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Disease activity in ankylosing
spondylitis: the global

therapeutic target

Daniel Wendling, " Clément Prati,"* Joachim Sieper*

Spondyloarthritis (SpA) is a multifaceted
disease with frequent predominant axial
involvement.! Typical sacroiliac radio-
graphic changes allow to classify the
patients as ankylosing spondylitis (AS).
Imaging is able to classify patients as AS or
non-radiographic  axial ~ spondyloar-
thritis (axSpA) and illustrate and recog-
nise the several steps from inflammation
to structural damage, particularly in sacro-
iliac joints and spine. For decades, these
radiographic findings have been the
cornerstone for the classification and diag-
nosis of the disease.! Contrary to other
chronic rheumatic diseases such as rheu-
matoid arthritis, radiographic progression
over time is only of limited interest as an
outcome measure of the disease in the
follow-up of patients with AS in current
practice. In fact, radiographic progression
is slow and does not even occur in all
patients, has a low sensitivity to change
over time and is associated with unidirec-
tional evolution without regression. The
tool used in current research to quantify
the structural damage of the spine in AS is
the modified Stoke Ankylosing Spondylitis
Spinal Score (mSASSS), which gives higher
scores for ossification and bridging of the
vertebrae (which may represent a repair
mechanism) than for erosive (‘inflamma-
tory’) changes. Advanced structural
changes are associated with functional and
spinal mobility impairment.”

During the last decade, the use of
anti-TNF agents has represented a major
breakthrough in the treatment of patients
with AS and with SpA in general as
well.® But, whereas they demonstrated
high effectiveness in controlling signs
and symptoms of the disease (including

"Department of Rheumatology, CHRU de Besancon,
University Teaching Hospital, Besancon, France
EA4266 EPILAB, Université Bourgogne Franche-Comté,
Besancon, France
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extra-articular manifestations, quality of
life, productivity), the attempts to illus-
trate/demonstrate a potential reduction in
radiographic progression under TNF inhi-
bition (using mSASSS over a 2-year period
and comparison to a historical cohort of
patients with AS not treated with TNF
blockers) have failed.* Several potential
risk factors for radiographic progression in
AS have been suggested, such as smoking,
elevated C reactive protein (CRP) levels,
low non steroidal anti inflammatory
drug (NSAID) intake, baseline presence
of syndesmophytes, high scores for disease
activity and various biomarkers (vascular
endothelial growth factor (VEGF),
calprotectin, adipokines).®

In Annals of the Rheumatic Diseases,
Molnar et al’ evaluated radiographic
progression in AS, using the database
of the Swiss cohort patients with AS
and spine radiographic follow-up every
2vyears, although this analysis was based
in about 2/3 of the patients on only one
radiographic interval of 2 years. This study
included 432 with long-standing, real-life
classical AS patients with AS and syndes-
mophytes, and 616 intervals with two
consecutive X-rays and used a statistical
model adjusted for the potential factors
associated with radiographic progression
of the spine and a model adjusted for
ASDAS (Ankylosing Spondylitis Disease
Activity Score) value before start of
anti-TNF agents. In multivariable analysis,
prior anti-TNF treatment was associated
with a reduction by 50% of the odds for
radiographic progression (defined as an
increase of at least 2 units of the mSASSS
or appearance of at least one new syndes-
mophyte in 2 years) during the next 2-year
interval. Their results suggest that a longer
duration of anti-TNF exposition is asso-
ciated with a stronger protective effect.
Moreover, using the above-mentioned
model, they found that this effect seems
to be mediated through the control of
disease activity; patients with an ASDAS
less or equal 1.3 (inactive disease) under
anti-TNF treatment did not show radio-
graphic progression at all.

Several aspects from this study should
be discussed.

First, this study shows an effect of
TNF-blocker therapy on structural
damage in the spine with a fair level of
evidence. Previous reports suggested a
potential relationship, using retrospective
analysis over a long period,”” but in the
absence of a controlled study (that would
probably never been performed), confir-
mation applying sophisticated statistical
models is of value.

This kind of study with results drawn
from retrospective data analysis demon-
strates the usefulness of well-built cohorts;
several are available, and some focused on
early stages of the disease,'® " with prom-
ising forthcoming results. Moreover, this
study gives the opportunity for validation
of a definition of radiographic progres-
sion (at least 2 mSASSS units over 2 years)
and validation of an operational ASDAS
cut-off (less or equal 1.3) for remission or
inactive disease in real life."> ' These are
useful tools for further studies and in clin-
ical settings as well in case of the ASDAS.

Second, the results of this study under-
line the importance of controlling disease
activity, thus confirming previous studies
suggesting such a relationship between
disease activity, measured by CRP' or
ASDAS,” ¢ and radiographic progres-
sion on a cross-sectional level. Regarding
the association disease activity-radio-
graphic progression, the observation of
non-progression after reaching remis-
sion may represent an argument of a
link of causality between these two, also
suggested by the association between dose
tapering of TNF inhibitors and more
rapid progression in AS patients with
syndesmophytes.'” However, suppression
of clinical disease activity by long-term
TNF-blockers might be more relevant
than radiographic progression for clinical
outcome parameters such as function and
spinal mobility."®

The results of the study by Molnar
et al’ raise the question: can the equation/
association ‘induced remission leading
to absence of radiographic evolution’ be
extrapolated to other treatments with
different mode of action, such as NSAIDs
or other biologics and to other subsets of
SpA? This needs to be demonstrated."® 2°

Finally, these data give sense to a treat-to-
target (T2T) strategy®' with benefit for signs
and symptoms and for structural damage
as well and, as a consequence of this, on
function, even in more advanced diseases.
Clinical remission reached by an effec-
tive anti-inflammatory treatment such as
TNF-blockers may lead to non-progression
of structural damage, particularly in case

BM)
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of early initiation,” since bone formation
seems secondary to local inflammation.”

In conclusion, the results of this study
represent a plea for a tight control of
disease activity in AS and potentially in SpA
in general as well, assessed by the ASDAS.
There is now more and more evidence
that remission/inactive disease defined by
an ASDAS <1.3 is a worthwhile treatment
(‘T2T’) aim with long-term consequences.
ASDAS is easy to evaluate and to use in
current practice compared with radio-
graphic scoring. This defines a clear target
for the therapeutic strategies in axial SpA.
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Jacques FORESTIER, a visionary of the clinical
epidemiology in rheumatology

Maxime Dougados

Starting my personal research work on spondyloar-
thritis in the 1980s, I was surprised that my mentor
Bernard AMOR proposed me to read the book
written in the 1950s by Jacques FORESTIER." In
fact, I have been really impressed by the content of
this book in terms of extreme detailed clinical data
(eg, the description of the four different patterns
of hip involvement: (a) arthritis a minima, (b) scle-
rotic pattern, (c) crenellated shape and (d) anky-
losing pattern; the latter being probably in relation
with periarticular enthesitis) and in terms of the
quality of the provided statistics (prevalence and
incidence of the different clinical presentations of
spondyloarthritis).

Thanks to aspecificbook dedicated to the personal
and professional life of Jacques FORESTIER
written by Professor Jacques ARLET,* I am now
even more impressed by this ‘colleague’ (who was
one of the first doctors opening an outpatient clinic
dedicated to rheumatic patients in Cochin hospital)
for several reasons:

This French doctor did not hesitate to cross
the ocean in order to present his data in different
departments in the USA. At this time (in the
1920s), Jacques FORESTIER started medicine
as a neurologist and discovered the advantages
of the use of lipiodol in the diagnostic approach
of neurological syndromes (he was known in the
USA as ‘Doctor lipiodol™®).

More importantly (at least in my opinion)
and thanks to the benefit of the visits he did in
different departments in the USA and in particular

e n\*;“

at the MAYO Clinic, he perfectly implemented the
concept of standardised outcome measures. He
was working 6 months per year in a SpA resort
in Aix les Bains where the patients were spending
3—4 weeks per year. For each specific disease, he
created a specific file with the following infor-
mation: demographics, socioprofessional status,
impact of the disease in terms of quality of life,
clinical findings, laboratory and radiological find-
ings. This procedure allowed him to provide some
interesting and detailed statistics in terms of prev-
alence and incidence over time since he had the
privilege to yearly monitor the majority of the
patients.

Moreover, apart from these standardised oper-
ating procedures, and thanks to his endless curi-
osity, he was able to distinguish some diseases and
also to recognise the benefit of some therapeutic
modalities. Here, we will focus on the recognition
of two diseases and the description of the treat-
ment with gold salts despite the fact that Jacques
FORESTIER did a lot of work in different areas.

In the book on ankylosing spondylitis,' there
is a specific section where he is mentioning the
difficulties of the diagnosis at an advanced stage
of the disease. For this purpose, he described nine
typical cases of what we call today the Foresti-
er’s disease.* He described this disease as ‘senile
ankylosing spondylitis of the spine’. Most of the
rheumatologists are currently still referring to the
name of Forestier’s disease as diffuse idiopathic
skeletal hyperostosis.’

Concerning polymyalgia rheumatica,® there
is still a debate concerning who, between ]
FORESTIER and GD KERSLEY, was the first
to recognise the disease. Whatever the discus-
sion at this time (in the 1950s), Dr KERSLEY
did not hesitate to write the obituary of Jacques
FORESTIER.”

In the SpA in Aix les Bains, patients with
tuberculosis were receiving gold salts. Jacques
FORESTIER noticed that patients suffering from
rheumatoid arthritis took a better benefit of the
treatment than patients with tuberculosis.® There-
after, and based on his own personal experience,
Jacques FORESTIER proposed the optimal dose
regimen which was still on place in France in the
2000s. At this time (eg, a decade of use of meth-
otrexate and the beginning of use of biologics),
there was a debate concerning the benefit to
continue to use gold salts in the treatment of rheu-
matoid arthritis’ with data suggesting that gold
salts might be more efficient than methotrexate'’
and/or efficient in case of methotrexate inade-
quate responders.'! Even its toxicity has been a
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source of debate since on the one hand all the data suggested
a high rate of treatment discontinuation because of toxicity'’
and on the other hand the fact the toxicity was mainly due
to reversible harmless skin or mucose membrane reactions.’
Whatever the final result (no more use of gold salts in many
countries), one should recognise that thanks to the findings of
Jacques Forestier, a lot of patients have seen their quality of
life dramatically improved by this therapy.

Obviously, Jacques FORESTIER was recognised as an excel-
lent clinician and an excellent teacher. Thanks to his capacity
to communicate in English, the visit of the SpA in Aix les Bains
was recognised all around the world, in particular the annual
meeting ‘Week of rheumatology’.'> He became the president
of European League Against Rheumatism. However, in France,
he was invited in 1976 by the President of the French Republic
Giscard d’Estaing not as a rheumatologist but as a rugby player
who won the silver medal during the Olympic games in 1920.
Another reason to be impressed by this ‘colleague’ and to try to
follow in his footsteps.
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ABSTRACT

Background Recent advances in knowledge of the
pathogenesis of rheumatoid arthritis (RA) has led to
promoting very early intervention.

Objectives To assess the efficacy of therapeutic
interventions in preventing or delaying RA onset with

a systematic literature review (SLR) and meta-analysis
(MA).

Methods The SLR aimed to include all reports of
randomised controlled trials of disease-modifying
antirheumatic drugs or glucocorticoids used in patients
presenting genetic and/or environmental risk factors

for RA and/or systemic autoimmunity associated with
RA, and/or symptoms without clinical arthritis and/

or unclassified arthritis and in patients with RA. We
searched PubMed, EMBASE and Cochrane databases
for English articles published from 2006 to 2016 using
the keywords "undifferentiated arthritis” or "very early
rheumatoid arthritis” with ‘therapy’ or ‘treatment’. Main
outcome was RA occurrence, defined as fulfilment of the
1987 ACR criteria. The MA was performed with RevMan
with the Mantel-Haenszel method.

Results Among 595 abstracts screened, 10 reports of
trials were selected. The studies included 1156 patients,
with mean symptom duration 16.2+12.6 weeks.

The occurrence of RA was available for nine studies,
assessing methylprednisolone, methotrexate, a tumour
necrosis factor blocker, abatacept or rituximab. In the
group arthralgia without arthritis (people at risk of

RA), the MA of the two available studies did not show
significant reduction in RA occurrence at week 52 or
more (pooled OR 0.74, 95% CI 0.37 to 1.49). For people
with undifferentiated arthritis, the MA of the seven
available studies revealed significant risk reduction with
OR 0.73(95% CI 0.56 t0 0.97).

Conclusions This MA demonstrates that early
therapeutic intervention may significantly reduce the risk
of RA onset in this very first phase of the disease.

INTRODUCTION

During the last decades, substantial knowledge has
accumulated on the very early stages of rheumatoid
arthritis (RA), notably the very early immunolog-
ical pathogenic mechanisms leading to RA."™ This
knowledge has deeply altered the nosological RA
concept and its diagnosis.

For a long time, RA diagnosis required a quite
complete and comprehensive clinical presenta-
tion, including bilateral symmetrical polyarthritis,
involving the hands, eventually associated with
serum rheumatoid factor (RF), nodules or radio-
graphic joint erosions, as included in the 1987

American College of Rheumatology (ACR) classi-
fication criteria.’ This “full presentation’ does not
fit with RA early stages, and the 1987 ACR criteria
were found to adequately classify patients as having
RA only 2 years after disease onset.® In 2010, the
joint effort of the ACR and European League
Against Rheumatism (EULAR) widened the spec-
trum of early RA by reducing the minimal synovitis
number to 1 and including serum anticitrullinated
peptide antibody (ACPA) positivity in addition to
RF as immunological biomarkers.” The new classi-
fication showed higher sensitivity to detect patients
with early RA® and affected the diagnostic concept
of unclassified arthritis (UA) as well as very early
RA (VeRA).” "

The combination of advances in RA pathogen-
esis and progress in RA diagnosis has contributed
to redefining the RA early stages as a continuum
spreading over several years® '' starting from
(1) a first autoimmune phenomenon related to
a host—environment interaction (eg, interaction
between smoking and the presence of the shared
epitope leading to ACPA production); (2) preclin-
ical RA (pre-RA), in which levels of autoimmunity
biomarkers increase and mature, potentially associ-
ated with mild inflammatory features (eg, arthralgia
without arthritis/synovitis); (3) UA with at least one
synovitis present, without satisfaction of the 1987
ACR criteria (but potentially satisfying the 2010
ACR/EULAR criteria); and finally (4) defined RA,
with ‘full-picture’ RA and satisfaction of 1987 ACR
classification criteria.'® ' These concepts have been
retained in recent EULAR recommendations for
research of individuals at risk of RA.'

Besides diagnosis, the therapeutic issue is also
important. Early therapeutic interventions, within
the first months after RA onset, were clearly found to
be associated with better RA outcomes,'*™" thereby
validating the concept of a ‘window of opportunity’.
In addition, the PROMPT trial demonstrated the
ability of early methotrexate initiation to prevent
onset of RA in patients with UA.'®” This situation
raised the question of delaying or preventing RA if
RA treatments are started at preclinical or in the
very early clinical stages of the disease.’

Although international clinical practice guilde-
lines focus on methotrexate or other conventional
synthetic disease-modifying antirheumatic drugs
(csDMARDs) in early RA,'® numerous other thera-
peutic options are available, and several, including
glucocorticoids or biologic DMARDs (- DMARD),
have been tested in individuals at risk of RA. A
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Review

recent meta-analysis (MA) of studies of experimental animal
models suggested that DMARDs are not equally efficacious in
the prevention or treatment of the early arthritis animal model."”

Thus, we conducted a systematic literature review (SLR) and
MA of randomised controlled trials (RCTs) of patients at risk
of RA to assess the efficacy of glucocorticoids, csDMARDs or
bDMARDs for preventing or delaying RA development and/
or blocking structural damage. The notion of prevention of
RA refers to the ability of a treatment to block the pathogenic
process and prevent more established forms of RA. Thus, the
target population for such an action is people at risk of RA
(family history and presence of (high titre) autoantibodies, or
with arthralgia and autoantibodies, or people with UA).

METHODS

Search strategy

We performed a systematic literature search of PubMed, Medline,
EMBASE and the Cochrane Controlled Trials Register up to
June 2017 for articles published from 2006 to 2016 and EULAR
and ACR scientific meeting abstracts from the last 2 years (2015
and 2016). We used the following key words: ‘Arthritis, Rheu-
matoid’(MeSH) AND ‘very early” AND ‘treatments’(all fields)
OR ‘therapy’(all field), or ‘undifferentiated arthritis’(All Fields)
AND ‘therapy’(all fields) or ‘treatments’(all fields). We limited
our search to English-language reports of RCTs of adults =18
years old. In addition, we hand-searched reference lists of papers
initially detected to identify additional relevant reports. The
reports of clinical trials were initially selected on the basis of the
title and abstract, then the full text. Duplicate references were
removed.

Study selection criteria

To be selected, reports had to satisfy the following:

1. The study design should be an RCT.

2. The enrolled patient diagnosis should be one of (A) patients
presenting genetic and/or environmental risk factors for
RA and/or systemic autoimmunity associated with RA, and/
or symptoms without clinical arthritis and/or UA” '*%°; (B)
patients with clinical arthritis evolving for <16 weeks and
fulfilling the 2010 ACR/EULAR criteria but not the 1987
ACR criteria.

3. Study treatment should be glucocorticoids or any other
DMARD, either a ¢sDMARD (methotrexate) or bDMARD
(tumour necrosis factor (TNF) blocker or other mode of ac-
tion).

4. Study outcomes should be measured at week 52 or closest
time point.

Data extraction

Two independent readers (SH, BH) extracted the following data
by using a standardised form: patient characteristics at baseline
(ie, demographics and disease characteristics, including classifi-
cation criteria fulfilment); therapeutic intervention; occurrence
of RA at week 52 or closest time point, defined as fulfilment of
the 1987 ACR classification criteria'” *'*** or ACR EULAR 2010
or according to the rheumatologist’s opinion®! **; clinical remis-
sion rates at week 52, defined by validated composite criteria
(ie, Disease Activity Score in 28 joints (DAS28),'” ' 27 Simple
Disease Activity Index (SDAI), Clinical DAI (CDAI) or boolean,*
with adequate threshold); structural damage progression seen on
X-rays at week 52 (table 1) based on the van der Heijde-mod-
ified Sharp score or any other validated score'” 2! %7 " and
safety based on a descriptive analysis.

To define specific phases of RA, patients were classified into
groups according to the EULAR recommendations for termi-
nology'? as follows: (a) genetic risk factors for RA; (b) environ-
mental risk factors for RA; (c): systemic autoimmunity associated
with RA; (d) symptoms without clinical arthritis; (e) UAs; (f) RA.

Study quality was assessed by the Jadad scale®® with two ques-
tions (answer Yes/No) for randomisation, two for masking, and
one (answer Yes/No) evaluating the reporting of withdrawals
and dropouts. A total of 5 points could be awarded, with higher
scores indicating higher quality.

Statistical analysis and MA

The MA was performed accordingly to the Cochrane Collab-
oration guidelines® for RA occurrence, defined as a definite
RA, which is mostly according to the 1987 ACR classification
criteria in the literature (or ACR EULAR 2010) at week 52 or
closest time point, radiographic progression and clinical remis-
sion. Concerning RA occurrence, data at week 52 and beyond
this time were pooled to strengthen the results. A sensitivity
analysis was conducted to isolate the impact of TNF-blocker
treatment. Statistical heterogeneity was tested by the ¥* Q
test’’; with significant heterogeneity, a random-effects model
was used. The MA was performed with RevMan V.5.3 (The
Nordic Cochrane Centre, Copenhagen, 2014) with the Mantel-
Haenszel method, estimating ORs and 95% Cls. A descriptive
analysis was performed for other measures such as the DAS28,
Health Assessment Questionnaire (HAQ) and side effects (infec-
tious and intolerance).

RESULTS

Selected studies

The search identified 595 abstracts, with reports of 10 RCTs
selected (including 2 congress abstracts) and 10 exploited for
analysis (figure 1). The main reasons for exclusion were disease
duration at baseline (many studies included patients with RA
evolving for >16 weeks), study design (ie, non-RCTs), study
endpoints different from the outcomes of interest and incom-
plete results (ie, missing data for means and/or SD). The mean
Jadad score was 5, which indicates high methodological quality
of studies.

Seven were related to (e) criteria, two to (d) and one to (f).
The therapeutic strategies tested were methylprednisolone at a
single dose of 80*! or 120 mg,** intramuscularly in two studies;
dexamethasone at the dose of 100 mg IM at week 0 and week 6°'
oral methotrexate up to 30 mg/week for X weeks or months in
one study'’; TNF blockers—infliximab (3 mg/kg at weeks 0-2-4-
6—14+/-22)% 3% or etanercept (50 mg/kg/wk)® ¥’ at labelled
doses—in four studies, used alone or with methotrexate (up
to 30 mg/wk); intravenous abatacept (100 mg/kg every 2 weeks
for 1month, then monthly)** at a labelled dose in one study;
and finally intravenous rituximab at 1g once only in one study
(table 2).

The SLR and MA included 1239 patients (mean percentage
of women 66.0% with weighted mean age 45.8+15.2 years and
mean symptom duration 16.2+12.6 weeks.

12

Data synthesis

Preventing or delaying RA occurrence

RA occurrence, defined as satisfaction of the 1987 ACR classi-
fication criteria, was found in 9 of 10 papers assessing methyl-
prednisolone (80 to 120mg intramuscularly), dexamethasone,
methotrexate, TNF blocker (infliximab in the Saleem and Durez
trial; etanercept in EMPIRE), abatacept or rituximab.
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Table 1 Main outcome results
RA occurrence % Clinical remission % No radiographic progression
Trial name reference) Group W52 or more W52 W52 or more
Bos et al 2009°' DXM IM 16,7 7142 na. na. na. na.
Pch 22.5 9/40
Gerlag et al 2016 (PRAIRI)?* RTX+GC 34 14141 n.a. n.a. na. n.a.
Pch 40 16/40
Verstappen et al 2009 (STIVEA)?'* MP IM 48.6 54/111 20.7 23111 12.7 9/71
Pcbh 60.4 67/111 1.7 131111 14.8 9/61
Machold et al 2009 (SAVE)* MP 476 69/145 16.2 32/198t n.a. n.a.
Pch 52.4 76/145 17.8 33/185
van Dongen et al 2007 (PROMPT)'® MTX 40 22/55 n.a. n.a. 88 48/55
Pch 53 29/55 73 40/55
Saleem et al 20087 IFN 100 10/10 20 210 80.0 8/10
Pch 7.4 5/7 14.3 17 7.4 5/7
Durez 2011 INF 733 1115 50.0 7.5/15% na. na.
Pch 66.7 10/15 21.4 3.2/15
Nam et al 2013 (EMPIRE)® MTX+ETN 61.5 33/52 68.8 38/55% 93.1 51.2/55
MTX+Pch 63.5 35/53 475 26/558§ (87.1=M18) 52.5/55
62.5 34/55% 95.5
37.0 20/558§ (80.0=M18)
Emery et al 2009 (ADJUST)** ABA 46.2 12126 47.4 9/19% na. na.
Pch 66.7 16/24 385 5113
Emery et al 2011 (COMET) post hoc?’ ETN+MTX n.a. n.a. 69.8 44/63% 80.6 50.8/63
MTX 24.1 15.2/63§ 73.9 36.2/49
34.7 17/49%
13.6 6.7/49§

*Diagnosis of RA relied on the rheumatologist's opinion.

tNo SJ and <2TJ +2/3 of following: normal CRP level, visual analogue scale score for pain or activity <10/100+ nopast or current treatment with DMARDs or glucocorticoids
except study drug.

$DAS28 <2.6.

§Simple DAl < 3.3.

ABA, abatacept; ADJUST, Abatacept study to Determine the effectiveness in preventing the development of rheumatoid arthritis in patients with Undifferentiated inflammatory
arthritis and to evaluate Safety and Tolerability; COMET, COmbination of Methotrexate and Etanercept in early rheumatoid arthriTis; CRP, C reactive protein; DAI, Disease Activity
Index; DAS28, Disease Activity Score in 28 joints; DMARD, disease-modifying antirheumatic drug; DXM, dexamethasone; EMPIRE, Etanercept and Methotrexate to Induce
Remission in Early Inflammatory Arthritis; ETN, etanercept; GC, glucocorticoids; INF, infliximab; MP, methylprednisolone; MTX, methotrexate; n.a., not available; Pcb, placebo;
PRAIRI, Prevention of RA by Rituximab; PROMPT, Probable Rheumatoid Arthritis Methotrexate Versus Placebo Trial; RA, rheumatoid arthritis; RTX, rituximab; SAVE, Stop Arthritis
Very Early ; STIVEA, Steroids in very early arthritis; SJ, soft joint; TJ, tender joint; W52, week 52.

26 31

Two studies are related to arthralgia without arthritis (d)
evaluating dexamethasone and rituximab. seven are related to
UA (¢).21725 3233

In the group arthralgia without arthritis (d), the MA of the
two available studies did not show significant reduction in
RA occurrence at week 52 or more (pooled OR 0.74, 95% CI

For people with undifferentiated arthritis (e), the MA of the
seven available studies revealed significant risk reduction with
OR 0.73 (95% CI 0.56 to 0.97). All drugs tended to reduce the
risk of RA occurrence, except TNF blockers (figure 2A).

As a sensitivity analysis, the MA was performed without the 2
TNF-blocker studies, which resulted in a more significant pooled

0.37 to 1,49) (figure 2A). OR 0.68 (95%CI 0.50 to 0.92) (figure 2B).

Pubmed Cochrane Embase
N=123+154#277 N=25+29=54 N=130+131=261
1 | |
+
Total = 592

Removal of

Non RCTs 532
Duplicates 9

Retrieved for more

detailed evaluation

N=51
Excluded because of
Grey literature (Empire+ACR) duration criteria, outcome.
N=2 N=43

Studies included for
final analysis N=10

Figure 1  Flow of studies in the review. ACR, American College of Rheumatology; RCT, randomised controlled trial.
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Table 2 Study characteristics

Study or subgroup Terminology
(reference) Inclusion (REF) N Intervention Outcome Evaluation Time of outcome
Bos et al 2009* Arthralgia without (d) 83 Dexamethasone 100mg » RA occurrence » W52 and more (mean duration of
synovitis IM, W0 and W6 follow-up: 52.5 months)
Gerlagetal 2016 Arthralgia without (d) 81 RTX 1000 mg JO » RA occurrence » 29months
(PRAIRI)® synovitis
Verstappen et a/ UA ACPA/RF+naiveof (e) 224 80mg MP » DAS » Baseline, W24, 52
2009 (STIVEA)*! treatment W0-1-2 > HAQ » Baseline, W52
» Radiographic score » W52
» RA occurrence® » W52
Machold et a/ 2009 UA ACPA/RF + (e) 303 120mg MP JO » DAS » Baseline, W12, W52
(SAVE)? Naive » RA occurrence » 12months
van Dongen et a/ UA ACPA/RF + (e) 55 MTX until 30 mg/wk » DAS » Baseline, W12, W52
2007 (PROMPT)'®  GC allowed » Radiographic score » Baseline, M18
» RA occurrence » 30months, 60 months
Saleem et al 2008 UA ACPA/RF + (e) 17 INF 3mg/kg » DAS » Baseline, W12, 24
GC allowed W0-2-4-6-14 » HAQ » Baseline, W12, 24,
» Radiographic score » W52
» RA occurrence » W52
Durez 2011% UAACPA + (e) 30 INF » RA occurrence » 12months
3mglkg » DAS28 > W52
WO, 2, 6, 14, 22 » ACR 20 -50-70 » W14
Nam et a/ 2013 UA ACPA/RF + (e) 82 ETN50 mg/wk+MTX » DAS » Baseline, W12, W52, M18
(EMPIRE)® GC allowed > HAQ » Baseline, W52, M18
» Radiographic score » Baseline, W52, M18
» RA occurrence » 12months
Emery et al 2009 UA ACPA/RF+or VERA  (e) or (f) 1 ABA 100 mg/kg » DAS » Baseline, W24, 52
(ADJUST)?* GC allowed (<10 mg/ Day: 1-15-29-57-85- » Radiographic score » Baseling, W52
day) 113-141-169 » HAQ » Baseline
» RA occurrence » 6months
Emery etal 2011 VERA ) 112 MTXvs MTX+ETN > DAS28 > W52
(COMET) post hoc®’ 50 mg/wk » Radiographic score » Baseline, W52

RA occurrence: according to ACR 1987 for all studies except for PRAIRI and STIVEA which correspond to the rheumatologist's opinion.
(*a) genetic risk factor of RA; (b) environmental risk factor of RA; (c) systemic auto-immunity associated with RA; (d) symptoms without clinical arthritis; () UA; (f) RA (according

EULAR 2012 recommendations for terminology'?).

ABA, abatacept; ACPA, anticitrullinated protein antibody; ACR, DAS, disease activity score; ETN, etanercept; GC, glucocorticoids; HAQ, health assessment questionnaire; INF,
infliximab; MP, methylprednisolone; MTX, methotrexate; RA, rheumatoid arthritis; RF, rheumatoid factor; RTX, rituximab; UA, unclassified arthritis (ie, patients presenting arthritis
and ultrasound-detected synovitis, without ACPA or RF positivity); VeRA (ie, patients with clinical arthritis evolving for <16 weeks and fulfilling the 2010 ACR/EULAR criteria but

not the 1987 ACR criteria); W, week.

Clinical remission

Clinical remission at week 52, according to the DAS28, SDAI,
CDAI or boolean definitions, was available for five studies of
glucocorticoids and TNF blockers (etanercept or infliximab) or
abatacept. The Saleem and Durez study used another criteria (no
swollen joint and C reactive protein level <10mg/L). Only the
COMET trial*” demonstrated a significant effect of etanercept
on remission. The MA revealed that early intervention increased
the odds of achieving remission (pooled OR 1.84, 95%CI
1.08 to 3.16) (figure 3).

Radiographic progression

Data on radiographic progression were available for five studies,
evaluating methylprednisone, methotrexate or a TNF blocker
(etanercept and infliximab). The outcomes were the Sharp score
(modified or not) and Larsen score. No significant risk reduction
was revealed for radiographic progression (figure 4). The MA
yielded a pooled OR of 1.36 (95% CI 0.82 to 2.27). We found
no difference between treatments for radiographic progression.
The analysis without TNF blockers did not alter the results.

Other outcomes and side effects
With the descriptive analysis, similar side effects were observed
between placebo and methylprednisone without notable

difference.*! #* The observed side effects were the expected ones:
hypertension, lower limb oedema, anaphylactic reaction and
mood swings.”! The PROMPT study found no significant safety
difference for methotrexate versus placebo (26/55 with metho-
trexate and 18/55 with placebo, p=0.17). Side effects described
were benign gastrointestinal events, elevated serum liver enzyme
levels and dermal/mucosal events with methotrexate. bDMARDs
were associated with respiratory and urinary tract infections, with
two severe cases.” No malignancy was identified. There were 10
safety events with abatacept versus 11 with placebo.?* The most
frequently reported events were nasopharyngitis, urinary tract
infection and gastroenteritis. The abstract for the PRAIRI study
(rituximab) did not specify side effects.?®

DISCUSSION

The present SLR and MA provide information that a very early
therapeutic intervention may significantly reduce the risk of RA
onset with patients at risk of RA and significantly increase the rate
of clinical remission. Although the notion of a window of oppor-
tunity is well accepted in people with already diagnosed RA," **
our work reveals that an even earlier therapeutic intervention could
prevent RA or delayed its onset. This conclusion seems to be avail-
able in patients with arthritis. In symptomatic patients without
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A Experimental  Control 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total ght M-H, Rand 95% CI M-H, Rand: 95% Ci
Symptoms without clinical arthritis (d)
Bos 2009-Dexamethasone-Arthralgia 7 42 9 40 40.3% 0.69 [0.23, 2.07] R
Gerlag 2016 (PRAIRD-Rituximab-Arthralgla 14 41 16 40 59.7% 0.78 [0.32, 1.92) ——
Total (95% CI) 83 B0 100.0% 0.74 [0.37, 1.49] | —enm—
Total events 21 25
Heterogeneity: Tau' « 0.00; Chi’ = 0,03, df = 1 (P = 0.87); I' = 0%
Test for overall effect: Z = 0.84 (P = 0.40)
Unclassified arthritis ()
Verstappen 2009 (STIVEA)-MethylPDN-UA ACPA/RF+ 54 111 67 111 27.6% 0.62 [0.37, 1.06]) ——
Machold 2009 (SAVE)-MethylPDN-UA ACPA/RF+ 69 145 76 145 36.7% 0.82 [0.52, 1.31) —
Van Dongen 2007 (PROMPT)-MTX-UA ACPA/RF+ 22 55 29 S 13.7% 0.60 [0.28, 1.27] ) [
Saleem 2008-Infliximab-UA ACPA/RF+ 10 10 5 7 0.8%  9.55(0.39, 235.78) ’
Durez 201 1-Infliximab-UA ACPA+ 11 15 10 15 3.2% 1.38 [0.29, 6.60]
Nam 2013 (EMPIRE)-Etanercept-UA ACPA/RF+ 33 52 35 53 12.2% 0.89 [0.40, 1.99] _ a—
Emery 2009 (ADJUST)-Abatacept-UA ACPA/RF+ or VERA 12 26 16 24 5.9% 0.43 (0.14, 1.35) —
Total (95% CI) 414 410 100.0% 0.73 [0.56, 0.97] -
Total events 211 238
Heterogeneity: Tau” = 0.00; Ch¥ = 5.05,df = 6 (P = 0.54), ' = 0% o o3 0%5 } Y
Test for overall effect: Z= 2.17 (P = 0.03) Favours [experimental] Favours [control]
B Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Ci M-H, Random, 95% CI
Symptoms without clinical arthritis (d)
Bos 2009-Dexamethasone-Arthralgla 7 42 9 40 40.3% 0.69 [0.23, 2.07] e e—
GCerlag 2016 (PRAIRD-Rituximab-Arthralgia 14 41 16 40 S9.7% 0.78 [0.32, 1.92] —_—lGr
Total (95% CD B3 80 100.0% 0.74 [0.37, 1.49] i
Total events 21 25
Heterogeneity, Tau® = 0.00; Ch' = 0.03,df = 1 (P = 0.87); I = 0%
Test for overall effect: Z = 0.84 (P = 0.40)
Unclassified arthritis (e)
Verstappen 2009 (STIVEA)-MethyiPDN-UA ACPA/RF + 54 111 67 111 32.9% 0.62 [0.37, 1.06) —
Machold 2009 (SAVE)-Methy!lPDN-UA ACPA/RF+ 69 145 76 145 43.8% 0.82 [0.52, 1.31) —r
Van Dongen 2007 (PROMPT)-MTX-UA ACPA/RF+ 22 55 29 55 16.3% 0.60 [0.28, 1.27) e ——
Emery 2009 (ADJUST)-Abatacept-UA ACPA/RF+ or VERA 12 26 16 24 7.1% 0.43 [0.14, 1.35) T ——
Total (95% CI) 337 335 100.0% 0.68 [0.50, 0.92] -
Total events 157 188
Heterogeneity: Tau® = 0.00; Chi’ = 1,51, df = 3 (P = 0.68); ' = 0% u=1 ok + } 5

X 0.5
Test for overall effect: 2 = 2,47 (P = 0.01) Favours [experimental) Favours [control)

Figure 2

TNF blockers. ACPA, anti-citrullinated protein antibody; MethylPDN, methylprednisolone; MTX, methotrexate; PDN, prednisolone; RA, rheumatoid

arthritis; RF, rheumatoid factor; TNF, tumour necrosis factor; UA, undifferentiated arthritis; VeRA, very early rheumatoid arthritis.

arthritis, no significant reduction was observed, potentially partly
due to a lack of power with the only two available studies.

This work also suggests that the beneficial effect of very early
treatment in RA could differ between csDMARDs or bDMARDs.
Although a reduced risk of RA occurrence was observed with

Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Rand 95% Cl M-H, Random, 95% CI
Bos 2009-Dexamethasone-Arthralgia 0 0 1] 0 Not estimable
Gerlag 2016 (PRAIRI)-Rituximab-Arthralgia 1] 0 0 0 Not estimable
Verstappen 2009 (STIVEA)-MethylPDN-UA ACPA/RF+ 23 111 11 111 18.7% 2.38[1.10, 5.15) —
Machold 2009 (SAVE)-MethylPDN-UA ACPA/RF+ 3z 198 33 185 23.4% 0.89 [0.52, 1.51] i
Van Dongen 2007 (PROMPT)-MTX-UA ACPA/RF+ 0 0 0 0 Not estimable
Saleem 2008-Infliximab-UA ACPA/RF+ 2 10 1 7 3.7% 1.50 [0.11, 20.68)
Durez 2011-Infliximab-UA ACPA+ 7 15 3 15 8% 3.50 [0.69, 17.71] ———————
Nam 2013 (EMPIRE)-Etanercept-UA ACPA/RF+ £t 55 34 55 18.4% 1.38 [0.63, 3.04] T
Emery 2009 (ADJUST)-Abatacept-UA ACPA/RF+ or VERA 9 19 5 13 9.6% 1.44 [0.34, 6.05] —
Emery 2011 (COMET)-Etanercept-VERA 44 63 17 49 18.2% 4.36 [1.96, 9.67] TS e
Total (95% CI) 471 435 100.0% 1.84 [1.08, 3.16] -
Total events 155 104

2 . 2 .12 } . . {
Heterogeneity: Tau® = 0.25; Chi* = 12.79, df = 6 (P = 0.05); IF = 53% o1 o1 I 100

Test for overall effect: Z = 2.23 (P = 0.03) Favours [control] Favours [experimental]

Figure 3  Clinical remission at week 52. ACPA, anti-citrullinated protein antibody; MethyIPDN, methylprednisolone; MTX, methotrexate;
PDN, prednisolone; RA, rheumatoid arthritis; RF, rheumatoid factor; UA, undifferentiated arthritis; VeRA, very early rheumatoid arthritis.

(A) RA diagnosis at week 52 or more including tumour necrosis factor (TNF) blockers. (B) RA diagnosis at week 52 or more not including

glucocorticoids, methotrexate, abatacept or rituximab, the trend
seemed not confirmed for TNF blockers.”*** This finding is likely
to be a class effect rather than a single molecule effect because
it was observed with two different agents, one soluble receptor
(etanercept) and one monoclonal antibody (infliximab). They
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bos 2009-Dexamethasone-Arthralgia 0 0 1] 0 Not estimable
Gerlag 2016 (PRAIRI)-Rituximab-Arthralgia 0 0 0 0 Not estimable
Verstappen 2009 (STIVEA)-MethylPDN-UA ACPA/RF+ 9 71 9 61 26.5% 0.84 [0.31, 2.27] —_—
Machold 2009 (SAVE)-MethylPDN-UA ACPA/RF+ 1] 0 0 0 0.0% 3.29 [1.98, 5.48)
Van Dongen 2007 (PROMPT)-MTX-UA ACPA/RF+ 48 55 40 55 26.8% 2.57 [0.96, 6.92] &
Saleem 2008-Infliximab-UA ACPA/RF+ 8 10 5 £ 5.2% 1.60 [0.17, 15.27]
Durez 2011-Infliximab-UA ACPA+ 0 0 0 0 Not estimable
Nam 2013 (EMPIRE)-Etanercept-UA ACPA/RF+ 51 55 53 55 B.7% 0.48 [0.08, 2.74]
Emery 2009 (ADJUST)-Abatacept-UA ACPA/RF+ or VERA 0 0 0 0 Not estimable
Emery 2011 (COMET)-Etanercept-VERA 51 63 36 49 32.9% 1.53 [0.63, 3.75] — T
Total (95% CI) 254 227 100.0% 1.36 [0.82, 2.27] e
Total events 167 143

- ] . chit . R ; } } i } ;
Heterogeneity: Tau® = 0.00; Chi* = 3,96, df = 4 (P = 0.41); I' = 0% 01 o032 oS 3 d 10

Test for overall effect: Z = 1.18 (P = 0.24)

Favours [control] Favours [experimental]

Figure 4  Absence of radiographic progression at week 52. ACPA, anti-citrullinated protein antibody; MethylPDN, methylprednisolone; MTX,
methotrexate; RA, rheumatoid arthritis; RF, rheumatoid factor; UA, undifferentiated arthritis; VeRA, very early rheumatoid arthritis.

may be not as important in the very early steps of the disease
in which autoimmune phenomenon are present but not joint or
systemic inflammation.*® TNF blockers have been mainly tested,
and are currently recommended, in established active RA and
eventually in early RA with pejorative prognostic factors such as
high swollen joint count, increased acute-phase reactant levels or
joint erosions; this is in line with the association between TNF
and detectable inflammation.**™*° Pharmacological agents such
as glucocorticoids, methotrexate, rituximab or abatacept may
have a broader effect and act higher in the pathogenic cascade,
including antigen presentation and early steps of the autoim-
mune reaction; they could thus prevent the immune system acti-
vation, whereas TNF blockers could only reduce already existing
inflammation. We have no data available for interleukin 6 (IL-6)
blocking agents, although IL-6 seems to be involved in the very
early steps of RA pathogenesis.*!

Several strengths of the study must be underlined. The study
applied the methodological standards recommended by the
Cochrane collaboration for an SLR and MA, including double
data extraction and entry.?’ Although people in very early phases
of the disease constitute a challenging population for clinical
research, nine reports of RCTs were identified and the data could
be integrated in the MA. These trials cover almost all possible
modes of action for RA, except IL-6 blockers and JAK inhibitors.

However, our work has some limitations. Although data about
about RA diagnosis according to 1987 ACR classification criteria
were available in most of the studies (seven of nine), only a few
reported data on clinical remission (five of nine). Structural damage
information was assessable in five studies; however, the progression
was small in RA, and we could not identify any significant benefit
of early therapeutic intervention for this outcome. In addition,
we found substantial heterogeneity in the outcome measures used
in the selected trials: DAS28, SDAI, CDAI or Boolean definitions
for remission and Larsen or van der Heijde-modified Sharp score
for radiographic progression. For feasibility reasons, we pooled
the remission rates or percentages for patients without structural
damage progression, regardless of the tool used. This move could
have biased our results in part.

An important concern comes with the distinction of
the very early steps of RA.'> % We chose the cut-off of 4
months of disease duration to select the studies for our MA,
which was based on data from a few studies® *” using the
cut-off of 3 to 4 months to define the very early RA phase.
This choice is of course partly arbitrary and reveals the
complexity to define the initial RA phases, which constitute
a continuum' rather than a succession of clearly different
health states.’ ** The 2010 ACR/EULAR criteria” allowed for
identifying patients with RA at an earlier stage than did the
1987 criteria.® However, the criteria are operational only for

patients with significant RA symptoms and do not cover the
whole spectrum of people with less specific symptoms such
as those with arthralgia or limited arthritis, with or without
family history of RA, and/or with or without serum ACPA
positivity. The development of clinical practice guidelines for
people at risk of RA was an important step forward'? but did
not completely fix the overlap of the existing definitions of
the RA early phases.> *

Despite these difficulties, our results reinforce the view of
‘the sooner the better’ in terms of therapeutic decision-making
within the pathogenic RA continuum. This paradigm raises an
important additional question related to the duration of such
a very early therapeutic intervention aiming to prevent RA
onset or completely abate the disease. Whatever the RA stage,
the risk of relapse seems substantial when treatments are not
maintained.”” "2 However, there is potential for ‘immuno-
logical remission’ in some patients with RA (ie, resolution of
any sign of joint or systemic inflammation with disappearance
of serum autoantibodies (RF or ACPA)).* Early or very early
intervention may favour such immunological remission and
could correspond to some kind of resetting of the immune
system with complete resolution of any autoimmune phenom-
enon. The optimal strategy for such patients could then be
an induction therapeutic sequence to prevent RA or achieve
immunological remission, then a drug tapering or discontin-
uation sequence to reach sustained and stable drug-free and
disease-free states.**™” This move would probably require as
an intermediary step a better assessment and quantification of
the risk of developing RA for a given patient to facilitate the
implementation of more personalised therapeutic schemes.
A risk stratification score, based on family history as well as
patient clinical and biological features, has been proposed
in the context of the Leiden Early Arthritis Clinic.*” Finally,
this notion of prevention in patients at risk of developing
RA needs to be handled with caution for two reasons. First,
in all the trial, the treatment of patients with arthralgia and
autoantibodies or with UA have mainly shown their capacity
to delay or postpone RA onset, but only a minority of them
will durably remain asymptomatic if the tested DMARD
is discontinued.'® 7 2 Second, it must be kept in mind that
these patients may correspond to patients achieving sponta-
neous remission with no or only little role for the DMARD.
In a recent work conducted in the ESPOIR and the Leiden
early arthritis cohorts, such an evolution—that is, DMARD-
free sustained remission—could be observed in 5.4% (29/533
in ESPOIR) to 11.5% (85/738 in LEAC)." It is important to
note that delay is not prevention. It remains to date unknown
whether a minority will remain asymptomatic after DMARD
is discontinued.
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This question deserves to be further studied, why not by creating
a two arms study with early intervention in case of arthralgia and
autoimmunity comparing intervention only when clinical arthritis
develops.

In conclusion, these SLR and MA clearly demonstrate the
potential benefits of very early therapeutic intervention for people
who start RA and specifically its ability to prevent established
RA. Our results fit perfectly with the 2017 EULAR campaign on
early actions in rheumatic disorders: ‘Don’t delay, Connect today’
(https://www.eular.org/what we_do_dont_delay connect_today.
cfm).
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ABSTRACT

Background In 2012, a European initiative called
Single Hub and Access point for pediatric Rheumatology
in Europe (SHARE) was launched to optimise and
disseminate diagnostic and management regimens in
Europe for children and young adults with rheumatic
diseases. Juvenile idiopathic arthritis (JIA) is the

most common rheumatic disease in children and

uveitis is possibly its most devastating extra-articular
manifestation. Evidence-based guidelines are sparse and
management is mostly based on physicians' experience.
Consequently, treatment practices differ widely, within
and between nations.

Objectives To provide recommendations for the
diagnosis and treatment of JIA-associated uveitis.
Methods Recommendations were developed by

an evidence-informed consensus process using the
European League Against Rheumatism standard
operating procedures. A committee was constituted,
consisting of nine experienced paediatric rheumatologists
and three experts in ophthalmology from Europe.
Recommendations derived from a validated systematic
literature review were evaluated by an Expert Committee
and subsequently discussed at two consensus meetings
using nominal group techniques. Recommendations were
accepted if >80% agreement was reached (including all
three ophthalmologists).

Results In total, 22 recommendations were accepted
(with >80% agreement among experts): 3 on diagnosis,
5 on disease activity measurements, 12 on treatment and
2 on future recommendations.

Conclusions The SHARE initiative aims to identify best
practices for treatment of patients suffering from JIA-
associated uveitis. Within this remit, recommendations
for the diagnosis and treatment of JIA-associated

uveitis have been formulated by an evidence-informed
consensus process to suggest a standard of care for JIA-
associated uveitis patients throughout Europe.

INTRODUCTION

In 2012, Single Hub and Access point for pediatric
Rheumatology in Europe (SHARE) was launched
with the aim of optimising and disseminating diag-
nostic and management regimens for children and

adolescents with rheumatic diseases. The European
League against Rheumatism (EULAR) has produced
a number of recommendations in the area of paedi-
atric rheumatology such as juvenile dermatomyositis*
using a standardised procedure” and referring to a
generalised instrument for guideline assessment: the
Appraisal of Guidelines for Research & Evaluation.’
Juvenile idiopathic arthritis (JTIA) is the most
common rheumatic disease in children, and uveitis
is the most frequent and potentially most devastating
extra-articular manifestation. There are no interna-
tional consensus statements specifically relating to
the diagnosis and treatment of JIA-associated uveitis
although there are national guidelines from Germany
and Spain.** Management is therefore based on physi-
cians’ personal experience; and considerable variation
in clinical practice, both in terms of investigation and
management of JIA-associated uveitis, was found in an
extensive survey of uveitis experts.’
With the rapid development of novel therapies
for JIA, clear recommendations based on avail-
able best evidence and expert opinion (when trial
evidence is lacking) will help physicians in the care
of patients with JIA-associated uveitis. The uveitis
seen with JIA is usually chronic anterior uveitis
which is asymptomatic, but acute anterior uveitis
can also be seen in the enthesitis-related arthritis
subtype.” ® There is a clear need to regularly update
those managing patients with JIA uveitis through
expert opinion. While the majority of treatments
available for the treatment of arthritis have a solid
evidence base from clinical trials, corresponding
data for patients with uveitis may not be known or
the level of evidence may not be as strong at the
time of their introduction into clinical practice.
The primary aims of the recommendations
forwarded by the Expert Group were to develop
agreed strategies to
» prevent or reduce the likelihood of JIA-associ-
ated uveitis from occurring and minimise the
damage at the time of diagnosis

» recommend treatments and management
strategies that would reduce inflammation
and prevent the development of those ocular
complications most likely to cause irreversible
visual loss.
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METHODS

A committee of 12 experts (AH, BV, CB, CE, SC-G, IF, JdB,
JA, KW, RG, YU, NW) in paediatric rheumatology (n=9) or
ophthalmology (n=3) was established to develop recommenda-
tions for JIA-associated uveitis based on consensus, but evidence
informed, using EULAR standard operating procedures for
developing best practice.?’

Systematic literature search

The electronic databases PubMed/MEDLINE, Embase and
Cochrane were searched independently by two researchers for
eligible articles in February 2015. All synonyms of JIA were

EMBASE

searched in Medical Subject Headings/Emtree terms, titles
and abstracts (figure 1). Reference tracking was performed in
all included studies (full search strategy is shown in figure 1).
Experts (TC, AR, VB) selected papers relevant to uveitis asso-
ciated with JIA investigations and/or treatment to be taken
forward for validity assessment (inclusion and exclusion criteria
shown in figure 1) by members of the expert committee.

Validity assessment

The selected articles were randomly allocated to the expert
group, and two members per paper independently assessed the
methodological quality of those papers meeting the inclusion

COCHRANE

734 articles, written in English, between
01-01-1970 and 01-12-2014

(((({(CArthntis, Juvenile Rheumatoid [Mesh]))

OR (jia[tiab] OR jraftiab])) OR ({{(uvenile"[tiab]
OR chid'[tiab] OR pediatric’[tiab] OR
paediatric'[tiab])) AND (rheumatoiditiab] OR

rheumatic[iab] OR idicpathicitab] OR
chronicftisb] OR  systemicitiab]))  AND
(athritisftiab] OR  arthriides(tab] OR

polyarthritisitiab] OR dligoanthriis[tia]))) OR
(((“stil's disease[uab] OR “still dsease’[bab]
OR “stills diseasetiab])) AND (juvenile*[tiab)
OR child'[tiab) OR pediatric’ltiab] OR
paediatric’[tab]))))) AND (Uveits[Mesh] OR
uveitisftiab] OR  indocyclits{tab] OR
uveitides[tiab] OR irtis[tab] OR wvitritis[tiab] OR
panuvettisfiab] OR pan-uveitisftiab] OR
cyclitisftab])

581 articies, written in English, between
01-01-1970 and 01-12-2014

{({(U( Juvenie rheumatoid arthritis’/exp)) OR
{ia:ti.ab OR jra:t.ab)) OR (({(uvenie"tiab OR
child":ti,ab OR pediatric* t.ab OR
paediatric”:ti.ab)) AND (rheumatoid-ti.ab OR
rheumatic:ti,ab OR idiopathic:tiab OR

[ chronic:t.ab OR systemici.ab)) AND

(arthritis:ti,ab OR arthritides ti.ab OR
polyarthritis:ti.ab OR oligoarthritis:ti,ab))) OR
{{('stil's dsease’t.ab OR 'still disease ti.ab
OR "stils disease”t.ab)) AND (uvenile’ t.ab
OR child":ti,ab OR pediatric*ti,ab OR
paediatric™:ti.ab))))) AND ((Uvetis/exp OR
uveitis:ti,ab OR indocyciitis:ti.ab OR
uveitides:ti,ab OR intis:ti.ab OR vitritss:ti,ab
OR panuveitis:ti,ab OR pan-uveitis:ti,ab OR
cyclitis:ti,ab)) AND [embase}tim NOT

8 articles, written in English, between 01-
01-1970 and 01-12-2014

((({{(=t.ab OR jracti.ab)) OR ({({juvenile*t.ab
OR chid't.ab OR pediatric’tiab OR
paediatric’ tiab)) AND (rheumatodtiab OR
rheumatictiab OR idiopathictiab OR
chronictiab OR  systemictiab)) AND
(arthritistiab OR  anhrtidestiab OR
polyarthritis:tiab OR oligoarthritis:ti,ab))) OR
(((Cstil's disease™ti,ab OR “stil disease™t,ab
OR “stills disease™ti,ab)) AND (uvenile't.ab
OR chid“tiab OR pediatric"tiab OR
paediatric*:tiab))))) AND (uveitstiab OR
ndocyclitstiab OR  uveitidestiab OR
iritis:ti.ab OR vitritis:ti,ab OR panuvedis:t,ab
OR pan-uveitis:ti.ab OR cyciitis ti,ab)

[medine}lim)
1323 articles
[]
1259 articles
Inclusion criteria
»  describe only human, in-
EER oy TSI Exclusion criteria
patients
= casereports
: g:ran 3 pediatric patients
. j abstracts
. jusively adult populats
=  articles in press
«  articles on other diseases or
topics
176 articles
Scoring by experts
117 papers used for
recommendation

Figure 1 Summary of search strategy for identification of key articles.
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Table 1 Recommendations for diagnosis and screening in juvenile idiopathic arthritis (JIA)-related uveitis

Recommendation L S Agreement (%) References
1. All patients in whom a diagnosis of JIA is being considered should be screened for uveitis according to a 2A B 100 1332
contemporary and audited protocol. Formal screening protocol should be administered in all centres, where patients

with JIA are seen.

2. Frequency of ophthalmological follow-up visits must be based on disease severity and needs to be decided in 4 D 100 13-2733-66
conjunction with an expert ophthalmologist.

3. Patients with JIA stopping any systemic immunosuppressant are at risk of developing new onset uveitis or 2B B 100 R

recurrence of uveitis after a prolonged remission. After stopping systemic immunosuppression, it is recommended
that all patients with JIA are screened by an ophthalmologist at least every three months for at least 1 year.

Agreement indicates the % of experts that agreed on the recommendation during the final voting round of the consensus meeting.
1A, meta-analysis of cohort studies; 1B, meta-analysis of case—control studies; 2A, cohort studies; 2B, case—control studies; 3, non-comparative descriptive studies; 4, expert
opinion; A, based on level 1 evidence; B, based on level 2 or extrapolated from level 1; C, based on level 3 or extrapolated from level 1 or 2; D, based on level 4 or extrapolated

from level 3 or 4 expert opinion. L, level of evidence; S, strength of evidence.

criteria (figure 1). Data were extracted using predefined scoring
forms for diagnostic and therapeutic studies. Disagreements
were resolved by discussion or by the opinion of a third expert.
Adapted classification tables for diagnostic, therapeutic and
epidemiological studies were used to determine the level of
evidence and strength of each recommendation.”™"

Establishment of recommendations

As part of the EULAR standard operating procedure, experts
described the main results and conclusions of each paper, along
with their validity and level of evidence. These descriptions
were collated by five experts (TC, GS, YU, RG, JdB) and used
to formulate provisional recommendations which were reviewed
by a panel of three experts (IF, NW, JdB). A summary of the
evidence was presented along with each provisional recommen-
dation to the expert committee. The recommendations were
revised and discussed at a face-to-face meeting in March 2014
(Genova: 12 participants), using a Nominal Group Technique
to reach a consensus.’? A non-voting expert (AR) facilitated the
process. Recommendations were accepted when =80% (10 of
12) of the experts agreed (including all three ophthalmologists).

RESULTS

Literature review

The literature search yielded a total of 1323 papers which, after
deduplication, left 1259 unique articles. Evaluation of inclusion/
exclusion criteria in titles and/or abstracts resulted in a core
reference database of 176 articles for which full-text copies
were obtained for quality screening by the expert committee. Of

these, 117 were selected to support the development of consen-
sus-based recommendations by the expert group (figure 1).

Recommendations

The sections that follow report the recommendations of the expert
committee based on the supporting literature.”>™'?® Tables 14
summarise the recommendations, the level of evidence that
they provide and the strength of the recommendation, and the
percentage of experts who agreed with these assessments.

Background

JIA is the most common chronic rheumatic disease in children
with an incidence of 8.2 (7.5-9.0)/100 000 of the population
under 16 and an annual prevalence of approximately 70.2 [16
- 1401100 000.'%° 3% The wide prevalence range has been
attributed to the different study designs employed, but the inci-
dence is thought to vary little worldwide."*® The incidence of
JTA-associated uveitis is thought to be approximately 1/10 000
and there is some evidence that it is less frequent in oriental
populations with JIA.” 13!

Structural complications, some of them leading to irrevers-
ible visual loss, include cataracts, glaucoma, band keratopathy,
macular oedema, retinal detachment and sequelae associated
with chronic hypotony. The uveitis usually has an insidious time
course and can be chronic or recurrent but, most frequently,
JTA-associated uveitis is a chronic relapsing condition lasting
several years. It almost universally starts as an anterior uveitis,
but in rare instances can become a panuveitis. JIA-associated
uveitis is usually asymptomatic in the age group in which it

Table 2 Recommendations for disease activity measurement in juvenile idiopathic arthritis (JIA)-related uveitis

L S Agreement (%) References
4. There should be good communication between the ophthalmologist and the paediatric rheumatologist 3 C 100 n
concerning changes in disease activity treatment changes and responsibility for treatment monitoring.
5.There is a need to develop shared outcome measures to help guide decisions on systemic treatment. 4 D 100
6. At present, there is no validated biomarker to follow the activity of uveitis. 2A B 100 42129313237 4146 72776
7. At present, no widely accepted definition of inactive disease for JIA-related uveitis is available. The goal ~ 2B B 100 46978
of treating JIA-associated uveitis should be no cells in the anterior chamber. The presence of macular and/
or disk oedema, ocular hypotony and rubeosis iridis may require anti-inflammatory treatment even in the
absence of AC cells.
8. We recommend 2 years of inactive disease off topical steroids before reducing systemic 3 C 92 2

immunosuppression (both DMARDs and biological therapies).

Agreement indicates the % of experts that agreed on the recommendation during the final voting round of the consensus meeting.

1A, meta-analysis of cohort studies; 1B, meta-analysis of case—control studies; 2A, cohort studies; 2B, case—control studies; 3, non-comparative descriptive studies; 4, expert
opinion; A, based on level 1 evidence; B, based on level 2 or extrapolated from level 1; C, based on level 3 or extrapolated from level 1 or 2; D, based on level 4 or extrapolated
from level 3 or 4 expert opinion. DMARD, disease-modifying anti rheumatic drugs; L, level of evidence; S, strength of evidence.
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Table 3 Recommendations for treatment in juvenile idiopathic arthritis (JIA)-related uveitis

L S Agreement (%) References
9. Active uveitis in JIA usually requires immediate treatment. 2B B 100 697176-80
10. Topical corticosteroids (preferably prednisolone acetate or dexamethasone) are the first-line treatment 4 D 100 8
of anterior uveitis.
11. Topical and systemic NSAIDs have no demonstrable effect as monotherapy, but may be used as 3 C 92 798182
additional therapy.
12. Systemic immunosuppression in active uveitis is recommended if poor prognostic factors are present at 2A 100 41922295556 6578 83 84
the first visit. Poor prognostic factors including lack of remission later on during the disease course require
systemic immunosuppression.
13. Systemic immunosuppression is recommended if inactivity could not be reached within 3monthsor 2B B 100 3559686978.8085-87
inflammation is reactivating during steroid dose reduction.
14. Methotrexate is the first choice as systemic immunosuppression. 4 D 100 688488-95
15. In case of methotrexate inefficacy or intolerance, adding or switching to biological treatment is 3 92 L)
recommended.
16. The use of anti-TNF treatment strategies (adalimumab>infliximab>golimumab) is recommended in 3 C 100 86100101 104-117120-124126 127
patients with uveitis refractory/resistant to DMARD therapy, principally methotrexate.
17. Based on the current evidence, etanercept should not be considered for JIA-associated uveitis. 1B A 100 AL AR
18. Switching between different anti-TNF treatments might be valuable if uveitis is refractory to the first 3 C 100 g7z me 1z
anti-TNF, even though the present evidence comes from small case series or inception cohorts.
19. In case of lack of efficacy, consider testing for antidrug antibodies and drug trough level. If the patient 4 D 100
has no antibodies but has low trough levels, consider increasing the dose or shortening the interval.
20. Tocilizumab, rituximab and abatacept might be potential options for cases refractory to previous anti- 3 C 100 1237125
TNF therapy.

Agreement indicates the % of experts that agreed on the recommendation during the final voting round of the consensus meeting.

1A, meta-analysis of cohort studies; 1B, meta-analysis of case—control studies; 2A, controlled study without randomisation; 2B, quasi-experimental study; 3, descriptive study;
4, expert opinion; A, based on level 1 evidence; B, based on level 2 or extrapolated from level 1; C, based on level 3 or extrapolated from level 1 or 2; D, based on level 4 or
extrapolated from level 3 or 4 expert opinion.; DMARD, disease-modifying antirheumatic drugs; L, level of evidence; NSAIDs, non-steroidal anti-inflammatory drugs; S, strength

of evidence; TNF, tumour necrosis factor.

most commonly develops (age 3—7 years), but severe inflamma-
tion may cause symptomatic pain and redness and these symp-
toms and signs, as well as pupil distortion, may be noticed by
carers and lead to early referral. Reduced visual function is an
uncommon cause of presentation in small children unless it is
severe and usually secondary to irreversible structural damage.
The presence of antinuclear antibodies (ANA), oligoarthritis and
early onset of arthritis are predominant risk factors for chronic
anterior uveitis in those with JIA, and improved identifica-
tion of children at risk is a key priority for targeted screening
programmes. This exercise only looked at chronic anterior
uveitis associated with JIA and not at acute anterior uveitis seen
in human leukocyte antigen (HLA) B27-positive children with
enthesitis-related arthritis.

Table 4 Recommendations for future plans in juvenile idiopathic
arthritis (JIA)-related uveitis

L S
21. Validated outcome measures for 3 c 100
JIA-associated uveitis are needed

22. Controlled clinical trials are needed 1B A 100 o
for JIA-associated uveitis

Agreement (%) References

73126-128

Agreement indicates the % of experts that agreed on the recommendation during
the final voting round of the consensus meeting.

1A, meta-analysis of cohort studies; 1B, meta-analysis of case—control studies; 2A,
cohort studies; 2B, case—control studies; 3, non-comparative descriptive studies;
4, expert opinion (diagnostic studies); 1A, meta-analysis of randomised controlled
trials; 1B, randomised controlled study; 2A, controlled study without randomisation;
2B, quasi-experimental study; 3, descriptive study; 4, expert opinion (therapeutic
studies); A, based on level 1 evidence; B, based on level 2 or extrapolated from
level 1; C, based on level 3 or extrapolated from level 1 or 2; D, based on level 4
or extrapolated from level 3 or 4 expert opinion. , level of evidence; S, strength of
evidence .

Timely and aggressive treatment is clearly needed where there
is significant damage at the time of diagnosis. However, the vari-
able course of the disease means that some significant events may
occur years after therapy commences and there remains consid-
erable disagreement among expert practitioners about the timing
and indications for treatment escalation.'?* %3

Recommendations for diagnosis and screening in JIA-related
uveitis

Screening for JIA-associated uveitis

All patients with JIA should be screened for uveitis according to
contemporary and audited screening protocols which should be
implemented in all centres in which patients with JIA are being
managed.*** There is no necessity for the screening process to
take place in the same institution as the rheumatological care. It
is especially important, however, that all children in whom the
diagnosis of JIA is being considered should have a timely check
by a local ophthalmologist rather than wait for confirmation of
the diagnosis from a paediatric rheumatology referral centre. It
is the responsibility of paediatric rheumatologist to ensure chil-
dren with JIA are referred for screening. Screening starts with all
individuals with a ‘suspected’ diagnosis of JIA and the clinical
responsibility for organising this service needs to be clear. This
is independent of whether it is the remit of the ophthalmolo-
gist not specialised in uveitis, paediatrician or rheumatologist
(table 1). The evidence published to suggest that the risk factors
originally proposed for the development of chronic uveitis in
the JIA population (early-onset arthritis, ANA positivity and
oligoarticular subtype) is suboptimal: the expert group noted
that despite the fact that a number of screening protocols have
been published there is no evidence to suggest that any one of
them is superior.® 23 26 6174
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Advances in genetics have not found any more specific
diagnostic markers than the HLA types originally reported
as being associated with both oligoarticular disease and
uveitis, !4 19303238 485056 There is no evidence, at present, that
genotyping adds specificity to the established clinical risk
factors on which contemporary screening programmes are
based.

Despite the advances in subtyping ANAs in other rheumatic
disorders, there has been little advance in our understanding
of the association of ANAs with the risk of JIA-associated
uveitis®® 3* 33 41 €0 67 4]though antibodies to nuclear structures
such as histones and chromatin'® 2! 41 32754 ¢4 77 4 ocular anti-
gens have been reported.” 17 Two studies found that chil-
dren with higher inflammatory activity (as determined by higher
erythrocyte sedimentation rate (ESR) values) when oligoarthritis
or polyarthritis was diagnosed had an increased risk of devel-
oping uveitis.”” !

There is a clear unmet need to adapt screening policies to the
contemporary usage of early systemic immunosuppressant treat-
ment of arthritis®” ** ®** and novel biomarkers and future geno-
typing may improve targeting of the population being screened.

Monitoring during follow-up

The risk of visual symptoms and potential for relapse in patients
initially responding to treatment highlights the necessity for
maintained regular close ophthalmological scrutiny. The expert
group recommended that the frequency of ophthalmological
follow-up should be based on ocular disease severity and decided
upon in conjunction with an expert ophthalmologist.

Screening after stopping treatment of uveitis

Methotrexate (MTX) is the immunosuppressive therapy of
choice in patients with JIA-related uveitis (see recommen-
dation 14, table 3). Once long-lasting remission of uveitis is
achieved, MTX is usually stopped, but the optimal period of
disease control prior to withdrawal of both topical and systemic
treatment remains unclear. Patients stopping MTX are at risk
of developing new onset uveitis or recurrence of uveitis after
prolonged remission in the first year. Indeed, the majority of
patients in a recently reported series relapsed within 24 months
of stopping therapy.””° Consequently, after stopping immu-
nosuppression with MTX (prescribed for arthritis or uveitis) it
is recommended that all patients with JIA are screened by an
ophthalmologist at least every three months for a minimum of
1year.

It also remains unclear for those patients on multiple treat-
ments, in which order treatments are best withdrawn. Relapse
of uveitis after withdrawal of MTX appears to be delayed in
older patients, those who have been on treatment for longer
duration.®” The authors recommended that the period of uveitis
inactivity should be >2 years before MTX is withdrawn.®”
The expert group also recommend that patients should have 2
years of inactive disease while not using topical steroids before
reducing systemic immunosuppression.

There is a clear need for continuing monitoring in the early
period of remission after medications are stopped, especially in
patients on long-term therapy, topical or systemic, which had
maintained disease control. The expert group recommends that
monitoring of disease in remission by an ophthalmologist should
be at least every three months and should continue for at least
3years off all forms of treatment. The length of remission best
predicting lifetime remission remains unknown. More robust
data on effective screening strategies are required.

Recommendations for disease activity measurement in JIA-
associated uveitis

A pivotal goal in the management of JIA-associated uveitis is
to minimise loss of vision through the early diagnosis of ocular
morbidity. Early referral and appropriate treatment to eliminate
ocular inflammation are seen to be crucial in preserving visual
acuity. Visual loss is mainly caused by glaucoma, macular damage
from inflammatory oedema, hypotony or amblyopia: structural
damage can occur prior to diagnosis and also arise following
years of poorly controlled inflammation.

Multiple studies have found delayed presentation with damage
at diagnosis, surgery and length of follow-up to be the major
risks for lifelong visual loss.* ®* ® Male gender and non-Cau-
casian race may be additional risk factors for some complica-
tions.'® 1737 3¢ & 71 Immunosuppressive treatment is therefore
aimed at reducing agreed measures of active intraocular inflam-
mation which include the level of cellular infiltrate, breakdown
of vascular barriers (eg, flare) and macular oedema: few of these
measures have been validated and different markers may be
appropriate in eyes with different levels of structural damage or
at different stages of disease.*

In one study, an increase in anterior chamber cell grade was
associated with elevated rates of visual loss in a dose-dependent
fashion, whereas immunotherapy was associated with a reduced
risk of visual loss, particularly for the 20/50 or worse outcome
(HR 0.40; P<0.01).”® Others have found anterior chamber flare
a better predictor of visual loss.®

There are no established biomarkers currently available for
predicting disease activity or guiding treatment in JIA-associated
uveitis and research efforts in this area need to be intensified
(table 2),2432 3435 40 44 497580

In a small group of children with JIA-related anterior uveitis,
serum interleukin-2R levels were significantly increased,”” while
in a larger cohort of children there was a significant correlation
between the presence of anterior uveitis and aqueous humour
levels of transthyretin.”® Until reliable biomarkers are found,
management relies on frequent ophthalmic examination. Future
opportunities might include gene expression and proteomic
profiling of the serum, peripheral blood leucocytes and
aqueous humour; measurement of acute-phase reactants; HLA
typing and determination of ANAs.”* Evidence-based guidelines
by the German Ophthalmological Society, the Society for Child-
hood and Adolescent Rheumatology and the German Society for
Rheumatology noted that macular oedema, ocular hypotony and
rubeosis iridis are often associated with chronic inflammation
and anti-inflammatory treatment should be initiated (or intensi-
fied) even in the absence of cells in the anterior chamber.* The
expert group recommended that the goal of treating JIA-associ-
ated uveitis should be no cells in the anterior chamber although
this may not be practically possible (table 2). With reference to
the Standardization of Uveitis Nomenclature (SUN) Working
Group, a multinational interdisciplinary group (MIWGUC)
developed a set of core outcome measures for uveitis that may
provide a framework for evaluating disease severity and its
course, risk for structural impairment, levels of impairment in
visual function and responses to treatment.”* These would be
invaluable in clinical studies involving patients with JIA-associ-
ated uveitis. However, these proposed outcome measures remain
to be validated in children.'*® To best guide treatment decisions,
there should be good communication between the ophthalmol-
ogist and the paediatric rheumatologist concerning changes in
disease activity treatment changes and responsibility for treat-
ment monitoring. Recently published guidance for management
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of non-infectious uveitis in adults has some important principles
for the management of panuveitis in all age groups.'*®

Recommendations for treatment in JIA-associated uveitis
Active uveitis in JIA usually requires immediate treatment. In a
comparison of two cohorts of patients with new-onset JIA, sepa-
rated by a 10-year interval, the more recently treated patients
received early intensive treatment and close monitoring, and
reported fewer complications and milder uveitis with visual
loss avoided in most cases.®’ Treatment factors reported to be
associated with improved outcomes included introduction of
immunosuppressive therapy earlier in the course of the disease
or at a younger age®” and treatment with immunosuppressants
generally.”* 78

Based on past usage, the expert group recommend that topical
corticosteroids (preferably prednisolone or dexamethasone) are
the first-line treatments of choice for both acute and chronic
anterior uveitis.* ° 81 '* Children with JIA-related uveitis are
frequently treated with topical corticosteroids over extended
periods, and this increases the risk of cataract formation and
glaucoma.

One study found that the increased risk of cataract formation
with high-dose topical steroids was independent of active uveitis
or presence of posterior synechiae.®’ The risk increased as the
number of drops of topical corticosteroids instilled increased.
The data suggested that patients may be treated with low doses
of topical corticosteroids (<3 drops daily) over moderate periods
of follow-up (median 4 years; range 0.5-15 years) with a low
risk of developing cataracts.®! Among eyes receiving <2 drops
daily, the incidence of cataract was 0/eyeyear. There appears to
be no evidence to suggest that less potent topical steroids reduce
adverse effects in this patient population (table 3). Systemic
corticosteroids are not usually preferred in children due to
risks of growth suppression and osteopenia; however, they are
potentially helpful in individual cases for rapid control of severe
uveitis or in the presence of macular oedema.

In a retrospective study, the adjunctive use of non-steroidal
anti-inflammatory drugs (NSAIDs) for the treatment of chronic
iridocyclitis was evaluated in 14 patients, 8 with JIA and 6 with
idiopathic iridocyclitis.*” In all patients, the activity of the irido-
cyclitis improved with the addition of NSAIDs to their treatment
regimens, permitting reduction in the dose of corticosteroid
drugs. These data suggest that NSAID therapy may have an
adjunctive role in the treatment of chronic iridocyclitis in child-
hood, but not as monotherapy.

Systemic immunosuppression for active uveitis is recom-
mended to reduce complications in those cases where topical
steroids are insufficient to eliminate ocular inflammation
short term, or such high doses are required that treatment risks
outweigh the beneficial effects. However, the threshold for
introducing systemic treatment is lower in those with multiple
risks for visual loss as discussed earlier.'”” Immediate systemic
immunosuppression in active uveitis is recommended if poor
prognostic factors are present at the first visit. Studies suggest
instituting aggressive immunosuppression in high-risk patients
even before there is any clear evidence of complications devel-
oping.”” ¥ Poor prognostic factors include uveitis antedating
arthritis' > 7*; posterior synechia® ®® 7 7*; male gender'’ #*°%;
band keratopathy, glaucoma and cataract®’; poor initial vision,
hypotony, macular oedema and dense vitreous body opacifica-
tion®”; and lack of remission later on during the disease course
(table 3). Age at the time of uveitis onset does not appear to be
a risk factor.??%°

Definition of treatment failure

Treatment failure should lead to a change in treatment dose,
route or modality taking into consideration the fact that many of
the drugs require different times to achieve their optimal effect
and there are sometimes only a limited number of drugs avail-
able. Inappropriate drug changes may result from difficulties in
achieving consensus on the definition of treatment failure. In
a retrospective study, the clinical outcome of 23 patients with
JIA-associated uveitis unresponsive to corticosteroids was ascer-
tained. Uveitis was controlled using immunosuppressive therapy
in all cases.®® Patients treated within 4-30 months from onset
of uveitis achieved better improvement of vision compared
with patients who received immunosuppressive therapy after 3
years (P<0.005 for right and left eyes pooled; P=0.0075 for
best eyes; P=0.0375 for worst eyes). These data are supported
by findings from the SITE study which reported that among
patients with JIA-associated uveitis receiving tertiary care use
of immunosuppressants reduced the risk of vision loss by about
60%.”® The expert group recommended that systemic immuno-
suppression should be used if inactivity cannot be achieved with
topical steroids within 3 months or inflammation is reactivated
during steroid dose reduction. The benefits of immunosuppres-
sive therapy are now well recognised, and, in general, patients in
remission received this treatment earlier in the course of disease
compared with patients who relapsed.’® 3% 68 78-87

Based on findings of efficacy and tolerability/safety from a
number of studies, the expert group recommended that MTX
is the immunosuppressive therapy of choice in patients with
JIA-related uveitis.?® ** 380 Other forms of immunosuppres-
sive therapy such as azathioprine, sulfasalazine, mycopheno-
late mofetil, cyclosporine and leflunomide have been assessed
in patients with uveitis, often in MTX-resistant cases.”’ *> The
studies have generally included a small numbers of patients, and
in the case of cyclosporine, the clinical efficacy was poor and the
authors noted that it has limited value in this indication.”* The
results with other forms of immunosuppressive therapy were
more encouraging, but were in fewer patients.”’™* > At this
stage they may prove to be useful treatment options in patients
not responding to, or who cannot tolerate, MTX and they also
have a place accompanying biological treatment in those who
are MTX-intolerant. There is also evidence of the greater effec-
tiveness of MTX in controlling arthritis in JIA compared with
other conventional immunosuppressants. It is not uncommon
for treatment to fail when treatments other than MTX are used
because of recurrent arthritis rather than failure to control the
uveitis.

