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Lesinurad combination therapy with
allopurinol in gout: do CLEAR studies
make the treatment of gout clearer?
Jasvinder A Singh1,2,3

Gout is an often forgotten disease,1 despite
being the most common inflammatory
arthritis in adults in the Western world.2–4

Lesinurad, a new urate-lowering therapy
(ULT), is now approved for the treatment
of gout in the USA and the European
Union,5 6 and is in phase III programmes
as a combination therapy in many other
countries. Lesinurad is a selective inhibitor
of urate/anion exchanger 1 and organic
acid transporter 4, two urate transporters
responsible for the reabsorption of urate
from the proximal renal tubule.7

Probenecid and benzbromarone are the
other uricosurics available for use in gout
as monotherapy or combination with allo-
purinol in case of an inadequate response
to allopurinol. In the current issue of the
journal, Bardin et al present the results of a
12-month, randomised, phase III trial
efficacy and safety of oral lesinurad (200 or
400 mg) in combination with allopurinol.8

Combining Lesinurad with Allopurinol
in Inadequate Responders (CLEAR)
were two replicate studies, one in the
USA (CLEAR-1)9 and one in Europe
(CLEAR-2), published in the current issue
of this journal.8 CLEAR-2 compared daily
lesinurad (200 or 400 mg orally) with
placebo when added to allopurinol in 610
patients with gout with serum uric acid
(sUA) above target (<6 mg/dL or
<0.36 mmol/L) and frequent gout flares
(≥2 gout flares in the prior year).

WHAT DID THE CLEAR-2 TRIAL
RESULTS SHOW?
The primary trial endpoint of sUA
<6 mg/dL (ie, <0.36 mmol/L) at
6 months was achieved by a significantly
greater proportion of patients, 55% and
66% in the lesinurad 200 mg+allopurinol
and lesinurad 400 mg+allopurinol groups
versus 23% in the allopurinol alone group

(p<0.0001 vs either lesinurad group).8

These rates were similar to the achieve-
ment of target sUA <6 mg/dL (ie,
<0.36 mmol/L) in CLEAR-1.9 To my
knowledge, CLEAR-28 and the replicate
study, CLEAR-1,9 are the two largest ran-
domised control trials (RCTs) of lesinurad
versus placebo in patients with symptom-
atic gout with frequent flares despite treat-
ment with allopurinol.
Harms were similar in the lesinurad

200 mg versus placebo groups, but some-
what higher in the lesinurad 400 mg
group. Differences were noted in the
safety profile. Serious adverse events and
renal adverse events occurred in similar
proportions of patients receiving the lesi-
nurad 200 mg+allopurinol and placebo
+allopurinol group (4–6%), but in 2–3
times as many people in the lesinurad
400 mg+allopurinol group, with inci-
dences of 10% and 15%, respectively.
Among renal adverse events, increased
serum creatinine was seen in same propor-
tions of the lesinurad 200 mg+allopurinol
and allopurinol-only groups, but in
twice as many people in the higher lesi-
nurad group. Renal failure and serum
creatinine elevations of ≥1.5 times base-
line value were more frequent with both
lesinurad 200 mg+allopurinol and lesi-
nurad 400 mg+allopurinol groups com-
pared with allopurinol alone. These
serum creatinine elevations were mostly
reversible, except in seven patients in the
lesinurad 400 mg dose and three patients
in the allopurinol group; similarly, five
cases of serum creatinine elevations of ≥2
times baseline value were unresolved in
the lesinurad 400 mg dose versus none in
the other groups by the last study visit.
Evidence of the two studies, CLEAR-1

and CLEAR-2, indicates that compared
with placebo plus allopurinol, lesinurad
200 mg/day in combination with allopur-
inol median dose of 300 mg/day was effi-
cacious and was not associated with a
significant increase in rate of serious
adverse events or renal adverse events.
Lesinurad 400 mg/day in combination
with allopurinol is effective, but was asso-
ciated with clinically meaningfully higher
rates of serious adverse events and renal
adverse events and possibly renal failure.

WHAT CONCERNS REMAIN?
Allopurinol was used in ‘standard-of-care’
doses in patients with gout who were
randomised in CLEAR-1, with a mean
allopurinol dose of approximately
300 mg/day, similar to that reported in
observational cohorts.10 11 This allopur-
inol dose achieves target sUA <6 mg/dL in
only 50% of the patients,10 11 meaning
that the standard allopurinol dose is sub-
optimal in half of the patients with gout.
Allopurinol dose had not been titrated to
a maximum approved dose of 800 mg
daily (or 900 mg approved maximum
dose in Europe) to achieve target sUA in
CLEAR studies. The CLEAR-1 and
CLEAR-2 studies show that in patients
with gout who have failed a suboptimal
100–300 mg daily dose of allopurinol,
lesinurad is more beneficial than placebo
in achieving target sUA. These studies
provide us with the first glimpse of bene-
fits and harms of lesinurad compared with
placebo. Perhaps a more informative study
for clinicians would have been the use of
new therapies (such as lesinurad) in
patients who had truly been refractory to
allopurinol, that is, failed to achieve a
target sUA <6 mg/dL despite adequate
allopurinol doses titrated to 800 mg
of allopurinol or more and used for
an adequate duration of treatment
(6–12 months). Pharmaceutical companies
in the field of developing urate-lowering
therapies would be better off planning and
conducting trials targeting these true allo-
purinol refractory patient populations.12

Rheumatologists have started using the
therapeutic doses of allopurinol up to the
approved maximum doses (800 mg/day in
the USA and 900 mg/day in Europe) in
their current practice. I hope that this
practice of the use of titrated therapeutic
allopurinol doses will spread to internists,
cardiologists, nephrologists, podiatrists
and other physician colleagues, with
proper education efforts.

Serum creatinine elevations ≥2 times
baseline levels resolved in all patients in
the lesinurad 200 mg+allopurinol group
but were unresolved in five patients in the
lesinurad 400 mg+allopurinol group in
CLEAR-28 and unresolved in two cases in
the lesinurad 400 mg+allopurinol group
in CLEAR-1.9 Not surprisingly, in
CLEAR-1, renal failure occurred in 1%
and 1.5% of patients receiving lesinurad
200 and 400 mg versus 0.5% in placebo,
respectively. This is clinically relevant.
The absolute risk difference for renal
failure with lesinurad 400 mg daily versus
placebo was 1% and the relative risk was
approximately three times. Was there
anything peculiar about these patients
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regarding comorbidity and/or concomi-
tant medications? Can the clinician be
better guided as to who these patients
might be so that they can avoid the higher
dose of lesinurad in these patients or try
some other strategy? It would be very
informative to see detailed characteristics
of these patients in subsequent publication
(s) so that clinicians and patients are
better informed about who might be at a
higher risk of an irreversible creatinine
elevation or renal failure with the higher
lesinurad dose.

WAS THERE ANY EVIDENCE OF
DIMINISHING CLINICAL RESPONSE
OVER TIME? WHAT ELSE DOES THIS
TRIAL TEACH US?
The success rates for achieving target sUA
<6 mg/dL with lesinurad co-therapy at
doses 200 and 400 mg/day were 55% and
65% at 6 months compared with 22%
with placebo; proportions were 49%
versus 55% versus 26% at 12 months,
showing slight loss of efficacy in lesinurad
arms. The dropout rate was non-
differential between 6 and 12 months
between arms and minimal, 4 versus 1
versus 5 people, respectively. Most
patients dropped out before the 6-month
time point at 21% and 25% versus 23%,
respectively. Thus, the slight loss in effi-
cacy in lesinurad arms at 12 months is
unlikely to be explained by loss to
follow-up. Whether a 6–10% difference
in proportions with target sUA between 6
and 12 months is a chance finding or a
reduction of lesinurad efficacy or adher-
ence remains to be seen.

Even though the primary sUA outcome
was significantly better in the lesinurad
groups compared with placebo, the tophi
resolution rate was similar to that
observed in the placebo group—31% and
28% versus 33% had complete resolution
of ≥1 target tophi. Was the study too
short or patients too few to show differ-
ences in tophi resolution? Is the tophus
measure not sensitive to change in this
patient population? Certainly, tophi were
secondary outcome, and therefore, the
current study was not powered to detect
significant between-group differences.
Studies that recruit a larger number or
proportion of gout patients with tophi are
needed to demonstrate whether tophi
resolution is faster in patients with lesi-
nurad compared with placebo. I suspect
that such study will be of longer duration
since tophi size reduction and resolution
cannot be expected in a short duration
efficacy trial.

An interesting study finding was that up
to a third of the patients treated with

allopurinol alone had resolution of ≥1
target tophi, demonstrating that allopur-
inol is effective, even when used in sub-
optimal doses. This finding is similar to
50% reduction in tophus area with allo-
purinol dose of 200–300 mg daily in
another RCT.13 If allopurinol 300 mg
daily dose, which is effective in achieving
target sUA in 50% of the patients, leads to
29–50% reduction in target tophi, how
much reduction will one expect with a
100% effective dose? Is it possible that we
already have a cure for gout and just have
not realised it yet? I suspect that if we use
allopurinol at an optimal final dose (up to
800 mg/day in the USA; 900 mg/day in
Europe) uptitrated from a lower, starting
dose to achieve target sUA, it will be an
extremely effective tool both for lowering
sUA and resolving tophi. Of course, avail-
ability of other ULTs such as febuxostat,
pegloticase, traditional uricosurics and
now lesinurad, where titrated allopurinol
does not succeed or is contraindicated,
can help improve our success rate of
curing gout.
Importantly, and quite interestingly, a

very small proportion of patients (<15%)
had gout flares requiring treatment since
all received anti-inflammatory prophy-
laxis, which started before the initiation
of lesinurad or placebo, and continued for
5 months. The proportion with gout
flares did not differ across the lesinurad
versus placebo groups. ULT initiation
without an anti-inflammatory prophylaxis
is associated with frequent gout flares.
This study demonstrates that anti-
inflammatory prophylaxis for gout flares
is effective in preventing acute flares if
started early and taken for a few months
when an ULT is started.
The 25% discontinuation rate in this

published study,8 although similar to the
33% discontinuation rate in a pivotal
RCT of febuxostat,13 is still higher than
the acceptable 20% dropout rate in trials.
A high dropout rate, defined as >20%,
puts the RCT results at a higher risk of
bias,14 a study limitation that must be con-
sidered while interpreting the trial results
and making conclusions.

HOW WILL LESINURAD’S
AVAILABILITY CHANGE THE
MANAGEMENT OF GOUT?
I think this is the golden era for the treat-
ment of gout. New therapies are being
approved and becoming available for the
treatment of hyperuricemia and acute
gout flares. Investigations of new mechan-
isms for urate lowering reflect a better
understanding of urate metabolism and
novel pathways.

Lesinurad’s availability offers a new
choice of a uricosuric ULT co-therapy
option to be used concomitantly with
allopurinol for patients with refractory
gout despite use of allopurinol.
Interestingly, gout flares and tophi reso-
lution were not significantly different
from placebo in this 12-month study, but
this may be related to small sample size,
adequate anti-inflammatory prophylaxis
or a small effect size with lesinurad. Based
on the evidence, one can consider lesi-
nurad 200 mg/day as a second-line thera-
peutic option to be co-administered with
allopurinol after an adequately titrated
dose of allopurinol (approved up to
800 mg/day in the USA and 900 mg/day
in Europe) has been tried and fails to
control sUA, frequent flares or tophi.

WHAT SHOULD A CLINICIAN
MONITOR WHILE TREATING PATIENTS
WITH LESINURAD?
The data presented in the current study
and CLEAR-1 provide confidence regard-
ing the risk/benefit ratio of lesinurad
200 mg daily dose in combination with
allopurinol. However, in patients without
a normal renal function, one needs to cau-
tiously evaluate and discuss the risk/
benefit ratio of lesinurad 400 mg in com-
bination with allopurinol, given a higher
risk of serious adverse events and renal
adverse events, including renal failure,
compared with placebo in both CLEAR-1
and CLEAR-2. It seems that regular moni-
toring of renal function is prudent when
starting lesinurad.

WHAT IS THE TAKE HOME MESSAGE?
CLEAR-1 and CLEAR-2 studies bring new
knowledge for clinicians and a new treat-
ment for patients. First, lesinurad 200 mg
in combination with allopurinol is an
effective and safe option for patients with
symptomatic gout despite an average allo-
purinol dose of 300 mg/day. Second, this
12-month study of lesinurad showed an
important improvement in sUA target
achievement compared with placebo, but
no significant difference in gout flares or
gouty tophi resolution, both of which were
infrequent in this patient population; this
indicated that studies with a larger sample
size, longer follow-up or that recruit
patients with higher baseline tophi are
needed. Third, lesinurad’s 400 mg daily
dose in combination with allopurinol has a
different safety profile than the 200 mg
daily dose and placebo, characterised by
higher rates of serious adverse events, sus-
tained serum creatinine elevations and
renal failure. Fourth, allopurinol alone
even in average doses of 300 mg daily
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leads to complete resolution of ≥1 target
tophi in 29% of patients. This last message
is sentinel, indicating that if we use appro-
priate doses of allopurinol, we are likely to
not only improve gout management and
resolve tophi, but also find a better use of
newer therapies such as lesinurad and
febuxostat and several more to come.

We need more data and longer
follow-up studies of lesinurad (some of
which are underway) and, in addition,
studies that use optimal titrated doses of
allopurinol at baseline that achieve target
sUA. More comparative effectiveness
studies comparing lesinurad to existing
uricosurics will also help us better under-
stand when best to use lesinurad versus
probenecid or benzbromarone (where
available). I hope that future lesinurad
studies will use the therapeutic doses of
allopurinol (800 mg/day in the USA;
900 mg/day in Europe), which are
>300 mg daily in >50% of patients with
gout, and not the suboptimal ‘current
standard’ allopurinol 300 mg/day doses.
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ABSTRACT
To develop response criteria for juvenile dermatomyositis
(DM). We analysed the performance of 312 definitions
that used core set measures from either the International
Myositis Assessment and Clinical Studies Group (IMACS)
or the Paediatric Rheumatology International Trials
Organisation (PRINTO) and were derived from natural
history data and a conjoint analysis survey. They were
further validated using data from the PRINTO trial
of prednisone alone compared to prednisone with
methotrexate or cyclosporine and the Rituximab in
Myositis (RIM) trial. At a consensus conference, experts
considered 14 top candidate criteria based on their
performance characteristics and clinical face validity,
using nominal group technique. Consensus was reached
for a conjoint analysis–based continuous model with a
total improvement score of 0–100, using absolute per
cent change in core set measures of minimal (≥30),
moderate (≥45), and major (≥70) improvement. The
same criteria were chosen for adult DM/polymyositis,
with differing thresholds for improvement. The sensitivity
and specificity were 89% and 91–98% for minimal
improvement, 92–94% and 94–99% for moderate
improvement, and 91–98% and 85–86% for major
improvement, respectively, in juvenile DM patient cohorts

using the IMACS and PRINTO core set measures.
These criteria were validated in the PRINTO trial for
differentiating between treatment arms for minimal and
moderate improvement (p=0.009–0.057) and in the
RIM trial for significantly differentiating the physician’s
rating for improvement (p<0.006). The response criteria
for juvenile DM consisted of a conjoint analysis–based
model using a continuous improvement score based on
absolute per cent change in core set measures, with
thresholds for minimal, moderate, and major
improvement.

Juvenile dermatomyositis (DM) is a systemic auto-
immune disease characterised by chronic skeletal
muscle inflammation and weakness. Core set mea-
sures to assess juvenile DM disease activity have
been established and validated by the International
Myositis Assessment and Clinical Studies Group
(IMACS) and the Paediatric Rheumatology
International Trials Organisation (PRINTO), with
provisional endorsement by the American College
of Rheumatology and the European League Against

This criteria set has been approved by the American College of Rheumatology (ACR) Board of Directors and
the European League Against Rheumatism (EULAR) Executive Committee. This signifies that the criteria set
has been quantitatively validated using patient data, and it has undergone validation based on an
independent data set. All ACR/EULAR-approved criteria sets are expected to undergo intermittent updates.

The ACR is an independent, professional, medical and scientific society that does not guarantee, warrant,
or endorse any commercial product or service.
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Rheumatism.1–6 Both core sets include physician and parent
global activity, muscle strength, and physical function. IMACS
also includes the most abnormal serum muscle enzyme value
and extramuscular global activity, whereas PRINTO includes
instead a health-related quality of life measure, the Child Health
Questionnaire7 and a global activity score, the Disease Activity
Score.8 IMACS measures muscle strength using manual muscle
testing, and PRINTO measures muscle strength using the
Childhood Myositis Assessment Scale.1 2 5

Combinations of these measures to determine clinical
improvement were developed to enhance the sensitivity of
responses and decrease the sample sizes needed, by using large
prospective natural history data sets and expert clinician consen-
sus as the gold standard. For both PRINTO and IMACS, at least
20% improvement in 3 of 6 core set measures with no more
than 1 or 2 worsening (which cannot be muscle strength) had
been established as preliminary response criteria, and additional
combinations of improvement in the core set measures serve as
secondary response criteria.9 10 PRINTO adapted its top criteria
for minimal clinical improvement to moderate and major
improvement by using cutoffs of 50% and 70%, similar to the
improvement criteria for juvenile idiopathic arthritis ( JIA).11–13

Although the preliminary response criteria for juvenile DM
advanced the assessment of patients and their responses to treat-
ment, those criteria were limited by differences in the core set
measures and final consensus response criteria between IMACS
and PRINTO, a lack of randomised controlled trial data for full
validation, and inadequate exploration of more sensitive
approaches using hybrid or continuous methods.14 The prelimin-
ary response criteria also considered each core set measure equally
rather than differentially weighting them. However, most myositis
experts agree that some core set measures are more important,
such as physician global activity and muscle strength.3 15 For
PRINTO studies, physician global evaluation of disease activity,
muscle strength, and parent global evaluation of the child’s overall
well-being were weighted as the most important core set measures
in a logistic regression analysis.3 10 Moreover, the preliminary
response criteria did not validate criteria for moderate or major
improvement. There is, therefore, a clear need to have standar-
dised improvement criteria for all levels of improvement in future
clinical trials, similar to the standardized criteria developed for
rheumatoid arthritis (RA) and JIA.

For these reasons, IMACS and PRINTO engaged in a joint
effort to develop fully validated response criteria for juvenile
DM, including criteria for minimal, moderate, and major clin-
ical response. This report focuses on the consensus conference
in which the top candidate definitions of response leading to
the final juvenile DM response criteria were considered.

METHODS
In previous reports,16 17 we described the methodology used a) to
create patient profiles using natural history data and obtain expert
consensus on minimal, moderate, and major improvement,16 b) to
determine differential weights of the core set measures using con-
joint analysis, and c) to draft six types of candidate definitions for
response criteria using the myositis expert survey on thresholds of
improvement and data-driven methods, such as logistic regression
and conjoint analysis (table 1).

Conjoint analysis is a choice modeling or discrete choice
experiment, which is a valid methodology for developing com-
posite criteria and has been used recently in rheumatology.19–22

In the conjoint analysis surveys administered using 1000Minds
online software,23 experts were presented with pairs of hypo-
thetical patient scenarios; each patient had different levels of

improvement in the same 2 core set measures, assuming other
core set measures remained the same. Experts rated which of
the 2 scenarios had greater improvement. Based on the rater’s
response, the relative weights of core set measures and their
levels of improvement were established and used to develop a
scoring system by mathematical methods based on linear pro-
gramming24 such that when all 6 core set measures are consid-
ered together, the maximum score (total improvement score)
possible for representing a patient's improvement is 100, and
the minimum score is 0.

We then compared the performance characteristics of the
drafted definitions in the patient profiles, using expert consensus
ratings as a gold standard, and externally validated the candidate
response criteria by applying them to clinical trial data. This
process led to the development of traditional categorical as well
as continuous candidate definitions for response criteria, with
thresholds for minimal, moderate, and major improvement.18

Continuous candidate definitions can also be considered hybrid
definitions, because the same definition can be used either as a
continuous outcome measure by using the total improvement
score or as a categorical outcome measure by using the thresh-
olds for minimal, moderate, and major improvement.

Candidate definitions were evaluated using consensus profile
ratings as the gold standard, by assessing sensitivity, specificity,
and area under the curve (AUC) to compare the performance of
these candidate definitions. Those that performed well in the
consensus profiles (sensitivity and specificity both ≥80%, AUC
≥0.9 for minimal, and AUC ≥0.8 for moderate and major
improvement, using IMACS or PRINTO core set measures1)
were externally validated. The PRINTO trial randomised
patients with new-onset juvenile DM to receive prednisone
alone (n=47) or prednisone combined with methotrexate or
cyclosporine (n=46 patients per treatment arm).13 χ2 analysis
was used to compare the percentages of patients meeting the
candidate definitions for response at the primary end point
(6 months) for the combined treatment arms versus the
prednisone-alone (placebo) arm. Definitions with a significant
difference (p<0.05) between treatment arms for minimal
improvement were further considered. Both PRINTO and
IMACS core set measures were available in this trial.

A second trial validation data set included 48 juvenile DM
patients enrolled in the Rituximab in Myositis (RIM) trial for
treatment-refractory patients. It had a randomised placebo-phase
design in which patients received either rituximab or placebo at
weeks 0 and 1, and at weeks 8 and 9 their treatment assignment
was reversed in a blinded manner.25 We used the
Mann-Whitney U test to determine whether each candidate def-
inition could differentiate between the treating physician’s
rating of improvement (score range 1–7) at 6 months, a time
point when most patients improved and that was also compar-
able to that in the PRINTO trial. For the RIM trial, only the
IMACS core set measures were available.

We then selected the top candidate definitions, up to 4 top-
performing definitions from each of the six different types of can-
didate definitions (table 1), for consideration at the final consensus
conference as a manageable number of definitions to discuss.

Consensus conference
Nominal group technique was used at a consensus conference
held in Paris, France on 9–10 June 2014, led by experienced
moderators (LGR and NR, for the paediatric working group)
The methodologies used to develop the new candidate response
criteria and performance characteristics of each type of candi-
date definition were reviewed with the participants in a general
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session. The 12 paediatric working group participants first inde-
pendently and then as a group reviewed the performance
characteristics of the 14 top candidate definitions of response
criteria for juvenile DM. Data for minimal, moderate, and
major clinical response were presented for each definition,
including a detailed spreadsheet that included the performance
in the patient profiles using the IMACS and PRINTO core set
measures, including sensitivity, specificity, AUC, as well as kappa
values and ORs. AUC was defined as the average of the sensitiv-
ity and specificity values for all categorical candidate definitions,
as well as for thresholds for minimal, moderate, and major
improvement in continuous candidate definitions. In addition,
for continuous definitions, an AUC for the total improvement
score was determined from the receiver operating characteris-
tic (ROC) curve as a plot of sensitivity versus (1—specificity)
for total improvement scores as well as for thresholds.26–28

Results of the external validation for each candidate defin-
ition from the PRINTO and RIM clinical trial data sets were
also presented.

Paediatric working group
After reviewing the performance of the 14 top performing can-
didate definitions, the 12 paediatric working group participants
developed consensus response criteria for minimal, moderate,
and major improvement in juvenile DM. The participants were
informed of the secondary goal of reaching consensus on
response criteria for both juvenile DM and adult DM/polymyo-
sitis (PM). Participants were first asked to rank their top five
choices, considering the data presented, based on face validity,
feasibility, and generalisability, and to determine which response
criteria were most clinically meaningful. The voting process
was conducted in a systematic manner with a predetermined

Table 1 Types of candidate definitions for response criteria that were developed and tested

Type of candidate
definitions of response Description Example of the candidate definition for the response criteria

Previously published
(categorical definition)

Previously published response criteria that were retested Minimal. Three of any 6 improved by ≥20%, no more than 1 worse by
>30% (which cannot be CMAS)10

Moderate. Three of any 6 improved by ≥50%, no more than 1 worse
by >30% (which cannot be CMAS)11

Major. Three of any 6 improved by ≥70%, no more than 1 worse by
>30% (which cannot be CMAS)11

Newly drafted
(categorical definition)

Drafted relative or absolute per cent change in candidate definitions
of response, based on recent CSM survey

Minimal. MD global, muscle strength (MMT or CMAS), and 1 other
CSM improved by ≥20%
Moderate. MD global, muscle strength (MMT or CMAS), and 1 other
CSM improved by ≥30%
Major. MD global, muscle strength (MMT or CMAS), and 1 other CSM
improved by ≥50%

Weighted
(categorical definition)

Applied conjoint analysis relative weights to CSM in newly drafted
definitions; each CSM receives improvement points (corresponding
relative weights) when it reaches the threshold for minimal, moderate,
or major improvement; worsening points are applied similarly;
improvement is calculated based on a total score of improvement vs
worsening

Improvement=at least 3.5 improvement points of 10 total improvement
points, and no more than 1.5 worsening points, where MD global=2
points, parent global=1 point, MMT/CMAS=3 points, C-HAQ=1.5
points, extramusc/DAS=1.5 points, enzyme/CHQ-PhS=1 point
Minimal. Improvement points given when CSM ≥20%; worsening
points given when CSM worse by >30%
Moderate. Improvement points given when CSM ≥50%; worsening
points given when CSM worse by >30%
Major. Improvement points given when CSM ≥75%; worsening points
given when CSM worse by >30%

Logistic regression
(continuous definition)

Model of improvement using a combination of CSM with different
weights, as developed in the logistic regression model; total scores
derived, with different cutoffs for minimal, moderate, and major
improvement
Relative % change

Improvement score=(MD global % change)+0.5×(parent global activity
% change)+0.5×(extramusc activity or DAS % change)
Minimal. Improvement score ≥15
Moderate. Improvement score ≥30
Major. Improvement score ≥60

CSM–weighted
(continuous definition)*

Multiply the % change in each CSM by the weights derived from
conjoint analysis, then sum (% change in each CSM×conjoint analysis
weights) to get final total improvement score; different thresholds for
minimal, moderate, and major improvement established based on
consensus profile ratings as gold standard

Improvement score=2×(MD global % change)+(parent global %
change)+3×(MMT or CMAS % change)+1.5×(C-HAQ % change)
+1.5×(extramusc or DAS % change)+(enzyme or CHQ-PhS % change)
Minimal. Improvement score ≥100
Moderate. Improvement score ≥250
Major. Improvement score ≥400

Conjoint analysis
(continuous definition)

For a given range in the level of improvement in each CSM, a score is
assigned, as developed by the survey results and modelling; greater
degrees of improvement receive higher scores; a patient is minimally
improved if the improvement score is above the cutoff for minimal
improvement; similarly for moderate and major improvement

Cut points for the model for juvenile DM are:
Minimal. Improvement score ≥30
Moderate. Improvement score ≥45
Major. Improvement score ≥70†

*This type of definition was not brought to the final consensus conference.
†The full absolute per cent change model is shown in table 3 and in online supplementary table S2 (available on the Arthritis & Rheumatology
web site at http://onlinelibrary.wiley.com/doi/10.1002/art.40060/abstract).
C-HAQ, Childhood Health Assessment Questionnaire; CHQ-PhS, physical summary score of the Child Health Questionnaire–Parent Form 50; CMAS, Childhood Myositis Assessment Scale;
CSM, core set measure; DAS, Disease Activity Score; DM, dermatomyositis; enzyme, most abnormal serum muscle enzyme value among aldolase, alanine aminotransferase, aspartate
aminotransferase, lactate dehydrogenase, and creatine kinase; extramusc, extramuscular global activity; MD global, physician global activity score; MMT, manual muscle testing; parent
global, parent global activity score.
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format using nominal group technique29 30 facilitated by an
internet-based system developed by staff at the PRINTO coord-
inating centre.31 32 Voting was done anonymously and inde-
pendently using the online voting software.

After the initial round of voting, the results were shared with
the group. Each participant was then asked to explain his or her
top- and bottom-ranked choices to the group. The rounds of
voting continued in the same manner until consensus was
reached (≥80% of the votes) or until it was clear that consensus
would not be reached. Between each round, after the participants
were shown the results, the administrators were allowed to
remove candidate definitions that decisively received a small pro-
portion of the votes. In the final round, participants were asked
to select their final top response criteria. The paediatric working
group also voted on additional issues, including use of both
IMACS and PRINTO core set measures and response criteria for
juvenile DM that would interchange both the IMACS and
PRINTO measures. Participants also voted on retesting the per-
formance of the top candidate response criteria in future trials.

Combined paediatric and adult working group
After consensus was attained for juvenile DM response criteria,
a combined working group of 22 paediatric and adult experts
was formed to determine whether consensus could be reached
on final, common response criteria for both juvenile DM and
adult DM/PM. Common response criteria that would include
both juvenile DM and adult DM/PM were considered for use in
clinical trials, which might facilitate drug approvals for myositis
treatment. Experienced moderators (LGR, RA, FWM, and NR)
led the combined working group. For the first round of votes,
the top adult and paediatric definitions from the final round of
voting in each working group were considered. The online
voting system was utilised again, and each participant discussed
his or her top-choice candidate definition, using nominal group
technique in a round-robin manner. At each round, participants
were asked to select only one candidate top response croteroa
set; discussion was stopped once consensus of ≥80% was
reached. For determining the thresholds of improvement for the
selected definition, the required consensus was ≥70%, which
was done by post-conference voting.

RESULTS
The performance characteristics of 101 of 312 candidate defini-
tions were excellent (sensitivity and specificity of ≥80%, AUC
≥0.90 for minimal improvement), and 30 candidate definitions
also performed well in 2 clinical trials, in which they differen-
tiated between treatment arms (p<0.05 for minimal improve-
ment) and differentiated the treating physician’s improvement
score at week 24 (p<0.001).15

Top candidate definitions for response criteria
Fourteen top-performing candidate definitions were brought to
the paediatric working group for consideration at the consensus
conference (table 2 and online supplementary tables S1 and S2,
available on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.40060/abstract). These
candidate criteria included nine categorical definitions in which
different criteria were set for minimal, moderate, and major
improvement and five continuous definitions in which improve-
ment points are given on a continuous scale that corresponds to
the magnitude of improvement, with different thresholds for
minimal, moderate, and major improvement. Among the nine
categorical definitions, two were previously published IMACS
and PRINTO response criteria,9–11 four were newly drafted

definitions based on a survey of experts, and three were weighted
definitions. Among the continuous definitions, two were devel-
oped by logistic regression, and three were developed from the
conjoint analysis survey. Among the 14 candidate criteria consid-
ered, 11 were based on relative per cent change, and 3 were
based on absolute per cent change in the core set measures.

The performance characteristics of these 14 candidate defini-
tions are shown in table 2 and online supplementary table S1
(available on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.40060/abstract). In the
patient profiles, with expert consensus as a gold standard, all defi-
nitions presented at the conference had sensitivity and specificity
of ≥87% (AUC≥0.90) for minimal improvement (table 2 and
online supplementary table S1). For moderate improvement, speci-
ficity decreased but was ≥80% (AUC≥0.88), and for major
improvement specificity was generally ≥75% (AUC≥0.84). For
continuous definitions, the AUCs (from ROC curves) for the total
improvement score were generally better than the AUCs (average
of sensitivity and specificity) for the thresholds of minimal, moder-
ate, and major improvement. Performance was similar between the
IMACS and PRINTO core set measures for each definition.

Almost all candidate criteria were validated using the
PRINTO trial at 6 months, when they could differentiate
between treatment arms, with p<0.05 for minimal improve-
ment (table 2 and online supplementary table S1). All candidate
criteria were also validated in 48 juvenile DM patients in the
RIM trial.25 All definitions could differentiate the median treat-
ing physician’s improvement score at week 24 (p≤0.006).

Consensus conference voting
Among the 14 candidate definitions, 13 and 11 candidate defini-
tions of response were promoted in the first and second voting
rounds, respectively. In round three, six candidate definitions
were chosen, each receiving a similar number of votes. These
six included the three conjoint analysis–based continuous defini-
tions, a conjoint analysis–based weighted definition, a logistic
regression absolute per cent change definition, and the previ-
ously published PRINTO preliminary response criteria.8 9 In the
fourth round of voting and discussion, participants reached con-
sensus on final top response criteria, a conjoint analysis–based
continuous model using absolute per cent change in the IMACS
or PRINTO core set measures (table 3).

Table 2 and online supplementary table S1 (available on the
Arthritis & Rheumatology web site at http://onlinelibrary.wiley.
com/doi/10.1002/art.40060/abstract) show the performance
characteristics in the patient profiles and the trial validation for
each of the top candidate response criteria presented at the
conference. For the top conjoint analysis–based continuous
response criteria using absolute per cent change in each of the
core set measures, the sensitivity and specificity in the patient
profiles was generally >90% and the AUC >0.90 for both the
IMACS and PRINTO measures. For the PRINTO trial, a differ-
ence in the treatment arms was detected for minimal and mod-
erate improvement using the top response criteria, and in the
RIM trial a difference in the physician’s rating of improvement
when the response criteria rated the patient as improved versus
not improved was detected for minimal, moderate, and major
improvement.

Paediatric experts favoured the conjoint analysis–based con-
tinuous response criteria because of the continuous improve-
ment score that corresponds to the magnitude of improvement
and provides the ability to categorise a patient’s degree of
change into minimal, moderate, and major improvement. The
continuous model definitions also differentially weight the
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Table 2 Detailed performance characteristics of patient profiles for the top 5 candidate definitions presented at the consensus conference*

PRINTO trial§ RIM trial¶

Candidate definition type based
on final consensus rank order,
improvement category, CSM

Sensitivity,
%

Specificity,
% Threshold AUC†

Total
improvement
score AUC‡

Tx
(%)

Ctrl
(%) p Value

Response
criteria,
improved**

Response
criteria, not
improved# p Value Rank

Conjoint analysis, absolute %
change (model 3)††

1

Minimal (≥30)
IMACS 89 91 0.90 0.98 75 53 0.009 2.0 3.0 <0.001

PRINTO 89 98 0.93 0.99 73 55 0.038

Moderate (≥45)
IMACS 92 99 0.95 0.99 70 53 0.057 2.0 3.0 <0.001

PRINTO 94 94 0.94 0.99 71 51 0.023

Major (≥70)
IMACS 91 86 0.89 0.96 51 43 0.341 2.0 3.0 0.006

PRINTO 98 85 0.91 0.98 58 49 0.331

Conjoint analysis, relative %
change (model 1)‡‡

2

Minimal (≥33)
IMACS 99 87 0.93 0.98 75 55 0.018 2.0 4.0

PRINTO 96 98 0.97 1.00 74 55 0.027

Moderate (≥60)
IMACS 97 93 0.95 0.99 73 51 0.011 2.0 3.0 <0.001

PRINTO 97 96 0.96 1.00 70 51 0.032

Major (≥80)
IMACS 91 87 0.89 0.96 57 49 0.396 1.5 3.0 <0.001

PRINTO 98 86 0.92 0.97 61 49 0.179

Conjoint analysis, relative %
change (model 2)‡‡

3

Miminal (≥33)
IMACS 95 94 0.94 0.98 75 53 0.009 2.0 4.0 <0.001

PRINTO 94 98 0.96 0.99 74 55 0.027

Moderate (≥55)
IMACS 95 95 0.95 1.00 70 51 0.032 2.0 3.0 <0.001

PRINTO 97 98 0.98 1.00 70 51 0.032

Major (≥77)
IMACS 93 86 0.90 0.97 49 47 0.814 1.0 2.0 0.011

PRINTO 96 90 0.93 0.99 59 49 0.273

Weighted definition, relative %
change§§

4

Minimal (improvement points given
when CSM ≥20, worsening points
given when CSM worse by >30)

IMACS 95 100 0.97 NA 70 51 0.032 2.0 3.0 <0.001

PRINTO 92 98 0.95 NA 73 53 0.021

Moderate (improvement points
given when CSM≥50%, worsening
points given when CSM worse by
>30%)

IMACS 95 91 0.93 NA 68 51 0.045 2.0 3.0 <0.001

PRINTO 95 92 0.94 NA 71 51 0.023

Major (improvement points given
when CSM ≥75%, worsening points
given when CSM worse by >30%)

IMACS 100 81 0.91 NA 64 47 0.050 1.5 3.0 <0.001

PRINTO 98 85 0.91 NA 62 49 0.142

Continued
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various core set measures, which experts thought were consist-
ent with their assessment of the relative importance of each of
the core set measures. The top response criteria were based on
absolute per cent change in core set measures, which was also
favoured by the participants because, given the various visual
analog scale (VAS) measurements used in the core set measures,
the absolute per cent changes were more congruent than relative
per cent changes with actual changes that the myositis experts
see in clinical practice.

Final response criteria chosen by the combined pediatric
and adult working group
For this round of votes, the top 2 paediatric (table 2) and adult
definitions18 were considered. Two rounds of voting resulted in
final consensus response criteria, with 91% of participants voting
for the conjoint analysis–based continuous response criteria based
on absolute per cent change in the core set measures (table 3). It
was agreed that the top response criteria would be used in future
clinical trials that combined juvenile DM and adult DM/PM.
Because the final response criteria were similar, participants
favoured using response criteria that would be common to

juvenile DM and adult DM/PM, and they favoured combined
studies when possible as well as the possibility of comparing out-
comes in separate studies using the same final response criteria.

Other votes
In a post-conference final vote using the Delphi method, 74%
of the participants agreed to use the following paediatric thresh-
old values for minimal, moderate, and major response in juven-
ile DM: total improvement score ≥30 (on a scale of 0–100) for
minimal, ≥45 for moderate, and ≥70 for major improvement.
In contrast, the final thresholds for minimal, moderate, and
major response in adult DM/PM were ≥20, ≥40, and ≥60,
respectively. The paediatric working group also reached consen-
sus that, given the overall similarity between the IMACS and
PRINTO response criteria, joint IMACS/PRINTO response cri-
teria for juvenile DM are being proposed. The current develop-
ment of the response criteria in parallel between the IMACS
and PRINTO core set measures necessitates that either all of the
IMACS or all of the PRINTO core set measures be used. The
paediatric experts, however, committed to measure both IMACS
and PRINTO core set measures in future therapeutic trials, with

Table 2 Continued

PRINTO trial§ RIM trial¶

Candidate definition type based
on final consensus rank order,
improvement category, CSM

Sensitivity,
%

Specificity,
% Threshold AUC†

Total
improvement
score AUC‡

Tx
(%)

Ctrl
(%) p Value

Response
criteria,
improved**

Response
criteria, not
improved# p Value Rank

Previously published definition,10 11

relative % change
5

Minimal (3 of any 6 improved by
≥20%, no more than 1 worse by
>30%) (which cannot be MMT/
CMAS)10

IMACS 93 100 0.97 NA 70 51 0.032 2.0 3.0 <0.001

PRINTO 88 100 0.94 NA 71 51 0.023

Moderate (3 of any 6 improved by
≥50%, no more than 1 worse by
>30%) (which cannot be MMT/
CMAS)11

IMACS 90 95 0.93 NA 66 51 0.081 2.0 3.0 <0.001

PRINTO 90 96 0.93 NA 68 51 0.045

Major (3 of any 6 improved by
≥70%, no more than 1 worse by
>30%) (which cannot be MMT/
CMAS)11

IMACS 99 83 0.91 NA 63 49 0.111 2.0 3.0 <0.001

PRINTO 99 89 0.94 NA 60 49 0.223

*The performance characteristics of patient profiles for definitions ranked 6–14 are shown in online supplementary table S1 (available on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.40060/abstract). Note that either International Myositis Assessment and Clinical Studies (IMACS) or Paediatric Rheumatology International Trials
Organisation (PRINTO) core set measures (CSMs) may be used in these candidate definitions of response; the candidate definitions were developed in parallel with IMACS or PRINTO
CSMs. Tx, treatment arm of prednisone in combination with methotrexate or cyclosporine; Ctrl, control; NA, not applicable.
†Calculated as the area under the curve (AUC) from the receiver operating characteristic (ROC) curve for the total improvement score and the threshold for minimal, moderate, and major
improvement.
‡Calculated as the AUC from the ROC curve, using the total improvement score and the threshold cutoffs for minimal, moderate, and major improvement, which applies only to
continuous definitions.
§PRINTO juvenile dermatomyositis (DM) trial of prednisone alone versus prednisone with methotrexate or cyclosporine (n=139).13

¶Rituximab in Myositis (RIM) trial juvenile DM arm (n=48). Comparison of the treating physician’s rating of improvement if the improvement criteria are met versus not met at week
24.25 A 1-point difference in physician’s rating of improvement from no improvement to minimal improvement was considered not only statistically significant but also clinically
significant.
**Median score for physician’s rating of improvement.
††The conjoint analysis–based continuous candidate response criteria using absolute per cent change in CSMs (absolute per cent change model) are shown in table 3. These criteria are
also the top response criteria for adult DM/polymyositis (PM), but with different thresholds for the total improvement score for minimal, moderate, and major improvement.18

‡‡The conjoint analysis–based continuous candidate definitions using relative per cent change in CSMs are shown in online supplementary table S3 (available on the Arthritis &
Rheumatology web site at http://onlinelibrary.wiley.com/doi/10.1002/art.40060/abstract). These criteria are also the second- and third-choice criteria for adult DM/PM, but with different
thresholds in the total improvement score for minimal, moderate, and major improvement.18

§§Improvement=at least 3.5 improvement points of 10 total improvement points, and no more than 1.5 worsening points, where physician global activity=2 points, parent global
activity=1 point, manual muscle testing (MMT) or Childhood Myositis Assessment Scale (CMAS)=3 points, Childhood Health Assessment Questionnaire=1.5 points, extramuscular global
activity or Disease Activity Score=1.5 points, and enzyme or physical summary score of the Child Health Questionnaire–Parent Form 50=1 point.
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92% agreement, and to continue to test the interchangeability
of the IMACS and PRINTO core set measures. The group also
unanimously agreed to retest the validity of the top five candi-
date definitions for response criteria and to utilise the other
four definitions as secondary end points in future clinical trials.
The top 3 of these criteria, the conjoint analysis definitions, are
the same for both juvenile DM and adult DM/PM, with different

thresholds of improvement (table 3 and online supplementary
table S3, available on the Arthritis & Rheumatology web site at
http://onlinelibrary.wiley.com/doi/10.1002/art.40060/abstract).

DISCUSSION
Conjoint analysis–based continuous response criteria, based on
absolute per cent change in the core set measures, were

Table 3 Final top response criteria for minimal, moderate, and major improvement in juvenile dermatomyositis (DM) and combined adult DM/PM
and juvenile DM clinical trials and studies*

Core set measure, level of improvement based on
absolute per cent change Improvement score

Physician global activity

Worsening to 5% improvement 0

>5% to 15% improvement 7.5

>15% to 25% improvement 15

>25% to 40% improvement 17.5

>40% improvement 20

Parent global activity

Worsening to 5% improvement 0

>5% to 15% improvement 2.5

>15% to 25% improvement 5

>25% to 40% improvement 7.5

>40% improvement 10

Manual muscle testing or CMAS

Worsening to 2% improvement 0

>2% to 10% improvement 10

>10% to 20% improvement 20

>20% to 30% improvement 27.5

>30% improvement 32.5

Childhood Health Assessment Questionnaire

Worsening to 5% improvement 0

>5% to 15% improvement 5

>15% to 25% improvement 7.5

>25% to 40% improvement 7.5

>40% improvement 10

Enzyme (most abnormal) or CHQ-PhS

Worsening to 5% improvement 0

>5% to 15% improvement 2.5

>15% to 25% improvement 5

>25% to 40% improvement 7.5

>40% improvement 7.5

Extramuscular activity or Disease Activity Score

Worsening to 5% improvement 0

>5% to 15% improvement 7.5

>15% to 25% improvement 12.5

>25% to 40% improvement 15

>40% improvement 20

The total improvement score is the sum of all 6 improvement scores associated with the change in each core set measure. A total improvement score of ≥30 represents
minimal improvement, a score of ≥45 represents moderate improvement, and a score of ≥70 represents major improvement.

*Either all of the International Myositis Assessment and Clinical Studies Group (IMACS) or all of the Paediatric Rheumatology International Trials Organisation (PRINTO) core set measures
may be used. Note that these response criteria are also proposed for use in combined adult dermatomyositis/polymyositis (DM/PM) and juvenile DM trials.18 For comparison, the
thresholds of improvement in the total improvement score for adult DM/PM are ≥20 for minimal improvement, ≥40 for moderate improvement, and ≥60 for major improvement.
How to calculate the improvement score: The absolute percent change ([final value − baseline value]/range × 100) is calculated for each core set measure. For muscle enzymes, the
most abnormal serum muscle enzyme level at baseline (creatine kinase, aldolase, alanine transaminase, aspartate aminotransferase, lactate dehydrogenase) is used. The enzyme range
was calculated based on a 90% range of enzymes from natural history data,5 38 which for creatine kinase is 15 times the upper limit of normal (ULN), for aldolase is 6 times the ULN, and
for lactate dehydrogenase, aspartate aminotransferase, and alanine transaminase is 3 times the ULN. The ULN is determined according to the individual laboratories in the participating
centers. The ranges for the other core set activity measures are based on the instrument scale used.13 15 25 An improvement score is assigned for each core set measure based on the
absolute percent change. These are totaled among the 6 IMACS or PRINTO core set measures. The thresholds for minimal, moderate, and major improvement are provided. The total
improvement score itself may also be compared among treatment arms in a trial. A total improvement score between 0 and 100 corresponds to the degree of improvement, with higher
scores corresponding to a greater degree of improvement.
CHQ-PhS, Physical Summary Score of the Child Health Questionnaire–Parent Form 50; CMAS, Childhood Myositis Assessment Scale; DAS, Disease Activity Score; MMT, manual muscle testing.
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developed as the consensus- and data-driven response criteria
for minimal, moderate, and major improvement in juvenile DM.
For the response criteria, either IMACS or PRINTO core set
measures could be used. In addition, it was agreed that the same
response criteria, using the IMACS core set measures but with
different thresholds for improvement, would be the consensus
response criteria for adult DM/PM trials and combined juvenile
DM and adult DM/PM trials in the future.18

The comprehensive process used to develop final response cri-
teria for minimal, moderate, and major improvement in juvenile
DM included the use of large, prospective, natural history data
sets for juvenile DM and data from two randomised controlled
trials for validation, which included a wide range of disease
activity and different stages of disease, from recently diagnosed
to treatment-refractory patients.13 15 25 The involvement of
many clinical experts who had experience using the core set
measures in juvenile DM patients was also critical. They pro-
vided input at several points throughout the process, including
determining thresholds for improvement in core set measures by
which definitions of response were drafted, achieving gold
standard ratings of improvement by evaluating and developing
consensus patient profiles, completing the conjoint analysis
surveys to develop differential weights for the core set measures,
and participating in the final consensus conference to achieve
consensus for common response criteria with the greatest clin-
ical face validity. The current response criteria (table 3) also
resolve the differences between PRINTO and IMACS core set
measures by testing candidate definitions of response criteria in
parallel using both sets of measures and showing that they are
largely interchangeable, and that their performance is compar-
able. Moreover, this project brought both IMACS and PRINTO
consortia to work together for this rare disease.

The combined group of paediatric and adult experts selected
the same top-choice definition but with differing thresholds for
improvement, which had very similar performance character-
istics and were thought to be more appropriate for use in clin-
ical trials that would, in the future, combine adult and
paediatric patients.

The final response criteria selected, conjoint analysis–based
continuous response criteria using absolute per cent change in
core set measures, have many advantages. For each measure,
improvement points are calculated based on the level of change
in that measure, and each core set measure is differentially
weighted, such that changes in muscle strength and physician
global activity are weighted more heavily than changes in the
most abnormal enzyme value or quality of life. A total improve-
ment score can be obtained as a continuous measure, and the
means or medians of total improvement scores can be compared
between treatment arms.33 A total improvement score between
0 and 100 also corresponds to the degree of improvement, with
higher scores corresponding to a greater magnitude of improve-
ment. This score may be more sensitive to change, resulting in
smaller trial sample sizes.33 34 Alternatively, thresholds for
minimal, moderate, and major improvement have been estab-
lished that allow dichotomous use of the response criteria as
well. Therefore, this is truly a hybrid model that can be used as
either a continuous or categorical outcome measure within the
same response criteria depending on the trial design and needs
of the study.

The response criteria allow input from all the core set mea-
sures instead of relying on only a few measures to determine
whether a patient has experienced improvement. However,
although these response criteria were developed using all six
core set measures, the response criteria could still be used if

fewer core set measures were obtained, allowing for greater
flexibility in the types of patients and improvements that can
occur, but we caution that the response criteria are most
accurate when all six core set measures are used. As such,
the response criteria signify a major advance in assessing
improvement in therapeutic trials and other clinical research
studies by providing data-driven response criteria that were
developed by consensus of major stakeholders in the field who
come from all over the world.

Prior response criteria in rheumatic diseases have included33 34

relative per cent change,35 36 whereas myositis response criteria
are based on absolute per cent change. The experts favoured the
use of absolute per cent change for various reasons. In this
study, several core set measures used a 10-cm VAS, and the
experts thought that absolute per cent change better represents
the degree of change they see in clinical practice. Moreover,
absolute per cent changes can be calculated when the baseline
core set measure is 0 and give similar results for similar degrees
of change at either end of the VAS.

The participants also favoured using the same response cri-
teria for juvenile DM and adult DM/PM, but with cut points or
thresholds for improvement specific to paediatric or adult
patients. Having common response criteria facilitates the poten-
tial to conduct combined clinical trials, such as the RIM trial,25

and to compare the outcomes of trials and studies conducted
separately. Participants agreed to include other top-performing
definitions that were highly rated as secondary end points for
future clinical trials. Among these were not only other conjoint
analysis–based continuous models but also the published
PRINTO preliminary response criteria.10 11 Future work should
also evaluate whether a baseline composite score threshold
derived from the PRINTO or IMACS core set measures could
be used as inclusion criteria for future clinical trials.

Limitations of the present work include the lack of a placebo
group in the RIM trial. For this reason, the physician’s assess-
ment of improvement at 6 months was used instead. We were
fortunate to have another controlled clinical trial for juvenile
DM that had three treatment arms to use for external
validation,13 in which we evaluated the ability of the
candidate definitions to differentiate between treatment arms.
Although thresholds for major improvement were developed and
validated in fewer patients, we believe that it was sufficient given
that 29% of patients had major improvement in patient profiles,
and 17% had major improvement in the clinical trials used for
validation. The final conjoint analysis–based continuous response
criteria also do not address worsening in the core set measures;
however, this generally does not affect the outcome, because
when patients are rated as improved, no more than 1 or 2 mea-
sures worsen in our clinical data sets. Also, although we tested
the interchange of IMACS and PRINTO core set measures, we
tested these variations as 2 parallel core set measures but did not
examine intermixing the PRINTO and IMACS core set mea-
sures. Further work to examine the interchangeability of the
IMACS and PRINTO core set measures will be needed.

The data sets used to develop the new response criteria primar-
ily contained information about patients with a recent diagnosis
or those experiencing a disease flare, and further work is needed
to determine how the response criteria perform in patients with
longstanding disease or those with significant disease-related
damage. Finally, although application of the criteria might seem
cumbersome, as regularly done for JIA and RA, the evaluation of
improvement will be facilitated by appropriate dedicated software
or ‘apps’, or in the future, by simplification of the manner in
which the core set measures are evaluated (eg, similar to the
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Juvenile Arthritis Disease Activity Score for JIA).37 The time
required to apply these criteria is estimated to be 25–35 min to
complete the core set measures at each visit1 and 2–3 min to
hand-calculate the total improvement score and degree of
response. Both IMACS and PRINTO are developing a web-based
tool as well as a downloadable calculator that will allow easy
administration of the response criteria and immediate calculation.
The apparent complexity is, however, counterbalanced by the
establishment of different validated levels of improvement, which
constitute the real novelty of this project and which have never
been validated as such for either RA or JIA, despite being regu-
larly reported in clinical trials.

In summary, conjoint analysis–based continuous response cri-
teria that establish different thresholds for minimal, moderate,
and major improvement and utilise the absolute per cent change
in core set measures were chosen as the consensus response cri-
teria for juvenile DM and were validated using both natural
history and trial data. These response criteria should be highly
acceptable and widely used given that they were developed with
consensus among many myositis experts worldwide. They
should be sensitive in detecting differences in improvement and
in quantitating the degree of improvement, as seen in the two
clinical trials. Thus, clinical trials that test new therapies for
juvenile DM should be easier to design, conduct, and compare.
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ABSTRACT
To develop response criteria for adult dermatomyositis
(DM) and polymyositis (PM). Expert surveys, logistic
regression, and conjoint analysis were used to develop
287 definitions using core set measures. Myositis experts
rated greater improvement among multiple pairwise
scenarios in conjoint analysis surveys, where different
levels of improvement in 2 core set measures were
presented. The PAPRIKA (Potentially All Pairwise
Rankings of All Possible Alternatives) method determined
the relative weights of core set measures and conjoint
analysis definitions. The performance characteristics of
the definitions were evaluated on patient profiles using
expert consensus (gold standard) and were validated
using data from a clinical trial. The nominal group
technique was used to reach consensus. Consensus was
reached for a conjoint analysis-based continuous model
using absolute per cent change in core set measures
(physician, patient, and extramuscular global activity,
muscle strength, Health Assessment Questionnaire, and
muscle enzyme levels). A total improvement score (range
0–100), determined by summing scores for each core set
measure, was based on improvement in and relative
weight of each core set measure. Thresholds for
minimal, moderate, and major improvement were ≥20,
≥40, and ≥60 points in the total improvement score.

The same criteria were chosen for juvenile DM, with
different improvement thresholds. Sensitivity and
specificity in DM/PM patient cohorts were 85% and
92%, 90% and 96%, and 92% and 98% for minimal,
moderate, and major improvement, respectively. Definitions
were validated in the clinical trial analysis for differentiating
the physician rating of improvement (p<0.001). The
response criteria for adult DM/PM consisted of the conjoint
analysis model based on absolute per cent change in 6
core set measures, with thresholds for minimal, moderate,
and major improvement.

Idiopathic inflammatory myopathies are a group of
acquired, heterogeneous, systemic connective tissue
diseases that include adult dermatomyositis (DM)
and polymyositis (PM) and juvenile DM.1 Despite
significant morbidity and mortality associated with
DM/PM, there are currently no therapies approved
for these syndromes by the Food and Drug
Administration or the European Medicines Agency
based on randomised controlled trials. However,
with the advancement in novel therapeutic agents
that target various biologic pathways implicated in
the pathogenesis of DM/PM,2 there is a need for

This criteria set has been approved by the American College of Rheumatology (ACR) Board of Directors and
the European League Against Rheumatism (EULAR) Executive Committee. This signifies that the criteria set
has been quantitatively validated using patient data, and it has undergone validation based on an
independent data set. All ACR/EULAR-approved criteria sets are expected to undergo intermittent updates.

The ACR is an independent, professional, medical and scientific society that does not guarantee, warrant,
or endorse any commercial product or service.
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well-designed clinical trials using validated and universally
accepted outcome measures. Recently completed clinical trials in
adult DM/PM and juvenile DM have used varying response cri-
teria,3–5 again highlighting the need for both data- and consensus-
driven criteria to be used uniformly in future studies. Core set
measures of myositis disease activity for adult DM/PM clinical
trials have been established and validated by the International
Myositis Assessment and Clinical Studies Group (IMACS);6–8

these measures were used as the foundation for the current study.
We undertook this study because there is a need for composite
response criteria in myositis, given the heterogeneity of the disease
and the fact that no single core set measure adequately covers all
the domains in myositis. For example, muscle enzyme levels can
be normal in active DM, and active muscle weakness in DM can
occur without active rash.

Preliminary response criteria for adult DM/PM had been
developed and partially validated by IMACS; these criteria were
based on at least 20% improvement in 3 of 6 core set measures,
with no more than 2 core set measures worsening by at least 25%
(which cannot be muscle strength).8 9 However, those criteria were
considered preliminary, because they were not prospectively vali-
dated. Moreover, newer methodologies such as conjoint analysis
and other continuous or hybrid approaches for developing
response criteria had not been evaluated.10–14 The preliminary cri-
teria had other potential limitations, including equal weights being
applied to each core set measure and the lack of quantitative or
continuous outcomes. With the growing repertoire of potential
therapeutic agents, some of which may yield better results than
only minimal clinical improvement, there is also a need to develop
criteria for moderate and major clinical improvement.

For these reasons, and with support from the American College
of Rheumatology, European League Against Rheumatism, IMACS,
and the Paediatric Rheumatology International Trials Organisation
(PRINTO),15 a collaboration was established to develop a data-
and consensus-driven process involving multiple clinical data sets
and the international myositis community in order to develop and
validate response criteria for adult DM/PM and juvenile DM. This
effort involved a comprehensive approach to developing candidate
definitions for the response criteria, including continuous or
hybrid definitions, using conjoint analysis,13 14 16–19 and for devel-
oping criteria for minimal as well as greater degrees of improve-
ment. This article focuses on the criteria for minimal and
moderate improvement for adult DM/PM, whereas the threshold
for major improvement is considered preliminary. A companion
article focuses on the juvenile DM response criteria.20

METHODS
Core set measures and patient profile consensus
To develop patient profiles as well as candidate definitions for
response criteria in adult PM and DM, we used previously vali-
dated IMACS myositis core set measures for patients with adult
DM/PM, which include physician and patient global activity on a
10-cm visual analogue scale (VAS), muscle strength measured by
manual muscle testing (MMT), physical function measured by the
Health Assessment Questionnaire (HAQ),21 extramuscular global
activity measured by the physician on a 10-cm VAS, and the most
abnormal serum muscle enzyme.8 22 The entire process, from
the development of these profiles and candidate definitions
through final consensus voting, is shown in the flow diagram in
figure 1.23 24 Details of the methodology used to develop patient
profiles, candidate definitions, validation, and expert consensus
will be described in a separate publication.24 Briefly, patient data
from natural history studies and uncontrolled clinical trials were

used to develop patient profiles, which were then rated by adult
myositis experts to achieve consensus as to whether improvement
was none, minimal, moderate, or major. The expert consensus of
improvement was used as the gold standard to validate various

Figure 1 Flow diagram of the entire process used to develop and
validate the approved response criteria for adult dermatomyositis and
polymyositis.
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candidate definitions. The Bohan and Peter classification as used to
designate definite or probable adult DM/PM.25

Candidate definitions of response criteria
Six different types of candidate definitions for minimal, moder-
ate, and major response (table 1) were developed:23 26 3 types
of definitions were traditional (categorical), and 3 were continu-
ous (hybrid). Traditional definitions provide only categorical
outcomes of minimal, moderate, and major improvement, or
not improved, based on the criteria, whereas continuous defini-
tions yield an improvement score as a continuous outcome
measure, with thresholds of minimal, moderate, and major
improvement serving as categorical outcomes. Continuous defi-
nitions are considered hybrid definitions, because the same def-
inition can be used as a continuous or categorical outcome
measure based on the study requirements. Definitions utilising

either absolute per cent change (final minus baseline divided by
range and multiplied by 100) or relative per cent change (final
minus baseline, divided by baseline and multiplied by 100) were
evaluated as candidate definitions.

Conjoint analysis surveys
Conjoint analysis surveys were administered to myositis experts
using 1000Minds online software.11 Experts were presented
with pairs of hypothetical patient scenarios; each patient had dif-
ferent levels of improvement in the same 2 core set measures,
assuming other core set measures remained the same. Experts
rated which of the 2 scenarios had greater improvement. Based
on the rater’s response, all other hypothetical patients that could
be pairwise ranked were eliminated via the property of transitiv-
ity, thereby significantly reducing the number of scenarios pre-
sented. The PAPRIKA (Potentially All Pairwise Rankings of All

Table 1 Types of candidate definitions for response criteria that were developed and tested

Type of candidate
definitions of response Description Example of candidate definition for the response criteria

Previously published
(categorical definition)

Previously published definitions of improvement that were retested Minimal. Three of any 6 improved by ≥20%, no more than 2 worse
by
>25% (which cannot be MMT)9

Moderate. Three of any 6 improved by ≥50%, no more than 2 worse
by >25% (which cannot be MMT)
Major. Three of any 6 improved by ≥70%, no more than 2 worse by
>25% (which cannot be MMT)

Newly drafted
(categorical definition)

Drafted relative or absolute % change candidate definitions of
response, based on recent CSM survey

Minimal. Two of any 6 improved by ≥30%, no more than 1 worse by
>30% (which cannot be MMT)
Moderate. Two of any 6 improved by ≥50%, no more than 1 worse
by
>30% (which cannot be MMT)
Major. Two of any 6 improved by ≥75%, no more than 1 worse by
>30% (which cannot be MMT)

Weighted
(categorical definition)

Applied conjoint analysis relative weights to CSM in newly drafted
definitions; each CSM receives improvement points (corresponding
relative weights), when it reaches the threshold for minimal,
moderate, or major improvement; worsening points are applied
similarly; improvement is calculated based on a total score of
improvement versus worsening

Improvement=at least 2.5 total improvement points of a maximum
possible score of 8, and no more than 2.5 worsening points, where
MD global=1.5 points, patient global=1 point, MMT=2 points,
HAQ=1.5 points, extramusc=1.5 points, enzyme=0.5 point
Minimal. Improvement points given when CSM ≥30%; worsening
points given when CSM worse by >25%
Moderate. Improvement points given when CSM ≥50%; worsening
points given when CSM worse by >25%
Major. Improvement points given when CSM ≥75%; worsening
points given when CSM worse by >25%

Logistic regression
(continuous definition)

Model of improvement using combination of CSM with different
weights, as developed in the logistic regression model and rounded
for better feasibility; total scores derived, with different cutoffs, for
minimal, moderate, and major improvement

Improvement score=5×(MD global % change)+3×(patient global %
change)+(MMT % change)+2×(HAQ % change)+2×(extramusc %
change)+2.5×(enzyme % change)
Minimal. Improvement score ≥250
Moderate. Improvement score ≥500
Major. Improvement score ≥750

Core set measure–weighted
(continuous definition)

Multiply the % change in each CSM by the weights derived from
conjoint analysis, then sum (% change in each CSM×conjoint
analysis weights) to get final total improvement score; different
thresholds for minimal, moderate, and major improvement
established based on consensus profile ratings as gold standard

Improvement score=2×(MD global % change)+(patient global %
change)+3×(MMT % change)+1.5×(HAQ % change)+1.5×(extramusc
% change)+(enzyme % change)
Minimal. Improvement score ≥100
Moderate. Improvement score ≥250
Major. Improvement score ≥400

Conjoint analysis
(continuous definition)

For a given range in the level of improvement in each CSM, a score is
assigned, as developed by the conjoint-analysis survey results and
modelling; greater degrees of improvement receive higher scores; a
patient is minimally improved if the improvement score is above the
cutoff for minimal improvement; similarly, for moderate and major
improvement

Cut points for the model are:
Minimal. Improvement score ≥20
Moderate. Improvement score ≥40
Major. Improvement score ≥60*

*See table 3 for cut points for the full model.
CMAS, Childhood Myositis Assessment Scale; CSM, core set measure; enzyme, most abnormal serum muscle enzyme value among aldolase, alanine aminotransferase, aspartate
aminotransferase, lactate dehydrogenase, and creatine kinase; extramusc, extramuscular global activity; HAQ, Health Assessment Questionnaire; MD global, physician global activity score;
MMT, manual muscle testing; patient global, patient global activity score.
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Possible Alternatives) method was used to determine the relative
importance of the core set measures. Relative weights of core set
measures and their levels of improvement were used to develop a
scoring system by mathematical methods based on linear pro-
gramming,13 such that when all 6 core set measures are consid-
ered together, the maximum score (total improvement score)
possible for representing a patient’s improvement is 100 and the
minimum score is 0. The thresholds for minimal, moderate, and
major improvement in the total improvement score were based
on optimum sensitivity and specificity (using the Youden index27)
in the subset of patient cohort data.

Validation of candidate response criteria
The performance characteristics of candidate criteria were evalu-
ated using consensus profile ratings as the gold standard, asses-
sing sensitivity, specificity, and area under the curve (AUC) to
compare the performance of these candidate definitions. Those
that performed well in the consensus profiles (sensitivity and spe-
cificity ≥80%, AUC ≥0.9 for minimal improvement, and AUC
≥0.8 for moderate and major improvement) were externally vali-
dated using data for adult DM/PM patients (n=142) enrolled in
the Rituximab in Myositis (RIM) trial.3 The treating physician’s
rating of improvement (0–7 scale) at 24 weeks in the RIM trial
was used for validation, and a 1-point change in the physician’s
rating was considered clinically significant.3 We then selected the
top candidate definitions (up to 4 top-performing definitions
from each of the 6 different types of candidate definitions) for
consideration at the final consensus conference, in order to
discuss a manageable number of definitions at the conference.

Consensus conference
The nominal group technique (NGT) was applied to develop
consensus among experts in adult DM/PM regarding the top-
performing candidate definitions for minimal and moderate
improvement in adult DM/PM.28–30 Experienced moderators
(RA and FWM) led the NGT consensus-development process
for the adult working group and the combined adult and paedi-
atric working group (RA, LGR, NR, and FWM). Given the
paucity of data on major improvement, we considered the major
improvement thresholds as preliminary for the final consensus
meeting. For each candidate definition, the methodologic details
used to develop them it and its performance characteristics in
the consensus patient profiles and the RIM trial were presented
to the adult working group. Each of the 12 participants in the
adult working group independently reviewed the performance
characteristics of all 18 top candidate definitions for adult DM/
PM. Detailed data for each candidate definition, including sensi-
tivity, specificity, and AUC as well as kappa values and ORs for
minimal, moderate, and major improvement, were provided.
The AUC was determined from the receiver operating character-
istic curve as a plot of sensitivity versus (1—specificity) for total
improvement scores as well as for thresholds.27

Adult working group
The primary goal for the adult working group was to develop
consensus response criteria for minimal and moderate clinical
improvement in adult DM/PM based on the data presented, as
well as the face validity, feasibility, and generalisability of the
proposed candidate criteria. The experts in the adult working
group included internationally recognised rheumatologists, neu-
rologists, and dermatologists who have considerable experience
in myositis and with the core set measures. Voting was con-
ducted in an independent, anonymous, and systematic manner
via a web-based system developed by staff at the PRINTO

coordinating centre.31 32 In the initial rounds of voting, partici-
pants were asked to rank their top 5 choices. The results were
compiled, and aggregate votes and rank of each candidate defin-
ition were shared with the group after each round of voting.
Participants were then asked in a random manner to discuss
their top-ranked and bottom-ranked choices. Candidate defini-
tions receiving a small proportion of votes were eliminated. In
subsequent voting rounds, participants were asked to re-rank
their choices after reviewing the previous round’s voting and
discussion. When fewer than 5 candidate definitions remained,
each participant selected one as the top response criteria. The
objective was to continue the rounds of voting in the same
manner until a single candidate definition reached consensus
(≥80% of the votes) or until it was clear that consensus would
not be reached.

Combined adult and paediatric working group
After consensus was achieved by each working group, both
groups then came together to vote on common response criteria
to be used for both adult DM/PM and juvenile DM20 as the
outcome measure for combined clinical trials. For this voting
round, the top candidate definitions from the final round of
voting in each working group were considered, and a similar
online voting system and the NGTwere used until consensus of
≥80% was reached (28–30). For determining the thresholds of
improvement for the selected definition, the required consensus
was ≥70%, which was done by post-conference voting.

RESULTS
Candidate definitions
A total of 287 adult DM/PM candidate response criteria were
drafted or derived using data-driven methods. Included were 10
previously published definitions, 134 newly drafted definitions
based on expert survey results, 63 weighted definitions, 68
logistic regression definitions, 6 conjoint analysis definitions,
and 6 definitions in which differential weights were applied to
the improvement achieved in each core set measure. Among
these definitions, 163 used relative per cent change and 124
used absolute per cent change in the core set measures.

Validation
Candidate definitions with a sensitivity and specificity of ≥80%,
AUC ≥0.9 for minimal, and AUC ≥0.8 for moderate and major
improvement in the patient profile analysis using expert consen-
sus rating as the gold standard were evaluated for external valid-
ation using RIM clinical trial data3 (see online supplementary
table S1, available on the Arthritis & Rheumatology web site
at http://onlinelibrary.wiley.com/doi/10.1002/art.40064/abstract).
Thus, of 122 adult DM/PM candidate definitions evaluated
using the RIM trial data, 36 adult DM/PM candidate defini-
tions, including 25 using relative and 11 using absolute per cent
change in core set measures, had AUC ≥0.7 and showed valid-
ation in the clinical trial analysis.

Top candidate definitions
Of 36 validated definitions, 17 top-performing adult candidate
definitions and the top paediatric response criteria20 were con-
sidered by the adult working group at the consensus conference
so that, in total, 18 candidate definitions were evaluated (table 2
and see online supplementary table S2, available on the Arthritis
& Rheumatology web site at http://onlinelibrary.wiley.com/doi/
10.1002/art.40064/abstract). They included 9 categorical defini-
tions and 9 continuous definitions, in which 14 used relative
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per cent change and 4 used absolute per cent change in core set
measures. In each categorical definition, a patient would either
meet or not meet the response criteria of minimal, moderate, or
major improvement based on the degree of improvement or
worsening in each core set measure. In the continuous defini-
tions, however, each subject generates a total improvement score
on a continuous scale, such that a greater degree of improve-
ment corresponds to a higher score. Furthermore, patients
could be categorised as achieving minimal, moderate, or major
clinical improvement based on reaching the pre-set threshold
score on the continuous scale. Table 2 shows the performance
characteristics of the top 5 candidate definitions for the
response criteria selected at the consensus conference (see
online supplementary table S2 for definitions 6–18).

In the patient profiles, with expert consensus as the gold stand-
ard, all top candidate definitions presented at the conference had
excellent performance characteristics, with median sensitivity of
87% (IQR 84–90%) and specificity of 94% (IQR 92–95%)
for minimal improvement with a median AUC of 0.91 (IQR
0.90–0.92) (table 2 and see online supplementary tables S1 and S2,

available on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.40064/abstract).
Sensitivity, specificity, and AUC were similarly high for moderate
and major improvement criteria for these definitions (table 2 and
see online supplementary tables S1 and S2). All candidate defini-
tions presented at the conference were validated using the RIM
trial data at the 24-week time point and were shown to differenti-
ate (p<0.001) between the treating physician’s improvement score
at week 24 in patients rated as improved versus not improved3

(table 2 and see online supplementary tables S1 and S2).

Consensus conference voting
The top-choice definition for the adult working group, which
received 80% of the votes, was the conjoint analysis-based con-
tinuous definition model 1, which includes relative per cent
change in core set measures, including physician and patient
global activity, muscle strength, physical function, most abnor-
mal serum enzyme level, and extramuscular activity (see online
supplementary table S3, available on the Arthritis &
Rheumatology web site at http://onlinelibrary.wiley.com/doi/10.

Table 2 Detailed performance characteristics of patient profiles and clinical trial data for the top 5 candidate response criteria definitions
presented at the consensus conference*

Profiles (n=270)† RIM trial (n=147)

Candidate definitions for response criteria,
improvement category, core set measure

Sensitivity,
%

Specificity,
% Threshold AUC

Total
AUC

Candidate
definition, improved
physician’s rating‡

Candidate definition,
not improved
physician’s rating‡ p Value Rank

Conjoint analysis absolute % change (model 3)§ 1

Minimal (improvement score ≥20) 85 92 0.89 0.96 2.0 4.0 <0.001

Moderate (improvement score ≥40) 90 96 0.93 0.99 2.0 3.0 <0.001

Major (total improvement score ≥60) 92 98 0.95 1.00 2.0 3.0 <0.001

Conjoint analysis relative % change (model 1)¶ 2

Minimal (improvement score ≥33) 94 90 0.92 0.98 2.0 4.0 <0.001

Moderate (improvement score ≥55) 93 93 0.93 0.99 2.0 3.0 <0.001

Major (improvement score ≥70) 100 95 0.97 0.99 2.0 3.0 <0.001

Conjoint analysis relative % change (model 2)¶ 3

Minimal (improvement score ≥30) 94 92 0.93 0.98 2.0 4.0 <0.001

Moderate (total improvement score ≥45) 94 88 0.91 0.98 2.0 3.0 <0.001

Major (improvement score ≥65) 100 98 0.99 1.00 2.0 3.0 <0.001

Weighted core set measure relative % change** 4

Minimal (improvement score ≥100) 92 91 0.91 0.97 2.0 3.0 <0.001

Moderate (improvement score ≥250) 94 91 0.93 0.98 2.0 3.0 <0.001

Major (improvement score ≥400) 100 94 0.97 1.00 2.0 3.0 <0.001

Logistic regression relative % change†† 5

Minimal (improvement score ≥75) 89 93 0.91 0.97 2.0 3.0 <0.001

Moderate (improvement score ≥150) 94 88 0.91 0.98 2.0 3.0 <0.001

Major (improvement score ≥300) 100 96 0.98 1.00 2.0 3.0 <0.001

*Online supplementary table S2 (available on the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/doi/10.1002/art.40064/abstract) shows definitions 6–18 from the
consensus conference ratings. The threshold AUC was calculated as the AUC from the ROC curve for the total improvement score and the threshold for minimal, moderate, and major
improvement. The total AUC was calculated as the AUC from the ROC curve, using the total improvement score and the threshold cutoffs for minimal, moderate, and major improvement,
and applies only to continuous definitions.
†The reference standard for sensitivity and specificity was myositis expert consensus rating of improvement.
‡Physician’s rating is the treating physician’s rating on a Likert scale of 1–7, where lower scores represent a greater degree of improvement, at week 24 of the RIM trial.3 A 1-point
difference in the physician’s rating of improvement from no improvement to minimal improvement was considered not only statistically significant but also clinically significant.
§Conjoint analysis–based continuous candidate response criteria using absolute per cent change in core set measures (absolute per cent change model) is shown in table 3. These criteria
are also the top response criteria for juvenile DM, but with different thresholds in the total improvement score for minimal, moderate and major improvement.20

¶Conjoint analysis–based continuous candidate response criteria using relative per cent change in core set measures are shown in online supplementary table S3 (available on the
Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/doi/10.1002/art.40064/abstract). These criteria are also the second- and third-choice criteria for juvenile DM, but with
different thresholds in the total improvement score for minimal, moderate, and major improvement.20

**The total improvement score is calculated as 2×(MD global % change)+(patient global % change)+3×(MMT % change)+1.5×(HAQ % change)+1.5×(extramusc % change)+(enzyme
% change).
††The total improvement score is calculated as (MD global % change)+(patient global % change)+(MMT % change)+(HAQ % change)+(extramusc % change)+enzyme % change).
AUC, area under the curve; DM, dermatomyositis; extramusc, extramuscular; enzyme, most abnormal serum muscle enzyme value among aldolase, alanine aminotransferase, aspartate
aminotransferase, lactate hydrogenase, and creatine kinase; HAQ, Health Assessment Questionnaire; MD global, physician global activity; MMT, manual muscle testing; patient global,
patient global activity; RIM, Rituximab in Myositis; ROC, receiver operating characteristic.
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1002/art.40064/abstract). The second-choice definition, receiv-
ing 20% of the votes, was the conjoint analysis-based continu-
ous model 2, which also includes relative per cent change in
core set measures (see online supplementary table S3). Models 1
and 2 differ only in the scores associated with each level of
improvement in each core set measure.

