are usually considered as mild, it is 
likely that patients with such organ involvement are treated with 
less aggressive treatment regimens compared with patients with 
severe manifestations and are those who more rapidly decrease 

the prednisone dosage or discontinue induction therapy, being 
thus at higher risk of early disease flares.

In our study, we considered different periods of time (1, 2, 
3, 4, 5 or more consecutive years) instead of the proportion of 
follow-up spent in LLDAS because such an analysis has more 

table 4 Characteristics of patients with or without two consecutive years of LLDAS

lldAs <2 years (71 pts) lldAs ≥2 years (222 pts) Or 95% CI p

Gender (female), n (%) 58 (81.7) 194 (87.8) n.s.

Age at recruitment, mean±SD years 38.7±13.41 40.6±12.2 n.s.

SLE duration at recruitment, mean±SD years 10.6±7.1 11.5±6.1 n.s.

Low C3 or C4 serum levels, n (%) 62 (87.3) 194 (88.2) n.s.

Anti-dsDNA Ab, n (%) 63 (88.7) 182 (82.4) n.s.

ANA, (%) 71 (100) 222 (100) n.s.

Anti-SSA/SSB Ab, n (%) 29 (40.8) 85 (38.5) n.s.

Anti-U1RNP Ab, n (%) 27 (38.0) 54 (24.4) 1.556 1.068 to 2.268 0.026

Antiphospholipid Ab, n (%) 25 (35.2) 71 (32.1) n.s.

Lupus manifestation at baseline

SLEDAI-2K, mean±SD 6.52±4.55 3.94±3.99 2.686 1.563 to 3.808 0.001

PGA>, n (%) 47 (66.2) 25 (11.3) 5.854 3.904 to 8.772 <0.001

Skin rashes, n (%) 23 (32.4) 22 (10.0) 3.254 1.935 to 5.472 <0.001

Arthritis, n (%) 13 (18.3) 17 (7.7) 2.380 1.217 to 4.655 0.010

Serositis, n (%) 0 (0) 4 (1.8) n.s.

Glomerulonephritis, n (%) 13 (18.3) 46 (20.8) n.s.

NP manifestations, n (%) 1 (1.4) 1 (0.5) n.s.

Vasculitis, n (%) 4 (5.6) 6 (2.7) n.s.

Haematological involvement, n (%) 8 (11.3) 13 (5.9) n.s.

Lupus therapy at baseline n.s.

Mycophenolate, n (%) 12 (17.4) 45 (20.5) n.s.

Azathioprine, n (%) 13 (18.3) 30 (13.7) n.s.

Ciclosporin A, n (%) 4 (5.8) 2 (0.9) 6.348 1.188 to 33.913 0.013

Methotrexate, n (%) 7 (10.1) 7 (3.2) 3.174 1.154 to 8.733 0.019

Antimalarials, n (%) 48 (69.6) 164 (74.9) n.s.

Cyclophosphamide, n (%) 0 (0) 4 (1.8) n.s.

Rituximab, n (%) 1 (1.4) 2 (0.9) n.s.

Prednisone dose, mean±SD, mg 9.24±11.3 5.49±7.8 3.746 1.380 to 6.128 0.002

Cumulative average prednisone dose ≥180 mg/month 38 (53.5) 40 (18.1) 2.957 2.075 to 4.215 <0.001

Lupus manifestations (ever)

Skin rashes, n (%) 50 (70.4) 128 (58.2) n.s.

Arthritis, n (%) 61 (85.9) 157 (71.4) 1.204 1.061 to 1.366 0.018

Serositis, n (%) 25 (35.2) 51 (23.2) 1.519 1.021 to 2.259 0.045

Glomerulonephritis, n (%) 44 (62.0) 124 (56.4) n.s.

NP manifestations, n (%) 12 (16.9) 27 (12.3) n.s.

Vasculitis, n (%) 13 (18.3) 21 (9.5) 1.918 1.014 to 3.630 0.046

Haematological involvement, n (%) 31 (43.7) 80 (36.0) n.s.

Antiphospholipid Ab syndrome, n (%) 11 (15.5) 29 (13.1) n.s.

Lupus therapy (ever)

Methylprednisolone, intravenous, n (%) 45 (63.4) 124 (56.1) n.s.

Mycophenolate, n (%) 39 (54.9) 88 (39.8) 1.379 1.057 to 1.800 0.025

Azathioprine, n (%) 32 (45.1) 65 (29.4) 1.532 1.104 to 2.127 0.025

Ciclosporin A, n (%) 18 (25.4) 36 (16.3) n.s.

Methotrexate, n (%) 25 (35.2) 22 (10.0) 3.537 2.131 to 5.871 <0.001

Antimalarials, n (%) 65 (90.1) 201 (91.0) n.s.

Cyclophosphamide, n (%) 26 (36.6) 55 (24.9) 1.471 1.004 to 2.156 0.050

Rituximab, n (%) 14 (19.7) 8 (3.6) 5.447 2.384 to 12.448 <0.001

Belimumab, n (%) 5 (7.4) 25 (11.2) n.s.

Intravenous immunoglobulins, n (%) 7 (9.9) 5 (2.3) 4.358 1.427 to 13.303 0.005

For significant variables, OR and 95% CI are reported.
Ab, antibodies; ANA, antinuclear antibodies; anti-dsDNA, antidouble-stranded DNA; C3/C4, complement fractions; LLDAS, lupus low disease activity state; NP, neuropsychiatric; 
n.s., not significant; pts, patients; SLE, systemic lupus erythematosus; SLEDAI-2K, SLE Disease Activity Index 2000.
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practical implications and can be used in clinical practice to iden-
tify patients at higher/lower risk of developing new organ damage.

We evaluated the consecutive time spent in LLDAS and 
not the sum of separate periods of LLDAS since we previ-
ously demonstrated that a shorter consecutive period of 
remission was as good as a longer cumulative period (3 vs 
2 years) in hindering damage accrual over time.11 In fact, 
it is likely that patients with a relapsing-remitting disease 
pattern, in whom LLDAS is achieved for short periods and 
is interspersed by episodes of active disease, require a longer 
cumulative time of LLDAS to be protected against damage 
progression.

In addition, we assessed the proportion of patients in LLDAS 
fulfilling the criteria of remission. In fact, the definition of 
LLDAS used in the study by Franklyn et al12 Tsang-A-Sjoe et al15 
as well as in our study included patients who were in LDA but 
also patients in true remission. This is different from what was 
defined for RA and other rheumatic diseases,21 22 where the defi-
nitions of LDA and remission do not overlap (eg, disease activity 
score (DAS)-28 in RA identifies remitted patients when DAS-28 
is lower than 2.6, while patients in LDA have a DAS-28 between 
2.6 and 3.2).

In our cohort we found that the great majority of patients 
in LLDAS were, actually, in remission. This result is rele-
vant since it is likely that the protective effect of remission 
on new organ damage significantly contributed to the lower 
damage accrual observed in the LLDAS group. The finding 
that remitted patients accrued less damage than other 
LLDAS patients supports this hypothesis. Moreover, in the 
multivariate analysis we found that LLDAS did not show 
any additional protective effect against damage progression 
over remission.

Unfortunately, the number of patients included in our 
cohort does not allow an explorative analysis on the effect 
of LLDAS after exclusion of patients in remission.

Recently, Polachek et al23 performed a study, in a mono-
centric cohort of 620 patients, using a definition of LDA 
different from the Franklyn et al’s definition, namely a 
clinical SLEDAI-2K <3 (excluding serology), in cortico-
steroids-free and immunosuppressant-free patients, and a 
different definition of remission compared with ours, that 
is, clinical SLEDAI-2K=0 (excluding serology) in cortico-
steroids-free and immunosuppressant-free patients. They 
found that the accrual of organ damage in LDA patients was 

similar to that of patients in remission. However, the defi-
nitions of LDA and remission used by Polachek et al are 
very close to each other, as they both exclude the use of 
corticosteroids, which are indeed a major determinant of 
organ damage.

Conversely, the Franklyn et al’s definition of LLDAS and our 
definition of remission greatly differ in clinical and therapeutic 
criteria; thus, whether damage accrual is similar in LLDAS and 
remitted patients is less predictable.

The great overlap between LLDAS and remission observed 
in our study is not surprising. Indeed, SLE is predominantly a 
relapsing-remitting disease, which means that its clinical course 
is characterised by periods of clinical remission intermixed with 
periods of disease activity. Thus, the disease can be either active 
or in remission. Accordingly, the LLDAS should be more conve-
niently applied to patients with a chronic active disease, which 
is a pattern of SLE activity accounting for a minority of patients 
with lupus.24

In the multivariate analysis, the protective effect of LLDAS 
lasting 2, 3, 4 and 5 years on damage accrual was similar, as 
shown by the overlap in the 95% CIs. This might be due to the 
relatively short duration of the follow-up in our study. Studies 
with a longer follow-up could elucidate whether the attainment 
of prolonged periods of LLDAS has a higher protective effect on 
damage progression in the long term.

Our study has a number of strengths: we studied a large 
cohort of patients prospectively and regularly followed for a 
long period by the same team; we evaluated a range of dura-
tions of LLDAS; and we used a validated definition of LLDAS. 
Moreover, our cohort includes patients treated with biological 
disease-modifying antirheumatic drugs.

However, our study has also some limitations: we studied 
only Caucasian patients and we retrospectively analysed data 
prospectively collected in a single centre. Moreover, this is not 
an inception cohort and we did not specifically analyse patients 
with an early disease. Indeed, the purpose of our study was to 
identify potential predictors of good outcome in a cohort of 
patients representative of what can be observed in a ‘real life’ 
lupus clinic.

In conclusion, LLDAS was frequently observed in our SLE 
cohort and 2 years was the shortest LLDAS duration predic-
tive of better outcome in terms of damage progression. Since a 
very high proportion of patients in the LLDAS group was also 
in remission, the remission state could have greatly contrib-
uted to the protective effect of LLDAS on damage accrual. A 
more stringent definition of LLDAS, which does not include 
the remission state, should be the objective of future studies.
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ExtEndEd rEport

Clinical and radiological outcomes of 5-year drug-free 
remission-steered treatment in patients with early 
arthritis: IMPROVED study
Gülşah Akdemir,1 Lotte Heimans,1 Sytske Anne Bergstra,1 robbert J Goekoop,2 
Maikel van oosterhout,3 Johannes H L M van Groenendael,4 André J peeters,5 
Gerda M Steup-Beekman,6 Leroy r Lard,7 peter B J de Sonnaville,8 
Bernard A M Grillet,9 tom W J Huizinga,1 Cornelia F Allaart1

AbstrACt
Objectives to determine the 5-year outcomes of 
early remission induction therapy followed by targeted 
treatment aimed at drug-free remission (dFr) in patients 
with early arthritis.
Methods In 12 hospitals, 610 patients with early (<2 
years) rheumatoid arthritis (rA) or undifferentiated 
arthritis (UA) started on methotrexate (Mtx) 25 mg/
week and prednisone (60 mg/day tapered to 7.5 mg/day). 
patients not in early remission (disease Activity Score 
<1.6 after 4 months) were randomised (single blind) 
to arm 1, adding hydroxychloroquine 400 mg/day and 
sulfasalazine 2000 mg/day, or arm 2, switching to Mtx 
plus adalimumab 40 mg/2 weeks. treatment adjustments 
over time aimed at dFr. outcomes were remission 
percentages, functional ability, toxicity and radiological 
damage progression after 5 years.
results After 4 months, 387 patients were in early 
remission, 83 were randomised to arm 1 and 78 to 
arm 2. After 5 years, 295/610 (48%) patients were 
in remission, 26% in sustained dFr (SdFr) (≥1 year) 
(220/387 (57%) remission and 135/387 (35%) SdFr in 
the early remission group, 50% remission, 11% SdFr 
in the randomisation arms without differences between 
the arms). More patients with UA (37% vs 23% rA, 
p=0.001) and more anticitrullinated protein antibody 
(ACpA)-negative patients (37% vs 18% ACpA-positive, 
p<0.001) achieved SdFr. overall, mean Health 
Assessment Questionnaire was 0.6 (0.5), and median 
(IQr) damage progression was 0.5 (0–2.7) Sharp/
van der Heijde points, with only five patients showing 
progression >25 points in 5 years.
Conclusions Five years of dFr-steered treatment 
in patients with early rA resulted in almost normal 
functional ability without clinically relevant joint damage 
across treatment groups. patients who achieved early 
remission had the best clinical outcomes. there were no 
differences between the randomisation arms. SdFr is a 
realistic treatment goal.

IntrOduCtIOn
Rheumatoid arthritis (RA) is characterised by 
inflammation of synovial joints,1 which can lead to 
destruction of joints, even before the classification 
criteria for RA are met (undifferentiated arthritis 
(UA)).1–3 Current recommendations are to start 
disease-modifying antirheumatic drugs (DMARDs) 

as soon as possible and to intensify or change medi-
cation until remission or at least low disease activity 
has been achieved.4–17 

Previous studies have shown that some patients 
even achieve early drug-free remission (DFR).4 8 
There is evidence that sustained DFR, approximating 
cure, is more likely if treatment is started very early, 
possibly before disease characteristics meet classifi-
cation criteria.12

In IMPROVED (Induction therapy with MTX 
and Prednisone in Rheumatoid Or Very Early 
arthritic Disease) study, we aimed at early DFR in 
patients with early RA and UA. Here we report 
5-year clinical and radiological outcomes.

MethOds
study design
IMPROVED study is a multicentre study designed 
by Dutch rheumatologists participating in the 
Foundation for Applied Rheumatology Research, in 
patients with RA or UA. It combines a treat-to-target 
observational cohort (treatment target DFR) with 
a randomised clinical trial comparing two treat-
ment strategies in the subset of patients who after 4 
months of induction therapy did not achieve early 
remission (see below). In all patients, the general aim 
was to achieve drug-free clinical remission as early 
as possible. Every 4 months, disease activity was 
monitored using the Disease Activity Score (DAS).11 
If DAS was <1.6 (remission),9 patients tapered 
medication until DFR was achieved, but treatment 
was intensified or changed if DAS was ≥1.6. The 
induction therapy was with methotrexate (MTX) 
and prednisone, followed, for patients not in remis-
sion at 4 months, by either immediately switching to 
a biologic DMARD (randomisation arm 2) or first 
trying additional synthetic DMARDs (arm 1). The 
study was conducted in 12 hospitals in the western 
part of the Netherlands. The study protocol was 
approved by the medical ethics committee of each 
participating centre.

Patients
Eligible patients were ≥18 years, with early RA 
fulfilling the 2010 American College of Rheuma-
tology (ACR)/European League Against Rheuma-
tism (EULAR) classification criteria5 with symptom 
duration ≤2 years or UA suspected to be early RA 
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according to the rheumatologist, regardless of symptom dura-
tion, with DAS ≥1.6, who had not been treated with predni-
sone and/or DMARDs. Exclusion criteria were pregnancy/
pregnancy wish during the study, malignancy within the last 
5 years, bone marrow hypoplasia, aspartate transaminase and/or 
alanine transaminase >3 times normal value, serum creatinine 
level >150 µmol/L or estimated creatinine clearance <75%, 
uncontrolled diabetes mellitus, uncontrolled hypertension, heart 
failure (New York Heart Association class III/IV), alcohol or drug 
abuse, serious infections in the previous 3 months or chronic 
infectious disease, active or latent hepatitis B infection, known 
HIV infection, lymphoproliferative disease and multiple scle-
rosis.7 13 Patients with active tuberculosis (TB) and patients with 
UA with latent TB were excluded. Patients with RA with latent 
TB could be enrolled if they started adequate antituberculous 
therapy prior to initiation of high-dose prednisone, according 
to local recommendations. All patients gave written informed 
consent.

study outlay
Treatment decisions during the study were based on the DAS 
(based on 53/44 joints), which was assessed every 4 months.11 
DAS <1.6 was considered to denote remission.9 For all patients 
over 5 years, if DAS was ≥1.6, dose intensification, change 

or restart of the last discontinued medication was required, 
and medication was tapered to 0 as soon and as long as DAS 
was <1.6, until DFR was achieved.

All patients started on MTX 7.5 mg/week increased to 25 mg/
week in 5 weeks (or highest tolerated dose, oral or subcutaneous 
at the discretion of the rheumatologist) and prednisone tapered 
in 7 weeks from 60 to 7.5 mg/day. Patients who were in remis-
sion after 4 months (early remission) tapered and after 3 weeks 
stopped prednisone, then, if remission continued at 8 months, 
over 10 weeks tapered and stopped MTX, thus achieving 
DFR at year 1 (online supplementary figure S1). If, at 8 months, 
DAS was ≥1.6, prednisone could be restarted once, at 7.5 mg/
day. With regained remission, this could be tapered and stopped 
again.

For patients not in early remission, the study investigated if 
early start of biologic DMARD adalimumab (arm 2) resulted 
in more patients achieving DFR compared with first trying a 
combination of conventional DMARDs (arm 1), MTX (25 mg/
week or highest tolerated dose), sulfasalazine 2000 mg/day and 
hydroxychloroquine 400 mg/day with prednisone 7.5 mg/day, to 
be changed to MTX and adalimumab 40 mg/2 weeks if remis-
sion was not achieved. In both treatment arms, adalimumab 
was intensified to 40 mg/week if remission was not achieved on 
the standard dose of 40 mg/2 weeks. If remission was still not 

Figure 1 Trial profile IMPROVED study. First DAS evaluation was at 4 months. Fifty patients who were not in remission at 4 months but were not 
randomised according to the protocol were treated outside of protocol (OP group). Of those, 19 discontinued treatment before 5 years and 31 patients 
were included in the intention-to-treat analysis. DAS, Disease Activity Score; IMPROVED, Induction therapy with MTX and Prednisone in Rheumatoid 
Or Very Early arthritic Disease.
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achieved, subsequent treatment steps were left to shared deci-
sion making by rheumatologist and patient (online supplemen-
tary figure S1).

Primary and secondary outcomes
Primary outcomes after 5 years were percentages of remission 
and DFR based on a DAS <1.6 or on the ACR/EULAR 2011 
Boolean remission definition.6 ‘Sustained drug-free remis-
sion’ was defined by DFR during ≥1 year, starting at any time 
point, and called ‘early sustained drug-free remission’ if present 
from the earliest possibility, at t=12 months in early remission 
patients.

Secondary outcomes were DAS, functional ability assessed 
by the Dutch version of the Health Assessment Questionnaire 
(HAQ),10 damage progression on annual radiographs of the 
joints in hands and feet, scored in chronological order by two 
independent readers (GA and SAB) using the Sharp/van der 
Heijde Score (SHS)18 and toxicity as recorded by the research 
nurses at each 4 monthly visit in the first 2 years and afterwards 
annually and/or by the treating physician. (Serious) Adverse 
events (AEs) were reported per 100 patient years.

statistical analysis
The target sample size was calculated with a power calculation 
to detect differences of ≥50% in remission rates and 0.2 points 
in HAQ between the early or delayed adalimumab randomis-
ation arms, with 80% power. Based on an estimated 30% of 
patients achieving early remission, we would need 535 patients 
to randomise 100 patients in each arm. During the study, more 
patients achieved early remission and the target sample size 
was recalculated and increased to 610 patients. Comparisons in 
outcomes were made between randomisation arms. In addition, 
outcomes were compared across the whole cohort in relation 

to DFR-steered treatment, for baseline characteristics such as 
disease activity, autoantibody status and symptom duration.

Outcomes were compared using Student’s t-tests, Mann-
Whitney U tests and χ2 tests. DAS and HAQ over time (depen-
dent variables) were studied using linear mixed models (LMMs), 
with treatment strategy (arms 1 and 2), time (study visit) and 
interaction term (time×treatment strategy) as fixed effects. An 
additional LMM was done with multiple imputation for missing 
values for DAS and HAQ (due to missing values for variables to 
calculate DAS and HAQ), using chained equations (10 cycles), 
with age, gender, symptom duration, body mass index (BMI), 
smoking status, diagnosis, autoantibody status (rheumatoid 
factor (RF), anticitrullinated protein antibodies (ACPAs) and 
anticarbamylated protein antibodies (anti-CarP)), baseline DAS 
and HAQ, as well as allocated treatment strategy and annual 
total SHS score added in the imputation model. We performed 
intention-to-treat analyses. Patients were included until the time 
of study discontinuation (see flow chart in figure 1). Patients with 
missing data were not excluded from the analysis. In patients 
with available baseline and 5-year radiographs, the progression 
score over 5 years was calculated. Missing values for annual 
erosion and narrowing scores of hands and feet were imputed by 
multiple imputation using chained equations (10 imputed data-
sets), after first log-transformation because of skewed data, with 
age, gender, symptom duration, BMI, smoking status, diagnosis, 
autoantibody status (RF, ACPAs and anti-CarP), baseline DAS 
and HAQ, as well as allocated treatment strategy, annual DAS 
and HAQ and log-transformed annual erosion and joint space 
narrowing scores of hands and feet added in the imputation 
model. All statistical analyses were conducted with SPSS V.23.0. 
The study is registered with the ISRCTN Register (number 
11916566) and EudraCT (number 2006-006186-16).

results
Between 13 March 2007 and 24 September 2010, 610/730 
assessed patients were eligible and included in the study 
(figure 1), 479 (79%) with classifiable RA and 131 (21%) with 
UA. During 5 years, 152/610 (25%) patients (112 with RA, 40 
with UA) were lost to follow-up: 17 patients died, 13 left the 
study due to comorbidity, 12 had a revised diagnosis and 110 
discontinued their consent. Twelve patients left the study before 
the first assessment at 4 months. Of 610 patients, 387 (63%) 
achieved early remission. One-hundred and sixty-one patients 
(26% of 610) were randomised: 83 patients to delayed adali-
mumab (arm 1) and 78 to early adalimumab (arm 2); 50 others 
were not in early remission but were erroneously not randomised 
(OP group). Online supplementary table S1 shows the number 
of patients still in the study at each time point for the different 
treatment groups. Baseline characteristics were well balanced 
between randomisation arms.

General outcomes of the whole group
Baseline characteristics of all patients are shown in table 1. All 
but six patients achieved remission at least once during 5 years 
of follow-up. At 5 years, 295/610 patients (48%) were in remis-
sion and 137/610 (22%) were in ACR/EULAR Boolean remis-
sion. During 5 years, on average, 54% of all patients were in 
DFR at least once (figure 2). Of the 295 in remission at 5 years, 
159 (26% of 610) had achieved sustained (≥1 year) DFR, 
58 from the earliest possible time point at year 1. Of the 58 
in early sustained DFR, 24 (4% of 610) were still in DFR at 
5 years, while 26 patients had lost remission and restarted medi-
cation, and 8 had left the study early while still in DFR. Online 

table 1 Baseline characteristics of IMPROVED study population

total population

n=610

DAS, mean±SD 3.2±0.91

HAQ, mean±SD 1.2±0.66

Age (years), mean±SD 52±14

Female, n (%) 414 (68)

Symptom duration (weeks), median (IQR) 18 (9.0–32)

RF positive, n (%) 339 (56)

ACPA positive, n (%) 333 (55)

Anti-CarP positive, n (%) 172 (28)

Fulfilled RA 2010 classification criteria, n (%) 479 (79)

Swollen joint count, median (IQR)/mean±SD 5.0 (3.0–10)/7.3±6.2

Tender joint count, median (IQR)/mean±SD 6.0 (4.0–9.0)/7.5±5.0

ESR (mm/hour), median (IQR) 25 (11–39)

VAS global health (mm), mean±SD 46±23

Total SHS, median (IQR)/mean±SD (observed) 0.0 (0.0–3.0)/2.1±4.2

Total SHS, median (IQR)/mean±SD (after imputation) 0.49 (0.0–3.0)/2.1±4.2

Erosive, n (%) (observed) 73 (12)

Erosive, n (%) (after imputation) 79 (13)

Erosive indicates ≥1 erosions.
ACPA, anticitrullinated protein antibody; anti-CarP, anticarbamylated protein 
antibodies; DAS, Disease Activity Score; ESR, erythrocyte sedimentation rate; HAQ, 
Health Assessment Questionnaire; IMPROVED, Induction therapy with MTX and 
Prednisone in Rheumatoid Or Very Early arthritic Disease; RA, rheumatoid arthritis; 
RF, rheumatoid factor; SHS, Sharp/van der Heijde Score; VAS, Visual Analogue Scale.
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supplementary table S2 shows percentages missing per patient 
still participating in the study at each time point for figures 2 and 
3. At 5 years, the mean difference in HAQ was −0.4 (95% CI 
−0.5 to −0.3) between patients in and not in remission.

Radiographs at baseline and 5 years were available in 362/458 
study completers. SHS progression ≥0.5 points was seen in 180 
(39%) completers, with a median SHS progression (IQR) of 
0 (0–3) points. 58/458 (13%) had progression ≥5. The mean 
yearly progression rate in completers was 0.43 points/year. A 
probability plot with SHS progression after 5 years in completers 
(patients with available X-rays at baseline and 5 years) is shown 
in figure 3C.

During 5 years follow-up, 555 (91%) patients had in total 
2897 AEs (21.4 AEs per 100 patient years; online supplementary 
table S3). The most common AEs were upper airway infections, 
increased liver enzymes and skin rash. One hundred and forty-
eight (24%) patients reported 242 serious AEs (SAEs) (5.7 SAEs 
per 100 patient years).

Comparisons between patients in and not in early remission
Patients who achieved early remission had, at baseline, lower 
DAS and slightly shorter symptom duration; fewer were female; 
fewer fulfilled the RA classification criteria, although more were 
positive for autoantibodies; and more had erosions on radiographs 
at baseline, compared with patients who did not achieve early 
remission (online supplementary table S4). In general, patients 

who achieved early remission had better outcomes over time 
than patients in the randomisation arms or out of protocol group. 
Sustained DFR was achieved by 135/387 (35%) in the early remis-
sion group, compared with 11% of the patients in randomisation 
arms 1 (9/83) and 2 (10/78) and the OP group (5/50). At 5 years, 
220/387 (57%) in the early remission group patients were in 
remission, and 111/387 (29%) in ACR/EULAR Boolean remission, 
compared with 75/211 (36%) and 26/211 (12%), respectively, in 
the other patients (online supplementary table S4 and figure 2D). 
HAQ improvement over time was −0.6 (0.7) in the early remis-
sion group and −0.5 (0.8) in other patients (figure 3A), resulting in 
mean HAQ over time of 0.4 (0.4) and 0.9 (0.5), respectively. After 
imputation, total radiological damage progression was similar in 
the early remission group and the other patients (figure 3C,D), but 
more patients in the early remission group had erosion progression.