As noted above, the evidence with other forms of immu-
nosuppressive therapy in patients with JIA-related uveitis is
low,”'* whereas many conventional immunosuppressants are
used in adult onset uveitis with no specific agent favoured as
the first choice. In both adult and childhood patients who fail
to respond to conventional immunosuppressants, expert groups
recommend adding or switching to biological treatments. There
is a growing number of studies supporting the use of biological
therapy in MTX refractory uveitis.”* ' A wide range of biolog-
ical therapies have been investigated in JIA-related uveitis refrac-
tory to conventional therapy, with adalimumab being the most
widely studied; other agents investigated include infliximab,
daclizumab, etanercept, golimumab, abatacept, tocilizumab and
rituximakb,96-108 123-125

All of the biological therapies investigated produced some
benefit in patients with uveitis refractory to conventional
therapy.®® 10127 There are very few comparative studies. One
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study found infliximab to be significantly superior to etanercept
in children with refractory JIA-associated chronic uveitis.'"
In another small study, adalimumab was more efficacious than
infliximab when used as first-line anti-TNF treatment.'® Adali-
mumab also produced higher remission rates versus infliximab in
the medium-term treatment (at least 12 months) of patients with
JIA-related uveitis'”” and in children with uveitis it was signifi-
cantly superior to infliximab in maintaining remission over a
3-year treatment period.'%* The expert group recommends treat-
ment with anti-tumour necrosis factor (TNF) agents (adalimum-
ab>infliximab>golimumab) in patients with uveitis refractory/
resistant to disease-modifying antirheumatic drug (DMARD)
therapy, principally methotrexate.3¢ 190127

The use of TNF inhibitors in uveitis was hypothesised based on
their proven efficacy in a range of systemic inflammatory disor-
ders including JIA, rheumatoid arthritis and Crohn’s disease.'"’
Etanercept is a recombinant DNA dimeric fusion protein that
antagonises TNF-o, and it has proven to be effective in chil-
dren with polyarticular JIA."*® Evidence for the clinical benefit
of etanercept in uveitis has generally been disappointing; it was
associated with a high relapse rate and a high risk for developing
uveitis flares.’” 190107 1177121 Based on these findings, the expert
group recommend that etanercept should not be considered for
JIA-associated uveitis.

Findings from studies including small numbers of patients
provide evidence that if treatment with one anti-TNF agent

becomes ineffective switching to a different anti-TNF agent
could prove to be clinically beneficial.®” '3 116 122 The efficacy
and safety of adalimumab was evaluated in in 26 children with
JIA resistant to current therapy (disease-modifying drugs in 17
cases and anti-TNF agents in 9 cases). Switching to adalimumab
had a beneficial impact on disease control in 17 (65.4%) of
patients.’™ In total, 17 patients with severe recalcitrant uveitis
(resistant to etanercept, infliximab, adalimumab, rituximab or
abatacept) were switched to golimumab and 14 achieved a posi-
tive response, and in 12 of these the disease was inactive at the
final visit (mean duration 22 months; range 6-29 months).*®
Dhingra et al reported preliminary evidence that in seven
cases of refractory uveitis switching between biological agents
(over a period of 5-24 months) helped to control intraocular
inflammation.'?*

While the literature search revealed no direct evidence of the
effects of low drug trough levels or the development of anti-drug
antibodies (ADAs) on the clinical efficacy of biological agents in
patients with uveitis, the expert group considered findings from
other clinical settings. They concluded that in cases of loss of
efficacy over time consideration should be given to testing for
ADAs and drug trough levels."”” 13 If the patient has no anti-
bodies, but has low trough levels, increasing the dose or short-
ening the interval may be an option.'*’

In keeping with an earlier recommendation (18, table 3), there
are data from small studies that in patients with JIA-related uveitis

Table 5 Proposed domains and items for outcome measures of juvenile idiopathic arthritis (JIA)-associated uveitis (from the Multinational

Working Group in JIA-related uveitis)*

Domains Items

Grade of cells in anterior chamber
Grade of flare in anterior chamber*

Slit-lamp examination (according to SUN criteria)
Slit-lamp examination for routine clinical practice and prospective trials (according to SUN criteria)

Laser flare photometry for prospective trials

Number of visits with active uveitis

Records of treating physician

» Duration of activity over a minimum of four visits/year

Visual acuity (appropriate test for age)

Best-corrected visual acuity

Thresholds: <20/50, <20/200 and no light perception
Estimate contribution of amblyopia, yes/no

Development of structural complications Synechiae, yes/no

» Initial and additional

Ocular hypotony, yes/no (<5mm Hg)
Ocular hypertension, yes/no (>21 mm Hg)

Glaucoma, yes/no
Cataract, yes/no

Band keratopathy in the central cornea, yes/no

Macular oedema by optical coherence tomography, yes/no

» Funduscopy and optical coherence tomography for routine clinical practice (for macula and optic disc)
» Funduscopy and optical coherence tomography for prospective trials

Epiretinal membrane formation, yes/no

» Funduscopy for routine clinical practice

» Funduscopy and optical coherence tomography for prospective trials

Quality of life

Childhood Health Assessment Questionnaire
Child Health Questionnaire

Pediatric Quality of Life Inventory
Uveitis-specific quality of life instrument (not yet available for non-English speaking countries)

Overall uveitis-related disability

Assessment by parents, visual analogue scale

Assessment by children, visual analogue scale
Assessment by treating ophthalmologist, visual analogue scale
Assessment by treating paediatric rheumatologist, visual analogue scale

Social outcome
Anti-inflammatory medication*
Surgery* Yes/no

Biomarkers

School/kindergarten absence
Reduction of corticosteroid dose—topical dose—systemic dose

Research tools (not currently available

*Not an outcome measure, but should be documented.
SUN, Standardization of Uveitis Nomenclature.
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refractory to conventional therapy and at least one anti-TNF
therapy switching to drugs such as abatacept, rituximab or tocili-
zumab may be beneficial.">™'* This included patients in whom
the main cause of poor visual acuity was macular oedema.'”
There is now growing evidence for the role of tocilizumab in
macular oedema associated with uveitis."** '*! There is also an
ongoing trial of tocilizumab in children with anti-TNF refractory
JTA-associated uveitis (http://www.aptitude-trial.org.uk/).

The optimum time for surgery in children with complica-
tions from refractory uveitis has not been addressed as a recom-
mendation due to paucity of evidence. Recent literature does
demonstrate that a significant number of children with uveitis
still require surgery for complications.'**

Recommendations for future plans in JIA-related uveitis

A MIWGUC identified the need for clinical trials and longitu-
dinal studies to determine the benefits and costs of health inter-
ventions in this setting.”* To achieve this the group proposed
a core set of outcomes aimed at ensuring that changes in rele-
vant outcomes were measured, and that standardisation of
outcome measures would facilitate data pooling and compar-
isons between interventions (tables 4 and 5). The outcomes
should be agreed on by both researchers and patients, and
they will provide a common focus for interventional studies.
Disease-specific and universally agreed on validated outcomes
are likely to reduce selective reporting and reporting bias.”*
A limitation of this core set of outcomes is that, despite the
fact that there was consensus by the Working Group regarding
their utility, they still remain unvalidated. Visual impairment
has a significant impact on the quality of life (QOL) of patients
with JIA-related uveitis and vision-related QOL relates to
the degree to which vision impacts the individual’s ability to
perform activities of daily living as well as social, emotional
and economic well-being.'**™'?® The Effects of Youngsters’
Eyesight QOL is a useful instrument for measuring the effects
of uveitis on QOL which is currently being validated.

The expert group indicated a need for more well-controlled
clinical trials in children with JIA-related uveitis to provide
the scientific best evidence in the areas of diagnosis, screening,
disease activity and treatment to enable the optimal care of these
patients.

DISCUSSION

Following a systematic review of the literature and Nominal
Group Technique methodology, under the auspices of SHARE
and EULAR operating procedures, 22 recommendations for
the screening, diagnosis, disease activity monitoring, treatment
and future plans for children with JIA-associated uveitis were
accepted with at least 809% agreement. In a disease setting where
the evidence base is limited by small numbers of patients, and
which is developing rapidly, these expert recommendations
should help specialists with the evidence-based advice to provide
optimal care for their patients.

It should be noted that, in general, the level of evidence
was quite low with 13 of 22 recommendations being level 3
or 4, seven level 2 and only two level 1. This highlights the
need for more research in this clinical setting where a number
of new therapies, particularly biological agents, have been
introduced in recent years. At the time that the data search
for this article took place, the expert group noted a need for
more well-controlled clinical trials in children with JTIA-related
uveitis. The goal being to ensure that scientific best evidence is
used to support optimal treatment. In the interim period, but

clearly outside the search time frame of this review, a well-de-
signed randomised controlled trial (RCT) has been published
which compared adalimumab with placebo in children with
JIA-related uveitis who were taking a stable dose of MTX.'*
Active treatment was shown to control inflammation and was
associated with a lower rate of treatment failure compared
with placebo. These results do not alter the recommendations
of the expert group, but reinforce the intent of recommen-
dation 15 in table 3: ‘In case of methotrexate inefficacy or
intolerance, adding or switching to biological treatment is
recommended’. The only difference being that this recommen-
dation is now supported by level 1 evidence, rather than level
3 evidence. More recently, another smaller RCT of adalim-
umab has also been published showing efficacy of adalimumab
in JIA—uveitis although this study used flare as the primary
outcome measure.'” The utility of biological therapies is
receiving wider attention, for example, a number of studies
have reported the benefits of tocilizaumab.'*" '** These findings
from outside the systematic data search time period empha-
sise the need to regularly update the recommendations of the
JIA-associated uveitis expert group so as to provide the highest
levels of care in this clinical setting.
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Determinants of happiness and quality of life in
patients with rheumatoid arthritis: a structural
equation modelling approach
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"Promoting Happiness Through Excellence of Care’ Group

ABSTRACT

Objectives Besides increasing longevity, the ultimate
goal of medical care is to improve patients’ enjoyment
of life, a concept akin to happiness. This study examined
the determinants of happiness and quality of life (QoL) in
patients with rheumatoid arthritis (RA).

Methods In this observational, cross-sectional study,
patients were assessed on disease activity, disease
impact, personality, QoL and happiness. Structural
equation modelling estimation was used to analyse the
associations between these dimensions, pursuing three
hypotheses: H,—disease activity and perceived impact of
disease are negatively associated with overall QoL and
happiness in patients with RA; H,—'positive” personality
traits are related to happiness both directly and indirectly
through perceived disease impact; H,—happiness has

a mediating effect in the relation between impact of
disease and Qol.

Results Data from 213 patients were analysed.

Results supported all driving hypotheses. Happiness was
positively related to ‘positive’ personality and, to a lesser
extent, negatively related to impact of disease. Impact of
disease, in turn, was positively related to disease activity
and mitigated by ‘positive’ personality traits. Impact of
disease had a much stronger relation with QoL than with
happiness. Happiness mitigated the negative effect of
disease impact on QolL.

Conclusion Optimisation of QoL and happiness of
people with RA requires effective control of the disease
process and also improvement of the disease impact
domains. Personality seems to play a pivotal mediating
role in these relations.

INTRODUCTION

The current paradigm for the management of
rheumatoid arthritis (RA), in both clinical and
research settings, is epitomised by the treat-to-
target strategy’ > which establishes that the target
of remission, or at least low disease activity, should
be pursued and achieved as early and consistently
as possible. This target is defined essentially by
measures designed to gauge the disease process:
number of tender and swollen joints and acute
phase reactants supplemented by the patient’s and
physician’s global impression of disease activity.’
The incorporation of patient-reported outcomes
(PROs), designed to provide the patient’s perspec-
tive of the disease™ into clinical practice and

research, is widely supported by international
organisations and professional groups.**1°

Many studies have shown that the control of
inflammation through immunosuppressive therapy
has a markedly positive impact on PROs: controlling
the disease process is, undoubtedly, as important to
prevent long-term damage as to improve patients’
quality of life (QoL).>** ' > Despite this, a sizeable
proportion of patients with RA who are in remis-
sion still describe a high impact of disease'® '* and
reduced QoL."

Our group has recently highlighted this view
by proposing that the management of RA should
pursue two different targets: disease process remis-
sion and disease impact control.”> ' Controlling
the disease impact, in terms of quality and duration
of life, are the final objectives of disease manage-
ment, while controlling the disease process should
be seen as an important means to that end, but not
a guarantee.

Within this perspective, the concept of overall
subjective well-being, equivalent to ‘happiness’,
emerges as a decisive goal as well (‘the ultimate
currency’).'"® All healthcare professionals know
patients who lead a reasonably happy and fulfilling
life despite aggressive disease, while others seem to
succumb to the diagnosis. Understanding the main
determinants of happiness in patients with rheu-
matic diseases and exploring the potential avenues
to maximise it is, in this light, an ethical obligation.
Curing or controlling disease is, certainly, an essen-
tial contribution, but we need to understand how
far disease control can go towards happiness and
whether health professionals may contribute to that
goal beyond disease control.

Happiness includes different aspects of life
such as life satisfaction, healthy interpersonal
relationships, personal growth and appreciation
of nature, beauty and other people, resulting in a
global predominance of positive emotions over
negative ones.'® '’ QoL is more focused on phys-
ical functioning and negative mental aspects, such
as depressed mood and anxiety."® ¥ Happiness is,
therefore, a broader concept than QoL, as it goes
beyond the ability to do things and incorporates the
satisfaction of doing them, that is, the enjoyment
of life as a whole.'® ¥ Personality is recognised as
a key factor in predicting happiness,'® ** *!' as it
provides the context in which the roots of happi-
ness operate.”” Although happiness levels may be
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negatively influenced by the experience of living with a disease,

especially if it has a chronic course and causes a marked impair-

ment in daily functioning, several studies in this area have also
demonstrated that happiness may have a positive impact on
physical health and longevity. This has been mostly attributed to
its effect on the perception of impact disease and on the engage-
ment in health-related behaviours.'®

Based on the previous literature, this study was designed to
address the following hypotheses in patients with RA:

» H —Disease activity and perceived impact of disease are
negatively associated to overall QoL and happiness;

» H,—Positive’ personality traits are related with happi-
ness, both directly and indirectly through perceived disease
impact;

» H,—Happiness has a mediating effect in the relation
between impact of disease and QoL.

METHODS

Participants and study design

We used data from an observational, cross-sectional study,
performed in a single rheumatology outpatient department,™
that aimed at exploring the determinants of patient global
assessment. The study included consecutive adult patients with
RAZ ** who (1) were followed and treated according to standard
guidelines, (2) had the ability to read and interpret the question-
naires applied, and (3) agreed to participate. The current anal-
ysis included data from patients who answered all measurements
required.

All participants provided informed written consent before the
start of study procedures, and the ethical approval was granted
by the University of Coimbra’s Faculty of Medicine Ethics
Committee (CEU 037/2015).

Measures/instruments
Data collection included the Rheumatoid Arthritis Impact
of Disease score,” *® which is composed of seven items rated
on a 10-point numeric rating scale. A higher score indicates
greater impact of the disease. Happiness was assessed through
the Subjective Happiness Scale (SHS),”” a four-item measure
(seven-point Likert scale). A higher mean score indicates more
intense perception of a ‘happy life’. Personality was assessed by
the Ten-Item Personality Inventory (TIPI),*® a brief measure of
the Big-Five personality dimensions, each being scored as the
mean of two items (seven-point Likert scale) addressing extra-
version, agreeableness, conscientiousness, emotional stability
and openness to experience. Higher scores indicate a stronger
expression of the respective trait. We designated the latent
higher order factor derived from TIPI as ‘Positive’ personality to
represent the predominantly adaptive nature of the represented
dimensions. We recognise that the term ‘positive’ is questionable
especially in the extremes of expression of certain traits, such
as conscientiousness. Health-related QoL was accessed by the
EuroQOL (EQ-5D) questionnaire, which includes five dimen-
sions (mobility, self-care, usual activities, pain/discomfort and
anxiety/depression). Each dimension has three levels: no prob-
lems, some problems and extreme problems. The combination
of the five scores leads to an index score between —0.59 and
1.00.”” Higher scores indicate a best perceived health status and
QolL.

Disease activity was measured with the Disease Activity Score
28 joints (DAS28), in its three variables (3v) and C reactive
protein (CRP) variant—DAS28CRP(3v).*

For patient’s characterisation, demographic data, disease
characteristics, comorbidities and current treatment were
collected.

Data analysis

Descriptive and correlational analyses were performed with
SPSS V.23 (IBM). Pearson correlation analyses were conducted
to examine the associations between disease activity, measures of
disease impact, personality traits, QoL and happiness and inter-
preted as small (0.10 to 0.30), moderate (0.30 to 0.50) or large
(>0.50).3"

Structural equation modelling (SEM, latent variable struc-
tural model) was used to estimate the association between the
variables under analysis in the theoretical model and performed
with AMOS V.24.0 (IBM SPSS, Chicago, Illinois, USA), using
a maximum-likelihood estimation. SEM defines latent variables
(summary constructs) from one or more observed variables and
examines in a structured way models specifying relationships
between these latent variables.

Prior to this analysis, the assumptions of normality and multi-
collinearity were confirmed. Skewness values ranged from —0.93
to 0.98, while values of kurtosis ranged from —1.1 to 1.29, indi-
cating no violation of univariate and multivariate normality.>?
Variance inflation factor values were below 5 for all variables
included in the model, excluding multicollinearity as an issue.

As recommended, different goodness-of-fit indices were used
to estimate the model fit, namely (1) the ¥, (2) the Compar-
ative-of-Fit Index (CFI), (3) the Goodness-of-Fit Index (GFI),
(4) the Tucker-Lewis Index (TLI) and (5) the root mean square
error of approximation (RMSEA). A good fit of the models was
assumed when the ratio of % to its df was less than 3.0 and
CFI, GFI and TLI were larger than 0.90°%; RMSEA values <0.06
were considered ideal and values between 0.08 and 0.10 were
considered acceptable.**

Four covariances were entered in the measurement model
following modification indices examination/analysis.

The examination of the structural model included a test of
the overall model fit as well as individual tests of the relation-
ships among latent constructs. Statistically significant effects
were assumed for P <0.05. Other paths with theoretical and
clinical plausibility were also tested (DAS28 CRP3v—happi-
ness; ‘positive” personality—>QoL). Non-significant paths were
excluded, and the initially proposed model was readjusted
accordingly. Furthermore, the bootstrap resampling method,
with 700 bootstrap samples and 95% bias-corrected Cls
around the standardised estimates of total, direct and indirect
effects, was used to test the significance of the mediational
path.*?

To address the potential bias due to missing data, we tested
a model-based missing data method (full information maxi-
mum-likelihood), which did not show significant differences. In
the end, we preferred to use only truly obtained data.

RESULTS

Patient characteristics

This study included 213 of the original sample of 309 patients
with RA due to missing data. Baseline demographic and clin-
ical characteristics of patients are presented in table 1. Partici-
pants were aged between 27 and 88 (M=57.8) years and had a
mean disease duration of 11.8 years. Around one-third (n=69,
32.49%) of patients had no identified comorbidities. The mean
DAS28CRP3v was 2.48, with 59.6% (n=127) of patients being
in remission according to this index.
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Table 1 Demographic and clinical characteristics of 213 patients
with RA
Variables Scores
Age, years, mean (SD) 57.8(13.2)
Female gender, n (%) 172 (80.8)
Disease duration, years, mean (SD) 11.8 (8.9)
Rheumatoid factor positive, n (%)* 154 (72.3)
Anticitrullinated antibody positive, n (%)* 101 (70.6)
Comorbidities, yes, n (%)
Fibromyalgia* 35 (16.4)
Depression*® 38(17.8)
Low back pain* 40 (18.8)
Osteoporotic fractures® 16 (7.5)
Osteoarthritis* 108 (50.7)
Stroke™ 4(1.9)
Current treatment with biologic agents, n (%) 66 (31)
Tender joint counts using 28 joints (0-28), mean (SD) 1.52 (3.2)
Swollen joint counts using 28 joints (0-28), mean (SD) 1.46 (2.7)
C reactive protein, CRP (mg/dL), mean (SD) 0.81 (1.4)
Disease Activity, DAS28CRP3v (0-9.4), mean (SD) 2.48 (0.93)
Remission, n (%) 127 (59.6)
Low, n (%) 49 (23)
Moderate, n (%) 34 (16)
High, n (%) 3(1.4)
Physician global assessment (VAS, 0-100), mean (SD) 14.2 (15.9)
Patient global assessment (VAS, 0—100), mean (SD) 47.5 (28.6)
Rheumatoid Arthritis Impact of Disease (0—10), mean (SD)
Pain 4.8 (2.5)
Functional disability 4.9(2.6)
Fatigue 5.12.7)
Emotional well-being 46(2.7)
Sleep 4.4(2.9)
Coping 42(2.7)
Physical well-being 4.9(2.5)
EuroQOL five dimensions (—0.59 to 1), mean (SD) 0.43 (0.26)
Subjective Happiness Scale (1-7), mean (SD) 4.8(1.3)
Ten-Item Personality Inventory (1-7), mean (SD)
Extraversion 4.1(1.5)
Agreeableness 5.7(1.3)
Conscientiousness 5.6 (1.3)
Emotional stability 3.7(1.5)
Openness to experience 4.4(1.5)

*Percentages of patients with missing data were <2.8%, except for ACPA (32.8%)
and erosions (18.8%), fibromyalgia (7%), depression (7.5%), low back pain
(10.3%), osteoporotic fractures (19.7%), osteoarthritis (8.9%) and stroke (8.5%).

Correlation coefficients
Pearson correlation coefficients for the measured variables are
presented in table 2.

As expected, QoL was found to be strongly and inversely
correlated with impact of disease.

The personality traits extraversion, emotional stability and
openness to experience were associated, with low correla-
tions, with QoL and with virtually all aspects of impact of
disease. Openness to experience was not associated with sleep.
All happiness items except item 4 presented moderate positive
correlations, with QoL; low to moderate positive correlations
with all personality traits, except for agreeableness (not signif-
icant at SHS 1 and 3); and negative correlations, with impact
of disease. Finally, DAS28 CRP3v showed moderate associations

with impact of disease (positive correlation) and QoL (negative
correlations), low correlations with happiness and no significant
correlations with each personality trait.

The fourth question of SHS (which was a complex item with
a negative formulation and reversed scoring) showed a totally
discordant profile vis-a-vis the other three (ie, harming internal
consistency of the SHS). For this reason, this question was not
included in the happiness construct when we performed the
structural equations model, as technically recommended.**

Structural equation modelling

The overall fit of the final measurement model was good,
thus permitting the examination of the structural model
(x2(111)=154.22, x*/df=1.38, P=0.004; CFI=0.98; GFI=0.92;
TLI=0.97; RMSEA=0.04, 95% CI 0.02 to 0.05). Although the
x> statistic was significant (P<0.05), its ratio regarding the df
was within the accepted range (x*/df <3).%

The direct path coefficients for the model are shown in table 3
and figure 1. The bootstrap indirect effects are shown in table 4.

H,—Disease activity and perceived impact of disease are nega-
tively associated to overall QoL and happiness in patients with
RA.

Impact of disease showed a significant negative direct rela-
tion with QoL (B=-0.70; P<0.001) and happiness (B=-0.17;
P=0.02). Impact of disease was higher with higher disease activity
(DAS28CRP3v) (=0.36; P<0.001) (table 3 and figure 1).

Moreover, disease activity had also a negative indirect effect
of —0.26 (P=0.003) on QoL, through the perception of impact
of disease (table 4).

H,—*Positive’ personality traits are related with happiness,
both directly and indirectly through perceived disease impact.

‘Positive’ personality traits had a total effect of 0.56 on happi-
ness, being a direct effect of =0.50 (P<0.001) and an indirect
effect of f=0.06 (P=0.03) through impact of disease.

‘Positive’ personality traits showed also a negative direct rela-
tion with impact of disease (B=-0.37; P<0.001), and an indi-
rect effect of B=0.33 (P=0.004) on QoL, through the impact of
disease (tables 3 and 4 and figure 1).

‘Positive’ personality and disease activity explained 27% of
the variance of impact of disease (R*=0.27) (figure 1).

H,—Happiness has a mediating effect in the relation between
impact of disease and QoL.

Impact of disease had a total effect of 0.72 on QoL, of which
B=—-0.02 (P=0.04) was an indirect effect through happiness,
indicating a mediating influence between this relationship.
Furthermore, there was a significant direct association between
happiness and QoL (B=0.13; P=0.01) (tables 3 and 4 and
figure 1).

Disease activity had a negative indirect effect of f=-0.06
(P=0.04) on happiness, through the perception of impact of
disease (table 4).

Altogether, happiness and impact of disease explained 57%
of the variance of QoL (R*=0.57), and 35% of the variance of
happiness (R*=0.35) was explained by impact of disease and
personality traits (figure 1).

DISCUSSION

This study provides a comprehensive model that illustrates the
relationships between disease activity, impact of disease, person-
ality traits, QoL and happiness in people with RA. Overall, the
results show that happiness is related to a ‘positive’ personality
and, to a small extent, to the perception of impact of disease.
The latter was, in turn, positively related to disease activity and

1120 Santos EJF, et al. Ann Rheum Dis 2018;77:1118-1124. doi:10.1136/annrheumdis-2017-212934


http://ard.bmj.com/

| research

1Ca

| and epidemiolog

Inica

[w]

"100°0>d xx 'S0°0>dx

3|35 ssaulddey aAdBIgNS ‘SHS ‘aseasiq Jo edw| SHUYUY plorewnayy ‘alvy 'ss|qeLiea 8a1y) pue uisjold anideal ) pue swuiol gz buisn 8100 AIANDYasessIq AedYI8TSYA

00l ++070= 600 «SL'0— 4xlT0— ,SL0- 100 LL0- 100 S00— 1000~ «xPE€0~  4xlE0  4xCE0  4x0E0  44SE0  4xlE0  4xlE€0  44GE0  4.VED (07) Aed¥D8ZSYA
00l 00 4x¥80  4xl60 %060 4xGT0  4x9E0 44670  4GL0  4xlV'0  4x8E0  4xGEO0~  4x9E0~ 4ulE0~ 4xEE0~ 4xTE0~ 4xEE0~ 4uVT0~ 44870~ (61) 21005 WaH-d34u3 SHS
001 600 200 ¥00  S00- 00—  L00- €00 700~  L00— 800 600 £0°0 800 700 500 600 700 (81) 7 SHS
00L  «x090 44850 44GZ0 4xlE0 €T 010 +x6E0  «xEE0  xx0£0~  4xCE0~ 4xl€0= 44670~ 5xGT0~ 44870~ 44810~ 44970~ (L1) € SHS
00l 4080  +xET0  4xlE0 44870  «LL'0 4xEE0  449E0 4xEE€0~ 44lE0~ 44EE€0~ 4x0€0~ 440£0~ 4+4l€0~ 4«ET0~ 44970~ (91) T SHS
00l »LL'0  4xZE0  4x¥T0 V0 «x9E0  4xl€0  «u0E~ 44670~ 4xl€0~ 4xGT0~ 4x670~ 44870~ 4ulT0— 4200~ (S1) L SHS
ssaujddey
00'L  xxl70  «x870 448L'0 4x6E0  £GL'0 xxET0~  4ubT0— 4x8L0— 4xlT0— LU0~ %xLT0— «xlT0— ,91'0— (pl)@3>uauadxa o} ssauuado
00l «xlT70 45070 4xTE0  4xST0  4xlE0~ 4xSTO0~ 44SE0~ 44670~ 44670~ 44670~ 4970~ 44170~ (€1) Aupgess jeuonows
00l  ++07'0 44870 0L0 10— 70—  LSL'0— 00— .GL'0—  800— 900—  l0°0- (T1) ssaushonuadsuo)
00l 100 v0'0 00—  0L0- LPl'0O—  €00- 0L0-  €00- 00— €00~ (L1) ssaua|qeaaiby
00')  xx€T70 €70~ «aVT0~ 4x6L0~ 4xlT0~ 4x0T0~ 4470~ 4070~ 4810~ (01) uoIsianenx3
b__m:o&wg OAI}SOd
00')  4x€L0~  4x€90~ 4x¥90~ 44690~ 4x650~ 4890~ 44690~ 4090~ (6) 3411 o fuend
00l 44680 44680 4xC60 4xE80 4«60 4«60 4680 (8) 21035 AIvY
00l +x080 4xl80 44000 4x6L0 4xVL'0 44200 (£) buidod
00'L  «xG80  4xSL0  4xll0  4xTL0  4xlL°O (9) butag-|jom [euonows
00l +xEL0  4xF80 44780  4+GL°0 () Butag-jjam [eaishyg
00L  4xll0 44690 x990 () daa|s
00l «+Z80  4x9L°0 (€) anbiney
00l +«280 (2) Aupigestp jeuonoung
001 (1) ured
aseasip Jo 1edw|
0z 6l 8l L1 91 Sl vl €l 4! 1 0l 6 8 L 9 S 14 € z l

S3|qelien Buowe SyuaIdI0d UOIR[31I0d UoSIedd ¢ d|qel

1121

10.1136/annrheumdis-2017-212934

1118-1124. doi

77:

i

Santos EJF, et al. Ann Rheum Dis 2018


http://ard.bmj.com/

Clinical and epidemiological research

Table 3  Regression weights between structural parameters

Unstandardised direct  Standardised direct

effects effects SE Critical ratio Significance level

Impact of disease<—positive personality -0.84 -0.37 0.19 -4.30 <0.001
Impact of disease<—DAS28CRP3v 0.91 0.36 0.16 5.66 <0.001
Happiness«—positive personality 0.59 0.50 0.12 4.81 <0.001
Happiness<—impact of disease —-0.09 —-0.17 0.03 -2.31 0.02
Coping«impact of disease 1.00 0.87

Emotional well-being«impact of disease 1.01 0.90 0.05 18.99 <0.001
Physical well-being<—impact of disease 1.00 0.94 0.04 21.09 <0.001
Sleep<—impact of disease 0.98 0.80 0.06 15.23 <0.001
Fatigue<—impact of disease 1.02 0.90 0.05 19.05 <0.001
Function disability«impact of disease 0.98 0.89 0.05 18.51 <0.001
Pain<impact of disease 0.88 0.82 0.05 15.84 <0.001
Extraversion<—positive personality 1.00 0.67

Agreeableness<—positive personality 0.38 0.32 0.11 3.20 0.001
Conscientiousness<—positive personality 0.55 0.46 0.11 5.02 <0.001
Emotional stability<—positive personality 0.76 0.52 0.13 5.57 <0.001
Openness to experience<—positive personality 0.77 0.54 0.13 5.68 <0.001
SHS 1< happiness 1.00 0.89

SHS 2« happiness 1.08 0.92 0.06 15.95 <0.001
SHS 3<—happiness 0.88 0.67 0.08 10.95 <0.001
Quality of life«—impact of disease -0.08 -0.70 0.01 -12.20 <0.001
Quality of life«<—happiness 0.03 0.13 0.01 2.44 0.014

Unstandardised direct effects come directly out of the estimation procedure. Due to the metric differences of the instruments, in this case, standardised direct effects should be
preferred to indicate the strength of the associations (magnitude between —1 and +1). Higher absolute values indicate a stronger (positive or negative) association. An absolute
critical ratio >1.96 reflects that path coefficients are significant at the 0.05 level.

DAS28CRP3y, Disease Activity Score using 28 joints and C reactive protein and three variables; SHS, Subjective Happiness Scale.

67 46

@ Pain Extraversion
34 79 10 -24
Functional disability 82 68 Agreeableness )
80 8% @ P2 21 29
Fatigue 90 27 /46 Conscientiousness @
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. Sleep % [ Impact 297 ' Emotional stability
Disease
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Figure 1  Estimated standardised direct effects for the proposed model. Circles represent latent factors. Squares represent measured variables (the
scale scores). Arrows connecting circles and rectangles in one direction show a hypothesized direct relationship between the two variables. Curved
lines with an arrow in both directions demonstrate a bi-directional relationship (covariance). Circles with the letter “e" written in it represent the
associated error. DAS28CRP3v, Disease Activity Score using 28 joints and C-reactive protein and three variables; SHS, Subjective Happiness Scale.
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Table 4 Bootstrap results for indirect effects between structural parameters

Quality of life

Happiness

Estimates, SE

95% Cl, significance level

Estimates, SE 95% Cl, significance level

DAS28CRP3v 3=-0.26, 0.05 (-0.36 to —0.16), 0.003 3=-0.06, 0.03 (-=0.13 to -0.01), 0.04
Positive personality =0.33, 0.06 (0.21 t0 0.45), 0.004 3=0.06, 0.03 (0.01 t0 0.14), 0.03
Impact of disease B=-0.02, 0.01 (—0.06 to —0.001), 0.04 -

Standardised indirect effects indicate the strength of the associations (magnitude between —1 and +1). Higher absolute values indicate a stronger (positive or negative)

association.

DAS28CRP3y, Disease Activity Score using 28 joints and C reactive protein and three variables.

mitigated by ‘positive’ personality with very similar weights.
Our findings also show that happiness mediates (and mitigates)
the association between impact of disease and QoL. Impact of
disease has a stronger relation with QoL than with happiness,
further supporting the distinct nature of the latter two concepts.

Taken together, these findings imply important clinical impli-
cations. Assuming that the perceived impact of disease is, in itself,
a valuable treatment target, the model suggests that healthcare
professionals should consider personality traits while making
the best efforts to control the disease process. In fact, disease
activity and personality explained around 27% of the variance
in perceived impact, with similar weights for each.

If quality of life is elected as a high-priority treatment objec-
tive,® the perceived impact of disease should be acknowledged as
major determinant,’® %’ but, to a lesser extent, happiness should
be considered an ameliorating factor as well. Happiness has been
shown to be related to QoL**** and to a variety of better health
outcomes, also in a prospective study.*

If happiness is taken as the ultimate goal of disease manage-
ment, the model suggests that personality traits are the most
important determinants, with small influences of perceived
impact of disease and QoL. The relationship between person-
ality traits, most clearly extraversion, and happiness is well
established in the literature.'®2°*! Our results highlight that this
association persists even in the presence of a severely impacting
disease, such as RA. Four personality domains seem particularly
important in this association: extraversion, emotional stability,
conscientiousness and openness to experience. Multiple poten-
tial mechanisms may explain these associations: the ability to
establish positive personal relationships,*® to adopt positive atti-
tudes in life’s challenging events*' ** and to accept novel attitudes
and unaccustomed values'® have all been shown to be important
ingredients of happiness. It is easy to conceive that they become
even more important when facing such a challenging health
condition. According to our model, the disease activity control
on happiness is indirect, through perceived disease impact, and
accounts only for ~6% of its variance.

Our results should be interpreted while taking into account
some limitations. First, although the sample size and the diver-
sity of patients’ characteristics were satisfactory, the recruit-
ment was performed in a single centre, which advises caution in
results’ generalisation. Second, this was a cross-sectional design,
not allowing testing causal relationships: longitudinal studies are
thus indispensable to further assess the associations suggested
here. Third, although we have accessed the presence of some
comorbidities, we did not use a validated index for that purpose.
This precluded the inclusion of this variable in the statistical anal-
yses, despite its potential confounder effect. Fourth, all variables
of this study are also influenced by other factors, such as material
wealth, occupation and loneliness, which were not accounted
for in the present study, as it was focused on exploring the rele-
vance of disease activity. Finally, the reader should take into

account that the concepts of happiness and QoL herein should
be interpreted according to the instruments used to define them.

In summary, our results indicate, in line with a substantial
literature, that personality traits have a considerable influence
on how impactful/disrupting patients perceive their disease to
be, with decisive consequences on their QoL, and also on how
happy they feel towards life. Taken together, our observations
indicate that treatment strategies focused solely on the control of
disease activity can be expected to have only a limited impact on
QoL and a probably minor effect on happiness. Personality traits
represent another realm of potential intervention towards mini-
mising the effects of disease on patients’ lives. They seem to be as
important as disease control regarding QoL and more important
than the disease process if happiness is taken as the ultimate goal.
Fully gauging these dimensions would require a more detailed
evaluation of patients and a wider scope of interventions than
usually done in rheumatology practice.

This can only be attained by multidisciplinary teams working
to optimise RA management through tight control of the disease
process and also by exploring the full potential of interventions
beyond immunosuppression. Within this context, appropriate
pain control and non-pharmacological interventions, such as
patient education, counselling and support* ** and occupational
therapy,®® deserve additional consideration. Interventions in the
scope of the positive psychology movement, including ‘third
wave’ cognitive-behavioural therapies designed to boost resil-
ience factors such as acceptance, mindfulness, positive affect and
happiness,*® *” may be of paramount importance for the indi-
vidual patient’s global health and enjoyment of life.
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CONCISE REPORT

The use of MRI-detected synovitis to determine the
number of involved joints for the 2010 ACR/EULAR
classification criteria for Rheumatoid Arthritis — is it

of additional benefit?

Aleid C Boer,' Debbie M Boeters,” Annette H M van der Helm-van Mil"?

ABSTRACT

Objective To assess the value of MRI-detected synovitis
to determine the number of involved joints on the
performance of the 2010-ACR/EULAR classification
criteria for rheumatoid arthritis (RA).

Methods 277 patients with a clinical suspicion of RA
consecutively included in the Leiden Early Arthritis Clinic
(EAC)-cohort underwent 1.5T MRI of MCP-, wrist- and
MTP-joints. Test characteristics of the 2010-criteria

were calculated when the number of involved joints
was determined with and without including MRI-
detected synovitis. Two outcomes were studied: disease
modifying anti-rheumatic drug (OMARD)-initiation and
1987-criteria fulfilment during the first year.

Results At baseline, 143 patients were classified as
RA. When MRI-detected synovitis was considered, 14
patients additionally fulfilled the 2010-criteria. Of these,
64% (9/14) started DMARDs. When MRI-detected
synovitis was also used to determine the number of
involved joints the sensitivity changed from 62% to
67%, the specificity from 90% to 84% and the AUC
from 0.76 to 0.75. The net reclassification index was
—2.4%. When fulfilling the 1987-criteria was used as
outcome, results were similar.

Conclusion We found no scientific support that the use
of MRI-detected synovitis is of additional benefit for the
performance of the 2010 classification criteria.

INTRODUCTION

Because early classification is important in rheu-
matoid arthritis (RA), the 2010 ACR/EULAR clas-
sification criteria have been developed.'! These
criteria are more sensitive and slightly less specific
than the 1987-criteria.” Differences between these
criteria are among others a stronger weight of
autoantibodies in the 2010-criteria. In addition,
the 2010-criteria suggest the use of imaging tools
to ascertain synovitis." This addition seems reason-
able as studies on MRI have shown that synovitis in
early arthritis patients can be present in a substan-
tial amount of joints that were neither swollen nor
tender at clinical examination.> Moreover, auto-
antibody-negative patients require the presence
of >10 involved joints to fulfil the criteria for
RA.* The addition of advanced imaging modalities
could substantially increase the number of involved
joints and may therefore improve the accuracy of
the criteria in the autoantibody-negative group
in particular. Although the development of the

2010-criteria was primarily data-driven, the sugges-
tion to also use advanced imaging modalities to
detect synovitis was included in the criteria based
on expert opinion.” Thus far there are no studies
published in peer-reviewed journals that evalu-
ated the effects of including information of syno-
vitis detected by MRI on the performance of the
2010-criteria. Therefore, this study determined the
effects of the inclusion of MRI-detected synovitis in
the evaluation of the number of involved joints on
the performance of the 2010-criteria.

METHODS

Patients

We studied 277 patients with clinically evident
inflammatory arthritis of =1joint that were consec-
utively included in the Leiden Early Arthritis Clinic
(EAC) cohort between 2013 and 2015, who when
the results of regular laboratory investigations were
known, had the clinical working diagnosis of RA or
undifferentiated arthritis (UA) (figure 1). The EAC
is a population-based inception cohort of patients
with recent-onset arthritis with a symptom dura-
tion <2 years that started in 1993 and is described
in detail elsewhere.® At baseline 66-swollen and
68-tender joint counts (66-SJC and 68-TJC), labo-
ratory investigations (including c-reactive protein
(CRP), erythrocyte sedimentation rate (ESR),
immunoglobulin M-rheumatoid factor (RF) (posi-
tive if =3.5IU/mL) and anti-citrullinated peptide
antibody (ACPA, anti-CCP2, Eurodiagnostica, the
Netherlands, positive if =25 U/mL; from 2009 ELiA
CCP, Phadia, the Netherlands, positive if =7U/
mL)) and an MRI were performed. Follow-up visits
with standard clinical assessments were performed
3 months after the first presentation and yearly
thereafter. The study was approved by the Ethics
Committee. Written informed consent from each
patient was obtained.

MRI

From 2010 onwards an MRI was made at base-
line and from June 2013 onwards not only the
MCP- and wrist-joints, but also the MTP-joints
were imaged after gadolinium enhancement. As
contrast enhancement is beneficial for the evalua-
tion of synovitis, patients were selected from June
2013 onwards at the time contrast enhancement
of the MTP-joints was added to the protocol.
Patients studied here were included between June
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Figure 1

2013 and December 2015. A 1.5T MRI was made at the most
severely affected symptomatic side or at the dominant side if
symptoms were equal at both sides (see online supplemen-
tary methods). According to the protocol the MRI was made
before disease modifying anti-rheumatic drug (DMARD)-ini-
tiation (including glucocorticoids) and patients were asked to
stop NSAIDs 24 hours before the scan. The scans were scored
according to RA MRI Scoring (RAMRIS) method by two expe-
rienced readers (intraclass correlation coefficients (ICC) for
synovitis 0.96). More details on the scanning and scoring
method are provided supplementary. Mean scores of two
readers were calculated and in case of a mean score of =1, the
MRI was considered positive for MRI-detected inflammation
(synovitis, tenosynovitis or bone marrow oedema (BMO)).
The MRI reading results were not communicated to the clini-
cians at any time point.®®

Incorporation of MRI-detected inflammation for the
classification of RA-patients

The 2010-criteria were applied to all 277 patients with clin-
ical synovitis of at least one joint that had no alternative
explanation for their complaints and were considered as at
risk for RA by their treating rheumatologist. Joint counts

Flowchart of patient selection from the Leiden Early Arthritis Clinic cohort.

were performed with and without the addition of MRI-de-
tected inflammation. For example, in case a joint was neither
tender nor swollen, but was positive for MRI-detected syno-
vitis (mean score =1 per joint by two separate independent
readers) it resulted in a positive joint for the calculation of
the 2010 ACR/EULAR classification criteria with MRI-de-
tected synovitis. Although the 2010-classification criteria
stated that synovitis detected by advanced imaging modalities
might be assessed to determine the number of involved joints,
MRI also depicts tenosynovitis and BMO. Therefore we also
explored if adding information of these features increased
the accuracy of the criteria. Patients that fulfilled =6 points
of the classification criteria were considered 2010-criteria
positive RA.!

Analyses

After 1year follow-up patient files were assessed on two outcomes
that were used as a proxy of RA. The primary outcome was the
initiation of a DMARD (including the start of oral, intra-articular
or intramuscular glucocorticoids); this outcome was also used
in the data-driven phase of the derivation of the 2010-criteria.
The secondary outcome was fulfilment of the 1987-criteria. We
calculated test characteristics for the 2010-criteria without and
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Table 1 Baseline characteristics of 277 patients studied and for
those that did not fulfil the 2010-criteria when MRI results were not
considered (Undifferentiated Arthritis, UA)

All patients UA patients
(n=277) (n=143)
Age, mean (SD) 57 (16) 56 (17)
Female, n (%) 176 (64) 85 (59)
68-Tender joint count, median (IQR) 6(9) 3(5)
CRP (mg/L), median (IQR) 7(18) 5(11)
Symptom duration in days, median (IQR) 73 (166) 59 (156)
RF positive (=3.51U/mL), n (%) 97 (36) 11(8)
ACPA positive (=7 U/mL), n (%) 97 (36) 22 (16)
Either RF or ACPA positive, n (%) 127 (46) 29 (20)

ACPA, anti-citrullinated peptide antibody; CRP, c-reactive protein; IQR, Inter quartile
range; RF, rheumatoid factor; SD, standard deviation.

with the addition of MRI-detected synovitis. The net reclassifi-
cation index was calculated.

RESULTS

At baseline 143 out of the total of 277 patients studied did not
fulfil the 2010-criteria when the number of involved joints was
determined at clinical evaluation only (figure 1) and 134 did.
Table 1 shows the baseline characteristics; in line with previous
observations the patients that did not fulfil the criteria were
mostly auto-antibody negative. When MRI-detected synovitis
was also considered to count the number of involved joints, 69
patients had increased joint counts. Subsequently we determined
the number of patients that received more points for the item
‘number of involved joints’; this concerned 36 patients. Then
we counted the additional number of patients in whom the
total points had become six or higher. A total of 14 additional

patients now fulfilled the 2010-criteria for RA. Thus, when data
on MRI-detected synovitis were included 10% of patients that
were formally classified as UA were now additionally classified
as having RA.

Then the 1year follow-up data were studied. When MRI-de-
tected synovitis was not considered, the sensitivity (95% CI) of
the 2010-criteria was 62% (55; 69) and the specificity 90% (82;
95) for DMARD initiation as outcome (table 2). Nine of the 14
additionally classified patients (64%) were started on DMARDs
and were considered as true positives, whereas the other five
patients (36%) were not treated with DMARDs. These five
patients developed alternative clinical diagnoses during the first
year (gout (n=2), inflammatory osteoarthritis (n=1), paraneo-
plastic inflammatory arthritis (n=1)) or had spontaneous reso-
lution of arthritis in the first year (n=1). With the addition of
MRI-detected synovitis the sensitivity increased to 67% (60; 73)
and the specificity decreased to 84% (73; 90). The AUC changed
from 0.76 to 0.75. The net reclassification index —2.4% (online
supplementary table S1).

Results for the secondary outcome, fulfilment of the
1987-criteria after 1year, were similar (table 2). The sensitivity
changed from 79% (71; 85) to 81% (74; 87) and the specificity
from 78% (71; 84) to 71% (63; 78). The net reclassification
index was —5.1% (online supplementary table S2).

To investigate whether the additionally classified patients with
MRI-detected synovitis could be explained by the definition of
MRI-detected synovitis, we also applied a cut-off based on find-
ings from symptom-free volunteers, as previously published,’
instead of a cut-off of mean =1. Then MRI-detected synovitis
was considered present in a joint if this was seen in <5% of
age matched healthy controls. This caused less UA-patients to
fulfil the 2010-criteria and also resulted in both an increase in
falsely and correctly additionally classified RA-patients (data not

Table 2 Test characteristics of the 2010 EULAR/ACR criteria for RA without and with considering MRI-detected inflammation for the primary
outcome (initiation with DMARDs in the first year) and secondary outcome (fulfilment of the 1987-criteria at year one)

Sensitivity Specificity PPV NPV Accuracy AUC
DMARD initiation
2010-RA without considering MRI
62 (55; 69) 90 (82; 95) 95 (90; 97) 46 (38; 54) 70 (64; 75) 0.76
2010-RA with considering MRI-detected synovitis
67 (60; 73) 84 (73; 90) 92 (86; 95) 47 (39; 56) 71 (66; 76) 0.75
2010-RA with considering MRI-detected tenosynovitis
66 (59; 72) 86 (77; 92) 93 (88; 96) 47 (39; 56) 71 (66; 76) 0.76
2010-RA with considering MRI-detected bone marrow oedema
64 (57; 70) 86 (77; 92) 93 (87; 96) 46 (38; 54) 70 (64; 75) 0.75
2010-RA with considering any MRI-detected inflammation
68 (61; 74) 82 (72; 89) 91 (86; 95) 48 (39; 57) 72 (66; 77) 0.75
1987-criteria fulfilment
2010-RA without considering MRI
79 (71; 85) 78 (71; 84) 76 (68; 83) 81 (74; 87) 79 (74; 83) 0.79
2010-RA with considering MRI-detected synovitis
81 (74; 87) 71 (63; 78) 71 (63; 78) 81 (74; 87) 76 (70; 80) 0.76
2010-RA with considering MRI-detected tenosynovitis
81 (74, 87) 74 (66; 80) 73 (65; 80) 82 (75; 88) 77 (72; 82) 0.78
2010-RA with considering MRI-detected bone marrow oedema
81(73;87) 76 (68; 82) 74 (66; 81) 82 (74, 87) 78 (73; 82) 0.78
2010-RA with considering any MRI-detected inflammation
82 (75; 88) 69 (61; 76) 70 (62; 76) 82 (74;87) 75 (70; 80) 0.76

Test characteristics are shown in percentages with a 95% Cl except for the AUC, area under the receiver operating characteristic curve. PPV, positive predictive value; NPV,
negative predictive value. Any MRI-detected inflammation consists of either synovitis, tenosynovitis or bone marrow oedema.
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shown). The area under the receiver operating characteristic
curve (AUC) remained 0.76.

Since MRI does not only depict synovitis, but also tenosyno-
vitis and BMO, it was explored if incorporation of these inflam-
matory findings changed the results. As depicted in table 2,
the test characteristics and AUC were almost similar to that of
MRI-detected synovitis.

DISCUSSION

This study provided evidence on the value of the inclusion of
MRI-detected synovitis in addition to the evaluation of tender
and swollen joints for the classification of RA. Our data show
that the accuracy as measured by the AUC did not improve. This
conclusion is similar to that reported in two abstracts that to our
knowledge did not proceed to papers published in peer-reviewed
journals.'” "' We observed that almost 50% of patients had
MRI-detected synovitis in joints that were neither swollen nor
tender at physical examination. However this resulted in a posi-
tive classification for the 2010-criteria in a minority of patients.
Furthermore one-third of additionally classified patients did
not have RA with DMARD-treatment as reference and could be
considered as false-positives.

A meta-analysis on the performance of the 2010-criteria by
Radner et al reported a sensitivity and specificity for DMARD
initiation of 65% and 80% respectively.” Our findings are in line
with these data.

We also did not identify studies or trials stating that imaging
modalities were used for the application of the classification
criteria. Hence we are unfamiliar with how often novel imaging
modalities are currently used to this end. The value of ultrasound
for the classification criteria has been studies previously.'™" All
studies were differently designed. In two studies the presence
of clinically evident inflammatory arthritis was not required for
inclusion.'* ® Another study showed associations between ultra-
sound-detected synovitis and fulfilment of the 2010-criteria,
but test characteristics with and without the use of ultrasound
were not provided.” One study calculated test characteristics
and showed that the use of ultrasound resulted in an increased
sensitivity at the cost of specificity, which is in line with our
findings."* Also these ultrasounds studies showed, similarly to
our study, an increase of both correctly and incorrectly classified
RA-patients."

The method how MRI-detected synovitis should be incorpo-
rated in the 2010-criteria was not thoroughly explained." We
used MRI additionally to clinical evaluation of joints. However,
the study of Nakagomi et al that used ultrasound, included
patients without clinical synovitis and determined the number
of involved joints solely by imaging.'? This resulted in patients
fulfilling the criteria for RA without any clinically detectable
synovitis.

Importantly, concerning the type of inflammation assessed,
our main focus was the addition of MRI-detected synovitis, as
this was explicitly stated in the table by Aletaha et al.' To further
examine the impact of other types of MRI-detected inflamma-
tion, we separately analysed the value of tenosynovitis, BMO
and the presence of any type of inflammation as an addition
to the criteria. These results were similar to the outcomes of
MRI-detected synovitis.

The definition of the presence of synovitis on imaging was not
explicated in the 2010-criteria. Several previous studies showed
low-grade synovitis in small joints of asymptomatic persons,
especially at higher age.'®™"® Although the nature of this phenom-
enon remains indefinite, not considering this may possibly result

in an overestimation of affected joints. Therefore we analysed an
alternative definition for synovitis-positivity and investigated the
effects if a joint was considered positive when this was present
in <5% of age matched healthy controls. This also resulted in
an increase in falsely and correctly classified RA-patients. Conse-
quently, we think that the presence of low-grade synovitis in the
general population does not explain the lack of increased accu-
racy when using MRI-detected synovitis in the criteria.

In this study we observed an increased sensitivity at the cost
of the specificity. It could be discussed that classification criteria
should be sensitive and therefore incorporation of imaging into
the 2010-criteria for RA could be considered favourable. At the
other hand, here this also resulted in a substantial increase of
false positives.

In addition to the outcome studied here, it would also be
interesting to evaluate more a long-term outcome like disease
persistence. Further, the present findings require external
validity in other cohorts of early RA patients to assess if these
results are generalizable.

In conclusion, we did not find an increased accuracy of the
2010 ACR/EULAR classification criteria when MRI-detected
synovitis was incorporated. Further research on this subject in
other longitudinal cohorts is needed. At present there is no scien-
tific proof that MRI-detected synovitis is of additional benefit
for classification of RA.
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ACPA 1gG galactosylation associates with disease
activity in pregnant patients with rheumatoid arthritis

Albert Bondt,"** Lise Hafkenscheid,® David Falck,? T Martijn Kuijper,’
Yoann Rombouts,>** Johanna M W Hazes," Manfred Wuhrer 2

Radboud J E M Dolhain'

ABSTRACT

Objectives Patients with autoantibody-positive
rheumatoid arthritis (RA) are less likely to experience
pregnancy-induced improvement of RA disease activity
(DAS28-C reactive protein (CRP)) compared with patients
with autoantibody-negative RA. Anti-citrullinated
protein antibodies (ACPAs) are the most specific
autoantibodies for RA. We previously demonstrated
that disease improvement is associated with changes

in total IgG glycosylation, which regulate antibody
effector function. Therefore, we sought to analyse the
ACPA-IgG glycosylation profile during pregnancy with
the aim to understand the lower change of pregnancy-
induced improvement of the disease in patients with
autoantibody-positive RA.

Methods ACPA-IgGs were purified from ACPA-
positive patient sera (n=112) of the Pregnancy-
induced Amelioration of Rheumatoid Arthritis

cohort, a prospective study designed to investigate
pregnancy-associated improvement of RA. The fragment
crystallisable (Fc)glycosylation profile of ACPA-IgGs was
characterised by mass spectrometry and compared with
that of total IgG derived from the same patients or from
ACPA-negative patients.

Results All ACPA-IgG subclasses display significant
changes in the level of galactosylation and sialylation
during pregnancy, although less pronounced than in
total IgG. The pregnancy-induced increase in ACPA-

lgG galactosylation, but not sialylation, associates

with lower DAS28-CRP. In ACPA-positive patients,

no such association was found with changes in the
galactosylation of total IgG, whereas in ACPA-negative
patients changes in disease activity correlated well with
changes in the galactosylation of total IgG.
Conclusions In ACPA-positive RA, the pregnancy-
induced change in galactosylation of ACPA-IgG, and
not that of total IgG, associates with changes in disease
activity. These data may indicate that in ACPA-positive
patients the galactosylation of ACPA-IgG is of more
pathogenic relevance than that of total IgG.

INTRODUCTION

In rheumatoid arthritis (RA), autoantibodies (AAbs)
are thought to be important drivers in the patho-
genesis of the disease. A variety of AAbs has been
discovered in RA over the years, but rheumatoid
factor (RF) and anti-citrullinated protein antibodies
(ACPAs) are reported to be present in approxi-
mately 70% of patients with RA." For both ACPA
and RF, the IgM, IgG and IgA isotypes have been

characterised.> > An increasing body of evidence
suggests that AAb-positive RA is a different disease
than AAb-negative RA. For example, it has been
shown that AAb-positive RA is more progressive and
destructive, in particular when ACPA is present.’ In
addition, while approximately 50% of all patients
with RA spontaneously improve with pregnancy,
this percentage is lower for AAb-positive disease,
and often disease activity in these patients remains
moderate to high.*?

IgG is known to bear sugar structures at aspar-
agine 297 residues of the fragment crystallisable (Fc)
of the heavy chain, the so-called N-glycan. These
N-glycans on IgG are generally composed of a core
structure of seven building blocks (four N-acetyl-
glucosamines (GlcNAc) and three mannoses), which
can be extended by galactoses, sialic acids, a fucose
and a bisecting GIcNAc (figure 1). For ACPA-IgGs,
in addition, glycans with only three GlcNAcs in
the core structure, called mono-antennary glycans,
have been described.®

The absence of galactose extensions is known
for decades to be associated with higher RA
disease activity, whereas the increase in the
levels of galactose is associated with the sponta-
neous improvement of RA during pregnancy.” ®
The Fc-glycan moiety of IgG regulates antibody
effector functions, especially by modulating the
binding of IgG to Fc-gamma-receptor or by acti-
vating anti-inflammatory pathways via lectins
such as Dectin-1.7 1

AAbs, in particular ACPA and RF, can be present
years before disease onset without clinical pheno-
type.!! Their mere presence is not enough to induce
arthritis, but shortly before the diagnosis of RA the
ACPA-IgG Fc N-glycosylation is changed in appear-
ance towards a phenotype associated with increased
inflammation.

Since ACPA-IgGs have been described to exhibit
a more ‘pro-inflammatory’ Fc-glycosylation profile
compared with total IgGs, and given that patients
with AAb-positive RA are less likely to improve
during pregnancy, we hypothesised that ACPA-IgGs
are more likely to retain their ‘pro-inflammatory’
glycosylation profile during pregnancy compared
with total IgG.** 12

Therefore, we compared the changes in the
glycosylation of ACPA-IgG during pregnancy and
after delivery with that of total IgG. In addition,
associations thereof with changes in disease activity
were investigated, as well as differences between
clinical responders and non-responders.
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Figure 1
is indicated by the dashed line. The dotted blue line indicates the
truncation called mono-antennary. The four main glycan characteristics
are furthermore shown: (1) sialylation, (2) galactosylation, (3) bisection
(for "bisecting” N-acetylglucosamine) and (4) fucosylation.

METHODS

Study population and clinical response

The current study is embedded in the Pregnancy-induced
Amelioration of Rheumatoid Arthritis (PARA) study, a nation-
wide prospective cohort study on pregnancy and RA for
which patients were included between 2002 and 2009. Sera
were collected preconception (PC) if possible, at three time
points during pregnancy and three time points after delivery."
All patients fulfil the 1987 American College of Rheuma-
tology (ACR) criteria for RA. At all time points disease activity
was assessed using the disease activity score (DAS28) based on
C reactive protein (CRP), and swollen and tender joint count.'*
Responders and non-responders (from first trimester (TM1) to
third trimester (TM3)) were categorised based on the EULAR
response criteria.”® The postpartum flare was defined between
the TM3 and 12 weeks post partum using the so-called ‘reversed
EULAR response criteria’.’® As a reference group 32 healthy
pregnant Caucasian volunteers without adverse obstetric history
were followed from the TM1 onwards.

Total and ACPA-IgG glycosylation data

ACPAs were captured as described before using CCP2-based
affinity chromatography followed by IgG purification on
CaptureSelect IgG-Fc (Hu) beads (ThermoFisher).!® The
captured and dried ACPA-IgGs were reconstituted in 50 mM
ammonium bicarbonate (Sigma Aldrich, Steinheim, Germany)
with 15% acetonitrile. As a next step, the same volume of ultra-
pure water containing 600 ng of N-tosyl-L-phenylalanine chloro-
methyl ketone (TPCK)-treated trypsin (Sigma Aldrich) was
added before overnight digestion at 37°C. The obtained tryptic
digests were sequentially measured by nano-liquid chromatog-
raphy (LC) coupled online to electrospray ionisation (ESI) mass
spectrometry (MS) as described before.'” Total IgG glycosylation
data obtained previously were used to compare with ACPA-IgG
glycosylation of the same patients.”

Data analysis

Raw LC-MS data were converted to mzXML using MSConvert.
LaCyTools was used to align the LC runs, extract and calibrate
the mass spectra of each IgG subclass, and integrate the spectra
for a selected list of potential analytes.'® In addition, several
quality measures were extracted. After analyte and spectrum

curation, several glycosylation traits were calculated in Micro-
soft Excel as described in the online supplementary material.

Some ACPA-negative sera were used to assess the specificity
of the entire procedure. A threshold for inclusion was set at the
subclass specific intensity obtained for these negative sera plus
two times the SD thereof.

Statistical analysis

Statistical analysis was performed using Stata/SE V.13.1 for
Windows (StataCorp). First, all ACPA-IgG and total IgG time
lapses of subclass specific glycosylation traits, as well as disease
activity, were modelled using multilevel mixed-effects linear
regression analysis, similar to what has been described before.®
In addition, for total IgG separate models were estimated for
ACPA-positive and ACPA-negative patients. Within these
models the presence of pregnancy-associated changes were
studied between PC and TM3, between TM1 and TM3, and
between TM3 and the second postpartum time point (12 weeks
post partum; PP2). At this postpartum time point, disease activity
was highest. After this time point, several patients had already
restarted disease-modifying antirheumatic drugs, including
methotrexate. A values were calculated for the changes in the
glycosylation traits and disease activity. It was tested whether the
mean AACPA-IgG glycosylation was different compared with the
total IgG glycosylation changes, and whether Atotal IgG glyco-
sylation was different between ACPA-positive and ACPA-nega-
tive patients. Furthermore, associations between Aglycosylation
and ADAS28 were explored. Two-group mean-comparison tests
of glycosylation traits were performed to identify possible differ-
ences between responders and non-responders (during preg-
nancy), or ‘flare’ and ‘no flare’ (after delivery). A false discovery
rate of 5% was used in Benjamini-Hochberg correction for
multiple testing.

RESULTS

Study population and clinical response

Sera from the 152 ACPA-positive patients included in the PARA
cohort (total n=255) with material available from at least three
time points were used for this study, and finally resulted in
ACPA-IgG glycopeptide spectra for 112 patients: 50 from PC
onwards, 48 from the TM1, 9 from the TM2, and 5 from the
TMa3. Patient characteristics as well as clinical response outcomes
are depicted in table 1.

ACPA-glycosylation shows pregnancy-associated changes
First, we analysed the glycosylation changes of ACPA-IgG (with
respect to galactosylation, sialylation, incidence of bisecting
GIcNAc and fucosylation) during pregnancy and after delivery.
All studied glycosylation properties showed differences over
time (P<0.001; online supplementary table S1). For example,
a typical increase in galactosylation from PC onwards until the
TM3 of pregnancy was observed, followed by lower levels of
galactosylation after delivery (figure 2; online supplementary
tables S1and S2).

An increase of ACPA-IgG galactosylation was observed
between TM1 and TM3 for all subclasses (IgG1 +3.40%,
P<0.001; [gG2/3 +5.01%, P<0.001; [gG4 +3.99%, P<0.001),
followed by a decrease after delivery (IgG1 —4.39%, P<0.001;
IgG2/3 -5.89%, P<0.001; IgG4 —-5.09%, P<0.001; figure 2,
table 2, online supplementary tables S1 and S2).

Furthermore, also ACPA-IgG sialylation showed an increase
during and decrease after pregnancy (table 2, online supplemen-
tary figure S1, online supplementary table S1 and S2).
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Table 1  Cohort characteristics
ACPA-
positive vs
ACPA-positive ACPA-negative ~ ACPA-
(n=112) (n=101) negative*
Age, mean (range) 33.1(21.9-42.4) 32.3(24.7-40.5) ns
RF positive, n (%) 95/105 (90) 28/94 (30) <0.0001
Erosive disease, n (%) 74/107 (69) 49/99 (49) 0.0037
DAS28-CRP3,
mean (SD)
PCt 3.8(1.2) 3.6 (1.0) ns
™1# 3.9(1.2) 3.3(1.0) 0.0002
TM3§ 3.5(1.0) 3.0(1.0) 0.0006
Use of sulfasalazine at ns
T™1, n (%) 31/96 (32) 26/89 (29)
Use of prednisone at TM1, ns
n (%) 37/96 (39) 29/89 (33)
Use of hydroxychloroquine ns
at M1, n (%) 3/96 (3) 2/89 (2)
Use of methotrexate in the ns
past, n (%) 63/112 (56) 53/101 (52)
Use of TNF-blocking agents ns

in the past, n (%) 18/112 (16) 10/101 (10)

*Outcome of the t-test comparing ACPA-positive with ACPA-negative patients.
tACPA-positive n=46; ACPA-negative n=52.

+ACPA-positive n=91; ACPA-negative n=85.

§ACPA-positive n=97; ACPA-negative n=96.

ACPA, anti-citrullinated protein antibodies; CRP, C reactive protein; ns,

not significant; PC, preconception; PP, post partum; RF, rheumatoid factor; TM,
trimester; TNF, tumour necrosis factor.
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Levels of bisecting GIcNAc were registered for ACPA-IgG1
and ACPA-IgG2/3 showing a drop between PC and the TMI1,
followed by a gradual increase during pregnancy which continued
post partum. Levels of bisection at TM3 were not different from
the PC time point (online supplementary figure S2, supplemen-
tary tables S1 and S2).

Afucosylated structures showed a mild decrease after delivery
for ACPA-IgG1. No afucosylated species were detected for
ACPA-1gG2/3and ACPA-IgG4 (online supplementary figure S3,
supplementary tables S1 and S2).

In addition to the previously studied glycosylation traits, we
were able to detect glycopeptides with mono-antennary glycans
(<1% of all detected ACPA-IgG1 glycopeptides), of which the
level decreased during pregnancy (from 0.8% to 0.7%, P<0.001)
and increased after delivery (from 0.7% to 0.8%, P=0.001;
online supplementary tables S1 and S2).

Pregnancy-associated changes in glycosylation of ACPA-IgG
are less pronounced compared with total IgG
Since ACPA-IgG showed the typical pregnancy-associated
changes with regards to Fc-glycosylation, we investigated
whether ACPA-IgG glycosylation changes were different from
total IgG in the same (ACPA-positive) patients. In addition,
the changes in glycosylation of total IgG during pregnancy
were compared between ACPA-positive and ACPA-negative
patients.

The change in galactosylation was on average twofold smaller
for ACPA-IgG1 compared with total IgG1 for all studied time
spans (P<0.001; figure 3A, table 2). Likewise, the increase of
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Figure 2 Galactosylation time curves for IgG1, 19G2/3 and IgG4. The anti-citrullinated protein antibodies (ACPAs) galactosylation (red line, circle
markers) is different compared with total IgG of ACPA-positive individuals (yellow line, triangle markers). In addition, total IgG galactosylation
patterns for ACPA-negative patients (grey line, square markers) and healthy controls (blue line, cross markers) are shown. Error bars represent

standard errors. PC, preconception; PP, post partum; TM, trimester.
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Table 2 Comparison of the change in glycosylation (%) between anti-citrullinated protein antibodies (ACPAs)-1gG (ACPA) and total IgG (Total) in
ACPA-positive patients

PC-TM3 T™1-TM3 TM3-PP2
ACPA Total ACPA Total ACPA Total
n Mean SE Mean SE P values n Mean SE  Mean SE P values n Mean SE Mean SE P values
Gal
19G1 25 468 1.60 1115 1.28 <0.001 61 340 055 537 053 <0.001 71 -439 047 -876 048 <0.001
19G2/3 13 480 1.35 991 1.08 <0.001 28 5.01 1.52 6.34 0.65 0.266 30 -589 0.65 -9.01 0.62 <0.001
1gG4 7 8.15 4.10 10.09 3.03 0.550 16 399 116 631 1.40 0075 20 -5.09 144 -738 133 0.004
SA
19G1 25 0.51 0.48 248 0.22 <0.001 61 0.58 0.13 119 0.12 <0.001 n -1.10 0.12 -242 0.2 <0.001
19G2/3 13 117 0.4 276 0.28 0.003 28 110 036 1.74 0.16 0.019 30 -1.62 020 -262 0.16 <0.001
9G4 7 242 133 3.05 0.71 0.627 16 1.10 041 1.81 038 0.094 20 -1.82 042 -260 0.38 0.014
Bis
19G1 25 0.43 0.44 -0.80 0.29 <0.001 61 1.09 0.18 0.13 0.14 <0.001 n 0.63 0.16 146 0.12 <0.001
19G2/3 13 -0.10 0.26 0.06 0.28 0.557 28 0.69 026 058 0.21 0.581 30 135 017 086 0.11 0.001
Fuc
1gG1 25 -0.08 0.08 -047 021 0.047 61 -0.10 0.06 -0.35 0.10 0.019 71 021 006 050 0.10 0.005

P values depicted in bold font were considered statistically significant after Benjamini-Hochberg multiple testing correction under a false discovery rate of 5%.
Bis, bisection; Fuc, fucosylation; Gal, galactosylation; PC, preconception; PP, post partum; SA, sialylation; TM, trimester.

galactosylation during pregnancy and subsequent decrease after
delivery was significantly lower for ACPA-IgG2/3 compared
with total IgG2/3 (P<0.001). Regarding ACPA-IgG4, only the
decrease of galactosylation after delivery showed a difference
compared with that of total IgG4 (P=0.004).

A highly comparable set of observations was obtained for
sialylation, with a less pronounced increase during pregnancy
and postpartum decrease in sialylation of ACPA-IgG1 and
ACPA-1gG2/3 compared with their respective total IgG subclasses
(figure 3B; table 2). For IgG4 similar trends were observed. Some
differential pregnancy-induced changes between ACPA-IgG and
total IgG were also observed for the level of bisecting GlcNAc
(table 2).
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Only minor differences in total IgG glycosylation changes
were observed between ACPA-positive and ACPA-negative
patients (online supplementary table S3).

Disease activity associates with ACPA-IgG galactosylation in
ACPA-positive, and with total IgG galactosylation in ACPA-
negative patients

We previously found that the change in total IgG galac-
tosylation is associated with a change in disease activity
(DAS28-CRP). Regression analysis was now performed to
study this phenomenon for ACPA-IgG. In addition, for total
IgG a subgroup analysis for ACPA-positive and ACPA-negative
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Figure 3  Pregnancy-associated changes in IgG1 galactosylation (A) and sialylation (B) are more pronounced in total IgG compared with anti-
citrullinated protein antibodies (ACPAs) in the same patients. Changes from preconception (PC) to the third trimester (TM3), from first trimester (TM1)
to TM3, and from TM3 to the second postpartum time point (PP2; 12 weeks post partum) are shown for total IgG in blue and ACPA-IgG in orange.

(***P<0.001).
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Table 3 Association of the change in galactosylation and sialylation with the change in disease activity during different time spans for anti-
citrullinated protein antibodies (ACPAs)-lgG and total IgG in the ACPA-positive patients, and for total IgG in the ACPA-negative patients

PC-TM3 T™1-TM3 TM3-PP2
n Pvalues R? Beta n Pvalues R’ Beta n Pvalues R’ Beta
Galactosylation
ACPA
19G1 25 0.7526 0.004 0.066 59 0.0058 0.126 -0.355 69 0.1285 0.034 -0.185
19G2/3 12 0.6557 0.021 0.144 27 0.1863 0.069 —-0.262 30 0.2845 0.041 —-0.202
lgG4 12 0.4221 0.066 0.256 33 0.1458 0.067 —-0.259 35 0.4659 0.016 -0.127
Total (ACPA-positive)
19G1 35 0.9575 0.000 0.009 82 0.0516 0.047 -0.216 94 0.0320 0.049 -0.221
19G2/3 35 0.9328 0.000 0.015 82 0.0191 0.067 —-0.258 94 0.0312 0.050 -0.222
9G4 1" 0.5429 0.043 0.206 30 0.133 0.079 -0.281 34 0.6870 0.025 -0.159
Total (ACPA-negative)
1gG1 47 0.0542 0.080 -0.283 82 0.0007 0.134 —-0.366 89 0.0000 0.184 -0.429
19G2/3 47 0.0623 0.075 -0.274 82 0.0018 0.116 —-0.340 89 0.0001 0.159 -0.398
lgG4 15 0.0655 0.237 -0.487 23 0.1559 0.094 —-0.306 29 0.0162 0.196 -0.443
Sialylation
ACPA
19G1 25 0.2816 0.050 0.224 59 0.0564 0.062 —-0.250 69 0.8384 0.001 -0.025
19G2/3 12 0.6515 0.021 0.146 27 0.5430 0.015 -0.122 30 0.9885 0.000 0.003
9G4 12 0.3803 0.078 0.279 33 0.0216 0.159 -0.399 35 0.9037 0.001 0.003
Total (ACPA-positive)
1gG1 35 0.4646 0.016 -0.128 82 0.1535 0.025 -0.159 94 0.2622 0.014 -0.117
19G2/3 35 0.5861 0.009 -0.095 82 0.1840 0.022 —-0.148 94 0.2877 0.012 -0.111
lgG4 " 0.6651 0.022 0.148 30 0.1847 0.062 -0.249 34 0.6730 0.006 -0.075
Total (ACPA-negative)
1gG1 47 0.1063 0.057 -0.239 82 0.0154 0.071 -0.267 89 0.0277 0.055 -0.233
19G2/3 47 0.4120 0.015 -0.123 82 0.1007 0.033 -0.183 89 0.0505 0.043 —-0.208
9G4 15 0.1742 0.137 -0370 23 0.4198 0.031 -0.177 29 0.2273 0.054 -0.231

P values depicted in bold font were considered statistically significant after Benjamini-Hochberg multiple testing correction under a false discovery rate of 5%.

PC, preconception; PP, post partum; TM, trimester.

patients was performed. A graphical representation of the
disease activity time course for these groups is represented in
online supplementary figure S4.

A negative association of the change in (A)ACPA-IgG1 galacto-
sylation between TM1 and TM3 was seen with changes in disease
activity (table 3; P=0.0058, R*=0.13, p=—0.36), meaning that
patients with the most pronounced decrease in disease activity
show the highest increase in galactosylation.

Regarding total IgG galactosylation of ACPA-positive patients,
no significant association between galactosylation change and
the change in disease activity was observed.