However, in the final round of voting and discussion, adult
working group participants reached unanimous consensus that
the response criteria for adult DM/PM would be identical to the
top-choice response criteria for juvenile DM, which is a conjoint
analysis-based continuous definition (model 3) using absolute
per cent change in core set measures (table 3).20 Participants
favoured using the same response criteria for adult DM/PM and
juvenile DM so that data from different studies can be harmo-
nised more effectively and to facilitate combined trials, espe-
cially given that the definitions were similar with similar
performance characteristics. Moreover, the absolute per cent
change in core set measures (model 3, table 3) was thought to
be more representative of meaningful clinical change compared
with relative per cent change in core set measures (models 1 and
2, supplementary table 3). Participants also voted to evaluate all
top 5 candidate definitions from the adult working group in
future clinical trials, with the other 4 as secondary outcome
measures. The top 3 of these criteria, the conjoint analysis defi-
nitions, are the same for both adult DM/PM and juvenile DM,
with different thresholds of improvement.

The sensitivity and specificity of the top-choice criteria, the
conjoint analysis absolute percent change (table 3), were 85%
and 92% for minimal improvement, 90% and 96% for moder-
ate improvement, and 92% and 98% for major improvement,
respectively (table 2). The AUC was 0.96 for the total improve-
ment score and 0.89, 0.93, and 0.95 for minimal, moderate,
and major improvement thresholds, respectively (table 2). In the
RIM trial,3 these response criteria showed a significant differ-
ence in the physician’s rating of improvement when the
response criteria rated the patient as improved versus not
improved for minimal, moderate, and major improvement
(p<0.001) (table 2 and see online supplementary table S2, avail-
able on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.40064/abstract). Myositis
experts in the consensus conference favoured the conjoint
analysis-based continuous response criteria because the total
improvement score is a continuous measure that corresponds to
the magnitude of improvement in a patient and provides the
ability to categorise a patient’s degree of improvement as
minimal, moderate, or major (making it truly a hybrid defin-
ition). Moreover, the differential weights for various core set
measures were also thought to be congruent with an expert’s
assessment of the relative importance of each core set measure.
An important consideration in the final selection was that the
top-choice definition be based on absolute per cent change in
the core set measure, which was favoured by the participants
because, given the various VAS measurements used, the absolute
per cent change was thought to be more representative of mean-
ingful clinical change.

Top candidate definitions considered by the combined
paediatric/adult working group
Three candidate definitions were considered by the combined
adult/paediatric working group; these included the top adult
definitions (see online supplementary table S3) and the top
paediatric definitions,20 one of which was identical in both
groups. Final consensus was reached for the combined adult
DM/PM and juvenile DM response criteria, with 91% of

Table 3 Final myositis response criteria for minimal, moderate, and
major improvement in adult dermatomyositis/polymyositis (DM/PM)
and combined adult DM/PM and juvenile DM clinical trials and
studies*

Core set measure, level of improvement based on absolute percent
change

Improvement
score

Physician global activity

Worsening to 5% improvement 0

>5–15% improvement 7.5

>15–25% improvement 15

>25–40% improvement 17.5

>40% improvement 20

Patient global activity

Worsening to 5% improvement 0

>5–15% improvement 2.5

>15–25% improvement 5

>25–40% improvement 7.5

>40% improvement 10

Manual muscle testing

Worsening to 2% improvement 0

>2–10% improvement 10

>10–20% improvement 20

>20–30% improvement 27.5

>30% improvement 32.5

Health Assessment Questionnaire

Worsening to 5% improvement 0

>5–15% improvement 5

>15–25% improvement 7.5

>25–40% improvement 7.5

>40% improvement 10

Enzyme (most abnormal)

Worsening to 5% improvement 0

>5–15% improvement 2.5

>15–25% improvement 5

>25–40% improvement 7.5

>40% improvement 7.5

Extramuscular activity

Worsening to 5% improvement 0

>5–15% improvement 7.5

>15–25% improvement 12.5

>25–40% improvement 15

>40% improvement 20

The total improvement score is the sum of all 6 improvement scores associated with the
change in each core set measure. A total improvement score of ≥20 represents minimal
improvement, a score of ≥40 represents moderate improvement, and a score of ≥60
represents major improvement.

*Note that these response criteria are also proposed for use in combined adult
DM/PM and juvenile DM trials (20). For comparison, the thresholds of
improvement in the total improvement score for juvenile DM are ≥30 for minimal
improvement, ≥45 for moderate improvement, and ≥70 for major improvement.
Also note that the criteria for major improvement for adult DM/PM are
preliminary.
How to calculate the improvement score: The absolute percent change [final value]
−baseline value/range×100) is calculated for each core set measure. For muscle enzymes,
the most abnormal serum muscle enzyme value at baseline (creatine kinase, aldolase,
alanine transaminase, aspartate aminotransferase, lactate dehydrogenase) is used. The
enzyme range was calculated based on a 90% range of enzymes from natural history
data,34 46 which for creatine kinase is 15 times the upper limit of normal (ULN), for
aldolase is 6 times the ULN, and for lactate dehydrogenase, aspartate aminotransferase,
and alanine transaminase is 3 times the ULN. The ULN is determined according to the
individual laboratories in the participating centres. The ranges for physician global
activity, patient global activity, manual muscle testing, and extramuscular global activity
are based on the instrument scale used.3 26 An improvement score is assigned for each
core set measure based on the absolute per cent change in the core set measure
according to the definition. These individual core set measure improvement scores are
then totalled among the 6 core set measures to give the total improvement score. The
thresholds for minimal, moderate, and major improvement are provided. The total
improvement score itself may also be compared among treatment arms in a trial. A total
improvement score between 0 and 100 corresponds to the degree of improvement, with
higher scores corresponding to a greater degree of improvement.
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participants voting for the conjoint analysis-based continuous
definition, based on absolute per cent change in the core set
measure (table 3). The combined working group agreed that the
same final response criteria will be used for clinical trials of
both adult DM/PM and juvenile DM, but with different thresh-
olds for improvement in adult versus paediatric patients as well
as different core set measures for adult patients (IMACS) and
paediatric patients (IMACS and PRINTO). Participants favoured
using the same response criteria for adult DM/PM and juvenile
DM, because the top definition from each working group was
very similar (ie, both being conjoint analysis-based continuous
models, with excellent and similar performance characteristics)
and because it would permit comparison of outcomes in separ-
ate studies. Although only the IMACS core set measures were
used for adult DM/PM, for further congruence with paediatric
core set measures, the experts in adult myositis agreed to
include the Short Form-3633 as a health-related quality-of-life
measure to correspond to the PRINTO quality-of-life core set
measure, the parent form of the Child Health Questionnaire.34–36

In a post-conference final vote, consensus (74%) was reached on
threshold values for minimal, moderate, and major response for
adult DM/PM patients, which are ≥20 in the total improvement
score for minimal improvement, ≥40 for moderate improve-
ment, and ≥60 for major improvement. In contrast, consensus
on the final threshold values for minimal, moderate, and major
response for juvenile DM were ≥30, ≥45, and ≥70 points,
respectively.

DISCUSSION
After a systematic data- and consensus-driven process, a conjoint
analysis-based continuous (ie, hybrid) definition based on abso-
lute per cent change in core set measures was selected as the
response criteria for adult DM/PM for minimal and moderate
improvement in future clinical trials and studies (figure 1).
Because the total number of cases in the trial data sets and clin-
ical profiles that achieved major improvement was small, it was
decided that the thresholds for major improvement would be
considered preliminary. The same continuous (or hybrid) defin-
ition, but with different thresholds for minimal, moderate, and
major improvement in IMACS or PRINTO core set measures,
will be used for juvenile DM clinical trials and studies, as well
as for combined adult DM/PM and juvenile DM studies and
clinical trials in the future.20 24

The process for developing and validating the candidate defi-
nitions for the response criteria was extensive and comprehen-
sive, as we used large prospective clinical cohort data sets to
develop patient profiles, and myositis expert consensus was used
as the gold standard for clinical response. Consequently, we
derived six different types of candidate definitions, each with
many variations, leading to a total of 287 candidate definitions
tested, which were validated using natural history cohorts and
data from a randomised clinical trial. Subsequently, a representa-
tive number of international myositis experts from various disci-
plines (rheumatology, neurology, and dermatology) agreed on an
innovative continuous (or hybrid) model using absolute per cent
change in validated core set measures.

These response criteria were developed using a novel conjoint
analysis methodology, the 1000Minds software.13 Conjoint ana-
lysis, or discrete choice experiment, is a statistical technique used
to determine expert group decision-making around various mea-
sures (and multiple levels within each measure), providing the
ability to develop differential weighting of measures and compos-
ite criteria using those measures. The 1000Minds software for

conjoint analysis has been used recently to develop rheumatologic
classification and/or outcome criteria for rheumatoid arthritis
(RA), systemic sclerosis,12 13 37 38 and gout.11 16 17 39

The criteria developed are continuous in nature and generate
a total improvement score (on a scale of 0–100), which can
provide a quantitative degree of improvement for each patient
rather than a dichotomous or categorical assessment of improve-
ment. The total improvement score is the sum of the improve-
ment reflected in each of the 6 core set measures, but the
individual core set measures are weighted, such that those
deemed more important provide a greater contribution to the
final score. For example, changes in the MMT and physician
global disease activity scores are weighted more heavily than
changes in the most abnormal enzyme or the HAQ. These
weights were consistent with our myositis expert survey,26

which was independent of the process used to develop and val-
idate our response criteria.

There are significant advantages of using continuous response
criteria (especially in pilot studies). For example, it might be
possible to enrol fewer subjects and still have sufficient statistical
power to differentiate between treatment groups by using the
mean or median total improvement score. Moreover, continu-
ous measures have the best sensitivity to change, the use of
which allows modest treatment differences to be detected as
statistically significant, which in turn leads to better clinical
trials.10 Moreover, the criteria developed provide thresholds for
both minimal and moderate improvement, with a preliminary
threshold for major improvement. Therefore, larger, adequately
powered clinical trials and studies can use the threshold of
minimal clinically significant improvement to differentiate the
treatment groups, because this difference will be considered
clinically significant. Similarly, the proportions of patients
achieving minimal or moderate improvement can be determined
and compared between treatment arms. The ability of the same
response criteria to be used not only as a continuous measure,
where a higher score implies greater improvement, but also as a
categorical response of minimal and moderate improvement,
results in a unique hybrid aspect to these criteria.

Another advantage of continuous response criteria over the
previous IMACS response criteria is that inclusion criteria for
clinical trials will not require minimal severity in any core set
measure, because all levels of improvement in each core set
measure contribute more or less to the response. However, for
each trial the investigators will have to determine the entry cri-
teria for baseline core set measure abnormality, but those will
depend on the effect size, disease or organ target, recruitment,
and feasibility rather than on the response criteria alone. This is
an improvement over the previous IMACS preliminary response
criteria, where the clinical trial inclusion criteria required a base-
line deficit of at least 20% in each core set measure to enable
reaching the threshold of ≥20% improvement in core set mea-
sures after treatment.

Another important aspect of these response criteria is that
they are based on an absolute per cent change in core set mea-
sures rather than relative per cent change, as used for scoring
other rheumatologic diseases such as RA40 41 and prior myositis
response criteria.9 The panellists strongly believed that absolute
per cent change rather than relative per cent change in core set
measures more accurately reflects the degree of change. For
example, for a patient in whom disease activity improved from
2 to 1 cm on a 10-cm VAS, this was interpreted by experts as
more consistent with 10% improvement (absolute per cent
change) and not as 50% improvement reflected by relative per
cent change. Also, because many of the myositis core set
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measures arbitrarily have 0 as the lower limit of normal, using
10-cm VAS, the relative per cent change is difficult to calculate
if there is a change from 0 to a higher value.

The myositis experts decided to use similar response criteria
for adult DM/PM and juvenile DM, to facilitate combined clin-
ical trials, such as the RIM trial.3 Another advantage of the
response criteria is that although they are the same for adult
DM/PM and juvenile DM, they address the unique differences
in the core set measure responsiveness between the 2 disease
entities by specifying higher thresholds for juvenile DM than
for adult DM/PM, which reflects the fact that more responsive-
ness is seen in juvenile DM patients in clinical trials.3 5

Additionally, the juvenile DM response criteria allow for the
possibility of using the IMACS or PRINTO core set measures
and provide a more definitive threshold for major
improvement.20

Some limitations of the new response criteria should be
noted. First, most of the core set measures, although proven to
have good reliability and validity, are subjective and evaluator
dependent. However, similar metrics have been used success-
fully in RA trials that used a physician global measure similar to
that used for myositis.

Second, only one major clinical trial was available for valid-
ation, and it failed to meet its primary end point and was not
truly placebo controlled. Thus, we validated the results using
the treating physician’s improvement scores in the clinical trial.

Third, the threshold for major improvement in the response
criteria is considered preliminary due to an insufficient number
of adult DM/PM cases showing major improvement. We believe
that future studies using therapeutic agents that have a greater
impact on myositis disease activity will lead to better clinical
responses, thus allowing investigators to determine a final
threshold for major improvement. We plan to validate major
improvement in future studies.

Fourth, given that the criteria are focused on improvement
and thus fail to differentiate between no change and worsening,
these criteria might not be applicable in studies of worsening
disease activity (ie, disease flare designs) in myositis. However,
in the future, it will be necessary to develop criteria for flare in
myositis.

Fifth, the response criteria were developed using a PM diag-
nosis based on the Bohan and Peter classification criteria, but
experts now recognise that PM, according to those criteria,
may include different syndromes, such as necrotising myopathy,
the antisynthetase syndrome, and others.42 43 We believe that
these response criteria will still be applicable to these newer
entities given that the data- and consensus-driven processes
described herein were inclusive of those syndromes. In the future,
with changes in classification criteria terminology,44 the response
criteria terminology will need to be modified accordingly.

Sixth, because the criteria are complex and might be difficult
to apply in research studies, we are developing a web-based tool
as well as a downloadable calculator that will allow easy applica-
tion of the response criteria. The time required to apply these
criteria is estimated to be 25 min to complete the core set mea-
sures at each visit6 and 3 min to hand-calculate the total
improvement score and degree of response, while with a
computer-based system the calculation time is negligible.
Moreover, although the criteria may appear to be complicated,
the core set measures to be collected by any study or investiga-
tors are simple and are essentially the same as those in previous
myositis studies and trials.

Finally, patient-reported outcomes as core set measures,
with the exception of the HAQ and patient global assessment,

were not part of the response criteria, perhaps due to the
paucity of sensitive and responsive patient-reported outcomes
for DM/PM.45

In conclusion, the development of data- and consensus-
driven conjoint analysis-based continuous response criteria
with quantitative assessment of improvement on a scale of 0–
100 and with thresholds for minimal, moderate, and major
(preliminary threshold) improvement marks a major advance-
ment in assessing response in myositis clinical trials and
studies. These response criteria are sensitive and specific and
provide a way to determine clinically meaningful change corre-
sponding to degree of clinical improvement. These response
criteria were valid in a clinical trial and had excellent face val-
idity and acceptance among myositis experts from various spe-
cialties who care for adult DM/PM patients in different parts
of the world. A conjoint analysis-based definition with a con-
tinuous improvement score using absolute per cent change in
core set measures with thresholds for minimal, moderate, and
major improvement was selected as the response criteria to be
used for adult clinical trials.
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EULAR/EFORT recommendations for management
of patients older than 50 years with a fragility
fracture and prevention of subsequent fractures
W F Lems,1 K E Dreinhöfer,2 H Bischoff-Ferrari,3 M Blauth,4 E Czerwinski,5

JAP da Silva,6 A Herrera,7 P Hoffmeyer,8 T Kvien,9 G Maalouf,10 D Marsh,11

J Puget*,12 W Puhl,13 G Poor,14 L Rasch,1 C Roux,15 S Schüler,2 B Seriolo,16

U Tarantino,17 T van Geel,18 A Woolf,19 C Wyers,20,21 P Geusens22,23

ABSTRACT
The European League Against Rheumatism (EULAR) and
the European Federation of National Associations of
Orthopaedics and Traumatology (EFORT) have recognised
the importance of optimal acute care for the patients
aged 50 years and over with a recent fragility fracture
and the prevention of subsequent fractures in high-risk
patients, which can be facilitated by close collaboration
between orthopaedic surgeons and rheumatologists or
other metabolic bone experts. Therefore, the aim was to
establish for the first time collaborative recommendations
for these patients. According to the EULAR standard
operating procedures for the elaboration and
implementation of evidence-based recommendations,
7 rheumatologists, a geriatrician and 10 orthopaedic
surgeons met twice under the leadership of 2 convenors,
a senior advisor, a clinical epidemiologist and 3 research
fellows. After defining the content and procedures of the
task force, 10 research questions were formulated, a
comprehensive and systematic literature search was
performed and the results were presented to the entire
committee. 10 recommendations were formulated based
on evidence from the literature and after discussion and
consensus building in the group. The recommendations
included appropriate medical and surgical perioperative
care, which requires, especially in the elderly, a
multidisciplinary approach including orthogeriatric care.
A coordinator should setup a process for the systematic
investigations for future fracture risk in all elderly
patients with a recent fracture. High-risk patients should
have appropriate non-pharmacological and
pharmacological treatment to decrease the risk of
subsequent fracture.

INTRODUCTION
Osteoporosis is the most common cause of fragility
fractures. These fractures—most frequently occur-
ring at the hip, vertebra, proximal humerus and
distal radius—are associated with an increased mor-
bidity and mortality and have a large medical and
economic impact on healthcare systems.1

Fragility fractures in women and men older than
50 years are among the most frequent musculoskel-
etal manifestations for which patients consult
healthcare providers from more than one medical
specialty. Immediately following a fracture, the
patient needs acute fracture care, supplied by an
orthopaedic or trauma surgeon, and perioperative
medical care for the, often fragile, patient. This is

followed by the implementation of fracture preven-
tion modalities in patients at risk for a subsequent
fracture. This is usually executed under the supervi-
sion of general practitioners, rheumatologists or
other metabolic bone disease experts. Obviously, a
close collaboration between these specialties is
necessary at a local level.
Both the European League Against Rheumatism

(EULAR) and the European Federation of National
Associations of Orthopaedics and Traumatology
(EFORT) have recognised the importance of
optimal multidisciplinary care for patients with a
recent fracture, followed by prevention of subse-
quent fractures in high-risk patients, and have there-
fore collaboratively initiated this recommendation.

METHODS
This is the second combined task force for EULAR/
EFORT: in line with the first combined recommen-
dations on the swollen knee2 the EULAR standar-
dised operating procedures for the elaboration and
implementation of evidence-based recommenda-
tions3 were initially followed and later updated,
when possible, to the 2014 update of the
recommendations.4

The executive committee comprised the conve-
nors (KD invited by EFORT, WL invited by
EULAR), a senior advisor (PG), a clinical epidemi-
ologist (CW) and three research fellows (SS, LR,
TvG). Subsequently, the executive committee
invited 7 rheumatologists from 7 countries and 10
orthopaedic surgeons from 10 countries selected
on the basis of their field of interest and knowl-
edge, while allowing for a broad coverage in the
field ensuring in their selections an appropriate
geographic distribution of experts across Europe.
During the first group meeting, we started with a

general discussion about the management of the
patient with an acute fracture and subsequent frac-
ture prevention, and asked all committee members
to bring up 10 propositions for research questions.
Consensus on the research questions was reached
following the Delphi technique. We started with a
list of all proposals; overlapping propositions were
merged. The list was sent to the experts and they
were asked to select the 10 most important propo-
sitions from the list. Propositions were accepted
automatically if selected by over half of participants
in any round, whereas propositions receiving three
votes or less were removed. The other propositions
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entered the subsequent Delphi round. The procedure was per-
formed 3 times until we had 15 propositions, which were
merged by KD, PG and WFL into the 10 final research ques-
tions, as a base for formulating recommendations. In total, three
Delphi rounds, facilitated by the convenors, were performed by
email.

A systematic literature research (SLR), based on these 10
research questions, was undertaken by the research fellows
supported by their mentors in three groups: LR/WL, SS/KD
and TvG/PG and the epidemiologist (CW), in Medline and
the Cochrane Database of Systematic Reviews (2000–2014).
Study designs of interest were systematic review/meta-analysis,
randomised controlled trials (RCT)/controlled trials (CT) and
observational studies. For every recommendation, all results
obtained by the research fellows were discussed with the con-
venors. First all titles and afterwards all abstracts were
scanned for relevance: studies that were clearly out of the
scope of the SLR were rejected by the research fellows.
Studies that were clearly within or doubtful within the SLR
were discussed with the convenors. For every recommenda-
tion, all results obtained by the research fellows were dis-
cussed with the convenors.

Data from the literature reviews were categorised and pre-
sented at the second taskforce meeting according to study
design, using a hierarchy of evidence in descending order
according to quality. The results were presented and broadly dis-
cussed at the second meeting. In addition, these results were the
starting point for discussions within the committee, finally
leading to consensus about 10 recommendations (table 1).
Recommendations were developed and circulated to all
members three times in total, to achieve consensus on the final
formulation of recommendations.

The level of evidence for each recommendation was rated
according to the EULAR standard operating procedures (4) and
by the Oxford Levels of Evidence, which define the level of evi-
dence based on the type of research (see online
supplementarytable S1).The strength of each recommendation is
defined by a combination of the information from the SLR (cat-
egories of evidence) and expert opinion (see online
supplementary table S2).

Finally, every member of the task force had to indicate the
level of agreement with each recommendation. This was scored
on a numerical rating scale ranging from 0 (completely disagree)
to 10 (completely agree). The average, the median and the
range have been calculated (see online supplementary table S1).

Finally, after receiving feedback from the EFORT and EULAR
boards, the recommendations were again adapted and circulated
to the expert group for feedback and agreement. Key publica-
tions which appear after the literature search in 2015 were
added to the manuscript.

In the 2014 update of the EULAR recommendations the
subtle, but important, differences between recommendations
and points to consider were discussed.4 Since the majority,
although not all, of the 10 recommendations had evidence-
based answers, we mention them as a set of recommendations,
and not as ‘points to consider’, as proposed recently by the
EULAR.4

RESULTS
The combined search from the systemic literature review for
Q1–10 identified a number of articles for each research ques-
tion, as shown in online supplementary table S3. Articles that
were relevant to >1 research question were included in the
review more than once. The 10 recommendations, level of

evidence, strength of recommendation and the level of agree-
ment are presented in table 1.

RECOMMENDATIONS
Recommendation 1: preoperative and perioperative
management
Fragility fractures should be managed in the context of a multi-
disciplinary clinical system, guaranteeing adequate preoperative
assessment and preparation of patients including adequate pain
relief, appropriate fluid management and surgery within
48 hours of injury.

Patients with fragility fractures often have pre-existing chronic
diseases, which will have an influence on their general manage-
ment, short-term and long-term survival rate and their func-
tional recovery. Minimising delirium and avoiding complications
is critical for achieving good outcomes. Rapid optimisation of
fitness for surgery and early surgery seem to improve morbidity
and mortality.

Appropriate pain management should be provided to every
patient as soon as possible and before starting diagnostic investi-
gations.5 A meta-analysis has demonstrated that the use of nerve
blocks reduces acute pain in patients suffering from a hip
fracture.6

The systematic multidisciplinary and comprehensive admis-
sion assessment of the patient’s medical conditions should
include investigations for the most common modifiable vari-
ables: malnutrition, electrolyte or volume disturbances,
anaemia, cardiac or pulmonary diseases, dementia and delirium
and glycaemic control.7–10 Preoperative investigations should
include chest X-ray, ECG, full blood count, clotting studies,
blood group, renal function, in addition assessment of cognitive
baseline function. This should allow identification and treatment
of exacerbations of chronic medical conditions or acute medical
illness when appropriate.11

Safe and timely transfer from the emergency room to an
orthogeriatric ward and definitive treatment including early
surgery within 24–48 hours after admission significantly reduces
short-term and mid-term mortality rates12 and reduces minor
and major medical complications due to immobility and its
accompanying effects (eg, decubitus ulcer, pneumonia, increased
length of hospital stay).9 13 14 Delay to the operation theatre to
enable optimisation of acute medical problems has to be
weighed up against the effects of prolonging pain and
immobility.

Recommendation 2: orthogeriatric care
To improve functional outcome, and to reduce length of hos-
pital stay and mortality, orthogeriatric comanagement should be
provided, especially in elderly patients with hip fracture.

Elderly fracture patients admitted to the hospital will benefit
from multidisciplinary comanagement, including a comprehen-
sive geriatric assessment15 of medical, functional and psycho-
logical capabilities and adequate preparation before surgery.16 17

In patients with hip fracture, the joint care model between geria-
trician and orthopaedic surgeon on a dedicated orthogeriatric
ward has been shown to have the shortest time to surgery, the
shortest length of inpatient stay and the lowest inpatient and
1-year mortality rate.18–20

Patients with fragility fractures are at risk for multiple post-
operative complications: some are patient related, while others
are related to the surgical treatment. In the elderly multimorbid
patient, complications are frequent and may increase the length
of stay and perioperative mortality.21 Complications are related
to increased mortality and morbidity, and therefore should
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preferably be prevented, if possible: delirium,22 deep venous
thrombosis,23–25 pressure sores26 and malnutrition.27 28

Postoperative care should include appropriate pain manage-
ment and antibiotic prophylaxis, correction of postoperative
anaemia, routine systems examinations, regular assessment of
cognitive function, assessment for pressure sores, nutritional
status and renal function, assessment and regulation of bowel
and bladder function, wound assessment and care and early
mobilisation.20

Recommendation 3: treatment of the fracture
Appropriate treatment of the fractures in these often elderly and
multimorbid patients with frail bones requires a balanced
approach with regard to operative versus non-operative treat-
ment and careful selection of fixation devices and techniques.

Recommendations for surgical treatment are of course depend-
ent on the type of fracture and on the individual patient.29

Distal radius fracture
Distal radius fractures after a fall from standing height can be
treated by cast immobilisation or by operative methods includ-
ing locking plates, Kirschner wires or external fixation. Recent
RCTs have not identified clear recommendations for the
optimal treatment in the elderly population.30–32 In a systematic
review cast immobilisation had the worst radiographic outcome

but the least complications and a comparable functional
outcome with surgical treatment options.31 Radiographic align-
ment after closed reduction and the functional demand of the
patient should guide the decision for further operative
stabilisation.29

Vertebral fractures
Only one out of three vertebral fragility fractures are symptom-
atic and about 10% of patients will require hospitalisation
because of pain. Most symptomatic fractures are treated with
analgesics, activity modification and bracing,33 34 and so far
there are inconclusive results on surgical versus non-surgical
interventions.35–38

Hip fractures
Hip fractures are common, have often devastating effects on the
patients and usually require surgical intervention. Treatment
options are depended on fracture location and classification, age,
functional status of the patient and pre-existing osteoarthritis.

Femoral neck fractures
Stable non-displaced fractures can be addressed with cannulated
screw fixation in a percutaneous manner.39 Displaced femoral
neck fractures in healthy, active and independent older indivi-
duals without cognitive dysfunction are best treated by total hip

Table 1 Recommendations for patients with fragility fractures in patients aged 50 years and older

Level of
evidence

Strength of
recommendation

Level of
agreement

Recommendation

Average
Median
Range

1 Fragility fractures should be managed in the context of a multidisciplinary clinical system,
guaranteeing adequate preoperative assessment and preparation of patients, including
adequate pain relief, appropriate fluid management and surgery within 48 hours of injury

IIA B 9.8
10
8–10

2 To improve functional outcome, and to reduce length of hospital stay and mortality,
orthogeriatric comanagement should be provided, especially in elderly patients with hip
fracture

IA A 9.2
10
0–10

3 Appropriate treatment of the fractures in these, often elderly and multimorbid, patients
with frail bones requires a balanced approach with regard to operative vs non-operative
treatment and careful selection of fixation devices and techniques

III C 9.3
10
7–10

4 Each patient aged 50 years and over with a recent fracture should be evaluated
systematically for the risk of subsequent fractures

IA A 9.5
10
5–10

5 Evaluation of the risk of subsequent fractures includes a review of clinical risk factors,
DXA of the spine and hip, imaging of the spine for vertebral fractures and evaluation of
falls risk and the identification of secondary osteoporosis, which together predict
subsequent fracture risk

III C 9.3
10
6–10

6 Implementation requires a local responsible lead, that is, a person/group that coordinates
secondary fracture prevention based on guidelines, liaising between surgeons,
rheumatologists/endocrinologists, geriatricians in case of elderly with a hip or other major
fracture, and general practitioners

IV D 9.1
10
6–10

7 An appropriate rehabilitation programmes should consist of both early postfracture
introduction of physical training and muscle strengthening and the long-term continuation
of balance training and multidimensional fall prevention

IIA B 9.5
10
5–10

8 Patients should be educated about the burden of the disease, risk factors for fractures,
follow-up and duration of therapy

IV D 9.2
10
5–10

9 Non-pharmacological treatment is important in the prevention of fractures in high-risk
patients; it includes at least an adequate intake of calcium and vitamin D, stopping
smoking and limitation of alcohol intake

IV D 9.3
10
6–10

10 Pharmacological treatment should preferably use drugs that have been demonstrated to
reduce the risk of vertebral, non-vertebral and hip fractures, and should be regularly
monitored for tolerance and adherence

IB A 9.9
10
9–10

DXA, dual energy xray absorptiometr.
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arthroplasty allowing immediate full weight-bearing.40 41 In frail
patients, hemiarthroplasty might be preferred, since operative
time is shorter and the subsequent dislocation risk is lower
while the functional outcome is acceptable.42 Total hip arthro-
plasty may offer improved function and long-term results,43 but
patient factors and surgeon experience need to be considered in
order to justify the risk of a more complex and costly
procedure.13

Trochanteric fractures
For stable intertrochanteric fractures a sliding hip screw is
favoured, unstable intertrochanteric fractures are treated with an
antegrade cephalomedullary nail. Strong evidence supports that
cephalomedullary devices should also to be used in subtrochan-
teric or reverse oblique fractures.44

Humerus fractures
Most proximal humeral fractures can be treated non-operatively
with good functional outcomes. Treatment of displaced three-
part and four-part fractures remains controversial: open
reduction and locking plate osteosynthesis is associated with
considerable complication, the outcome of hemiarthroplasty is
closely related to tuberosity healing. Reverse shoulder arthro-
plasty may provide satisfactory shoulder function in geriatric
patients with pre-existing rotator cuff dysfunction or after the
failure of first-line treatment.45–47

Recommendation 4: organisation of postfracture care
Each patient aged 50 years and over with a recent fracture
should be evaluated systematically for the risk of subsequent
fractures.

Since the treatment gap is high, many programmes have
been developed to address secondary fracture prevention.48

The simplest form of intervention is to provide only specific
patient education; a more elaborate scheme is alerting the
primary care physician (PCP) by means of a discharge letter
containing medical information on the fracture of the patient.
However, a systematic review and meta-analysis has shown that
the Fracture Liaison Service (FLS) is the most effective organ-
isational structure for risk evaluation and treatment
initiation.49

The central element of an FLS model is a dedicated coordin-
ator who takes care of all aspects of the process (identification,
investigation and intervention with therapy).50 The coordinator
is often a well-educated nurse, who works under supervision of
an orthopaedic surgeon, an endocrinologist or a rheumatologist.
The coordinator is responsible for the identification of all
elderly patients with a recent fracture in the hospital, to organ-
ise the diagnostic investigations and to start interventions and
providing adequate medical information to patients and PCPs.48

RCTs51–53 proved that a nominated coordinator significantly
improves the implementation of osteoporosis treatment after a
fragility fracture, for example, in a cluster RCTwithin 6 months
after the fracture 45% of patients received appropriate manage-
ment, while in the control group only 26%.51

Recommendation 5: evaluation of subsequent fracture risk
Evaluation of the risk of subsequent fractures includes a review
of clinical risk factors, DXA of spine and hip, imaging of the
spine for vertebral fractures, evaluation of falls risk and the
identification of secondary osteoporosis, which together predict
subsequent fracture risk.

Secondary fracture risk is high immediately after the fracture,
and gradually decreases over time. Our expert opinion is that in

most FLS, patients with fractures 3–6 months before are recei-
ving diagnostic investigations, but investigations at a later stage
might also be worthwhile.

Fracture risk evaluation is recommended to inform thera-
peutic decisions regarding the prevention of subsequent frac-
tures prevention in high-risk patients54 55 (box 1).

Apart from the recent fracture location and severity, peri-
operative complications and suboptimal rehabilitation, clinical
risk factors such as advanced age, female gender, low body mass
index, lifestyle, personal and family history of fracture, and falls
risk all play an important role in subsequent fracture risk.6 56 57

These are included in fracture risk assessment tools such as
FRAX,58 Garvan59 and Q-Fracture.60 In some guidelines, these
tools are considered sufficient to make treatment decisions
when the risk is identified as being high (based on post hoc ana-
lyses), but most guidelines and reimbursement criteria include
the results of bone mineral density (BMD) and/or a prevalent
hip or vertebral fracture for treatment decisions.54 55 61 62

DXA of the lumbar spine and hip is the standard method for
measuring BMD, and independently contributes to the assess-
ment of fracture risk.63 Imaging of the spine by radiography or
with vertebral fracture assessment (VFA) (a measurement based
on additional software on a DXA device which involves lower
irradiation than plain radiographs or CT) allows the detection
of subclinical vertebral fractures, which are frequent (20%) in
patients with a recent non-vertebral fracture.64 The presence,
number and severity of vertebral fractures are related to fracture
risk and contribute to therapeutic decisions, independent of
BMD and other risks.65

Fall risk evaluation starts with history of falls during last year,
followed by specific tests when indicated. A limited standard
laboratory examination including erythrocyte sedimentation
rate, serum calcium, albumin, creatinine and thyroid-stimulating
hormone and other tests (such as vitamin D, protein electro-
phoresis, testosterone in men, etc) when clinically indicated,
allows diagnosis of frequently present subclinical disease (in
30%), which increases the risk of fractures.66

Recommendation 6: implementation of guidelines
Implementation requires a local responsible lead, that is, a
person/group that coordinates secondary fracture prevention
based on guidelines liaising between surgeons, rheumatologists/

Box 1 Tools for evaluation of subsequent fracture risk
after an initial fracture

▸ Clinical risk factors for further fractures:
– fracture location and severity
– suboptimal preoperative, operative and postoperative

phase with complications and suboptimal rehabilitation
– high age, low body mass index, personal and family

history of fracture, diseases, medications and lifestyle
(smoking, alcohol, lack of exercise)

– fall risk
▸ DXA of lumbar spine and hips
▸ Imaging of the spine, by vertebral fracture assessment or by

conventional radiographs
▸ Screening for underlying secondary osteoporosis or other

metabolic bone diseases
NB: Clinical risk factors can be integrated in FRAX, Garvan or
Q-Fracture algorithms to estimate future fracture risk.
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endocrinologists, geriatricians in case of elderly with a hip or
other major fracture and general practitioners.

Implementation of clinical guidelines in routine daily practice
is often difficult. Effective implementation should focus on
three basic issues: (a) the level of evidence (eg, RCTs), (b) bar-
riers and facilitators and (c) effectiveness of dissemination and
implementation strategies.67

Several guidelines or recommendations are available for
patients with a recent fragility fracture, such as those from
American Association of Orthopedic Surgeons (AAOS),68 British
Orthopaedic Association (BOA),69 American Society of Bone
and Mineral Research (ASBMR)54 and International
Osteoporosis Foundation (IOF);55 however, our recommenda-
tions are unique since they are the first that combined recom-
mendations for acute fracture care and for subsequent fracture
prevention.

The National Hip Fracture Database initiative was conceived
as a clinician-led collaboration between the BOA and the British
Geriatrics Society, in which six clinical standards for hip fracture
care were agreed.69 This clinician-led audit initiative has led to
substantial improvements in care and survival of older people
with hip fracture in England.70 The implementation of an
evidence-based algorithm for hip fracture surgery in Denmark
facilitated a low reoperation rate.71 In the acute fracture care
phase, orthogeriatric comanagement are recommended for the
frail, elderly patient with multiple comorbidities and polyphar-
macy17 18 72 and has been shown to bring about a decreased
length of stay73 and improved mobility.17

Implementation of guidelines should adapt to local needs and
restrictions and should be based on collaboration between
orthopaedic surgeons, rheumatologists/endocrinologists, geria-
tricians (in case of elderly with a hip or other major fracture)
and general practitioners.18 48 54 55

Recommendation 7: rehabilitation
An appropriate rehabilitation programme should consist of both
the early postfracture introduction of physical training and
muscle strengthening and the long-term continuation of balance
training and multidimensional fall prevention.

The most important aim for all patients sustaining a fragility
fracture is to regain the level of mobility and independence they
enjoyed before the fracture occurred. Early identification of
individual goals and needs are essential for each patient, before
the rehabilitation plan can be developed. Especially in the
elderly, a multidisciplinary and multifactorial comprehensive
rehabilitation programme is recommended.74–77

Early mobilisation following surgery, preferably starting
on the first postoperative day, is critical for a patient’s func-
tional independence and prevention of postoperative
complications.76

In patients with hip fracture, this comprises immediate weight
bearing,78 early ambulation79 as tolerated by the patient and
transfer training in and out of bed. Based on the initial condi-
tion of the patient, appropriate physical therapy includes upper-
extremity and lower-extremity strength exercises, gait training
(eg, on a treadmill),80 balance and functional training (eg,
ambulation and stair climbing) as well as aerobic81 and stretch-
ing exercises for tight soft tissues and joints.

For patients with vertebral fractures, a recent Cochrane
Review82 found inconclusive results for the effect of exercise or
active physical therapy interventions in these patients and no
definitive conclusion could be drawn. Only moderate evidence
seems to exist with regard to improvement of walking speed,

back extensor strength, trunk muscle endurance, quality of life
and pain.

After casting or surgery for distal radius fracture, early finger
motion is essential to prevent oedema and stiffness. When
immobilisation is discontinued, aggressive finger and hand
motion is necessary to facilitate the best possible outcomes.

Following surgical treatment of a fracture of the shoulder,
range-of-motion exercises including shoulder, elbow, wrist and
hand motion should begin within the first postoperative days. A
sling is usually worn for comfort only and may be discarded as
early as the patient’s pain allows. Above chest level activities
should be restricted in the case of both operative and non-
operative management until fracture healing is evident. Overly
aggressive physical therapy and exercises may increase the risk
of fixation failure in the postoperative period.

Exercise programmes and fall prevention programmes are
hallmarks of ideal non-pharmacological treatment for the pre-
vention of fractures. Positive effects on BMD and muscle
strength are described in patients who exercise rigorously, as
well as a reduction in the frequency of falls, but the evidence
for fracture prevention is limited.83

Recommendation 8: education
Patients should be educated about the burden of the disease,
risk factors for fractures, follow-up and duration of therapy.

Perception of fracture risk and the use of BMD testing are
higher in patients with a recent fracture when compared with
patients without a fracture history.84

In RCTs, a systematic review and meta-analyses, written mate-
rials with and without video supplements, behavioural frame-
works sent out in three mailings for patients, and in patient
education to the provider did not affect diagnosis of underlying
osteoporosis and subsequent treatment.48 49 85–87 In a
meta-analysis, BMD testing and treatment initiation were lowest
in patients who had only education.87 In a randomised study, a
more personalised approach with a phone call plus follow-up
letter to patients did not significantly increase osteoporosis
follow-up care compared with simply sending out a letter.88

Patient education is recommended as an overarching principle
and is incorporated in the guidelines as part of fracture preven-
tion programmes.89

Recommendation 9: non-pharmacological treatment
Non-pharmacological treatment is important in the prevention
of fractures in high-risk patients; it includes at least an adequate
intake of calcium and vitamin D, stopping smoking and limita-
tion of alcohol intake.

A non-healthy lifestyle may have negative effects on BMD,
bone quality and the risk of falling83 and should be corrected
(stop smoking, limit alcohol intake).

Data on the effects of non-pharmacological treatment on frac-
ture incidence are limited. Calcium and vitamin D were part of
the medical treatment in all RCTs, and adequate total calcium
intake (diet and when necessary supplementation) of 1000–
1200 mg/day together with vitamin D 800 IU/day is advocated
when using anti-osteoporosis drugs.

Calcium alone has no demonstrated effect on fracture reduc-
tion, and is associated with gastrointestinal side effects, while
there is uncertainty whether high calcium intake is associated
with cardiovascular events.90

Vitamin D deficiency is endemic worldwide, as it is in
patients with a recent fracture.91 Vitamin D supplementation
(800 IU/day), with adequate calcium intake, is associated with a
15%–20% reduction in non-vertebral fractures, and also with a
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20% reduction in falls.92–95 High pulse dosages of vitamin D
seem to be associated with increased fall risk and fracture
risk.96 97

Recommendation 10: pharmacological treatment
Pharmacological treatment should preferably use drugs that
have been demonstrated to reduce the risk of vertebral, non-
vertebral and hip fractures, and should be regularly monitored
for tolerance and adherence.

Only one study evaluated the effect of drugs following a
recent fracture, namely zoledronic acid, after a recent hip
fracture.98

Other RCTs have been performed in patients at high risk for
subsequent fractures based on the presence of one or more ver-
tebral fractures, and/or a low T-score. Alendronate, risedronate,
zoledronic acid (all bisphosphonates) and denosumab (a mono-
clonal antibody against RANKL) demonstrated a reduction in
vertebral fractures, non-vertebral fractures and hip fractures in
the primary analyses.99–102 A reduction in vertebral fractures
was demonstrated with raloxifene and ibandronate, and of ver-
tebral and non-vertebral fractures with strontium ranelate and
teriparatide.

Alendronate99 and risedronate102 are first-choice agents,
because these drugs are usually well tolerated, have a low cost
(generic forms are available) and physicians may have a lot of
experience with oral bisphosphonates. For patients with oral
intolerance, dementia, malabsorption and non-compliance zole-
dronic acid (intravenous)100 or denosumab (subcutaneous)101

are alternatives. For patients with very severe osteoporosis, the
use of anabolic agents such as teriparatide is an option.103

Based on the length of these RCTs, these drugs are usually pre-
scribed for 3–5 years, and longer in patients who remain at high
risk. Since long-term adherence to drug treatment is poor, a sys-
tematic follow-up is advocated, as part of a five-step plan includ-
ing identifying patients with a recent fracture: inviting them for
fracture risk evaluation; differential diagnosis; therapy and
follow-up.104 Risk communication and shared decision making
in the care of patients with osteoporosis may have a positive
influence on adherence.105 106 Adherence to therapy is substan-
tially higher in the FLS (up to 90%), probably because these
patients are more motivated because of their recent fracture, and
their positive response to an invitation from the FLS.107

DISCUSSION
In addition to these recommendations, the group formulated
overarching principles that are relevant for optimal care of
patients over 50 years of age with a recent fragility fracture.

Overarching principles
First, although both in the acute care phase after the fracture
and in the subsequent prevention of secondary fractures, many
different medical specialties can be involved, the critical point is
not who is taking care of the patient, but that all patients
receive optimal care. Obviously, a structured collaboration
between healthcare workers is a prerequisite, reflected in several
of our recommendations.

Second, optimal acute fracture care is dependent on the type
of fracture and the age, presence or absence of comorbidity and
the needs of the patient.

Third, especially in the frail elderly person with a major frac-
ture, an orthogeriatric and multidisciplinary approach is
warranted.

Fourth, optimal care in the preoperative, operative and post-
operative phases has an important effect on clinical outcome. As

a consequence, it is very likely that limited mobility and a poor
quality of life in the postoperative phase may be associated with
an elevated risk of future fractures.

Fifth, for prevention of subsequent fractures, it is important
that in all patients fracture risk should be investigated
systematically.

Sixth, for subsequent prevention of fractures in high-risk
patients, effective and safe drugs should be prescribed, and non-
pharmacological treatment options and patient education also
need to be considered.

These recommendations and overarching principles can be
used as a template for discussions with the local stakeholders
(including specialists, general practitioners, fracture nurses, local
coordinators, patients and health authorities). Finally, we have
included suggestions for further research (box 2).

Limitations
First, the 10 recommendations do not cover all aspects of fragil-
ity fracture patient management. Nevertheless, they deal with
the main principles of fracture care and secondary fracture pre-
vention, based on the 10 clinical research questions identified by
an expert committee. Second, there is a large degree of hetero-
geneity in patients with a recent fracture, for example, an
elderly woman aged 85 years with a hip fracture versus a
woman aged 55 years with a wrist fracture. It is understandable
that some elderly patients with immobility and comorbidities, as

Box 2 Research agenda

▸ Factors and interventions that improve the clinical condition
of patients with a recent fracture before surgery

▸ Effects of orthogeriatric assessment on mortality and
morbidity in elderly patients with major fractures

▸ Prevention and treatment of delirium
▸ Evaluation of the best postfracture rehabilitation strategies

for fragility fractures: intensity, duration and content
▸ Effects of a complex biopsychosocial intervention on early

and long-term rehabilitation effects
▸ Role of muscle loss, sarcopenia and nutrition on recovery

following hip fracture, and the role of physical and
pharmacological approaches in managing these deficits

▸ Initiatives for multidisciplinary collaboration for secondary
fracture prevention

▸ What is the long-term effect of fracture liaison service (FLS)
and its implementation on adherence to therapy and
reduction of fractures, morbidity and mortality

▸ ‘Real-world’ cost-effectiveness of orthogeriatric care and for
FLS

▸ Subsequent fracture prevention of individuals who are not
able to visit the FLS, for example, patients with hip fracture

▸ Optimal timing of start and duration of antiosteoporotic
drugs

▸ Benefits of combining exercise, nutrition, pharmacological
and other intervention strategies

▸ Optimise strategies for early fall prevention in patients with
fragility fractures

▸ Effects of drugs (antiresorptive and osteoanabolic drugs,
biologics, non-steroidal anti-inflammatory drugs) on fracture
healing (delayed or non-union) and on atypical femoral
fractures

▸ Implementation of recommendations.
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often seen in patients with a hip or pelvic insufficiency fracture,
do not respond to invitations for FLS. For these patients, anti-
osteoporotic treatment can be started even without a DXA scan.
Third, there is significant heterogeneity of healthcare systems
between countries. A fourth limitation is that the scoring of
agreement on the level of evidence is best applicable on inter-
ventions, but is more difficult to apply to diagnostic procedures.
Fifth, we (unfortunately) did not have included a non-medical
health professional in the task force. This project started before
2014, and at that time it was not obligatory, and less customary
than it is nowadays. Nevertheless, we have described extensively
the role that the fracture nurse, as a health professional, could
play centrally in the FLS.

CONCLUSION
In conclusion, we provide recommendations for each step of
fracture care, which can be integrated into a multidisciplinary
approach. This combined EULAR/EFORT task force was char-
acterised by intensive discussions between orthopaedic sur-
geons and rheumatologists, which strongly increased insight
into the thoughts and behaviours of each specialty. We hope
that the manuscript will stimulate work between these special-
ties with fracture patients, both in daily practice and in
research projects.
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EXTENDED REPORT

Lesinurad in combination with allopurinol:
a randomised, double-blind, placebo-controlled study
in patients with gout with inadequate response to
standard of care (the multinational CLEAR 2 study)
Thomas Bardin,1 Robert T Keenan,2 Puja P Khanna,3 Jeff Kopicko,4 Maple Fung,5

Nihar Bhakta,5 Scott Adler,6 Chris Storgard,5 Scott Baumgartner,7 Alexander So8

ABSTRACT
Objectives Determine the efficacy and safety of daily
lesinurad (200 or 400 mg orally) added to allopurinol in
patients with serum uric acid (sUA) above target in a
12-month, randomised, phase III trial.
Methods Patients on allopurinol ≥300 mg (≥200 mg
in moderate renal impairment) had sUA level of
≥6.5 mg/dL (≥387 mmol/L) at screening and two or
more gout flares in the prior year. Primary end point was
the proportion of patients achieving sUA level of
<6.0 mg/dL (<357 mmol/L) (month 6). Key secondary
end points were mean gout flare rate requiring treatment
(months 7 through 12) and proportions of patients with
complete resolution of one or more target tophi (month
12). Safety assessments included adverse events and
laboratory data.
Results Patients (n=610) were predominantly male,
with mean (±SD) age 51.2±10.90 years, gout duration
11.5±9.26 years and baseline sUA of 6.9±1.2 mg/dL
(410±71 mmol/L). Lesinurad at 200 and 400 mg doses,
added to allopurinol, significantly increased proportions
of patients achieving sUA target versus allopurinol-alone
therapy by month 6 (55.4%, 66.5% and 23.3%,
respectively, p<0.0001 both lesinurad+allopurinol
groups). In key secondary end points, there were no
statistically significant treatment-group differences
favouring lesinurad. Lesinurad was generally well
tolerated; the 200 mg dose had a safety profile
comparable with allopurinol-alone therapy. Renal-related
adverse events occurred in 5.9% of lesinurad 200 mg
+allopurinol, 15.0% of lesinurad 400 mg+allopurinol
and 4.9% of allopurinol-alone groups, with serum
creatinine elevation of ≥1.5× baseline in 5.9%, 15.0%
and 3.4%, respectively. Serious treatment-emergent
adverse events occurred in 4.4% of lesinurad 200 mg
+allopurinol, in 9.5% of lesinurad 400 mg+allopurinol
and in 3.9% of allopurinol-alone groups, respectively.
Conclusion Lesinurad added to allopurinol
demonstrated superior sUA lowering versus allopurinol-
alone therapy and lesinurad 200 mg was generally well
tolerated in patients with gout warranting additional
therapy.
Trial registration number NCT01493531.

INTRODUCTION
Gout is an inflammatory arthritis characterised by
the deposition of monosodium urate (MSU) crystals
in the joints, tendons and other connective tissues.

Crystal deposition secondary to long-standing
hyperuricemia can be reversed by lowering the con-
centration of serum uric acid (sUA) below the MSU
saturation point—leading, in the long term, to the
potential disappearance of signs and symptoms of
gout. As a result, current management guidelines
recommend maintenance of sUA to <6.0 mg/dL
(<357 mmol/L) in patients with gout.1–3

Allopurinol is recommended as a first-line urate-
lowering therapy (ULT).2 4 However, clinical trials
have demonstrated that >50% of patients do not
achieve sustained reductions in sUA at the most
commonly used allopurinol dose of 300 mg.5–8

Lesinurad (RDEA594) is a novel, selective uric acid
reabsorption inhibitor (SURI) for treatment of gout
in combination with xanthine oxidase inhibitors.
Lesinurad inhibits URAT1, a uric acid transporter
responsible for the reabsorption of uric acid from
the renal tubular lumen.9–11 Lesinurad in combin-
ation with allopurinol therefore provides a dual
mechanism for sUA lowering—an increase in excre-
tion of uric acid and a reduction in urate production.
Clinical studies have demonstrated that lesinurad

in combination with allopurinol reduces mean
sUA concentrations and increases proportions of
patients who achieve sUA targets.12–14 The current
phase III study—Combining Lesinurad with
Allopurinol Standard of Care in Inadequate
Responders (CLEAR 2)—is one of two replicate,
randomised, double-blind, placebo-controlled, mul-
ticentre studies to investigate lesinurad in combin-
ation with allopurinol in patients with gout.
CLEAR 1 was performed within the USA, included
603 patients with gout and provided outcomes
similar to the CLEAR 2 study.15

METHODS
Study design
CLEAR 2 was an international, phase III trial to
investigate the efficacy and safety of two lesinurad
doses (200 or 400 mg oral, once daily) in combin-
ation with allopurinol, versus allopurinol combined
with placebo (the control arm), in patients
demonstrating inadequate response to standard-
of-care allopurinol (ClinicalTrials.gov Identifier:
NCT01493531). The study was conducted in 12
countries in Europe, North America, South Africa,
Australia and New Zealand between December
2011 and July 2014.
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CLEAR 2 included a screening period of approximately
28 days, including a run-in of approximately 14 days on gout flare
prophylaxis and 12-month double-blind treatment (figure 1). The
study was conducted in accordance with Independent Ethics
Committee E6 Good Clinical Practice, the Declaration of
Helsinki (October 2008) and all applicable local regulatory
requirements.

Patients
Male or female patients aged 18–85 years with a diagnosis of
gout, body mass index <45 kg/m2, inadequate hypouricaemic
response to standard-of-care allopurinol and two or more gout
flares in the previous 12 months were eligible for study inclu-
sion. Patients were included if they met the 1977 American
Rheumatism Association preliminary classification criteria for
gout.16 Patients were required to have received allopurinol as
the sole ULT for ≥8 weeks prior to screening at a dose assessed
medically appropriate by the treating physician (minimum
300 mg/day (200 mg in moderate renal impairment)17 up to
800 or 900 mg, depending on locally approved dose). sUA was
required to be ≥6.5 mg/dL (≥387 mmol/L) at screening and
≥6.0 mg/dL (≥357 mmol/L) approximately 7 days prior to start
of treatment on day 1.

Patients with estimated creatinine clearance (eCrCl) <30 mL/
min were excluded from study. Patients with a history of kidney
stones were permitted. Complete exclusion criteria are included
in the online supplementary material 1.

Study medications
Eligible patients were randomised by double-blind method to
one of three treatment groups (lesinurad 200 mg, lesinurad
400 mg or placebo) in 1:1:1 ratio, added to continued treatment
with allopurinol at pre-study dose. Randomisation at study sites

used a centralised Interactive Voice Response System/Interactive
Web Response System.

Doses of lesinurad or matching placebo were taken once daily
in the morning with food and one cup of water. Compliance
was assessed from dispensing records and verification of
returned medication packaging. Concomitant medication use
was recorded at each study visit.

Gout flare prophylaxis was initiated at day −14, that is, the
same time as sponsor-provided allopurinol. Prophylaxis con-
sisted of colchicine (0.5 or 0.6 mg/day, as locally available) or a
non-steroidal anti-inflammatory drug (NSAID, dosed according
to local prescribing practice, with or without proton-pump
inhibitor) for patients who were intolerant to or had contraindi-
cations to colchicine. Gout flare prophylaxis was continued
through month 5, unless patients became intolerant or devel-
oped toxicity to prophylaxis.

Patients were encouraged to drink 2 L of fluid a day and
remain well hydrated, following American College of
Rheumatology guidelines for management of gout.2

Assessments
Efficacy assessments
The primary efficacy end point was the proportion of patients
in each treatment group with sUA <6.0 mg/dL (<357 mmol/L)
by month 6. Other sUA-related end points included proportions
of patients with sUA <6.0 mg/dL (<357 mmol/L), <5.0 mg/dL
(<297 mmol/L) and <4.0 mg/dL (<238 mmol/L) and mean
absolute and mean percentage changes from baseline in sUA at
each visit.

Two key secondary end points included: (1) mean rate of
gout flares requiring treatment for the 6-month period from
end of month 6 to end of month 12, reported on a daily elec-
tronic patient diary. This key secondary end point included only

Figure 1 CLEAR 2 trial design is shown. *200 mg permitted for renally impaired. Maximum allopurinol dose: 800 or 900 mg, according to local
label. Randomisation was stratified at day −7 by renal function (ie, estimated eCrCl ≥60 vs <60 mL/min, calculated by the Cockcroft-Gault formula
using ideal body weight) and by tophus status during screening (ie, one or more tophus versus no tophi). eCrCl, estimated creatinine clearance; sUA,
serum uric acid.
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clinically relevant gout flares, which were those requiring either
an increase in current medication or new medication and (2)
proportion of patients with target tophi at baseline who experi-
enced complete resolution of one or more target tophi by
month 12, that is, 100% decrease in tophus area. Target tophi
(up to five per patient) were tophi on the hands/wrists and/or
feet/ankles measured by digital Vernier callipers at ≥5 and
≤20 mm in longest diameter.18 Permitted treatments for gout
flares were colchicine, analgesics and/or anti-inflammatory medi-
cations, including oral and intra-articular corticosteroids.

Safety assessments
Safety assessments included treatment-emergent adverse events
(TEAEs; coded by Medical Dictionary for Regulatory Activities
(V.14.0)), clinical laboratory data, physical examination, ECG
and vital signs. Adverse events (AEs) of special interest included
renal and cardiovascular (CV) safety assessments.

Assessments of renal safety included renal-related and kidney
stone TEAEs (see online supplementary material 2) and clinical
laboratory data, including serum creatinine (sCr), creatine
kinase, urine protein-to-creatinine ratio and eCrCl levels. CV
safety was of special interest because of the known high rates of
CV risk factors in patients with gout.19 20 An independent
Cardiovascular Events Adjudication Committee (CEAC) rou-
tinely assessed AEs for potential CV relationship, with categor-
isation into major adverse CV events (MACEs) and non-MACE
end points (see online supplementary material 3).21

Statistical analyses
Comparisons of response proportions based on sUA level
between each lesinurad plus allopurinol group and the
allopurinol-alone group were performed using the
Cochran-Mantel-Haenszel (CMH) test statistic, stratified by day
−7 renal function and tophus status during screening. A
Bonferroni correction was used for the primary end point for
each of the two treatment comparisons with allopurinol-alone
therapy at an α level of 0.025. Testing of the key secondary end
points hierarchically at an α level of 0.05 was gated on both
dose contrasts being statistically significant for the primary end
point. If only one of the primary end point dose contrasts was
significant, then α=0.025 for each key secondary end point
within the surviving dose. All other efficacy end points were
evaluated at α=0.05 (nominal p value), two-sided, without
multiplicity adjustment. Results for the primary end point of
sUA response are expressed as proportions and p values.
Patients with missing values at month 6 or month 12 for any
reason were considered non-responders (non-responder imput-
ation, NRI).22 Key secondary end points were analysed using
negative binomial regression (gout flares) or CMH test (tophus
response). Mean rates of gout flares were adjusted for day −7
renal function, tophus status at screening and length of exposure
to randomised study medication. The time points and analytical
methods used in the study were agreed with multiple regulatory
agencies.

Safety data are listed by treatment arm and are not subjected
to statistical testing. TEAEs are coded by system organ class and
preferred term and are listed according to incidence, severity,
relation to study medication and relation to discontinuation. To
better identify potential clinically relevant changes in sCr
related to lesinurad by minimising discrepancies due to intra-
subject variability, baseline sCr was defined as the highest value
within 14 days prior to first dose of study medication. Relative
increase in sCr (ie, ≥1.5× and ≥2.0× the baseline level at any
time) was selected as the most clinically relevant sCr

assessment.23 24 Resolution of sCr elevation was defined as an
sCr value returned to ≤1.2× baseline.

A sample size of approximately 600 patients was planned to
be recruited, for an allocation of approximately 200 patients to
each treatment arm. This sample size was calculated to provide
greater than 90% power to detect a difference in response rate
between treatment groups if the allopurinol-alone group had a
30% response rate and the lesinurad groups had response rates
as low as 48% using Fisher’s exact test, adjusting for multiplicity
with α=0.025, two-sided, for each test.

All randomised patients who received at least one dose of
study medication were included in the intent-to-treat (ITT)
population, which was the primary population for efficacy and
safety assessments.

RESULTS
Patient disposition
Of the 2199 patients screened, 611 were randomised at 152
sites. Of the 611 randomised patients, 610 received at least one
dose of study medication (figure 2).

Demographic characteristics and clinical history
Demographics and baseline disease characteristics were similar
between treatment groups (table 1). Patients generally had long-
standing symptomatic gout (mean (±SD) time since diagnosis
11.5±9.3 years) and elevated baseline sUA (mean 6.9±1.2 mg/dL
(410±71 mmol/L)), with high rates of one or more predefined
comorbidities (ie, CV risk factors or kidney stones) at 79.2%.

Most patients (84.1%) received allopurinol at a daily dose of
300 mg, with 6.6% receiving <300 mg and 9.3% receiving
>300 mg; the overall dose range was 200–900 mg.

Study medications
Proportions of patients exhibiting ≥80% compliance with study
medication were 97.6%, 94.1% and 94.5% in the
allopurinol-alone, lesinurad 200 mg+allopurinol and lesinurad
400 mg+allopurinol groups, respectively.

Efficacy assessments
Primary end point of sUA response and secondary sUA end points
Proportions of patients achieving sUA level of <6.0 mg/dL
(<357 mmol/L) by month 6 (the primary end point) were
23.3%, 55.4% and 66.5% in the allopurinol-alone, lesinurad
200 mg+allopurinol and lesinurad 400 mg+allopurinol groups,
respectively, using NRI—significant differences were identified
for both lesinurad+allopurinol groups versus allopurinol-alone
(p<0.0001; CMH test) (figure 3).

Subgroup analyses based on age, sex, race, baseline sUA,
comorbidities, renal function and thiazide diuretic use provided
results consistent with primary analysis of the ITT population
(see online supplementary material 4 for renal function and
diuretic analyses).

Proportions of patients achieving the sUA target of
<6.0 mg/dL (<357 mmol/L) were greater in the lesinurad
200 mg+allopurinol and lesinurad 400 mg+allopurinol versus
allopurinol-alone group at all monthly assessments from month 1
to month 12 (nominal p<0.0001, all comparisons). Proportions
of patients achieving sUA level of <5.0 mg/dL (<297 mmol/L)
and <4.0 mg/dL (<238 mmol/L) were also greater in both
lesinurad+allopurinol groups versus allopurinol-alone group at
each monthly visit (sUA <5.0 mg/dL (<297 mmol/L): nominal
p<0.0001, both comparisons; sUA <4.0 mg/dL (<238 mmol/L):
nominal p<0.0001, both comparisons, except p<0.01 at
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month 1, lesinurad 200 mg+allopurinol). Figure 3 shows propor-
tions of patients at each sUA threshold by months 6 and 12.

Mean sUA levels were lower in both lesinurad+allopurinol
groups versus allopurinol-alone group at all time points (nominal
p<0.001, both comparisons compared with allopurinol-alone
therapy) (figure 4).

Secondary end point: gout flares requiring treatment
The gout flare rate and the proportions of patients with gout
flares requiring treatment were low and similar in all groups
throughout the study. Mean (±SE) rates of gout flares requiring
treatment from the end of month 6 to end of month 12 were
0.83±0.13 for allopurinol-alone group versus 0.73±0.12 and
0.77±0.13, respectively, in the lesinurad 200 mg+allopurinol
and lesinurad 400 mg+allopurinol groups (p=0.57 and 0.75 vs
allopurinol-alone group). Proportions of patients with a gout
flare requiring treatment through the study are shown in online
supplementary figure S2.

Secondary end point: tophus resolution
The numbers of patients with one or more target tophi at base-
line were low: 33, 35 and 29 in the allopurinol-alone, lesinurad
200 mg+allopurinol and lesinurad 400 mg+allopurinol groups,
respectively. In these respective groups, 33.3%, 31.4% and
27.6% of patients achieved complete resolution of one or more
target tophi by month 12 (p>0.05, both lesinurad+allopurinol
groups vs allopurinol-alone group).

Safety assessments
Adverse events
TEAEs were reported in 70.9%, 74.5% and 80.5% of the
allopurinol-alone, lesinurad 200 mg+allopurinol and lesinurad
400 mg+allopurinol groups, respectively (table 2). The majority
of TEAEs in each group had a maximum severity of grade 1 or
grade 2, based on Rheumatology Common Toxicity Criteria.25

The most common individual TEAEs—reported for
allopurinol-alone, lesinurad 200 mg+allopurinol and lesinurad
400 mg+allopurinol groups, respectively—were upper respira-
tory tract infection (10.2%, 6.9%, 15.0%), hypertension (4.9%,
8.3%, 8.0%), arthralgia (4.4%, 11.8%, 3.0%), increased blood
creatinine (3.4%, 3.9%, 9.5%) and diarrhoea (3.4%, 4.9%,
7.0%). The most common grade 3 or grade 4 TEAEs in these
respective groups were increased blood creatine kinase (1.5%,
0.5%, 1.5%) and myocardial infarction (MI) (0%, 0%, 1.5%).

Serious TEAEs were reported in 3.9%, 4.4% and 9.5%
of patients, respectively (table 2). Two deaths occurred in the
lesinurad 400 mg+allopurinol group (pulmonary oedema and
gastric cancer, respectively). TEAEs led to study-medication dis-
continuation in 5.3%, 3.4% and 9.5% of the allopurinol-alone,
lesinurad 200 mg+allopurinol and lesinurad 400 mg+allopur-
inol groups, respectively; the most common TEAE leading to
discontinuation was increased blood creatinine (1.0%, 0% and
2.5%, respectively).

Renal safety analyses
Renal-related TEAEs occurred in 4.9%, 5.9% and 15.0%, of
allopurinol-alone, lesinurad 200 mg+allopurinol and lesinurad

Figure 2 Patient disposition is shown. aScreened was defined as signing an informed consent form; b2 deaths reported for non-randomised
patients during screening and ccompleted the study with or without completing randomised study medication. One additional death occurred in the
LESU 400 mg+ALLO group. The subject experienced a serious adverse event and withdrew from the study. The primary reason for study withdrawal
was reported as ‘adverse event’. Of the 1538 screen failures, 1183 were related to inclusion criteria, 252 to exclusion criteria, 94 to both inclusion
and exclusion criteria and 9 to other. ALLO, allopurinol; LESU, lesinurad.
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Table 1 Demographic and baseline disease characteristics (intent-to-treat population)

ALLO alone (n=206) Lesinurad 200 mg+ALLO (n=204) Lesinurad 400 mg+ALLO (n=200) Total (n=610)

Sex (n (%))

Male 196 (95.1) 197 (96.6) 194 (97.0) 587 (96.2)

Female 10 (4.9) 7 (3.4) 6 (3.0) 23 (3.8)

Race (n (%))

White 155 (75.2) 167 (81.9) 160 (80.0) 482 (79.0)

Black or African-American 22 (10.7) 15 (7.4) 21 (10.5) 58 (9.5)

Asian 14 (6.8) 10 (4.9) 9 (4.5) 33 (5.4)

Native Hawaiian or other Pacific Islander 5 (2.4) 3 (1.5) 2 (1.0) 10 (1.6)

American-Indian or Alaska Native 1 (0.5) 1 (0.5) 0 2 (0.3)

Other 8 (3.9) 4 (2.0) 6 (3.0) 18 (3.0)

Missing 0 0 1 (0.5) 1 (0.2)

Age (years)

Mean (SD) 51.4 (10.56) 51.0 (11.11) 51.3 (11.08) 51.2 (10.90)

Min, max 21, 80 21, 82 18, 80 18, 82

BMI (kg/m2)

Mean (SD) 33.87 (6.19) 34.67 (6.43) 33.81 (6.68) 34.12 (6.44)

Min, max 21.91, 56.27 22.55, 55.63 22.76, 69.36 21.91, 69.36

Duration since gout diagnosis (years)

Mean (SD) 11.31 (9.38) 12.25 (9.75) 11.02 (8.59) 11.53 (9.26)

Min, max 0.2, 53.0 0.5, 45.0 0.0, 47.4 0.0, 53.0

Presence of tophi at screening (n (%))

Yes 48 (23.3) 49 (24.0) 47 (23.5) 144 (23.6)

No 158 (76.7) 155 (76.0) 153 (76.5) 466 (76.4)

Presence of ≥1 target tophus at baseline (n (%))

Yes 33 (16.0) 35 (17.2) 29 (14.5) 97 (15.9)

No 173 (84.0) 169 (82.8) 171 (85.5) 513 (84.1)

No. of target tophi at baseline

n 33 35 29 97

Mean (SD) 2.2 (1.36) 2.0 (1.34) 2.5 (1.53) 2.2 (1.40)

Min, max 1, 5 1, 5 1, 5 1, 5

No. of gout flares in the past 12 months

Mean (SD) 5.8 (4.92) 6.7 (7.01) 6.1 (5.65) 6.2 (5.93)

Min, max 2, 30 2, 50 2, 48 2, 50

Renal function at baseline (mL/min) (n (%))

eCrCl ≥90 72 (35.0) 80 (39.2) 85 (42.5) 237 (38.9)

eCrCl <90 133 (64.6) 124 (60.8) 114 (57.0) 371 (60.8)

eCrCl ≥60 165 (80.1) 175 (85.8) 170 (85.0) 510 (83.6)

eCrCl <60 40 (19.4) 29 (14.2) 29 (14.5) 98 (16.1)

CV risk factors (n (%))

Hypertension 141 (68.4) 131 (64.2) 121 (60.5) 393 (64.4)

Hyperlipidaemia 76 (36.9) 86 (42.2) 93 (46.5) 255 (41.8)

Type 2 diabetes 28 (13.6) 31 (15.2) 26 (13.0) 85 (13.9)

History of kidney stones (n (%)) 28 (13.6) 23 (11.3) 18 (9.0) 69 (11.3)

Baseline thiazide/thiazide-like
diuretic use (n (%))

37 (18.0) 43 (21.1) 35 (17.5) 115 (18.9)

sUA at baseline (mg/dL) (mmol/L)

Mean (SD) 7.0 (1.3) (416 (75)) 6.8 (1.1) (407 (66)) 6.9 (1.2) (410 (71)) 6.9 (1.2) (410 (71))

Min, max 3.4, 11.3 (202, 672) 4.0, 11.3 (238, 672) 3.8, 11.0 (226, 654) 3.4, 11.3 (202, 672)

sUA category at baseline (n (%))

<8.0 mg/dL (<476 mmol/L) 162 (78.6) 177 (86.8) 164 (82.0) 503 (82.5)

≥8.0 mg/dL (≥476 mmol/L) 44 (21.4) 27 (13.2) 36 (18.0) 107 (17.5)

Continued
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400 mg+allopurinol groups, respectively. The most common
renal-related TEAEs in these respective groups were increased
blood creatinine (3.4%, 3.9%, 9.5%), increased blood urea
(0%, 2.0%, 1.5%) and renal failure (0.5%, 1.0%, 1.5%). One
patient (0.5%) in the allopurinol-alone group experienced a
serious renal-related TEAE, versus no patients in the lesinurad
200 mg+allopurinol and two patients (1.0%) in the lesinurad
400 mg+allopurinol group. Kidney stone TEAEs were reported
in 0.5%, 0% and 3.0%, respectively.

sCr elevation ≥1.5× baseline occurred in 3.4% (n=7), 5.9%
(n=12) and 15.0% (n=30) of allopurinol-alone, lesinurad
200 mg+allopurinol and lesinurad 400 mg+allopurinol groups,
respectively. sCr elevation ≥1.5× was transient and reversible in
most cases and the majority of sCr elevations resolved by the
time of the next assessment; there were three unresolved sCr
elevations in the allopurinol-alone group at last visit versus none
in the lesinurad 200 mg+allopurinol and seven in the lesinurad
400 mg+allopurinol group (see online supplementary table S1).
sCr elevation ≥2.0× baseline occurred in 0%, 2.0% (n=4) and
8.0% (n=16) of patients, respectively. Again, most elevations
≥2.0× baseline were transient and reversible; no sCr elevations
≥2.0× were unresolved at last visit in the lesinurad 200 mg
+allopurinol group and five cases were unresolved in the lesi-
nurad 400 mg+allopurinol group. In approximately two-thirds
of sCr elevations, resolution occurred while patients continued
on study medication.

In all treatment groups, proportions of patients with an sCr
elevation ≥1.5× baseline tended to be higher for patients (1)
who were taking an NSAID than colchicine; (2) who did not
achieve target sUA at month 6 versus responders and (3) who
had one or more tophi at screening versus those without tophi,
although small subgroup sizes render interpretation difficult (see
online supplementary table S2). There was no apparent associ-
ation between sCr elevation and baseline renal function or other
concomitant medications.

Renal function remained stable across the treatment groups,
as measured by mean (SD) changes in eCrCl, from baseline to
last value. Mean (±SD) changes in eCrCl in the
allopurinol-alone, lesinurad 200 mg+allopurinol and lesinurad
400 mg+allopurinol groups were 3.0±9.7, −0.5±11.5 and
−5.7±13.9 mg/dL, respectively, from baseline to last value on
treatment and were 1.8±11.7, 2.7±10.0 and 1.1±24.2 mg/dL
from baseline to last value off treatment at follow-up (in patients
not entering a separate extension study, n=133).

CV safety analyses
TEAEs were adjudicated as CV events in 5.3% (n=11 patients),
3.9% (n=8 patients) and 3.0% (n=6 patients) of
allopurinol-alone, lesinurad 200 mg+allopurinol and lesinurad
400 mg+allopurinol groups, respectively. CEAC-adjudicated cri-
teria for MACE were met by three patients (four events, includ-
ing three MIs and one death due to pulmonary oedema), all in

Table 1 Continued

ALLO alone (n=206) Lesinurad 200 mg+ALLO (n=204) Lesinurad 400 mg+ALLO (n=200) Total (n=610)

Type of gout flare prophylaxis at baseline (n (%))

Colchicine 159 (77.2) 181 (88.7) 167 (83.5) 507 (83.1)

NSAID 51 (24.8) 23 (11.3) 36 (18.0) 110 (18.0)

Both 8 (3.9) 4 (2.0) 3 (1.5) 15 (2.5)

Other or missing 4 (1.9) 4 (2.0) 0 8 (1.3)

Allopurinol dose at baseline (mg/day)

Mean (SD) 308.7 (69.29) 313.5 (78.33) 314.8 (77.62) 312.3 (75.08)

Min, max 200, 600 200, 900 200, 900 200, 900

ALLO, allopurinol; BMI, body mass index; CV, cardiovascular; eCrCl, estimated creatinine clearance; NSAID, non-steroidal anti-inflammatory drug; sUA, serum uric acid.