In the early remission group, use of medication initially 
decreased, with a steep decline in use of prednisone and to a lesser 
degree also of MTX, then remained stable over time (figure 2A). 
During 5 years, 98/387 (25%) patients who initially achieved early 
remission, because of later increases in DAS, received treatment 
with adalimumab and/or other DMARD.

Comparisons between the randomisation arms
For patients who did not achieve early remission and were 
randomised to arms 1 (first DMARD combination therapy) and 2 
(immediately adalimumab), there were no significant differences at 

Figure 2 Treatment during 5 years in (A) ER group, (B) arm 1, (C) arm 2, in percentage of participating patients at each time point per treatment 
group. (D) Percentages in remission and percentages in DFR per treatment group. Lines are approximations of the proportions of patients 
discontinuing medications (according to tapering strategies or due to side effects) or starting medications according to remission-steered escalation 
strategies, across various treatment steps per arm, during 5 years. Percentages are calculated for total number of participating patients at each time 
point. The category ‘Other’ includes medications that were prescribed per protocol in the ‘treatment according to rheumatologist’ step after failure on 
methotrexate plus adalimumab, as well as medications prescribed outside of the protocol but still maintaining a remission-targeted strategy. Shaded 
areas denote patient proportions in remission during 5 years. ADA, adalimumab; DAS, Disease Activity Score; DFR, drug-free remission; ER, early 
remission; HCQ, hydroxychloroquine; mono, monotherapy; MTX, methotrexate; pred: prednisone; SSZ, sulfasalazine.
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the time of randomisation or in clinical and radiological outcomes 
or use of DMARD over 5 years of DFR-steered treatment (table 2). 
Over time, there was no difference in DAS (LMM 0.05 (95% 
CI −0.30 to 0.40), p=0.768) and HAQ (LMM 0.05 (95% CI 
−0.20 to 0.29), p=0.705) between the randomisation arms.

Comparisons between patients with rA and uA 
At 5 years, 234/479 patients with RA (49%) and 61/131 (47%, 
p=0.366) patients with UA were in remission. More patients 
with UA (41/131 (31%)) than patients with RA (93/479 (19%), 
p<0.001) were in DFR at 5 years. Over 5 years, sustained DFR was 
achieved by more patients with UA (49/131 (37%)) than patients 
with RA (110/479 (23%), p=0.001). Despite these differences and 
although mean DAS over time was significantly lower in patients 
with UA (1.5 (0.6)) compared with patients with RA (1.7 (0.7), 
p=0.003), mean HAQ over time was similar in patients with RA 
and UA. More patients with RA than patients with UA had SHS 
progression ≥0.5 points (observed) (152/479 (32%) vs 28/131 
(21%), p=0.118) with a higher median (3 (1–6.9) vs 2.3 (1–3.5), 
p=0.199), and 54/479 (11%) vs 4/131 (3%) had SHS progres-
sion ≥5 (p=0.011), with a higher median progression score (7.8 
(6–12.3 vs 6 (5.3–19.5), p=0.288).

Comparison between antibody-positive and antibody-
negative patients
Absence of autoantibodies (RF and ACPAs) was associated 
with more DFR (81/262 (31%) vs 50/332 (15%), p<0.001), 
but not more remission (120/262 (46%) vs 172/332 (52%), 
p=0.887) at 5 years. Over 5 years, sustained DFR was achieved 

by 96/262 (37%) of ACPA-negative compared with 60/332 
(18%) ACPA-positive patients (p<0.001). Similarly, over 5 years, 
sustained DFR was achieved by 79/245 (32%) of RF-negative and 
74/339 (22%) RF-positive patients (p=0.005). Mean DAS over 
time was comparable in ACPA-negative (1.7 (0.7)) and ACPA-pos-
itive patients (1.7 (0.7), p=0.882). Also, mean HAQ was similar 
in ACPA-negative (0.54 (0.6)) and ACPA-positive patients (0.52 
(0.5), p=0.712). More ACPA-positive patients compared with 
ACPA-negative patients had SHS progression ≥0.5 after 5 years 
(117/333 (35%) vs 60/255 (24%), p=0.016), and 41/333 (12%) 
vs 16/255 (6%) had SHS progression ≥5 (p=0.041<0.001), 
with a higher median progression score (0.5 (0–3) vs 0 (0–1.5), 
p<0.001). Also, erosive disease was seen in more ACPA-positive 
patients (62/333 (19%; was 15% at baseline)) than in ACPA-neg-
ative patients (23/255 (9%; was 9% at baseline), p=0.001, for 
comparison at 5 years).

dIsCussIOn
This study in patients with early RA and UA shows for the first time 
that a treatment strategy aiming at sustained DFR is successful, 
although most patients periodically still need a DMARD. Remis-
sion defined by DAS<1.6, on or off DMARD, was achieved in 
48% of patients after 5 years and DFR in 54% at least once. 
Functional ability approached normality in these patients, and 
radiological damage progression was well suppressed and clin-
ically negligible.19 Patients with UA, in our study largely over-
lapping with autoantibody-negative patients, achieved more 
DFR than patients with RA and autoantibody-positive patients 

Figure 3 (A) Mean HAQ over time. (B) mean DAS over time. Means were calculated per time point for patients that had a value at that time 
point. (C) Probability plot SHS progression in completers with available X-rays at baseline and 5 years. (D) Estimated mean total SHS over time after 
imputation. DAS, Disease Activity Score; HAQ, Health Assessment Questionnaire; SHS, Sharp/van der Heijde Score.
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but overall showed similar disease activity and functional ability 
over time and similarly little radiological damage progression. 
In general, the 63% of patients who were in remission after 
4 months of treatment had better outcomes than patients who 
were not. For patients not in early remission, an immediate 
switch to biologic DMARD adalimumab or first trying a combi-
nation of conventional DMARDs resulted in similar outcomes 
over time. Patients who achieved early remission already had 
lower DAS and HAQ at baseline, placing the DAS target within 
closer reach. Our study suggests that, rather than starting with 
relatively ‘mild’ treatment, remission induction therapy for these 
patients can be especially successful. Also, our results show that 
regardless of presence of autoantibodies, all patients benefit 
from early remission induction therapy followed by treatment 
adjustments as long as remission is not achieved. Previous 
subanalyses of the current study showed that ACPA positivity 
was associated with early remission,13 but not with early DFR.7 
From year 1, ACPA positivity was associated with loss of DFR,20 
a trend that is now confirmed with finding fewer ACPA-positive 
patients than ACPA-negative patients achieving sustained DFR. 
ACPA-positive patients also showed statistically significantly 
more progression in damage scores. Total joint damage progres-
sion after 5 years was similarly low in patients who were or were 
not in early remission, but we saw slightly more erosive joint 
damage progression in patients in the early remission group. 
More patients in the early remission group already had erosions 

at baseline, which is associated with more erosion progression.21 
It is also possible that, due to more drug tapering to DFR and 
less use of anti-TNF therapy compared with the other treatment 
groups, there has been subclinical inflammation.

Experts considered a yearly progression score of ≥5 points 
to be clinically relevant.22 Only 5/610 patients in the current 
study had >25 points progression after 5 years. In general, 
progression scores were remarkably low, even though the radio-
graphs were scored in chronological order, which is associated 
with higher sensitivity.23 Previous studies aiming at low DAS 
(≤2.4)24 25 or even stricter remission definitions26 27 reported 
more radiological damage progression (scored in random order) 
despite reporting similar or higher remission rates. This may be 
due to the inclusion of more advanced and/or severe RA types.

This study is the first to aim for relatively rapid tapering 
of medication aiming at sustained DFR, which we felt is the 
outcome closest approaching cure. Therefore, we aimed to 
include and treat patients in an early phase of (suspected, if clas-
sification criteria were not met) RA, as it appears that earlier 
treatment may result in better and long-lasting suppression of 
inflammatory processes, which at that time may be reversible. 
During this so-called ‘window of opportunity’, chronicity of 
inflammation may be prevented and prolonged remission may 
be induced.28–30 It is estimated to encompass around 12 weeks 
from symptom onset.12 However, we found few differences in 
remission rates and only a trend for more DFR in patients with 

table 2 Outcomes at time of randomisation and after 5 years in the randomisation arms

4 months
Arm 1
n=83

Arm 2
n=78

DAS, mean±SD 2.5±0.63 2.6±0.68

HAQ, mean±SD 0.85±0.57 0.88±0.57

Swollen joint count, median (IQR)/mean±SD 1.0 (0.0–4.0)/2.6±3.2 2.0 (1.0–5.0)/3.2±3.5

Tender joint count, median (IQR)/mean±SD 4.0 (3.0–7.0)/6.3±5.1 5.0 (3.0–9.0)/7.0±5.6

ESR (mm/hour), median (IQR) 13 (7.0–22) 11 (6.0–19)

VAS global health (mm), mean±SD 37±21 38±21

5 years n=62 n=59 p Value

DAS, mean±SD 1.7±0.69 1.6±0.82 0.469

HAQ, mean±SD 0.83±0.65 0.82±0.64 0.936

Swollen joint count, median (IQR)/mean±SD 0.0 (0.0–1.0)/1.2±2.6 0.0 (0.0–2.0)/1.2±2.0 0.200

Tender joint count, median (IQR)/mean±SD 1.0 (0.0–3.0)/2.1±2.6 1.0 (0.0–4.0)/2.2±2.7 0.818

ESR (mm/hour), median (IQR) 11 (6.8–23) 12 (5.5–19) 0.517

VAS global health (mm), mean±SD 31±22 27±23 0.369

Total SHS, median (IQR)/mean±SD (observed) 1.0 (0.0–4.9)/4.2±7.9 1.5 (0.0–3.9)/3.8±6.9 0.816

Total SHS, median (IQR)/mean±SD (after imputation) 1.3 (0.19–4.0)/3.7±6.8 1.9 (0.0–4.0)/3.4±5.9 0.340

Erosive, n (%) (observed) 13 (21) 13 (22) 0.828

Erosive, n (%) (after imputation) 19 (23) 16 (21) 0.753

SHS progression, median (IQR)/mean±SD (observed) 0.0 (0.0–1.0)/2.5±6.1 0.0 (0.0–1.0)/2.0±5.2 0.818

SHS progression, median (IQR)/mean±SD (after imputation) 0.50 (0.0–1.7)/2.0±4.8 0.29 (0.0–1.5)/1.7±4.4 0.115

SHS progression ≥0.5, n (%) (observed) 23 (37) 23 (39) 1.000

SHS progression ≥0.5, n (%) (after imputation) 46 (55) 37 (47) 0.327

SHS progression ≥5, n (%) (observed) 9 (15) 7 (12) 0.710

SHS progression ≥5, n (%) (after imputation) 11 (13) 9 (12) 0.653

SHS progression ≥10, n (%) (observed) 3 (5) 2 (3) 0.968

SHS progression ≥10, n (%) (after imputation) 4 (5) 2 (3) 0.712

In remission, n (%) 31 (50) 29 (49) 0.768

In drug-free remission, n (%) 9 (15) 12 (20) 0.374

In ACR/EULAR Boolean remission, n (%) 8 (13) 13 (22) 0.186

Erosive indicates ≥1 erosions.
ACR, American College of Rheumatology; DAS, Disease Activity Score; ESR, erythrocyte sedimentation rate; EULAR, European League Against Rheumatism; HAQ, Health 
Assessment Questionnaire; SHS, Sharp/van der Heijde Score; VAS, Visual Analogue Scale.
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symptom duration <12 weeks compared with ≥12 weeks. It 
may be that the initial combination with fast acting prednisone 
makes up for possible downsides of a longer symptom duration.

Due to drug tapering strategies, the use of prednisone over 
time was low. Most patients remained on MTX monotherapy or 
were in DFR (figure 2). In the randomisation arms, use of adali-
mumab stabilised at twice the level of use as in the early remis-
sion group and also use of other biologic DMARDs was higher, 
which will have impacted treatment costs. Toxicity in the early 
remission group and the randomisation arms was comparable.

There are several limitations to the study design. First, a 
comparator arm being absent, we cannot claim that the good 
clinical and radiological outcomes are the result of the initial 
treatment, subsequent medications or the remission-steered 
treatment adjustments. We may have temporarily overtreated 
patients who would have achieved spontaneous remission. This 
was partly why we tried to taper and discontinue medication 
early. We chose the MTX and prednisone doses for induction 
therapy based on the results of the COBRA31 and BeSt studies.24 
More recent studies have shown that lower dosages of predni-
sone may be equally effective.32 33 The 4 monthly evaluation time 
points may not have provided sufficiently tight control in combi-
nation with targeted treatment. This and rapid tapering may 
have resulted in fewer patients achieving sustained (drug-free) 
remission than we hoped. The remission target may be insuffi-
ciently stringent, even though we used the original DAS, based 
on more joints than the DAS28. Had we treated aiming at a more 
strict remission definition, more patients might have achieved 
DFR, but it would also have risked higher use of costly medica-
tions. All definitions of remission may be influenced by non-in-
flammatory pain.34 Finally, early study termination in the various 
patient groups may have influenced the results, and missing data 
may not have been completely at random and can potentially 
bias data analysis. We have performed multiple imputations and 
repeated the analysis (data not shown), which showed results 
that did not differ from the complete case analysis.

In conclusion, in this study in patients with early RA and UA, 
after 5 years of treatment aiming at DFR, HAQ results indicate 
almost normal functional ability over time and radiological 
damage progression was generally well suppressed. Forty-eight 
per cent of patients were in remission after 5 years, and 26% 
had achieved DFR for at least 1 year, but few achieved contin-
uous DFR. Aiming at DFR appears to be an effective way to 
prevent damage and deterioration, provided that disease activity 
is vigilantly monitored, weighing the benefits of discontinuation 
of medication against the risk of a disease relapse.
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ExtEndEd rEport

Smoking paradox in the development of psoriatic 
arthritis among patients with psoriasis: a population-
based study
Uyen-Sa d t nguyen,1,2 Yuqing Zhang,2,3 na Lu,2,3 Qiong Louie-Gao,2 Jingbo niu,2,4 
Alexis ogdie,5 Joel M Gelfand,5 Michael p LaValley,2 Maureen dubreuil,2 
Jeffrey A Sparks,6 Elizabeth W Karlson,6 Hyon K Choi2,3

AbstrACt
Objectives Smoking is associated with an increased 
risk of psoriatic arthritis (psA) in the general population, 
but not among patients with psoriasis. We sought to 
clarify the possible methodological mechanisms behind 
this paradox.
Methods Using 1995–2015 data from the Health 
Improvement network, we performed survival analysis to 
examine the association between smoking and incident 
psA in the general population and among patients with 
psoriasis. We clarified the paradox using mediation 
analysis and conducted bias sensitivity analyses to 
evaluate the potential impact of index event bias and 
quantify its magnitude from uncontrolled/unmeasured 
confounders.
results of 6.65 million subjects without psA at 
baseline, 225 213 participants had psoriasis and 7057 
developed incident psA. Smoking was associated with an 
increased risk of psA in the general population (Hr 1.27; 
95% CI 1.19 to 1.36), but with a decreased risk among 
patients with psoriasis (Hr 0.91; 95% CI 0.84 to 0.99). 
Mediation analysis showed that the effect of smoking 
on the risk of psA was mediated almost entirely through 
its effect on psoriasis. Bias-sensitivity analyses indicated 
that even when the relation of uncontrolled confounders 
to either smoking or psA was modest (both Hrs=~1.5), 
it could reverse the biased effect of smoking among 
patients with psoriasis (Hr=0.9).
Conclusions In this large cohort representative of 
the UK general population, smoking was positively 
associated with psA risk in the general population, but 
negatively associated among patients with psoriasis. 
Conditioning on a causal intermediate variable (psoriasis) 
may even reverse the association between smoking and 
psA, potentially explaining the smoking paradox for the 
risk of psA among patients with psoriasis.

IntrOduCtIOn
Psoriasis (PsO) is a chronic inflammatory and auto-
immune skin disease that affects over 5 million 
Americans,1 and psoriatic arthritis (PsA) is a 
progressive and often destructive joint disease that 
has been linked to premature cardiovascular (CV) 
events and mortality.2–4 In most patients with PsA, 
symptoms do not appear until years after the onset 
of cutaneous PsO.5 The high risk of PsA among 
patients with PsO provides a unique opportunity 
to identify and prevent this serious arthropathy 

and its complications. However, few modifiable 
risk factors for PsA have been established among 
patients with PsO.

The evidence for smoking as a risk factor for 
PsA among patients with PsO remains limited 
and contradictory. Several studies have shown 
that smoking is associated with an increased risk 
of PsO and PsA among the general population.6 7 
Yet, smoking was found to be inversely8 or weakly 
associated with PsA in analyses restricted to patients 
with PsO6 (ie, smoking paradox). Given these 
conflicting data on this important risk factor on the 
risk of PsA, we sought to examine these associations 
in a general population context compared with that 
in patients with PsO to clarify the methodological 
reason behind this potential smoking paradox.

The goals of our study were to examine the 
smoking and PsA paradox among patients with 
PsO in a general population context and clarify the 
possible methodological mechanisms behind the 
paradox. We first estimated the effect of smoking 
on risk of PsA in the general population and then 
among patients with PsO. We then clarified the 
underlying methodological mechanisms using a 
unified mediation analysis and bias analysis.

MethOds
study population
Details of The Health Improvement Network 
(THIN) have been published previously.9 10 Briefly, 
THIN is a database of computerised medical 
records from approximately 648 general care 
practices in the UK. Most patients in the UK are 
registered with a general practitioner (GP) through 
the National Health Service. THIN is a popula-
tion-based cohort of the general population repre-
sentative of the UK population seen by GPs.9 The 
database included anonymised healthcare data from 
approximately 11 million patients, with informa-
tion on patient demographics, diagnoses including 
details of the GP visits and specialists’ referrals and 
hospital admissions and additional health informa-
tion such as height and weight and lifestyle factors 
such as smoking and alcohol intake. Moreover, 
Read codes were used to specify medical diagnoses. 
For this current analysis, 7 247 774 million people 
from THIN population met our eligibility criteria 
which included men and women aged 20–89 years, 
enrolled in THIN for at least 12 months between 1 
January 1995 and 31 May 2015, free of PsA before 
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study entry and included both prevalent and incident patients 
with PsO. Of these, 596 475 people (8.2%) had missing informa-
tion on smoking; thus, we included a subset of 6 651 299 partic-
ipants for the current study. We followed STrengthening the 
Reporting of OBservational studies in Epidemiology reporting 
guidelines for observational studies.

Ascertainment of PsO and PsA
We used THIN Read codes to define PsO and PsA. Validity 
of THIN Read codes for PsO and PsA has been previously 
reported.10 11 Specifically, Read codes for PsO and PsA in THIN 
showed a positive predictive value (PPV) of 90% and 85% of 
clinical confirmation, respectively. Also, we performed sensi-
tivity analyses where a person is defined as having PsA if there 
is a Read diagnostic plus use of disease-modifying antirheumatic 
drugs (DMARD) within 1 year of the Read code. However, the 
main definition remains Read code only, as DMARD data defini-
tions only slightly improved the specificity for the diagnosis, but 
at the cost of a dramatic reduction in sensitivity.12 Both PsO and 
PsA were classified as a dichotomous variable (Yes or No).

Assessment of smoking and covariates
Our exposure of interest was smoking recorded by physicians. 
Smoking status was divided into three categories: non-smoker, 
ex-smoker or current smoker. As a lifestyle exposure variable, 
smoking information in THIN has been collected prospectively 
and has been used successfully in previous analyses demon-
strating anticipated relations of smoking to the risk of myocar-
dial infarction13 and the risk of lung cancer.14 Occasionally, 
patients were coded in the database as a ‘non-smoker’ but also 
had a previous code for ‘smoker’ and thus would be recoded as 
an ‘ex-smoker’. Covariates included age, sex, body mass index 
(BMI), alcohol and history of trauma at baseline.12 13 15

statistical analysis
Smoking and the risk of PsA in the general population versus among 
patients with PsO
First, we calculated the person-time of follow-up and incidence 
rates of PsA by smoking status. The study entry date in the 
general population was the date the subject free of PsA met our 
inclusion criteria for age, study calendar time, 12-month enrol-
ment criteria and the first recorded smoking status, whichever 
comes last. Follow-up ended when participants developed PsA, 
became 90 years of age, died, transferred out of the GP practice 
or the administrative end of follow-up (31 May 2015). Thus, 
for the purpose of studying incident PsA, patients did not have a 
Read code for PsA before the start of follow-up and had a Read 
code for PsA during follow-up.

We used Cox proportional hazards regression models to esti-
mate the HR for the effect of current or ex-smoking compared 
with never smoking on risk of incident PsA in the general 
population, adjusting for covariates. In addition to sex, covari-
ates include age (continuous), BMI (continuous and defined as 
weight in kg divided by the square of height in metres), alcohol 
intake (current drinker, ex-drinker or non-drinker) and history 
of trauma (yes or no) from the most recent date before or on 
the follow-up start date. We took the same approach for our 
subgroup analysis to assess the association between smoking and 
risk of PsA restricted to patients with PsO. The patients with 
PsO were included in the general population analysis. We also 
repeated the analyses using five sets of multiple imputation for 
missing BMI and alcohol data, where covariates for the multiple 

imputation model included age, alcohol, BMI, sex, trauma, 
smoking, PsA and follow-up time.16

Assessing for possible misclassification of smoking, PsO and PsA
To verify the robustness of the main study findings, we conducted 
several sensitivity analyses to determine the impact of possible 
misclassification. First, we used a different smoking classification 
to define smoking status, that is, smoking was defined based on 
the last smoking status before diagnosis of PsA, as approximately 
14% of individuals repeatedly quit then started smoking again 
over time. Second, we repeated the analysis by restricting study 
participants to those with incident PsO (instead of including 
both prevalent and incident patients with PsO). Third, we used 
both Read code and DMARD use within 1 year of Read code 
diagnosis to define PsA. Finally, we required the eligible popula-
tion to be free of both PsA and PsO at start of follow-up (instead 
of being free of PsA only).

Methodological clarification of smoking paradox using mediation 
analysis with marginal structural models and bias-sensitivity 
analysis
Two major methodological reasons can explain this potential 
paradox: (1) the discrepancy between the intended research 
question and results obtained by the study design and analytical 
approach and (2) an index event bias (ie, selection or collider 
bias), which is introduced when conditioning on a causal inter-
mediate factor. Further details are provided in the methods 
section in the online supplementary file 1. To examine the role 
of the first explanation, we conducted mediation analysis using 
marginal structural models (MSM)17 to partition the total effect 
of smoking on the risk of PsA into the indirect effect (ie, the 
effect of smoking on the risk of PsA via PsO) and the direct effect 
(ie, the effect of smoking on the risk of PsA independent of PsO) 
(see methods section and figure S1.a in the online supplemen-
tary file 1). Then, to address the potential impact of index event 
bias and quantify its magnitude, we conducted a ‘bias-sensitivity 
analysis’ as detailed in the methods section in the online supple-
mentary file 1. Further, rheumatic disease examples have also 
been reviewed in detail, including the ‘obesity paradox’.18

All analyses were performed using SAS V.9.3 and adjusted for 
sex, age, BMI, alcohol intake and history of trauma at baseline.

results
We identified 225 213 participants with incident or prevalent 
PsO and 7057 with incident PsA over a mean total of 7.0 years 
(median of 5.5 years) and 46 524 609 person-years of follow-up. 
In the overall study population, the average age was 42 years, 53% 
were female, 13% were obese and 62% were current drinkers at 
baseline. Approximately, 56% participants were non-smokers, 
16% were ex-smokers and 28% were current smokers. Among 
those with PsO, the average age was 45 years, 52% were female, 
21% were obese and 64% were current drinkers. Also, about 
46% participants were non-smokers, 19% were ex-smokers and 
35% were current smokers (table 1).

the smoking paradox for PsA
The associations between smoking and the risk of PsA in the 
general population and among patients with PsO are shown in 
table 2. The adjusted HR for the risk of incident PsA comparing 
current smoking with non-smoking in the general population 
was 1.27 (95% CI 1.19 to 1.36), but the corresponding HR of 
the association among patients with PsO was 0.91 (95% CI 0.84 
to 0.99), indicating a paradoxical phenomenon. Similar findings 
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were also observed for ex-smokers. Results from multiple impu-
tation of missing data were very similar (table 2). Our results 
remained robust and inference did not change materially with 
the various sensitivity analyses, whether with using different defi-
nitions of smoking status, restricting the index group to people 
with incident PsO instead of including both incident and preva-
lent PsO, a more restrictive definition of PsA with DMARDS or 
defining the overall study population to be free of both PsA and 
PsO at the start of follow-up (see results section in the online 
supplementary file 1).

Clarification of the smoking paradox for PsA using mediation 
analysis
Results from the mediation analysis to clarify the smoking 
paradox are shown in table 3. The total effect or the net causal 
effect of current smoking compared with non-smokers on the 
risk of PsA in the general population was 1.27 (95% CI 1.19 to 
1.36), the indirect effect mediated through PsO status was 1.31 
(95% CI 1.26 to 1.37) and the direct effect independent of PsO 
status was 0.96 (95% CI 0.93 to 1.00). The corresponding effect 
estimates for ex-smokers were 1.32 (95% CI 1.22 to 1.43), 
1.21 (95% CI 1.17 to 1.26) and 1.08 (95% CI 1.03 to 1.13), 
respectively.