In contrast, in ACPA-negative patients the total IgG galacto-
sylation showed negative associations with disease activity for
both IgG1 and IgG2/3, during pregnancy (TM1-TM3; IgGl,
P=0.001, R*=0.13; IgG2/3, P=0.002, R*=0.12) as well as
after delivery (TM3-PP2; IgG1, P<0.001, R*=0.18; 1gG2/3,
P<0.001, R?=0.16; table 3).

When focusing on sialylation, we observed no associations of
changes in ACPA-IgG sialylation with changes in disease activity
(table 3). Also, the changes in total IgG sialylation for ACPA-pos-
itive and ACPA-negative patients did not show significant associ-
ations with disease activity (table 3).

Change in ACPA-IgG galactosylation in ACPA-positive
patients and total IgG galactosylation in ACPA-negative patients
differs between responders and non-responders does

Previously we have shown that changes in glycosylation are
more pronounced in patients that improve during pregnancy

and those that flare after delivery. To determine whether this is
related to ACPA status, a subgroup analysis was performed.
Patients were classified as ‘responder’ and ‘non-responder’
during pregnancy, or ‘flare’ and ‘no flare’ after delivery according
to the EULAR response criteria. For ACPA-IgG1, galactosylation
was found to increase slightly more in responders compared
with non-responders (P=0.044; online supplementary table S4).
Total IgG galactosylation in ACPA-positive patients, however,
did not show different increases between responders and non-re-
sponders during pregnancy, nor a difference in decrease between
patients with and without a flare after delivery. Interestingly, a
larger increase in total IgG1 galactosylation was observed in the
ACPA-negative responders (+8.9%) during pregnancy compared
with the non-responders (+4.8%j; P=0.005; online supplemen-
tary table S4). After delivery the decrease in total IgG1 galacto-
sylation was more pronounced in patients with a flare of disease
activity (—13.2% vs —9.3%; P=0.001). Similar findings were
observed for total IgG2/3 (online supplementary table S4).

DISCUSSION

In this article, we sought to determine whether the Fc-glycosyla-
tion of ACPA-IgG could provide more insights into why patients
with RA positive for AAbs are less likely to improve during preg-
nancy. Previously, we have shown that ACPA titres do not change
during pregnancy; therefore, a rise in ACPA titre cannot explain
this phenomenon.* We therefore tested an alternative hypothesis,
namely that ACPA-IgG would retain a more ‘pro-inflammatory’
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glycan phenotype compared with total IgG, which could explain
higher disease activity in the AAb-positive population. In agree-
ment with our hypothesis, our data show that ACPA-IgGs keep
a glycan phenotype that is associated with higher inflammation,
with lower galactosylation and sialylation as a hallmark. This
might be an explanation why patients with AAb-positive RA do
not show a similar pregnancy-associated improvement of disease
activity as do patients with AAb-negative RA. Changes in the
glycosylation of total IgG were comparable between ACPA-pos-
itive and ACPA-negative patients.

Notably, in ACPA-negative patients there was a strong associa-
tion in the change in galactosylation of total IgG with the change
of disease activity, whereas in ACPA-positive patients this was
found only for ACPA-IgG, but not for total IgG.

The increase in oestrogens during pregnancy is believed to
contribute to the pregnancy-induced changes in glycosylation,
in particular galactosylation.” Overstimulation with oestrogen,
however, has been suggested to possess pro-inflammatory
effects.”® An inflammatory environment, like the inflamed
joints of patients with RA, with high levels of interleukin-6, is
associated with increased levels of oestrogen receptors.”' The
increased expression of oestrogen receptors, together with the
increased level of oestrogen during pregnancy, may therefore
result in an overstimulated, hence pro-inflammatory, stimula-
tion. It this therefore tempting to speculate that since ACPA-pro-
ducing plasma cells reside in the joints, this pro-inflammatory
stimulation might be an explanation for the aforementioned
lower increase in galactosylation of ACPA-IgG compared with
total IgG.

An alternative explanation for the less pronounced pregnan-
cy-induced changes in ACPA-IgG glycosylation is that ACPA-pro-
ducing B cells appear to be generally more matured, with high
rates of class-switched memory B cells and plasmablasts.” In
addition, these cells may persist longer in the synovium.>* These
more matured or ‘older’ antibody-producing cells may be less
sensitive to (hormonal) stimulation which would modify the
IgG glycosylation. Such desensitisation has, for example, been
reported for matured T cells.”*

As we have mentioned before, there is no difference in the
average increase of total IgG galactosylation between ACPA-pos-
itive and ACPA-negative patients. However, only in ACPA-neg-
ative patients, but not ACPA-positive patients, an association
was observed between the changes in disease activity and the
changes in the galactosylation of total IgG. In the ACPA-positive
patients, such an association was only found for the ACPA-IgG
galactosylation.

These observations indicate that in ACPA-positive patients’
disease activity is mainly driven by the glycosylation of ACPA,
suggesting that ACPA, as an AAb, could have a pathogenic role
in this subgroup of patients. That in AAb-negative patients
changes in the glycosylation of total IgG could affect disease
activity seems less straightforward. However, it is known that
Igs may exert general immunosuppressive properties which are
attributed to the degree of galactosylation and/or sialylation.™
This all is thought to be the underlying mechanism of therapy
with intravenous Igs (IVIgs). Several studies on IVIgs have been
performed in patients with RA, with proven efficacy also in
AAb-negative patients.> 2¢

Antibodies are often called ‘pro-inflammatory’ or ‘anti-in-
flammatory’ when people refer to the glycosylation. The results
obtained in the current study appear to support this notion. In
ACPA-positive patients, where ACPA is expected to drive patho-
genesis, increased ACPA-IgG galactosylation associates with
lower disease activity. In contrast, total IgG galactosylation only

associates with disease activity in ACPA-negative RA, supposedly
due to a different pathogenic mechanism. However, showing
a direct link between glycosylation and inflammation is chal-
lenging. Recently a murine study on collagen-induced arthritis
has provided evidence that antibodies with a more ‘anti-in-
flammatory’ glycosylation phenotype do not induce arthritis,
whereas a more ‘pro-inflammatory’ phenotype does.>” % For the
murine system, the sialic acid is believed to serve as a switch
between these phenotypes. Intriguingly, we found in our current
study for ACPA-IgG, and previously for total IgG, that galac-
tosylation associates with lower disease activity in RA, and not
sialylation.® This has also been reported recently for granuloma-
tosis with polyangiitis.*’

In conclusion, we have shown that during pregnancy ACPA
retains a more ‘pro-inflammatory’ glycosylation profile compared
with total IgG. In addition, we found that in ACPA-positive
patients’ changes in the galactosylation of ACPA-IgG were
associated with changes in disease activity during that period,
whereas no such association was found for total IgG galactosyla-
tion in these patients. Our results support a pathogenic potential
of ACPAs and their low levels of galactosylation in RA and might
explain why patients with AAb-positive RA improve less during
pregnancy.
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Risk of myocardial infarction with use of selected
non-steroidal anti-inflammatory drugs in patients
with spondyloarthritis and osteoarthritis

Maureen Dubreuil,"* Qiong Louie-Gao," Christine E Peloquin,’ Hyon K Choi,?

Yuging Zhang,' Tuhina Neogi'

ABSTRACT

Objectives Spondyloarthritis (SpA) is associated with
an increased risk of myocardial infarction (MI) due to
underlying inflammation and possibly due to medications
such as certain non-steroidal anti-inflammatory drugs
(NSAIDs). We sought to describe Ml risk among patients
with SpA who were prescribed NSAIDs, and to compare
the pattern of risk in SpA with that in osteoarthritis (OA).
Methods Nested case-control studies were performed
using The Health Improvement Network (THIN).
Underlying cohorts included adults with incident SpA

or OA who had >1NSAID prescription and no history

of MI. Within each cohort, we matched each Ml case to
four controls without MI. NSAID use was categorised as:
(a) current (prescription date 0—180 days prior to index
date), (b) recent (181-365 days) or (c) remote (>365
days). We performed conditional logistic regression to
compare the odds of current or recent NSAID use relative
to remote use of any NSAID, considering diclofenac and
naproxen specifically.

Results Within the SpA cohort of 8140 and the OA
cohort of 244 339, there were 115 and 6287 M cases,
respectively. After adjustment, current diclofenac use in
SpA was associated with an OR of 3.32 (95% CI 1.57
to 7.03) for MI. Naproxen was not associated with any
increase (adjusted OR 1.19, 95% Cl 0.53 to 2.68). A
ratio of ORs for SpA/diclofenac relative to OA/diclofenac
was 2.64 (95% Cl 1.24 to 5.58).

Conclusions MI risk in SpA is increased among current
users of diclofenac, but not naproxen. The Ml risk with
diclofenac in SpA appears to differ from that in OA.

INTRODUCTION

Myocardial infarction (MI) risk is increased in
several systemic rheumatic diseases including rheu-
matoid arthritis (RA), psoriatic arthritis (PsA) and
other forms of spondyloarthritis (SpA).'™ Reasons
for this increased risk are likely multifactorial,
including a greater prevalence of traditional cardio-
vascular (CV) risk factors, systemic inflammation
and use of medications that may predispose to
MI.’~ While some risk factors cannot be changed,
other modifiable risk factors, specifically medi-
cation selection, offer an opportunity to prevent
morbidity and reduce the premature mortality asso-
ciated with SpA.

Non-steroidal anti-inflammatory drugs (NSAIDs)
are currently first-line therapy for axial SpA and
PsA.'""2 While NSAIDs may relieve pain and stiff-
ness, use may be associated with risk of adverse

events such as MI. In particular, several NSAIDs that
selectively inhibit cyclooxygenase-2 (COX-2) were
withdrawn from the market when their CV risk
was publicised. Although drugs with predominantly
COX-2 inhibition have been incriminated and
limited or removed from the market, NSAIDs with
lower COX-2 inhibition (‘non-selective NSAIDs’)
remain available. In fact, the top three NSAIDs,
diclofenac, naproxen and ibuprofen are non-se-
lective, and account for >12million prescriptions
annually in the UK."

In people without CV disease, several non-se-
lective NSAIDs have been shown to increase risk
of CV events in a dose-dependent fashion. High-
dose diclofenac is associated with a 41% increase
in risk, and high-dose ibuprofen is also likely asso-
ciated with an increased risk, although not statis-
tically significant in meta-analysis (rate ratio (RR)
1.44, 95%CI 0.89 to 2.33)."* Naproxen, on the
other hand, did not have an increased risk (RR
0.93, 95%CI 0.69 to 1.27), suggesting drug-spe-
cific effects, rather than a class effect. The proposed
mechanisms for different effects include the relative
degree of COX-2 inhibition compared with COX-1
(rather than the absolute amount of inhibition),
drug half-life and platelet inhibition.

Despite the evidence of CV risk in the general
population, risk has not been fully studied in
systemic rheumatic diseases. We hypothesised that
MI risk with specific NSAIDs would follow a similar
pattern in patients with SpA as compared with that
in the general population, but would be greater in
SpA due to systemic inflammation. A competing
theory is that NSAID use in inflammatory arthritis
may protect against CV events by reducing systemic
inflammation, which itself increases risk for MI. For
this reason, we examined the risk of MI associated
with use of NSAIDs in patients with SpA, and also
assessed risk among patients with osteoarthritis
(OA), a non-inflammatory form of arthritis.

METHODS
We performed a nested case-control study using
1994-2015 data from The Health Improvement
Network (THIN), a database of medical records
from over 600 general practitioners in the UK.
THIN currently contains data on over 11 million
individuals, covering >6% of the UK population.
THIN contains systematically and prospec-
tively recorded data collected by GPs on demo-
graphics, diagnoses, consultations, referrals,

BM)

Dubreuil M, et al. Ann Rheum Dis 2018;77:1137—1142. doi:10.1136/annrheumdis-2018-213089

eular "¥


http://www.eular.org/
http://ard.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2018-213089&domain=pdf&date_stamp=2018-07-06
http://ard.bmj.com/

Clinical and epidemiological research

hospitalisations, testing and prescriptions. Diagnoses are organ-
ised according to the Read classification.” Prescription data
include the dose, strength and formulation of medications,
categorised according to the drug dictionary, Multilex. Quality
control checks are done regularly, and this database has been
validated for several pharmacoepidemiological studies as well
as for MI as an outcome.'®

Underlying cohort establishment

We identified adults, aged 18-89 years in THIN with a diag-
nosis of ankylosing spondylitis (AS) or PsA, two forms of SpA,
after at least 12 months’ enrolment without such a diagnosis
(incident SpA cohort). Diagnosis was established using Read
codes documented by the GP. In previous studies, a Read code
alone for PsA had a positive predictive value (PPV) of 85% and
the PPV of an AS code was 72%.' ' As a control condition,
we also identified a cohort of adults with incident OA (any
site) documented by the GP. While the PPV of an OA diagnosis
has not been assessed in THIN, the high disease prevalence
makes it likely PPV will be high. Subjects were excluded if they
had any history of MI, to allow identification of incident Mls.
Although the NSAIDs of primary interest for this study were
diclofenac (which has high COX-2 inhibition) and naproxen
(which has low COX-2 inhibition), we required all subjects to
have been prescribed at least one NSAID of any type to mini-
mise confounding by indication.

Case and control ascertainment

We identified cases of MI as the first recording of an MI Read
code, a definition with a PPV of 95% in a previous THIN study."
In SpA and OA separately, each MI case was matched using risk
set sampling to 1-4 control subjects without an MI, according
to age (within 2 years), date of SpA or OA diagnosis (within 2
years) and sex (figure 1).

Exposure assessment

For each subject, NSAID use was categorised as ‘current’ if the
most recent NSAID prescription was 0-180 days prior to the
index date, 'recent’ if 181-365 days prior or ‘remote’ if >365
days. This approach of prescription recency has been used previ-
ously in the study of rheumatic diseases.*’ %!

Covariate assessment

Potential confounders included any prior diagnosis of hyper-
tension, hyperlipidaemia, diabetes mellitus, gastrointestinal
bleeding, ischaemic heart disease and chronic kidney disease. We
assessed use of medications in the year preceding the index date,
including aspirin, antihypertensives (beta-blockers and ACE-in-
hibitors), lipid-lowering agents (statins and fibrates), proton
pump inhibitors and disease-modifying antirheumatic drugs
(DMARD:s) or biologics used in the treatment of SpA. Body mass
index (BMI) was classified using the most recent value prior to
the index date within 5 years, and smoking status as the most
recent value. Missing values for BMI and smoking were imputed
using multiple imputation, in which five datasets were gener-
ated.”*> The imputation model was constructed using all vari-
ables used in the analytic model (Statistical Analysis section).

Statistical analysis

We generated descriptive statistics for MI cases and controls,
including mean age, sex, prevalence of comorbidities and medi-
cation use and BMI and smoking categories.

For the primary analysis, we calculated a crude OR for the
odds of current NSAID use relative to remote NSAID use for
cases and controls. A conditional logistic regression model was
used to adjust for baseline confounders. The SpA and OA cohorts
were analysed separately. For each OR, we calculated a 95% CI
for current and recent NSAID exposure categories relative to
remote use of any NSAID (the referent).

To assess the robustness of the primary analysis findings, we
conducted several sensitivity analyses. First, because the mean
age in OA was 10 years greater than that in SpA, we performed
an analysis restricted to subjects aged 55-70 years to allow a
comparison of relative risks among cohorts of comparable ages.
Second, we rematched the original SpA cases to controls, using all
the original matching factors, and additionally matched on SpA
subtype (AS or PsA; within the SpA cohort only) and stratified
to assess for effects by SpA subtype. Third, out of concern that
aspirin use among subjects may be an indication of pre-existing
ischaemic heart disease, we performed an analysis restricted to
subjects free of baseline aspirin use.

Finally, to assess for effect modification between arthritis type
(SpA vs OA) and the effect of diclofenac, we calculated the ratio
of the adjusted ORs with 95% CI.*® Analyses were performed

Current NSAID

Cases of myocardial infarction

[

Recent NSAID

-

Remote NSAID

4

, Controls: no myocardial infarction

Compare — (referent category)
Current NSAID
Recent NSAID N
Remote NSAID B
(referent category)
Figure 1

Case-control study design. The study began on the right, with selection of myocardial infarction (MI) cases and matched controls who did

not have MI. Subjects’ exposure to non-steroidal anti-inflammatory drugs (NSAIDs) was assessed as ‘current’ (within 180 days), ‘recent’ (180-365
days) or ‘remote’ (>365 days). NSAID non-users were excluded. Remote NSAID use was considered the referent category.
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Table 1 Characteristics of cases and controls derived from the underlying SpA and OA cohorts
SpA cohort OA cohort
Cases Controls Cases Controls
Subjects (n) 115 455 6287 25164
Age, mean+SD 63.0+£11.5 62.7+11.4 72.6+10.3 72.5+10.2
Female 35 (30.4%) 138 (30.3%) 2927 (46.6%) 11716 (46.6%)
Comorbidities*
Chronic kidney disease 14 (12.2%) 52 (11.4%) 1043 (16.6%) 3248 (12.9%)
Diabetes 23 (20.0%) 52 (11.4%) 1153 (18.3%) 3195 (12.7%)
Gastrointestinal bleeding 5 (4.3%) 17 (3.7%) 339 (5.4%) 1011 (4.0%)
Hyperlipidaemia 22 (19.1%) 58 (12.7%) 1211 (19.3%) 3898 (15.5%)
Hypertension 66 (57.4%) 188 (41.3%) 3626 (57.7%) 12491 (49.6%)
Ischaemic heart disease 44 (38.3%) 39 (8.6%) 2707 (43.1%) 3048 (12.1%)
Medication use*
Aspirin 29 (25.2%) 71 (15.6%) 2354 (37.4%) 6400 (25.4%)
ACE-inhibitors 32 (27.8%) 87 (19.1%) 1732 (27.5%) 5568 (22.1%)
Beta-blockers 19 (16.5%) 66 (14.5%) 1687 (26.8%) 4697 (18.7%)
Lipid-lowering drugs 42 (36.5%) 111 (24.4%) 2382 (37.9%) 7956 (31.6%)
Proton pump inhibitors 57 (49.6%) 149 (32.7%) 2520 (40.1%) 7470 (29.7%)
DMARDs 41 (35.7%) 137 (30.1%) 196 (3.1%) 488 (1.9%)
Biologics 0 (0.0%) 1(0.2%) 0(0.0%) 0(0.0%)
BMI*—missing 29 (25.2%) 154 (33.8%) 1580 (25.1%) 7197 (28.6%)
Underweight 5 (4.3%) 9(2.0%) 168 (2.7%) 546 (2.2%)
Normal 15 (13.0%) 64 (14.1%) 1016 (16.2%) 4181 (16.6%)
Overweight 32 (27.8%) 126 (27.7%) 1929 (30.7%) 7405 (29.4%)
Obese 34 (29.6%) 102 (22.4%) 1594 (25.4%) 5835 (23.2%)
Smoking*—missing 6 (5.2%) 21 (4.6%) 184 (2.9%) 786 (3.1%)
Non-smoker 27 (23.5%) 170 (37.4%) 2364 (37.6%) 11428 (45.4%)
Ex-smoker 46 (40.0%) 183 (40.2%) 2506 (39.9%) 9894 (39.3%)
Current smoker 36 (31.3%) 81 (17.8%) 1233 (19.6%) 3056 (12.1%)

Values expressed are N (%) unless otherwise noted.

*Assessed prior to index date; comorbidities and any time prior to study, medications within the year prior; most recent BMI and smoking status.
BMI, body mass index; DMARDs, disease-modifying anti-rheumatic drugs; OA, osteoarthritis; SpA, spondyloarthritis.

using SAS V.9.3 or V.9.4 (SAS Institute, Cary, North Carolina,
USA).

RESULTS

From an original SpA cohort of 8140, we identified 115 MI cases
and 455 matched controls. From the OA cohort of 244 339, we
identified 6287 MI cases and 25 164 matched controls. In each
cohort, MI cases had a greater prevalence of traditional MI risk
factors and greater use of medications for treatment of hyper-
tension and diabetes, including aspirin, ACE-inhibitors, beta-
blockers and lipid-lowering agents (table 1). Among subjects
with SpA, DMARD use was present in 35% of MI cases and
30% of controls. Biologic use was rare, as expected, occurring in
only one control subject with SpA.

NSAID prescriptions

Among those classified as diclofenac users, the majority (92%)
were prescribed a daily dosage of 100 mg or more, with 150 mg
daily being most common (74%). The daily dosage of diclofenac
was 100 mg or more in 92% of subjects with OA, 95% of subjects
with AS and 92% of subjects with PsA. For naproxen, the most
common daily dosage was 1000 mg (55%) and was 1000 mg or
greater in 569% of subjects with OA, 63% of subjects with AS and
72% of subjects with PsA. Among all subjects whose most recent
prescription was an NSAID other than diclofenac or naproxen,
the most common drug was ibuprofen (55%), followed by

celecoxib (11%), meloxicam (10%), rofecoxib (7%), etoricoxib
(5%), indomethacin (3%) and etodolac (3%). All other NSAIDs
accounted for 2% or less of prescriptions (see online supplemen-
tary table 1).

Associations of NSAID use with MI

In the primary analysis, among subjects with SpA, current
diclofenac was associated with a greater than twofold increase
in the crude risk of MI compared with remote NSAID use (OR
2.23,95%CI 1.22 to 4.05), which after adjustment for covariates
and imputation for missing values of BMI and smoking increased
to 3.32 (95% CI 1.57 to 7.03; table 2). With current naproxen
use and current other NSAID use, ORs were not significantly
increased; the adjusted OR (aOR) for naproxen was 1.19 (95%
CI0.53 to 2.68), current other NSAIDs aOR 1.23 (95% CI 0.61
to 2.46), and recent other NSAID aOR 1.03 (95% CI 0.36 to
2.93).

The OR for risk of MI with current diclofenac use was also
increased among subjects with OA; aOR 1.26 (95% CI 1.14 to
1.39). Current naproxen was not associated with an increased
aOR (0.98, 95%CI 0.85 to 1.13), but current use of other
NSAIDs was (aOR 1.17, 95% CI 1.07 to 1.28) in the OA cohort.

Sensitivity analyses
With restriction to ages 55-70 years, results were not meaning-
fully changed (table 3); the aOR for current diclofenac in SpA
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Table 2 Primary outcome: odds of myocardial infarction with current use of diclofenac, naproxen or other NSAIDs, and recent use of an NSAID,

relative to remote use of NSAIDs, among patients with SpA and OA

SpA OA
Cases Controls Cases Controls
(n=115) (n=455) Crude OR aOR* (n=6287) (n=25164) Crude OR aOR*
Currentt diclofenac 25 62 2.23 3.32 843 2981 1.23 1.26
(1.22 to 4.05) (1.57 to 7.03) (1.12 t0 1.34) (1.14 10 1.39)
Current naproxen 14 46 1.60 1.19 339 1365 1.06 0.98
(0.81103.18) (0.53 10 2.68) (0.93 t0 1.20) (0.8510 1.13)
Current other NSAID 29 107 1.48 1.23 1224 4491 1.18 1.17
(0.84t0 2.61) (0.61 to 2.46) (1.09 to 1.28) (1.07 to 1.28)
Recentt NSAID 8 39 1.05 1.03 684 2805 1.05 1.01
(0.45 to 2.44) (0.36 t0 2.93) (0.96 to 1.15) (0.911t01.12)
Remotet NSAID 39 201 1.0 (ref) 1.0 (ref) 3197 13522 1.0 (ref) 1.0 (ref)

*Adjusted for potential confounders, using imputed BMI and smoking when missing.

tCurrent use: prescription date 0—180 days prior to index date; recent use: 180-365 days and remote use: >365 days.
aOR, adjusted OR; BMI, body mass index; NSAID, non-steroidal anti-inflammatory drug; OA, osteoarthritis; SpA, spondyloarthritis (includes ankylosing spondylitis and psoriatic

arthritis).

was 3.36 (95% CI 0.88 to 12.79), and for OA 1.30 (95% CI
1.10 to 1.53). When we rematched subjects in the SpA cohort
based on SpA subtype, the unadjusted OR for diclofenac use
within the whole SpA sample remained similar (OR 2.08, table 4).
When stratified by SpA subtype, the unadjusted ORs for current
diclofenac were similar; for AS, 2.83 (95% CI 0.92 to 8.68) and
for PsA, 1.76 (95% CI 0.85 to 3.64). Interestingly, naproxen did
not have an increased OR in AS, but had an increased point esti-
mate in PsA (unadjusted OR 2.09, 95%CI 0.90 to 4.85). SpA
subtype stratified results could not be adjusted for confounders
due to small event numbers. With restriction to subjects free of
aspirin use at baseline, results were unchanged. The unadjusted
OR for diclofenac in SpA was 2.31 (95% CI 1.16 to 4.61) and for
naproxen was 1.76 (95% CI 0.81 to 3.85). In OA, the crude OR
of diclofenac was 1.28 (95% CI 1.15 to 1.42), and for naproxen
was 1.06 (95% CI 0.90 to 1.23).

Because current diclofenac was associated with increased MI
risk, we also assessed whether recent use (181-365 days from
prescription date) conferred risk. In SpA, the unadjusted OR for
recent diclofenac was 1.45 (95% CI 0.50 to 4.19) and in OA was
0.94 (95% CI 0.80 to 1.11). Recent naproxen was not associated
with an increased or decreased risk in either SpA or OA (results
not shown).

Ratio of ratios

Using the results from the primary analysis, the ratio of aORs
for current diclofenac (OA as the referent) was 2.64 (95% CI
1.24 to 5.58), suggesting an interaction between the underlying
form of arthritis (SpA vs OA) and MI risk with diclofenac use,
meaning that MI risk differed between the two groups. When
these calculations were repeated using the population from the
age-restricted sensitivity analysis, the point estimate was similar
but no longer statistically significant (table 5).

DISCUSSION

This nested case-control study, performed using GP electronic
medical records, demonstrated that MI risk was increased among
patients with SpA using diclofenac, and that risk with diclofenac
differed between subjects with SpA and OA. This novel study
design, comparing current NSAID users to remote NSAID users,
minimised confounding by indication in that all subjects were
judged to have an indication for prescription NSAID use by their
GP.

While the risk of MI with specific NSAIDs has been studied in
the general population, relatively little data exist among patients
with inflammatory arthritides. One cohort study, in RA, found
that the risk of CV disease (composite outcome) was lower in RA

Table 3  Sensitivity analysis: age restricted to 55-70 years. Odds of myocardial infarction with current use of diclofenac, naproxen or other NSAIDs

relative to remote use of NSAIDs

SpA 0A
Cases Controls Cases Controls
(n=54) (n=216) Crude OR aOR* (n=2035) (n=8140) Crude OR aOR*
Currentt diclofenac 1 29 2.13 3.36 349 1263 1.19 1.30
(0.88 to 5.14) (0.88 to 12.79) (1.03 t0 1.37) (1.10 to 1.53)
Current naproxen 8 26 1.64 1.11 144 595 1.02 0.95
(0.64 t0 4.19) (0.27 to 4.50) (0.84 t0 1.25) (0.75t0 1.19)
Current other NSAID 14 49 1.55 1.60 394 1517 1.12 1.15
(0.71 t0 3.37) (0.50 to 5.08) (0.97 t0 1.28) (0.98 to 1.34)
Recentt NSAID 3 16 0.95 0.59 250 963 1.11 1.1
(0.24 t0 3.76) (0.08 to 4.20) (0.95t0 1.31) (0.92 t0 1.33)
Remotet NSAID 18 96 1.0 (ref) 1.0 (ref) 898 3802 1.0 (ref) 1.0 (ref)

*Adjusted for potential confounders.

tCurrent use: prescription date 0-180 days prior to index date; recent use: 181-365 days and remote use: >365 days.
aOR, adjusted OR; NSAID, non-steroidal anti-inflammatory drug; OA, osteoarthritis; SpA, spondyloarthritis (includes ankylosing spondylitis and psoriatic arthritis).
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Table 4 Sensitivity analysis: SpA cases and controls rematched and stratified by SpA subtype. Odds of myocardial infarction with current use of

diclofenac, naproxen or other NSAIDs relative to remote use of NSAIDs

Ankylosing spondylitis

Psoriatic arthritis

Cases Controls Cases Controls
(n=35) (n=135) Crude OR (n=79) (n=310) Crude OR
Current™ diclofenac 8 14 2.83 17 49 1.76
(0.92 to 8.68) (0.85 to 3.64)
Current naproxen 3 14 1.14 1 27 2.09
(0.26 to 4.94) (0.90 to 4.85)
Current other NSAID 12 38 1.60 17 81 1.05
(0.62 to 4.14) (0.53 to 2.08)
Recent* NSAID 1 16 0.33 7 22 1.55
(0.04 t0 2.76) (0.60 t0 3.97)
Remote* NSAID 1 53 1.0 (ref) 27 131 1.0 (ref)

*Current use: prescription end date 0—180 days prior to index date; recent use: 181-365 days and remote use: >365 days.

NSAID, non-steroidal anti-inflammatory drug; SpA, spondyloarthritis.

than in controls without RA. Specific NSAIDs such as rofecoxib
and diclofenac were associated with increased risk, but others
were not.”” A 2014 meta-analysis of NSAIDs in RA and PsA found
that COX-2 inhibitors were associated with increased CV risk,
possibly due to rofecoxib alone, while non-selective NSAIDs, in
combination, were not (RR 1.02, 95% CI 0.94 to 1.24). Notably,
only one study of diclofenac met inclusion criteria, finding a
significantly increased HR of 1.35.%® Subsequently, a subgroup
analysis of patients with RA from a randomised trial of celecoxib
trial (10% of the sample) reported no significant increased risk
of the composite CV outcome with celecoxib relative to both
naproxen and ibuprofen.”’

In AS, Essers et al performed a cohort study using the British
Clinical Practice Research Datalink (CPRD), a database with
60% overlap with THIN. The authors reported that ischaemic
heart disease in women was increased (HR 1.88, 95% CI 1.22 to
2.90), but that risk was attenuated after adjustment for NSAID
use (HR 1.57,95% CI 0.99 to 2.48). These results are consistent
with our current study findings that specific NSAIDs do increase
the risk of ischaemic heart disease.*®

A cohort study using the Ontario health administrative data
assessed the effect of NSAIDs on CV mortality in a subset anal-
ysis among patients with AS aged 66 years and older.* This
older adult subset was selected because prescription data were
available only in this group. The authors reported an HR of 0.1
with NSAID use (95%CI 0.01 to 0.61) and broadly stated that
‘lack of NSAID exposure’ is a risk factor for vascular death. This
finding, that NSAID use is associated with 90% reduction in CV
mortality in an older adult population lacks face validity. But
more importantly, the study design raises concern for prevalent
user bias; that persons with AS who survive to late adulthood
without a complication from or contraindication to NSAID

Table 5 Ratio of ORs for current diclofenac use in SpA relative to
0A

Sensitivity analysis: restricted
Original SpA cohort to subjects aged 55-70years

SpA 0A SpA O0A
*aOR 332 1.26 336 1.30
Ratio of ORs (95%Cl)  2.64 1.86

(1.24 10 5.58) (0.40 t0 4.33)
*From the fully adjusted model including imputed values for BMI and smoking
when missing.
aOR: adjusted OR; BMI, body mass index; OA, osteoarthritis; SpA,
spondyloarthritis.

use reflect the healthiest stratum of patients with AS. The same
analysis, demonstrating no increased mortality risk with statin
use, hypertension, chronic kidney disease or cancer, illustrates
the same bias. In contrast to this study, our present study is not
limited to older adults and therefore is less likely to suffer from
bias due to prevalent NSAID use. In fact, our analysis demon-
strates the findings of the Ontario study should not be assumed
to hold true in a younger SpA population.

The present study has several limitations and strengths.
Although this study applied validated algorithms for identifi-
cation of SpA, it was not possible to confirm SpA diagnosis for
included subjects. We expect that misclassification of non-dis-
eased persons as having SpA would bias study results towards
the null. Second, while prescription data are detailed in THIN,
the nature of the data did not allow us to determine if patients
adhered to therapy. Some patients may take NSAIDs incon-
sistently, only on an as-needed basis for pain, and the pattern
of use may differ according to the indication for use (SpA vs
OA). We provided conservative estimates by using the prescrip-
tion date to define the exposure window. This may have led
to misclassification of some current users as recent or remote
users, potentially overestimating MI risk in recent or remote
use categories and biassing results for current NSAID users
towards the null. Third, confounding by indication still remains
a potential concern in that an NSAID prescription may indicate
a period of pain or increased disease activity, and it may be that
painful condition or disease activity that truly puts a subject at
risk. Because it was not possible to assess disease activity within
this study, we consider the results of this study to be sugges-
tive of an increased risk of MI with diclofenac and worthy of
further exploration. Nonetheless, differential risk of NSAIDs
would not be expected if these findings were driven by pain
since any type of NSAID may be prescribed for pain. Fourth,
while we estimate the ratio of OR to provide some insight into
differences in the effect estimates for diclofenac use in SpA
relative to OA, we did not perform a formal test for interac-
tion. Nonetheless, it is unlikely that formally accounting for
interaction (eg, in the imputation model) would have substan-
tially changed the results of these subanalyses. Finally, the ratio
of ORs indicated a difference in the effect of diclofenac in SpA
as compared with OA, but failed to reach statistical significance
in our sensitivity analysis, and therefore warrants further inves-
tigation. Even so, one may speculate that this finding indicates
a greater propensity for MI among patients with SpA than
patients with OA.
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This study has strength in the use of a large, GP-derived data-
base reflecting real-world NSAID use and risk, in contrast to
the highly selected populations in trials. Second, the require-
ment that all subjects had at least one NSAID prescription
reduces confounding by indication, and offers an advantage
over previous studies that included subjects with SpA who
had not received NSAIDs at all. While the primary outcome
of MI was established through diagnostic codes, the PPV using
this method was high in a previous validation study, and our
internal validation study confirmed MI in 89% of cases. Finally,
the sensitivity analyses overall agreed with the primary findings
of increased risk with diclofenac use in SpA suggesting these
results are robust given the assumptions made in our analytical
approach.

In conclusion, this study found that current use of diclofenac
in SpA was associated with twofold to threefold risk of MI
relative to remote use of any NSAID. The risk associated
with diclofenac in SpA differed from the risk in OA. Current
naproxen use did not increase MI risk in SpA or OA, although
effects should be further investigated in SpA subtypes. These
results suggest that diclofenac use contributes to risk of MI
in patients with SpA, and has the important implication for
patients with SpA and clinicians that Mls could be prevented
through preferential use of naproxen. If confirmed in other
large SpA datasets, these findings may motivate a change in
practice guidelines to recommend naproxen as the preferred
first-line NSAID in SpA.
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ABSTRACT

Objective To compare individually tailored, based

on trimestrial biological parameter monitoring, to
fixed-schedule rituximab reinfusion for remission
maintenance of antineutrophil cytoplasm antibody
(ANCA)-associated vasculitides (AAVs).

Methods Patients with newly diagnosed or

relapsing granulomatosis with polyangiitis (GPA) or
microscopic polyangiitis (MPA) in complete remission
after induction therapy were included in an open-
label, multicentre, randomised controlled trial. All
tailored-arm patients received a 500 mg rituximab
infusion at randomisation, with rituximab reinfusion
only when CD19+B lymphocytes or ANCA had
reappeared or ANCA titre rose markedly based on
trimestrial testing until month 18. Controls received

a fixed 500 mg rituximab infusion on days 0 and 14
postrandomisation, then 6, 12 and 18 months after the
first infusion. The primary endpoint was the number of
relapses (new or reappearing symptom(s) or worsening
disease with Birmingham Vasculitis Activity Score
(BVAS)>0) at month 28 evaluated by an independent
Adjudication Committee blinded to treatment group.
Results Among the 162 patients (mean age: 60
years; 42% women) included, 117 (72.2%) had GPA
and 45 (27.8%) had MPA. Preinclusion induction
therapy included cyclophosphamide for 100 (61.7%),
rituximab for 61 (37.6%) and methotrexate for 1
(0.6%). At month 28, 21 patients had suffered 22
relapses: 14/81 (17.3%) in 13 tailored-infusion
recipients and 8/81 (9.9%) in 8 fixed-schedule patients
(p=0.22). The tailored-infusion versus fixed-schedule
group, respectively, received 248 vs 381 infusions, with
medians (IQR) of 3 (2-4) vs 5 (5-5) administrations.
Conclusion AAV relapse rates did not differ
significantly between individually tailored and fixed-
schedule rituximab regimens. Individually tailored-arm
patients received fewer rituximab infusions.

Trial registration number NCT01731561; Results.

INTRODUCTION

Standard induction-remission treatment of anti-
neutrophil cytoplasm antibody (ANCA)-associated
vasculitides (AAVs) combines glucocorticoids and
cyclophosphamide or rituximab, a chimeric murine/
human monoclonal IgG1 antibody directed against
CD20, a specific B-cell antigen.! Rituximab was
shown to be non-inferior to cyclophosphamide.??
Remission maintenance with immunosuppressants,
for example, azathioprine or methotrexate, is the
conventional therapeutic approach.* MAINRIT-
SAN-trial results demonstrated rituximab superi-
ority (500mg on days 0 and 14, then at months 6,
12 and 18) to azathioprine to maintain remission.’
In that trial, at month 28, only 5% of rituximab
recipients versus 29% taking azathioprine had
experienced a major relapse.

Neither ANCA-positivity nor ANCA-titre change
on conventional immunosuppressants is considered
a reliable relapse predictor.™ Nevertheless, ANCA
reappearance or titre increase, mainly anti-pro-
teinase-3 (PR3), in patients in remission is frequently
associated with relapses,” especially those given ritux-
imab.” ANCA parameters are not recommended
for monitoring treatment’ '* and circulating B-cell
detection is not a good predictor of AAV relapse.'*
However, when B cells are undetectable and ANCA
remain negative, relapses are rare.'!

The present trial, MAINRITSAN2, was undertaken
to evaluate ANCA and circulating CD19+ B cells as
indicators to reinfuse rituximab to maintain remis-
sion. To do so, an individually tailored rituximab
regimen, adapted to ANCA-positivity or ANCA-titre
change and/or circulating CD19+ Becell repopula-
tion, was compared with fixed-schedule rituximab
infusions, previously shown to maintain remission’ in
patients with granulomatosis with polyangiitis (GPA)
or microscopic polyangiitis (MPA), who were in
complete remission at the time of inclusion.
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METHODS

Patients

Eligible patients >18 years old had newly diagnosed or relapsing
GPA or MPA, as defined by the Chapel Hill Consensus nomen-
clature." They had to be in complete remission after induction
therapy, combining glucocorticoids and cyclophosphamide,
rituximab or methotrexate (as decided by each investigator), in
accordance with French and international recommendations.
Birmingham Vasculitis Activity Score V.3 (BVAS) of 0 (score
range: 0-63, with higher scores indicating more active disease)
defined complete remission.”* The following exclusion criteria
were applied: another systemic vasculitis; induction with an
agent not recommended; active disease; incapacity or refusal
to understand or sign the informed consent form; non-compli-
ance; allergy to the study medication; pregnancy; breastfeeding;
human immunodeficiency, hepatitis B or C virus infection; severe
infection declared during the 3 months before randomisation;
cancer or malignant blood disease diagnosed during the 5 years
preceding vasculitis diagnosis; participation in another clinical
research protocol during the 4 weeks before inclusion; any clin-
ical or psychiatric disorder that could expose the patient to a
greater risk of an adverse event (AE) or could prevent treatment
administration and patient follow-up according to the protocol;
severe immunosuppression; administration of live vaccine
during the 4 weeks before inclusion; severe chronic obstructive
pulmonary diseases (maximum expiratory volume <50% or
dyspnoea grade III); chronic heart failure (dyspnoea NYHA III
or IV); history of recent acute coronary syndrome unrelated to
vasculitis; patients not enrolled in the French national health
insurance.

All patients provided written informed consent.

Study design

This trial, Maintenance of Remission using Rituximab in
Systemic ANCA-associated Vasculitis-2 (MAINRITSAN2), is an
open-label, pragmatic, multicentre, randomised controlled trial,
with evaluation of the primary outcome by an independent Adju-
dication Committee, comprising three vasculitis experts (one
each specialised in rheumatology (X Puéchal), internal medicine
(O Lidove) or both (M Gayraud)), blinded to the treatment arm
and circulating CD19+ Bcell counts. The two coprincipal inves-
tigators (PC, LG) designed the trial and drafted the manuscript,
with appropriate input from coauthors and other-site investi-
gators. The trial was funded by the Programme Hospitalier de
Recherche Clinique of the French Ministry of Health (PHRC
National 2011 AOM11145). The Ethics Committee (Comité
de Protection des Personnes ile-de-France 1 (Paris)) approved
the study, which received legal, monitoring and administrative
management support from the Assistance Publique-Hopitaux de
Paris. Hoffmann-La Roche provided rituximab for the study but
was not involved in or consulted about the study design and did
not have access to the data.

Patients were randomised at a 1:1 ratio to receive mainte-
nance therapy with either an ‘individually tailored’ (according
to laboratory findings every 3 months) or ‘fixed-schedule’
(control) rituximab regimen within 1month after completing
induction treatment, if they had received cyclophosphamide or
methotrexate, or 4-6 months after the last rituximab infusion,
if it had been used to obtain remission. An independent statisti-
cian provided the computer-generated randomisation sequence,
stratified by newly diagnosed or relapsing AAV. Randomisation
was centralised through electronic case-report forms (eCRF) to
assure allocation concealment.

Treatment allocation was known by patients and clinicians.
The Adjudication Committee that evaluated the primary
endpoint was blinded to the treatment arm and circulating
CD19+ Becell count.

Tailored-infusion-arm patients always received 500mg of
rituximab at randomisation; then ANCA and CD19+ B lympho-
cytes were assessed every 3 months. Another 500mg were
infused when ANCA status differed from the previous control
(ie, reappearance after being negative, indirect immunofluo-
rescence-determined =2-dilution-titre increase and/or at least
doubled ELISA PR3 or myeloperoxidase (MPO) arbitrary units)
or CD19+ Bcell counts exceeded 0/mm?®. That algorithm, imple-
mented in the eCRF, specified rituximab reinfusion when the
CD19+ Beell count and/or ANCA changes were documented.
The last rituximab infusion could be given at month 18.

The control group received the MAINRITSAN trial
regimen’: 500 mg rituximab infusion on days 0 and 14 postran-
domisation and at months 6, 12, 18 after the first infusion.

Premedication before all rituximab infusions comprised intra-
venous methylprednisolone (100mg), dexchlorpheniramine
(5 mg) and acetaminophen (1000 mg).

Most patients were still taking low-dose prednisone at rando-
misation that was tapered and stopped or could be maintained at
5 mg/day at the discretion of each site investigator.

All patients received Prneumocystis jiroveci pneumonia prophy-
laxis (daily sulfamethoxazole (400 mg)—trimethoprim (80 mg) or
pentamidine aerosolisations for patients allergic to sulfa drugs).

Assessments

Study visits were scheduled at enrolment, then every 3 months
until the endpoint, 28 months postrandomisation. At each visit,
BVAS was calculated and blood samples were drawn from every
patient. Patients were asked to record their study medication(s)
weekly in a specifically designated diary. It was mandatory that
all ANCA-testing and CD19+ Bcell counts for a given patient be
determined in the same laboratory.

The primary endpoint at month 28 was the number of relapses,
defined as reappearance or worsening of AAV symptoms, that is,
BVAS>0. Secondary endpoints included the number of major
relapses, defined as life-threatening or involving at least one
major organ; number of minor relapses; potential association of
ANCA evolution and CD19+ Bcell counts with relapses; gluco-
corticoid duration and cumulated dose; Vasculitis Damage Index
(VDI) evaluated damage severity and number for each group and
mortality. We also recorded all AEs, treatment-related or not
and AAV evolution. The independent Adjudication Committee
assessed all relapses.

Statistical analyses

The trial was designed to detect a 20% absolute between-arm
difference for relapses, with a 5% alpha risk and 80% power in a
two-sided test, with 35% relapses in the control group and 10%
lost-to-follow-up for both groups.

The statistical analyses were conducted according to the inten-
tion-to-treat principle, including all randomised patients in their
assigned group. For descriptive analyses, qualitative variables
are expressed as numbers (%) or mean=SD, as appropriate
and quantitative variables as median (IQR).

A generalised estimating equation model with Poisson distri-
bution, adjusted for AAV type (newly diagnosed or relapsing)
considered for randomisation and supposing a within-centre
correlation (exchangeable correlation structure), compared the
means of the numbers of relapses per patient per group at month
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Enrollment 166 Assessed for eligibility
| 3 Excluded: Failed to meet inclusion criteria
h 4
163 Randomized
“» 1 Excluded: no written consent
Allocation ;
81 Individually tailored RTX 81 Fxed-sclindule REN
infusions infusions
Rituximab infusion phase
(MO to M18)
A ) 4

5 Discontinued intervention
1 vegetative state (died after M28)
3 major relapse
1 patient's decision

7 Discontinued intervention
2 died
1 did not meet inclusion criteria
1 pregnancy
1 awaiting renal transplant
2 major relapse
1 Lost-to-follow-up: patient's decision

Follow-up (M18 to M28)

1 Discontinued follow-up: moved to
a foreign country

Y

2 Discontinued follow-up
1 died
1 awaiting renal transplant

Analysis

81 Analyzed
79 completed follow-up at M28
1 stopped follow-up but with M28
primary-endpoint evaluation
1 censored: vegetative state

Figure 1 Flowchart of the study. M, month; RTX, rituximab.

28. Kaplan-Meier estimations of the times to first relapse were
compared between groups with a Cox regression model, also
adjusted for AAV type and supposing within-centre correlation.

Statistical analyses were computed with R V.3.2.2 (R Core
Team (2015). R: A language and environment for statistical
computing (R Foundation for Statistical Computing, Vienna,
Austria, https://www.R-project.org)).

RESULTS

Enrolment and baseline characteristics

Among 166 patients enrolled in 59 centres (figure 1) between
November 2012 and November 2013, 3 who did not meet
inclusion criteria were not randomised. Among the 163 patients
randomised, one did not provide written consent and was

81 Analyzed
74 completed follow-up at M28
3 stopped follow-up but with M28
primary-endpoint evaluation
4 censored: 3 died; 1 patient's decision

excluded. Among the 162 randomised patients, 117 (72.2%)
had GPA and 45 (28.8%) MPA; 104 (64.2%) and 58 (35.8%),
respectively, were in remission after a first flare or at least
one relapse. Preinclusion induction treatment included cyclo-
phosphamide for 100 (61.7%), rituximab for 61 (37.6%) and
methotrexate for 1 (0.6%). Eighty-one (50%) patients, whose
characteristics were comparable (table 1), were randomised to
each study arm.

Primary endpoint

At month 28, 21 patients had suffered 22 relapses: 14/81 (17.3%)
in 13 tailored-infusion recipients and 8/81 (9.9%) in 8 fixed-
schedule—infusion patients (p=0.22). Among the 21 patients
who relapsed, 12 had newly diagnosed AAVs, 18 with GPA and 3
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Table 1 General characteristics at inclusion

Rituximab infusions

Individually Fixed-schedule
Characteristic tailored (n=81) (n=81)
Age, means=SD, years 62+14 59+13
Female sex, n (%) 31(383) 37 (45.7)
Vasculitis type, n (%)
GPA 56 (69.1) 61(75.3)
MPA 25 (30.9) 20 (24.7)
Disease status, n (%)
Newly diagnosed 53 (65.4) 51 (63.0)
Relapsing 28 (34.6) 30 (37.0)
Induction treatment of last disease flare, n (%)
Cyclophosphamide 52 (64.2) 49 (60.5)
Rituximab 28 (34.6) 32(39.5)
Methotrexate 1(1.2) 0(0.0)
Prednisone dose (mg); median (IQR) 10 (10-15)] 12 (10-17.3)
Organ involvement at last flare, n (%)
Ear, nose and throat 46 (56.8) 39 (48.1)
Pulmonary 50 (61.7) 44 (54.3)
Renal 60 (74.1) 56 (69.1)
GFR, meanSD, mL/min/1.73m? at inclusion 55.6+27.3 58.9+27.0
ANCA-positive at diagnosis, n (%)* 74/77 (96.1) 72/79 (91.1)
Indirect immunofluorescence 68/77 (88.3) 6579 (82.3)
ELISA 64/77 (83.1) 61/79 (77.2)
Anti-PR3 38/77 (49.4) 38/79 (48.1)
Anti-MPO 26/77 (33.8) 24/79 (30.4)
ANCA-positive at inclusion, n (%)t 45/80 (56.3) 58/80 (72.5)
Indirect immunofluorescence 40/80 (50) 54/80 (67.5)
ELISA 28 (35) 43 (53.7)
Anti-PR3 18 (22.5) 21 (26.2)
Anti-MPO 10 (12.5) 23 (28.7)

*Data were missing for four individually tailored-infusion and two fixed-schedule-infusion
patients.

tData were missing for one patient in each group.

ANCA, antineutrophil cytoplasm antibodies; GFR, glomerular filtration rate; GPA,
granulomatosis with polyangiitis; MPA, microscopic polyangiitis; MPO, myeloperoxidase.;
PR3, proteinase-3.

with MPA; 12 were anti-PR3 and 3 were anti-MPO ANCA-pos-
itive, 2 were ANCA-positive of unknown specificity and 4 were
ANCA-negative. Two relapses (one in each arm) occurred after
month 28 and were censured from the main analysis.

Secondary endpoints

Relapses

Comparing tailored versus fixed-schedule rituximab infusions,
respectively: relapse-free survival rates were 83.8% (95% CI 76.1%
t0 92.3%) vs 86.4% (95% CI 79.2 to 94.2) (p=0.58) (figure 2) and
major relapses occurred in 6 (7.49%) vs 3 (3.7%) patients (p=0.23).
The six major relapses in the tailored-infusion arm manifested
as two renal flares, two peripheral neuropathies, one pulmonary
nodule and one pachymeningitis with orbital mass. To treat those
relapses, two patients received cyclophosphamide and four ritux-
imab. The three major relapses in the control arm (renal flare,
myopericarditis with pulmonary infiltrates or subglottic stenosis)
were treated with rituximab. All relapses are described in detail in
online supplementary tables S1 and S2.

Damage

VDIs (mean =SD) for the tailored and fixed-schedule ritux-
imab-infusion arms, respectively, were 1.64+1.41and 1.86+1.70
at inclusion and 1.99+1.57and 2.09+1.97 at 28 months.

100 —
80
=
™
2 B0
c
=
w
@
P
@ 40
o
11}
@
20
—— Fixed-schedule RTX infusions
—— Individually tailored RTX infusions
0 -
| T T T T 1
0 6 12 18 24 28
No. at risk Manths,
Fixed-schedule 81 79 76 75 72 59
Individually tailored 81 7 73 70 69 59

Figure 2 Relapse-free Kaplan-Meier curves according to treatment
group. RTX, rituximab.

The damage-accrual difference between the two arms was
0.14 (95% CI -0.07 to 0.35) (p=0.179), using a constrained
longitudinal data-analysis model (unplanned analysis required
by reviewers).

ANCA-cell and B-cell-repopulation-related AAV relapses

ANCA and circulating CD19+4+ Bcell determinations and
their evolutions were available for 161 patients (one relapsing
patient’s data were missing). Five ANCA-evolution profiles were
identified (table 2); none was associated with relapses. At month
28, 46/76 (60.5%) tailored-infusion recipients were ANCA-pos-
itive vs 26/71 (36.6%) fixed-schedule patients (p=0.06). In addi-
tion, circulating B cells were not detected in 10 (45.4%) patients
who relapsed and 4 (18.2%) were ANCA-cell-negative and
B-cell-negative. All relapses, including the two censured, were
analysed.

Cumulated glucocorticoid dose and duration
Glucocorticoid doses and durations since inclusion did not
differ significantly between the two arms. For tailored-infusion
versus fixed-schedule regimen, respectively, cumulated glucocor-
ticoid doses (mean £SD) were 4915+2613 vs 4850+2444 mg
(p=0.71) and treatment lasted 25.3 (95% CI 23.9 to 26.6) vs
24.5 (95% CI 22.8 to 36.3) months (p=0.52).

Patients’ diaries were collected at each visit (online supple-
mentary table S3).

Twenty-five patients stopped glucocorticoids during the study;
that discontinuation was not associated with relapses (online
supplementary figure S1).

Rituximab infusions

The tailored-infusion versus fixed-schedule groups, respectively,
received 248 vs 381 infusions, with medians (IQR) of 3 (2-4)
vs 5 (5-5) administrations. Four (4.9%), 23 (28.4%), 30 (37%),
15 (18.5%), 6 (7.4%), 2 (2.5%) or 1 (1.2%) tailored-regimen
patients received, respectively, 1, 2, 3, 4, 5, 6 or 7 rituximab
infusions, at a median between-infusion interval of 6.1 (IQR:
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Table 2 ANCA evolution and B-cell detection patterns throughout
follow-up for patients with =1 relapses or none

Patients with

=1 relapse(s) No relapse

Parameter profile (n=22)* (n=139)
ANCA evolution (%)

Always negative 7(31.8) 33(23.7)

Negative at inclusion and became positive 3(13.6) 14(10.1)

Positive at inclusion and became negative 2(9.1) 51(36.7)

Positive at inclusion and titres rose 1(4.5) 10 (7.2)

Positive at inclusion and remained stable 9 (40.9) 29 (20.9)
Circulating CD19+ B cell evolution (%)

Always negative 11 (50) 8 (5.8)

Detected at least once 11 (50) 131 (94.2)
ANCA and circulating CD19+ B cell evolutions (%)

ANCA-negative and no circulating B cells detected 4(18.2) 5(3.6)

Other 18 (81.8) 134 (96.4)

Values are expressed as n (%).

*At the last visit, 23 patients had suffered 24 relapses; 2 relapses that occurred after month
28 were censored in the principal analysis. Thus, with 1 missing value and 1 patient who
relapsed twice, we have 22 patients with >1 relapses.

3.1-9.2) months. That group received 168 reinfusions because
ANCA became positive or titres rose (22 (13.1%) infusions),
circulating B cells reappeared (85 (50.6%) infusions) or both (61
(36.3%) infusions). Ten protocol deviations were observed in the
tailored-regimen arm: 10 patients did not receive one reinfu-
sion: eight because the investigator did not follow the reinfusion
rules and two patients refused.

Safety

Sixty-nine (85.2%) tailored-infusion recipients vs 74 (91%)
controls reported at least one AE (p=0.33), with, respectively,
26 (32.1%) vs 31 (38.3%) experiencing at least one severe AE
(SAE) (p=0.51) and 37 vs 53 SAEs per group. Eighteen infec-
tious complications occurred in each arm, with 9 (11.1%)
tailored-regimen recipients vs 16 (19.8%) controls experiencing
at least one infection. The only episode of neutropaenia occurred
in the tailored-infusion arm. SAEs are reported in table 3 and
online supplementary table S4.

Four patients died during the study: one tailored-infusion
recipient (bronchospasm not related to rituximab infusion)
versus three controls (nosocomial pneumonia, carcinomatous
meningitis or cardiogenic shock unrelated to AAV or rituximab).

No significant between-group gammaglobulin-level differ-
ences or decreases were observed throughout the trial (online
supplementary figure S2).

DISCUSSION

The usefulness of monitoring ANCA reappearance/titres and/or
circulating CD19+ B cells for AAV treatment is controversial and
not evidence-based.” ® 1 14716 This prospective trial was designed
to determine whether two of the most frequently prescribed
laboratory tests during surveillance of AAV remission-mainte-
nance therapy are reliable and could help decide whether or not
to reinfuse rituximab during follow-up.

The results of this study confirmed rituximab efficacy for
AAV-remission maintenance: relapse rates and major-relapse
rates were low in both arms: 6/81 (7.4%) vs 3/81 (3.7%) for
tailored and fixed-schedule regimens, respectively. Relapse
rates were comparable to that of rituximab-treated patients in
the MAINRITSAN trial (3/57 (5.2%) with a major relapse).’
They should be compared with the 32% observed at 18 months

Table 3  Numbers of SAEs according to treatment group

Rituximab infusions

Individually Fixed-schedule
SAE tailored (n=81)  (n=81)
Number 37 53
Patients with SAE(s) 26 31
Infection 18 18
Pneumonia 3 6 (1 died)
Bronchitis 6 4
Aspergillus fumigatus colonisation 1 0
Prostatitis 2 0
Septicaemia (from urinary tract) 1 2
Urinary infection 0 1
Septicaemia (fungal) 1 0
Cholecystitis 1 0
Ear, nose and throat 0 1
Sigmoid abscess 0 1
Colitis (Campylobacter sp.) 1 0
Others 2 3
Cancer 1 2
Thromboembolic events 1 3
Cardiac events 4 7
Pregnancy 0 1
Neutropaenia 1 0
Others " 22

SAEs, severe adverse events.

without maintenance therapy after remission induction with
rituximab® or the 29% major-relapse rate at month 28 under
azathioprine after cyclophosphamide-induced remission.” °
Moreover, because the high relapse rates observed without treat-
ment® or with azathioprine’ can impact survival and enhance
AAV-induced damage,” '® on top of iatrogenicity of a new induc-
tion treatment, our data further support that it is reasonable to
maintain remission with rituximab and not wait to retreat.

This trial’s findings also demonstrated that it is indeed
possible to maintain remission with fewer infusions, even though
a non-significant trend towards more relapses was observed for
patients receiving the individually tailored regimen. In that arm,
no day-14 infusion was planned and patients received one less
reinfusion than the fixed-schedule controls.

Herein, although ANCA evolution and/or circulating
CD19+ B cells were not reliable predictors of AAV relapses,
combining them achieved fewer infusions in the tailored-infu-
sion arm without significantly more relapses. In the literature,
the role of ANCA as a marker of relapse remains a source of
debate.® In an earlier randomised trial,"”” more than half the
patients not given any maintenance therapy and whose ANCA
titres rose suffered a major relapse. In a previous retrospec-
tive study,” we showed that relapse-free survival was longer
when anti-PR3 ANCA remained negative, and clinical status
and ANCA evolution were closely associated for only 60% of
patients with GPA. More recently,” '® anti-PR3 ANCA were
associated with GPA relapses only in the subgroup of patients
with a ‘vasculitis phenotype’ (eg, renal involvement or alveolar
haemorrhage), particularly after receiving rituximab. Herein,
five distinct ANCA-evolution profiles were identified, none of
which was a good predictor of relapses. Patients receiving indi-
vidually tailored infusions were more likely to be ANCA-posi-
tive at month 28. Among relapsing patients, 10/13 (76.9%) were
ANCA-positive at month 28 vs only 3/8 (37.5%) fixed-schedule
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controls. The small number of events prevents us from drawing
any definitive conclusions.

Pertinently, relapses could also occur in the absence of circu-
lating B cells, perhaps because B-cell repopulation could be only
at sites of active disease?® or because the CD19+ Blymphocyte
count is not strictly associated with CD27 +memory B-cell
reemergence.”! Four of our patients were ANCA-negative at
relapse without any circulating B cells. This pattern, considered
rare,'! represented 18.29 of the relapses in our study. Thus, we
are unable to conclude as to the relevance of monitoring ANCA
and/or CD19+ B cells. In the MAINRITSAN2 trial, patients
assigned to the tailored-infusion strategy received fewer ritux-
imab infusions and relapses in this group were not significantly
different from those of the fixed-schedule controls. Although
these laboratory findings seem to have no association with
relapse, they are useful markers to guide infusion rhythm during
follow-up.

Eighteen infections occurred in each arm, with lung infections
being the most frequent. Even though rituximab was not asso-
ciated with more infectious complications than azathioprine®
or methotrexate,” safety remains an important issue. In large
series,” > up to 29% of rituximab-treated patients experienced
infectious complications. None of our patients developed Preu-
mocystis jiroveci pneumonia, probably because of mandatory
trimethoprim—sulfamethoxazole prophylaxis. Also, progressive
multifocal leukoencephalopathy was not seen within the 28
months of observation.

This trial’s findings have multiple repercussions for patients
and physicians. The low relapse rates observed in the two arms
after 28 months of follow-up confirmed that rituximab-main-
tenance therapy is justified. Moreover, patients were probably
overtreated with previously administered regimens’ because
remission could be sustained with a lower rituximab dose.
Although ANCA and CD19+ Bcell monitoring was not associ-
ated with relapse, those values contributed to deciding to rein-
fuse, with the clear benefit of fewer rituximab infusions in the
tailored-infusion arm.

This study had some limitations. It was open-labelled but
all relapses were assessed by an independent Adjudication
Committee, unaware of treatment arm and the circulating
CD19+ Becell count. Biological parameters were assayed in
each centre, because it would have been impractical to centralise
testing for the 59 participating centres throughout the country
and impossible to decide rapidly to reinfuse patients. However,
all ANCA-titering and CD19+ Becell counts for a given patient
had to be done in the same laboratory. ANCA titres were
measured with different techniques according to each centre’s
practice. Interassay variability was not evaluated before the
study. Fixed-schedule infusion-arm patients were more likely
to be ANCA-positive at inclusion. It cannot be excluded that
this difference might have impacted the relapse risks of patients
in the two arms. By protocol design, two-thirds of the patients
were included after their first flare; therefore, our results may
not completely be fully generalisable to the subgroup of patients
with relapsing disease.

Our study also has several strengths. It was a multicentre trial
using a reinfusion-decision algorithm applied to the tailored-in-
fusion arm, which received 248 infusions; only 10 protocol devi-
ations were observed, probably because the algorithm included
in the eCRF emitted an automatic directive indicating the need
for reinfusion.

In conclusion, AAV relapse rates for patients treated according
to individually tailored or fixed-schedule rituximab-infusion
regimens did not differ significantly. However, those benefitting

from personalised patient-centred care received fewer infusions
and, hence, lower total rituximab doses.
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ABSTRACT

Objective To compare long-term efficacy of remission-
maintenance regimens in patients with newly diagnosed
or relapsing antineutrophil cytoplasmic antibodies
(ANCA)-associated vasculitides.

Methods The 28-month Maintenance of Remission
using Rituximab in Systemic ANCA-associated Vasculitis
trial compared rituximab with azathioprine to maintain
remission in patients with newly diagnosed or relapsing
granulomatosis with polyangiitis, microscopic polyangiitis
or renal-limited ANCA-associated vasculitis. Thereafter,
prospective patient follow-up lasted until month 60. The
primary endpoint was the major-relapse rate at month
60. Relapse and serious adverse event-free survival were
also assessed.

Results Among the 115 enrolled patients, only one
was lost to follow-up at month 60. For the azathioprine
and rituximab groups, respectively, at month 60, the
major relapse-free survival rates were 49.4% (95%
Cl138.0% to 64.3%) and 71.9% (95% C1 61.2% to
84.6%) (p=0.003); minor and major relapse-free survival
rates were 37.2% (95% Cl 26.5% to 52.2%) and
57.9% (95% Cl 46.4% to 72.2%) (p=0.012); overall
survival rates were 93.0% (95% Cl 86.7% t0 99.9%)
and 100% (p=0.045) and cumulative glucocorticoid
use was comparable. Quality-adjusted time without
symptoms and toxicity analysis showed that rituximab-
treated patients had 12.6 months more without relapse
or toxicity than those given azathioprine (p<0.001).
Antiproteinase-3-ANCA positivity and azathioprine

arm were independently associated with higher risk

of relapse. HRs of positive ANCA to predict relapse
increased over time.

Conclusion The rate of sustained remission for ANCA-
associated vasculitis patients, following rituximab-based
or azathioprine-based maintenance regimens, remained
superior over 60 months with rituximab, with better
overall survival.

Trial registration number NCT00748644.

INTRODUCTION

Antineutrophil cytoplasm antibody (ANCA)-associ-
ated vasculitides are necrotising vasculitides affecting
small-sized vessels, with potential organ-threat-
ening or life-threatening complications." They

include granulomatosis with polyangiitis (Wege-
ner’s), microscopic polyangiitis and eosinophilic
granulomatosis with polyangiitis (Churg-Strauss).
The latter is usually studied separately because of its
particularities. Staged therapeutic strategies based
on disease severity have dramatically improved
overall survival over the last decades.”™

Rituximab was approved, combined with gluco-
corticoids, for remission-induction treatment of
severe granulomatosis with polyangiitis and micro-
scopic polyangiitis, based on the results of the
Rituximab in ANCA-Associated Vasculitis (RAVE)
trial® and the Rituximab versus Cyclophosphamide
in ANCA-Associated Vasculitis trial.” Follow-up
of RAVE trial patients showed the non-inferiority
of the single initial rituximab cycle to cyclophos-
phamide then azathioprine at achieving sustained
remissions.® ¥ However, only 39% of the ritux-
imab-treated patients and 33% of the cyclophos-
phamide-azathioprine group remained in sustained
complete remission off glucocorticoids at month
18, highlighting the persistently high relapse rate of
ANCA-associated vasculitides.

The prospective, open-label, randomised,
controlled Maintenance of Remission using Ritux-
imab in Systemic ANCA-associated Vasculitis
(MAINRITSAN) trial compared systematic ritux-
imab infusions to azathioprine for maintenance
of remission.” Its results demonstrated that the
rituximab maintenance regimen was superior to
azathioprine at preventing major relapses at 28
months. However, remission duration following
rituximab-based or azathioprine-based mainte-
nance regimens and their long-term toxicities are
unknown. Herein, we report MAINRITSAN trial
patients’ 60 month follow-up (online supplemen-
tary data).

METHODS

Study oversight

This MAINRITSAN trial was designed by the two
coprincipal investigators (CP and LG). Long-term
outcome data were collected by the site investiga-
tors and analysed by the Data Analysis Committee
(BT, CP, EB, PR and LG) that did not include
representatives from Hoffmann-La Roche, which
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Terrier B, et al. Ann Rheum Dis 2018;77:1151—1157. doi:10.1136/annrheumdis-2017-212768

eular "


http://www.eular.org/
http://ard.bmj.com/
http://clinicaltrials.gov/show/NCT00748644
https://dx.doi.org/10.1136/annrheumdis-2017-212768
https://dx.doi.org/10.1136/annrheumdis-2017-212768
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2017-212768&domain=pdf&date_stamp=2018-07-06
http://ard.bmj.com/

Clinical and epidemiological research

provided some of the rituximab for the study. Hoffmann-La
Roche was not involved in or consulted about the study design,
did not review the manuscript and did not have access to the
study data or provide any other support.

All manuscript drafts were written by BT, CP and LG, with
input as appropriate from coauthors and other-site investiga-
tors (see online supplementary appendix). The Hopital Cochin
Comité de Protection des Personnes (Paris) approved the study,
which received legal, monitoring and administrative management
support from the Assistance Publique-Hopitaux de Paris and
was funded by the French Ministry of Health (NCT00748644;
EudraCT 2008-002846-51).

Patients

The MAINRITSAN trial design details were reported previously.”
Briefly, patients with newly diagnosed or relapsing granuloma-
tosis with polyangiitis, microscopic polyangiitis or renal-lim-
ited ANCA-associated vasculitides in complete remission after
combined glucocorticoids and ‘pulse’ intravenous cyclophos-
phamide were enrolled between October 2008 and June 2010.
Patients were followed every 3 months for 28 months. There-
after, patients were followed prospectively until month 60, every
3—6 months according to their clinical status.

Treatment groups

They were randomly assigned, at a 1:1 ratio, to receive rituximab
or azathioprine maintenance and followed for 28 months. After
induction therapy until remission, patients were randomised to
receive rituximab (500 mg on days 0 and 14, and at months 6,
12 and 18 postinclusion) or azathioprine (dose: 2 mg/kg/day for
12 months; 1.5 mg/kg/day for 6 months; then 1mg/kg/day for
4 months). Prednisone dose tapering and the decision to stop
prednisone after month 18 were left to each site investigator’s
discretion. Co-trimoxazole prophylaxis was recommended for
all patients with <250 CD4+ T cells/mm°.

Study assessments

At each follow-up visit, information on disease activity, medi-
cations and adverse events (AEs) were collected. Each patient’s
serum samples were tested in each study centre for ANCA by
indirect immunofluorescence and for antiproteinase 3 (PR3) and
antimyeloperoxidase (MPO) ANCA with ELISAs, according to
clinical status. Rituximab-treated patients’ CD19+ Blympho-
cytes (defined as B cell count >0/mm’®) were counted locally
at least before each infusion, during the initial 28-month study
period, then according to clinical status.

Outcomes

The primary 60-month endpoint was the time to first major
relapse (reappearance or worsening of disease with Birmingham
Vasculitis Activity Score (BVAS) >0and involvement of at least
one major organ, a life-threatening manifestation or both).
Secondary endpoints included time to first relapse, that is, major
or minor (reappearance or worsening of disease with BVAS >0,
not corresponding to a major relapse but requiring mild treat-
ment intensification), AEs and their severity and mortality.
Relapses were initially graded by each patient’s site investigator,
then reassessed and validated by the Data Committee. Relapses
were treated according to the site investigator’s decision.
Grade 3/4, death (from any cause; grade 5), cancers, cardio-
vascular events, AEs requiring hospitalisation or infusion reac-
tions that contraindicated further infusions defined severe AEs
(SAEs). Quality-adjusted Time Without Symptoms and Toxicity

(Q-TWiST) analyses assessed relapse and SAE-free times for the
two groups at 60 months.

Statistical analyses

Patients’ data were analysed and compared according to the
initial randomisation group. Kaplan-Meier survival curves
described overall, major and major and minor relapse-free
and event-free survival rates for each arm. Survival analyses
were censored at 60 months of follow-up. Survival rates were
compared using marginal Cox models to consider the centre
effect. The comparison was stratified on disease status (newly
diagnosed, relapsing), which was a stratification parameter
at randomisation. HRs and their 95% Cls were derived from
the Cox models and tested with robust-score tests. Because no
rituximab-arm patient died, a stratified log-rank test was used
to compare overall survival between groups. Q-TWiST analyses
were also run (see online supplementary appendix).

For each patient, the cumulative glucocorticoid dose was
estimated with the area under the curve (AUC) of glucocorti-
coid-dose evolution versus time (inclusion to month 60). AUC
means were compared between groups using a linear-mixed
model with a random effect at the centre level. For patients
with incomplete follow-up, the AUC was divided by the real
follow-up time and multiplied by 60 months.

Age at disease flare, sex, ANCA-associated vasculitis,
PR3-ANCA status at disease flare, creatininemia >2.27 mg/dL
(200 wmol/L), ear, nose and throat, pulmonary and/or cardio-
vascular involvement(s) and ANCA at inclusion were evaluated
as potential factors predictive of relapse. Factors with p value
<0.20 in univariate analysis were included in the multivariate
analysis. These analyses were adjusted on treatment arm.

To analyse changes in ANCA and B cell count over time as
predictors of relapses, we used ANCA and B cell count collected
at time points s=0, 3, 6, 9, 12, 15, 18, 21, 24, 28, 36, 42 and
48 months. For each time point, we constructed a data set by
selecting all individuals at risk at time s (ie, no relapse before s,
but still followed-up at s). Data recorded at the month 54 visit
were not used as there was not enough information after this
time point (individuals at risk, relapses). For each data set, we
fitted two Cox models, one for ANCA and one for B cell count.
Treatment arm was included as an adjustment variable in each
model. HRs for each separate model (one per time point) were
plotted against time points. All statistical tests were two-sided
with p values <0.05 defining significance.

RESULTS

Patients

Figure 1 follows the status of the 115 enrolled patients (58
randomised to azathioprine, 57 to rituximab) over 28 and 60
months. One hundred and ten (96%) patients completed the
60-month follow-up (four died, one was lost to follow-up and
censored at last follow-up).

Efficacy assessments

Relapses

As previously reported, for azathioprine and rituximab arms,
respectively, 17 (29%) and three (5%) patients suffered major
relapses during the first 28 months, and nine (16%) and six
(11%) patients had minor relapses.

Between months 28 and 60, for azathioprine and rituximab
arms, respectively, among previously major relapse-free patients,
11 (19%) and 13 (23%) additional patients experienced major
relapses; while three (5%) and seven (12%) had minor relapses.
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Screening

118 Patients enrolled

3 Excluded

1 Withdrew consent

2 Did not meet inclusion criteria
(not in remission)

ized for

115 Patientsinr
Randomization

ission were r
maintenance treatment according to the
disease-flare category

|

l

57 Assigned to receive rituximab
Month 0

12 and 18)

(500 mg on days 0 and 14 and months 6,

3 Had major relapse
before month 28

58 Assigned to receive azathioprine
(2 mg/kg/day until month 12, then 1.5
mg/kg/day until month 18 and 1
mg/kg/day until month 22)

17 Had major relapse
2 Died

Month 28 | 57 Analyzed and evaluated for endpoint |

I 58 Analyzed and evaluated for endpoint

13 Had major
relapse

11 Had major relapse
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1 Lost-to-follow-up

Month 60 | 57 Analyzed for endpoints at month 60 |

| 58 Analyzed for endpoints at month 60 |

Figure 1

Randomisation and inclusion in the analysis at months 28 and 60. Patients were randomly assigned, at a 1:1 ratio, to receive rituximab or

azathioprine maintenance therapy. Randomisation was stratified according to disease-flare category. Among azathioprine-treated patients, four died
and one was lost to follow-up after month 28; they were censored at last follow-up. The remaining 110 (96%) patients completed the 60 months of

follow-up.

Only one of the 11 azathioprine-group patients with major
relapses and two of the 13 rituximab recipients had previ-
ously experienced minor relapses during the first 28 months of
follow-up. Moreover, all the azathioprine-group patients with
minor relapses had prior minor relapses during the first 28
months, versus only two of the seven rituximab recipients.

Hence, at month 60, for the azathioprine and rituximab arms,
respectively, the major relapse-free survival rates were 49.4%
(95% CI 38.0% to 64.3%) and 71.9% (95% CI 61.2% to 84.6%)
(p=0.003) and all relapse-free survival rates were 37.2% (95%
CI 26.5% to 52.2%) and 57.9% (95% CI 46.4% to 72.2%)
(p=0.012). The azathioprine versus rituximab HRs were 2.51
(95% CI 1.35 to 4.69) (p=0.003) for major relapses and 2.11
(95% CI 1.19 to 3.73) (p=0.012) for major or minor relapses.
Kaplan-Meier curves estimated the probability of remaining
major or major and minor relapse free (figure 2A, B).

Cumulative glucocorticoid dose

Cumulative glucocorticoid doses, estimated with glucocor-
ticoid-dose versus time (inclusion to month 60) AUCs, were
comparable: 11767 mg (SD 6529 mg) for the azathioprine group
and 9841 mg (SD 6557 mg) for rituximab recipients (mean differ-
ence 1964 mg; 95% CI —461 to 4388; p=0.110) (online supple-
mentary figure S1).