Figure 3 Proportions of patients achieving sUA target of <6.0 mg/dL (<357 mmol/L), <5.0 mg/dL (<297 mmol/L) and <4.0 mg/dL (<238 mmol/L),
by months 6 and 12 (ITT population) are shown. Primary end point: proportion of patients achieving sUA target of <6.0 mg/dL (<357 mmol/L) by
month 6. *p<0.0001. Note: Subjects missing sUA results were treated as non-responders. All comparisons used a two-sided Cochran-Mantel-
Haenszel test stratified by day −7 renal function and tophus status during screening (randomised stratification factor values), with non-responder
imputation and adjustment for multiple comparisons for the primary end point (Bonferroni correction). ALLO, allopurinol; ITT, intention to treat;
LESU, lesinurad; sUA, serum uric acid.
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the lesinurad 400 mg+allopurinol group. Non-MACE CV end
points were reported in five patients (five events), two patients
(two events) and no patients, respectively.

Other clinical laboratory tests and vital signs
Clinical laboratory results (excluding renal laboratory results,
reported above) and urinalysis were comparable between treat-
ment groups. Elevations in creatine kinase >5× upper limit of
normal were in 5.3%, 2.0% and 3.0% of allopurinol-alone, lesi-
nurad 200 mg+allopurinol and lesinurad 400 mg+allopurinol
groups, respectively. There were no notable changes in vital signs.

DISCUSSION
Allopurinol at the 300 mg dose is frequently unable to achieve
target sUA levels.5–8 Guidelines recommend increasing the allo-
purinol dose above 300 mg/day to attain target sUA, but this
happens rarely in practice, in part due to physician’s concerns
over safety of doses >300 mg.4 6 25–29 Other management
options include switching from allopurinol to febuxostat, or
adding a uricosuric to allopurinol, based on evidence from
earlier, small trials.30–32 CLEAR 2 and the similarly designed
CLEAR 115 were the initial large studies to validate a combin-
ation approach using a URAT1 inhibitor that inhibits uric acid
reabsorption (ie, lesinurad) with allopurinol.

In CLEAR 2, lesinurad at both doses (200 or 400 mg) com-
bined with continued allopurinol significantly increased the pro-
portions of patients achieving sUA target of <6.0 mg/dL
(<357 mmol/L) by month 6 (p<0.0001), with more than twice
as many patients reaching goal versus allopurinol-alone therapy.
Onset of sUA reduction in the lesinurad groups was rapid, with
significant differences from allopurinol-alone group by first
assessment at month 1. The significant increase in proportions
of patients who achieved sUA target in both lesinurad+allopur-
inol groups versus allopurinol-alone group was sustained over
the 12-month study. Consistent response rates were observed,
irrespective of renal function or thiazide diuretic use.

There were no statistically significant differences favouring
lesinurad treatment in the rates of gout flare requiring treatment
or complete resolution of tophi, which occurred at low inci-
dences at baseline and during study. In relation to these key

secondary end points, treatment may be required for more than
12 months for the full effects to be observed.33

Lesinurad was generally well tolerated, particularly at the
200 mg dose, where the TEAE and serious TEAE profiles were
comparable with the allopurinol-alone group. Higher TEAE
incidences were seen in the lesinurad 400 mg+allopurinol
group. Renal-related TEAEs occurred at similar incidences in
the lesinurad 200 mg+allopurinol and allopurinol-alone groups,
with a higher incidence in the lesinurad 400 mg+allopurinol
than lesinurad 200 mg+allopurinol group; the lesinurad
400 mg+allopurinol group also showed a higher incidence of
sCr elevation. The majority of sCr elevations resolved by the
next assessment and in most cases without interruption in study
medication. Mean renal function did not differ between the
treatment groups both before and after treatment. The mechan-
ism of sCr elevation associated with lesinurad may be via
increased excretion of urinary uric acid, which has the potential
to induce uric acid microcrystallisation in the renal tubules.
Urine protein-to-creatinine ratio and urinalyses did not change
during the study, suggesting that sCr elevation was not asso-
ciated with renal parenchymal sequelae. Patients with unre-
solved sCr elevations showed no defining characteristics
compared with those whose sCr elevation resolved.

Other therapies which inhibit URAT1 have been associated
with development of kidney stones.34 35 The lack of increase in
kidney stone numbers during lesinurad therapy is potentially
because of concomitant allopurinol use, which reduces uric acid
production.36 37 The rate of nephrolithiasis may also have been
influenced by timing of lesinurad administration, as once-daily
dosing in the morning increases urinary uric acid at a time when
urine volume and urine pH are highest and the potential for
uric acid precipitation is lowest.38 39

Prescribing information for the approved dose of lesinurad
200 mg recommends assessment of renal function prior to initi-
ation of therapy and periodically thereafter, particularly in
patients whose CrCl is 30–<45 mL/min, with discontinuation
recommended if CrCl is persistently <30 mL/min (ie, severe
renal impairment). Lesinurad is also contraindicated in subjects
with end-stage renal disease, kidney transplant recipients or
patients on dialysis.

Figure 4 Graph showing the mean
(SE) sUA levels by visit (observed
cases, intent-to-treat population).
Mean change from baseline for each
active treatment group was compared
with the ALLO-alone group using
analysis of covariance, with p<0.001
at each time point. ALLO, allopurinol;
LESU, lesinurad; sUA, serum uric acid.
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CV comorbidities and risk factors were present in approxi-
mately 80% of patients, reflecting the high rates of CV disease
in patients with gout.40–42 The proportions of patients with
TEAEs classified as CV events during study were low and similar
in treatment groups. Incidences of MACE events—that is,
serious CV events including CV deaths, non-fatal MI and non-
fatal stroke—were similarly low. Three patients experienced
MACE in the study, all receiving lesinurad 400 mg. Low rates of
MACE events during gout treatment were also reported in the
open-label Long-term Allopurinol Safety Study Evaluating
Outcomes in Gout Patients (LASSO) study, which reported a
rate of 0.58% over 6 months for MACE during allopurinol
treatment (incidence rate 1.42/100 patient-years).6

Limitations of CLEAR 2 include the limited data on allopur-
inol doses >300 mg, the relatively low proportion of women
enrolled, low number of patients with evaluable tophi and the
relatively short-term follow-up period that limits the ability to
adequately study flares and tophi. Rates of gout flares and
tophus resolution over the longer term are being investigated in
an extension study (NCT01808131).

In conclusion, lesinurad (200 and 400 mg), a novel SURI, in
combination with allopurinol significantly increased the propor-
tion of patients achieving the target sUA of <6.0 mg/dL
(<357 mmol/L) by month 6 and other sUA end points compared
with allopurinol-alone therapy. There were no statistically
significant treatment-group differences favouring lesinurad for
rate of gout flares or complete tophus resolution. The combin-
ation therapy was generally well tolerated, particularly at the
200 mg lesinurad dose approved by the US Food and Drug
Administration and European Medicines Agency, except for
higher incidences of predominantly reversible sCr elevation
compared with allopurinol-alone therapy. There were no cases
of unresolved sCr elevation ≥1.5× in the lesinurad 200 mg
+allopurinol group, versus three unresolved cases in the
allopurinol-alone group and seven in the lesinurad 400 mg

Table 2 Overall summary of TEAEs (safety population)

Adverse event
category, n (%)

ALLO
alone
(n=206)

Lesinurad 200
mg+ALLO
(n=204)

Lesinurad 400
mg+ALLO
(n=200)

Any TEAE 146 (70.9) 152 (74.5) 161 (80.5)

Any TEAE with RCTC
toxicity grade 3 or 4

23 (11.2) 19 (9.3) 27 (13.5)

Any TEAE possibly related
to randomised study
medication

39 (18.9) 40 (19.6) 50 (25.0)

Any serious TEAE 8 (3.9) 9 (4.4) 19 (9.5)

Any fatal TEAE 0 0 2 (1.0)

Any TEAE leading to
randomised study
medication discontinuation

11 (5.3) 7 (3.4) 19 (9.5)

Any TEAE leading to study
withdrawal

7 (3.4) 4 (2.0) 12 (6.0)

Individual serious TEAEs,
n (%)

Infections and infestations

Pneumonia 0 2 (1.0) 0

Bronchopneumonia 0 0 1 (0.5)

Cellulitis 0 0 1 (0.5)

Empyema 0 1 (0.5) 0

Pyelonephritis chronic 0 0 1 (0.5)

Sinobronchitis 0 1 (0.5) 0

Abscess limb 1 (0.5) 0 0

Appendicitis 1 (0.5) 0 0

Diverticulitis 1 (0.5) 0 0

Neoplasms benign, malignant and unspecified

Basal cell carcinoma 0 0 1 (0.5)

Gastric cancer 0 0 1 (0.5)*

Ovarian adenoma 0 1 (0.5) 0

Parathyroid tumour
benign

0 1 (0.5) 0

Prostate cancer 0 0 1 (0.5)

Pancreatic
neuroendocrine tumour

1 (0.5) 0 0

Metabolism and nutrition disorders

Gout flare 0 0 2 (1.0)

Psychiatric disorders

Depression 0 1 (0.5) 0

Dissociative disorder 0 0 1 (0.5)

Nervous system disorders

Subarachnoid
haemorrhage

1 (0.5) 0 0

Cardiac disorders

Myocardial infarction 0 0 3 (1.5%)

Atrial fibrillation 0 1 (0.5) 0

Coronary artery disease 0 0 1 (0.5)

Intracardiac thrombus 0 0 1 (0.5)

Vascular disorders

Hypertensive crisis 0 0 1 (0.5)

Respiratory, thoracic and mediastinal disorders

Pulmonary oedema 0 0 1 (0.5)*

Gastrointestinal disorders

Duodenal ulcer
haemorrhage

1 (0.5) 0 1 (0.5)

Gastrointestinal
haemorrhage

0 1 (0.5) 0

Continued

Table 2 Continued

Adverse event
category, n (%)

ALLO
alone
(n=206)

Lesinurad 200
mg+ALLO
(n=204)

Lesinurad 400
mg+ALLO
(n=200)

Musculoskeletal and connective tissue disorders

Osteoarthritis 0 0 2 (1.0)

Arthralgia 0 1 (0.5) 0

Back pain 0 1 (0.5) 0

Flank pain 0 1 (0.5) 0

Intervertebral disc
degeneration

0 0 1 (0.5)

Renal and urinary disorders

Nephrolithiasis 0 0 2 (1.0)

Renal failure acute 1 (0.5) 0 1 (0.5)

Renal impairment 0 0 1 (0.5)

General disorders and administration site conditions

Adverse drug reaction 0 1 (0.5) 0

Non-cardiac chest pain 0 1 (0.5) 0

Injury, poisoning and procedural complications

Multiple drug overdose 0 1 (0.5) 0

Multiple injuries 0 1 (0.5) 0

Femur fracture 1 (0.5) 0 0

*Fatal serious TEAE.
ALLO, allopurinol; RCTC, Rheumatology Common Toxicity Criteria; TEAE,
treatment-emergent adverse event.
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+allopurinol group. By using a dual mechanism approach to
reduce sUA, combination therapy with lesinurad and allopurinol
represents a treatment option for patients with gout inad-
equately controlled on allopurinol-alone therapy.
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ABSTRACT
Objectives Autoinflammatory diseases cause systemic
inflammation that can result in damage to multiple
organs. A validated instrument is essential to quantify
damage in individual patients and to compare disease
outcomes in clinical studies. Currently, there is no such
tool. Our objective was to develop a common
autoinflammatory disease damage index (ADDI) for
familial Mediterranean fever, cryopyrin-associated
periodic syndromes, tumour necrosis factor receptor-
associated periodic fever syndrome and mevalonate
kinase deficiency.
Methods We developed the ADDI by consensus
building. The top 40 enrollers of patients in the
Eurofever Registry and 9 experts from the Americas
participated in multiple rounds of online surveys to select
items and definitions. Further, 22 (parents of ) patients
rated damage items and suggested new items.
A consensus meeting was held to refine the items and
definitions, which were then formally weighted in a
scoring system derived using decision-making software,
known as 1000minds.
Results More than 80% of the experts and patients
completed the online surveys. The preliminary ADDI
contains 18 items, categorised in the following eight
organ systems: reproductive, renal/amyloidosis,
developmental, serosal, neurological, ears, ocular and
musculoskeletal damage. The categories renal/
amyloidosis and neurological damage were assigned the
highest number of points, serosal damage the lowest
number of points. The involvement of (parents of )
patients resulted in the inclusion of, for example, chronic
musculoskeletal pain.
Conclusions An instrument to measure damage
caused by autoinflammatory diseases is developed based
on consensus building. Patients fulfilled a significant role
in this process.

INTRODUCTION
Autoinflammatory diseases (AIDs) cover a spectrum
of diseases, which lead to chronic or recurrent
inflammation caused by activation of the innate
immune system, typically in the absence of high-
titre autoantibodies.1 Over recent decades, a
number of autoinflammatory diseases have been
recognised, genetic defects identified and the
pathogenic mechanisms elucidated.2

The four most common monogenic AIDs are
cryopyrin-associated periodic syndromes (CAPS),
familial Mediterranean fever (FMF), mevalonate
kinase deficiency (MKD) and tumour necrosis
factor receptor-associated periodic fever syndrome
(TRAPS). In these hereditary AIDs, chronic and
recurrent inflammation can lead to both acute
disease and chronic irreversible damage.3

Targeted therapy for many AIDs has become
available with blocking interleukin-1 β signalling
and/or tumour necrosis factor signalling, and for
many patients, control of active inflammation can
be achieved. However, organ damage may have
accrued in the prediagnostic or pretherapeutic
phase of the illness, particularly for those with
delayed diagnosis; and the control of disease activ-
ity may not be complete in every patient.4

Therefore, many patients may still develop chronic
damage from AID. This is especially true for
patients for whom effective therapy is unaffordable
or unavailable since many of these biological treat-
ments are very expensive. To date, there is no vali-
dated means of assessing the long-term burden of
AID available.
Currently, there is a patient-reported validated

tool to quantify acute inflammatory activity in
inherited periodic fevers (the autoinflammatory
disease activity index); and there is a disease severity
index for FMF, but by definition these do not assess
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long-term damage such as hearing loss, blindness and renal
failure.5–8 Damage indices for other rheumatic diseases such as
vasculitis, systemic lupus erythematosus, dermatomyositis
and juvenile idiopathic arthritis have already been developed and
validated.9–13

When devising new damage assessment tools, therapeutic
toxicity must also be considered, for example, chronic gluco-
corticoid toxicity, which can lead to cataract, growth failure and
other damaging side effects. Thus, a comprehensive damage
outcome measurement tool for AID must capture chronic and
potentially irreversible disorders of structure and function that
have risen in patients as a result of their autoinflammatory
disease and/or its treatment. The creation of such an index was a
stated aim of the European Union ERANET-PRIOMEDCHILD
RaDiCEA Project No. 40-41800-98-007.

The main intended purpose of the autoinflammatory disease
damage index (ADDI) is to analyse the outcome of patient
groups, for example, to capture and record damage in clinical
trials. In addition, it may serve as an aid to physicians in asses-
sing the needs of their patients, for example, when trying to
secure funding for biological therapies. The proposed ADDI
will be designed for use in the four more commonly encoun-
tered monogenic AIDs: FMF, CAPS, TRAPS and MKD. The
ADDI will ideally be used as one of a set of measures to capture
the disease burden for affected patients, in addition to validated
measures of disease activity, disease severity and quality of life.

METHODS
We developed the ADDI by consensus building, with online
surveys based on the Delphi method followed by a face-to-face
consensus meeting. The Delphi method is a widely accepted and
commonly used method to structurally reach consensus in a
group of experts.14

Selection of experts and patients
The top 40 enrollers to the Eurofever Registry, a European
research database for patients with AID,15 were invited to par-
ticipate as experts; another nine experts who had not partici-
pated in the European-based Eurofever Registry were recruited
from the Americas. Members of this expert group participated
in multiple online surveys and were invited for the face-to-face
consensus meeting. In close collaboration with the
Autoinflammatory Alliance,16 we also invited 22 patients and
parents of patients with FMF, CAPS, TRAPS or MKD to partici-
pate in an online survey, and an additional 3 patients to partici-
pate in the weighting of items, using the 1000minds
decision-making software (see below, step 4). Inclusion criteria
for selection were (1) English-speaking patients of 18 years and
older or parents of a paediatric patient with FMF, MKD, CAPS
or TRAPS; and (2) provision of fully informed signed consent
to participate in this exercise, separately for both online surveys
and interviews.

Step 1: search for possible damage items
First, a systematic literature search was performed to establish
possible damage items for FMF, MKD, CAPS and TRAPS.
Inclusion of articles to be considered was based on (1) all
studies and case series describing symptoms and complications
of more than three patients with FMF, MKD, CAPS and/or
TRAPS; (2) published in English; and (3) case reports (with
three or fewer patients) were included if they described signifi-
cant new damage items. All data on the prevalence of the seque-
lae were extracted. We included all sequelae described in studies
with patients with FMF, CAPS, TRAPS and MKD, which were

likely to be caused by chronic inflammation or its treatment and
which persisted after resolution of inflammatory episodes.

Second, we screened all items scored in the Eurofever
Registry to identify new damage items not identified from the
literature review. Third, we asked patients in the first online
survey to propose relevant new damage items. We interviewed
the patients who gave informed consent for the interviews to
try to identify other relevant damage items: we asked them spe-
cifically which complications/symptoms they most fear, and
which symptoms/complications create the greatest limitation of
daily life. Finally, we asked experts in the first online survey for
relevant new damage items (see step 2).

Step 2: multiple rounds of online surveys with experts
Four rounds of online surveys were performed as a preparation
for the consensus meeting. Experts scored all potential damage
items for inclusion in the index, as well as the definitions and
grading of items. Experts also suggested new items, combina-
tions of items and new options for definitions/grading. If ≥80%
of the experts endorsed an item, it was included in the index. If
an item reached <50% consensus, the item was excluded. In
cases where 50–80% of the experts favoured inclusion, it was
reconsidered in the next round. These thresholds were also used
for the definitions and grading of the items.

Step 3: face-to-face consensus meeting
The 43 experts who completed one or more of the online
surveys, as well as the director of the Autoinflammatory Alliance
as a patient/parent representative, were invited to the consensus
meeting. The first day the definition of damage and the inclu-
sion/definitions of the items that did not reach consensus in the
online surveys were discussed. On day 2, all items that reached
consensus in the online surveys were refined. The results of the
online surveys with experts and the patient/parent surveys and
interviews were presented per item, followed by a maximum of
three voting rounds and discussion. Items and definitions with
80% consensus or more were included in the ADDI. Items with
no consensus after three voting rounds were excluded. After the
consensus meeting, we sent a final online survey to all partici-
pants to ask whether they agreed with the items including the
definitions as proposed at the consensus meeting.

Step 4: development of a scoring system
To assign an appropriate weight to each damage item, we used
the 1000minds software in order to develop the scoring system
of the ADDI.17 1000minds is a decision-making program that
compares two items in order to grade the alternatives using the
Potentially All Pairwise RanKings of all possible Alternatives
(PAPRIKA) method.18 Briefly, this method provides repeated
comparisons between two items; the expert or patient chooses
which of the two items constitutes the greater burden for
patients. Each item receives a ‘preference value’ according to the
PAPRIKA method; this reflects the importance of this item com-
pared with all the other items. Hence, items with the greatest
burden got the highest preference value and thus received most
points in the ADDI.

All experts and the patients were asked to complete
1000minds. We compared the means of the patient survey and
the expert survey. Differences between the overall mean and the
expert mean, as well as maximising the amount of points per
category, were discussed in a web conference with a small group
of experts. These experts were from different continents and
included both paediatric rheumatologists and rheumatologists
for adults.
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RESULTS
Identification of damage items from literature search
and Eurofever Registry
In the literature searches, we found 1712 articles for CAPS, 632
for MKD, 2602 for FMF and 486 for TRAPS; after screening for
title and abstract, 150 articles for CAPS, 87 for MKD, 251 for
FMF and 55 for TRAPS remained. After screening for full text,
we included 36 articles for CAPS, 9 for MKD, 54 for FMF and 8
for TRAPS; in total, 49 separate damage items were extracted
from these articles (figure 1). Eight additional items extracted
from the Eurofever Registry were arterial and venous throm-
bosis, arterial aneurysm, large vessel vasculopathy, pulmonary
fibrosis, lymphatic dysplasia, camptodactyly and kyphoscoliosis.
All these items were included in the online surveys with experts
and patients. No new items were selected from the case reports.

Patient/parent online survey and interviews
Twenty-two patients/parents of patients provided informed
consent to participate in the online surveys. Twenty-one patients
(95%) completed the online survey and nine of them gave
informed consent for an interview. For patient characteristics,
see table 1. Patients/parents suggested 18 new damage items,
including sexual dysfunction, chronic fatigue and chronic mus-
culoskeletal pain (table 2). The five most important damage
items according to patients were AA amyloidosis, joint damage,
vision loss, neurological damage and renal failure. All these
items were included in the preliminary ADDI.

Expert online surveys
Forty-nine experts were invited for the online surveys. The
median number (range) of included patients in the Eurofever
Registry for the 40 Eurofever experts was 49 (19-194) patients
per expert.

All rounds were completed by >80% of the experts. Experts
suggested 16 new damage items, including persistent haema-
turia, chronic fatigue and corneal opacities (table 3). Eight items
reached consensus for inclusion in the online surveys. Forty-two
items were excluded as <50% of the experts voted in favour of
the item. Examples were lymphatic dysplasia, sexual dysfunction
and glomerulonephritis. Sexual dysfunction was excluded
because experts concluded that it would be difficult to prove a
causal relation with the disease (ie, whether it can be seen as
disease-associated damage); moreover, it might reflect disease
activity rather than damage. Seven items were discussed in the
consensus meeting as between 50% and 80% of the experts
wanted to include the item. Also, 6 of the 15 definitions
required further discussion in the consensus meeting.

Consensus meeting
On the first day, 31 of the 43 invited participants were able to
attend the meeting. The participants discussed the items and
definitions that did not reach consensus in the online survey.
The participants excluded neuropathy, muscle weakness and
mood disorders. Consensus was reached about all definitions
that needed reconsideration. On the second day, 29 experts

Figure 1 Damage items extracted from literature for familial Mediterranean fever,3 19–71 cryopyrin-associated periodic syndromes,3 72–106 tumour
necrosis factor receptor-associated periodic fever syndrome3 67 107–112 and mevalonate kinase deficiency.3 113–119
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were present and refined all items that already reached consen-
sus, including the definitions of these items. In the online survey
following the consensus meeting, 35 experts agreed with almost
all adaptations made in the consensus meeting. Only fatigue was
finally excluded following this survey.

Most important discussions in the consensus meeting
Inclusion of infertility and amenorrhoea did not reach consen-
sus in the online surveys, but in the consensus meeting adult
rheumatologists emphasised the great burden for patients caused
by infertility. After discussion, >80% of the participants agreed
on including these items.

Cognitive impairment was included as an addition to develop-
mental delay in the consensus meeting. As there is a variety of
rare but severe central nervous system (CNS) complications, the
participants decided to group all in one item, CNS involvement.

The group decided to replace the item abdominal adhesions
with serosal scarring in order to include all potential serosal
damage, for example, retroperitoneal fibrosis. Destructive arth-
ritis and joint contractures were combined into one inclusive
item, joint restriction, as movement limitation was considered
the most important functional impact of both items.

Chronic headache was excluded because this item had a sig-
nificant overlap with elevated intracranial pressure. Chronic
musculoskeletal pain and fatigue were initially included in the
consensus meeting because of the important burden for patients,
albeit with a lot of discussion. Fatigue was later excluded in the
final online survey because the experts agreed that although
fatigue can hugely impact a patient’s life, it is difficult to assess
due to its subjective nature and variable relationship with
disease activity.

Development of the scoring system
In total, 37 experts and 14 patients completed the 1000minds
survey. The means of preference values (experts and patients)
ranged from 1.5 to 7.5, in which 1.5 reflected the lowest and
7.5 the highest burden for patients. Experts and patients gener-
ally scored similar on the preference values (figure 2). A prelimi-
nary scoring system based on these preference values was
presented to a panel of seven representative experts and dis-
cussed in a conference call. All items with a mean preference
value of <3.5 received one point, 3.5 to 5.5 received two
points (with the exception of serosal scarring, which received
one point) and of >5.5 three points. Serosal scarring received
one point; the experts agreed in the conference call that the
consequences are less severe in comparison to other items
receiving two points. Further, a maximum of points per cat-
egory was defined in order to prevent double scoring of identi-
cal items. Renal/amyloidosis received a maximum amount of six
points as amyloidosis often leads to renal damage. Also, the
neurological and musculoskeletal categories received a decreased
maximum of points because of the overlap of the items.

DISCUSSION
We developed a damage index for AID. The proposed ADDI
contains 18 items. The damage items are categorised by organ
system. All damage items are clearly defined and easy to score.
Completing the ADDI should take approximately 5 min. The
ADDI will make it possible to analyse outcomes in patient
groups and compare the results of different studies, but also to
systematically measure damage in a single patient.

The first key strength in the development of the ADDI is the
number of worldwide experts that participated. Forty European/
Middle Eastern and nine American experts were invited, with
the aim of making the ADDI a global instrument. We made the
selection of experts based on their clinical experience, which
guarantees the capability of these experts to judge the import-
ance of damage caused by AID. Furthermore, all online surveys
were completed by >80% of the experts, which is important
for both validity and acceptability of consensus statements. A
high proportion of the experts attended the consensus meeting.

The second key strength is the participation of patients and
parents of patients in all the steps that led to the development
of the ADDI. This is important to make it a widely relevant
damage index that can represent the burden for patients.

Table 1 Patient characteristics

First online
survey Interviews

1000minds
survey

Total no. of participants, n 21 9 14

Type of participant, n (%)

Patients 12 (57) 3 (33) 8 (57)

Parents 9 (43) 6 (67) 6 (43)

Age, median in years (range) 28 (2–74) 15 (6–68) 29 (6–74)

Disease, n (%)

MKD 6 (29) 1 (11) 3 (21)

TRAPS 5 (24) 3 (33) 3 (21)

CAPS 9 (43) 4 (44) 6 (43)

FMF 1 (5) 1 (11) 2 (14)

Country of residence, n (%)

Australia 2 (10) 7 (78) 1 (7)

Canada 1 (5) 2 (22) 0 (0)

Switzerland 1 (5) 0 (0) 0 (0)

Netherlands 2 (10) 0 (0) 2 (14)

USA 15 (71) 0 (0) 10 (71)

UK 0 (0) 0 (0) 1 (7)

CAPS, cryopyrin-associated periodic syndromes; FMF, familial Mediterranean fever; MKD,
mevalonate kinase deficiency; TRAPS, tumour necrosis factor receptor-associated
periodic fever syndrome.

Table 2 Items suggested by patients and experts as an addition to
the literature

Category Patient suggestions Expert suggestions

Developmental Learning difficulties
Speech developmental delay

Learning disabilities

Reproductive Amenorrhoea
Sexual dysfunction

Amenorrhoea

Neurological Memory problems
Delayed motor skill development
Hand coordination problems

Hemiplegia/quadriplegia
Mobility impairment

Gastrointestinal Irritable bowel syndrome
Portal hypertension

Malabsorption
Portal hypertension
Liver steatosis

Musculoskeletal Craniofacial deformities Facial deformities
Muscle wasting

Ocular Corneal haze
Retinitis pigmentosa

Corneal opacity
Retinitis pigmentosa

Renal Persistent haematuria

Other Social problems
Loss of future perspective
Chronic fatigue
Surgeries
Autonomic dysregulation
Chronic pain

Weight gain
Somatic growth
Chronic fatigue
Dysphonia
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Table 3 Preliminary Autoinflammatory Disease Damage Index (ADDI) including glossary of terms

Preliminary ADDI
Definition of damage: Damage is defined as persistent or irreversible change in structure or function that is present for at least 6 months. Damage items should not be scored if
they are attributed to ongoing disease activity. Damage may be the result of prior disease activity, complications of therapy or comorbid conditions that developed after the
onset of autoinflammatory disease signs and symptoms. If damage has been present for longer than 6 months, but later resolves, it should still be scored in order to capture the
damage that was present in the individual for that time period

Damage item Grading Points

Reproductive Max. 3

Sub/infertility 2

Amenorrhoea 1

Renal/amyloidosis Max. 6

Amyloidosis Limited amyloidosis
Extensive amyloidosis

2
3

Proteinuria 1

Renal insufficiency Moderate renal insufficiency
Severe renal insufficiency

2
3

Developmental Max. 3

Growth failure 2

Puberty delay 1

Serosal Max. 1

Serosal scarring 1

Neurological Max. 6

Developmental delay* 2

Cognitive impairment 3

Elevated intracranial pressure 2

Central nervous system involvement 3

Ears Max. 2

Hearing loss Moderate hearing loss of better ear
Severe hearing loss of better ear

1
2

Ocular Max. 3

Ocular involvement Mild ocular involvement of better eye
Moderate ocular involvement of better eye
Severe ocular involvement of better eye

1
2
3

Musculoskeletal Max. 4

Joint restriction 2

Bone deformity 2

Osteoporosis 1

Musculoskeletal pain 1

Glossary of terms
Infertility: A disease of the reproductive system defined by the failure to achieve a clinical pregnancy after ≥12 months of regular unprotected sexual intercourse, not due to known disorders in
the unaffected partner.
Amenorrhoea: Primary amenorrhoea: absence of menarche at the age of 16 years or absence of menarche 5 years after thelarche in a female. Secondary amenorrhoea: absence of the menses for
six consecutive months or more in a female who previously had menstrual cycles.
Limited amyloidosis: Symptomatic amyloidosis affecting one organ and confirmed by examination of tissue sections by Congo red dye or serum amyloid P component (SAP) scintigraphy.
Extensive amyloidosis: Symptomatic amyloidosis affecting more than one organ and confirmed by examination of tissue sections by Congo red dye or SAP scintigraphy.
Proteinuria: Persistent urinary protein to creatinine ratio of >20 mg/mmol in the first morning void and/or a daily protein excretion of >0.3 g/24 hours, or urine albumin to creatinine ratio of
>15 mg/mmol.
Moderate renal insufficiency: Glomerular filtration rate (GFR) between 15 and 60 mL/min/1.73 m2.
Severe renal insufficiency: GFR <15 mL/min/1.73 m2, dialysis or transplantation.
Growth failure: Defined as the presence of at least two of the three features:
– lower than the 3rd percentile height for age
– growth velocity over 6 months lower than the 3rd percentile for age
– crossing at least two centiles (5%, 10%, 25%, 50%, 75%, 90%, 95%) on growth chart
For patients older than 18 years: Pathological short stature (eg, below 3rd percentile for normal ethnic population).
Puberty delay: A Tanner stage below –2 SDs for age.
Serosal scarring: Adhesions or fibrosis affecting pericardium, pleura, peritoneum and/or retroperitoneum, supported by imaging techniques, endoscopy or surgery.
Developmental delay: Failure to reach age-appropriate developmental milestones, including language/speech, motor, social/emotional and cognitive milestones. As soon as there is any delay in
one of the development categories, this item has to be scored.*
Cognitive impairment: Requirement of special education because of cognitive impairment or IQ <70 as defined by neuropsychological assessment (eg, Wechsler Intelligence Scale for Children
(WISC)) or other age-appropriate equivalents.
Elevated intracranial pressure: Signs and/or symptoms of elevated intracranial pressure supported by appropriate techniques. †
Central nervous system involvement: Focal deficits (gross and/or fine sensorimotor), diffuse deficits (eg, memory, behaviour), seizures and spinal cord symptoms.
Moderate hearing loss: Sensorineural hearing impairment confirmed by audiometry or another age-appropriate technique without requirement of hearing aids or a cochlear implant.
Severe hearing loss: Sensorineural hearing impairment confirmed by audiometry or another age-appropriate technique requiring hearing aids or a cochlear implant.
Mild ocular involvement: Ocular damage (eg, optic nerve atrophy, elevated intraocular pressure or cataract) documented by an ophthalmologist, without visual impairment.
Moderate ocular involvement: Ocular damage (eg, optic nerve atrophy, elevated intraocular pressure or cataract) documented by an ophthalmologist, resulting in visual impairment.
Severe ocular involvement: Ocular damage (eg, optic nerve atrophy, elevated intraocular pressure or cataract) documented by an ophthalmologist, resulting in legal blindness.
Joint restriction: Fixed limitation in the normal range of motion of joints, with or without destructive arthropathy or avascular necrosis.
Bone deformity: Bone deformation or overgrowth on clinical examination and/or imaging studies.
Osteoporosis: Reduced bone mineral density with vertebral collapse and/or pathological fractures confirmed with imaging, which may include bone densitometry. Requires both evidence of
decreased bone density and fracture, ‘low bone density’ by itself is insufficient
Musculoskeletal pain: Non-inflammatory musculoskeletal pain impairing activities of daily living.

*Only for paediatric patients.
†Such as funduscopy, neuroimaging or lumbar cerebrospinal fluid (CSF) pressure measurement.
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The third key strength is the methodology used to select the
possible damage items. We screened for possible damage items
in three ways. It was evident from the literature search that
studies of long-term damage using a large sample size are
extremely scarce in autoinflammatory diseases. The screening of
items in the Eurofever Registry and suggestions of patients and
experts were consequently valuable in developing a comprehen-
sive set of items to asses in the online surveys.

Although many new damage items were suggested by patients
and parents of patients, it might be possible that the participat-
ing patients have not suggested all possible damage items and
they may not reflect the opinion of the whole patient popula-
tion. Nevertheless, their contribution strengthens the process
and resulted in consideration of previously neglected damage
items that had not been described in the literature nor men-
tioned by experts, for example, chronic pain and chronic
fatigue.

Patients with FMF were under-represented in this study
despite attempts to recruit more patients for the 1000minds
survey. Overall the amount of patients that signed informed
consent as well as the response rate to surveys was lower than
expected. Possible reasons might be the inclusion criterion for
patients to be English speaking, the difficulty and length of the
questionnaires and the informed consent procedure.

We chose to develop a general damage index limited to the
four most prevalent monogenetic AIDs: FMF, CAPS, TRAPS
and MKD. Based on the literature, the affected organ systems
might differ in prevalence between these diseases; nevertheless,

the ADDI will be a good tool to structurally score damage and
covers all the important damage items for these four diseases. It
would be challenging to develop the ADDI to capture damage
in all AID due to the expanding number of new ultra-rare auto-
inflammatory diseases and their varied clinical features. An
example of a recently discovered AID is the chronic atypical
neutrophilic dermatosis with lipodystrophy and elevated tem-
perature (CANDLE) syndrome. While CANDLE does share
some damage items with other AID, lipodystrophy is character-
istic for CANDLE,120 but is uncommon in FMF, CAPS, TRAPS
and MKD, illustrating the difficulty in developing a damage
index applicable to all existing and yet to be discovered AID.

Common non-specific symptoms like chronic headache,
fatigue and chronic musculoskeletal pain gave rise to intense dis-
cussions. Ultimately, only chronic musculoskeletal pain is
included in the preliminary ADDI. Although patients considered
these items as important in the surveys and interviews, experts
thought that these items were difficult to assess objectively in
daily clinical practice and found it hard to define whether these
items actually reflected disease damage rather than ongoing
disease activity. Nonetheless, experts acknowledged that these
items have a considerable impact on the quality of life. In the
future, these items might be better included in a different tool,
for example, with specific items to measure quality of life.

Another difficulty in the development of the ADDI was the
influence of comorbidities on the damage in AID patients. This
is a common issue for all damage indices. For example, neuro-
logical impairment can be caused by the AID or by an unrelated

Figure 2 Scoring of the preference values from experts (black) and patients (grey), derived from the 1000minds decision-making software.
A higher preference value means a higher burden for patients. The preference values range from 1.5 to 7.5, all items with a weighted mean
preference value of <3.5 received one point in the Autoinflammatory Disease Damage Index (ADDI), and of >5.5 three points.
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stroke. It is very hard to distinguish whether it is caused by
independent comorbidities or the disease itself, even though we
only include damage items that arose after the onset of symp-
toms of the AID.

In the near future, the preliminary ADDI will be validated using
patient cases of FMF, CAPS, TRAPS and MKD. By this effort, we
will be able to assess the validity of the ADDI in total and for the
individual diseases. Furthermore, we will analyse the specificity of
the ADDI items (eg, whether the damage items are not influenced
by disease activity) and the grading system. Prospective validation
in longitudinal cohorts will then be needed to investigate respon-
siveness to change over time and correlation with the burden of
disease-associated damage to daily life.

In conclusion, we developed the ADDI, a universal instru-
ment to measure persisting damage caused by chronic inflamma-
tion in the autoinflammatory diseases FMF, CAPS, TRAPS and
MKD. This ADDI is based on consensus building with experts
from around the world; patients and parents of patients fulfilled
a significant role in this process.

Author affiliations
1Laboratory for Translational Immunology, University Medical Centre Utrecht,
Utrecht, The Netherlands
2Department of Paediatric Immunology, University Medical Centre Utrecht, Utrecht,
The Netherlands
3Department of Paediatrics, University Medical Centre Utrecht, Utrecht,
The Netherlands
4Department of Paediatrics, King Faisal Specialist Hospital & Research Centre,
Riyadh, Saudi Arabia
5National Paediatric Centre for Familial Mediterranean Fever and Gastroenterology
Service, Arabkir Medical Centre-Institute of Child & Adolescent Health, Yerevan,
Armenia
6Paediatric Rheumatology Unit, Hospital Sant Joan de Déu, Barcelona, Spain
7Division of Intramural Research and National Institute of Allergy and Infectious
Diseases, National Institutes of Health, Bethesda, USA
8Department of Paediatrics and Department of Rheumatology, Alberta Children’s
Hospital, Calgary, Canada
9Department of Infection, Inflammation and Rheumatology, University College
London Institute of Child Health, London, UK
10Department of Medical Sciences, Surgery and Neurosciences, Rheumatology Unit,
University of Siena, Siena, Italy
11Paediatric Clinic, University of Brescia and Spedali Civili di Brescia, Brescia, Italy
12Paediatrics Department, National Institute for Mother and Child Health
Alessandrescu-Rusescu, Bucharest, Romania
13Division of Rheumatology, Ospedale Pediatrico Bambino Gesù, Rome, Italy
14Division of Immunology, Rheumatology Program, Boston Children’s Hospital,
Harvard Medical School, Boston, USA
15Translational Autoinflammatory Disease Section, NIAID, National Institutes of
Health, Bethesda, USA
16UOSD Farmacologia Clinica e Clinical Trial—Scientific Direction, G. Gaslini
Institute, Genova, Italy
17Department of Paediatric Rheumatology, Gulhane Military Medical Faculty, Ankara,
Turkey
18Department of Paediatrics and Adolescent Medicine, Charles University, General
University Hospital, Prague, Czech Republic
19Autoinflammatory Alliance, San Fransisco, USA
20Department of Internal Medicine, Fondazione IRCCS Ca’ Granda Ospedale
Maggiore Policlinico, Milano, Italy
21Department of Paediatrics, Rheumatology, AOU G Martino, Messina, Italy
22Département de Médecine Interne et Immunologie Clinique, Université de Lille,
Lille, France
23Reference centre for autoinflammatory diseases (CEREMAI), Versailles Hospital,
Le Chesnay, France
24Department of Paediatrics, Aarhus University Hospital, Aarhus, Denmark
25Department of Paediatric Rheumatology, University of Lausanne, Lausanne,
Switzerland
26Department of Paediatric Rheumatology, University Hospital of Geneva, Geneva,
Switzerland
27Department of Paediatrics, University of California, San Diego, USA
28Dipartimento di Medicina Pediatrica, IRCCS Ospedale Pediatrico Bambino Gesù,
Rome, Italy
29Department of Rheumatology&Immunology, Dr. von Hauner Childrens Hospital,
Ludwig-Maximilians-University, Munich, Germany

30Paediatric Pneumology and Immunology and Interdisciplinary Centre for Social
Paediatrics, Charité University Medicine Berlin, Berlin, Germany
31Department of Paediatric Rheumatology and CEREMAI, Bicêtre Hospital, APHP,
University of Paris Sud, Paris, France
32Department of Immunology, Federal Research and Clinical Centre for Paediatric
Haematology, Oncology and Immunology, Moscow, Russia
33Division of Paediatric Rheumatology, Department of Paediatrics, University Hospital
Tuebingen, Tuebingen, Germany
34Division of Medicine, University College London, London, UK
35Department of Paediatrics and Medicine, University of Toronto and the Hospital for
Sick Children, Toronto, Canada
36Direzione Scientifica, G Gaslini Institute, Genova, Italy
37Paediatric Rheumatology unit 4272, Rigshospitalet, Copenhagen, Denmark
38Department of Paediatric Rheumatic diseases, V.A. Nasonova Research Institute of
Rheumatology, Moscow, Russia
39Inflammatory Disease Section, National Human Genome Research Institute,
National Institutes of Health, Bethesda, USA
40Department of Paediatric Rheumatology, Hacettepe University, Ankara, Turkey
41Fourth Department of Paediatrics, Aristotle University of Thessaloniki, Thessaloniki,
Greece
42Department of Paediatric Immunology-Hematology and Rheumatology Unit and
IMAGINE Institute, Institution Necker-Enfants Malades Hospital and Paris-Descartes
University, Paris, France
43Institute of Paediatrics, Fondazione Policlinico Universitario A. Gemelli, Università
Cattolica Sacro Cuore, Rome, Italy
44Servicio de Inmunología y Reumatología, Hospital de Pediatría Garrahan, Buenos
Aires, Argentina
45Internal Medicine, Radboud Expertise Centre for Immunodeficiency and
Autoinflammation, Radboud University Medical Centre, Nijmegen, The Netherlands
46Paediatric Immunology and Rheumatology Referral Centre, first Paediatric clinic,
Aristotle University of Thessaloniki, Thessaloniki, Greece
47Department of Paediatrics, Meir Medical Centre, Kfar Saba, Tel Aviv University,
Sackler School of Medicine, Tel Aviv, Israel
48Institution Università degli Studi di Genova and G. Gaslini Institute, Genova, Italy
49UOC Pediatria 2, G. Gaslini Institute, Genova, Italy

Twitter Follow Ricardo Russo at @el_reumatologo

Acknowledgements The paper is dedicated to the memory of Dr Ornella Della
Casa Alberighi, the principal investigator of RaDICEA project. The authors thank the
Autoinflammatory Alliance for the collaboration and all (parents of ) patients for
their participation in the online surveys and interviews. Further, they would like to
acknowledge Paul Hansen and Franz Ombler for providing the 1000minds
decision-making software. They also thank Dr Nicolino Ruperto and the PRINTO’s
staff for their precious collaboration.

Contributors NMtH and KVA are joint first authors. MG and JF are joint last
authors. NMtH, KVA and JF designed the study and wrote the manuscript. ODCA
was the principal investigator of RADICEA. KLD contacted patients for patient
recruitment. The consensus meeting was prepared with and led by AR. KLD, JF and
all other authors contributed to the online surveys and/or the consensus meeting,
and attributed to and approved the manuscript.

Funding The project was supported by ERANET-PRIOMEDCHILD RaDiCEA Project
No. 40-41800-98-007. The Eurofever Registry was funded by the Executive Agency
for Health and Consumers (EAHC, Project No. 2007332). The work was supported
by an unrestricted grant by Novartis Pharma AG.

Competing interests Novartis Pharma AG financially supported the final
consensus meeting. They did not have any influence on the selection of participants
or on the content of the ADDI/consensus meeting or the reporting of the findings.
FdB: Novartis, Novimmune, Hoffmann-La Roche, SOBI, AbbVie. LC: speaker’s fee for
Novartis and SOBI. MC: consultancy fees for Novartis, SOBI and Abbvie. KLD:
consultancy work for SOBI and Novartis, donations, honorariums and unrestricted
grants have been received by the Autoinflammatory Alliance from SOBI, Novartis,
and Regeneron. RG: consultant for Abbvie. RGM: study support from SOBI, Novartis,
Regeneron. VH: honorariums and educational grants from Novartis, honorariums
from SOBI. MH: consultant for Novartis. HMH: consultant for Novartis and SOBI,
and speaker for Novartis. TK: research grant by Novartis, speaker’s bureau by Roche,
BMS, Novartis and SOBI. JKD: consultant/speaker for Novartis and SOBI and has
received grant support from SOBI and Novartis. RML: ad board and consultant for
Abbvie and Novartis. PQ: investigator, consultant and speaker’s bureau for Novartis
and SOBI. MG: consultant for and unrestricted grants to Eurofever and speaker’s fee
from SOBI and Novartis. YU: Y. Uziel Grant/Research Support from Novartis,
Consultant for Novartis, Speaker Bureau of Abbvie, Neopharm, Novartis, Roche.
JF: consultant for Novartis.

Ethics approval The Medical Ethical Committee of the University Medical Centre
Utrecht.

Provenance and peer review Not commissioned; externally peer reviewed.

827ter Haar NM, et al. Ann Rheum Dis 2017;76:821–830. doi:10.1136/annrheumdis-2016-210092

Clinical and epidemiological research

group.bmj.com on April 20, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://twitter.com/el_reumatologo
arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

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


REFERENCES
1 Masters SL, Simon A, Aksentijevich I, et al. Horror autoinflammaticus: the

molecular pathophysiology of autoinflammatory disease. Annu Rev Immunol
2009;27:621–68.

2 Drenth JPH, van der Meer JW. Hereditary periodic fever. N Engl J Med
2001;345:1748–57.

3 Federici S, Sormani MP, Ozen S, et al. Evidence-based provisional clinical
classification criteria for autoinflammatory periodic fevers. Ann Rheumatic Dis
2015;74:799–805.

4 Ter Haar N, Lachmann H, Ozen S, et al. Treatment of autoinflammatory diseases:
results from the Eurofever Registry and a literature review. Ann Rheum Dis
2013;72:678–85.

5 Mor A, Shinar Y, Zaks N, et al. Evaluation of disease severity in familial
Mediterranean fever. Semin Arthritis Rheumatol 2005;35:57–64.

6 Ozen S, Aktay N, Lainka E, et al. Disease severity in children and adolescents with
familial Mediterranean fever: a comparative study to explore environmental effects
on a monogenic disease. Ann Rheum Dis 2009;68:246–8.

7 Piram M, Frenkel J, Gattorno M, et al. A preliminary score for the assessment of
disease activity in hereditary recurrent fevers: results from the AIDAI
(Auto-Inflammatory Diseases Activity Index) consensus conference. Ann Rheum Dis
2011;70:309–14.

8 Demirkaya E, Acikel C, Hashkes P, et al. Development and initial validation of
international severity scoring system for familial Mediterranean fever (ISSF).
Ann Rheum Dis 2016;75:1051–6.

9 Gladman D, Ginzler E, Goldsmith C, et al. The development and initial validation
of the Systemic Lupus International Collaborating Clinics/American College of
Rheumatology damage index for systemic lupus erythematosus. Arthritis
Rheumatol 1996;39:363–9.

10 Gladman DD, Urowitz MB, Goldsmith CH, et al. The reliability of the Systemic
Lupus International Collaborating Clinics/American College of Rheumatology
Damage Index in patients with systemic lupus erythematosus. Arthritis Rheumatol
1997;40:809–13.

11 Exley AR, Bacon PA, Luqmani RA, et al. Development and initial validation of the
Vasculitis Damage Index for the standardized clinical assessment of damage in the
systemic vasculitides. Arthritis Rheumatol 1997;40:371–80.

12 Isenberg DA, Allen E, Farewell V, et al. International consensus outcome measures
for patients with idiopathic inflammatory myopathies. Development and initial
validation of myositis activity and damage indices in patients with adult onset
disease. Rheumatology (Oxford) 2004;43:49–54.

13 Viola S, Felici E, Magni-Manzoni S, et al. Development and validation of a clinical
index for assessment of long-term damage in juvenile idiopathic arthritis. Arthritis
Rheumatol 2005;52:2092–102.

14 Ruperto N, Meiorin S, Iusan SM, et al. Consensus procedures and their role in
pediatric rheumatology. Curr Rheumatol Rep 2008;10:142–6.

15 Ozen S, Frenkel J, Ruperto N, et al. The Eurofever Project: towards better care for
autoinflammatory diseases. Eur J Pediatr 2011;170:445–52.

16 Autoinflammatory Alliance. Autoinflammatory Disease Information-Resources-
Support. http://www.autoinflammatory.org (accessed Jun 2016).

17 Hansen P, Omber F. 1000minds: decision-making software. http://www.
1000minds.com (accessed Jun 2016).

18 Hansen P, Omber F. A new method for scoring multi-attribute value models
using pairwise rankings of alternatives. J Multi Criteria Decis Analysis
2008;15:87–107.

19 Akar S, Yuksel F, Tunca M, et al. Familial Mediterranean fever: risk factors, causes
of death, and prognosis in the colchicine era. Medicine (Baltimore)
2012;91:131–6.

20 Al-Wahadneh AM, Dahabreh MM. Familial Mediterranean fever in children: a
single centre experience in Jordan. Eastern Mediterr Health J 2006;12:818–23.

21 Barakat MH, Karnik AM, Majeed HW, et al. Familial Mediterranean fever (recurrent
hereditary polyserositis) in Arabs--a study of 175 patients and review of the
literature. Q J Med 1986;60:837–47.

22 Bashardoust B, Maleki N. Assessment of renal involvement in patients with
familial Mediterranean fever: a clinical study from Ardabil, Iran. Intern Med J
2014;44:1128–33.

23 Ben-Chetrit E, Ben-Chetrit A, Berkun Y. Pregnancy outcomes in women with
familial Mediterranean fever receiving colchicine: is amniocentesis justified?
Arthritis Care Res 2010;62:143–8.

24 Berkdemir Siverekli N, Sahin O, Senel S, et al. Bone mineral density in familial
Mediterranean fever. Rheumatology Int 2012;32:2453–7.

25 Brik R, Gershoni-Baruch R, Shinawi M, et al. Pulmonary manifestations and
function tests in children genetically diagnosed with FMF. Pediatric pulm
2003;35:452–5.

26 Brik R, Shinawi M, Kasinetz L, et al. The musculoskeletal manifestations of
Familial Mediterranean fever in children genetically diagnosed with the disease.
Arthritis Rheumatol 2001;44:1416–19.

27 Cefle A, Kamali S, Sayarlioglu M, et al. A comparison of clinical findings of
familial Mediterranean fever patients with and without amyloidosis. Rheumatology
Int 2005;25:442–6.

28 Ciftci AO, Tanyel FC, Büyükpamukçu N, et al. Adhesive small bowel obstruction
caused by familial Mediterranean fever: the incidence and outcome. J Pediatr Surg
1995;30:577–9.

29 Deger SM, Ozturk MA, Demirag MD, et al. Health-related quality of life and its
associations with mood condition in familial Mediterranean fever patients.
Rheumatol Int 2011;31:623–8.

30 Ebrahimi-Fakhari D, Schönland SO, Hegenbart U, et al. Familial Mediterranean
fever in Germany: clinical presentation and amyloidosis risk. Scand J Rheumatol
2013;42:52–8.

31 Ehrenfeld M, Brzezinski A, Levy M, et al. Fertility and obstetric history in patients
with familial Mediterranean fever on long-term colchicine therapy. Br J obstet
Gynaecol 1987;94:1186–91.

32 Ehrenfeld M, Levy M, Margalioth EJ, et al. The effects of long-term colchicine
therapy on male fertility in patients with familial Mediterranean fever. Andrologia
1986;18:420–6.

33 Ertekin V, Selimoglu MA, Pirim I. Familial Mediterranean fever in a childhood
population in eastern Turkey. Pediatr Int 2005;47:640–4.

34 Gedalia A, Zamir S. Neurologic manifestations in familial Mediterranean fever.
Pediatr Neurol 1993;9:301–2.

35 Ishak GE, Khoury NJ, Birjawi GA, et al. Imaging findings of familial Mediterranean
fever. Clin Imaging 2006;30:153–9.

36 Jarjour RA, Dodaki R. Arthritis patterns in familial Mediterranean fever patients
and association with M694V mutation. Mol Biol Rep 2011;38:2033–6.

37 Kalyoncu U, Eker A, Oguz KK, et al. Familial Mediterranean fever and central
nervous system involvement: a case series. Medicine (Baltimore) 2010;89:75–84.

38 Koybasi S, Atasoy HI, Bicer YO, et al. Cochlear involvement in Familial
Mediterranean Fever: a new feature of an old disease. Int J Pediatr
Otorhinolaryngol 2012;76:244–7.

39 Langevitz P, Livneh A, Neumann L, et al. Prevalence of ischemic heart disease in
patients with familial Mediterranean fever. Isr Med Assoc J 2001;3:9–12.

40 Lidar M, Kedem R, Berkun Y, et al. Familial Mediterranean fever in Ashkenazi
Jews: the mild end of the clinical spectrum. J Rheumatol 2010;37:422–5.

41 Majeed HA, Barakat M. Familial Mediterranean fever (recurrent hereditary
polyserositis) in children: analysis of 88 cases. Eur J Pediatr 1989;148:636–41.

42 Majeed HA, Rawashdeh M. The clinical patterns of arthritis in children with
familial Mediterranean fever. QJM 1997;90:37–43.

43 Majeed HA, Rawashdeh M, el-Shanti H, et al. Familial Mediterranean fever in
children: the expanded clinical profile. QJM 1999;92:309–18.

44 Makay B, Emiroğlu N, Unsal E. Depression and anxiety in children and adolescents
with familial Mediterranean fever. Clin Rheumatol 2010;29:375–9.

45 Migita K, Uehara R, Nakamura Y, et al. Familial Mediterranean fever in Japan.
Medicine (Baltimore) 2012;91:337–43.

46 Moradian MM, Sarkisian T, Amaryan G, et al. Patient management and the
association of less common familial Mediterranean fever symptoms with other
disorders. Genet Med 2014;16:258–63.

47 Nobakht H, Zamani F, Ajdarkosh H, et al. Adult-onset familial mediterranean Fever
in northwestern Iran; clinical feature and treatment outcome. Middle East J Dig Dis
2011;3:50–5.

48 Odabas AR, Cetinkaya R, Selcuk Y, et al. Familial Mediterranean fever. South Med
J 2002;95:1400–3.

49 Ofir D, Levy A, Wiznitzer A, et al. Familial Mediterranean fever during pregnancy:
an independent risk factor for preterm delivery. Eur J Obstet Gynecol Reprod Biol
2008;141:115–8.

50 Ozel AM, Demirturk L, Yazgan Y, et al. Familial Mediterranean fever. A review of
the disease and clinical and laboratory findings in 105 patients. Dig Liver Dis
2000;32:504–9.

51 Polat K, Uysal IO, Senel S, et al. Evaluation of hearing in patients with familial
Mediterranean fever. Eur Arch Otorhinolaryngol 2013;270:2871–4.

52 Pras E, Livneh A, Balow JE Jr, et al. Clinical differences between North African and
Iraqi Jews with familial Mediterranean fever. Am J Med Genet 1998;75:216–19.

53 Reuben A, Hirsch M, Berlyne GM. Renal vein thrombosis as the major cause of
renal failure in familial Mediterranean fever. Q J Med 1977;46:243–58.

54 Salah S, Hegazy R, Ammar R, et al. MEFV gene mutations and cardiac phenotype
in children with familial Mediterranean fever: a cohort study. Pediatr Rheumatol
2014;12:5.

55 Sarikaya S, Ozdolap S, Marasli E. Spondylitis and arthritis in familial Mediterranean
fever. Turk J Rheumatol 2012;27:241–7.

56 Savgan-Gürol E, Kasapcopur O, Hatemi S, et al. Growth and IGF-1 levels of
children with familial Mediterranean fever on colchicine treatment. Clin Exp
Rheumatol 2001;19:S72–75.

57 Talaat HSED, Mohamed MF, El Rifai NM, et al. The expanded clinical profile and
the efficacy of colchicine therapy in Egyptian children suffering from familial
Mediterranean fever: a descriptive study. Ital J Pediatr 2012;38:66.

58 Tunca M, Akar S, Onen F, et al. Familial Mediterranean fever (FMF) in
Turkey: results of a nationwide multicenter study. Medicine (Baltimore)
2005;84:1–11.

59 Turgal M, Selcuk I, Ozyuncu O. Pregnancy outcome of five patients with renal
amyloidosis regarding familial Mediterranean fever. Ren Fail 2014;36:306–8.

828 ter Haar NM, et al. Ann Rheum Dis 2017;76:821–830. doi:10.1136/annrheumdis-2016-210092

Clinical and epidemiological research

group.bmj.com on April 20, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://dx.doi.org/10.1146/annurev.immunol.25.022106.141627
http://dx.doi.org/10.1056/NEJMra010200
http://dx.doi.org/10.1136/annrheumdis-2014-206580
http://dx.doi.org/10.1136/annrheumdis-2011-201268
http://dx.doi.org/10.1016/j.semarthrit.2005.02.002
http://dx.doi.org/10.1136/ard.2008.092031
http://dx.doi.org/10.1136/ard.2010.132613
http://dx.doi.org/10.1136/annrheumdis-2015-208671
http://dx.doi.org/10.1002/art.1780390303
http://dx.doi.org/10.1002/art.1780390303
http://dx.doi.org/10.1002/art.1780400506
http://dx.doi.org/10.1002/art.1780400222
http://dx.doi.org/10.1002/art.21119
http://dx.doi.org/10.1002/art.21119
http://dx.doi.org/10.1007/s11926-008-0025-6
http://dx.doi.org/10.1007/s00431-011-1411-z
http://www.autoinflammatory.org
http://www.autoinflammatory.org
http://www.1000minds.com
http://www.1000minds.com
http://www.1000minds.com
http://dx.doi.org/10.1002/mcda.428
http://dx.doi.org/10.1097/MD.0b013e3182561a45
http://dx.doi.org/10.1111/imj.12520
http://dx.doi.org/10.1002/acr.20061
http://dx.doi.org/10.1007/s00296-011-1980-1
http://dx.doi.org/10.1002/ppul.10270
http://dx.doi.org/10.1002/1529-0131(200106)44:6<1416::AID-ART236>3.0.CO;2-6
http://dx.doi.org/10.1007/s00296-004-0471-z
http://dx.doi.org/10.1007/s00296-004-0471-z
http://dx.doi.org/10.1016/0022-3468(95)90135-3
http://dx.doi.org/10.1007/s00296-009-1334-4
http://dx.doi.org/10.3109/03009742.2012.714796
http://dx.doi.org/10.1111/j.1471-0528.1987.tb02320.x
http://dx.doi.org/10.1111/j.1471-0528.1987.tb02320.x
http://dx.doi.org/10.1111/j.1439-0272.1986.tb01801.x
http://dx.doi.org/10.1111/j.1442-200x.2005.02140.x
http://dx.doi.org/10.1016/0887-8994(93)90068-N
http://dx.doi.org/10.1016/j.clinimag.2005.07.002
http://dx.doi.org/10.1007/s11033-010-0326-5
http://dx.doi.org/10.1097/MD.0b013e3181d5dca7
http://dx.doi.org/10.1016/j.ijporl.2011.11.013
http://dx.doi.org/10.1016/j.ijporl.2011.11.013
http://dx.doi.org/10.3899/jrheum.090401
http://dx.doi.org/10.1007/BF00441519
http://dx.doi.org/10.1093/qjmed/90.1.37
http://dx.doi.org/10.1093/qjmed/92.6.309
http://dx.doi.org/10.1007/s10067-009-1330-9
http://dx.doi.org/10.1097/MD.0b013e318277cf75
http://dx.doi.org/10.1038/gim.2013.112
http://dx.doi.org/10.1097/00007611-200295120-00009
http://dx.doi.org/10.1097/00007611-200295120-00009
http://dx.doi.org/10.1016/j.ejogrb.2008.07.025
http://dx.doi.org/10.1007/s00405-013-2347-x
http://dx.doi.org/10.1186/1546-0096-12-5
http://dx.doi.org/10.1186/1824-7288-38-66
http://dx.doi.org/10.1097/01.md.0000152370.84628.0c
http://dx.doi.org/10.3109/0886022X.2013.846863
arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

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


60 Tweezer-Zaks N, Doron-Libner A, Weiss P, et al. Familial Mediterranean fever and
cryptogenic cirrhosis. Medicine (Baltimore) 2007;86:355–62.

61 Twig G, Livneh A, Vivante A, et al. Cardiovascular and metabolic risk
factors in inherited autoinflammation. J Clin Endocrinol Metab 2014;99:
E2123–8.

62 Twig G, Livneh A, Vivante A, et al. Mortality risk factors associated with familial
Mediterranean fever among a cohort of 1.25 million adolescents. Ann Rheum Dis
2014;73:704–9.

63 Unal F, Cakir M, Baran M, et al. Liver involvement in children with Familial
Mediterranean fever. Dig Liver Dis 2012;44:689–93.

64 Ureten K, Gönülalan G, Akbal E, et al. Demographic, clinical and mutational
characteristics of Turkish familial Mediterranean fever patients: results of a single
center in Central Anatolia. Rheumatol Int 2010;30:911–15.

65 Uthman I, Hajj-Ali RA, Arayssi T, et al. Arthritis in familial Mediterranean fever.
Rheumatol Int 2001;20:145–8.

66 Uysal IÖ, Gürbüzler L, Kaya A, et al. Evaluation of cochlear function using
transient evoked otoacoustic emission in children with Familial Mediterranean
Fever. Int J Pediatr Otorhinolaryngol 2012;76:379–81.

67 Vergara C, Borzutzky A, Gutierrez MA, et al. Clinical and genetic features of
hereditary periodic fever syndromes in Hispanic patients: the Chilean experience.
Clin Rheumatol 2012;31:829–34.

68 Yasar O, Iskender C, Kaymak O, et al. Retrospective evaluation of pregnancy
outcomes in women with familial Mediterranean fever. J Matern -Fetal Neonatol
Med 2014;27:733–6.

69 Yazicioglu A, Turgal M, Yucel OS, et al. Pregnancy outcome in women with
familial mediterranean fever: a retrospective analysis of 50 cases with a 10-year
experience. Turk J of Rheumatol 2014;29:94–8.

70 Younes M, Kahn MF, Meyer O. Hip involvement in patients with familial
Mediterranean fever. A review of ten cases. Joint Bone Spine 2002;69:560–5.

71 Zayed A, Nabil H, State O, et al. Subfertility in women with familial Mediterranean
fever. J Obstet Gynaecol Res 2012;38:1240–4.

72 Ahmadi N, Brewer CC, Zalewski C, et al. Cryopyrin-associated periodic syndromes:
Otolaryngologic and audiologic manifestations. Otolaryngol Head Neck Surg
2011;145:295–302.

73 Aksentijevich I, Nowak M, Mallah M, et al. De novo CIAS1 mutations, cytokine
activation, and evidence for genetic heterogeneity in patients with neonatal-onset
multisystem inflammatory disease (NOMID): a new member of the expanding
family of pyrin-associated autoinflammatory diseases. Arthritis Rheum
2002;46:3340–8.

74 Arostegui JI, Aldea A, Modesto C, et al. Clinical and genetic heterogeneity among
Spanish patients with recurrent autoinflammatory syndromes associated with the
CIAS1/PYPAF1/NALP3 gene. Arthritis Rheumatol 2004;50:4045–50.

75 Caroli F, Pontillo A, D’Osualdo A, et al. Clinical and genetic characterization of
Italian patients affected by CINCA syndrome. Rheumatology (Oxford)
2007;46:473–8.

76 Chang Z, Spong CY, Jesus AA, et al. Anakinra use during pregnancy in patients
with cryopyrin-associated periodic syndromes (CAPS). Rheumatology (Oxford)
2014;66:3227–32.

77 Dodé C, Le Dû N,, Cuisset L, et al. New mutations of CIAS1 that are responsible
for Muckle-Wells syndrome and familial cold urticaria: a novel mutation underlies
both syndromes. Am J Hum Genet 2002;70:1498–506.

78 Dollfus H, Häfner R, Hofmann HM, et al. Chronic infantile neurological cutaneous
and articular/neonatal onset multisystem inflammatory disease syndrome: ocular
manifestations in a recently recognized chronic inflammatory disease of childhood.
Arch Ophthalmol 2000;118:1386–92.

79 El-Darouti MA, Marzouk SA, bdel-Halim MRE. Muckle-Wells syndrome: report of
six cases with hyperpigmented sclerodermoid skin lesions. Int J Dermatol
2006;45:239–44.

80 Goldbach-Mansky R, Dailey NJ, Canna SW, et al. Neonatal-onset multisystem
inflammatory disease responsive to interleukin-1(beta) inhibition. N Engl J Med
2006;355:581–92.

81 Haas N, Küster W, Zuberbier T, et al. Muckle-Wells syndrome: clinical and
histological skin findings compatible with cold air urticaria in a large kindred.
Br J Dermatol 2004;151:99–104.

82 Hill SC, Namde M, Dwyer A, et al. Arthropathy of neonatal onset multisystem
inflammatory disease (NOMID/CINCA). Pediatr Radiol 2007;37:145–52.

83 Hoffman HM, Wanderer AA, Broide DH. Familial cold autoinflammatory syndrome:
Phenotype and genotype of an autosomal dominant periodic fever. J Allergy Clin
Immunol 2001;108:615–20.

84 Kitley JL, Lachmann HJ, Pinto A, et al. Neurologic manifestations of the
cryopyrin-associated periodic syndrome. Neurology 2010;74:1267–70.

85 Koitschev A, Gramlich K, Hansmann S, et al. Progressive familial hearing loss in
Muckle-Wells syndrome. Acta Oto-Laryngol 2012;132:756–62.

86 Koné-Paut I, Lachmann HJ, Kuemmerle-Deschner JB, et al. Sustained remission of
symptoms and improved health-related quality of life in patients with
cryopyrin-associated periodic syndrome treated with canakinumab: Results of a
double-blind placebo-controlled randomized withdrawal study. Arthritis Res Ther
2011;13:R202.

87 Kuemmerle-Deschner JB, Dembi SS, Tyrrell PN, et al. Challenges in diagnosing
Muckle-Wells syndrome: identifying two distinct phenotypes. Arthritis Care Res
2014;66:765–72.

88 Kuemmerle-Deschner JB, Hachulla E, Cartwright R, et al. Two-year results from an
open-label, multicentre, phase III study evaluating the safety and efficacy of
canakinumab in patients with cryopyrin-associated periodic syndrome across
different severity phenotypes. Ann Rheum Dis 2011;70:2095–102.

89 Kuemmerle-Deschner JB, Koitschev A, Ummenhofer K, et al. Hearing loss in
Muckle-Wells syndrome. Arthritis Rheumatol 2013;65:824–31.

90 Kuemmerle-Deschner JB, Lohse P, Koetter I, et al. NLRP3 E311K mutation in a
large family with Muckle-Wells syndrome--description of a heterogeneous
phenotype and response to treatment. Arthritis Res Ther 2011;13:R196.

91 Kuemmerle-Deschner JB, Tyrrell PN, Koetter I, et al. Efficacy and safety of anakinra
therapy in pediatric and adult patients with the autoinflammatory Muckle-Wells
syndrome. Arthritis Rheumatol 2011;63:840–9.

92 Kuemmerle-Deschner JB, Tyrrell PN, Reess F, et al. Risk factors for severe
Muckle-Wells syndrome. Arthritis Rheumatol 2010;62:3783–91.

93 Lainka E, Neudorf U, Lohse P, et al. Analysis of cryopyrin-associated periodic
syndromes (CAPS) in German children: epidemiological, clinical and genetic
characteristics. Klin Padiatr 2010;222:356–61.

94 Lepore L, Paloni G, Caorsi R, et al. Follow-up and quality of life of patients with
cryopyrin-associated periodic syndromes treated with Anakinra. J Pediatr
2010;157:310–15.

95 Lequerré T, Vittecoq O, Saugier-Veber P, et al. A cryopyrin-associated periodic
syndrome with joint destruction. Rheumatology (Oxford) 2007;46:709–14.

96 Leslie KS, Lachmann HJ, Bruning E, et al. Phenotype, genotype, and sustained
response to anakinra in 22 patients with autoinflammatory disease associated with
CIAS-1/NALP3 mutations. Arch Dermatol 2006;142:1591–7.

97 Levy R, Gérard L, Kuemmerle-Deschner J, et al. Phenotypic and genotypic
characteristics of cryopyrin-associated periodic syndrome: a series of 136 patients
from the Eurofever Registry. Ann Rheum Dis 2015;74:2043–9.

98 Neven B, Callebaut I, Prieur AM, et al. Molecular basis of the spectral expression
of CIAS1 mutations associated with phagocytic cell-mediated autoinflammatory
disorders CINCA/NOMID, MWS, and FCU. Blood 2004;103:2809–15.

99 Neven B, Marvillet I, Terrada C, et al. Long-term efficacy of the interleukin-1
receptor antagonist anakinra in ten patients with neonatal-onset multisystem
inflammatory disease/chronic infantile neurologic, cutaneous, articular syndrome.
Arthritis Rheumatol 2010;62:258–67.

100 Pereira AF, Pereira LB, Vale EC, et al. Four cases of Muckle-Wells syndrome within
the same family. An Bras Dermatol 2010;85:907–11.

101 Prieur AM, Griscelli C, Lampert F, et al. A chronic, infantile, neurological,
cutaneous and articular (CINCA) syndrome. A specific entity analysed in 30
patients. Scand J Rheumatol Suppl 1987;66:57–68.

102 Russo RA, Melo-gomes S, Lachmann HJ, et al. Efficacy and safety of canakinumab
therapy in paediatric patients with cryopyrin-associated periodic syndrome: a
single-centre, real-world experience. Rheumatology (Oxford) 2014;53:665–70.

103 Sibley CH, Chioato A, Felix S, et al. A 24-month open-label study of canakinumab
in neonatal-onset multisystem inflammatory disease. Ann Rheum
Dis2015;74:1714–19. http://dx.doi.org 10.1136/annrheumdis-2013-204877

104 Sibley CH, Plass N, Snow J, et al. Sustained response and prevention of damage
progression in patients with neonatal-onset multisystem inflammatory disease
treated with anakinra: A cohort study to determine three- and five-year outcomes.
Arthritis Rheumatol 2012;64:2375–86.

105 Tanaka N, Izawa K, Saito MK, et al. High incidence of NLRP3 somatic mosaicism
in patients with chronic infantile neurologic, cutaneous, articular syndrome: results
of an International Multicenter Collaborative Study. Arthritis Rheumatol
2011;63:3625–32.

106 Tran TA, Kone-Paut I, Marie I, et al. Muckle-wells syndrome and male hypofertility:
a case series. Semin Arthritis Rheum 2012;42:327–31.

107 Hull KM, Drewe E, Aksentijevich I, et al. The TNF receptor-associated periodic
syndrome (TRAPS): Emerging concepts of an autoinflammatory disorder. Medicine
2002;81:349–68.

108 Lachmann HJ, Papa R, Gerhold K, et al. The phenotype of TNF receptor-associated
autoinflammatory syndrome (TRAPS) at presentation: a series of 158 cases from
the Eurofever/EUROTRAPS international registry. Ann Rheum Dis 2014;73:2160–7.

109 Pelagatti MA, Meini A, Caorsi R, et al. Long-term clinical Profile of children with
the low-penetrance R92Q mutation of the tNFRSF1A gene. Arthritis Rheumatol
2011;63:1141–50.

110 Ravet N, Rouaghe S, Dode C, et al. Clinical significance of P46L and R92Q
substitutions in the tumour necrosis factor superfamily 1A gene. Ann Rheum Dis
2006;65:1158–62.

111 Stojanov S, Dejaco C, Lohse P, et al. Clinical and functional characterisation of a novel
TNFRSF1A c.605T>A/V173D cleavage site mutation associated with tumour necrosis
factor receptor-associated periodic fever syndrome (TRAPS), cardiovascular complications
and excellent response to etanercept treatment. Ann Rheum Dis 2008;67:1292–8.

112 Toro JR, Aksentijevich I, Hull K, et al. Tumor necrosis factor receptor-associated
periodic syndrome: a novel syndrome with cutaneous manifestations. Arch
Dermatol 2000;136:1487–94.

829ter Haar NM, et al. Ann Rheum Dis 2017;76:821–830. doi:10.1136/annrheumdis-2016-210092

Clinical and epidemiological research

group.bmj.com on April 20, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://dx.doi.org/10.1097/MD.0b013e31815be056
http://dx.doi.org/10.1210/jc.2014-2096
http://dx.doi.org/10.1136/annrheumdis-2012-202932
http://dx.doi.org/10.1016/j.dld.2012.01.003
http://dx.doi.org/10.1007/s00296-009-1073-6
http://dx.doi.org/10.1007/s002960100103
http://dx.doi.org/10.1016/j.ijporl.2011.12.015
http://dx.doi.org/10.1007/s10067-012-1942-3
http://dx.doi.org/10.3109/14767058.2013.837446
http://dx.doi.org/10.3109/14767058.2013.837446
http://dx.doi.org/10.3109/14767058.2013.837446
http://dx.doi.org/10.1016/S1297-319X(02)00452-9
http://dx.doi.org/10.1111/j.1447-0756.2012.01857.x
http://dx.doi.org/10.1177/0194599811402296
http://dx.doi.org/10.1002/art.10688
http://dx.doi.org/10.1002/art.20633
http://dx.doi.org/10.1093/rheumatology/kel269
http://dx.doi.org/10.1002/art.38811
http://dx.doi.org/10.1086/340786
http://dx.doi.org/10.1001/archopht.118.10.1386
http://dx.doi.org/10.1056/NEJMoa055137
http://dx.doi.org/10.1111/j.1365-2133.2004.06001.x
http://dx.doi.org/10.1007/s00247-006-0358-0
http://dx.doi.org/10.1067/mai.2001.118790
http://dx.doi.org/10.1067/mai.2001.118790
http://dx.doi.org/10.1212/WNL.0b013e3181d9ed69
http://dx.doi.org/10.3109/00016489.2012.656321
http://dx.doi.org/10.3109/00016489.2012.656321
http://dx.doi.org/10.1186/ar3535
http://dx.doi.org/10.1002/acr.22206
http://dx.doi.org/10.1136/ard.2011.152728
http://dx.doi.org/10.1002/art.37810
http://dx.doi.org/10.1186/ar3526
http://dx.doi.org/10.1002/art.30149
http://dx.doi.org/10.1002/art.27696
http://dx.doi.org/10.1055/s-0030-1265181
http://dx.doi.org/10.1016/j.jpeds.2010.02.040
http://dx.doi.org/10.1093/rheumatology/kel399
http://dx.doi.org/10.1001/archderm.142.12.1591
http://dx.doi.org/10.1136/annrheumdis-2013-204991
http://dx.doi.org/10.1182/blood-2003-07-2531
http://dx.doi.org/10.1002/art.25057
http://dx.doi.org/10.1590/S0365-05962010000600022
http://dx.doi.org 10.1136/annrheumdis-2013-204877
http://dx.doi.org 10.1136/annrheumdis-2013-204877
http://dx.doi.org 10.1136/annrheumdis-2013-204877
http://dx.doi.org 10.1136/annrheumdis-2013-204877
http://dx.doi.org/10.1002/art.34409
http://dx.doi.org/10.1002/art.30512
http://dx.doi.org/10.1016/j.semarthrit.2012.03.005
http://dx.doi.org/10.1097/00005792-200209000-00002
http://dx.doi.org/10.1136/annrheumdis-2013-204184
http://dx.doi.org/10.1002/art.30237
http://dx.doi.org/10.1136/ard.2005.048611
http://dx.doi.org/10.1136/ard.2007.079376
arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

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


113 Drenth JP, Haagsma CJ, van der Meer JW. Hyperimmunoglobulinemia D and
periodic fever syndrome. The clinical spectrum in a series of 50 patients.
International Hyper-IgD Study Group. Medicine 1994;73:133–44.