Bias-sensitivity analysis to determine potential impact of index 
event bias
Bias-sensitivity analyses indicated that even when the relation 
of uncontrolled confounders to either smoking or PsA was rela-
tively modest (both HRs=~1.5), it could reverse a 10% protec-
tive effect of smoking among patients with PsO (ie, HR=0.9) 
(see figure S2 and results section in the online supplementary 
file 1).

dIsCussIOn
In this large cohort representative of the UK population, we 
found that current smoking was associated with a 27% increased 
risk of PsA in the general population. However, when we limited 
the study population to those with PsO, current smoking was 
associated with approximately a 10% lower (protective) risk of 
PsA, illustrating the smoking paradox.18 Further analysis revealed 
that the effect of smoking on the risk of PsA was mediated 
almost entirely through the effect of smoking on PsO. Moreover, 
uncontrolled confounding even at a modest level could account 
for the collider bias resulting in the inverse association between 
smoking and PsA when the study was restricted to an index 
event such as PsO. Together, our findings illustrate the smoking 

table 1 Baseline characteristics by smoking status, overall and restricted to participants with psoriasis

thIn general population Among patients with psoriasis

non-smoker ex-smoker Current smoker non-smoker ex-smoker Current smoker

Subjects (n) 3 759 554 1 035 203 1 856 542 104 004 43 205 78 004

Age, mean (SD) 41.9 (18.2) 48.9 (18.4) 39.2 (15.5) 44.2 (17.8) 51.1 (17.4) 41.5 (15.4)

Female (n, %) 2 131 881 (56.7) 499 916 (48.3) 860 368 (46.3) 57 823 (55.6) 20 639 (47.8) 39 233 (50.3)

BMI, mean (SD)* 25.5 (5.1) 26.7 (5.2) 25.1 (5.0) 26.4 (5.3) 27.4 (5.4) 25.7 (5.2)

Alcohol (n, %)

  Missing 833 488 (22.2) 196 028 (18.9) 426 356 (23.0) 22 327 (21.5) 7867 (18.2) 17 716 (22.7)

  Non-drinker 702 569 (18.7) 111 956 (10.8) 221 084 (11.9) 16 586 (16.0) 4542 (10.5) 9014 (11.6)

  Ex-drinker 19 482 (0.5) 19 182 (1.9) 24 225 (1.3) 612 (0.6) 786 (1.8) 1071 (1.4)

  Current drinker 2 204 015 (58.6) 708 037 (68.4) 1 184 877 (63.8) 64 479 (62.0) 30 010 (69.5) 50 203 (64.4)

Trauma (n, %) 1 128 218 (30.0) 356 190 (34.4) 664 097 (35.8) 38 483 (37.0) 17 093 (39.6) 32 140 (41.2)

*Missing BMI data were 24.2% and 21.5% (non-smokers), 19.3% and 18.2% (ex-smokers), 25.5% and 22.7% (current smokers) in THIN general population and patients with 
psoriasis.
BMI, body mass index; THIN, The Health Improvement Network.

table 2 Association between smoking and PsA in the general population and among patients with PsO

non-smokers ex-smokers Current smokers

General THIN population 3 759 554 1 035 203 1 856 542

  Number developing PsA 3699 1178 2180

  Total follow-up (person-years) 26 961 014 6 599 380 12 964 215

  PsA incidence rate (per 10 000 person-years) 1.4 1.8 1.7

  Unadjusted HR (95% CI) 1.0 1.32 (1.24 to 1.41) 1.23 (1.17 to 1.30)

  Adjusted HR* (95% CI) 1.0 1.32 (1.22 to 1.43) 1.27 (1.19 to 1.36)

  Adjusted HR† (95% CI) 1.0 1.30 (1.21 to 1.38) 1.23 (1.16 to 1.29)

Among patients with PsO 1 04 004 43 205 78 004

  Number developing PsA 2288 789 1492

  Total follow-up (person-years) 951 097 329 631 697 500

  PsA incidence rate (per 10 000 person-years) 24.0 23.9 21.4

  Unadjusted HR (95% CI) 1.0 1.00 (0.92 to 1.08) 0.89 (0.83 to 0.95)

   Adjusted HR* (95% CI) 1.0 1.07 (0.97 to 1.18) 0.91 (0.84 to 0.99)

  Adjusted HR† (95% CI) 1.0 1.03 (0.95 to 1.12) 0.88 (0.83 to 0.94)

*Adjusted for age, alcohol, BMI, sex and trauma using complete case analysis.
†Adjusted for age, alcohol, BMI, sex and trauma using multiple imputation for missing covariates.
BMI, body mass index; PsA, psoriatic arthritis; PsO, psoriasis; THIN, The Health Improvement Network.
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paradox associated with the risk of PsA among the patients with 
PsO in a general population context, and methodological limita-
tions could potentially provide an enticing explanation for the 
seemingly paradoxical phenomenon.

Findings of the association between smoking and risk of 
PsA among people with PsO are limited and inconsistent. For 
example, Tey et al19 found no association between smoking and 
PsA when comparing patients with PsO with PsA (cases) and 
without PsA (controls). Results from Pattison et al20 suggested 
that smoking protects against PsA among cases with PsA 
compared with PsO controls, that is, smokers had about a 50% 
reduced risk for PsA. Similarly, Eder et al suggested a protective 
effect of smoking on risk of PsA among patients with PsO.8 
Li et al however, found that smoking had an increased risk of 
PsA among patients with PsO, but the magnitude of associa-
tion was substantially smaller than that seen for the association 
between smoking and risk of PsA in the general population of 
the Nurses’ Health Study II.6

Explanations for the lack of consistent findings vary. For 
example, the biological explanation for the protective effect of 
smoking was hypothesised that smoking decreased expression 
of interleukin (IL)-1b, IL-8 and altered response of Toll-like 
receptor pathways to noxious agents.8 It is unclear how smoking 
can have a protective effect among patients with PsO but not 
in the overall general population. Another explanation may be 
that the effect estimate of smoking on the risk of PsA among 
the general population may be different from that of the tradi-
tional studies restricted to patients with PsO, owing to differ-
ences in risk of PsA among non-smokers in the general versus 
PsO populations.

Our results suggest that smoking increased risk of PsA in the 
general population but smoking appeared to be protective among 
patients with PsO. With the large sample size, both modest 
effects were statistically significant and we were able to clarify 
the paradox and showed that not only the measure of effect in 
those with PsO was that of the direct effect, but was also possibly 
biased by uncontrolled confounding. When studying the effect 
of smoking on the risk of PsA among patients with PsO, the goal 
is to assess the total effect of smoking on the development of 
PsA. To obtain such an effect estimate, investigators could enroll 
a group of patients with PsO and assess how changes in smoking 
status (ie, either smokers stopped smoking or non-smokers 
started smoking) after PsO diagnosis are associated with the risk 
of PsA. By doing so, the effect estimate of smoking change on 
the risk of PsA represents the total effect of smoking on the risk 
of PsA among patients with PsO. In contrast, traditional studies 
of the association between smoking and risk of PsA restricted to 
people with PsO often assess prevalent smoking status at base-
line. If smoking is a risk factor for PsO and having PsO increases 
risk of PsA, then restricting a study to those with PsO would be 
conditioning on an intermediate in the causal pathway between 
smoking and PsA. Thus, the measure of effect represents the 
direct effect of smoking on risk of PsA (see figure S1.a in the 

online supplementary file 1) independent of PsO. Furthermore, 
conditioning on an intermediate may also result in collider bias 
(see figure S1.b in the online supplementary file 1).

Several limitations warrant discussion. First, GPs in THIN 
did not regularly record smoking status and other lifestyle 
factors. It may lead to under-reporting of smoking status, espe-
cially among non-smokers or healthy people. Such under-re-
porting or misclassification of smoking status may result in the 
effect estimates being biased towards the null. We conducted 
additional analyses for possible misclassification of smoking 
and results did not change materially. Second, the diagnostic 
accuracy of PsA and PsO and disease severity are potential 
concerns in this study using medical record data. However, 
validation studies have shown high positive predictive value 
for PsO (90%) in THIN10 and PsA (>90%) in an electronic 
medical records database similar to THIN.10 21 Our sensitivity 
analyses using both Read codes and DMARDs for classification 
of PsA did not change the inference, as was using incident PsO 
as compared with both incident and prevalent PsO provided 
similar inference. While excluding prevalent cases of PsO 
could better ensure the temporal relation between smoking 
and the onset of PsO, it will exclude a substantial proportion 
of individuals with a causal intermediate (ie, prevalent PsO) for 
PsA endpoints. Furthermore, conditioning on causal interme-
diates (ie, excluding prevalent PsO individuals) could then lead 
to potential selection bias. As such, we pursued both analyses, 
which resulted in very similar findings. Despite these limita-
tions, our study was conducted using a large population-based 
cohort of the UK population; thus, our findings may apply to 
a general population. Also, we were able to perform various 
sensitivity analyses, and the study inference remained the same.

COnClusIOn
Our study showed that traditional study design and analytical 
methods could result in a risk factor paradox in the context of 
smoking and risk of PsA among patients with PsO. Future work 
would need to determine appropriate study design and analysis 
to ascertain the total effect of smoking in the development of 
PsA among those with PsO, as this may have critical clinical 
implications.
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table 3 Partitioning the total effect into components of indirect and direct effects using mediation analysis

Partition of effect of smoking at baseline on risk of psoriatic arthritis

non-smokers, hr (95% CI) ex-smokers*, hr (95% CI) Current smokers*, hr (95% CI)

Total effect 1.00 (Ref) 1.32 (1.22 to 1.43) 1.27 (1.19 to 1.36)

Indirect (through PsO) 1.00 (Ref) 1.21 (1.17 to 1.26) 1.31 (1.26 to 1.37)

Direct (not through PsO) 1.00 (Ref) 1.08 (1.03 to 1.13) 0.96 (0.93 to 1.00)

*Adjusted for age, alcohol, BMI, sex and trauma.
PsO, psoriasis.
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ConCise report

An Assessment in SpondyloArthritis International 
Society (ASAS)-endorsed definition of clinically 
important worsening in axial spondyloarthritis based 
on ASDAS
Anna Molto,1,2 Laure Gossec,3,4,5 Bhowmik Meghnathi,1,6 robert B M Landewé,7,8 
Désirée van der Heijde,9 pamir Atagunduz,10 Bassel Kamal elzorkany,11 
nurullah Akkoc,12 Uta Kiltz,13 Jieruo Gu,14 James Cheng Chung Wei,15,16,17 
Maxime Dougados,1,2,6 on behalf of the AsAs-FLAre study group

AbstrACt
Introduction in a previous phase, 12 draft 
definitions for clinically important worsening in axial 
spondyloarthritis (axspA) were selected, of which 3 were 
based on absolute changes in Ankylosing spondylitis 
Disease Activity score (AsDAs)-Crp (AsDAs). the 
objective here was to select the best cut-off for AsDAs 
for clinically important worsening in axspA for use in 
clinical trials and observational studies.
Methods An international longitudinal prospective 
study evaluating stable patients with axspA was 
conducted. Data necessary to calculate AsDAs were 
collected at two consecutive visits (spaced 7 days to 6 
months). sensitivity and specificity of the three cut-offs 
for change in AsDAs were tested against the patient’s 
subjective assessment of worsening as the external 
standard (ie, the patient reporting that he had worsened 
and felt a need for treatment intensification). Final 
selection was made by a consensus and voting procedure 
among Assessment of spondyloArthritis international 
society (AsAs) members.
results in total, 1169 patients with axspA were 
analysed: 64.8% were male and had a mean age of 
41.7 (sD 12.4) years. At the second visit, 127 (10.9%) 
patients judged their situation as worsened. sensitivity 
and specificity for an increase of at least 0.6, 0.9 and 
1.1 AsDAs points to detect patient-reported worsening 
were 0.55 (se) and 0.91 (sp), 0.38 (se) and 0.96 (sp), 
and 0.33 (se) and 0.98 (sp), respectively. the AsAs 
consensus was to define clinically important worsening 
as an increase in AsDAs of at least 0.9 points.
Conclusion this data-driven AsAs consensus process 
resulted in an AsDAs-based cut-off value defining 
clinically important worsening in axspA for use in trials.

The course of axial spondyloarthritis (axSpA) is 
characterised by periods of flares (clinical wors-
ening) and remission. Current definitions for clinical 
disease worsening in axSpA are very heterogeneous 
across clinical trials. This is a particular problem in 
discontinuation trials, which aim to discontinue the 
treatment in patients in remission and only resume 
the treatment in case of disease worsening. The 
absence of a consensual definition for clinically 
important worsening of disease activity in axSpA 

jeopardises the interpretation of—and comparison 
across—trials.

The Assessment of SpondyloArthritis Interna-
tional Society (ASAS) is a worldwide independent 
consortium of experts in spondyloarthritis (SpA), 
which has developed and validated most of the 
criteria and outcome measures currently used in SpA 
clinical trials. This includes the Ankylosing Spon-
dylitis Disease Activity Score (ASDAS) as a disease 
activity measure with validated cut-offs for various 
disease activity states and improvements.1 2 ASAS 
has decided to also define a cut-off for clinically 
important worsening in axSpA. The first two steps 
of this process have already been reported:3 first, a 
systematic literature review of definitions of ‘disease 
worsening’ in published randomised controlled 
trials in axSpA was performed, yielding 38 studies 
using some definition of ‘disease worsening’ and 
27 different definitions, most frequently based on 
Bath Ankylosing Spondylitis Disease Activity Index 
(BASDAI)4 or pain. Second, a vignette exercise 
was performed involving 121 ASAS experts and 
140 scenarios of disease worsening: each scenario 
included a change in one of the outcomes (pain, 
BASDAI, BASDAI plus C reactive protein (CRP) or 
ASDAS)1. Each ASAS expert judged for each of 46 
randomly developed scenarios if the scenario was 
compatible with disease worsening (yes/no). Receiv-
er-operating characteristic analyses were applied 
to derive optimal cut-off values for pain (n=3), 
BASDAI (n=5) and ASDAS (n=4), leading to 12 
preliminary definitions of ‘worsening’ in axSpA, 
based on widely used indices. These results were 
presented at the 2015 annual ASAS workshop. It 
was felt that, based on the currently available 
data, it was impossible to prioritise one of the 12 
scenarios, and that arguments for a further reduc-
tion of the number of scenarios should come from 
data observed in clinical practice.

Thus, we conducted a clinical observational study 
aiming to evaluate the psychometric properties 
of the 12 draft definitions of clinically important 
worsening in axial SpA. The results of the study 
were presented at the 2017 annual ASAS workshop 
and a consensus and voting procedure has resulted 
in a final choice.
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MetHods
study design
An international (including 20 countries), longitudinal (two 
visits: with an interval between 1 week and 6 months), observa-
tional study was conducted in 2016. The study was conducted 
in agreement with good clinical practice and written informed 
consent was obtained from all patients. 

Patients
Patients with axSpA with stable disease (no need for treatment 
change) according to the rheumatologist. 

data collected
Demographics and disease characteristics were collected at 
baseline, and data on disease activity (including CRP) were 
collected at both visits. Clinical worsening was defined at the 
follow-up visit by the patient answering the following question 
'Think about all the ways your spondyloarthritis has affected 
you during the last 48 hours. Compared to the last visit how did 
you feel during the last 48 hours? Improved/No change/Worse’. 
When patients answered ‘worse’ they were asked if they consid-
ered treatment intensification was necessary (yes/no). Patient’s 
perception of worsening was defined as the patient reporting 
that he/she had worsened and that he/she felt there was a need 
for treatment intensification.

Analysis
Pain: question 2 of the BASDAI (back pain) was used. Three 
pain-based cut-offs were proposed based on the previous exer-
cise3 (see table 2).

BASDAI: BASDAI was calculated as follows: (fatigue + back 
pain + peripheral pain + entheseal pain + ((level of morning 
stiffness + duration of morning stiffness)/2))/5.4

Five BASDAI cut-offs were proposed3 (table 2).

ASDAS: the ASDAS formula with CRP was used (ie, 
ASDAS=0.12 ×  back pain + 0.06 ×  duration of morning stiff-
ness + 0.11 ×  patient global + 0.07 ×  peripheral pain/swelling 
+ 0.58×Ln(CRP + 1)). When the CRP level was below the limit 
of detection or <2 mg/L, the constant value of 2 mg/L was used 
to calculate the ASDAS score as recommended.2

Four ASDAS-based cut-offs were proposed based on the 
previous exercise, with only three absolute changes:3 an increase 
in ASDAS of at least 0.6; an increase in ASDAS of at least 0.6 
points and a final ASDAS≥1.3; an increase in ASDAS of at least 
0.9 points; and an increase in ASDAS of at least 1.1 points.

Sensitivity (that is: the likelihood to be considered as ‘worse’ 
by the scenario among all patients considering themselves worse) 
and specificity (that is: the likelihood to be considered as ‘not 
worse’ by the scenario, among all patients not considering them-
selves worse) were tested.

The results of this analysis were presented at the 2017 annual 
ASAS workshop together with the previous results from the 
2015 consensus (based on the physician’s perspective), followed 
by a consensus and voting procedure by ASAS members.

results
The flow chart of the study is summarised in figure 1: among the 
1639 patients included, 1169 patients provided complete data. 
Patients were predominantly male (64.8%) and had a mean (SD) 
age of 41.7 (12.4) years. History of radiographic sacroiliitis, 
MRI sacroiliitis and HLA-B27 positivity were reported in 944 
(80.8%), 471 (40.6%) and 807 (69.0%) patients, respectively. 
Mean and SD at the baseline visit for BASDAI (0–10), ASDAS 
and CRP were 3.1 (2.3), 2.3 (1.0) 8.4 mg/L (14.5), respectively 
(table 1).

The mean interval between both visits was 91.2 (SD 51.0) 
days, and at follow-up visit, means (SD) for BASDAI, ASDAS and 
CRP were 2.9 (2.2), 2.1 (1.0) and 7.4 (11.8) mg/L, respectively.

Figure 1 Flow chart of the study.ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; 
CRP, C reactive protein.
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A total of 590 (50.5%), 388 (33.2%) and 191 (16.3%) 
patients considered their condition as improved, not changed 
and worsened, respectively. Among the 191 patients reporting a 
worsening, 127 (66.5%) found that their status required treat-
ment intensification. Thus, 127 (10.8%) patients fulfilled the 
external standard definition of clinical worsening according to 
the patient’s perception. Table 2 summarises these performances, 
along with those from the physician case-vignette exercise in 
which the external standard was the physician’s perception.3 
The three cut-offs of ASDAS change (ie, increase of 0.6, 0.9 and 
1.1 points) yielded a sensitivity of 0.55, 0.38 and 0.33, respec-
tively, and a specificity of 0.91, 0.96 and 0.98, respectively.

In January 2017, the ASAS membership discussed the data at 
length. Almost all ASAS members were in favour of selecting 
a cut-off based on the data (67 votes in favour vs 1 against). 

All members were against defining a cut-off based on pain. No 
consensus was reached for a BASDAI-based definition due to 
limited performance of all cut-offs, and 50% of members voted 
against deciding a cut-off for BASDAI.

Regarding ASDAS cut-offs, the majority chose the cut-off of at 
least 0.9 point increase as the definition for clinically important 
worsening (6 votes in favour of 0.6; 64 votes in favour of 0.9 and 
no votes in favour of 1.1, n=0 (6 abstained)). Thus, an increase 
of at least 0.9 points was retained as the ASAS-definition for 
clinically important worsening in axSpA, to be used in studies.

dIsCussIon
This three-step data-driven ASAS consensus process has allowed 
proposing an ASDAS-based cut-off value defining clinically 
important worsening in axSpA. The final definition is the result 
of a comprehensive process involving a systematic literature 
review, a case-vignette exercise using the physician’s perspective 
as external standard,3 a real life study on worsening with the 
patient’s perspective as external standard and a consensus and 
voting procedure among SpA experts.

Several cut-offs have already been defined for ASDAS, but only 
for either improvement changes or status.5 It is worth noting 
that the minimum clinically important improvement of ASDAS 
is defined as a decrease of at least 1.1 points, which is a greater 
change than the change required for the predicate of clinically 
important worsening. This seemingly paradoxical finding is not 
unusual: in other disciplines minimal clinically important dete-
rioration (MCID-thresholds for deterioration have often been 
reported to be lower than for improvement.6 7

A potential limitation of this study was the discrepancy 
between patient’s and physician’s perception in terms of sensi-
tivity: indeed, when tested against patient’s perception, cut-offs 
yielded much lower sensitivity values as compared with physi-
cian’s perception. This is not surprising, as patients might report 
feeling worse already at much lower changes as compared with 
physicians, and such discrepancies have been grounded in the 
literature.8

table 1 Patients and disease characteristics (n=1169)

total population n=1169

Age (years) (n=1168)* 42.0 (32.0–50.0)

Gender (male) 758 (64.8%)

HLA-B27 + (n=1137) 807 (69.0%)

Disease duration (years) (n=1163) 10.0 (5.0–18.0)

Radiographic sacroiliitis (n=1164) 944 (80.8%)

MRI sacroiliitis (n=1161)

 ► Positive
 ► Negative
 ► Never performed

471 (40.6%)
102 (8.8%)
588 (50.6%)

Current NSAID intake (n=1168) 826 (70.7%)

Current biologic treatment (n=1167) 655 (56.0%)

CRP (mg/L) 3.7 (2.0–9.2)

BASDAI (0–10) 2.8 (1.1–4.8)

ASDAS 2.1 (1.4–3.0)

*Results are presented as median (Q1–Q3) or as number (%).
ASDAS, Ankylosing Spondylitis Disease Activity Score.; BASDAI, Bath Ankylosing 
Spondylitis Disease activity Index; CRP, C reactive protein; NSAID, non-steroidal anti-
inflammatory drugs.

table 2 Performances of the cut-offs defining clinically important worsening

Cut-off

Prospective real life study (n=1169 patients) 
against the external standard 'patient-
worsening’
(worsening: n=127)

2015 case-vignette 
exercise* (n=1150 physician judgements) 
against the external standard ‘physician-
worsening’
(worsening: n=591)

sensitivity specificity sensitivity specificity

Back pain (0–10) Δ pain≥2 AND final pain≥4 0.42 0.91 0.99 0.30

Δ pain≥3 0.29 0.95 0.95 0.69

If back pain value is≥4, then Δ pain≥2 points, if else, 
Δ pain≥3 points

0.43 0.91 0.97 0.56

BASDAI
(0–10)

Δ BASDAI≥2 points 0.31 0.96 0.99 0.40

Δ BASDAI≥2 points AND final BASDAI≥4 0.24 0.98 0.99 0.32

Δ BASDAI≥3 points 0.17 0.99 0.92 0.70

Δ BASDAI≥3 points AND final BASDAI≥4 0.16 0.99 0.94 0.63

If BASDAI value is≥4, then Δ BASDAI≥2 points, if else, 
Δ BASDAI≥3 points

0.25 0.98 0.94 0.54

ASDAS ΔASDAS≥0.6 0.55 0.91 0.97 0.65

ΔASDAS≥0.9 0.38 0.96 0.85 0.87

ΔASDAS≥1.1 0.33 0.98 0.60 0.94

Δ ASDAS≥0.6 AND final ASDAS≥1.3 0.55 0.91 0.97 0.59

*Gossec L, et al. Preliminary definitions of 'flare' in axial spondyloarthritis, based on pain, BASDAI and ASDAS-CRP: an ASAS initiative. Ann Rheum Dis. 2016;75:991–6.
ASAS, Assessment of SpondyloArthritis International Society; ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Activity Index; CRP, C 
reactive protein.

group.bmj.com on January 4, 2018 - Published by http://ard.bmj.com/Downloaded from 

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


127Molto A, et al. Ann Rheum Dis 2018;77:124–127. doi:10.1136/annrheumdis-2017-212178

Clinical and epidemiological research

Second, the 0.9 ASDAS point increase definition had only 
moderate sensitivity (0.38) against the patient’s perception, 
but excellent specificity against both patient’s and physician’s 
perception. This high level of specificity was considered more 
important than sensitivity since the definition will be used in the 
context of clinical trials. The definition for clinically important 
worsening will typically be used in a treatment-withdrawal trial: 
a patient with SpA will stop treatment if clinical remission has 
been achieved and will resume the treatment in case of ‘true 
worsening’. A high specificity reduces the number of ‘false-pos-
itive worsenings’ and the subsequent (unnecessary) retreatment.

In summary, a definition for clinically important worsening 
in axSpA based on ASDAS has been defined, validated and 
endorsed by ASAS. This definition should now be used in clinical 
trials and follow-up studies.
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ConCise report

Factors associated with disease progression in 
early-diagnosed pulmonary arterial hypertension 
associated with systemic sclerosis: longitudinal data 
from the DETECT cohort
Carina Mihai,1,2 Milos Antic,2 rucsandra Dobrota,1,2 Diana Bonderman,3 
Harbajan Chadha-Boreham,4 John Gerry Coghlan,5 Christopher p Denton,6 
Martin Doelberg,4 ekkehard Grünig,7 Dinesh Khanna,8 Vallerie V McLaughlin,9 
Ulf Müller-Ladner,10 Janet e pope,11 Daniel M rosenberg,4 James r seibold,12,13 
Madelon C Vonk,14 oliver Distler2

AbstrACt
Objective pulmonary arterial hypertension (pAH) is 
a severe complication of systemic sclerosis (ssc). in 
this longitudinal study, we aimed to identify factors 
associated with an unfavourable outcome in patients 
with ssc with early pAH (ssc-pAH) from the DeteCt 
cohort.
Methods patients with ssc-pAH enrolled in DeteCt 
were observed for up to 3 years. Associations between 
cross-sectional variables and disease progression 
(defined as the occurrence of any of the following events: 
WHo Functional Class worsening, combination therapy 
for pAH, hospitalisation or death) were analysed by 
univariable logistic regression.
results of 57 patients with pAH (median observation 
time 12.6 months), 25 (43.9%) had disease progression. 
the following factors (or (95% Ci)) were associated 
with disease progression: male gender (4.1 (1.2 to 
14.1)), high forced vital capacity % predicted/carbon 
monoxide lung diffusion capacity (DLCo)% predicted 
ratio (3.6 (1.2 to 10.7)), high Borg Dyspnoea index (1.7 
(1.1 to 2.6)) and low DLCo% predicted (non-linear 
relationship).
Conclusion More than 40% of early-diagnosed 
patients with ssc-pAH had disease progression during 
a short follow-up time, with male gender, functional 
capacity and pulmonary function tests at pAH diagnosis 
being associated with progression. this suggests 
that even mild pAH should be considered a high-risk 
complication of ssc.

IntrOduCtIOn
Pulmonary arterial hypertension (PAH) is a severe 
complication of systemic sclerosis (SSc), with high 
mortality if not promptly diagnosed and treated.1 2 
Correct diagnosis of PAH requires invasive investi-
gation by right-sided heart catheterisation (RHC).3 

The DETECT study was the first multicentre, 
real-life study systematically using RHC in patients 
with SSc at increased risk to develop PAH.4 In its 
cross-sectional stage, DETECT developed an algo-
rithm able to select patients with SSc and a high 
suspicion of PAH for referral to RHC, minimising 

missed diagnoses in addition to identifying patients 
with milder PAH, in whom prompt institution of 
treatment might improve the disease course.

However, the prognosis of these patients with 
early detection of PAH has not been established to 
date. As part of the DETECT study, patients have 
been observed longitudinally for up to 3 years. 
This study reports on the longitudinal phase of the 
DETECT study, aiming to describe factors associ-
ated with an unfavourable outcome in patients with 
an early diagnosis of SSc-PAH.