Adverse events

SAEs are listed in table 1. Sixteen (28%) azathioprine group and
15 (26%) rituximab-arm patients developed severe infections.
Infections were mainly respiratory (bronchitis and pneumonia),
most frequently in rituximab recipients, while other infections
were equally distributed in the two groups. Opportunistic infec-
tions included three Prneumocystis jiroveci pneumonias, two
aspergilloses and two mycobacterial infections. Concerning P,
jiroveci pneumonia patients (two given rituximab and one taking
azathioprine), one had discontinued co-trimoxazole 1month
before infection onset because treatment duration had been
considered sufficient, another was allergic to co-trimoxazole and
complied poorly with monthly pentamidine aerosolisations and
the last received no prophylaxis because of pre-existing co-tri-
moxazole allergy.

For azathioprine-group and rituximab-group patients, respec-
tively, five (9%) and six (11%) developed cardiovascular events,
six (10%) patients had cancers (including non-melanoma skin
cancer in four) and two (4%) prostate cancers (men aged 68
years and 73 years).

Overall, SAE-free survival was comparable for the two treat-
ment groups (figure 2D). The azathioprine versus rituximab HR
for SAEs was 1.02 (95% CI 0.63 to 1.62) (p=0.951).
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Figure 2 Kaplan-Meier curves for the probability of remaining relapse free according to treatment group. Patients were randomly assigned to
receive maintenance therapy with rituximab (500 mg on days 1 and 15 and then months 6, 12 and 18 after the first infusion (arrows)) or azathioprine
(2 mg/kg/day from day 1 to month 12, 1.5 mg/kg/day until month 18, then 1 mg/kg/day until the last day of month 22 (horizontal grey bars)). Shown
are the postrandomisation probabilities of remaining major relapse free (A) (HR for azathioprine-group patients vs rituximab recipients was 2.51;
p=0.003); remaining major or minor relapse free (B) (HR 2.11; p=0.012); surviving (C): because no rituximab-arm patient died, a stratified log-rank
test was used to compare between-group overall survival. At 60 months, overall survival rates were 100% for the rituximab group and 93.0% for

the azathioprine group (95% Cl 86.7% to 99.9%) (p=0.045) and remaining severe adverse event free (D): rates were comparable between the two

treatment arms (HR 1.02 (95% Cl 0.63 to 1.62; p=0.951).

Deaths

Four azathioprine-group patients died during the trial: three with
granulomatosis with polyangiitis and one with microscopic poly-
angiitis, all newly diagnosed. Two had already been described and
occurred before month 28.” The third one, a 68-year-old azathi-
oprine-treated man with microscopic polyangiitis with renal
involvement (initial serum creatinine: 2.76 mg/dL), in remis-
sion after six cyclophosphamide pulses, suffered, at month 10,
a major relapse treated with prednisone and rituximab; he died
of mesenteric infarction at month 29. The fourth, a 72-year-old
azathioprine-treated man with granulomatosis with polyangiitis
in remission after six cyclophosphamide pulses developed, at

month 28, a major relapse treated with prednisone and ritux-
imab infusions and achieved remission; at month 53, he relapsed
again and died of acute heart failure unrelated to vasculitis.

At 60 months, overall survival rates were 93.0% for the azathi-
oprine group (95% CI 86.7% to 99.9%) and 100% for rituximab
recipients (p=0.045) (figure 2C).

Q-TWiST analyses

During the 60-month follow-up, rituximab recipients spent 12.6
months more free of relapse or toxicity (p<0.001). The Q-TWiST
period was significantly shorter for the azathioprine-treated
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Table 1 Severe adverse events according to treatment group

Rituximab
group (n=57)

Azathioprine
group (n=58)

Severe adverse event No. of events

Infection 20 31
Bronchitis 1 10
Pneumonia with respiratory distress 3 6

syndrome

Infectious diarrhoea
Cholecystitis
Acute urinary infection
Pneumocystis jiroveci pneumonia
Sepsis
Lung aspergillosis
Pleural effusion
Bacterial endocarditis
Varicella zoster virus infection
Lung tuberculosis
Lung atypical mycobacterial infection
Oesophageal candidiasis
Colon diverticulitis
Appendicitis
Bacterial orchitis
Infected elbow hygroma
Unspecified viral infection

Cardiovascular events

Cancer
Skin (non-melanoma)
Prostate
Pancreas

- = O b OO Ul O ©O O O © O — O — = = N = = NN b
O O N O N OV —m = = =2 o 2 O = = 0O 0 o - NN = =N

Gastrointestinal stromal tumour

patients than rituximab recipients (48.0 vs 55.2 months, respec-
tively, p<0.001) (online supplementary table S1 and figure S2).
Sensitivity analyses, varying utility coefficients for quality-ad-
justed health-state duration, yielded the same significant findings
(online supplementary table S2).

ANCA testing, CD19+ B cell counts and gammaglobulin levels
Serial ANCA testing (immunofluorescence positive vs negative)
and CD19+ Becell counts for both groups during follow-up are
summarised in the online supplementary figures S3 and S4, respec-
tively. Twenty-two (81%) of the 27 azathioprine-treated patients
with major relapses were ANCA positive at relapse. None of the
three rituximab-arm patients with major relapses (on therapy)
before month 28 had CD19+ Becell reconstitution at the time of
relapse, but two were ANCA positive. In contrast, 12 of the 13
rituximab recipients with major relapses between months 28 and
60 (post-therapy) were ANCA positive (data missing for one) at
relapse, and all had CD19+ Bcell reconstitution (data missing for
two), with CD19+ Bcell counts ranging from 10 to 206/mm”.

Evolution of gammaglobulin levels was comparable in both
groups before month 28 (not recorded after month 28), and is
summarised in the online supplementary figure SS5.

Factors predictive of relapse

Data from azathioprine and rituximab group were pooled. Risk
factors of minor and major relapses were similar in patients from
both groups, with no significant interaction between treatment
arm and each predictor variable. Table 2 shows the results of the

Table 2 Univariate and multivariate analysis of factors predictive of
vasculitis relapse in treated patients

Variables HR (95%Cl) P values

Univariate analysis
Age (years) 1.00 (0.98 to 1.02) 0.984
Male (vs female) 1.00 (0.59 to 1.68) 0.997
GPA (vs MPA or renal-limited vasculitis) 2.08 (1.07 to0 4.03) 0.030
PR3-ANCA (vs MPO-ANCA or no ANCA) 2.18 (1.18 to 4.00) 0.012
Serum creatinine >2.27 mg/dL 0.58 (0.30 t0 1.10) 0.093
Ear, nose and throat involvement 1.59 (0.83 to 3.02) 0.161
Pulmonary involvement 1.04 (0.61 to 1.76) 0.884
Cardiovascular involvement 1.10 (0.60 to 2.00) 0.764
Induction to remission ANCA evolution 1.09 (0.65 t0 1.82) 0.756
(persistence vs disappearance)

Multivariate analysis
PR3-ANCA (vs MPO-ANCA or no ANCA) 2.04 (1.06 to 3.91) 0.032
Serum creatinine >2.27 mg/dL 0.58 (0.31t0 1.11) 0.100
Ear, nose and throat involvement 1.18 (0.59 to 2.35) 0.634
Arm (AZA vs RTX) 2.72 (1.55 to 4.76) <0.001

ANCA, antineutrophil cytoplasmic antibodies; AZA, azathioprine;
GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis;
MPO, myeloperoxidase; PR3, antiproteinase 3; RTX, rituximab.

univariate and multivariate analyses. The HRs for relapse for
patients with PR3-ANCA specificity and azathioprine arm were
2.04 (95% CI 1.06 to 3.91) (p=0.032) and 2.72 (95% CI 1.55
to 4.76) (p<0.001) in multivariate analysis, respectively.

HRs of detectable B cells to predict relapse was constant over
time (figure 3A), whereas HRs of positive ANCA to predict
relapse increased over time with a significant linear trend test
(p<0.001, compared with p=0.716 for B cell count) (figure 3B).

DISCUSSION

According to this long-term analysis of MAINRITSAN trial
patients, rituximab had a superior post-treatment efficacy than
azathioprine at maintaining remissions of ANCA-associated
vasculitides over 60 months, with a Q-TWiST analysis identified
benefit and no safety differences with azathioprine. Our results
also showed that rituximab maintenance was associated with
better overall survival and that ANCA specificity and positive
ANCA over time were associated with higher subsequent relapse
risk.

Although the management of ANCA-associated vasculitis
patients has dramatically improved since the 2000s, strategies
to prevent late relapses, decrease glucocorticoid exposure and
reduce disease-related and treatment-related morbidities remain
suboptimal. After the 28-month MAINRITSAN trial results,
the major question remains rituximab’s ability to maintain
long term, sustained ANCA-associated vasculitis remissions.
More azathioprine-arm patients relapsed during the first 28
months of follow-up and that difference remained significant at
month 60, with comparable major relapse rates between months
28 and 60 (17% for the azathioprine group vs 23% for ritux-
imab recipients). The major-relapse frequency increased rapidly
over the 12 months following azathioprine discontinuation at
22 months. Most rituximab-arm major relapses occurred 18-24
months after the last infusion (at 3642 months), still suggesting
longer and more sustained efficacy at maintaining remission.
These findings suggest that rituximab could delay rather than
abrogate relapses and emphasise the need to better identify
patients with high-relapse risk that could benefit from longer
treatment.
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Figure 3 HRs of B cell count and antineutrophil cytoplasmic antibodies (ANCA) to predict vasculitis relapse for each separate model. HRs of
detectable B cells to predict relapse was constant over time (A), whereas HRs of positive ANCA to predict relapse increased over time with a
significant linear trend test (p<0.001, compared with p=0.716 for B cell count) (B).

The safety profile was comparable for both agents, except
for respiratory infections that were slightly more frequent in
rituximab recipients. P jiroveci pneumonia occurred in three
patients not receiving prophylaxis, further supporting the need
for cotrimoxazole or, in case of sulfonamide allergy, pentamidine
aerosolisations, oral dapsone or atovaquone to prevent P, jiroveci
pneumonia in these patients. Cancers were infrequent but were
more common in the azathioprine group.

Optimal maintenance therapy doses and durations to further
improve long-term outcomes remain major challenges, as is
the identification of patients who would benefit the most from
prolonged treatment. Whether a rituximab dose exceeding
500 mg for maintenance, as chosen in our trial, could achieve
fewer late relapses without increasing AEs, especially severe infec-
tions, warrants further investigation. The longest glucocorticoid
intakes were associated with fewer relapses in a meta-analysis
before rituximab was used to treat ANCA-associated vasculit-
ides,'” but ongoing vasculitis studies are mostly attempting to
develop glucocorticoid-sparing strategies. A retrospective cohort
study found that continuing azathioprine or methotrexate main-
tenance, respectively, for >18or >36 months, obtained 29%
or 66% HR reduction for relapse,'! and the recently published
randomised controlled trial of prolonged treatment in the
remission phase of ANCA-associated vasculitis (REMAIN) trial
demonstrated that prolonged remission maintenance therapy
with azathioprine to 48 months from diagnosis reduced relapse
risk and improves renal survival in AAV."* The ongoing MAIN-
RITSAN-3 trial (NCT02433522) compares 46 versus 18 months
of rituximab maintenance, like that used herein. Overall, optimal
dose and duration of rituximab have still to be defined. Also,
data from the Rituximab Vasculitis Maintenance Study (RITAZ-
AREM) trial will show if higher dose of rituximab for almost the
same duration show better relapse-free survival.

One secondary MAINRITSAN trial goal was to study
correlation between ANCA reappearance and/or B cell recon-
stitution and the relapse rate. Most patients in each group were
ANCA positive at relapse, and B cell reconstitution preceded
relapses in most rituximab-treated patients, except for the very
few early relapses that occurred during active therapy. Further-
more, our results showed that patients with PR3-ANCA-posi-
tive vasculitis were at higher risk of subsequent relapse. Also,
positive ANCA over time were able to identify patients who
might require longer and repeated maintenance treatment.
These findings are consistent with those of previous studies

on the impact of PR3-ANCA positivity in ANCA-associated
vasculitides.”*™ However, the role of ANCA monitoring in
predicting relapses has always been controversial,'™” prob-
ably because of the heterogeneity of treatment regimens used
in those studies.

This long-term trial follow-up study has several strengths. Its
results should be applicable to the broad spectrum of patients
seen in routine practice (eg, patients with granulomatosis with
polyangiitis, microscopic polyangiitis and renal-limited vascu-
litis) and patients with newly diagnosed or relapsing disease were
included, most with granulomatosis with polyangiitis. However,
this latter high percentage of patients with granulomatosis with
polyangiitis is relevant in a trial focusing on relapse prevention,
because they are at a much higher risk of relapse than those with
microscopic polyangiitis.”*™* Finally, whereas the open-label
study design could represent a limitation, major ANCA-associ-
ated vasculitis relapses were clearly defined, based on overt clin-
ical manifestations.*’

In conclusion, the long-term follow-up of MAIN-
RITSAN trial patients showed that the lower risk of major
relapses of ANCA-associated vasculitides observed at 28
months with 500mg rituximab infusions administered on
days 1 and 15 then every 6 months until month 18, compared
with azathioprine, was sustained over 60 months, espe-
cially for patients with granulomatosis with polyangiitis and
PR3-ANCA. PR3-ANCA specificity and positive ANCA over
time were able to identify patients who might require longer
and repeated maintenance treatment.

Author affiliations
'Department of Internal Medicine, Hapital Cochin, Université Paris Descartes,
Sorbonne Paris Cité, INSERM Unité 1016, Centre de Référence pour les Maladies
Auto-immunes Rares, Paris, France
2Department of Rheumatology, Mount Sinai Hospital, Toronto, Ontario, Canada
3Centre d'Epidémiologie Clinique, Hopital Hotel-Dieu, Université Paris Descartes,
INSERM Unité 738, Paris, France
“Unité de Néphrologie, Hopital Européen Georges-Pompidou, Université Paris
Descartea, Paris, France
>Service de Pneumologie, Centre de Référence pour Maladies Pulmonaires Rares,
Hopital Universitaire Louis Pradel, Lyon, France
8Service de Médecine Interne, Centre Hospitalier Universitaire, Hopital Gabriel
Montpied, Clermont-Ferrand, France
"Département de Médecine Interne, Hopitaux Universitaires de Rennes, Hapital Sud,
Université Rennes |, IGDR-UMR 6290, Rennes, France
&Service de Médecine Interne, Hopital Edouard Herriot, Lyon, France
%Service de Médecine Interne et d'Immunologie Clinique, Site Belle Isle, HPM, Metz,
France

1156 Terrier B, et al. Ann Rheum Dis 2018;77:1151-1157. doi:10.1136/annrheumdis-2017-212768


http://ard.bmj.com/

Clinical and epidemiological research

"°Département de Médecine Interne, Centre Hospitalier Bretagne Atlantique de
Vannes, Vannes, France

""Département de Néphrologie and Département de Médecine Interne, Centre
Hospitalier de Valenciennes, Valenciennes, France

12Service de Médecine Interne, Centre Hospitalier Général de Niort, Niort, France
Service de Médecine Interne et d'Immunologie Clinique, Centre Hospitalier
Universitaire de Dijon, Université de Bourgogne, IFR100, Dijon, France

"Service de Néphrologie, Dialyse et Transplantation, Centre Hospitalier Universitaire
de Grenoble, Grenoble, France

"Service de Néphrologie, INSERM Unité 699, Département Hospitalo-Universitaire
FIRE, Hopital Bichat, Université Paris Diderot, Paris, France

"®Département de Néphrologie, Hopital d'Annecy, Annecy, France

Service de Médecine Interne, Clinique Rhone Durance, Avignon, France
"8Département de Médecine Interne, Centre Hospitalier Universitaire Hotel-Dieu,
Nantes, France

"*Département de Médecine Interne, Hopital La Croix Saint-Simon, Paris, France
Dsarvice de Médecine Interne, Centre de Référence Labellisé pour la Prise en
Charge des Cytopénies Auto-immunes de I'Adulte, Hopital Henri Mondor, Assistance
Publique—Hopitaux de Paris, Vasculitis Clinic, Créteil, France

2'Hopital Cochin, Centre de Référence Maladies Systémiques et Autoimmunes Rares,
AP HP, Université Paris Descartes, Service de Médecine Interne, Paris, France

Acknowledgements We thank Séverine Poignant, Emilie Vaillant and Adéle
Bellino from the Clinical Research Unit, INSERM CIC P 0901, Cochin University
Hospital (Assistance Publique-Hopitaux de Paris, Université Paris Descartes, Paris) for
trial monitoring and handling, preparation and submission of all required research
ethics and regulatory documents and Janet Jacobson for editorial assistance.

Collaborators A complete list of additional investigators and members of the
French Vasculitis Study Group. The authors full names and academic degrees are as
follows: Florence Vendé, MD, Maxime Samson, MD, PhD, Pierre-Yves Hatron, MD,
PhD, Abdeldjallil Koreichi, MD, Alain Ramassamy, MD, Héléne Francois, MD, PhD, Ali
Boumallassa, MD, Anne-Bérangere Beucher, MD, Aurélien Delluc, MD, PhD, Bruno
Graffin, MD, Catherine Hanrotel-Saliou, MD, Claire Grange, MD, David Launay, MD,
PhD, Denis Bagneres, MD, Edouard Begon, MD, Frédéric Grassin, MD, Frédérique
Bocquentin, MD, Guillaume Gondran, MD, Isabelle Delacroix, MD, Isabelle Guichard,
MD, Isabelle Marie, MD, PhD, Jaques Pourrat, MD, PhD, Jean-Francois Viallard, MD,
PhD, Benoit Wallaert, MD, PhD, Laure Lahaxe, MD, Laurence Vrigneaud, MD, Marc
Fabre, MD, Marie Frimat, MD, Marie Lino, MD, Martine Gayraud, MD, Matthias
Buchler, MD, PhD, Myriam Niel-Duriez, MD, Nolwenn Rabot, MD, Raphaéle Seror,
MD, Ph.D., Roderich Meckenstock, MD, Serge Perrot, MD, PhD, Serge Seiberras, MD,
Robin Dhote, MD, PhD, Vincent Poindron, MD, Virginie Rieu, MD, Xavier Delbrel, MD,
Xavier Kyndt, MD, Yann Ollivier, MD.

Contributors BT, CP and LG contributed to data collection, data analysis and
interpretation, manuscript preparation and review. EP and PR contributed to data
analysis and interpretation, manuscript preparation and review. AK, CK, OA, PC, OD,
HD-C, FM, PG, TQ, CB-D, BB, P-LC, ED, MD, PG, MH, OL, NL, XP and LM contributed
to data generation, analysis and interpretation and manuscript preparation.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests BT has received lecture fees from Roche/Genentech and
advisory board fees from ChemoCentryx. CP has received research grants and lecture
fees from Roche/Genentech and advisory board fees from ChemoCentryx and Sano.

Patient consent Obtained
Ethics approval Local Institutional Review Board, CPP Paris lle de France 3.
Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement All study data are included in this manuscript.

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Jennette JC, Falk RJ, Bacon PA, et al. 2012 revised International Chapel Hill Consensus
Conference Nomenclature of Vasculitides. Arthritis Rheum 2013;65:1-11.

2 Guillevin L, Lhote F, Gayraud M, et a/. Prognostic factors in polyarteritis nodosa
and Churg-Strauss syndrome. A prospective study in 342 patients. Medicine
1996,75:17-28.

3 Ribi C, Cohen P, Pagnoux C, et al. Treatment of Churg-Strauss syndrome without
poor-prognosis factors: a multicenter, prospective, randomized, open-label study of
seventy-two patients. Arthritis Rheum 2008;58:586—94.

4 Ribi C, Cohen P, Pagnoux C, et al. Treatment of polyarteritis nodosa and microscopic
polyangiitis without poor-prognosis factors: a prospective randomized study of one
hundred twenty-four patients. Arthritis Rheum 2010;62:1186-97.

5 Cohen P, Pagnoux C, Mahr A, et al. Churg-Strauss syndrome with poor-prognosis
factors: a prospective multicenter trial comparing glucocorticoids and six or twelve
cyclophosphamide pulses in forty-eight patients. Arthritis Rheum 2007;57:686-93.

6 Stone JH, Merkel PA, Spiera R, et al. Rituximab versus cyclophosphamide for ANCA-
associated vasculitis. N Engl J Med 2010;363:221-32.

7 Jones RB, Tervaert JW, Hauser T, et al. Rituximab versus cyclophosphamide in ANCA-
associated renal vasculitis. N £ngl J Med 2010;363:211-20.

8 Specks U, Merkel PA, Seo P, et al. Efficacy of remission-induction regimens for ANCA-
associated vasculitis. N Engl J Med 2013;369:417-27.

9 Guillevin L, Pagnoux C, Karras A, et al. Rituximab versus azathioprine for maintenance
in ANCA-associated vasculitis. N Engl J Med 2014;371:1771-80.

10 Walsh M, Merkel PA, Mahr A, et al. Effects of duration of glucocorticoid therapy on
relapse rate in antineutrophil cytoplasmic antibody-associated vasculitis: a meta-
analysis. Arthritis Care Res 2010;62:1166—73.

11 Springer J, Nutter B, Langford CA, et al. Granulomatosis with polyangiitis (Wegener's):
impact of maintenance therapy duration. Medicine 2014;93:82-90.

12 Karras A, Pagnoux C, Haubitz M, et al. Randomised controlled trial of prolonged
treatment in the remission phase of ANCA-associated vasculitis. Ann Rheum Dis
2017;76:1662-8.

13 Pierrot-Deseilligny Despujol C, Pouchot J, Pagnoux C, et al. Predictors at diagnosis
of a first Wegener's granulomatosis relapse after obtaining complete remission.
Rheumatology 2010;49:2181-90.

14 Walsh M, Flossmann O, Berden A, et al. Risk factors for relapse of antineutrophil
cytoplasmic antibody-associated vasculitis. Arthritis Rheum 2012;64:542-8.

15 Mahr A, Katsahian S, Varet H, et al. Revisiting the classification of clinical phenotypes
of anti-neutrophil cytoplasmic antibody-associated vasculitis: a cluster analysis. Ann
Rheum Dis 2013;72:1003-10.

16 Finkielman JD, Merkel PA, Schroeder D, et al. Antiproteinase 3 antineutrophil
cytoplasmic antibodies and disease activity in Wegener granulomatosis. Ann Intern
Med 2007;147:611-9.

17 Sanders J-SF, Huitma MG, Kallenberg CGM, et al. Prediction of relapses in PR3-
ANCA-associated vasculitis by assessing responses of ANCA titres to treatment.
Rheumatology 2006;45:724-9.

18 Boomsma MM, Stegeman CA, van der Leij MJ, et a/. Prediction of relapses in
Wegener's granulomatosis by measurement of antineutrophil cytoplasmic antibody
levels: a prospective study. Arthritis Rheum 2000;43:2025-33.

19 Thai LH, Charles P, Resche-Rigon M, et a/. Are anti-proteinase-3 ANCA a useful marker
of granulomatosis with polyangiitis (Wegener's) relapses? Results of a retrospective
study on 126 patients. Autoimmun Rev 2014;13:313-8.

20 Hellmich B, Flossmann O, Gross WL, et al. EULAR recommendations for conducting
clinical studies and/or clinical trials in systemic vasculitis: focus on anti-neutrophil
cytoplasm antibody-associated vasculitis. Ann Rheum Dis 2007;66:605—17.

Terrier B, et al. Ann Rheum Dis 2018;77:1151-1157. doi:10.1136/annrheumdis-2017-212768 1157


http://dx.doi.org/10.1002/art.37715
http://dx.doi.org/10.1097/00005792-199601000-00003
http://dx.doi.org/10.1002/art.23198
http://dx.doi.org/10.1002/art.27340
http://dx.doi.org/10.1002/art.22679
http://dx.doi.org/10.1056/NEJMoa0909905
http://dx.doi.org/10.1056/NEJMoa0909169
http://dx.doi.org/10.1056/NEJMoa1213277
http://dx.doi.org/10.1056/NEJMoa1404231
http://dx.doi.org/10.1002/acr.20176
http://dx.doi.org/10.1097/MD.0000000000000020
http://dx.doi.org/10.1136/annrheumdis-2017-211123
http://dx.doi.org/10.1093/rheumatology/keq244
http://dx.doi.org/10.1002/art.33361
http://dx.doi.org/10.1136/annrheumdis-2012-201750
http://dx.doi.org/10.1136/annrheumdis-2012-201750
http://dx.doi.org/10.7326/0003-4819-147-9-200711060-00005
http://dx.doi.org/10.7326/0003-4819-147-9-200711060-00005
http://dx.doi.org/10.1093/rheumatology/kei272
http://dx.doi.org/10.1002/1529-0131(200009)43:9<2025::AID-ANR13>3.0.CO;2-O
http://dx.doi.org/10.1016/j.autrev.2013.11.003
http://dx.doi.org/10.1136/ard.2006.062711
http://ard.bmj.com/

Clinical and epidemiological research

Handling editor Josef S
Smolen

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
annrheumdis-2017-212713).

For numbered affiliations see
end of article.

Correspondence to

Dr Joanna C Robson, Academic
Rheumatology Unit, University
of the West of England, Bristol
BS28HW, UK;
Jo.Robson@uwe.ac.uk

JCR and JD contributed equally.

Received 17 November 2017
Revised 29 March 2018
Accepted 3 April 2018
Published Online First

25 April 2018

To cite: Robson JC,
Dawson J, Doll H,

et al. Ann Rheum Dis
2018;77:1158-1165.

EXTENDED REPORT

Validation of the ANCA-associated vasculitis patient-
reported outcomes (AAV-PRO) questionnaire

Joanna C Robson, " Jill Dawson, Helen Doll,* Peter F Cronholm,” Nataliya Milman,®
Katherine Kellom,” Susan Ashdown,® Ebony Easley,” Don Gebhart,"® Georgia Lanier,"
John Mills,"* Jacqueline Peck,® Raashid Ahmed Lugmani,” Judy Shea, ™

Gunnar Tomasson, > Peter A Merkel'®

ABSTRACT

Objectives To finalise and validate a disease-

specific patient-reported outcome (PRO) measure: the
ANCA-associated vasculitis patient-reported outcome
(AAV-PRO) questionnaire. Using a 35-item candidate
questionnaire developed following 50 qualitative
interviews in the UK, USA and Canada, a longitudinal
survey was conducted to determine the final scale
structure and validate the AAV-PRO.

Methods Participants were recruited via Vasculitis UK
and the Vasculitis Patient-Powered Research Network.
The 35-item candidate questionnaire was completed

at baseline and 3 months; UK participants completed
the EuroQol-5D-5L (EQ-5D-5L), while US participants
completed a test—retest exercise, 3—5days after
baseline. Scale structure was defined using exploratory
factor analysis (EFA) and Rasch analysis. Convergent
and known groups validity, test—retest reliability and
longitudinal construct validity were assessed.

Results There were 626 participants with AAV; >25%
reporting ‘active disease’. EFA and Rasch analysis
supported a 29-item profile measure comprising

six domains: "organ-specific symptoms’, ‘systemic
symptoms’, "treatment side effects’, 'social and
emotional impact’, ‘concerns about the future’ and
"physical function’. Mean domain scores were higher
for participants with "active disease’ versus ‘remission’
(p<0.001). Construct validity was demonstrated by
correlations between domain scores and the EQ-5D-5L
(range r=—0.5510 0.78), all p<0.0001. In participants
reporting ‘'no change’ (n=97) during the test-retest,
intraclass correlation coefficient values were high (range
0.89-0.96) for each domain.

Conclusions The AAV-PRO, a new disease-specific PRO
measure for AAV, has good face and construct validity, is
reliable, feasible and discriminates among disease states.

INTRODUCTION

Granulomatosis with polyangiitis (GPA, Wege-
ner’s), eosinophilic granulomatosis with poly-
angiitis (EGPA, Churg-Strauss) and microscopic
polyangiitis (MPA) are life-threatening and
organ-threatening disorders affecting the lungs,
kidneys, ear, nose, throat, nerves, skin and
quality of life of affected patients and are collec-
tively known as the ANCA-associated vasculitides
(AAV).! * Despite improvement in mortality and
morbidity with newer treatment regimens, the
risk of relapse in AAV is 35% over 5years.” Many

patients experience persistent disease activity, long-
term exposure to toxic therapies® and the psychoso-
cial impact of a serious illness.’

Health-related quality of life (HRQoL) is
impaired in AAV.*® A quarter of patients experience
depression and >40% anxiety.® Work disability is
high with a quarter unemployed due to AAV,” and
50% reported their careers had been hindered.'’
Fatigue and pain are important symptoms.® '* The
opinions of patients and clinicians on the relative
importance of outcomes often differ.'* '?

The Outcome Measures in Rheumatology
(OMERACT) core set of outcome measurements
for use in clinical trials in AAV included the
generic Short-Form 36 (SF-36) patient-reported
outcome (PRO) measuring HRQoL."*'® Generic
PROs can lack specificity,'”” and the OMERACT
Vasculitis Working Group identified the need for
an AAV-specific PRO to fully capture the patient’s
perspective.'® An international steering committee
comprising patient partners, methodologists, stat-
isticians and clinicians from the UK, USA and
Canada has been developing a new disease-specific
PRO, in line with guidance from the US Food and
Drug Administration.”” The project received
critical scrutiny and feedback at three succes-
sive Vasculitis Workshop sessions at OMERACT
conferences.” *!

A three-stage approach has been followed.
Stage 1: qualitative analysis, item production and
testing in the UK, USA and Canada resulting in
a 35-iten candidate ANCA-associated vasculitis
patient-reported outcomes (AAV-PRO) question-
naire (completed).”” Stage 2: large-scale parallel
survey of people with AAV in the UK and USA,
to investigate the underlying scale structure of the
AAV-PRO. Stage 3: assessment and validation of
the AAV-PRO’s measurement properties, including
construct validity, reliability, discriminatory ability
and ability to detect change. Stages 2 and 3 are
reported here.

METHODS AND MATERIALS
An international steering committee, including four
patient partners, had oversight of the patient survey
materials, working with the patient groups Vascu-
litis UK and the Vasculitis Patient-Powered Research
Network (the VPPRN).

Patients were recruited between June and
October 2015.
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Inclusion/exclusion criteria

Participants were required to have AAV, English speaking,

aged =18 years and to fulfil the following:

1. Affirm that they had AAV.

2. Received either a positive test result for ANCA or diagnostic
biopsy or angiogram.

3. Currently or previously taken glucocorticoids or another
immunosuppressant/s.

Participants with AAV were sent a pack by post (Vasculitis
UK) or email (the VPPRN in the USA) containing a covering
letter, information sheet and forms for demographic (date of
birth, location, sex, race, highest educational level employment
status) and disease-related data (type of AAV, date of diagnosis,
positive ANCA test, current disease state, immunosuppres-
sant medications) and the 35-item candidate AAV-PRO ques-
tionnaire. The first 12 items addressed symptom severity; the
remaining 23 items addressing the impact of AAV, or its treat-
ment, on HRQoL. Each item has five ordinal integer response
options (three formats applying to different items: symptom
severity, level of difficulty, frequency of experiencing a problem),
scored 0—4; higher scores denoting greater severity or impact.
UK participants were also sent an EQ-SD-SL questionnaire® at
baseline. This five-item generic measure assesses mobility, self-
care, usual activities, pain/discomfort and anxiety/depression on
a five-point scale. EQ-5D-5L index values were calculated using
the cross-walk method.**

Three to fivedays after they provided baseline responses, the
US participants were sent a repeat 35-item AAV-PRO candidate
questionnaire (test-retest), disease state questions and a transi-
tion question concerning change in disease state since baseline
questionnaire completion: ‘Overall, how are you NOW (in terms
of your vasculitis and any treatment side effects), compared with
5 days ago (when you first answered the questionnaire)?’

After 3 months, all UK and US participants were sent the same
35-item candidate AAV-PRO questionnaire and the transition
item used for test-retest, but with comparison made with 3
months ago’.

Sample size

Sample size for health status questionnaire development requires
at least three respondents per questionnaire item tested.” The
aim was to recruit at least 500 patients (250 from each country).

Statistical methods

Data were analysed using SPSS release V.20 (PASW Statistics
20© 2015 SPSS). To minimise type I error, the significance level
for all analyses was set at two-sided p<0.01.

Criteria for questionnaire item reduction

(1) Missing responses>3%72%; (2) distribution of responses
exhibiting ceiling or floor effects (=50% responses to an item
taking either of the two most extreme response categories); (3)
high inter-item correlation (=0.80) or Cronbach’s alpha (=0.93)
suggesting redundancy; (4) items poorly correlated with their
overall domain/scale score (ie, item-to-total correlations<0.3);
(5) cross-loading during factor analysis and (6) particularly poor
fit to the model (Item Trait Interaction p<0.01) on fitting to a
Rasch unidimensional model to any identified domains.

Scale structure and dimensionality

Conceptual framework

The AAV-PRO conceptual framework indicated that the PRO
was likely to be multidimensional, that is, containing items

addressing symptom severity, and differing aspects of HRQoL
(physical, psychological, social and global impact on health).

Factor structure

The formal process of item reduction and determination of scale
structure was guided by exploratory factor analysis’” (EFA),
Rasch analysis®® (RUMM2010 software; RUMM Laboratory,
Western Australia 6023) and from insights from the conceptual
framework.”® EFA was conducted using FACTOR,*” based on
a polychoric correlation matrix, using Principal Axis Factoring
extraction, with oblique rotation method. Items correlating with
a factor of >0.4 were considered to significantly load and the
item was assigned to that factor.”’

Individual item functioning

The polytomous Rasch model (for items with >2 responses)
is equivalent to a test of the theoretical construct validity and
adequacy of a scale,?®?! assessing the unidimensionality of items
in a scale.”®3%3?

Scale/domain properties

Internal consistency

Cronbach’s alpha coefficients were calculated to assess the
internal consistency of questionnaire domains. An alpha =0.70 is
recommended to claim internal consistency,**** alpha >0.90 may
suggest redundancies, requiring item reduction,’! with 0.80—
0.90 considered optimal.>®

Convergent validity

It was hypothesised that a large Pearson’s correlation (r=0.5)
would be obtained between the AAV-PRO domains and generic
EQ-5D-5L index scores (UK baseline sample only). It was
anticipated that negative correlations would be seen as the two
measures are scored in opposite directions.

Test—retest reliability

Intraclass correlation coefficients (ICCs) were used to compare
baseline AAV-PRO domain scores, with scores obtained 3-5 days
later (US sample only) in those individuals whose condition had
remained stable. ICC values>0.60 are recommended.®’

Meaningful change

The SEM was the error estimated for a single use of the ques-
tionnaire and is directly related to the reliability of the scale. The
minimal detectable change (MDC) was defined as the smallest
amount of change between two time points that indicated a real
change in the patient’s health status.*® The MDC,, was set to
indicate that 90% of stable patients demonstrated random vari-
ation of less than this magnitude when assessed on multiple
occasions.” !

Known groups validity*®

It was hypothesised that the AAV-PRO domain scores would
differ significantly between patients self-identifying at baseline
as having ‘active disease’ versus patients ‘in remission’.

Longitudinal construct validity: responsiveness

Responsiveness was assessed where respondents provided rele-
vant outcomes data at baseline and 3 months. Change scores were
calculated as the baseline score minus the 3-month follow-up
score for each AAV-PRO domain. Effect sizes (ES) were calcu-
lated as the difference between the sample’s mean baseline
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Table 1 Demographic and clinical characteristics of survey
participants
Demographic UK USA All
characteristics n=348 (%) n=278 (%) n=626 (%) x? P values
Sex (n=623)
Male 135 (38.9) 90 (32.7) 225 (36.7) 254 011
Female 212 (61.1) 185 (67.3) 397 (63.8)
Age group (years) (n=608)
<45 25(7.3) 51(19.1) 76 (12.5) 40.64  0.00
>45 <60 95 (27.9) 90 (33.7) 185 (30.4)
>60<75 166 (48.7) 116 (43.4) 282 (46.4)
>75 55 (16.1) 0(3.7) 65 (10.7)
Ethnicity (n=624)
Asian 5(1.4) 7(2.5 12(1.9) 377 0
Black or African/American 1(0.3) 2(0.7) 3(0.5)
Black African or Caribbean 1(0.3) 0(0) 1(0.2)
British
White 333 (95.7) 259 (93.8) 592 (94.9)
American Indian or Alaska 0(0) 1(0.4) 1(0.2)
Native
Multiple 3(0.9 3(1.1) 6(1.0)
Other 5(1.4) 4(1.4) 9(1.4)
Qualifications (highest) (n=623)
Degree 157 (45.4) 204 (73.6) 361 (57.9) 59.46  0.00
Vocational/employment 71 (20.5) 26 (9.4) 97 (15.6)
related
School/high school 90 (26.0) 46 (16.6) 136 (21.8)
qualifications
None 28 (8.1) 1(0.4) 29 (4.7)
Employment status (n=623)
Disabled 50 (14.5) 48 (17.3) 98 (15.7) 56.68  0.00
Employed with income 78 (22.6) 112 (40.3) 190 (30.5)
Retired 204 (59.1) 88 (31.7) 292 (46.9)
Employed without income 3(0.9) 3(1.1) 6(1.0)
Homemaker/carer 4(1.2) 9(3.2) 13(2.1)
Unemployed 6(1.7) 7(2.5) 13(2.1)
Other (eg, student, 0 (0.0) 11 (4.0) 11(1.8)
employed and student)
Type of AAV
EGPA 47 (13.5) 48(17.3) 95(15.2) 20.37  0.00
GPA 251 (72.1) 184 (66.2) 435 (69.5)
MPA 28 (8.0) 43 (15.5) 71(11.3)
Unspecified AAV 22 (6.3) 3(1.1) 25 (4.0)
Positive ANCA test
Yes 270 (78.3) 222 (79.9) 492 (79.9) 17.66  0.00
No 15 (4.3) 31 (11.2) 46 (7.4)
Don't know 60 (17.4) 25 (9.0) 85(13.6)
Current disease status
Active disease 100 (29.8) 75 (27.0) 175 (28.5) 0.58  0.45
Remission 236 (70.2) 203 (73.0) 439 (71.5)
Flare within the last two years
Yes 135 (40.2) 129 (46.4) 264 (43.0) 5.09 0.17
No 157 (46.7) 112 (40.3) 269 (43.8)
Don't know 32 (9.5) 21 (7.6) 53 (8.6)
Never had a flare 12 (3.6) 16 (5.8) 28 (4.6)
Organs affected by AAV
Lungs 215 (61.8) 205 (73.7) 420 (67.1) 10.01 0.00
ENT 249 (71.6) 215 (77.3) 464 (74.1) 270 0.10
Eyes 135 (38.8) 124 (44.6) 259 (41.4) 215 014
Kidneys 185 (53.2) 153 (55.0) 338 (54.6) 022 0.64
Nerves 139 (39.9) 91 (32.7) 230 (36.7) 346  0.06
Skin 128 (36.8) 123 (44.2) 251 (40.1) 3.58 0.06
Joints 192 (55.2) 151 (53.6) 341 (54.5) 0.16  0.70
Time from diagnosis (years)
Mean (SD) 10.6 (7.5) 7.6 (7.4) 9.3(7.5) t=4.89  0.00
Range 0.2-38.8 0.1-44.5 0.1-44.5

AAV, ANCA-associated vasculitides; EGPA, eosinophilic granulomatosis with polyangiitis; ENT, ear, nose, throat; GPA,
granulomatosis with polyangiitis; MPA, microscopic polyangiitis.

score and mean 3-month follow-up score, divided by the SD of
baseline score. ES calculates the magnitude of change measured
by an instrument in a standardised way allowing comparison
between instruments.** Change scores and ES were compared
with responses on a 3-month transition item regarding change
in patients’ condition.

RESULTS

Study sample and characteristics

The baseline survey response rate was 74% (n=662/900). Of the
662 respondents, 626 were eligible for inclusion (95%). Demo-
graphic and clinical characteristics of participants are shown in
table 1 and online supplementary table S1. The mean age was
60.4 years (SD 13.2) and participants were predominantly female
(397, 64%). The sample represented the UK (348/626) and the
USA (278/626) with 45% and 46% of the sample, respectively;
UK respondents were older (mean 63 vs 57 years, p<0.001) and
more likely to be retired (59% vs 32%, p<0.001).

Item response distribution: candidate AAV-PRO items
Candidate questionnaire items and baseline distribution of their
responses are shown in figure 1. Item response rates were high
overall (maximum 1.6% missing data), supporting the feasibility
of the questionnaire. One exception concerned ‘difficulties with
sexual activity or desire’ (6.2% missing; 11.8% missing in age
group >65). Responses were generally evenly spread across
responses, although >50% of respondents endorsed an extreme
(‘no difficulty’) response on two items (‘using hands for small
careful movements’ and ‘washing/drying/dressing unaided’).

Final dimensionality and scale structure of the AAV-PRO

The final AAV-PRO including 29 individual questionnaire items
is shown in figure 2. Details of the Rasch and EFA analyses are
given in online supplementary figure S1-3 and online supplemen-
tary table S2. The AAV-PRO is a profile measure containing six
different domains: ‘organ symptoms severity (OSS)’, ‘systemic
symptoms severity (SSS)’, ‘treatment side effects (TSE)’, ‘social
and emotional impact (SEI)’, ‘concerns about the future (CAF)’
and ‘physical function (PF)’. The identified domains each fit the
Rasch unidimensional model (Item Trait Interaction p>0.01) and
had good internal consistency (Cronbach’s alphas 0.77-0.96)
(figure 2). Patient partners on the steering committee reviewed
the items within each domain and developed the domain titles
used above.

Six questionnaire items were identified for rejection based on
failure to fit within the Rasch model for a particular domain,
plus insights from the Conceptual Framework, EFA and clinical
input: ‘nerve pain or numbness’ reflected damage and felt not
suitable for a PRO as would not capture change; ‘sexual activity

’ obtained poor response rate; ‘worried about income’ was
considered too contextual with responses influenced by differing
healthcare; ‘using hands for small tasks’ response distribution
indicating a ceiling effect (skewed towards ‘no difficulty’);
‘... social life is limited’ had strong overlap in responses with
other better fitting items indicating redundancy; and °... activi-
ties essential to your day’, ‘walking around shops’ and ‘walking
up-stairs’ were all highly correlated indicating redundancy
(exact meaning of ‘essential’ flagged as problematic by patient
partners).

Scoring of the 29-item AAV-PRO profile measure
Scores for each domain are calculated as the sum of each indi-
vidual item score (online supplementary figure S4). Examples of
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items with response categories are shown in online supplemen-
tary figure S5.

Measurement properties

Convergent validity

Correlations (Pearson) between baseline AAV-PRO domains and
EQ-5D-5L index scores (UK sample only) were all large (=0.50):
0SS r=-0.55, SSS r=-0.67, TSE r=-0.65, SEI r=-0.73,
CAF r=-0.68 and PF r=—0.78 (all P<0.001).

Test—retest reliability

All ICC values between domain scores at baseline and 3-5 days
later (US sample) were very good: OSS ICC=0.89 (95% CI
0.84 to0 0.93), SSS ICC=0.91 (95% CI 0.86 to 0.94), TSS=0.95
(95% CI 0.93 to 0.97), SEI=0.96 (95% CI 0.94 to 0.97),
CAF=0.95 (0.92 to 0.97) and PF=0.96 (0.94 to 0.97) (table 2).

Meaningful change
The SEM and MDC, estimate were calculated based on the ICC
and the SD of the baseline score (table 2).

Known groups validity

AAV-PRO domain scores all differed significantly (p<0.001)
between patients self-identifying as having ‘active disease’ versus
‘in remission’ (see table 3) as was also the case for the EQ-5D-5L.

Longitudinal construct validity

Mean change scores and ES for the AAV-PRO domains were
mapped to level of response to the 3-month transition item
(table 4). Results showed that respondents reporting ‘no change’
in their condition exhibited appropriate ES, close to zero, while
positive ES range 0.21-0.28 were associated with the response
‘much better’ for all domains. The response ‘slightly better’
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Figure 1
social and emotional impact. n=individual response rate for each candidate item.

Survey responses at baseline of 35 candidate questionnaire items (n=626). (A) Symptom severity; (B) difficulties with everyday life and (C)
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had ES lying between zero and the value associated with ‘much
better’ responses. In general, responses indicating a worsening
health state were associated with negative ES of a magnitude that
mirrored results associated with positive responses/improvement.
The exception here was the organ symptom severity domain with
scores lacking a significant linear trend across the transition item
responses (all other domains’ linear trend p<0.003).

Comparison between the AAV-PRO domain scores and demographic
and clinical features

There were no differences in mean scores between each of the
three AAV (GPA, MPA and EGPA) (p<0.01) and no correlation
between length of time from diagnosis and any of the AAV-PRO
scales (p<0.01). There were differences between (i) US and UK
respondents, with UK scores higher (ie, worse) (p<0.001) on all
scales, (ii) male and female mean scores, with women scoring

higher on all scales (p<0.01), and (iii) younger and older respon-
dents with higher mean scores on the SEI subscale in those in the
<65-yearage group compared with older participants (p<0.01)
(see online supplementary tables S3-7).

The final 29-item AAV-PRO is available from the corre-
sponding author and is free for non-commercial academic and
clinical use.

DISCUSSION

The AAV-PRO is a new 29-item, disease-specific PRO measure
for use in ANCA-associated vasculitis. It has good face, content
and construct validity, is reliable, feasible and discriminates
among disease states. Patients have played a key role within
every stage of development.?? This article describes the under-
lying structure of the final AAV-PRO and its validation in terms
of reliability, feasibility, discrimination and construct validity.
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Organ- ;
e Systemic Treatment
Specific ;
Symptoms Side Effects
Symptoms
Social and Concerns .
; Physical
Emotional about the .
function
Impact Future
B
4 Organ- h ("social and |
Specific Emotional | *Been amxious, worried, stressed
= Problems with nose or sinuses = Felt down or depressed
Symptoms » Pichlems withears Impact = Difficulty concentrating or being focused
m o Chest problems Eﬁs&ll = Felt that | have let people down
=0.438 * Problems with mouth or throat p=0.393 * Felt life is now focused on coping with
p=u. « Problems with eyes my condition
Cronbach’s Cronbach’s | < Felt upset/ frustrated as unable to work
a 0.767 @ 0.926 or do everyday tasks
. £
4 e
ssemic | s A
Symptoms | * :l::l:rllee:sains‘ cramps and a Future e . Difficulty making long-term plans
. ied about....
Rasch. * Problems with joints Rasch. . T::ngad:pu:ndent on other people
p=0-444 * mghunmmfortably hot, cold or 5 + .....what will happen to me in the future
Cronbach’s _ Tirednsess o fatigue p—0.091 = _....travelling a long distance from home
« 0.836 Cronbach’s | ®---long-term effects of treatment
) / @ 0.885 J
Ve
Treatment ( Physical I
i = Felt embarrassed If- i - « Walking around shops for at least an
Side Effects aho;rgppe:rs:nce;rs:fn;.;::: o Function hour
ﬁg;gb, p= = Felt concern about weight .B@Sﬂl. = Walking up a flight of stairs
0.065 = Getting enough good sleep p=0.011 = Doing physical activities that you wanted
; « Indigestion, heartburn, nausea : todo
Cronbach’s | «skin problems Cronbach’s | *Washing and drying yourself or getting
a0.734 o 0.885 Hregsed
N Py

Figure 2 The ANCA-associated vasculitides patient-reported outcomes (AAV-PRO). A profile measure containing six different domains which all
individually fit the Rasch model and have good internal consistency. (A) Domains of the AAV-PRO and (B) distribution of the 29 items of the AAV-PRO

across the six domains.
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Table 2 Test-retest reliability and estimates of meaningful change.

AAV-PRO scale Baseline mean ~ SEMt SEMt MDC, ¢ MDC, ¥
(number of items) Icc* 95%Cl raw score (SD)  raw score 0-100 scale raw score 0-100 scale
Organ-specific symptoms (5) 0.89 0.84 t0 0.93 6.91 (4.70) 1.56 7.80 3.64 18.20
Systemic symptoms (4) 0.91 0.87 t0 0.94 7.21 (4.40) 1.32 8.25 3.08 22.75
Treatment side effects (5) 0.95 0.93 to 0.97 7.17 (4.43) 0.99 4.95 2.31 11.55

Social and emotional impact (6) 0.96 0.94 t0 0.97 9.88 (6.24) 1.25 5.21 2.91 12.13
Concerns about the future (5) 0.95 0.92 t0 0.97 8.83 (5.35) 1.20 6.00 2.79 13.95
Physical function (4) 0.96 0.94 t0 0.97 5.22 (4.17) 0.83 5.19 1.94 12.13

ICCs, SEM and MDC ; for the 6 AAV-PRO scales/domains.

Example—for organ symptom severity scale: SEM=4.70 x \/1-0.89=1.56 then convert to 0100 scale: 1.56x100/20=7.80.
Example—for systemic symptom severity scale: MDC,=1.65x1.41x 1.32=3.08 then convert to 0~100 scale: 3.64x100/16=22.75.
*ICC based on US sample only, while SEM uses baseline scores from all US/UK respondents combined.

tSEM=SD x /1 — ICC. Computed using raw scores with scale converted to 0100 metric at the end.

$MDC,,=1.65 x (4/2) x SEM Computed using raw scores with scale converted to 0-100 metric at the end.

AAV-PRO, ANCA-associated vasculitides patient-reported outcomes; ICC, intraclass correlation coefficient; MDC

The final 29-item questionnaire comprises six subscales/
domains: ‘organ-specific symptoms’, ‘systemic symptoms’, “TSE’,
‘SEP, ‘CAF’ and ‘PF’. The identified domains offer a compre-
hensive profile of the impact of AAV on patients’ everyday life
and were felt by the patient partners to represent ‘what AAV
was to them’. Each domain is unidimensional and has good
measurement properties including good internal consistency
(Cronbach’s alphas range 0.77-0.92) and test-retest reliability
(ICCs range 0.89-0.96); plus evidence supporting concurrent
validity, with moderate to high correlations (range r -0.55 to
—0.78, all p<0.0001) with EQ-5D-5L index scores, as hypoth-
esised. All AAV-PRO domain scores distinguished between
patients who self-reported having active disease versus disease
in remission (p<0.0001), providing support for known groups
validity. Length of time from diagnosis alone was not correlated
with worse scores, indicating that disease activity, rather than
duration of disease, is a key correlate to AAV-PRO scores. There
were also no differences in mean scores between the different
subtypes of AAV.

Characteristics of the UK and US survey populations differed
slightly, participants in the USA were on average younger, with
shorter duration of disease and higher educational level. This
may reflect the different methods of data collection and may
account for the differences seen in subscale scores between coun-
tries. Age, educational level and socioeconomic status are associ-
ated with computer usage.* **

4 Minimal detectable change

Women scored higher (ie, worse) on all six subscales of the
AAV-PRO. HRQoL is reduced in females in other conditions,*
and trends towards higher scores for women have been reported
in AAV." Younger people (<65) scored higher on the SEI subscale
of the AAV-PRO and lower on mental health, a trend also seen in
other chronic diseases in this age group.®

The design of the survey was to identify the scale structure
and measurement properties of the AAV-PRO. As predicted,
participants were generally stable regarding self-reported disease
activity, with around 70% describing themselves as ‘in remis-
sion’. Follow-up was 3 months. This somewhat limited the
assessment of responsiveness and minimally important change,
which are usually assessed over a longer time period in partic-
ipants expected to change in clinical state, for example, within
the context of a clinical trial."” The study produced evidence
of longitudinal construct validity. Among participants who
reported ‘no change’ ES were appropriately close to zero, and
the few participants who reported their condition as ‘much
better’ demonstrated a small amount of change in AAV-PRO
scores (ES range 0.21-0.28). Distribution-based estimates of
minimal change (SEM and MDC, ) which relate to the reliability
(ICC) of each scale were all appropriate and will be useful for
calculating sample sizes in future studies.*’ Future studies will
provide more robust estimates of minimal important differences,
further longitudinal construct validity*® and determine whether
summary component scores can be derived.

Table 3  Known groups validity

Current disease state N Mean SD t P values

Organ-specific symptoms Active 167 47.28 22.55 8.898 <0.0001
Remission 425 2935 21.86

Systemic symptoms Active 168 60.75 2537 9.525 <0.0001
Remission 426 38.53 25.70

Treatment side effects Active 17 48.54 22.12 9.565 <0.0001
Remission 422 30.59 20.09

Social and emotional impact Active 172 53.54 2417 8.079 <0.0001
Remission 430 35.65 24.69

Concerns about the future Active 170 56.76 24.39 7.999 <0.0001
Remission 431 38.50 25.52

Physical function Active 172 44.08 25.76 7370 <0.0001
Remission 432 27.56 24.49

Comparison (using t-tests) of baseline AAV-PRO domain scores according to patient-reported current disease state ‘active’ versus ‘in remission’.

AAV-PRO, ANCA-associated vasculitides patient-reported outcomes.
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Table 4 Longitudinal construct validity

Transition item:
'How are you NOW (in terms of
your vasculitis and any treatment

AAV-PRO domains

side effects) compared with Organ symptom  Systemic symptom Social and Concerns about the
3 months ago (when you first severity severity Treatment side effects emotional impact  future Physical function
answered the questionnaire)?’ Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Responses: (ES) (ES) (ES) (ES) (ES) (ES)
Much better n=38 n=40 n=39 n=40 n=40 n=41
3.68 (13.79) 6.09 (13.68) 4.62 (12.16) 5.31(12.27) 6.13 (14.57) 5.79 (15.08)
(0.22) (0.21) (0.28) (0.21) (0.23) (0.24)
Slightly better n=69 n=68 n=69 n=72 n=71 n=73
0.72 (14.86) 2.76 (11.85) 2.03 (12.44) 2.37(13.36) 3.87 (16.52) 5.05 (10.66)
(0.01) (0.07) (0.10) (0.09)_ (0.17) (0.19)
No change/worse n=186 n=186 n=185 n=190 n=187 n=193
0.54 (15.09) 0.44 (15.37) 1.24 (13.12) 1.58 (11.18) 1.66 (13.62) 0.32 (9.43)
(0.01) (0.00) (0.09) (0.06) (0.05) (0.01)
Slightly worse n=64* n=63 n=62 n=65* n=63 n=65
-1.64 (16.67) -5.46 (17.84) -0.81(15.92) 0.26 (16.02) —-0.87 (17.36) -3.08 (18.52)
(-0.07) (-0.19) (-0.01) (0.04) (-0.02) (-0.17)
Much worse n=14 n=15 n=14 n=15* n=15 n=15
1.43 (11.17) -6.25 (18.15) -10.71 (16.04) -7.78 (15.42) -13.67 (16.85) —9.58 (27.84)
(0.06) (-0.23) (-0.45) (-0.26) (-0.43) (-0.31)
P values for linear trend 0.185 <0.001 0.001 0.003 <0.001 <0.001
Total n=374 n=377 n=373 n=387 n=381 n=392
0.64 (15.06) 0.22 (15.43) 0.95 (13.71) 1.53 (12.90) 1.44 (15.41) 0.91 (13.69)
(0.02) (-0.01) (0.07) (0.06) (0.05) (0.03)

Mean changes (SD) (using 0—100 metric) and effect sizes for the AAV-PRO domains in relation to patients’ responses to a transition item on 3-month follow-up survey.
*The 'n" in each cell varies slightly across the rows reflecting an occasional missing patient’s response to an item within the health status scale (hence the particular overall scale

would not have been computed for that individual).
AAV-PRO , ANCA-associated vasculitides patient-reported outcomes.

Validated PROs are an important way of accurately measuring
the impact and value of new drug treatments on HRQoL by
measuring outcomes of importance to patients themselves.'”
PROs can be part of evidence submitted for new drug approvals
and can also provide valuable information to clinicians and poli-
cymakers asked with making decisions about the use of new
treatments.”” The involvement of patients with AAV-PRO at
every stage of development should ensure its face validity and
relevance. In addition, it has also been shown that disease-spe-
cific instruments may be more responsive to change than generic
instruments, which is a crucial characteristic for detecting treat-
ment effect within randomised controlled trials.*® The AAV-PRO
is, therefore, presented as complementary to the SF-36 or EQSD,
which allow comparison with other conditions and population
controls, but are not specific to AAV.

The AAV-PRO, a new disease-specific PRO measure for
ANCA-associated vasculitis, has good face and construct validity,
is reliable, feasible and discriminates among disease states.
The AAV-PRO is ready for inclusion within clinical trials and
research studies as part of its ongoing validation and exploration
of its measurement properties within different populations. The
AAV-PRO provides the means to ensure patients’ perspectives on
their disease are represented in the study of AAV.

Author affiliations
"Faculty of Health and Applied Sciences, University of the West of England, Bristol,
UK
2University of Bristol School of Clinical Science, Bristol, UK
3University of Oxford, Nuffield Department of Population Health (HSRU), Oxford, UK
*Oxford Outcomes UK, Oxford, UK
*University of Pennsylvania Perelman School of Medicine, Department of Family
Medicine and Community Health, Philadelphia, Pennsylvania, USA
®Division of Rheumatology, Department of Medicine in Ottawa, Ottawa, Ontario,
Canada
"Children’s Hospital of Philadelphia, PolicyLab, Philadelphia, Pennsylvania, USA
8patient Partner, Oxford, UK

*University of Pennsylvania, Department of Family Medicine and Community Health,
Philadelphia, USA

"%Patient Partner, Columbus, Ohio, USA

"Patient Partner, Boston, Massachusetts, USA

"\West Bank House, Vasculitis UK, Matlock, UK

"Nuffield Department of Orthopaedicx, Rheumatology and Musculoskeletal Science
(NDORM:ss), University of Oxford, Oxford, UK

"“Department of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania,
USA

"University of Iceland, Reykjavik, Iceland

"®Department of Rheumatology, University of Pennsylvania, Philadelphia,
Massachusetts, USA

Correction notice This article has been corrected since it published Online First.
The initials for Joanna Robson and Peter Merkel have been added.

Acknowledgements The authors thank all of the patients who contributed their
views and valuable time to assist them with this study. They also thank Vasculitis UK,
their collaborators on the paper-based UK survey, for their assistance with identifying
patients, and for organising and funding postage and packaging. They also thank the
Vasculitis Patient-Powered Research Network for its collaboration on the US-based
online survey, including identifying patients, building the online version of the
questionnaire and compiling a report on patient responses.

Contributors JR and JD contributed equally to this study. JR planned the study,
wrote the study protocol and documentation, arranged data entry, clinical input and
interpretation of Rasch and EFA analyses, drafted and amended final manuscript. JD
planned the study, commented on study protocol and documentation, performed
EFA and descriptive statistics and reviewed final document. HD commented on
study protocol, performed Rasch analysis and reviewed final document. PFC, NM,
KK, SA, EE, DG, JM, JP, RAL, JAS, GT and PAM commented on study protocol and
documentation including patient information and design of the survey, commented
on results and on all drafts of the manuscript. In addition, JM facilitated UK survey
and PAM facilitated US survey.

Funding Sponsored by the University of Oxford and the Vasculitis Clinical Research
Consortium (VCRC). Funding for the development of the PRO was received from the
Medical Research Fund, Oxford, the Oxfordshire Health Services Research Committee
Ref. 1098, and a Patient-Centered Outcomes Research Institute Pilot Project

Grant. The VCRC has received support from the US National Institute of Arthritis

and Musculoskeletal and Skin Diseases (U54 AR057319 and UO1 AR51874), the
National Center for Research Resources (U54 RR0O19497): and the Office of Rare

1164

Robson JC, et al. Ann Rheum Dis 2018;77:1158—1165. doi:10.1136/annrheumdis-2017-212713


http://ard.bmj.com/

Clinical and epidemiological research

Diseases Research and the National Center for Advancing Translational Science. The
VCRC is part of the Rare Diseases Clinical Research Network (RDCRN). JR and RAL
were supported in part by the National Institute for Health Research Musculoskeletal
Biomedical Research Unit, Oxford, UK. JR was supported by a National Institute for
Health Research (NIHR) clinical lectureship. NM was supported by a UCB/Canadian
Rheumatology Association/Arthritis Society postgraduate rheumatology fellowship
award and a research fellowship from the Department of Medicine at the Ottawa

Hospital. Oxford University Innovation provided funding of translatability assessment.

Competing interests None declared.
Patient consent Obtained

Ethics approval Medical Sciences IDREC, University of Oxford, Oxford, Ref:
MS-IDREC-C1-2015-087, for the UK and US survey. In the USA, approval was also
given by the Institutional Review Boards at the University of Pennsylvania and the
University of South Florida, Ref: Pro00018514.

Provenance and peer review Not commissioned; externally peer reviewed.

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Jennette JC, Falk RJ, Bacon PA, et al. 2012 Revised International Chapel Hill
Consensus Conference Nomenclature of Vasculitides. Arthritis & Rheumatism
2013;65:1-11.

2 Flossmann O, Berden A, de Groot K, et al. Long-term patient survival in ANCA-
associated vasculitis. Ann Rheum Dis 2011;70:488-94.

3 Rhee RL, Hogan SL, Poulton CJ, et al. Trends in long-term outcomes among patients
with Antineutrophil Cytoplasmic antibody-associated vasculitis with renal disease.
Arthritis Rheumatol 2016;68:1711-20.

4 Robson J, Doll H, Suppiah R, et al. Glucocorticoid treatment and damage in the
anti-neutrophil cytoplasm antibody-associated vasculitides: long-term data from the
European Vasculitis Study Group trials. Rheumatology 2015;54:471-81.

5 Mooney J, Poland F, Spalding N, et a/. 'In one ear and out the other - it's a lot to take
in": a qualitative study exploring the informational needs of patients with ANCA-
associated vasculitis. Musculoskeletal Care 2013;11:51-9.

6 Koutantji M, Harrold E, Lane SE, et al. Investigation of quality of life, mood,
pain, disability, and disease status in primary systemic vasculitis. Arthritis Rheum
2003;49:826-37.

7 Basu N, McClean A, Harper L, et al. The characterisation and determinants of quality
of life in ANCA associated vasculitis. Ann Rheum Dis 2014:73:207-11.

8 Fardet L, Flahault A, Kettaneh A, et al. Corticosteroid-induced clinical
adverse events: frequency, risk factors and patient’s opinion. Br J Dermatol
2007;157:142-8.

9 Basu N, McClean A, Harper L, et al. Markers for work disability in anti-neutrophil
cytoplasmic antibody-associated vasculitis. Rheumatology 2014;53:953-6.

10 Benarous L, Terrier B, Laborde-Casterot H, et al. Employment, work disability and
quality of life in patients with ANCA-associated vasculitides. The EXPOVAS study. Clin
Exp Rheumatol 2017;35.

11 Basu N, McClean A, Harper L, et al. Explaining fatigue in ANCA-associated vasculitis.
Rheumatology 2013;52:1680-5.

12 Herlyn K, Hellmich B, Seo P, et al. Patient-reported outcome assessment in
vasculitis may provide important data and a unique perspective. Arthritis Care Res
2010;62:1639-45.

13 Seo P, Jayne D, Lugmani R, et al. Assessment of damage in vasculitis: expert ratings of
damage. Rheumatology 2009;48:823-7.

14 Merkel PA, Aydin SZ, Boers M, et al. The OMERACT core set of outcome measures for
use in clinical trials of ANCA-associated vasculitis. / Rheumatol 2011;38:1480-6.

15 Walsh M, Mukhtyar C, Mahr A, et al. Health-related quality of life in patients with
newly diagnosed antineutrophil cytoplasmic antibody-associated vasculitis. Arthritis
Care Res 2011;63:1055-61.

16 Tomasson G, Boers M, Walsh M, et al. Assessment of health-related quality of life as
an outcome measure in granulomatosis with polyangiitis (Wegener's). Arthritis Care
Res 2012;64:273-9.

17 Fitzpatrick R, Davey C, Buxton MJ, et al. Evaluating patient-based outcome measures
for use in clinical trials. Health Technol Assess 1998;2:1-74.

18 Robson JC, Milman N, Tomasson G, et al. Exploration, development, and validation
of patient-reported outcomes in Antineutrophil cytoplasmic antibody-associated
vasculitis using the OMERACT Process. J Rheumatol 2015;42:2204-9.

19

20

21

22

23

24

25

26

27

28

30

31

32

33

34

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Patrick DL, Burke LB, Powers JH, et al. Patient-reported outcomes to support medical
product labeling claims: FDA perspective. Value in Health 2007;10:5125-5137.
Merkel PA, Aydin SZ, Boers M, et al. Current status of outcome measure development
in vasculitis. / Rheumatol 2014;41:593-8.

Robson JC, Milman N, Tomasson G, et al. Exploration, development, and validation
of patient-reported outcomes in antineutrophil cytoplasmic antibody-associated
vasculitis using the OMERACT process. J Rheumatol 2015.

Robson J, Dawson J, Cronholm P, et al. Health related quality of life in ANCA
associated vasculitis and item generation for a disease specific patient reported
outcome measure. Patient Related Outcome Measures 2017.

EuroQol G. EuroQol-a new facility for the measurement of health-related quality of
life. Health Policy 1990;16:199-208.

van Hout B, Janssen MF, Feng Y-S, et a/. Interim scoring for the EQ-5D-5L: mapping
the EQ-5D-5L to EQ-5D-3L value sets. Value in Health 2012;15:708-15.

Barrett P, Kline P. The Observation to Variable Ratio in Factor Analysis. Personality
Study and Group Behaviour 1981;1:23-33.

Fayers P, Machin D. Quality of Life- Assessment, Analysis and Interpretation.
Chichester: John Wiley & Sons Ltd, 2000.

Lorenzo-Seva U, Ferrando PJ. FACTOR: a computer program to fit the exploratory
factor analysis model. Behav Res Methods 2006;38:88-91.

Andrich D. Rasch Models for Measurement. Newbury Park, CA: Sage, 1988.

Kaiser HF. The application of electronic computers to factor analysis. Educ Psychol
Meas 1960;20:141-51.

Avlund K, Kreiner S, Schultz-Larsen K. Construct validation and the Rasch model:
functional ability of healthy elderly people. Scand J Soc Med 1993;21:233-46.
Streiner DL. Starting at the beginning: an introduction to coefficient alpha and
internal consistency. J Pers Assess 2003;80:99—103.

Jones RW RKH. Comparison of classical test theory and item response theory and
their applications to test development. Educational Measurement Issues and Practice
1993;12:38-47.

Prieto L, Alonso J, Lamarca R. Classical test theory versus Rasch analysis for quality of
life questionnaire reduction. Health Qual Life Outcomes 2003;1:27.

Nunally JC, Bernstein IH. Psychometric theory. New York: Columbus OH, 1994.

Kline P. A Handbook of Psychological Testing. London: Routledge, 1993.

Guyatt GH, Feeny DH, Patrick DL. Measuring health-related quality of life. Ann Intern
Med 1993;118:622-9.

Andrews F, Withey S. Social Indicators of Well-Being: American's Perceptions of Life
Quality. New York: Plenum, 1976.

Stratford PW, Binkley JM, Riddle DL. Health status measures: strategies and analytic
methods for assessing change scores. Phys Ther 1996;76:1109-23.

Jaeschke R, Singer J, Guyatt GH. Ascertaining the minimal clinically important
difference. Control Clin Trials 1989;10:407-15.

Wyrwich KW, Tierney WM, Wolinsky FD. Further evidence supporting an SEM-based
criterion for identifying meaningful intra-individual changes in health-related quality
of life. J Clin Epidemiol 1999;52:861-73.

de Vet HC, Terwee CB, Ostelo RW, et al. Minimal changes in health status
questionnaires: distinction between minimally detectable change and minimally
important change. Health Qual Life Outcomes 2006;4:54.

Kazis LE, Anderson JJ, Meenan RF. Effect sizes for interpreting changes in health
status. Med Care 1989;27:5178-89.

Nulty DD. The adequacy of response rates to online and paper surveys: what can be
done? Assessment & Evaluation in Higher Education 2008;33:301-14.

File T, Ryan C. Bureau USC Computer and Internet Use in the United States, 2013. In:
ed. American community survey reports. 2014. (accessed 29 Sep 2016).

Matcham F, Scott IC, Rayner L, et al. The impact of rheumatoid arthritis on quality-of-
life assessed using the SF-36: a systematic review and meta-analysis. Semin Arthritis
Rheum 2014;44:123-30.

Revicki DA, Cella D, Hays RD, et al. Responsiveness and minimal important differences
for patient reported outcomes. Health Qual Life Outcomes 2006;4:70.

Willke RJ. Measuring the value of treatment to patients: patient-reported outcomes in
drug development. Am Health Drug Benefits 2008;1:34—40.

Wiebe S, Guyatt G, Weaver B, et al. Comparative responsiveness of generic and
specific quality-of-life instruments. J Clin Epidemiol 2003;56:52—60.

Muehlhausen W, Doll H, Quadri N, et al. Equivalence of electronic and paper
administration of patient-reported outcome measures: a systematic review and meta-
analysis of studies conducted between 2007 and 2013. Health Qual Life Outcomes
2015;13:167.

Gwaltney CJ, Shields AL, Shiffman S. Equivalence of electronic and paper-and-pencil
administration of patient-reported outcome measures: a meta-analytic review. Value
in Health 2008;11:322-33.

Robson JC, et al. Ann Rheum Dis 2018;77:1158—1165. doi:10.1136/annrheumdis-2017-212713

1165


http://dx.doi.org/10.1002/art.37715
http://dx.doi.org/10.1136/ard.2010.137778
http://dx.doi.org/10.1002/art.39614
http://dx.doi.org/10.1093/rheumatology/keu366
http://dx.doi.org/10.1002/msc.1030
http://dx.doi.org/10.1002/art.11471
http://dx.doi.org/10.1136/annrheumdis-2012-202750
http://dx.doi.org/10.1111/j.1365-2133.2007.07950.x
http://dx.doi.org/10.1093/rheumatology/ket483
http://www.ncbi.nlm.nih.gov/pubmed/28032843
http://www.ncbi.nlm.nih.gov/pubmed/28032843
http://dx.doi.org/10.1093/rheumatology/ket191
http://dx.doi.org/10.1002/acr.20276
http://dx.doi.org/10.1093/rheumatology/kep103
http://dx.doi.org/10.3899/jrheum.110276
http://dx.doi.org/10.1002/acr.20471
http://dx.doi.org/10.1002/acr.20471
http://dx.doi.org/10.1002/acr.20649
http://dx.doi.org/10.1002/acr.20649
http://dx.doi.org/10.3899/jrheum.141143
http://dx.doi.org/10.1111/j.1524-4733.2007.00275.x
http://dx.doi.org/10.3899/jrheum.131248
http://dx.doi.org/10.1016/j.jval.2012.02.008
http://dx.doi.org/10.3758/BF03192753
http://dx.doi.org/10.1177/001316446002000116
http://dx.doi.org/10.1177/001316446002000116
http://dx.doi.org/10.1207/S15327752JPA8001_18
http://dx.doi.org/10.1186/1477-7525-1-27
http://dx.doi.org/10.7326/0003-4819-118-8-199304150-00009
http://dx.doi.org/10.7326/0003-4819-118-8-199304150-00009
http://dx.doi.org/10.1093/ptj/76.10.1109
http://dx.doi.org/10.1016/S0895-4356(99)00071-2
http://dx.doi.org/10.1186/1477-7525-4-54
http://dx.doi.org/10.1097/00005650-198903001-00015
http://dx.doi.org/10.1080/02602930701293231
http://dx.doi.org/10.1016/j.semarthrit.2014.05.001
http://dx.doi.org/10.1016/j.semarthrit.2014.05.001
http://dx.doi.org/10.1186/1477-7525-4-70
http://dx.doi.org/10.1016/S0895-4356(02)00537-1
http://dx.doi.org/10.1186/s12955-015-0362-x
http://dx.doi.org/10.1111/j.1524-4733.2007.00231.x
http://dx.doi.org/10.1111/j.1524-4733.2007.00231.x
http://ard.bmj.com/

Clinical and epidemiological research

Handling editor Josef S
Smolen

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
annrheumdis-2018-213102).

"Division of Rheumatology,
MedStar Georgetown University
Hospital, Washington, District of
Columbia, USA

“Systemic Autoimmunity Branch,
National Institutes of Health,
NIAMS, Bethesda, Maryland,
USA

3National Institutes of Health,
Clinical Center, Radiology and
Imaging Sciences, Bethesda,
Maryland, USA

*Division of Rheumatology and
Department of Biostatistics,
Epidemiology, and Informatics,
University of Pennsylvania,
Philadelphia, Pennsylvania, USA

Correspondence to

Dr Peter C Grayson, Systemic
Autoimmunity Branch, National
Institutes of Health, NIAMS,
Bethesda, MD 20892, USA;
peter.grayson@nih.gov

Part of this manuscript was
presented at the 2017 ACR/
ARHP Annual Meeting.

Received 23 January 2018
Revised 28 March 2018
Accepted 29 March 2018
Published Online First

17 April 2018

To cite: Quinn KA,
Ahlman MA, Malayeri AA,
et al. Ann Rheum Dis
2018;77:1166-1172.

EXTENDED REPORT

and '®

ComParison of magnetic resonance angiography
F-fluorodeoxyglucose positron emission

tomography in large-vessel vasculitis

Kaitlin A Quinn,"* Mark A Ahlman,? Ashkan A Malayeri,® Jamie Marko,’
Ali Cahid Civelek,? Joel S Rosenblum,? Armin A Bagheri® Peter A Merkel,*

Elaine Novakovich,? Peter C Grayson?

ABSTRACT

Objectives To assess agreement between
interpretation of magnetic resonance angiography
(MRA) and 18F-ﬂuorodeoxyglucose positron emission
tomography (PET) for disease extent and disease
activity in large-vessel vasculitis (LVV) and determine
associations between imaging and clinical assessments.
Methods Patients with giant cell arteritis (GCA),
Takayasu's arteritis (TAK) and comparators were recruited
into a prospective, observational cohort. Imaging and
clinical assessments were performed concurrently,
blinded to each other. Agreement was assessed by per
cent agreement, Cohen'’s kappa and McNemar's test.
Multivariable logistic regression identified MRA features
associated with PET scan activity.

Results Eighty-four patients (GCA=35; TAK=30;
comparator=19) contributed 133 paired studies.
Agreement for disease extent between MRA and

PET was 580 out of 966 (60%) arterial territories

with Cohen’s kappa=0.22. Of 386 territories with
disagreement, MRA demonstrated disease in more
territories than PET (304vs82, p<0.01). Agreement for
disease activity between MRA and PET was 90 studies
(68%) with Cohen’s kappa=0.30. In studies with
disagreement, MRA demonstrated activity in 23 studies
and PET in 20 studies (p=0.76). Oedema and wall
thickness on MRA were independently associated with
PET scan activity. Clinical status was associated with
disease activity by PET (p<0.01) but not MRA (p=0.70),
yet 35/69 (51%) patients with LVV in clinical remission
had active disease by both MRA and PET.