114 Frenkel J, Houten SM, Waterham HR, et al. Clinical and molecular variability in
childhood periodic fever with hyperimmunoglobulinaemia D. Rheumatology
(Oxford) 2001;40:579–84.

115 Hoffmann GF, Charpentier C, Mayatepek E, et al. Clinical and biochemical
phenotype in 11 patients with mevalonic aciduria. Pediatrics 1993;91:915–21.

116 Houten SM, Kuis W, Duran M, et al. Mutations in MVK, encoding mevalonate
kinase, cause hyperimmunoglobulinaemia D and periodic fever syndrome.
Nat genet 1999;22:175–7.

117 Poll The BT, Frenkel J, Houten SM, et al. Mevalonic aciduria in 12 unrelated
patients with hyperimmunoglobulinaemia D and periodic fever syndrome. J Inherit
Metab Dis 2000;23:363–6.

118 Simon A, Kremer HP, Wevers RA, et al. Mevalonate kinase deficiency: evidence for
a phenotypic continuum. Neurology 2004;62:994–7.

119 Van Der Hilst JCH, Bodar EJ, Barron KS, et al. Long-term follow-up, clinical features,
and quality of life in a series of 103 patients with hyperimmunoglobulinemia D
syndrome. Medicine (Baltimore) 2008;87:301–10.

120 Torrelo A, Patel S, Colmenero I, et al. Chronic atypical neutrophilic dermatosis with
lipodystrophy and elevated temperature (CANDLE) syndrome. J Am Acad Dermatol
2010;62:489–95.

830 ter Haar NM, et al. Ann Rheum Dis 2017;76:821–830. doi:10.1136/annrheumdis-2016-210092

Clinical and epidemiological research

group.bmj.com on April 20, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://dx.doi.org/10.1093/rheumatology/40.5.579
http://dx.doi.org/10.1093/rheumatology/40.5.579
http://dx.doi.org/10.1038/9691
http://dx.doi.org/10.1023/A:1005635431364
http://dx.doi.org/10.1097/MD.0b013e318190cfb7
http://dx.doi.org/10.1016/j.jaad.2009.04.046
arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

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


EXTENDED REPORT

A randomised phase II study evaluating the efficacy
and safety of subcutaneously administered
ustekinumab and guselkumab in patients with
active rheumatoid arthritis despite treatment with
methotrexate
Josef S Smolen,1 Sandeep K Agarwal,2 Elena Ilivanova,3 Xie Lillian Xu,4 Ye Miao,5

Yanli Zhuang,5 Ivo Nnane,5 Waldemar Radziszewski,4 Andrew Greenspan,4

Anna Beutler,5 Daniel Baker5

ABSTRACT
Objective Interleukin (IL)-12 and IL-23 have been
implicated in the pathogenesis of rheumatoid arthritis
(RA). The safety and efficacy of ustekinumab, a human
monoclonal anti-IL-12/23 p40 antibody, and
guselkumab, a human monoclonal anti-IL-23 antibody,
were evaluated in adults with active RA despite
methotrexate (MTX) therapy.
Methods Patients were randomly assigned (1:1:1:1:1)
to receive placebo at weeks 0, 4 and every 8 weeks
(n=55), ustekinumab 90 mg at weeks 0, 4 and every
8 weeks (n=55), ustekinumab 90 mg at weeks 0, 4 and
every 12 weeks (n=55), guselkumab 50 mg at weeks 0,
4 and every 8 weeks (n=55), or guselkumab 200 mg
at weeks 0, 4 and every 8 weeks (n=54) through week
28; all patients continued a stable dose of MTX (10–
25 mg/week). The primary end point was the
proportion of patients with at least a 20%
improvement in the American College of Rheumatology
criteria (ACR 20) at week 28. Safety was monitored
through week 48.
Results At week 28, there were no statistically
significant differences in the proportions of patients
achieving an ACR 20 response between the combined
ustekinumab group (53.6%) or the combined
guselkumab group (41.3%) compared with placebo
(40.0%) ( p=0.101 and p=0.877, respectively).
Through week 48, the proportions of patients with at
least one adverse event (AE) were comparable among
the treatment groups. Infections were the most
common type of AE.
Conclusions Treatment with ustekinumab or
guselkumab did not significantly reduce the signs and
symptoms of RA. No new safety findings were
observed with either treatment.
Trial registration number NCT01645280.

INTRODUCTION
For patients with moderate-to-severe rheumatoid
arthritis (RA), treatment with biologic tumour
necrosis factor (TNF) inhibitors and other targeted
therapies with different modes of action is often
effective in reducing joint symptoms and inhibiting

progression of damage.1–7 However, many patients
with RA do not respond to or lose response over
time to the currently available treatments,8 9 thus,
there remains a need for novel therapies.
Interleukin (IL)-12 upregulates T helper type

1 (Th1) cell differentiation, and is the main stimu-
lator of interferon (IFN)-γ. Increased levels of
IL-12 have been detected in serum and synovial
fluid of patients with RA and correlate with disease
activity.10 Also, IFN-γ is upregulated in RA synovial
membranes,11 and an IFN-γ signature can be found
in peripheral mononuclear cells of patients with
RA.12 IL-23 is a member of the IL-12 cytokine
family and activates Th17 cells leading to increased
production of several other cytokines, including
IL-17 and TNF. Various in vivo models have
demonstrated that the IL-23-Th17 pathway may be
involved in the development of autoimmunity,
including RA.13–15 Elevated levels of IL-23 have
been observed in serum and synovial fluid of
patients with RA, and serum levels decreased fol-
lowing anti-TNF therapy.16–19 Furthermore, Th17
cell numbers as well as synovial IL-17 expression
were found to be increased in RA.20 21 Importantly,
the extent to which RA is governed by Th1 or
Th17 cells remains unclear. Therapies targeting the
Th1 pathway have not been evaluated in RA, and
therapies targeting IL-17 have shown variable effi-
cacy in RA.22

Ustekinumab is a human monoclonal antibody
targeting the IL-12/23 p40 subunit, therefore inhi-
biting both IL-12 and IL-23 activities, and guselku-
mab is an investigational monoclonal antibody
targeting IL-23 specifically. Ustekinumab is effective
in treating moderate-to-severe psoriasis23 24 and
active psoriatic arthritis (PsA), including inhibition
of radiographic progression through 2 years.25 26

Results of a phase II trial suggest that guselkumab
may be effective in treating psoriasis;27 guselkumab
is currently being studied in phase III trials in psor-
iasis and a phase II trial in PsA. The current phase
II trial was conducted to evaluate the efficacy and
safety of ustekinumab and guselkumab in patients
with active RA despite concomitant methotrexate
(MTX).
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PATIENTS AND METHODS
Patients
Adults (18–80 years) with a diagnosis of RA, according to the
American College of Rheumatology (ACR) 1987 criteria,28 for
≥6 months with persistent disease activity despite treatment
with MTX were eligible. Persistent disease activity was defined
as: ≥6/66 swollen joints and ≥6/68 tender joints and a serum C
reactive protein (CRP) level ≥0.8 mg/dL. Eligibility criteria
included a positive test for anticyclic citrullinated peptide anti-
bodies or rheumatoid factor and prespecified tuberculosis
screening. Patients who had received any approved or investiga-
tional biologic agent were not eligible.

Study oversight
This trial was conducted in accordance with the principles of
the Declaration of Helsinki. Each patient gave written informed
consent. This study was sponsored by Janssen Research &
Development, LLC. The authors, some of whom are employees
of the study sponsor, participated in designing the study and
collecting and analysing the data. An independent data monitor-
ing committee regularly reviewed unblinded interim safety data.
All authors drafted or revised the manuscript with the assistance
of a professional medical writer employed by Janssen Scientific
Affairs, LLC.

Study design
This was a phase II, randomised, double-blind, placebo-
controlled, parallel group trial. All patients had received MTX
(10–25 mg per week) for ≥6 months before screening, and the
dose was to be stable for ≥12 weeks prior to randomisation.
Stable doses of concomitant glucocorticoids (<10 mg prednis-
one/day) and/or non-steroidal anti-inflammatory drugs
(NSAIDs) and/or other analgesics for RA were permitted.
Patients were randomly assigned (1:1:1:1:1) to receive placebo
at weeks 0, 4 and every 8 weeks, ustekinumab 90 mg at weeks
0, 4 and every 8 weeks, ustekinumab 90 mg at weeks 0, 4 and
every 12 weeks, guselkumab 50 mg at weeks 0, 4 and every
8 weeks, or guselkumab 200 mg at weeks 0, 4 and every 8 weeks
through week 28. To maintain the blind, all randomised patients
were to receive two 1 mL subcutaneous injections in two identi-
cal syringes prepared by an independent unblinded pharmacist at
the sites at weeks 0, 4, 12, 16, 20 and 28 according to treatment
assignment, including placebo injections as needed to maintain
the blind, depending on the dose of ustekinumab or guselkumab
assigned. The doses chosen for ustekinumab and guselkumab
were based on the efficacy seen with the respective doses in pre-
vious trials of PsA and/or psoriasis.23–27 At week 16, patients in
the placebo group who had <10% improvement from baseline
in both tender and swollen joint counts entered double-blind
early escape and received ustekinumab 90 mg at weeks 16, 20
and 28; no treatment adjustments were made for patients rando-
mised to the ustekinumab or guselkumab groups. The final
safety follow-up visit was at week 48.

Efficacy
The primary end point was the proportion of patients who
achieved at least a 20% improvement in the ACR criteria
(ACR20)29 at week 28. Other efficacy assessments included the
28-joint count Disease Activity Score using CRP
(DAS28-CRP),30 Clinical Disease Activity Index (CDAI) and
Simplified Disease Activity Index (SDAI).31 Physical function
and health-related quality of life were assessed using the Health

Assessment Questionnaire-Disability Index (HAQ-DI) and the
36-item Short-Form Health Survey (SF-36), respectively.32 33

Safety
Patients were monitored through week 48 for adverse events
(AEs), clinical laboratory testing, vital signs and ECGs (weeks 0,
16 and 28).

Pharmacokinetics and immunogenicity assessments
Blood samples were collected for measuring serum ustekinumab
and guselkumab concentrations and for evaluation of antidrug
antibodies. Serum guselkumab concentrations were measured
using a validated dissociation-enhanced lanthanide fluorescent
immunoassay (lowest quantifiable guselkumab concentration:
0.04 μg/mL). Serum ustekinumab concentrations were measured
by a validated electrochemiluminescence-based immunoassay
method (lowest quantifiable ustekinumab concentration:
0.17 μg/mL). The presence of antibodies to ustekinumab or
guselkumab in serum was determined using validated electro-
chemiluminescence immunoassays.

Statistical analysis
The study was powered to detect a difference in the proportion
of patients achieving an ACR20 response at week 28 in the com-
bined ustekinumab group and the combined guselkumab group
compared with placebo. Combining the two dose groups of uste-
kinumab and guselkumab was prespecified to increase the power
for detecting a difference between either ustekinumab or guselk-
umab and placebo as both dose groups were expected to be effi-
cacious based on pharmacokinetic and efficacy data from other
indications.23–27 Based on a simulation of 5000 repetitions, a
sample size of 50 patients per treatment group was predicted to
provide approximately 74–89% power to detect an approxi-
mately 20–30% difference between a placebo plus MTX group
and an active treatment (ustekinumab or guselkumab) plus MTX
group. To control an overall type I error at 0.05 through the trial,
a two-sided Cochran-Mantel-Haenszel test with stratification by
screening CRP level (<1.5, ≥1.5 mg/dL) at a significance level of
0.025 was used in each step of a sequential testing process. For
both ustekinumab and guselkumab, the combined group was
compared with placebo first; if the difference from placebo was
significant, pairwise comparisons between each dose group and
placebo were performed. The primary end point analysis
included all randomised patients grouped by randomised treat-
ment. If a patient had data for at least one ACR component at
week 28, missing component data were imputed with the last
observation carried forward if baseline data were available; other-
wise, missing components were considered to contribute to less
than 20% improvement for ACR20 response. Patients were clas-
sified as non-responders if no ACR component data were avail-
able at week 28 or if they initiated prohibited medications
(including glucocorticoids for RA), increased the MTX or gluco-
corticoid dose above baseline level, or discontinued the study
agent for any reason. For patients who entered early escape,
week-16 efficacy values were carried forward through week 28.
A nominal significance level of 0.05 (two-sided) was applied to
secondary end points and other analyses.

RESULTS
Patients
Data were collected from July 2012 to May 2014 at 59 sites in
the USA (n=1), South America (n=72), Europe (n=197) and
Asia (n=4). Five hundred and one patients were screened and
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274 were randomised (placebo plus MTX, n=55; ustekinumab
90 mg every 8 weeks plus MTX, n=55; ustekinumab 90 mg
every 12 weeks plus MTX, n=55; guselkumab 50 mg plus
MTX, n=55; guselkumab 200 mg plus MTX, n=54) (figure 1).
Baseline demographics and disease characteristics were similar
across treatment groups (table 1 and online supplementary table
S1). Through week 28, 22 patients discontinued the study
agent; the most common reasons were lack of efficacy (n=10,
3.6%) and AEs (n=8, 2.9%) (figure 1).

Efficacy
The primary end point was not achieved; all significant differ-
ences in secondary end points are considered nominal. At week
28, an ACR20 response was achieved by 40.0% of patients in
the placebo group, 53.6% in the combined ustekinumab group
and 41.3% in the combined guselkumab group (p=0.101 and
p=0.877, respectively); ACR20 responses in each dose group
are shown in figure 2. Compared with placebo, no treatment
benefit on ACR20 response was observed with ustekinumab or
guselkumab in any subgroup defined by baseline demographics,
disease characteristics or concomitant medications (MTX, oral
glucocorticoids or NSAIDs) when compared with placebo (see
online supplementary figures S1–S12). However, among
ustekinumab-treated patients, a numerically greater proportion
of patients in Europe achieved an ACR20 response over placebo
compared with those in South America, where a high placebo
response rate (58.3%) was observed. Per cent improvements in
the majority of ACR components, most notably tender and
swollen joint counts and physician’s global assessment of disease
activity, were numerically greater in the combined ustekinumab
group compared with placebo at week 28; however, the effect
on CRP was similar to that observed with placebo (table 2 and
online supplementary table S2). No consistent improvements in

ACR components were observed in the combined guselkumab
group except for modest decreases in swollen and tender joint
counts and physician’s global assessment of disease activity, par-
ticularly in the 200 mg group.

Greater improvements from baseline in DAS28-CRP at weeks
12 and 28 were observed in the combined ustekinumab group
but not in the combined guselkumab group compared with
placebo at both weeks 12 and 28 (nominal p<0.05) (table 2 and
online supplementary table S2). Mean changes from baseline in
CDAI and SDAI were greater in the combined ustekinumab
group compared with placebo at weeks 12 and 28 and in the
combined guselkumab group compared with placebo at week 28
(nominal p<0.05) (table 2 and online supplementary table S2),
with a trend of improvement in CDAI and SDAI Scores over
time (figure 3). No improvements in mean HAQ-DI Scores were
observed in both the combined ustekinumab and combined
guselkumab groups at weeks 12 and 28 (table 2 and online
supplementary table S2).

Safety
Through week 16, before early escape, and through week 48,
the proportions of patients with at least one AE were generally
comparable among the treatment groups (table 3). Through
week 48, infections were the most common type of AE. Four
patients had a serious infection (placebo: appendicitis (n=1);
ustekinumab 90 mg every 8 weeks: urinary tract infection
(n=1); guselkumab 200 mg: lobar pneumonia and gastroenter-
itis (n=1 each)), with no apparent difference among the treat-
ment groups. There were no cases of tuberculosis or
opportunistic infections. Overall, gastrointestinal AEs were more
common in the ustekinumab 90 mg every-12-week group and
blood and lymphatic disorder AEs were more common in the
guselkumab 200 mg group compared with placebo (5 (9.1%) vs

Figure 1 Patient disposition through week 28. AE, adverse event; MTX, methotrexate.
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2 (3.6%) and 5 (9.3%) vs 1 (1.8%), respectively). Few patients
had an injection site reaction (table 3); none were serious or
severe, and none led to discontinuation of the study agent.

The incidence of patients with at least one serious AE
(SAE) through week 48 was low and similar across treatment
groups (table 3). Two malignancies occurred, both during the
follow-up period after week 28: squamous cell carcinoma of
the lung (male, aged 59 years, non-smoker) in the

ustekinumab 90 mg every-12-week group and breast cancer
(female, aged 62 years) in the guselkumab 200 mg group.
One death occurred in a woman aged 61 years in the ustekinu-
mab 90 mg every-8-week group who experienced syncope
(16 days after receiving the third administration of study drug)
and was admitted to the hospital, with pulmonary embolism or
pneumonia considered at admission; the exact cause of death
could not be confirmed. Other SAEs were unstable angina and

Table 1 Baseline demographic and disease characteristics

Ustekinumab+MTX Guselkumab+MTX Total
Placebo+MTX
(N=55)

90 mg every 8 weeks
(N=55)

90 mg every 12 weeks
(N=55)

50 mg every 8 weeks
(N=55)

200 mg every 8 weeks
(N=54) (N=274)

Characteristic

Demographics

Female sex, n (%) 48 (87.3) 46 (83.6) 47 (85.5) 45 (81.8) 42 (77.8) 228 (83.2)

Age, years 51.1±10.6 50.8±13.0 51.4±13.6 49.9±12.9 54.6±11.3 51.5±12.3

Disease duration, years 8.5±8.7 5.6±5.5 6.8±5.9 6.1±7.1 8.9±9.6 7.2±7.6

Concomitant medications

MTX dose, mg/week 14.5±4.6 14.8±4.2 14.9±4.9 15.6±3.6 14.5±4.6 14.9±4.4

Oral glucocorticoids, n (%) 30 (54.5) 33 (60.0) 30 (54.5) 37 (67.2) 35 (64.8) 165 (60.2)

Disease characteristics

SJC (0–66) 14.7±6.5 15.2±8.6 17.2±9.3 15.5±6.6 17.6±9.1 16.0±8.1

TJC (0–68) 26.7±11.3 26.4±14.2 27.4±12.3 26.1±12.1 28.0±13.7 26.9±12.7

Patient’s assessment of pain, cm 6.4±1.9 6.6±2.0 6.5±2.2 6.6±2.1 6.5±1.9 6.5±2.0

Patient’s global assessment, cm 6.5±1.8 6.8±1.9 6.8±2.0 6.8±1.7 6.7±1.7 6.7±1.8

Physician’s global assessment, cm 6.8±1.3 6.3±1.3 6.4±1.5 6.6±1.6 6.7±1.4 6.5±1.4

HAQ-DI (0–3) 1.7±0.5 1.8±0.6 1.7±0.6 1.7±0.7 1.8±0.6 1.7±0.6

CRP, mg/dL (ULN ≤0.287 mg/dL) 1.9±1.6 2.3±2.5 2.0±2.2 2.3±2.3 2.3±2.2 2.2±2.2

DAS28-CRP 6.1±0.8 6.0±0.8 6.1±0.7 6.1±0.8 6.1±0.9 6.1±0.8

CDAI 41.9±11.0 40.2±10.9 43.2±11.0 41.1±10.6 42.8±13.0 41.8±11.3

SDAI 43.8±11.2 42.6±11.1 45.2±10.9 43.4±11.4 45.1±13.7 44.0±11.7

Rheumatoid factor, n (%) 48 (87.3) 47 (87.0) 51 (92.7) 53 (96.4) 50 (92.6) 249 (91.2)

Anti-CCP, n (%) 53 (96.4) 47 (87.0) 51 (92.7) 53 (96.4) 53 (98.1) 257 (94.1)

Data presented as mean±SD unless otherwise noted. No statistically significant differences (α=0.05) were observed among treatment groups.
CCP, cyclic citrullinated peptide; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; DAS28-CRP, 28-joint count Disease Activity Score using CRP; HAQ-DI, Health Assessment
Questionnaire-Disability Index; MTX, methotrexate; SDAI, Simplified Disease Activity Index; SJC, swollen joint count; TJC, tender joint count; ULN, upper limit of normal.

Figure 2 Proportions of patients
with an ACR20, ACR50 or ACR70
response at week 28. ACR20 response
includes all randomised patients.
ACR50 and ACR70 responses include
patients who received ≥1 dose of
study agent. ACR20/50/70, ≥20%/
50%/70% improvement in the
American College of Rheumatology
criteria; MTX, methotrexate.
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worsening of RA (placebo); sciatica, anaemia, concussion and
shock (ustekinumab 90 mg every 8 weeks); and ileus and transi-
ent ischaemic attack (ustekinumab 90 mg every 12 weeks). All
SAEs were singular events, and no specific pattern of association
between SAEs and active treatments was identified.

There were no clinically meaningful changes in vital signs or
ECG findings. Most chemistry and haematology abnormalities

were mild to moderate; occurrences of toxicity grades >2 were
transient and not clinically significant.

Pharmacokinetics
Median trough serum levels of ustekinumab reached steady state
by week 12 (1.59 μg/mL) in the every-8-week group and by
week 16 (0.61 μg/mL) in the every-12-week group, and were

Figure 3 Mean Clinical Disease Activity Index (CDAI; panel A) and Simplified Disease Activity Index (SDAI; panel B) Scores through week 28. MTX,
methotrexate.

Table 3 Adverse events summary through week 48

Ustekinumab+MTX Guselkumab+MTX

Placebo+MTX
(N=55)

90 mg every
8 weeks (N=55)

90 mg every
12 weeks (N=55) Combined

50 mg every
8 weeks (N=55)

200 mg every
8 weeks (N=54) Combined

Through week 16

Patients, n 55 54 55 109 55 54 109

Mean exposure, weeks 15.8 16.3 15.8 16.0 16.3 16.4 16.4

Patients with ≥1 AE, n (%) 21 (38.2) 22 (40.7) 24 (43.6) 46 (42.2) 16 (29.1) 21 (38.9) 37 (33.9)

Patients with ≥1 SAE, n (%) 1 (1.8) 2 (3.7) 2 (3.6) 4 (3.7) 0 1 (1.9) 1 (0.9)

Through week 48

Patients, n 55 54 55 125* 55 54 109

Mean exposure, weeks 23.7 27.8 26.9 25.4 28.2 28.0 28.1

Patients with ≥1 AE, n (%) 25 (45.5) 26 (48.1) 30 (54.5) 63 (50.4) 20 (36.4) 27 (50.0) 47 (43.1)

Injection site reactions through week 28,
n (%)

0 0 1 (1.8) 1 (0.8) 1 (1.8) 1 (1.9) 2 (1.8)

Infections, n (%) 16 (29.1) 13 (24.1) 21 (38.2) 37 (29.6) 12 (21.8) 13 (24.1) 25 (22.9)

Common AEs, n (%)

Nasopharyngitis 3 (5.5) 5 (9.3) 4 (7.3) 10 (8.0) 3 (5.5) 4 (7.4) 7 (6.4)

Influenza 3 (5.5) 1 (1.9) 3 (5.5) 4 (3.2) 3 (5.5) 3 (5.6) 6 (5.5)

Worsening of RA 1 (1.8) 2 (3.7) 5 (9.1) 8 (6.4) 2 (3.6) 4 (7.4) 6 (5.5)

Headache 3 (5.5) 2 (3.7) 5 (9.1) 8 (6.4) 2 (3.6) 3 (5.6) 5 (4.6)

Hypertension 3 (5.5) 4 (7.4) 2 (3.6) 7 (5.6) 1 (1.8) 1 (1.9) 2 (1.8)

Back pain 1 (1.8) 0 0 0 3 (5.5) 1 (1.9) 4 (3.7)

Anaemia 1 (1.8) 3 (5.6) 0 3 (2.4) 1 (1.8) 3 (5.6) 4 (3.7)

Patients with ≥1 SAE, n (%) 3 (5.5) 4 (7.4) 3 (5.5) 8 (6.4) 0 3 (5.6) 3 (2.8)

Patients with ≥1 serious infection, n (%) 1 (1.8) 1 (1.9) 0 1 (0.8) 0 2 (3.7) 2 (1.8)

*Includes 16 patients who entered early escape at week 16.
AE, adverse event; MTX, methotrexate; RA, rheumatoid arthritis; SAE, serious adverse event.
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maintained through week 28 (1.77 mg/mL and 0.54 mg/mL,
respectively). No clear correlation between trough serum usteki-
numab concentrations and ACR20 response at week 28 was
observed.

Median trough serum levels of guselkumab reached steady
state by week 20 and were maintained through week 28 (0.18
mg/mL and 0.73 μg/mL in the 50 mg every-8-week and 200 mg
every-8-week groups, respectively).

Immunogenicity
Through week 48, 7 out of 123 (5.7%) ustekinumab-treated
patients with appropriate samples tested positive for antibodies
to ustekinumab; four had neutralising antibodies. In both usteki-
numab groups, serum ustekinumab concentrations were gener-
ally lower in patients who tested positive for antibodies to
ustekinumab compared with those who tested negative.

Through week 48, 12 out of 106 (11.3%) guselkumab-treated
patients with appropriate samples tested positive for antibodies
to guselkumab; none had neutralising antibodies. Serum guselk-
umab concentrations were generally comparable between
patients who tested positive for antibodies to guselkumab and
those who tested negative.

DISCUSSION
The relative contributions of IL-12 and/or IL-23 pathways to
the pathophysiology of RA are not well understood. This trial
was undertaken to evaluate the safety and efficacy of ustekinu-
mab (anti IL-12/23p40 antibody) and guselkumab (anti-IL-23
antibody) in patients with active RA despite MTX therapy. The
primary end point (ACR20 at week 28) was not met for either
ustekinumab or guselkumab. While some numerical trends
towards improvement were consistently observed in several sec-
ondary efficacy measures in the ustekinumab treatment groups
compared with the placebo, the reductions in composite disease
activity measures DAS28-CRP, SDAI and CDAI were relatively
small. No consistent evidence of efficacy in RA was observed
with guselkumab in this study. No treatment effect was observed
with ustekinumab or guselkumab on CRP levels in patients
with RA.

The large placebo effect on ACR20 response observed at
week 12 (29.1%) and week 28 (40.0%) may have made it more
difficult to demonstrate efficacy for the active treatments, which
may be a limitation for this study. However, it should be noted
that placebo response rates have been quite high in several
recent trials of similar populations, such as REALISTIC (ACR20
response: 26% at week 1234) or MOBILITY (ACR20 response:
46% at week 12 and 33% at week 2435 36); however, while the
placebo rates were in the order of those observed in our trial,
the response rates with the active medications were in the order
of 51% to 72% and thus much higher and even up to double
those observed here. The small sample size in this phase II study
could also be a limitation. However, the totality of the data,
including ACR 20/50/70 response over time and lack of effect on
CRP, an objective measure, suggested ustekinumab and guselku-
mab did not have significant, clinically meaningful effects on the
signs and symptoms and the inflammatory markers of RA in this
patient population with moderate-to-severe disease.

As both guselkumab (which selectively inhibits IL-23) and
ustekinumab (which blocks IL-12/IL-23) failed to demonstrate
robust efficacy in this study, these results suggest that activation
of Th17 cells may not play a major role in established RA.
These data are in stark contrast to those obtained in psoriasis
with both monoclonal antibodies and in PsA with ustekinumab.
Indeed, the efficacy of ustekinumab in psoriasis23 24 and

PsA,25 26 and of guselkumab in psoriasis27 is consistent with
the effects of IL-17 inhibition in both diseases. Notably, the
lack of robust efficacy in patients with RA following treatment
with guselkumab or ustekinumab in the present trial is also
consistent with previous studies on IL-17 inhibition in patients
with moderate-to-severe RA, which showed modest efficacy
with secukinumab37 and ixekizumab38 and no efficacy with
brodalumab.39 Overall, these findings point to differences in the
immunopathology of active RA and PsA joint disease; in PsA,
the IL-23/IL-17-mediated Th17 pathway may play a more
important role.

While the lack of demonstrable efficacy for both ustekinumab
and guselkumab in patients with RA suggests that Th17 cells
may only play a minor role in established RA, the effect of uste-
kinumab on Th1 cells suggests that Th1 cells play a limited role
in the pathophysiology of RA at this (established) stage of the
disease. Alternatively, Th1 cell function may be blocked insuffi-
ciently at the ustekinumab dose level evaluated in this study.
However, in a previous study, evidence of inhibition of IFNγ
production was shown in a subset of patients with psoriasis who
had ≥75% improvement in Psoriasis Area and Severity Index
after receiving a single administration of ustekinumab.40

Interestingly, abatacept, a T cell activation inhibitor, has
shown robust efficacy on joint symptoms in both RA41 and
PsA,42 while an effect on skin psoriasis was not observed in a
phase II PsA Study.42 However, with the exception of abatacept,
no T cell directed therapy has hitherto shown efficacy in RA.43

Also, it is not clear at present if the major mode of action of
abatacept in RA is mainly related to inhibition of T cell activa-
tion or due to other mechanisms.44–46 Irrespective of abatacept’s
mode of action, the difference in efficacy profiles of ustekinu-
mab, guselkumab and abatacept as well as direct IL-17 inhibitors
in RA,37 39 47 PsA48 49 and psoriasis50 51 suggest that the IL-23/
IL-17-mediated Th17 pathways do not play an important role in
RA joint inflammation.

An alternative explanation could be that the highest ustekinu-
mab and guselkumab exposures achieved in this study may not
have been adequate for efficacy in RA. However, this is unlikely,
as the serum exposures of ustekinumab and guselkumab observed
in this study were generally consistent with those observed in dif-
ferent patient populations (eg, psoriasis and PsA) that demon-
strated efficacy. Furthermore, no consistent dose response in
efficacy was observed for either ustekinumab or guselkumab, and
there was no clear correlation between steady state trough serum
concentrations of ustekinumab or guselkumab with the propor-
tion of patients who achieved an ACR20 response.

The safety profiles of ustekinumab and guselkumab were con-
sistent with earlier studies in other patient populations.23–27

Overall, the incidence of AEs in the ustekinumab and guselku-
mab groups was comparable with the placebo group through
week 16. The incidence of SAEs was low and was similar among
the treatment groups, with no specific pattern of association
between SAEs and active treatments. Four patients (one receiv-
ing placebo, one receiving ustekinumab, two receiving guselku-
mab) had a serious infection. No opportunistic infections or
cases of tuberculosis were reported. Two malignancies (one in a
patient who received ustekinumab and one in a patient who
received guselkumab) and one death occurred (ustekinumab
group). Overall, no new safety risk or particular pattern of
event clustering was evident.

In summary, patients with active RA despite prior MTX did
not demonstrate any clinically meaningful improvement in the
signs and symptoms of RA following treatment with ustekinu-
mab or guselkumab despite the clear benefit of ustekinumab in
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both psoriasis and PsA and robust phase II data suggesting effi-
cacy of guselkumab in psoriasis. Our results suggest that, in con-
trast to psoriasis and PsA, Th17 cells, as well as Th1 cells, may
not play a major role in the pathogenesis of active established
RA. Additional research is needed to fully understand the rela-
tive roles of IL-12 and IL-23 in RA.
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EXTENDED REPORT

Efficacy and safety of sarilumab monotherapy versus
adalimumab monotherapy for the treatment of
patients with active rheumatoid arthritis
(MONARCH): a randomised, double-blind,
parallel-group phase III trial
Gerd R Burmester,1 Yong Lin,2 Rahul Patel,2 Janet van Adelsberg,3 Erin K Mangan,3

Neil M H Graham,3 Hubert van Hoogstraten,2 Deborah Bauer,2 Juan Ignacio Vargas,4

Eun Bong Lee5

ABSTRACT
Objectives To compare efficacy and safety of
sarilumab monotherapy with adalimumab
monotherapy in patients with active rheumatoid
arthritis (RA) who should not continue treatment with
methotrexate (MTX) due to intolerance or inadequate
response.
Methods MONARCH was a randomised, active-
controlled, double-blind, double-dummy, phase III
superiority trial. Patients received sarilumab (200 mg
every 2 weeks (q2w)) or adalimumab (40 mg q2w)
monotherapy for 24 weeks. The primary end point was
change from baseline in 28-joint disease activity score
using erythrocyte sedimentation rate (DAS28-ESR) at
week 24.
Results Sarilumab was superior to adalimumab in the
primary end point of change from baseline in DAS28-
ESR (−3.28 vs −2.20; p<0.0001). Sarilumab-treated
patients achieved significantly higher American College
of Rheumatology 20/50/70 response rates (sarilumab:
71.7%/45.7%/23.4%; adalimumab: 58.4%/29.7%/
11.9%; all p≤0.0074) and had significantly greater
improvement in Health Assessment Questionnaire-
Disability Index (p=0.0037). Importantly, at week 24,
more patients receiving sarilumab compared with
adalimumab achieved Clinical Disease Activity Index
remission (7.1% vs 2.7%; nominal p=0.0468) and low
disease activity (41.8% vs 24.9%; nominal p=0.0005,
supplemental analysis). Adverse events occurred in
63.6% (adalimumab) and 64.1% (sarilumab) of
patients, the most common being neutropenia and
injection site reactions (sarilumab) and headache and
worsening RA (adalimumab). Incidences of infections
(sarilumab: 28.8%; adalimumab: 27.7%) and serious
infections (1.1%, both groups) were similar, despite
neutropenia differences.
Conclusions Sarilumab monotherapy demonstrated
superiority to adalimumab monotherapy by
improving the signs and symptoms and physical
functions in patients with RA who were unable to
continue MTX treatment. The safety profiles of both
therapies were consistent with anticipated class
effects.
Trial registration number NCT02332590.

INTRODUCTION
Biological disease-modifying antirheumatic drugs
(bDMARDs) targeting inflammatory cytokines,
such as tumour necrosis factor α (TNF-α) or inter-
leukin 6 (IL-6) via the IL-6 receptor (IL-6R), have
expanded the treatment options for patients with
rheumatoid arthritis (RA).1–3 Emerging data have
demonstrated that patients with inadequate
response to conventional synthetic DMARDs
(csDMARDs; eg, methotrexate (MTX)) benefit
from early and intensive therapy with the addition
of bDMARDS, resulting in better preservation of
joint structure and function.4–9 Yet, nearly
one-third of patients with RA use biologics as
monotherapy due to MTX intolerance or contra-
indication.10–13 In addition, increasing data from
real-world clinical practice and prescription drug
registries across multiple countries indicate that
bDMARDs are frequently used as monotherapy,
either at the discretion of the physician or because
of patient preference.13–17 The widespread use of
bDMARD monotherapy calls for more comparative
data to support the optimal selection of approved
bDMARDs in clinical practice.
Therapeutic targeting of the IL-6R has been a

major advance in the effective treatment of RA, as
IL-6R plays a key role in mediating the underlying
disease pathophysiology and clinical manifestations
of RA.18–22 In patients with RA, elevated levels of
IL-6 in the serum and synovial fluid tightly associ-
ate with synovitis, systemic inflammation, bone
metabolism, fatigue and joint destruction.23

Sarilumab is a human IgG1 monoclonal antibody
that binds specifically to both soluble and
membrane-bound IL-6Rs (sIL-6Rα and mIL-6Rα)
and has been shown to inhibit IL-6-mediated sig-
nalling through these receptors. In two previous
phase III trials, sarilumab administered subcutane-
ously at 150 and 200 mg every 2 weeks (q2w) was
effective in several patient populations with RA,
including MTX inadequate responders24 and those
with an inadequate response or intolerance to TNF
inhibitors.25 In MTX inadequate responders, the
addition of sarilumab inhibited radiographic pro-
gression and, in both studies, sarilumab achieved
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rapid and sustained improvement in disease activity and
improved physical function with a manageable safety and toler-
ability profile consistent with IL-6R blockade.24–27

Adalimumab is a globally approved bDMARD targeting
TNF-α that is recommended for use in patients who fail to
achieve clinical remission with csDMARDs (including MTX)
and is an approved monotherapy for those unable to take
csDMARDs because of intolerance or contraindication.2 28 The
objective of the phase III MONARCH trial (NCT02332590)
was to compare the efficacy and safety of sarilumab and adali-
mumab monotherapy in patients with active RA who were
unsuitable candidates for continued treatment with MTX due to
intolerance or inadequate response. Results from this study
address the need for data comparing biological monotherapy
performance, to help better define strategies for the choice and
optimal sequencing of available therapeutics suited for real-
world clinical practice.

METHODS
Study design
MONARCH was a multicentre, randomised, active-controlled,
double-blind, double-dummy, phase III superiority trial con-
ducted in 86 study centres in Europe, Israel, Russia, South
Africa, South America, South Korea and the USA. The first
patient was enrolled on 11 February 2015 and the last patient
completed week 24 on 20 January 2016. After 24 weeks,
patients had the option to enrol in an open-label extension.
Results from the 24-week, double-blind treatment period are
presented.

Patients were centrally randomised using an interactive voice
response system to receive sarilumab 200 mg q2w plus placebo
q2w (n=184) or adalimumab 40 mg q2w plus placebo (n=185)
in prefilled matching syringes for subcutaneous administration
for 24 weeks. Treatment and matching placebo were provided in
kits suitable for double-dummy blinding; investigators did not
have access to randomisation information except under excep-
tional medical circumstances. After week 16, dose escalation to
weekly administration of adalimumab or matching placebo in
the sarilumab group was permitted for patients who did not
achieve ≥20% improvement in tender and swollen joint counts.

The protocol was approved by the appropriate ethics commit-
tees/institutional review boards and each patient gave written
consent before participation in the study. The study was con-
ducted in compliance with institutional review board regula-
tions, the International Conference on Harmonization
Guidelines for Good Clinical Practice and the Declaration of
Helsinki.

Patient population
Eligible patients were ≥18 years at baseline and those who ful-
filled the 2010 American College of Rheumatology (ACR)/
European League Against Rheumatism Classification Criteria for
RA29 and ACR class I–III functional status, based on the 1991
revised criteria.30 Patients were included if they had active RA,
defined as ≥6 of 66 swollen and ≥8 of 68 tender joints and
high-sensitivity C reactive protein (CRP) ≥8 mg/L or erythrocyte
sedimentation rate (ESR) ≥28 mm/hours and 28-joint disease
activity score using ESR (DAS28-ESR) >5.1 assessed between
screening and randomisation, with disease duration ≥3 months
and were, per investigator judgement, either intolerant of or
considered inappropriate candidates for continued treatment
with MTX, or inadequate responders if treated with an
adequate MTX dose (10–25 mg/week or 6–25 mg/week for

patients within Asia-Pacific region) for ≥12 weeks. Patients with
prior bDMARD experience were excluded.

Efficacy end points
The primary efficacy end point was change from baseline in
DAS28-ESR at week 24. Secondary efficacy end points at week
24 included DAS28-ESR remission (<2.6); the Health
Assessment Questionnaire-Disability Index (HAQ-DI); ACR
20% (ACR20), 50% (ACR50) and 70% (ACR70) responses;
Medical Outcomes Short Form 36 Health Survey (V.2) (SF-36)
physical component summary (PCS) score and mental compo-
nent summary (MCS) score and Functional Assessment of
Chronic Illness Therapy-Fatigue (FACIT-F). Clinical Disease
Activity Index (CDAI), a pre-specified secondary end point, was
not part of the hierarchy as it was not consistent with regulatory
guidance. For a list of end points, see online supplementary
table S1.

Safety
Safety assessments included incidence of treatment-emergent
adverse events (AEs), serious AEs (SAEs) reported by investiga-
tors, along with measured laboratory tests. AEs were described
in the Medical Dictionary for Regulatory Activities (V.18.1)
preferred-term level, whereas AEs of special interests were iden-
tified using pre-specified search criteria. Antidrug antibody
(ADA) positivity at two or more consecutive samplings or the
last sample analysed during the AE period was classified as
persistent.

Statistical analysis
A sample size of 170 patients per group was needed to provide
at least 90% power to demonstrate that sarilumab was superior
to adalimumab by at least 0.6 units (a clinically relevant differ-
ence26) on the DAS28-ESR scale using a SD of 1.7 based on
prior trials.26 Efficacy analyses were conducted in the
intent-to-treat (ITT) population, which included all randomised
patients, including those who increased the dose frequency of
adalimumab or matching placebo. Data collected after perman-
ent treatment discontinuation were excluded. Sensitivity ana-
lyses and statistical methods are described in the online
supplementary appendix.

RESULTS
Patient demographics, baseline characteristics and
disposition
The ITT population consisted of 369 patients (185 in the adali-
mumab group and 184 in the sarilumab group; figure 1).
Baseline characteristics and treatment history were generally
balanced between groups (table 1).

Patients in the sarilumab group tended to have lower baseline
CRP and longer RA duration compared with patients in the
adalimumab group, although DAS28-CRP and DAS28-ESR were
comparable between groups. Percentages of MTX non-
responders and MTX-intolerant patients were also balanced
(table 1). The mean highest weekly prior MTX dose was
16.9 mg/week.

The treatment period was completed by most patients (sarilu-
mab: 90%, adalimumab: 84%), with AEs the most common
cause of discontinuation (figure 1). The safety population con-
sisted of all patients who received at least one dose of study
medication; this population included 368 patients because one
patient was randomised to the adalimumab group in error and
did not receive study medication.
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Efficacy
The primary end point of the study was achieved: sarilumab
200 mg q2w was superior to adalimumab 40 mg q2w in mean
change from baseline to week 24 in DAS28-ESR (−3.28 vs
−2.20; difference: −1.08; 95% CI −1.36 to −0.79; p<0.0001)
(table 2; figure 2A).

Improvements in DAS28-ESR were greater by week 12 in the
sarilumab group compared with the adalimumab group (−2.77
vs −1.88; difference: −0.89; 95% CI −1.18 to −0.59; nominal
p<0.0001). Compared with adalimumab, the odds of achieving
DAS28-ESR remission with sarilumab were approximately three
times greater at week 12 (OR: 2.61; 95% CI 1.31 to 5.20;
nominal p=0.0051) and approximately five times greater at
week 24 (OR: 4.88; 95% CI 2.54 to 9.39; p<0.0001)
(figure 3A).

Sensitivity analyses (see online supplementary appendix) for
the primary endpoint were consistent with the primary analysis
(see online supplementary table S2). Additionally, in a pre-
specified subgroup analysis, sarilumab demonstrated greater
change from baseline in DAS28-ESR at week 24 compared with
adalimumab, regardless of previous MTX response
(treatment-by-subgroup interaction: intolerant vs inadequate
response, p=0.2163; see online supplementary table S3).

Change in DAS28-CRP at week 24 was consistent with
DAS28-ESR (−2.86 vs −1.97; difference: −0.88; 95% CI −1.14
to −0.63; nominal p<0.0001). At the first assessment (week 4),
mean change in DAS28-CRP was larger in the sarilumab group
compared with the adalimumab group (−1.46 vs −1.08;
difference: −0.38; 95% CI −0.59 to −0.16; nominal
p=0.0005) and the numerical difference between groups
continued to increase throughout the study (figure 2B; see
online supplementary table S4).

Sarilumab also demonstrated greater efficacy compared with
adalimumab in CDAI, a measure of clinical response independ-
ent of acute-phase reactants that may favour IL-6 inhibition.
Patients receiving sarilumab had a lower mean CDAI score at
weeks 12 and 24 compared with patients taking adalimumab
(week 24: −28.9 vs −25.2; difference: −3.74; 95% CI −6.02 to
−1.47; nominal p=0.0013; see online supplementary table S4).
At week 24, more patients receiving sarilumab achieved CDAI
remission (13/184 (7.1%) vs 5/185 (2.7%); nominal p=0.0468)
and CDAI low disease activity (77/184 (41.8%) vs 46/185
(24.9%); post hoc nominal p=0.0005) compared with those

receiving adalimumab (figure 3B; see online supplementary
table S4).

The proportion of patients who achieved an ACR20/50/70
response at week 24 was significantly greater in the sarilumab
group (71.7%/45.7%/23.4%) than the adalimumab group
(58.4%/29.7%/11.9%; all p≤0.0074), with differences observed
as early as week 8 (figure 3C). In all three response categories,
the between-group difference was >10%. At week 24, both sari-
lumab and adalimumab had greatly reduced the mean tender
(9.0 vs 9.9, out of 68 assessed; p=0.0986) and swollen (4.2 vs
4.8, out of 66 assessed; p=0.0446) joint counts (ACR compo-
nents described in online supplementary table S4).

The mean improvement in HAQ-DI score from baseline to
week 24 was significantly greater in the sarilumab group com-
pared with the adalimumab group (−0.61 vs −0.43; difference:
−0.18; 95% CI −0.31 to −0.06; p=0.0037) (table 2). The pro-
portion of patients who demonstrated a clinically meaningful
improvement of ≥0.22 units as well as the more stringent ≥0.3
units was higher for patients receiving sarilumab versus those
receiving adalimumab (nominal p<0.01 for both) (figure 3D).

At week 24, sarilumab-treated patients had significantly
greater improvement in the SF-36 PCS compared with
adalimumab-treated patients and improvements were observed
as early as week 12 (table 2). Both groups demonstrated similar
improvement in SF-36 MCS at week 24. An improvement from
baseline to week 24 in FACIT-F score was observed in both
groups, with a trend towards greater improvement in the sarilu-
mab group (table 2).

Safety
The incidence of AEs (∼64%, both groups) and SAEs (adalimu-
mab, 12 (6.5%) vs sarilumab, 9 (4.9%)) and the rate of disconti-
nuations (adalimumab, 13 (7.1%) vs sarilumab, 11 (6.0%)) were
similar between groups (table 3).

One patient in the sarilumab group died of acute cardiac
failure secondary to aortic dissection and papillary muscle
rupture on day 36.

The incidence of infections was similar between groups (adali-
mumab, 27.7%; sarilumab, 28.8%). Two patients in each treat-
ment group experienced a serious infection: one mastitis and
one infective bursitis with sarilumab and one bacterial arthritis
and one upper respiratory tract infection with adalimumab
(table 3).

Figure 1 Flow diagram showing
patient disposition. *Primary reasons
for patient ineligibility were meeting
the exclusion criteria related to
tuberculosis (12.0%) or failure to meet
the inclusion criterion for severity of
disease (8.1%). †One patient was
randomised but not treated in the
adalimumab group. ‡The actual
number of patients who received a
dose-escalation kit on the basis of
meeting protocol criteria were 6
(3.2%) in the adalimumab group and
5 (2.7%) in the sarilumab group. q2w,
every 2 weeks.
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One patient in the adalimumab group developed multiple
sclerosis. One patient in the sarilumab group was diagnosed
with demyelinating polyneuropathy; symptoms began before
randomisation. No cases of gastrointestinal perforation,

anaphylaxis or lupus-like syndrome were reported in either
group.

Injection site reactions were reported in 8 patients (4.3%) in
the adalimumab group and 17 patients (9.2%) in the sarilumab

Table 1 Patient demographics and disease characteristics

Adalimumab 40 mg
q2w
(n=185)

Sarilumab 200 mg
q2w
(n=184)

Demographics

Age, mean±SD, year 53.6±11.9 50.9±12.6

Female, n (%) 150 (81.1) 157 (85.3)

Race, white, n (%) 164 (88.6) 171 (92.9)

Weight, mean±SD, kg 71.8±17.8 72.3±16.5

BMI, mean±SD, kg/m2 27.3±6.5 27.1±5.6

Geographical region, n (%)*

Region 1 62 (33.5) 61 (33.2)

Region 2 35 (18.9) 36 (19.6)

Region 3 88 (47.6) 87 (47.3)

Disease and treatment history

Duration of RA, mean±SD, year 6.6±7.8 8.1±8.1

Rheumatoid factor positive, n (%)† 116 (64.8) 119 (66.9)

Anti-CCP autoantibody positive, n (%)‡ 138 (76.7) 134 (75.3)

No. of prior csDMARDs, n (%)

None 0 0

1 88 (47.6) 83 (45.1)

2 58 (31.4) 57 (31.0)

≥3 39 (21.1) 44 (23.9)

Prior csDMARDs other than MTX, n (%)§

Sulfasalazine 44 (23.8) 59 (32.1)

Leflunomide 45 (24.3) 42 (22.8)

Hydroxychloroquine 43 (23.2) 41 (22.3)

Prior csDMARDS in combination with MTX, n (%) 44 (23.8) 35 (19.0)

Reason for stopping MTX, n (%)¶

Inadequate responder 103 (55.7) 97 (52.7)

Intolerant 81 (43.8) 87 (47.3)

Inappropriate for continued treatment 1 (0.5) 0

Concomitant oral corticosteroids, n (%) 104 (56.2) 98 (53.3)

Disease activity, mean±SD

DAS28-ESR** 6.8±0.8 6.8±0.8

DAS28-CRP** 6.0±0.9 6.0±0.9

Swollen joint count (66 assessed)** 17.5±10.3 18.6±10.7

Tender joint count (68 assessed)** 26.7±13.6 28.0±13.2

CDAI score** 42.4±12.0 43.6±12.1

ESR, mm/h** 47.5±23.2 46.5±21.8

CRP, mg/L** 24.1±31.0 17.4±21.3

HAQ-DI score (0–3)** 1.6±0.6 1.6±0.6

SF-36 physical component score (0–100)†† 31.5±6.5 30.8±6.1

FACIT-Fatigue score (0–52)†† 24.4±10.3 23.6±8.9

SF-36 mental component score (0–100)†† 36.9±11.6 36.4±10.4

*Region 1 (Western countries): Czech Republic, Germany, Hungary, Israel, Spain and USA. Region 2 (South America): Chile and Peru. Region 3 (rest of world): Poland, South Africa, South
Korea, Romania, Russia and Ukraine.
†Adalimumab group, n=179; sarilumab group, n=178.
‡Adalimumab group, n=180; sarilumab group, n=178.
§Included if used in >5% of the population.
¶MTX intolerance or inappropriate to continue status was primarily based on clinical judgement of the investigator.
**Higher scores represent more severe disease.
††Lower scores represent more severe disease.
BMI, body mass index; CCP, cyclic citrullinated peptide; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; csDMARD, conventional synthetic disease-modifying antirheumatic
drug; DAS28-CRP, 28-joint disease activity score using CRP; DAS28-ESR, DAS28 using erythrocyte sedimentation rate; ESR, erythrocyte sedimentation rate; FACIT, Functional Assessment of
Chronic Illness Therapy; HAQ-DI, Health Assessment Questionnaire-Disability Index; MTX, methotrexate; q2w, every 2 weeks; RA, rheumatoid arthritis; SF-36, Medical Outcomes Short
Form 36 Health Survey.

843Burmester GR, et al. Ann Rheum Dis 2017;76:840–847. doi:10.1136/annrheumdis-2016-210310

Clinical and epidemiological research

group.bmj.com on April 20, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

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


group; two patients in the sarilumab group discontinued as a
result. In both groups, the reactions were mild to moderate and
the most common AE was erythema.

Neutrophil counts <1.0 G/L occurred more frequently in the
sarilumab group compared with the adalimumab group (see
online supplementary table S5). Sixteen patients (8.7%) receiv-
ing sarilumab and two patients (1.1%) receiving adalimumab
had an absolute neutrophil count (ANC) between ≥0.5 and
1 G/L and three patients (1.6%) receiving sarilumab reported
an ANC of <0.5 G/L. There was no evidence of an association
between decreases in neutrophil counts and risk of infections or

serious infections. Infection rates (adalimumab, 51 (27.7%); sar-
ilumab, 53 (28.8%)) were similar between both groups, despite
differences in incidence of neutropenia (table 3).

The incidence of alanine aminotransferase (ALT) increases
between 1 and 3×upper limit of normal (ULN) was 33.7% in
the sarilumab group versus 21.2% in the adalimumab group
(see online supplementary table S5). ALT elevations >5×ULN
were similar between groups (sarilumab, 1 (0.5%) vs adalimu-
mab, 2 (1.1%)). The mean increase in ALT at week 24 was
greater in the sarilumab group (6.1 IU/L) compared with the
adalimumab group (2.1 IU/L).

Table 2 Hierarchical order of primary and secondary end points at week 24

Adalimumab 40 mg
q2w
(n=185)

Sarilumab 200 mg
q2w
(n=184) p Value

Primary end point

DAS28-ESR

Mean (SD) 4.5 (1.4) 3.5 (1.4)

LS mean change from baseline (SE) −2.20 (0.106) −3.28 (0.105) <0.0001

Secondary endpoints

DAS28-ESR <2.6 (remission), n (%) 13 (7.0) 49 (26.6) <0.0001

ACR50 response, n (%) 55 (29.7) 84 (45.7) 0.0017

ACR70 response, n (%) 22 (11.9) 43 (23.4) 0.0036

ACR20 response, n (%) 108 (58.4) 132 (71.7) 0.0074

HAQ-DI

Mean (SD) 1.2 (0.7) 1.0 (0.7)

LS mean change from baseline (SE) −0.43 (0.05) −0.61 (0.05) 0.0037

SF-36 (physical component score)

LS mean change from baseline (SE) 6.1 (0.6) 8.7 (0.6) 0.0006

FACIT-Fatigue

LS mean change from baseline (SE) 8.4 (0.7) 10.2 (0.7) 0.0689

SF-36 (mental component score)

LS mean change from baseline (SE) 6.8 (0.8) 7.9 (0.8) 0.3319

ACR, American College of Rheumatology; DAS28-ESR, 28-joint disease activity score using erythrocyte sedimentation rate; FACIT, Functional Assessment of Chronic Illness Therapy;
HAQ-DI, Health Assessment Questionnaire-Disability Index; LS, least squares; q2w, every 2 weeks; SF-36, Medical Outcomes Short Form 36 Health Survey.

Figure 2 Change from baseline in (A) DAS28-ESR and (B) DAS28-CRP in patients receiving adalimumab 40 mg q2w or sarilumab 200 mg q2w.
**p<0.001 versus adalimumab (DAS28-CRP are nominal p values). CRP, C reactive protein; DAS28-ESR, 28-joint disease activity score using
erythrocyte sedimentation rate; LS, least squares; q2w, every 2 weeks.
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Reported AEs of serum lipid elevations occurred more fre-
quently in the adalimumab group (8 (4.3%)) than in the sarilu-
mab group (3 (1.6%)) and five patients in the adalimumab
group versus two patients in the sarilumab group initiated a
lipid-modifying agent during the treatment period. While
patients in the sarilumab group demonstrated a greater mean
increase from baseline in low-density lipoprotein (LDL) choles-
terol compared with patients in the adalimumab group
(0.27 mmol/L vs no change), the majority of sarilumab-treated
patients did not shift upward in LDL classification (see online
supplementary table S6).

ADAs were measured in the sarilumab group; 13 patients
tested positive during the AE period. Of these, 5 (2.7%) were
defined as persistent ADA because the last sample measured was
positive in the ADA assay. No neutralising ADA was detected.
The presence of ADA was not associated with hypersensitivity
reactions or discontinuations due to lack or loss of efficacy (see
online supplementary table S7).

DISCUSSION
Use of biologics as monotherapy is an important therapeutic
option for patients with RA when use in combination with
MTX or other csDMARDs is unsuitable.13 In MONARCH, sar-
ilumab was superior to adalimumab in the reduction of disease
activity and improvement in the signs and symptoms of RA, as
demonstrated by greater reduction in DAS28-ESR. Greater effi-
cacy with sarilumab versus adalimumab was also observed with
CDAI, illustrating that the benefits of sarilumab monotherapy
extend beyond the pharmacodynamic effects on acute-phase

reactants. The odds of CDAI and DAS28 disease remission were
greater with sarilumab compared with adalimumab, despite the
allowance of adalimumab dose escalation. Additionally, there
was no difference in the magnitude of response for patient
populations intolerant to MTX versus those with inadequate
response, indicating that the robust efficacy outcomes observed
with sarilumab were independent of prior MTX use or
response.

From the patient’s perspective, the most important benefits of
RA treatment are to improve functional disability, pain and
fatigue.31–33 Relative to adalimumab, patients receiving sarilu-
mab reported greater improvement in their health status as
reflected by differences in SF-36 PCS, HAQ-DI and pain visual
analogue scale scores, along with a trend towards greater
improvement in fatigue. While the numerical reductions in
tender and swollen joint counts were similar between treatment
groups, sarilumab-treated patients had less pain and showed
greater improvement in global assessments (see online
supplementary table S4). These differences reflect that the
superiority of objective clinical outcomes observed with sarilu-
mab treatment translate into patient benefits as assessed across a
range of patient-reported outcomes.

The safety profiles of sarilumab and adalimumab monother-
apy observed in MONARCH were generally comparable.
Numerically more patients discontinued with adalimumab
because of AEs compared with the sarilumab group. The most
common AEs associated with sarilumab were neutropenia and
injection site erythema (mostly mild to moderate), while head-
ache and exacerbations of RA were more common in the

Figure 3 Incidence of (A) DAS28-ESR
remission or LDA, (B) ACR20, ACR50
and ACR70 response from weeks 4 to
24, (C) CDAI remission or LDA and (D)
HAQ-DI responders achieving ≥0.22 or
≥0.3 units of improvement in patients
receiving adalimumab 40 mg q2w or
sarilumab 200 mg q2w. *p<0.05
versus adalimumab; **p<0.01 versus
adalimumab (CDAI and HAQ-DI
responders at week 24 are nominal
p values); †p<0.0001 versus
adalimumab. ACR, American College
of Rheumatology; CDAI, Clinical
Disease Activity Index; DAS28-ESR,
28-joint disease activity score using
erythrocyte sedimentation rate;
HAQ-DI, Health Assessment
Questionnaire-Disability Index; LDA,
low disease activity; q2w, every
2 weeks.
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adalimumab group. Though neutropenia was more common in
the sarilumab group, infection rates were similar between study
arms. ADA was monitored in the sarilumab group. There was
no relationship between ADA and discontinuations due to lack
of efficacy or with hypersensitivity reactions and all instances
were non-neutralising.

Overall, the safety and tolerability of sarilumab is consistent
across studies24 25 and comparable with therapeutic targeting of
the IL-6 pathway.26 27 In MONARCH, changes in laboratory
values in the sarilumab group, including neutropenia, liver
transaminases and total cholesterol, were expected class effects.
While the mechanism of neutropenia remains unclear, studies
have shown that blockade of IL-6R does not affect neutrophil
function.34 This is consistent with MONARCH and previous
sarilumab studies,24 25 demonstrating that decreased neutrophil
counts were not associated with a concurrent increase in infec-
tion rate.

In MONARCH, sarilumab monotherapy was associated with
lower incidence of ALT elevations compared with previous
studies in which sarilumab was administered in combination
with csDMARDs.24 25 Because IL-6 aids in protecting the liver
from hepatotoxic agents,35 IL-6 blockade in combination with
MTX, a known hepatotoxicant, may exacerbate the MTX
hepatotoxicity observed in some patients.36 37

Head-to-head trials comparing the efficacy and safety of two
different bDMARD monotherapies in a clinically relevant
patient population can aid in defining strategies for optimal
patient care. MONARCH expands on results from ADACTA
(NCT01119859),26 showing that blockade of IL-6R is effective
in MTX-intolerant patients and in patients with inadequate
response to MTX, demonstrating that MTX history does not
impact response to therapy. While both MONARCH and
ADACTA showed superior efficacy versus adalimumab,
MONARCH additionally demonstrated improvement in func-
tional outcomes for patients (table 2). Taken together, the
robust MONARCH results further demonstrate that targeting
IL-6R may be a preferred treatment option for patients who use
biologics as monotherapy.

MONARCH was not without limitations. Although sarilumab
plus MTX demonstrated superior radiographic results versus
placebo plus MTX,24 the present study did not evaluate radio-
graphic outcomes after sarilumab monotherapy compared with
adalimumab monotherapy. Another limitation of this study is
that it did not compare the efficacy of sarilumab monotherapy
with sarilumab in combination with MTX. However, as patients
intolerant to MTX were the primary intended target popula-
tion, it would not be feasible to evaluate the addition of sarilu-
mab to MTX in the context of this study.

Collectively, these data demonstrate that sarilumab improves
signs and symptoms and functional disability of RA and is an
appropriate, effective and superior monotherapy compared with
TNF-α inhibition for patients who are unsuitable candidates for
continued treatment with MTX due to intolerance or inad-
equate response.
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Table 3 Safety results

n (%)

Adalimumab
40 mg
q2w
(n=184)*

Sarilumab
200 mg
q2w
(n=184)

Overall results

Patients with any AE 117 (63.6) 118 (64.1)

Patients with any SAE 12 (6.5) 9 (4.9)

Patients with any AE that led to treatment
discontinuation

13 (7.1) 11 (6.0)

AEs (≥3% in any treatment group)

Infections 51 (27.7) 53 (28.8)

Bronchitis 7 (3.8) 12 (6.5)

Nasopharyngitis 14 (7.6) 11 (6.0)

Upper respiratory tract infection 7 (3.8) 3 (1.6)

Neutropenia 1 (0.5) 25 (13.6)

Headache 12 (6.5) 7 (3.8)

Rheumatoid arthritis 7 (3.8) 1 (0.5)

Injection site erythema 6 (3.3) 14 (7.6)

Alanine aminotransferase increased 7 (3.8) 7 (3.8)

Accidental overdose† 11 (6.0) 6 (3.3)

Dyslipidaemia‡ 8 (4.3) 3 (1.6)

Serious infections

Patients with at least one serious infection 2 (1.1) 2 (1.1)

Bursitis, infective 0 1 (0.5)

Mastitis 0 1 (0.5)

Arthritis, bacterial 1 (0.5) 0

Respiratory tract infection 1 (0.5) 0

Deaths§ 0 1 (0.5)

*One patient was randomised but not treated in the adalimumab group and was not
included in the safety population.
†Protocol defined as ≥2 doses within 11 calendar days or within 6 days for
adalimumab-treated patients who switched to weekly dosing.
‡Dyslipidaemia was defined by standardised MedDRA query.
§One patient in the sarilumab group died of acute cardiac failure secondary to aortic
dissection and papillary muscle rupture on day 36.
AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; q2w, every
2 weeks; SAE, serious adverse event.
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EXTENDED REPORT

Risk of diabetes mellitus associated with
disease-modifying antirheumatic drugs and
statins in rheumatoid arthritis
Gulsen Ozen,1,2 Sofia Pedro,3 Marie E Holmqvist,4 Michael Avery,5 Frederick Wolfe,3

Kaleb Michaud1,3

ABSTRACT
Objective To investigate the rate of incident diabetes
mellitus (DM) in patients with rheumatoid arthritis (RA)
and the impact of disease-modifying antirheumatic drug
(DMARD) and statin treatments.
Methods We studied patients with RA and ≥1 year
participation in the National Data Bank for Rheumatic
Diseases without baseline DM from 2000 through 2014.
DM was determined by self-report or initiating DM
medication. DMARDs were categorised into four
mutually exclusive groups: (1) methotrexate monotherapy
(reference); (2) any abatacept with or without synthetic
DMARDs (3) any other DMARDs with methotrexate; (4)
all other DMARDs without methotrexate; along with
separate statin, glucocorticoid and hydroxychloroquine
(yes/no) variables. Time-varying Cox proportional hazard
models were used to adjust for age, sex, socioeconomic
status, comorbidities, body mass index and RA severity
measures.
Results During a median (IQR) 4.6 (2.5–8.8) years of
follow-up in 13 669 patients with RA, 1139 incident
DM cases were observed. The standardised incidence
ratio (95% CI) of DM in patients with RA (1.37, (1.29
to 1.45)) was increased compared with US adult
population. Adjusted HR (95% CI) for DM were 0.67
(0.57 to 0.80) for hydroxychloroquine, 0.52 (0.31 to
0.89) for abatacept (compared with methotrexate
monotherapy), 1.31 (1.15 to 1.49) for glucocorticoids
and 1.56 (1.36 to 1.78) for statins. Other synthetic/
biological DMARDs were not associated with any risk
change. Concomitant use of glucocorticoids did not alter
DM risk reduction with hydroxychloroquine (HR 0.69
(0.51 to 0.93)).
Conclusions In RA, incidence of DM is increased.
Hydroxychloroquine and abatacept were associated with
decreased risk of DM, and glucocorticoids and statins
with increased risk.

INTRODUCTION
Rheumatoid arthritis (RA) is associated with
increased cardiovascular (CV) morbidity and mor-
tality1–3 likely due to complex interactions between
RA-related inflammatory activity, medications and
traditional CV disease (CVD) risk factors.4–6

Among these risk factors, type 2 diabetes mellitus
(DM) is one of the most important.7 8 Although
studies investigating DM prevalence in RA have
had inconsistent results,9–12 it has been shown that
both inflammatory activity and some RA medica-
tions impact glucose metabolism, insulin resistance

and consequently DM development.13–16 Key
inflammatory cytokines in RA, particularly tumour
necrosis factor-α (TNF-α) and interleukin-6 (IL-6),
have been associated with increased adiposity and
insulin resistance by triggering key steps in the
insulin signalling pathways.13 15 16

Besides affecting inflammation, disease-
modifying antirheumatic drugs (DMARDs) may
also affect DM risk by directly altering glucose
metabolism. However, DM risk modification by
DMARDs varies in effect.14 17–20 For example, glu-
cocorticoids (GC), despite strong anti-inflammatory
actions, may lead to hyperglycaemia and insulin
resistance in a dose-dependent and duration-
dependent manner.14 Alternatively, hydroxychloro-
quine (HCQ),21 methotrexate (MTX)18 and TNF
inhibitors (TNFi)22 have been shown to favourably
alter glucose metabolism. Large epidemiological
studies also showed decreased risk of new-onset
DM with HCQ in RA.19 20 23 However, these
studies had heterogeneous comparison groups and
did not address HCQ duration, dose and cessation
for DM risk. Similar issues affected studies showing
DM risk reduction in TNFi, and none have exam-
ined newer biologics.17 19

In addition to well-known risk factors such as
obesity and physical inactivity, recent meta-analyses
and observational studies found that statin use is
also associated with increased DM risk in the
general population.24–27 It is unknown whether
statins exert the same effect in RA considering its
association with decreased RA activity.28 29

Given the changing use of treatments and CVD
concerns, we sought to investigate the associations
of DMARDs, GC and statins with incident DM in
patients with RA in a large US-wide observational
cohort. We also sought to determine the timing,
dosing and sustainability of the observed effects of
HCQ in DM risk in patients with RA.

PATIENTS AND METHODS
In a US-wide longitudinal observational cohort, the
National Data Bank for Rheumatic Diseases
(NDB), participants were mainly recruited from
rheumatologists who confirmed the diagnoses.
Participants completed semiannual, comprehensive
questionnaires as previously described.30 We
included patients with RA who completed at least
two questionnaires between January 2000 and
December 2014, while those with prevalent DM at
study entry were excluded. Follow-up continued
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until the participant reported DM or was censored at death, loss
to follow-up or end of study period.

The primary outcome was incident DM defined as patient
report of new DM diagnosis or initiating use of an antidiabetic
medication. Diagnosis date of DM was assigned a random
month of onset during the 6-month period, as done
previously.14

Treatment exposure was measured at enrolment and every
6 months with questionnaires.14 Initially, we determined the
impact of each DMARD individually on DM risk compared
with its non-use (see online supplementary text). From this, we
defined four mutually exclusive, hierarchical DMARD groups:
(1) MTX monotherapy (reference), (2) any abatacept (ABA)
independent of other DMARDs, (3) any other biological
(non-ABA) or non-biological DMARDs in combination with
MTX, (4) all others. HCQ, GC, statins and non-steroidal anti-
inflammatory drugs (NSAIDs) were evaluated separately.

Statistical analysis
Baseline characteristics of the patients with RA with and without
incident DM were compared. Crude incidence rates were calcu-
lated by dividing the number of events during follow-up by the
corresponding person-time at risk. Standardised incidence ratios
(SIRs) were estimated using the incidence rates of DM for the
United States, reported by the Centers for Disease Control and
Prevention, stratified by calendar year, sex and age.31 Since only
incidence rates of DM are reported for individuals under
80 years of age, we excluded those older than 80 at NDB entry
when estimating SIRs.

We examined the association between drug exposure and inci-
dent DM by using multivariable Cox proportional hazards. A
goodness of model fit was compared for each DMARD group.
The lowest Akaike information criterion32 by far was with the
above-hierarchical DMARD groups with additional dichotom-
ous HCQ, GC, NSAIDs and statin variables (see online
supplementary text).

The final model also included the following: age, sex, ethnicity,
income and employment status, Rheumatic Disease Comorbidity
Index,33 hypertension, RA duration (log-transformed), health
assessment questionnaire (HAQ), smoking status and body mass
index (BMI) categorised according to WHO classification.34

Three-year calendar periods were also evaluated to account for
US treatment trends.

In sensitivity analyses, the impacts of HCQ-ever versus
HCQ-never use, daily dose and treatment duration, and pred-
nisone daily dose were examined. The association between treat-
ment duration and risk of incident DM was assessed through
Poisson regression. DM risk after discontinuation of HCQ was
also evaluated with Cox regression models by selecting patients
who were on HCQ (new initiators) but discontinued HCQ (at
3rd, 6th and ≥12th months off HCQ) in comparison with
HCQ-never-used patients. The HR was estimated for increasing
values of off-treatment duration. For comparison, we took the
same approach for new users of MTX. The final model includ-
ing DMARD groups and other covariates was also analysed in
patients without history of CVD (ischaemic heart or peripheral
arterial disease, cerebrovascular accident or heart failure), that
is, statin use for primary prevention. Potential interactions of
concomitant use of GC, either with DMARDs or statins, were
also tested.

Finally, a marginal structural model was applied to new initia-
tors of HCQ versus MTX to minimise the bias of confounding
by indication. Due to the significant reduction in sample size,
results were not presented (see online supplementary text).

In all analyses, treatment exposures were time-dependent cov-
ariates. In order to prevent bias from removing observations
due to missing data, unanswered covariates of completed ques-
tionnaires were replaced by using multiple imputation by
chained equations to create imputed datasets for analyses35

(annual income had 4% missing, all other variables had <1%
missing). For non-consecutive observations (8%), the last obser-
vation was carried forward, and incident DM diagnosis was
assigned at the beginning of the first non-missing 6-month
period. All p values were two-sided, conducted at a significance
level of 0.05. All statistical analyses were performed using Stata
V.14.0 (StataCorp, College Station, Texas, USA).

RESULTS
After excluding 1456 (9.6%) prevalent baseline DM cases, our
study had 13 669 patients with RA, with a baseline mean age of
58.6±13.4 years and disease duration of 14.4±12.4 years. The
baseline characteristics of the patients by future incident DM
and DMARD exposure groups are presented in table 1 and
online supplementary table S1, respectively. During a median
(IQR) follow-up of 4.6 (2.5–8.8) years, 1139 (8.3%) incident
DM cases were observed.

The overall incidence rate (95% CI) for DM was 1.59 (1.50
to 1.68) per 100 person-years. The incidence rate of DM in RA
found to be increased (age-adjusted and sex-adjusted SIR, 1.37
(1.29 to 1.45)) compared with the incidence rates in US adult
population.31 The incidence rates in females and males were
1.57 (1.47 to 1.67) and 1.68 (1.48 to 1.91) corresponding to
age-adjusted SIRs of 1.39 (1.29 to 1.48) and 1.30 (1.13 to
1.49), respectively. The incidence rates and SIRs by disease
activity and DMARD groups, HCQ, GC and statins are shown
in table 2.

The fully adjusted time-dependent Cox regression models
showed a significant DM risk reduction with HCQ (HR 0.67
(0.57 to 0.80)). In comparison with MTX monotherapy, ABA
(HR 0.52 (0.31 to 0.89)) was also associated with DM risk
reduction in patients with RA (table 3). Alternatively, the risk of
incident DM significantly increased with current use of GC (HR
1.31 (1.15 to 1.49)) or statins (HR 1.56 (1.36 to 1.78)). Besides
adjustment for differences in statin-exposed and non-exposed
patients (see online supplementary table S2), adjusting for other
comorbidities separately (thyroid or CVD) did not change the
association with statins (data not shown). Other significant
factors associated with increased DM risk included lower annual
income, non-Caucasian ethnicity, higher BMI and more
comorbidity (see online supplementary table S3).

Sensitivity analysis indicated both HCQ doses of <400 mg/
day (median (IQR): 200 mg (200–300)) and ≥400 mg/day
(median (IQR): 400 mg (400–600)) were associated with DM
risk reduction, though higher doses were more prominent
(table 4). Poisson regression models revealed that DM risk
reduction with HCQ started after 2 years of treatment (Relative
risk (RR) 0.76 (0.58 to 1.00)), and continued to decrease with
longer duration of >4 years (RR 0.69 (0.59 to 0.81)). In
patients initiating HCQ (N=686), DM risk reduction was con-
sistent with those with prior HCQ exposure, ≥3 years of HCQ
treatment (RR 0.44 (0.23 to 0.86)). Patients who initiated and
then discontinued HCQ (N=342) had a non-significant risk
reduction up to 6 months compared with HCQ never-used
patients: HR 0.65 (0.21 to 2.0) for ≥3 months, 0.88 (0.28 to
2.75) for ≥6 months and 1.27 (0.31 to 5.10) for ≥1 year
off-HCQ. In contrast, DM risk after MTX initiation and discon-
tinuation was consistently high compared with MTX never-used
patients (HR range 1.5–2.8 (0.63 to 8.35)).
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When examining concomitant use of GC, either with HCQ,
ABA, or statins, DM risk reduction with HCQ remained signifi-
cant, while that of ABA vanished. Furthermore, the increased
risk with statins was potentiated with GC (table 5). Notably,
when HCQ and statins were used together, the increased risk
with statins disappeared (HR 0.92 (0.68 to 1.25)). After exclu-
sion of patients with prevalent CVD (N=2535), statin use was
still associated with an increased risk of incident DM (HR 2.31
(1.86 to 2.87)) (table 5).