PAtIents And MethOds
data collection during the longitudinal stage of 
deteCt
The cross-sectional part of the DETECT study 
has been published.4 Eighteen of the 62 centres 
involved in DETECT continued to follow up 
patients diagnosed with SSc-PAH at baseline on 
a yearly basis. The following data were recorded: 
survival status, reason for end of follow-up or 
death, WHO Functional Class (FC), PAH-related 
hospitalisation (>1 day) since last visit, 6 min walk 
distance, current or past treatment with PAH-spe-
cific therapies, including duration of therapy, and 
combination therapy. At the time of longitudinal 
data collection, combination therapy for PAH 
was used for more severe PAH, as the advantages 
of upfront combination therapy for PAH have 
emerged later.5 Patients in WHO FC I and II are 
further referred to as having mild, or early, PAH.

statistical methods
Disease progression was defined by expert consensus 
as a composite outcome, based on the presence of at 
least one of the following events during follow-up: 
worsening in WHO FC from enrolment, presence 
of combination therapy for PAH, PAH-related 
hospitalisation and death from any cause.

The main analysis set comprises all patients 
with SSc-PAH who were included in the longitu-
dinal stage of the DETECT study and who had 
available follow-up data. The complementary 
set of patients with SSc-PAH who could not be 
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included in the longitudinal stage was used only for exam-
ining any potential selection bias that may have occurred. 
Two subgroups of the SSc-PAH analysis set were defined by 
the binary disease progression outcome, that is, ‘With disease 
progression’ (progressive PAH) or ‘Without disease progres-
sion’ (stable PAH).

Twenty-one of 121 baseline (cross-sectional) variables 
considered to be potential predictors of disease progression 
were selected for further analysis, based on input from the 
authors on feasibility of the variables and on their clinical rele-
vance to PAH. Univariable logistic regression (ULR) analysis 
was performed using the binary disease progression outcome as 
dependent variable and the selected baseline variables as inde-
pendent variables. ULR included the determination of OR and 
its 95% CI, and area under the receiver-operating character-
istic curve (ROC-AUC) and its 95% CI. Accuracy of a predictor 
was considered fair if its AUC was >0.70. For each contin-
uous baseline variable analysed by ULR, a quadratic term in 
the regression model was also included in order to examine a 
non-linear functional relationship with the outcome. A sensi-
tivity analysis, excluding patients with missing outcome data, 
was also performed. The statistical analysis plan was developed 
and analyses were carried out by qualified statisticians using the 
SAS V.9.4 software.

results
study cohort
Of the 145 patients with SSc-PAH identified in the DETECT 
study, 87 (60%) had PAH, of whom 57 patients had follow-up 
visits and the remaining 30 patients did not have follow-up visits 
(figure 1). Median time of follow-up was 12.6 months (range 
2.4–35.8, IQR 10.7–21.7).

demographic and clinical characteristics
Using the composite definition of disease progression, 25/57 
(43.9%) of patients with PAH with longitudinal data had progres-
sive PAH and 32/57 (56.1%) had stable PAH. Demographics and 
clinical characteristics at enrolment of all, stable and progres-
sive PAH patients, respectively, are displayed in table 1. Baseline 
mean pulmonary artery pressure was 32.5 (SD 8.3) mm Hg and 
33/57 (57.9%) of patients were in WHO-FC I or II. Patients 
with stable PAH had a slightly longer follow-up, when compared 
with patients with progressive PAH ((months, mean, (Q1, Q3)): 
13.0 (11.0, 21.6) vs 11.7 (10.2, 21.9)), but this difference was 
not significant (as shown by the overlapping 95% Hall-Wellner 
Bands of the Kaplan-Meier estimates,see online supplementary 
figure S1). Twenty-four of the 25 patients with progressive PAH 
and 28/32 patients with stable PAH received PAH treatment 
during follow-up. Four patients had missing data among the 
outcomes defining disease progression; they were included in 
the subgroup without disease progression (see table 1), but were 
excluded in the sensitivity analysis.

disease progression events
Among the 25 patients with disease progression, 4 died, 11 were 
hospitalised for PAH, 14 had at least one occurrence of wors-
ening in WHO FC and 8 received PAH-specific combination 
treatment. Among the four patients who died, three died from a 
PAH-related cause (all in WHO FC III at enrolment), while the 
fourth died from severe pneumonia complicating surgery on the 
leg. Time to death in all cases was <12 months from baseline 
(range 2.4–10.5 months). Although the 1-year survival rate in 
this cohort was high (93%), there is some uncertainty as shown 
by the wide 95% Hall-Wellner Bands (online supplementary 
figure S1).

Figure 1 Patients with PAH (group I, coloured boxes) were analysed in this study. Definitions for classification into the respective PH WHO groups 
in the DETECT study have been described elsewhere.4 14 *PH Groups are at baseline. PH Group I: PAWP ≤ 15 mmHg. PH group II: PAWP>15 mmHg; 
PH Group III: PAWP > 15 mmHg and lung disease (FVC<60%). No patients were in PH Groups IV or V at baseline. **Used in all longitudinal analyses 
***Used for baseline description only. a) Of the 88 patients, one patient had missing information on PH group classification.
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Factors associated with disease progression
Baseline factors potentially associated with PAH disease 
progression were analysed by ULR (table 2). Male gender, high 
forced vital capacity (FVC)%/carbon monoxide lung diffusion 
capacity (DLCO)%, low DLCO% and high Borg Dyspnoea 
Index at enrolment were found to be significantly associated with 
disease progression. However, the first two had an AUC <0.70, 
denoting relatively poor performance as single predictors. The 
results of the sensitivity analysis were similar and are reported in 
the online supplementary materials.

dIsCussIOn
This study is the first longitudinal observation of a cohort of 
patients with SSc-PAH diagnosed by systematic RHC.4 Most 
patients had mild or no PAH symptoms. None of these patients 

had been diagnosed with PH by RHC before study enrolment 
and the majority were in WHO FC I and II (33/57, 57.9%).

We observed that 25/57 patients (43.9%) had disease progres-
sion during a median follow-up of 12.6 months; 13/25 were in 
WHO FC I or II and 4/25 died during the first 12 months since 
PAH diagnosis (1-year survival rate 93%). This demonstrates 
that even mild PAH should be regarded as a high-risk compli-
cation of SSc.

The factors found to be associated with disease progression 
were male gender, lower DLCO%, higher FVC%/DLCO% ratio 
and higher Borg Dyspnoea Index. These factors are similar to risk 
factors identified for patients with more advanced PAH.6–10 Low 
DLCO and male gender are independent, major risk factors 
for death in all patients with SSc, as shown in several large 
cohorts.11–13 Higher FVC%/DLCO% ratio is a risk factor for 

table 1 Description of demographic and clinical characteristics at enrolment (cross-sectional stage) by group

PAh-l (Patients with PAh with longitudinal data)

Patients with PAh without 
longitudinal data
(n=30)

All overall PAh-l group
(n=57)

Progressive PAh
(PAh-l patients with 
disease progression)
(n=25)

stable PAh
(PAh-l patients without 
progression)
(n=32)

demographics

Age (years), median (Q1, Q3) 61.0 (55.0, 66.0) 61.0 (54.0, 66.0) 62.5 (55.5, 68.0) 64.0 (58.0, 70.0)

Male, n (%) 16 (28.6%) 11 (44.0%) 5 (16.1%) 6 (20.0%)

Body mass index (kg/m2), median (Q1, Q3) 25.81 (23.8, 28.4) 24.89 (22.5, 28.6) 26.26 (24.4, 28.0) 24.19 (21.1, 28.3)

disease characteristics

SSc duration* (months), median (Q1, Q3) 129.51 (62.6, 201.9) 129.64 (59.7, 214.7) 120.46 (83.9, 190.1) 133.5 (64.7, 185.6)

dcSSc, n (%) 15 (26.3%) 6 (24.0%) 9 (28.1%) 3 (10.3%)

Functional capacity

WHO Functional Class, n (%)

   I 11 (19.3%) 6 (24.0%) 5 (15.6%) 5 (16.7%)

   II 22 (38.6%) 7 (28.0%) 15 (46.9%) 18 (60.0%)

   III 24 (42.1%) 12 (48.0%) 12 (37.5%) 7 (23.3%)

6 min walk test (m), median (Q1, Q3) 387.5 (326.5, 479.0) 373.75 (312.5, 411.1) 419.37 (333.0, 524.5) 403.15 (290.0, 452.0)

Borg Dyspnoea Index, median (Q1, Q3) 3 (2, 4) 2 (2, 4) 2 (1, 3) 2 (1, 6)

Pulmonary function tests

DLCO% predicted, median (Q1, Q3) 45.0 (35.0, 53.0) 39.0 (32.0, 45.0) 51.0 (43.1, 55.8) 43.0 (37.0, 48.0)

FVC % predicted/DLCO% predicted, median 
(Q1, Q3)

2.07 (1.7, 2.4) 2.25 (1.9, 2.9) 1.87 (1.6, 2.2) 2.22 (1.8, 2.5)

laboratory tests

ACA positive, n (%) 27 (49.1%) 11 (44.0%) 16 (53.3%) 13 (52.0%)

NT-proBNP (pg/mL), median (Q1, Q3) 204 (99, 710) 363 (150, 809) 160.5 (95, 471) 192 (106, 462)

Serum urate, mg, median (Q1, Q3) 6.0 (5.0, 6.9) 6.0 (5.7, 7.1) 5.6 (5.0, 6.7) 5.2 (4.6, 6.4)

eCG parameters

Right axis deviation, n (%) 9 (16.4%) 4 (16.0%) 5 (16.7%) 2 (7.1%)

Right ventricular strain, n (%) 9 (16.4%) 4 (16.0%) 5 (16.7%) 3 (10.7%)

echocardiography parameters

Right atrium area, cm2, median (Q1, Q3) 16.3 (14.1, 20.5) 16.8 (15.0, 20.8) 15.5 (13.9, 20.0) 14.0 (12.0, 17.0)

Right ventricle area, cm2, median (Q1, Q3) 19.0 (16.1, 22.7) 19.4 (17.6, 22.7) 18.4 (13.5, 22.7) 16.0 (13.1, 21.0)

TR velocity m/s, median (Q1, Q3) 3.0 (2.6, 3.5) 3.1 (2.6, 3.6) 2.9 (2.6, 3.4) 3.20 (2.7, 3.5)

rhC parameters

mPAP, mm Hg, median (Q1, Q3) 29 (27, 36) 29 (27, 38) 28.5 (26, 35) 30.5 (26, 37)

PCWP, mm Hg, median (Q1, Q3) 12.0 (9.9, 13.0) 10.0 (7.0, 13.0) 12.0 (10.0, 13.0) 10.0 (6.0, 12.0)

PVR (dyn·s/cm5), median (Q1,Q3) 270.97 (231.9, 400.0) 312.64 (231.9, 409.8) 263.95 (229.6, 366.7) 316.66 (231.1, 480.0)

Cardiac index (L/min/m2), median (Q1, Q3) 2.84 (2.5, 3.3) 2.83 (2.4, 3.3) 2.89 (2.6, 3.3) 2.87 (2.6, 3.6)

*From the first non-Raynaud symptom. 
ACA, anticentromere antibodies; dcSSc, diffuse cutaneous SSc; DLCO, carbon monoxide lung diffusion capacity; FVC, forced vital capacity; mPAP, mean pulmonary artery pressure 
on RHC; NT-proBNP, N-terminal pro-(brain natriuretic peptide); PAH, pulmonary arterial hypertension; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular 
resistance; Q1, Q3=IQR; RHC, right-sided heart catheterisation; SSc, complication of systemic sclerosis; TR, tricuspid regurgitation.
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PAH in patients with SSc,4 and also suggests the absence of signif-
icant interstitial lung disease. Of note, patients in the DETECT 
cohort had, by enrolment criteria, DLCO<60% predicted and 
FVC>40% predicted; this has certainly influenced the FVC%/
DLCO% ratio, which was rather high in the entire DETECT 
cohort.

The risk factors identified by our exploratory analysis are 
highly feasible to use in clinical practice. Particular attention 
should be given to DLCO monitoring, both for PAH screening 
and prognostic purposes in patients with SSc (online supplemen-
tary tables S1 and S2).

One of the main strengths of this study is the uniqueness of 
the DETECT cohort, in which every patient underwent RHC at 
enrolment and had not been diagnosed with PAH before. High 
data quality was ensured by standardised echocardiographic and 
RHC protocols in all centres, with centralised laboratory testing 
and data management, and strict data quality monitoring.4 
The composite definition of disease worsening includes strong 

outcomes like death and hospitalisation due to PAH, adjudicated 
as per investigators’ judgement.

One of the study limitations is the lack of longitudinal 
data in 30 patients with SSc-PAH from the original DETECT 
cohort. However, the baseline data displayed in table 1 show 
that these patients without follow-up data were in most aspects 
similar to patients with PAH having longitudinal data. Another 
potential limitation is the preselected nature of this cohort, 
limiting generalisation of our results. Although four patients 
in the PAH cohort had missing data on disease progression and 
were classified as having stable PAH, obtaining similar results 
in the sensitivity analysis which excluded these patients proved 
the validity of our results. Further potential limitations include 
the relatively short follow-up, the variability in PAH treatment 
due to the international, multicentre character of the study 
and the impossibility to perform multivariable analysis or to 
adjust the analysis for PAH treatment due to the small number 
of cases.

table 2 Univariable logistic regression analysis for baseline parameter associations with disease progression

Variable

Progressive PAh
(with disease 
progression)

stable PAh
(without disease 
progression) univariable logistic regression

(n=25) (n=32) Or (95% CI)
Wald χ2  
p value

rOC-AuC 
(95% CI)

Demographics

  Age 25 32 0.985 (0.929 to 1.045) 0.623 0.539 (0.38 to 0.695)

  Male sex 25 31 4.085 (1.181 to 14.128) 0.026 0.639 (0.520 to 0.758)

Disease characteristics

  Disease duration (months) 25 32 0.999 (0.994 to 1.003) 0.548 0.514 (0.357 to 0.672)

  SSc subtype (dcSSc vs lcSSc) 25 32 0.978 (0.288 to 3.325) 0.971 0.566 (0.436 to 0.697)

Functional capacity

  WHO Functional Class

  I+II vs III+IV 25 32 0.650 (0.225 to 1.880) 0.427 0.553 (0.421 to 0.684)

  6 min walk test 20 24 0.996 (0.990 to 1.001) 0.141 0.621 (0.450 to 0.791)

  Borg Dyspnoea Index 21 24 1.685 (1.092 to 2.598) 0.018 0.711 (0.560 to 0.863)

Pulmonary function tests

  DLCO% 25 32 † 0.008 0.753 (0.626 to 0.881)

  FVC%/DLCO% 25 32 3.608 (1.223 to 10.647) 0.020 0.693 (0.553 to 0.832)

Laboratory tests

  ACA-positive 25 30 0.688 (0.237 to 1.998) 0.491 0.547 (0.412 to 0.681)

  NT-proBNP 25 30 1.668 (0.595 to 4.673) 0.330 0.599 (0.446 to 0.753)

  Serum uric acid 25 30 1.224 (0.853 to 1.756) 0.272 0.601 (0.448 to 0.755)

ECG parameters

  Right axis deviation 25 30 0.952 (0.226 to 4.008) 0.947 0.503 (0.403 to 0.603)

  Right ventricular strain 25 30 0.952 (0.226 to 4.008) 0.947 0.503 (0.403 to 0.603)

Echocardiography parameters

  US right atrium area 22 31 1.019 (0.923 to 1.126) 0.704 0.609 (0.456 to 0.761)

  US right ventricle area 21 32 1.034 (0.952 to 1.124) 0.424 0.601 (0.448 to 0.755)

  TR velocity 22 29 1.204 (0.503 to 2.881) 0.677 0.522 (0.355 to 0.689)

RHC parameters

  Cardiac index 25 31 1.129 (0.492 to 2.586) 0.775 0.492 (0.333 to 0.650)

  mPAP 25 32 1.018 (0.951 to 1.090) 0.607 0.561 (0.411 to 0.712)

  Mean PCWP 25 32 0.864 (0.720 to 1.037) 0.117 0.616 (0.463 to 0.768)

  PVR 25 32 1.001 (0.998 to 1.003) 0.651 0.547 (0.390 to 0.703)

†The OR is not given because the quadratic functional relationship in the ULR model showed statistical significance. The p value and ROC-AUC are from the ULR model with 
the quadratic functional form. Disease progression was defined as the presence of one of the following events: clinical worsening, combination PAH therapy, hospitalisation or 
death. All variables except gender, disease subset and ACA positivity have been analysed as linear terms. Results in bold characters are statistically significant.
ACA, anticentromere antibodies; dcSSc, diffuse cutaneous SSc; DLCO, carbon monoxide lung diffusion capacity; FVC, forced vital capacity; lcSSc, limited cutaneous SSc; mPAP, 
mean pulmonary artery pressure on RHC; NT-proBNP, N-terminal pro-(brain natriuretic peptide); PAH, pulmonary arterial hypertension; PCWP, pulmonary capillary wedge 
pressure; PVR, pulmonary vascular resistance; RHC, right-sided heart catheterisation; ROC-AUC, area under the receiver-operating characteristic curve; SSc, complication 
of systemic sclerosis; TR, tricuspid regurgitation; ULR, univariable logistic regression; US, ultrasonography. 
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In conclusion, the results of our study have practical impli-
cations, as they show that patients with early SSc-PAH have a 
meaningful rate of disease progression over a relatively short 
time, requiring close follow-up. Male patients with lower 
DLCO%, high FVC%/DLCO% and high Borg Dyspnoea Index 
might need particular attention.
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ExtEndEd rEport

Deregulation of microRNA expression in purified 
T and B lymphocytes from patients with primary 
Sjögren’s syndrome
Shu-Fang Wang-renault,1,2,3 Saida Boudaoud,2,3 Gaétane nocturne,2,3 Elodie roche,1 
nelly Sigrist,1 Christian daviaud,1 Andreas Bugge tinggaard,1,4 Victor renault,5 
Jean-François deleuze,1,5 xavier Mariette,2,3 Jörg tost1

ABstrAct
Objective MicrornAs (mirnAs) play an important role 
in the pathogenesis of autoimmune diseases such as 
primary Sjögren’s syndrome (pSS). this study is the first 
to investigate mirnA expression patterns in purified t 
and B lymphocytes from patients with pSS using a high-
throughput quantitative pCr (qpCr) approach.
Methods two independent cohorts of both patients 
with pSS and controls, one for discovery and one for 
replication, were included in this study. Cd4+ t cells 
and Cd19+ B cells were isolated from peripheral 
blood mononuclear cells by magnetic microbeads and 
expression of mirnAs was profiled using the Exiqon 
Human mirnome panel I analysing 372 mirnAs. 
A selection of differentially expressed mirnAs was 
replicated in the second cohort using specific qpCr 
assays.
results A major difference in mirnA expression 
patterns was observed between the lymphocyte 
populations from patients with pSS and controls. In 
Cd4 t lymphocytes, hsa-let-7d-3p, hsa-mir-155–5 p, 
hsa-mir-222–3 p, hsa-mir-30c-5p, hsa-mir-146a-5p, 
hsa-mir-378a-3p and hsa-mir-28–5 p were significantly 
differentially expressed in both the discovery and the 
replication cohort. In B lymphocytes, hsa-mir-378a-3p, 
hsa-mir-222–3 p, hsa-mir-26a-5p, hsa-mir-30b-5p 
and hsa-mir-19b-3p were significantly differentially 
expressed. potential target mrnAs were enriched in 
disease relevant pathways. Expression of B-cell activating 
factor (BAFF) mrnA was inversely correlated with the 
expression of hsa-mir-30b-5p in B lymphocytes from 
patients with pSS and functional experiments showed 
increased expression of BAFF after inhibiting hsa-mir-
30b-5p.
conclusions this study demonstrates major mirnAs 
deregulation in t and B cells from patients with pSS in 
two independent cohorts, which might target genes 
known to be involved in the pathogenesis of pSS.

IntrOductIOn
Primary Sjögren’s syndrome (pSS), also referred to 
as autoimmune epithelitis, is a complex systemic 
autoimmune disease affecting 0.01% to 0.3% of 
the general population.1 2 Lymphoid infiltration 
of lacrimal and salivary glands leading to xeroph-
thalmia and xerostomia, as well as enhanced acti-
vation of polyclonal B lymphocytes, represent the 
hallmarks of the disease. In spite of progress in 

the past 10 years, the pathogenesis of the disease 
remains largely to be elucidated.3 

Genome-wide association studies (GWAS) have 
identified genetic variation in and outside the 
major histocompatibility complex/human leukocyte 
antigen (MHC/HLA) region associated with pSS.4–6 
Recent studies also demonstrated the key role of 
epigenetic regulation in the pathogenesis.7–9 Inter-
estingly, a number of the differentially methylated 
regions overlapped with the loci identified in the 
GWAS. Furthermore, many differentially methyl-
ated genes were found in CD19+ B lymphocytes, 
while only few changes were present in CD4+ T 
lymphocytes from patients with pSS,7 emphasising 
the importance of using purified cell population for 
epigenetic studies.

MicroRNAs (miRNAs) are evolutionarily 
conserved key players for cellular and develop-
mental processes in eukaryotic organisms and 
regulate gene expression mainly at the post-tran-
scriptional level.10 The effect of miRNAs on 
gene regulation may occur either through direct 
mRNA degradation or preventing mRNA from 
being translated, depending on the presence of a 
complete or incomplete match between the miRNA 
and the 3′untranslated region (UTR) of the target 
mRNA sequence. MiRNAs play important roles 
in immune tolerance and prevention of autoim-
munity.11 Differential miRNA expression patterns 
have been demonstrated in different autoimmune 
diseases including pSS,11 12 analysing either sali-
vary glands13 or peripheral blood mononuclear 
cells (PBMCs).14–16 However, these results may be 
flawed by the analysis of a heterogeneous popula-
tion of cells that might differ in their composition 
between patients with pSS and controls. So far, 
only one study has been performed investigating 
miRNA expression patterns in purified peripheral 
blood cell population from patients with pSS, 
which has focused on CD14+ monocytes.17

Due to the previously reported large differences 
of DNA methylation patterns in T and B cells 
from patients with pSS,7 we investigated miRNA 
expression profiles in sorted T and B cells using a 
quantitative PCR (qPCR)-based profiling method, 
which has recently been identified as the most 
accurate and sensitive qPCR-based method for 
the analysis of miRNAs18 and validated differen-
tially expressed miRNAs in a second independent 
cohort in each cell population.

to cite: Wang-renault S-F, 
Boudaoud S, nocturne G, 
et al. Ann Rheum Dis 
2018;77:133–140.

Handling editor tore K Kvien

 ► Additional material is 
published online only. to view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
annrheumdis- 2017- 211417).

1Laboratory for Epigenetics & 
Environment, Centre national 
de recherche en Génomique 
Humaine - CEA - Institut de 
Biologie Francois Jacob, Evry, 
France
2Ap-Hp, Hôpitaux Universitaires 
paris-Sud, Université paris-Sud, 
paris, France
3Centre for Immunology of Viral 
Infections and Autoimmune 
diseases (IMVA), Institut 
national de la Santé et de la 
recherche Médicale (InSErM) 
U1184, paris, France
4department of Biomedicine, 
Aarhus University, Aarhus, 
denmark
5Fondation Jean dausset 
- CEpH, Laboratory for 
Bioinformatics, paris, France

correspondence to
Jörg tost, Centre national 
de recherche en Génomique 
Humaine, CEA - Institut de 
Biologie Francois Jacob, 
Batiment G2, 2 rue Gaston 
Crémieux, Evry 91000, France;  
 tost@ cng. fr

xM and Jt contributed equally.

received 3 March 2017
revised 6 August 2017
Accepted 10 August 2017
published online First 
15 September 2017

group.bmj.com on January 4, 2018 - Published by http://ard.bmj.com/Downloaded from 

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


134 Wang-Renault S-F, et al. Ann Rheum Dis 2018;77:133–140. doi:10.1136/annrheumdis-2017-211417

Basic and translational research

PAtIents And MetHOds
Patients
Two independent cohorts of female patients with pSS and 
controls were included in this study. Patients with pSS and age 
and ethnicity-matched controls recruited in a tertiary national 
reference centre for pSS in France were included in this study. 
The discovery cohort comprised 17 Caucasian patients with pSS 
(sufficient material available for 17 patients for T cells and 16 
for B cells) and 15 age and ethnicity-matched controls (sufficient 
material available for 15 patients for T cells and 12 for B cells). 
The replication cohort comprised 27 Caucasian patients with 
pSS (sufficient material available for 27 patients for T cells and 
25 for B cells) and 12 age and ethnicity-matched controls (suffi-
cient material available for 12 patients for T cells and 12 for 
B cells). The characteristics and clinical features of the patients 
are shown in table 1. Anti-SSA and SBB autoantibody status was 
assessed in both patients and controls, and controls were all 
negative for these autoantibodies.

All patients with pSS fulfilled the American European 
Consensus Group 2002 criteria for the disease.19 Activity of the 
disease was assessed by the EULAR Sjögren’s Syndrome Disease 
Activity Index (ESSDAI) score.20 Controls were either healthy 
subjects or patients suffering from a mechanical rheumatologic 
condition (back pain, sciatica or osteoarthritis) without any sign 
of autoimmunity nor cancer nor inflammation. The study was 
approved by the local ethics committee (CCP Ile de France VII 
No. CO-10–003), and informed written consent was obtained 
from all patients and controls.

cell isolation and rnA preparation
T and B lymphocytes were purified from PBMCs by direct 
magnetic labelling with CD4 and CD19 microbeads (Miltenyi 
Biotec, Paris, France), and their purity was analysed on a BD 
FACSCanto (BD Biosciences, San Jose, California, USA) and 
confirmed to be higher than 95% in all cases. RNA was extracted 
using the miRNeasy mini kit (Qiagen GmbH, Hilden, Germany) 
according to the manufacturer’s protocol.

Analysis of micrornA and gene expression by real-time qPcr
MicroRNA expression was analysed using the Human miRNome 
panel I (Version 3, Exiqon, Vedbaek, Denmark) in the discovery 

cohort and a custom Pick & Mix panel for the validation cohort. 
MiRNAs with a p value of less than 0.05 (two-tailed t-test) 
between patients with pSS and controls were considered to be 
significantly differentially expressed in each cohort. 

expression of BAFF by real-time qPcr
Amplification primers for BAFF were BAFF, 5’ -  TGA AACA CCAA 
CTAT ACAAAAAG-3’ and 5’ -  TCA ATTC ATCC CCAA AGACAT-
3’. ATP5B, CYC1 and EIF4A2 were used for normalisation. The 
relative expression of hsa-miR-30b-5p and BAFF was calculated 
using the ∆∆Cq method compared with the expression of the 
reference miRNAs or genes, respectively.21 Functional impact of 
hsa-miR30b-5p on BAFF expression was evaluated transfecting 
THP-1 cells (American Type Culture Collection (ATCC)) with 
a 3`-fluorescein labelled miRCURY LNA Power microRNA 
inhibitor (Exiqon) or a fluorescent miRNA inhibitor control 
(scrambled sequence), isolation of transfected cells by fluores-
cence-activated cell sorting (FACS) followed by RNA isolation 
and expression analysis of BAFF.