Conclusions In assessment of LVV, MRA and PET
contribute unique and complementary information. MRA
better captures disease extent, and PET scan is better
suited to assess vascular activity. Clinical and imaging-
based assessments often do not correlate over the
disease course in LVV.

Trial registration number NCT02257866.

INTRODUCTION

Vascular imaging is essential to evaluate patients
with giant cell arteritis (GCA) and Takayasu’s arte-
ritis (TAK), the two main forms of large-vessel
vasculitis (LVV).! Temporal artery biopsy is the
gold standard to detect cranial forms of GCA, but
imaging is necessary to establish the diagnosis for
the large-vessel variant of this type of vasculitis and
for TAK.? Current imaging modalities available for
the assessment of LVV include ultrasonography,

CT angiography (CTA), catheter-based angiog-
raphy, magnetic resonance angiography (MRA) and
E_fluorodeoxyglucose (FDG) positron emission
tomography (PET).*”

There remains uncertainty about which imaging
technique to choose to evaluate a patient with
suspected or established LVV. The extent to which
different imaging modalities provide unique versus
redundant information about vascular disease is
unclear. MRA and CTA are commonly used to detect
and monitor arterial anatomical abnormalities such
as stenosis and aneurysm; however, MRA is generally
preferred over CTA for serial follow-up imaging to
avoid radiation and use of iodinated contrast agents.
Furthermore, specific imaging sequences on MRA
identify arterial wall abnormalities thought to be
reflective of ongoing vascular inflammation, including
oedema, wall thickness and contrast enhancement.
FDG-PET detects abnormal metabolic activity in
the wall of inflamed arteries and may, therefore, be
more useful than MR to detect and monitor ongoing
vascular inflammation in patients with LVV.* ¢

Most studies that have evaluated the utility of
MRA or FDG-PET have focused exclusively on
imaging at the time of diagnosis, and there is uncer-
tainty about the utility of these imaging modalities
to monitor vascular inflammation in patients with
established vasculitis.* "= Prior reports have demon-
strated ongoing vascular inflammation on imaging in
periods of apparent clinical remission, highlighting a
potential discordance between clinical and imaging
based assessment in LVV.'"* " To what extent vascular
inflammation assessed by MRA compared with PET
correlates with clinical assessment over the course of
disease in LVV is unknown.

The objectives of this study were to assess agree-
ment between interpretation of MRA and PET for
disease extent and disease activity, identify features
of MRA associated with PET activity and deter-
mine the correlation between interpretations of
MRA and PET and clinical disease assessments in
a prospective, longitudinal cohort of patients with
LVV who underwent periodic imaging at different
points in the disease course.

METHODS
Study population
Patients with LVV were recruited into a prospective,

observational cohort at the National Institutes of
Health (NTH) in Bethesda, Maryland, USA. Patients
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fulfilled the 1990 American College of Rheumatology (ACR)
Classification Criteria for TAK'? or modified 1990 ACR Criteria
for GCA." Patients could be enrolled at the time of diagnosis or
later during the disease course.

A comparator group was also studied, consisting mainly of
patients with non-inflammatory large-vessel vasculopathies (eg,
fibromuscular dysplasia and traumatic stenosis) and other types
of vasculitis (eg, polyarteritis nodosa). Details of these patients
have been reported elsewhere.'! The comparator group was
included to determine if there was a difference in the perfor-
mance characteristics of MRA versus PET in assessing patients
with diseases that mimic LVV.

Clinical assessment

All patients underwent baseline clinical evaluation, MRA and
PET imaging at the NIH Clinical Center. Patients with LVV
had follow-up clinical assessments and imaging performed
at 6month intervals, and outside rheumatology records were
reviewed between visits. Clinical assessments were performed
and recorded by the investigative study team within 24 hours
prior to imaging assessment. To enable unbiased comparisons,
acute phase reactants and imaging study findings were not incor-
porated into the definitions of clinical disease activity and remis-
sion, an approach that is consistent with clinical definitions of
disease activity used in recent randomised controlled trials in
LVV."Active disease was defined as presence at the time of assess-
ment of any clinical disease feature directly attributed to vascu-
litis (eg, carotidynia and headache). Fatigue or elevated acute
phase reactants alone were not considered sufficient evidence
of active disease. Remission was defined as the absence of any
clinical symptoms directly attributable to vasculitis, regardless of
acute phase reactants. Clinical disease was recorded as active or
remission, prior to conducting imaging studies.

MRA protocol and assessment

All patients underwent MRA of the aorta and primary branches at
each study visit (see online supplementary methods for sequence
details). Two vascular radiologists (AAM and JM) interpreted
all MRAs included in this study, blinded to clinical data, PET
scan assessment and each other’s assessment. Disease activity on
MRA was defined by global interpretation of each study by the
readers based on clinical review of all available sequences. To
evaluate disease extent, vascular involvement of 4 segments of
the aorta (ascending, arch, descending thoracic and abdominal)
and 11 branch arteries (innominate, carotids, subclavians, axil-
laries, iliacs and femorals) was evaluated in a random subset of
72 paired scans, including TAK, GCA and comparators. Vascular
involvement within each territory for the disease extent analyses
was defined as the presence of =1 of following features: wall
thickness, oedema, stenosis, occlusion or aneurysm. Territories
that were not adequately visualised or were sites of prior surgical
correction were excluded from analysis.

FDG-PET imaging protocol and assessment

Whole-body PET studies were performed on the same morning
as MRA imaging (see online supplementary methods for details).
Two nuclear medicine physicians (MMA and CC) interpreted
all PET scans included in this study. Readers were blinded to
clinical data, angiogram assessment and each other’s assessment.
Consensus between the readers was used to determine whether
each scan was consistent with active or inactive vasculitis based on
visual inspection of arterial FDG uptake. As previously reported,
there was excellent inter-rater agreement (kappa=0.84) between

the readers.! To evaluate disease extent, FDG uptake was
assessed by a single reader in 4 segments of the aorta (ascending,
arch, descending thoracic and abdominal) and in 11 branch
arteries (innominate, carotids, subclavians, axillaries, iliacs and
femorals). The degree of arterial FDG uptake within each terri-
tory was visually assessed relative to liver. Vascular involvement
within each territory was defined as FDG uptake greater than
the liver by visual assessment.

Statistical analysis

Agreement between PET scan assessment and MRA assessment
was evaluated by per cent overall agreement, Cohen’s kappa
and McNemar’s test. In cases of disagreement, McNemar’s test
is useful to determine whether there is equal disagreement in
both directions. Multivariable logistic regression analysis was
performed to evaluate which features on MRA (oedema, wall
thickness, stenosis, occlusion or aneurysm) were associated with
reader impression of active vasculitis on PET scan and MRA.

Ethics and informed consent

All patients provided written informed consent. An institu-
tional review board and radiation safety committee at the NIH
approved the research.

RESULTS

Study population

A total of 84 patients were recruited into the study. There were
35 patients with GCA, 30 patients with TAK and 19 disease
comparators. Luminal abnormalities (stenosis, occlusion and
aneurysm) were observed in 30/30 patients with TAK and 19/35
patients with GCA. A total of 133 MRA/PET paired studies were
included, as some patients underwent multiple paired studies,
performed at 6-month intervals. Baseline demographics of the
study population are shown in table 1.

Assessment of disease extent on imaging

A total of 966 vascular territories were assessed from 72 MRA/
PET paired scans, as outlined in table 2. Agreement for disease
extent between MRA and PET was seen in 580 territories, where
206 territories were involved on both MRA and PET, and 374
territories were not involved on either modality. This corre-
sponded to a per cent overall agreement of 60%, with Cohen’s
kappa=0.22, consistent with fair strength of agreement. Of the
386 territories where there was disagreement between MRA and
PET, territories were more likely to be involved on MRA than
PET (304 vs 82, McNemar’s p<0.01).

Table 1 Study population baseline demographics
Comparator
GCA TAK group Total

Patients (n) 35 30 19 84
MRAV/PET study
Total (n) 67 47 19 113

1 study 20 18 19 57

2 studies 5 7 0 12

3 studies 10 5 0 15
Age (years=SD) 68.3+8.3 325+12.7  46.0+21.6 48.9+14.2
Sex (female, %) 28 (80) 20 (67) 14 (74) 62 (74)
Body mass index (+SD) 27.7+4.3 26.4+6.9 26.5+6.4 26.9+5.9
Disease duration (years+SD) 2.64+2.42  10.60+£10.4 N/A 6.62+6.4

GCA, giant cell arteritis; MRA, magnetic resonance angiography; PET, "®F-fluorodeoxyglucose
positron emission tomography; TAK, Takayasu’s arteritis.
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Table 2 Assessment of extent of disease on MRA and PET

PET territory  PET territory

involved not involved  Total
MRA territory involved 206 304 510
MRA territory not involved 82 374 456
Total 288 678 966

MRA, magnetic resonance angiography; PET, *®F-fluorodeoxyglucose positron
emission tomography.

Assessment of disease activity on imaging

There was moderate agreement on interpretation of MRA
disease activity between the two readers (kappa=0.58). To eval-
uate disease activity, 133 paired MRA and PET studies were
assessed, as displayed in table 3. There was agreement between
MRA and PET interpretation of disease activity in 90 studies
(62 studies MRA+/PET+ and 28 studies MRA—/PET-).
Per cent overall agreement was 68% with Cohen’s kappa=0.30,
indicating fair agreement. In the 43 studies where there was
disagreement, MRA demonstrated disease activity in 23 studies
and PET in 20 studies (McNemar’s test p=0.76), indicating in
cases of disagreement MRA and PET were equally likely to be
interpreted as active disease.

Disease activity was also assessed by subgroup, as shown in
table 3. Per cent overall agreement was similar among the three
groups (TAK 64%, Cohen’s kappa=0.24; GCA 72%, Cohen’s
kappa=0.27; comparator group 63%, Cohen’s kappa=0.23).
However, for cases of disagreement, there was a difference
in pattern among the three groups. For the TAK and GCA
subgroups, McNemar’s test was p=1.0and p=0.36, respectively,
indicating in cases of disagreement MRA and PET were equally
likely to be interpreted as active disease. For the comparator
group, which included non-inflammatory vasculopathies, MRA
was more likely to be interpreted as active vasculitis than PET
(McNemar’s test p=0.02).

Features of MRA associated with imaging interpretation
Multivariable logistic regression was performed to evaluate
which features of MRA were directly associated with reader
interpretation of disease activity on MRA. An increasing number
of vascular territories on MRA showing oedema (OR=2.29,
95% CI 1.45 to 3.60, p<0.01) was associated with MRA inter-
pretation of disease activity, whereas an increasing number of
territories with increased wall thickness (OR=1.1, 95% CI 0.93
to 1.33, p=0.24) and stenosis (OR=0.90, 95% CI 0.75 to 1.07),
p=0.24) was not significantly associated with interpretation of
disease activity on MRA.

The association of features on MRA with reader interpre-
tation of activity on a paired PET scan was also assessed. An
increasing number of vascular territories on MRA showing
oedema (OR=1.36, 95% CI 1.10 to 1.70, p<0.01) and wall
thickness (OR=1.17, 95% CI 1.01 to 1.37, p=0.04) were each
independently associated with PET scan interpretation of disease
activity. Stenosis was not associated with PET scan interpretation

of disease activity (OR=0.93, 95% CI 0.81 to 1.07, p=0.33).
Of the territories with oedema, wall thickness and stenosis on
MRA, 64%, 48% and 35%, respectively, had associated PET
scan activity in the corresponding vascular territory. Patterns of
agreement between MRA and PET were consistent across the 15
arterial territories under investigation.

Patients in whom both MRA and PET were interpreted as
active disease had the highest number of territories with oedema
(MRA+/PET+ median five territories, MRA+/PET — median of
one territory, MRA—/PET + median of 0 territories and MRA—/
PET— median of 0 territories), as shown in figure 1A. Patients
who were active on both MRA and PET also had the greatest
number of territories with increased wall thickness (MRA+/
PET+ median nine territories, MRA+/PET — median five terri-
tories, MRA—/PET+ median of four territories and MRA—/
PET— median of two territories), as shown in figure 1B. There
were few significant differences between PET scan activity and
median number of territories with stenosis, as shown in figure 1C.
Representative images showing the association between oedema
and wall thickness on MRA, and corresponding vascular FDG
uptake on PET, are shown in online supplementary figure.

Association of imaging and clinical features
When assessing activity on imaging across the entire cohort, clin-
ical disease activity assessment was significantly associated with
PET scan interpretation of disease activity (55% concordance
vs 45% discordance, p<0.01) but not with MRA interpretation
(46% concordance vs 54% discordance, p=0.70) (figure 2A).
Increased mean age was significantly associated with disease
activity by MRA (63 vs 54 years, p=0.03) but not by PET (62
vs 52 years, p=0.16) (figure 2B). Type of vasculitis, predni-
sone dose, erythrocyte sedimentation rate (ESR) and C reactive
protein (CRP) values did not significantly differ between patients
with active versus normal MRA or PET studies. (figure 2C-F).
Additional details about the associations between clinical,
serological and imaging features of disease in patients with LVV
are shown in online supplementary tables 1-3. Notably, 94%
patients with clinically active disease and 78% of patients in clin-
ical remission had imaging activity on either PET, MRA or both.
Among 69 paired studies performed during clinical remission,
PET scan activity was detected in 43 (62%) studies, MRA activity
was detected in 46 (67%) studies and activity was concurrently
detected by PET and MRA in 35 (51%) studies. Acute phase
reactants were not associated with imaging-based disease activity
during active disease or clinical remission. Marked disease
activity by PET and MRA was observed in patients with LVV
during clinical remission with normal acute phase reactants
(figure 3).

DISCUSSION

Complex associations between MRA, PET and clinical assess-
ment were identified in a prospective cohort of patients with
LVV assessed at different time points in the disease course. When
assessing disease extent, there was fair agreement between MRA

Table 3  Assessment of disease activity on MRA and PET

Total paired studies Takayasu's arteritis Giant cell arteritis Control

PET+ PET- Total PET+ PET- Total PET+ PET- Total PET+ PET- Total
MRA+ 62 23 85 20 9 29 40 7 47 2 7 9
MRA- 20 28 48 8 10 18 12 8 20 0 10 10
Total 82 51 133 28 19 47 52 15 67 2 17 19

MRA, magneticresonance angiography; PET, positron emission tomography.

1168

Quinn KA, et al. Ann Rheum Dis 2018;77:1166—1172. doi:10.1136/annrheumdis-2018-213102


https://dx.doi.org/10.1136/annrheumdis-2018-213102
https://dx.doi.org/10.1136/annrheumdis-2018-213102
http://ard.bmj.com/

Clinical and epidemiological research

A B C
Edema Wall thickness Stenosis
p<0.0001 p<0.0001 p=0.02
25+ p<0.0001 g " pso.t 201
$ = = . " g . ™
'E 20+ . p=0.02 g 15+ .. L] 5 454
'E t * |oe v _E e 'y
8 15+ «® 2 10+ . - . i M k5 - s
* 104 eee ‘: - A Y v * oy s bt " A ¥
5 A g - _*‘ 5 aee v
: i B b e e = i
E 5 § “ [ 1] % °.° ; i ':_ & g 54 % " .5
D-—'”iht—*— 0 * L ™ = ol -y i‘ -
<X x A & 4}' & &N ; -
oL & & & S
o
& &8 N 3 g
N & & &

Figure 1  Associations between features of MRA and imaging activity assessed by MRA and PET. Patients were divided based on imaging
assessment of disease activity (active vs inactive) by MRA and PET into four subgroups (MRA+/PET+, MRA+/PET—, MRA—/PET+ and MRA—/PET).
Associations of the four subgroups with the MRA features of oedema, wall thickness and stenosis are displayed. Patients with active disease on both
MRA and PET (MRA+/PET+) had the greatest median number of territories with oedema (A) and wall thickness (B), while there were fewer significant
associations between number of territories with stenosis and imaging activity (C). MRA, magnetic resonance angiography; PET, positron emission
tomography

and PET, but MRA identified a greater extent of vascular involve- activity, inter-rater agreement was greater for PET scan reads
ment than PET due to detection of both arterial wall abnormal- compared with MRA reads (kappa=0.84 vs kappa=0.58), indi-
ities (wall thickness and oedema) and luminal abnormalities cating that assessment of disease activity by PET is more reliable
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Figure 2 Association of imaging-based interpretation of vasculitis disease activity and clinical features of disease in large-vessel vasculitis. There
were few significant clinical differences between patients whose imaging studies (magnetic resonance angiography (MRA) or positron emission
tomography (PET)) were interpreted as active vasculitis versus normal. Clinically active disease compared with clinical remission was associated
with increased PET interpretation of active vasculitis (A), and older age was significantly associated with increased MRA interpretation of active
vasculitis (B). Type of vasculitis (giant cell arteritis (GCA) vs Takayasu's arteritis (TAK)), daily prednisone dose and acute phase reactant levels were not
significantly associated with image interpretation by MRA or PET (C—F).
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Figure 3  Representative abnormal FDG-PET and MRA studies in a patient with giant cell arteritis in clinical remission. A 72-year-old woman with
giant cell arteritis underwent imaging studies 5 years after diagnosis. At the time of imaging, the patient was in clinical remission and had been
tapered off all vasculitis-related medications. Erythrocyte sedimentation rate was within normal limits at 25 mm/hour and C reactive protein was

4.6 mg/L (normal <5mg/L). On FDG-PET, she had severe FDG uptake throughout the aorta and branch arteries (blue arrows), including the ascending
and descending aorta (blue arrows on axial PET). On corresponding whole body MRA obtained on the same day as the PET scan, there were severe,
bilateral stenoses in the subclavian/axillary arteries (yellow arrows) and increased wall thickness and oedema throughout the aorta on axial short
tau inversion recovery (STIR) images (red arrow). These images highlight that patients with LVV can have marked disease activity on imaging

studies while in clinical remission with normal acute phase reactants. LVV, large-vessel vasculitis; MRA, magnetic resonance angiography; FDG-PET,

"8F-fluorodeoxyglucose positron emission tomography.

MRA and PET was observed in two-thirds of paired imaging
studies; however, only disease activity assessment by PET, and
not MRA, was associated with clinical assessment. Despite the
significant association between PET and clinical assessment of
disease activity, 51% of patients with LVV in clinical remission
had evidence of ongoing disease activity by both PET and MRA.
Thus, these findings support the concepts that MRA and PET
capture complementary but different aspects of vascular biology
and that imaging-based assessment of disease activity often
differs from clinical assessment.

Specific features on MRA were associated with interpreta-
tion of vascular disease activity by MRA and PET. Oedema, in
increasing number of arterial territories, was the strongest risk
factor for the increased likelihood that an MRA would be inter-
preted as active. Compared with wall thickness and stenosis,
oedema also most strongly correlated with PET scan activity
within specific arterial territories. Wall thickness and oedema
on MRA were independently associated with global PET scan
interpretation of disease activity. PET scan findings are there-
fore associated with abnormalities of the arterial wall and are
not associated with features of damage to the arterial lumen.
Vascular oedema and increased wall thickness could be used as
a proxy for PET scan activity when access to FDG-PET is not
available.

Prior studies report conflicting results about the associations
between clinical, serological and imaging-based assessments of
disease activity in LVV.® #1733 Interpretation of these studies
are frequently limited due to small sample sizes, retrospective
study design, lack of standardised imaging protocols applied to
all study participants and delay between imaging and clinical
assessment with potential intervening treatment changes. Addi-
tionally, most of these studies focus on the time of initial diag-
nosis with relatively little imaging data available at later points in
the disease course. The present study addresses these limitations
in study design and shows that imaging findings, clinical assess-
ment and acute phase reactants do not necessarily correlate over
the course of disease.

Although some disease activity assessment indices in LVV
incorporate acute phase reactants into clinical definitions of
disease activity,'® ** this study defined clinical disease activity
by symptoms alone without considering acute phase reac-
tants. Using these definitions, ESR and CRP were not associ-
ated with imaging-based disease activity in patients with LVV
during periods of clinically active disease or remission. Acute
phase reactants, particularly at later time points in disease, are
not useful to identify subsets of patients with LVV with active
disease by PET or MRA.
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Previous studies have demonstrated ongoing vascular disease
activity by MRA® 35 and by PET” "' 2¢ in patients with LVV other-
wise in apparent clinical remission. This study is the first to show
that approximately half of patients with LVV have what appears
to be ongoing disease activity on MRA and PET studies obtained
concurrently during clinical remission. In absence of corre-
sponding histology, a limitation inherent to most imaging studies
in LVV, it is unclear whether the imaging abnormalities observed
during clinical remission represent active vascular inflammation
or non-specific changes related to vascular damage. However,
these findings align with autopsy data*®*” and temporal artery
biopsies performed during periods of apparent clinical remis-
sion,"! which demonstrate subclinical vascular inflammation
in LVV. Both disease-specific factors (eg, type of vasculitis and
treatment status) and non-specific factors (eg, age) were asso-
ciated with imaging activity during clinical remission. These
results suggest that vascular imaging abnormalities observed
during clinical remission are likely driven by multiple factors
including subclinical vasculitis, vascular repair and secondary
processes such as atherosclerosis in ageing populations.

This study has some potential limitations. This was a single-
centre study, meaning reproducibility of these findings across
other cohorts remains unknown. The study population was not
an inception cohort, and most patients were enrolled later into
the disease course. While this limits the ability to extrapolate
the findings to patients with newly diagnosed LVV and likely
influences the strength of associations between clinical, sero-
logical and imaging assessments, it is more similar to everyday
clinical practice, where patients may be seen for the first time at
any point in their disease course. Similarly, many patients were
taking various immunosuppressive medications at the time of
assessment that could impact imaging activity, particularly in
the studies performed during clinical remission. Differentiating
angiographic and PET findings in LVV versus atherosclerosis can
sometimes be challenging. The methods used to define disease
activity by clinical and imaging-based approaches were consistent
with general approaches employed in prior studies.® 1* 131938 39
Development of validated clinical definitions of disease activity
and standardised definitions for imaging-based measurements of
vascular activity are major unmet needs in LVV.

The primary objective of this study was to define the strength
of agreement between MRA, PET and clinical assessment
to detect disease activity in LVV. This study does not address
whether MRA and PET have clinical utility to guide medical
decision making in the ongoing management of patients with
LVV. Previous studies have suggested PET predicts relapse and
angiographic progression of disease,'' ** whereas other studies
have refuted this idea.” ® Prospective, longitudinal studies that
examine the prognostic value of imaging findings in relationship
to long-term clinical and angiographic outcomes are needed.
Studies that examine the clinical utility of vascular imaging as a
biomarker in LVV weighed against the potential costs and safety
concerns of serial imaging should be conducted prior to the
incorporation of specific forms of advanced imaging into clinical
practice.

While there is much complexity in evaluating disease activity
in LVV, findings from this study suggest that MRA and PET
provide unique and complementary information in the assess-
ment of LVV. PET scans are better suited to assess disease activity
than MRA, and MRA studies are better than PET to identify
disease extent including vascular damage. In clinical situations
where PET imaging is not available or when radiation exposure
is a concern, an increasing number of arterial territories with
oedema on MRA, and to a lesser extent wall thickness, could be

used as a surrogate for PET scan activity. Approximately half of
patients with LVV in clinical remission have evidence of vascular
disease activity on concomitant PET and MRA studies, indicating
a potential disconnect between clinical and imaging assessment
of disease activity. Ultimately, prospective longitudinal studies
are needed, ideally performed within randomised clinical trials,
to determine the utility of incorporating these imaging modali-
ties into clinical practice as a serial marker of disease activity in
LVV.
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ABSTRACT

Objectives To assess the efficacy and the safety

of biologics in a cohort of patients with relapsing
polychondritis (RP).

Methods We conducted a French multicentre
retrospective cohort study including patients treated
with biologics for RP. Efficacy outcomes were clinical
response (partial or complete) and complete response
during the first 6 months of exposure, plus daily
corticosteroid dose at 6 months. Other outcomes were
adverse drug reactions (ADRs), persistence of biologics
and factors associated with a response.

Results This study included 41 patients exposed to
105 biologics (tumour-necrosis factor (TNF) inhibitors,
n=60; tocilizumab, n=17; anakinra, n=15; rituximab,
n=7; abatacept, n=6). Overall response rate during
the first 6 months of exposure was 62.9%. Complete
response rate was 19.0%. Reduced corticosteroid
doses were highly variable among patients. ADRs
were mostly infections (n=42). Reasons for biologic
withdrawal (73.3%) were insufficient efficacy (34.3%;
ranging from 23.5% for tocilizumab to 72.7% for
etanercept), loss of efficacy (18.1%) and ADRs
(20.9%; mostly for anakinra: 46.7%). Persistence

was comparable among biologic classes. Among TNF
inhibitors, the highest persistence was observed with
adalimumab. Differences in clinical response rates
were observed depending on biologics and organ
involvement. There were trends towards a lower
response rate in cases with associated myelodysplastic
syndrome and for a higher response rate for nasal/
auricular chondritis, sternal chondritis and concomitant
exposure to non-biologic disease-modifying
antirheumatic drugs.

Conclusions This study describes the efficacy of
biologics for refractory RP. However, the number of
complete responses was low and there were concerns
about the risk of ADRs, particularly infections.

INTRODUCTION

Relapsing polychondritis (RP) is a rare autoim-
mune disease that affects cartilaginous tissues,
with a risk of both cartilaginous (e.g., respiratory
tract) or non-cartilaginous organ involvement.'
Its incidence has been estimated to be <5/million

people/year.”™ The main features are nasal and
auricular chondritis, seronegative polyarthritis,
sternal and costal cartilage inflammation, and
laryngotracheal, ocular, cochlear and vestibular
Other features (mainly cardio-
vascular and central nervous system inflamma-
tion) are rare.' ° Patients with myelodysplastic
syndrome associated with RP or laryngotracheal
involvement may have a worse prognosis.’

The disease course is characterised by flares and
remissions. To this day, corticosteroids are the
first-line treatment for this disease. Because the
usual course takes many years to evolve, severe
involvement or an inadequate response to high-
dose corticosteroids (=1 mg/kg/day of prednisone
equivalent),! corticosteroid-sparing agents are
often prescribed, such as immunosuppressive or
immunomodulatory drugs (e.g., dapsone, meth-
otrexate, azathioprine, cyclophosphamide, ciclo-
sporin and mycophenolate).

The pathophysiology of RP is poorly under-
stood. The roles of both humoral and cellular
immune responses have been described. Many
cytokines may be also involved, like tumour
necrosis factor (TNF)-q, interleukin-1 and inter-
leukin-6.® Consequently, the use of biologics in
corticosteroid-dependent patients and in patients
with an inadequate response to high doses of
corticosteroids have been increasingly reported
during the last decade.' 7 However, these have
been mainly single case reports and, hence, are
subject to potential publication bias (favouring
positive outcomes). Few single-centre series have
been reported until now: that is, nine refractory
patients treated with rituximab,® nine patients
exposed to 22 biologics (mainly TNF inhibitors),’
and four and three patients treated with abata-
cept.’! Moreover, end points for the assessment
of biologic efficacy have been highly variable
across these reports; therefore, it was very diffi-
cult to estimate the efficacy of biologics to treat
RP from a literature review.'

Thus, this study aimed to assess the efficacy and
safety of biologics in a large cohort of patients with

RP.

involvement.
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METHODS

Patients

This national, multicentre, retrospective study included adult
patients treated with biologics for RP between 2001 and July
2015 in France. Rheumatologists and internal medicine physi-
cians were contacted by the French National Society of Internal
Medicine (n=1200) and by the Club Rhumatisme et Inflam-
mation (n=2500 rheumatologists and internal medicine prac-
titioners) networks. Inclusion criteria were being an adult (=18
years) patient with RP who satisfied the McAdam, Damiani and
Levine as well as the Michet diagnosis criteria'*™* and exposed
to at least one biologic, including TNF inhibitors, anakinra,
abatacept, tocilizumab and rituximab. The exclusion criterion
was a patient’s opposition to data being collected.

Data collection

Demographic, clinical and biological data were recorded on a
standardised form at the time of exposure to the biologic (T0),
then at 3 and 6 months, and then every 6 months. The follow-up
ended with discontinuation of the biologic or the last date
when the patient was still receiving the biologic. For rituximab
patients, we recorded data for up to 12 months after exposure.

Outcomes

Efficacy outcomes were the rates of complete response (CR,
defined by no clinical activity) and of response (defined by at
least a partial clinical decrease in disease activity, including CR)
obtained in at least one assessment during the first 6 months of
exposure. Due to the retrospective design and the subsequent
unavailability of systematic paraclinical examinations, investi-
gators were requested to categorise the clinical signs of disease
activity at each visit compared with the signs of RP when the
biologic was started: that is, as worsening, stable disease, partial
improvement (ie, response) or no activity (ie, CR). The rates of
response and CR during the first 6 months of exposure were
presented according to the biologics in the overall population as
a global measurement, but also according to organ involvement
(ie, auricular/nasal, joint, ocular, cochleovestibular or respiratory
involvement). In the analyses according to organ involvement,
response was defined as partial or complete improvement in
the clinical signs of disease activity in the given organ. To assess
corticosteroid-sparing, we compared daily corticosteroid doses
(prednisone equivalent) between TO and month 6 for patients
who had =6 months exposure to a biologic. Adverse drug reac-
tions (ADRs) were described. We also compared the persistence
(time under treatment) of biologics (excluding rituximab) and
the reasons for discontinuing a biologic.

Statistical analyses

Descriptive analyses are presented using frequencies and
percentages for qualitative variables, and medians or means (as
appropriate) with ranges for continuous variables. We analysed
the persistence of biologics using Kaplan-Meier curves. Compar-
isons were made using the log-rank test (0t=5%).

We also assessed the factors associated with achieving a
response during the first 6 months of exposure to a first-line
biologic using a univariate logistic regression model. Odds ratios
(ORs) and their 95% confidence intervals (Cls) were computed.
The following variables were tested: age, gender, the presence
of an associated disease (except myelodysplastic syndrome),
the presence of a myelodysplastic syndrome, disease duration
before exposure to a biologic, Charlson’s score," history of
organ involvement due to RP, organ involvement due to RP at

initiation of the biologic and concomitant exposure to a non-bio-
logic disease-modifying antirheumatic drug (NBDMARD). From
multiple testing, the alpha threshold value was 0.0024 (Bonfer-
roni’s correction). This was an explanatory model. No multivar-
iate model was conducted due to the low number of patients.

All statistical analyses were performed using SAS V.9.4
software.

RESULTS

Patients

Forty-one patients were included from 14 centres; the patients
were exposed to 105 biologics in total. Baseline characteristics
are detailed in table 1. The mean age was 46.9+12.5 years and
53.6% were women. Median time from RP diagnosis to first-
line initiation of a biologic was 26.5 months. The most frequent
involvements were nasal chondritis, arthralgia and auricular
chondritis. All but two patients had an active disease at first
exposure to a biologic, and all but three patients had previous
exposure to NBDMARDs (mostly methotrexate, n=30).

Exposure to biologics

The reasons for initiating a biologic were corticosteroid depen-
dence (n=28), an inadequate response to corticosteroids as
judged by the prescriber (n=11) and ADRs to methotrexate
(n=3: one hepatitis, one neutropaenia and one skin rash). First-
line biologics were TNF inhibitors (n=30), tocilizumab (n=35),
rituximab (n=4), and anakinra and abatacept (n=1each). Twen-
ty-eight patients were exposed to at least two lines of biologics
(because of insufficient efficacy in 14, relapses in 8 and ADRs
in 9).

In total, 105 exposures to biologics were recorded: TNF inhib-
itors, n=60 in 32 patients; tocilizumab, n=17 in 15 patients (2
patients had been re-exposed to tocilizumab after an interme-
diate biologic); anakinra, n=15 in 13 patients (2 patients had
been re-exposed to anakinra after an intermediate biologic);
rituximab, n=7to 7 patients; abatacept, n=6 in 5 patients (2
patients had been re-exposed to abatacept after an interme-
diate biologic). The details of the biologic lines are shown in
the online supplementary table 1. All biologics were used at the
same dosage as given for rheumatoid arthritis. Abatacept and
tocilizumab were given intravenously to all patients. At initia-
tion of the biologics, corticosteroids were ongoing in 88 cases
(83.8%; mean dose: 23.9mg prednisone equivalent, range:
5-80) and NBDMARDs in 64 cases (60.9%), mostly metho-
trexate (42 cases, 40.0%; NBDMARDs used concomitantly to
first-line biologics are detailed in table 1).

Overall, only slight differences in the patients’ characteristics
between biologics were observed (online supplementary table 2).

Overall response and CR rates

The outcomes considering the 105 exposures to biologics are
presented in table 2. Rates of response and of CR achievement
during the first 6 months were 62.9% and 19.0%, respectively.
Response rates were the lowest for abatacept (50.0%) and
anakinra (53.3%). They were 63.3%, 70.6% and 71.4% for
TNF inhibitors, tocilizumab and rituximab, respectively. There
were similar response rates across the TNF inhibitors. Analysis
restricted to first-line biologics led to similar results for TNF
inhibitors, with few patients exposed to other biologics (table 3).

Efficacy according to organ involvement
Achieving a response during the first 6 months with a biologic
and according to organ involvement is shown in table 4. The
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Table 1 Baseline characteristics of patients (n=41)

Variable Value
Age at diagnosis, mean+SD, years 46.9+12.5
Females, n (%) 22 (53.6)
Associated disease, n (%)* 20 (48.8)
Charlson’s comorbidity score, median (range) 1(1-4)
Organ involvement before biologic exposure
Fever, n (%) 19 (46.3)
Rheumatological manifestations, n (%) 34 (82.9)
Arthralgia, n (%) 34 (82.9)
Arthritis, n (%) 19 (46.3)
Auricular and nasal chondritis, n (%) 41 (100)
Auricular, n (%) 31 (75.6)
Nasal, n (%) 34 (82.9)
Sternal chondritis, n (%) 22 (53.7)
Manubriosternal, n (%) 6(14.6)
Sternoclavicular, n (%) 14 (34.1)
Costosternal, n (%) 15 (36.6)
Ophthalmological manifestations, n (%) 18 (43.9)
Episcleritis, n (%) 11 (26.8)
Scleritis, n (%) 4(9.8)
Uveitis, n (%) 8(19.5)
Retinal vasculitis, n (%) 1(2.4)
Respiratory manifestations, n (%) 24 (58.5)
Without acute respiratory failure, n (%) 24 (58.5)
With acute respiratory failure, n (%) 1(2.4)
Vestibular and cochlear manifestations, n (%) 15 (36.6)
Sensorineural deafness, n (%) 15 (36.6)
Vestibular dysfunction, n (%) 7(17.1)
Skin manifestations, n (%) 6(14.6)
Purpura, n (%) 4(9.8)
Erythema nodosum, n (%) 2 (4.9
Cardiovascular manifestations, n (%) 5(12.2)
Pericarditis, n (%) 3(7.3)
Myocarditis, n (%) 1(2.4)
Valvular disease, n (%) 2 (4.9)
Peripheral neuropathy, n (%) 3(7.3)
Autoantibodies
Rheumatoid factor, n (%) 4/33 (12.1)
ACPA, n (%) 1/26 (3.8)
Antinuclear antibodies, n (%) 19/35 (54.3%)
ANCA, n (%) 6/37 (16.2)
Anti-collagen Il n (%) 2/10 (20.0)
Anti-matrilin 1 0/2 (0)
Inflammation or fibrosis on histology, n (%) 6/6 (100)
Non-corticosteroids treatments before biologic exposure 38(92.7)
n (%)
Methotrexate, n (%) 30(73.2)
Cyclophosphamide, n (%) 11 (26.9)
Azathioprine, n (%) 10 (24.4)
Dapsone, n (%) 7(17.1)
Mycophenolate, n (%) 5(12.2)
Concomitant corticosteroids at the time of first exposure to a biologic
Number of patients, n (%) 35 (85.4)
Mean dose (range), mg prednisone equivalent 24.0 (10-80)
Concomitant NBDMARDs at the time of first exposure to a biologic t
Methotrexate, n (%) 17 (41.5)
Hydoxychloroquine, n (%) 6 (14.6)
Azathioprine, n (%) 3(7.3)

Continued

Table 1 Continued

Variable Value
Mycophenolate, n (%) 3(7.3)
Dapsone, n (%) 2(4.9)
Colchicine, n (%) 2 (4.9)

*Including notably four myelodysplastic syndromes, four cases of spondyloarthritis,
three of inflammatory bowel diseases, three of neutrophilic dermatitis and two

of rheumatoid arthritis. In one patient who had associated Crohn’s disease, both
diseases were in flare-up at the first exposure to adalimumab.

tOne patient was exposed to methotrexate and hydroxychloroquine, one patient
received dapsone and hydroxychloroquine, one patient received methotrexate and
colchicine and one patient received mycophenolate and hydroxychloroquine.
ACPA, anti-citrullinated protein antibodies; ANCA, anti-neutrophil cytoplasmic
antibodies; NBDMARDs, non-biologic disease-modifying antirheumatic drugs

efficacy of biologics for nasal/auricular chondritides were the
highest with tocilizumab and the few patients treated with
abatacept or rituximab. TNF inhibitors were the most effective
biologic for joint inflammation, particularly adalimumab. Inflix-
imab, tocilizumab and rituximab were more effective than anak-
inra for ocular involvement. Tocilizumab and TNF inhibitors
were the most effective biologics for respiratory-tract involve-
ment (along with abatacept, but only two observations were
described with this biologic). No conclusion could be drawn
for cochlea—vestibular involvement because almost all of these
patients were exposed to TNF inhibitors.

Corticosteroid-sparing effect

Among the patients exposed to biologics for at least 6 months,
there was only a modest reduction in median daily corticosteroid
dose (5mg of prednisone equivalent) between TO and month
6. However, there was huge variability between individuals
(tables 2 and 3, figure 1). Similar results were observed in anal-
yses restricted to first-line biologics (figure not shown).

Adverse drug reactions

Overall, 20.9% of biologics were withdrawn due to ADRs.
All ADRs associated with biologics are detailed in the online
supplementary table 3. The most frequent ADRs were infec-
tions (n=42) and reactions at the site of injecting subcutaneous
biologics (n=12). Three opportunistic infections were described:
two recurrences of herpes occurred with anakinra and one zoster
that occurred with tocilizumab. One case of cancer was observed:
a lung carcinoma in a patient who smoked tobacco and after
19 months of exposure to anakinra. No deaths occurred during
exposure to a biologic.

Persistence of biologics

Persistence was comparable among biologic classes (figure 2,
panel A, p=0.77). Among the TNF inhibitors, the highest
persistence was observed with adalimumab and the lowest
with etanercept (figure 2, panel B: adalimumab vs etanercept:
p=0.02).

Factors associated with achieving a response to first-line
biologics during the first 6 months of treatment

No variable achieved significance (table 5). There was a non-sig-
nificant trend towards a decreased rate of response in cases of
associated myelodysplastic syndrome (OR, 0.14; 95%CI 0.01
to 1.51). Conversely, there was a significant trend towards an
increased rate of response for cases of associated NBDMARDs
(OR, 2.14; 95% CI 0.55 to 8.38), a history of sternal chondritis
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Table 2  Efficacy and ADRs to the 105 exposures to biologics prescribed for relapsing polychondritis in 41 patients

Discontinuation of biologic

Response CR achieved  Variation in CS
achieved during the dose at M6, mg Follow-up, Insufficient  Loss of
during the first  first 6 months PEQ, median months, median Overall efficacy efficacy ADR Stable
Exposures to biologics 6 months, n (%) , n (%) (range)* (range) n (%) n (%) n (%) n (%) CR
Overall (n=105) 66 (62.9) 20 (19.0) -5.0 (-72.5;+70.0) 6.0 (0.1-80.8) 77 (73.3) 36 (34.3) 19 (18.1) 22 (20.9) 1(0.9)
TNF antagonists (n=60) 38 (63.3) 14 (23.3) -5 (-53;+70) 6.0 (0.4-80.8) 47 (78.3) 23 (38.3) 15 (25.0) 8(13.3) 1(1.7)
Infliximab (n=20) 12 (60.0) 7 (35.0) -5 (=50;+70) 6.5 (0.4-80.8) 16 (80.0) 7 (35.0) 6 (30.0) 3 (15.0) 0
Adalimumab (n=25) 16 (64.0) 5(20.0) —7.5 (-53;+10) 8.0 (0.4-71.7) 18(72.0) 6(24.0) 7(28.0) 5(20.0) 1(4.0)
Etanercept (n=11) 8(72.7) 0 =5 (=50;+0) 5.5(0.7-36.7) 11 (100) 8(72.7) 2(18.2) 2(18.2) 0
Golimumab (n=3) 2 (66.7) 2 (66.7) -20 3.8(3.4-7.2) 1(33.3) 1(33.3) 0 0 0
Certolizumab (n=1) 0 0 - 29 1(100) 1(100) 0 1(100) 0
Tocilizumab (n=17) 12 (70.6) 2(11.8) -1 (=72.5;+0) 3.7(0.4-36.2) 10 (58.8) 4(23.5) 2(11.7) 4(23.5) 0
Anakinra (n=15) 8(53.3) 2(13.3) -12.5 (-20;+0) 2.6 (0.3-63.8) 13 (86.7) 5(33.3) 0 7 (46.7) 0
Rituximab (n=7) 5(71.4) 1(14.3) -3 (-30;+5) 6.0 3(42.8) 3(42.8) 0 0 0
Abatacept (n=6) 3 (50.0) 1(16.7) —16 (—40;+0) 9.5 (0.1-37.1) 6 (100) 3 (50.0) 2(333) 1(16.7) 0

*Data available for 13 patients on infliximab, 16 on adalimumab, 7 on etanercept, 1 on golimumab, none on certolizumab pegol, 4 on anakinra, 7 on rituximab, 10 on

tocilizumab and 4 on abatacept.

ADR, adverse drug reaction; CR, complete response; CS, corticosteroids; PEQ, prednisone equivalent; TNF, tumour necrosis factor.

(OR, 5.00; 95%CI 1.22 to 20.45), nasal or auricular chon-
dritis at biologic initiation (OR, 3.64; 95% CI 0.90 to 14.61)
or sternal chondritis when the biologic was started (OR, 3.95;
95% CI 0.90 to 17.40).

DISCUSSION

This study reports on the efficacy and safety of biologics to treat
RP in the largest cohort assessed to date. In total, we described
60 exposures to TNF inhibitors, 17 to tocilizumab, 15 to anak-
inra, 7 to rituximab and 6 to abatacept in 41 patients.

The study population consisted of patients with severe RP,
with 43.9%, 58.5%, 36.6% and 12.2% having experienced
ophthalmological, respiratory tract, vestibular or cochlear, and
cardiovascular involvements before initiating a biologic, respec-
tively. Ninety-three per cent of patients had been exposed to
NBDMARD:s before receiving a biologic.

Overall, the biologics showed an overall response rate of
62.9%, but a low rate of CR (19.0%). The response was tran-
sient, leading to biologic withdrawal in 18.1% of cases. In
contrast with previous case reports, the corticosteroid-sparing
effect of biologics was highly variable between patients in our
study, with only a mild effect overall.

Due to this study’s retrospective observational design, we
cannot exclude that unmeasured factors related to the patients
or physicians influenced treatment choice and the outcomes.
However, the baseline characteristics of patients were relatively
similar between the biologics. Hence, this study provides better
understanding of the efficacy and safety of each biologic in a
real-life setting and suggests some differences between biologics.

It is very difficult to compare these data with published case
reports because of the differences in patients’ characteristics,
outcome definitions and publication bias. Indeed, all biologics
have been reported to be effective against RP, including for
severe features such as respiratory and eye involvement.'”

This study confirms the efficacy of TNF inhibitors with a low
rate of withdrawal because of ADRs.!” However, etanercept did
have a high rate of discontinuation due to insufficient efficacy. In
conclusion, this study suggests that infliximab and adalimumab
should be preferred among the TNF-o antagonists. Too few
patients were exposed to golimumab and certolizumab pegol
to draw any conclusions regarding their risk—benefit profiles.
Adalimumab had the highest persistence rate, suggesting a good
overall risk-benefit ratio.

Table 3 Efficacy and ADRs to first-line biologics prescribed for relapsing polychondritis in 41 patients

Discontinuation of biologic

Response Decrease in CS
achieved during CR achieved dose at M6, mg Follow-up, Insufficient Loss of
first 6months,  during first PEQ, median months, median Overall efficacy efficacy
Exposures to biologics n (%) 6months, n (%) (range)* (range) n (%) n (%) n (%) ADR n (%)
Overall (n=41) 27 (65.8) 12 (29.3) -5.0 (=72.5;+10.0) 6.0 (0.4-80.8) 29 (70.7) 14 (34.1) 8 (27.6) 9(21.9)
TNF antagonists (n=30) 19 (63.3) 9 (30.0) -5 (=53;+10) 6.5 (0.4-80.8) 25 (83.3) 12 (40.0) 8(26.7) 7(23.3)
Infliximab (n=11) 6 (54.5) 5 (45.4) -2.5 (-15;+0) 7.0 (0.7-80.8) 9(81.8) 5 (45.4) 2(18.2) 1(9.1)
Adalimumab (n=12) 8 (66.7) 4(33.3) —-10 (-53;+10) 13.6 (0.4-71.7) 10(83.3) 3(25.0) 4(33.3) 3(25.0)
Etanercept (n=7) 5(71.4) 0 -2.5 (-5;+0) 5.5(0.7-36.7) 7(100) 4(57.1) 2 (85.7) 3 (42.9)
Tocilizumab (n=5) 4 (80.0) 2 (40.0) -37.2 (-72.5;+2) 1.8(0.4-11.5) 3(60.0) 1(20.0) 0 1(20.0)
Rituximab (n=4) 3 (75.0) 0 =1 (=5;+5) 6.0 2 (50.0) 2 (50.0) - -
Anakinra (n=1) 1(100) 1(100) -25 63.8 0 0 0 0
Abatacept (n=1) 0 0 - 1.8 1(100) 1 (100) 0 0

*Data available for seven patients receiving infliximab, nine on adalimumab, four on etanercept, one on anakinra, four on rituximab, two on tocilizumab and none on abatacept.
ADR, adverse drug reaction; CR, complete response; CS, corticosteroids; PEQ, prednisone equivalent; TNF, tumour necrosis factor.
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Table 4 Achieved response during the first 6 months of exposure to a biologic by involvement of organs (105 exposures to biologics in total)

Nasal or auricular

Sternal chondritis, Ocular inflammation,

Vestibular or cochlear Respiratory
manifestation, manifestations,

Exposures to biologics chondritis, n (%) Joints, n (%) n (%) n (%) n (%) n (%)
Overall (n=105) 31/57 (54.4) 28/74 (37.8) 31/57 (54.4) 12/17 (70.6) 6/9 (66.6) 27138 (71.0)
TNF antagonists (n=60) 15/34 (44.1) 17143 (39.5) 16/24 (66.7) 6/8 (75.0) 5/8 (62.5) 17124 (70.8)
Infliximab (n=20) 4/9 (44.4) 4/14 (28.56) 2/7 (28.6) 4/4 (100) 13 (33.3) 6/8 (75.0)
Adalimumab (n=25) 6/12 (50.0) 8/16 (50.0) 9/10 (90.0) 2/4 (50.0) 3/4 (75.0) 7/10 (70.0)
Etanercept (n=11) 3/9 (33.3) 4/10 (40) 5/5 (100) - 1/1 (100) 4/4 (100)
Golimumab (n=3) 2/3 (66.7) 1/2 (50.0) 0/1 (0) - - 0/1 (0)
Certolizumab (n=1) 0/1 (0) 0/1 (0) 0/1 (0) - - 0/1 (0)
Tocilizumab (n=17) 719 (77.8) 4/11 (36.4) 7/8 (87.5) 3/4 (75.0) - 6/6 (100.0)
Anakinra (n=15) 4/8 (50.0) 4/10 (40.0) 2/3 (66.7) 1/3(33.3) 1/1 (100.0) 1/3(33.3)
Rituximab (n=7) 2/2 (100) 1/4 (25.0) 1/1 (100) 2/2 (100) - 13 (33.3)
Abatacept (n=6) 3/4 (75.0) 2/6 (33.3) 2/2 (100) - - 2/2 (100)

TNF, tumour-necrosis factor.

This study confirms the low efficacy and high rate of with-
drawal because of ADRs associated with anakinra,” suggesting
that this drug should not be preferred as a first-line biologic. In
contrast, tocilizumab was highly effective for almost all features
of RP, but with a 23.5% rate of withdrawal due to ADRs. This
study also confirms the mild overall effectiveness of abatacept
for RP, as suggested by the small open-label trial of four patients
by Peng and Rodriguez.'” Two of our patients with tracheal
symptoms responded to abatacept, but none of our six patients
exposed to abatacept had parenchymal pulmonary or central
nervous system involvement, which worsened with abatacept in
the trial by Peng and Rodriguez.'”

Conversely, our study showed the good efficacy of rituximab
in contrast to the study by Leroux et al,® but supports previous
case reports.” Of note, three patients in the present cohort had
been previously included in Leroux’s analysis. Unfortunately, it
was not possible to access the medical charts of all nine patients
included in this series. In our study, the efficacy of rituximab
was notable for nasal or auricular chondritis, sternal chondritis
and eye involvement. Of note, in the study by Leroux et al, all

nine patients were refractory to high-dose steroids and to at least
two immunosuppressive drugs and, therefore, may have had a
more resistant disease. Lastly, only two patients in the study by
Leroux et al had eye involvement (including one also included
in our study), but achieved stability by 6 months after starting
rituximab.®

As previously suggested,’ the rotation of biologics is widely
used in practice. The low number of patients and the hetero-
geneity of biologic exposures have prevented further analyses
according to lines of treatments. We found no factor significantly
associated with an achieved response at 6 months. As expected,
there was a trend towards a lower response rate in cases of
associated myelodysplastic syndrome, as suggested in a recent
case-series.'® Interestingly, the concomitant use of NBDMARDs
tended to be associated with an achieved response, as were
nasal/auricular or sternal chondritis. None of these associations
reached significance and we cannot exclude trends found by
chance due to multiple testing. However, these associations are
clinically relevant and the non-significance may be preferentially
caused by a lack of statistical power.

80

40 -

Corticosteroid dose (mg)
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Figure 1
6 months. Mean is shown in bold.

Effect of corticosteroid sparing between the initiation of the biologics and month 6 in patients who were exposed to a biologic for at least
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Figure 2 Persistence of biologics (except rituximab) considering the 105 exposures to biologics: (panel A) according to pharmacological class:
abatacept (blue curve), anakinra (red curve), tocilizumab (green curve) and TNF inhibitors (brown curve); (panel B) among the three most frequently
used TNF inhibitors: adalimumab (blue curve), etanercept (red curve) and infliximab (green curve). TNF, tumour-necrosis factor.

This study demonstrated the high drop-out rate from biologics
in real-life practice because of insufficient efficacy, loss of efficacy
or an ADR, ranging from 33.3% to 86.7% across the biologics.
Overall, about three-quarters of the biologics were discontinued
within a mean follow-up time of 6 months, including one-fifth
for ADRs. Among these, infections (notably respiratory tract
infection) were common. Of note, most patients were concomi-
tantly exposed to corticosteroids and non-biologic immunosup-
pressive drugs. Unfortunately, due to the retrospective design

Table 5 Factors associated with an achieved response during the
first 6 months of receiving a first-line biologic

Variables OR (95%Cl) P values
Age at initiation of the biologic, >50 years vs 0.78 (0.21 to 2.92) 0.72
<50 years
Female sex 1.94 (0.52 t0 7.17) 0.32
Associated disease (excl. myelodysplastic 0.93 (0.25 to 3.34) 0.91
syndrome)
Myelodysplastic syndrome 0.14 (0.01 to 1.51) 0.10
Disease duration from diagnosis to receiving  0.60 (0.16 to 2.21) 0.44
a biologic, 224 vs <24 months (median)
Associated non-biologic disease-modifying ~ 2.14 (0.55 to 8.38) 0.27
antirheumatic drug
Charlson’s score >0 0.70 (0.19 to 2.56) 0.58
Previous manifestations before biologic
Fever 0.80 (0.22 t0 2.92) 0.73
Arthralgia/arthritis 0.64 (0.11 to 3.69) 0.61
Sternal, sternocostal and sternoclavicular ~ 5.00 (1.22 to 20.45) 0.02
chondritides
Ophthalmological 0.44 (0.12 to 1.64) 0.22
Respiratory tract 0.69 (0.18 to 2.63) 0.56
Vestibular and cochlear 1.06 (0.28 to 4.06) 0.93
Antibodies
Rheumatoid factors 1.58 (0.14t0 17.21) 0.71
Antinuclear antibodies 1.68 (0.40 to 7.07) 0.48
Disease manifestations at onset of a biologic
Nasal/auricular 3.64 (0.90 to 14.61) 0.07
Arthralgia/arthritis 0.58 (0.14 t0 2.34) 0.44
Sternal, sternocostal and sternoclavicular ~ 3.95 (0.90 to 17.40) 0.07
chondritis
Ophthalmological 0.43 (0.09 to 2.09) 0.29
Respiratory tract 1.07 (0.29 t0 3.92) 0.92
Vestibular and cochlear 0.83(0.17t0 4.14) 0.82

It is a univariate analyses.

of our study, no data could be recorded regarding vaccinations
prior to exposure to biologics.

This study has some limitations, mostly because of its retro-
spective design. Fourteen University centres participated in the
study; thus, case recording is incomplete and may not reflect
all patients treated for RP with biologics in France. Assessment
of disease activity was made according to clinical activity, with
no standardised paraclinical examination available to improve
documentation of organ involvement. As previously stated, the
multiplicity of lines of biologics and of unmeasured factors that
may have impacted on the choice of biologic or the outcomes
prevent from making any definitive direct comparisons, the few
patients included and the heterogeneity of biologics used limited
interpretation of the risk-benefit ratio for each organ and for
each biologic. Similarly, 41.5% of the patients were concomi-
tantly exposed to various NBDMARDs. Due to the heteroge-
neity of NBDARDs, no comparison could be made. Of note, no
patient was concomitantly exposed to oral cyclophosphamide
because, in France, cyclophosphamide is almost exclusively
given intravenously for severe flares.

As stated above, the assessment of factors associated with a
response in univariate analyses should be considered as explor-
atory; the lack of statistical power led to suggesting trends only.
Altogether, this study suggests the need for registries on patients
with RP, in particular to compare biologics with NBDMARDs,
which is an important question that was not addressed in this
study. Indeed, despite the findings on various cytokine expres-
sions,’ the pathophysiology of this disease is widely unknown
and, thus, the rationale for using biologics as a first-line treat-
ment is insufficient.

In conclusion, this retrospective study showed the effi-
cacy of biologics to treat patients with RP who were resistant
to NBDMARD:s. It also suggested differences in efficacies
depending on the biologic and organ involvement, as well as
differences in safety profiles. Prospective studies with head-to-
head comparisons of biologics for RP are needed to confirm
these results.
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EXTENDED REPORT

Autoantibodies and scleroderma phenotype define
subgroups at high-risk and low-risk for cancer

Takeru Iqusa,’ Laura K Hummers,? Kala Visvanathan,? Carrie Richardson,?
Fredrick M Wigley,” Livia Casciola-Rosen, Antony Rosen,” Ami A Shah?

ABSTRACT

Objectives Recent studies demonstrate autoantibodies
are powerful tools to interrogate molecular events
linking cancer and the development of autoimmunity

in scleroderma. Investigating cancer risk in these
biologically relevant subsets may provide an opportunity
to develop personalised cancer screening guidelines. In
this study, we examined cancer risk in distinct serologic
and phenotypic scleroderma subsets and compared
estimates with the general population.

Methods Patients in the Johns Hopkins Scleroderma
Center observational cohort were studied. Overall and
site-specific cancer incidence was calculated in distinct
autoantibody and scleroderma phenotypic subsets,

and compared with the Surveillance, Epidemiology and
End Results registry, a representative sample of the US
population.

Results 2383 patients with scleroderma contributing
37686 person-years were studied. 205 patients (8.6%)
had a diagnosis of cancer. Within 3 years of scleroderma
onset, cancer risk was increased in patients with RNA
polymerase Il autoantibodies (antipol; standardised
incidence ratio (SIR) 2.84, 95% C| 1.89 to 4.10) and
those lacking centromere, topoisomerase-1 and pol
antibodies (SIR 1.83, 95% Cl 1.10 to 2.86). Among
antipol-positive patients, cancer-specific risk may vary
by scleroderma subtype; those with diffuse scleroderma
had an increased breast cancer risk, whereas those
with limited scleroderma had high lung cancer risk. In
contrast, patients with anticentromere antibodies had a
lower risk of cancer during follow-up (SIR 0.59, 95% Cl
0.4410 0.76).

Conclusions Autoantibody specificity and disease
subtype are biologically meaningful filters that may
inform cancer risk stratification in patients with
scleroderma. Future research testing the value of
targeted cancer screening strategies in patients with
scleroderma is needed.

INTRODUCTION

Prior investigations have demonstrated an increase
in cancer risk in patients with systemic sclerosis
(scleroderma) compared with the general popu-
lation."™" In a study of patients with scleroderma
and cancer, our group showed that patients with
RNA polymerase III autoantibodies (antipol) had
cancer occur within a short interval of sclero-
derma onset.'”? Subsequent studies demonstrated
that these patients have genetic alterations (somatic
mutations and/or loss of heterozygosity) at the
POLR3A locus that encodes for RNA polymerase
III in their cancers, with both mutation-specific

and cross-reactive immune responses seen.'” These
data strongly suggest that alterations of autoan-
tigen sequence in cancers may trigger antitumour
immune responses that spread to the wild-type
molecule, resulting in autoimmunity.'*

Many international scleroderma cohorts have
similarly observed that patients with scleroderma
and antipol have a significantly increased risk of
cancer at the time of scleroderma onset compared
with scleroderma patients without these anti-
bodies.”™ In addition, patients lacking antibodies
against centromere, topoisomerase-1 and RNA
polymerase III (hereafter referred to as ‘CTP-neg-
ative’) also have more cancer diagnosed within
a short interval of scleroderma onset, suggesting
there may be other serologic subsets of cancer-asso-
ciated scleroderma.'” 2° 2! Case reports suggest that
therapy of coincident cancer may induce sclero-
derma remission,”** raising the possibility that
early cancer detection and therapy in patients with
new-onset scleroderma might improve scleroderma
outcomes.

Our prior work suggests that investigating cancer
risk in scleroderma as a group, without differen-
tiating between serologically relevant subsets or
using the cancer-scleroderma interval as a filter,
may mask important differences in the relationship
between cancer and autoimmunity. In the current
study, we examined overall and site-specific cancer
risk at scleroderma onset in distinct serologic and
phenotypic subsets and for the first time compared
these estimates with the general population.

METHODS

Study population

Patients seen at the Johns Hopkins Scleroderma
Center for their first visit between 1 January 2000
and 31 December 2015 were eligible for the study if
they consented to participate in our IRB-approved
cohort database and had a diagnosis of scleroderma.
Scleroderma was defined by 1980 or 2013 Amer-
ican College of Rheumatology/European League
Against Rheumatism classification criteria,” ¢ at
least three of five CREST (calcinosis, Raynaud’s
phenomenon, esophageal dysmotility, sclerodac-
tyly, telangiectasia) syndrome criteria or having
definite Raynaud’s, abnormal nailfold capillaries
and a scleroderma-specific autoantibody. Clinical
and serological data are collected prospectively at
baseline and at 6 months interval. Patients were
classified as having limited or diffuse scleroderma
by established criteria.”” Four autoantibody cate-
gories were assessed: anticentromere A/B (cenp),
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antitopoisomerase-1 (topo), antipol and CTP-negative. Patients
were considered positive for an autoantibody if they were ever
positive based on clinically obtained assays. Double autoan-
tibody positivity was infrequent: 14 patients were positive for
both anticenp and antipol, 6 for anticenp and antitopo and
14 for antipol and antitopo. Patients who could not be classi-
fied into an autoantibody subset because of missing autoanti-
body data were only included in the overall scleroderma cohort
analyses. For all analyses, the timing of scleroderma onset was
defined by the first scleroderma symptom, either Raynaud’s or
non-Raynaud’s. Patient-reported cancer diagnoses and dates of
diagnosis, obtained at the enrolment visit and during follow-up,
were confirmed by medical record review and pathology reports
if available."” Electronic medical records were comprehensively
reviewed to ensure that all cancer cases were captured during
follow-up.

Examination of cancer risk in scleroderma compared with the
general population

Cancer risk was determined by comparing cancer incidence
in our cohort with the Surveillance, Epidemiology and End
Results (SEER) registry, a nationally representative sample of the
US population. Cancer incidence was examined in the overall
scleroderma cohort, and in autoantibody and cutaneous subsets.
We computed standardised incidence ratios (SIR) for cancer
overall and individual cancer types. Our cancer subtype analyses
focused on breast and lung cancers as these are the most prev-
alent cancers in scleroderma, but other cancer sites were also
examined (see online supplementary appendix 1). The observed
number of cancers in our cohort was compared with the expected
number of cancer cases for the US population by identifying the
crude rate of incident cancers corresponding to each patient’s
age (within S-year intervals), gender, race, ethnicity and the
calendar year of exposure in SEER.?® Person time prior to 1973
was not examined as SEER data began in 1973. At the time of

analysis, SEER data were complete through 2014. SEER crude
rates for 2014 were used as a surrogate for person time after
2014. The sum of the crude rates for all years of exposure for
all patients yielded the expected number of cancer cases. To find
the 95% confidence limits, we followed standard procedure.?s %

Because we are interested in cancer diagnosed close to the
time of scleroderma onset (defined as time zero) that may be
suggestive of cancer-induced autoimmunity, we examined two
time windows for our primary analyses: (i) 3 years before
scleroderma onset until cancer diagnosis date or the last visit
date (termed ‘overall cancer risk’ during follow-up) and (ii) 3
years before scleroderma onset until 3 years after scleroderma
onset (*3 years, ‘cancer-associated scleroderma’). Patients with
cancers preceding these time windows were excluded from our
analysis. Administrative censoring occurred at the cancer diag-
nosis date or last visit date, whichever came first. The study
population for our primary analyses comprised 2383 patients
with scleroderma.

Since including individuals with cancers diagnosed a few
years before joining the cohort may introduce a form of
immortal person time bias, we performed two additional anal-
yses restricting our study population to patients who presented
to our centre within 5 years of their first scleroderma symptom
(‘recent-onset scleroderma’). In the first analysis, we only
included cancer diagnoses that occurred after the first visit to
our centre. As referral to a tertiary centre is often delayed, we
also performed an analysis involving patients with recent-onset
scleroderma and examined cancer diagnoses after scleroderma
symptom onset. This time point better reflects presentation to a
community rheumatology practice.

Finally, we graphically examined cancer risk over time (starting
3 years before scleroderma onset) in patients with scleroderma
compared with the general population. The expected cancer
incidence was computed using SEER data for each patient-year
of exposure. Observed and expected numbers of cancer cases,

Table 1 Risk for all cancers*
Analysis time Antibody Subtype Sample size Person-years No. observed No. expected SIR (95% CI) P value
Overall risk All Limited 1470 26624 128 182.0 0.70 (0.59 to 0.84) <0.001t
Diffuse 913 11062 77 69.0 1.12 (0.88 t0 1.39) 0.36
Cenp Limited 570 11857 53 90.0 0.59 (0.44 t0 0.77) <0.001t
Diffuse 38 754 3 5.5 0.55 (0.11 to 1.60) 0.41
Topo Limited 241 4035 20 25.5 0.78 (0.48 to 1.21) 0.32
Diffuse 240 3134 17 17.7 0.96 (0.56 to 1.53) 0.99
Pol 11l Limited 59 962 9 6.8 1.33(0.61 t0 2.53) 0.48
Diffuse 219 2509 36 17.6 2.05 (1.44 to 2.84) <0.001t
CTP-negative Limited 242 4065 31 25.5 1.21(0.82 t0 1.72) 0.33
Diffuse 137 1709 8 10.6 0.75 (0.32 to 1.48) 0.53
+3years All Limited 1470 7935 35 1.4 0.84 (0.59 10 1.18) 0.36
Diffuse 913 5210 44 28.2 1.56 (1.13 10 2.10) 0.007
Cenp Limited 570 3003 10 16.7 0.60 (0.29t0 1.10) 0.111
Diffuse 38 212 0 1.1 0.00 (0.00 to 3.34) 0.66
Topo Limited 241 1353 4 6.6 0.60 (0.16 to 1.54) 0.42
Diffuse 240 1393 10 6.4 1.55 (0.75 t0 2.86) 0.23
Pol 11l Limited 59 305 3 1.9 1.59 (0.33 to 4.66) 0.58
Diffuse 219 1209 25 8.0 3.13(2.03 to 4.62) <0.001t
CTP-negative Limited 242 1335 15 6.2 2.43 (1.36 to 4.00) 0.004t
Diffuse 137 808 4 4.2 0.95 (0.26 to 2.44) 0.99

*Excluding non-melanoma skin cancers.

tStatistically significant P value after adjustment for multiple (10) comparisons per analysis.

cenp, centromere; CTP, centromere, topoisomerase-1 and RNA polymerase III; pol, polymerase; topo, topoisomerase-1.

Igusa T, et al. Ann Rheum Dis 2018;77:1180-1187. doi:10.1136/annrheumdis-2018-212999 1181


https://dx.doi.org/10.1136/annrheumdis-2018-212999
http://ard.bmj.com/

Clinical and epidemiological research

and the corresponding SIR, were plotted in 6-year time windows
(ie, =3-year increments with time zero denoting scleroderma
onset). For each patient, cancer risk exposure ended on the date
of cancer diagnosis, last visit or at the end of the 6-year window.
The cumulative incidence of cancer was also plotted over time
for patients with scleroderma overall and in each autoantibody
subgroup.

Analyses were performed using MATLAB R2016b (Math-
Works, Natick, Massachusetts, USA) and R V.3.4.0 (R Foun-
dation, Vienna, Austria). Bonferroni adjustment for multiple
(10) comparisons was performed, as each time window and
tumour type had 10 autoantibody-subtype comparisons. There-
fore, P<0.05/10 or P<0.005 was considered to be statistically
significant.

RESULTS

The study population for our primary analyses consisted of 2383
patients with scleroderma contributing 37686 person-years
(table 1). The mean age at scleroderma onset was 42.4+15.1
years. Sixty per cent of patients had limited scleroderma, 83%
were female and 76% self-identified as white race. Among
the 1712 patients with autoantibody data, 608 (35.5%) were

Cenp

positive for anticenp, 481 (28.1%) for antitopo and 278 (16.2%)
for antipol; 379 patients (22.1%) were CTP-negative. An addi-
tional 671 patients could not be classified into an antibody
subset because of missing data. Approximately 9% of patients
(205/2383) had a history of cancer (see online supplementary
appendix figure 1 for tumour sites). Additional scleroderma
characteristics of this population are detailed in online supple-
mentary appendix table 1.

Determination of cancer risk relative to the general
population: all cancers
Patients with diffuse scleroderma did not have an increased risk
of cancer (SIR 1.12, 95% CI 0.88 to 1.39; table 1, overall cancer
risk). In contrast, an increased risk of cancer was observed among
antipol patients with diffuse disease (SIR 2.05, 95%CI 1.44 to
2.84). Patients with limited scleroderma had a 30% lower risk of
cancer (SIR 0.70, 95% CI 0.59 to 0.84), and this was notable in
anticenp-positive patients (SIR 0.59, 95% CI 0.44 to 0.77).
Next, we sought to determine the risk of cancer within 3
years of scleroderma onset (‘cancer-associated scleroderma’)
compared with individuals in the general population. While
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Risk of all cancers over time. In each graph, the x-axis reflects time from scleroderma onset (defined as time zero). Top and middle rows,

each time window represents a 6-year period (+3 years), eg, data plotted at time zero reflects cancer risk within £3 years of scleroderma onset.

The number at risk for each time window is denoted at the bottom of the graph. Top row, the observed number of cancer cases (blue) is presented
in comparison with the number of cancer cases that are expected based on Surveillance, Epidemiology and End Results (SEER) data (red). Middle
row, the ratio between the observed and expected cancer cases is presented as a standardised incidence ratio (SIR) along with its 95% Cl. Values

of 1 denote a cancer risk equivalent to that of the background population. Bottom row, the cumulative incidence of cancer among patients with
scleroderma (solid blue line) starting at 3 years before scleroderma onset is presented with 95% Cls (shaded blue region). Red lines represent the
expected cumulative incidence of cancer based on SEER data for the general population. Patients with scleroderma with anticentromere (cenp)
antibodies appear to have a decreased risk of cancer over time. Patients with scleroderma with RNA polymerase (pol) Ill antibodies and the
centromere, topoisomerase-1 (topo) and RNA polymerase Il (CTP)-negative group have an increased risk of cancer that is prominent at scleroderma
onset. The cumulative incidence of cancer is significantly higher than that observed in the general population among patients with pol IlI

autoantibodies.

1182

Igusa T, et al. Ann Rheum Dis 2018;77:1180—1187. doi:10.1136/annrheumdis-2018-212999


https://dx.doi.org/10.1136/annrheumdis-2018-212999
https://dx.doi.org/10.1136/annrheumdis-2018-212999
https://dx.doi.org/10.1136/annrheumdis-2018-212999
https://dx.doi.org/10.1136/annrheumdis-2018-212999
http://ard.bmj.com/

Clinical and epidemiological research

Table 2 Risk for breast cancer

Analysis time Antibody Subtype Person-years No. observed No. expected SIR (95%ClI) P value
Overall risk Al Limited 26624 42 57.6 0.73 (0.53 to 0.99) 0.039
Diffuse 11062 28 203 1.38 (0.91 to 1.99) 0.123
Cenp Limited 11857 18 29.9 0.60 (0.36 to 0.95) 0.027
Diffuse 754 3 1.6 1.84 (0.38 t0 5.39) 0.45
Topo Limited 4035 8 8.2 0.97 (0.42 t0 1.92) 0.99
Diffuse 3134 5 53 0.95(0.31 t0 2.21) 0.99
Pol 1l Limited 962 1 1.9 0.52 (0.01 to 2.91) 0.86
Diffuse 2509 16 5.2 3.06 (1.75 to 4.98) <0.001*
CTP-negative Limited 4065 12 7.2 1.66 (0.86 to 2.89) 0.130
Diffuse 1709 1 3 0.33(0.01 t0 1.83) 0.39
+3years All Limited 7935 15 12.8 1.17 (0.66 to 1.94) 0.60
Diffuse 5210 17 83 2.06 (1.20 t0 3.29) 0.010
Cenp Limited 3003 4 5.4 0.75(0.20 t0 1.91) 0.76
Diffuse 212 0 0.4 0.00 (0.00 to 9.33) 0.99
Topo Limited 1353 1 2.1 0.48 (0.01 t0 2.69) 0.78
Diffuse 1393 3 2 1.51(0.31 to 4.41) 0.64
Pol 11 Limited 305 0 0.6 0.00 (0.00 to 6.66) 0.99
Diffuse 1209 12 23 5.14 (2.66 to 8.98) <0.001*
CTP-negative Limited 1335 8 1.8 4.44 (1.92 t0 8.74) 0.001*
Diffuse 808 1 1.1 0.87 (0.02 to 4.86) 0.99

*Statistically significant P value after adjustment for multiple (10) comparisons per analysis.

cenp, centromere; CTP, centromere, topoisomerase-1 and RNA polymerase Il; pol, polymerase; topo, topoisomerase-1.

patients with limited scleroderma did not have an increased risk
of cancer-associated scleroderma (table 1, *£3 years), patients
with diffuse scleroderma had a 56% increased risk compared
with the general population (SIR 1.56, 95%CI 1.13 to 2.10).
This risk increase was notable among antipol patients with
diffuse disease (SIR 3.13, 95%CI 2.03 to 4.62). Addition-
ally, CTP-negative patients with limited scleroderma had an
increased risk of cancer-associated scleroderma (SIR 2.43,
95%CI 1.36 to 4.00).

The increased risk of cancer at scleroderma onset among
antipol-positive and CTP-negative patients is illustrated in
figure 1. The number of cancer cases observed around the
time of scleroderma onset (top row, blue curve) is greater than
the number of expected cancer cases based on SEER data (red
curve) in these two autoantibody subsets. The relative risk of
cancer compared with the general population is presented in
time-dependent SIRs (middle row) and was increased for anti-
pol-positive and CTP-negative groups close to scleroderma
onset. The cumulative incidence of cancer was significantly
higher among antipol patients (blue lines, blue dashed lines
95% CI) compared with that expected in the general popula-
tion (red line) (bottom row, figure 1). In contrast, the cumu-
lative incidence of cancer was lower than expected in the
anticenp group.

Cancer risk in patients with recent-onset scleroderma

We performed two additional analyses restricting our study
population to patients who presented to our scleroderma centre
within § years of their first scleroderma symptom and exam-
ined cancer diagnoses (i) after first visit to our tertiary referral
centre or (ii) after the first scleroderma symptom. Our findings
of an increased risk of cancer among antipol-positive patients
with diffuse scleroderma remained unchanged in both anal-
yses, although in these restricted analyses this was statistically
significant only after first symptom when adjusting for multiple
comparisons (see online supplementary appendix table 2).

Breast cancer

Antipol-positive patients with diffuse scleroderma had an
increased risk of breast cancer overall (SIR 3.06, 95%CI 1.75
to 4.98) and within 3 years of scleroderma onset (SIR 5.14,
95%CI 2.66 to 8.98; table 2). Within 3 years of scleroderma
onset, CTP-negative patients with limited disease also have an
increased risk of breast cancer (SIR 4.44, 95% CI 1.92 to 8.74).
The marked increased risk of breast cancer at scleroderma onset
in these two autoantibody subsets is illustrated in figure 2 (top
and middle rows). The cumulative incidence of breast cancer is
significantly higher among antipol patients compared with the
general population (bottom row, figure 2).

Lung cancer

The number of lung cancer cases was small (n=30overall).
However, in an exploratory analysis, an increased risk of lung
cancer was seen in antipol patients with limited disease within
3 years of scleroderma onset (SIR 10.4, 95%CI 1.26 to 37.7;
table 3; figure 3).