DISCUSSION
In this large US-wide observational cohort study, we found
HCQ and ABA associated with decreased risk of incident DM,
whereas GC and statins were associated with increased risk.

The risks of incident DM in RA with HCQ,14 19 20 23

TNFi17 19 and GC14 have been evaluated in a few different set-
tings. Previous observational studies reported that HCQ-ever
use was associated with 38%–71% DM risk reduction compared
with never use,20 23 and current use was associated with 46%
risk reduction compared with the use of any non-biological

non-MTX DMARD.19 A recent UK administrative database
study indicated ∼20% risk reduction with HCQ use versus
non-use.14 We also observed a 33% risk reduction with HCQ
and a 34% reduction with >4 years of HCQ compared with
non-users. This relatively lower risk reduction with HCQ in the
UK and our cohort compared with previous studies may be due
to differing demographics, comparison groups and adjustment
for different disease, treatment and diabetes-related covariates
(NSAIDs, statins, newer biologics, HAQ and BMI). Finally,
more prescription of HCQ to patients with greater DM risk
after first publication of this effect may also be a reason for the
difference, although we did not observe any trends of HCQ use
or effect by calendar year.

From the clinical perspective, determining the minimum dose
and duration of HCQ for DM risk reduction and the effects
after cessation is also important. We found lower daily doses
(<400 mg) of HCQ also decreased DM risk after at least
2 years of treatment (63% of HCQ-exposed were on >2 years
of treatment, median (IQR) duration=49 (12–134) months).
Previously, it was shown that higher cumulative doses, reflecting

Table 1 Baseline characteristics, overall and by future incident diabetes*

Future incident diabetes

Full RA cohort, N=13 669 No diabetes, N=12 530 Diabetes, N=1139 p Value

Age, years 58.6 (13.4) 58.5 (13.5) 59.5 (11.8) 0.011

Female, % 80.3 80.4 79.4 0.406

Non-Hispanic Caucasians, % 93.4 93.6 91.5 0.002

Education, years 13.4 (2.2) 13.5 (2.2) 13.1 (2.0) 0.079

Total annual income (US$10 000) 5.1 (3.1) 5.2 (3.2) 4.5 (2.9) <0.001

Employed, % 38.9 39.6 32.2 <0.001

Any exercise, % 15.7 15.6 16.6 0.378

BMI, kg/m2 27.8 (6.4) 27.6 (6.3) 30.8 (7.4) <0.001

BMI in categories, % <0.001

<18.5 kg/m2 2.1 2.2 0.8

18.5–24.9 kg/m2 35.3 36.6 20.5

25.0–29.9 kg/m2 32.2 32.5 29.3

30.0–39.9 kg/m2 25.3 24.1 38.7

≥40 kg/m2 5.1 4.5 10.7

RA duration, years 14.5 (12.4) 14.4 (12.4) 15.0 (12.6) 0.122

HAQ (0–3) 1.0 (0.7) 1.0 (0.7) 1.1 (0.7) <0.001

Rheumatic Disease Comorbidity Index (0–9) 1.5 (1.4) 1.5 (1.4) 1.7 (1.5) <0.001

Smoking status, % <0.001

Never 57.8 58.3 52.9

Past 30.4 29.9 35.7

Current 11.7 11.8 11.3

Hypertension-ever, % 43.3 42.3 53.6 <0.001

CV event-ever, % 18.5 17.8 25.5 <0.001

HCQ-ever, % 50.4 50.8 47.1 0.024

MTX-ever, % 71.1 71.5 67.2 0.002

Any TNFi-ever, % 27.0 27.3 24.6 0.051

Any non-TNFi biologics-ever, % 6.1 6.2 5 0.113

Abatacept-ever, % 3.6 3.7 2.3 0.020

Rituximab-ever, % 1.7 1.8 1.6 0.636

Tocilizumab-ever, % 0.4 0.4 0.3 0.565

Glucocorticoids-ever, % 54.9 55.1 53.7 0.370

Statins-ever, % 14.8 14.6 16.7 0.058

*Values are presented as mean±SD, unless indicated otherwise.
BMI, body mass index; CV, cardiovascular; HAQ, health assessment questionnaire; HCQ, hydroxychloroquine; MTX, methotrexate; RA, rheumatoid arthritis; TNFi, tumour necrosis factor-α
inhibitor.
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longer treatment duration, were associated with DM risk
reduction;20 36 however daily protective doses were not
addressed. Improvement in insulin sensitivity has been reported
to start within 8 weeks of HCQ treatment in healthy
individuals,37 38 although this short-term improvement has not
been shown in stable patients with RA.39 The only study evalu-
ating the association of DM risk with HCQ treatment duration
reported that >4 years of treatment was required for risk reduc-
tion.20 The reason for the difference may be due to lower
number of patients, and consequently lower incident DM cases
in the group with >4 years HCQ treatment in the previous
study (384 of 1808 HCQ-ever used, 21%).20 In this study, we
also showed for the first time that DM risk reduction associated
with HCQ tends to continue up to 6 months after cessation of
HCQ. This finding is important because it indicates that HCQ
offers long-lasting beneficial metabolic effects beyond its anti-
inflammatory actions. Future studies are warranted to confirm
this finding, as the number of patients who initiated and discon-
tinued HCQ was substantially lower (N=342).

The mechanisms underlying the DM risk reduction with
HCQ are usually explained by improvement in insulin sensitiv-
ity and pancreatic β-cell functions37 38 which may be independ-
ent of anti-inflammatory actions. The improvement of
adiponectin levels without significant change in serum inflam-
matory cytokines (TNF-α, IL-6) with HCQ in non-diabetic indi-
viduals38 and less significant DM risk reduction with more
potent DMARDs support this hypothesis.19

Concerning other DMARDs, MTX was associated with a
slight decrease in glycosylated haemoglobin in diabetic patients
with RA.18 However, a large cohort study revealed no DM risk
reduction with MTX compared with other non-biological
DMARDs.19 We observed a decreased DM risk with MTX
when only compared with DMARD non-users in multivariate
analysis. As the gold standard therapy for RA, ‘MTX monothe-
rapy’ was chosen as the reference in our primary analysis. In
comparison with ‘MTX monotherapy’, TNFi monotherapy or
concomitant with MTX/other DMARDs also did not modify
DM risk. This was inconsistent with prior studies in which
TNFi either improved insulin sensitivity22 or decreased incident
DM risk.17 19 However, these latter studies had relatively
younger cohorts, shorter follow-up or no information about
BMI or RA activity/severity measures in addition to using ‘other
DMARDs’ as a reference group.17 19 Finally, the
TNFi-associated body fat increase, regardless of disease activity

change,40 may impact DM risk, but this hypothesis necessitates
further investigation.

Notably, we also found significant DM risk reduction with
ABA compared with MTX monotherapy, which has not been
previously reported. Immunologically, ABA may slow the
decline of pancreatic β-cell functions in type 1 DM,41 though its
effects on type 2 DM are unknown. Our results, along with evi-
dence from a recent study reporting improvement in insulin sen-
sitivity with 6 months ABA treatment in 15 patients with RA,42

suggest ABA has favourable effects on insulin resistance.
Nevertheless, considering the relatively lower number of
patients taking ABA (N=839), investigation in a larger sample is
needed.

Another noteworthy finding was the DM risk increase with
statins. This association has been previously reported in
meta-analyses of randomised controlled trials (RCT) and obser-
vational cohort studies of the general population, ranging from
9% to 87% increase.24–26 43 Although statins were associated
with decreased overall mortality,44 improvement in endothelial
functions and atherosclerotic plaques45 46 and even amelioration
in disease activity in RA,28 29 the impact of statins on the risk of
incident DM has not been evaluated before. The effects of
statins in primary prevention of CVD in patients with RA have
been recently investigated in an RCT of 2986 patients with
RA.47 Despite the early termination of study due to low event
rates, a non-significant decrease in CV events was reported in
the preliminary results without any DM data.47 We found a
55% increase in DM risk with statins that was comparable with
GC. Adjustment for BMI, smoking, physical activity and other
comorbidities including CVD, considering the common risk
factors for DM and hypercholesteremia, did not change this
association. Moreover in the analysis of statin-using patients for
primary prevention of CVD only, the increased risk with statins
persisted. Currently, the mechanisms for the higher incidence of
DM with statins are not fully understood. The suggested expla-
nations include statin-induced insulin resistance in muscles and
liver48 and genetic variations in 3-hydroxy-3-methylglutaryl-
CoA reductase gene.49 Statin-induced insulin resistance may also
be potentiated by chronic inflammation and concurrent GC
treatment in RA. To better understand the net effects of statins
in RA, including whether CV morbidity and mortality benefits
outweigh the risk of DM, further research is warranted.

The well-recognised increased DM risk with GC is also con-
firmed in this study.14 50 Additionally, the effects of concomitant

Table 2 Crude incidence rates (95% CI) and SIRs (95% CI) of diabetes in rheumatoid arthritis by disease activity* and treatment compared with
US population

No. of DM Person-years Incidence rate (95% CI) per 100 person-years SIR† (95% CI)

All patients 1139 71 668 1.59 (1.50 to 1.68) 1.37 (1.29 to 1.45)

Remission/low disease activity 550 42 236 1.30 (1.20 to 1.42) 1.13 (1.02 to 1.24)

Moderate/high disease activity 589 29 430 2.00 (1.85 to 2.17) 1.93 (1.77 to 2.11)

Any statins 369 14 851 2.48 (2.24 to 2.75) 2.10 (1.89 to 2.34)

Any glucocorticoids 407 20 369 1.99 (1.81 to 2.20) 1.72 (1.56 to 1.91)

Any HCQ 161 15 603 1.03 (0.88 to 1.20) 0.91 (0.78 to 1.07)

DMARD category

MTX monotherapy 186 12 761 1.46 (1.26 to 1.68) 1.21 (1.04 to 1.42)

Any abatacept 17 1490 1.14 (0.71 to 1.83) 0.96 (0.58 to 1.59)

Any other DMARD with MTX 224 15 270 1.47 (1.29 to 1.67) 1.27 (1.10 to 1.45)

Other or no DMARDs 551 26 541 2.08 (1.91 to 2.26) 1.82 (1.67 to 1.99)

*Disease activity is determined by ‘patient activity scale––PAS.’ PAS<3.7 was regarded as remission/low disease activity. PAS≥3.7 was regarded as moderate/high disease activity.
†All participants included were of age <80 years.
DM, diabetes mellitus; DMARD, disease-modifying antirheumatic drug; HCQ, hydroxychloroquine; MTX, methotrexate; SIR, standardised incidence ratio.
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GC with other DMARDs were examined. Persistent DM risk
reduction with GC and HCQ may indicate a therapeutic
approach to decrease DM risk in patients who require long-term
GC treatment. This effect was also seen for concomitant use of
statins and HCQ. Given that both drugs are commonly used in
RA, further investigations are needed to clarify whether GC
affects lipid-lowering actions and CV mortality impact of
statins.

Our study has important limitations to address. First,
although we found a decreased DM risk with HCQ and
increased DM risk with statins, the preferential prescription of
HCQ to patients with less severe disease and statins to patients
who may already be at high risk for DM with frequent presence
of obesity, physical inactivity and family history of lipid/glucose
metabolism disorders may lead to confounding by treatment
indication. To minimise this, we adjusted for several confound-
ing factors related to disease activity/severity and DM risk. We
also applied marginal structural models to new initiators of

HCQ or MTX (data not shown) and found a non-significant
risk reduction with HCQ compared with MTX. With this meth-
odology, less-biased inferences were obtained for the effect of
time-varying treatment in the presence of time-varying confoun-
ders, which were simultaneously affected by earlier treatment
and will affect later treatment. However, restricting the study to
new users, with the goal of approximating a RCT, drastically
reduced the sample size and study power (only 9% of patients
taking HCQ were new users). Second, serological status, tender/
swollen joint counts and acute phase reactants were unavailable;
therefore, patient activity scale and HAQ measures were used to
adjust for RA activity/severity, and the best performing model
included HAQ. Finally, we did not have access to plasma
glucose or HbA1c values, and could not determine with great
accuracy as to when patients developed DM, only when they
were diagnosed, which could impact treatment associations.

In conclusion, our findings suggest that DM incidence is
increased in patients with RA and that HCQ and ABA are

Table 4 Risk of incident diabetes by prednisone dose, HCQ dose, and duration and concomitant glucocorticoid use

No. of events/No. of exposure Adjusted HRs (95% CI) p Value

Prednisone daily dose, mg/day

Prednisone non-users (reference) 783/11 686 1.0 –

Prednisone ≤10 mg/day 310/6177 1.27 (1.11 to 1.46) 0.001

Prednisone >10 mg/day 46/1520 1.66 (1.22 to 2.24) 0.001

Concomitant glucocorticoid treatment

With HCQ 48/2078 0.69 (0.51 to 0.93) 0.014

With abatacept 8/427 0.60 (0.28 to 1.29) 0.188

With statins 127/1724 2.03 (1.65 to 2.50) <0.001

HCQ daily dose, mg/day

HCQ non-user (reference) 832/11 753 1.0 –

HCQ <400 mg/day 44/1938 0.71 (0.52 to 0.96) 0.025

HCQ ≥400 mg/day 117/3751 0.66 (0.55 to 0.81) <0.001

HCQ treatment duration Relative risk† (95% CI)

HCQ-never use (referent) 517/5631 1.0 –

HCQ-ever use (regardless of duration) 584/7480 0.84 (0.74 to 0.95) 0.006

HCQ: ≤1 year 195/2038 0.93 (0.79 to 1.10) 0.501

HCQ: 1–2 years 74/693 0.96 (0.76 to 1.21) 0.226

HCQ: 2–4 years 63/983 0.76 (0.58 to 1.00) 0.049

HCQ: >4 years 252/3766 0.69 (0.59 to 0.81) <0.001

*Adjusted for age, sex, disease duration, socioeconomic status (employment and income), ethnicity, smoking, hypertension, comorbidity index, BMI, HAQ score, NSAID usage and year of
entry.
†Multivariable Poisson regression analysis stratified for the same covariates given above.
BMI, body mass index; HAQ, health assessment questionnaire; HCQ, hydroxychloroquine; NSAID, non-steroidal anti-inflammatory drug.

Table 3 Association of different treatments with incident diabetes in patients with RA

Time-dependent treatment variables Unadjusted HR (95% CI) p Value Adjusted HR* (95% CI) p Value

Statins 1.73 (1.52 to 1.97) <0.001 1.56 (1.36 to 1.78) <0.001

Glucocorticoids 1.43 (1.26 to 1.61) <0.001 1.31 (1.15 to 1.49) <0.001

HCQ 0.66 (0.55 to 0.78) <0.001 0.67 (0.57 to 0.80) <0.001

DMARD groups

MTX monotherapy (referent) 1.0 – 1.0 –

Any abatacept 0.82 (0.52 to 1.29) 0.39 0.52 (0.31 to 0.89) 0.017

Any other DMARD with MTX 0.98 (0.82 to 1.18) 0.88 0.87 (0.72 to 1.05) 0.158

Other or no DMARDs 1.36 (1.17 to 1.58) <0.001 1.11 (0.95 to 1.31) 0.190

*Adjusted for age, sex, disease duration, socioeconomic status (employment and income), ethnicity, smoking, hypertension, comorbidity index, BMI, HAQ, NSAID usage and year of entry.
BMI, body mass index; DMARD, disease-modifying antirheumatic drug; HAQ, health assessment questionnaire; HCQ, hydroxychloroquine; MTX, methotrexate; NSAID, non-steroidal
anti-inflammatory drug; RA, rheumatoid arthritis.
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associated with reduced risk of incident DM in RA while GC
and statins are associated with increased risk. HCQ confers a
sustainable and treatment duration-dependent favourable effect
and eliminates the increased risk associated with GC or statins.
Considering the increased CV mortality in RA and the import-
ance of DM to this outcome, our findings can inform clinicians
about determining the appropriate treatment decisions in high
DM-risk patients with RA. Although further research is required
to better understand the effects of statins on RA, given the more
frequent presence of other CV risk factors in statin-using
patients, careful monitoring for DM should be considered in
these patients.
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The patient perspective on absence of disease
activity in rheumatoid arthritis: a survey to identify
key domains of patient-perceived remission
Lilian H D van Tuyl,1 Martina Sadlonova,2 Sarah Hewlett,3 Bev Davis,4

Caroline Flurey,3 Niti Goel,5 Laure Gossec,6 Cecilie Heegaard Brahe,7

Catherine L Hill,8 Wijnanda Hoogland,9 John Kirwan,10 Merete L Hetland,7

Dirkjan van Schaardenburg,1 Josef S Smolen,2 Tanja Stamm,2 Marieke Voshaar,9

George A Wells,11 Maarten Boers1,12

ABSTRACT
Background Guidelines suggest treatment in
rheumatoid arthritis (RA) to target remission, in close
consultation with the patient. Our recent qualitative
study of the patients’ perspective on remission in RA
identified 26 domains. The current study aimed to
identify a short list of the most important aspects to
inform future research.
Methods Patients with RA from the Netherlands, the
UK, Austria, Denmark, France and the USA completed a
survey that contained all domains identified in our
qualitative study. They rated domains for importance
(‘not important’, ‘important’ or ‘essential’ to characterise
a period of remission) and if important or essential,
whether this domain needs to be ‘less’, ‘almost gone’ or
‘gone’ to reflect remission. Respondents were also asked
to determine their personal top 3 most important/
essential domains. Frequency of specific domains in the
top 3 was calculated, and domains were sorted on the
percentage of patients that evaluated a particular
domain as ‘essential’.
Results Of 274 respondents, 75% were female, mean
(SD) age 57(13) years, disease duration 12(9) years. The
top 3 were as follows: pain (67%), fatigue (33%) and
independence (19%); domains most frequently rated as
‘essential’ were as follows: pain (60%), being mobile
(52%), physical function (51%), being independent
(47%) and fatigue (41%). Pain needed to be less
(13%), almost gone (42%) or gone (45%) to reflect
remission. Similar patterns were seen for fatigue,
independence, mobility and physical functioning.
Conclusion Patients identified pain, fatigue and
independence as the most important domains of RA
disease activity that need to be improved to reflect
remission.

INTRODUCTION
Patients with rheumatoid arthritis (RA) are at risk
of severe bone and cartilage damage in affected
joints, causing chronic pain, fatigue and other
extra-articular manifestations with a significant
impact on daily life. The degree of disease activity
and response to treatment are traditionally deter-
mined by evaluation of the RA core set or indices
derived thereof.1 2 The core set contains the
patient-reported outcomes (PROs) physical

function, pain and global assessment of disease
activity. Although not consistently associated with
joint damage and differential response in disease
stages, these PROs have been found to be at least as
relevant as more ‘objective’ physical and biochem-
ical measures in assessing baseline disease status,
improvement during interventions or prediction of
long-term outcome.3 4 Moreover, the relevance of
some of them, especially those evaluating physical
function, is revealed by observations that increasing
joint damage causes increasing irreversibility of
functional impairment, even if clinical activity has
subsided into remission.5 6

It is becoming increasingly clear both inside and
outside rheumatology that patients are crucial part-
ners in obtaining relevant information, adding
unique skills, values and experiences to research.7

Patients have identified domains such as fatigue and
sleep quality to be important and thus core areas
for measurement. Subsequent research has shown
measurement of fatigue, one of the most important
problems identified by patients with RA, to be
highly reliable, sensitive to change and an inde-
pendent determinant of disease activity.8–10 As a
consequence, the scientific community now recog-
nises fatigue as a core PRO to be measured in all
RA clinical trials.11 12 Other products of close
cooperation between patients and professionals
include the recent development of patient-derived
scores to capture the impact of RA and psoriatic
arthritis on daily life.13 14

In the last decade, the development of new drugs
for the treatment of RA has made a state of
minimal disease activity and even remission an
attainable goal in most patients.15–18 Because treat-
ments are increasingly targeted at achieving remis-
sion, a good definition of remission is vital. In
2011, the three leading international rheumatology
organisations, that is, the American College of
Rheumatology (ACR), the European League
Against Rheumatism (EULAR) and the Outcome
Measures in Rheumatology group (OMERACT),
led the initiative which redefined remission in
RA.19–21 To this end, all important prognostic
factors and outcome measures available in clinical
trial data were evaluated for their potential use in
defining remission. However, this included only the
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three core set PROs patient global, pain and physical function,
as data on other potential important aspects of remission from
the patient perspective were not available.

In response, both patients and professionals identified the need
to study the concept of remission from a patient perspective, to
evaluate whether additional domains (and PROs) could optimise
targeted therapy.22 Therefore, we recently undertook a qualitative
study to understand the patient perspective on remission in RA.23

Three major themes of patient-perceived remission emerged:
1. Symptoms such as pain, stiffness and fatigue would either

be absent or be reduced in intensity.
2. The impact of the disease on daily life would diminish as

shown by increased independence, the ability to do valued activ-
ities, improved mood and the ability to cope.

3. Remission would lead to a return to normality, including
the ability to work, enjoy one’s family role and be seen as
normal by other people. Patients felt that the concept of remis-
sion was influenced by ageing, side effects of medication,
comorbidities, accrued damage to joints and disease duration.
This qualitative research identified many domains of interest to
patients, but did not indicate the importance of one domain
over another.

The aim of the current descriptive study was to determine the
importance of specific symptoms, aspects of disease impact and
normality in defining remission in RA from the patient perspec-
tive through a survey, to complete the information necessary for
optimal clinical management.

METHODS
Patients
Patients >18 years of age with a confirmed diagnosis of RA
(2010 criteria)24 receiving usual care in one of five centres (VU
University Medical Center/Reade in Amsterdam, the
Netherlands; Medical University of Vienna, Austria; Bristol
Royal Infirmary in Bristol, UK; Center for Rheumatology and
Spine Diseases, Rigshospitalet, Glostrup, Denmark; Université
Pierre et Marie Curie and Hopital Pitie-Salpetriere Paris in
Paris) were invited to participate in this study. Medical ethical
committees in these centres approved the study protocol where
applicable and patients gave their informed consent before par-
ticipation. In addition, a fixed sample of 50 patients with RA
was recruited through a known community (MediGuard.org)
with pre-existing consent to contact for research purposes in the
USA.25

Eligible patients had to speak, read and write the local lan-
guage sufficiently to understand the study and complete the
survey (physician’s judgement where applicable).

In addition, all patient representatives who attended
OMERACT 12 in 2014 were invited to participate by email,26

as well as all the patients who participated in one of the nine
focus group discussions prior to this study.23

Data collection process
In Bristol, Amsterdam, Vienna and Copenhagen, the surveys
and reply envelopes were distributed in the clinic; in Paris and
the USA, they were distributed by email.

As the word ‘remission’ is a common word in the English lan-
guage and might imply certain presumptions, this term was not
used during the recruitment and data collection phase. Instead,
remission was formulated as ‘disease activity as good as gone’.
Where available in routine practice, a recent 28-joint count,
physician global assessment and acute phase reactant were col-
lected from the hospital files, within a period of 3 months
before or after completion of the survey.

The survey
The goal of the survey was to determine a short list of the most
important items that reflect remission according to patients with
RA. The survey (see online supplementary file I) contained all
26 domains of remission that were identified in previous focus
group discussions in Bristol, Vienna and Amsterdam,23 formu-
lated as items which patients were asked to rate for importance.
In addition, patients were asked to add any missing aspects of
remission in free text fields. During the qualitative study,
patients had indicated that demographic and disease-specific
aspects were important to interpret the data, and so information
on age, gender, disease duration, comorbidities and accrued
joint damage was collected, all in a self-reported manner using
the Routine Assessment of Patient Index Data 3 (RAPID3), with
remission cut-off defined as 3 or less on a scale of 0 to 30.27

Where possible, the Clinical Disease Activity Index (CDAI) was
calculated, with remission cut-off ≤2.8.28

German, French, Danish and Dutch versions of the survey
were prepared by translation and back translation by the
research team to verify the terminology. The language used was
carefully written, based on the focus group terminology, and
was reviewed by patient research partners (WH, MV and BD) to
ensure that the instructions were clear to patients and that each
item was understandable in terms of the RA symptoms and
experience.

To reduce any order effect on decision making, two versions
of the survey were distributed in the clinics (but not for the
emailed assessments) with the domains and the items within
them randomly ordered.

Analysis
Patient characteristics were summarised as mean (SD) or median
(IQR) where applicable. Fulfilment of RAPID3 remission, ACR/
EULAR remission and CDAI remission was compared with the
patients’ self-reported judgement of remission (‘disease as good
as gone’: no/yes) to determine concordance between the clinical
definition of remission and the patient’s judgement of remission,
quantified using the κ measure for agreement (with 0.75 as
excellent, 0.40–0.75 as fair to good and below 0.40 as poor); 2
by 2 tables and χ2 tests were used.

To determine the importance of domains, first, frequency of a
particular domain mentioned in the top 3 was calculated.
Second, domains that >30% of patients identified as ‘not
important’ were removed. The remaining domains were sorted
on the percentage of patients that evaluated a particular domain
as ‘essential’.

To evaluate robustness of the results, data were stratified by the
influential factors as identified by patients in the qualitative study,
including self-reported age (above or below 50 years), gender
(male/female), disease duration (more or less than 2 years),
comorbidity (no/yes) and accrued joint damage (no/yes), to see if
these factors influence the patient perspective on remission. In
addition, data were stratified by country and location of filling
out the survey (clinic visit or by email). χ2 tests were used to
determine statistical significance (if p<0.05) where relevant.

RESULTS
A total of 274 patients completed the questionnaire: 54 from
the Netherlands, 33 from the UK, 51 from Austria, 43 from
Denmark, 43 from France and 50 from the USA. Response rate
in the Netherlands and France was 59% and 42%, respectively.

The population was typical for RA (table 1), with 75%
females, mean (SD) age of 57 (13) years, disease duration of 12
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(9) years with 10% disease duration <2 years and self-reported
erosive disease of 41%. Remission as reported by the patient
was present in 38% and according to the RAPID3 in 30%.
Concordance was reasonably good: of the patients in self-
reported remission, 61% were in RAPID3 remission; of the
patients in RAPID3 remission, 79% were in self-reported remis-
sion (observed agreement, 79%; κ 0.54).

In the subgroup of patients with available clinical data
(n=119), 42% were both in self-reported and in RAPID3 remis-
sion, and 24% in ACR/EULAR remission. Here concordance
was good only in one direction: of patients in ACR/EULAR
remission 86% were in self-reported remission (observed agree-
ment, 76%; κ 0.48) and 97% were in RAPID3 remission
(observed agreement, 81%; κ 0.59); but only 50% of patients in
self-reported remission and 56% of patients in RAPID3 remis-
sion were in ACR/EULAR remission (table 2). Of the patients
with available CDAI (n=47), CDAI remission was present in
21%. Of these, all patients were in RAPID3 remission, 80% was
in self-perceived remission (observed agreement, 70%; κ 0.35)
and 70% in ACR/EULAR remission (observed agreement, 81%;
κ 0.48).

Patients that considered themselves in remission (n=103) had
a mean patient global assessment of disease activity of 1.5 (1.5)
and disease duration of 10 (7) years) in contrast to 4.8(2.5) and
13(10) years for those not in self-perceived remission (n=171).

Most important domains
The most often-mentioned domains in the top 3 were as
follows: pain (67%), fatigue (33%) and independence (19%)
(table 3).

Only one domain, ‘The way other people see me’, was regarded
by more than 30% of patients (59%) as ‘not important’ and was
removed from further analyses. The percentage of patients that
choose a certain domain in their top 3 is shown in online
supplementary file II. Domains that were most frequently rated as
‘essential’ to characterise a period of remission were highly
similar: pain (60%), being mobile (52%), physical function (51%),
being independent (47%) and fatigue (41%) (table 4).

Pain needed to be less (13%), almost gone (42%) or gone
(45%) to reflect remission. Similar patterns were seen for
fatigue (23%, 40%, 37%). Independence needed to be better
(16%), almost normal (31%) or normal (53%), with similar pat-
terns for mobility (16%, 35%, 49%) and physical functioning
(14%, 29%, 57%).

Stratifications
Age
Importance of pain and fatigue were similar in patients under
and over 50 years of age; however, independence was reported
more frequently in the top 3 by patients over 50 (24%) as com-
pared with patients under 50 years of age (12%) (p=0.03).

Table 1 Patient characteristics by site, all self-reported

All patients
(n=274)

Bristol
(n=33)

Vienna
(n=51)

Amsterdam
(n=54)

Paris
(n=43)

Copenhagen
(n=43)

USA
(n=50)

Gender (% female) 75 73 75 76 79 61 82

Age in years (mean (SD)) 57 (13) 62 (14) 54 (14) 60 (12) 53 (13) 56 (13) 56 (11)

Disease duration in years (mean, SD) 12 (9) 8 (8) 11 (9) 14 (12) 12 (8) 13 (9) 11 (7)

Experience with remission (% yes) 74 52 88 76 72 91 60

Currently in remission (% yes) 38 18 45 46 51 44 16

Self-reported deformities (% yes) 41 97 41 54 19 30 52

Pain (VAS 1–10) 3.5 (2.7) 5 (2.3) 2.4 (2.6) 3.1 (2.7) 3.4 (2.4) 2.6 (2.5) 5.0 (2.7)

PtGA (VAS 1–10) 3.6 (2.7) 4.9 (2.3) 3.2 (2.8) 3.1 (2.5) 3.2 (2.6) 2.3 (2.0) 4.9 (2.9)

RAPID3 (0–30) 8.9 (6.4) 13.6 (5.2) 6.4 (6.2) 8.3 (6.3) 8.0 (5.4) 6.2 (5.5) 12.6 (6.2)

RAPID3 near remission (% yes) 30 3 51 37 23 44 8

Ability to distinguish pain due to inflammation versus damage (% yes) 60 52 68 70 51 62 54

PtGA, patient global assessment; RAPID3, Routine Assessment of Patient Index Data 3; VAS, Visual Analogue Scale.

Table 2 Concordance between two patient-derived remission definitions and the ACR/EULAR remission definition (count (percentage))

Self-reported remission ACR/EULAR remission

Yes No Total Yes No Total

ACR/EULAR remission

Yes 25 (51) 4 (6) 29 (24)

No 24 (49) 66 (94) 90 (76)

Total 49 (100) 70 (100) 119 (100)

RAPID3 remission

Yes 63 (61) 17 (10) 80 (30) 28 (97) 21 (24) 49 (42)

No 40 (39) 151 (90) 191 (70) 1 (3) 67 (76) 68 (58)

Total 103 (100) 168 (100) 271 (100) 29 (100) 88 (100) 117 (100)

Yes 8 (40) 2 (7) 10 (21) 7 (54) 3 (9) 10 (21)

CDAI*

No 12 (60) 25 (93) 37 (79) 6 (46) 31 (91) 37 (79)

Total 20 (100) 27 (100) 47 (100) 13 (100) 34 (100) 47 (100)

*No data shown for CDAI versus RAPID3, as overlap was 100%.
ACR, American College of Rheumatology; CDAI, Clinical Disease Activity Index; EULAR, European League Against Rheumatism; RAPID3, Routine Assessment of Patient Index Data 3.
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Disease duration
Importance of pain and fatigue were similar in patients with
early (≤2 years) versus long-standing disease; numerically, inde-
pendence was reported more frequently in the top 3 by patients
with long-standing disease (21%) as compared with patients
with early disease (12%) (p=0.40).

Country
There were slight differences in the choice of a top 3 in differ-
ent countries (table 3), although pain was the number 1 domain
in all countries. Pain was mentioned in the top 3 by 65%, 69%,
52%, 74%, 92% and 79% in the UK, Austria, the Netherlands,
France, the USA and Denmark, respectively (χ2 p=0.001).
Likewise, fatigue was among the top 3 (48%, 16%, 30%, 51%,
40%, 29%, 35% (χ2 p=0.005)) and to a lesser extent independ-
ence (39%, 20%, 27%, 21%, 6%, 17% and 21% (χ2 p=0.01)).
Bristol, Amsterdam and Paris had the same top 3 as that of the
total group, but in Vienna, fatigue was replaced by stiffness and
in both the USA and Copenhagen, independence was replaced
by swelling.

Domains that were most frequently rated as ‘essential’ to char-
acterise a period of remission were the same in the total group
and in Bristol, while in Vienna fatigue was replaced by mental
power, in Amsterdam fatigue was replaced by activities of daily
living, in Paris fatigue was replaced by family role, in the USA
physical function was replaced by mobility and in Copenhagen
fatigue and independence were replaced by work and activities
of daily living.

Version of the survey
The majority completed V.1 of the survey (79%). Patients that
completed V.1 of the survey (appendix 1) reported pain in their
top 3 more frequently (77%) compared with patients that com-
pleted V.2 of the survey (54%) (p=0.02). A similar pattern,
although not significantly different, was seen for independence,
reported by 19% in V.1 and 29% in V.2. However, of the
patients that completed V.2 of the survey, the most often-
mentioned domains in the top 3 were still pain (55%), fatigue
(33%) and independence (29%).

Other
There were no differences in choice of a top 3 between male
and female patients; between patients that reported joints with
versus without strongly reduced mobility, deformities or joint
replacement surgery; between patients that reported to have
been diagnosed with other diseases; or between patients that

completed the survey during their clinic visit, compared with
patients that completed the survey electronically (at home).

Table 4 gives an overview of the numerical differences of
domains rated as essential for all stratifications.

DISCUSSION
This survey study identified the three most important domains
of patient perceived remission, based on preceding qualitative
research on the patient perspective on remission in RA: the
absence or reduction of pain and fatigue and the improvement
or maintenance of independence.

Pain is the most predominant PRO assessed in rheumatic dis-
eases, present in all core sets and frequently inquired after in
clinical practice.29 Fatigue has been acknowledged as an essen-
tial PRO in recent years and is recommended to be reported in
RA clinical trials;11 however, independence is not a common
PRO in rheumatology. We are not the first to report on inde-
pendence as an important domain for patients with RA; a
recent Czech study30 reported a significant difference between
the healthy population and patients with RA in level of inde-
pendence. In addition, qualitative work performed in Bristol
generated the Rheumatoid Arthritis Patient Priorities for
Pharmacological Interventions core set to complement the exist-
ing professional core sets.31 This patient-driven study also iden-
tified independence as one of eight priority outcomes of
pharmacological interventions in RA. In a Swedish qualitative
study evaluating the patient perspective on benefits of RA treat-
ment, independence was identified as a theme covering domains
as management of daily activities, care for oneself and for one’s
family, being able to work and enjoy leisure time.32

In contrast, in the context of our remission work, independ-
ence emerged as a separate domain, grouped in the theme
‘decreased impact of RA’. When reviewing our qualitative work,
the domain independence seems mainly related to physical func-
tioning, that is, ‘the ability to do things you have to do and not
have to ask others to do things for you’. However, influence of
other domains and factors like ability to work, performing one’s
family role and comorbidities is highly likely and warrants
further study. Similar overlap might exist between other
domains while this could have been avoided by grouping of
domains into larger themes. Indeed, if we would have grouped
the domains socialise, family role, work and leisure into one
domain ‘participation’, the ratings for this grouped domain
would have exceeded that of independence in two out of six
sites. However, we have chosen to present all 26 domains in our
survey, using patient quotes from focus groups, so that patients

Table 3 Most important domains by site

Bristol Vienna Amsterdam Paris Copenhagen USA

Top 3

1 Pain Pain Pain Pain Pain Pain

2 Fatigue Independence Fatigue Fatigue Fatigue Fatigue

3 Independence Stiffness Independence Independence Swelling Swelling

Domains rated as essential (%)

1 Pain (67) Independence (53) Pain (57) Pain (72) Pain (51) Pain (70)

2 Fatigue (66) Phys func (51) Phys func (46) Mobility (72) Phys func (49) Fatigue (60)

3 Mobility (66) Pain (47) ADL (43) Phys func (67) Work (49) Independence (58)

4 Independence (50) Mobility (43) Independence (41) Family (56) Mobility (46) Swelling (56)

5 Phys func (50) Mental (43) Mobility (39) Indep (56) ADL (44) Mobility (54)

ADL, activities of daily living; Phys func., physical functioning.
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could optimally relate to the domains. In the case of independ-
ence, this domain was chosen more often as a top 3 domain
than related domains such as physical functioning, mobility,
work or activities of daily living. However, these related
domains scored high in the rating of essential domains, with
mobility ranked second, physical function third, independence
fourth and fatigue fifth. As our objective was to identify the
three most important domains for patients with RA to define a
state of remission, we have chosen to rely on the report of top 3
domains, knowing that the ranking of essential domains pointed
in a highly similar direction and that independence covers
aspects of function/mobility.

Some differences exist between different patient groups when
stratified for age, gender, disease duration and the presence of
comorbidities and damage; for example, performing one’s
family role was more important to younger patients compared
with older patients. These differences were already predicted by
patients during the qualitative phase and are confirmed by this
survey study.

In addition, some differences exist in the procedure of filling
out the survey; we sent out two versions of the survey with a dif-
ferent (random) order of the domains, to reduce any order effect
on decision making. Although there was a difference in frequen-
cies of domains reported in the top 3 between patients that com-
pleted V.1 and those that completed V.2 of the survey, the three
most often reported domains were still pain, fatigue and inde-
pendence. It seemed that the higher the domain was listed in the
survey, the more likely that patients would include the domain in
their top 3, even though the top 3 was a separate section at the
end of the survey. However, as the top 3 remained unchanged
across the different versions, this order effect had no influence
on the patients’ choice for the three most important domains.

It can be questioned whether other domains besides the 26
identified from focus groups in Bristol, Amsterdam and Vienna
would have emerged when groups were organised in Paris,
Copenhagen and the USA; the survey allowed patients to add
additional domains. Seven patients used this opportunity, but
this did not result in new domains, suggesting that the survey
was comprehensive. Yet, this does not indicate generalisability of
our results to countries beside those studied here.

The majority of patients indicated that they needed their
symptoms to be ‘gone’ instead of ‘less’ or ‘almost absent’ to
reflect remission. Yet, patients that indicated themselves as cur-
rently in remission had a mean patient global assessment of 1.5.
It remains a point of discussion how this relates to the ACR/
EULAR remission definition, which requires that the patient
global assessment of disease activity can be no >1. Interpreting
these data, one could argue that a score of <2 on a visual ana-
logue scale from 0 to 10 equals ‘gone’ from a patient perspec-
tive. Alternatively, to adhere to the rule of 1, one could allow
rounding to one for scores that go up to 1.5. Interesting is the
contrast between patients’ rating of fatigue as a top 3 priority,
yet needing it to be less (23%), almost gone (40%) or gone
(37%) to reflect remission. This is different for the other four
important domains, in which the majority feels a certain
domain needs to be gone, rather than almost gone or less.
Perhaps fatigue is a domain that seriously impacts the lives of
people with RA, but is somehow more manageable or acceptable
than for example pain.

Strengths of this study include the geographical spread of the
patient sample as well as the dual analysis of domains, either
within the top 3 of importance or rated most frequently as
essential. The robustness of the results across countries and
response modes enhances the reliability of the results.

A weakness of this study is that the response rate was not
registered at every site, which might indicate that a selection of
highly motivated patients was studied. When looking at the
demographic characteristics, a heterogeneous pattern is
observed, with a wide range in patients’ age, disease duration
and remission experience. The size of our study population
does not allow for extensive subgroup analysis. Yet the uniform-
ity in a choice for a top 3 of patient important domains
strengthens the importance of these three domains and suggests
that these are—to a certain level—independent of other patient
characteristics.

Another weakness of this study is the absence of extensive
clinical data collection, which prohibited us from linking our
results with other frequently used disease activity measures like
the Clinical and Simplified Disease Activity Indices (except in a
few patients). However, this work served primarily to identify
the common top 3 of patient domains that need to be studied
further in comparison with clinical measures.

With this in mind, a validation study has been initiated, study-
ing measurement instruments for the three most important
domains of patient perceived remission identified in this study
in relation to clinical outcome. It is anticipated that the results
of the validation study will inform whether any of these three
domains add important information to the ACR/EULAR remis-
sion criteria.

In summary, this survey study identified the three most
important domains of patient perceived remission, based on pre-
ceding qualitative research on the patient perspective on remis-
sion in RA. Follow-up research has been initiated to identify
valid measurement instruments for these domains and quantify
the contribution to the ACR/EULAR remission criteria.
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EXTENDED REPORT

Cytosolic 50-nucleotidase 1A autoantibody profile
and clinical characteristics in inclusion body myositis
J B Lilleker,1,2 A Rietveld,3 S R Pye,1 K Mariampillai,4 O Benveniste,4 M T J Peeters,3

J A L Miller,5 M G Hanna,6 P M Machado,6,7 M J Parton,6 K R Gheorghe,8

U A Badrising,9 I E Lundberg,8 S Sacconi,10 M K Herbert,11 N J McHugh,12

B R F Lecky,13 C Brierley,14 D Hilton-Jones,15 J A Lamb,16 M E Roberts,2

R G Cooper,16,17,18 C G J Saris,3 G J M Pruijn,11 H Chinoy,1,18,19 B G M van
Engelen,3 On behalf of all UKMYONET contributors

ABSTRACT
Objectives Autoantibodies directed against cytosolic
50-nucleotidase 1A have been identified in many patients
with inclusion body myositis. This retrospective study
investigated the association between anticytosolic 50-
nucleotidase 1A antibody status and clinical, serological
and histopathological features to explore the utility of
this antibody to identify inclusion body myositis
subgroups and to predict prognosis.
Materials and methods Data from various
European inclusion body myositis registries were pooled.
Anticytosolic 50-nucleotidase 1A status was determined
by an established ELISA technique. Cases were stratified
according to antibody status and comparisons made.
Survival and mobility aid requirement analyses were
performed using Kaplan-Meier curves and Cox
proportional hazards regression.
Results Data from 311 patients were available for
analysis; 102 (33%) had anticytosolic 50-nucleotidase
1A antibodies. Antibody-positive patients had a higher
adjusted mortality risk (HR 1.89, 95% CI 1.11 to 3.21,
p=0.019), lower frequency of proximal upper limb
weakness at disease onset (8% vs 23%, adjusted OR
0.29, 95% CI 0.12 to 0.68, p=0.005) and an increased
prevalence of excess of cytochrome oxidase deficient
fibres on muscle biopsy analysis (87% vs 72%, adjusted
OR 2.80, 95% CI 1.17 to 6.66, p=0.020), compared
with antibody-negative patients.
Interpretation Differences were observed in clinical
and histopathological features between anticytosolic 50-
nucleotidase 1A antibody positive and negative patients
with inclusion body myositis, and antibody-positive
patients had a higher adjusted mortality risk.
Stratification of inclusion body myositis by anticytosolic
50-nucleotidase 1A antibody status may be useful,
potentially highlighting a distinct inclusion body myositis
subtype with a more severe phenotype.

INTRODUCTION
Inclusion body myositis (IBM) is an acquired muscle
disease that most commonly affects males aged over
45 years. Along with polymyositis (PM) and derm-
atomyositis (DM), IBM is usually classified as one of
the idiopathic inflammatory myopathies. However,
IBM differs in comparison with PM and DM, as sus-
tained responses to immunosuppression are not

seen, and histologically it is associated with signifi-
cant degenerative features.1–3 Clinically, IBM is
characterised by asymmetric weakness, notably of
finger flexors and knee extensors. Weakness in other
muscle groups occurs frequently, including bulbar,
facial and axial muscles.4 5 The slowly progressive
course leads to cumulative disability, although
overall life expectancy is unaffected.6–8

The diagnosis of IBM relies upon a combination
of clinical and laboratory findings as defined in
various diagnostic criteria (eg, Medical Research
Council (MRC), Griggs et al and the European
Neuromuscular Centre (ENMC) criteria).9–11

However, certain histopathological findings may
only become detectable as the disease progresses,
and therefore patients with early disease may not
fulfil definite diagnostic criteria and can be
excluded from clinical trials.12 The average delay
between disease onset and diagnosis is around
5 years, and IBM is frequently misdiagnosed ini-
tially as PM, resulting in the unnecessary use of
potentially harmful treatments, such as high-dose
glucocorticoids.8 13–15

In IBM, autoantibodies directed against cytosolic
50-nucleotidase 1A (cN-1A) have recently been iden-
tified. It is suggested that these may support the
diagnostic process, as well as potentially providing
clues as to disease pathogenesis.16 17 However,
uncertainties regarding the usefulness of anti-cN-1A
autoantibody testing in clinical practice remain. This
is particularly true with regard to patient stratifica-
tion and prognosis, where the few studies that have
compared clinical and histopathological features of
antibody-positive versus antibody-negative patients
with IBM have produced conflicting results in some
cases.18 19 In order to explore further the usefulness
of anti-cN-1A antibody testing to facilitate IBM sub-
group classification, we conducted a retrospective
Europe-wide study correlating clinical, serological
and histopathological features in a large cohort of
patients with IBM stratified by anti-cN-1A antibody
status.

PATIENTS AND METHODS
Study cohort
Pooled IBM case data from four European coun-
tries were used. Researchers based in Nijmegen,

862 Lilleker JB, et al. Ann Rheum Dis 2017;76:862–868. doi:10.1136/annrheumdis-2016-210282

Clinical and epidemiological research

To cite: Lilleker JB, 
Rietveld A, Pye SR, 
et al. Ann Rheum Dis 
2017;76:862–868.

Handling editor Tore K Kvien

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
annrheumdis- 2016- 210282).

For numbered affiliations see 
end of article.

Correspondence to
Dr J B Lilleker, Centre for 
Musculoskeletal Research, 
Division of Musculoskeletal and 
Dermatological Sciences, School 
of Biological Sciences, Faculty of 
Biology, Medicine and Health, 
Manchester Academic Health 
Science Centre, The University 
of Manchester, Manchester, 
M13 9PT, UK;  james. lilleker@ 
manchester. ac. uk

JBL and AR are joint first 
authors. 
HC and BGMvE are joint last 
authors.

Received 29 July 2016
Revised 7 October 2016
Accepted 5 November 2016
Published Online First: 
25 January 2017

group.bmj.com on April 20, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2016-210282&domain=pdf&date_stamp=2017-03-20
http://ard.bmj.com/
https://www.eular.org/
http://ard.bmj.com/
http://group.bmj.com


The Netherlands, coordinated data collection from The
Netherlands, France and Sweden. Data collection in the UK was
coordinated by researchers based in Manchester, UK.

Study inclusion criteria
Included cases met either the MRC (‘pathologically defined’,
‘clinically defined’ or ‘possible’), Griggs et al (‘definite’ or ‘pos-
sible’) or ENMC (‘clinicopathologically defined’, ‘clinically
defined’ or ‘probable’) diagnostic criteria for IBM and had sera
available for anti-cN-1A antibody testing.9 11

Data collection methodology
Swedish, French and Dutch (‘non-UK’) patients were identified
from clinical databases. Researchers blinded to anti-cN-1A anti-
body status (AR, MTJP, KRG, KM) reviewed the medical
records and retrospectively completed a standardised data col-
lection pro forma. UK patients were identified from six centres
contributing to the UKMYONET research study, coordinated by
The University of Manchester. As part of this study, data are
captured using a standardised pro forma at the time of study
recruitment (ie, before serological test results are available).20 21

Those recruiting patients are asked to record clinical features
present at disease onset and features present at the time of
recruitment. Some additional fields (to match data from the
non-UK cohort) and missing data were collected retrospectively.
Copies of pro forma used are contained in online
supplementary appendix 1. The datasets were merged and
cleaned by a researcher blinded to anti-cN-1A status ( JBL).

Clinical data
Data collected included demographic, clinical (eg, distribution
of weakness, presence of dysphagia, comorbidities), laboratory
findings (creatine kinase (CK) levels, muscle biopsy features,
serological testing), comorbidity, mobility aid usage and mortal-
ity. In most cases, data were available regarding features present
at disease onset and at the time of last patient review (or recruit-
ment to the UKMYONET study in the case of the UK cohort).
In all cases, ‘disease onset’ refers to the initial date that symp-
toms of IBM were noted, as reported by the patient. ‘Disease
duration’ is defined as the period between disease onset and the
date of anti-cN-1A antibody testing. Regarding mortality, in the
non-UK cohort, the primary cause of death was categorised by
review of the patient’s medical records as either ‘respiratory’,
‘cardiac’, ‘cerebrovascular’, ‘malignancy’ or ‘other’. In the UK
cohort, additional mortality and comorbidity statistics were
obtained from the UK Health and Social Care Information
Centre, including coded data regarding the cause of death
where applicable. The cause of death in these cases was assessed
and assigned to the same categories as the non-UK cohort.

Histopathology
For all cases, the histopathology biopsy report performed at
initial diagnostic interrogation was reviewed, and the presence
of certain specific features determined from the report text. The
reporting histopathologists were blinded to the anti-cN-1A anti-
body status of each patient at the time of reporting.
Cytochrome oxidase (COX) deficient fibres in the biopsy sample
were recorded as ‘excessive’ if the reporting histopathologist
indicated that numbers were adjudged higher than expected,
according to the patient’s age. In some cases, the date that the
biopsy was performed was not available. In such instances, this
was assumed to be the same as the date of diagnosis.

cN-1A analysis
All sera were analysed at the Department of Biomolecular
Chemistry in Nijmegen by ELISA, with the three synthetic pep-
tides containing cN-1A autoepitopes previously identified by
overlapping peptide microarray analyses.16 Signals were quanti-
fied by determining optical densities at 450 nm (OD450) using
methods previously described and defined as seropositive if the
OD450 value was greater than or equal to the established
cut-off value for the corresponding peptide.22

Other serological testing
Data regarding the presence of myositis-specific antibodies
(MSAs) and myositis-associated antibodies (MAAs) were col-
lected where available. For the non-UK patients, data were
obtained from results available in the medical records, and
methodology of testing was unique to each centre. MSAs and
MAAs in the whole UK cohort were screened by immunopreci-
pitation at the University of Bath (Bath, UK) using previously
described standardised methodology.23 ‘Weak positive’ results
were assumed to be negative for the purpose of this study.

Statistical analysis
The per-subject sum of all recorded comorbidities (of auto-
immune disease, cardiovascular disease (including hypertension)
and malignancy) was calculated. Current or previous smoking
was also treated as a comorbidity for the purposes of this ana-
lysis. According to the number of these factors present, each
patient was then assigned a comorbidity score of 0, 1 or 2 or
more for use in regression. Differences in demographic features,
comorbidities, clinical features, autoantibody status and muscle
biopsy features between anti-cN-1A antibody positive and nega-
tive patients were assessed using logistic regression. In order to
test the effect of potential confounders, adjusted (multivariable)
logistic regression models were produced when unadjusted ana-
lysis had suggested a significant difference (defined as p<0.05).

The impact of anti-cN-1A antibody status on survival and
mobility aid requirement was assessed using Kaplan-Meier
curves, log-rank testing and Cox proportional hazards regression
modelling. In both cases, the start of the surveillance period was
the date of disease onset. For the mobility aid analysis, subjects
exited the model at the time of mobility aid requirement or at
the time they were last known to have not required one. For the
survival analysis, subjects exited the model at the time of death
or at the time they were last known to have been alive. Each
Cox regression model included adjustment for age of disease
onset, gender and comorbidities. Other variables were added to
the models if there was an a priori assumption that a relation-
ship between anti-cN-1A antibody status and the outcome vari-
able was likely to exist. For example, a higher incidence of
anti-cN-1A antibodies in those with Sjögren’s syndrome is
reported, a more prominent bulbar involvement in anti-cN-1A
positive patients with IBM has been described and a correlation
between COX deficiency and more advanced age at biopsy
could exist.18 22 24 Therefore, models with additional adjust-
ment for such variables were created.

The analysis plan specifically omitted correction for multiple
testing due to the highly conservative nature of such methods
which would risk elimination of potentially useful information
which was sought to be retained, given the exploratory nature
of this study. Data were processed and analysed using Stata for
Windows V.13.0 (College Station, Texas, USA). Kaplan-Meier
curves were generated using GraphPad Prism V.6 (GraphPad
Software).
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RESULTS
After screening databases in the four involved countries, 311
patients meeting the study inclusion criteria were selected for
further analysis (45% from the UK, 55% non-UK). Overall,
33% (102/311) were positive for the anti-cN-1A antibody.
Table 1 shows the IBM diagnostic criteria met according to
anti-cN-1A antibody status. No relationship between a diagnos-
tic classification of ‘possible’ IBM versus ‘definite’ (for Griggs
et al criteria) or ‘pathologically/clinically defined’ (for MRC cri-
teria) IBM and anti-cN-1A antibody status was found (for MRC
criteria, OR 0.85, 95% CI 0.48 to 1.49, p=0.565; for Griggs
et al criteria, OR 0.70, 95% CI 0.36 to 1.36, p=0.292; analysis
not performed for ENMC criteria as all anti-cN-1A antibody
positive patients met the definition of ‘definite’ IBM). No differ-
ence was found in the interval between disease onset and the
time of antibody testing between seropositive and seronegative
groups (8.29 years (IQR 4.96–11.95) in the seropositive group
vs 7.57 years (IQR 4.94–11.18) in the seronegative group, OR
1.01, 95% CI 0.97 to 1.06, p=0.604).

Demographics and comorbidities
No statistically significant differences were identified in demo-
graphic characteristics (including gender, age at disease onset
and age at diagnosis), CK levels, smoking history or comorbid-
ities between the anti-cN-1A antibody positive and negative
groups (table 2). Non-significant trends were observed in age at
disease onset and age at diagnosis (which appeared lower in the
antibody-negative group) or the presence of other autoimmune
diseases (which appeared more common in the antibody-
positive group).

Survival
Of the whole cohort of 311 patients, 70 deaths were recorded
(31/102 (30%) in the anti-cN-1A antibody positive group and
39/209 (19%) in the negative group). The mean age of death
overall was 77.8 years (SD=8.2), with no significant difference
detected according to anti-cN-1A antibody status (77.0 years
(SD=7.7) in the seropositive group vs 78.4 years (SD=8.6) in
the seronegative group, OR 0.98, 95% CI 0.92 to 1.04,
p=0.482). The cause of death was known in 63% (44 of 70) of
cases. An excess of deaths as a result of respiratory disease was

evident in the anti-cN-1A antibody positive group (16/25 (64%)
in the anti-cN-1A antibody positive group and 9/25 (36%) in
the negative group, OR 4.23, 95% CI 1.79 to 9.97, p=0.001).
Adjusted analysis was not performed here due to the low
numbers available for analysis. Death from other causes
(cardiac, cerebrovascular, malignancy and other causes) did not
differ between anti-cN-1A antibody positive and negative
groups.

Data from 300 patients, where the date of disease onset and
date of last follow-up (or date of death) were known, were avail-
able for further analysis. This included 66 of those that had
died (66/70, 94%) and comprised a total of 3550 patient-years
of follow-up. The median survival in the anti-cN-1A antibody
positive group was 17.6 years compared with 24.2 years in the
antibody-negative group, and the Kaplan-Meier curves were sig-
nificantly different (log-rank p=0.045, figure 1).

In unadjusted analysis, compared with the antibody-negative
group, anti-cN-1A antibody positive patients had a 65%
increased risk of death (HR 1.65, 95% CI 1.01 to 2.70,
p=0.047). After adjustment for age at disease onset, gender and
comorbidities, the HR was 1.95 (95% CI 1.17 to 3.27,
p=0.011). Furthermore, adding the presence of dysphagia to
the model confirmed an independent association (HR 1.89,
95% CI 1.11 to 3.21, p=0.019).

Mobility
Data from 188 patients were available for this analysis. A total
of 130 instances of mobility aid uptake were recorded, 81%
(52/64) in the anti-cN-1A seropositive group and 63% (78/124)
in the seronegative group. The overall median time between
disease onset and use of a mobility aid was 8.0 years (IQR 4.6–
11.0), with no significant difference between seropositive and
seronegative groups (8.0 years (IQR 4.8–10.9), and 6.9 years
(IQR 4.4–11.7), respectively; OR 1.01, 95% CI 0.94 to 1.08,
p=0.883). Kaplan-Meier curves were not significantly different
(log-rank p=0.090), so not shown. In unadjusted analysis, the
HR for mobility aid requirement in the antibody-positive group
was 1.35 (95% CI 0.95 to 1.93, p=0.097). After adjustment for
age at disease onset, gender and comorbidities, the HR for
mobility aid requirement was just outside the significance
threshold (HR 1.42, 95% CI 0.99 to 2.04, p=0.056).

Clinical features
Table 3 demonstrates the clinical characteristics at disease onset
and at last clinical review, stratified by anti-cN-1A antibody
status. A significant association between the presence of prox-
imal upper limb weakness at disease onset (not a typical feature
of IBM) and being anti-cN-1A antibody negative was identified
(OR 0.30 95% CI 0.13 to 0.71, p=0.006). This remained sig-
nificant after adjustment for age at onset, gender and comorbid-
ities (OR 0.29, 95% CI 0.12 to 0.68, p=0.005), thus
potentially defining a more classical and homogenous IBM
cohort in the anti-cN-1A antibody positive group. Data regard-
ing the presence of facial weakness were less complete (n=90).
Despite this, a significantly increased incidence of facial weak-
ness was identified in the anti-cN-1A antibody positive group at
last review (OR 2.60, 95% CI 1.07 to 6.29, p=0.034), which
persisted after adjustment for age at onset, gender and
comorbidities (OR 3.03, 95% CI 1.20 to 7.67, p=0.019).

Autoantibody associations
A significant association between seropositivity for anti-SSB (La)
antibodies and anti-cN-1A antibodies was identified (OR 3.28,
95% CI 1.33 to 8.07, p=0.010) (table 4). However, adjusted

Table 1 Summary of diagnostic criteria met in patients included for
analysis

Diagnostic criteria met
Anti-cN-1A
positive (%)

Total
(all patients)

Medical Research Council Criteria 201010

Pathologically defined IBM 13 (31.7) 41

Clinically defined IBM 39 (39.4) 99

Possible IBM 28 (33.3) 84

Griggs et al9 Criteria

Definite IBM 19 (40.4) 47

Possible IBM 61 (32.3) 189

European Neuromuscular Centre Criteria 199711

Definite IBM 7 (31.8) 22

Probable IBM 0 (0.0) 2

Total unique patients* 102 (32.8) 311

*Some patients fulfilled multiple diagnostic criteria. Not all patients were assessed by
each criterion. Of the total, 152 patients met only one criterion, 143 patients met two
criteria and 16 patients met all three criteria.
Anti-cN-1A, anticytosolic 50-nucleotidase 1A; IBM, inclusion body myositis.
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analysis (for anti-SSA antibodies, presence of autoimmune disor-
ders, age at onset, gender and comorbidities) did not confirm
that this association was independent (OR 2.12, 95% CI 0.52
to 8.67, p=0.297).

Biopsy features
We identified a significant association between an excess of
COX-deficient fibres on muscle biopsy and the presence of
anti-cN-1A antibodies (OR 2.61, 95% CI 1.13 to 6.03,
p=0.025) (table 5). In adjusted analysis (for age at disease
onset, gender, comorbidities and age at biopsy), a significant

independent association was confirmed (OR 2.80, 95% CI 1.17
to 6.66, p=0.020).

DISCUSSION
This multinational exploratory study represents the first of its
kind to combine analysis of clinical, histopathological, other
serological and mortality data in a large cohort of patients with
IBM stratified according to anti-cN-1A antibody status. Our
results will guide future confirmatory studies and highlight
potential disease mechanisms warranting further evaluation. We
found that the anti-cN-1A antibody positive group had a signifi-
cantly increased mortality risk independent of age, gender,
comorbidities and the presence of dysphagia. We also found a
smaller proportion with proximal upper limb weakness at
disease onset and an excess of COX-deficient fibres on muscle
biopsy in the anti-cN-1A antibody positive group. An increased
likelihood of having facial weakness and an association between
antibody positivity and death from a respiratory cause was also
observed, although the numbers assessed here were small. As in
other studies, we did not find a relationship between disease
duration and the likelihood of identifying anti-cN-1A
antibodies.18 19

There are limited reports in the literature comparing the
characteristics of patients with IBM with and without
anti-cN-1A antibodies, amounting to 258 patients in four separ-
ate studies.18 19 24 25 A small proportion of the cases analysed
here was included in a previous analysis which did not focus on
differences on clinical characteristics according to serotype.22

Some authors identified no significant differences in the
characteristics between cohorts, whereas others have suggested
that the anti-cN-1A antibody positive group exhibits a more
severe phenotype.18 19 Lloyd et al24 identified a lower incidence
of rimmed vacuoles on biopsy in those without anti-cN-1A

Table 2 Summary of demographic features, CK levels and comorbidities stratified by anti-cN-1A antibody status

Anti-cN-1A positive Anti-cN-1A negative OR (95% CI) p Value

Gender (n=311)

Female (%) 42/102 (41.2) 84/209 (40.2) Referent –

Male (%) 60/102 (58.8) 125/209 (59.8) 0.96 (0.59 to 1.55) 0.868

Ethnicity (n=307)

White (%) 97/101 (96.0) 199/206 (96.6) Referent –

Black (%) 2/101 (2.0) 4/206 (1.9) 1.03 (0.19 to 5.70) 0.977

Asian (%) 2/101 (2.0) 3/206 (1.5) 1.37 (0.23 to 8.32) 0.734

Other features

Mean age in years at disease onset (SD) (n=301) 61.6 (9.7) 59.8 (9.5) 1.02 (0.99 to 1.05) 0.130

Mean age in years at diagnosis (SD) (n=305) 67.2 (9.3) 65.3 (9.5) 1.02 (1.00 to 1.05) 0.089

Disease duration in years at antibody testing (n=301) Median 8.3 (IQR 5.0–12.0)
Mean 9.0 (SD 5.5)

Median 7.6 (IQR 4.9–11.2)
Mean 8.6 (SD 5.2)

1.01 (0.97 to 1.06) 0.604

Highest CK level recorded (n=223) Median 629.0
(IQR 392–850)
Mean 774.8 (SD 563.4)

Median 600.0 (IQR 400–1012)
Mean 1097.2 (SD 2583.4)

1.00 (1.00 to 1.00) 0.318

Current or previous smoker (%) (n=189) 21/52 (40.4) 55/137 (40.2) 1.01 (0.53 to 1.94) 0.976

Comorbidities

Autoimmune disease (including Sjögren’s syndrome) (%) (n=244) 38/85 (44.7) 54/159 (34.0) 1.57 (0.92 to 2.70) 0.100

Of which, Sjögren’s syndrome (%) (n=81) 6/33 (18.2) 8/48 (16.7) 1.11 (0.35 to 3.57) 0.859

Malignancy (%) (n=275) 12/85 (14.1) 33/190 (17.4) 0.78 (0.38 to 1.60) 0.501

Cardiovascular disease (%) (n=284) 31/91 (34.1) 64/193 (33.2) 1.04 (0.62 to 1.76) 0.880

Hypertension (%) (n=181) 29/60 (48.3) 54/121 (44.6) 1.16 (0.62 to 2.16) 0.638

‘Disease duration in years at antibody testing’ refers to the time period between disease onset and the date of anti-cN-1A antibody testing. n represents data available for analysis per
variable (of a total of 311). p Value is derived from logistic regression.
Anti-cN-1A, anticytosolic 50-nucleotidase 1A; CK, creatine kinase.

Figure 1 Kaplan-Meier survival curves stratified by anti-cN-1A
antibody status. X-axis truncated at 25 years from disease onset.
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reactivity but with no clinical differences between the studied
cohorts, findings that were not replicated here. A very recent
study found no differences between 24 cN-1A seropositive and
45 seronegative patients with IBM regarding class II human
leukocyte antigen (HLA) alleles and the presence of other
antibodies.25

The simultaneous discovery of anti-cN-1A antibodies in 2011
by two independent research groups offers potential insights
into the pathogenesis of IBM, and will contribute to the debate
about the relative influence of the immune system and degener-
ation.16 19 23 The presence of anti-cN-1A in other autoimmune
diseases such as Sjögren’s syndrome is also of interest as it might
highlight shared underlying immune mechanisms across these

diseases.22 As with most other MSAs, further research is
required to establish the mechanisms involved in anti-cN-1A
reactivity in IBM.

Anti-cN-1A antibodies are present in the sera of 29%–52% of
patients with IBM (33% in our cohort).16 17 Higher proportions
of anti-cN-1A antibody seropositivity in other studies (up to
72%) might be explained by different techniques used in differ-
ent centres, by different cut-off levels for positivity or by differ-
ences in patient selection.18 The current study used very strict
cut-off values in ELISA testing.26 In a recent study, anti-cN-1A
antibodies were found in 37% of patients with IBM, compared
with <5% in PM, DM and other neuromuscular disorders,
highlighting a potential utility of using anti-cN-1A antibody

Table 3 Clinical characteristics at disease onset and at last clinical review stratified by anti-cN-1A antibody status

Clinical feature Anti-cN-1A positive (%) Anti-cN-1A negative (%) OR (95% CI) p Value

At disease onset

Proximal upper limb weakness (n=252) 7/84 (8.3) 39/168 (23.2) 0.30 (0.13 to 0.71) 0.006*

Proximal lower limb weakness (n=253) 65/85 (76.5) 122/168 (72.6) 1.23 (0.67 to 2.24) 0.510

Distal upper limb weakness (n=251) 22/83 (26.5) 40/168 (23.8) 1.15 (0.63 to 2.11) 0.641

Distal lower limb weakness (n=250) 7/83 (8.4) 20/167 (12.0) 0.68 (0.27 to 1.67) 0.398

Dysphagia (n=119) 15/36 (41.7) 23/83 (27.7) 1.86 (0.82 to 4.22) 0.136

Axial involvement (n=102) 0/30 (0.0) 3/72 (4.2) 1 –

Symmetrical weakness (n=97) 25/37 (67.6) 32/60 (53.3) 1.82 (0.78 to 4.29) 0.169

At last review

Proximal lower limb weakness (n=137) 35/40 (87.5) 80/97 (82.5) 1.49 (0.51 to 4.35) 0.468

Distal upper limb weakness (n=135) 40/41 (97.6) 89/94 (94.7) 2.25 (0.25 to 19.86) 0.466

Distal lower limb weakness (n=125) 23/43 (53.5) 36/82 (43.9) 1.47 (0.70 to 3.08) 0.309

Dysphagia (n=303) 63/100 (63.0) 113/203 (55.7) 1.36 (0.83 to 2.22) 0.224

Facial weakness (n=90) 18/33 (54.6) 18/57 (31.6) 2.60 (1.07 to 6.29) 0.034†

Axial involvement (n=84) 9/26 (34.6) 10/58 (17.2) 2.54 (0.88 to 7.31) 0.084

Clinical evidence of polyneuropathy (n=103) 13/38 (34.2) 31/65 (47.7) 0.57 (0.25 to 1.31) 0.184

Figures in brackets represent within antibody group percentages. n represents data available for analysis per variable (of a total of 311). p Value is derived from logistic regression. Data
regarding certain variables (proximal upper limb weakness, facial weakness, symmetrical weakness and clinical evidence of polyneuropathy) were only available at either disease onset or
at last review.
*Adjusted (for age at disease onset, gender and comorbidities) OR 0.29, 95% CI 0.12 to 0.68, p=0.005.
†Adjusted (for age at disease onset, gender and comorbidities) OR 3.03, 95% CI 1.20 to 7.67, p=0.019.
Anti-cN-1A, anticytosolic 50-nucleotidase 1A.

Table 4 Autoantibody profile stratified by anti-cN-1A antibody status

Antibody Anti-cN-1A positive (%) Anti-cN-1A negative (%) OR (95% CI) p Value

Antinuclear antibodies (n=132) 1/47 (2.1) 1/85 (1.2) 1.83 (0.11 to 29.88) 0.673

Anti-DNA antibodies (n=119) 3/42 (7.1) 1/77 (1.3) 5.85 (0.59 to 58.07) 0.132

Anti-Sm antibodies (n=97) 0/33 (0.0) 1/64 (1.6) 1 –

Antineutrophil cytoplasmic antibodies (n=96) 0/32 (0.0) 0/64 (0.0) – –

Antimitochondrial antibodies (n=128) 0/41 (0.0) 0/87 (0.0) – –

Antiextractable nuclear antigens antibodies (n=102) 4/34 (11.8) 5/68 (7.4) 1.68 (0.42 to 6.71) 0.463

Anti-SSA (Ro) (n=228) 19/76 (25.0) 22/152 (14.5) 1.97 (0.99 to 3.92) 0.054

Anti-SSB (La) (n=228) 13/76 (17.1) 9/152 (5.9) 3.28 (1.33 to 8.07) 0.010*

(U1)RNP antibodies (n=223) 1/74 (1.4) 0/149 (0.0) 1 –

Antitopoisomerase I (Scl70) (n=222) 0/72 (0.0) 0/150 (0.0) – –

Anti-Jo1 (n=228) 1/76 (1.3) 0/152 (0.0) 1 –

Other myositis-specific antibody (OMSA)† (n=193) 0/60 (0.0) 1/133 (0.8) 1 –

Other myositis-associated antibody (OMAA) (n=128) 0/41 (0.0) 0/87 (0.0) – –

Figures in brackets represent within antibody group percentages. n represents data available for analysis per variable (of a total of 311). p Value is derived from logistic regression.
*Adjusted (for anti-SSA antibodies, presence of autoimmune disorders, age at disease onset, gender and comorbidities) OR 2.11, 95% CI 0.52 to 8.67, p=0.297.
†One patient found positive for anti-SRP antibodies. In this case, no relevant clinical correlation was identified, and the relevance of this finding is uncertain.
Anti-cN-1A, anticytosolic 50-nucleotidase 1A; OMAA, anti-Ku, anti-RNA polymerase I/II/III, anti-PM/SCL, anti-NOR90; OMSA, anti-TIF1 complex, anti-SAE, anti-NXP2, anti-MDA5, anti-SRP,
anti-Mi-2, anti-PL12, anti-PL7, anti-EJ, anti-KS, anti-OJ, anti-Zo.
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testing to differentiate IBM and mimicking diagnoses.22

However, the specificity of testing is limited by a high reactivity
in some other autoimmune and connective tissue diseases (in
36% of patients with Sjögren’s syndrome and in 20% with sys-
temic lupus erythematosus).22 24

The higher frequency of COX-negative fibres, a feature of
mitochondrial dysfunction, indicates possible differences in
molecular pathways within the subgroups defined by anti-cN-1A
antibody status. The reasons for increased mortality and the sug-
gestion of increased risk of death from respiratory cause are
unexplained, but these findings appear to agree with those of
Goyal et al18 who also found a more severe respiratory pheno-
type in the antibody-positive group. The lower frequency of
proximal upper limb weakness at presentation in the anti-cN-1A
antibody positive compared with antibody-negative group
remains unexplained.

This study represents the largest cohort of patients with IBM
and has only been achieved by an international collaborative
effort. Established IBM diagnostic criteria were used to include
patients for the analysis, a predefined set of clinical data was
retrieved in each patient and all anti-cN-1A testing was per-
formed in one laboratory. However, there remain a number of
limitations. The study was retrospective and relied on the identi-
fication and recording of clinical characteristics by the treating
physicians. In the UK cohort, the recruiting physician (the
patient’s treating consultant neurologist or rheumatologist) was
asked to recall the symptoms that were present at the time of
disease onset when completing the pro forma at the time of
recruitment, and as such these details may be subject to recall
bias. While efforts to minimise missing data were made, data
were not complete for all study parameters in all cases, although
there was no evidence to suggest that this occurred in a system-
atic way. Analysis involved pooling of data from different
cohorts. There is potential for differences in data collection
methodology between cohorts (see online supplementary
appendix 1) to reduce the reliability of our findings. However, a
comparison of features between UK and non-UK cohorts where
pooled data were analysed has revealed largely comparable find-
ings (see online supplementary table S1). Overall, we feel that
our pooled analysis has increased statistical power and
reduced the likelihood of statistical errors occurring.
Objective measurements of muscle strength (eg, dynamome-
try of the finger flexors) could have improved sensitivity of

detection of weakness, but such methods were not available.
Also, this study did not perform a reanalysis of muscle
biopsy tissue. The cause of death was difficult to establish in
some patients in the non-UK cohort, due to missing informa-
tion in the medical records, and in the UK cohort due to an
inability to match some patients to the nationally stored mor-
tality data held by the UK Health and Social Care
Information Centre.

In the future, anti-cN-1A autoantibody testing and
anti-cN-1A autoantibody status could be used in the diagnostic
workup of potential IBM cases, and there remains the oppor-
tunity to use anti-cN-1A antibody status in the construction of
future diagnostic criteria for IBM. However, the results of the
current study also suggest that distinct IBM subtypes may be
identified according to anti-cN1-A antibody status. Therefore,
serum anti-cN-1A testing might also be of use in the stratifica-
tion of patients with IBM (eg, for clinical trials), rather than
purely as a diagnostic biomarker. A large prospective study with
a sufficient duration of follow-up might offer potential to
further investigate the overall utility of anti-cN-1A antibody
testing in the clinical and research settings.