More details on experimental procedures and data analysis are 
given in online supplementary material material.

results
In this study, we analysed the expression level of 372 miRNAs 
in purified blood cell population from patients with Sjögren’s 
syndrome and controls and validated our findings in an inde-
pendent replication cohort. In T cells from the discovery cohort, 
203±9 miRNAs could be reliably detected, while in B cells 
200±13 miRNAs were detectable.

Following normalisation using the global mean expression 
of all valid miRNAs,22 hierarchical clustering and principal 
component analysis of the miRNA expression patterns in T 
and B lymphocytes of all patients and control samples were 
performed (figure 1). There was a major difference in miRNA 
expression patterns between the two lymphocyte popula-
tions from both patients with pSS and controls separating the 
samples into major clusters. Inside each cell population, no 
clustering of patients with pSS and controls was observed. 
Similar results were also observed using the normalisation 
approach based on reference miRNAs (data not shown).

differentially expressed mirnAs in t and B lymphocytes from 
patients with pss compared with controls
In total, 21 miRNAs including 9 upregulated and 12 down-
regulated miRNAs were found significantly differentially 
expressed in T cells from patients with pSS compared with 
controls by both normalisation methods (table 2). In B 
lymphocytes, 24 differentially expressed miRNAs were identi-
fied reproducibly by the two different normalisation methods, 
of which 11 miRNAs were upregulated and 13 miRNAs were 
downregulated (table 3). Differentially expressed miRNAs 
did not seem to be regulated through DNA methylation at 
the promoters of the miRNAs (online supplementary mate-
rial). To avoid potential confounding through medication, 
we reanalysed the data excluding patients under metho-
trexate or hydroxychloroquine treatment. Results confirmed 
the overall fold changes and significantly expressed miRNAs 
with the exception of miR-22–3 p and let-7i-5p in T cells and 
miR-142–5 p, miR-151a-5p, miR-502–5 p and miR-484 in 
B cells, which were no longer significant.

table 1 Characteristics of the analysed cohorts with primary 
Sjögren’s syndrome (pSS) and healthy controls

discovery cohort 1 replication cohort 2

Patients with 
pss (n=17)

controls 
(n=15)

Patients with 
pss (n=27)

controls 
(n=12)

Age, mean±SD years 56.4±16 60.8±16.5 64.2±13.4 65.6±16.9

Female sex (%) 100 100 100 100

Negative anti-SSA and 
anti-SSB (%)

7 (41.2%) 100 6 (22.2%) 100

Positive anti-SSA (%) 10 (58.8%) – 21 (77.8%) –

Positive anti-SSA and 
anti-SSB (%)

5 (29.4%) – 14 (51.9%) –

ESSDAI, mean±SD 
(range)

3.8±8.2 
(0–19)

– 6.4±7.2 (0–29) –

Treatments

Methotrexate (15 mg/
week) (%)

2 (11.7%) – 3 (11.1%) –

Hydroxychloroquine 
(400 mg/day) (%)

5 (29.4%) – 9 (33.3%) –

ESSDAI, EULAR Sjögren's Syndrome Disease Activity Index.
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Pathway analysis
Analysing the differentially expressed miRNAs in T cells from 
patients with pSS identified by both normalisation methods, 
pathway in cancers (p=8.27×10−37), Phosphatidylinosi-
tol-3-kinase - Protein Kinase B (PI3K-Akt) signalling pathway 
(p=1.11×10−36) and transforming growth factor (TGF)-beta 
signalling pathway (p=1.68×10−28) were found as the top 
canonical pathways. In B lymphocytes, the Wnt signalling 
pathway (p=3.24×10−35), pathway in cancers (p=2.41×10−32) 
and PI3K-Akt signalling pathway (p=1.23×10−31) were identi-
fied as the top canonical pathways. MiRNAs contributing to the 
enrichment are shown in online supplementary tables S1 and S2.

expression of mirnAs depending on the presence of anti-ssA 
autoantibodies
As the presence of autoantibodies is a major factor for the pres-
ence of altered DNA methylation profiles in B cells from patients 
with pSS,7 we investigated whether there was a correlation of 
deregulated miRNAs expression with the presence of autoan-
tibodies using the global mean normalised data. Patients were 
divided based on the production of anti-SSA autoantibodies into 
two subgroups: anti-SSA− patients, anti-SSA+ patients. In T 
cells, 22 miRNAs were found differentially expressed in patients 
with anti-SSA+ pSS compared with controls, including 14 down-
regulated and eight upregulated miRNAs; 16 miRNAs were 
found differentially expressed in anti-SSA− patients, among 
which six miRNAs (hsa-let-7d-3p, hsa-miR-378a-3p, hsa-miR-
28–5 p, hsa-miR-425–3 p, hsa-miR-486–5 p and hsa-miR-31–3 p) 
were also found in anti-SSA+ patients with pSS (online supple-
mentary table S3). However, in B cells 3.5 times more dereg-
ulated miRNAs were found in seropositive patients with pSS 
(41 miRNAs) compared with controls than those in seronega-
tive patients with pSS (12 miRNAs), including hsa-miR-30b-5p, 
hsa-miR-222–3 p, hsa-miR-151a-3p, hsa-miR-18a-3p, hsa-miR-
107, hsa-miR-324–3 p and hsa-miR-582–5 p that were found in 
both anti-SSA− and anti-SSA+ patients (online supplementary 
table S4). When anti-SSA-positive and negative patients with pSS 
were directly compared, 10 miRNAs were found downregulated 

and 15 miRNAs were found upregulated in B cells from patients 
with anti-SSA+ pSS  (online supplementary table S5).

As among the 17 patients with pSS included in the discovery 
cohort of this study, only 3 patients with pSS had a moderate 
or high ESSDAI score (≥5), we could not reliably investigate 
in this cohort any association between miRNA expression and 
disease activity. Similarly only four patients were positive for 
anti-SSB+ antibodies precluding a statistical analysis on the 
influence of SSB autoantibodies on miRNA expression profiles.

replication of differentially expressed mirnAs
Eleven and nine differentially expressed miRNAs in T cells and 
B cells, respectively (online supplementary table S6) identified by 
the screen using the human panel I in the discovery cohort were 
tested in a new independent replication cohort of 27 patients 
and 12 controls as well as in the samples of the discovery cohort 
using a custom-designed Pick-&-Mix microRNA PCR Panel. We 
added in the replication hsa-miR-146a-5p, which was close to 
statistical significance in the discovery cohort (p=0.07), since it 
has been reported as deregulated in other pSS studies analysing 
mainly PBMCs.14–16 23 As shown in table 4, hsa-let-7d-3p, 
hsa-miR-155–5 p, hsa-miR-222–3 p, hsa-miR-30c-5p, hsa-miR-
146a-5p, hsa-miR-378a-3p and hsa-miR-28–5 p were confirmed 
to be differentially expressed in T cells from both the discovery 
and the replication cohort (online supplementary figure S1). 
Hsa-miR-378a-3p, hsa-miR-222–3 p, hsa-miR-26a-5p, hsa-miR-
30b-5p and hsa-miR-19b-3p were confirmed to be significantly 
deregulated in the B cells in both cohorts (online supplemen-
tary figure S2). When performing a combined analysis on 
both cohorts, all miRNAs except one for B and one for T cells 
showed significant expression differences when compared with 
controls (table 4). When focusing only on differences between 
anti-SSA-positive patients and controls, the statistical signifi-
cance of the six validated miRNAs in B cells increased by at least 
on order of magnitude for all six miRNAs, but none of the other 
miRNAs included in the validation step reached statistical signifi-
cance (data not shown). Restricting the analyses to anti-SSA-pos-
itive patients had little impact on the results in T cells.

Figure 1 Hierarchical clustering analysis (A) and principal component analysis (B) of microRNAs detected by quantitative PCR (Cq <37). pSS: patient 
with primary Sjögren’s syndrome, C: control, TL: CD4+ T lymphocytes, BL: CD19+ B lymphocytes, light blue: control T cells; green: pSS T cells; red: 
control B cells; dark blue: pSS B cells.
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expression of BAFF is inversely correlated with the expression 
of hsa-mir-30b-5p in B cells from patients with pss
The BAFF has been reported upregulated in B lymphocytes infil-
trating the salivary glands of patients with pSS24 and hsa-miR-
30a-3p, another member of the hsa-miR-30 family, has been 
reported to negatively regulate BAFF expression in systemic scle-
rosis and fibroblasts from patients with rheumatoid arthritis.25 As 
we identified hsa-miR-30b-5p to be significantly downregulated 
in our study and a potential binding site for hsa-miR-30b-5p 
in the 3′UTR of BAFF was identified (online supplementary 
figure S3), we further investigated the expression of BAFF and a 
possible correlation between the expression of hsa-miR-30b-5p 
and BAFF in B cells from patients with pSS. The expression of 
BAFF was increased in peripheral B cells from patients with pSS 
compared with controls (figure 2A). In contrast to controls, in 
which no correlation between the expression of hsa-miR-30b-5p 
and BAFF was observed, there was a significant inverse correla-
tion between the expression of hsa-miR-30b-5p and BAFF in B 
cells from patients with pSS (figure 2B). Transfection of THP-1 

cells with an antagomir (miRNA inhibitor) for hsa-miR-30b-5p 
led to a strong increase in BAFF expression compared with a 
fluorescent miRNA inhibitor control (scrambled sequence) 
(figure 2C), providing further evidence that the loss of hsa-miR-
30b-5p could contribute to the increased expression of BAFF in 
patients with pSS.

dIscussIOn
In this study, large-scale profiling of miRNAs by qPCR showed 
highly divergent miRNAs expression patterns between T and B 
lymphocytes from both patients with pSS and controls. These 
results are in concordance with our previous study of genome-
wide DNA methylation patterns.7 In contrast to the DNA methyl-
ation data, however, deregulation of miRNAs was not restricted 
to B cells, but was also present to a similar extent in CD4+ T 
cells. Several of the miRNAs found in our study overexpressed 
in T cells have previously been shown to be overexpressed 
in salivary glands of patients with pSS such as hsa-miR-16, 

table 2 Differentially expressed miRNAs with p value less than 0.05 in T cells from patients with pSS compared with the controls in the discovery 
cohort (two different normalisation ways were used: global mean and reference miRNAs)

(pss tl) vs (ctrl tl)/global mean normalisation (pss tl) vs (ctrl tl)/reference mirnAs normalisation common mirnAs/global mean 
and reference mirnAsmirnAs Fold change p Value mirnAs Fold change p Value

hsa-let-7d-3p −2.53 5.07E-07 hsa-let-7d-3p −2.58 1.97E-07 hsa-let-7d-3p

hsa-miR-28–5 p 1.36 3.78E-05 hsa-miR-28–5 p 1.34 3.81E-04 hsa-miR-28–5 p

hsa-miR-378a-3p −1.33 7.32E-04 hsa-miR-378a-3p −1.36 1.15E-04 hsa-miR-378a-3p

hsa-miR-26a-5p −1.28 9.50E-04 hsa-miR-26a-5p −1.30 1.23E-03 hsa-miR-26a-5p

hsa-miR-425–3 p −1.33 1.04E-03 hsa-miR-425–3 p −1.36 1.09E-03 hsa-miR-425–3 p

hsa-miR-486–5 p 1.56 6.45E-03 hsa-miR-486–5 p 1.53 0.013 hsa-miR-486–5 p

hsa-miR-181c-5p 1.43 7.33E-03 hsa-miR-181c-5p 1.40 0.022 hsa-miR-181c-5p

hsa-miR-30b-5p −1.17 0.010 hsa-miR-30b-5p −1.19 0.024 hsa-miR-30b-5p

hsa-miR-140–3 p 1.14 0.013 hsa-miR-140–3 p 1.12 0.043 hsa-miR-140–3 p

hsa-miR-296–5 p 1.27 0.013 hsa-miR-296–5 p 1.25 0.044 hsa-miR-296–5 p

hsa-miR-30c-5p −1.12 0.014 hsa-miR-30c-5p −1.14 8.19E-03 hsa-miR-30c-5p

hsa-miR-155–5 p 1.30 0.014 hsa-miR-155–5 p 1.27 0.013 hsa-miR-155–5 p

hsa-miR-31–3 p −1.43 0.015 hsa-miR-31–3 p −1.46 0.017 hsa-miR-31–3 p

hsa-miR-598 −1.31 0.015 hsa-miR-598 −1.34 0.017 hsa-miR-598

hsa-miR-222–3 p 1.22 0.018 hsa-miR-222–3 p 1.19 0.046 hsa-miR-222–3 p

hsa-miR-18a-3p 1.37 0.028 hsa-miR-18a-3p 1.34 0.043 hsa-miR-18a-3p

hsa-let-7e-5p −1.28 0.032 hsa-let-7e-5p −1.30 0.020 hsa-let-7e-5p

hsa-miR-194–5 p 1.13 0.036

hsa-miR-361–3 p 1.32 0.037

hsa-miR-152 1.32 0.037

hsa-miR-374a-5p −1.21 0.037 hsa-miR-374a-5p −1.24 0.041 hsa-miR-374a-5p

hsa-miR-22–3 p 1.34 0.038

hsa-miR-665 −1.42 0.039 hsa-miR-665 −1.44 0.029 hsa-miR-665

hsa-let-7g-5p 1.10 0.039

hsa-let-7i-5p 1.12 0.040

hsa-miR-107 1.18 0.041

hsa-miR-27b-3p −1.27 0.041 hsa-miR-27b-3p −1.30 0.034 hsa-miR-27b-3p

hsa-miR-150–5 p 1.15 0.045

hsa-miR-16–5 p 1.14 0.045 hsa-miR-16–5 p 1.12 0.037 hsa-miR-16–5 p

hsa-miR-454–3 p 1.15 0.045

hsa-miR-324–3 p 1.12 0.047

hsa-miR-23b-3p −1.22 0.038

hsa-miR-505–3 p −1.36 0.044

hsa-miR-766–3 p −1.17 0.029

‘MiRNAs in grey’ represent those found differentially expressed by one way of normalisation only. Nominal p values without correction for multiple comparisons are shown.
miRNA, microRNA; pSS, primary Sjögren’s syndrome; TL, T lymphocytes.
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hsa-miR-150, hsa-miR-222, hsa-miR-30b and hsa-miR-324–3 p 
where the expression level correlated positively with a high focus 
score and hsa-miR-181a and hsa-miR-155 overexpressed in T 
cells and associated with reduced salivary flow in the glands.13 
Of note, there was little overlap of the differentially expressed 
miRNAs in the salivary glands and B cells.

Among validated differentially expressed miRNAs, we iden-
tified hsa-miR-146a-5p, an important negative regulator of 
inflammatory responses and whose loss has been shown to 
cause spontaneous autoimmunity as well as oncogenic trans-
formation.26 Validated targets of this miRNA include IRF5, 
STAT1 and IRAK1, which have also been found associated 
with genetic variation or DNA methylation changes in pSS.4 7 
Previous reports have shown upregulation of hsa-miR-146a-5p 
in PBMCs from patients with pSS14–16 23 preceding clinical 
symptoms.16 Using sorted cell populations, we show that the 
direction of the observed changes differs in function of the cell 
type, with an overexpression in T cells and decreased expression 
in B cells, which has probably previously been masked by the 
greater proportion of T cells in PBMCs compared with B cells. 

Expression of has-miR-146a-5p could thus have different impact 
depending on the cell types in pSS, with the loss promoting the 
interferon expression in B cells,27 while sustaining inflammation 
in the T-cell compartment.28 Lineage-specific modifications of 
the expression level of miR-146a-5p are required to fully under-
stand the effect of this miR on inflammation and the pathogenic 
interferon response.

Hsa-miR-155–5 p was previously shown to be upregulated 
in synovial tissue, macrophages, PBMCs and sera from patients 
with rheumatoid arthritis and in CD4+ cells of mouse models 
for experimental autoimmune encephalomyelitis,29–32 which we 
also confirmed in our study. In contrast, miR-155 was previ-
ously found downregulated in PBMCs from patients with pSS15 
suggesting a confounding effect of cellular composition in the 
PBMC data. Taken together, the results on these two extremely 
well studied miRNAs and our findings of highly divergent 
patterns of miRNAs expression in T and B cells emphasise the 
importance of using purified cells for epigenetics studies. It will 
be desirable in the future to analyse even more specific subpopu-
lation of the B and T cells, which might show a more pronounced 

table 3 Differentially expressed miRNAs (p value<0.05) in B cells from patients with pSS compared with the controls in the discovery cohort (two 
different normalisation ways were used: global mean and reference miRNAs)

(pss Bl) vs (ctrl Bl)/global mean normalisation (pss Bl) vs (ctrl Bl)/reference mirnAs normalisation common mirnAs/
global mean and 
reference mirnAsmirnAs Fold change p Value mirnAs Fold change p Value

hsa-miR-30b-5p −1.52 4.08E-04 hsa-miR-30b-5p −1.56 5.01E-03 hsa-miR-30b-5p

hsa-miR-222–3 p 1.46 4.16E-04 hsa-miR-222–3 p 1.43 2.29E-04 hsa-miR-222–3 p

hsa-miR-107 1.35 1.07E-03 hsa-miR-107 1.32 2.35E-03 hsa-miR-107

hsa-miR-18a-3p 1.94 1.79E-03 hsa-miR-18a-3p 1.89 3.51E-03 hsa-miR-18a-3p

hsa-miR-324–5 p 1.64 1.81E-03 hsa-miR-324–5 p 1.6 2.60E-03 hsa-miR-324–5 p

hsa-miR-151a-3p 1.4 1.96E-03 hsa-miR-151a-3p 1.37 4.71E-03 hsa-miR-151a-3p

hsa-miR-324–3 p 1.22 2.21E-03 hsa-miR-324–3 p 1.19 0.026 hsa-miR-324–3 p

hsa-miR-19b-3p −1.39 3.35E-03 hsa-miR-19b-3p −1.43 0.014 hsa-miR-19b-3p

hsa-miR-26a-5p −1.34 5.38E-03 hsa-miR-26a-5p −1.37 0.016 hsa-miR-26a-5p

hsa-miR-20a-5p −1.17 5.81E-03 hsa-miR-20a-5p −1.2 0.014 hsa-miR-20a-5p

hsa-miR-141–3 p −1.86 6.54E-03 hsa-miR-141–3 p −1.9 5.64E-03 hsa-miR-141–3 p

hsa-miR-29b-2–5 p 1.39 7.51E-03 hsa-miR-29b-2–5 p 1.35 0.010 hsa-miR-29b-2–5 p

hsa-miR-374a-5p −1.54 8.90E-03 hsa-miR-374a-5p −1.58 0.017 hsa-miR-374a-5p

hsa-miR-484 1.45 0.012 hsa-miR-484 1.41 0.019 hsa-miR-484

hsa-miR-195–5 p −1.57 0.012 hsa-miR-195–5 p −1.61 0.019 hsa-miR-195–5 p

hsa-miR-210 1.33 0.012 hsa-miR-210 1.3 0.039 hsa-miR-210

hsa-miR-32–5 p −1.63 0.013 hsa-miR-32–5 p −1.67 0.027 hsa-miR-32–5 p

hsa-miR-582–5 p −1.67 0.014 hsa-miR-582–5 p −1.72 0.018 hsa-miR-582–5 p

hsa-let-7d-3p −1.65 0.022 hsa-let-7d-3p −1.7 8.83E-03 hsa-let-7d-3p

hsa-miR-378a-3p −1.35 0.027 hsa-miR-378a-3p −1.38 0.020 hsa-miR-378a-3p

hsa-miR-505–3 p −1.59 0.027 hsa-miR-505–3 p −1.63 0.020 hsa-miR-505–3 p

hsa-miR-30c-5p −1.17 0.028

hsa-miR-491–5 p 1.57 0.029 hsa-miR-491–5 p 1.53 0.036 hsa-miR-491–5 p

hsa-miR-502–5 p 1.74 0.029 hsa-miR-502–5 p 1.69 0.048 hsa-miR-502–5 p

hsa-miR-151a-5p 1.2 0.035

hsa-miR-148b-3p −1.23 0.038 hsa-miR-148b-3p −1.26 0.012 hsa-miR-148b-3p

hsa-miR-130b-3p 1.47 0.041

hsa-miR-15a-5p −1.21 0.043

hsa-miR-29b-3p −1.48 0.044

hsa-miR-296–5 p 1.64 0.044

hsa-miR-142–5 p −1.53 0.046

hsa-miR-192–5 p −1.28 0.048

hsa-miR-374b-5p −1.38 0.049

‘MiRNAs in grey’ represents those found differentially expressed by one way of normalisation only. Nominal p-values without correction for multiple comparisons are shown.
BL, B lymphocytes; miRNA, microRNA; pSS, primary Sjögren’s syndrome.
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deregulation of such as naïve or memory B/T cells, plasmablasts 
or T helper subsets such as follicular T helper cells, which have 
shown altered distribution in pSS.33 34 Recent analyses highlight 
the importance of cytotoxic CD8+ cells,35 which have so far not 
been analysed for changes in miRNA expression or other epigen-
etic modifications in pSS. Furthermore, while the number of 
patients treated with hydroxychloroquine or methotrexate was 
too small in our discovery cohort to make definite conclusions, 
we identified some miRNAs that were no longer significant after 
including only treatment-naïve patients suggesting effects of the 
medication on miRNA expression, which has previously been 
reported for both hydroxychloroquine36 or methotrexate.37 38

The significantly differentially expressed miRNAs in our study 
were enriched for several pathways including the PI3K-Akt 
signalling pathway. The miRNA-17–92 cluster promotes the 
survival of B lymphocytes, at least partly through its ability to 
regulate PI3K signalling and genes expressed downstream of 
this pathway.39 40 Preliminary evidence suggested a downregu-
lation of this cluster in the salivary glands from patients with 
pSS,41 which was confirmed in our study. Furthermore, hsa-miR-
32–5 p, another validated negative regulator of PTEN (phospha-
tase and tensin homolog gene),42 was also found downregulated 
in the B cells in our study. Although further functional experi-
ments are required to confirm the targets of the miRNAs in a 
cell-type specific manner, the PI3K-AKT pathway has recently 
attracted interest as a therapeutic target in pSS with multicentric 
randomised phase 2 studies evaluating a PI3 kinase delta inhib-
itor in pSS (NCT02610543, NCT02775916) ongoing. Modu-
lating miRNA levels might be an additional tool to change the 
activity of key components of this signalling pathway.