CONCLUSIONS

In this investigation, we used autoantibodies, cutaneous subtype
and temporal clustering as biologically relevant filters to investi-
gate cancer risk and type in patients with scleroderma compared
with the general population. We made several novel findings that,
if confirmed by others, will inform our approach to early cancer
detection in scleroderma, and also provide additional insights
into mechanistic connections between cancer and scleroderma.
First, while patients with scleroderma did not have an increased
overall risk of cancer compared with the general population,
antipol-positive patients with diffuse scleroderma and CTP-neg-
ative patients with limited scleroderma are at increased risk for
cancer at scleroderma onset. Second, scleroderma patients with
antipol antibodies may have increased risk of different types
of cancers depending on whether they have limited or diffuse
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Figure 2 Risk of breast cancers over time. In each graph, the x-axis reflects time from scleroderma onset (defined as time zero). Top and middle
rows, each time window represents a 6-year period (+3 years), eg, data plotted at time zero reflects breast cancer risk within +3 years of scleroderma
onset. Top row, the observed number of breast cancer cases (blue) is presented in comparison with the number of breast cancer cases that are
expected based on Surveillance, Epidemiology and End Results (SEER) data (red). Middle row, the ratio between the observed and expected breast
cancer cases is presented as a standardised incidence ratio (SIR) along with its 95% Cl. Values of 1 denote a breast cancer risk equivalent to that

of the background population. Bottom row, the cumulative incidence of breast cancer among patients with scleroderma (solid blue line) starting at

3 years before scleroderma onset is presented with 95% Cls (shaded blue region). Red lines represent the expected cumulative incidence of breast
cancer based on SEER data for the general population. Patients with topoisomerase (topo) and centromere (cenp) antibodies do not have an increased
risk of breast cancer. Patients with scleroderma with polymerase (pol) Il antibodies and the centromere , topoisomerase-1 and RNA polymerase ||
(CTP)-negative group have an increased risk of breast cancer that is prominent at scleroderma onset. The cumulative incidence of breast cancer is
significantly higher than that observed in the general population among patients with pol Ill autoantibodies.

cutaneous disease. Third, patients with anticenp antibodies may
have a decreased risk of cancer. Overall, these data suggest that
autoantibodies could be useful tools for cancer risk stratification
to maximise detection of cancer through enhanced screening of
high-risk groups, while minimising the harms and costs from
overscreening.

Prior studies investigating cancer incidence in patients with
scleroderma relative to the general population have used study
populations from national centralised registries or cohorts
similar to ours."37193% However, most of these studies excluded
patients with cancer diagnoses shortly before scleroderma onset,
and many lacked data on autoantibody status or phenotypic
subtype. In contrast, we studied cancer risk within (%) 3 years
of scleroderma onset, and investigated whether this varied by
autoantibody specificity, cutaneous subtype and cancer type.
We included the time before scleroderma diagnosis because our
recent data demonstrated that POLR3A is genetically altered in
short-interval cancers associated with an immune response to
that protein, where both mutation-specific and cross-reactive
immune responses were seen.”> These data strongly support a
biological model in which cancer precedes scleroderma, and
initiates a scleroderma immune response and clinical disease.'> 1
The fact that 27% of patients with scleroderma with antipol
antibodies and cancer have cancer shortly preceding scleroderma

onset highlights the frequency of this subgroup, and the impor-
tance to include them. Our current study demonstrates that the
risk of cancer around the time of scleroderma onset in anti-
pol-positive patients is manyfold higher than that expected in
the general population, supporting the idea that these patients
may require more aggressive cancer screening at disease onset.
Interestingly, our data suggest that cancer risk may differ
among antipol patients depending on their cutaneous subtype, as
those with diffuse scleroderma had a higher risk of breast cancer
and those with limited scleroderma may have an increased risk of
lung cancer. These findings, particularly for lung cancer, require
validation in other scleroderma cohorts given the small numbers
of lung cancer cases in each autoantibody-subtype stratum. While
prior studies have identified an increased risk of breast cancer
concomitant with scleroderma onset in antipol-positive patients,
these studies included patients with scleroderma without antipol
as comparator groups, limiting the ability to determine excess
risk compared with the general population.” ' Our data suggest
that enhanced breast cancer screening, incorporating sensitive
measures such as MRI, may be warranted in antipol-positive
women with diffuse scleroderma, but this needs further evalu-
ation. Our exploratory analyses, if confirmed in other cohorts,
suggest that antipol-positive patients may also require increased
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Table 3 Risk for lung cancer

Analysis time Antibody Subtype Person-years No. observed No. expected SIR (95%Cl) P value
Overall risk All Limited 26624 24 18.9 1.27 (0.81 to 1.89) 0.29
Diffuse 11062 6 6.6 0.91 (0.34 to 1.99) 0.99
Cenp Limited 11857 8 9.6 0.83 (0.36 to 1.63) 0.75
Diffuse 754 0 0.6 0.00 (0.00 to 6.27) 0.99
Topo Limited 4035 6 25 2.40 (0.88 t0 5.23) 0.084
Diffuse 3134 2 1.7 1.19 (0.14 to 4.31) 0.99
Pol 1l Limited 962 3 0.7 4.31(0.89 to 12.61) 0.067
Diffuse 2509 2 1.6 1.28 (0.15 to 4.62) 0.93
CTP-negative Limited 4065 2 2.5 0.81 (0.10 to 2.91) 0.99
Diffuse 1709 0 0.9 0.00 (0.00 to 3.91) 0.78
+3years All Limited 7935 5 3.9 1.27 (0.41 t0 2.96) 0.72
Diffuse 5210 2 2.7 0.75(0.09 to 2.73) 0.99
Cenp Limited 3003 0 1.6 0.00 (0.00 to 2.28) 0.40
Diffuse 212 0 0.1 0.00 (0.00 to 35.12) 0.99
Topo Limited 1353 2 0.6 3.42 (0.41 t0 12.34) 0.23
Diffuse 1393 1 0.6 1.69 (0.04 to 9.41) 0.89
Pol 1l Limited 305 2 0.2 10.43 (1.26 to 37.67) 0.032
Diffuse 1209 2 0.7 2.80(0.34t0 10.11) 0.32
CTP-negative Limited 1335 0 0.5 0.00 (0.00 to 6.88) 0.99
Diffuse 808 0 0.4 0.00 (0.00 to 10.48) 0.99

*Statistically significant P value after adjustment for multiple (10) comparisons per analysis.

cenp, centromere; CTP, centromere, topoisomerase-1 and RNA polymerase III; pol, polymerase; topo, topoisomerase-1.

vigilance in monitoring for lung, tongue and prostate malignan-
cies (see online supplementary appendix 1).

Our prior work demonstrated that CTP-negative patients may
also be at risk of cancer-associated scleroderma.'” *° 2! In this
study, CTP-negative patients with limited scleroderma had an
increased risk of breast cancer and melanoma (see online supple-
mentary appendix 1) at scleroderma onset, suggesting that
vigilance for breast cancer and comprehensive skin examina-
tion is most important. Of note, the CTP-negative group is
likely heterogeneous, with several novel unrecognised immune
responses.'” 2° 2! Identifying distinct autoantibodies in this
subgroup (eg, anti-RNPC3)** ?! associated with an increased risk
of cancer could facilitate development of a cancer risk prediction
model in scleroderma.

Our study showed for the first time that patients with
scleroderma with anticenp antibodies may have a substantially
decreased risk of cancer compared with the general population.
This unexpected finding possibly explains the different cancer
risks observed in scleroderma cohorts internationally because
the ratios of anticenp-positive to antipol-positive patients
in cohorts dramatically impact the blended cancer risk. The
finding that distinct serologic subgroups have different cancer
risks suggests that cancer immunity may be a common principle
across the scleroderma spectrum, with cancer emergence influ-
enced by the different immune responses such that for anticenp,
cancer emergence may be inhibited, while inhibition is only
partial for antipol. Prior studies in small cohorts of patients with
breast cancer have demonstrated that anticenp antibodies may
be present and associate with improved disease-free and overall
survival.**>* Intriguing recent data also suggest that anti-DNA
antibodies can have direct anticancer effects in cells with DNA
repair defects,® possibly explaining the decreased risk of breast
and other cancers among patients with systemic lupus erythe-
matosus.>® While it is possible that anticenp immune responses
exert a similar anticancer effect in scleroderma, other possibili-
ties exist, and mechanistic studies are needed.

This was a prospective study using a large, well-defined
scleroderma cohort to investigate whether scleroderma-spe-
cific immune responses and clinical phenotypes associate with
a higher risk of certain cancer types. These findings require
validation in other scleroderma cohorts given the observa-
tional study design and smaller sample sizes in each subgroup
as patients are divided into finer classification schemes. Our
primary analyses focused on cancers that were detected up to
3 years before the clinical onset of scleroderma, as we were
interested in cancer-induced autoimmunity. We recognise that
including person time prior to the first visit to our centre raises
concerns about immortal person time biases due to mortality
from cancer diagnosis prior to presentation. To address this,
we performed sensitivity analyses only including patients with
recent onset scleroderma and examined cancer diagnoses after
first visit to our centre. Our primary findings for antipol were
similar. Our findings in the other autoantibody subsets were
attenuated, likely due to decreased statistical power. Several
patients were missing sufficient autoantibody data to be classi-
fied into a serologic subset; on average, these patients presented
for their first visit 3 years before those who could be classified
into an autoantibody category, suggesting a period effect due to
limited availability of certain commercial autoantibody assays in
earlier years. These differences may affect the generalisability of
our findings. We do not think surveillance bias plays a major
role in our findings, as historically all clinical cancer screening in
our centre has been based on age and gender and was not influ-
enced by scleroderma diagnosis or features. However, we recog-
nise that incidental malignancies may be detected during testing
performed for scleroderma; conversely, patients with early
cancer or scleroderma may face a competing risk of death from
either process before diagnosis of the other disease, resulting in
an underestimation of cancer cases at the time of scleroderma
onset. Stratified analyses suggested that smoking and interstitial
lung disease were effect modifiers for lung cancer risk (data not
shown). Unfortunately, smoking information was unavailable in
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Figure 3  Risk of lung cancers over time. In each graph, the x-axis reflects time from scleroderma onset (defined as time zero). Top and middle

rows, each time window represents a 6-year period (+3 years), eg, data plotted at time zero reflects lung cancer risk within +3 years of scleroderma
onset. Top row, the observed number of lung cancer cases (blue) is presented in comparison with the number of lung cancer cases that are expected
based on Surveillance, Epidemiology and End Results (SEER) data (red). Middle row, the ratio between the observed and expected lung cancer cases
is presented as a standardised incidence ratio (SIR) along with its 95% Cl. Values of 1 denote a lung cancer risk equivalent to that of the background

population. Bottom row, the cumulative incidence of lung cancer among patients with scleroderma (solid blue line) starting at 3 years before
scleroderma onset is presented with 95% Cls (shaded blue region). Red lines represent the expected cumulative incidence of lung cancer based on
SEER data for the general population. Patients with scleroderma with RNA polymerase (pol) Il antibodies may have an increased risk of lung cancer
at the time of scleroderma onset. cenp, centromere; CTP, centromere, topoisomerase-1 and RNA polymerase IlI; topo, topoisomerase-1.

the SEER registry, limiting our ability to fully adjust for this risk
factor. Lastly, although our prior biologic studies suggest that
certain subsets of patients with scleroderma may have cancer-in-
duced autoimmunity, we acknowledge that these data do not
prove causality. The relationship between cancer and autoim-
munity in scleroderma is likely complex and bidirectional, with
many potential links between the two diseases including immu-
nosuppressive therapies or damage from the disease triggering
malignancy, or a shared genetic or environmental exposure.
These data suggest that segregation by clinical features and
autoantibody response identify scleroderma subgroups with
distinct risks of both overall cancer, and specific types of cancer.
Application of these simple filters may be useful in designing
studies that define guidelines for cancer detection in patients
with scleroderma. Investigating the mechanistic basis for differ-
ences in cancer risk across scleroderma subgroups is likely to
enhance our understanding of scleroderma, autoimmunity and
cancer immunity.
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EXTENDED REPORT

Racial/ethnic variation and risk factors for allopurinol-
associated severe cutaneous adverse reactions: a

cohort study

Sarah F Keller," Na Lu,' Kimberly G Blumenthal," Sharan K Rai,' Chio Yokose,'
Jee Woong J Choi,' Seoyoung C Kim,>* Yuqing Zhang,' Hyon K Choi'

ABSTRACT

Objectives To examine associations of race/ethnicity
and purported risk factors with hospitalised allopurinol-
associated severe cutaneous adverse reactions
(AASCARs).

Methods We used US Medicaid data to identify
incident allopurinol users between 1999 and 2012. We
examined the risk of hospitalised AASCARs according
to race/ethnicity and purported key risk factors and
calculated relative risks (RR).

Results Among 400401 allopurinol initiators, we
documented 203 hospitalised AASCAR cases (1 in 1972
initiators). The average AASCAR hospitalisation was 9.6
days and 43 individuals (21%) died. The multivariable-
adjusted RRs for AASCARs among blacks, Asians and
Native Hawaiians/Pacific Islanders compared with whites
or Hispanics were 3.00 (95% Cl 2.18 to 4.14), 3.03
(95% (I 1.72 to 5.34) and 6.68 (95% Cl 4.37 to 10.22),
respectively. Female sex, older age (=60 years), chronic
kidney disease and initial allopurinol dose (>100mg/
day) were independently associated with a 2.5-fold,
1.7-fold, 2.3-fold and 1.9-fold higher risk of AASCAR,
respectively. In our combined demographic analysis,
older women (=60 years) of a high-risk race/ethnicity
(blacks, Asians or Native Hawaiians/Pacific Islanders)
had over a 12-fold higher risk of hospitalised AASCARs
than younger men of a low-risk race/ethnicity (whites
or Hispanics) (multivariable-adjusted RR, 12.25; 95% Cl
6.46 to 23.25).

Conclusions This racially diverse (yet mostly white)
cohort study indicates that the risk of hospitalised
AASCAR is rare overall, although blacks, Asians and
Native Hawaiians/Pacific-Islanders have a substantially
higher risk of hospitalised AASCARs, particularly among
older women. These data also support the practice of
initiating allopurinol at a low dose (eg, <100 mg/day).

INTRODUCTION

Allopurinol is the predominant, first-line urate-low-
ering drug (ULD) worldwide for the treatment of
gout."™ Although allopurinol is generally well toler-
ated, an uncommon yet feared adverse reaction
is severe allopurinol hypersensitivity syndrome
(AHS), manifesting as severe cutaneous adverse
reactions such as Stevens-Johnson syndrome (S]JS)
and Toxic Epidermal Necrolysis (TEN). Severe
cutaneous adverse reactions due to AHS frequently
involve major organs, with long-term sequelae such
as corneal damage and renal insufficiency, and can
be fatal in up to 32% of cases.’ ® A previous study

found allopurinol to be the most common cause of
both SJS and TEN in Europe and Israel.”

Understanding the risk factors for allopurinol-as-
sociated severe cutaneous adverse rea (AASCARs) is
essential to mitigate the risk of this severe adverse
drug reaction; however, relevant data are scarce.
Beyond the established risk of AASCARs associ-
ated with chronic kidney disease (CKD),® ? the
HLA-B*5801 allele has also been found to portend
a substantially higher risk of severe cutaneous
adverse reactions.'”® A meta-analysis reported
that the risk of developing severe cutaneous adverse
reactions was 97 times higher among allopurinol
users with the HLA-B*5801 allele compared with
those without the allele.'” Furthermore, the allele
frequency of HLA-B*5801 varies substantially
among different races/ethnicities. For example, the
allele frequency in the USA has been estimated to
be 7.4%, 4%, 1%, and 1% among Asians, blacks,
whites and Hispanics, respectively.'® These varying
frequencies of HLA-B*5801 could lead to substantial
variations in the risk of AASCARs across different
races and ethnicities; however, relevant data are
scarce. Furthermore, female sex, older age, asymp-
tomatic hyperuricaemia and diuretic use have been
purported to increase the risk of AASCARs.> 87 1Y
Such information, together with knowledge of other
independent risk factors, can help identify high-
risk patients to target with potential preventive
measures. For example, a recent prospective study
showed that screening for the HLA-B*5801 allele
in Taiwanese patients (who have an HLA-B*5801
carriage rate of 20%), coupled with the use of an
alternative ULD for those deemed to be carriers,
substantially reduced the incidence of AASCARs.*

We examined the risk of AASCARs according to
race/ethnicity and other candidate risk factors® 8° 1
in a large, racially diverse population and evaluated
their potential independent associations.

METHODS
Source population
Our source population was the Medicaid

Analytic eXtract database, an administrative data
system containing all billing claims for Medicaid
enrollees in 47 US states and the District of
Columbia from 1 January 1999 to 31 December
2012. The database contains clinical, demo-
graphic and death status information for bene-
ficiaries as well as Medicaid claims for covered
healthcare services including pharmacy benefits
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Figure 1

and hospitalisations from the time of a person’s Medicaid
eligibility until death or the end of Medicaid eligibility. As
about 17% of Medicaid beneficiaries are also enrolled in
Medicare,*' Medicare data were obtained to ensure complete
data capture in dually eligible beneficiaries.

Study population and design

We conducted a cohort study among adults (ie, 18-90 years of
age) who had at least 180 days of Medicaid eligibility and at
least one outpatient or inpatient claim present before the first
prescription of allopurinol. We identified new allopurinol users

Frequency of hospitalised allopurinol-associated severe cutaneous adverse reactions (AASCARs).

starting from 1 January 1999, excluding individuals who had a
history of severe cutaneous adverse reactions prior to allopu-
rinol initiation. We followed patients from allopurinol initiation
until: (1) hospitalisation for a severe cutaneous adverse reaction,
(2) the end of Medicaid eligibility, (3) the end of the study period
or (4) death, whichever came first.

Assessment of endpoints

The primary endpoint of interest was incident cases of hospital-
ised AASCARs with a principal hospital discharge diagnosis of a
relevant International Classification of Diseases, Ninth Revision,

Table 1 Risk of hospitalised allopurinol-associated severe cutaneous adverse reactions (AASCARs) according to race/ethnicity and other risk
factors
Hospitalised Risk of hospitalised
Allopurinol initiators AASCARs AASCARs Age-adjusted, sex- Multivariable-adjusted

Variable N (%) N (/1000 persons) adjusted relative risk relative risk*
Al 400401 (100) 203 0.51 (0.45 to 0.59) - -
Race/ethnicity

White/Hispanic 248501 (62) 64 0.26 (0.20 to 0.33) 1.0 1.0

Black 111619 (28) 91 0.82 (0.66 to 1.00) 3.02 (2.20 t0 4.17) 3.00 (2.18 to 4.14)

Asian 21442 (5) 15 0.70 (0.39 to 1.15) 2.94(1.67 t0 5.17) 3.03(1.72 t0o 5.34)

Native Hawaiian/Pacific Islander 18839 (5) 33 1.75 (1.21 to 2.46) 6.54 (4.28 to 10.00) 6.68 (4.37 t0 10.22)
Sex

Male 213041 (53) 61 0.29(0.22 t0 0.37) 1.0 1.0

Female 187360 (47) 142 0.76 (0.64 to 0.89) 2.37 (1.74 t0 3.21) 2.49 (1.83 t0 3.38)
Age

<60years 208151 (52) 70 0.34 (0.26 to0 0.42) 1.0 1.0

>60years 192250 (48) 133 0.71 (0.60 to 0.84) 1.73(1.2910 2.33) 1.66 (1.23 t0 2.24)
Chronic kidney disease

No 381561 (95) 184 0.48 (0.42 to 0.56) 1.0 1.0

Yes 18840 (5) 19 1.01 (0.63 to 1.54) 2.11(1.32 t0 3.39) 2.33 (1.44 t0 3.77)
Initial allopurinol dose (>100mg/
day)

No 157138 (39) 58 0.37 (0.28 to0 0.47) 1.0 1.0

Yes 243263 (61) 145 0.60 (0.51 t0 0.70) 1.74 (1.28 t0 2.36) 1.85(1.36 to 2.51)

*Mutually adjusted for the variables in this table.
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Clinical Modification (ICD-9-CM) code, occurring within the
first 3 months after filling the first prescription for allopurinol
and followed by discontinuation of the drug after the episode.’
The employed ICD-9-CM codes for the definition consisted of
those used by a recent claims database study (ie, dermatitis due
to drugs and medicines (693.0); erythema multiforme, SJS and
TEN (695.1); unspecified erythematous conditions (695.9); and
other specified erythematous conditions (695.89)).° The 3-month
time window was employed because AHS predominantly occurs
within the first 3 months of drug exposure (figure 1).° '*** The
aforementioned study evaluated the accuracy of this definition
and found that all 33 cases of AASCARs meeting the definition
were confirmed by a medical record review conducted by expe-
rienced dermatologists.” Our secondary definition of hospital-
ised severe cutaneous adverse reactions restricted the principal
hospital discharge diagnosis to the ICD-9-CM code 695.1x
but did not require any other conditions, as was adopted by
an earlier claims database study.® This definition was found to
have a positive predictive value of >90% for hospitalised severe
cutaneous adverse reactions.’ >*° Finally, we examined the risk
of AASCAR mortality, defined as death within 2months of the
AASCAR hospitalisation date.’

Assessment of race/ethnicity and covariates

Our primary risk factor of interest was race/ethnicity, consisting
of white, black, Asian, Native Hawaiian or other Pacific Islander
and Hispanic or Latino as reported by patients in the Medicaid
database. Patients for whom information on race or ethnicity
was unclassifiable or missing (eg, ‘more than one race’ or ‘other/
unknown’) were excluded from these analyses. Covariates of
interest consisted of purported risk factors, including demo-
graphic factors (ie, age and sex), presence of CKD (ICD-9-CM
codes 580-586), presence of gout (ICD-9-CM code 274), use of
diuretics and initial allopurinol dose (>100 mg/day vs <100 mg/
day)).S 91

Statistical analyses

We assessed the timing of AASCAR incidence after initiating
allopurinol by graphically displaying the number of events
every 10 days. The overall risk of hospitalised AASCARs
per 1000 allopurinol initiators and corresponding 95% CI
were calculated. We then estimated the risk of hospitalised
AASCARs per 1000 allopurinol initiators according to race/
ethnicity and other purported risk factors. We used Poisson
regression models to determine the relative risk (RR) of
AASCARs in relation to race/ethnicity while adjusting for
covariates. Our final multivariable models included variables
that were significantly associated with the risk of hospital-
ised AASCARs in age-adjusted and sex-adjusted analyses or
affected the RR estimate for any race by at least 10%. Our
reference group consisted of whites and Hispanics, given
their similarly low frequencies of HLA-B*5801 (both 1% in
the US population)'® and similar risks of AASCARs observed
in the current study. We further examined the risk and RR of
hospitalised AASCARs according to combined demographic
profiles of age, sex and race/ethnicity. In compliance with
the Healthcare Cost and Utilization Project Data Use Agree-
ment,”® we did not report data when the tabulated cell
size was less than 11. All p values were two sided with a
significance threshold of P<0.05. Statistical analyses were
performed using SAS V.9.3.

RESULTS

Baseline characteristics

Our cohort consisted of 400401 allopurinol initiators. The
baseline characteristics of these initiators are summarised in
table 1. Sixty-two per cent of allopurinol initiators were white,
53% were male and 52% were younger than 60 years of age.
Five per cent of initiators had CKD at initiation and 61% were
prescribed allopurinol at an initial dose greater than 100 mg/day.
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Table 3 Risk race/ethnicity and risk of hospitalised allopurinol-associated severe cutaneous adverse reactions (AASCARs) according to chronic

kidney disease (CKD) and initial allopurinol dose

High-risk race/ethnicity

Low-risk race/ethnicity

Risk of hospitalised

AASCARs (/1000 persons), relative risk*,

Multivariable-adjusted Risk of hospitalised Multivariable-adjusted

AASCARs (/1000 persons), relative risk*,

Variable Initial allopurinol dose n (95% CI) n (95% CI) n (95% ClI) n (95% ClI)

CKD >100 mg/day 1.63 (0.60 to 3.55) 9.08 (3.58 t0 22.77) 1.12 (0.36 to 2.60) 5.65 (2.10 to 15.22)
<100 mg/day 0.78 (0.21 to 1.99) 4.10(1.37t012.13) 0.72 (0.20 to 1.85) 3.62 (1.23 10 10.71)

No CKD >100 mg/day 1.14 (0.92 t0 1.39) 5.86 (3.54 t0 9.68) 0.25(0.17 t0 0.34) 1.32(0.76 t0 2.34)
<100 mg/day 0.55 (0.38 t0 0.78) 2.69 (1.51 t0 4.79) 0.20 (0.12 t0 0.32) 1.0 (reference)

*Adjusted for age and sex.

Risk of hospitalised AASCARs after allopurinol initiation
according to race/ethnicity

Among allopurinol initiators, we documented 203 hospitalised
AASCAR cases (table 1). The risk of hospitalised AASCARs was
apparent within 10 days of allopurinol initiation, peaked around
1month after initiation, and declined progressively thereafter,
reaching its nadir at the end of the third month (figure 1). The
average length of an AASCAR hospitalisation was 9.6 days, and
43 patients (21%) died.

The risk of hospitalised AASCARs was 1 in 3883 initiators
among whites and Hispanics, whereas the risk was 1 in 1227,
1429 and 571 initiators among blacks, Asians and Native
Hawaiians/Pacific Islanders, respectively (table 1). The base-
line characteristics according to race/ethnicity are summarised
in online supplementary table 1. The multivariable-adjusted
RRs for AASCARs among blacks and Asians as compared with
whites and Hispanics were 3.00 (95% CI 2.18 to 4.14) and 3.03
(95% CI 1.72 to 5.34), respectively. The corresponding multi-
variable-adjusted RR of hospitalised AASCARs was 6.68 (95%
CI 4.37 to 10.22) among Native Hawaiian/Pacific Islanders
(table 1). After adjusting for age as a continuous variable, these
RRs remained similarly large (online supplementary table 2).
Furthermore, after applying our secondary definition of hospi-
talised severe cutaneous adverse reactions,® these RRs remained
similar (online supplementary table 3). Finally, there was no
significant subgroup effect according to the presence of gout (p
for interaction=0.36).

Risk of hospitalised AASCARs according to other risk factors

All covariates that were statistically significant in the age-ad-
justed and sex-adjusted analyses remained independently associ-
ated with the risk of hospitalised AASCARs in our multivariable
analyses, including female sex (multivariable-adjusted RR, 2.49;
95%CI 1.83 to 3.38), age =60 years (multivariable-adjusted
RR, 1.66; 95%CI 1.23 to 2.24), CKD (multivariable-adjusted

RR, 2.33; 95%CI 1.44 to 3.77) and initial allopurinol
dose >100mg/day (multivariable-adjusted RR, 1.85; 95%CI
1.36 to 2.51) (table 1). In our analysis using age as a continuous
variable, a 10-year increase was associated with a 29% higher
risk of hospitalised AASCAR (multivariable-adjusted RR, 1.29;
95%CI 1.16 to 1.42) (online supplementary table 2). Neither a
history of gout nor diuretic use was significantly associated with
the risk of AASCAR in age-adjusted and sex-adjusted analyses
(RRs, 1.21 (95% CI 0.91 to 1.60) and 1.38 (95% CI 0.99 to
1.92), respectively) or significantly affected the RR estimate for
any race/ethnicity category.

Risk of hospitalised AASCARs according to combined
demographic profiles

We further examined the risk of hospitalised AASCARs
according to combined demographic profiles by classifying
whites and Hispanics as low-risk race/ethnicities, and blacks,
Asians and Hawaiians/Pacific Islanders as high-risk races/ethnic-
ities (figure 2 and table 2). Older women (=60 years) of a
high-risk race/ethnicity had over a 12-fold higher risk of hospi-
talised AASCARs than younger men (<60 years) of a low-risk
race/ethnicity (multivariable-adjusted RR, 12.25; 95%CI 6.46
to 23.25). Older men of a high-risk race/ethnicity had over a
sixfold higher risk of hospitalised AASCARs than younger men
of a low-risk race/ethnicity (multivariable-adjusted RR, 6.59;
95%CI 3.28 to 13.26) (figure 2 and table 2).

Risk of hospitalised AASCARs according to race/ethnicity
combined with CKD status and initial allopurinol dose

We also examined the risk of hospitalised AASCARs according to
race/ethnicity combined with CKD status and initial allopurinol
dose (table 3). Patients with CKD of a high-risk race/ethnicity
who received an initial allopurinol dose >100mg/day had over
a ninefold higher risk of hospitalised AASCARs compared with

Table 2 Risk of hospitalised allopurinol-associated severe cutaneous adverse reactions (AASCARs) according to combined demographic profiles

High-risk race/ethnicity

Low-risk race/ethnicity

Risk of hospitalised
AASCARs (/1000 persons), n

Multivariable-adjusted relative AASCARs (/1000 persons), n

Risk of hospitalised
Multivariable-adjusted relative

Variable (95% ClI) risk*, n (95% ClI) (95% ClI) risk*, n (95% ClI)
Female
>60years 1.50 (1.16 to 1.90) 12.25 (6.46 to 23.25) 0.53 (0.38 10 0.72) 3.99 (2.01 to 7.89)
<60years 1.01 (0.70 to 1.41) 7.87 (3.95 to 15.66) 0.24(0.13 to 0.42) 1.90 (0.82 to 4.38)
Male
>60years 0.83 (0.56 to 1.18) 6.59 (3.28 to 13.26) 0.10 (0.03 to 0.23) 0.82 (0.29 to 2.37)
<60years 0.47 (0.21 t0 0.57) 2.76 (1.28 t0 5.95) 0.13(0.07 t0 0.23) 1.0 (reference)

*Adjusted for chronic kidney disease and initial allopurinol dose.
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non-CKD patients of a low-risk race/ethnicity who received an
initial allopurinol dose =100mg/day (multivariable-adjusted
RR, 4.37; 95%CI 2.27 to 8.42).

Mortality of AASCARs according to race/ethnicity and other
risk factors

Compared with patients of a low-risk race/ethnicity (whites/
Hispanics), allopurinol initiators of a high-risk race/ethnicity had
a 3.65-fold higher risk of mortality from AASCARs (multivari-
able-adjusted RR, 3.65; 95%CI 1.90 to 6.99) (table 4). Other
significant independent risk factors for AASCAR mortality
included female sex (multivariable-adjusted RR, 1.96; 95% CI
1.02 to 3.74) and age =60 years (multivariable-adjusted RR,
2.795 95%CI 1.39 to 5.59) (table 4).

DISCUSSION
In the present study of 400401 allopurinol initiators, we
observed substantial variations in the incidence of hospital-
ised AASCARs according to race/ethnicity. Blacks, Asians and
Native Hawaiians/Pacific Islanders had a 3-6 times higher risk
of AASCARs compared with whites and Hispanics. These asso-
ciations persisted similarly after adjusting for age, sex, presence
of CKD and initial allopurinol dose >100 mg daily, all of which
we also found to be independently associated with the risk of
hospitalised AASCARs. However, the presence of gout or the
use of diuretics were not significantly associated with this risk.
In our combined demographic analysis, elderly high-risk race/
ethnicity women had over a 12-fold higher risk of hospital-
ised AASCARs compared with young white or Hispanic men.
These findings support the use of extra caution among Native
Hawaiians/Pacific Islanders, Asians and blacks when considering
allopurinol (including screening for HLA-B*5801%), particularly
among elderly women with CKD. Importantly, a low initial
allopurinol dose (eg,<100 mg/day) was the only modifiable risk
factor, which is readily implementable and is also recommended
by the latest rheumatology guidelines.'

The risk of AASCARSs was over six times higher among Native
Hawaiians/Pacific Islanders compared with whites in this study.

To our knowledge, this study provides the first evidence that this
racial/ethnic group has a high risk of AASCARs. This finding
corroborates the allele frequency of HLA-B*5801 (eg, 5.8% **
vs <190-1.9%" in US Pacific Islanders and whites, respectively).
In other Pacific Island countries, the allele frequencies and prev-
alence of positive carriage are even higher (eg, 6%-12%and
11%-22%, respectively, in Malaysia),'® and thus, one would
expect their risk of AASCARs to be at least as high as that
observed in the current study. The recommendation to screen
for HLA-B*5801° or to consider the use of an alternative ULD
would be applicable to Native Hawaiians/Pacific Islanders prior
to initiating allopurinol therapy, particularly when additional
AASCAR risk factors are present (eg, in the case of being an
elderly woman with CKD).

The increased risk of AASCARs in blacks in the current study
expands on the findings of the recent US Nationwide Inpatient
Sample study that showed a higher risk of SJS/TEN hospital-
isations in blacks compared with whites,'” although that study
was not able to definitively determine the drug responsible
for the increased risk. To that end, the current study identifies
allopurinol as the culprit drug while also confirming the previ-
ously observed association.'”” These findings are also reflec-
tive of the allele frequencies of HLA-B*5801 (eg, 2.6%—-6.4%
vs <19-1.9% in US blacks and whites, respectively'®). Further-
more, the allele frequencies among blacks in Africa are known to
be even higher (eg, 7%—-10% in Kenya and 8% in South Africa),
suggesting a higher risk of AASCARs among those populations
as well."

The higher risk of AASCARs in Asians in the current study is
consistent with the high incidence rate of AASCARs in Taiwan,’
the increased risk of this adverse reaction among Chinese
descendants compared with European descendants® and the
high carriage prevalence of HLA-B*5801 in Asian countries (eg,
20% in Taiwan®®). Accordingly, the Taiwanese Food and Drug
Administration has recently adopted an alternative first-line
ULD for patients with CKD.’ Furthermore, a recent prospective
study screened the HLA-B*5801 allele among 2926 Taiwanese
allopurinol initiators and was able to reduce the incidence of

Table 4 Mortality of allopurinol-associated severe cutaneous adverse reactions (AASCARs) according to race/ethnicity and purported risk factors

Mortality risk of hospitalised

Allopurinol initiators

AASCARs (/1000 persons),

Age-adjusted, sex-adjusted Multivariable-adjusted relative

Variable N (%) n (95% CI) relative risk, n (95% Cl) risk*, n (95% Cl)
All 400401 (100) 0.11 (0.08 t0 0.14) - -
Race/ethnicity

White/Hispanic 248501 (62) 0.05 (0.03 to 0.09) 1.0 1.0

Black/Asian/Native Hawaiian/ 151900 (38)
PacificIslander

0.20(0.14 t0 0.28)

3.65 (1.90 to0 6.99) 3.65 (1.90 to 6.99)

Sex
Male 213041 (53) 0.07 (0.04 t0 0.11)
Female 187360 (47) 0.16 (0.11 t0 0.22)

Age
<60years 208151 (52) 0.05 (0.03 to 0.09)
>60years 192250 (48) 0.17 (0.12 t0 0.23)

Chronic kidney disease

No 381561 (95) 0.10 (0.07 t0 0.14)
Yes 18840 (5) 0.22 (0.07 to 0.52)
Initial allopurinol dose (>100 mg/
day)
No 157138 (39) 0.09 (0.05 to 0.15)
Yes 243263 (61) 0.12(0.08 t0 0.17)

1.0
1.93 (1.01 to 3.70)

1.0
2.75(1.37 t0 5.53)

1.0
2.16 (0.77 to 6.04)

1.0
1.47(0.77 t0 2.78)

1.0
1.96 (1.02 to 3.74)

1.0
2.79 (1.39 t0 5.59)

1.0
2.16 (0.77 to 6.09)

1.0
1.57(0.83 t0 2.98)

*Mutually adjusted for the variables in this table.
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AASCARs from seven expected cases to zero (P=0.003), demon-
strating the effectiveness of such a practice.?’ In contrast, despite
the sufficient sample size of Hispanic allopurinol initiators at our
study baseline, there was an obviously low risk of AASCARs,
similar to that seen in whites (online supplementary table 4).
These data were similar to the recent US Nationwide Inpatient
Sample study’” and are concordant with the low frequency of
HLA-B*5801 reported among Hispanics in the USA and among
Mexicans (ie, ~190)."8

We also found that female sex was associated with a 2.5 times
higher risk of AASCARs than male sex, even after adjusting
for other risk factors. The aforementioned Taiwanese study
also found a 45% higher risk of AHS among Chinese women
compared with Chinese men.” The mechanism behind the
difference in sex remains speculative, including the potential
role of female hormones, which calls for further study. Older
age was also independently associated with an increased risk of
AASCARs, which was also consistent with the Taiwanese study
findings among Chinese patients.” While this could reflect an
ageing and vulnerable immune system or a slower metabolic rate
(which would predispose older individuals to develop this type
of severe hypersensitivity reaction), further mechanistic clarifi-
cation is needed. Finally, our analysis confirmed a strong inde-
pendent association with CKD and the initial allopurinol dose
of >100mg/day. This provides support for the latest rheuma-
tology guideline recommendations to initiate allopurinol at a
dose <100 mg daily."*

The main strength of this study is the use of 400401 allopurinol
initiators in a nationwide database, which provides information
relevant to AASCAR outcomes. The racial and ethnic diversity
of the US Medicaid study population made it possible to directly
compare different racial/ethnic groups, which is not feasible in
homogenous populations. Similar to the aforementioned study,’
our study examined all allopurinol initiators regardless of gout
status. As such, proportions of males and those with CKD
tended to be lower than those of a typical gout cohort. While
our analysis did not suggest a significant subgroup effect by the
presence of gout, larger studies conducted specifically among
gout patients would be valuable. We used pharmacy claims
data, which are considered to be one of the best data sources
for drug exposure. Also, because our administrative censoring
for AASCARs was at the end of 3 months, potential issues asso-
ciated with discontinuation of the medication are expected to
be minimal. Because the Medicaid database is an administrative
database, a certain degree of diagnostic code misclassification
is inevitable. However, as mentioned, a recent study found our
endpoint definition to have a high level of accuracy according to
dermatologists’ medical record review.” As we further narrowed
our primary endpoint definition to a primary discharge diagnosis
of hospitalised cases, we expect the specificity to be even higher.
Moreover, the high AASCAR-associated mortality rate as well as
the long hospital stay corroborate its validity, and our secondary
definition of AASCARs® led to similar results. As our case defini-
tion did not include potential outpatient cases of AASCARs, the
risk estimates for AASCARs in our study should be interpreted
as conservative. Regardless, this would not have affected the RR
measures and instead further guarded against the misclassifica-
tion of cases.

In conclusion, these findings from a large, racially diverse
cohort indicate that Native Hawaiians/Pacific Islanders, Asians
and blacks all have a substantially higher risk of hospitalised
AASCARs compared with whites and Hispanics, calling for
heightened vigilance when initiating allopurinol in these racial/
ethnic groups. Furthermore, female sex, older age, CKD and an

initial allopurinol dose >100mg/day are all independent risk
factors for hospitalised AASCARs and should also be consid-
ered when initiating allopurinol to help prevent this severe and
potentially fatal adverse reaction.
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ABSTRACT

Objectives To assess the reliability of the OMERACT
ultrasound (US) definitions for the identification of
calcium pyrophosphate deposition disease (CPPD) at
the metacarpal-phalangeal, triangular fibrocartilage
of the wrist (TFC), acromioclavicular (AC) and hip
joints.

Methods A web-based exercise and subsequent
patient-based exercise were carried out. A panel of 30
OMERACT members, participated at the web-based
exercise by evaluating twice a set of US images for the
presence/absence of CPPD. Afterwards, 19 members
of the panel met in Siena, Italy, for the patient-

based exercise. During the exercise, all sonographers
examined twice eight patients for the presence/
absence of CPPD at the same joints. Intraoberserver
and interobserver kappa values were calculated for
both exercises.

Results The web-based exercise yielded high

kappa values both in intraobserver and interobserver
evaluation for all sites, while in the patient-based
exercise, inter-reader agreement was acceptable for
the TFC and the AC. TFC reached high interobserver
and intraobserver k values in both exercises, ranging
from 0.75 to 0.87 (good to excellent agreement). AC
reached moderate kappa values, from 0.51 to 0.85
(moderate to excellent agreement) and can readily be
used for US CPPD identification.

Conclusions Based on the results of our exercise,
the OMERACT US definitions for the identification of
CPPD demonstrated to be reliable when applied to the
TFC and AC. Other sites reached good kappa values

in the web-based exercise but failed to achieve good
reproducibility at the patient-based exercise, meaning
the scanning method must be further refined.

INTRODUCTION

Calcium pyrophosphate deposition disease (CPPD)
is one of the most common arthropathies in the
elderly, yet there is no specific treatment for this
disease.! Prevalence rates range from 4% to over
509" and increase with the age of the patient and
the diagnostic method. The most recent EULAR
recommendations on the diagnosis and terminology
of CPPD endorsed ultrasound (US) as a promising
diagnostic imaging modality for CPPD despite the
use of synovial fluid analysis as the gold standard.®

Recently, an OMERACT special interest group
for US in CPPD has been created with the aim to
assess the potential utility of US in the diagnosis of
CPPD and created for the first time definitions for
US identification of calcium pyrophosphate (CPP)
crystals in joints and soft tissues.” Furthermore, the
reliability of these definitions has been assessed in
some sites (knee fibrocartilage and hyaline carti-
lage, patellar tendons, quadriceps tendons, Achilles
tendons, triangular fibrocartilage of the wrist (TFC),
synovial fluid of knee and wrist) demonstrating a
good reliability in the menisci and hyaline cartilage
of the knee and poor reliability at the other sites,
specially at tendons and synovial fluid.” However,
previous imaging studies have demonstrated that
CPP crystal deposition could also be found in other
sites such as shoulders, hips or metacarpal-phalan-
geal joints (MCPs).> !

The aim of this study was to assess the reliability
of US by using the new OMERACT definitions
for US identification of CPPD at the wrist (TFC),
MCPs, acromioclavicular (AC) and hip joints and
provide a comprehensive atlas of images of CPPD
identified by US applying the new OMERACT US
definitions for CPPD.
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PATIENTS AND METHODS

Background and study design

The OMERACT US CPPD task force was created and held its
first meeting during the American College of Rheumatology
(ACR) congress in 2014. Since then, the group has produced a
systematic literature review and meta-analysis'* on the use of US
in the identification of CPPD and has created the US definitions
for the identification of CPPD.” First, reliability assessment of
the definitions was then carried out in 2015 in Siena involving
the fibrocartilage of the knee and wrist (TFC), the hyaline carti-
lage of the knee, the quadriceps/patellar/Achilles tendons and
the synovial fluid of the knee and wrist. In the OMERACT US
meeting group held during the EULAR congress in London
(2016), the members of the group agreed that it would be very
important for the validation process to extend the reliability tests
in other joints, CPPD being a systemic disease, and to refine the
scanning technique pertaining to difficult sites. A new workshop
was organised in order to assess the reliability in the following
sites: TFC, meniscus of the AC joint, hyaline cartilage of the
MCP joints, labrum (HL) and hyaline cartilage (HCH) of the
hip joints.

Following the OMERACT methodology,"® a web-based and a
patient-based exercise was performed with the aim of testing the
reliability of US in the detection of CPP deposits at difficult to
evaluate joints.

Reporting of the results in this manuscript followed previously
published guidelines."* The study was notified and approved by
the local ethics committee. All patients gave informed consent
before participation in the workshop.

First step: the web-based exercise

Thirty rheumatologists from 14 different countries covering
three continents (one from Colombia, one from Denmark, one
from Egypt, three from France, one from Germany, nine from
Italy, one from The Netherlands, two from Mexico, four from
Romania, one from Serbia, two from Spain, one from Sweden,
one from Switzerland and two from USA), experts in US and
crystal-induced arthritis and members of the OMERACT US
CPPD task force participated in the web-based exercise.

All participants were asked to send five images to the organ-
isers of the workshop of the anatomical sites under examina-
tion (TFC, AC, MCP, HL and HCH) in order to prepare the
web-based exercise. A set of 65 US images, equally distributed
between the five different sites (13 images for each site), was
then prepared based on the quality of the images (some of
the scanned images were excluded), on the uniformity of the
setting (trying to avoid excessive differences of the setting of the
machines) and on the sites proposed (not all participants sent
images of all sites). The sample was estimated to be the minimum
size to accurately estimate kappa values significantly greater than
0.4, setting alpha at 0.05 and beta at 0.10.

Each participant rated the images according to a dichotomous
score (presence/absence) by applying the definitions previously
published.” The US definition was available above every single
image in order to avoid any misinterpretations.

Two weeks after the first assessment, all participants rated the
same images again to assess the intraobserver reliability.

The web-based agreement exercise was carried out on a
web-based platform (RedCap) that did not allow the submission
of the survey in case of missing data. Only the facilitator and the
epidemiologists of the study had access to the online data and
were responsible for the upload and preparation of the Delphi
rounds and the web-based exercise.

Second step: patient-based exercise

The patient-based exercise was held in Siena, Italy, in January
2017. Eight isolated stations were created with eight US
machines (three Esaote, four GE and one Samsung) equipped
with high frequency linear probes. The settings of the machines
were created to better enhance calcific depositions and were
tested and approved by the experts before the workshop. Each
sonographer could modify only the basic functions (depth, gain,
time gain control and frequency) in order to obtain the best
possible image for CPP identification according to the patient’s
physical characteristics.

Eight volunteer patients, five affected with CPPD (three men
and two women; mean age 69.4+8.9 years) and three with osteo-
arthritis (two women and one man; mean age 58+8.2 years),
as defined by synovial fluid analysis performed within 1 month
before the study for routine clinical practice, participated in
the patient-based study. Nineteen out of 30 ultrasonographers
participated in this phase. Eight US stations were created for
the workshop, four patients were sited and examined for the
IT and III MCP and the TFC bilaterally while in the remaining
four stations the patients were examined for the hip and the AC
joint in the supine position. Each sonographer examined all the
patients and rated the presence/absence of CPP deposits. Four
rheumatologists, experts in US and members of the local organ-
ising committee assisted the ultrasonographers during the whole
procedure by collecting the datasheets, organising and timing
the shifts at each station.

The US exam was performed according to a standardised
sequence that was decided for each site, the day before the exer-
cise during a briefing following the most recent guidelines of the
EULAR." Briefly, the MCP joints’ hyaline cartilage (HC) was
examined on the dorsal aspect of the hands with the fingers in
maximum flexion to reveal a large portion of HC. Longitudinal
and transverse scans were used. The AC joint was scanned on the

Table 1 Web-based exercise results
Mean Mean observed  Mean
Section prevalence  agreement kappa
Inter-reader reliability
1) All 50.2 0.83 0.66
2) Fibrocartilage 54.7 0.84 0.68
3) Hyaline cartilage 41.0 0.82 0.63
4) Hand 38.8 0.80 0.58
5) Wrist fibrocartilage 56.7 0.87 0.75
6) Acromioclavicular joint 53.8 0.87 0.75
7) Hip* 50.3 0.80 0.61
7a) Hip labrum 53.6 0.78 0.56
7b) Hip cartilage 44.0 0.85 0.70
Intra-reader reliability
1) All 49.7 0.91 0.81
2) Fibrocartilage 53.9 0.91 0.80
3) Hyaline cartilage 40.8 0.92 0.81
4) Hand 38.1 0.89 0.76
5) Wrist fibrocartilage 56.5 0.92 0.82
6) Acromioclavicular joint 53.5 0.93 0.85
7) Hip* 49.0 0.90 0.79
7a) Hip labrum 51.7 0.87 0.73
7b) Hip cartilage 44.4 0.95 0.89

Strength of agreement: <0.20: poor; 0.21-0.40: fair; 0.41-0.60: moderate; 0.61—
0.80: substantial; 0.81-1.00: excellent.

*Hip is the kappa value including both sites of evaluation of the hip (hip labrum
and hip cartilage).
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Table 2 Patient-based exercise results

Mean
Mean observed  Mean
Section prevalence agreement kappa PABAK
Inter-reader reliability
1) Al 48.2 0.71 0.43 0.42
2) Fibrocartilage (all sites) 72.7 0.75 0.39 0.51
3) Hyaline cartilage (all sites) 23.7 0.67 0.09 0.34
4) Hand 22.6 0.69 0.12 0.38
5) Wrist fibrocartilage 95.1 0.91 0.01 0.82
6) Acromioclavicular joint 61.1 0.75 0.51 0.51
7) Hipt 43.7 0.61 0.23 0.23
7a) Hip labrum 61.8 0.60 0.16 0.19
7b) Hip cartilage 25.7 0.63 0.04 0.26
Intra-reader reliability
1) All 48.3 0.85 0.69 0.71
2) Fibrocartilage (all sites) 73.1 0.85 0.57 0.71
3) Hyaline cartilage (all sites) 23.4 0.86 0.53 0.73
4) Hand 23.0 0.84 0.48 0.69
5) Wrist fibrocartilage 95.1 0.93 0.66 0.87
6) Acromioclavicular joint 62.5 0.88 0.68 0.76
7) Hip* 42.9 0.82 0.58 0.66
7a) Hip labrum 61.7 0.73 0.32 0.47
7b) Hip cartilage 23.9 0.91 0.67 0.83

Strength of agreement: <0.20: poor; 0.21-0.40: fair; 0.41-0.60: moderate; 0.61—
0.80: substantial; 0.81-1.00: excellent.

*Hip is the kappa value including both sites of evaluation of the hip (hip labrum
and hip cartilage).

PABAK, prevalence-adjusted bias-adjusted kappa.

longitudinal plane by placing the probe on the anterior aspect of
the joint and sliding posteriorly making the most of the avail-
able acoustic window. Transverse scans were optional. The hip
HC and HL were assessed only on the anterior aspect of the
joint to reduce the discomfort of the patient as much as possible.
Both structures were assessed mainly on the longitudinal axis,
and transverse scans were optional. Also in this case, the sonog-
raphers were asked to use the entire available acoustic window
and scan the largest possible portion of the structures under
examination. Specifically, with regards to better identifying CPP
deposits in the TFC, exam was done by sliding the probe over
the structure, without lifting it, from the dorsal to the palmar
aspect in longitudinal scanning and from proximal to distal for
the transverse scanning. Dynamic scanning was also used by
moving the wrist on the coronal plane and/or by pressing with
the probe on the TFC when necessary to identify any pitfalls.

Each sonographer had 8 min to assess each joint of interest.
After time expiration, the sonographer moved to the next
station until every sonographer examined all patients. Power
Doppler (PD) examination was not necessary for CPPD iden-
tification, but PD exam was allowed on sonographers’ judge-
ment to better identify anatomical landmarks (vessels) or avoid
pitfalls/artefacts (posterior enhancement of vessels that could
mimic CPPD). Each sonographer rated the images according to
a dichotomous score (presence/absence) by applying the previ-
ously published OMERACT definitions.” The definitions were
printed and provided to each sonographer before the exercise to
avoid misinterpretations.

The procedure was repeated twice with the same patients the
same day (morning and afternoon) to assess the intraobserver
reliability.

Atlas of CPPD images

During the patient-based exercise (both the current one and the
previously published”), sonographers were asked to save a repre-
sentative image of each structure they examined. Three members
of the panel reviewed all the stored images and choose four
images that they considered to be the most representative images
based on the OMERACT US definitions for CPPD at each site in
order to create a US atlas.

Statistical analysis

Intraobserver and interobserver reliability were calculated using
the kappa coefficient. Intraobserver reliability was assessed by
Cohen’s kappa. Interobserver reliability was studied by calcu-
lating the mean kappa on all pairs (ie, Light’s kappa).'® Kappa
coefficients were interpreted according to Landis and Koch.'”
Kappa values of 0-0.20 were considered poor, 0.20-0.40 fair,
0.40-0.60 moderate, 0.60-0.80 good and 0.80-1 excellent. The
percentage of observed agreement (ie, percentage of observa-
tions that obtained the same score), prevalence of the observed
lesions and prevalence-adjusted bias-adjusted kappa were also
calculated were also calculated.'® Analyses were performed using
R Statistical Software (Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

Web-based interobserver and intraobserver reliability
exercise

All participants successfully completed both rounds of the
web-based exercise. Inter-reader reliability, including both
rounds, ranged from 0.56 (moderate agreement) reached for
the HL to 0.75 (good agreement) achieved for the TFC and
AC joint. Intraobserver reliability was higher in all sites varying
from a minimum value of 0.73 (good agreement) for the HL
to a maximum value of 0.85 (very good agreement) for the AC
joint. Detailed results of the patient-based exercise are shown in
table 1.

Patient-based interobserver and intraobserver reliability

The patient-based exercise was successfully completed in two
rounds of approximately 3 hours each: one in the morning and
one in the afternoon of the same day. Interobserver reliability,
including both rounds, ranged from 0.19 (poor agreement) for
the HL to 0.82 (excellent agreement) for the TFC. Intraobserver
reliability was higher in all sites and varied from 0.47 (moderate
agreement) for the HL to 0.87 (excellent agreement) for the
TFC. Detailed results of the patient-based exercise are presented
in table 2.

US atlas of CPPD images

A US atlas of representative CPPD images of the various joints
according to the new OMERACT definitions was created from
selected images. More than 5500 files were reviewed, and the
most representative images have been included in the atlas as
shown in figure 1. The atlas also includes sites assessed in the
previous exercise’ in order to provide a more comprehensive
pictorial document that can be used as reference for the evalua-
tion of CPPD by US.

DISCUSSION

CPPD is considered to be one of the most frequent arthropathies
of the elderly*''; however, its true prevalence and incidence rates
remain uncertain, and its impact on the health and disability of
the persons affected is unknown. One of the major reasons for
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Figure 1

Atlas of images of CPPD in the sites assessed by the OMERACT US CPPD group. The sites in white background achieved good reliability

values during the exercises, while the sites in grey background did not. AC, acromioclavicular; CPPD, calcium pyrophosphate deposition disease; MCP,
metacarpal-phalangeal joint; TFC, triangular fibrocartilage of the wrist; US, ultrasound.

this discrepancy is that the only available methods for diag-
nosing CPPD until recently has been synovial fluid analysis and/
or X-rays, which are invasive modalities and cannot be applied
to large-scale epidemiological studies. Considering this aspect,
one could also stipulate that the prevalence of CPPD is also
underestimated because only patients with symptoms undergo
these two diagnostic exams and a large proportion of our elderly
population present the asymptomatic form and are never diag-
nosed. Furthermore, X-rays have been demonstrated to have a
low sensitivity for the identification of CPP deposition,’ while

synovial fluid analysis is not always performed, and CPP crystal
are often missed contributing to the underdiagnosis.

Over the last decade, an increasing number of researchers have
focused on the use of US in the identification of CPPD, high-
lighting the potential utility of this technique. The OMERACT
US group acknowledged the growing evidence and interest of
this application of US and founded the special interest group
on CPPD with the objective to assess and standardise the poten-
tial use of the technique, following the OMERACT method-
ology. After creating for the first time the definitions for US
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identification of CPPD in various sites,” the OMERACT CPPD
subtask force gathered in Siena for the first reliability CPPD US
exercise’ in 2015. In that occasion, due to time limitations for
the relatively large number of sonographers and patients, it was
chosen to assess the hyaline cartilage of the knee, the menisci,
the tendons of the knee, the TFC and the synovial fluid. In that
first exercise, the results showed good reliability for the menisci
and the hyaline cartilage of the knee, but kappa values were low
for the tendons, synovial fluid and for the wrist (TFC).

It was a common feeling at that time that high kappa values
would be very difficult to reach for the tendons and the synovial
fluid because of the big variety of conditions that could resemble
CPP deposition according to the definition (ie, enthesophytes for
the tendons, gout aggregates in tendons and synovial fluid and
bubble airs in synovial fluid). However, there was enough
evidence to convince the group that scanning the fibrocartilage
and the cartilage should be sufficient to identify CPPD also in
early stages and before the other diagnostic methods.'? 1!
Furthermore, the main sites of involvement in CPPD appear to
be the joints, rich in fibrocartilage and hyaline cartilage such as
knee, hip and wrist”” '* as suggested by the pathogenetic mech-
anisms and the role of chondrocytes in the formation of CPP
deposition.** >

Given this, the group agreed that it was important to assess
the reliability and the potential of US in a larger number of joints
and mainly to test again the wrist joint (TFC) as it seems to be
one of the most frequently involved sites.® During the second
reliability exercise, a long briefing was held the day before the
patient-based exercise in order to better define the scanning
protocol and to test again the definitions on static images. The
new EULAR standardised procedures for USY were followed
and considered sufficient for most of the joints plus the specific
scanning of the triangular fibrocartilage (including dynamic
scanning) as explained in the methods.

The results of the static exercise (both inter-reader and intra-
reader) and the kappa values of the intra-reader agreement of
the patient based exercise were generally good, but the inter-
reader agreement of the patient-based exercise yielded good
kappa values only for the TFC of the wrist (0.82: excellent)
followed by the AC joint (0.52: moderate) and with other sites
ranging from poor to fair, though not acceptable. That means
that definitions were understood and applied, but the scanning
technique probably needs to be further refined as differences in
the kappa values can be only ascribed to different evaluation of
the site under investigation by the sonographer at the time of
examination.

However, as the most involved single sites in CPPD seem to
be the wrist and the knee (TFC, menisci and HC of the knee), a
most extensive evaluation and new exercises aimed to improve
the kappa values in other sites could be superfluous if the diag-
nostic accuracy of the definitions is not good enough to allow
their application in the clinical practice and/or for research
purposes. For these reasons, the OMERACT US CPPD group
agreed to move to the assessment of the diagnostic accuracy of
the definitions at the knee before considering again the possi-
bility to refine the scanning technique at sites that do not reach
high reliability values.

This study was carried out by a group of rheumatology experts
in musculoskeletal ultrasound (MSUS), but not all of them are
experts in CPPD imaging. The members of the group adhere
liberally to the initiative from the pool of sonographers of the
OMERACT US group because of the interest on the disease even
if they had not research experience previously on CPPD but only
the skills that they developed with the daily clinical practice. The

achievement of good kappa values between experts in CPPD and
expert sonographers without particular interest before this study
on CPPD suggests that the results could be reproducible also in
the real world between expert sonographers. Furthermore, at the
briefing session, the group decided to adopt the EULAR recom-
mended scanning procedures' that are freely available for every
sonographer. Finally, in the US atlas of CPPD images included in
this paper, the reader may find a comprehensive review of the
US aspect of CPPD deposition in the different sites investigated
during the two workshops even if they did not reach high reli-
ability values. The images included in the CPPD US atlas portray
some of the typical aspects of CPPD deposition according to the
OMERACT definitions from a single CPP aggregate to diffuse
deposition in order to provide a pictorial sample that can be used
by both clinicians and researchers as a guide for diagnostic and
research purposes.

In conclusion, US identification of CPPD is one of the most
challenging applications of US in rheumatology. However, the
lack of a harmless and non-invasive technique for the diagnosis
of CPPD before the advent of US makes the research on US even
more important. US could allow large epidemiological studies,
follow-up of patients and, possibly, efficacy studies of drugs
regarding either the inflammatory aspects of the disease or the
joint damage/deposition extension due to CPPD.
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Low miR200b-5p levels in minor salivary glands:
a novel molecular marker predicting lymphoma
development in patients with Sjogren’s syndrome

Efstathia K Kapsogeorgou, * Aristea Papageorgiou, * Athanase D Protogerou, "
Michael Voulgarelis,"* Athanasios G Tzioufas'

ABSTRACT

Objectives Development of non-Hodgkin's lymphoma
(NHL) is the major adverse outcome of Sjogren’s
syndrome (SS) affecting both morbidity and mortality.
Preliminary evidence suggested that, although not
deregulated compared with sicca controls, miR200b-5p
levels are decreased in the minor salivary glands (MSGs)
of SS patients with NHL. The aim of the current study
was to evaluate the MSG expression of miR200b-5p in
SS-associated NHLs and its potential predictive value

for the identification of patients with SS susceptible to
develop NHL.

Methods miR200b-5p expression was investigated in
MSG tissues of patients with SS who were at: (A) low
risk and did not develop NHL during follow-up (n=27;
median follow-up time on biopsy performance, range:
8.9years, 1.33—-14years), (B) high-risk and diagnosed
with NHL during follow-up (prelymphoma; n=17; median
follow-up to until lymphoma diagnosis, range: 3.67 years,
0.42-8.5years) and (C) had NHL (n=35), as well as non-
SS sialadenitis controls (sarcoidosis and hepatitis C virus
(HCV) infection, four each). The differential miR200b-

5p expression, correlations with disease features and

its discriminative/predictive value, was evaluated by
appropriate statistical approaches.

Results The MSG levels of miR200b-5p were
significantly downregulated in patients with SS who

will develop or have NHL and strongly discriminated
(p<0.0001) them from those without lymphoma or
non-SS sialadenitis. Furthermore, they were reduced long
before clinical onset of lymphoma, did not significantly
change on transition to lymphoma and, importantly,
were proved strong independent predictors of patients
who will develop NHL (p<0.0001).

Conclusions These findings support that miR200b-

5p levels in MSGs represent a novel predictive and
possibly pathogenetic mechanism-related factor for the
development of SS-associated NHL, since its expression is
impaired years before lymphoma clinical onset.

INTRODUCTION

Primary Sjégren’s syndrome (SS) is an autoimmune
disease with a diverse clinical picture ranging from
benign, mild exocrinopathy to severe, systemic,
disorder with high prevalence (5%-10%) of B cell
non-Hodgkin’s lymphoma (NHL).! > NHL is the
major adverse outcome of the disease, affecting
both morbidity and mortality.”™ Several clinical,
laboratory and histological features, including
high EULAR SS disease activity index (ESSDAI)

score, salivary gland enlargement (SGE), purpura,
vasculitis, leucopenia, cryoglobulinaemia, hypo-
complementaemia, rheumatoid factor, formation
of germinal centres (GCs) in the histopathological
lesion and infiltration by certain cell types, such as
macrophages, have been associated with the devel-
opment of lymphoma in §8.3*¢711

The miR200 micro-RNA (miRNA) family,
consisting of miR200a, miR200b, miR429, miR141
and miR200c miRNAs, possesses a central role in
oncogenesis, tumour metastasis and drug resis-
tance. The miR200b-3p and miR200b-5p miRNAs
are considered powerful regulators of epitheli-
al-to-mesenchymal transition (EMT) and as such
they have been implicated in the oncogenesis of
solid tumours.’™"” Recently, in the context of
investigating the expression of several miRNAs
that are predicted to target the Ro/SSA and La/
SSB autoantigens, we examined the expression of
miR200b-3p and miR200b-5p in the minor salivary
glands (MSGs) of SS patients and sicca controls.'®
Although their expression in the MSGs of patients
with SS was not deregulated compared with
sicca controls, miR200b-5p levels were significantly
reduced in four SS patients with mucosa-associated
lymphoid tissue (MALT) lymphomas compared
with those without.'®

Prompted by this finding, we sought to: (A) vali-
date the hypothesis that miR200b-5p levels are
decreased in the MSGs of patients with SS-associ-
ated NHL by studying its expression in an adequate
population of SS patients with or without NHL,
as well as in sialadenitis controls; (B) evaluate its
predictive value by investigating its expression in
MSG samples from both low-risk patients with SS
who did not develop lymphoma during follow-up
and high-risk patients who developed SS-associated
NHL in the future; (C) test its independent predic-
tive utility over that of previously identified adverse
predictive factors for the development of SS-asso-
ciated NHL.

MATERIALS AND METHODS

Patients

MSG samples obtained from 79 patients with
primary SS and 8 non-SS sialadenitis associated
with sarcoidosis and HCV infection (four each)
were studied after informed consent. Patients with
SS were diagnosed according to the American—
European classification criteria.'” The patients
with SS included 27 low risk who did not develop
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lymphoma during follow-up (without lymphoma (SSwo);
median follow-up time on biopsy performance, range: 8.9 years,
1.33-14years), 17 high risk who were diagnosed with SS-asso-
ciated NHL during follow-up (prelymphoma (SSpL); median
follow-up time to NHL diagnosis, range: 3.67years, 0.42—
8.5years) and 35 with SS-associated lymphoma at the time
of biopsy (lymphoma (SSL)). The low-risk group consisted of
SS patients with low probability to develop lymphoma,' %
including 17 without risk factors for lymphoma development, 5
with low serum C4 levels, four with SGE and one with both low
serum C4 levels and SGE (median follow-up time of the patients
expressing adverse predictive factors: 8.47 years, range: 4.91-
12.91 years). The prelymphoma SS group included 14 MALTS,
2 nodal marginal zone lymphomas (NMZLs) and 1 diffuse large
B cell lymphoma (DLCBL). The SS-associated NHLs consisted
of 28 MALTs, 2 NMZLs, 2 DLCBLs, 1 B cell bronchial associ-
ated lymphoid tissue (BALT), 1 lymphoplasmacytic (LP) and 1
small lymphocytic (SLL) lymphoma. In 14 cases (11 MALTs, 2
NMZLs and 1 DLCBL), the SSpL and SSL samples were paired
sequential specimens from the same patient (before and on
lymphoma onset). All prelymphoma and lymphoma SS samples
that had available MSG specimens from a total of 84 SS patients
with NHL who were followed up during 1993-2016 in the
Department of Pathophysiology, School of Medicine, National
and Kapodistrian University of Athens, Greece, were studied.

The medical records were retrospectively evaluated for
various clinical, laboratory and histological parameters of SS
and lymphoma that are described in table 1. The characteristics
of the patients are summarised in table 2, whereas lymphoma
features in table 3 and online supplementary table S1. Three SS
patients had received corticosteroids, four hydroxychloroquine,
one cyclophosphamide and five B cell depletion therapy (anti-
CD20) prior to biopsy performance.

Evaluation of miR200b-5p levels by quantitative PCR (qPCR)

MSG tissues were obtained during diagnostic biopsy, fresh-frozen
in RNAlater stabilisation reagent (Qiagen, Venlo, The Nether-
lands) according to manufacturer’s instructions and stored at
—80°C until RNA isolation. Total RNA including small RNA
molecules, such as miRNAs, was isolated from an MSG lobe using
the mirVana PARIS kit (Ambion, Applied Biosystems, Carlsbad,
California, USA) according to the manufacturer’s instructions.
The time of storage has not been found to significantly affect
the quantity or quality of the isolated RNA (data not shown).
Subsequently, 0.25 ug RNA were reverse-transcribed by TagMan
miRNA reverse transcription kit and miRNA-specific primers
(TagMan-MicroRNA Assays, Applied Biosystems), followed
by miRNA-specific amplification by qPCR using primers from
TagMan-MicroRNA Assays and TagMan Universal PCR Master
Mix, no AmpErase UNG (Applied Biosystems). RNU48 small
nucleolar RNA (snoRNA) was selected for normalisation after
NormFinder analysis.”! Three snoRNAs, namely U6, RNU44
and RNU48, have been examined in preliminary experiments,
including samples from sicca controls, low-risk SS patients
without lymphoma and patients with SS-NHL (six in each
group) for identifying the most appropriate reference. In these
experiments, a common reverse transcription using Megaplex
RT Primers, Human Pool B V.3.0 (Applied Biosystems) was
performed in order to exclude variations due to distinct RT reac-
tions. NormFinder analysis*' revealed that RNU48 had the higher
stability value (0.006) compared with RNU44 (stability value:
0.008) or U6 miRNA (stability value: 0.016). The relative quan-
tification of miRNA expression was performed by the 2724¢T

Table 1

Clinical, laboratory and histological features of the patients
with SS that were retrospectively recorded and their definition

Features

Defined as/documented by

SS associated

Clinical

EULAR SS disease activity index
(ESSDAI)

Arthralgias, arthritis

Raynaud's phenomenon

Salivary gland enlargement (SGE)
Lung involvement

Renal involvement
Liver involvement

Palpable purpura

Vasculitis

Peripheral neuropathy
Laboratory

Anti-Ro/SSA and/or anti-La/SSB
autoantibodies

Rheumatoid factor
Complement C3 and C4 levels
Hypocomplementaemia
Cryoglobulinaemia
Hypergammaglobulinaemia
Anaemia

Leucopenia

Lymphopaenia

Neutropaenia
Histological

Biopsy focus score

31

Pulmonary function tests and X-ray
and/or CT scans

Persistent proteinuria and verification
by renal biopsy

Liver biopsy indicative of primary
biliary cirrhosis

Nerve conduction studies

C4 <16mg/dL and C3 <75mg/dL

Total gammaglobulins >2 g/L

Haemoglobin <12 g/dL (females) and
13.5g/dL (males)

White cell count <4000/mm’
Lymphocyte count <1000/mm®
Neutrophil count <1500/mm?

Number of lymphocytic foci/4 mm?

Germinal centre formation
Lymphoma associated
Non-Hodgkin’s lymphoma (NHL) subtype

Eastern Cooperative Oncology Group 32
performance status
Ann Arbor stage (I-1V) 33

Number and type of involved sites
International Prognostic Index 0-1 points: low risk, 2 points: low-
intermediate risk, 3 points: high-
intermediate risk, 4-5 points: high
risk?*

Splenomegaly

Lymphadenopathy

Presence of B symptoms

Serum lactate dehydrogenases

2-microglobulin levels

SS, Sjogren’s syndrome.

method using non-malignant parotid gland tissue from a patient
subjected to parotidectomy as calibrator. The relative occurrence
of various cell types, including epithelial cells, B cells, T cells
and macrophages, in MSG samples was evaluated by qPCR for
keratin-8 (KRT8), CD19, CD3D and CD68, respectively, using
TagMan expression assays. Samples were processed randomly
and without grouping. All samples were run in duplicates. Addi-
tionally, in a proportion of patients (six from each SS subgroup
and four sialadenitis controls; randomly selected) the infiltra-
tion by CD20* B cells, CD3* T cells and CD68* macrophages
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Table 2 Characteristics of the patients studied

Non-SS Patients with SS
SSwo SSpL SSL
Features Sialadenitis (n=8) (n=27) (n=17) (n=35)
General
Age (years), median (range) 61.5 (53-74) 55 (30-76) 35 (24-75) 43.5 (26-79)
Men/women 2/6 0/27 116 4/31
Duration (years) of sicca symptoms, median (range) 0.65 (0.1-5.0) 3(0.5-10.0) 5.7 (1.0-13.0) 8.0 (0.5-36.0)
Histological (MSG biopsy)
Biopsy focus score (number of lymphocytic foci/4mm?), median 0.42 (0.0-4.4) 1.45 (1.0-4.0) 4.44 (1.0-11.5) 5.14 (1.0-9.23)
(range)
Germinal center formation, n (%) 0(0) 3(11.1) 8(47.1) 16 (45.7)
Clinical
Arthralgias, n (%) 0 (0) 8(29.6) 5(29.41) 12 (34.3)
Avrthritis, n (%) 0(0) 3(11.1) 1(5.9 3(8.6)
SG enlargement, n (%) 0(0) 5(18.5) 9 (52.9) 26 (74.3)
Raynaud's phenomenon, n (%) 0(0) 6(22.2) 5(29.4) 6(17.1)
Parenchymal organ involvement, n (%) 0(0) 1(3.7) 1(5.9) 4(11.4)
Lung involvement, n (%) 0(0) 1(3.7) 1(5.9) 4(11.4)
Renal involvement, n (%) 0(0) 0(0) 0(0) 0(0)
Liver involvement, n (%) 0(0) 0(0) 0(0) 0(0
Indicative of vasculitic involvement, n (%) 0(0) 0(0) 7(41.2) 18 (51.4)
Palpable purpura, n (%) 0(0) 0(0) 7(41.2) 18 (51.4)
Vasculitis (%), n (%) 0(0) 0(0) 3(17.6) 4(11.4)
Glomerulonephritis, n (%) 0(0) 0(0) 1(5.9) 4(11.4)
Peripheral neuropathy, n (%) 0(0) 0(0) 2(11.8) 6(17.1)
ESSDAI score, median (range) NA 1(0-4) 9 (1-14) 10 (4-19)
Laboratory
Anti-Ro/SSA and/or La/SSB positive, n (%) 0(0) 17 (62.96) 11 (64.7) 28 (80)
Anti-Ro/SSA positive, n (%) 0 (0) 17 (63.0) 11 (64.7) 28 (80)
Anti-La (SSB) positive, n (%) 0(0) 3(11.1) 8(47.1) 20 (57.1)
Rheumatoid factor positive, n (%) 1(12.5) 9(33.3) 12 (70.6) 28 (80)
C3 levels, median (range) 84 (79-118) 105 (74-139) 87.5 (65-191) 98.2 (36-191)
C4 levels, median (range) 24.5 (13-36.0) 22.0 (4.0-47.3) 10.4 (1.0-28.0) 10.4 (1.0-30.0)
C4 hypocomplementaemia, n (%) 1(12.5) 7(25.9) 10 (58.8) 24 (68.6)
Cryoglobulinaemia, n (%) 0(0) 0(0) 4 (23.5) 11 (31.4)
Hypergammaglobulinaemia, n (%) 0(0) 2(7.4) 10 (58.8) 22 (62.9)
Leucopenia, n (%) 0(0) 2 (7.4) 1(5.9) 4(11.4)
Treatment, n (%)
Corticosteroids 0(0) 0(0) 2(11.8) 3(8.5)
Hydroxychloroquine 0(0) 2(7.4) 2(11.8) 2 (5.7)
Cyclophosphamide 0(0) 0(0) 1(5.9) 1(2.9)
Rituximab 0(0) 0(0) 1(5.9) 5(14.3)

ESSDAI, EULAR SS disease activity index; MSG, minor salivary gland; NA, not applicable; SG, salivary gland; SS, Sjogren’s syndrome; SSL, SS-associated lymphoma; SSpL, pre-

lymphoma; SSwo, without lymphoma.

(number of infiltrating cells per mm? tissue area), as well as its
correlation with miR200b-5p levels were analysed immunohis-
tochemically using Image] software, as previously.” **

Statistical analyses

The differential expression of miR200b-5p levels among the
subgroups of patients with SS and sialadenitis controls was eval-
uated by the non-parametric Tukey’s multiple comparison test.
Significant differences in miR200b-5p levels between patients
expressing or not various clinical, histological and serological
markers were analysed by the non-parametric Mann-Whitney
U test, whereas associations with patient features and overtime
changes by Spearman’s rank correlation and Wilcoxon’s matched

pairs tests, respectively. Holm-Bonferroni sequential correction
was applied for correcting for multiple comparisons.”