CONCLUSION
In this exploratory study, comparison of patients with IBM with
and without anti-cN-1A autoantibody reactivity identified differ-
ences in their mortality risk, clinical characteristics and histo-
pathological findings. The largest study of its kind has
demonstrated that anti-cN-1A antibody testing may, and over
and above its diagnostic value, be clinically useful to define dis-
tinct IBM subtypes.
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GWAS of clinically defined gout and subtypes
identifies multiple susceptibility loci that include
urate transporter genes
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ABSTRACT
Objective A genome-wide association study (GWAS)
of gout and its subtypes was performed to identify
novel gout loci, including those that are subtype-
specific.
Methods Putative causal association signals from a
GWAS of 945 clinically defined gout cases and 1213
controls from Japanese males were replicated with 1396
cases and 1268 controls using a custom chip of 1961
single nucleotide polymorphisms (SNPs). We also first
conducted GWASs of gout subtypes. Replication with
Caucasian and New Zealand Polynesian samples was
done to further validate the loci identified in this study.
Results In addition to the five loci we reported
previously, further susceptibility loci were identified at a
genome-wide significance level (p<5.0×10−8): urate
transporter genes (SLC22A12 and SLC17A1) and
HIST1H2BF-HIST1H4E for all gout cases, and NIPAL1
and FAM35A for the renal underexcretion gout subtype.
While NIPAL1 encodes a magnesium transporter,
functional analysis did not detect urate transport via
NIPAL1, suggesting an indirect association with urate
handling. Localisation analysis in the human kidney
revealed expression of NIPAL1 and FAM35A mainly in
the distal tubules, which suggests the involvement of the
distal nephron in urate handling in humans. Clinically
ascertained male patients with gout and controls of
Caucasian and Polynesian ancestries were also
genotyped, and FAM35A was associated with gout in all
cases. A meta-analysis of the three populations revealed
FAM35A to be associated with gout at a genome-wide
level of significance (pmeta=3.58×10

−8).
Conclusions Our findings including novel gout risk loci
provide further understanding of the molecular
pathogenesis of gout and lead to a novel concept for
the therapeutic target of gout/hyperuricaemia.

INTRODUCTION
Gout is a common disease characterised by acute
painful arthritis, and its global burden continues to
rise with the increasingly ageing population.1 Gout
is caused by hyperuricaemia, and can be classified
according to patients’ clinical parameters reflecting
its causes2 3 as renal overload (ROL) gout and renal
underexcretion (RUE) gout. As shown in online
supplementary figure S1, patients with gout with
increased urinary excretion of urate due to overpro-
duction and/or decreased extra-renal underexcre-
tion of urate are classified as having ROL gout,
whereas those with decreased renal excretion of
urate are defined as having RUE gout.2 Reflecting
their causes, almost all patients with gout are
divided into those two subtypes. Although these
subtypes are important from both genetic and
pathophysiological points of view,2 4 genome-wide
association studies (GWASs) of gout subtypes have
never been performed, partly due to the difficulty
in assembling sufficient gout cases with requisite
clinical data, including data from a time-consuming
urinary collection examination.
We and other groups5–9 recently reported gout/

hyperuricaemia to have relatively strong genetic
risk factors. More recently, and for the first time,
we performed a GWAS with only clinically defined
Japanese male gout cases in which 16 single
nucleotide polymorphisms (SNPs) were replicated,
and five gout-risk loci were identified including two
novel loci (MYL2-CUX2 and CNIH-2).10 In the
present study (see online supplementary figure S2),
we extended our analysis to identify novel suscepti-
bility loci for gout by replicating approximately
2000 SNPs top-ranked in the GWASs of all gout
and/or its subtypes. In addition, for the first time,
we performed GWASs of gout subtypes to identify
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subtype-specific (cause-specific) risk loci. Furthermore, we con-
ducted a replication study with independent Caucasian and
Polynesian populations to validate loci.

METHODS
Subjects and genotyping
Genome-wide genotyping was performed with the Illumina
HumanOmniExpress-12 v1.0 (Illumina) platform using 946
clinically defined gout cases and 1213 controls, all Japanese
males. Detailed methods of genotyping and quality control are
previously described.10 Ultimately, 570 442 SNPs passed filters
for 945 cases and 1213 controls. At the replication stage, 1246
cases were genotyped with a custom genotype platform using
iSelect HD Custom Genotyping BeadChips (Illumina) on 1961
SNPs, as described in online supplementary methods and
supplementary figure S3, and 150 gout cases were genotyped
with the Illumina HumanOmniExpress-24 v1.0 (Illumina) plat-
form. For controls, 1268 Japanese males with a serum uric acid
(SUA) level ≤ 7.0 mg/dL and without gout history were
recruited from BioBank Japan11 12 and genotyped with the
Illumina HumanOmniExpress-12 v1.0 (Illumina) platform.
Finally, 1961 SNPs with 1396 gout cases and 1268 controls
were successfully genotyped (see online supplementary table
S1). A genome-wide significance threshold was set to be
α=5.0×10−8 to claim evidence of a significant association.

GWASs of the two subtypes of gout, ROL gout and RUE gout
(see online supplementary figure S1), were also performed, fol-
lowed by replication studies with a custom SNP chip (see online
supplementary figure S3) and a subsequent meta-analysis. As
described previously,2 10 and shown in online supplementary
figure S1 and supplementary methods, ROL gout and RUE gout
are defined when patients’ urinary urate excretion is over
25.0 mg/hour/1.73 m2 (600 mg/day/1.73 m2) and patients’ urate
clearance (urate clearance/creatinine clearance ratio, FEUA) is
under 5.5%, respectively. For GWASs of gout subtypes, 1178
cases were classified as ROL gout (560 cases at GWAS stage and
618 cases at replication stage) and 1315 cases as RUE gout (619
cases at GWAS stage and 696 cases at replication stage), respect-
ively (see online supplementary table S2).

A replication study with independent Caucasian and New
Zealand (NZ) Polynesian sample sets was also performed to val-
idate the genetic risk loci identified in the present study. This
replication was done in a data set recruited from New
Zealand13 and from Europe by the Eurogout Consortium14

comprising 1319 male cases and 514 male controls of European
ancestry and 971 male cases and 565 male controls of NZ
Polynesian ancestry. SNPs were genotyped by an allelic discrim-
ination assay (TaqMan) with a LightCycler 480 Real-Time PCR
(RT-PCR) System (Roche Applied Science, Indianapolis,
Indiana, USA). Detailed information of clinical characteristics
and genetic analysis is shown in online supplementary methods
and tables S1–S3.

Statistical analyses
The inverse-variance fixed-effects model was used for meta-
analysis. In the meta-analysis with Japanese, Caucasian and NZ
Polynesian populations or in the presence of heterogeneity (phet
< 0.05 or I2 > 50%), we implemented the DerSimonian and
Laird random-effects model for meta-analysis.15 For the replica-
tion analysis with Caucasian and NZ Polynesian sample sets,
ORs were adjusted by age and ancestral group. All the
meta-analyses were performed using the R V.3.1.1 and 3.2.2 (R
Development Core Team. R: a language and environment for
statistical computing. Vienna: R. Foundation for Statistical

Computing, 2006) with meta package. All calculations of linkage
disequilibrium (LD, measured in r2) were conducted using the
Japanese population. The detailed information for statistical ana-
lyses is described in online supplementary methods.

Functional and localisation analyses
Urate transport analysis of NIPAL1 was performed with an
oocyte expression system16 17 with high potassium (HK) buffer
or HK buffer without magnesium. For immunohistochemical
analysis, the human kidney sections (3 μm) incubated with anti-
human NIPAL1 antibody (1:50) (LS-C164878; LifeSpan
BioSciences, Washington, USA) or with anti-human FAM35A
antibody (1:75) (HPA036582; Sigma-Aldrich, Missouri, USA)
were used, and then visualised with diaminobenzidine
(0.8 mM).18 19 Intracellular localisation of NIPAL1 was also
studied in Xenopus oocytes and Madin-Darby canine kidney II
(MDCKII) cells. Detailed information for the functional and
localisation analyses is described in online supplementary
methods.

RESULTS
GWAS of all gout and its subtypes
In addition to the GWAS stage previously performed with 945
patients with clinically defined gout and 1213 controls, all
Japanese males10 (see online supplementary figure S4), the repli-
cation stage for all cases of gout was carried out by genotyping
1961 SNPs (see online supplementary figure S3 and
supplementary note) in a further 1396 male patients and 1268
male controls, and a meta-analysis then conducted (see online
supplementary figure S2). Furthermore, GWASs of two subtypes
of gout, ROL gout (figure 1A) and RUE gout (figure 1B), were
also performed in the present study, followed by replication
studies with a custom SNP chip and a subsequent meta-analysis.

Meta-analysis of both the GWAS and the replication
study for all gout cases (table 1) identified eight loci which
showed evidence for associations at the genome-wide signifi-
cance level: rs3114020 of ABCG2 (pmeta=8.66×10−35; OR=
1.89), rs1014290 of SLC2A9 (pmeta=6.50×10−26; OR=1.57),
rs4766566 of CUX2 (pmeta=4.03×10−20; OR=1.51), rs2285340
of SLC22A12 (pmeta=4.61×10−11; OR=1.40), rs1260326
of GCKR (pmeta=7.19×10−11; OR=1.31), rs1165176 of
SLC17A1 (pmeta=1.47×10−9; OR=1.42), rs11758351 of
HIST1H2BF-HIST1H4E (pmeta=1.63×10−8; OR=1.40) and
rs4073582 of CNIH-2 (pmeta=3.56×10−8; OR=1.58). Among
these eight loci, SLC22A12, SLC17A1 and HIST1H2BF-
HIST1H4E (figure 2A–C) were first identified as gout-risk loci
by the GWAS approach at the genome-wide significance level.
SLC17A1 was identified here by the GWAS approach for the
first time, while Hollis-Moffatt et al20 reported that rs1183201,
another SNP of SLC17A1, is strongly associated with gout in
Caucasians and NZ Polynesian sample sets by the candidate
gene approach. While rs11758351 of HIST1H2BF-HIST1H4E
is located 374 kb downstream from rs1165176 of SLC17A1,
they are not in LD with each other (r2=0.03), demonstrating
them to be independent susceptibility loci for gout. There
was also a significant signal from rs2532941 of VARS2
(pmeta=2.74×10−8; OR=1.32), which is located downstream of
HIST1H2BF-HIST1H4E by 4.7 Mb, and is reported to be asso-
ciated with mitochondrial respiration.21 Since rs2532941 of
VARS2 showed mild LD with rs11758351 of HIST1H2BF-
HIST1H4E (r2=0.37), its significance did not remain for the
GWAS stage samples after adjustment with rs11758351 of
HIST1H2BF-HIST1H4E (p=0.08), or with both rs1165176 of
SLC17A1 and rs11758351 (p=0.11).
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For GWASs of gout subtypes, 1178 cases were classified as
ROL gout (560 cases at GWAS stage and 618 cases at replica-
tion stage) and 1315 cases as RUE gout (619 cases at GWAS
stage and 696 cases at replication stage), respectively (see
online supplementary table S2). The meta-analysis of a GWAS
of the ROL gout subtype and a replication study revealed
significant SNPs in the following four loci: rs2728104 of
ABCG2 (pmeta=5.08×10−33; OR=1.84), rs4766566 of CUX2
(pmeta=8.14×10−17; OR=1.59), rs3733589 of SLC2A9
(pmeta=2.25×10−13; OR=1.47) and rs1260326 of GCKR
(pmeta=5.39×10−9; OR=1.35).

Another subtype analysis, that is, the meta-analysis of a GWAS
of RUE gout and a replication study (table 1) demonstrated sig-
nificant SNPs in the following seven loci: rs1014290 of SLC2A9
(pmeta=8.71×10−25; OR=1.69), rs1871744 of ABCG2 (pmeta=
2.49×10−22; OR=1.81), rs4766566 of CUX2 (pmeta=2.17×
10−18; OR=1.60), rs2285340 of SLC22A12 (pmeta=8.79×
10−10; OR=1.44), rs780094 of GCKR (pmeta=1.62×10−9;
OR=1.35), rs11733284 of NIPAL1 (pmeta=1.13×10−8;
OR=1.34) and rs7903456 of FAM35A (pmeta=4.29×10−8;
OR=1.34). The latter two loci, NIPAL1 and FAM35A, were
novel risk loci by the GWAS of the RUE gout subtype (figure 2D,
E). In total, 10 loci were identified from the present GWAS
of gout and its subtypes (table 1 and see online supplementary
table S4).

Of the seven loci newly identified by GWAS of the RUE gout
subtype, only NIPAL1 and FAM35A had not been implicated
previously in the GWASs of SUA levels or gout. Analysis with
data from previously reported GWAS22 of SUA in Caucasians
revealed the association with NIPAL1 and FAM35A loci (see
online supplementary figure S5).

Urate transport analysis of NIPAL1 transporter
NIPAL1 and FAM35A were revealed to be associated with RUE
gout in the present study. NIPAL1 has been reported to be a
magnesium transporter,23 which has nine transmembrane
domains (figure 3A), whereas FAM35A is predicted to be a
soluble protein. In this context, we hypothesised that NIPAL1
could be involved in the regulation of urate handling as a renal
urate efflux transporter. However, our functional analysis using
Xenopus oocytes did not show urate transport via NIPAL1,
regardless of the presence of magnesium (figure 3B).

Localisation analysis of NIPAL1 and FAM35A
By immunohistochemical analysis, NIPAL1 and FAM35A
showed cytosolic expression in the renal distal tubules of human
kidney (figure 4A, B). Both proteins were also weakly detected
in the cytoplasm of collecting ducts. NIPAL1-expressing
Xenopus oocytes and MDCKII cells also showed intracellular
localisation of NIPAL1 (see online supplementary figure S6).

Replication study of all gout cases with Caucasian and
Polynesian populations
A replication study for the discovered loci (SLC22A12,
SLC17A1, HIST1H2BF-HIST1H4E, NIPAL1 and FAM35A) was
performed for all gout cases with males drawn from Caucasian
(1319 cases and 514 controls) and NZ Polynesian populations
(971 cases and 565 controls). Because a gain-of-function SNP of
SLC17A1, rs1165196 (Ile269Thr),16 was in strong LD with
rs1165176 (r2=0.99), we performed the following analyses
using rs1165196, assuming that the causal SNP in this locus was
rs1165196 of SLC17A1. Among these five loci, the

Figure 1 Manhattan plots of GWASs
of subtypes of gout. Manhattan plots
of GWASs of (A) ROL gout subtype and
(B) RUE gout subtype. X-axis shows
chromosomal positions. Y-axis shows
−log10 p values. The upper and lower
dotted lines indicate the genome-wide
significance threshold (p=5.0×10−8)
and the cut-off level for selecting
single nucleotide polymorphisms for
replication study (p=0.001),
respectively. GWAS, genome-wide
association study; ROL, renal overload;
RUE, renal underexcretion.
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Figure 2 Regional association plots of five discovered loci. Three loci were revealed to exceed the genome-wide significance level from the
meta-analysis with all gout cases, and two loci with renal underexcretion (RUE) gout cases. The highest association signal in each panel is located
on (A) SLC22A12, (B) SLC17A1 and (C) HIST1H2BF-HIST1H4E for all gout cases, and (D) NIPAL1 and (E) FAM35A for RUE gout cases. The region
within 250 kb from the single nucleotide polymorphism (SNP) indicating the lowest p value is shown. (Top panel) Plots of −log10 p values for the
test of SNP association with gout in the genome-wide association study stage. The SNP showing the lowest p value in the meta-analysis is depicted
as a pink diamond. Other SNPs are colour-coded according to the extent of linkage disequilibrium (measured in r2) with the SNP showing the lowest
p value. (Middle panel) Recombination rates (centimorgans per Mb) estimated from HapMap Phase II data are plotted. (Bottom panel) RefSeq
genes. Genomic coordinates are based on NCBI human genome reference sequence build 37.

Figure 3 Functional analysis of
NIPAL1 transporter. (A) The topological
model of the NIPAL1 transporter.
NIPAL1 is predicted to have nine
transmembrane regions. The amino
acid sequences of NIPAL1 were
obtained from GenBank (accession
code NM_207330). (B) Urate transport
analysis of NIPAL1. SLC2A9 (also
known as GLUT9) is a renal urate
transporter and is used for a positive
control for the urate transport analysis.
In contrast to SLC2A9, urate transport
via NIPAL1 was not detected,
regardless of the presence of
magnesium. Data are expressed as
mean±SEM (n=8). Statistical analyses
for significant differences were
performed according to Student’s
t-test. (**p<0.01; N.S., not
significantly different as compared
with control.).
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meta-analysis of those populations for all gout revealed a
significant association with rs7903456 of FAM35A
(pmeta=9.72×10−3; OR=1.17) (table 2). Although SLC17A1
did not show significance (pmeta=0.119) in the present study of
those populations (table 2), a previous paper20 revealed a signifi-
cant association of SLC17A1 with gout in Caucasian and NZ
Polynesian sample sets, indicating the necessity of further repli-
cation studies to investigate the ancestral differences in the sig-
nificance of other genetic loci including SLC17A1. Genotyping
the CUX2 and CNIH-2 loci, which were identified in both our
present and previous GWASs of Japanese,10 was also performed,
and the CUX2 locus was replicated successfully for the first time
in other populations (see online supplementary table S5). The
results of further association analyses and expression quantita-
tive trait locus (eQTL) analysis are shown in online
supplementary note and tables S6 and S7. Significant effects on
FEUA were detected in NIPAL1, FAM35A and SLC22A12 loci in
the Japanese population, and were also observed at SLC17A1 in
NZ Polynesian population.

A further meta-analysis of all gout cases with Japanese,
Caucasian and NZ Polynesian populations was performed for
NIPAL1 and FAM35A, which were at a genome-wide signifi-
cance level in the Japanese population only for the RUE gout
subtype, and not for all gout cases. rs11733284 of NIPAL1 was
not associated with all gout (pmeta=0.16; OR=1.11), suggesting
the presence of ancestral differences in genetic effects of this
locus, or a subtype-specific effect. On the other hand,
rs7903456 of FAM35A showed an association with all gout at a
genome-wide level of significance (pmeta=3.58×10−8;
OR=1.23) (figure 5), indicating that rs7903456 is a susceptibil-
ity locus for all gout as well as the RUE gout subtype.

Figure 4 Localisation analysis of NIPAL1 and FAM35A in the human
kidney. Cytosolic expression was detected strongly in distal tubules and
weakly in collecting ducts in human kidney for (A) NIPAL1 protein and
(B) FAM35A protein. Bar=100 μm.
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Meta-analysis of all gout for the other three loci (SLC22A12,
SLC17A1 and HIST1H2BF-HIST1H4E) was also performed
with Japanese, Caucasian and NZ Polynesian populations as
shown in online supplementary figure S7. rs11758351 of
HIST1H2BF-HIST1H4E did not show a significant association
with gout (pmeta=0.40; OR=1.12). rs2285340 of SLC22A12
and rs1165196 of SLC17A1 did not reach a genome-wide level
of significance (pmeta=2.47×10−4; OR=1.31; and pmeta=
1.28×10−3; OR=1.25, respectively) partly due to statistical
fluctuation in relatively small sample sets, although the effects
were consistently in the same direction.

DISCUSSION
With clinically defined gout cases, we previously performed a
GWAS10 and revealed that ABCG2, SLC2A9, MYL2-CUX2,
GCKR and CNIH-2 were associated with gout at a genome-wide
significance level (see online supplementary figure S4). A more
recent GWAS by Li et al24 with clinically ascertained gout cases
revealed three novel loci (BCAS3, RFX3 and KCNQ1) in Han
Chinese. In the present study, we performed a gout follow-up
study focused on loci not reaching the genome-wide level of sig-
nificance in the previous GWAS,10 genotyping 1961 SNPs in an
additional 1396 cases and 1268 controls. We revealed a total of
eight loci to be associated with all gout cases in Japanese males
(table 1). Among them, three loci (SLC22A12, SLC17A1 and
HIST1H2BF-HIST1H4E) were first identified as gout risk loci at
a genome-wide significance level by the present GWAS
approach.

Both SLC22A12 and SLC17A1 encode urate transporters at
the apical side of the renal proximal tubule16 25 (see online
supplementary figure S8) and are reportedly associated with
SUA level in humans by previous GWASs of SUA.12 22 26 27

Therefore, it is reasonable that SNPs around these loci would
display significant associations with gout or sequelae of hyperur-
icaemia (see also online supplementary note for detail).

The HIST1H2BF and HIST1H4E genes encode histone 1
H2bf and histone 1 H4e, respectively, both of which have a role
of binding DNA to form a chromatin structure. Both are
replication-dependent histone proteins with expression depend-
ent on cell cycle. Therefore, functional SNPs in this locus might
affect the stability of the chromatin structure, varying the cell
cycle, cell amount or reaction to inflammation by changing the
expression level of histones in the kidney and/or intestine. Since
it is also possible that rs11758351 is a surrogate marker near
these histone genes, further studies concerning this locus will be
necessary.

In this study, we first performed GWASs of gout subtypes,
that is, RUE gout and ROL gout (figure 1). From the results of
meta-analysis for GWASs of both ROL gout and RUE gout, four
shared loci of GCKR, SLC2A9, ABCG2 and CUX2 were identi-
fied at a genome-wide significance level, showing the import-
ance of these loci for the pathogenesis of both gout subtypes.
Especially for RUE gout, three more loci, SLC22A12, NIPAL1
and FAM35A, were identified to be associated at a genome-wide
significance level. As described above, it is compatible for
SLC22A12 to be associated with RUE gout, because SLC22A12
(like SLC2A9) encodes a renal urate reabsorption
transporter.25 28

Of note, NIPAL1 and FAM35A were identified as novel loci
by performing GWAS of the RUE gout subtype. Associations
with gout and SUA have never been previously reported with
NIPAL1 and FAM35A. Furthermore, to our knowledge, there is
no study reporting an association between any diseases and
NIPAL1 or FAM35A.

NIPAL1, also known as NIPA3, is reportedly expressed on the
membrane of some organs including kidney, and to be a magne-
sium transporter,23 as another magnesium transporter NIPA2.23

Because NIPAL1 was associated with RUE gout (ie, gout with
renal urate underexcretion), we hypothesised that NIPAL1 is a
urate transporter in the human kidney. However, our functional
study did not show urate transport via NIPAL1, regardless of
the presence of magnesium (figure 3B). Moreover, localisation
to the membrane was not detected for NIPAL1 protein, which
was mainly expressed within the distal tubules of human kidney,
as revealed by immunohistochemical analysis (figure 4A). A
similar result was obtained in confocal microscopic observation,
with NIPAL1-expressing oocytes showing intracellular localisa-
tion of NIPAL1 protein (see online supplementary figure S6).
These findings suggest that NIPAL1 is not a urate transporter
and that it might be involved in the indirect regulation of urate
transport kinetics. Nevertheless, recent studies have revealed
associations between hyperuricaemia and magnesium intake,29

serum magnesium level30 and magnesium excretion.31 Together
with previous reports, our findings support the hypothesis that
there could be some relationship between gout and magnesium
handling via magnesium transporters including NIPAL1, and
that the present study could well provide new insights into the
genetic background of urate and magnesium handling in
patients with gout/hyperuricaemia.

FAM35A is ubiquitously expressed in organs including the
kidney, and our immunohistochemical analysis of human kidney
also revealed cytosolic immunoreactivity of the FAM35A
protein mainly in the distal tubules (figure 4B). Our findings
from FAM35A and NIPAL1 suggest the involvement of the
distal nephron in gout progression as well as dysfunction in
urate handling in humans (see online supplementary figure S9).
To date, the molecular function of FAM35A is totally unknown.
Although further studies are necessary to confirm this, it is pos-
sible that genes near FAM35A including GLUD1 (figure 2E)

Figure 5 Forest plots for all gout among Japanese, Caucasian and
New Zealand (NZ) Polynesian populations. Although rs11733284 of
NIPAL1 (A) did not show significant association with all gout,
rs7903456 of FAM35A (B) revealed an association with all gout at a
genome-wide significance level (pmeta=3.58×10

−8; OR=1.23). GWAS,
genome-wide association study.
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have some relationship with gout (see also online
supplementary note for details).

In addition to studying the Japanese population, we per-
formed a replication study with male Caucasian and NZ
Polynesian sample sets for the five newly discovered loci. Since
they were not divided into subtypes, further evaluations by
meta-analysis were conducted with all gout groups. While other
loci were not replicated, rs7903456 of FAM35A was replicated
with a significant association with gout (table 2). CUX2, which
was reported by both our present and previous gout GWAS in
Japanese,10 was also replicated in these sample sets (see online
supplementary table S5).

A meta-analysis of all gout with Japanese, Caucasian and NZ
Polynesian populations for these five SNPs revealed FAM35A to
be associated with all gout at the genome-wide significance level
(figure 5B), and that rs2285340 of SLC22A12 and rs1165196
of SLC17A1 showed a significant association but did not reach a
genome-wide significance level (see online supplementary figure
S7). rs11758351 of HIST1H2BF-HIST1H4E and rs11733284
of NIPAL1 were not associated by this meta-analysis, although
these loci showed a genome-wide significant association in the
Japanese population. Since this might be due to the differences
in LD structure among these populations, a replication analysis
with East Asian populations will be necessary for these loci.
rs2285340 of SLC22A12 was monomorphic (only G allele) in
Caucasians and not associated with NZ Polynesians. Therefore,
replication studies of this locus in East Asian populations would
also be insightful for future analysis. Although the underlying
molecular mechanism of gout by FAM35A is unknown, this
locus seems to have a common pathophysiological risk of gout
for Japanese, NZ Polynesians and Caucasians.

In summary, we performed GWASs of all gout as well as gout
subtypes and identified five loci in addition to the five loci that
we reported previously.10 Furthermore, the FAM35A locus
showed an association with all gout by meta-analysis among the
Japanese, Caucasian and NZ Polynesian sample sets at a
genome-wide level of significance. Together with their expres-
sion in the renal distal tubules, the identification of NIPAL1 and
FAM35A as gout loci suggests the involvement of the distal
nephron (see online supplementary figure S9) in the urate hand-
ling of the human kidney and in the pathogenesis of gout/hyper-
uricaemia. These findings could well provide a clue leading to a
novel concept for the therapeutic target of gout (see online
supplementary figure S10).
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CONCISE REPORT

An induction or flare of arthritis and/or sacroiliitis
by vedolizumab in inflammatory bowel disease:
a case series
G Varkas,1,2 K Thevissen,1,3 G De Brabanter,4 L Van Praet,1 F Czul-gurdian,5

H Cypers,1,2 J De Kock,1 P Carron,1,3 M De Vos,6 P Hindryckx,6 J Arts,7

I Vanneuville,3 P Schoenaers,8 B Claerhout,8 M Abreu,5 F Van den Bosch,1

D Elewaut1,2

ABSTRACT
Background In inflammatory bowel disease (IBD), a
new biological therapy has recently been approved.
Vedolizumab is a humanised IgG1 monoclonal antibody
to α4β7 integrin that modulates gut lymphocyte
trafficking. Although an exclusively local effect of
vedolizumab could be expected based on the restricted
presence of the α4β7–mucosal vascular addressin cell
adhesion molecule 1 complex in the gut, past combined
success with anti-tumour necrosis factor, and previous
demonstration of α4β7 integrin in the joint, led to the
expectation of a therapeutic efficacy in spondyloarthritis.
Nonetheless, the effect of vedolizumab on extraintestinal
manifestations—and especially the joint—has not been
reported so far.
Case report A series of five patients with IBD who
were treated with vedolizumab and promptly developed
new onset or exacerbation of sacroiliitis or arthritis are
reported.
Conclusions Vedolizumab therapy does not seem to
show any efficacy in and might even induce arthritis
and/or sacroiliitis. However, larger cohort studies are
needed to provide information on the prevalence, the
evolution and underlying mechanism.

INTRODUCTION
Spondyloarthritis (SpA) and inflammatory bowel
disease (IBD) have clinical, imaging and genetic evi-
dence supporting overlap in their pathogenesis,
which is best reflected in the shared efficacy of anti-
tumour necrosis factor (TNF). In IBD, a new
humanised IgG1 monoclonal antibody to α4β7 has
been approved, which modulates gut lymphocyte
trafficking. In clinical trials, vedolizumab induced a
clinical response in Crohn’s disease (CD) and
ulcerative colitis (UC) in respectively one-third and
up to half of treated patients.1 2 Although an exclu-
sively local effect could be expected based on the
restricted presence of the α4β7–mucosal vascular
addressin cell adhesion molecule 1 (MadCAM)
complex in the gut,3 4 combined success with
anti-TNF, and previous demonstration of α4β7 in
the joint,5–9 led to an anticipated efficacy in SpA.
Nonetheless, the effect on extraintestinal manifesta-
tions—and especially the joint—has not been
reported.

MATERIALS AND METHODS
Information on the recruitment of patients and
requirements for inclusion can be found in the
online supplementary file.

Case 1
A 50-year-old woman had been diagnosed with CD
and psoriasis at the age of 39. Two months after
initiation of vedolizumab, she reported progressive
inflammatory back pain with 30 min morning stiff-
ness, which responded well to non-steroidal anti-
inflammatory drugs (NSAIDs). MRI of the sacro-
iliac (SI) joints showed severe bilateral sacroiliitis.
At follow-up after 6 months, the patient showed
decrease of Bone Marrow Edema (BME) with etor-
icoxib 90 mg daily (figure 1).

Case 2
A 28-year-old woman diagnosed with UC at the
age of 16 was referred for intermittent pain in the
lower limbs after treatment with vedolizumab. She
had not been diagnosed with SpA, nor did she
present with other SpA features. The patient pre-
sented with a painful left shoulder and arthritis of
the right wrist. On ultrasound, intercarpal effusion,
synovial hyperproliferation and power Doppler
(PD) of 1–2 was present, in addition to severe PD
signal in the tendon sheath of the flexor pollicis
longus and flexor carpi radialis muscle.

Case 3
A 30-year-old man had been diagnosed with anky-
losing spondylitis (AS) and CD at the age of 25. He
had been treated with golimumab and infliximab
until august 2015 and was in clinical remission.
Due to secondary inefficacy at the level of the gut,
the patient was switched to vedolizumab. Four
weeks later, he presented with arthralgia, back
pain, pain at night and 90 min morning stiffness
with elevated C reactive protein. Furthermore,
MRI unveiled acute inflammatory lesions of the
axial skeleton (figure 2).

Case 4
A 47-year-old woman, diagnosed with CD at the
age of 42, consulted for intense low back pain fol-
lowing treatment with vedolizumab. The pain was
situated at the right side, worse in the early
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morning and resulted in awakening at night. She displayed no
other features of SpA, nor had she been diagnosed with SpA in
the past. MRI of the SI joints displayed unilateral sacroiliitis of
the right SI joint.

Case 5
A 26-year-old woman was diagnosed with UC at the age of 18.
She presented with polyarticular joint pain after initiation of vedo-
lizumab, predominantly in the lower limbs with moderate
response to low-dose NSAIDs. At clinical examination, a painful,
warm left wrist and right elbow, and synovitis of several metatarso-
phalangeal joints of the right foot were detected, in combination
with tenderness at the Achilles tendon enthesis of the left heel.

Blood analysis confirmed an inflammatory aetiology. Treatment
strategies and response to treatment for all cases are shown in table 1.

DISCUSSION
This is the first report on new onset or exacerbation of arthritis/
sacroiliitis in vedolizumab-treated patients. Despite the
proven efficacy in IBD, both in anti-TNF-naive1 2 and in
anti-TNF-exposed patients,10 α4β7 blockade seems to facilitate
synovitis with similar distribution to SpA in some patients, irre-
spective of the response to treatment at the level of the gut.
According to the European Medicines Agency, arthralgia, back
pain and pain in the extremities were reported common (≥1/
100) to very common (≥1/10) in clinical trials. Yet, no mention
of proven arthritis or sacroiliitis was made. One can speculate
that these may have been present, but were insufficiently investi-
gated. Surprisingly, in trials with natalizumab, a non-selective
inhibitor of α4, solely arthralgia was reported. Meanwhile, a
large safety study could not demonstrate higher rates of arthral-
gia in patients treated with vedolizumab compared with
placebo.11 Similarly, no mention was made of increased muscu-
loskeletal symptoms with natalizumab in the ENCORE trial, nor
in multiple sclerosis.12 13

Lymphocyte trafficking is facilitated by adhesion molecules,
divided into integrins, selectins and the immunoglobulin super-
family. The integrins consist of an α-subunit and β-subunit, of
which α4 forms a heterodimer with β1 or β7. The α4β1 serves
as a ligand for vascular cell adhesion molecule-1 (VCAM-1) and
is expressed on leucocytes and endothelial cells, whereas α4β7
integrin serves as a ligand for both MadCAM-1 and VCAM-1,
and is expressed on a subset of lymphocytes such as CD4+ and
CD8+ T cells. Indirect evidence in humans has shown that T
cells with high α4β7 expression have a predilection for the gut
mucosa. Similarly, MadCAM-1 is selectively expressed on the
mucosal lymphoid organ high endothelial venules (HEVs) and
on the gut lamina propria venules.4 6 14 In particular, vedolizu-
mab has been shown to inhibit the interaction between α4β7
and MadCAM-1, but not VCAM-1.15

One of the many hypotheses is that integrins and adhesion
molecules play a role in the interception of recirculating activated
lymphocytes between the gut and the synovial membrane due to
the inhibition of the α4β7 integrin homing at the level of the gut.
As the preferred interaction could not take place, these activated
cells could easily drift across tissues in search of a landing as the
overall survival of cells was not affected.16 Even though both axial
and peripheral disease manifested in our patients, irrefutable data
on the presence of such adhesion molecules at the level of the
spine are lacking. Nevertheless, MadCAM-1 was found to be upre-
gulated in the HEVs of bone marrow in a small sample of patients
with active axial SpA.14 Although MadCAM-1 generally appears
to be restricted to the gut, α4β7 has been demonstrated in the
inflamed joint with increased expression in various inflammatory
conditions compared with healthy controls as a consequence of
exposure to inflammatory cytokines.5–9 17 Alternatively, in the
presence of vedolizumab, cellular recruitment may be mediated by
yet to be determined adhesion molecules. This recirculation
theory might explain the short mean interval of 64 days between
vedolizumab initiation and the expression of symptoms. The
remarkable discrepancy in joint symptoms by natalizumab com-
pared with vedolizumab, and the human leukocyte antigen
(HLA)-B27 negativity of these cases, may point towards a predom-
inantly innate immune mechanism of joint disease. In IBD, the
prevalence of HLA-B27 is comparable to healthy controls.
However, in association with SpA, the prevalence is much

Figure 2 MRI of the sacroiliac joints (SIJs) and spine in a 30-year-old
patient with AS and Crohn’s disease presenting with increased
inflammatory back pain after vedolizumab treatment. Left: BME of the
left SIJ. Right: inflammatory corner lesions of the spine at level S1, L4
and L3.

Figure 1 MRI of the sacroiliac joints (SIJs) in a 50-year-old patient
with Crohn’s disease presenting with inflammatory back pain after
vedolizumab treatment. Top: bilateral sacroiliitis at initial presentation.
Bottom: decrease of BME of the SIJs after 6 months of etoricoxib
90 mg daily.
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higher.18 Notwithstanding, these interactions may be volatile and/
or display low affinity, or be subject to a distinct pattern of interac-
tions, which might explain why these features do not manifest in
every patient.

Nevertheless, we cannot rule out that vedolizumab simply
does not have any efficacy in SpA, which can be explained by
vedolizumab solely intervening in the interaction of α4β7 with
gut-specific MadCAM-1.6 The overlap between SpA and IBD
manifests in up to 30% of patients with IBD, and in patients
with concomitant disease, gut flares have been associated with
joint flares.19 Admittedly, these joint flares may have occurred
before any efficacy by vedolizumab at the level of the gut had
taken place. However, the effect of vedolizumab on the gut did
not seem to be related to the joint symptoms as a good response
at the level of the gut did not necessarily result in a better
outcome of the SpA feature over time, which demonstrates at
least some level of disconnect. Although vedolizumab therapy
was not discontinued in these patients due to a lack of alterna-
tive therapeutic options regarding their IBD, more than half of
these patients necessitated additional chronic therapy in order
to reach acceptable SpA disease activity.

Moreover, due to the prior exposure to anti-TNF, underlying
SpA might have been suppressed in the past. This inefficacy
theory is supported by the flare of sacroiliitis in the patient with
pre-existing SpA in remission under anti-TNF therapy. Still, in
the remaining four patients, the time frame in which symptoms
occur, the dissociation of gut and joint response, and the
absence of HLA-B27, family history or other SpA features
render this lack of efficacy theory less likely as opposed to the
induction of SpA features.

In conclusion, vedolizumab does not seem to show any effi-
cacy in and might even induce arthritis and/or sacroiliitis.
Larger cohort studies are needed to provide information on the
prevalence, evolution and underlying mechanism.
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CONCISE REPORT

The risk of fracture among patients with psoriatic
arthritis and psoriasis: a population-based study
Alexis Ogdie,1 Lauren Harter,2 Daniel Shin,3 Joshua Baker,4 Junko Takeshita,5

Hyon K Choi,6 Thorvardur Jon Love,7 Joel M Gelfand5

ABSTRACT
Objective To determine the risk of fracture and
osteoporosis among patients with psoriatic arthritis (PsA)
and psoriasis, compared with the general population and
patients with rheumatoid arthritis (RA).
Methods A population-based cohort study was
performed in The Health Improvement Network in the
UK using data from 1994 to 2014. Patients aged 18–89
years with PsA or psoriasis and up to five unexposed
controls matched by practice and start date within that
practice were included. Patients with RA and matched
controls were included for comparison. Severe psoriasis
was defined by a code for psoriasis and either
phototherapy or a systemic medication for psoriasis.
Incidence and adjusted HRs (aHR) for fracture (all, hip,
vertebral) were calculated.
Results Patients with PsA (n=9788), psoriasis
(n=158 323) and controls (n=821 834) were identified.
Patients with PsA had an elevated risk of all fracture
aHR 1.26 (1.06 to 1.27). Patients with mild psoriasis
had elevated risk of all fractures, vertebral and hip
fracture: aHR 1.07 (1.05 to 1.10), 1.17 (1.03 to 1.33)
and 1.13 (1.04 to 1.22). Patients with severe psoriasis
had significantly elevated risk of all fracture and vertebral
fracture: aHR 1.26 (1.15 to 1.39) and 2.23 (1.54 to
3.22).
Conclusions PsA and psoriasis are associated with an
elevated risk for fracture.

INTRODUCTION
Osteoporosis (OP) is one of the most common and
costly diseases: one in every two women and one
in five men will experience a fracture after the age
of 50 years.1 Hospitalisations for OP fracture are
more common than hospitalisations for myocardial
infarction and stroke combined2 and fractures
result in pain, immobility, nursing home placement,
isolation and depression, in addition to other
health problems.1 Rheumatoid arthritis (RA) is a
known risk factor for OP.3 Ankylosing spondylitis
(AS), despite its association with new bone forma-
tion and syndesmophytes, is also associated with
vertebral OP and fractures.
While psoriatic arthritis (PsA) and psoriasis dem-

onstrate a similar Th1-driven and Th17-driven
inflammation to RA and a pathophysiological link
to AS, few studies have addressed the risk of OP in
these patients4 5 Two studies have reported an
increased prevalence of osteopenia or OP among
patients with psoriasis in Taiwan and Israel.6 7

Additional studies examined bone mineral density
in patients with PsA compared with healthy

controls, though with conflicting results.8–12 These
studies have been limited by cross-sectional designs
and lack of adjustment for obesity, smoking or
other risk factors for OP. To our knowledge, no
studies have evaluated the risk of incident fracture
in PsA or psoriasis. Therefore, the objective of this
study was to examine the incidence of fracture in
patients with PsA and psoriasis and compare this
with matched controls from the general population
and patients with RA.

METHODS
Study design
We performed a longitudinal cohort study to
examine the risk of incident fracture among
patients with psoriasis and PsA compared with
patients from the general population and patients
with RA.

Data source
Data from The Health Improvement Network
(THIN) in the UK between 1994 and January 2014
were used.35

Study population
All patients with PsA or psoriasis between the ages
of 18 and 89 at the start date were included if they
had observation time in THIN after Vision soft-
ware implementation. Patients were excluded if
they died or transferred out of the practice prior to
the implementation of Vision software. Patients
with a history of fracture or OP or a history of
bisphosphonate prescriptions were excluded.
Patients with psoriasis, PsA and RA were matched
to up to five unexposed controls from the general
population (matching is described in the online
supplementary methods).

Exposure and outcome definitions
PsA, psoriasis and RA were defined by the presence
of at least one read code consistent with these
diseases using previously validated codes.13–17

Severe psoriasis was defined as a code for psoriasis
plus a code for either phototherapy or a systemic
medication for psoriasis. The outcomes of interest
were fractures (all fractures, hip fracture and verte-
bral fracture).18–21 Disease-modifying antirheumatic
drugs (DMARDs) and covariates are listed in the
online supplementary methods.

Person-time calculation
Cohort time started at the latest of the following:
diagnosis with psoriasis, PsA or RA (diagnosis date
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for unexposed controls was the encounter date within 6 months
of the matched patient’s diagnosis date), 180 days after registra-
tion in the practice or Vision date (software implementation in
the practice). Cohort time ended at earliest of development of
the outcome, transfer out of the practice, practice stops contrib-
uting to THIN, death or the end of the study. All covariates of
interest were measured prior to cohort entry.

Statistical analysis
Descriptive statistics were used to examine age, sex, person-time
and covariate distribution between patients with PsA, psoriasis
and unexposed controls. The number of events and cumulative
incidence of fracture were calculated for each group. Cox pro-
portional hazards models were used to calculate unadjusted and
adjusted HRs with 95% CIs. A purposeful selection modelling
approach was used to determine in the most biologically plaus-
ible and parsimonious model.22 The proportional hazards
assumption was assessed using log–log plots. Sensitivity analyses
are described in the online supplementary data.

Ethics review
This study was approved by the University of Pennsylvania
Institutional Review Board and the Cegedim Scientific Review
Committee. This paper was prepared according to STROBE

(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines.23

RESULTS
After applying inclusion and exclusion criteria, 9788 patients
with PsA, 158 323 patients with psoriasis and 821 834 matched
controls were identified. Baseline demographics are shown in
table 1 and online supplementary table S1. Time in the cohort
was similar among the groups. Approximately 5% of patients
with psoriasis had been prescribed a DMARD or received
phototherapy. Oral corticosteroids were prescribed for 17% of
patients with PsA, 21% of patients with severe 9% of patients
with mild psoriasis and controls. Proton pump inhibitors were
commonly prescribed for patients with PsA and severe psoriasis
(31% each) than controls and those with mild psoriasis (both
15%). Patients with PsA and psoriasis were also more likely to
have been prescribed an antidepressant in the baseline period
and had a higher prevalence of diabetes than controls. Those
with mild or severe psoriasis were more likely to be current
smokers, while patients with PsA and severe psoriasis had
higher rates of heavy alcohol use.

The number of events, unadjusted incidence per 10 000
person-years and HRs for fracture are presented in table 2.
Results for RA are included in the table for comparison. After

Table 1 Baseline demographics

Control PsA Mild psoriasis Severe psoriasis RA

n 821 834 9788 149 809 8514 39 306

Age Mean (SD) 50.18 (17.47) 49.74 (14.09) 46.67 (17.43) 49.29 (15.18) 58.71 (15.33)

Female sex n (%) 469 431 (57.12%) 5029 (51.38%) 79 961 (53.38%) 4498 (52.83%) 27 198 (69.20%)

Cohort time* Mean (SD) 6.75 (4.87) 6.17 (4.67) 6.37 (4.80) 5.50 (4.19) 6.29 (4.67)

Visits in 1 year before start Mean (SD) 4.86 (6.45) 8.03 (8.81) 6.22 (6.72) 10.54 (10.13) 10.02 (9.61)

Cancer† n (%) 121 488 (14.78%) 1218 (12.44%) 20 546 (13.71%) 1264 (14.85%) 6092 (15.50%)

Chronic kidney disease n (%) 17 335 (2.11%) 188 (1.92%) 2426 (1.62%) 249 (2.92%) 1332 (3.39%)

Atrial fibrillation n (%) 16 923 (2.06%) 160 (1.63%) 2425 (1.62%) 142 (1.67%) 1263 (3.21%)

Diabetes n (%) 49 554 (6.03%) 743 (7.59%) 8091 (5.40%) 768 (9.02%) 3204 (8.15%)

Cardiovascular disease n (%) 48 647 (5.92%) 458 (4.68%) 7640 (5.10%) 479 (5.63%) 3712 (9.44%)

COPD n (%) 17 585 (2.14%) 207 (2.11%) 3262 (2.18%) 233 (2.74%) 1654 (4.21%)

Liver disease n (%) 9653 (1.17%) 182 (1.86%) 1947 (1.30%) 163 (1.91%) 594 (1.51%)

Dementia n (%) 3963 (0.48%) 32 (0.33%) 788 (0.53%) 30 (0.35%) 357 (0.91%)

Stroke n (%) 21 827 (2.66%) 205 (2.09%) 3450 (2.30%) 212 (2.49%) 1613 (4.10%)

Antidepressant use n (%) 178 630 (21.74%) 2861 (29.23%) 33 252 (22.20%) 2834 (33.29%) 11 805 (30.03%)

Antiepileptic use n (%) 25 338 (3.08%) 398 (4.07%) 4774 (3.19%) 424 (4.98%) 1877 (4.78%)

Oral corticosteroids n (%) 77 521 (9.43%) 1645 (16.81%) 12 811 (8.55%) 1819 (21.36%) 11 532 (29.34%)

PPI use n (%) 125 493 (15.27%) 3021 (30.86%) 22 615 (15.10%) 2666 (31.31%) 13 408 (34.11%)

Hormone therapy‡ n (%) 252 829 (30.76%) 2643 (27.00%) 40 218 (26.85%) 2521 (29.61%) 11 158 (28.39%)

Smoking Never/former (n, %) 561 085 (68.27%) 6966 (71.17%) 92 044 (61.44%) 5658 (66.46%) 26 497 (67.41%)

Current (n, %) 170 562 (20.75%) 2011 (20.55%) 41 751 (27.87%) 2322 (27.27%) 8676 (22.07%)

Missing (n, %) 90 187 (10.97%) 811 (8.29%) 16 041 (10.69%) 534 (6.27%) 4133 (10.51%)

Alcohol use Never (n, %) 96 244 (11.72%) 1150 (11.75%) 16 023 (10.70%) 973 (11.43%) 6503 (16.54%)

Some (n, %) 519 079 (63.16%) 6462 (66.02%) 97 034 (64.77%) 5600 (65.77%) 23 137 (58.86%)

Heavy (n, %) 31 735 (3.86%) 477 (4.87%) 5501 (3.67%) 552 (6.48%) 2167 (5.51%)

Missing (n, %) 174 676 (21.25%) 1699 (17.36%) 31 251 (20.86%) 1389 (16.31%) 7499 (19.08%)

BMI Mean (SD) 26.39 (5.46) 28.03 (5.86) 26.65 (5.60) 28.08 (6.11) 26.69 (5.55)

Missing (n, %) 168 709 (20.53%) 1659 (16.95%) 30 833 (20.58%) 1327 (15.59%) 7446 (18.94%)

*Time from index date to end date.
†Cancer includes haematologic malignancy and solid tumour malignancies.
‡Hormone therapy refers to the use of oral contraceptives as well as hormone replacement therapy.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; PPI, proton pump inhibitor; PsA, psoriatic arthritis; RA, rheumatoid arthritis.
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adjusting for OP risk factors, patients with PsA and psoriasis
had elevated risk for incident fracture: PsA 1.16 (95% CI 1.06
to 1.27), mild psoriasis 1.07 (1.05 to 1.10) and severe psoriasis
HR 1.26 (1.15 to 1.39). Patients with mild psoriasis had an ele-
vated risk for hip fracture 1.13 (1.04 to 1.22) and vertebral frac-
ture (HR 1.17, 1.03 to 1.33). Patients with severe psoriasis had
a substantially elevated risk for vertebral fracture: HR 2.23
(1.54 to 3.22). These results were robust to several sensitivity
analyses (see online supplementary tables S3 and S4). Defining
fracture by a code for fracture followed by a bisphosphonate
prescription resulted in slight increases in the HR. The results
did not substantially change when patients with a history of
fracture were included.

DISCUSSION
In this study, we found patients with PsA and psoriasis had an
increased prevalence of risk factors for OP and fracture (eg,
diabetes, alcohol abuse, smoking, depression, antidepressant
use, corticosteroids, methotrexate and ciclosporin).24–29

Additionally, patients with PsA and psoriasis had an increased
incidence of fracture compared with the general population by
7%–26%. The incidence of vertebral fracture was also increased
in patients with severe psoriasis and while hip fracture was ele-
vated in both psoriasis groups, it was only statistically significant
in patients with mild psoriasis relative to matched controls after
adjusting for risk factors for OP. We found that the risk for any
fracture in patients with PsA and severe psoriasis was similar to
RA. To our knowledge, these are the first population-based esti-
mates of the risk for incident fracture and OP in patients with
psoriasis and/or PsA and the first longitudinal cohort study to
address this issue.

Strengths of this study include a large cohort of patients with an
average of 6 years of follow-up; the use of THIN in which the
exposures definitions (codes for PsA, RA, psoriasis) have been vali-
dated and fractures have been previously examined13–17; and the
ability to adjust for other measured risk factors for OP, including
concomitant medications, body mass index and smoking.
Additionally, inclusion of a cohort of patients with RA for internal
comparison provides validity to the results as our estimates for RA
were similar to previous studies.30–32 Similarly, the incidence of
hip fracture among controls in our study was similar to population
statistics in the UK (10.7 vs 10.3 per 10 000 person-years), further
supporting the validity of our results.33 Finally, the HRs were
robust to numerous sensitivity analyses.

Our study also has limitations. There is a risk for misclassifica-
tion of the outcome when using diagnosis codes to define an event
rather than imaging. We addressed this through sensitivity analyses
in which we changed the outcome definition; this did not signifi-
cantly change the results. We also used a secondary definition for
fracture in which we required a therapy for OP to address osteo-
porotic fractures. Vertebral fracture may be underdiagnosed and
thus under recorded.24 We conducted a sensitivity analysis to
examine whether observation bias affected these results and found
no difference when we only included patients in the study fol-
lowed at least once yearly. Next, disease manifestations, disease
activity and use of biological DMARDs are not available in THIN,
and therefore we were unable to directly examine their effects on
risk of OP and fracture. We were also unable to account for some
lifestyle factors such as degree of immobility or laboratory para-
meters such as vitamin D. Finally, the relatively small number of
patients with PsA and/or severe psoriasis may have resulted in
insufficient power for some of the outcomes, resulting in wide CIs

Table 2 HRs for incident fracture

Unadjusted Age/sex adjusted Fully adjusted†

Number of events Incidence* HR CI HR CI HR CI

All fractures

Controls 49 168 92.18 REF REF REF

PsA 575 99.23 1.09 1.00 to 1.18 1.14 1.05 to 1.24 1.16 1.06 to 1.27

Mild psoriasis 8470 92.38 1.01 0.98 to 1.03 1.09 1.07 to 1.12 1.07 1.05 to 1.10

Severe psoriasis 537 119.91 1.33 1.22 to 1.45 1.42 1.30 to 1.55 1.26 1.15 to 1.39

RA 3460 148.44 1.63 1.57 to 1.68 1.32 1.28 to 1.37 1.23 1.18 to 1.28

Hip fracture

Controls 5930 10.71 REF REF REF

PsA 54 8.97 0.86 0.66 to 1.12 1.27 0.97 to 1.66 1.17 0.86 to 1.59

Mild psoriasis 930 9.78 0.92 0.86 to 0.99 1.16 1.08 to 1.24 1.13 1.04 to 1.22

Severe psoriasis 55 11.77 1.17 0.90 to 1.53 1.69 1.29 to 2.20 1.21 0.88 to 1.66

RA 730 29.81 2.85 2.64 to 3.08 1.77 1.64 to 1.91 1.55 1.40 to 1.72

Vertebral fracture

Controls 2009 3.62 REF REF REF

PsA 20 3.32 0.94 0.60 to 1.46 1.06 0.69 to 1.65 1.07 0.66 to 1.72

Mild psoriasis 371 3.89 1.09 0.97 to 1.21 1.24 1.11 to 1.39 1.17 1.03 to 1.33

Severe psoriasis 32 6.85 2.02 1.42 to 2.87 2.35 1.66 to 3.33 2.23 1.54 to 3.22

RA 209 8.48 2.40 2.08 to 2.76 1.70 1.48 to 1.96 1.53 1.30 to 1.80

The fully adjusted models for each outcome were slightly different after employing a purposeful selection process. The variables contained within each model are specified as below.
*Incidence per 10 000 person-years.
†The all fracture model was adjusted for age, sex, cancer, atrial fibrillation, CKD, diabetes, COPD, liver disease, stroke, dementia, SSRI use, TCA use, antiepileptic use, PPI use, oral
steroids, hormone treatment, ciclosporine, smoking and categorical BMI.
‡The hip fracture model was adjusted for age, sex, cancer, atrial fibrillation, CKD, CVD, diabetes, COPD, stroke, dementia, SSRI use, TCA use, antiepileptic use, oral steroids, hormone
treatment, ciclosporine, smoking and categorical BMI.
§The vertebral fracture model was adjusted for age, sex, atrial fibrillation, diabetes, COPD, stroke, SSRI use, TCA use, PPI use, oral steroids, smoking and categorical BMI.
BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; PPI, proton pump inhibitor; PsA, psoriatic arthritis;
RA, rheumatoid arthritis; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.
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that include 1.0 despite elevated point estimates (eg, for hip frac-
ture among patients with severe psoriasis).34

In conclusion, fractures, in particular osteoporotic fractures,
are a major health problem that results in poor outcomes and
OP is largely underdiagnosed. We found that similar to PsA and
psoriasis (both mild and severe) were associated with an
increased risk for fractures. Screening and management of OP
should still be considered for patients with psoriasis and PsA
using guidelines available for the general population.5 32
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Performance of the ASAS classification criteria for
axial and peripheral spondyloarthritis: a systematic
literature review and meta-analysis
Alexandre Sepriano,1,2 Roxana Rubio,1 Sofia Ramiro,1 Robert Landewé,3,4

Désirée van der Heijde1

ABSTRACT
Objective To summarise the evidence on the
performance of the Assessment of SpondyloArthritis
international Society (ASAS) classification criteria for axial
spondyloarthritis (axSpA) (also imaging and clinical arm
separately), peripheral (p)SpA and the entire set, when
tested against the rheumatologist’s diagnosis (‘reference
standard’).
Methods A systematic literature review was performed
to identify eligible studies. Raw data on SpA diagnosis
and classification were extracted or, if necessary,
obtained from the authors of the selected publications.
A meta-analysis was performed to obtain pooled
estimates for sensitivity, specificity, positive and negative
likelihood ratios, by fitting random effects models.
Results Nine papers fulfilled the inclusion criteria
(N=5739 patients). The entire set of the ASAS SpA
criteria yielded a high pooled sensitivity (73%) and
specificity (88%). Similarly, good results were found for
the axSpA criteria (sensitivity: 82%; specificity: 88%).
Splitting the axSpA criteria in ‘imaging arm only’ and
‘clinical arm only’ resulted in much lower sensitivity
(30% and 23% respectively), but very high specificity
was retained (97% and 94% respectively). The pSpA
criteria were less often tested than the axSpA criteria
and showed a similarly high pooled specificity (87%) but
lower sensitivity (63%).
Conclusions Accumulated evidence from studies with
more than 5500 patients confirms the good performance
of the various ASAS SpA criteria as tested against the
rheumatologist’s diagnosis.

INTRODUCTION
The Assessment of SpondyloArthritis international
Society (ASAS) has developed and validated criteria
(ASAS cohort) for spondyloarthritis (SpA), as well
as for their subsets, axial (axSpA) and peripheral
SpA (pSpA).1 2 As in other rheumatic diseases,3 in
the absence of a ‘true’ gold-standard expert
opinion has been used as an external ‘anchor’ to
develop and test the SpA classification criteria. In
the original validation studies, the ASAS criteria
outperformed other classification criteria.
After their publication, the performance of the

ASAS SpA criteria has been tested all over the
world in different cohorts using the same approach.
Some of these cohorts are expectedly similar to the
ASAS cohort, while others differ (eg, setting, inclu-
sion criteria, disease duration). Appropriate data
pooling and exploring relevant between-study

differences yield unique insights into the criteria
performance and applicability in a broad popula-
tion of patients.
The aim of this systematic literature review is to

summarise the published data pertaining to the per-
formance of the ASAS classification criteria for
axSpA (also ‘imaging arm’ and ‘clinical arm’ separ-
ately), pSpA and the entire SpA set when tested
against the rheumatologist’s diagnosis.

METHODS
Literature search
The scope of the literature search was defined
according to the PICO format (patients, interven-
tion, comparator, outcomes; online supplementary
table S1).4 MEDLINE and EMBASE databases
were searched without language restriction. Eligible
studies were observational cohorts assessing the
performance of the ASAS SpA criteria against the
rheumatologist’s diagnosis, published from March
2009 (date of the axSpA ASAS criteria release) up
to August 2016. Studies in which the primary aim
was not assessing the performance of the ASAS cri-
teria but still provided enough data to allow such
an analysis were also included. In order to retrieve
additional references, abstracts from the American
College of Rheumatology and European League
Against Rheumatism annual conferences (2014 and
2015) were searched. Only studies with full text
available were included, since abstracts neither
provide appropriate detail for risk of bias (RoB)
assessment nor appropriate data for analysis. Details
on the search strategy are provided in online
supplementary text 1.

Study selection, data extraction and assessment
of risk of bias
Two reviewers (AS and RR) independently screened
all titles and abstracts to identify eligible studies ful-
filling the inclusion criteria followed by full-text
review if appropriate (articles excluded and reason
thereof in online supplementary table S2). Both
reviewers independently extracted data on the
studies’ main characteristics, patient characteristics
and disease characteristics, and criteria perform-
ance (ie, sensitivity, specificity, likelihood ratios of
the ASAS criteria against the rheumatologist’s diag-
nosis). Authors of the selected publications were
contacted to obtain raw data (2×2 tables necessary
for meta-analysis) on criteria performance, when
this information was not available in the
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publication. The same two reviewers independently assessed the
RoB of each study using the Quality Assessment of Diagnostic
Accuracy Studies 2 tool.5 Disagreements were resolved by con-
sensus, and a third review author was involved when necessary
(DvdH).

Data analysis
Pooled sensitivity and specificity were estimated by random
effects bivariate generalised linear mixed models. Parameter esti-
mates from each model were used to derive the positive likeli-
hood ratio (LR+) and negative LR (LR−) and 95% CIs. In case
of limited data, two univariate random effects models were used
by assuming no correlation between sensitivity and specificity.6

Separate models were fit for the axSpA criteria, the pSpA cri-
teria and the SpA criteria. The ‘imaging arm’ and the ‘clinical
arm’ of the axSpA criteria were analysed separately using two
approaches: (i) considering all patients that fulfil each arm irre-
spective of fulfilment of the other and (ii) considering patients
that fulfil one arm exclusively.

A series of sensitivity analyses was performed (whenever pos-
sible and appropriate) to assess the effect of the following on
the criteria performance: (i) target population (original valid-
ation study inclusion criteria vs different inclusion criteria); (ii)
risk of bias (low vs high RoB); (iii) study’s main aim (criteria
performance assessment vs other); (iv) setting (hospital vs com-
munity) and (v) symptom duration (<2 years vs ≥2 years).

All analyses were performed in Stata V.12.1. The Cochrane
Collaboration’s Review Manager Software V.5.3 was used to
build forest plots.

RESULTS
Of 1486 screened articles (after deduplication), 9 fulfilled the
inclusion criteria (table 1).1 2 7–13 All but one study were consid-
ered to be at low RoB (see online supplementary table S3). In
total, 5739 patients (range: 157–1210) had been included, and
2936 (51.2%; range: 25.2%–69.4%) had been diagnosed by the
rheumatologist as SpA.

Study populations
This literature review included the original studies in which the
axSpA criteria and the pSpA criteria (also the entire set) were
validated.1 2 In addition, five studies assessed the ASAS axSpA
criteria,8–10 12 13 one study assessed the pSpA criteria7 and one
study the SpA criteria (providing separate data also for the
axSpA and pSpA criteria).11 Raw data on the criteria perform-
ance were obtained from all, except two studies.12 13

In table 1, main patient characteristics and disease character-
istics per study are shown. The majority of the studies assessing
the axSpA criteria had similar inclusion criteria compared with
the original validation study.8–10 12 13 However, in one study,
inflammatory back pain was required, or otherwise patients had
to have one additional SpA feature.11

Table 1 Main study characteristics

Population (inclusion criteria)

Study
reference Cohort

Sample
size Symptoms

Age
symptoms
onset
(years)

Symptoms
duration
(years)

SpA*
prevalence
N (%)

Males
(%)

Disease
duration

HLA-B27
(%)

mNY
(%)

MRI-SI
(%)

Risk
of
bias

Rudwaleit
et al1

ASAS 649 Any CBP
(>3 months)

<45 No limit 391 (60.2) 52.4 6.1 (7.6)
years

65.9 29.7 64.7† Low

Rudwaleit
et al2

ASAS 266 Arthritis/
enthesitis/
dactylitis

<45 No limit 176 (66.2) 63.1 10.3 (18.6)
months

47.2 19.5 44.0† Low

van den
Berg et al7

EAC 302‡ Peripheral
arthritis

NR <2 76 (25.2) 48.7 22.8 (37.3)
weeks

47.5 34.6 NR Low

Moltó
et al8

DECLIC 1210 Any CBP
(>3 months)

<45 No limit 425 (35.1) 56.0 1.08 years
(0.16,
3.90)§

60.1 49.2 25.2† Low

van den
Berg et al9

SPACE 157 Any CBP
(>3 months)

<45 <2 65 (41.4) 48.3 13.4 (7.7)
months

79.7 18.3 41.7¶ Low

Strand
et al10

USA 816 Any CBP
(>3 months)

<45 No limit 491 (60.2) 68.0 NR NR NR NR Low

Tomero
et al11

ESPERANZA 775 IBP/
asymmetrical
arthritis**

<45 <2 538 (69.4) 61.0 12.1 (6.8)
months

56.0 19.0 24.0¶ Low

Lin et al12 China 867 Any CBP
(>3 months)

<45 No limit 455 (52.5) 68.1 2.6 (3.2)
years

72.3 NA 70.5¶ High

Deodhar
et al13

PROSpA 697 Any CBP††
(>3 months)

<45 No limit 319 (45.8) 49.8 14.0 years 48.9 31.7 37.9¶ Low

For longitudinal studies, the baseline characteristics are shown. Characteristics are referring to patients with SpA according to the rheumatologist, except for the studies by van den Berg
et al7 (according to ASAS axSpA criteria) and Strand et al10 (SpA and no-SpA).
*According to the rheumatologist’s diagnosis (in the study by van den Berg et al,7 prevalence of pSpA was calculated considering the 302 patients included in the analysis (prevalence in
entire cohort: 76/2011=3.8%).
†Typical signs of active inflammation (no formal definition).
§Median (IQR).
‡Number of patients used in the analysis from a total of 2011 patients included in the cohort.
¶ASAS/Outcome Measures in Rheumatology (OMERACT) definition.
**In the absence of IBP or arthralgia only (without arthritis), one additional SpA feature required: psoriasis, inflammatory bowel disease, uveitis, radiographic sacroiliitis, positivity for
HLA-B27 or a family history of SpA.
††And, ≥1 of the following: HLA-B27 positivity, current IBP and prior imaging (MRI or radiographic) evidence of sacroiliitis.
ASAS, Assessment of SpondyloArthritis international Society; axSpA, axial spondyloarthritis; CBP, chronic back pain; EAC, Early Arthritis Clinic; IBP, inflammatory back pain; mNY, modified
New York criteria; NA, not applicable; NR, not reported; PROSpA, prevalence of axial SpA; pSpA, peripheral spondyloarthritis; SI, sacroiliitis; SpA, spondyloarthritis; SPACE,
SpondyloArthritis Caught Early.
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Two studies assessing the pSpA criteria used different inclu-
sion criteria as compared with the ASAS cohort. In one study,
only patients with peripheral arthritis were included (excluding
those with only enthesitis or dactylitis),7 while in another study
patients had to have typical SpA arthritis (asymmetrical, and
predominantly in lower limbs) or arthralgia associated with one
additional SpA feature (not including enthesitis and dactylitis).11

Performance of the ASAS SpA classification criteria
The sensitivity and specificity of the various criteria for each
individual study are shown in figure 1, and the results of the

meta-analysis in table 2. The ASAS SpA criteria were assessed in
two studies (N=1750) yielding a high pooled sensitivity and
specificity (73%; 88%).2 11

Three studies (N=749) assessed the ASAS pSpA criteria.2 7 11

Although specificity was consistently high (82%–90%; pooled:
87%), sensitivity was much lower in the two studies, with inclu-
sion criteria differing from the original validation study (49%–

56% vs 78%; pooled: 62%).
Seven studies, with 4990 patients in total, together generated

a very high pooled sensitivity and specificity (82% and 87%
respectively) for the axSpA criteria, with little variation across

Figure 1 Performance of the ASAS SpA classification criteria across studies. ASAS, Assessment of SpondyloArthritis international Society; axSpA,
axial spondyloarthritis; pSpA, peripheral spondyloarthritis; TP, true positives; FP, false positives; FN, false negatives; TN, true negatives.
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studies.1 8–13 The pooled sensitivity of the ‘imaging arm’±‘clini-
cal arm’ and ‘clinical arm’±‘imaging arm’ was 57% and 49%,
respectively (26% and 23% when considering patients fulfilling
each arm exclusively). High estimates of pooled specificity were
found for both ‘arms’, irrespective of the definition (range:
92%–97%). However, the LR+ of the ‘imaging arm’ only was
higher as compared with the ‘clinical arm’ only (9.6 vs 3.6).

Sensitivity analyses
The ASAS axSpA criteria performed similarly well irrespective of
the population in which they were applied, the setting, symptom
duration, RoB and study’s main aim (sensitivity (range): 78%–

85%, specificity (range): 80%–93%; online supplementary table
S4). Due to a scarcity of data, sensitivity analyses for the
‘imaging arm’ and ‘clinical arm’ of the axSpA criteria, the pSpA
criteria and the SpA criteria could not be performed.

DISCUSSION
Pooled data from eight cohorts (including more than 5500
patients) confirm the good performance of the various ASAS
SpA classification criteria as tested against the rheumatologist’s
diagnosis. This review confirms that splitting the ‘arms’ of the
axSpA criteria results in loosing sensitivity while retaining speci-
ficity, which indicates that the full set of axSpA criteria is the
preferred set.

While the pooled specificity for both the axSpA criteria and
pSpA criteria was similarly high (87% for both), the pooled sen-
sitivity for the pSpA criteria was much lower than that for the
axSpA criteria (62% vs 82%). This difference may be explained
by restrictive inclusion criteria. Unlike the ASAS cohort, the
Early Arthritis Clinic cohort only included patients with arth-
ritis, and not those with dactylitis only or enthesitis only.7

Similar ‘restrictions’ were seen in the ESPERANZA cohort.11

The low sensitivity found in these studies suggests that both
enthesitis and dactylitis are considered by the rheumatologists as
fitting the pattern of pSpA, which adds to the credibility of the
ASAS pSpA criteria (that include these presentations).

Sensitivity analyses have shown the ‘robustness’ of the axSpA
criteria when applied in different settings (hospital and commu-
nity), in patients with short (<2 years) and long (≥2 years)
symptom duration and in different populations.

Not surprisingly, the splitting of the axSpA criteria into two
‘arms’ compromised sensitivity, but retained (very high) specifi-
city, if patients that fulfil each ‘arm’ irrespective of fulfilment of
the other were considered, and if those that fulfil one ‘arm’

exclusively were analysed. The larger LR+ for the ‘imaging
arm’ as compared with the ‘clinical arm’ reflects the rheumatol-
ogist’s reliance on positive imaging findings. The prospective

validation of the ASAS criteria against the rheumatologist’s diag-
nosis after >4 years of follow-up in the ASAS cohort has shown
that both ‘arms’ still properly discriminate between axSpA and
no-axSpA.14 Another prospective study has also suggested the
arms’ low specificity when tested against radiographic sacroiliitis
(modified New York criteria) after 8 years of follow-up
(‘imaging arm’: 22%; ‘clinical arm’: 56%), but the setting in
this study was a prognostic rather than a diagnostic setting, and
figures are difficult to interpret.15

In conclusion, the ASAS axSpA and pSpA criteria have shown
to perform well in patients included in several cohorts all over
the world, as assessed by rheumatologists. This review does not
give resolution to the applicability of the ASAS classification cri-
teria in primary care, since such a setting had not been tested. It
is important to realise that the criteria’s performance depends
entirely on the prevalence of SpA in the underlying population
(pretest likelihood).
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EXTENDED REPORT

Hydroxychloroquine inhibits proinflammatory
signalling pathways by targeting endosomal
NADPH oxidase
Nadine Müller-Calleja,1,2 Davit Manukyan,1,2 Antje Canisius,1 Dennis Strand,3

Karl J Lackner1

ABSTRACT
Objectives Hydroxychloroquine (HCQ) has been used
for decades to treat patients with rheumatic diseases, for
example, systemic lupus erythematosus (SLE), rheumatoid
arthritis or the antiphospholipid syndrome (APS). We
hypothesise that HCQ might target endosomal NADPH
oxidase (NOX), which is involved in the signal
transduction of cytokines as well as antiphospholipid
antibodies (aPL).
Methods For in vitro experiments, monocytic cells were
stimulated with tumour necrosis factor α (TNFα),
interleukin-1β (IL-1β) or a human monoclonal aPL and
the activity of NOX was determined by flow cytometry.
The expression of genes known to be induced by these
stimuli was quantified by quantitative reverse
transcription PCR. Live cell imaging was performed by
confocal laser scanning microscopy. Finally, the effects of
HCQ on NOX-induced signal transduction were analysed
in an in vivo model of venous thrombosis.
Results HCQ strongly reduces or completely prevents
the induction of endosomal NOX by TNFα, IL-1β and
aPL in human monocytes and MonoMac1 cells. As a
consequence, induction of downstream genes by these
stimuli is reduced or abrogated. This effect of HCQ is not
mediated by direct interference with the agonists but by
inhibiting the translocation of the catalytic subunit of
NOX2 (gp91phox) into the endosome. In vivo, HCQ
protects mice from aPL-induced and NOX2-mediated
thrombus formation.
Conclusions We describe here a novel mechanism of
action of HCQ, that is, interference with the assembly of
endosomal NOX2. Since endosomal NOX2 is involved in
many inflammatory and prothrombotic signalling
pathways, this activity of HCQ might explain many of
its beneficial effects in rheumatic diseases including
the APS.

INTRODUCTION
Antimalarial drugs and in particular chloroquine
and hydroxychloroquine (HCQ) have been used
for decades in the treatment of rheumatic and auto-
immune diseases.1–4 The efficacy of HCQ in
patients with systemic lupus erythematosus (SLE) or
mild rheumatoid arthritis has been well documented
even though the effects are moderate compared
with more potent immunosuppressant drugs.5–7

HCQ reduces the risk for thromboembolic events in
patients with SLE and positive for antiphospholipid
antibodies (aPL).8–10 Accordingly, it has been
recommended recently that patients with SLE and

aPL should be treated with HCQ as a prophylactic
measure.11

While several potential mechanisms of action
have been identified, the exact mode of action of
HCQ is still under debate.3 5 Furthermore, it is not
known, if the efficacy of HCQ in different rheum-
atic and autoimmune diseases is mediated by differ-
ent mechanisms. The previously described actions
of HCQ include reduction of cytokine produc-
tion,12–14 inhibition of immune effector cells,3

inhibition of platelet function,15 protection of the
cell surface from external disturbances,16 competi-
tive binding to nucleic acid ligands of toll-like
receptors (TLRs),17 interference with lysosomal
function3 5 and reduction of leakage of lysosomal
enzymes.3 While some of these quite heteroge-
neous effects associated with HCQ might be
related to each other, no unifying mechanism of
action of HCQ has been found.
Due to high affinity of HCQ to the lysosomal/

endosomal compartment, a potentially relevant
target for HCQ might be endosomal NADPH
oxidase (NOX). This enzyme complex is involved
in numerous proinflammatory signalling cascades.18

In particular, signalling of tumour necrosis factor α
(TNFα) via TNF-receptor 1 (TNFR1) and
interleukin-1β (IL-1β) via IL-1R are mediated in
part by uptake of the ligand-receptor complexes
into the endosome, activation of endosomal NOX
and generation of superoxide and subsequently
other reactive oxygen species (ROS).19–21

Inhibition of endosomal NOX massively reduces
downstream activation of NFκB via these pathways.
It should be noted though that signalling still pro-
ceeds with reduced intensity indicating that the
endosomal route accounts for only part of the cyto-
kine effects.18

We have recently shown that aPL also induce
endosomal NOX in monocytes and endothelial
cells providing a novel mechanism of action of
aPL.22–24 Indeed, ability of certain aPL to induce
venous thrombosis in vivo depends on NOX2.25 In
our hands, aPL induced a more rapid and intense
activation of endosomal NOX than TNFα or IL-1β
reflected in a much stronger ROS signal. Thus, aPL
are another activator of endosomal NOX.
Since inhibition of TNFα and also type 1 inter-

leukins and their signalling pathways has been
shown to be therapeutically effective in rheumatoid
arthritis2 and probably other autoimmune diseases
including SLE26 27 and HCQ shows therapeutic
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benefits in these diseases as well as in antiphospholipid syn-
drome (APS), we hypothesised that endosomal NOX might be
targeted by HCQ. If this hypothesis is correct, it might help to
explain many of the observed in vivo effects of HCQ and the
efficacy of HCQ in several autoimmune diseases.

MATERIALS AND METHODS
Human aPL
The human monoclonal aPL HL5B has been previously
described in detail.28–30 It was cloned from a patient with
primary APS and has numerous somatic mutations. It binds to
phospholipids in a cofactor-independent manner. An unspecific
IgG was generated by the same method. IgG fractions of
patients and controls were obtained as described previously (see
online supplementary table S1).24 31 All antibody and IgG pre-
parations had <0.1 U endotoxin/mL as determined by limulus
amoebocyte assay. All patients provided informed consent
according to the ethical guidelines following the Declaration of
Helsinki. Collection and use of blood samples has been
approved by the ethics committee of the State Medical
Association of Rheinland-Pfalz.