Among the differentially expressed miRNAs, hsa-miR-
30b-5p draw our attention as it has been previously reported as 
among the most significantly differentially expressed miRNAs 
in minor salivary glands from patients with pSS.13 Further-
more, hsa-miR-30a-3p, an miR of the same family, negatively 
regulates the expression of BAFF in systemic sclerosis and rheu-
matoid arthritis fibroblasts.25 BAFF, produced by monocytes, 
activated T lymphocytes, dendritic cells and epithelial cells in 
patients with pSS promotes B-cell maturation, proliferation and 
survival.3 43 44 BAFF levels have been found to be increased in the 
serum and salivary gland B, T and epithelial cells of patients with 
pSS compared with controls and correlate with autoantibody 
production.24 43 45 In the presence of excess levels of BAFF, mice 
develop manifestations of autoimmune disease with features of 
SLE and Sjögren’s syndrome and have an increased risk to develop 
lymphoma at later age.46 On the other hand, blocking of both 
BAFF and C-X-C motif chemokine ligand (CXCL13) improves 
salivary gland function.47 The 3′UTR of BAFF is targeted by 
several miRNAs and genetic variation in the 3′UTR plays a major 
role in the potential of miRNAs to regulate BAFF expression.48 
We confirmed the overexpression of BAFF in the B cells of our 
cohorts correlating inversely with the expression of hsa-miR-
30b-5p. This might be caused by the binding of hsa-miR-30b-5p 
to the 3′-UTR of BAFF mRNA. This hypothesis was substan-
tiated by our transfection experiments with an inhibitor of 
hsa-miR-30b-5p leading to a greatly increased BAFF expression. 
Further studies will be required to confirm the specific binding 
sites of hsa-miR-30b on the BAFF mRNA as well as to determine 
the relative importance of hsa-miR-30b compared with the other 
miRNAs binding to BAFF, as hsa-miR-30b was not tested in a 

table 4 Validation of the differentially expressed miRNAs in T and B cells by quantitative PCR

discovery cohort replication cohort combined analysis

mirnAs Fold change p Value mirnAs p Value mirnAs p Value

T cells

hsa-let-7d-3p −2.36 5.58×10−7 hsa-let-7d-3p 0.008 hsa-let-7d-3p 1.32×10−8

hsa-miR-28-5p 1.14 0.014 hsa-miR-28-5p 0.030 hsa-miR-28-5p 6.23×10−4

hsa-miR-378a-3p −1.50 9.93×10−5 hsa-miR-378a-3p 0.029 hsa-miR-378a-3p 9.94×10−6

hsa-miR-26a-5p −1.15 0.075 hsa-miR-26a-5p 0.046 hsa-miR-26a-5p 0.008

hsa-miR-30b-5p −1.19 0.036 hsa-miR-30b-5p 0.378 hsa-miR-30b-5p 0.026

hsa-miR-140-3p 1.13 0.018 hsa-miR-140-3p 0.389 hsa-miR-140-3p 0.018

hsa-miR-30c-5p −1.10 0.019 hsa-miR-30c-5p 0.019 hsa-miR-30c-5p 0.006

hsa-miR-155-5p 1.31 0.004 hsa-miR-155-5p 0.009 hsa-miR-155-5p 2.17×10−4

hsa-miR-31-3p −1.44 0.043 hsa-miR-31-3p 0.312 hsa-miR-31-3p 0.011

hsa-miR-222-3p 1.22 0.025 hsa-miR-222-3p 0.009 hsa-miR-222-3p 6.60×10−4

hsa-miR-16-5p 1.18 7.26×10−4 hsa-miR-16-5p 0.829 hsa-miR-16-5p 0.669

hsa-miR-146a-5p 1.30 0.017 hsa-miR-146a-5p 0.021 hsa-miR-146a-5p 0.001

B cells

hsa-miR-30b-5p −1.59 0.003 hsa-miR-30b-5p 0.012 hsa-miR-30b-5p 4.16×10−5

hsa-miR-222-3p 1.32 0.002 hsa-miR-222-3p 0.005 hsa-miR-222-3p 1.62×10−5

hsa-miR-18a-3p 1.28 0.027 hsa-miR-18a-3p 0.137 hsa-miR-18a-3p 0.613

hsa-miR-19b-3p −1.38 0.012 hsa-miR-19b-3p 0.028 hsa-miR-19b-3p 4.87×10−4

hsa-miR-26a-5p −1.37 0.013 hsa-miR-26a-5p 0.006 hsa-miR-26a-5p 9.85×10−5

hsa-miR-20a-5p −1.14 0.082 hsa-miR-20a-5p 0.019 hsa-miR-20a-5p 0.002

hsa-miR-32-5p −1.75 0.014 hsa-miR-32-5p 0.416 hsa-miR-32-5p 0.038

hsa-let-7d-3p −2.03 2.12×10−4 hsa-let-7d-3p 0.452 hsa-let-7d-3p 0.024

hsa-miR-378a-3p −1.29 0.062 hsa-miR-378a-3p 3.11×10−4 hsa-miR-378a-3p 5.49×10−6

hsa-miR-146a-5p −1.35 0.024 hsa-miR-146a-5p 0.157 hsa-miR-146a-5p 0.008

Differentially expressed miRNAs found in the discovery cohort and in the replication cohort are shown. MiRNAs in black depict those with a p value<0.05 and miRNAs in grey 
depict those with p value>0.05. Nominal p values without correction for multiple comparisons are shown.
miRNA, microRNA; pSS, primary Sjögren’s syndrome.
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recent study having shown the importance of miRNAs for regu-
lating BAFF expression.48

In summary, we have performed a large-scale analysis of 
miRNAs in patients with pSS in sorted blood-derived T and 
B cells and demonstrated cell-type specific miRNA expres-
sion patterns, potentially related to the pathophysiology of the 
disease. Being one of the key molecular changes that initiate 
pSS development, BAFF was induced by one of the identified 
miRNAs, hsa-miR-30b-5p.
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ExtEndEd rEport

Affinity maturation shapes the function of agonistic 
antibodies to peptidylarginine deiminase type 4 in 
rheumatoid arthritis
Jing Shi,1 Erika darrah,1 Gary p Sims,2 tomas Mustelin,2 Kevon Sampson,1 
Maximilian F Konig,1 Clifton o Bingham III,1 Antony rosen,1 Felipe Andrade1

ABstrAct
Objectives the citrullinating enzyme peptidylarginine 
deiminase type 4 (pAd4) is the target of a polyclonal 
group of autoantibodies in patients with rheumatoid 
arthritis (rA). A subgroup of such antibodies, initially 
identified by cross-reactivity with peptidylarginine 
deiminase type 3 (pAd3), is strongly associated with 
progression of radiographic joint damage and interstitial 
lung disease and has the unique ability to activate pAd4. 
the features of these antibodies in terms of their t cell-
dependent origin, genetic characteristics and effect of 
individual antibody specificities on pAd4 function remain 
to be defined.
Methods We used pAd4 tagged with the monomeric 
fluorescent protein mWasabi to isolate pAd4-specific 
memory B cells from anti-pAd4 positive patients with 
rA and applied single cell cloning technologies to obtain 
monoclonal antibodies.
results Among 44 single B cells, we cloned five 
antibodies with pAd4-activating properties. Sequence 
analysis, germline reversion experiments and antigen 
specificity assays suggested that autoantibodies to 
pAd4 are not polyreactive and arise from pAd4-reactive 
precursors. Somatic mutations increase the agonistic 
activity of these antibodies at low calcium concentrations 
by facilitating their interaction with structural epitopes 
that modulate calcium-binding site 5 in pAd4.
conclusions pAd4-activating antibodies directly 
amplify a key process in disease pathogenesis, making 
them unique among other autoantibodies in rA. 
Understanding the molecular basis for their functionality 
may inform the design of future pAd4 inhibitors.

IntrOductIOn
The study of monoclonal antibodies derived 
from patients with autoimmune diseases has 
provided important insights to understanding 
the origin of the humoral response against 
self-antigens1–5 and mechanisms of autoantibody 
pathogenicity.6–8 While autoantibodies in rheu-
matic diseases were first described in rheumatoid 
arthritis (RA),9 the molecular characterisation 
of RA-specific antibodies lagged significantly 
behind other diseases. The discovery that citrul-
linated proteins are major targets of the humoral 
response in RA renewed interest on further char-
acterising the autoantibody repertoire in this 
disease.3 10–14 

Citrullinated proteins are generated 
post-translationally by the peptidylarginine 

deiminases (PADs), a family of five calcium-de-
pendent enzymes (termed PAD1–4 and 6) that 
convert arginine residues to citrulline residues.15 
At least two major groups of autoantibodies 
have been linked to the pathogenic role of 
citrullination in RA: (1) anticitrullinated protein 
antibodies (ACPAs), which likely drive effector 
functions by forming immune complexes16 and 
(2) anti-PAD4 antibodies that assist the produc-
tion of citrullinated antigens by enhancing the 
activity of PAD4.17 Antibody-mediated PAD4 
activation is driven by a subgroup of anti-PAD4 
antibodies initially recognised by their cross-re-
activity with PAD3.17 These PAD3/PAD4 
cross-reactive antibodies (anti-PAD3/4XR) 
enhance PAD4 activity by increasing the sensi-
tivity of the enzyme to calcium. Together, ACPAs 
and antibodies to PAD4 may create a feed-for-
ward loop that promotes effector functions via 
immune complex formation and autoantigen 
production.

Initial studies on disease-specific monoclonal 
antibodies from patients with RA have been 
centred on ACPAs.3 11–14 18 A major conclusion 
from these studies is that ACPAs may originate 
from polyreactive precursors with their spec-
ificities generated as result of antigen-driven 
affinity maturation.3 11 18 To gain further mecha-
nistic insights into the development and function 
of the anti-PAD4 autoantibody repertoire, we 
determined the molecular features and antigen 
binding properties of monoclonal antibodies to 
PAD4 cloned from memory B cells of patients 
with RA.

MAterIAls And MethOds
Patients
All samples were collected after obtaining 
signed informed consent in accor-
dance with the Johns Hopkins Institu-
tional Review Board. Patients with RA  
were recruited from the Johns Hopkins Arthritis 
Center and screened for anti-PAD4 and anti-
PAD3/4XR antibodies in serum by immuno-
precipitation (IP) as previously described.17 
Peripheral blood anti-PAD4 single memory B 
cells were purified from three patients who had 
high titer anti-PAD4 and anti-PAD3/4XR anti-
bodies and used to generate monoclonal anti-
bodies. Detailed descriptions are available in the 
online supplementary methods.
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results
sequence analysis of anti-PAd4 antibodies cloned from single 
memory B cells
We isolated single anti-PAD4 memory B cells by flow cytometry 
using recombinant PAD4 tagged with the monomeric fluorescent 
protein mWasabi (online supplementary figure S1). In total, 44 
single memory B cells with high binding to mWasabi PAD4 were 
collected from three patients with RA. Heavy chain (IgH) and 
corresponding light chain (IgL) variable gene sequences were 
amplified from 32 cells and used to generate IgG1 monoclonal 
antibodies. The antibodies were screened by IP (figure 1A), 
identifying five monoclonal antibodies with specificity to PAD4. 
Clones 10, 16 and 17 derived from patient 1 were cross-reac-
tive with PAD3, while clones 102 and 104 from patient 3 only 
recognised PAD4 (anti-PAD4-only antibodies). No antibodies 
to PAD4 were isolated from patient 2. None of the anti-PAD4 
antibodies recognised PAD2 or the PAD from Porphyromonas 
gingivalis (figure 1B).

Based on the IgH V-D-J usage, complementarity-determining 
region 3 (CDR3) sequence, CDR3 length and the presence of 
common mutations, monoclonals 10, 16 and 17 were deter-
mined to be clonally related (figure 1C). The number of somatic 
hypermutations (SHMs) shared by the IgH of antibodies 10, 
16 and 17 are shown in figure 1D. Clones 16 and 17 had the 
highest similarity with 28 common mutations. Antibody 10 
showed 24 mutations, 7 of which were shared by clones 16 and 
17. Clones 10 and 17 also shared a related Vκ gene rearrange-
ment (IGKV3D-20/IGKJ4), similar CDR3 sequence and five 
mutations (figure 1C and E) confirming that these antibodies 
were derived from the same B cell precursor. However, clone 
16 used a different Vκ gene rearrangement (IGKV1-06/IGKJ1) 

and had a different CDR3 sequence, suggesting the possibility of 
light chain replacement.19 20 Antibodies 102 and 104 were not 
clonally related (figure 1C). The enrichment of SHM in all anti-
bodies suggests that they originated from antigen-experienced 
cells.

Anti-PAd4 autoantibodies arise from autoreactive precursors
To determine whether anti-PAD3 and PAD4 reactivity was due to 
SHM, we reverted the IgH and IgL chain genes of the antibodies 
to their germline form, and antigen binding was addressed by 
IP. Binding to PAD3 and PAD4 by clones 10 and 17, which are 
the same antibody when reverted to germline, was not affected 
after germline reversion (figure 2A). Similarly, clone 104 retained 
PAD4 reactivity, although less, in its germline form (figure 2A). 
In contrast, reversion of mutations in clone 16 and 102 led to a 
complete loss of PAD binding (figure 2A). Since IP is not sensitive 
enough to detect low affinity antibodies or quantitatively compare 
antibody binding, the binding efficiency of mutated and germline 
antibodies were additionally compared by ELISA (figure 2B and 
C). In contrast to IP, all mutated and germline antibodies showed 
reactivity to PAD4 when compared with control IgG1, suggesting 
that these antibodies were derived from B cell precursors for 
which reactivity to PAD4 resulted from V(D)J rearrangements. 
Except for mutated and germline clone 104, which have similar 
antigen binding, reversion to germline importantly decreased the 
binding of the other antibodies to PAD4, supporting that their 
reactivity was enhanced through affinity maturation.

heavy and light chain requirements for PAd binding
While the IgH of antibody 16 is clonally related to antibody 
10 and 17, the use of a different light chain suggests that this 

Figure 1 Characterisation of anti-PAD4 monoclonal antibodies derived from RA memory B cells. (A) Monoclonal antibodies with reactivity to 
PAD3/4 or PAD4 were screened by IP using [35S]methionine-labelled PAD3 and PAD4 as antigens. Representative data from 12 of 32 monoclonal 
antibodies are shown. (B) IP of radiolabelled Porphyromonas gingivalis PAD (PPAD), PAD2, PAD3 and PAD4 using anti-PAD3/4XR and anti-PAD4-only 
monoclonal antibodies (3.4 nM antibody per IP assay). Radiolabelled products directly resolved by SDS-PAGE are shown to demonstrate loading. 
(C) Ig gene usage, mutation number and CDR3 amino acid sequences of monoclonal antibodies to PAD3/4 (clones 10, 16 and 17) and antibodies 
with reactivity only to PAD4 (clones 102 and 104). (D and E) Venn diagrams show the number of SHM shared by clones 10, 16 and 17 in the heavy 
chain (D) and by clones 10 and 17 in the light chain (E). IPs were performed on two different occasions with similar results. IP, immunoprecipitation; 
PAD, peptidylarginine deiminase; RA, rheumatoid arthritis; SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electrophoresis; SHM, somatic 
hypermutations.
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antibody underwent IgL replacement.19 20 Nevertheless, it 
is interesting that this antibody retained binding to PAD4, 
suggesting that the light chain replacement was insufficient to 
change its autoreactivity. The study of autoantibodies to DNA 
has shown that antigen binding can be mediated primarily by 
the IgH regardless of the IgL.21 To better understand the inde-
pendent roles of the mutated heavy and light chains in antigen 
binding, monoclonals were generated that combined mutated 
IgH or IgL with either their corresponding germline light and 
heavy chains or irrelevant chains from a monoclonal with no 
reactivity to PADs.

Similar to the germline forms of antibodies 10, 17 and 104, 
reversion to germline of either IgL or IgH retained antigen 
binding (figure 2D). However, hybrid antibodies 10, 17 and 
104 that used an irrelevant IgH or IgL completely lost efficient 
antigen binding (figure 2D), suggesting that their reactivity was 
entirely dependent on the combination of their heavy and light 
chains either as germline or mutated forms. Antibody 102 lost 
efficient PAD4 binding when either the heavy or light chain 
was reverted to germline (figure 2D) or replaced with an irrel-
evant IgH or IgL (figure 2D), demonstrating that this antibody 
required both mutated IgH and IgL for efficient binding to 
PAD4.

While clone 16 containing mutated IgL and germline IgH 
showed no binding to PADs (figure 2D), mutated IgH retained 
reactivity to PAD3 and PAD4 when combined with any light 
chain (figure 2D), suggesting that antigen binding by this clone 
is largely dependent on mutations in the IgH. This may explain 
why replacement of the IgL in clone 16 was insufficient to silence 
antibody reactivity to PADs.

Mutated and germline reverted anti-PAd4 antibodies are 
not polyreactive and are not cross-reactive to citrullinated 
antigens
V(D)J recombination can generate harmful B cells expressing 
autoreactive antibodies. It is estimated that 55%–75% of early 
immature B cells from healthy donors are polyreactive to self-an-
tigens and lipopolysaccharide (LPS).22 While most of these cells 
are removed at discrete checkpoints during B cell develop-
ment, their abnormal survival has been linked to autoimmune 
diseases.4 Since anti-PAD4 antibodies reverted to their germ-
line form retained antigen binding, we addressed whether their 
reactivity to PAD4 may result from polyreactive recognition. 
In contrast to antibodies present in the serum from a patient 
with systemic lupus erythematosus that were polyreactive, both 
mutated and reverted anti-PAD4 antibodies showed no polyre-
activity to self-antigens (ssDNA, dsDNA, insulin and cardiolipin) 
or LPS (figure 3A). Similarly, the monoclonal antibodies showed 
no reactivity to cyclic citrullinated peptides (CCPs) (figure 3B), 
confirming that they were developed independently of ACPAs.

Functional characterisation of human anti-PAd4 monoclonal 
antibodies
Autoantibodies that enhance PAD4 activity are strongly associ-
ated with more erosive arthritis and interstitial lung disease in 
patients with RA.17 23 24 These antibodies were studied as poly-
clonal IgG purified from the serum of patients with RA, so the 
functional effects of individual antibody specificities could not 
be determined. The monoclonal anti-PAD4 antibodies devel-
oped here were studied for their individual capacity to activate 
PAD4 over a physiological range of calcium concentrations in 

Figure 2 The importance of SHM in antigen recognition by human monoclonal antibodies to PAD4. (A) Antibody binding to PAD3/PAD4 was 
addressed by IP of radiolabelled substrates using mutated (SHM) and germline (GL) reverted anti-PAD4 antibodies (3.4 nM antibody/assay). Antibodies 
10 GL and 17 GL are the same antibody (10/17 GL). (B) Anti-PAD4 antibodies and their germline variants were titrated from 0.4 pM to 685 nM against 
purified PAD4 by ELISA. (C) Half maximal effective concentration (EC50) for anti-PAD4 binding were calculated from B (SD, standard deviation). (D) The 
heavy and light chain (IgH and IgL, respectively) of SHM and GL reverted anti-PAD4 antibodies were combined to generate monoclonal antibodies 
(lanes 1–4). Irrelevant (IR) IgH and IgL from an antibody with no reactivity to PADs were used to produce anti-PAD4 hybrid antibodies (lanes 5–8). 
Antibody binding to PAD3/PAD4 was addressed by IP (3.4 nM antibody/assay) using radiolabelled substrates. The experiments in A and D were 
performed on two separate occasions with similar results. IP, immunoprecipitation; PAD, peptidylarginine deiminase; SHM, somatic hypermutation.
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synovial fluid (0.2–1.0 mM), which are suboptimal to fully acti-
vate the enzyme in vitro.17 Using 0.2 mM calcium and enzymatic 
reactions in the linear range to citrullinate histone H3, a phys-
iological target of PAD4,25 clone 102 demonstrated the highest 
agonistic activity (figure 4A, lanes 12), followed by clones 16 
and 104 (figure 4A, lanes 8 and 14, respectively).

At 0.5 and 1.0 mM calcium, the enhancing PAD4 activity by 
clones 16, 102 and 104 became more prominent, with clones 
10 and 17 also showing some functional activity (figures 4B 
and supplementary figure S2). Importantly, while the germ-
line reversions conserved antigen recognition (figure 2B), these 
monoclonal antibodies failed to enhance PAD4 activity at 0.2, 
0.5 or 1.0 mM calcium (Figure 4A and B and supplementary 
figure S2). Similarly, antibodies containing mutated IgH from 
clone 16 combined with its corresponding germline IgL or an 
irrelevant IgL (figure 4A and B), both of which retained PAD 
reactivity (figure 2A), were also unable to activate the enzyme. 
At non-physiological saturating calcium concentrations (ie, 
5 mM), PAD4 was fully active independently of any antibody 
(online supplementary figure S3).

Since the monoclonal antibodies reverted to germline retained 
some PAD4 reactivity at high concentrations (figure 2B), we 
tested their ability to activate PAD4 using increasing amounts 
of antibody (online supplementary figure S2). Unlike mutated 
anti-PAD4 antibodies, the germline versions required at least 
10 times more antibody to induce even minimal PAD4 activity. 
Together, these data demonstrate that, while antigen experience 
is not necessary to produce anti-PAD4 autoantibodies, affinity 

maturation is required for the generation of efficient agonistic 
antibodies to PAD4.

Functional antibodies target different epitopes in PAd4
While agonistic anti-PAD4 antibodies were initially recognised 
by their cross-reactivity with PAD3,17 it is noteworthy 
that we identified functional autoantibodies derived from 
anti-PAD3/4XR-positive patients who only have reactivity to 
PAD4. This indicates that more than one epitope may be targeted 
to activate the enzyme. To address whether agonistic anti-PAD4 
antibodies target distinct or overlapping epitopes, the antibodies 
were murinised, and their binding to PAD4 was addressed by 
ELISA in the presence of increasing amounts of competing 
human anti-PAD4 antibodies (figure 4C). With the exception of 
antibody 16, the rest of the clones were efficiently generated 
as murine antibodies, which retained similar PAD4 reactivity 
as their human counterparts (online supplementary figure S4). 
Antigen binding by the clonally related antibodies 10 and 17 was 
completely blocked by one another, supporting that they target 
the same epitope (figure 4C). Analysis of the other antibodies, 
however, is more complex because their considerable differences 
in binding efficiency (figure 2C). Human clone 16, for which 
binding efficiency is lower than its clonally related antibodies 10 
and 17, required 4–10 times more antibody to efficiently block 
these clones (figure 4C). Antibody 104, which has the highest 
relative affinity, completely blocked clone 102 and partially 
blocked clones 10 and 17 at high concentrations but was not 
significantly blocked by any of other anti-PAD4 antibodies 

Figure 3 Mutated and germline (GL) human anti-PAD4 antibodies are not polyreactive and have no cross-reactivity to citrullinated antigens. (A) 
The specificity of mutated and GL anti-PAD4 monoclonal antibodies against ssDNA, dsDNA, LPS, insulin or cardiolipin was addressed by ELISA. The 
assays were performed in duplicate using serial dilutions of monoclonal antibody (stock 6.8 µM) or human SLE serum as positive control. (B) Reactivity 
of SHM and GL anti-PAD4 monoclonal antibodies to cyclic citrullinated peptide 3 (CCP3) was addressed by ELISA. The assays were performed in 
duplicate. AU, arbitrary units; dsDNA, double-stranded DNA; LPS, lipopolysaccharide; OD, optical density; PAD, peptidylarginine deiminase; SHM, 
somatic hypermutation; SLE, systemic lupus erythematosus; ssDNA, single-stranded DNA.
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(figure 4C). Clone 102 partially blocked antibodies 10 and 17 
but was only significantly blocked by clone 104 (figure 4C). 
Based on the distinct recognition of PAD3 (figure 1A), at least 
two epitopes are likely to be targeted by antibodies that enhance 
PAD4 activity. Nevertheless, it is possible that antibody 102 may 
recognised a third epitope that partially overlaps with clones 10, 
16 and 17 (PAD3/4XR antibodies) and clone 104 (anti-PAD4-
only antibody).

To gain further insights into the structural basis of the inter-
action between the monoclonal antibodies and PAD4, we 
attempted to map the regions targeted by the antibodies using 
PAD4 deletion mutants. PAD4 consists of a C-terminal domain 
and an N-terminal domain that is divided into subdomains 1 and 
2 (online supplementary figure S5A).26 Under standard condi-
tions used to IP PAD4, none of the antibodies showed binding 
to any domain (online supplementary figure S5B). When the 
antibody concentration and the incubation time were increased 
in the IP assays (online supplementary figure S5C), clone 104 
showed reactivity to the N-terminal domain and subdomain 1. 
However, the other antibodies still failed to react with any subdo-
main of PAD4 (online supplementary figure S5C). These find-
ings strongly suggest that the epitope targeted by the majority of 
functional anti-PAD4 antibodies is structural in nature, requiring 
folding of the complete molecule.

Agonistic autoantibodies enhance PAd4 activity by regulating 
the enzyme at calcium-binding site 5
Since agonistic anti-PAD4 antibodies work by lowering the 
calcium requirement for PAD4 activity, we explored potential 
sites of interaction using PAD4 mutants that lack the ability to 

bind calcium at specific sites. PAD4 has five calcium-binding sites 
designated Ca1–Ca5. Ca1 and Ca2 in the C-terminal domain 
are required for catalysis, while Ca3–Ca5 are likely relevant 
to regulate enzyme activity.26 Aspartic acid residues that coor-
dinate calcium-binding at Ca3 and Ca5 (D165), Ca3 and Ca4 
(D179), only Ca4 (D388) and only Ca5 (D168) were changed to 
alanine.27 Then, the PAD4 mutants were used to test the func-
tional activity of the antibodies. None of the PAD4 mutants 
were active in the absence of anti-PAD4 antibodies (figure 5). 
However, the activity of the D168A mutant (Ca5) was partially 
rescued by antibody clones 10, 16, 102 and 104 (figure 5). Inter-
estingly, the enhancing effect of the monoclonal antibodies on 
the mutant D168A was proportional to their activity on wild-type 
PAD4 (ie, 102>104=16>10) (figures 4B and 5). Together, these 
data suggest that functional anti-PAD4 antibodies decrease the 
calcium requirement of PAD4 by regulating the enzyme at Ca5. 
Although clones 16, 102 and 104 showed some minimal effect 
on the activity of the mutant D388A, Ca5 appears to be the most 
important site of interaction.

dIscussIOn
Analysis of recombinant antibodies cloned from single new 
emigrant and mature naïve RA B cells provided initial evidence 
of defective central and peripheral checkpoints in B cell toler-
ance in patients with RA.4 18 In a prior study, these antibodies 
were shown to be polyreactive to self-antigens and LPS, with 
a subgroup showing low reactivity to IgG and CCPs.18 Further 
studies have shown that ~25% of synovial IgG-expressing  
B cells are specific to citrullinated antigens in ACPA+ patients 
with RA.3

Figure 4 Functional characterisation of mutated (SHM) and germline reverted (GL) anti-PAD4 monoclonal antibodies. (A and B) Histone H3 (H3) 
was citrullinated with PAD4 at 0.2 mM (A) or 0.5 mM (B) calcium in presence of mutated or GL anti-PAD4 antibodies (0.14 µM) (lanes 4–14). Clone 
16 also included the analysis of antibodies containing mutated heavy chain (IgH) combined with GL light chain (IgL-GL) (lane 9) or an irrelevant IgL 
(IgL-IR) (lane 10), both with reactivity to PAD3 and PAD4. As controls, H3 and PAD4 were incubated without (lane 1) or with calcium (lanes 2 and 3) in 
the absence (lane 1 and 2) or presence (lane 3) of an irrelevant antibody with no reactivity to PADs (clone 119). IgH and H3 were detected by Ponceau 
S staining. PAD4 and citrullinated H3 (cit-H3) were detected by immunoblotting. The experiments were performed on three separate occasions with 
similar results. (C) Competition assays among different anti-PAD4 monoclonal antibodies were performed by measuring murinised antibody binding 
to PAD4 following incubation with increasing amounts of competing (human) antibodies (murinised:human antibody ratio from 1:0 to 1:100). The 
‘% Binding’ represents the amount of murinised antibody bound to PAD4 in relation to the amount of antibody binding observed in the absence of 
competing antibody. The data are from the average of two independent assays. PAD, peptidylarginine deiminase; SHM, somatic hypermutation. 
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Despite the considerable understanding of ACPA generation 
gained through the study of recombinant antibodies cloned 
from single RA B cells,3 11 monoclonal antibodies to PAD4 have 
not previously been identified. The antibodies identified in our 
current study have unique features that provide novel insights 
into the understanding of the humoral autoimmune response 
in RA. In contrast to ACPAs and other antibodies cloned from 
patients with RA,3 11 13 14 the antibodies identified in this study 
are not polyreactive, and antigen recognition was independent 
of SHM. All clones appear to have emerged from anti-PAD4 
B cell precursors (figure 6), which likely bypassed early toler-
ance checkpoints. Nevertheless, our results demonstrate that 

affinity maturation is essential for the antibodies to gain efficient 
agonistic effect against PAD4.

While polyclonal RA sera containing agonistic antibodies 
to PAD4 were initially identified by their cross-reactivity with 
PAD3, the cloning of individual antibodies from these patients 
demonstrated that the functional effect on PAD4 is not driven 
by antibodies binding to a single epitope. Instead, antibodies 
targeting different sites on the enzyme, including at least one 
epitope with structural similarity to PAD3, were able to enhance 
PAD4 activity.

Although we have cloned human anti-PAD4 agonistic 
antibodies, the study has some limitations. First, only a 

Figure 5 Agonistic antibodies partially restore the activity of calcium-binding site 5 (Ca5) mutant PAD4. Histone H3 (H3) was incubated with wild 
type (WT) or PAD4 mutants at calcium-binding sites Ca3 and Ca5 (D165A), Ca5 (D168A), Ca3 and Ca4 (D179A) or Ca4 (D388A) in the presence of 10 mM 
CaCl2, with or without anti-PAD4 monoclonal antibodies. After 2 hours at 37°C, PAD4 and citrullinated H3 (Cit-H3) were detected by immunoblotting. 
IgH and H3 were detected by Ponceau S staining as loading control. The experiments were performed on two separate occasions with similar 
results. PAD, peptidylarginine deiminase.