Analyses regarding the diagnostic/discriminative utility of
miR200b-5p were performed in two levels: (A) all patients with
SS who did not have lymphoma at the time of biopsy (SSwo and
SSpL) were compared with lymphoma patients (SSL) and (B)
comparisons among the three SS subgroups. The 14 patients
that were common in the prelymphoma and lymphoma SS
group were excluded from lymphoma group, thus remaining
21 SSL patients in the analyses. The diagnostic/discriminative
ability of miR200b-5p levels was evaluated by receiver oper-
ating characteristic (ROC) curve analysis. Categorical vari-
ables were compared by the Pearson % or the Fisher’s exact
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Table 3 Features of the patients with SS-associated NHLs (SSL)

Features Patients with SSL (n=35)
Type
MALT, n (%) 28 (80)
NMZL, n (%) 2(5.7)
LP, n (%) 1(2.8)
DLCBL, n (%) 2(5.7)
SLL, n (%) 1(2.8)
BALT, n (%) 1(2.8)
Involved organs
Nodal, n (%) 8(22.9)
Extranodal
MSG, n (%) 26 (74.3)
Parotid gland (PG), n (%) 7(20.0)

Both MSG and PG, n (%) 4(11.4)
Stomach, n (%) 3(8.5)

Lung, n (%) 2 (5.7)
Nodal and extranodal, n (%) 4(11.4)
Bone marrow infiltration, n (%) 10 (28.6)
Splenomegaly, n (%) 4(11.4)

Ann Arbor staging
I,n (%) 17 (48.6)
I, n (%) 0(0.0)
Il n (%) 3(8.5)
IV, n (%) 15 (42.9)
IPI score
0, n (%) 7 (20.0)
1,1 (%) 5(14.3)
2,1 (%) 15 (42.9)
3,n (%) 7(20.0)
4,n (%) 1(2.8)
ECOG
0, n (%) 30 (85.7)
1,n (%) 5(14.3)

EFS (months), median (range) 61.7 (14-206)
0S (months), median (range) 68.4 (14-206)

BALT, B cell bronchial associated lymphoid tissue; DLCBL, diffuse large B cell
lymphoma; ECOG, Eastern Cooperative Oncology Group performance status; EFS,
event-free survival; IPI, International Prognostic Index; LP, lymphoplasmacytic;
MALT, mucosa-associated lymphoid tissuel; MSG, minor salivary gland; NHL, non-
Hodgkin’s lymphoma; NMZL, nodal marginal zone lymphoma; OS, overall survival;
SLL, small lymphocytic lymphoma; SS, Sjogren’s syndrome.

test, when appropriate. HRs are provided with a 95% CI. To
identify independent risk factors for NHL development in SS,
all variables associated with lymphoma with a p value less than
0.1 in univariate analysis were further evaluated by multivar-
iate logistic or Cox regression analysis using a backward step-
wise exclusion method. The predictive ability of miR200b-5p
levels was evaluated by Kaplan-Meier lymphoma-free survival
curves compared by the log-rank test in the prelymphoma
and without lymphoma SS patients, who were split in two
groups according to low or not miR200b-5p expression, as
this defined by ROC discriminative value.Similar analysis was
performed for low-risk and high-risk patients according to
previously described models.* * ' Descriptive analyses of all
data were performed.

GraphPad Prism-5 (GraphPad Software, San Diego, Cali-
fornia, USA) and SPSS V.17 software were used. Statistical
significance was defined as a p value of less than 0.05 for all
comparisons; p values were two tailed. Only the statistically
significant differences are reported. Using two-sided 95% CI,

the observed difference of the means was proved to have 96.5%
power (OpenEpi, V.3, open source calculator).

RESULTS

The MSG levels of miR200b-5p are reduced in patients with
SS who have or will develop NHL and discriminate them from
those who will not

The miR200b-5p levels were significantly lower in the MSGs of
high-risk patients with SS who were diagnosed with NHL during
follow-up (SSpL; mean relative expression+SD: 0.31%0.33)
and lymphoma SS patients (SSL; 0.21£0.25) compared with
the low risk that did not develop lymphoma during follow-up
(SSwo; 0.72%+0.37; p<0.0land p=<0.0001 for prelymphoma
and lymphoma, respectively) or non-SS sialadenitis controls
(0.95+0.84, p<0.0land p=<0.001, respectively) (figure 1A).
Low miR200b-5p levels were also detected in patients with
SSL who had not lymphoma in MSGs. Interestingly, low
miR200b-5p levels (0.17) were also detected in an HBV-patient
that had MALT lymphoma (patient excluded from the analysis).
Additionally, miR200b-5p levels were not found to significantly
change on transition to lymphoma, as indicated by the analysis
of 14 sequential paired samples from SS patients before and on
lymphoma diagnosis (figure 1B). The significantly lower expres-
sion of miR200b-5p in the MSGs of SS patients with NHL long
before lymphoma diagnosis indicates that it is possibly implicated
in the pathogenesis of SS-associated lymphoma. miR200b-5p
levels correlate with clinical, laboratory and histologic factors
of adverse outcome and/or NHL development, as well as NHL
prognosis.

The low levels of miR200b-5p were associated with several
clinical, laboratory and histological features indicative of adverse
outcome and lymphoma development that are summarised in
table 4. Hence, miR200b-5p levels were negatively correlated
with ESSDAI, whereas they were positively correlated with
serum C4 levels (table 4). Significantly lower miR200b-5p
levels were detected in SS patients with SGE, purpura, periph-
eral neuropathy, cryoglobulinaemia, hypergammaglobulinaemia
and rheumatoid factor compared with those without (table 4).
Despite the lower age of SSpL and SSL patients compared with
SSwo (table 2), miR200b-5p levels were not correlated with
patient age (p=0.1), whereas they were negatively correlated
with biopsy focus score (table 4); however, this did not affect
their higher expression in SSwo, compared with SSpL and SSL
patients (supplementary table S3 and supplementary figure
S2). Furthermore, it was negatively correlated with CD3D and
CD68 mRNA expression in MSGs (r=—0.5613, p<0.0001 and
r=-0.5048, p<0.0001, respectively), which are indicative of
T-lymphocyte and macrophage infiltration, respectively, but
not CD19 (B cell; r=—0.3072, p=0.068) or KRT8 (epithelial
cell; r=0.1536, p=0.23) expression. Subsequent immunohisto-
chemical evaluation of the number of infiltrating CD3™ T cells,
CD20" B cells and CD68" macrophages per tissue area (mm?)
in randomly selected samples from each group of patients with
SS (six patients/group), as well as sialadenitis controls (n=4)
revealed that the levels of miR200b-5p in MSGs were negatively
correlated with all these types of infiltrating cell populations
(table 4).

The levels of miR200b-5p in MSGs were not found to asso-
ciate with the type, stage or number of involved sites of NHL,
as well as event-free or overall-free survival, whereas there
was a trend to associate with high-intermediate/high interna-
tional prognostic index (IPI: 3—4) (mean=SD: 0.24+0.28 vs
0.10£0.06 in patients with low/low-intermediate IPI (0-2),
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Figure 1 MSG miR-200b-5p levels are downregulated in prelymphoma and lymphoma SS patients, discriminate them from SS patients without
lymphoma and predict lymphoma development. (A) Dot plot displaying the expression of miR-200b-5p in the MSG tissues of non-SS sialadenitis
controls (sialadenitis), patients with SS who did not develop NHL during follow-up (SSwo), patients with SS who were diagnosed with NHL in the
future during follow-up (pre lymphoma; SSpL) and SS patients with NHL (SSL). Comparisons were performed by Tukey’s multiple comparison analysis.
P values are designated by asterisks (**p<0.01, ***p<0.001), whereas horizontal bars represent the mean value of the group. Only statistically
significant associations are indicated. (B) Wilcoxon’s matched-pairs analyses of miR-200b-5p expression in sequential MSG-samples from 14 patients
with SSpL that transitioned to NHL (SSL) did not reveal any significant changes in miR200b-5p expression before and on lymphoma transition. (C—E)
ROC curve analyses of the ability of miR200b-5p to discriminate/diagnose patients with lymphoma SS (SSL) from those without (SSwo and SSpL) at
the time of biopsy (C), that were low risk and did not develop lymphoma during follow-up (SSwo) (D), as well as patients with SSpL from those who
did not develop lymphoma during follow-up (SSwo) (E). (F) Kaplan-Meier lymphoma-free curves for patients with low miR-200b-5p levels (<0.4156)
(high-risk group; green line) and patients with miR-200b-5p levels (>0.4156) (low-risk group; blue line). AUC, area under the curve; MSG, minor
salivary gland; NHL, non-Hodgkin's lymphoma; ROC, receiver operating characteristic; SE, sensitivity; Sp, specificity; SS, Sjogren’s syndrome.

p=0.07). miR200b-5p levels in MSGs discriminate patients with
SS who have versus those who do not have NHL, as well as those
who will develop NHL versus those who will not.

ROC curve analysis revealed that miR200b-5p strongly
discriminates prelymphoma and lymphoma SS patients from
those without lymphoma. Thus, the lymphoma SS patients were

discriminated from SS patients without lymphoma at the time
of biopsy (SSwo and SSpL) with AUC and cut-off values 0.840
(p<0.0001) and 0.3164 (sensitivity=0.952, specificity=0.750),
respectively. More importantly, prelymphoma and lymphoma
SS patients were discriminated from those that did not develop
lymphoma during follow-up (SSwo) with AUC values 0.863 and
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Table 4 Correlations between miR200b-5p levels and disease parameters associated with severe systemic disease, SS-associated NHL
development or lymphoma prognosis, as analysed by Mann-Whitney and Spearman’s rank correlation tests corrected for multiple comparisons by

Holm-Bonferroni sequential correction

miR200b-5p levels (mean+SD)

Features Correlation (r) P values Without With P values
Histological (MSG biopsy)
Biopsy focus score (number of lymphocytic foci/4 mm?) —-0.6012 <0.0001
CD3*-T cells (number/mm? of tissue) —0.7535 0.002
CD20*-B cells (number/mm? of tissue) -0.7182 0.008
CD68*-macrophages (number/mm? of tissue) —0.7808 0.002
Clinical
SG enlargement 0.54+0.34 0.30+0.40 0.003
Palpable purpura 0.49+0.41 0.27+0.32 0.033
Peripheral neuropathy 0.45+0.39 0.11+0.09 0.023
NHL non-Hodgkin’s lymphoma 0.72+0.37 0.21£0.25 <0.0001
Laboratory
Serum C4 levels (mg/dL) 0.4562 <0.0001
Cryoglobulinaemia 0.48+0.41 0.15+0.11 0.006
Hypergammaglobulinaemia (total gammaglobulins >2g/L) 0.54+0.41 0.29+0.34 0.033
Rheumatoid factor 0.53+0.31 0.35+0.39 0.033
Low High
Indices -0.5736 <0.0001
ESSDAI score (value)
ESSDAI score (low (<5) versus high (=6)) 0.62+0.39 0.25+0.30 <0.0001

ESSDAI, EULAR SS disease activity index, NHL, non-Hodgkin's lymphoma; SS, Sjogren’s syndrome.

0.986 (p<0.0001), respectively, and cut-off values 0.4156 (sensi-
tivity=0.763, specificity=0.926) and 0.3164 (sensitivity=0.952,
specificity=1), respectively (figure 1C-E).

Kaplan-Meier analysis of patients split into two groups
according to miR200b-5p expression levels of 0.4156 (as
defined by the specificity—sensitivity analysis) revealed that
patients with miR200b-5p levels =<0.4156 had a 4.8-fold
(HR: 4.81, 95%CI 3.15 to 6.47, p<0.0001) higher risk to
develop lymphoma compared with patients with miR200b-5p
levels >0.4156 (figure 1F).

miR200b-5p levels in MSGs predict SS who will develop NHL
versus those who will not, independently from other known
predicting factors
The known outcome of the NHL development in the patients
with SS who did not have lymphoma at the time of MSG biopsy,
involving the low-risk ones who did not develop NHL during
follow-up and those who evolved to an SS-associated NHL,
enabled the evaluation of the utility of miR200b-5p levels in
the prediction of lymphoma development. Cox regression anal-
ysis was employed to evaluate the value of miR200b-5p in the
prediction of lymphoma development along with other disease
parameters that were associated with lymphoma development
in univariate analysis. These included high ESSDAI (defined as
score =5, p<0.0001), SGE (p=0.002), purpura (p=0.0001),
vasculitis  (p=0.024), anaemia (p=0.058), splenomegaly
(p=0.024), lymphadenopathy (p=0.005), C4-hypocomplemen-
taemia (p=0.005), RF (p=0.001), GCs (p=0.007), cryoglobuli-
naemia (p=0.001) and hypergammaglobulinaemia (p<0.0001).
Multivariate analysis confirmed that miR200b-5p was inde-
pendently associated with development of lymphoma (HR per
1-unit change: 0.10, 95% CI 0.01 to 0.87, p=0.012) along with
high ESSDAI (p=0.024), SGE (p=0.012), purpura (p=0.057),
vasculitis (p=0.043), splenomegaly (p=0.047), cryoglobuli-
naemia (p=0.032) and hypergammaglobulinaemia (p=0.055).

Possible role of miR200b-5p levels in monitoring of
therapeutic response

Preliminary observations from nine patients with SSL before and
after treatment suggest that MSG levels of miR200b-5p may apply
in the prediction of therapeutic response. Thus, miR200b-5p
levels remained stable or decreased (0.22 to 0.07) in refrac-
tory to treatment MALT (n=35) and DLCBL (n=1) lymphomas,
respectively, reduced in two MALT-SSLs who relapsed (0.54 and
0.31 to 0.2 and 0.09, respectively) and increased in a MALT-SSL
who reached complete remission (0.07 to 0.47).

DISCUSSION
This study supports that the MSG expression levels of
miR200b-5p constitute a novel, strong, predictive biomarker for
NHL development in SS, since its expression is impaired years
before lymphoma clinical onset. Indeed, reduced MSG expres-
sion of miR200b-5p characterised patients with SS who have or
will develop NHL. Low levels of miR200b-5p were correlated
with disease parameters, previously associated with adverse
outcome and NHL development. Importantly, miR200b-5p
levels strongly discriminated the three groups of patients with SS,
namely low-risk, prelymphoma and lymphoma, with high sensi-
tivity and specificity and independently predicted lymphoma
development. Furthermore, miR-200b-5p levels in MSGs were
downregulated long before the clinical onset of lymphoma,
supporting its potential as a predictive biomarker. In addition,
our preliminary observations imply that miR200b-5p may also
be significant for the therapeutic monitoring of patients with
NHL, signifying the need for appropriate prospective studies.
The mechanisms underlying the reduced miR200b-5p expres-
sion in MSGs and its role in SS-related lymphomagenesis have
not been delineated. The reduced levels of miR200b-5p long
before lymphoma development suggest that it is implicated
in SS lymphomagenesis, although the pathways that regulate
remain unknown and are currently under investigation. Despite
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the well-established role of the reduced miR200b-3p expres-
sion in EMT and associated oncogenesis, tumour metastasis
and invasion,'>™"” little are known for miR200b-Sp, possibly
because it represents the star strand, which is generally consid-
ered to degrade during miRNA biogenesis.** Recently, it has
been reported that miR200b-5p controls the non-canonical
EMT in synergy with miR200b-3p by targeting PRKCA and
PIP4K2A molecules in the RHOGDI pathway.” Interestingly,
miR200b miRNAs have been almost exclusively associated
with solid tumours. A recent study suggests that the elevated
miR200b expression and subsequent inhibition of zinc finger
E-box-binding homeobox 1 transcription factor and increased
BCL6 protein expression is associated with the better prognosis
of the Helicobacter pylori-positive gastric diffuse large B cell
lymphomas compared with H. pylori-negative ones.”® To this
end, it would be interesting to investigate whether miR200b-5p
levels are downregulated in other lymphomas that are not asso-
ciated with SS.

Despite the clinical progress, the mechanisms underlying SS-re-
lated lymphomagenesis have not been delineated. It is considered
as a multistep antigen-driven process taking place in the inflam-
matory MSG lesions that arises from the chronic continuous
and/or inappropriate B cell stimulation, which increases the risk
of chromosomal translocations, activation of proto-oncogenes
and inactivation of tumour-suppression genes resulting in malig-
nant transformation.”” ?* Most likely, the reduced miR200b-5p
expression in the MSGs of patients with SS that will develop or
have lymphoma does not involve B cells or other types of infil-
trating lymphocytes, since we have been previously unable to
detect its expression in the peripheral blood B cells.'®* Interest-
ingly, miR200b-5p levels were negatively correlated with biopsy
focus score and infiltration by T cells, B cells and macrophages,
suggesting that the reduction of miR200b-5p in prelymphoma
and lymphoma SS patients may result from ‘dilution effect’
due to increased infiltration by inflammatory cells. However,
this reduced expression could be coincidental and reflective
of reduced expression in epithelial cells, which are a possible
source of miR200b-5p, in severe lesions. This is supported
by the higher expression of miR200b-5p in low-risk patients
compared with those with prelymphoma and lymphoma and
similar MSG infiltration and the lack of correlation with KRT8
expression, which is possibly reflective of downregulated epithe-
lial expression of miR200-5p in MSGs of patients with SS who
will develop or have lymphoma and not alteration in epithelial
cell number. In contrast to peripheral blood mononuclear cells,
cultured salivary gland epithelial cells express miR200b-5p."* *
Epithelial cells are key regulators of SS autoimmune responses,
whereas preliminary data suggest that they can drive B cell
activation and differentiation.’® Thus, it would be tempting to
hypothesise that the reduction of miR200b-5p in MSG epithelia
promotes the efficient interaction with B cells, which eventually
leads in lymphomagenesis. In this context, the detection of low
miR200b-5p levels in NHLs without MSG involvement is not
paradoxical. The cellular types expressing miR200b-5p in the
MSGs of patients with SS, the effect of its downregulation in
their phenotype and the mechanisms underlying its reduction is
of high importance for the discovery of novel therapeutic targets
and is currently investigated in our lab.

In summary, the expression levels of miR200b-5p in MSG
tissues constitute a novel, strong, disease mechanism-related,
predictive biomarker for NHL development in SS. Their predic-
tive value will be further validated during the HarmonicSS
project (European Union Grant-731944) that includes 21 Euro-
pean patient SS cohorts.
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EXTENDED REPORT

Methyl-CpG-binding protein 2 mediates antifibrotic
effects in scleroderma fibroblasts

Ye He,"? Pei-Suen Tsou,' Dinesh Khanna," Amr H Sawalha'

ABSTRACT

Objective Emerging evidence supports a role for
epigenetic regulation in the pathogenesis of scleroderma
(SSc). We aimed to assess the role of methyl-CpG-
binding protein 2 (MeCP2), a key epigenetic requlator, in
fibroblast activation and fibrosis in SSc.

Methods Dermal fibroblasts were isolated from
patients with diffuse cutaneous SSc (dcSSc) and from
healthy controls. MeCP2 expression was measured by
gPCR and western blot. Myofibroblast differentiation was
evaluated by gel contraction assay in vitro. Fibroblast
proliferation was analysed by ki67 immunofluorescence
staining. A wound healing assay in vitro was used to
determine fibroblast migration rates. RNA-seq was
performed with and without MeCP2 knockdown in dcSSc
to identify MeCP2-requlated genes. The expression of
MeCP2 and its targets were modulated by siRNA or
plasmid. Chromatin immunoprecipitation followed by
sequencing (ChIP-seq) using anti-MeCP2 antibody was
performed to assess MeCP2 binding sites within MeCP2-
requlated genes.

Results Elevated expression of MeCP2 was detected

in dcSSc fibroblasts compared with normal fibroblasts.
Overexpressing MeCP2 in normal fibroblasts suppressed
myofibroblast differentiation, fibroblast proliferation and
fibroblast migration. RNA-seq in MeCP2-deficient dcSSc
fibroblasts identified MeCP2-requlated genes involved

in fibrosis, including PLAU, NID2 and ADA. Plasminogen
activator urokinase (PLAU) overexpression in dcSSc
fibroblasts reduced myofibroblast differentiation and
fibroblast migration, while nidogen-2 (NID2) knockdown
promoted myofibroblast differentiation and fibroblast
migration. Adenosine deaminase (ADA) depletion in
dcSSc fibroblasts inhibited cell migration rates. Taken
together, antifibrotic effects of MeCP2 were mediated,
at least partly, through modulating PLAU, NID2 and
ADA. ChIP-seq further showed that MeCP2 directly binds
requlatory sequences in N/D2 and PLAU gene loci.
Conclusions This study demonstrates a novel role for
MeCP2 in skin fibrosis and identifies MeCP2-requlated
genes associated with fibroblast migration, myofibroblast
differentiation and extracellular matrix degradation,
which can be potentially targeted for therapy in SSc.

INTRODUCTION

Systemic sclerosis (scleroderma, SSc) is a rare auto-
immune connective tissue disease characterised
by complex interplays between vascular dysfunc-
tion, immunological abnormalities and fibrosis.! >
Depending on the pattern of skin involvement, SSc
is classified into two major subtypes: limited cuta-
neous SSc and diffuse cutaneous SSc (dcSSc).?
Patients with dcSSc tend to have severe internal

organ involvement, rapid disease development and
worse prognosis.* SSc has the highest mortality
among rheumatic diseases as a consequence of
progressive tissue fibrosis; however, effective
antifibrotic therapies to prevent rapid disease
progression or revert existing fibrosis are currently
limited.?

Fibrosis, secondary to excessive extracellular
matrix (ECM) components accumulation, replaces
normal tissue architecture with dense and stiff
connective tissue, then leads to organ failure in
patients with SSc.® Sustained fibroblast activation
and differentiation into myofibroblasts, marked
by increased o-smooth muscle actin (0-SMA)
expression, greatly contributes to amplified fibrotic
responses and pathological fibrosis. SSc fibroblasts
explanted from SSc lesional skin biopsies demon-
strate a persistent ‘SSc phenotype’ during their
serial passage in vitro."' ®” They are characterised by
an autocrine transforming growth factor (TGF)-$
signalling loop to maintain the SSc phenotype.®
This provides the platform for our studies of SSc
fibroblasts in vitro.

Recent attention has been focused on epigenetic
mechanisms mediating fibroblast activation and
fibrosis in SSc.” ' Methyl-CpG-binding protein 2
(MeCP2), an epigenetic regulator binding to meth-
ylated DNA, was originally considered to repress
transcription via its interactions with HDAC-Sin3
complex, but was later shown to function mainly
as an activator by recruiting the transcription
factor CREB1 at activated promoters.'' Thus,
there are considerable complexities in the possible
mechanisms by which MeCP2 might regulate
gene expression. Emerging studies revealed that
MeCP2 was involved in liver fibrosis' " and
pulmonary fibrosis.'* In addition, MECP2 has
been identified as a susceptibility gene associated
with dcSSc,” confirming our earlier observa-
tions identifying MECP2 as a genetic risk locus in
autoimmunity.**""

In the current study, we hypothesise that MeCP2
is involved in fibrosis in SSc by regulating fibrotic
genes and altering fibroblast functions. To test this
hypothesis, we examined the expression of MeCP2
in fibroblasts isolated from healthy controls or
patients with dcSSc, and then probed the effects of
MeCP2 on myofibroblast differentiation, fibroblast
proliferation and migration. Unbiased RNA-seq
and ChIP-seq were used to identify genome-wide
transcriptional targets of MeCP2, followed by
bioinformatics analyses and functional validations
of identified targets. Several novel MeCP2-regu-
lated genes altering fibrotic properties and fibro-
blast functions in SSc were identified.
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METHODS

Patients and controls

Patients with deSSc and healthy controls were included in this
study. All patients fulfilled the American College of Rheuma-
tology/European League Against Rheumatism criteria for $Sc.*’
The median age of patients with dcSSc is 54 years (range 25-81
years, n=24, including 19 women and 5 men), with median
disease duration of 3 years. The median age of healthy indi-
viduals is 53.5 years (range 22-72 years, n=25, including 21
women and 4 men). All subjects included in this study signed a
written informed consent approved by the institutional review
board of the University of Michigan.

Cell culture

Two 4-mm-punch biopsies from clinically affected forearm skin
were obtained from each patient, and the same area was biopsied
in the controls. Dermal fibroblasts were isolated as previously
described?! and were validated by immunofluorescence analyses
with fibroblast markers (online supplementary figure S1). Briefly,
following skin sample homogenisation, dermal fibroblasts were
grown in 2.05 mM L-glutamine Roswell Park Memorial Institute
medium (Hyclone), with 10% fetal bovine serum (FBS) and 1%
penicillin streptomycin (Thermo Fisher Scientific) in humidified
atmosphere of 5% CO, at 37°C. Cells between the third and
sixth passage were used in all experiments.

RNA extraction and quantitative real-time (RT)-PCR

Total RNA from passage 3—6 dermal fibroblasts was isolated
by the Direct-zol RNA MiniPrep (Zymo Research). cDNA was
prepared using verso cDNA Synthesis Kit (Thermo Fisher Scien-
tific). RT-PCR used for quantification of the mRNA expression
of genes was performed using their primers and SYBR Green
PCR Master Mix Reagent (Thermo Fisher Scientific) on ViiA
V.7 Real-Time PCR System, using B-actin as an internal standard
for normalisation. Duplicate measurements were performed for
each sample. Primer sequences used in this study are available on
request. Primers were purchased from Sigma or QIAGEN.

Western blot

Total cell extracts were prepared by scraping passage 3-6 fibro-
blasts into lysis buffer followed by centrifugation and protein
measurement in supernatant using Pierce BCA Protein Assay
Kit (Thermo Fisher Scientific). 10ug protein per sample was
separated by sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and transferred to nitrocellulose membranes. MeCP2
proteins were probed by anti-MeCP2 antibody (Cell Signaling).
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) or
B-actin was detected by anti-GAPDH antibody (Cell Signaling)
or anti-B-actin antibody (Sigma Aldrich) as loading controls.
Band quantification was calculated using GelQuant.NET
(BiochemLab Solutions).

Gene overexpression experiments

A 0.05 ug MECP2 vector or 0.1ug PLAU vector (OriGene; same
amount of pCMV6-XLS vector was used as control) was trans-
fected into passage 3—6 normal or dcSSc fibroblasts using lipo-
fectamine 2000 (Invitrogen) for 48 (for PLAU) or 72hours (for
MECP2) according to the manufacturer’s protocols. Culture
media were changed after 24 hours of transfection. Subsequent
analyses for qPCR, gel contraction assay, wound healing migra-
tion assay or proliferation assay were performed.

Gene knockdown experiments

Passage 3—-6 dcSSc dermal fibroblasts were transfected with
MeCP2 small interference RNA (siRNA) or non-targeting siRNA
according the manufacturer's protocols (Dharmacon). DcSSc
fibroblasts were seeded at 70% confluence to 6-well or 12-well
culture plates, then transfected with 150nM (final concentra-
tion) non-targeting or MeCP2 siRNA with Transit-TKO transfec-
tion reagent (Mirus Bio) and incubated for 48 hours. Similarly,
knockdown condition was optimised for AXL (75 nM), ANPEP
(25 nM), NID2 (125 nM), adenosine deaminase (ADA) (100 nM),
TNFA1P1 (50nM) and NTN4 (150nM) in passage 5-6 dcSSc
fibroblasts (siRNA were all purchased from Dharmacon). All
siRNA targets sequences are available on request.

Wound healing scratch assay

Scratch assay was performed to measure the effect of MeCP2
on dermal fibroblast migration.”* Fibroblasts passage 3-6 were
seeded in 12-well plates to 70% confluence followed by siRNA
knockdown or overexpression experiments described earlier.
When they reached 95% confluence (48 hours post transfec-
tion), cells were scraped with a plastic 200uL pipette tip then
washed with phosphate-buffered saline (PBS) twice. Cells were
then grown with 0.1% FBS cell culture medium to prevent cell
proliferation. The created gaps were photographed by EVOS XL
Core Cell Imaging System at 0, 24 and 48 hours after scraping.
Wound repair ability was used to evaluate wound closure rate.
Wound repair=100 (A — B)/A, where A is the average wound
surface area at O hour and B is the average wound surface area
at 24 hours or 48 hours. Wound surface area was measured by
Image J.%

Collagen gel contraction assay

Passage 3-6 fibroblasts transfected with empty vectors/control
siRNAs, or MECP2 plasmid, PLAU plasmid, or NID2 siRNAs for
48 hours, were suspended in culture media at 2x10° cells/mL.
Collagen solution was made according to the cell contraction
assay manual (Cell Biolabs), then a mixture of cells and collagen
solution was prepared to include two parts of cell suspension
and eight parts of cold collagen working solution. 0.5 mL/well
of cell-collagen mixture was added into a 24-well plate. After
collagen polymerisation, 1.0 mL culture medium was added atop
each collagen gel lattice. Cultures were incubated for 2 days, then
collagen gels were gently released from culture dishes to initiate
contraction. Collagen gel contraction was monitored for 2 days.
Surface area of contracted gels was measured using Image J.%
The ratio of gel surface area at 48 hours divided by gel surface
area at 0 hour reflects fibroblast contractile ability.

Immunofluorescence staining

Ki67 staining was used to determine the effect of MeCP2 on
fibroblast proliferation. Passage 3—6 transfected fibroblasts were
fixed with 4% formaldehyde for 30 min at room temperature,
washed twice with PBS, permeabilised with ice cold methanol
for Smin at 4°C. Blocking was performed with 400 uL/well of
5% FBS plus 5% goat serum for 30 min at 37°C, followed by
incubation with 200uL/well of anti-ki67 at a concentration of
1:1000 (Abcam) or IgG for 1hour 15 min at 37°C, then washed
twice with PBS. Incubation with 200 uL/well anti-rabbit fluo-
rescent conjugated secondary antibody (5ug/mL) for 1hour at
room temperature in the dark was then performed. Fibroblasts
were washed twice with PBS and coverslipped with mounting
medium containing 4’,6-diamidino-2-phenylindole (DAPI). Ki67
and DAPI immunofluorescence images were captured using an
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Olympus BX51\DP72 microscope. Ki67+ cellsand total cells
were counted by Image J.*> The ratio of ki67+ cellnumber
to total cell number was used for comparing proliferation
rates of fibroblasts with different treatments. Immunofluores-
cence staining of fibroblast markers protocol is documented in
online supplementary text.

RNA sequencing

Total RNAs from passage 4-6 dcSSc fibroblasts transfected
with MeCP2 siRNA or control siRNA were extracted using
Direct-zol RNA MiniPrep Kit (Zymo Research), and then were
DNAse-treated using TURBO DNA-free Kit (Invitrogen) (all
RIN values were >9.5). In total, 300ng RNA were used to
construct stranded mRNA-seq libraries with TruSeq Stranded
mRNA Library Prep Kit (Illumina), and then underwent 100bp,
single-end reads sequencing on Illumina Hi-Seq 2500 platform
(~22M reads/sample, 10 samples per lane).

RNA-seq data analysis

Sequence reads were cleaned using trimmomatic (V.0.36),**
and then mapped to human reference genome GRCh38.
p7 with STAR (V.2.5.2b).” Raw read counts were obtained
using featurecounts from Subread package (V.1.5.0p3),%° and
annotated by human gencode V.25 with only uniquely aligned
reads. Data normalisation and differential expression analysis
(negative binomial Wald test) between MeCP2 knockdown
and control groups were performed using DESeq2 (V.1.14.1)*
within R (V.3.3.2) with adjusted p value (Benjamini-Hochberg
multiple test correction) threshold of 0.05. Default indepen-
dent filtering was performed by DESeq2 package using the
mean of normalised counts as a filter criterion.”® Genes not
passing the filter threshold were assigned ‘NA’ as adjusted p
values and were not included in subsequent analyses. Litera-
ture mining was used to identify genes associated with SSc (eg,
genes associated with ECM remodelling, cell proliferation and
migration).

Chromatin immunoprecipitation and sequencing

Chromatin immunoprecipitation (ChIP) assay was performed
by iDeal ChIP-seq kit for Transcription Factors (Diagenode),
according to the manufacturer’s instruction. Briefly, passage 4-6
dermal fibroblasts from patients with dcSSc or healthy controls
were fixed with 1% formaldehyde for 10min. Glycine was
added to quench fixation. Cells were lysed and then sonicated
on Misonix ultrasonic liquid processor S-4000 for 15 cycles (30s
on/30s off). MeCP2 antibody, previously used for ChIP-seq in
olfactory epithelial tissue*” or rabbit IgG and pre-washed protein
A-agarose beads, were mixed and then incubated for 4 hours at
4°C on a rotator. Then 250 uL sheared chromatin was incubated
with antibody-beads mixed solution at 4°C overnight under
constant rotation. Also, 2.5ul sheared chromatin was put aside
as Input. Immunoprecipitated chromatin was eluted from beads
using an elution buffer at room temperature with 30 min rota-
tion. Immunoprecipitated chromatin and input were incubated
for 4hours at 65°C to decrosslink chromatin, then DNA was
purified using magnetic beads included with the kits. MeCP2
ChIP-seq and input DNA libraries were prepared by the Apollo
324 Next Generation Sample Preparation System with WaferGen
reagents, then PCR amplified, cleaned up and sequenced with
50bp, single-end reads on Illumina Hi-Seq 2500 platform (20
samples pooled together in three lanes).

ChiP-seq data analysis

Raw sequence reads were aligned to hg38 genome using Bowtie
(V.2.2.4).>° Uniquely mapped reads were selected by filtering
out alignments with mapping quality <23 and were used in
subsequent analyses. Peak calling was performed using MACS
(V.2.1.1),>" by default threshold (g-value <0.01). Peaks overlap-
ping DAC Blacklisted Regions®? were removed. Peaks for nearest
genes were annotated using Homer (V.4.9.1).*® Bigwig format
pile-up files were generated from MACS outputs and visualised
for signals on UCSC genome browser.

Statistical analysis

All data were derived from at least two independent experiments.
The results were presented as mean=SD. Statistical analysis was
performed using GraphPad Prism V.7.03 (GraphPad Software).
A Student’s t-test was used to evaluate two-group comparisons,
with statistical significance set at p<0.05.

RESULTS

Elevated MeCP2 expression in dcSSc fibroblasts

We investigated MeCP2 expression in normal fibroblasts and
dcSSc fibroblasts using qPCR and western blotting. MeCP2
expression was increased by 1.75-fold in dcSSc fibroblasts
compared with normal fibroblasts at protein levels (figure 1A,B).
However, no change was observed at the mRNA level for total
MECP2 (figure 1C), MECP2A or MECP2B (online supplemen-
tary figure S2), suggesting that dysregulation of MeCP2 in
dcSSc occurs at the post-transcriptional level. To assess effects
of increased MeCP2 in dcSSc fibroblasts on skin fibrosis, we
performed gain or loss of MeCP2 experiments. We first opti-
mised conditions for overexpression or knockdown of MeCP2
in normal fibroblasts or dcSSc fibroblasts, respectively. As shown
in figure 1D, transfection of 0.05ug MECP2 plasmid into
normal fibroblasts for 72 hours led to overwhelming increase of
MECP2 mRNA and 1.4-fold increase of MeCP2 protein level
compared with negative controls. A 48-hour transfection of
150nM MECP2 siRNA into dcSSc fibroblasts caused approxi-
mately 72% mRNA knockdown compared with non-targeting
siRNA (figure 1E, lower panel). We further confirmed dimin-
ished MeCP2 expression at the protein level (figure 1E, upper
panel). In subsequent experiments, we used 48-hour transfection
of 150nM MECP2 siRNA to knockdown MeCP2 in dcSSc fibro-
blasts and 72-hour transfection of 0.05ug MECP2 plasmid to
overexpress MeCP2 in normal and dcSSc fibroblasts.

Reduced myofibroblast-like phenotype by MeCP2
overexpression

To investigate if increased expression of MeCP2 alters myofi-
broblast differentiation and fibrogenic properties in normal
dermal fibroblasts, we overexpressed MeCP2 in normal dermal
fibroblasts and measured expression levels of several well-char-
acterised fibrogenic genes. MeCP2 overexpression significantly
attenuated pro-fibrotic a-SMA and collagen type I alpha 1 chain
(COL1A1) mRNA expression in normal dermal fibroblasts,
whereas antifibrotic peroxisome proliferator-activated receptor
gamma (PPAR-y) was upregulated, and no effect was observed
on TGF-B (figure 2A, upper panel). To confirm the results in
dcSSc, we transfected dcSSc fibroblasts with MECP2 plasmid
or MECP2 siRNA. A similar mRNA expression pattern was
observed in MeCP2-overexpressing dcSSc fibroblasts (figure 2A,
lower panel), indicating that reduced myofibroblast-like pheno-
type characteristics induced by MeCP2 overexpression is inde-
pendent of stimuli secreted by dcSSc fibroblasts. Unexpectedly,
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Figure 1

dcSSc fibroblasts (n=7)

Methyl-CpG-binding protein 2 (MeCP2) was increased in diffuse cutaneous systemic sclerosis (dcSSc) fibroblasts compared with

normal fibroblasts. (A) Representative blots of MeCP2 expression in normal fibroblasts and dcSSc fibroblasts. (B) Protein expression of MeCP2

was significantly increased in dcSSc fibroblasts by 1.75-fold (p=0.0051). Values are the mean and SD from seven healthy controls and eight dcSSc
patient fibroblasts. (C) Expression of MECP2 mRNA between normal fibroblasts (n=16) and dcSSc fibroblasts (n=15) was not significantly different.
(D) 0.05 pg MECP2 plasmid transfection into normal fibroblasts for 72 hours successfully upregulated MeCP2 expression at both mRNA and protein
levels compared with control plasmid. (E)150 nM MECP2 siRNA transfection in dcSSc fibroblasts for 48 hours resulted in an average of 72%

mRNA knockdown. Diminished MeCP2 expression at the protein level was confirmed. Results are expressed as mean=SD. *p<0.05, ***p<0.005,

**%%520,001.

mRNA expression of COLIA1, a-SMA and PPAR-y was not
significantly altered by MeCP2 knockdown in dcSSc fibroblasts
(data not shown), implying that other pro-fibrotic co-regulators
exist for COL1A1, o-SMA and PPAR-y.

To provide more evidence that MeCP2 suppresses myofibro-
blast differentiation and functionally decreases contractile prop-
erties, we performed a collagen gel contraction assay. MeCP2
overexpression significantly reduced myofibroblast-mediated
contraction of collagen gels compared with the control group.
Representative images and quantified surface area of contracted
gels are shown in figure 2B.

MeCP2 overexpression inhibits fibroblast proliferation and
migration
We observed that MeCP2 overexpression in normal fibroblasts
reduced cell proliferation rates compared with mock-transfected
cells (figure 2C, upper-left panel). To validate and quantify this
observation, proliferation analysis was performed using ki67
labelling (figure 2C, right panel). MeCP2-transfected fibroblasts
showed a significantly reduced ki67-positive cell ratio compared
with negative controls confirming decreased fibroblast prolifer-
ation with MeCP2 overexpression (figure 2C, lower-left panel).
Next, we conducted a wound scratch assay in vitro to deter-
mine if MeCP2 affects fibroblast migration. After 24 and
48 hours transfection, relatively less wound closure was seen
in MeCP2 transfected normal fibroblasts compared with nega-
tive controls (figure 2D, left). Quantification of wound repair
demonstrated that MeCP2 overexpressing fibroblasts had lower
wound repair ability (figure 2D, right).

Transcriptome analysis of MeCP2-deficient dermal fibroblasts
The data above suggest that MeCP2 overexpression exerted
antifibrotic effects in normal dermal fibroblasts by inhibiting
myofibroblast differentiation, fibroblast proliferation and fibro-
blast migration. To uncover antifibrotic mechanisms of MeCP2
in dcSSc fibroblasts, we examined genome-wide transcriptional
changes in dcSSc fibroblasts with and without MeCP2 knock-
down using RNA-seq. We identified 51 differentially expressed
genes (DEGs), in addition to MECP2 downregulation as
expected, with MeCP2 knockdown in dcSSc fibroblasts (n=35,
fold change =1.2 or=<0.8, adjusted p value<0.03) (figure 3A). Of
those, 46 genes were downregulated with MeCP2 knockdown,
indicating that MeCP2 primarily acts as a transcription activator
in SSc fibroblasts, echoing the findings in other tissues indicating
that MeCP2 activates the majority of genes it regulates.'"

To identify MeCP2-regulated genes relevant to SSc, we first
looked at functional annotations of all 51 DEGs using DAVID
V.6.7,°* then performed literature search for all DEGs using
PubMed. Genes relevant to at least one of the following four
categories were selected: genes that affect fibrotic signalling
pathways, genes that affect ECM remodelling, genes that affect
cell proliferation or migration and genes that have deregulated
expression in fibrosis-involved diseases. Eventually, we identi-
fied 14 out of 51 DEGs to be relevant or potentially relevant
to SSc, among which 5 downregulated genes (NTN4, SCL6AS,
PRELP, ITGB1, NID2) were shown to be associated with ECM
remodelling, 7 genes (TNFAIP1, AXL, C100r54, ITGB1, NID2,
ADA, PLAU) were involved in cell adhesion/migration and 3
genes (ADA, PLAU and GDF11) were related to cell proliferation
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knockdown in dcSSc fibroblasts (46 downregulated and 5 upregulated). (B) Venn diagram depicting functional categories of 14 systemic sclerosis
(SSc)-relevant genes identified by literature search. (C) All differentially expressed genes are shown in the heatmap, red circled genes are scleroderma-
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in dcSSc fibroblasts for 48 hours resulted in 87%, 81%, 82%, 88%, 77% and 81% knockdown efficiency compared with same amounts of control
SiRNAs, respectively. PERLP knockdown could not be achieved even with 250 nM siRNA and was excluded from subsequent functional assays. Results
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(1.24+0.14-fold) o-smooth muscle actin (o-SMA) mRNA in diffuse cutaneous SSc (dcSSc) fibroblasts (n=5, p=0.020). (C) NID2-silenced dcSSc
fibroblasts exhibited stronger contractile ability than empty vector transfected fibroblasts (n=3, p=0.021). Representative images of contracted
collagen gels are shown along with the quantification. (D) Significantly decreased a-SMA mRNA expression (fold change=0.59 + 0.22 vs control, n=5,
p=0.021) and increased peroxisome proliferator-activated receptor gamma (PPAR-y) mRNA expression (fold change=2.26 + 1.42vs control, n=>5,
p=0.046) were detected in PLAU-overexpressing dcSSc fibroblasts. (E) PLAU overexpression significantly blocked myofibroblast-mediated contraction
of collagen gels (n=4, p=0.029). Representative images of contracted collagen gels are shown along with the quantification. Results are expressed as
mean +SD. *p<0.05. COL1A1, collagen type | alpha 1 chain; MeCP2, methyl-CpG-binding protein 2.

(figure 3B). Of note, 13 out of the 14 identified genes were upregulated when MeCP2 was either knocked down or overex-

downregulated with MeCP2 knockdown, while PLAU was
upregulated (figure 3C).

We then confirmed that 9 out of 13 downregulated fibrosis-re-
lated genes identified by RNA-seq were indeed MeCP2-regu-
lated genes as they were consistently upregulated when MeCP2
was overexpressed in normal fibroblasts (figure 3D). PLAU was

pressed (figure 3C, D).

From these 10 MeCP2 potential targets, we excluded OCRL
and TADA3 because their known functional roles (ie, apoptosis)
in SSc were beyond the scope of our current studies in fibro-
blasts, then proceeded with the rest of the eight genes (ADA,
PLAU, TNFAIP1, AXL, NID2, NTN4, PRELP, ANPEP) to further
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elucidate their roles in fibroblast functions according to their
functional categories.

Identification of MeCP2 target genes that play functional
roles in myofibroblast differentiation, fibroblast migration
and proliferation

We performed knockdown experiments for seven selected
potential MeCP2 targets (ADA, TNFAIP1, AXL, NID2, NTN4,
PRELP, ANPEP) and overexpression experiments for PLAU to
determine their roles in dcSSc fibrosis individually. For knock-
down experiments, at least an average 70% gene downregula-
tion was reached for every potential target, with the exception
of PRELP which we were unable to knockdown successfully and
was therefore excluded from our functional studies (figure 3E).

Among all seven investigated potential MeCP2 targets, NID2
and PLAU were identified as pivotal genes in MeCP2-medi-
ated myofibroblast differentiation (figure 4A). When NID2
was knocked down in dcSSc fibroblasts, the expression of
o-SMA mRNA was moderately but significantly increased
(figure 4B). In addition, NID2 knockdown in dcSSc fibroblasts
increased collagen gel contraction compared with control siRNA
(figure 4C), suggesting NID2 knockdown stimulated myofi-
broblast differentiation. Similarly, overexpression of PLAU
suppressed a-SMA mRNA expression, while increased PPAR-y
mRNA expression (figure 4D), and PLAU overexpressing fibro-
blasts exhibited weaker contractile ability than those transfected
with empty vector (figure 4E). Taken together, our data suggest
that NID2 and PLAU block myofibroblast formation, indicating
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that MeCP2-mediated inhibition of myofibroblast differentia-
tion is, at least partly, mediated through activating NID2 and
PLAU.

We next show that ADA, NID2 and PLAU are capable of
inhibiting fibroblast migration. As shown in figure 5A, over-
expressing PLAU suppressed dcSSc fibroblasts migration rates,
while silencing ADA (figure 5B) and NID2 (figure 5C) signifi-
cantly enhanced dcSSc fibroblast migration rates.

We could not identify genes mediating the fibroblast prolifer-
ation effect of MeCP2 in two cell proliferation-related MeCP2
targets. Overexpressing PLAU did not change proliferation of
fibroblasts (data not shown). We could not assess cell prolifera-
tion effect of ADA because fibroblasts detached from the culture
chamber used for ki67 staining and died after 24-hour ADA
knockdown.

Potential ECM degradation by MeCP2-mediated PLAU
activation

Since PLAU was upregulated with MeCP2 overexpression, we
hypothesised that MeCP2 prevents ECM turnover through
positively regulating PLAU and MMPs in dcSSc fibroblasts. As
expected, MeCP2 overexpression significantly increased MMP1
mRNA (figure 5D). In addition, we show that PLAU overex-
pression in dcSSc fibroblasts was able to increase MMP1 mRNA
expression (figure 5D). Collectively, these data indicate that
MeCP2 could promote ECM degradation by overexpressing
PLAU and PLAU-mediated MMP1.

MeCP2 binding is enriched at NID2 and PLAU in dermal
fibroblasts

To determine if the identified MeCP2-regulated genes in
dermal fibroblasts are directly regulated by MeCP2, we mapped
genome-wide MeCP2 binding sites in a dermal fibroblast sample
from a healthy control. Possible chromatin-shearing biases were
controlled by Input library from the same chromatin sample
used for MeCP2 bound DNA pulldown. Significant peaks can
be visualized in NID2 and PLAU on UCSC genome browser
(figure 6), suggesting MeCP2 directly regulates NID2 and PLAU.
Indeed, 6 out of 10 relevant MeCP2 target genes we identified
in fibroblasts show significant MeCP2 binding enrichments
(online supplementary table 1).
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DISCUSSION

In this study, we clearly show MeCP2 as a novel antifibrotic
epigenetic regulator in dcSSc. MeCP2, which was elevated in
dcSSc fibroblasts, has inhibitory effects on myofibroblast differ-
entiation, fibroblast migration and fibroblast proliferation.
Non-biased RNA-seq was employed to evaluate transcription
alterations after MeCP2 knockdown in dcSSc fibroblasts, and a
set of genes dysregulated by MeCP2 and related to fibrosis were
identified. RNA profiles from fibroblasts after MeCP2 overex-
pression and depletion indicated that MeCP2 not only modu-
lates well-known fibrosis-related genes, like COL1A1, a-SMA
and PPAR-y, but also targeted additional genes participating in
myofibroblast differentiation, fibroblast migration and fibroblast
proliferation. NID2, PLAU and ADA were shown to be antifi-
brotic mediators of MeCP2 through functional studies.

In agreement with findings reported by Wang et al** we
demonstrated that MeCP2 was significantly elevated in dcSSc
fibroblasts compared with normal fibroblasts. Recent observa-
tions of the role MeCP2 in fibrosis were reported in hepatic
stellate cells and lung fibroblasts derived from animal models
with chronic CCl4-induced liver injury'* and bleomycin-induced
pulmonary fibrosis'* , respectively. Our studies are the first to
report the role of MeCP2 in fibrosis in human dermal fibroblasts
from patients with dcSSc. Interestingly, the data generated from
animal models showed that MeCP2 upregulated o-SMA expres-
sion in lung fibroblasts'* and decreased PPAR-y in a liver fibrosis
animal model."* Our data in human dcSSc fibroblasts indicate
that MeCP2 attenuates pro-fibrotic responses, and that MeCP2
overexpression alters biological functions important in fibrosis,
through antifibrotic MeCP2 target genes we identified and vali-
dated using functional studies. Therefore, our data suggest that
increased MeCP2 in dcSSc fibroblasts might be a defence mech-
anism to counteract the pro-fibrotic nature of the disease in the
early stages of dcSSc. COL1A1, a-SMA and PPAR-y were respon-
sive to MeCP2 regulation in normal fibroblasts, but they might
also be co-regulated by other pro-fibrotic factors (eg, TGF-B),
which exert prominent influence on dcSSc fibroblasts to main-
tain the ‘SSc phenotype’ compared with normal fibroblasts.
COLI1A1 expression was attenuated with MeCP2 overexpres-
sion in normal fibroblasts but not in dcSSc fibroblasts, indicating
that the effects of MeCP2 on COL1A1 might be neutralised

sesl 73,915, 000] 73, ou wool 73,917, 00l

l'r-wu-wt Set (only BAS(c oiSpiayed by default

PLAL C180rfES —

FLAU

= =

80|
e l'rwu-m! set Conty B-nc mw!m by default)

a, aoal 52, 850, se8| 52, 078, 090|

"\ ...Auum..d it b Bl . il nh "

Input
o _ e, il O
P Scale 28 kol
i et 52, 010, eoal 52, 620, eeel ok, 820, aaal
GENCODE va4
Cldorfi6s w
Cleorfise
oE i o
NID2 T i
=11 8 o i
Input

o _d

PNV U S S VPN VU S P NI S W

Figure 6 Genome browser tracks show MeCP2 binding peaks in normal fibroblasts (orange) in PLAU (i) and NID2 (ii). Significant peak regions
relative to input control (blue) are highlighted in yellow. NID2, nidogen-2; PLAU, plasminogen activator urokinase.

He Y, et al. Ann Rheum Dis 2018;77:1209—1219. doi:10.1136/annrheumdis-2018-213022

1217


https://dx.doi.org/10.1136/annrheumdis-2018-213022
http://ard.bmj.com/

Basic and translational research

by other pro-fibrotic regulators amplified in dcSSc fibroblasts.
A reduction in a-SMA and increase of PPAR-y expression were
observed with MeCP2 overexpression. Neither was significantly
altered after MeCP2 knockdown. Plasminogen activator uroki-
nase (PLAU), an antifibrotic enzyme dampening a-SMA mRNA
levels and stimulating PPAR-y mRNA expression in dcSSc fibro-
blasts, was upregulated both with MeCP2 overexpression and
knockdown. Therefore, we postulate that PLAU activation in
MeCP2-deficient fibroblasts may antagonise effects of MeCP2
knockdown on a-SMA and PPAR-y gene expression.

By coupling RNA-seq with functional assays, not only were
fibrotic genes like COL1A1, a-SMA and PPAR-y confirmed as
MeCP2-regulated genes, but also novel targets like PLAU, NID2
and ADA were identified as potential mediators in the antifibrotic
effects of MeCP2. PLAU encodes a secreted serine protease
urokinase-type plasminogen activator (uPA) that converts plas-
minogen to plasmin, which is the important component of the
extracellular protease system.’® Plasmin was linked to antifi-
brotic properties by directly degrading ECM proteins, such as
fibronectin,®” and also activating MMPs that degrade the ECM
proteins. In addition, PLAU plays a pivotal role in the cell migra-
tion and proliferation via direct binding to its receptor PLAUR
or indirect binding to o—8/ P—1 integrin.*® * Plasminogen
activator inhibitor-1, an inhibitor of uPA, mediates a variety of
functions involved in fibrosis of different organs including lung,
liver, kidney, as well as cardiovascular system.** *! In our study,
PLAU overexpression reduced pro-fibrotic properties, including
downregulation of COL1A1 and a-SMA, upregulation of PPAR-y
and MMP1, and resulted in inhibitory effects on myofibroblast
differentiation and cell migration in dcSSc fibroblasts. Urokinase
is used as a thrombolytic agent and a possible therapeutic role in
SSc is suggested by our findings, indicating a possible protective
effect of PLAU in SSc fibrosis.

Nidogen-2 (NID2) encodes a secretory protein also known
as osteonidogen, which is one of the key components of the
basement membrane that stabilises the ECM network.* * It
is a cell-adhesion molecule that binds collagens I and 1V and
laminin and may be involved in maintaining the structure of
the basement membrane.* In our study, NID2-depleted dcSSc
fibroblasts exhibit increased a-SMA expression, contractility and
migration ability, suggesting that NID2, a direct MeCP2 target,
plays antifibrotic roles in dcSSc fibroblasts. Further experiments
to understand the mechanisms of how these functions were
modulated are warranted.

Adenosine deaminase (ADA) regulates levels of adenosine and
2’-deoxyadenosine in tissues and cells.*” ADA binds to the cell
surface by means of either CD26, or adenosine receptors A or
A23'46 Some studies demonstrated that adenosine and its recep-
tors may promote fibrosis in skin and liver fibrosis models, but
inhibit fibrosis in cardiac tissues.* ™ In addition, lower serum
level of ADA was reported in patients with cystic fibrosis.’® Mice
lacking ADA accumulated 10-fold higher adenosine levels and
underwent diffuse dermal fibrosis.*® * Although we did not
detect a change in collagen production after ADA knockdown,
our data suggest a complementary antifibrotic role of ADA, as
ADA silencing in dermal dcSSc fibroblasts promoted fibroblast
migration. Pegademase bovine is the enzyme replacement drug
in ADA-deficient severe combined immunodeficiency disease.’*
Explorations unravelling mechanisms and the therapeutic effect
of pegademase bovine in SSc would be of interest.

Limitations of our study include a focus on dermal fibroblasts
isolated from patients with dcSSc and healthy controls, and
therefore, whether MeCP2 dysregulation also plays a role in lung
fibroblasts or other cell types involved in the pathogenesis of

SSc, such as endothelial cells or immune cells, remains unknown.
In addition, our studies were limited to in vitro experiments, and
validation in in vivo models of fibrosis are warranted.

In summary, our results collectively imply that MeCP2 over-
expression acts as protective mechanism against skin fibrosis in
early dcSSc and that exploiting this mechanism might provide
new avenues for therapeutic intervention in this disease. Several
canonical and novel fibrotic genes regulated by MeCP2 were
identified and functionally characterised. Drugs or compounds
modulating MeCP2 expression or targeting these MeCP2-reg-
ulated genes might provide attractive new strategies to prevent
the progression of fibrosis in scleroderma.

Correction notice This article has been corrected since it published Online First.
The subtitle ‘Gene knockdown experiments' has been updated.
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In vivo visualisation of different modes of action
of biological DMARDs inhibiting osteoclastic

bone resorption

Yoshinobu Matsuura, "** Junichi Kikuta,"? Yuika Kishi,' Tetsuo Hasegawa,'
Daisuke Okuzaki,* Toru Hirano,> Masafumi Minoshima,” Kazuya Kikuchi,**

Atsushi Kumanogoh,** Masaru Ishii'

ABSTRACT

Objectives Osteoclasts play critical roles in
inflammatory bone destruction. Precursor cell migration,
cell differentiation, and functional cell activation are all
in play. Biological disease-modifying antirheumatic drugs
(DMARDs) have been shown to significantly inhibit both
bone erosion as well as synovitis, although how such
agents reduce osteoclastic bone destructionin vivo has
not been fully explained. Here, we used an intravital
time-lapse imaging technique to directly visualise mature
osteoclasts and their precursors, and explored how
different biological DMARDs acted in vivo.

Methods Lipopolysaccharide (LPS) was injected into
the calvarial periosteum of fluorescent reporter mice

to induce inflammatory bone destruction. Time-lapse
imaging was performed via intravital multiphoton
microscopy 5 days after LPS injection. Biological
DMARDs, including monoclonal antibodies (mAbs)
against the interleukin (IL) 6 receptor (IL-6R) and tumour
necrosis factor ot (TNFar), or cytotoxic T-lymphocyte-
associated protein 4 (CTLA4)-lg, were intraperitoneally
administered at the time of LPS injection. We determined
CD80/86 expression levels in mature osteoclasts and
their precursors by flow cytometry, quantitative PCR and
immunohistochemistry.

Results Of the biologicals tested, anti-IL-6R and
anti-TNFo, mAbs affected mature osteoclasts and
switched bone-resorbing osteoclasts to non-resorbing
cells. CTLA4-Ig had no action on mature osteoclasts but
mobilised osteoclast precursors, eliminating their firm
attachment to bone surfaces. In agreement with these
results, CD80/86 (the target molecules of CTLA4-Ig) were
prominently expressed only in osteoclast precursor cells,
being suppressed during osteoclast maturation.
Conclusions Intravital imaging revealed that various
biological DMARDs acted at specific therapeutic time
points during osteoclastic bone destruction, with
different efficacies. These results enable us to grasp the
real modes of action of drugs, optimising the usage of
drug regimens.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune
disease characterised by joint inflammation and
progressive bone destruction. Articular bone erosion
is considered to be a representative RA symptom in
the early stage of disease;' sustained joint inflamma-
tion induces synovial proliferation and pathological

bone destruction, eventually causing irreversible
joint deformation and functional deterioration.” *
Control of joint inflammation with disease-modi-
fying antirheumatic drugs (DMARDs) halts bone
destruction in some patients.* To prevent RA-asso-
ciated bone destruction, it is important to under-
stand the cellular mechanism of inflammatory bone
destruction iz vivo.

Arthritic bone destruction is considered to be
mediated mainly by enhanced activation of osteo-
clasts at inflammatory sites. Osteoclasts are multi-
nucleated cells derived from monocyte/macrophage,
haematopoietic precursor cells by stimulation with
macrophage colony-stimulating factor (M-CSF) and
receptor activator of NF-xkB ligand (RANKL).> ¢
Osteoclasts constitute a specialised subset of cells with
bone-resorbing capacity and play critical roles in
normal bone homoeostasis (bone remodelling) and
the inflammatory bone destruction that causes bone
erosion and focal bone loss.” During inflammatory
bone destruction, a variety of cytokines control
osteoclast dynamics such as precursor cell migra-
tion, differentiation and functional activation. For
example, proinflammatory cytokines such as inter-
leukin (IL) 6 and tumour necrosis factor oo (TNFoy)
promote osteoclast differentiation by inducing
RANKL in mesenchymal cells, and may directly stim-
ulate both the osteoclastogenesis and the bone-re-
sorptive activity of mature osteoclasts.>> T helper
17 cells promote osteoclast function because they
express RANKL," whereas regulatory T cells control
osteoclastogenesis via the expression of cytotoxic
T-lymphocyte-associated protein 4 (CTLA4), which
engages directly with CD80/86 expressed on cells of
the osteoclast lineage.'* °

Biological DMARDs, such as monoclonal anti-
bodies (mAbs) against the anti- IL-6 receptor (IL-6R)
and anti-TNFo, and CTLA4-Ig, have recently been
developed to treat RA. Despite differences in the
molecular targets of these drugs, they (equally)
strongly inhibit bone erosion and synovitis even in
patients with high disease activity.''® Recent basic
studies have revealed that these biologicals exert
direct effects on osteoclast differentiation and func-
tion, although little is known about the differences in
mode of action.” *°

Previously, we used intravital multiphoton micros-
copy to visualise osteoclasts and their precursors in
living mouse bone, and found that the migration and
positioning of osteoclast precursors were controlled
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by the blood-enriched lipid mediator sphingosine-1-phosphate.?!
We also characterised two different populations of living mature
osteoclasts in terms of their motility and function: ‘static bone-re-
sorptive’ and ‘moving non-resorptive’ cells.”” Furthermore, intra-
vital imaging revealed that different antiresorptive drugs acted at
specific therapeutic time points during osteoclastic bone resorp-
tion: bisphosphonates inhibited the bone-resorptive function of
mature osteoclasts, whereas active vitamin D (a crucial hormone in
terms of bone homoeostasis) regulated the migratory behaviour of
circulating osteoclast precursors, limiting osteoclastic bone resorp-
tion.”® This technique has the potential to clarify the modes of
action of a variety of antirheumatic drugs.

In this study, using our intravital bone imaging system, we
directly visualised the cellular dynamics of osteoclasts and their
precursors during inflammatory bone destruction, and explored
how various biological DMARDs affected osteoclast dynamics,
including the migration of precursor cells, and activation of
mature osteoclasts in vivo. We found that different biologicals
acted at specific therapeutic time points during osteoclastic bone
destruction, with varying efficacies; blockade of IL-6R and TNFa
intensely inhibited the bone-resorptive function of mature osteo-
clasts, whereas CTLA4-Ig had no effect on mature osteoclasts, but
mobilised circulating osteoclast precursors.

METHODS

Mice

CS57BL/6 wild type (WT) mice were purchased from CLEA
Japan. CX,CR1l-enhanced green fluorescent protein (EGFP)
knock-in mice** were obtained from Jackson Laboratory. V-type
H*-ATPase a3 subunit-GFP fusion knock-in mice (a3-GFP) and
tartrate-resistant acid phosphatase (TRAP)-tdTomato transgenic
mice have been described previously.”” ** All mice were main-
tained under a 12hours/12 hours light/dark cycle in the specific
pathogen-free animal facilities of Osaka University. All animal
experiments were approved by the Institutional Animal Experi-
mental Committee of Osaka University.

Treatment with drugs

Lipopolysaccharide (LPS) (20 mg/kg; Sigma-Aldrich) dissolved
in phosphate-buffered saline (PBS) was injected into the mouse
calvarial periosteum with the animals under isoflurane anaes-
thesia. Five days later, intravital imaging was performed. Anti-
IL-6R mAD (10 mg/kg; Chugai Pharmaceutical), anti-TNFo mAb
(5 mg/kg; Janssen R&D) or CTLA4-Ig (10 mg/kg; Bristol-Myers
Squibb) dissolved in PBS was intraperitoneally administered at
the time of LPS injection.

Intravital multiphoton bone imaging

Mouse calvarial bone tissues were examined via intravital micros-
copy using a protocol modified from that of a previous report.?!
The imaging system featured a Nikon upright two-photon
microscope (A1R-MP) equipped with a 25 X waterimmersion
objective (APO: numerical aperture (NA), 1.1; Nikon) and a
Carl Zeiss upright two-photon microscope (LSM 780 NLO)
equipped with a 20 X waterimmersion objective (W Plan-Apo-
chromat: NA 1.0; Carl Zeiss). Both systems were driven by a
femtosecond-pulsed infrared laser (Chameleon Vision II Ti:
Sapphire; Coherent). Details of the method are also described in
online supplementary information.

Immunohistochemistry
To prepare sections, mice were perfused with 4% (v/v) parafor-
maldehyde with 20% (w/v) sucrose for fixation, and dissected

bone tissues further fixed in the same solution for 4 hours at
4°C and embedded in super cryo-embedding medium (SCEM)
compound (Leica). Sections (10 wm-thick) were prepared using
the Kawamoto film method, blocked with 5% (w/v) bovine serum
albumin for 1hour, stained with anti-CD80 or CD86 antibody
(BioLegend) at 4°C overnight, stained with Alexa 488-conju-
gated secondary antibody (1:500 dilution) for 2 hours, stained
with Hoechst 33342, and images acquired using a confocal
microscope (Al; Nikon).

In vitro osteoclast differentiation

Bone marrow-derived macrophages (BMMs) from WT mice
were obtained via culture of bone marrow collected from
8-10-week-old male tibiae and femora, as described previ-
ously, with slight modifications.?® Details of the method are also
described in online supplementary information.

Flow cytometry

BMMs of WT mice were cultured with M-CSF (30 ng/mL) and
RANKL (50 ng/mL) for 48 hours, washed with PBS, and detached
using enzyme-free cell dissociation buffer (Millipore) at 37°C
for 5 min. After single-cell suspension, cells were incubated with
anti-CD16/32 antibodies (eBioscience) for 10min on ice, and
then stained for 30 min with allophycocyanin (APC)-conjugated
antimouse CD80 or CD86 antibody, or isotype control antibody
(BioLegend). Cells were analysed via flow cytometry (FACS
Canto II; BD) and the data analysed with the aid of Flow]o soft-
ware (TreeStar).

Quantitative real-time PCR

Quantitative real-time PCR was performed with the aid of a
thermal cycler dice real-time system TP800 (Takara) using the
following specific primer pairs (forward and reverse, respec-
tively): CD80 (5-ACCCCCAACATAACTGAGTCT-3" and 5’-
TTCCAACCAAGAGAAGCGAGG-3’); CD86 (5’-TCCAGAAC
TTACGGAAGCACCCACG-3"and 5’-CAGGTTCACTGAAGTT
GGCGATCAC-3’); and B-actin (5 -TCCTCCCTGGAGAA-
GAGCTA-3" and 5"-ATCTCCTTCTGCATCCTGTC-3’).

Statistics

The data were analysed using one-way analysis of variance or the
Mann-Whitney rank-sum test. Data represent mean=SD unless
otherwise specified. A p value <0.05 was considered to reflect
statistical significance.

RESULTS

Biological DMARDs ameliorated inflammatory bone
destruction

The calvarial bones are suitable for visualising the cellular
dynamics of osteoclasts and their precursors in living mice via
intravital multiphoton imaging of the endosteum.? In this study,
we used an LPS-induced inflammatory bone destruction model
to investigate the effects of various biological DMARDSs on bone
erosion in vivo. LPS was injected into the calvarial periosteum
and micro—computed tomography (uCT) analysis performed
5 days later. We found bone erosive lesions on the calvaria of
LPS-injected but not vehicle-injected mice (online supplemen-
tary figure 1A,B), suggesting that activated osteoclasts resorbed
bone tissues at sites of LPS-induced inflammation. To explore
the efficacy of biological DMARD:s in terms of inhibiting LPS-in-
duced inflammatory bone destruction, mAbs against TNFa. or
IL-6R, or CTLA4-Ig, were intraperitoneally administered. All of
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Cell deformation index

Anti-IL-6 receptor (IL-6R) and anti-TNFo. mAbs affect the motility and function of mature osteoclasts. (A,B) Representative intravital

multiphoton imaging of mouse bone tissues in a3-GFP knock-in mice injected with vehicle (A), (online supplementary video 1) or LPS (B), (online
supplementary video 2) into the calvarial periosteum. Green, mature osteoclasts expressing the GFP-fused V-type H-ATPase a3 subunit. Blue, bone
surface. Scale bars, 50 pm. The arrowhead indicates the area in which the second harmonic signal of bone was deficient. (C—E) Representative bone
images of mice injected with LPS (into the calvarial periosteum) and also given intraperitoneal anti-IL-6R antibody (C), (online supplementary video
3), anti-TNFo. antibody (D), (online supplementary video 4), or CTLA4-Ig (E), (online supplementary video 5). (F) Cell shapes were automatically
recognised by the image analysis software, and three distinct areas were defined initially: (t=0) (A), (green); at the final time frame (t=10) (C), (red);
and overlapping between these two time frames (B), (yellow). The cell deformation index was calculated as (A+C)/(A+B), representing the ratio

of the area changed during 10 min divided by that of the previous time frame. (G) Motility of mature osteoclasts. A higher cell deformation index
indicates increased motility. The data points (n=496 for vehicle injection, n=387 for LPS injection, n=235 for anti-IL-6R antibody, n=334 for anti-
TNFo antibody, n=228 for CTLA4-g) represent the values for individual cells compiled from three independent experiments. Error bars represent
mean=SD. CTLA4, cytotoxic T-lymphocyte-associated protein 4; LPS, lipopolysaccharide; mAbs, monoclonal antibodies; NS, not significant; TNFo,

tumour necrosis factor o.

the biological DMARD:s significantly decreased the LPS-induced
bone erosion (online supplementary figure 1C-F).

Anti-IL-6R and anti-TNFo. mAbs affected the motility and
function of mature osteoclasts

We next examined the effects of biological DMARDs on the
dynamics of living mature osteoclasts, using intravital multi-
photon microscopy. To visualise mature osteoclasts, we first used
fluorescent reporter mice in which GFP is expressed as a fusion
protein with the vacuolar type H"-ATPase a3 subunit (a3-GFP
mice).”’ Because the a3 subunit is preferentially and abundantly
expressed in mature osteoclasts,”” ** a3-GFP mice are suitable for
visualising mature osteoclasts iz vivo.”* In addition, as GFP was
expressed as a fusion protein with a proton pump, GFP fluores-
cence served as a marker of mature osteoclasts, and provided
information on the subcellular distribution of the proton pump
in such cells. In this study, LPS was directly injected into the
periostea of a3-GFP mice. Five days after LPS injection, the
mouse bone tissues were visualised to assess the dynamics of
GFP* mature osteoclasts (figure 1). Compared with vehicle-in-
jected mice, the motility of mature osteoclasts was significantly
decreased in LPS-injected ones, reflecting an increase in the
population of static-resorptive (R-type) osteoclasts under inflam-
matory conditions (figure 1A,B,F,G and online supplementary
videos 1,2). We also found some osteoclasts in the area where
the second harmonic signals of bone tissues were deficient,
suggesting high-level activation of osteoclasts forming bone
erosions (figure 1B).

To investigate the effects of biological DMARDs on the
motility and function of mature osteoclasts, each biological
was administered intraperitoneally at the clinical dose into
mice in which LPS-induced bone destruction was in play. In
mice treated with anti-IL-6R mAb, the morphology of mature
osteoclasts changed markedly (lobulation was evident) and cell
motility increased (figure 1C,G and online supplementary video
3). Similarly, in mice treated with anti-TNFo. mAb, the motility
of mature osteoclasts also increased significantly (figure 1D,G
and online supplementary video 4), indicating an increase in the
population of non-resorptive (N-type) osteoclasts. In contrast,
mature osteoclasts of mice given CTLA4-Ig exhibited no remark-
able change in morphology or motility (figure 1E,G and online
supplementary video 5). Even when the dose of CTLA4-Ig was
increased twofold, osteoclast motility did not change (online
supplementary figure 2).

Next, we examined the changes in acid production of mature
osteoclasts using a pH-sensing chemical probe, pHocas-3, which
we recently developed.” This probe, which emits green fluo-
rescence only in acidic environments, can detect local low pH
in bone resorption areas in vivo. We injected pH probes into
fluorescent reporter mice in which tdTomato is expressed under
the TRAP promoter®” and quantified the bone resorptive activity
of the mature osteoclasts as described previously.”® The bone
resorptive activity of mature osteoclasts was significantly acti-
vated in the LPS-treated mice compared with the vehicle-treated
ones (online supplementary figure 3A,B,G). Furthermore,
the bone resorptive activity was significantly inhibited by the
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Figure 2 CTLA4-Ig mobilised osteoclast precursors. (A,B) Representative images of calvarial periosteal bone of CX,CR1 knock-in mice injected

with vehicle (A), (online supplementary video 6) or LPS (B), (online supplementary video 7). Green, CX,CR1-EGFP-positive cells. Red, blood vessels
visualised by intravenous injection of Texas Red-conjugated 70kDa dextran. Scale bars, 50 pm (upper panels). The movements of CX,CR1-EGFP-
positive cells were tracked for 20 min. Coloured lines show the cell trajectories (lower panels). (C—E) Representative bone images of mice injected with
LPS into the calvarial periosteum, and also given intraperitoneal anti-IL-6 receptor (IL-6R) antibody (C), (online supplementary video 8), anti-TNFo.
antibody (D), (online supplementary video 9), or CTLA4-lg (E), (online supplementary video 10). (F) Tracking velocities of CX,CR1-positive cells. Data
points (n=194 for vehicle injection, n=601 for LPS injection, n=176 for anti-TNFo: antibody, n=255 for anti-IL-6R antibody, n=157 for CTLA4-g)
represent the values for individual cells compiled from three independent experiments. Error bars represent mean=SD. CTLA4, cytotoxic T-lymphocyte-
associated protein 4; EGFP, enhanced green fluorescent protein; LPS, lipopolysaccharide; TNFor, tumour necrosis factor o.

treatment with anti-IL-6R mAb and anti-TNFo mAb, consis-
tent with the results of the cell deformation index analysis. In
comparison, the CTLA4-Ig treatment produced no remarkable
change in the bone resorptive activity (online supplementary
figure 3C-G), although the number of mature osteoclasts in the
CTLA4-Ig-treated mice was reduced compared with the vehi-
cle-treated ones (online supplementary figure 3H).

CTLA4-1g mobilised osteoclast precursors

To investigate the impact of biological DMARDs on inflam-
matory bone destruction, we next examined the mobility of
osteoclast precursors in living bone tissues using intravital
multiphoton microscopy. LPS was injected into the periosteum
of fluorescent reporter mice in which EGFP was expressed
under the control of the CX,CR1 promoter, labelling osteoclast
precursor monocytes.”' *' ** Five days after LPS injection, the
bone tissues of the mice were visualised to assess the mobility
of EGFP" monocytoid cells (figure 2). The average tracking
velocity of CX,CR1-EGFP" osteoclast precursors in the LPS-in-
jected mice was significantly lower than that in the vehicle-in-
jected mice (figure 2A,B,F and online supplementary videos 6,7).
The osteoclast precursors adhered tightly to the endosteum in

the inflammatory environment, which is thought to be a critical
step during differentiation into mature osteoclasts.*® **

To examine the effect of biological DMARDs on the mobility of
osteoclast precursors, bone destruction was induced in CX,CR1-
EGFP knock-in mice in which each biological agent was given
intraperitoneally. Compared with vehicle-treated mice, the mean
tracking velocity of CX,CR1-EGFP" osteoclast precursors was
slightly but significantly increased in mice treated with anti-IL6R
and anti-TNFo mAbs (figure 2C,D,F and online supplementary
videos 8,9). On the other hand, treatment with CTLA4-Ig mark-
edly increased the velocity of osteoclast precursors, suggesting
that in vivo treatment with CTLA4-Ig inhibits the firm attach-
ment of such cells to bone surfaces, thereby limiting osteoclastic
bone destruction, which is the principal therapeutic effect of
CTLA4-Ig (figure 2E,F and online supplementary video 10).