Cell culture and stimulation of cells
MonoMac1 (MM1) cells were maintained in RPMI-1640
medium supplemented with 10% fetal calf serum, L-glutamine
and sodium pyruvate. Monoclonal aPL (100 ng/mL), IgG frac-
tions (100 mg/mL), TNFα or IL-1β (both ebioscience, 10 ng/mL)
were added as indicated to 0.5×106 cells/mL. HCQ (Sigma
Aldrich, usually 10 mM or as indicated) was added 15 min
before the stimuli. To analyse gene expression, RNAwas isolated
and quantitative reverse transcriptase PCR was performed as
previously described.31 Similarly, isolation and culture of human
monocytes and mouse monocytes from C57BL/6J mice and
gp91phox−/− mice on the same genetic background have been
described.23 24

Flow cytometric detection of cellular ROS formation
The detection of endosomal ROS generation was performed by
use of the fluorogenic reagent OxyBURST Green H2HFF-BSA.32

Cells were kept in phosphate-buffered saline containing 1 mM
Ca2+, 1.5 mM Mg2+ and 5.5 mM glucose for 2 hours before
being incubated in 10 mg/mL H2HFF-BSA for 2 min with or
without HCQ (10 mM) at 37°C. Thereafter, cells were stimulated
with agonists as indicated. ROS-induced cellular fluorescence was
analysed by flow cytometry.

Confocal laser scanning microscopy
Microscopy was performed with a Zeiss LSM 710 NLO con-
focal laser scanning microscope and a 1.4 Oil Dic M27
63×plan apochromat objective (Zeiss). To show the intracellular
localisation of NOX2 and TLR8 on stimulation with agonists,
cells were fixed and stained with fluorescence-labelled
anti-TLR8 or anti-gp91phox. Labelled antibodies against cal-
nexin and EEA-1 were used as markers for the endoplasmic
reticulum or early endosomes as described by Latz.33 For live
cell microscopy, cells were cultured in RPMI without phenol
red, stimulated as indicated and imaged directly in chambers
maintained at 37°C (Nunc). Monoclonal aPL (HL5B) and
control IgG were labelled with fluorescein isothiocyanate (FITC)
by the use of a standard FITC Antibody Labeling Kit (Thermo
Fisher Scientific).

In vivo thrombosis model and intravital microscopy
The in vivo model of thrombus formation in the inferior vena
cava (IVC) used in this study has been previously described in
detail.25 34 It is based on severe flow reduction in the IVC.
Briefly, in anesthetised mice, a median laparotomy was per-
formed and the IVC was exposed. A permanent narrowing liga-
ture was applied exactly below the left renal vein. Human
monoclonal aPL HL5B (1 μg) was injected via a jugular catheter
1 hour before flow reduction in the IVC. HCQ (10 μg) was
injected intravenously 2 hours before HL5B injection as indi-
cated. Acridine orange was injected (20 mg) intravenously to
stain circulating leucocytes in vivo.34 Murine platelets were iso-
lated from whole blood as described34 and labelled with 20 mg/
mL rhodamine B. Thrombus formation was observed and quan-
tified by high-speed real-time intravital fluorescence video
microscopy (BX51WI; Olympus).

Statistics
All numerical data are shown as mean±SD. Normal distribution
was confirmed using Shapiro-Wilk test. Statistical analyses of the
data were performed by Student’s t-test for normally distributed
data and Wilcoxon test for not normally distributed data. p Values
<0.05 were considered statistically significant for single testing.

RESULTS
HCQ blocks endosomal NOX activation
Several stimuli including TNFα, IL-1β and certain aPL, for
example, the human monoclonal HL5B, induce endosomal
NOX2 in monocytic cells followed by downstream
effects.22 23 32 HCQ has high affinity to acidic compartments,
that is, lysosomes and endosomes. Therefore, we analysed its
influence on endosomal NOX activation in MM1 cells by flow
cytometry. As expected, all three stimuli induced significant
ROS production with HL5B giving rise to the most rapid ROS
production (figure 1A–C). Niflumic acid (NFA), an inhibitor of
chloride channel 3 (ClC3), completely blocked cellular ROS
production. Since NFA has been shown previously to selectively
prevent superoxide generation by endosomal NOX,32 this con-
firms that ROS induced by TNFα, IL-1β and HL5B is generated
by endosomal NOX. HCQ inhibited ROS production in a dose-
dependent manner (figure 1D–F). All effects observed in MM1
cells could be reproduced in primary human monocytes (see
online supplementary figure S1).

Gene induction in MM1 cells
To analyse whether blockade of endosomal ROS production by
HCQ also affects known cellular responses to TNFα, IL-1β and
aPL, we determined the effect of HCQ on the induction of
genes known to be rapidly and strongly induced by these three
agonists. TNFα induces its own secretion via NFκB.35 36 IL-1β
stimulates IL-8 release in a NFκB-dependent manner.37 We have
previously shown that HL5B rapidly induces tissue factor (TF)
expression.23 Again the effects of HCQ were compared with
those of NFA. Both substances were added 15 min before the
respective agonists. As shown in figure 2, NFA and HCQ were
equally efficacious in suppressing gene induction by the three
agonists. While the effects of IL-1β and aPL on IL-8 and TF
were completely blocked at 10 mM HCQ, it appeared that
blockade of TNFα was not fully complete. At 3 mM HCQ,
inhibition of the agonists was slightly less but still significant.
These effects of HCQ could be confirmed on the protein level
(data not shown). In addition HCQ blocks aPL-induced trans-
location of TLR8 to the endosome (see online supplementary
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figure S2). Our data also confirm that under the cell culture con-
ditions used all effects of the three agonists strongly depend on
endosomal NOX.

HCQ does not affect TNFα and IL-1β signalling in
NOX2-deficient cells
To assess the contribution of NOX2 inhibition on the overall
effect of HCQ, we compared monocytes from gp91phox−/− and
wild type C57BL/6J mice. Responses to TNFα and IL-1β were
detectable but reduced by 70%–90% in gp91phox−/− mice.
Addition of 10 mM HCQ did not have any effect on the
residual response in these cells, while it reduced the response in
wild type cells to the level of NOX2-deficient cells (figure 3).
This suggests that the effect of HCQ on TNFα and IL-1β signal-
ling is more or less exclusively mediated via its effect on endoso-
mal NOX2.

Mechanism of NOX inhibition
Activation of endosomal NOX by the three agonists depends on
the transport of ligand-receptor complexes or aPL into the

endosome. HCQ is a lysosomotropic agent that can possibly
prevent clathrin-dependent endocytosis.38 39 We, therefore, ana-
lysed if HCQ has any influence on aPL internalisation. The
effect of HCQ on aPL endocytosis was analysed by confocal
microscopy using FITC-labelled HL5B. As shown before,22

HL5B is rapidly internalised into the endosomal route as shown
by overlap with LysoTracker, a marker for endosomes and lyso-
somes. There were no discernible effects of HCQ on the pattern
of intracellular distribution of HL5B and LysoTracker, providing
evidence that HCQ has no effect on internalisation and endoso-
mal accumulation of the monoclonal aPL HL5B (see online
supplementary figure S3).

HCQ blocks gp91phox translocation to early endosomes
NOX2 is a membrane-bound enzyme complex of six subunits
that converts molecular oxygen to superoxide. In resting cells,
the catalytic units gp91phox and p22phox, collectively referred
to as flavocytochrome b558, are integrated in membranes, while
the other components remain soluble. On stimulation, the cyto-
solic proteins migrate to the membrane to assemble the active

Figure 1 Effect of
hydroxychloroquine (HCQ) on
superoxide generation. (A–C)
MonoMac1 (MM1) cells were loaded
with the reactive oxygen species (ROS)
sensitive dye OxyBurst before
stimulation. Cells were stimulated for
up to 60 min with 100 ng/mL HL5B or
IgG (A), 10 ng/mL tumour necrosis
factor α (TNFα) (B) or 10 ng/mL
interleukin-1β (IL-1β) (C) either alone
or together with HCQ (10 mM) or
niflumic acid (0.1 mM) and absolute
fluorescence recorded at the indicated
time points. Data are from six
independent experiments measured in
duplicate. *p<0.01 agonist versus
agonist+HCQ. (D–F) Dose–response
curves of HCQ effects on ROS
production induced by HL5B (D), TNFα
(E) or IL-1β (F) in MM1 cells. An
almost maximal response is achieved
at 10 mM HCQ.

Figure 2 Effect of
hydroxychloroquine (HCQ) on gene
induction. MonoMac1 cells were
stimulated for up to 6 hours as
described in figure 1. Relative
expression of tissue factor mRNA (A),
tumour necrosis factor α (TNFα) mRNA
(B) and interleukin-8 (IL-8) mRNA (C)
was normalised to IgG stimulated (A)
or unstimulated cells (B+C) and β-actin
expression. Data are from six
independent experiments (three
experiments for 3 mM HCQ and
niflumic acid) measured in duplicate.
*p<0.05 agonist versus agonist+HCQ.
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oxidase.40–42 In monocytes and macrophages, the mature flavo-
cytochrome is found primarily in the plasma membrane but also
in the endocytic recycling compartment.43

To visualise the localisation of NOX2, MM1 cells were incu-
bated with a fluorescently labelled antibody against gp91phox
and a marker for early endosomes (EEA1). In resting cells or
cells incubated with control IgG, there was no detectable
overlap between gp91phox and EEA1 (figure 4A–C, left
panels). Incubation with HL5B, TNFα or IL-1β rapidly induced
movement of gp91phox to the endosome as shown by almost
complete colocalisation of gp91phox with EEA1. This is the evi-
dence that the three agonists induce assembly of the active mul-
tiprotein complex of NOX2 in endosomes. Addition of HCQ to
the cell culture completely blocked the movement of gp91phox
to the endosome (figure 4). In fact, the distribution of
gp91phox after stimulation with HL5B, TNFα or IL-1β in the
presence of HCQ was similar to unstimulated cells. In contrast
to HCQ, NFA did not prevent movement of gp91phox to the
endosome. As previously described, NFA prevents ROS produc-
tion by blockade of ClC3. Taken together, these data reveal that
TNFα, IL-1β and HL5B induce the translocation of gp91phox
to early endosomes in monocytic cells, where the active NOX2
enzyme complex is assembled. This early step in endosomal
NOX2 activation is blocked by HCQ.

HCQ prevents signalling induced by IgG fractions from
patients with APS
We have previously shown that IgG isolated from 15 patients
with APS without exception induced the same signalling cascade
as HL5B.24 To exclude that the effect of HCQ was limited to
our monoclonal aPL, we confirmed our data using these 15 IgG
fractions of patients with APS (see online supplementary table
S1). HCQ prevented the increase of endosomal ROS production
induced by APS-IgG (figure 5A). As expected, HCQ also almost
completely prevented the induction of TF mRNA expression
induced by APS-IgG (figure 5B). TF mRNA expression after
incubation of MM1 cells with IgG of patients with APS in the
presence of HCQ was only slightly higher than mRNA levels of
MM1 cells incubated with IgG of 15 healthy control donors
(male/female: 5/10; range: 21–72 years).

HCQ prevents HL5B-induced thrombosis in a mouse model
To show that the in vitro effects of HCQ are also relevant in
vivo, we chose an in vivo thrombosis model, previously
described. This mouse model is based on flow reduction in the
IVC and detection of thrombus formation by intravital micros-
copy. In this mouse model, HL5B and a similar monoclonal
aPL, RR7F, massively accelerate venous thrombus formation.
This effect is fully dependent on activation of NOX2 as it is
absent in gp91phox-deficient mice.25 Pretreatment of the mice
with HCQ significantly reduced HL5B-induced venous throm-
bus formation (figure 6A, B). Together with the in vitro data,
this is a strong evidence that inhibition of activation of endoso-
mal NOX by HCQ is also relevant in vivo.

DISCUSSION
We present a novel mechanism of action how HCQ exerts its
therapeutically relevant anti-inflammatory and antithrombotic
effects in vitro and in vivo. HCQ blocks a signalling pathway
common to TNFα, IL-1β and aPL, which depends on activation
of endosomal NOX2 and leads to proinflammatory and pro-
coagulant cellular responses. HCQ concentrations effective in
vitro (1–10 mM) are comparable with therapeutic plasma levels
of HCQ (3±2 mM). The single dose of HCQ applied in the in
vivo mouse model (approx. 0.4 mg/kg body weight) was even
lower than therapeutic doses in humans. Interestingly, the major
effect of HCQ is the prevention of agonist-induced gp91phox
translocation into the endosome. Accordingly, no induction of
endosomal NOX2 activity (ie, ROS production) is detectable.
This specific extraendosomal effect of HCQ makes a non-
specific action by increasing endosomal/lysosomal pH unlikely.
As a lysosomotropic weak base, HCQ is rapidly protonated,
thereby increasing the pH of endolysosomal vesicles. This may
inhibit lysosomal enzymes that require an acidic pH, and
prevent fusion of endosomes and lysosomes.44–46 However, a
pH optimum for NOX2 between 6.5 and 8.0 has been
reported.47 Moreover, it has been shown that NOX2 itself con-
tributes to limiting the acidification of early endosomes in den-
dritic cells.48 Thus, endosomal NOX2 activity does not depend
on acidic pH. Furthermore, it has been shown that 4 mM HCQ
affects lysosomal pH minimally17 and in our hands, the labelling
pattern of the pH sensitive LysoTracker at 10 mM HCQ is indis-
tinguishable from control.

NOX2 is a membrane-bound enzyme complex generating
superoxide. It is made up of the membrane-bound catalytic core
(flavocytochrome b558) consisting of the integral proteins
p22phox and gp91phox and four cytosolic subunits: p47phox,
p67phox, p40phox and Rac1/2.49–51 On stimulation, the

Figure 3 Hydroxychloroquine (HCQ) has no effect on residual tumour
necrosis factor α (TNFα) and interleukin-1β (IL-1β) activity in
gp91phox-deficient mice. CD115+ monocytes isolated from C57BL/6
wild type mice (A and C) or gp91phox−/− mice (B and D) were
stimulated for up to 6 hours with 10 ng/mL of TNFα (A and B) or IL-1β
(C and D). Relative expression of TNFα mRNA (A and B) and IL-8
mRNA (C and D) was normalised to unstimulated cells and β-actin
expression. Induction of indicated genes was dramatically reduced in
NOX2 deficient animals. However, residual cytokine induction was not
affected by addition of HCQ. Data are from three independent
experiments measured in duplicate. *p<0.01 agonist versus agonist
+HCQ.
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soluble factors and flavocytochrome b558 assemble the active
enzyme complex and superoxide is released.52 53 Thus, NOX2
activity is mainly controlled at the level of the correct and
timely assembly of preformed subunits, which is prevented
by HCQ.

This mechanism of NOX inhibition by HCQ is obviously dif-
ferent from NFA, an inhibitor of ClC3.32 It has been proposed

that ClC3 provides charge neutralisation of NOX-generated
electron flux.32 Alternatively, ClC3 may serve as an ion channel
for superoxide itself and provide a means to leave the endo-
some. Thus, NFA does not interfere with NOX2 assembly but
inhibits ROS production by the enzyme complex.

In any case, both HCQ and NFA prevent all cellular events
downstream of NOX2. This includes induction of TF, TNFα

Figure 4 Hydroxychloroquine (HCQ)
blocks gp91phox translocation into the
endosome. MonoMac1 cells were
stimulated for 30 min with (A) HL5B or
control IgG (100 ng/mL), (B) tumour
necrosis factor α (TNFα) (10 ng/mL) or
(C) interleukin-1β (IL-1β) (10 ng/mL).
HCQ (10 mM) or niflumic acid (NFA)
(0.1 mM) were added as indicated.
After fixation, cells were stained with
anti-(α)-gp91phox (green),
anti-(α)-EEA1 (red) and 4,6-diamidino-
2-phenylindole (DAPI) (blue) and
visualised by confocal laser scanning
microscopy. In unstimulated or IgG
stimulated cells, gp91phox is detected
at the cell membrane. Incubation with
HL5B, TNFα or IL-1β leads to
translocation of gp91phox to the
endosome as shown by colocalisation
with EEA1. This translocation was
prevented by addition of HCQ but not
by addition of NFA.

Figure 5 Hydroxychloroquine (HCQ) prevents reactive oxygen species (ROS) release and tissue factor (TF) induction induced by antiphospholipid
syndrome (APS) IgG fractions. MonoMac1 cells were stimulated with IgG fractions (100 mg/mL) of 15 patients with APS and 15 healthy control
donors in the absence or presence of HCQ (10 mM) as indicated. (A) Endosomal superoxide production after 20 min of stimulation was detected by
flow cytometry using OxyBurst as ROS sensitive dye (*p<0.01). (B) Relative expression of TF (after 1 hour incubation) was normalised to cells
stimulated with IgG fractions of 15 healthy control donors (relative mean expression is 1) and to the expression of β-actin. The large symbols
indicate mean±SD of the respective normalised mRNA expression. *p<0.0001 versus control IgG and versus HCQ; **p<0.005 versus control IgG.
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and IL-8 as well as translocation of TLR8 to the endosome.
While the induction of cytokines depends on activation of
NFκB by ROS, translocation of TLR8 to the endosome induced
by aPL depends on superoxide generation but not on NFκB.22

Thus, endosomal ROS-induced downstream effects are not
limited to induction of NFκB and genes regulated by this
nuclear factor.

To translate our in vitro data to the in vivo situation, we
made use of a mouse model of venous thrombosis. We have
shown that activation of endosomal NOX2 by aPL greatly accel-
erates thrombus formation in this model. While wild type
C57BL/6J mice rapidly develop venous thrombi when exposed
to aPL, gp91phox-deficient mice are protected.25 We show now
that HCQ can also prevent aPL-induced thrombus formation in
this in vivo model. Thus, our data provide evidence that inhib-
ition of NOX2 activation by HCQ is also a relevant pharmaco-
logic action of this drug in the intact organism.

Inhibition of endosomal NOX2 can explain several well-
established effects of HCQ, that is, reduction of cytokine pro-
duction and plasma concentrations12–14 or inhibition of differ-
ent immune effector cells.3 Reduced activity of endosomal
NOX2 on autocrine or paracrine activation of immune cells by
TNFα and IL-1β will lead to reduced production of their target
cytokines. Since signalling by TNFα and IL-1β is not exclusively
mediated by the endosomal pathway, inhibition by HCQ is most
likely incomplete and the effects of HCQ, for example, on sig-
nalling by TNFα will be less pronounced compared with effects
of direct TNF inhibitors such as adalimumab or etanercept. This
is exactly what one might expect from the clinical efficacy
profile of HCQ, which is most useful in milder cases of rheum-
atic diseases. On the other hand, HCQ is able to reduce the
effects of other agonists besides TNFα. The relative importance
of these pathways with respect to the therapeutic effects of
HCQ needs further investigations. This applies particularly to
IL-1β, which has been discussed as a potential therapeutic target
in rheumatic diseases.

In the case of aPL, we have previously shown that signalling
by aPL of similar specificity as our monoclonal aPL HL5B is

mediated exclusively via endosomal NOX2. We have elucidated
the cellular signalling events induced by HL5B and patient IgG
fractions in detail previously.22–25 Their effects are completely
blocked by HCQ in vitro and in vivo. In particular, the preven-
tion of thrombus induction in vivo by HCQ is of major rele-
vance. We propose that this effect of HCQ provides an
explanation for its beneficial role in the prevention of thrombo-
embolic events in patients with aPL.10 11 However, it should
be noted that there are other aPL with specificity for
β2-glycoprotein I (β2GPI), which have also been shown to be
pathogenic in vitro and in vivo.54 These aPL most likely induce
cellular responses by other signal transduction pathways, which
are probably dependent on formation of a complex of β2GPI/
anti-β2GPI. Rand et al have shown that HCQ can disintegrate
these complexes and prevent dislocation of annexin A5 from
the cell surface. They proposed that this might be an explan-
ation for the protective effect of HCQ.16 Their data imply that
the interaction of HCQ with cofactor-independent aPL analysed
by us and anti-β2GPI may be quite different. Interestingly, there
is some evidence that endosomal uptake of anti-β2GPI may be
required for their pathogenic effects.55 However, the relevance
of endosomal NOX2 in this process has not yet been analysed.

In conclusion, we present a novel mechanism how HCQ
exerts its well-established anti-inflammatory and thrombopro-
phylactic effects. Since signalling endosomes serve as physical
platforms for crosstalk between different signalling pathways,56

this might explain the apparently heterogeneous therapeutic
profile of HCQ.
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EXTENDED REPORT

An expanded population of pathogenic regulatory
T cells in giant cell arteritis is abrogated by IL-6
blockade therapy
Chie Miyabe, Yoshishige Miyabe, Klemen Strle, Nancy D Kim, John H Stone,
Andrew D Luster, Sebastian Unizony

ABSTRACT
Objectives Randomised-controlled trials have recently
proven the efficacy of the interleukin (IL)-6 receptor
antagonist tocilizumab (TCZ) in giant cell arteritis (GCA).
However, the mechanism of action of IL-6 blockade in
this disease is unknown. Moreover, the role of regulatory
T (Treg) cells in the pathogenesis of GCA remains
underexplored. Given the plasticity of Tregs and the
importance of IL-6 in their biology, we hypothesised that
TCZ might modulate the Treg response in GCA. We
therefore characterised the Treg compartment of patients
with GCA treated with TCZ.
Methods We classified 41 patients with GCA into
three groups: active disease (aGCA, n=11), disease
remission on corticosteroids (rGCA-CS, n=19) and
disease remission on TCZ (rGCA-TCZ, n=11). Healthy
controls (HCs) were included for comparison. We
determined the frequency, phenotype and function of
peripheral blood Tregs.
Results Patients with aGCA demonstrated a
hypoproliferating Treg compartment enriched in IL-17-
secreting Tregs (IL-17+Tregs). Tregs in patients with
aGCA disproportionally expressed a hypofunctional
isoform of Foxp3 that lacks exon 2 (Foxp3Δ2). Foxp3Δ2-
expressing Tregs coexpressed CD161, a marker commonly
associated with the Th17 linage, significantly more often
than full-length Foxp3-expressing Tregs. Compared with
those of HCs, GCA-derived Tregs demonstrated impaired
suppressor capacity. Treatment with TCZ, in contrast to
CS therapy, corrected the Treg abnormalities observed in
aGCA. In addition, TCZ treatment increased the numbers
of activated Tregs (CD45RA−Foxp3high) and the Treg
expression of markers of trafficking (CCR4) and terminal
differentiation (CTLA-4).
Conclusions TCZ may exert its therapeutic effects in
GCA by increasing the proliferation and activation of
Tregs, and by reverting the pathogenic Treg phenotype
seen during active disease.

INTRODUCTION
Giant cell arteritis (GCA) is the most frequent
primary vasculitis in Western countries.1 The main
histopathological feature of the disease comprises a
granulomatous inflammatory process rich in
CD4+T cells and macrophages that involves large-
sized and medium-sized arteries.1 Most patients
develop relapsing courses despite prolonged treat-
ments with corticosteroid (CS), which invariably
lead to drug-related toxicity.2 Agents that maintain
disease remission and spare the use of CS are

therefore the greatest unmet need for this patient
population.3–6

An imbalance among CD4+T helper (Th)1,
Th17 and regulatory T (Treg) cells is thought to
contribute to the pathogenesis of GCA.7–9 Patients
with new-onset disease demonstrate Th1 and Th17
cell infiltrates in their arteries and an expansion of
these cell subsets in peripheral blood.7–9

Conversely, decreased numbers of Tregs in the per-
ipheral circulation are found in patients with GCA,
regardless of the state of disease activity.8 9

Although the Th17 axis is sensitive to CS treat-
ment,7–10 some reports suggest that the abnormal-
ities described in both the Th1 and Treg subsets are
resistant to CS therapy,7 8 thereby accounting for
the high relapse rate in GCA following CS
tapering.
The interleukin (IL)-6 pathway is a novel target

in GCA. Patients with GCA demonstrate increased
IL-6 RNA expression within inflamed arteries11 12

and elevated IL-6 protein levels in the peripheral
blood during active disease.13 Recently, two rando-
mised controlled trials showed that tocilizumab
(TCZ), a monoclonal antibody against the IL-6
receptor (IL-6R), is effective in maintaining disease
remission in absence of CS.14 15 However, the
mechanism of action of IL-6 signalling blockade in
GCA remains unknown.
Considerable phenotypical and functional plasti-

city exists within the Treg and the Th17 cell
subsets.16 Th17 cells and Tregs develop from a
common naiv̈e CD4+T cell precursor under the
influence of transforming growth factor-β
(TGF-β).17 In the presence of proinflammatory
mediators (eg, IL-6 or IL-21), TGF-β-stimulated
CD4+T cells differentiate into Th17 cells, whereas
in the absence of an inflammatory microenviron-
ment these TGF-β-stimulated precursors are
induced to become Tregs.18 Furthermore, under
specific circumstances, fully differentiated Tregs
may lose their suppressive function and become
IL-17-producing cells16 (eg, ‘pathogenic Tregs’19 20

and exFoxp3 Th17 cells).21

One mechanism regulating the divergent fates
between Tregs and Th17 cells involves the molecular
antagonism of RAR-related orphan receptor (ROR)
γt (RORC in humans) by Foxp3 through the
domain encoded by the exon 2 of the FOXP3
gene.22 Tregs that express a spliced variant of Foxp3
lacking exon 2 (Foxp3Δ2) are less suppressive,23 and
more likely to become IL-17 producing Tregs.
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Increased numbers of Foxp3Δ2+Tregs have been reported in
anti-neutrophil cytoplasmic antibody (ANCA)-associated vascu-
litis.24 It is not known, however, whether this abnormality is
also present in patients with GCA. In addition, cells that express
both Foxp3 and IL-17 have been detected in inflamed GCA
arteries,10 but whether this cell population is present in periph-
eral circulation, and most importantly, whether disease treat-
ment reverts the pathogenic phenotype of those Tregs has been
insufficiently studied.

We aimed to characterise the regulatory CD4+T cell compart-
ment in peripheral blood of patients with GCA and to investi-
gate the effects of IL-6R blockade therapy with TCZ on the
frequency, phenotype and function of those cells.

MATERIALS AND METHODS
Study population
We evaluated 41 patients with GCA in a cross-sectional study.
Patients with GCA were classified into one of three categories
based on disease activity and treatment: active disease (aGCA,
n=11), disease remission on CS monotherapy (rGCA-CS,
n=19) and disease remission on TCZ therapy (rGCA-TCZ,
n=11). Among the subjects with aGCA, three had new-onset
disease and eight were sampled during a disease relapse. We also
evaluated samples from 10 healthy controls (HCs). Upon diag-
nosis, all patients had been treated with CS according to the
standard of care for GCA.1 Patients in the TCZ group
(rGCA-TCZ group) received their IL-6R blockade therapy
because of relapsing disease or prohibitive CS-related toxicity
during previous treatment courses. Once on TCZ, patients
underwent a prednisone taper of variable rate, but generally
faster than the standard of care in order to ameliorate or
prevent CS-related toxicity. Other clinical information is pro-
vided in the online supplementary text.

Cell isolation, culture and flow cytometry
CD4+T cells were purified (>90% purity) from whole blood
using RosetteSep CD4+enrichment antibody cocktail (StemCell
Technologies) according to manufacturer’s instructions. Cells
were labelled with Pacific Blue-conjugated anti-CD4, fluorescein
isothiocyanate-conjugated anti-CD45RA, phycoerythrin (PE)-
Cy7-conjugated anti-CCR4, PE-conjugated anti-CTLA4,
allophycocyanin (APC)-Cy7-conjugated anti-IL-17A, PE-Cy7-
conjugated anti-CD25, PE-conjugated anti-Ki67, APC-conjugated
anti-CD161 (BioLegend); Alexa Fluor 488-conjugated anti-Foxp3
and Alexa Fluor 700-conjugated anti-Foxp3. Foxp3Δ2 was
detected using clone PCH101 (eBiocience) that recognises the
N-terminus portion of the protein and clone 150D (BioLegend)
that recognises exon 2.24 25 Data were acquired on a LSRFortessa
cell analyser (BD biosciences) and analysed with FlowJo software.

Treg suppression assays
CD4+CD25+Tregs were isolated from a pool of CD4+T cells
using CD25 MicroBeads (Miltenyi Biotec). CD4+CD25−

conventional T cells were incubated for 10 min at 37°C in
10 μM carboxyfluorescein N-hydroxysuccinimidyl ester (CFSE)
(Invitrogen), washed with phosphate buffered saline containing
2% fetal calf serum (FCS), and resuspended in complete
Roswell Park Memorial Institute (RPMI) medium. CFSE-
labelled CD4+CD25−cells (1×105) were co-incubated with
varying concentrations of autologous CD4+CD25+Tregs to
create conventional T cell to Treg ratios of 8:1, 4:1, 2:1 and
1:1. Cultures were stimulated for 4 days with Treg Suppression
Inspector (Miltenyi Biotec), or left unstimulated. Proliferation

of conventional CD4+T cells was measured by assessing CFSE
dilution by flow cytometry.

Statistical analysis
Categorical variables were compared between groups using
Fisher’s exact test. Continuous variables were compared
between groups using paired and unpaired Student’s t-test,
Mann-Whitney test, analysis of variance or Kruskal-Wallis test as
appropriate. In order to account for confounders on the
number of specific CD4+T cell subsets (eg, CS dose) we used
linear regression. Statistical significance cut-off was 0.05.
p Values were two-sided. Stata V.13 (StataCorp LP) was used for
all analyses.

RESULTS
Baseline characteristics of patients with GCA and HCs
The baseline characteristics of patients with GCA and HCs are
shown in table 1. There were no significant differences among
patient groups (aGCA, rGCA-TCZ and rGCA-CS) with regard to
demographic features, disease type or disease duration. The
mean daily dose of prednisone at the time of blood sampling was
15.7 mg in patients in the rGCA-CS group, 0.2 mg in patients in
the rGCA-TCZ group and 8.0 mg in patients in the aGCA group
(p=0.02). Patients in the rGCA-TCZ group had received TCZ
for a median period of 18 months. The HCs were younger than
the patients with GCA (mean age 59 years vs 72 years; p<0.01),
but there were no other important differences.

TCZ increases the frequency of activated Tregs
We first measured the population of Tregs defined as CD4+T
cells expressing Foxp3 and found no significant differences
among groups (see online supplementary figure S1A, B). We
then classified Tregs into three functionally distinct
subpopulations based on the level of expression of Foxp3 and
CD45RA:26 (1) CD45RA−Foxp3high (activated Treg, aTreg),
(2) CD45RA+Foxp3low (resting Treg, rTreg) and (3)
CD45RA−Foxp3low (non-suppressive Foxp3low cells) cells (figure
1A). We observed that the mean per cent of aTregs was signifi-
cantly greater in patients in the rGCA-TCZ group (1.3% (SD
0.9)) compared with patients in the rGCA-CS group (0.6% (SD
0.4)) (p<0.01) (figure 1B). There were no significant differences
among groups in terms of rTregs and non-suppressive Foxp3low

cells (see online supplementary figure S2). The phenotype of
cellular activation observed in Tregs derived from patients in the
rGCA-TCZ group was then confirmed by measuring on all
CD4+Foxp3+ cells the expression of CCR4 and CTLA-4,
markers of the most terminally differentiated activated effector
Tregs26–30 (figure 1B). The differences between patients in the
rGCA-TCZ group and patients in the rGCA-CS group in terms
of the numbers of aTregs, CD4+Foxp3+CCR4+ cells and
CD4+Foxp3+CTLA-4+ cells remained statistically significant
after analyses adjusted for age and CS dose. As expected, aTregs
demonstrated higher expression of CD25, CCR4 and CTLA-4
when compared with rTregs and non-suppressive Foxp3low cells
(figure 1C). These findings demonstrate that in patients with
GCA, remission maintenance with IL-6 blockade therapy is asso-
ciated with increased Treg activation.

TCZ restores the impaired proliferative capacity of Tregs
Tregs are among the most actively replicating cells within the
CD4+T cell compartment, and impaired Treg proliferation has
been implicated in the pathogenesis of autoimmunity.31 Thus,
we investigated the proliferative capacity of Tregs in patients
with GCA and HCs by measuring the expression of Ki67, a
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Table 1 Characteristics of the patients with GCA and the healthy individuals at baseline

rGCA-CS (n=19) rGCA-TCZ (n=11) aGCA (n=11) p Value Controls* (n=10) p Value

Age, years: mean (SD) 73 (10) 69 (8) 72 (10) 0.41 59 (10) <0.01

Sex, female: number (%) 12 (63) 9 (82) 9 (82) 0.48 4 (40) 0.07

Race, white: number (%) 17 (89) 10 (91) 11 (100) 0.78 11 (100) 1.00

Relapsing disease: number (%) 12 (63) 11 (100) 8 (73) 0.06 – –

Biopsy-proven disease: number (%) 11 (58) 5 (45) 7 (64) 0.78 – –

Image compatible with large vessel vasculitis: number (%)† 2 (11) 4 (36) 4 (36) 0.16 – –

Disease duration, months: median (IQR) 25.5 (9.2; 54.1) 35.7 (32.7; 70.4) 34.9 (3.7; 60.3) 0.73 – –

Duration of CS treatment, months: median (IQR) 18.4 (9.2; 54.1) 28.4 (9.9; 67.9) 34.5 (1.0; 58.0) 0.90 – –

Duration of TCZ treatment, months: median (IQR) – 18 (14.2; 28.5) – – – –

Prior MTX use: number (%) 6 (32) 4 (36) 3 (27) 1.00 – –

CS dose at time of sampling, mg/day: mean (SD) 15.7 (18.3) 0.2 (0.4) 8.0 (6.8) 0.02‡ – –

Analysis: Analysis of variance, Kruskal-Wallis, Student’s t-test and Fisher’s exact test.
*Controls versus all patients with GCA.
†Indicates MR angiography, CT angiography or positron emission tomography.
‡rGCA-CS versus rGCA-TCZ.
aGCA, active GCA; CS, corticosteroids (prednisone); GCA, giant cell arteritis; MTX, methotrexate; rGCA-CS, GCA in remission on CS; rGCA-TCZ, GCA in remission on TCZ without or
without CS; TCZ, tocilizumab.

Figure 1 TCZ therapy increases the numbers of activated regulatory T (Treg) cells. CD4+ T cells were purified from peripheral blood of patients
with GCA and healthy controls (HCs) by negative selection. (A) Representative flow cytometry plots of CD4+ T cells classified according to the
expression of CD45RA and Foxp3 in (1) resting Tregs (rTregs, subset I), (2) activated Tregs (aTregs, subset II) and (3) non-suppressive Foxp3low cells
(subset III). (B) Frequencies of aTregs, CD4+Foxp3+CCR4+ cells and CD4+Foxp3+CTLA-4+ cells in patients with GCA (rGCA-TCZ, n=9; rGCA-CS, n=18;
aGCA, n=11) and HCs (n=10). (C) Representative histograms showing the expression of CD25, CCR4 and CTLA-4 in rTregs (I), aTregs (II) and
non-suppressive Foxp3low cells (III). Analysis: Student’s t-test. Error bars represent means and SD. aGCA, active GCA; CS, corticosteroids; GCA, giant
cell arteritis; rGCA-CS, GCA in remission on CS; rGCA-TCZ, GCA in remission on TCZ without or without CS; TCZ, tocilizumab.
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marker of cellular replication. We observed that the mean per
cent of Ki67+Tregs was equivalent in patients in the rGCA-TCZ
group (27.7% (SD 9.7)) and HCs (30.0% (SD 8.6)) (p=0.71).
In contrast, patients in the rGCA-TCZ group demonstrated sig-
nificantly higher numbers of Ki67+Tregs when compared with
both, patients in the rGCA-CS group (15.4% (SD 6.4); p=0.02)
and patients in the aGCA group (16.8% (SD 3.5); p=0.04)
(figure 2A, B). These differences persisted in CS dose- and age-
adjusted analyses. The expression of Ki67 in CD4+Foxp3−T
cells, however, did not differ significantly among groups (see
online supplementary figure S3). These results suggest that Treg
proliferation is impaired in GCA and that TCZ, in contrast to
CS, selectively restores the Treg replicative potential without
influencing the proliferation of non-regulatory CD4+T cells.

TCZ decreases the number of Foxp3Δ2+ Tregs
During Treg ontogeny, the exon 2 of Foxp3 directly inhibits key
transcription factors that drive the Th17 cell differentiation pro-
gramme.22 32 Recently, less suppressive Tregs that disproportion-
ately express Foxp3Δ2 have been reported in human
autoimmune disease.24 We therefore analysed the expression of
full-length Foxp3 and Foxp3Δ2 in proliferating Tregs of patients
with GCA and HCs (figure 3A). We observed that the mean per
cent of Ki67+Foxp3Δ2+Tregs was not significantly different
between patients in the rGCA-TCZ group (26.3% (SD 11.4))
and HCs (25.3% (SD 6.7)) (p=0.88) (figure 3B). In contrast,
patients in the rGCA-TCZ group demonstrated significantly
lower numbers of Ki67+Foxp3Δ2+ Tregs when compared with
both, patients in the rGCA-CS group (54.9% (SD 21.4);
p=0.03) and patients in the aGCA group (63.2% (SD 16.2);
p=0.01) (figure 3B). These differences persisted in CS dose-
and age-adjusted analyses. These results demonstrate that the
increased Foxp3Δ2 Treg expression seen in patients with GCA is
not corrected by CS, but is abrogated upon IL-6 signalling
inhibition with TCZ.

Foxp3Δ2+ Tregs coexpress CD161
It has been demonstrated that IL-6-stimulated Tregs may
become IL-17 producing cells.16 20 21 In addition,

IL-17-producing Tregs may also express other Th17-related
markers such as CD161.20 For this reason, we further charac-
terised the phenotype of proliferating Tregs that either expressed
full-length Foxp3 or Foxp3Δ2 by measuring the coexpression of
CD25 and CD161 (figure 3C). We found that Tregs that
expressed full-length Foxp3 coexpressed high amounts of CD25
(ie, CD25high) significantly more often than did Tregs expressing
Foxp3Δ2 (mean 74.88% (SD 13.26) vs 39.63% (SD 18.39);
p<0.01). In contrast, Foxp3Δ2-expressing Tregs coexpressed
CD161 significantly more often than did full-length
Foxp3-expressing Tregs (mean 7.54% (SD 7.00) vs 0.66%
(1.17); p<0.01) (figure 3D). The correlation between full-
length Foxp3 and CD25 and between Foxp3Δ2 and CD161 was
equivalent across all groups (aGCA, rGCA-CS, rGCA-TCZ and
HC) (see online supplementary figure S4). In summary,
Foxp3Δ2-expressing Tregs demonstrated decreased coexpression
of CD25 and increased coexpression of CD161, a phenotype
that suggests the potential for IL-17 production.

TCZ reduces the population of IL-17-producing Tregs
Because our data showed that proliferating Tregs derived from
patients with active disease preferentially expressed Foxp3Δ2,
and these cells were also characterised by CD161 co-staining,
we examined the Treg production of IL-17 (figure 4A). We
found that the mean per cent (SD) of IL-17+Tregs in aGCA,
rGCA-CS, rGCA-TCZ and HC was 4.40% (1.29), 2.68%
(1.36), 1.29% (1.69) and 1.94% (1.14), respectively (figure 4B).
Whereas no significant differences in the numbers of
IL-17+Tregs existed between HCs and patients in the
rGCA-TCZ group (p=0.39), patients in the rGCA-TCZ group
demonstrated significantly lower numbers of IL-17+Tregs than
patients in the aGCA group (p<0.01) and a trend towards
fewer of these cells compared with patients in the rGCA-CS
group (p=0.06). The differences among GCA groups persisted
in CS dose- and age-adjusted analyses. In concordance with
prior reports,20 26 the main source of IL-17 within the Treg
population of patients with active disease resided in the
CD45RA−Foxp3low non-suppressive cell subset (figure 4C, D).
These results demonstrate that the IL-17-producing Treg

Figure 2 TCZ therapy restores
impaired regulatory T (Treg) cell
proliferation. (A) Representative flow
cytometry plots of Ki67+ cells within
CD4+Foxp3+ T cells in patients with
GCA and healthy controls (HCs). (B)
Frequencies of Ki67+ cells within
CD4+Foxp3+ T cells in patients with
GCA (rGCA-TCZ, n=5; rGCA-CS, n=7;
aGCA, n=5) and HC (n=5). Analysis:
Student’s t-test. Error bars represent
means and SD. aGCA, active GCA;
GCA, giant cell arteritis; rGCA-CS, GCA
in remission on CS; rGCA-TCZ, GCA in
remission on TCZ without or without
CS; TCZ, tocilizumab.
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population is expanded in peripheral blood during periods of
GCA activity, and that TCZ abrogates this abnormality more
efficiently than do CS.

Treg function is impaired in GCA
Previous research has shown that IL-6 may decrease Treg func-
tion.33 In patients with new-onset GCA, however, Tregs have
been reported to be competent regardless of disease activity or
CS treatment.8 To investigate whether patients with GCA in our
cohort had normal or impaired Treg function and to examine
whether IL-6 blockade influenced this function, we performed
suppression assays coculturing CD4+CD25− conventional T cells
and CD4+CD25+ Tregs. The results showed no significant dif-
ferences in Treg function among the GCA groups (figure 5A, B).
However, Tregs derived from patients with GCA taken together
demonstrated significantly impaired suppressive ability when
compared with Tregs derived from HCs (figure 5A, B). To assess
for the potential confounding effect of proinflammatory CD25+

effector cells that could have been included in the population of
CD4+CD25+ cells used for functional assays, we analysed the
number of non-Tregs (CD4+CD25+CD45RA− cells) and non-
suppressing Foxp3low cells (CD4+CD25++CD45RA−cells) in
comparison to the number of aTregs (CD4+CD25+++

CD45RA−cells) and rTregs (CD4+CD25++CD45RA+ cells)

within the CD4+CD25+ pool26 and found no significant differ-
ences among groups (see online supplementary figure S5).

DISCUSSION
We sought to characterise the peripheral Treg compartment in
GCA and to evaluate whether IL-6R blockade was associated
with modulation of the Treg response. Our results showed that
patients with active disease have a defective and likely patho-
genic Treg population that demonstrates decreased proliferation,
overexpression of Foxp3Δ2 and increased IL-17 production. In
addition, our study revealed a mechanism by which IL-6 signal-
ling inhibition may exert its therapeutic effects in GCA.14

Unlike therapy with low to moderate doses of CS, treatment
with TCZ restored the Treg proliferative capacity, reverted the
pathogenic Treg phenotype (Foxp3Δ2 and IL-17 expression)
and increased the expression of markers of Treg activation, traf-
ficking and terminal differentiation (Foxp3high, CD25high, CCR4
and CTLA-4).

Foxp3 largely controls the phenotype and function of
Tregs.34 Three variants of Foxp3 have been described, a full-
length and two spliced forms (Foxp3Δ2 and Foxp3 lacking exon
2 and 7 (Foxp3Δ2Δ7)).35 36 Although the regulation and func-
tion of Foxp3Δ2 and Foxp3Δ2Δ7 are poorly understood,35 36

exon 2 is known to encode a repression domain that blocks the

Figure 3 Effects of TCZ on Foxp3Δ2 expression in proliferating regulatory T (Treg) cells and phenotype of Foxp3Δ2+ Tregs. (A) Representative flow
cytometry plots of Foxp3Δ2 expression within CD4+Foxp3+Ki67+ T cells in patients with GCA and healthy controls (HCs). (B) Frequencies of
Foxp3Δ2+ cells within CD4+Foxp3+Ki67+ T cells in GCA (rGCA-TCZ, n=5; rGCA-CS, n=7; aGCA, n=5) and HCs (n=5). (C) Representative flow
cytometry plots of the expression of CD25 and CD161 in full-length Foxp3-expressing and Foxp3Δ2-expressing CD4+Foxp3+Ki67+ T cells in a patient
with aGCA. (D) Surface expression of CD25 (left panel) and CD161 (right panel) in full-length Foxp3-expressing and Foxp3Δ2-expressing
CD4+Foxp3+Ki67+ T cells of patients with GCA and HCs (n=22). Analysis: unpaired Student’s t-test in B; paired Student’s t-test in C. Error bars
represent means and SD. aGCA, active GCA; GCA, giant cell arteritis; Foxp3-FL, full-length Foxp3 isoform; rGCA-CS, GCA in remission on CS;
rGCA-TCZ, GCA in remission on TCZ without or without CS; TCZ, tocilizumab.
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activity of the transcription factors RORγt (RORC in humans)
and RORα, which are involved in the differentiation of CD4+

cells towards the Th17 phenotype.22 32 37 Foxp3Δ2 is regarded
as a hypofunctional isoform of Foxp323 32 and increased expres-
sion of this spliced variant has been reported as a mechanism of
immune dysregulation in ANCA-associated vasculitis.24 Herein,
we demonstrate for the first time that Tregs in patients with
GCA preferentially express Foxp3Δ2 over full-length Foxp3.
Moreover, we show that Foxp3Δ2 Tregs are often
CD161highCD25low, which suggests potential for IL-17 produc-
tion.20 We therefore predict that Foxp3Δ2 Tregs in GCA lose
their suppressive function, and themselves become pathogenic
as a source of IL-17.

The functional plasticity of Tregs is highly dependent on the
surrounding microenvironment,17 18 20 and the stability of Tregs
is thought to play a role in the pathogenesis of inflammatory
disorders.20 21 38 39 IL-17-producing Tregs have been detected
in inflamed tissues of patients with autoimmune conditions such
as rheumatoid arthritis, in which IL-6 may induce Tregs to
become IL-17+ cells.20 In some cases, IL-17-producing Tregs
seem to ‘relax’ their suppressive function,20 but in others, they
retain full regulatory capacity.20 40 41 Of note, IL-17+Foxp3+

cells have also been found infiltrating arteries of patients with
GCA.10 However, their functional characterisation, contribution
to disease pathogenesis and response to treatment have not been
fully elucidated. Here we show that IL-17-producing Tregs are
also present in peripheral blood of patients with GCA during
periods of disease activity, and that their expansion normalises
following IL-6R blockade therapy. In accordance to prior
reports, we found that IL-17-producing Tregs in GCA also

express other markers commonly associated with the Th17
lineage (eg, CD161)20 and reside within the CD45RA−Foxp3low

non-suppressive cell subset.20 26 Because we observed that TCZ
led to pronounced reduction of both, Foxp3Δ2 and IL-17
expression, we speculate that by a yet undefined mechanism,
IL-6 promotes the transcription of Foxp3Δ2 in Tregs with subse-
quent polarisation of these cells towards the Th17 phenotype.
The function of IL17-producing Tregs and Foxp3Δ2 Tregs in
GCA remains to be determined.

The reasons why Samson et al8 found reduced frequencies of
functional Tregs in patients with GCA and we did not are not
apparent. Possible explanations include differences in the methods
used to isolate Tregs as well as differences in the characteristics of
the populations analysed. Our cohort was composed of patients
with GCA with long disease duration and prolonged CS exposure
(mean 27 months). In contrast, the cohort studied by Samson
et al was comprised of newly diagnosed patients, whose CS treat-
ment was relatively short (mean 3.4 months). It is possible that
early phases of the disease are characterised by decreased numbers
of competent Tregs, which tend to normalise in number over
time, but become functionally deficient under the influence of
chronic inflammatory stimuli or prolonged CS exposures.

Tregs from patients with GCA undergoing TCZ therapy did
not demonstrate enhanced ability to suppress the proliferation
of conventional T cells despite the increased expression of
effector molecules (eg, CTLA-4). Although this apparent dis-
crepancy could represent a type II error, other possibilities also
exist. First, an augmented regulatory response can be achieved
not only by increasing Treg function, but also by increasing the
trafficking of Tregs to the sites of inflammation. CCR4 is

Figure 4 TCZ corrects the expansion of IL-17-producing regulatory T (Treg) cells. (A) Representative flow cytometry plots of IL-17+ cells within
CD4+Foxp3+ T cells in patients with GCA and healthy controls (HCs). (B) Frequencies of CD4+Foxp3+IL-17+ T cells in patients with GCA (rGCA-TCZ,
n=7; rGCA-CS, n=16; aGCA, n=10) and HCs (n=10). (C) Representative flow cytometry plots of IL-17 expression within rTregs (subset I), aTregs
(subset II), and non-suppressive Foxp3low cells (subset III) in a patient with aGCA. (D) Frequencies of IL-17 expressing non-suppressive Foxp3low cells
(subset III) within CD4+Foxp3+IL-17+ T cells (subsets I+II+III) in patients with GCA (rGCA-TCZ, n=7; rGCA-CS, n=16; aGCA, n=10) and HCs (n=10).
Analysis: Student’s t-test. Error bars represent means and SD. aGCA, active GCA; GCA, giant cell arteritis; rGCA-CS, GCA in remission on CS;
rGCA-TCZ, GCA in remission on TCZ without or without CS; TCZ, tocilizumab.
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involved in Treg migration42 and has been shown to direct Tregs
into cardiovascular allografts, the allergic lung and certain
tumours.43–45 It could be hypothesised that a highly prolifera-
tive Treg compartment that expresses CCR4 may form the basis
for increased Treg cell migration into inflamed arteries. In add-
ition, other important in vivo mechanisms by which Tregs exert
their function (eg, through CTLA-4 competition with CD28 for
binding to CD80/86)30 46 could not be assessed in the func-
tional assay used.

Two randomised controlled trials have recently demonstrated
that TCZ is effective in maintaining disease remission and
sparing CS in GCA.14 15 Our findings complement the results
of these trials and provide a pathophysiological rationale for the
use of IL-6 blockade therapy in this disease. In addition, given
that several of the Treg abnormalities observed in patients with
active disease were not fully reversed upon treatment with CS
monotherapy, our results may also provide insight into the
reason why the great majority of CS-treated patients relapse
upon CS dose reduction.

In summary, we found that GCA is associated with marked
abnormalities in the peripheral Treg compartment. In addition,
we demonstrated that unlike CS treatment, TCZ-therapy not
only abrogated the pathogenic Treg phenotype seen during
periods of disease activity, but also increased Treg activation,
proliferation and terminal differentiation. Limitations of our
study include its cross-sectional nature and the relatively small
sample size; therefore, larger studies that include longitudinal
follow-up of patients with new-onset GCA treated with TCZ
will be required to continue to improve our understanding of
the beneficial effects of blocking IL-6 in this disorder.
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ABSTRACT
Objectives Juvenile idiopathic arthritis ( JIA) is a
heterogeneous group of conditions unified by the
presence of chronic childhood arthritis without an
identifiable cause. Systemic JIA (sJIA) is a rare form of
JIA characterised by systemic inflammation. sJIA is
distinguished from other forms of JIA by unique clinical
features and treatment responses that are similar to
autoinflammatory diseases. However, approximately half
of children with sJIA develop destructive, long-standing
arthritis that appears similar to other forms of JIA. Using
genomic approaches, we sought to gain novel insights
into the pathophysiology of sJIA and its relationship with
other forms of JIA.
Methods We performed a genome-wide association
study of 770 children with sJIA collected in nine
countries by the International Childhood Arthritis
Genetics Consortium. Single nucleotide polymorphisms
were tested for association with sJIA. Weighted genetic
risk scores were used to compare the genetic
architecture of sJIA with other JIA subtypes.
Results The major histocompatibility complex locus and
a locus on chromosome 1 each showed association with
sJIA exceeding the threshold for genome-wide
significance, while 23 other novel loci were suggestive of
association with sJIA. Using a combination of genetic
and statistical approaches, we found no evidence of

shared genetic architecture between sJIA and other
common JIA subtypes.
Conclusions The lack of shared genetic risk factors
between sJIA and other JIA subtypes supports the
hypothesis that sJIA is a unique disease process and
argues for a different classification framework. Research
to improve sJIA therapy should target its unique genetics
and specific pathophysiological pathways.

INTRODUCTION
Juvenile idiopathic arthritis ( JIA) encompasses a
heterogeneous group of chronic childhood arthri-
tides that develop without identifiable cause and
last more than 6 weeks.1 2 Children with JIA are
placed into seven mutually exclusive categories
based on clinical presentation: oligoarticular arth-
ritis (oligoJIA) affects four or fewer joints; rheuma-
toid factor (RF)-negative polyarthritis (RF–polyJIA)
involves five or more joints; RF-positive polyarthri-
tis (RF+polyJIA) is analogous to adult rheumatoid
arthritis; psoriatic arthritis (PsA) is an arthritis that
accompanies psoriasis; enthesitis-related arthritis
encompasses non-PsA childhood spondyloarthropa-
thy; systemic arthritis (sJIA, previously known as
Still’s disease) is characterised by prominent sys-
temic inflammation and has a rare adult-onset
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counterpart;3 and undifferentiated arthritis includes arthritis
that does not fit into any single category.1 2

sJIA is among the most severe childhood inflammatory dis-
eases. First described by Sir George Frederic Still over a century
ago, sJIA is marked by arthritis and systemic inflammation with
quotidian fever, evanescent salmon pink skin rash, lymphaden-
opathy, hepatosplenomegaly and serositis.2 4 It is frequently
complicated by macrophage activation syndrome, a potentially
lethal form of hemophagocytic lymphohistiocytosis.5 Although
sJIA only constitutes approximately 10% of JIA in populations
of European descent,1 5 its disproportionately large share of the
morbidity and mortality observed in JIA6 underscores the
importance of understanding and targeting its root causes.

The unique clinical characteristics of sJIA suggest that it is dis-
tinct from other forms of JIA, leading to the contention by
some that sJIA should be separated from other forms of JIA and
labelled as an autoinflammatory disease.7 This has been chal-
lenged by identification of autoantibodies in some patients with
sJIA.8 Furthermore, while the systemic inflammatory features of
sJIA seem to distinguish it from other forms of JIA, most chil-
dren with sJIA eventually shed these features, leaving up to half
of children with a persistent form of arthritis that is similar to
the oligoarticular and polyarticular forms of JIA.5 9 Finally, sig-
nificant differential effects of anticytokine agents have been
observed between sJIA and other forms of JIA.10 However, due
to the highly variable therapeutic responses to each agent in
sJIA, this has not concretely advanced our understanding of
how sJIA mechanistically relates to other forms of JIA.

One approach to evaluate the similarity of diseases is to
examine shared pathophysiology through statistical comparisons
of disease-specific genetic association data.11 For example,
studies of inflammatory bowel disease and spondyloarthritis
have identified shared genetic risk factors, providing rationale
for similar treatment choices.11 In JIA, the majority of genetic
and genomic investigations have focused on the combination of
the most common subtypes, oligoJIA and RF–polyJIA (hence-
forth referred to in this manuscript as polygoJIA),12 13 but until
recently,14 because of insufficient numbers of patients with sJIA,
there have been only underpowered genetic studies and no
genome-wide studies of sJIA. Comparisons of the genomic
underpinnings of sJIA relative to other forms of JIA have there-
fore also been lacking.

To gain insight into the pathogenesis of sJIA, we established
the International Childhood Arthritis Genetics (INCHARGE)
consortium. Together, we gathered the largest sJIA study popu-
lation ever assembled, which included 982 children from nine
countries on three continents. Using this collection, we per-
formed the first genome-wide association study (GWAS) of sJIA.
We recently reported the results of our intensive examination of
the major histocompatibility complex (MHC) locus in this study
population, which identified the class II human leucocyte
antigen (HLA) region as a strong sJIA susceptibility locus.14

Here, we report the findings of the GWAS, beyond the MHC
locus. Using the GWAS results, we have performed the first
direct comparison of the genetic architecture of sJIA with those
of the most common forms of JIA.

METHODS
Study design and participants
Peripheral blood specimens were collected from children diag-
nosed with sJIA according to the International League of
Associations for Rheumatology (ILAR) criteria2 by paediatric
rheumatologists at participating medical centres in nine coun-
tries (see online supplementary text and figure S1). Blood

samples were also obtained from geographically matched control
subjects. In addition, single nucleotide polymorphism (SNP)
genotype data from geographically matched control populations
were used, when available. The INCHARGE project was granted
institutional review board (IRB) approval by the University of
Manchester. Subjects were enrolled in accordance with all local
ethics regulations, with the approval of local IRBs at each contrib-
uting medical centre, and with informed parental consent.

Genotyping, quality control and imputation
Genomic DNA was extracted from peripheral blood samples.
Samples were genotyped at the National Human Genome
Research Institute (Bethesda, Maryland, USA) using Human
Omni1M arrays (Illumina) in accordance with the manufac-
turer’s protocols. SNP genotype data were stratified by country
of origin and rigorous quality control (QC) operations were
undertaken separately in each case and control population, as
previously reported.14 Principal components analysis and multi-
dimensional scaling were used in each geographically defined
case–control collection to generate nine ancestrally matched
case–control strata, as previously described.14 Genomic control
inflation factors were calculated, per stratum, as an objective
metric of ancestral matching.14 An overview of the QC para-
meters is shown in online supplementary figure S2, and com-
plete details are provided in the online supplementary text and
our previous publication.14

SNP genotypes were phased using IMPUTE2,15 and SNP
imputation was performed separately for each geographically
defined stratum using IMPUTE2 software and the multiancestral
1000 Genomes Project dataset (phase III) as the reference popu-
lation.16 Genotype probabilities for common markers (case
minor allele frequency ≥0.04) that were imputed with high
quality (info scores ≥0.8) were included in subsequent analyses.

Statistical analysis
Association testing of genotype probabilities was performed
using logistic regression in each geographically defined stratum
with SNPTESTv2,15 adjusting for gender and ancestry inform-
ative principal components. Association results were
meta-analysed using GWAMA.17 Heterogeneity was evaluated in
the meta-analyses using the I2 statistic. Weighted genetic risk
scores (wGRSs) were calculated and receiver operator character-
istic (ROC) curve analyses were performed according to the
method of Karlson et al.18 wGRSs were calculated as the sum of
the risk allele counts, weighted by the natural logarithm of the
OR. The wGRS for polygoJIA (polygo-wGRS) incorporated 23
independent risk alleles reported by Hinks et al12 (see online
supplementary table S1). The wGRS for RF+polyJIA (RF
+poly-wGRS) was based on the RF+polyJIA-associated
wGRS-1119 (see online supplementary table S2). The case and
control distributions of risk alleles and wGRSs were evaluated
with the Wilcoxon rank-sum test. Association of wGRSs with
sJIA was tested by logistic regression, adjusted for ancestry and
gender. The ability of wGRSs to discriminate between sJIA and
other JIA subtypes was evaluated with ROC curve analysis and
calculation of the area under the curve (AUC) using
R. Quantile–quantile (Q–Q) plots were generated using the sJIA
association data, conditional on sets of polygoJIA-associated
SNPs,12 as previously described.20

RESULTS
We performed SNP genotyping of 1413 children, including 982
children with sJIA and 431 healthy children. SNP genotype
data, in silico, were incorporated from five existing control

907Ombrello MJ, et al. Ann Rheum Dis 2017;76:906–913. doi:10.1136/annrheumdis-2016-210324

Basic and translational research

group.bmj.com on April 20, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://dx.doi.org/10.1136/annrheumdis-2016-210324
http://dx.doi.org/10.1136/annrheumdis-2016-210324
http://dx.doi.org/10.1136/annrheumdis-2016-210324
http://dx.doi.org/10.1136/annrheumdis-2016-210324
http://dx.doi.org/10.1136/annrheumdis-2016-210324
arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

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


populations, including 7579 additional subjects, producing a
total study population of 8992 individuals. After stringent QC,
770 patients with sJIA and 6947 control subjects were stratified
into nine geographically defined and ancestrally matched case–
control collections (table 1, see online supplementary text and
tables S3 and S4), as previously described.14 Because most in
silico control datasets were generated using SNP genotyping
platforms different from that used in our study, the final
number of SNPs evaluated in strata with in silico data was
reduced to the intersection of the different SNP arrays (see
online supplementary text and table S4). Imputation produced
sets of between 4 147 566 and 6 832 892 imputed SNPs that

passed postimputation QC processes (see online supplementary
text). Association results were combined by fixed-effect
meta-analysis, producing meta-analytic association data for
5 600 610 SNPs (figure 1). This analysis identified two sJIA sus-
ceptibility loci with associations exceeding the threshold for
genome-wide significance, adjusted for the two models tested
(p<2.5×10−8), and 23 loci with highly suggestive evidence of
association (p<5×10−6; table 2). With the exception of the
MHC locus none of these loci have been previously implicated
in sJIA risk or pathophysiology. The strongest sJIA risk locus
identified by this study was the MHC locus on chromosome 6
(see online supplementary figure S3). We have recently
described this association in great detail in the context of a
regional association study of the MHC locus in sJIA.14 Beyond
the MHC locus, we identified a novel sJIA susceptibility locus
on the short arm of chromosome 1 (1p36.32) whose association
also exceeded the threshold for genome-wide significance under
the additive model (figures 1 and 2). This locus includes a
cluster of 14 sJIA-associated SNPs that span 20.6 kb; the peak
SNP is rs72632736 (p=2.9×10−9; OR 2.4 (1.8, 3.3). The asso-
ciation peak is located 20 kb upstream of LOC284661, a long
intergenic non-coding RNA, and 263.5 kb upstream of the
nearest protein coding gene, AJAP1, encoding adherens
junction-associated protein 1. Examination of ENCODE
(Encyclopedia of Noncoding DNA Elements) data revealed that
the sJIA-associated SNPs overlaid a cluster of transcription
factor-binding sites (TFBS) identified by chromatin immunopre-
cipitation sequencing (ChIP-seq; figure 2) in a variety of cell
types; however, none of the top sJIA-associated SNPs were
located within the ChIP-seq TFBS.

In addition to the two loci described above, this study identi-
fied 23 novel candidate susceptibility loci (figure 1, table 2),

Table 1 Summary of SNP datasets from nine sJIA case–control
collections after quality control operations

Stratum Cases Controls
Genotyped
SNPs (filtered) Imputed

Imputed
SNPs
(filtered)

USA 243 1718 476 196 18 263 974 6 189 397

UK 202 4097 440 688 18 263 701 6 255 387

Germany 115 193 682 516 18 266 121 6 391 432

Turkey 49 94 682 598 18 270 612 6 389 103

Italy 49 59 686 397 18 269 173 6 375 260

Brazil 48 62 740 509 18 263 563 6 698 947

Argentina 33 115 659 100 18 263 401 6 129 601

Canada 17 427 396 935 18 263 146 5 812 530

Spain 14 182 156 136 18 261 199 4 147 550

Total 770 6947

sJIA, systemic juvenile idiopathic arthritis; SNP, single nucleotide polymorphism.

Figure 1 Genome-wide association results from meta-analysis of nine INCHARGE sJIA collections. The threshold of genome-wide significance
(p<2.5×10−8) is shown by the blue line, while the orange line marks the level of significance suggestive of association (p<5×10−6). The top 10
sJIA-associated loci are labelled with the name of the nearest gene(s). INCHARGE, International Childhood Arthritis Genetics Consortium; MHC,
major histocompatibility complex; sJIA, systemic juvenile idiopathic arthritis.
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two of which are shown in detail in online supplementary figure
S4. Importantly, the top 25 sJIA susceptibility loci had scant
intersection with the known susceptibility loci of other JIA sub-
types. Based on this observation, we sought to compare the
genetic architecture of sJIA with those of polygoJIA and RF
+polyJIA.

We first examined the 23 polygoJIA-associated loci reported
by Hinks et al12 in the sJIA study population and none showed
even a modest association with sJIA (see online supplementary
tables S5 and S6). To more formally compare sJIA with
polygoJIA, we calculated a polygo-wGRS in the sJIA case–
control collections based on the same 23 SNPs. The non-
parametric Wilcoxon rank-sum test found no difference in the
distribution of polygoJIA risk allele counts or polygo-wGRSs
between sJIA cases and controls (figure 3, see online
supplementary table S7 and figures S5 and S6). Consistent with
this, logistic regression analysis found no correlation between
the polygo-wGRS and sJIA in any individual stratum or in the
full study population (see online supplementary table S7).
Analysis of ROC curves in individual strata and the full popula-
tion found that the AUCs for polygo-wGRS were all close to
0.5, indicating that the polygo-wGRS was no better than
random chance at distinguishing sJIA cases from control subjects
(figure 3, see online supplementary figure S7). Finally, to
expand the scope of our comparison beyond peak SNPs from
risk loci, we performed a Q–Q plot-based enrichment analysis
to look for shared genetic risk factors between sJIA and

polygoJIA (figure 3). By comparing Q–Q plots of
polygoJIA-associated SNPs12 at several different significance
levels in our sJIA collection, we sought to evaluate pleiotropy in
a more global/genomic manner. In the presence of pleiotropy,
the slopes of the Q–Q plots of disease A associations are
expected to increase as the plotted SNP sets become more
strongly associated with disease B, as previously shown.20 In the
case of polygoJIA-associated SNPs in sJIA, the slope of the Q–Q
plots of sJIA associations did not increase when SNPs of increas-
ingly strong association with polygoJIA were plotted, indicating
that there was no enrichment of sJIA-associated variants among
polygoJIA-associated variants, and therefore that there was no
evidence of pleiotropy (figure 3).

In addition, we used an RF+poly-wGRS19 to look for shared
genetic architecture between sJIA and RF+polyJIA. As was the
case with polygoJIA, non-parametric testing revealed no signifi-
cant difference in the distribution of RF+polyJIA risk alleles
(see online supplementary figure S8) or RF+poly-wGRS (see
online supplementary figure S9) between sJIA cases and controls
in any individual population. Of note, non-parametric testing
and logistic regression analysis identified a significant difference
in RF+poly-wGRS between sJIA and controls in the full collec-
tion (see online supplementary table S8 and figure S10);
however, the wGRSs were actually lower in the sJIA cases than
in the controls (see online supplementary figure S11).
Consistent with these observations, ROC analyses found that
the RF+poly-wGRS was not predictive of sJIA (see online

Table 2 Susceptibility loci with at least suggestive evidence of association with sJIA

Top SNP Chr Position Ref/Alt Best p Value Model OR (CI) i2 Strata Samples Closest gene(s)

rs41291794 6 32425762 A/T 3.6×10−15 Additive 2.1 (1.8 to 2.6) 0.64 9 7711 HLA-DRA

rs72632736 1 4449204 A/G 2.9×10−9 Additive 2.4 (1.8 to 3.3) 0 7 7075 LOC284661, AJAP1

rs1823549 1 103147831 T/C 3.2×10−7 Additive 0.4 (0.3 to 0.6) 0 6 6816 COL11A1

rs1178121 7 18762652 C/A 3.4×10−7 Dominant 1.6 (1.3 to 1.9) 0.24 8 7513 HDAC9

rs12517545 5 73680314 G/A 5.2×10−7 Dominant 0.6 (0.5 to 0.8) 0 9 7711 ENC1, LOC101929082

rs79575701 18 45579621 C/A 6.2×10−7 Additive 3.4 (2.1 to 5.5) 0 4 4822 ZBTB7C

rs114940806 1 44558672 A/G 1.2×10−6 Additive 3.0 (1.9 to 4.7) 0.47 5 5137 KLF17

rs1279094 9 11706771 T/C 1.2×10−6 Additive 1.3 (1.2 to 1.5) 0 9 7712 LOC101929446

rs864089 3 64244118 T/C 1.4×10−6 Dominant 0.6 (0.5 to 0.8) 0 8 7516 PRICKLE2

rs481331 10 43003048 A/T 1.4×10−6 Additive 1.5 (1.3 to 1.7) 0 9 7712 ZNF37BP, ZNF33B

rs8097070 18 23086307 A/G 1.6×10−6 Additive 0.3 (0.2 to 0.5) 0 4 4993 ZNF521, SS18

rs1527934 8 117392156 C/T 1.8×10−6 Additive 1.7 (1.4 to 2.1) 0 6 6926 EIF3H, LINC00536

rs78507369 16 78305293 A/G 2.0×10−6 Additive 3.0 (1.9 to 4.6) 0 4 4857 WWOX, LSM3P5

rs12445022 16 87575332 G/A 2.4×10−6 Dominant 1.5 (1.3 to 1.7) 0.36 9 7715 LOC101928737, JPH3

rs112165031 2 112902227 G/A 2.5×10−6 Additive 2.5 (1.7 to 3.7) 0.58 5 6917 FBLN7

rs6853094 4 116576274 C/A 2.6×10−6 Additive 1.6 (1.3 to 1.9) 0.22 8 7564 RPF2P2, PGAM4P2

rs73401585 10 109690236 T/C 2.6×10−6 Additive 3.2 (2.0 to 5.2) 0 4 4824 LOC101927573, SORCS1

rs9595973 13 49286438 G/A 2.8×10−6 Dominant 2.8 (1.8 to 4.3) 0.5 4 6845 CYSLTR2

rs9633402 1 247946160 G/A 3.0×10−6 Dominant 0.4 (0.2 to 0.6) 0 9 7708 TRIM58

rs62438583 6 75326244 T/G 3.4×10−6 Dominant 0.7 (0.6 to 0.8) 0 9 7712 LOC101928516, COL12A1

rs62359376 5 52411328 G/A 3.6×10−6 Dominant 1.7 (1.4 to 2.2) 0.13 8 7516 LOC257396, MOCS2

rs1501138 4 16397067 T/C 4.0×10−6 Dominant 0.3 (0.2 to 0.5) 0.24 8 7517 LDB2, TAPT1, ZEB2P1

rs7712113 5 4985443 G/C 4.5×10−6 Dominant 3.7 (2.1 to 6.5) 0.68 4 4661 LINC01020, LOC101929176

rs1885747 14 93047455 A/G 4.6×10−6 Additive 1.4 (1.2 to 1.7) 0.38 8 7513 RIN3, LGMN

rs111580313 16 86621219 C/T 4.8×10−6 Dominant 1.7 (1.4 to 2.2) 0 7 7368 MTHFSD, FOXL1, FOXC2

Best p value, meta-analytic p value corrected for gender and ancestry under the model specified in the Model column. Model, the genetic model (either additive or dominant) that
showed the strongest association between the SNP and sJIA. I2, I2 test for heterogeneity. Strata, number of strata included in meta-analysis. Samples, number of samples included in
meta-analysis.
Alt, alternate allele; Chr, chromosome; Ref, reference allele; sJIA, systemic juvenile idiopathic arthritis; SNP, single nucleotide polymorphism;
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supplementary figures S10 and S12). Collectively, these investi-
gations failed to identify any evidence of shared genetic archi-
tecture between sJIA and polygoJIA or RF+polyJIA.

DISCUSSION
In this study, two novel susceptibility loci met genome-wide sig-
nificance criteria for association with sJIA and 23 other loci
demonstrated highly suggestive evidence of association.
Furthermore, formal comparisons of association data from sJIA
with those from polygoJIA and RF+polyJIA have demonstrated
that sJIA bears a unique genetic architecture, indicating that its
underlying pathophysiological mechanisms are significantly
divergent from other forms of JIA. This has important implica-
tions and should direct research for future targets of therapeutic
intervention for children affected with sJIA.

This is the first large-scale genomic study of sJIA, which
includes case–control collections from nine different countries.
In a sample of 982 affected children, we identified genome-wide
significant evidence of association with SNPs in the class II
MHC locus and SNPs on chromosome 1 nearest to an unchar-
acterised long non-coding RNA gene. This work also identified
many additional candidate sJIA susceptibility loci, nearly all of
them novel, and aside from the HLA locus, none of these novel
loci are associated with any other rheumatic diseases (see online
supplementary table S9). The identification of these loci is an
important step towards the elucidation of the specific pathways

and pathogenic mechanisms in sJIA, which in turn will allow
the development of therapies to more specifically target sJIA
pathophysiology in affected children. Several of the susceptibil-
ity loci that warrant further investigation include strong candi-
dates for therapeutic modulation, and many novel loci or genes
that have been poorly studied, to date. Functional investigations
are needed to identify and understand the specific mechanisms
that underlie the genetic associations.

This study also provided the first opportunity to demonstrate
that sJIA did not share heritable risk factors with the more
common oligoarticular and polyarticular forms of JIA. There
was no intersection of the top susceptibility loci of sJIA with
those of polygoJIA or RF+polyJIA. Even within the class II
MHC region, which harbours disease-associated genetic vari-
ation in each of these categories of JIA, the subtype-specific risk
factors (SNPs, HLA alleles and HLA haplotypes) are not shared
between subtypes. Using a combination of genetic risk scores
and enrichment analysis, this study reveals an absence of shared
genetic architecture between sJIA and either polygoJIA or RF
+polyJIA, despite often sharing a chronic arthritis feature with
polygo or RF+polyJIA. It could be that as a clinical feature,
arthritis is a non-specific finding that is present in many differ-
ent conditions, including infections, malignancies, autoimmune
disorders and autoinflammatory conditions. These distinct
genetic data provide hard evidence that these conditions differ
in pathophysiology, strongly supporting the clinical distinction

Figure 2 Systemic juvenile idiopathic arthritis (sJIA) susceptibility locus at chr1p36.32. A regional association plot demonstrates the association
between sJIA) and single nucleotide polymorphisms (SNPs) in this region (A). The effect of the peak SNP (rs72632736) in each study population is
demonstrated in the forest plot (B). The threshold of genome-wide significance (p<2.5×10−8) is marked by the black horizontal line in (A) and (C).
Panel C shows the superimposition of sJIA-associated SNPs (inset box, A) with transcription factor-binding sites determined by chromatin
immunoprecipitation (ChIP) sequencing from the Encyclopedia of Noncoding DNA Elements (ENCODE) project.
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between sJIA and the other JIA subtypes. Considering the
ongoing discussions about restructuring the JIA nomenclature,
these studies will help inform and guide the debate surrounding
sJIA7 and how it should be classified.

The genetic dissimilarity of sJIA and other JIA subtypes has
important therapeutic implications for children with sJIA.
Currently, the treatment of sJIA presents physicians with a clin-
ical conundrum, with no single, universally effective therapeutic
approach. Prior to the era of biological response-modifying
agents, sJIA was treated with disease-modifying antirheumatic
drugs, including methotrexate, with a rationale for use extrapo-
lated from other forms of JIA; there were no clinical trials and
only limited outcome studies describing their effectiveness in
sJIA.10 In the absence of clear therapeutic alternatives, and
despite the limited evidence of efficacy, methotrexate remains an
accepted therapeutic option in the consensus treatment proto-
col.21 Similarly, therapies targeting the cytokine tumour necrosis
factor-α are highly effective in the treatment of other forms of

JIA,22 but show only modest effect in children with sJIA.10

Today, even with the most effective treatments for sJIA directed
against the inflammatory cytokines interleukin (IL)-1 and
IL-6,10 a sizable proportion of children continue to have active
disease, with chronic arthritis persisting in nearly 40% of chil-
dren in a recent study.9 Currently, the only widely effective
treatment for sJIA remains large doses of glucorticoids.10 There
is clearly an imperative to look for root causes of sJIA to iden-
tify better targets for therapy and prevent the development of
persistent, disabling arthritis.