Figure 6 Genetic characteristics and functional features of RA-derived monoclonal antibodies to PAD4. Antibodies lineage trees were generated 
by comparison of Ig VH sequences. Monoclonal antibodies were derived from two patients with RA (RA-1 and RA-3). Clonally related antibodies 
were identified based on sequences derived from a single germline rearrangement characterised by the same V, D and J gene usage, CDR3 length 
and sequence. The numbers beside the arrows represent the number of mutations acquired in the heavy (VHSHM) and light (VLSHM) chain variable 
domains. The germline and mutated antibody reactivities are specified, as well as their capacity to enhance PAD4 activity. CDR3, complementarity-
determining region 3; PAD, peptidylarginine deiminase; RA, rheumatoid arthritis; SHM, somatic hypermutation; VH, heavy chain variable domain; VL, 
light chain variable domain.
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few antibodies were obtained, which may not represent the 
complete repertoire of agonistic anti-PAD4 antibodies found 
in RA. Second, the exact mechanism by which the antibodies 
enhance PAD4 activity will require the structural definition 
of the antibody–PAD4 complex. Nevertheless, functional 
analysis of PAD4 mutants identified Ca5 as a potential site 
that is commonly regulated by four of the five antibodies. 
The increase in agonistic activity of antibodies to PAD4 as 
a result of SHM likely reflects the ability of the antibody 
to maintain a stable transition state of the enzyme resem-
bling binding of calcium to Ca5. Considering that this tran-
sition state is likely favoured when the enzyme is active, it is 
possible that a conformational state during PAD4 activation 
may be the primary antigen that drives affinity maturation 
of functional antibodies. As such, conditions that promote 
abnormal hyperactivation of PAD4, such as leukotoxic 
hypercitrullination in neutrophils,28 29 may lead to both the 
production of high affinity ACPAs and functional anti-PAD4 
antibodies in RA. The finding that ACPAs and antibodies 
to PAD4 coexist in preclinical RA30–32 further supports the 
hypothesis that conditions of PAD4 hyperactivation may be 
prevalent in the initiation phase of the disease. Since the 
generation of agonistic PAD4 antibodies is dependent on the 
accumulation of somatic mutations and is likely driven by 
chronic exposure to epitopes of enzymatically active PAD4, 
this may explain why functional antibodies are largely found 
in patients with advanced disease.17

In PAD4, Ca5 is positioned near the surface of subdomain 
2 at the interface between the N-terminal and C-terminal 
domains in a region shown to be important for full activation 
of the related enzyme PAD2.26 33 This location may allow 
Ca5 to be accessible to functional autoantibody binding and 
potentially to other regulatory molecules. Although phar-
macological PAD inhibition has been focused on blocking 
the catalytic site in the enzyme, the finding that autoanti-
bodies can modulate PAD4 activity by regulating Ca5 offers 
an additional target for inhibitor development. Molecules 
designed to interact with Ca5 could potentially block PAD4 
hyperactivation with a limited effect on physiological func-
tions that require lower enzyme activity. Similarly, such 
molecules may be useful to counteract PAD4 interactions 
with agonistic autoantibodies in patients with RA. In addi-
tion to mechanistic insights, the analysis of patient-derived 
monoclonal antibodies, as we have employed here, offers 
the opportunity to address pathogenic pathways in erosive 
RA and to define approaches to offset the consequences of 
such damage.
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ExtEndEd rEport

The histone demethylase Jumonji domain-containing 
protein 3 (JMJD3) regulates fibroblast activation in 
systemic sclerosis
Christina Bergmann,1 Amelie Brandt,1 Benita Merlevede,1 Ludwig Hallenberger,1 
Clara dees,1 thomas Wohlfahrt,1 Sebastian pötter,1 Yun Zhang,1 Chih-Wei Chen,1 
tatiana Mallano,1 ruifang Liang,1 rosebeth Kagwiria,1 Alexander Kreuter,2 
Ioanna pantelaki,2 Aline Bozec,1 david Abraham,3 ralf rieker,4 Andreas ramming,1 
oliver distler,5 Georg Schett,1 Jörg H W distler1

ABstrAct
Objectives Systemic sclerosis (SSc) fibroblasts remain 
activated even in the absence of exogenous stimuli. 
Epigenetic alterations are thought to play a role for 
this endogenous activation. trimethylation of histone 
H3 on lysine 27 (H3K27me3) is regulated by Jumonji 
domain-containing protein 3 (JMJd3) and ubiquitously 
transcribed tetratricopeptide repeat on chromosome x 
(Utx) in a therapeutically targetable manner. the aim 
of this study was to explore H3K27me3 demethylases 
as potential targets for the treatment of fibrosis.
Methods JMJd3 was inactivated by small interfering 
rnA-mediated knockdown and by pharmacological 
inhibition with GSKJ4. the effects of targeted 
inactivation of JMJd3 were analysed in cultured 
fibroblasts and in the murine models of bleomycin-
induced and topoisomerase-I (topoI)-induced fibrosis. 
H3K27me3 at the FRA2 promoter was analysed by 
ChIp.
results the expression of JMJd3, but not of Utx, was 
increased in fibroblasts in SSc skin and in experimental 
fibrosis in a transforming growth factor beta (tGFβ)-
dependent manner. Inactivation of JMJd3 reversed the 
activated fibroblast phenotype in SSc fibroblasts and 
prevented the activation of healthy dermal fibroblasts 
by tGFβ. pharmacological inhibition of JMJd3 
ameliorated bleomycin-induced and topoI-induced 
fibrosis in well-tolerated doses. JMJd3 regulated 
fibroblast activation in a FrA2-dependent manner: 
Inactivation of JMJd3 reduced the expression of FrA2 
by inducing accumulation of H3K27me3 at the FRA2 
promoter. Moreover, the antifibrotic effects of JMJd3 
inhibition were reduced on knockdown of FRA2.
conclusion We present first evidence for a 
deregulation of JMJd3 in SSc. JMJd3 modulates 
fibroblast activation by regulating the levels of 
H3K27me3 at the promoter of FRA2. targeted 
inhibition of JMJd3 limits the aberrant activation of 
SSc fibroblasts and exerts antifibrotic effects in two 
murine models.

IntrOductIOn
Systemic sclerosis (SSc) is a chronic fibrosing 
connective tissue disease that affects the skin and 
various internal organs. A central hallmark of 
SSc is the uncontrolled and persistent activation 

of fibroblasts, which release excessive amounts 
of extracellular matrix.1 The accumulation of 
extracellular matrix proteins perturbs the phys-
iological architecture of affected tissues, thus 
leading to progressive dysfunction.2 The chron-
ically activated fibroblast phenotype in SSc relies 
at least in part on endogenous mechanisms. This 
is highlighted by the persistently activated pheno-
type of SSc fibroblasts even after several passages 
in culture.3 In the absence of exogenous stimuli, 
SSc fibroblasts continue to express myofibroblast 
markers and release increased amounts of extra-
cellular matrix. Although several core factors of 
fibroblast activation such as transforming growth 
factor beta (TGFβ) have been identified, the 
molecular mechanisms leading to the persistent 
endogenous fibroblast activation in SSc are incom-
pletely understood and targeted therapies are still 
not available for clinical use.

Accumulating evidence suggests that epigen-
etic alterations may play a role in the pathogen-
esis of SSc.4–23 Different epigenetic modifications 
such as DNA methylation,4–7 histone acetyla-
tion,8 histone deacetylation,5 9–11 histone meth-
ylation,12 microRNAs13–22 and long non-coding 
RNAs23 have been shown to be deregulated 
in SSc fibroblasts and have been suggested to 
perpetuate fibroblast activation. Trimethylation 
of histone H3 on lysine 27 (H3K27me3) is a 
common histone modification that represses the 
transcription of target genes.24 H3K27me3 might 
inhibit gene expression by different mechanisms: 
H3K27me3 can provide a binding surface for 
chromatin remodelling enzymes with specific 
methyl–lysine binding sites, it can interfere with 
the binding of proteins that interact selectively 
with unmethylated histones or it can affect the 
accessibility of neighbouring histone residues 
for other epigenetic modifications. H3K27me3 
is regulated by a specific set of histone–meth-
yltransferases and histone–demethylases in a 
therapeutically targetable manner.24 H3K27me3 
is executed by polycomb repressive complexes 
including enhancer of zeste 2 (EZH2) and 
suppressor of zeste 12 (SUZ12) as central compo-
nents. Two highly specific histone–demethylases, 
Jumonji domain-containing protein 3 (JMJD3) 
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and ubiquitously transcribed tetratricopeptide repeat on 
chromosome X (UTX), are capable to reverse the H3K27me3 
modification. The activity of H3K27 methyltransferases and 
H3K27me3 demethylases is tightly controlled under physio-
logical conditions. Deregulation of this delicate balance has 
been implicated in the pathogenesis of several tumours,25 but 
more recently also in fibroblast activation.12 26 Inhibition of 
H3K27 trimethylation by 3-deazaneplanocin A (DZNep), a 
combined inhibitor of the synthesis of S-adenosylhomocys-
teine and of the H3K27 methyltransferase EZH2, promoted 
fibroblast activation and induced fibrosis.12

In the present study, we tested the hypothesis that targeted 
inhibition of H3K27me3  demethylases may be a novel 
approach to interfere with the aberrant activation of SSc 
fibroblasts. We aimed to study the expression and regulation 
of H3K27me3 demethylases in SSc, to investigate their role 
in fibroblast activation and to assess the antifibrotic effects 
and the tolerability of targeting them in preclinical models 
of fibrosis.

Materials and methods can be found in the online 
supplement.

results
JMJd3 is overexpressed in ssc fibroblasts
We first analysed the expression of the H3K27me3 demeth-
ylases in SSc. We observed increased expression of JMJD3 
in the skin of patients with SSc compared with matched 
healthy individuals. Co-staining with the fibroblast marker 
prolyl-4-hydroxylase-β (P4Hβ) demonstrated particular high 
levels of JMJD3 in SSc skin fibroblasts (figure 1A). We also 
observed overexpression of JMJD3 in murine models of SSc 
such as bleomycin-induced skin fibrosis, the B10.D2 (H-2d) → 
BALB/c (H-2d) model of sclerodermatous chronic Graft versus 
Host Disease (cGvHD), and topoisomerase-I (topoI)-induced 
dermal fibrosis (online supplementary figure 1). Of interest, the 
expression of JMJD3 remained elevated in SSc fibroblasts even 
after several passages with increased mRNA and protein levels 

Figure 1 The expression of JMJD3 is upregulated in SSc in a TGFβ-dependent manner. (A) Expression of JMJD3 in SSc and healthy skin analysed 
by immunofluorescence by triple staining for JMJD3 (green), the fibroblast marker P4Hβ (red) and DAPI. Representative sections are shown at 200-
fold and 400-fold magnification (n=7). (B and C) Effects of TGFβ on the mRNA and protein levels of JMJD3 (B) and on the levels of H3K27me3 
(C) in cultured human dermal fibroblasts (n=5). (D) Effects of siRNA-mediated knockdown of SMAD3 on TGFβ-induced JMJD3 expression in 
fibroblasts (n=4). (E) Expression of JMJD3 in TBRact mice compared with wild-type mice as analysed by immunofluorescence with triple staining for 
JMJD3 (green), vimentin (red) and DAPI. Data are presented as median with IQR (n=5, *p<0.05; **p<0.01; ***p<0.001). DAPI, 4’,6-diamidino-2-
phenylindole; H3K27me3, trimethylation of histone H3 on lysine 27; JMJD3, Jumonji domain-containing protein 3; P4Hβ, prolyl-4-hydroxylase-β; 
siRNA, small interfering RNA; SMAD3, SMAD family member 3; SSc, systemic sclerosis; TGFβ, transforming growth factor beta; TBR, TGF beta   
receptor 1.
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of JMJD3 in cultured dermal SSc fibroblasts compared with 
dermal fibroblasts from healthy individuals (figure 1A). The 
expression levels of UTX were much lower than the expres-
sion of JMJD3 and no significant differences were observed 
between patients with SSc and controls (online supplemen-
tary figure 2). Consistent with previous findings,12 the overall 
H3K27me3 content in SSc skin was rather upregulated despite 
the upregulation of the JMJD3 (online upplementary figure 
3). These findings suggest that the increased activity of JMJD3 
may be counterbalanced by enhanced activity of H3K27-his-
tone methyltransferase activity, which is consistent with 
reports on increased EZH2 expression in fibrotic diseases.27 28

Given the consistent upregulation of JMJD3 in SSc and 
murine models of skin fibrosis as well as in cultured fibro-
blasts, we hypothesised that a core pathway of fibrosis may 
drive the overexpression of JMJD3 in fibrosis. Incubation of 
human dermal fibroblasts with recombinant TGFβ increased 
the mRNA as well as the protein levels of JMJD3 (figure 1B). 
Consistent with the upregulation of the histone demethylase 
JMJD3 on stimulation with TGFβ, the levels of H3K27me3 
decreased in fibroblasts stimulated with TGFβ (figure 1C). To 
decipher the intracellular signalling cascade that mediates the 

induction of JMJD3 by TGFβ, we targeted SMAD signalling by 
siRNA-mediated knockdown of SMAD3 in fibroblasts. Knock-
down of SMAD3 prevented the induction of JMJD3 by TGFβ 
(figure 1D), demonstrating a SMAD-dependent regulation.

Consistent with the results in vitro, we observed increased 
expression of JMJD3 in skin fibroblasts of mice with fibro-
blast-specific overexpression of a constitutively active 
TGFβ receptor type 1 (TBRact) compared with control mice 
(figure 1E). Moreover, treatment of bleomycin-challenged 
mice with SD208, a specific inhibitor of the TGFβ receptor 
I-kinase activity, prevented the bleomycin-induced upregu-
lation of JMJD3 (online supplementary figure 4). Together, 
these data demonstrate that TGFβ signalling is sufficient and 
required to induce JMJD3 in fibrosis in a SMAD3-dependent 
manner.

targeted inactivation of JMJd3 inhibits fibroblast activation
We next aimed to investigate the role of JMJD3 in fibroblast 
activation. GSKJ4 has recently been described as a specific 
inhibitor of H3K27me3 demethylases.29 We therefore used 
GSKJ4 as a first approach to target JMJD3 in fibroblasts. 

Figure 2 Pharmacological inhibition of JMJD3 inhibits fibroblast activation, collagen release and migration in vitro. (A) Levels of H3K27me3 
in cultured fibroblasts on incubation with GSKJ4 (n=6). (B) Effects of GSKJ4 on the levels of COL1A1 mRNA and type I collagen protein in SSc 
fibroblasts in the absence of exogenous stimuli (n=8). (C) Collagen release of TGFβ-stimulated fibroblasts from healthy donors incubated with GSKJ4 
(n=5). (D) Effects of GSKJ4 on the PDGF-induced closure of an artificial wound (n=5). Data are presented as median with IQR (*p<0.05; **p<0.01; 
***p<0.001). H3K27me3, trimethylation of histone H3 on lysine 27; JMJD3, Jumonji domain-containing protein 3; PDGF, platelet-derived growth 
factor; SSc, systemic sclerosis; TGFβ, transforming growth factor beta.
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Incubation of SSc fibroblasts with GSKJ4 dose-dependently 
increased H3K27me3 in SSc fibroblasts (figure 2A). GSKJ4 
also induced accumulation of H3K27me3 in healthy fibro-
blasts (online supplementary figure 5A), confirming that 
GSKJ4 is a potent tool to modulate the activity of JMJD3. 
Moreover, GSKJ4 ameliorated the TGFβ-induced downreg-
ulation of H3K27me3 in healthy fibroblasts (online supple-
mentary figure 5B). The inhibition of JMJD3 by GSKJ4 was 
associated with impaired collagen release. Incubation with 
GSKJ4 decreased the mRNA levels of COL1A1, reduced the 
levels of type I collagen protein and decreased the hydroxy-
proline levels in SSc fibroblasts in a dose-dependent manner 
(figure 2B). Incubation with GSKJ4 also delayed closure of the 
artificial wound in scratch assays (figure 2D). Of note, those 
antifibrotic effects were observed in non-toxic concentrations 
as shown by lack of effects on the metabolic activity in MTT 
assays (online supplementary figure 6).

Inhibition of H3K27me3 demethylation by GSKJ4 did not 
only inhibit the aberrant activation of SSc fibroblasts, but also 
ameliorated the stimulatory effect of TGFβ on fibroblasts 
from healthy individuals. GSKJ4 reduced the mRNA levels 
of COL1A1, the protein levels of type I collagen (figure 2C), 

as well as the TGFβ-induced expression of α-smooth muscle 
actin and the formation of stress fibres in healthy dermal fibro-
blasts (online supplementary figure 7).

To exclude that the antifibrotic effects of GSKJ4 are medi-
ated by off-target effects, we knocked down JMJD3 by siRNA in 
fibroblasts. Knockdown of JMJD3 ameliorated the profibrotic 
effects of TGFβ and decreased TGFβ-induced collagen release 
(figure 3B) and fibroblast-to-myofibroblast differentiation 
(figure 3C).

JMJd3 modulates fibroblast activity in a FrA2-dependent 
manner
We and others demonstrated previously that the AP1 tran-
scription factor FRA2 is overexpressed in dermal fibroblasts 
of patients with SSc and plays a role in fibroblast activation 
in SSc.30 31 We therefore aimed to investigate whether the 
inhibitory effects of targeting JMJD3 depend on the regu-
lation of FRA2. First we analysed the levels of H3K27me3 
at the FRA2 promoter in fibroblasts isolated from patients 
with SSc and healthy individuals by ChIP. Consistent with the 
overexpression of FRA2 in SSc fibroblasts and the inhibitory 

Figure 3 siRNA-mediated knockdown of JMJD3 inhibits fibroblast activation. (A) mRNA and protein levels of JMJD3 on siRNA-mediated knockdown 
(n=4). (B and C) Effects of GSKJ4 on the levels of COL1A1 mRNA and type I collagen protein (B) and on the expression level of the myofibroblast 
marker αSMA and on the formation of stress fibres (C) in TGFβ-stimulated fibroblasts from healthy donors (n=4). Data are presented as median 
with IQR (*p<0.05; **p<0.01; ***p<0.001). αSMA, α-smooth muscle actin; H3K27me3, trimethylation of histone H3 on lysine 27; JMJD3, Jumonji 
domain-containing protein 3; siRNA, small interfering RNA; TGFβ, transforming growth factor beta.
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effects of H3K27me3 on gene expression, H3K27me3 at the 
FRA2 promoter was reduced in SSc fibroblasts compared with 
control fibroblasts (figure 4A). The reduced H3K27me3 at the 
FRA2 promoter in SSc fibroblasts was resembled in healthy 
fibroblasts by stimulation with TGFβ. Incubation of normal 
dermal fibroblasts with TGFβ strongly reduced H3K27me3 at 
the FRA2 promoter (figure 4B). Consistent with a JMJD3-me-
diated effect, treatment with GSKJ4 prevented the inhibi-
tory effects of TGFβ on H3K27me3 at the FRA2 promoter 
(figure 4B). Treatment with GSKJ4 also prevented the 
TGFβ-induced upregulation of the FRA2 protein in fibroblasts 
(figure 4C). The role of JMJD3 for the regulation of FRA2 
expression in fibroblasts was further confirmed by the finding 
that siRNA-mediated knockdown of JMJD3 also inhibited the 

induction of FRA2 by TGFβ (figure 4D). In line with these  
in vitro results, treatment with GSKJ4 reduced the expression 
of FRA2 in topoI-induced fibrosis (figure 4E). To provide func-
tional evidence for FRA2 as target for the antifibrotic effects 
of targeting JMJD3 in fibroblasts, we assessed the effects of 
GSKJ4 in human fibroblasts on knockdown of FRA2. Consis-
tent with a central role of FRA2 as a mediator of the regulatory 
effects of JMJD3 in fibroblasts, knockdown of FRA2 strongly 
reduced the inhibitory effects of GSKJ4 on TGFβ-induced 
collagen synthesis (figure 4F).

treatment with GsKJ4 ameliorates experimental fibrosis
We next analysed whether the inhibitory effects of GSKJ4 on fibro-
blast activation in vitro translate into antifibrotic effects in murine 

Figure 4 JMJD3 regulates fibroblast activation in a FRA2-dependent manner. (A) Levels of H3K27me3 at the FRA2 promoter in SSc fibroblasts 
compared with fibroblasts from matched healthy individuals (n=6) as analysed by ChIP assays. (B) Effects of TGFβ and GSKJ4 at a concentration of 
6 µM on H3K27me3 at the FRA2 promoter in dermal fibroblasts from healthy individuals (n=6). The results of qRT-PCR were normalised to sample-
related input values. (C) Expression levels of FRA2 protein in fibroblasts incubated with TGFβ and GSKJ4 (6 µM). One representative western blot and 
quantification of four independent experiments are shown. (D) Effects of the siRNA-mediated knockdown of JMJD3 on the mRNA and protein levels 
of FRA2 in TGFβ-stimulated fibroblasts (n=4 for RNA and protein). (E) FRA2 expression in topoI-induced dermal fibrosis on treatment with GSKJ4 
(n=5 mice per group). (F) Blunted effects of GSKJ4 on TGFβ-induced collagen release on siRNA-mediated knockdown of FRA2. One representative 
western blot and quantification of four independent experiments are shown. Data are presented as median with IQR (*p<0.05; **p<0.01; 
***p<0.001). H3K27me3, trimethylation of histone H3 on lysine 27; JMJD3, Jumonji domain-containing protein 3; siRNA, small interfering RNA; SSc, 
systemic sclerosis; TGFβ, transforming growth factor beta; topoI, topoisomerase-I.
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SSc models. We employed bleomycin-induced skin fibrosis as a 
model for inflammation-driven stages of SSc. Treatment of bleo-
mycin-challenged mice with GSKJ4 increased H3K27me3 levels 
as compared with vehicle-treated controls and non-fibrotic mice 
(figure 5A). The elevated levels of H3K27me3 were associated with 
potent antifibrotic effects and treatment with GSKJ4-reduced bleo-
mycin-induced dermal thickening, accumulation of myofibroblasts 
and the hydroxyproline content (figure 5B). In addition to preven-
tion of bleomycin-induced dermal fibrosis, we demonstrate that 
treatment with GSKJ4 also induces regression of pre-established 
bleomycin-induced dermal fibrosis (figure 5C).

Treatment with GSKJ4 also ameliorated topoI-induced fibrosis 
as a model that emphasises the autoimmune component of SSc. 
TopoI-challenged mice treated with GSKJ4 showed increased 
H3K27me3 levels and reduced dermal thickness, myofibroblast 
counts and hydroxyproline levels compared with vehicle-treated, 
topoI-challenged mice (figure 6). Treatment with GSKJ4 also 
ameliorated topoI-induced pulmonary fibrosis (figure 6).

Of note, treatment with GSKJ4 in antifibrotic doses was 
well tolerated and no signs of toxicity were observed by clin-
ical monitoring or on necropsy. GSKJ4-treated mice showed no 
differences in activity, body weight, texture of the fur or consis-
tency of the stool compared with vehicle-treated controls.

Previous studies suggest that JMJD3 is implicated in alternative 
activation of macrophages in response to helminth infection.32 
Given the central role of alternatively activated macrophages in 
the pathogenesis of fibrotic diseases, we analysed the effects of 
GSKJ4 treatment on macrophage influx and M2 polarisation in 
bleomycin-induced and topoI-induced fibrosis. Treatment with 
GSKJ4 did not reduce the total number of macrophages or the 
number of alternatively activated macrophages (online supple-
mentary figures 8 and 9). We also investigated changes in T-cell 
and B cell numbers on treatment with GSKJ4 and observed that 
treatment with GSKJ4 significantly reduced T-cell counts in 
bleomycin-induced as well as topoI-induced skin fibrosis (online 
supplementary figures 8 and 9). We further analysed whether 
treatment with GSKJ4 may interfere with the immune response 
in topoI-challenged mice, but did not observe decreases in 
the levels of antitopoI antibodies in GSKJ4 treatment mice as 
compared with vehicle-treated controls (online supplementary 
figure 10).

dIscussIOn
Accumulating evidence suggests a key role of epigenetic alter-
ations as central drivers in the pathogenesis of fibrotic diseases 

Figure 5 Treatment with GSKJ4 does not only prevent bleomycin-induced dermal fibrosis, but also promotes its regression. (A) Upregulation of 
H3K27me3: levels of H3K27me3 in bleomycin-challenged mice on treatment with GSKJ4 as analysed by immunofluorescence with triple-staining for 
H3K27me3 (red), vimentin (green) and DAPI and quantification of the staining intensity in murine skin sections and western blot of murine skin (n=5 
for both). (B) GSKJ4 ameliorates bleomycin-induced fibrosis: representative images of trichrome-stained sections shown at 100-fold magnification 
and quantification of dermal thickness, myofibroblast counts and hydroxyproline content (n=5 for all groups). (C) GSKJ4 induces regression of pre-
established fibrosis: representative images of trichrome-stained sections shown at 100-fold magnification and quantification of dermal thickness, 
myofibroblast counts and hydroxyproline content (data are presented as median with IQR, n=5 for all groups *p<0.05; **p<0.01; ***p<0.001). DAPI, 
4’,6-diamidino-2-phenylindole; H3K27me3, trimethylation of histone H3 on lysine 27.
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such as SSc. Among those epigenetic modifications, histone 
methylation may play a central role. We demonstrated recently 
that inhibition of the H3K27 methyltransferase EZH2 by the 
adenosine analogue DZNep promotes fibroblast activation. In 
the present study, we extend those findings and demonstrate that 
targeted inhibition of H3K27me3-demethylases may be a novel 
antifibrotic treatment. Pharmacological or genetic inactivation of 
JMJD3 ameliorated the endogenous activation of SSc fibroblasts 
with decreased expression of myofibroblast markers and reduced 
collagen release. Targeted inhibition of JMJD3 also prevented 
the TGFβ-induced differentiation of resting fibroblasts derived 
from healthy donors into myofibroblasts. Together, these find-
ings provide evidence that JMJD3 is an important regulator of 
fibroblast activation in SSc.

Although novel therapeutic options for patients with inflam-
matory SSc such as tocilizumab may soon become available, the 
medical need for effective antifibrotic therapies remains very 
high. This therapeutic gap may be filled by targeting epigenetic 
alterations as exemplified by the potent antifibrotic effects of 
inhibition of JMJD3 in our preclinical models. However, SSc 
is a heterogeneous disease and it is thus of crucial importance 
to address heterogeneity by analysing samples from different 

subpopulations of SSc. We included fibroblasts derived from 
patients with limited and diffuse cutaneous SSc, from patients 
with early and longstanding disease, from patients with clini-
cally stable and progressive disease, from patients with active 
inflammation and from patients without clinical evidence of 
overt inflammation. We also analysed the effects of JMJD3 inhi-
bition in two different mouse models, one of early inflammatory 
stages of SSc and one that emphasises the autoimmune nature of 
SSc and mimics patients with antitopoI antibodies and high risk 
of progression and major internal organ involvement to address 
the heterogeneity as far as possible. We observed potent antifi-
brotic effects of JMJD3 inhibition in fibroblasts from all patient 
subgroups as well as in both mouse models, demonstrating that 
the therapeutic effects of JMJD3 inhibition may not be restricted 
to certain subgroups only. However, further studies in additional 
models are advised to demonstrate effects in other subpopula-
tions and to study the effects on other manifestations of SSc than 
fibrosis. In particular, additional studies of the role of JMJD3 in 
SSc vasculopathy would be of interest, given the strong expres-
sion of JMJD3 in vessels of patients with SSc observed in our 
study.

Figure 6 Treatment with GSKJ4 ameliorates topoI-induced fibrosis. (A) Upregulation of H3K27me3: levels of H3K27me3 in topoI-challenged mice 
on treatment with GSKJ4 as analysed by immunofluorescence with triple-staining for H3K27me3 (green), the fibroblast marker vimentin (red) and 
DAPI and quantification of the staining intensity in murine skin sections and by western blot of murine skin tissue (n=5). (B) GSKJ4 ameliorates topoI-
induced skin fibrosis: representative images of trichrome-stained sections shown at 100-fold magnification and quantification of dermal thickness 
(n=5), myofibroblast counts and hydroxyproline content. (C) GSKJ4 ameliorates topoI-induced pulmonary fibrosis: representative images of Sirius 
red staining at 200-fold magnification and quantification of the fibrotic area (n=6), hydroxyproline content (n=6), Ashcroft score (n=6). Data are 
presented as median with IQR (*p<0.05; **p<0.01; ***p<0.001). DAPI, 4’,6-diamidino-2-phenylindole; H3K27me3, trimethylation of histone H3 on 
lysine 27; topoI, topoisomerase-I.
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Mechanistically, our in vitro studies point to a direct inhibi-
tion of fibroblast activation for the antifibrotic effects of JMJD3. 
However, we also observed significantly reduced T-cell counts in 
the skin of mice challenged with bleomycin or topo and JMJD3 
has been implicated in alternative macrophage polarisation in 
response to helminth infection32 and in the differentiation 
of TH17 cells.33 Anti-inflammatory effects with inhibition of 
T-cell responses may thus have contributed to the potent antifi-
brotic effects of GSKJ4 and the broad-spectrum efficacy across 
different preclinical models.

Despite the increased expression of JMJD3, the total levels 
of H3K27me3 are modestly upregulated in SSc skin, in SSc 
fibroblasts and in murine models of SSc. These findings suggest 
that the elevated levels of H3K27me3 in SSc fibroblasts are due 
to a pronounced increase in H3K27-histone methyltransferase 
activity that overcomes the upregulation of JMJD3. This concept 
is supported by previous studies demonstrating increased expres-
sion of the H3K27 methyltransferase EZH2 in fibrotic condi-
tions.27 28 In this model, the upregulation of total H3K27me3 in 
SSc would be a compensatory attempt trying to counteract the 
aberrant activation of SSc fibroblasts. The increase in the levels 
of H3K27me3 achieved by this endogenous counter-regulation 
limits fibroblast activation to a certain extent as shown by even 
more pronounced activation of SSc fibroblasts on inhibition 
of H3K27 methyltransferases.12 However, this compensatory 
increase alone is not sufficient to prevent the aberrant fibroblast 
activation in SSc. We demonstrate in the present study that the 
pharmacological inhibition of JMJD3 enhances this endogenous 
antifibrotic mechanism and induces further accumulation of 
H3K27me3 in SSc fibroblasts and in experimental fibrosis. This 
increase in H3K27me3 translated into potent antifibrotic effects 
with reduced fibroblast activation and ameliorated skin fibrosis.

Although we show that specific targeting of JMJD3 can 
reverse the activated phenotype of SSc fibroblasts, the epigen-
etic changes in SSc fibroblasts are not restricted to alterations 
of H3K27 methylation and other epigenetic modifications have 
also been shown to be key drivers of the persistent activation of 
SSc fibroblasts.4–23 Different epigenetic modifications are known 
to interact and cross-regulate each other. As we are just begin-
ning to understand the complex interactions between epigenetic 
marks, further studies are required to characterise the network of 
epigenetic modifications in SSc and to identify central upstream 
regulators that coordinate the epigenetic dysregulation in SSc.

We present evidence that the antifibrotic effects of JMJD3-in-
hibition are mediated to a significant extent by downregulation 
of FRA2. FRA2 is a member of the AP1 family of transcription 
factors that has previously been shown to play a central role 
in the pathogenesis of SSc. Overexpression of FRA2 in SSc is 
directly linked to fibrotic tissue remodelling.30 Despite a modest 
increase in the overall accumulation of H3K27 trimethylation, 
H3K27 trimethylation at the FRA2 promoter is reduced in SSc 
fibroblasts, demonstrating an impaired epigenetic silencing 
of FRA2 expression in SSc fibroblasts. Inactivation of JMJD3 
promotes accumulation of inhibitory H3K27me3 marks at 
the promoter of FRA2, thereby reducing the expression of 
the profibrotic mediator FRA2 in cultured fibroblasts and in 
murine models of fibrosis. The crucial role of impaired FRA2 
expression for the antifibrotic effects of targeting JMJD3 is 
highlighted by our studies in FRA2-deficient fibroblasts. The 
antifibrotic effects of JMJD3 inhibition are strongly reduced 
on knockdown of FRA2 in fibroblasts. However, inhibition of 
JMJD3 will not selectively affect the FRA2 expression, but will 
also modulate the expression of other target genes. Despite 
the prominent role of FRA2, the altered expression of those 

genes may also contribute to the antifibrotic effects of JMJD3 
inhibition.

Given the regulatory effects of JMJD3 on FRA2 and the 
central role of FRA2 for the vascular pathogenesis of SSc31 34 one 
might speculate that targeting JMJD3 may also improve vascular 
features of SSc. However, further studies are required to confirm 
a JMJD3-dependent regulation of FRA2 in endothelial cells and 
to investigate the effects of JMJD3 inhibition on vascular mani-
festations of SSc.

In summary, we provide first evidence for a deregulation of 
the H3K27me3 demethylase JMJD3 in SSc and demonstrate that 
JMJD3 promotes fibroblast activation by loosening the epigen-
etic breaks on FRA2 expression. Targeted inhibition of JMJD3 
limits the aberrant activation of SSc fibroblasts and exerts potent 
antifibrotic effects in murine models. JMJD3 may therefore be a 
novel target for antifibrotic therapies.
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Table 1 Cross-tabulation of MRI-SI and X-SI reading by central 
readers and local assessors in the SPACE cohort (n=513)

MRI-SI local assessment

MRI-SI central reading

Positive Negative Total

Positive 85 78 163

Negative 3 347 350

Total 88 425 513

X-SI local assessment

X-SI central reading

Positive Negative Total

Positive 26 39 65

Negative 16 432 448

Total 42 471 513

MRI-SI, MRI sacroiliac joints—PPV: 85/163 (52%); NPV: 347/350 (99%). 
Concordance positive MRI-SI: 85/513 (17%).SPACE, SpondyloArthritis Caught Early.
X-SI, radiography sacroiliac joints—PPV: 26/65 (40%); NPV: 432/448 (96%). 
Concordance positive X-SI: 26/513 (5%).
NPV, negative predictive value; PPV, positive predictive value; SPACE, 
SpondyloArthritis Caught Early.

Table 2 Concordance between central reading and local assessment of imaging according to the classification of patients with CBP using the 
ASAS axSpA criteria in the SPACE cohort (n=513)

Classification

Central reading

TotalNo SpA
Clinical 
arm only

MRI-positive 
only

mNY-
positive 
only

Both arms 
(clinical arm 
and MRI-
positive)

Both arms 
(clinical arm 
and mNY-
positive)

Clinical arm, 
MRI-positive 
and mNY-
positive

MRI-positive 
and mNY-
positive

Local 
assessment No SpA 256 n/a 2 4 0 0 0 0 262

Clinical arm only n/a 79 n/a n/a 1 1 0 n/a 81

MRI-positive only 32 n/a 17 2 n/a n/a n/a 1 52

mNY-positive only 8 n/a 0 2 n/a n/a n/a 0 10

Both arms (clinical arm 
and MRI-positive) 0 18 n/a n/a 27 2 6 0 53

Both arms (clinical arm 
and mNY-positive) 0 2 n/a n/a 0 0 0 0 2

Clinical arm, MRI-
positive and mNY-
positive 0 8 n/a n/a 10 5 15 0 38

MRI-positive and mNY-
positive 6 n/a 5 2 0 0 0 2 15

Total 302 107 24 10 38 8 21 3 513

For 52/513 (10%) patients, different reading resulted in a different classification of axSpA (bold). If hypothetically fulfilment of the imaging arm was required (irrespective of the 
clinical arm), 30 more patients (in italic and bold) would be discordant (82/513, 16%).
ASAS, Assessment of SpondyloArthritis International Society; axSpA, axial spondyloarthritis; CBP, chronic back pain; mNY, modified New York; n/a, not applicable (fulfilment of the 
clinical arm does not depend on (different) reading of imaging); SpA, spondyloarthritis; SPACE, SpondyloArthritis Caught Early.

The influence of discrepant imaging judgements 
on the classification of axial spondyloarthritis 
is limited: a replication in the SpondyloArthritis 
Caught Early (SPACE) cohort

Sacroiliitis on imaging is important in the diagnosis and classi-
fication of patients with axial spondyloarthritis (axSpA). In the 
Assessment of SpondyloArthritis International Society (ASAS) 
classification criteria for axSpA, sacroiliitis is defined as either 
radiographic sacroiliitis (X-SI) according to the modified New 
York (mNY) criteria or active inflammation on MRI sacroiliac 
joints (MRI-SI) highly suggestive of axSpA (ASAS definition).1–4 
According to the ASAS criteria, patients with chronic back pain 
are classified via the imaging arm when sacroiliitis on MRI-SI or 

X-SI plus ≥1 spondyloarthritis (SpA) feature is present, or via 
the clinical arm where ≥2 SpA features in addition to Human 
Leukocyte Antigen B27 (HLA-B27) have to be present.

While local clinicians can interpret imaging of the sacroiliac 
joints in the context of clinical information, central readers 
of research studies are not aware of the clinical data. If local 
and central readers disagree about the presence of sacroiliitis, 
a patient may be erroneously classified. The clinical arm of the 
ASAS criteria may substitute for discrepant reads, so that the 
effect of discrepant reads on classification may be mitigated: In 
the DEvenir des Spondylarthropathies Indifférenciées Récentes 
(DESIR) cohort, local and central readers disagreed in 28% of 
the cases, but this led to a change in classification in only 7.9% 
of patients.5 6

This is a replication study in the SpondyloArthritis Caught 
Early (SPACE) cohort.7 In SPACE, patients with chronic back 
pain (≥3 months and ≤2 years, onset <45 years) are assessed 
following a fixed protocol. Patients with complete imaging were 
included in this analysis. Local assessors interpreted MRI-SI and 
X-SI (sacroiliitis yes/no) as part of routine clinical practice. Three 
central readers, blinded to all clinical and laboratory data as well 
as other imaging modalities, scored each imaging modality. Posi-
tive X-SI was defined according to the mNY criteria and positive 
MRI-SI was defined by the ASAS definition.

MRI-SI and X-SI were available for 513 patients. MRI-SI 
results were discordant in 81/513 (16%) patients and X-SI results 
were discordant in 55/513 (11%) patients between local asses-
sors and central readers (table 1). In 17% of patients local asses-
sors and central readers disagreed about sacroiliitis either on 
MRI-SI or on X-SI. With central reading as external standard, 
the false-positive rate for MRI-SI was 48% and for X-SI 60% 
(‘local overcall’). In 52/513 (10%) patients, discrepant reading 
resulted in a different classification of axSpA: 46 patients who 
did not classify as axSpA after central reading were classified 
as axSpA after local assessment, and 6 patients classified as 
axSpA after central reading were not after local assessment 
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(table 2). When fulfilment of the imaging arm was required 
(irrespective of the clinical arm), the discordance increased  
to 16% (82/513).

We confirmed the findings in the DESIR cohort that the clas-
sification of axSpA was rather insensitive to differences between 
local and central reading. DESIR is performed in multiple French 
centres, and SPACE includes patients from multiple European 
sites. Our results add to the strength of the conclusion that the 
ASAS classification criteria are rather robust against discrepant 
reading results of images of the sacroiliac joints due to the incor-
poration of the clinical arm.
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Is optimising gout treatment the key to closing 
the mortality gap in gout patients?

With great interest we read the extended report of Fisher 
et al1 on the unclosing premature mortality gap in gout and we 
congratulate the authors on their extensive work. In their popu-
lation-based cohort study, the authors found that among the 
patients with gout, the level of premature mortality remained 
unimproved over the past 16 years. However, there are a few 
issues that, in our opinion, merit attention concerning the 
conclusions that were drawn from the data:
1. The authors hypothesise that proper urate control could 

have cardiovascular–metabolic–renal benefits, and thus 
optimising gout treatment would reduce mortality. However, 
the authors have chosen ‘all-cause mortality’ as their 
outcome, most likely because disease-related mortality was 
not available.2 In rheumatoid arthritis (RA), the main cause 
for premature mortality is cardiovascular death, with poor 
clinical RA status prognostic of premature mortality, and 
thus the closing mortality gap may very well be due to tighter 
disease control and improved treatment strategies.3–5 The 
authors draw a parallel with RA and suggest similar progress 
could be made with improved gout care. However, only 
by investigating whether mortality in gout is related to the 
presence of comorbidities (especially cardiovascular or renal 
deficits), concomitant risk factors (eg, smoking) or the actual 
presence of gout is it possible to conclude that the need of 
optimising gout treatment is warranted and will indeed close 
the premature mortality gap.

2. With the impressive number of patients included in the study, 
we would be interested to see subanalyses for different age 
categories. In our opinion, it is possible that the proposed 
effect of gout on all-cause mortality could be quite different 
between younger (eg, <40 years), middle-aged (eg, 40–60 
years) and older (eg, >60 years) patients, partly due to the 
different prevalence of comorbidities between the groups.6

3. We have noted a missing label in table 1 and an incorrect 
legend in figure 1. On row 17 of table 1 (third row under 
the subheading ‘Medication use’), the label is missing. We 
are wondering to which drug these numbers apply. Further-
more, in figure 1, the labels in the figure indicate that the 
lines represent the mortality of the cohorts between periods 
1999–2005 and 2006–2012, whereas in the rest of the paper 
the studied periods are 1999–2006 and 2007–2014. This led 
us to wonder, which periods are correct?

4. We would be interested to know if the authors have data 
available on the number of gout attacks (or actual urate 
levels) during the observed period and what the effect on 
the data would be if this was included in the model. If the 
conclusions drawn by the authors about the added risk of 
suboptimal gout treatment on mortality are correct, we 
would observe that the patients with a low number of gout 
attacks (as a measure of adequate treatment response) would 
have lower mortality than the patients with a high number 
of gout attacks (suboptimal treatment response). This would 
strengthen the hypothesis on the need for optimising gout 
treatment.

5. The American authors have indicated that adherence to medi-
cation in gout is only about 10% in the context of mainly 
US-based studies.7 Since the analyses are in the context of 
a database from the UK, we wonder whether the context of 
the authors is directly transferable to the UK-based environ-
ment on which the data are based and if non-adherence to 

gout medication in the UK could indeed be a reason for the 
mortality gap.

6. The authors have extensively discussed that optimised gout 
treatment could have cardiovascular–metabolic–renal benefits 
and reduce intake of non-steroidal anti-inflammatory drugs 
and glucocorticoids, but that low adherence rates impede 
these effects and may be related to early mortality. However, 
it is likely that patients with gout would have suboptimal 
adherence to prescribed medication for other comorbidities 
as well. Even though the authors correct for the baseline 
comorbidities, one cannot correct for the effect of adherence 
to comorbidity-related treatment (both pharmacological and 
non-pharmacological) over time. Therefore, it is better to be 
careful with the conclusion that adherence to gout treatment, 
rather than treatment of comorbidities, needs to be further 
optimised to close the mortality gap.

Nevertheless, the authors have provided substantial data on 
an important current challenge in rheumatological care and 
we fully agree that more work needs to be done to reduce the 
unclosing premature mortality gap in patients with gout.
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Response to: ‘Is optimizing gout treatment 
the key to closing the mortality gap in gout 
patients?’ by Brinck et al

We thank Dr Ten Brinck and colleagues for their comments.1 
Regarding the first comment, we have stated in our manuscript 
discussion that we did not have sufficient detail on the cause 
of death in our data set, precluding investigations on the cause 
of death in this cohort.2 To that end, please note that our final 
conclusion lines in both the abstract and the text explicitly 
emphasise the need to optimise gout comorbidity care, in addi-
tion to gout care itself. For the second comment, we found that 
the unclosing gap did not differ across the proposed age groups. 
For the third comment, the authors have correctly pointed out 
the mislabelling in table 1 and figure 1; we are planning to 
issue an erratum regarding this. For the fourth comment, the 
level of ascertainment of gout flares in this type of retrospec-
tive data set is largely incomplete, making the proposed anal-
ysis challenging. For the fifth comment, suboptimal gout care 
has also been reported in the UK General Practitioner setting.3 4 
For the sixth comment, please refer to our response to the first 
comment above.
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Quantifying the hepatotoxic risk of alcohol 
consumption in patients with rheumatoid 
arthritis taking methotrexate

As difficult as it may now be to believe, there was a time when 
it was unclear whether methotrexate (MTX) would be tolerated 
in the long-term treatment of patients with rheumatoid arthritis 
(RA). Data from Scandinavian patients with psoriasis indicated 
that there was an incidence of hepatic cirrhosis of 26%.1 There 
was thus a need to establish the actual risk of clinically significant 
liver disease (CSLD) in patients with RA treated for many years 
with the drug.

Because of the obvious clinical effectiveness of MTX, and the 
absence of effective alternatives in the first few decades of its 
widespread use, there was a need to demonstrate the ability to 
sustain treatment without creating a population of subjects with 
chronic liver disease.

Thus, studies of hepatic safety were performed that included 
both baseline and annual liver biopsies.2 3 This experience along 
with other publications on hepatic safety of MTX4 lead to the 
publication of suggested guidelines for the hepatic monitoring of 
MTX.5 The guidelines were derived from the experience from 
baseline and annual liver biopsies prospectively performed over 
a period of many years along with regular monitoring of hepatic 
transaminase enzymes and serum albumin with a mean interval 
of 37.7 days between the sequential laboratory measures.6

It was thus possible to seek correlations of any elevation 
in transaminase enzymes with the evolution of hepatic histo-
logical changes by different grading systems, with particular 
attention paid to early fibrosis.2 In doing so, we were able to 
determine that any elevation (above the laboratory upper limit 
of normal) of serum aspartate aminotransferase (AST) if found 
in 5 of 9 measures over the course of a year (or 6 of 12 if the 
measures were performed monthly) was indeed associated with 
a progression of hepatic histological grade with an increase 
prevalence of mild fibrosis on trichrome staining of the spec-
imens.2 Because of the frequency of laboratory monitoring of 
these patients with annual liver biopsies, we were also able 
to determine how many would be missed if the monitoring 
interval was decreased in frequency.5 We also established that 
mean values of AST more than doubled in all patients on MTX 
from the range of 17–18 IU baseline to 33–35 IU at year 2, still 
remaining below the upper threshold for normal established as 
2 SD from the normal by convention.6 7

Because a detailed alcohol history was obtained in this cohort 
prior to starting MTX and performing liver biopsies, we were 
able to categorise mean alcohol consumption at baseline as 
defined in three categories (none, <2 drinks/week, or one or 
more drinks per day)  as statistically significantly associated 
with progression to fibrosis on trichrome staining (p<0.01). We 
also found a significant correlation between a history of alcohol 
consumption prior to starting MTX and subsequent increases 
in overall hepatic histological grade (r=–0.55, p=0.0054).2 We 
were thus conservative in our recommendations for the use of 
alcohol when the guidelines for liver safety were published.5

With the above in the way of background, we read with interest 
the study by Humphreys et al in this journal.8 The authors were 
interested in quantifying the absolute risk of alcohol consump-
tion in patients with RA on MTX. They used a definition of 
hepatotoxicity of elevation of transaminase enzymes of three 
times (3×)) the upper limit of normal. Using this definition, they 
determined that up to 14 units of alcohol per week were safe, but 

levels of alcohol consumption >14 were associated with a higher 
risk of transaminitis of 3× normal and therefore concluded that 
this was unsafe, but the lower consumption of <14 units was 
likely safe.

We believe that these recommendations were derived in 
a manner that is inconsistent with the published literature 
approach. Of greater importance, we believe that labelling the 
level of alcohol consumption they describe to be ‘safe’, given 
the authors definition of hepatotoxicity of 3× in transaminase 
enzymes, is derived from assumptions alone with no actual 
evidence of hepatic histology to buttress their arbitrary defini-
tion. In fact, no liver biopsies or hepatic scans were reported 
to establish the validity of their definition of elevation of trans-
aminase enzymes of 3× as meaningful in patients with RA 
receiving chronic MTX. RA patients represent a unique group of 
subjects and should not be grouped with evidence from a normal 
population.

Given that we had carefully established that repeated abnor-
malities of AST above the upper limit of normal of the labo-
ratory were indeed associated with changes in prospectively 
collected liver biopsy specimens, it was disappointing that the 
authors did not attempt to use the previously established defi-
nition of any elevation of AST if repeated in 5 of 9 or 6 of 12 
biopsies per year. While they did look for any elevation of AST 
as being predictive if found in three consecutive measures, they 
were unable to reproduce the previously published findings as 
the patients reported on had only six measures per year. They 
derive what we believe is a misleading statement that, based 
solely on elevations of transaminase enzymes of <3×, up to 
14 units of alcohol per week has ‘a very low probability’ of 
a clinically important (their definition of a >50% increase) in 
the incidence of transaminitis.

We would have liked the authors to examine the rate of any 
elevation of transaminase enzymes when repeated with the 
frequency we previously published in our original guideline 
manuscript.5

The authors state that examining any elevation of transam-
inase enzymes would capture ‘false positives’. Indeed, by defi-
nition, 2.5% of the normal population will have an abnormal 
result.7 If four tests, such as AST, alanine aminotransferase 
(ALT), alkaline phosphatase and serum albumin are performed 
simultaneously, the likelihood of finding one abnormality rises 
to 10%. If they are repeated monthly, the likelihood increases 
considerably. Taking this into account however, it was only in 
patients with frequent measures in which >50% (5 of 9 or 6 of 
12) were in the abnormal range in a given year that we reported 
that hepatic histology progressed to early fibrosis.2 3 5 6

In summary, we believe that arbitrarily defining hepato-
toxicity as a transaminase enzyme level of 3× is not based on 
the published studies of risk factors for hepatic fibrosis and/or 
cirrhosis. We are not quite as sanguine about their recommen-
dations for alcohol use since their definition of liver toxicity 
is rather arbitrary and not consistent with data that have been 
derived over several decades of prospective study with actual 
hepatic tissue from annual biopsy specimens.

The use of 3× the upper limit of normal is likely to under-re-
port patients at risk for hepatic fibrosis and or cirrhosis on 
MTX. With the worldwide continued long-term prescribing 
of MTX, ensuring that we minimise the risk of serious hepatic 
disease is critical. It is unlikely that human biology has changed 
since the time of the Nyfors.1 We can continue to use MTX 
with success if we carefully respect the safety pathways previ-
ously established through careful and arduous methods.
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Response to: Quantifying the hepatotoxic 
risk of alcohol consumption in patients with 
rheumatoid arthritis by Kremer and Weinblatt

We thank Drs Kremer and Weinblatt for their interest in our 
study.1 We agree and acknowledge that lack of biopsies and 
detailed histology is a limitation of our study.2 Unfortunately 
good quality data on liver biopsies and ultrasound scans were 
not available in this retrospective observational study and would 
not have been systematically performed in all patients, necessi-
tating the use of serum liver function tests (LFTs). However this 
limitation is balanced against our ability to study a rare outcome 
in a large number of people. The strengths of observational data 
are that they reflect ‘real-life’ usage versus a carefully monitored 
research cohort, and this is particularly the case with routinely 
collected electronic health record data such as the Clinical Prac-
tice Research Datalink (CPRD).

Careful work by Kremer et al3 has previously established 
the link between transaminitis and liver damage in patients 
with rheumatoid arthritis being treated with methotrexate 
(MTX). We included two different definitions of transaminitis 
to attempt to balance sensitivity and specificity, and empha-
sise that patients in our cohort had a minimum of six LFT 
measurements per year. Elevation of transaminases greater 
than three times the upper limit of normal (ULN) provided 
the more specific outcome while three serial measures of any 
elevation above the ULN was the more sensitive outcome. 
We believe the latter comes close to the definition given 
by Kremer et al and gave reassuringly similar results to 
our primary analysis. The former was selected as the more 
specific outcome to better identify the risk of significant liver 
damage: 3× ULN is the level recommended in international 
guidance at which MTX should be temporarily suspended4 
and is used as a marker of significant hepatotoxicity in other 
studies.5 6 Our aim with this more specific definition was to 
produce practical evidence for a level of deranged LFTs (3× 
ULN) that might trigger a change in therapy. We were trans-
parent in our description of these two outcome measures and 
reported the risk of both outcomes using HRs and 95% CIs. 
In addition to that, we felt it would be useful to try to put the 
data in context and therefore also defined the probability of 
exceeding a prespecified clinically important increase (50%). 
Setting a clinically important increase will always be arbitrary, 
but allowed us to provide further information beyond the 
traditional statistical tests.

As Kremer et al highlight, we must always be cautious when inter-
preting results. Our data do not mean that it is completely safe to 
drink up to 14 units of alcohol per week, merely that in terms of the 
outcome of transaminitis per our two definitions, we saw no evidence 
of an increased risk. However, this remains an important question 

to patients, who frequently ask whether alcohol may be consumed 
while taking MTX. Our study provides further information for 
patients and clinicians than was previously available. At current doses 
of MTX, the way in which patients are drinking alcohol at modest 
levels does not appear to be leading to major hepatotoxicity.
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