Although it is necessary to better understand the function of
the risk alleles identified by this study, the results may identify
genetic profiles that can be used to determine appropriate thera-
peutic interventions. To this point, two susceptibility loci are of
particular therapeutic interest in sJIA: the class II HLA locus
and HDAC9, encoding histone deacetylase 9. Given that class II
HLA molecules present peptide antigens to T-cell receptors on
CD4+ T cells, resulting in their activation, one may predict that

Figure 3 Comparison of the genetic architecture of systemic juvenile idiopathic arthritis (sJIA) with seronegative polyarticular and oligoarticular
(polygo) JIA. Kernel density plots display the distribution of polygo-wGRS in sJIA cases and controls from the full study collection (A). p Value was
calculated with the Wilcoxon rank-sum test. Receiver operator characteristic (ROC) curves with area under the curve (AUC) calculations demonstrate
the performance of polygo-wGRS at predicting sJIA status in the full collection (B). Q–Q plots show the level of association of subsets of
polygoJIA-associated single nucleotide polymorphisms in the sJIA population (C).
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therapeutic modulation of T-cell activation would be an effect-
ive strategy in the treatment of sJIA. In fact, abatacept, which
reduces T-cell activation through costimulatory inhibition, has
shown promising results in children with the chronic, persistent
arthritis of sJIA23 24—a subset of patients with sJIA who are par-
ticularly refractory to therapeutic intervention.5 Based on these
observations, it may be reasonable to use abatacept in children
with sJIA. HDAC9 confers important epigenetic effects through
deacetylation of histone proteins, while also regulating critical
innate immune processes, including Toll-like receptor signalling
and the development of regulatory T cells, via deacetylation of
non-histone targets.25–28 Despite the fact that HDAC9 was only
suggestively associated with sJIA, a pilot study of the non-
specific HDAC inhibitor, gavinostat, produced promising pre-
liminary results in children with sJIA,29 raising the possibility
that HDAC inhibition represents another plausible targeted
therapeutic strategy in sJIA.

At a time when an emphasis is being placed on the personal-
isation of medicine, it is important that we move away from
broad classifications based on non-specific clinical observations
and move towards the use of molecular and genetic data in
establishing diagnoses, as well as pathophysiology. In turn, clin-
ical practice will advance as these data are translated into tar-
geted therapeutic approaches. Perhaps it is time to separate
this condition from JIA all together to make clear that it is
fundamentally different from any other form of JIA and needs
to be considered and treated differently. Given that the
currently available treatments for this condition are still
imperfect, it remains imperative to continue to employ con-
temporary investigative approaches in sJIA, to elucidate its
pathophysiology and to identify the next generation of thera-
peutic strategies.
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EXTENDED REPORT

CCL2/CCR2, but not CCL5/CCR5, mediates monocyte
recruitment, inflammation and cartilage destruction
in osteoarthritis
Harini Raghu,1,2 Christin M Lepus,1,2 Qian Wang,1,2 Heidi H Wong,1,2

Nithya Lingampalli,1,2 Francesca Oliviero,3 Leonardo Punzi,3 Nicholas J Giori,2,4

Stuart B Goodman,5 Constance R Chu,2,4 Jeremy B Sokolove,1,2

William H Robinson1,2

ABSTRACT
Objectives While various monocyte chemokine systems
are increased in expression in osteoarthritis (OA), the
hierarchy of chemokines and chemokine receptors in
mediating monocyte/macrophage recruitment to the OA
joint remains poorly defined. Here, we investigated the
relative contributions of the CCL2/CCR2 versus CCL5/
CCR5 chemokine axes in OA pathogenesis.
Methods Ccl2-, Ccr2-, Ccl5- and Ccr5-deficient and
control mice were subjected to destabilisation of medial
meniscus surgery to induce OA. The pharmacological
utility of blocking CCL2/CCR2 signalling in mouse OA
was investigated using bindarit, a CCL2 synthesis
inhibitor, and RS-504393, a CCR2 antagonist. Levels of
monocyte chemoattractants in synovial tissues and fluids
from patients with joint injuries without OA and those
with established OA were investigated using a
combination of microarray analyses, multiplexed cytokine
assays and immunostains.
Results Mice lacking CCL2 or CCR2, but not CCL5 or
CCR5, were protected against OA with a concomitant
reduction in local monocyte/macrophage numbers in
their joints. In synovial fluids from patients with OA,
levels of CCR2 ligands (CCL2, CCL7 and CCL8) but not
CCR5 ligands (CCL3, CCL4 and CCL5) were elevated.
We found that CCR2+ cells are abundant in human OA
synovium and that CCR2+ macrophages line, invade and
are associated with the erosion of OA cartilage. Further,
blockade of CCL2/CCR2 signalling markedly attenuated
macrophage accumulation, synovitis and cartilage
damage in mouse OA.
Conclusions Our findings demonstrate that monocytes
recruited via CCL2/CCR2, rather than by CCL5/CCR5,
propagate inflammation and tissue damage in OA.
Selective targeting of the CCL2/CCR2 system represents
a promising therapeutic approach for OA.

INTRODUCTION
Osteoarthritis (OA) is the most common form of
arthritis for which there are currently no disease-
modifying therapies available.1 A growing body of
evidence suggests that chronic, low-grade inflamma-
tion involving both the innate and adaptive
immune systems is critical to the pathogenesis of
OA,2–4 yet the precise underlying cellular and
molecular mechanisms remain poorly understood.
It is well documented that monocytes/macrophages

infiltrate OA synovial tissues, and monocyte/
macrophage-derived inflammatory cytokines and
chemokines are elevated in OA synovial tissues
and fluids.5–7 Moreover, radiographic OA severity
and joint symptoms have been shown to correlate
with the number of activated macrophages in the
synovial tissue of individuals with knee OA.8

However, the principal mechanisms of monocyte
recruitment to the joint, namely differential contri-
butions of specific chemokine–chemokine receptor
axes, remain unclear.
While monocyte recruitment in the context of

acute infectious inflammation has been extensively
studied, relatively less is known about monocyte
recruitment in chronic inflammatory diseases (eg,
atherosclerosis).9 10 The CC chemokine receptors
CCR2 and CCR5 as well as their cognate ligands
(eg, CCL2, CCL7 and CCL8 for CCR2, and CCL5,
CCL3 or CCL4 for CCR5) have been shown to
modulate monocyte/macrophage recruitment in
multiple inflammatory diseases.9 Indeed, several
chemokines that mediate monocyte/macrophage
and their receptors are detected in OA synovial
tissues and synovial fluids.11 12 Additional studies
have reported that synovium from individuals with
joint injuries such as meniscal tears, a major risk
factor for OA development, have elevated chemo-
kine expression suggesting that these chemokines
might instigate inflammatory responses in such indi-
viduals.13 14 Furthermore, a recent study reported
that synovial fluid levels of CCL2 (or MCP-1) corre-
lated positively with pain and physical disability in
patients with OA.15 In line with this, it has been
shown that deficiency in CCR2, the main receptor
for CCL2, reduces OA-related pain mouse OA.16

Nevertheless, the functional involvement of CCL2
in the OA disease process and the relative contribu-
tion of the CCL2/CCR2 versus the CCL5/CCR5
chemokine systems to monocyte recruitment in OA
remains unknown. Understanding the processes,
driving monocyte recruitment could aid in the
development of novel targeted therapies to select-
ively inhibit pathological responses in OA.

METHODS
Study approval
We studied human samples under protocols
approved by the Stanford Institutional Review
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Board (IRB) and the University of Padova IRB, and with the
subjects’ informed consent.

Animals
C57BL/6J, Ccr2−/− (B6.129S4-Ccr2tm1Ifc/J), Ccl2−/− (B6.129S4-
Ccl2tm1Rol/J), Ccr5−/− (B6.129P2-Ccr5tm1Kuz/J) and Ccl5−/−

(B6.129P2-Ccl5tm1Hso/J) mice were purchased from The Jackson
Laboratory. Destabilisation of the medial meniscus (DMM) was
performed as described previously.17–19 All animal studies were
performed under protocols approved by the Stanford
Committee of Animal Research and in accordance with
National Institutes of Health guidelines.

Statistics
Data were analysed using two-tailed Student’s t-test or
Mann-Whitney U test for parametric and non-parametric data,
respectively. p<0.05 was considered statistically significant.

Detailed methods are described in online supplementary
materials.

RESULTS
CCL2 deficiency protects against mouse OA and is
associated with reduced synovial macrophages and
inflammatory mediators
Recently, it was reported that levels of CCL2, a major monocyte
chemoattractant in serum and synovial fluid obtained from indi-
viduals with OA correlated positively with pain and physical dis-
ability.15 Further, microarray analyses of genes expressed in
knees of mice with surgery-induced OA showed that Ccl2 is
upregulated as early as 6 hours and 7 days after surgery when
there is no apparent histological changes) relative to
sham-operated controls (see online supplementary figure
S1A).18 20 To evaluate whether increased Ccl2 gene expression
was sustained through the progression of OA, we analysed syn-
ovial Ccl2 expression at 12 weeks after DMM, when significant
cartilage degradation is apparent.18 19 21 We found that synovial
Ccl2 mRNA was significantly upregulated in DMM-operated

compared with sham-operated mice (see online supplementary
figure S1B). Notably, mining analyses of microarray data from
knees of STR/ort mice, which spontaneously develop progres-
sive OA similar to human OA starting at roughly 12 weeks of
age,22 also revealed significant upregulation of Ccl2 relative to
similarly aged OA-resistant CBA mice (see online supplementary
figure S1C). Together, these data suggest that CCL2 might be
involved in mechanical trauma-induced OA and in
ageing-related spontaneous OA.

To directly demonstrate a pathogenic role for CCL2 in OA, we
surgically induced OA via DMM in CCL2-deficient (Ccl2−/−)
and age-matched wild-type (WT) mice. Histological analyses of
knee joints 20 weeks after DMM revealed that Ccl2−/− mice
exhibit less severe cartilage damage (figure 1A, B), osteophyte
formation (figure 1A and online supplementary figure S2B) and
synovitis (see online supplementary figures S2A, B) compared
with WT controls. Consistent with CCL2’s function as a potent
monocyte chemoattractant, we found that macrophage numbers
were significantly reduced in knee joints of Ccl2−/− mice
compared with WT mice (figure 1C, D). Furthermore, analysis
of synovial mRNA revealed significant reductions in inflamma-
tory and degradative enzyme expression in Ccl2−/− compared
with WT mice (figure 1E), suggesting that CCL2 deficiency
downregulates local inflammatory responses in experimental
mouse OA.

Reduced mouse OA and local macrophage numbers in
CCR2-deficient mice
Because CCR2 is the main receptor for CCL2 and
CCR2-induced monocyte recruitment has been shown to
mediate pain in the DMM model,16 we tested whether
CCR2-mediated monocyte recruitment contributes to the devel-
opment of mouse OA. Whereas WT mice developed severe car-
tilage damage after DMM surgery, Ccr2−/− mice exhibited
significantly less cartilage damage (figure 2A, B), synovitis (see
online supplementary figures S3A, B) and osteophyte formation
(see online supplementary figure S3B). The role of CCR2 in

Figure 1 CCL2 deficiency protects against development of osteoarthritis in mice, and is associated with reduced synovial macrophages and
inflammatory mediators. (A) Representative safranin-o stained knee joint sections showing extensive cartilage damage (open arrows) and
osteophytes (filled arrows) and (B) quantification of cartilage damage in wild-type (WT, n=5) but not Ccl2−/− (n=7) mice 20 weeks after
destabilisation of the medial meniscus (DMM) surgery by a blinded investigator. (C, D) Representative immunostains and quantification of F4/80+
(brown) macrophages in the synovium (red arrows) in WT and Ccl2−/− mice 16 weeks after DMM surgery. Symbols represent individual mice and
bars denote the mean in (B) and (D). (E) Quantitative PCR (qPCR) analyses of proinflammatory gene expression in synovium of WT (n=3) and Ccl2
−/− (n=3) mice 10 weeks after DMM surgery. qPCR data are mean±SEM. Scale bars 200 μm. *p<0.05, **p<0.01 by the Mann-Whitney U test for
(B), (D) and by Student’s t-test for (E). The presented data are representative of two independent experiments with similar results.
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macrophage recruitment was confirmed by immunohistochem-
ical analysis: whereas the knee joints of WT mice contained
substantial numbers of macrophages after DMM, those of
Ccr2−/− mice were largely devoid of such cells (figure 2C, D).
Together, these findings demonstrate that both CCL2 and
CCR2 promote inflammation and tissue damage in OA via
mechanism(s) linked to monocyte/macrophage recruitment.

CCR5 or CCL5 deficiencies do not attenuate experimental
mouse OA development or diminish macrophage burden in
the OA knee joints
It has been well documented that while CCL2 is a potent mono-
cyte chemoattractant, other chemokine–chemokine receptor
systems such as CCL5/CCR5 are also involved in monocyte
recruitment during inflammation.9 10 To further investigate the
relative contribution of the CCR5/CCL5 chemokine axis in
mouse OA, we surgically induced OA in CCR5 or CCL5-
deficient mice and found that 20 weeks after DMM surgery, car-
tilage damage was indistinguishable between CCR5-deficient
(Ccr5−/−) and WT mice (figure 3A, B). Remarkably, we found
no differences in macrophage numbers between WT and Ccr5
−/− mice (figure 3C, D). Similar to mice deficient in CCR5, we
found that mice deficient in CCL5, a major CCR5 ligand, also
develop severe OA similar to that observed in WT controls
(figure 3E, F) and have no apparent reduction in macrophage
numbers in their knee joints (figure 3G, H). Together, our data
indicate that neither CCL5 nor CCR5 is required for the devel-
opment of OA in mice.

Increased monocyte chemoattractant proteins in human OA
synovial tissue and fluid
In human OA, levels of various chemokines and chemokine
receptors are abnormally high in the synovial fluid and synovial
tissue, but little is known about the relative contribution of
these molecules to OA pathology.11 23 Unsupervised cluster

analyses of publicly available gene expression dataset GSE32317
revealed that multiple chemokines involved in monocyte recruit-
ment or macrophage accumulation are overexpressed in synovial
membranes derived from individuals with early or end-stage OA
as compared with membranes from ‘healthy’ joints (figure 4A).
To validate this, we performed analyses of another independent
dataset (GSE46750) and demonstrated that the same putative
pathogenic monocyte chemokine encoding genes (eg, CCL2,
CCL5, CCL19 and CXCL8) were also statistically upregulated in
inflamed OA synovium as compared with non-inflamed OA
synovium (see online supplementary table S1).

Chemokines that signal via the CCR2 receptor are elevated
in the synovial fluids of individuals with OA
Next, we analysed protein levels of various chemokines in syn-
ovial fluids of those with established OA, with rheumatoid arth-
ritis (RA) or obtained from individuals with post-traumatic joint
injuries that are at increased risk for developing OA24 (labelled
‘PT non-OA’). Consistent with the concept that OA is associated
with low-grade inflammation,25 26 we found that chemokine
levels were elevated in OA synovial fluids compared with PT
non-OA samples but generally lower than the levels in RA syn-
ovial fluids (figure 4B, C and online supplementary figures S7A,
B). Importantly, the levels of multiple CCR2 ligands such as
CCL2 (figure 4B), CCL7 (see online supplementary figure S4B)
and CCL8 (see online supplementary figure S4C) were signifi-
cantly elevated in OA synovial fluids. By contrast, OA levels of
the major CCR5 ligands CCL5 (figure 4C) and CCL3 (see
online supplementary figure S4D) were either undetectable or
very low in these very same synovial fluids.

CCL2 but not CCL5 is secreted by human OA synovial
fibroblasts on stimulation with cartilage debris
CCL2 is predominantly produced by immune cells in humans
and mice. In the context of OA, previous studies demonstrated

Figure 2 CCR2 deficiency attenuates osteoarthritis in mice. (A) Representative safranin-o stained knee joint sections showing severe cartilage
damage (open arrows) and osteophytes (filled arrows) and (B) quantification of cartilage damage in wild-type (WT, n=4) but not Ccr2−/− (n=5)
mice 20 weeks after destabilisation of the medial meniscus surgery by a blinded investigator. (C) Representative immunohistochemistry and (D)
quantification of F4/80+ (brown) macrophages lining the synovium (red arrows) in WT and Ccr2−/− mice. Symbols denote individual mice, and bars
denote the mean of indicated groups in (B) and (D). Scale bars denote 200 μm. *p<0.05 by the Mann-Whitney U test for (B) and by Student’s t-test
for (D). The presented data are representative of two independent experiments with similar results.
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that chondrocytes upregulate CCL2 expression following inflam-
matory stimuli.17 27 28 Consistent with this, we found that chon-
drocytes within OA cartilage tissues abundantly express CCL2
(see online supplementary figure S4E). We next tested whether
synovial fibroblasts might also produce CCL2 in response to
tissue injury by stimulating OA synovial fibroblasts with OA
cartilage-derived debris, or the alarmin S100A8. First, we
observed that unstimulated OA synovial fibroblasts abundantly
secreted CCL2 (figure 4D), but not CCL5 (figure 4E). Next, we
found that while synovial fibroblasts stimulated with cartilage
debris or S100A8 secreted CCL2 (figure 4D), only stimulation
with S100A8 induced robust CCL5 secretion (figure 4E). Finally,
we found that CCL2 production by both unperturbed and stimu-
lated fibroblasts could be effectively limited using bindarit, a spe-
cific CCL2 synthesis inhibitor (figure 4D). Consistent with
previous reports showing that bindarit is highly specific to the
monocyte chemoattractant protein (MCP) subfamily which
includes CCL2,29 bindarit did not mitigate CCL5 secretion from
synovial fibroblasts stimulated with S100A8 (figure 4E).

CCR2+ macrophages are abundant in OA synovium and in
close physical association with articular cartilage tissues
To further analyse whether CCL2 signalling is upregulated in OA
synovial tissue, we performed analyses of the GSE32317 dataset
and found that gene expression of CCR2 was also upregulated
in OA synovium relative to healthy synovium (figure 5A).
Supporting this observation, immunofluorescent analysis showed

that the number of CCR2-expressing cells (CCR2+) was also sig-
nificantly higher in OA as compared with PT non-OA samples
(figure 5B, C), suggesting an important role for CCR2-expressing
cells in human OA pathogenesis. It is well described that
CCR2-expressing inflammatory monocytes recruited to tissues dif-
ferentiate into proinflammatory macrophages and drive local
inflammation and tissue damage.30–32 Thus, we hypothesised that
CCR2+ macrophages could be directly involved in OA tissue
damage. In agreement with this, we found many CCR2-expressing
cells in close proximity to the surface of articular cartilage (figure
5D, green). Further, we found that these CCR2+ cells are haem-
atopoietic in origin as they also expressed CD45 (data not shown)
and are indeed macrophages as evidenced by CD68 staining
(figure 5D, red). Importantly, as seen in online supplementary
figure S5, this inflammatory layer of cells was found adjacent to
articular cartilage surfaces. However, further analyses needed to
define their precise role in cartilage degradation.

Pharmacological intervention at the level of CCL2 synthesis
or its binding to CCR2 attenuates mouse OA development
and severity
Based on our findings that genetic deficiency of CCL2 attenu-
ates local inflammation and tissue damage in experimental OA
and that the CCL2/CCR2 axis is upregulated in human OA, we
evaluated the utility of blocking CCL2 synthesis in mouse OA
using bindarit, a molecule previously shown to inhibit CCL2
induction in vivo.33 34 While vehicle-treated mice developed

Figure 3 CCR5 or CCL5 deficiency
does not modulate the severity of
experimental osteoarthritis following
destabilisation of the medial meniscus
(DMM). (A) Representative safranin-o
stained knee joint sections showing
severe cartilage damage (open arrows)
and osteophytes (filled arrows) in both
wild-type (WT) and Ccr5−/− mice
20 weeks after DMM surgery. (B)
Quantification of cartilage damage in
WT (n=8) and Ccr5−/− (n=8) mice by
a blinded investigator. (C)
Representative immunohistochemistry
showing F4/80+ (brown) macrophages
lining the synovium (red arrows) in WT
and Ccr5−/− mice. (D) Quantification
of F4/80+ macrophages in WT and
Ccr5−/− mice. (E) Representative
safranin-o stained knee joint sections
showing marked cartilage damage
(open arrows) and osteophytes (filled
arrows) in WT and Ccl5−/− mice
20 weeks after DMM surgery. (F)
Quantification of cartilage damage in
WT (n=7) and Ccl5−/− (n=8) mice by
a blinded investigator. (G)
Representative immunohistochemistry
showing F4/80+ (brown) macrophages
lining the synovium (red arrows) in WT
and Ccl5−/− mice. (H) Quantification
of F4/80+ macrophages in WT and
Ccl5−/− mice. Symbols denote
individual mice, and bars denote the
mean. Scale bars denote 200 μm.
*p<0.05 by the Mann-Whitney U test
in (B) and (F) and Student’s t-test in
(D) and (H).
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severe OA, mice treated with bindarit for 12 weeks exhibit
markedly diminished cartilage damage (figure 6A, B), synovitis
and osteophyte formation (see online supplementary figure S6A,
B). In addition, bindarit treatment significantly reduced macro-
phage accumulation in mouse knee joints (figure 6C, D).

To further confirm a pathogenic role for CCL2/CCR2 signal-
ling in the pathogenesis of mouse OA, we tested whether
RS-504393, a CCR2 antagonist that potently inhibits CCL2
binding to CCR2 but not to other CCL2 receptors,35 could
attenuate OA disease progression and/or severity. We found that
RS-504393 significantly diminished cartilage damage (figure
6E, F), synovitis and osteophyte formation (see online
supplementary figures S7A,B). Indeed, the number of F4/80-posi-
tive macrophages was significantly lower in RS-504393-treated
mice as compared with vehicle-treated mice (figure 6G, H).
Thus, pharmacological blockade of the CCL2/CCR2 chemokine
system effectively diminishes mouse OA in part by reducing syn-
ovial macrophage accumulation.

DISCUSSION
The objective of this study was to examine the differential
involvement of chemokine–chemokine receptor systems in
monocyte recruitment in OA using experimental mouse model
systems and human OA tissues. Here, we report that the CCL2/
CCR2 signalling axis preferentially mediates monocyte traffick-
ing and promotes inflammation and tissue damage in OA.
Importantly, we show that as in mouse OA, in human OA
CCR2 ligands such as CCL2 and CCL8, but not CCR5 ligands
such as CCL5, are preferentially elevated. Finally, we demon-
strate for the first time that pharmacological inhibition of CCL2
synthesis or its binding to CCR2 protects against development
of mouse OA in part by attenuating macrophage accumulation
in the synovial joints.

In several mouse models of chronic inflammation (eg, chronic
kidney disease, RA, asthma, etc), deficiencies in CCL2 or CCR2
protect against inflammation and tissue damage.36 Previous
reports also suggest that specific chemokine–chemokine receptor

Figure 4 Enhanced monocyte
chemoattractant mRNA expression in
human osteoarthritis (OA) synovial
tissue and increased CCL2, but not
CCL5, levels in human OA synovial
fluids and synovial fibroblasts. (A)
Unsupervised cluster analyses of gene
expression of various chemokines
involved in monocyte chemoattraction
in microarray datasets from synovial
membranes of individuals with prior
traumatic joint injury but no
radiographic OA (healthy) and from
individuals with early-stage or
end-stage OA (downloaded from gene
expression omnibus (GEO), accession
code GSE32317). Scale represents Z
scores. Bold font indicates significant
difference between ‘healthy’ and
‘osteoarthritis’ groups by significance
analysis of microarrays (SAM) analyses
with q-value (false discovery rate)
cut-off set at 0.05. Quantification of
(B) CCL2 and (C) CCL5 in synovial
fluids of individuals with posttraumatic
joint injuries (PT non-OA, n=37), OA
(n=35) or rheumatoid arthritis (n=26).
Analyses of (D) CCL2 and (E) CCL5
levels in supernatants of human
OA-derived primary synovial fibroblasts
stimulated with 20 mg/mL OA cartilage
debris (Cart Deb), 1 μg/mL S100A8
(positive control) or media alone in
the presence or absence of 300 μM
bindarit for 24 hours. In vitro
stimulation assays were performed in
triplicate and are representative of
data obtained from four independent
synovial fibroblast cultures derived
from four different individuals with OA
undergoing total knee arthroplasty.
*p<0.05, **p<0.01, ****p<0.0001
Student’s t-test, NS, not significant.
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systems may differentially contribute to monocyte recruitment
in a time and context-dependent manner. For instance, in a
model of high fat diet-induced atherosclerosis, CCR1 and
CCR5 but not CCR2 or CX3CR1 were found to be crucial for
monocyte recruitment.31 In a setting of DSS-induced colitis in
mice, both CCR2 and CCR5 were found to be important for
driving inflammatory responses.37 Here, we report that in OA
there exists an apparent hierarchy in chemokine-driven mechan-
isms in that CCL2/CCR2-driven but not CCL5/CCR5-driven
monocyte recruitment promotes mouse and human OA patho-
genesis. CCR2 has additional ligands in humans and mice (eg,
CCL7, CCL8, CCL13 and CCL14), but studies in mice lacking
different combinations of these ligands suggest that CCL2 and
CCL7 are critically involved in monocyte mobilisation from the

bone marrow.38 Nevertheless, it remains to be experimentally
determined whether these additional CCR2 ligands, as well as
other CCL2 receptors such as CCR1 and CCR4, modulate the
pathogenesis of OA. Further, while monocyte/macrophage accu-
mulation within the inflamed synovial joints is thought to be
fundamentally critical for OA pathogenesis, other tightly con-
trolled processes such as survival, activation and polarisation
could also be crucial in modulating OA pathogenesis.

The chemokine CCL5 and its receptor CCR5 also possess
strong monocyte chemoattractive properties. Here, we show
that neither CCR5 nor CCL5 deficiency confers protection
against the development or severity of OA in mice. This finding
is in direct contrast to prior findings by Takebe et al39 showing
reduced cartilage damage in Ccr5−/− mice. These discrepancies

Figure 5 Increased mRNA expression of chemokine receptors and increased CCR2+ macrophages in synovium and cartilage tissues obtained from
humans with osteoarthritis (OA). (A) Unsupervised cluster analyses of gene expression of various chemokine receptors involved in monocyte
chemoattraction in microarray datasets from synovial membranes of individuals with prior traumatic joint injury but no radiographic OA (healthy)
and from individuals with early-stage or end-stage OA (downloaded from GEO, accession code GSE32317). Scale represents Z scores. Bold font
indicates significant difference between ‘healthy’ and ‘osteoarthritis’ groups by SAM analyses with q-value (false discovery rate) cut-off set at 0.05.
(B) Representative immunofluorescent staining of CCR2 (red arrows) in sections of PT non-OA or OA synovial tissues. (C) Quantification of CCR2+
cells in synovial tissue as a percentage of total DAPI-stained synoviocytes per random low power field (LPF). Ten LPFs were quantitated per synovial
tissue section (n=5 individual samples per group). Error bars indicate maximum and minimum values, and line denotes their mean. (D)
Representative immunostaining of CD68 (red) and CCR2 (green) adjacent to the lesional articular cartilage samples from patients with OA (n=6)
showing CD68+CCR2+ double-positive macrophages (yellow arrows) invading the cartilage tissue. Dotted white lines demarcate the cartilage tissue
lined by invading macrophages. Scale bar denotes 200 μm. **p<0.01 Student’s t-test.
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can potentially be attributed to differences in experimental
design, including (1) age at OA induction (20-week-old mice
used in our studies vs 10-week-old mice in studies by Takebe
et al,39 as older mice develop more severe OA),40 41 (2) dur-
ation of OA development (DMM-associated pathologies were
assessed 20 weeks after surgery, whereas Takebe et al39 charac-
terised changes at 8 and 12 weeks after DMM) and (3) possible
sex-related differences in disease severity (male mice, used in
our study, suffer more OA pathology compared with female
mice.41 42 It is unclear which sex was used by Takebe et al).39

Identifying the source of inflammatory chemokines such as
CCL2 is fundamentally important to understanding disease
biology and developing therapeutic interventions. However, the
cell types responsible for CCL2 secretion in OA remain unclear.
While it is known that CCL2 is predominantly made by
immune cells in humans and mice, other non-immune cell types
have also been shown to express CCL2. For instance, previous
studies have demonstrated that cultured murine and human
chondrocytes upregulate CCL2 expression following inflamma-
tory stimuli.27 28 Furthermore, it is well known that ageing, a
major risk factor for OA development, is associated with sys-
temic low-grade inflammation including elevated local and cir-
culating cytokines.43 In this regard, senescent cells such as
ageing articular chondrocytes release cytokines including CCL2
that could contribute to inflammatory mechanisms that promote
OA as shown in the studies presented here.44 Here, we report
that CCL2 is abundantly secreted by human OA synovial fibro-
blasts on stimulation with cartilage debris. Based on our

observations, we propose a model where joint-resident cells
such as chondrocytes and/or synovial fibroblasts are the initial
source of CCL2 following injury, thereby recruiting
CCR2-expressing inflammatory monocytes that propagate OA
pathogenesis via production of inflammatory cytokines and
tissue degradative enzymes.

We show that CCL2 secretion can be abrogated using bin-
darit, a synthetic molecule previously shown to potently and
selectively inhibit expression of the monocyte chemoattractants
CCL2, CCL8 and CCL7 as well as attenuate inflammation in
various mouse models of inflammatory disease including
experimental autoimmune encephalomyelitis (EAE) and 2,4,6-
trinitrobenzenesulfonic acid (TNBS)-induced colitis.29 34

We provide proof of concept that pharmacological suppression
of CCL2 expression using bindarit is effective in reducing
inflammation, cartilage damage and monocyte/macrophage
accumulation in mouse OA. We further demonstrate that
pharmacological blockage of CCR2 signalling using RS-504393,
a CCR2 antagonist that has been shown to specifically inhibit
CCL2/CCR2 interactions,35 significantly attenuates OA disease
progression and/or severity in mice through a mechanism linked
to synovial macrophage accumulation. Notably, RS-504393 has
been previously demonstrated to reduce pain in this mouse
model in part by inhibiting macrophage recruitment to the
dorsal root ganglion. Given the critical role of the CCL2/CCR2
system in recruiting inflammatory monocytes, long-term sys-
temic blockade of CCL2/CCR2 could potentially increase sus-
ceptibility to infections, impair wound healing and tissue repair.

Figure 6 Pharmacological blockage
of CCL2 synthesis or binding to CCR2
protects against osteoarthritis
development in mice. (A)
Representative safranin-o stained knee
joint sections and (B) quantification of
cartilage damage from mice receiving
vehicle (n=10) or 50 mg/kg/day
bindarit (n=8) by oral gavage for
12 weeks after destabilisation of the
medial meniscus (DMM) surgery. Open
and filled arrows indicate cartilage
damage and osteophytes, respectively.
(C) Representative immunostains and
(D) quantification of F4/80+ (brown)
macrophages in the synovium (red
arrows) of vehicle-treated but not
bindarit-treated mice. (E)
Representative safranin-o stained knee
joint sections and (F) quantification of
cartilage damage from mice receiving
vehicle (n=12) or 4 mg/kg/day
RS-504393 (n=7) by oral gavage for
12 weeks after DMM surgery. Open
and filled arrows indicate cartilage
damage and osteophytes, respectively.
(G) Representative immunostains and
(H) quantification of F4/80+ (brown)
macrophages in the synovium (red
arrows) of vehicle-treated but not
RS-504393-treated mice. Symbols
denote individual mice and bars
denote the mean of indicated groups
in (B) and (F). Scale bars denote
200 μm. *p<0.05 by the
Mann-Whitney U test for (B) and (F)
and by Student’s t-test for (D) and (H).
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Thus, local inhibition of CCL2 or CCR2 might be a more
effective and safe strategy for the treatment of OA.

Indeed, the prominent role of the CCL2/CCR2 chemokine
system in inflammation has rendered it an attractive target for
therapeutic intervention in multiple diseases including RA.
However, pharmacological inhibition of CCL2 binding to CCR2
has failed in clinical trials to date, most conspicuously in RA.45–47

The reasons for failure are likely multifold, have been reviewed
elsewhere and can be in part attributed to off-target effects on
CCR5.48 49 It is noteworthy that OA immunopathogenesis is dis-
tinct from that of RA, including the use of distinct chemokine–
chemokine receptor systems for the recruitment of monocytes/
macrophages to the ‘low-grade’ inflamed OA joint. Based on our
results, we propose that selective targeting of the CCL2/CCR2
system, either alone or in combination with other therapies, has
the potential to provide therapeutic benefit in OA.
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EXTENDED REPORT

Endothelial-to-mesenchymal transition contributes
to endothelial dysfunction and dermal fibrosis
in systemic sclerosis
Mirko Manetti,1 Eloisa Romano,2 Irene Rosa,1,2 Serena Guiducci,2

Silvia Bellando-Randone,2 Amato De Paulis,3 Lidia Ibba-Manneschi,1

Marco Matucci-Cerinic2

ABSTRACT
Objective Systemic sclerosis (SSc) features multiorgan
fibrosis orchestrated predominantly by activated
myofibroblasts. Endothelial-to-mesenchymal transition
(EndoMT) is a transdifferentiation by which endothelial
cells (ECs) lose their specific morphology/markers and
acquire myofibroblast-like features. Here, we determined
the possible contribution of EndoMT to the pathogenesis
of dermal fibrosis in SSc and two mouse models.
Methods Skin sections were immunostained for
endothelial CD31 or vascular endothelial (VE)-cadherin
in combination with α-smooth muscle actin (α-SMA)
myofibroblast marker. Dermal microvascular ECs
(dMVECs) were prepared from SSc and healthy skin
(SSc-dMVECs and H-dMVECs). H-dMVECs were treated
with transforming growth factor-β1 (TGFβ1) or SSc and
healthy sera. Endothelial/mesenchymal markers were
assessed by real-time PCR, immunoblotting and
immunofluorescence. Cell contractile phenotype was
assayed by collagen gel contraction.
Results Cells in intermediate stages of EndoMT were
identified in dermal vessels of either patients with SSc or
bleomycin-induced and urokinase-type plasminogen
activator receptor (uPAR)-deficient mouse models. At
variance with H-dMVECs, SSc-dMVECs exhibited a
spindle-shaped appearance, co-expression of lower levels
of CD31 and VE-cadherin with myofibroblast markers
(α-SMA+ stress fibres, S100A4 and type I collagen),
constitutive nuclear localisation of the EndoMT driver
Snail1 and an ability to effectively contract collagen gels.
Treatment of H-dMVECs either with SSc sera or TGFβ1
resulted in the acquisition of a myofibroblast-like
morphology and contractile phenotype and
downregulation of endothelial markers in parallel with
the induction of mesenchymal markers. Matrix
metalloproteinase-12-dependent uPAR cleavage was
implicated in the induction of EndoMT by SSc sera.
Conclusions In SSc, EndoMT may be a crucial event
linking endothelial dysfunction and development of
dermal fibrosis.

INTRODUCTION
Systemic sclerosis (SSc) is a complex connective
tissue disease of unknown aetiology characterised
by widespread peripheral microvascular injury
evolving into progressive fibrosis of skin and mul-
tiple internal organs.1–3 In SSc, fibrosis results from
an unrestrained tissue repair process orchestrated

predominantly by activated myofibroblasts that are
a population of mesenchymal cells displaying
unique biological functions. These include an
increased synthesis of fibrillar type I and III col-
lagens, a reduction in the expression of genes
encoding extracellular matrix (ECM)-degrading
enzymes and α-smooth muscle actin (α-SMA)
expression and incorporation into stress fibres,
which provides an increased contractile force that is
crucial for their tissue remodelling properties.4–6

Indeed, myofibroblast contraction contributes to a
large extent to a progressive increase in connective
tissue stiffness, a recently recognised potent profi-
brotic stimulus.7–10

Given the crucial role of myofibroblasts in the
pathogenesis of organ fibrosis in a variety of disor-
ders, considerable attention has been paid to the
identification of their putative cellular origins.
Hence, extensive investigations have revealed that
profibrotic myofibroblasts may arise from different
sources including expansion and activation of resi-
dent tissue fibroblasts and perivascular pericytes,
recruitment of bone marrow-derived circulating
precursors, transformation of white adipocytes
and transdifferentiation of epithelial cells into mes-
enchymal cells.4 11–13 More recently, it has been
reported with increasing frequency that vascular
endothelial cells (ECs) may also exhibit substantial
plasticity by undergoing endothelial-to-mesenchy-
mal transition (EndoMT), a transdifferentiation by
which ECs disaggregate, lose polarity and acquire
ECM-producing myofibroblast features.14–16

EndoMT is a phenotypical conversion in which
ECs downregulate the expression of their specific
markers, such as CD31/platelet-EC adhesion
molecule-1, von Willebrand factor (vWF) and vas-
cular endothelial (VE)-cadherin, and acquire mes-
enchymal cell products including α-SMA, S100A4/
fibroblast-specific protein-1 (FSP1) and type I
collagen, together with stabilisation and nuclear
translocation of the transcriptional regulator
Snail1, a crucial trigger of mesenchymal transi-
tion.14–16

To date, EndoMT has emerged as a player in
the pathogenesis of tissue fibrosis and fibroproli-
ferative vasculopathy in various diseases, including
diabetic nephropathy, cardiac fibrosis, inflamma-
tory bowel disease-related intestinal fibrosis, portal
hypertension and primary pulmonary arterial
hypertension (PAH).14 16–21 Of note, extensive

924 Manetti M, et al. Ann Rheum Dis 2017;76:924–934. doi:10.1136/annrheumdis-2016-210229

Basic and translational research

To cite: Manetti M,  
Romano E, Rosa I, et al.  
Ann Rheum Dis 
2017;76:924–934.

Handling editor Tore K Kvien

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
annrheumdis- 2016- 210229).

1Department of Experimental 
and Clinical Medicine, Section 
of Anatomy and Histology, 
University of Florence, Florence, 
Italy
2Department of Experimental 
and Clinical Medicine, 
Section of Internal Medicine, 
Rheumatology Unit, Azienda 
Ospedaliero-Universitaria 
Careggi (AOUC), University of 
Florence, Florence, Italy
3Department of Translational 
Medical Sciences and Center for 
Basic and Clinical Immunology 
Research, University of Naples 
Federico II, Naples, Italy

Correspondence to
Dr Mirko Manetti, Department 
of Experimental and Clinical 
Medicine, Section of Anatomy 
and Histology, University of 
Florence, Largo Brambilla 
3, Florence 50134, Italy;  
mirkomanetti@ yahoo. it,  mirko. 
manetti@ unifi. it

Received 18 July 2016
Revised 15 November 2016
Accepted 17 December 2016
Published Online First 
6 January 2017

group.bmj.com on April 20, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2016-210229&domain=pdf&date_stamp=2017-03-20
http://ard.bmj.com/
https://www.eular.org/
http://ard.bmj.com/
http://group.bmj.com


research studies have shown that multiple pathways implicated
in SSc pathogenesis, such as transforming growth factor-β
(TGFβ), endothelin-1 (ET-1), notch, sonic hedgehog and Wnt
pathways, as well as other putative pathways such as oxidative
stress and hypoxia, may participate in the molecular mechan-
isms of the EndoMT process.16 For instance, EndoMT can be
fully induced by TGFβ in cultured ECs from different
tissues.20 22–24

Although recent studies support the notion that EndoMT
may participate in the development of SSc-associated interstitial
lung disease (ILD) and PAH,25 26 the occurrence of such a
phenotypical change from ECs to activated myofibroblasts has
never been demonstrated in the affected skin of patients with
SSc. Therefore, in the present study we combined ex vivo, in
vitro and in vivo approaches to investigate the possible contribu-
tion of EndoMT to the pathogenesis of dermal fibrosis in SSc
and two mouse models of the disease.

MATERIALS AND METHODS
An extended methods section is provided in the online
supplementary material.

Cell culture and reagents
Primary cultures of dermal microvascular ECs (dMVECs) were
established by explantation from biopsies of the lesional
forearm skin from six patients with early diffuse cutaneous SSc
(dcSSc; disease duration <2 years from first non-Raynaud
symptom)27 and from six healthy adult subjects under protocols
approved by the local institutional review board at the Azienda
Ospedaliero-Universitaria Careggi (AOUC), Florence, Italy. Skin
biopsies were processed as previously described.28 29 Patient
characteristics are summarised in online supplementary table S1.
Adherent cells were detached and subjected to CD31 immuno-
magnetic isolation by incubation with anti-CD31 conjugated-
microbeads.28 29 Isolated cells were further identified as ECs by
labelling with anti-factor VIII-related antigen (vWF) and
anti-CD105, followed by reprobing with anti-CD31 antibodies
(see online supplementary figure S1). dMVECs from healthy
subjects (H-dMVECs) and patients with SSc (SSc-dMVECs)
were maintained as detailed in the online supplementary
material. In selected experiments, H-dMVECs were treated with
recombinant human TGFβ1 (10 ng/mL; PeproTech, Rocky Hill,
New Jersey, USA) or 10% serum from patients with early dcSSc
(n=6) and healthy subjects (n=6) for 24, 48 and 72 hours. In
some experimental points, sera were preincubated with the
matrix metalloproteinase-12 (MMP-12) specific inhibitor
MMP408 (10 nM; Sigma-Aldrich, St. Louis, Missouri, USA)
before cell stimulation.

Fluorescence immunocytochemistry
At the end of the experiments, cells were fixed with 3.7% buf-
fered paraformaldehyde and immunofluorescence with anti-
bodies against CD31, VE-cadherin, α-SMA, S100A4/FSP1, type
I collagen and Snail1 (all from Abcam, Cambridge, UK) was per-
formed as detailed in the online supplementary material. In
some specimens, Alexa 488-labelled phalloidin (Invitrogen,
Carlsbad, California, USA) was applied to the cells to visualise
the arrangement of the F-actin cytoskeleton. For primary and
secondary antibodies, refer to the online supplementary
material.

RNA isolation and quantitative real-time PCR
At the end of the experiments, cultures were harvested and total
RNA was isolated using the RNeasy Micro Kit (Qiagen, Milan,

Italy). First-strand cDNA synthesis and mRNA quantification by
SYBR Green real-time PCR were performed as reported else-
where.29 For predesigned oligonucleotide primer pairs, refer to
the online supplementary material.

Immunoblotting
Whole-cell protein lysates from dMVECs were subjected to
immunoblot analysis as described elsewhere.29 For details on
primary antibodies against CD31, VE-cadherin, α-SMA,
S100A4/FSP1, type I collagen, Snail1, Friend leukaemia
integration-1 (Fli1), urokinase-type plasminogen activator recep-
tor (uPAR) domain 1 (D1) and domain 2 and α-tubulin, refer to
the online supplementary material.

Collagen gel contraction assay
Collagen gel contraction assays were performed as described in
the online supplementary material.

ELISA
Levels of MMP-12 in serum samples were measured by quan-
titative ELISA as described in the online supplementary
material.

Fluorescence immunohistochemistry on human
and mouse skin
Paraffin-embedded sections of lesional forearm skin biopsies
were obtained from 12 patients with SSc (n=4 with limited
cutaneous SSc and n=8 with dcSSc) and 10 age-matched and
gender-matched healthy donors, as described elsewhere.28–30

Skin sections from two mouse models of dermal fibrosis were
also used. First, 6-week-old male C57BL/6 mice (Charles River
Laboratories, Calco, Lecco, Italy) received subcutaneous injec-
tions of 100 μL of bleomycin dissolved in 0.9% NaCl (saline
solution) at a concentration of 0.5 mg/mL every other day for
4 weeks in well-defined areas of the upper back. Subcutaneous
injections of 0.9% NaCl served as controls.31 The second model
consisted of 12-week-old male uPAR-deficient mice and wild-
type littermates as described elsewhere.32 33 All animal proto-
cols were performed in accordance with DL 116/92 and
approved by the Institutional Animal Care and Use Committee
of the University of Florence. Each experimental group con-
sisted of at least six mice. Double-label immunofluorescence
using antibodies against α-SMA and CD31 or VE-cadherin was
carried out as detailed in the online supplementary material.
The percentage of dermal vessels displaying CD31/α-SMA and
VE-cadherin/α-SMA co-localisation was determined in five ran-
domly selected high-power fields of the dermis from each of
three sections per sample.

Transmission electron microscopy
Ultrathin skin sections from five patients with dcSSc and five
healthy controls were processed and examined according to pre-
viously published protocols34 as detailed in the online
supplementary material.

Statistical analysis
Statistical analyses were performed using the Statistical Package
for Social Sciences software for Windows, V.20.0 (SPSS,
Chicago, Illinois, USA). Data are expressed as means and SEM.
The Student’s t-test was used for statistical evaluation of the dif-
ferences between two independent groups. A p value of <0.05
according to a two-tailed distribution was considered statistically
significant.
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RESULTS
EndoMT in dermal vessels of patients with SSc and
experimental models of SSc
In order to determine ex vivo the presence of transitional
EndoMT cells, skin sections from patients with SSc and healthy
donors were subjected to double immunofluorescence staining
for the EC markers CD31 or VE-cadherin and the myofibroblast
marker α-SMA. In the healthy dermal microvasculature, α-SMA
expression was mostly restricted to pericytes and vascular
smooth muscle cells surrounding the endothelial layer (figure
1A). On the contrary, we observed co-localised CD31/α-SMA
and VE-cadherin/α-SMA in the endothelium of numerous
dermal capillary vessels and arterioles from patients with SSc,
suggestive for cells in intermediate stages of EndoMT (figure
1A). Indeed, the percentage of vessels displaying CD31/α-SMA
and VE-cadherin/α-SMA co-localisation was significantly
increased in skin biopsies from patients with SSc compared with
healthy skin (p<0.001 for both) (figure 1B). No difference in
the frequency of transitional EndoMT cells was observed
between SSc cutaneous subsets (data not shown). Furthermore,
transmission electron microscopy analysis revealed that the pres-
ence of vWF-storing Weibel-Palade bodies was clearly reduced
in SSc dermal endothelium (figure 1C).

Next we investigated in vivo the presence of transitional
EndoMT cells in the skin of two mouse models of SSc, namely
mice with bleomycin-induced dermal fibrosis and uPAR-deficient
mice.31–33 The frequency of transitional EndoMT cells in
murine skin was assessed by co-localisation of either CD31 or
VE-cadherin and α-SMA. As displayed in figure 2, using both
marker combinations we observed transitional EndoMT cells to
be present at very low levels in saline-treated control mice, with
significantly higher levels in the bleomycin treatment group
(p<0.001 for both). Similarly, a significantly higher percentage
of vessels with CD31/α-SMA and VE-cadherin/α-SMA double-
positive cells was detected in the dermis of uPAR-deficient
mice compared with wild-type littermates (p<0.001 for both)
(figure 2A, B).

Cultured SSc-dMVECs co-express endothelial and
mesenchymal cell markers and exhibit a myofibroblast-like
functional phenotype
The expression of endothelial and mesenchymal cell markers in
dMVECs isolated from forearm skin biopsies was investigated
by immunofluorescence and immunoblotting. In agreement with
previous reports,28 35 H-dMVECs exhibited a typical endothe-
lial morphology with a polygonal shape, whereas the majority
of SSc-dMVECs had an elongated shape often characterised by
branches (figure 3A). Both H-dMVECs and SSc-dMVECs were
immunopositive for the pan-EC marker CD31 (figure 3A).
However, the expression of CD31 and VE-cadherin was mark-
edly decreased in SSc-dMVECs compared with H-dMVECs
(figure 3A). SSc-dMVECs also expressed α-SMA, which often
was incorporated into stress fibres, as well as S100A4/FSP1 and
type I collagen (figure 3A). On the contrary, as expected, in
H-dMVECs there was no evidence of α-SMA and type I colla-
gen expression, and S100A4/FSP1 was almost undetectable
(figure 3A). Double immunofluorescence staining clearly
revealed the unique presence of numerous CD31+ cells display-
ing α-SMA+ stress fibres in SSc-dMVEC cultures compared
with H-dMVECs (p<0.001) (figure 3B). Phalloidin staining
further revealed that while H-dMVECs showed a weak and dis-
organised expression of F-actin fibres, SSc-dMVECs exhibited a
marked increase in stress fibres mainly organised longitudinally
(figure 3A). Furthermore, we investigated the expression of

Snail1, a zinc-finger transcription factor that induces numerous
transcriptional events leading to the acquisition of a mesenchy-
mal cell-specific phenotype such as stimulation of α-SMA
expression.16 24 As displayed in figure 3A, strong expression and
nuclear localisation of Snail1 were constitutively detected in
SSc-dMVECs, while Snail1 expression was negligible in
H-dMVECs. Immunoblot analyses confirmed either a signifi-
cantly lower protein expression of CD31 and VE-cadherin or a
significantly higher expression of α-SMA, S100A4/FSP1, type I
collagen and Snail1 in SSc-dMVECs compared with
H-dMVECs (p<0.001 for all comparisons) (figure 3C).
According to the immunofluorescence data, both α-SMA and
type I collagen were undetectable in protein lysates from
H-dMVECs (figure 3C). Moreover, SSc-dMVECs exhibited a
significant reduction in protein expression of Fli1 (p<0.001 vs
H-dMVECs) (figure 3C), a transcription factor that plays a
pivotal role in the maintenance of EC homeostasis and whose
deficiency may be implicated in EndoMT.36–38 The occurrence
of EndoMT was confirmed functionally by the evidence that
SSc-dMVECs were able to effectively contract collagen gels
(figure 3D).

Treatment with SSc sera induces a myofibroblast-like
phenotype in H-dMVECs
Previous studies have demonstrated that treatment with sera
from patients with SSc impairs the angiogenic performance of
H-dMVECs in vitro.29 39 40 Nevertheless, whether these anti-
angiogenic effects may be in part related to the induction of
the EndoMT process has never been investigated. To address
this issue, H-dMVECs were challenged with sera from patients
with early dcSSc and healthy subjects and subsequently assayed
for changes in cell morphology and the expression of endothe-
lial and mesenchymal cell markers. According to the litera-
ture,20 22–24 stimulation with recombinant human TGFβ1 was
performed in parallel as a positive control of EndoMT. After
48-hour treatment with SSc sera, H-dMVECs started to disag-
gregate losing their characteristic polygonal cobblestone-like
morphology (figure 4A). These changes progressed rapidly with
the appearance of numerous cells exhibiting a spindle-shaped
morphology in H-dMVEC cultures treated with SSc sera for
72 hours (figure 4A). As expected, similar findings were
observed when H-dMVECs were challenged with TGFβ1,
whereas H-dMVEC morphology did not change over time in
cultures treated with healthy sera (figure 4A). Indeed, 72-hour
treatment either with SSc sera or TGFβ1 induced a significant
increase in the percentage of spindle-shaped cells (both
p<0.001 vs basal H-dMVECs) (figure 4A), which were able to
effectively contract collagen gels (figure 4B).

As displayed in figure 5, real-time PCR analysis revealed a sig-
nificant reduction in mRNA levels of CD31, CDH5 and FLI1
genes in H-dMVECs treated either with SSc sera or TGFβ1 for
48 hours (all p<0.001 vs basal H-dMVECs). This happened in
parallel with the induction of ACTA2, S100A4, SNAI1, COL1A1
and COL1A2 mRNA expression (all p<0.001 vs basal
H-dMVECs) (figure 5). On the contrary, 48-hour treatment of
H-dMVECs with healthy sera did not affect mRNA expression
levels of the aforementioned markers (figure 5). These results
were confirmed by immunoblot and immunofluorescence assess-
ment of endothelial and mesenchymal protein expression levels
in cells treated for 72 hours (figure 6A–G). In particular, both
untreated cells and those treated with healthy sera showed no
expression of α-SMA and type I collagen along with very low
levels of Snail1, whereas treatment either with SSc sera or
TGFβ1 induced the appearance of α-SMA+ stress fibres, de
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Figure 1 Detection of endothelial-to-mesenchymal transition (EndoMT) in dermal vessels of patients with systemic sclerosis (SSc). (A)
Representative fluorescence microphotographs of skin sections from healthy controls and patients with SSc double immunostained for the
endothelial cell (EC) markers CD31 or vascular endothelial (VE)-cadherin (red) and the myofibroblast marker α-smooth muscle actin (α-SMA; green)
and counterstained with 40,6-diamidino-2-phenylindole (DAPI; blue) for nuclei. In healthy dermal vessels, α-SMA expression is mostly restricted to
pericytes and vascular smooth muscle cells surrounding ECs. In SSc skin, co-localised CD31/α-SMA and VE-cadherin/α-SMA give rise to yellow
staining, which is evident in transitional EndoMT cells of numerous capillary vessels (arrows) and arterioles (arrowheads). In each panel, insets show
higher magnification views of dermal microvessels. Scale bar=50 μm. (B) The percentage of dermal vessels displaying CD31/α-SMA and VE-cadherin/
α-SMA co-localisation is significantly increased in skin biopsies from patients with SSc (n=12) compared with healthy skin (n=10). Data are mean
±SEM. *p<0.001 versus healthy skin. (C) Representative transmission electron microscopy microphotographs of dermal capillary vessels from healthy
controls (n=5) and patients with SSc (n=5). At least eight capillary vessels from each of three ultrathin sections per sample were analysed.
Numerous Weibel-Palade bodies (arrows) are present in healthy dermal ECs, while they are reduced or even absent in SSc dermal ECs. Scale
bar=2 μm.
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Figure 2 Detection of endothelial-to-mesenchymal transition (EndoMT) in dermal vessels of murine models of systemic sclerosis (SSc). (A, B)
Representative fluorescence microphotographs of mouse skin sections double immunostained for either CD31 (red) (A) or vascular endothelial
(VE)-cadherin (red) (B) endothelial cell markers and the myofibroblast marker α-smooth muscle actin (α-SMA; green) with 40,6-diamidino-2-phenylindole
(DAPI; blue) counterstain for nuclei are shown. In the dermis of bleomycin-treated mice and urokinase-type plasminogen activator receptor (uPAR)-
deficient mice, co-localisation of either CD31 or VE-cadherin and α-SMA gives rise to yellow staining, which is evident in transitional EndoMT cells of
numerous microvessels (arrows). Insets show higher magnification views of dermal microvessels from the corresponding panels. Scale bar=50 μm. The
percentage of dermal vessels displaying CD31/α-SMA or VE-cadherin/α-SMA co-localisation is reported in the histograms. Data are mean±SEM (six mice
in each experimental group). *p<0.001 versus saline-treated mice (A, B, top), *p<0.001 versus wild-type littermates (A, B, bottom).
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Figure 3 Dermal microvascular endothelial cells (dMVECs) isolated from systemic sclerosis (SSc) skin co-express endothelial and mesenchymal
cell markers and exhibit a myofibroblast-like functional phenotype. (A) Representative fluorescence microphotographs of healthy dMVECs
(H-dMVECs) and SSc-dMVECs (n=6 each) immunostained for CD31, vascular endothelial (VE)-cadherin, α-smooth muscle actin (α-SMA), F-actin
(phalloidin), S100A4/fibroblast-specific protein-1 (FSP1), type I collagen and Snail1 transcription factor. Nuclei are counterstained with
40,6-diamidino-2-phenylindole (DAPI). Both H-dMVECs and SSc-dMVECs are immunopositive for the pan-endothelial cell marker CD31. The
expression of CD31 and VE-cadherin is markedly lower in SSc-dMVECs compared with H-dMVECs. SSc-dMVECs exhibit α-SMA+ stress fibres
(shown at higher magnification in the inset), a marked increase in phalloidin+ stress fibres mainly organised longitudinally, and expression of
S100A4/FSP1, type I collagen and nuclear Snail1. In H-dMVECs, α-SMA and type I collagen are undetectable, while expression of S100A4/FSP1
and Snail1 is negligible. Scale bar=50 μm. (B) Representative fluorescence microphotographs of SSc-dMVECs double immunostained for CD31 (red)
and α-SMA (green) with DAPI (blue) counterstain for nuclei. Note the presence of CD31+ cells displaying α-SMA+ stress fibres. Cells labelled as
(1) and (2) in the left panel are shown at higher magnification in the right panels. The degree of α-SMA arrangement into stress fibres varies
among cells. Scale bar=50 μm (left panel), 20 μm (right panels). The percentage of CD31/α-SMA double-positive cells is reported in the
histograms. Data are mean±SEM. *p<0.001 versus H-dMVECs. (C) Protein lysates from H-dMVECs and SSc-dMVECs were assayed for the
expression of CD31, VE-cadherin, α-SMA, S100A4/FSP1, type I collagen, Snail1 and Friend leukaemia integration-1 (Fli1). Representative
immunoblots are shown. Molecular weight values (kDa) are indicated. The densitometric analysis of the bands normalised to α-tubulin is reported
in the histograms. Data are mean±SEM of optical density in arbitrary units (a.u.). *p<0.001 versus H-dMVECs. Results are representative of three
independent experiments performed with each of the six H-dMVEC and SSc-dMVEC lines. (D) Collagen gel contraction assay with H-dMVECs and
SSc-dMVECs (n=6 each). Gel size in the presence of SSc-dMVECs is expressed as percentage of that observed in the presence of H-dMVECs. Data
are mean±SEM. *p<0.001 versus H-dMVECs.
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novo synthesis of type I collagen and strong expression and
nuclear localisation of Snail1 (figure 6B–G).

MMP-12-dependent cleavage of uPAR is implicated in the
induction of EndoMT by SSc sera
We previously demonstrated that in SSc-dMVECs uPAR under-
goes a MMP-12-dependent cleavage of domain D1 resulting in
impaired angiogenesis.35 41 Interestingly, the cleavage of
uPAR-D1 was shown to be a crucial step in
fibroblast-to-myofibroblast transition.42 Therefore, we herein
investigated whether MMP-12-dependent uPAR-D1 cleavage
could be implicated in the induction of EndoMT by SSc sera.
Consistent with previous reports,40 43 MMP-12 levels were
raised in SSc sera (see online supplementary figure S2A).
Treatment of H-dMVECs with SSc sera resulted in uPAR-D1
cleavage already after 24 hours (see online supplementary figure
S2B). Such a cleavage was instead prevented when SSc sera were
preincubated with the MMP-12-specific inhibitor MMP408 (see
online supplementary figure S2B). As shown in online
supplementary figure S3, preincubation with MMP408 signifi-
cantly blunted the effects of 48-hour treatment with SSc sera on
gene expression of endothelial and mesenchymal cell markers.

DISCUSSION
Our data provide the first direct evidence that EndoMT may
take place in the skin of patients with SSc and may have

therefore a role in the pathogenesis of dermal fibrosis. The ex
vivo immunohistological data clearly demonstrate the presence
of transitional EndoMT cells simultaneously expressing EC
and myofibroblast markers in SSc dermal microvasculature. In
contrast, EndoMT was only observed at negligible levels in
control skin. These results are substantially in agreement with
similar findings recently described in the pulmonary vessels of
patients with SSc-associated ILD and PAH.25 26 We have
further characterised in vitro the phenotype of dMVECs iso-
lated from SSc skin and found that these cells are in an inter-
mediate state between an EC and a myofibroblast-like
contractile phenotype, combining markers of both cell types.
The results also show that H-dMVECs can undergo EndoMT
in response to treatment with SSc sera, thus supporting the
hypothesis that such cellular transdifferentiation may be opera-
tive in SSc. In fact, after a prolonged challenge with SSc sera,
H-dMVECs lost their typical endothelial cobblestone appear-
ance and acquired myofibroblast-like structural and functional
features. Consistent with these morphofunctional changes, SSc
serum-treated H-dMVECs exhibited a reduction in the expres-
sion of EC markers CD31 and VE-cadherin and an upregula-
tion of mesenchymal markers, including α-SMA+ stress fibres,
S100A4/FSP1, type I collagen and nuclear Snail1.
Furthermore, the presence of transitional EndoMT cells in
dermal vessels of two murine models of SSc is a matter of
interest. Indeed, previous studies have demonstrated the

Figure 4 Treatment with sera from patients with systemic sclerosis (SSc) induces a myofibroblast-like morphology and functional phenotype in
healthy dermal microvascular endothelial cells (H-dMVECs). (A) Representative phase-contrast microphotographs of H-dMVECs (n=3) at baseline and
after treatment for 48 and 72 hours with sera from healthy subjects (n=6), sera from patients with SSc (n=6) or recombinant human transforming
growth factor-β1 (rh TGFβ1; 10 ng/mL) are shown (×10 original magnification). The morphology of H-dMVECs does not change over time in cultures
treated with healthy sera. After 48-hour treatment either with SSc sera or rh TGFβ1, H-dMVECs start to disaggregate and lose their characteristic
polygonal cobblestone-like morphology. Cells exhibiting a spindle-shaped morphology are clearly visible in H-dMVEC cultures treated either with SSc
sera or rh TGFβ1 for 72 hours. The percentage of spindle-shaped cells is reported in the histograms. Data are mean±SEM. *p<0.001 versus basal
H-dMVECs. (B) Collagen gel contraction assay with H-dMVECs at baseline and after treatment for 72 hours with healthy sera (n=6), SSc sera (n=6)
or rh TGFβ1. Gel size in the different experimental conditions is expressed as percentage of baseline. Data are mean±SEM. *p<0.001 versus basal
H-dMVECs.
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occurrence of EndoMT in animal models of cardiac, pulmon-
ary and renal fibrosis, as well as in models of
PAH.16 23 26 44 45 Although our experimental data support
the notion that EndoMT may contribute to the accumulation
of myofibroblasts and the development of dermal fibrosis in
vivo, this needs to be further confirmed by using lineage
tracing in different preclinical models of SSc.

Besides the increase in the number of profibrotic myofibro-
blasts, EndoMT may favour microvascular derangement and
loss of ECs contributing to capillary rarefaction, impaired
angiogenesis and chronic tissue ischaemia in SSc skin. Indeed,
endothelial dysfunction is considered a pivotal factor contribut-
ing to peripheral vessel remodelling in SSc.3 15 41 A defective
response to proangiogenic stimuli and several functional
defects, such as an impaired ability to organise into capillary-
like tubes in vitro, have been extensively reported in
SSc-dMVECs.28 29 35 41 46 Moreover, transcriptome profiling
studies have revealed profound differences in the expression of
genes encoding a variety of angiogenic regulators between
SSc-dMVECs and H-dMVECs.41 47 In this context, our present
findings shed light on EndoMT as a pathogenic mechanism that
in SSc may directly link EC dysfunction to the development of
dermal fibrosis. The intrinsic propensity of SSc-dMVECs to

transition towards a profibrotic myofibroblast-like phenotype
might in effect largely explain their well-known defective angio-
genic behaviour. In addition, here we clearly demonstrate that a
prolonged treatment with sera from patients with SSc is capable
of sustaining the EndoMT process in H-dMVECs. Of
note, shorter time treatments with SSc sera have previously
been shown to impair angiogenesis and survival of
H-dMVECs.29 39 40 Mechanistically, our present findings show
that MMP-12-dependent cleavage of uPAR, a process that has
been deeply implicated either in the impaired angiogenic per-
formance of SSc-dMVECs or in fibroblast-to-myofibroblast dif-
ferentiation,35 41 42 takes part in the pro-EndoMT effect
exerted by SSc sera. Besides MMP-12, additional as yet uniden-
tified circulating factors might trigger EndoMT and the loss of
microvascular integrity in SSc dermis. Though further in-depth
studies will be required, potential candidates include a large
array of mediators that are elevated in SSc and have been
demonstrated to induce EndoMT in vitro, such as TGFβ1,
ET-1, tumour necrosis factor-α, asymmetric dimethylarginine
and endostatin.16 19 26 48 49 Consistent with our in vitro obser-
vations, a recent study reported that sera from patients with
chronic kidney disease induced EndoMT, decreased prolifer-
ation and increased apoptosis of human coronary artery ECs.49

Figure 5 Treatment with sera from patients with systemic sclerosis (SSc) induces changes in mRNA expression levels of endothelial and
mesenchymal cell markers in healthy dermal microvascular endothelial cells (H-dMVECs). H-dMVECs were treated for 48 hours with sera from
healthy subjects (n=6), sera from patients with SSc (n=6) or recombinant human transforming growth factor-β1 (TGFβ1; 10 ng/mL) and subsequently
assayed for mRNA expression levels of CD31, CDH5 (vascular endothelial (VE)-cadherin), FLI1, ACTA2 (α-smooth muscle actin (α-SMA)), S100A4,
SNAI1 (Snail1), COL1A1 and COL1A2 genes by quantitative real-time PCR. Ribosomal protein S18 (RPS18) mRNA was measured as an endogenous
control for normalisation. The relative values compared with basal H-dMVECs are expressed as mean±SEM of three independent experiments
performed with three H-dMVEC lines. *p<0.001 versus basal H-dMVECs.
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These effects were mainly attributable to increased concentra-
tions of circulating angiogenesis and nitric oxide inhibitors.49

Finally, when considering the autoimmune background of SSc,
we cannot exclude the possible implication of functional

(agonistic) autoantibodies against cell surface receptors in the
EndoMT process. Indeed, a high proportion of patients with
SSc display agonistic autoantibodies against the angiotensin II
type 1 receptor and the ET-1 type A receptor, which can

Figure 6 Treatment with sera from patients with systemic sclerosis (SSc) induces changes in protein expression levels of endothelial and
mesenchymal cell markers in healthy dermal microvascular endothelial cells (H-dMVECs). H-dMVECs were treated for 72 hours with sera from
healthy subjects (n=6), sera from patients with SSc (n=6) or recombinant human transforming growth factor-β1 (TGFβ1; 10 ng/mL) and subsequently
assayed for protein expression levels of CD31, vascular endothelial (VE)-cadherin, Friend leukaemia integration-1 (Fli1), α-smooth muscle actin
(α-SMA), S100A4/fibroblast-specific protein-1 (FSP1), Snail1 and type I collagen. (A) Representative immunoblots are shown. Molecular weight
values (kDa) are indicated. Protein expression of α-tubulin was measured as a loading control. Results are representative of three independent
experiments performed with three H-dMVEC lines. (B–D) Representative fluorescence microphotographs show H-dMVECs double immunostained for
the endothelial cell marker CD31 (red) and the myofibroblast marker α-SMA (green), or immunostained for Snail1 (red) and type I collagen (red).
Nuclei are counterstained with 40,6-diamidino-2-phenylindole (DAPI; blue). Treatment of H-dMVECs either with SSc sera or TGFβ1, but not with
healthy sera, induces downregulation of CD31 in parallel with the appearance of α-SMA+ stress fibres, strong expression and nuclear localisation of
Snail1 and de novo synthesis of type I collagen. Scale bar=20 μm. (E–G) The percentage of CD31/α-SMA double-positive cells (E), Snail1+ nuclei (F)
and type I collagen+ cells (G) is reported in the histograms. Data are mean±SEM. *p<0.001 versus basal H-dMVECs.
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induce a variety of cellular responses such as production of
TGFβ by dMVECs and synthesis of type I collagen by skin
fibroblasts.50 Further mechanistic studies aimed at identifying
key initiators of EndoMT in SSc are warranted.

In summary, our data collectively support the notion that
EndoMT is a process occurring in the dermal endothelium of
patients with SSc, where it may represent a crucial link between
EC dysfunction and development of fibrosis. Hence, preventing
or blocking EndoMT might be a novel and useful approach to
treat peripheral microvasculopathy and prevent, at least in part,
skin fibrosis in patients with SSc.
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Criteria for CAPS, is it all in the name?

This paper1 describes an original work conducted by an
International team of 16 recognised clinical experts in the field
of autoinflammatory diseases. The aim of this consortium was
to develop diagnostic criteria for cryopyrin-associated periodic
syndrome (CAPS). They resulted in a model that indisputably is
relevant to describe these rare and heterogeneous diseases
among other autoinflammatory diseases. Their proposed CAPS
diagnosis criteria are primarily clinical.

We would like to comment on the pathophysiological mech-
anism underlying ‘CAPS’. The NLRP3 gene encodes cryopyrin,
the historical name of the NLRP3 protein, a key component of
the NLRP3 inflammasome.2 As clearly stated by the authors,
‘cryopyrin-associated periodic syndrome’ includes, by definition,
a group of diseases associated with NLRP3 mutations. Deriving
from this concept, a ‘non-CAPS autoinflammatory disease’
would correspond to a disease caused by mutations/polymorph-
isms in one or several other gene(s). The consortium neverthe-
less concluded that ‘most importantly’, the model ‘did not
mandate evidence of a disease-causing NLRP3 mutation’.
Indeed, somatic mosaicism can be missed by conventional
sequencing approaches.3 However, the proposed criteria cannot
stricto sensu be restricted to CAPS as it is likely to encompass
syndromes caused by mutations in autoinflammatory genes
other than NLRP3. For example, familial cold autoinflammatory
syndromes (FCAS) can result from a number of recently discov-
ered genes. FCAS1 (online inheritance in men (OMIM) no.
120100) is the classical FCAS caused by mutations in NLRP3;
FCAS2 (OMIM no. 611762, also known as NLRP12-associated
periodic syndrome (NAPS12), NLRP12-associated periodic syn-
drome), FCAS3 (OMIM no. 614468, also known as PLCG2-
associated antibody deficiency and immune dysregulation
(PLAID), Phospholipase C Gamma 2 (PLCG2)-associated anti-
body deficiency and immune dysregulation) and FCAS4 (OMIM
no. 616115, also known as AIFEC, autoinflammation with
infantile enterocolitis or recurrent macrophage activation syn-
drome) are due to the mutations in NLRP12, PLCG2 and
NLRC4, respectively. The proposed criteria (raised inflammatory
markers, urticaria-like rash and arthralgia) would perform well
with these four FCAS, but only FCAS1 is a CAPS. The authors

fairly admitted that ‘the number of CAPS cases and controls was
limited and not all possible differential diagnoses of CAPS may
have been included, potentially leading to an overestimation of
the specificity of the proposed model’.

The issue of the disease name, reflecting either the main
symptoms or the molecular mechanisms of the condition, has
been raised many times in the autoinflammatory diseases com-
munity, and propositions for refined taxonomy will shortly
emerge. The debate is not just semantic as differential thera-
peutic approaches can be taken according to the molecular
defect in cause in the condition presented by the patient.
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Response to: ‘Criteria for CAPS, is it all in the
name?’ by Touitou and Sarrabay

We thank the authors of the eletter ‘Criteria for CAPS, is it all
in the name?’1 for her very thoughtful comments on how to
best define and name the autoinflammatory diseases we cur-
rently call cryopyrin-associated periodic syndromes—CAPS. The
author very eloquently elaborate on some of the challenges we
face when caring for children and adults with autoinflammatory
diseases. Traditionally, disease names have highlighted the spe-
cific clinical phenotype—familiar cold-induced urticaria—or
marked the name of the physicians, who first recognised a dis-
tinct disease entity—Muckle-Wells syndrome, Kawasaki disease.
The discovery of a common genetic cause for the spectrum of
illnesses we now label CAPS has changed this approach assum-
ing a solid genotype–phenotype correlation. Subsequent disease
names have followed this path—STING-associated vasculopathy
with onset in infancy, haploinsufficiency of A20 and others. We
may have hopefully assumed that patients with the clinical diag-
nosis of CAPS always have a disease-causing genetic variant in
the NLRP3 gene and vice versa. The author summarises care-
fully the diversity of genes associated with the diversity of
clinical phenotypes in CAPS.

Our team chose a clinical approach. All team members care
for children and adults with autoinflammatory diseases in differ-
ent parts of the world and conduct research to improve the
disease outcomes. The desire of the team was to enable a rapid
diagnosis of the diseases in the clinical spectrum of CAPS to ini-
tiate treatment and prevent irreversible organ diseases. When
conducting this rigorous exercise, we rejected the idea of classifi-
cation criteria for research studies and the consideration of a
mandatory genetic confirmation. For validation we did not
choose genetically defined cohorts; the focus was the clinical
phenotype and the true differential diagnosis in clinical
practice.2

There are limitations to any approach we choose to take. For
our team, children and adults suffering from the clinical pheno-
type of CAPS were the priority. We are all aware that confirming

a diagnosis and giving a name is often the key for access to life
and organ saving, expensive medications. The discussion around
the best name for autoinflammatory diseases—capturing clinical
entities versus genetic entities—is important. We thank the
author again for her very thoughtful letter.
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PP2A plays a key role in inflammation and
cancer through tristetraprolin activation

We have read with great interest the recent work by Ross et al,1

which provides novel relevant findings about the therapeutic
efficacy of using protein phosphatase 2A (PP2A)-activating
drugs to target tristetraprolin (TTP) in rheumatoid arthritis
(RA). In this elegant work, the authors showed that TTP is over-
expressed and colocalises with activated mitogen-activated
protein kinase (MAPK) p38 in RA synovial tissue. MAPK p38
phosphorylates and inhibits TTP at two serine residues, and
Ross et al determined that these phosphorylation sites are crit-
ical for the role of TTP as a key regulator of inflammatory
responses. Since PP2A dephosphorylates TTP at these two
serine residues,2 they hypothesised and assessed the efficacy of
PP2A-activating compounds such as COG1410 and ALL(s) in
RA, observing that these agents led to PP2A-mediated TTP acti-
vation thereby reducing both inflammation and bone erosion
using in vitro and in vivo models of this disease. These results
highlight the potential clinical usefulness of PP2A activation as a
novel strategy to develop potent anti-inflammatory treatments.

PP2A is a well-known tumour suppressor that has been
described commonly inactivated in human cancer.3 Moreover,
PP2A has been described as a key regulator of the MAPK sig-
nalling4 and controls the production of proinflammatory che-
mokines.5 Of importance, the risk of developing cancer is
higher in people with inflammatory diseases such as colitis or
hepatitis. The reason may be that the molecular events gener-
ated by the inflammatory response predispose to transformation
from chronic inflammation to neoplasia.6 Thus, TTP could rep-
resent a key linker between inflammation and cancer due to its
role as modulator of the expression of both cytokines and
proto-oncogenes.7 Therefore, the function of PP2A as a TTP
activator could be of high relevance and further reinforced by
the fact that this phosphatase also targets MAPK signalling,
which is responsible for the inhibitory phosphorylation of
TTP.5

In conclusion, the study by Ross et al1 highlights that PP2A
plays a relevant role in inflammation through TTP dephosphor-
ylation and activation. Importantly, these findings would suggest
the potential benefits derived from the clinical use of
PP2A-activating drugs as anti-inflammatory therapy as well as a
novel strategy to prevent cancer development in those patients
with chronic inflammatory diseases.
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