CD80/86 expression on osteoclasts was suppressed during
osteoclast maturation

Intravital imaging revealed that CTLA4-Ig had no remarkable
effect on mature osteoclast function, but notably changed
the mobility of osteoclast precursors. To explore the molec-
ular basis of this phenomenon, we next examined the surface
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Figure 3  Expression of osteoclast CD80/86 is suppressed during osteoclast maturation. (A,B) Bone marrow-derived macrophages (BMMs) from

WT mice were cultured with M-CSF in the presence or absence of RANKL for 48 hours. Harvested cells were stained with APC-conjugated anti-CD80
antibody (A) or anti-CD86 antibody (B), and analysed via flow cytometry. (C,D) Immunohistochemical staining for CD80 (C) and CD86 (D) in cultured
osteoclasts. Asterisks indicate multinucleated osteoclasts. Arrowheads indicate mononuclear cells. Blue, nucleus. Green, CD80 or CD86. Scale bars,

50 pm. (E,F) The expression levels of mRNAs encoding CD80 (E) or CD86 (F) in WT BMMs cultured with M-CSF in the presence or absence of RANKL
for 72 hours. Data are presented as mean+SD. P values were calculated with the aid of the Mann-Whitney rank-sum test. (G,H) Immunohistochemical
staining for CD80 (G) or CD86 (H) in the femur of normal TRAP-tdTomato mice. Red, TRAP-tdTomato-positive mature osteoclasts. Blue, nucleus. Green,
CD80 (G) or CD86 (H). Scale bars, 50 ym. (I,J) Mean fluorescent intensity of CD80 (I) and CD86 (J) in TRAP-negative and TRAP-positive cells shown in
(G,H), respectively. P values were calculated using the Mann-Whitney rank-sum test. M-CSF, macrophage colony-stimulating factor; RANKL, receptor
activator of NF-xB ligand; TRAP, tartrate-resistant acid phosphatase; WT, wild type.

expression of the molecules targeted by CTLA4-Ig, thus CD80
(B7-1) and CD86 (B7-2). The BMMs were collected from
mice, cultured for 48 hours with M-CSF in the presence or
absence of RANKL, and then analysed by flow cytometry.
The expression levels of CD80 and CD86 decreased 48 hours
after RANKL stimulation (figure 3A,B). Immunohistochem-
istry also showed that the CD80/86 expression levels in

multinucleated osteoclasts decreased, compared with those
in mononuclear cells (figure 3C,D). In agreement with these
data, the levels of mRNAs encoding CD80/86 also decreased
after RANKL stimulation (figure 3E,F). Finally, we determined
the in vivo expression levels of CD80/86 on mature osteo-
clasts of the femur of TRAP-tdTomato mice. Consistent with
the in vitro results, the expression levels of CD80/86 in TRAP*
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multinucleated osteoclasts were lower than those in mono-
nuclear bone marrow cells (figure 3G-J). These results indi-
cate that CD80/86, the target molecules of CTLA4-Ig, were
prominently expressed only in precursor, thus not maturing,
osteoclasts.

DISCUSSION

We analysed the dynamic behaviour of osteoclasts and their
precursors in a model of inflammatory bone destruction using
intravital multiphoton microscopy, and revealed that anti-IL-6R
and anti-TNFo mAbs affected mature osteoclasts and could
switch bone-resorbing osteoclasts to the non-resorbing state. On
the other hand, CTLA4-Ig had no effect on the bone resorp-
tive activity of mature osteoclasts, but did act on osteoclast
precursors to mobilise them, inhibiting their firm attachment to
bone surfaces, which results in the decrease in the number of
mature osteoclasts and resultant bone erosion. We also found
that CD80/86 surface expression on osteoclasts was suppressed
during osteoclast maturation both iz vitro and in vivo, although
further studies are necessary to reveal the function of CD80/86
in osteoclasts. These results indicate a novel mode of action
for CTLA4-Ig-mediated suppression of inflammatory bone
destruction.

Migration of osteoclast precursors is regulated by various
chemoattractants and adhesion molecules. For example, TNFo
is involved in the migration of CD11b-positive monocytes,
including osteoclast precursors, increasing their efflux from the
bone marrow into inflammatory sites.'” ** In addition, TNFo
has a profound effect on monocytes, inhibiting the migratory
response towards chemotactic stimuli, which probably serves to
retain monocytes at the actual sites of inflammation.*®*” IL-6 is
involved in trafficking of osteoclast precursors via upregulation
of SIPR2 (which attracts the precursors to the bone surface).*®
CTLA4-Ig has been reported to regulate osteoclastogenesis, and
transendothelial migration of monocytes via downregulation
of adhesion molecules and altered actin organisation.” Such
evidence suggests that all biologicals tested in this study poten-
tially modify the migratory behaviour of osteoclast precursors,
and intravital imaging showed that CTLA4-Ig had the most
profound effect on osteoclast precursor migration.

Biological DMARDs improve both synovitis and bone erosion
with tolerable adverse effects; although differences among the
drugs and their optimal usage patterns have been vigorously
investigated in various clinical trials. In this study, we propose a
novel mode for selection of biologicals based on their modes of
action i vivo. Uniquely, CTLA4-Ig does not affect mature osteo-
clasts, the functions of which are important in terms of physio-
logical bone homoeostasis, bone turnover and protection against
bacterial infections.*® *! Thus, elderly patients, who are suscep-
tible to infection and who have low levels of bone turnover,
may be good candidates for CTLA4-Ig treatment. Conversely,
IL-6/TNFo blockade, which strongly suppresses the function
of existing mature osteoclasts, should be chosen for patients
with high-level disease activity, or who are at risk of structural
damage.

Finally, we should also consider the limitations of this study, as
well as future perspectives. First, we used an LPS-induced inflam-
matory bone destruction model to evaluate the effects of various
biological DMARD:s. Intravital bone imaging techniques can be
applied for the analysis of other inflammatory bone destruc-
tion models, such as collagen-induced arthritis, and we plan to
further investigate whether our data actually reflect osteoclast
dynamics in inflammatory joints in arthritis mouse models,

and in patients with RA. Second, we found a direct effect of
CTLA4-Ig on the mobility of osteoclast precursors, but have not
clarified the molecular mechanism. To explore comprehensive
gene expression changes, we performed an RNA sequence anal-
ysis of CX,CR1-EGFP" cells from calvaria in mice treated with
CTLA4-Ig or control IgG. We found that genes associated with
cellular movement were increased in the CTLA4-Ig-treated group
(online supplementary figure 4), but further studies are needed
to determine the precise mechanism. Third, we focused mainly
on the motility of osteoclast precursors, but could not evaluate
osteoclast differentiation with our imaging system because the
observable time is technically limited to up to 12hours, which
may be insufficient for these evaluations. If we can improve our
imaging system to enable longer observation periods, we should
be able to reveal whether CTLA4-Ig could directly inhibit osteo-
clast differentiation in vivo.

In conclusion, we visualised the behaviour of osteoclasts and
their precursors in a model of inflammatory bone destruction
using intravital multiphoton microscopy, and found that different
biological DMARDs acted at specific therapeutic time points
during osteoclastic bone destruction, with different efficacies.
The results reveal the real modes of action of the drugs, which is
informative in terms of optimal usage.
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ABSTRACT

Objectives To characterise renal tissue metabolic
pathway gene expression in different forms of
glomerulonephritis.

Methods Patients with nephrotic syndrome (NS),
antineutrophil cytoplasmic antibody-associated vasculitis
(AAV), systemic lupus erythematosus (SLE) and healthy
living donors (LD) were studied. Clinically indicated
renal biopsies were obtained at time of diagnosis and
microdissected into glomerular and tubulointerstitial
compartments. Microarray-derived differential gene
expression of 88 genes representing critical enzymes of
metabolic pathways and 25 genes related to immune
cell markers was compared between disease groups.
Correlation analyses measured relationships between
metabolic pathways, kidney function and cytokine
production.

Results Reduced steady state levels of mRNA species
were enriched in pathways of oxidative phosphorylation
and increased in the pentose phosphate pathway (PPP)
with maximal perturbation in AAV and SLE followed by
NS, and least in LD. Transcript regulation was isozymes
specific with robust regulation in hexokinases, enolases
and glucose transporters. Intercorrelation networks
were observed between enzymes of the PPP (eg,
transketolase) and macrophage markers (eg, CD68)
(r=0.49, p<0.01). Increased PPP transcript levels were
associated with reduced glomerular filtration rate in the
glomerular (r=—0.49, p<0.01) and tubulointerstitial
(r=—0.41, p<0.01) compartments. PPP expression and
tumour necrosis factor activation were tightly co-
expressed (r=0.70, p<0.01).

Conclusion This study demonstrated concordant
alterations of the renal transcriptome consistent with
metabolic reprogramming across different forms of
glomerulonephritis. Activation of the PPP was tightly
linked with intrarenal macrophage marker expression,
reduced kidney function and increased production of
cytokines. Modulation of glucose metabolism may offer
novel immune-modulatory therapeutic approaches in rare
kidney diseases.

INTRODUCTION

Activated immune cells require alterations in meta-
bolic activity to survive, proliferate and sustain
effector responses. How intracellular metabo-
lites regulate immune cells is an emerging field of
study known as immuometabolism.' In oncology,

alteration of cancer cell metabolism to preferen-
tially use glycolysis rather than the tricarboxylic
acid (TCA) cycle for energy production is referred
to as ‘aerobic glycolysis’ or the Warburg effect.
Metabolic reprogramming of tumour cells towards
enhanced glycolytic capacity is a defining charac-
teristic of various malignancies and explains how
tumours can be visualised by positron emission
tomography studies coupled with radiolabelled
fluorodeoxyglucose. In the context of immunity,
similar alterations in metabolic pathways can
promote effector functions in immune cell subsets
to induce production of specific pro-inflammatory
and anti-inflammatory cytokines.

Evidence of metabolic reprogramming in
immune-mediated diseases is mostly limited to
in vitro studies. Activation of hypoxia-inducible
factor 1 alpha (HIF-1o)) or stimulation of innate
immune response receptors can upregulate path-
ways of glycolysis, promote differentiation of M1
macrophages and inform inflammatory responses
via production of specific cytokines, including
tumour necrosis factor (INF).?” Some studies
have provided in vivo evidence of immunome-
tabolism in rheumatologic diseases. Metabolomic
profiling of serum and synovial fluid has identified
specific metabolites associated with rheumatoid
arthritis.>'° The pentose phosphate pathway (PPP)
is a parallel pathway of glycolysis that may a play
key role in specific inflammatory diseases. Defects
in glycolytic flux due to upregulation of glucose-
6-phosphate dehydrogenase (G6PD), an enzyme in
the PPP, promote hyperproliferation and cytokine
production in T cells from patients with rheuma-
toid arthritis."! Activated metabolism with hyper-
activation of the PPP has been demonstrated in
circulating lymphocytes from patients with systemic
lupus erythematosus (SLE), and metabolic inhibi-
tors can ameliorate pathology in animal models of
lupus.'*"

Nephrotic and nephritic syndromes represent a
spectrum of glomerulonephropathies character-
ised in part by shared end-organ kidney damage
with a significant degree of activation of ischaemic
injury.'® To what extent immunometabolic changes
contribute to different types of kidney disease
is unknown. The objectives of this study were to
compare metabolic pathways of gene transcription
in renal tissue from patients with different forms
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of glomerulonephritis and to determine the cellular source of
specific metabolic transcription signatures in these diseases.

METHODS

Discovery cohort

Kidney biopsy samples from patients with glomerulonephritis
and healthy donors were obtained from the European Renal
c¢DNA Bank (ERCB) cohort. The ERCB is a multicentre study
established to collect renal biopsy tissue for gene expression
analysis at the time of a clinically indicated biopsy.'” Biop-
sies were obtained from patients after informed consent with
approval of the local ethics committees. For this study, patients
with nephrotic syndrome (NS, n=62) and with antineutrophil
cytoplasmic antibody (ANCA)-associated vasculitis (AAV, n=23),
a prototypical nephritic syndrome, were included in a discovery
cohort. Three forms of NSs were studied: minimal change
disease (MCD, n=14), membranous glomerulonephritis (MGN,
n=21) and focal segmental glomerulosclerosis (FSGS, n=25).
Two forms of AAV were included: granulomatosis with poly-
angiitis and microscopic polyangiitis (MPA). All patients with
AAVhad a positive ANCA-antibody and diagnostic confirmation
of disease by renal histology. Healthy tissue obtained from living
transplant donors (LD, n=21) was used as a comparator group.
Detailed histology from the ERCB cohort was not available, and
clinical information recorded at the time of renal biopsy was
limited but included use of glucocorticoids (yes/no, categorical
variable) and glomerular filtration rate (GFR)." To determine
if gene expression signatures identified in the discovery cohort
were unique to AAV or NS, relevant signatures were also queried
in previously reported data from additional patients in the ERCB
cohort, including patients with SLE (n=32) and patients who
underwent tumour nephrectomy with donation of normal renal
tissue adjacent to tumour (n=6)."

Validation cohort

An independent, validation cohort was studied consisting of
microdissected renal biopsies from additional patients with
AAV (n=57) from the ERCB cohort, additional LD (n=6), and
patients with NS (n=107) recruited in the Nephrotic Syndrome
Study Network (NEPTUNE). NEPTUNE is an ongoing multi-
centre prospective cohort study enrolling patients with glomer-
ular diseases.”® Detailed clinical and histopathological data
from patients with nephrotic syndrome enrolled in NEPTUNE,
including quantification of tubulointerstitial fibrosis, has been
previously published.?!

Kidney tissue processing and transcriptional profiling

Kidney tissue was processed prior to transcriptional profiling as
previously described.?” Briefly, collected renal tissue was stored
in RNAlater (ThermoFisher) and manually microdissected into
glomerular and tubulointerstitial compartments. Transcriptional
data were used to assess reliability of microdissection, targeting
16-fold to 64-fold enrichment of glomerular-selective or tubu-
lointerstitial-selective transcripts in each respective compart-
ment. In the discovery cohort, RNA from each compartment
was processed and analysed using Affymetrix GeneChip Human
Genome U133A V.2.0 and U133 Plus V.2.0 platforms. In the
validation cohort, samples were profiled on a Human Gene
ST 2.1 array platform. Probe sets were annotated to Entrez
Gene IDs using custom CDF V.19 generated from the Univer-
sity of Michigan Brain Array group, as previously described.”
Expression data were quantile normalised and batch corrected
using COMBAT.* Differential gene expression of selected gene

transcripts was compared in the glomerular and tubulointersti-
tial compartments between patients with NS and AAV versus LD
using the significance analysis of microarrays (SAM) method.” *¢
Genes were defined as significantly differentially expressed with
g-value <0.05. CEL files are accessible in GEO under reference
numbers: GSE104948, GSE104954 and GSE108113.

Selected metabolic and inflammatory genes

A list of 88 genes related to metabolic pathways and 25 genes
related to immune cell subset markers were selected a priori for
analysis.”” Metabolic enzymes were selected to represent the
following metabolic pathways: TCA cycle, glutaminolysis, fatty
acid oxidation, glycolysis and the PPR. A composite gene expres-
sion score was created for each metabolic pathway by averaging
z-scored transformed log2 expressed genes within the pathway.
For the PPP, the composite score was created from the following
genes: G6PD, PGLS, PGD, RPE, RPIA, TKT and TALDOI1. A
subset of enyzmes were categorised based on regulation by the
transcription factor HIF-1a.. A complete list of the selected genes
is provided in online supplementary material.

Subset prediction from enrichment correlation analysis

Subset prediction from enrichment correlation (SPEC) was
performed to determine the cell-specific source for PPP gene
expression.”® Immune cell type-specific gene sets and renal cell
type-specific gene sets were derived from previously published
studies.”” > Single-sample gene set enrichment analysis (ssGSEA)
enrichment scores (ES) were calculated using each cell type-spe-
cific gene set and a PPP gene set curated from the KEGG meta-
bolic pathways (V.5.2 from the Molecular Signatures Database).
To determine how suitable a cell type gene set is for SPEC, cell
type gene sets are randomly split in half (‘SET A and SET B’).
ssGSEA is performed on all cell types and the number of times
the ES from SET B is most strongly correlated with SET A rather
than any other cell type is counted. The split experiment is repli-
cated 100 times for each cell type gene set to generate a confi-
dence metric in the findings. Correlation between each cell type
ES and the PPP ES was calculated. Higher correlation indicates
that a specific cell type contributes to PPP expression in the total
population of samples.

Development of TNF activation score

Previously identified candidate genes causally downstream
of TNF in kidney disease with at least three literature sources
of evidence were selected as a gene set representative of TNF
activation.”’ A TNF activation score was generated in patient
samples by transforming log2 expression profiles into z-scores
and averaging z-scores of 138 TNF-dependent genes into a
single metric for each patient sample.

Tissue immunofluorescence

The expression and localisation of immunometabolism-associ-
ated proteins was evaluated in paraffin-embedded kidney sections
by indirect immunofluorescence in five patients with AAV.
Kidney biopsies were classified based on histology as focal, cres-
centic, mixed or sclerotic, according to consensus guidelines.
Briefly, after xylene/ethanol deparaffinisation, tissue sections
were pretreated with Epitope Retrieval Solution (IHC World,
Woodstock, Maryland, USA) for 40 min at 60°C. Subsequently,
non-specific binding was blocked with 10% Normal Goat Serum
(NGS) for 30 min at room temperature. Tissue slides were double
stained with combinations of antibodies specific for CD68,
TKT and HIF-1o. (Abcam, Cambridge, Massachusetts, USA;
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Table 1 Patient characteristics for discovery and validation cohorts

Discovery cohort

Validation cohort

Nephrotic ~ ANCA-associated  Systemic lupus Tumour Living Nephrotic  ANCA-associated
Disease group Living donor syndrome  vasculitis erythematosus nephrectomy  donor syndrome  vasculitis
Glomerular samples 21 58 23 6 6 90 15
Tubulointerstitial samples 21 47 21 0 5 107 57
Age, years 473(115) 472(17.7) 58.0(13.8) 35.1 (13.3) 66.4 (6.8) 525(69)  47.1(157) 57.8(9.8)
(SD)
Sex 45 45 43 100 57 33 58
(% female)
Glomerular filtration rate 104 (31) 83 (39) 46 (31) 64 (39) 58 (10.5) 108 (33) 77 (32) 31(27)

(SD)

ANCA, antineutrophil cytoplasmic antibody.

BioLegend, San Diego, California, USA) overnight at 4°C in 1%
NGS. Secondary antibodies were purchased from ThermoFisher
Scientific (Grand Island, New York, USA), and tissue sections
incubated accordingly for 1hour at room temperature in 1%
NGS. Hoechst-stained slides were then mounted with ProLong
Gold Antifade Mountant (ThermoFisher), and visualised after
curing overnight.

Statistical analyses

Correlation analyses were performed using Pearson’s correlation.
Kruskal-Wallis with post hoc Dunn’s test to account for multiple
comparisons was used to compare metabolic pathway scores
across multiple disease groups, and a p value <0.05 was consid-
ered significant for these analyses. Analyses were performed
using GraphPad Prism V.7.0 (La Jolla, California, USA).

RESULTS

Alteration of metabolic pathways in the glomerular and
tubulointerstitial compartments

Gene expression signatures for five major metabolic pathways
were profiled in the glomerular and tubulointerstitial compart-
ments between patients with NSs, AAV and healthy living
donors. The clinical characteristics of the study population are
presented in table 1.

In the glomerular compartment of the discovery cohort, there
was a coordinated pattern of altered gene expression related
to specific metabolic pathways. Gene expression of the TCA
cycle, fatty acid oxidation and glutaminolysis was repressed in
NS relative to LD and further downregulated in patients with
AAV (figure 1A). In contrast, there was significantly increased
expression of the PPP in patients with NS and AAV relative to
LD (p<0.001), with significantly higher expression in patients
with AAV compared with NS (p<0.001). There was increased
gene expression related to glycolysis in patients with NS and
AAV compared with LD but this was not statistically significant.
Differential expression of the PPP was also observed in the tubu-
lointerstitial compartment of the discovery cohort (figure 1B).
There was differential upregulation of glycolytic enzymes regu-
lated by the transcription factor HIF-1a in patients with AAV
compared with LD (p<0.001) and patients with NS (p<0.005),
and there were no differences in expression of glycloytic enzymes
not regulated by HIF-10. across the groups (figure 1C).

In the glomerular compartment of the discovery cohort, all
seven enzymes of the PPP were significantly upregulated in
patients with AAV compared with controls (fold change range
1.14-1.57, 9q<0.05). In the tubulointerstitial compartment, six
enzymes of the PPP were significantly upregulated in patients

with AAV compared with controls (fold change range 1.05-1.52;
q<0.05) (table 2).

Differential expression of specific metabolic isozymes

Differential expression of selected, key regulatory metabolic
isozymes was compared across LD, NS and AAV groups in
the discovery cohort (figure 2). Specific isozymes were signifi-
cantly upregulated (ENO2, HKI1, HK2) or downregulated
(PDK4, PFKB1, PFKFB2) in NS and AAV compared with LD
without differences between NS and AAV. Other isozymes were
significantly upregulated (GLUT3, PFKFB3) or downregulated
(ALDOB, GLUT2, PDK2) in AAV>NS>LD. ENO1, HK3 and
PFKB4 were only significantly upregulated in AAV compared
with NS and LD. There were no significant differences across the
groups for ALDOA, ALDOC, GLUT1, GLUT4, PDK1 and PDK3.

Pentose phosphate pathway gene expression signature in the
validation cohort and in association with kidney function

To confirm if increased PPP expression was unique to AAV,
gene expression of the PPP was compared in the discovery
cohort across a broader spectrum of diseases including SLE
(figure 3A and B). PPP expression did not differ between LD,
normal kidney biopsy sections from patients who underwent
tumour nephrectomy and patients with MCD. PPP expression
in SLE was significantly greater than LD (p<0.001) but was
not different from AAV. Among the two types of NSs with
potential inflammatory components (MGN, FSGS), there
was increased PPP expression compared with LDs (p<0.01),
with lower median PPP expression values than SLE or AAV.
In an analysis restricted to patients with AAV or SLE, there
was no significant difference in PPP expression score between
patients categorised by concomitant glucocorticoid use at
the time of biopsy versus those not treated; however, there
was increased variability of PPP expression in those patients
taking glucocorticoids (figure 3C). Differential expression of
the PPP was confirmed in the validation cohort using samples
from an independent group of patients with glomerulone-
phritis (figure 3D). There was a significant negative associ-
ation between PPP expression and GFR in the glomerular
compartment (r=—0.49, p<0.01) (figure 3E) and the tubu-
lointerstitial compartment (r=—0.41, p<0.01) (figure 3F).
In analyses restricted to patients with NS in the NEPTUNE
cohort where detailed histology was available for review,
GFR was negatively associated with PPP expression in the
glomerular (r=—0.37, p<0.01) and the tubulointerstitial
compartments (r=—0.29, p<0.01), and PPP expression in
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Figure 1 Bar graphs of metabolic pathways showing disease-specific differential gene expression within the glomerular compartment in the

discovery cohort (A). Bar graph of pentose phosphate pathway gene expression within the tubulointerstitial compartment in the discovery cohort (B).
Differences in composite gene expression were compared in the discovery cohort between hypoxia-induced factor 1-alpha (HIF-101) glycolytic targets
and HIF-1o independent glycolytic enzymes in the glomerular compartment (C). *p<0.05; **p<0.01; ***p<0.005; ****p<0.001, NS, not significant.
AAV, antineutrophil cytoplasmic antibody-associated vasculitis; TCA, tricarboxylic acid.

the tubulointerstitial compartment was significantly associ-
ated with an increased degree of tubulointerstitial fibrosis on
pathology (r=0.22, p=0.03).

Cellular source of the pentose phosphate pathway gene
expression signature

SPEC analysis of the discovery cohort glomerular compart-
ment dataset indicated that PPP expression was specifically
increased in monocyte/macrophages and renal tubular cells
(figure 4A). Correlation analyses stratified by group (NS, LD,

AAV) demonstrated positive correlation between monocyte/
macrophage ES and PPP ES only in patients with AAV (r=0.62,
p<0.01) and positive correlation between renal tubule ES and
PPP ES only in LD (r=0.49, p<0.01) and patients with NS
(r=0.63, p<0.01) (figure 4B). In the glomerular compartment
in patients with LD, NS and AAV, there was positive correlation
between transketolase (TKT), a representative enzyme of the
PPP, and CDé68, a representative macrophage marker (r=0.48;
p<0.01) (figure 4C). In patients with AAV with crescentic find-
ings on kidney biopsy (n=2), protein expression of TKT and

Table 2 Glomerular compartment pentose phosphate pathway gene expression in ANCA-associated vasculitis compared with healthy donors in

the discovery cohort

Glomerular compartment Tubulointerstitial compartment

Enzyme Gene symbol Fold change Q values Fold change Q values
Glucose-6-phosphate dehydrogenase G6PD 1.30 <0.0001 1.10 0.0323
6-Phosphogluconolactonase PGLS 1.59 <0.0001 1.06 0.0855
Phosphogluconate dehydrogenase PGD 1.15 0.0210 1.16 0.0076
Ribulose-5-phosphate-3-epimerase RPE 1.19 0.0002 1.18 <0.0001
Ribose-5-phosphate isomerase A RPIA 1.24 <0.0001 1.19 <0.0001
Transketolase TKT 1.71 <0.0001 1.61 <0.0001
Transaldolase 1 TALDO1 1.28 <0.0001 137 <0.0001
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compartment was correlated with a TNF activation score. There
was strong, positive correlation (r=0.70, p<0.01) between the
PPP and TNF activation scores, with the highest values observed
in patients with AAV compared with NS and LD (figure 4E).

DISCUSSION

Under conditions of cellular homeostasis, the TCA cycle serves
as the most efficient source of energy production in humans.
However, under conditions of cellular stress, including inflam-
matory microenvironments, glucose can become a preferred
metabolic substrate. This study demonstrated concordant
alterations of the renal transcriptome consistent with meta-
bolic reprogramming across different forms of glomeru-
lonpehritis. Gene expression profiling of renal tissue from
the glomerular compartment revealed downregulation of
pathways of cellular homeostasis, including the TCA cycle,
glutaminolysis and fatty acid oxidation, and upregulation of
pathways of glucose metabolism, including the PPP. Significant
upregulation of HIF-1a-related gene transcripts and colocali-
sation of HIF-1a. and CD68 by tissue immunofluorescence in
the glomeruli of patients with AAV suggests that this transcrip-
tion factor plays a critical role in the regulation of glycolytic
pathways in glomerulonephritis.'® *

Activation of the PPP in both the glomerular and tubu-
lointerstitial compartments in a discovery and validation
cohort was the most striking finding in this study. Increased
expression of enzymes of the PPP was demonstrated in NSs
compared with healthy living donors with the highest levels

of PPP expression seen in inflammatory kidney diseases. In
patients with NS, increased expression of the PPP in the tubu-
lointerstitial compartment was significantly associated with
reduced kidney function and increased intensity of tubuloint-
erstitial fibrosis. Although renal disease in AAV is typically
defined by glomerular involvement, similar alterations of PPP
enzyme transcription were observed in renal biopsies from
patients with AAV in both the glomerular and tubulointerstitial
compartments. Global alterations of the renal transcriptome
across different anatomic compartments are therefore associ-
ated with renal disease in AAV. Similar levels of PPP expres-
sion in kidney biopsies from patients with AAV or SLE indicate
that alterations of metabolic pathways might be shared across
different forms of glomerulonephritis.

Several lines of evidence suggest that monocyte/macrophages
are likely a major contributor to PPP expression in these diseases.
Increased PPP expression was observed in the NS subtypes
where inflammatory features on histology are most pronounced,
including MGN and FSGS compared with MCD. Computational
analyses showed that PPP expression strongly correlated with
monocyte/macrophage surface markers, especially in patients
with AAV, and protein expression of PPP enzymes colocalised
to macrophages within the glomerular compartment by tissue
immunofluorescence. One function of the PPP is to generate
NADPH and maintain redox balance, which may be particularly
important to cellular survival in activated macrophages under-
going oxidative burst. Another function of the PPP is to generate
nucleic acid precursors. Production of biomass through the PPP
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could facilitate generation of the necessary messenger RNA
and protein to enable effector functions. Activation of the PPP
is known to induce pro-inflammatory cytokine production in
macrophages,’ and in this study, strong correlation was observed
between PPP expression and TNF activation within the glomer-
ular compartment, particularly in AAV.

In addition to regulation of important metabolic pathways,
differential expression of key, regulatory metabolic isozymes
was observed across the conditions studied. These findings
may inform future functional studies of metabolic pathways in
renal disease. PFKFB3, which was upregulated in both NSs and
AAV, has been specifically associated with the Warburg effect
in tumour cells because its activity increases the rate of glycol-
ysis.** Among glucose transporters, which facilitate glucose
passage across plasma membranes, there was upregulation of
GLUT3 and downregulation of GLUT2 in both NS and AAV.
GLUTS3 is the highest affinity glucose receptor and therefore
may play a key role in facilitating glucose metabolism in these
conditions.* Hexokinases regulate the first step in glycolysis,
and significant increased expression of HK3 was observed
in patients with AAV. HK3 is the predominant hexokinase in
myeloid cells and is upregulated in peripheral blood samples
from patients with AAV in a prior transcriptomic study.*® 3’
The functions of HK3 are poorly characterised, making it an
attractive candidate for future functional studies.

This study has some important potential limitations to
consider. Concomitant use of glucocorticoids can affect gene
expression and information about glucocorticoid dose at the
time of biopsy was not available; however, no significant differ-
ence between PPP scores were observed when adjusting for
glucocorticoid use as a categorical variable. Detailed patholog-
ical descriptions from renal biopsies in the ECRB cohort was
not available across the cohort, precluding comparison of the
renal transcriptome with histological characteristics of disease.
Urinary metabolites were not studied; however, alterations of
glycolysis-related transcripts in animal models of diabetes have
predicted changes in glycolytic metabolites in renal cortex and
urine.*® Finally, subgroup comparisons were limited by small
sample sizes.

Distinct alterations in cellular metabolism were observed in
the renal transcriptome from patients with different forms of
glomerulonephritis, including NSs and systemic inflammatory
diseases such as AAV and SLE. Global patterns of gene expres-
sion are indicative of increased utilisation of glucose and
decreased oxidative phosphorylation, especially in patients
with inflammatory kidney diseases. Metabolic reprogram-
ming of cells within affected renal tissue may constitute a
form of shared molecular pathology across different types of
glomerulonephritis. The strong correlations between markers
of glycolysis, macrophage-related markers and inflammatory
cytokines observed in this study further suggest that altered
immunometabolism may also play a role in the pathophysi-
ology across a spectrum of kidney diseases. Validation of these
findings in prospective, observational cohorts with assessment
of potential associations between metabolic gene expression
signature, detained renal histology and long-term clinical
outcomes is warranted. Modulation of glucose metabolism
could offer novel approaches to the treatment of these rare
syndromes.
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Shared epitope positivity is related to efficacy of
abatacept in rheumatoid arthritis

Abatacept, a soluble fusion protein consisting of the extra-
cellular domain of cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) and the Fc portion of human IgG1, has been
approved for the treatment of rheumatoid arthritis (RA). It acts
by binding to cluster of differenciation (CD)80/86 (B7-1/B7-2)
on antigen-presenting cells (APCs) and blocking the B7:CD28
interaction. Meanwhile, HLA-DRB1 shared epitope (SE) has
been proposed to be associated with the production of anticy-
clic citrullinated peptide antibody (ACPA) via major histocom-
patibility complex-based antigen presentation.' > Moreover, the
efficacy of abatacept is associated with positivity and titer for
ACPA.” * Therefore, we hypothesised that the efficacy of abata-
cept may be associated with patients’ HLA-DRB1 SE positivity.
To test this idea, we have retrospectively underwent exploratory
analysis of the association between the clinical efficacy of abata-
cept and HLA-DRB1 genotype. HLA-DRB1 genotype could be
identified in 72 patients. The study was approved by the ethics
review board of Matsuyama Red Cross Hospital, Japan and was
conducted as a retrospective observation study. All patients’
consents were obtained. HLA-DRB1 *0101, *0102, *0401,
*0404, *0405, *0408 and *1001 were defined as SE.’

Table 1 shows characteristics of the study patients. Of 72
patients, SE-positive and SE-negative subjects were 47 and
25, respectively. Compared with SE-negative patients, SE-pos-
itive patients had a higher retention rate of abatacept treat-
ment (p<0.0001, log-rank test, figure 1A). The numbers of

SE-positive and SE-negative patients discontinued abatacept
due to lack of efficacy were 5 and 16, respectively. In multi-
variable Cox hazard regression models, SE-negative patients
had a significantly higher abatacept discontinuation due to lack
of efficacy than SE-positive patients (crude HR 9.26, 95% CI
3.37 to 25.4; age and sex adjusted HR 10.83, 95% CI 3.53
to 33.2 and fully adjusted (age, sex, ACPA titer, prior use of
biological agents, methotrexate (MTX) use) HR 9.64, 95% CI
3.13 to 29.7). Due to a high number of covariates compared
with the number of events (6 compared with 21), the fully
adjusted estimate should be interpreted with caution. The
changes in Simple Disease Activity Index (SDAI) recorded over
24 weeks are shown in figure 1B. Despite the fact that SE-pos-
itive patients could reduce their corticotherapy significantly
more (prednisolone dose equivalent at week 24, 3.5+3.6t0
2.8+2.8and 4.9%+3.5to 4.6+3.0 mg/day, p=0.04and p=0.13,
in SE-positives and SE-negatives, respectively), the mean
SDAI values were 3.87%+4.03and 11.79%10.57 at week 24
(p<0.0001) in SE-positive and SE-negative patients, respec-
tively. The achievement ratio of SDAI remission at week 24 was
significantly higher in SE-positive patients than in SE-negative
patients (55.3% vs 20.0%, respectively, p=0.01, figure 1C). An
independent inverse association was observed between SE-pos-
itivity and SDAI at week 24 after adjustment for ACPA titer,
age, sex, SDAI at baseline, MTX use and prior use of biolog-
ical agent in multiple regression analysis (figure 1D). Including
SE positivity in this multiple regression analysis, the highest
ACPA quartile (730-4627 IU/L") also did not become signifi-
cant predictor for SDAI at week 24 (p=0.10).

Previous studies have demonstrated increased efficacy of abata-
cept with ACPA positivity and high titers of autoantibodies. Our

Table 1 Baseline characteristics of patients

Variables (n=72) SE-positive patients (n=47) SE-negative patients (n=25) p Value
Age (years) 60.5+14.5 64.0+10.3 0.29
Female, n (%) 36 (76.6) 23(92.0) 0.20
Disease duration (years) 10.4+9.3 10.6+10.0 0.93
Stage I/ll, n (%) 12 (25.5) 8(32.0) 0.56
TJC,0-28 49+4.8 3.8+4.3 0.30
SJC, 0-28 5.0+4.2 3.3+2.1 0.03
GH, VAS 0-100mm 48+27 52+29 0.54
EGA, VAS 0-100 mm 40+23 43+24 0.59
CRP (mg/dl) 1.99+2.67 0.94+1.32 0.03
SDAI 20.7+11.7 17.6+8.6 0.24
DAS28-CRP 4.08+1.22 3.66+1.14 0.16
MHAQ 0.61+0.62 0.55+0.56 0.70
ACPA positive, n (%) 43 (91.5) 22 (88.0) 0.69
ACPA (IU/L) 645+880 323+401 0.04
RF positive, n (%) 40 (85.1) 21 (84.0) 1.00
RF (1U/L) 142251 133200 0.87
MTX use, n (%) 30 (63.8) 18 (72.0) 0.48
MTX dose (mg/week) 8.5+3.1 8.0+3.6 0.63
Oral steroid use, n (%) 27 (57.4) 21 (84.0) 0.03
Oral steroid use (mg/day*) 3.5+3.6 4.9+35 0.1
Bio naive (%) 26 (55.3) 13 (52.0) 0.79

*Prednisolone equivalents.
Results are shown as mean +SD unless stated otherwise.

Significance was determined by means of the t-test for continuous variables, and the Chi-square or Fisher’s exact test for categorical variables.
ACPA, anticyclic citrullinated peptide antibody; CRP, C-reactive protein; DAS28, 28-joint count disease activity score; EGA, evaluator global assessment of disease activity; GH,
patient’s global assessment of general health; MHAQ, Modified Health Assessment Questionnaire; MTX, methotrexate; RF, rheumatoid factor; SDAI, Simplified Disease Activity

Index; SIC, swollen joint count; TIC, tender joint count; VAS, visual analogue scale.
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Independent predictors for SDAI at week 24 in multivariable analysis

Regression coefficient P value

Standardised Unstandardised

Shared epitope positivity -0.46 -3.78 <0.0001
[>26 ACPA titer (at baseline) -0.16 0.15
Age 0.10 0.33
Sex (female) -0.09 0.38
5DAI (at baseline) 0.19 0.07
MTX use 0.1% 0.08
Prior use of biological agent 0.17 0.10

(A) Retention rate of abatacept treatment with the subject population stratified according to SE positivity (Kaplan-Meier plots, p<0.0001,
log-rank test). (B) Time course of Simplified Disease Activity Index (SDAI). Error bars indicate 95% Cl. *p<0.05, **p<0.01, ***p<0.0001. (C) Disease
activity stratified according to SDALI. (D) Independent predictors for SDAI at week 24 by multiple regression analysis after adjustment for anticyclic
citrullinated peptide antibody (ACPA) titer, age, sex, SDAI at baseline, methotrexate (MTX) use and prior use of biological agent. Only SE positivity was

significantly associated with SDAI at 24 week of abatacept treatment.

results suggests that the observed effect of seropositivity could
be mediated by the SE, as high titers of ACPA are associated
with the presence of SE.® Because ACPA titer is also affected by
non-SE alleles such as HLA-DRB1*15 and 0901, SE positivity
may be more accurate predicting factor for abatacept efficacy.
Indeed, 26% and 24% of patients had HLA-DRB1*15 and 0901
in our study, respectively. We believe that the prior identifica-
tion of HLA-DRB1 could increase the precision of expectation
for the efficacy of abatacept in patients with RA and ultimately
contribute to the development of ‘personalised medicine’ for this
disease.
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Seropositivity combined with smoking
is associated with increased prevalence
of periodontitis in patients with
rheumatoid arthritis

An association between periodontitis and rheumatoid arthritis
(RA) has been proposed based on observations of increased
risk of periodontitis in patients with RA as well as the pres-
ence of antibodies to citrullinated protein antigens (ACPAs)
and rheumatoid factor (RF) in serum and gingiva of patients

with periodontitis." Additionally, smoking is one of the most
important risk factors for both periodontitis and RA, and predis-
pose for the development of seropositive RA.** We have previ-
ously reported that smokers with RA have increased prevalence
of periodontitis as compared with never smokers in the Swedish
population-based case—control study EIRA (Epidemiological
Investigation of Rheumatoid Arthritis).” The objective of the
current study was to further investigate the effects of smoking on
the risk of periodontitis in seropositive and seronegative (ACPA/
RF) subsets of RA.

Data on periodontal status (years 2008-2012) were
retrieved from the Swedish Dental Health Registry (DHR)
for 2327 patients with established RA (1469/852 ACPA-pos-
itive/ACPA-negative and 1505/822 RF-positive/RF-negative,
respectively) included in the EIRA study (years 1996-2009)
as previously described.” Periodontal diagnosis was based
on diagnostic codes for periodontitis, peri-implantitis and
increased risk of periodontitis/peri-implantitis, registered by
the patients’ dentists in the DHR.” The diagnosis of RA was
confirmed by the rheumatologist at the time of the recruit-
ment into EIRA; blood samples were collected to determine
ACPA/RF status.® Detailed information on smoking status was
collected by a self-administered questionnaire at the time of
enrolment to EIRA.® For the association between smoking
status, seropositive/seronegative RA and periodontitis, we
calculated OR with 95% CI adjusted for age, gender, educa-
tion and residential area.

In ACPA-positive RA, smoking was associated with a signifi-
cantly (p<0.05) higher prevalence of periodontitis, mainly in
current smokers (OR=1.9, 95%CI 1.5 to 2.5) (table 1). The

Table 1 Association between periodontal diagnostic codes and smoking habits compared with never smokers in EIRA RA cases, in relation to
ACPA status and gender*
ACPA-positive RA (n=1469) ACPA-negative RA (n=852)
No with periodontitis No with periodontitis
Smoking habits (%)t OR (95% Cl)* (%)t OR (95% CI)*
Total
All 773 (100) 458 (100)
Women 557 (100) 331 (100)
Men 216 (100) 127 (100)
Never smokers
All 196 (25.4) 1.0 (ref) 155 (33.8) 1.0 (ref)
Women 156 (28.0) 1.0 (ref) 115 (34.7) 1.0 (ref)
Men 40 (18.5) 1.0 (ref) 40 (31.5) 1.0 (ref)
Ex-smokers
All 285 (36.9) 1.7(1.3102.2)§ 140 (30.6) 0.9(0.7t01.3)
Women 200 (35.9) 1.8 (1.4 10 2.4)§ 88 (26.6) 1.0 (0.7 to 1.5)
Men 85 (39.4) 1.8(1.0t03.1)§ 52 (40.9) 0.7 (0.4t01.3)
Ever smokers
All 577 (74.6) 1.6 (1.3102.0)§ 303 (66.2) 1.1(0.9t0 1.4)
Women 401 (72.0) 1.6(1.3t02.1)§ 216 (65.3) 1.3(09t01.7)
Men 176 (81.5) 1.9(1.2t03.0)§ 87 (68.5) 0.8(0.5t01.3)
Current smokers
All 232 (30.0) 1.9(1.5t02.5)§ 111 (24.2) 1.2 (0910 1.6)
Women 157 (28.2) 1.8 (1.3t02.4)§ 85 (25.7) 1.4 (0.9 t0 2.0)
Men 75 (34.7) 29(1.6t05.3)§ 26 (20.5) 0.7 (0.4t0 1.4)

*The periodontal diagnostic codes include periodontitis, peri-implantitis and increased risk for periodontitis/peri-implantitis.
tNumber (%) of ACPA-positive or ACPA-negative RA cases with periodontal diagnostic codes.

+ORs, with a 95% Cl, were adjusted for age, gender, education and residential area.

§p Value <0.05 for association between periodontal diagnostic codes and smoking habits as compared with never smokers among ACPA-positive and ACPA-negative RA cases.
ACPA, anticitrullinated protein antibody; EIRA, Epidemiological Investigation of Rheumatoid Arthritis; RA, rheumatoid arthritis; ref, reference group.
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Table 2 Association between periodontal diagnostic codes and smoking habits compared with never smokers in EIRA RA cases, in relation to

double seropositive or negative antibody status and gender*

ACPA-positive and RF-positive RA (n=1261)

ACPA-negative and RF-negative RA (n=616)

No with periodontitis

No with periodontitis

Smoking habits (%)t OR (95% Ch¥ (%)t OR (95%CI)#
Total
All 667 (100) 328 (100)
Women 479 (100) 234 (100)
Men 188 (100) 94 (100)
Never smokers
All 162 (24.3) 1.0 (ref) 122 (37.2) 1.0 (ref)
Women 130 (27.1) 1.0 (ref) 90 (38.5) 1.0 (ref)
Men 32(17.0) 1.0 (ref) 32 (34.0) 1.0 (ref)
Ex-smokers
All 254 (38.1) 1.8 (1.4t02.3)§ 94 (28.7) 0.8(0.6t01.1)
Women 178 (37.2) 1.9(1.4t02.5)8 53 (22.6) 0.8(0.5t01.2)
Men 76 (40.4) 1.9(1.1t03.4)§ 41 (43.6) 0.7(0.4t01.3)
Ever smokers
All 505 (75.7) 1.7(1.4t02.1)§ 206 (62.8) 1.0(0.7t01.2)
Women 349 (72.9) 1.7(1.3t02.2)§ 144 (61.5) 1.1 (0.8 t0 1.5)
Men 156 (83.0) 2.0(1.2t03.3)§ 62 (66.0) 0.7 (0.4t01.1)
Current smokers
All 200 (30.0) 2.0(1.5t02.7)§ 76 (23.2) 1.0 (0.7 to 1.5)
Women 133 (27.8) 1.8 (1.3t02.5)§ 61 (26.1) 1.3(0.8t01.9)
Men 67 (35.6) 3.3(1.81t06.2)§ 15 (16.0) 0.5(0.2t0o 1.1)

*The periodontal diagnostic codes include periodontitis, peri-implantitis and increased risk for periodontitis/peri-implantitis.
tNumber (%) of ACPA-positive and RF-positive or ACPA-negative and RF-negative RA cases with periodontal diagnostic codes.

+ORs, with a 95% Cl, were adjusted for age, gender, education and residential area.

§p <0.05 for association between periodontal diagnostic codes and smoking habits as compared to never smokers among ACPA-positive and RF-positive or ACPA-negative and

RF-negative RA cases.

ACPA, anticitrullinated protein antibody; EIRA, Epidemiological Investigation of Rheumatoid Arthritis; RA, rheumatoid arthritis; ref, reference group; RF, rheumatoid factor.

highest prevalence of periodontitis, with almost a threefold
increased risk, was observed among current smoking ACPA-pos-
itive men (OR=2.9, 95%CI 1.6 to 5.3). For ACPA-negative
RA, no convincing association between smoking and periodon-
titis was observed (table 1). Similar associations (p<0.05) were
observed in analysis based on RF status (RF-positive current
smokers; OR=1.9, 95%CI 1.5 to 2.5) with the highest OR
observed in RF-positive current smoking men (OR=2.9, 95% CI
1.6 to 5.2) (table not shown).

Interestingly, the OR for periodontitis increased even further
among patients double positive for ACPA and RF antibodies,
with OR of 3.3 (95% CI 1.8 to 6.2) observed in current smoking
men compared with never smokers (table 2).

We herein demonstrate that the previously observed associ-
ation between smoking and periodontitis in RA is confined to
patients with seropositive RA, especially those with both ACPA
and RF antibodies. One reason for the increased risk of peri-
odontitis in seropositive RA may be due to enhanced ACPA and/
or RF titres in smokers since smoking is reported to be associ-
ated with increased risk for seropositive RA and higher titres
of ACPA/RF in RA, and furthermore, periodontitis has been
associated with increased levels of ACPA/RF in patients with
RA.' #9719 smoking did not, however, significantly increase the
prevalence of periodontitis in ACPA-negative/RF-negative RA,
suggesting different pathophysiological mechanisms depending
on autoantibody status in patients with RA. Our results are in
line with previous findings that seropositive and seronegative
RA represent distinct disease subsets differing in several aspects,

including the association between seropositive RA with specific
genetic and environmental risk factors such as human leuko-
cyte antigen (HLA)-shared epitope and smoking.”” In summary,
the highest risk of periodontitis in patients with established RA
was observed among seropositive current smokers, especially
those double positive for ACPA and RF antibodies, a finding
that warrants awareness by clinicians and their patients as
well as further investigations on the mechanisms behind this
association.
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Amount of smoking, duration of smoking
cessation and their interaction with silica
exposure in the risk of rheumatoid arthritis
among males: results from the Swedish
Epidemiological Investigation of Rheumatoid
Arthritis (EIRA) study

Cigarette smoking is a well-established environmental risk
factor for rheumatoid arthritis (RA),'” particularly antici-
trullinated protein antibody (ACPA)-positive RA.> We previ-
ously observed an association between silica exposure and
increased risk of seropositive RA.*° While the additive inter-
action between silica exposure and smoking has been demon-
strated,” considerably less is known regarding the dose of
smoking required to elicit this effect. In this study, we extend
our previous findings on smoking and silica exposure by inves-
tigating the additive interaction between silica exposure and
dose of smoking as well as between silica exposure and dura-
tion of smoking cessation, with regard to the risk of devel-
oping ACPA-positive RA.

Our study is based on the Swedish Epidemiological Investi-
gation of Rheumatoid Arthritis project,” an ongoing popula-
tion-based study comprising incident cases (American College
of Rheumatology 1987 or 2010° 7 criteria) and controls
aged =18 yearsliving in Sweden between 1996 and 2014. Infor-
mation on occupational silica exposure and cigarette smoking
were collected through questionnaire. Additive interaction was
evaluated by calculating the attributable proportion due to inter-
action (AP).?

Data from 599 incident male ACPA-positive RA cases and
1530 male controls were analysed. Consistent with the previous
findings, the proportion of current smokers, past smokers and
individuals ever exposed to silica were higher among the cases
(30%, 399% and 16%, respectively) as compared with the controls
(16%, 31% and 10%, respectively). A lower median value of
years of smoking cessation was observed in ACPA-positive RA
cases (12 years) than in controls (19 years). The amount of pack-
years of smoking (median) were relatively similar between the
cases and the controls (approximately 27 pack-years) who were
smokers.

A high risk of developing ACPA-positive RA was observed
among silica-exposed current smokers (OR=7.5 (4.2-13.2)),
with a significant additive interaction (AP=0.5 (0.2-0.8))
(table 1). The magnitude of silica—smoking interaction increased
as pack-year of smoking increased, with the highest AP observed
for smoking =28 pack-years (AP=0.7 (0.4-0.9)) (table 1).
Current smokers who had smoked 1-20 pack-years and past
smokers who quitted smoking <10 years ago had comparable
AP (0.5 (—=0.1-0.9)) (table 2).

The strengths of this study include: a population-based case—
control design, enrolling incident RA cases, with a relatively
short mean time from disease onset to diagnosis (10 months),
and high participation proportion among both cases (91%) and
controls (72%). These strengths substantially reduced the magni-
tude of potential selection bias.

The number of silica-exposed non-smokers is relatively low.
Therefore, the combined effect should be interpreted with
caution. It is likely that our results might be subjected to recall
bias to some extent, since the study included retrospective
self-reported exposures. However, we consider the influence of
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such potential bias on the results to be of minor magnitude, since
silica exposure is easy to recall as it is related to specific types
of occupations and work environments. We consider subjects
exposed to rock drilling, stone crushing and stone dust, which
have previously been documented to be associated with high
degree of silica exposure,” ' as silica exposed.

In summary, we found that the interaction between smoking
and silica exposure regarding ACPA-positive RA depended

on the cumulative dose of smoking. The additive interaction
effect between these two exposures might take more than
10 years to disappear. Since silica dust is difficult to remove
once it deposited in the lungs, our study strengthens the
rationale to advice silica exposed persons to avoid cigarette
smoking. Our study also strengthen the concept that a multi-
tude of lung-affecting agents may trigger the development of
ACPA-positive RA.

Table 1 Additive interaction between smoking and silica exposure regarding risk of ACPA-positive RA among males, by pack-years of smoking

Non-smokers/

silicanon-

exposed Current Current

(reference Non-smokers/ smokers/silica smokers/silica
Pack-years group) silica exposed non-exposed exposed p Value
of smoking Case/control Case/control  OR* (95%Cl)  Case/control  OR* (95%Cl)  Case/control  OR* (95%Cl) AP (95%Cl) for AP
All current 135/622 17157 1.4(0.8t02.5  140/220 3.4(.5t04.6) 35/25 75(4.2t013.2) 0.5(0.2t00.8) 0.001
smokers
1 pack-year 135/622 17157 4(0.8t02.5) 1401216 4(25t04.7) 35/25 75(4.21t013.2) 5(0.2t00.8) 0.002
2 pack-years 135/622 17157 4(0.8t02.5) 138/214 4(2.5t04.7) 3524 7.8(4.4t013.9) 5(0.21t00.8) 0.001
3 pack-years 135/622 17157 4(0.8t02.5) 136/210 5(2.6t04.7) 3524 7.9 (4.41014.0) 5(0.2t00.8) 0.001
4 pack-years 135/622 17/57 4(0.8t02.5) 136/203 6(2.7t04.9 3524 9 (4.41014.0) 5(0.2t00.8) 0.002
5 pack-years 135/622 17157 4(0.8t02.5) 136/200 7(.7t05.1) 3524 0(4.5t014.2) 5(0.2t0 0.8) 0.002
6 pack-years 135/622 17157 1.4(0.8t02.5) 136/196 3.8(2.8t05.2) 35724 8.0(45t014.2) 0.5(0.2t00.8) 0.003
7 pack-years 135/622 17157 1.4(0.8t02.5) 133/193 3.8(2.8t05.2) 34/24 7(43t013.7) 0.5(0.1100.8) 0.006
8 pack-years 135/622 17157 4(0.8t02.5) 133/192 8(2.8t05.2) 34124 7(4.31t013.8) 5 (0.1 t0 0.8) 0.006
9 pack-years 135/622 17/57 4(0.8t02.5) 130/190 8(2.8t05.2) 3323 8.0 (4.41014.4) 5(0.2t0 0.8) 0.004
10 pack-years  135/622 17157 4(0.8t02.5) 127/188 8(2.7t05.2) 3323 8.0 (4.5t0 14.5) 5(0.2 t0 0.8) 0.003
11 pack-years  135/622 17/57 4(0.8t02.5) 122/185 7(2.7t05.1) 33/23 8.0 (4.41014.4) 5(0.2t00.8) 0.002
12 pack-years  135/622 17157 4(0.8t02.5) 119/183 6(2.6t05.00 3323 8.0 (4.41014.4) 5(0.2 to 0.8) 0.002
13 pack-years  135/622 17157 1.4(08t02.5) 1171178 3.7(2.7t05.1) 33120 9.2(5.0t017.00 0.6(0.3t00.8) <0.001
14 pack-years ~ 135/622 17157 1.4(0.8t02.5) 113/173 3.7(.7t05.2) 3320 9.2(5.0t017.0) 0.6 (0.3t00.8) <0.001
15 pack-years  135/622 17/57 1.4(0.8t02.5 110/167 3.7(.7t052) 32/19 9.6 (5.1t017.9) 0.6(0.3t00.8) <0.001
16 pack-years  135/622 17157 1.4(0.8t02.5) 108/161 3.8(2.7t05.4) 32/19 9.6(5.1t018.0) 0.6 (0.3t00.8) <0.001
17 pack-years  135/622 17/57 1.4(0.8t02.5)  105/155 3.9(2.8t05.5 30/19 9.1(4.8t017.1) 0.5(0.2t00.8) 0.001
18 pack-years  135/622 17/57 1.4(0.8t02.5) 103/152 4.0(2.8t05.6) 30/19 2(49t017.4) 0.5(0.2t00.8) 0.001
19 pack-years  135/622 17157 1.4 (0.8 t0 2.6) 99/144 4.0(2.8t05.7) 30/18 .7(5.1t018.5) 0.5(0.2t00.8) 0.001
20 pack-years  135/622 17/57 1.4 (0.8 to 2.6) 95/137 4.0(2.8t05.8) 29/18 .5(5.0t018.2) 0.5(0.2t00.8) 0.001
21 pack-years  135/622 17157 1.4 (0.8 to 2.5) 93/131 41291059 2917 10.1(5.2t019.5) 0.6(0.2t00.9) <0.001
22 pack-years  135/622 17157 1.4 (0.8 to 2.5) 91/130 4.1(2.8t05.8) 2917 10.2(5.3t019.6) 0.6 (0.3t00.9) <0.001
23 pack-years  135/622 17157 1.4 (0.8 to 2.5) 84/125 39(2.7t05.7) 2917 10.2(53t019.6) 0.6(0.3t00.9) <0.001
24 pack-years  135/622 17157 4(0.8102.5) 771122 7(2.5t05.4) 2717 9.4 (4.81018.2) 6(0.3t00.9) <0.001
25 pack-years  135/622 17157 4 (0.8 t0 2.5) 73121 6(2.4t05.2) 2514 10.5 (5.2 to 21.4) 6 (0.3t00.9) <0.001
26 pack-years  135/622 17157 4(0.8102.5) 721115 7(2.5t05.5) 2412 11.6 (5.5 to 24.5) 6(0.4100.9) <0.001
27 pack-years  135/622 17/57 4(0.8102.5) 67/110 6(2.41t05.3) 22/12 10.9 (5.1 10 23.2) 6(0.3100.9) <0.001
28 pack-years  135/622 17157 4(0.8102.5) 59/105 3(22t04.9) 22/12 10.7 (5.0 t0 22.8) 7(0.4t00.9) <0.001
29 pack-years  135/622 17/57 4(0.8102.5) 54/102 1(.0t04.7) 22111 11.5 (5.3 t0 24.9) 7(0.41t00.9) <0.001
30 pack-years  135/622 17157 4(0.8102.5) 52/98 1(.0t04.7) 2111 10.8 (5.0 to 23.6) 7(0.4t00.9) <0.001
31 pack-years  135/622 17157 1.4 (0.8 t0 2.5) 50/91 32(2.1t05.00 18/11 89(4.0t019.8) 0.6(0.2t00.9) 0.001
32 pack-years  135/622 17157 4(0.8102.5) 48/87 3(.1t05.1) 1710 9.1 (3.9t020.9) 6(0.2t01.0) 0.001
33 pack-years  135/622 17157 4(0.8102.5) 46/80 5(2.2t05.5) 1719 10.1 (4.3 10 23.9) 6(0.3t01.0) 0.001
34 pack-years  135/622 17157 4 (0.8 t02.5) 45/73 8(2.4106.1) 1719 10.2 (4.3t024.2) 6(0.210 1.0) 0.002
35 pack-years  135/622 17157 4(0.8102.5) 41/72 5(2.2t05.6) 14/9 8.8(3.61021.4) 6(0.1t01.0) 0.01
36 pack-years  135/622 17/57 4(0.8102.5) 38/70 3(2.0t05.3) 1317 10.9 (4.1 to 28.8) 7(0.3t01.0) <0.001
37 pack-years  135/622 17157 4(0.8102.5) 32/62 2(1.91t05.3) 917 7.7(2.7t021.9) 5(0.0to 1.1) 0.042
38 pack-years  135/622 17157 4(0.8102.5) 31/56 4(2.0t05.8) 9/6 8.9 (3.0 t0 26.5) 6(0.1t01.1) 0.023
39 pack-years  135/622 17/57 1.4 (0.8 t0 2.5) 30/52 3.5(2.1t06.0) 8/6 7.8(2.6t023.8) 0.5(-0.1t01.1) 0.108
40 pack-years  135/622 17157 1.4 (0.8 to 2.5) 27148 3.4(2.0t05.9) 7/6 6.8(22t021.3) 0.4(-02t01.1) 0.209
*OR adjusted for age and residency.
ACPA, anticitrullinated protein/peptide antibodies; AP, attributable proportion due to interaction; RA, rheumatoid arthritis.
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Table 2  Additive interaction between smoking cessation and silica exposure regarding risk of ACPA-positive RA among males, by duration of

smoking cessation

Non-smoker/

silicanon-
Duration exposed Ex-smoker/
of smoking (reference Non-smoker/ silica non- Ex-smoker/
cessation group) silica exposed OR* exposed silica exposed p Value

Case/control  Case/control  (95% Cl) Case/control  OR* (95%Cl)  Case/control OR* (95% Cl) AP (95%Cl) for AP
All ex-smokers  135/622 17157 1.4 (0.8 t0 2.5) 196/411 2.6(1.9t03.3) 38/55 39(2.4106.2) 0.2(-0.2t0 0.60)  0.226
0-10years 135/622 17157 1.4(0.8t02.5) 83/131 32(2.2t045) 1613 7.1(3.2t015.6) .5(0.1t00.9) 0.017
>10years 135/622 17157 1.4(08t02.5  111/278 22(1.6t03.1) 22/42 3.0(1.7t05.3) .1(-0.4100.7) 0.679
5years 135/622 17157 1.4 (0.8 t0 2.5) 49/69 3.5(2.3105.3) 8/4 11.4(3.2t040.5) 0.7(0.2to1.1) 0.003
6years 135/622 17157 1.4 (0.8 t0 2.5) 53/80 32211049 1177 8.7(3.2t024.0) 0.6(0.11t01.0) 0.009
7years 135/622 17157 1.4 (0.8 t0 2.5) 66/92 3.6(2.4105.2) 177 89(3.2t024.8) 0.6(0.1t01.0) 0.019
8years 135/622 17157 1.4 (0.8 t0 2.5) 68/107 31(22t046) 13/9 85(3.41021.1) 0.6(0.2t01.0) 0.004
9years 135/622 17157 1.4 (0.8t02.5) 76/119 32(2.2to4.6) 1410 8.0 (3.41019.1) .6(0.2t0 1.0) 0.007
10years 135/622 17157 1.4 (0.8 t0 2.5) 83/131 32(22t045 16/13 7.1 (3.2t015.6) .5(0.1t00.9) 0.017
11years 135/622 17157 1.4 (0.8 t0 2.5) 92/137 34(24104.7) 18116 6.5(3.11013.4) .4(0.0100.9) 0.062
12 years 135/622 17157 1.4(0.8t02.5) 101/149 34(25t04.7) 1919 59(2.91t011.7) .4 (-0.1100.8) 0.142
13 years 135/622 17157 1.4(08t02.4) 1121157 36261050 19721 53(2.7t010.3) 0.2(-0.31t00.8) 0.388
14years 135/622 17157 1.4(0.8t02.5) 116/163 3.6(2.7t05.00 1922 5.1(2.6t09.9) .2(-0.3100.8) 0.461
15years 135/622 17157 1.4(0.8t02.5  118/169 36261050 21/23 5.4(2.8t010.3) 0.3(-0.21t00.8) 0.312
16years 135/622 17157 1.4(0.8t025) 1221173 3.7(2.71t05.00 22124 54(29t010.2) 0.3(-0.2t00.7) 0.318
17 years 135/622 17/57 1.4 (0.8 t0 2.4) 128/186 36(2.7t04.9) 2224 54(29t010.2) 0.3(-0.2t00.8) 0.273
18years 135/622 17157 1.4 (0.8 t0 2.5) 135/206 35(2.6t04.7) 23/25 5.3(2.9t09.9) (-0.2t00.7) 0.253
19years 135/622 17157 1.4(0.8t0 2.5) 139223 33(2.5t045) 2426 5.3(2.9t09.8) 0.3(-0.1t00.8) 0.178
20years 135/622 17157 1.4(0.8t02.5  145/235 33(25t04.4) 25127 53(29109.7) (=0.1100.7) 0.159
21years 135/622 17157 1.4 (0.8 t0 2.5) 149/241 33(2.5t04.4) 25131 4.6(2.6108.2) 0.2(-0.3t00.7) 0.409
22years 135/622 17157 1.4(0.8t02.5  157/258 32(41t043) 2532 45(25t08.0) 0.2(-03100.7) 0.441
23 years 135/622 17157 1.4 (0.8 t0 2.4) 162/266 32(24t043) 25136 39(2.2106.9) 0.1(-0.5t00.6) 0.747
24years 135/622 17157 1.4(0.8t02.4) 166/276 32(241042) 27139 3.8(2.2106.6) (=0.5 t0 0.6) 0.781
25years 135/622 17157 1.4 (0.8t02.5) 169/286 3.1(.4104.2) 27140 3.8(2.2106.6) (-0.5 t0 0.6) 0.77
26years 135/622 17157 1.4 (0.8 t0 2.5) 1721297 3.1(23t04.1) 28/42 3.8(2.2t06.5) (-0.4 t0 0.6) 0.721
27years 135/622 17157 1.4 (0.8 t0 2.5) 175/309 3.0(23t04.0) 29/43 3.9(2.3t06.6) 0.1(-0.410 0.6) 0.589
28years 135/622 17157 1.4(0.8t02.5)  179/320 3.0(.3t03.9) 30/44 4.0(231t06.7) (0.3 t0 0.6) 0.53
29years 135/622 17157 1.4(0.8t02.5  182/329 29(.2103.9) 32/46 4.0(2.4106.7) (-0.3t0 0.6) 0.445
30years 135/622 17157 1.4(0.8t02.5) 183/336 29(221t03.8) 33/48 3.9(2.4106.5) (0.3 t0 0.6) 0.452

*OR adjusted for age and residency.

ACPA, anticitrullinated protein/peptide antibodies; AP, attributable proportion due to interaction; RA, rheumatoid arthritis.
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High-dose ustekinumab for severe childhood
deficiency of interleukin-36 receptor
antagonist (DITRA)

Deficiency of the interleukin-36 receptor antagonist (DITRA) is
an autosomal recessive disease caused by mutations of IL36RN
gene.' Patients suffer from flares of acute generalised pustular
psoriasis and systemic inflammation. We present two paediatric

Clinical manifestations associated to deficiency of the interleukin-36 receptor antagonist in two children. Panels A-D refer to patient
1. (A) Flare of generalised pustular psoriasis at admission, (B) diffuse desquamation after a skin flare, (C) clinical picture after few weeks of
treatment (March 2016) with ustekinumab, showing an amelioration of the skin manifestations and a severe cushingoid appearance secondary to
previous prolonged steroid treatment and (D) general condition at last follow-up (February 2017). Panels E-H refer to patient 2. (E) Severe systemic
involvement at the age of 4 months, (F) incomplete response during the treatment with etanercept (December 2014), (G) severe skin flare before
ustekinumab treatment and (H) clinical picture after 4 months of treatment with ustekinumab.

cases of DITRA with a severe clinical course, resistant to multiple
therapies in whom the use of high doses of ustekinumab (a
monoclonal antibody against the p40 subunit of both IL-12 and
IL-23) lead to a persistent control of the disease.

A 4-year-old boy, born from unrelated parents, presented at the
age of 3 years with inverse psoriasis in the genital area. After
some months, he developed diffuse pustular lesions associated
with fever, elevation of acute phase reactants and poor general
condition, requiring parenteral antibiotics and high-dose steroids
(figure 1). Compound heterozygosity for the IL36RN P76L/
S113L mutations was detected. Different treatments (acitretin,
high-dose ciclosporin, anakinra, thalidomide and dapsone)'™”
could not control disease flares (figure 2). High-dose steroids
had resulted in a clear cushingoid appearance (figure 1). After
approval and parental consent, ustekinumab was therefore
started, added at a dose of 0.75 mg/kg every 2months with a
good clinical response. Due to mild relapses observed few days
before the scheduled administration, the dose was increased
(1.5 mg/kg every 2months) followed by complete remission,
persisting for a total follow-up of 15 months despite discontinu-
ation of steroids (figures 1 and 2A).

A S-year-old girl from consanguineous Moroccan parents
presented with erythroderma and pustular lesions, covering
more than 85% of her body surface when she was 1 month old
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(figure 1). Fever, elevation of acute phase reactants and failure-
to-thrive were also present. Genetic analysis showed a homozy-
gous L27P mutation in the IL36RN gene. High-dose systemic
steroids could control disease activity, but with severe side
effects. Treatment with topical steroids, acitretin, ciclosporin,
methotrexate, anakinra, etanercept and adalimumab were inef-
fective (figure 2B). At the age of 5 years, on ethical approval
and parental consent, ustekinumab (0.75 mg/kg every 12 weeks)
was started in combination with methotrexate 7.5 mg/week.
Within weeks, the pustular lesions disappeared and only a few
erythematous patches remained, which could be controlled with
topical steroids (figure 1). Methotrexate was slowly reduced and
ultimately discontinued. Due to a disease flare after 5 months
dosing interval of ustekinumab was shortened to every 8 weeks
and the dosage was increased to 1mg/kg, with a good disease
control and discontinuation of steroids.

Our experience confirms the efficacy of the blockade of
the IL-23/T helper cell (Th)17 axis in patients with DITRA,*”
although suggesting the need of higher doses in children. Unex-
pected for an autoinflammatory disease, a treatment targeting
adaptive immunity (Th1 and Th17 cells) appears more effec-
tive than therapies targeting the innate immune system (IL-1
and tumour necrosis factor alpha). The crucial role of IL-17
in the development of an experimental model of psoriasiform

dermatitis induced by imiquimod via toll-like receptor 7 has
been demonstrated. In this model, IL-36R~deficient mice were
protected from the disease in an IL-1 independent manner,
shovx;iong the close crosstalk between IL-36 and the 1L-23/Th17
axis.
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Use of urate-lowering therapies is not
associated with an increase in the risk of
incident dementia in older adults

Few recent studies'™ reported that hyperuricemia may be protec-
tive against dementia, a common disease in the elderly associated
with significant morbidity and mortality.** We hypothesised that
allopurinol or febuxostat use (the two most common urate-low-
ering therapies (ULTs)) in the elderly will be associated with a
higher risk of dementia.

Study methods for this new user design study (a more robust
design than a prevalent user design) were similar to those previ-
ously reported.® Patients were eligible for this retrospective
cohort study if they were (1) US residents enrolled in Medicare
fee-for-service (covers all Americans =65 years) with pharmacy
coverage, ie, enrolled in Medicare parts A (inpatient care), B
(outpatient doctor and laboratory service) and D (prescription
drugs) and not enrolled in a Medicare Advantage Plan (a stan-
dard approach for analysis)” during 2006-2012 and (2) filled
a new allopurinol (or febuxostat) prescription with a clean

baseline period of 365 days with no exposure to either drug.
Incident dementia was identified by new occurrence (no diag-
nosis in the 183-day baseline period) of an International Clas-
sification of Diseases, 9th Revision code, 290.xx, 294.1x or
331.2, a valid approach for dementia studies.® ” We followed
each eligible patient until the loss of Medicare coverage,
dementia, death or the end of the study period, whichever
came first. We used multivariable-adjusted Cox proportional
hazard models to adjust for demographics, comorbidity and
medication use.

For the 2591 eligible treatment episodes that ended in incident
dementia, the cohort mean age was 81 years, 42% were men and
the mean follow-up was 683 days. Compared with neither drug,
allopurinol or febuxostat use was not significantly associated
with dementia (table 1). The following sensitivity analyses repli-
cated the main findings: (1) additionally adjusting for coronary
artery disease and risk factors (table 1); (2) limiting to gout: HRs
for allopurinol and febuxostat were 0.98 (95% CI 0.90 to 1.08)
and 0.85 (95% CI 0.65 to 1.12), respectively; (3) with death as
a competing risk, 1.01 (95% CI 0.93 to 1.10) and 0.88 (95% CI
0.68 to 1.15); and (4) limiting of the dementia code to 290.xx
only (data not shown).

Reassuringly, we found that compared with neither drug,
ULT use (allopurinol or febuxostat) was not associated with any
increase in the risk of dementia. Further research is needed to
investigate whether significant lowering of serum urate (sUA)
with ULTs can potentially increase the risk of dementia.'’

A higher age related to Medicare sample (=65 years) indi-
cates that these findings can only be generalised to the elderly.
There was a higher proportion of women compared to men
among people with incident dementia in our sample. Due
to the non-availability of laboratory data, we were unable
to examine the baseline sUA (disease severity marker) or
the extent of sUA-lowering. Frequent suboptimal urate-low-
ering with ULTs in the real world meant limiting our ability
to examine the effect of optimal ULT use, as per treatment
guidelines.'” Only the long-lasting hyperuricemia may have
protective effect on the development of dementia (with a long
asymptomatic period), which could not be addressed by this
shorter term study. Other limitations were our inability to
control for education level (residual confounding), the lack of
cognitive function scores and the inability to adjust for ULT
dose/duration.

Key study strengths were the use of a representative sample
of the elderly, who are at risk of dementia, and the use of a new
user design, which avoids missing early events and confounding
bias seen with a prevalent user design.

In conclusion, our study shows that in an elderly popula-
tion, new use of ULTs was not associated with any increase in
the risk of dementia. More studies should examine the effect
of longer term ULT use and the role of baseline sUA levels and
change in sUA level on the risk of dementia in people with gout.
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Table 1 Association of new allopurinol use* or febuxostat use* versus neither medication with incident dementia in new users of allopurinol or

febuxostat
Univariate Multivariable-adjusted (model 1) Multivariable-adjusted (model 2)
HR (95% Cl) p Value HR (95% Cl) p Value HR (95% CI) p Value

Age (in years)
65 to <75 Ref Ref Ref
75 to <85 2.79 (2.52 to 3.09) <0.0001 2.69 (2.43 to 2.98) <0.0001 2.70 (2.44 to 2.99) <0.0001
>85 6.04 (5.42 t0 6.71) <0.0001 5.78 (5.18 to 6.43) <0.0001 5.66 (5.07 to 6.32) <0.0001
Gender

Male Ref Ref Ref

Female 1.46 (1.35 to 1.58) <0.0001 1.14 (1.06 to 1.24) 0.001 1.16 (1.07 to 1.25) 0.0004
Race

White Ref Ref Ref

Black 1.38 (1.24 to 1.53) <0.0001 1.46 (1.31 to 1.63) <0.0001 1.44 (1.29 to 1.61) <0.0001

Other 1.01 (0.88 to 1.16) 0.92 1.02 (0.89to 1.17) 0.77 1.03 (0.90 to 1.19) 0.65
Charlson-Romano score, per unit change 1.15 (1.13 to 1.17) <0.0001 1.14 (1.12 to 1.15) <0.0001 1.13(1.11 to 1.15) <0.0001
Statins 0.82 (0.67 to 1.00) 0.054 0.93(0.76 to 1.14) 0.48 0.97 (0.79t0 1.19) 0.74
Beta blockers 0.89 (0.74 t0 1.09) 0.26 0.92 (0.76 to 1.14) 0.42 0.91 (0.76 t0 1.12) 0.42
Diuretics 0.85 (0.70 to 1.04) 0.11 0.82 (0.67 to 1.01) 0.06 0.82 (0.67 to 1.01) 0.06
ACE inhibitor 0.88(0.70 to1.11) 0.30 1.06 (0.84 to 1.34) 0.63 1.06 (0.84 to 1.34) 0.64
Hypertension 1.18 (1.08 to 1.29) 0.0004 1.04 (0.94 to 1.14) 0.47
Hyperlipidaemia 0.77 (0.71 to 0.83) <0.0001 0.77 (0.71 to 0.84) <0.0001
Tobacco use disorder 1.40 (1.08 to 1.83) 0.013 1.79 (1.37 to 2.34) <0.0001
Coronary Artery Disease (CAD) 1.33(1.22 to 1.44) <0.0001 1.11 (1.01 to 1.21) 0.024
Neither allopurinol nor febuxostat Ref Ref Ref
Allopurinol 1.01 (0.93t0 1.10) 0.87 1.01 (0.93t0 1.10) 0.81 1.02 (0.93t0 1.11) 0.73
Febuxostat 0.83 (0.64 to 1.08) 0.17 0.83 (0.64 to 1.08) 0.16 0.84 (0.65 to 1.09) 0.19

Model 1=ULT use+age-+gender-+race+Charlson-Romano index-+statins+beta blockers+diuretics+ACE inhibitor.

Model 2=model 1+CAD+hypertension-+hyperlipidaemia-+tobacco use disorder.

*Patients were considered exposed for 30 days after the last filled allopurinol (or febuxostat) prescription, to account for the residual biological effect and allow for use of
extra supplies on hand that patients frequently have. Gaps of >30 days between prescription fills led to the start of a new allopurinol (or febuxostat) episode. If a patient had
prescriptions for both drugs, then they were considered exposed to the medication that was prescribed second; for example, if a patient was taking allopurinol and got a new
prescription of febuxostat, then he/she was considered to be on febuxostat only as of the febuxostat fill date.

ACE, angiotension converting enzyme; Ref, referent category.
Bold indicates statistically significant at p<0.05.
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"Twitterland': a brave new world?

In an era of rapidly expanding digital technologies and social
media (SM), considerable transformations in the delivery of
healthcare are taking place. SM channels such as Facebook and
Twitter represent a generation of online platforms that foster
user-generated content, social interaction and real-time collab-
oration.! In this letter, we review the advantages and disadvan-
tages of engaging with Twitter within the rheumatology field.

The ease of access to a wide range of SM platforms provides a
dynamic medium for professional interaction. Twitter is gaining
increasing attention by healthcare professionals as a platform
for information sharing and professional networking, learning
and communication. Twitter journal clubs (@RheumJC* and @
EULAR _JC’) are some examples of novel educational uses of
Twitter.

Despite the many positive applications of Twitter, potential
hazards cannot be underestimated. The restricted character
count of a tweet (140 characters) represents an important

limitation, posing a risk to the content and validity of the infor-
mation shared.” This limitation received high attention culmi-
nating in the recent doubling of the character count of tweets.
Furthermore, the possibility to include links for further reading
has overcome the limitations of not being able to present neces-
sary assumptions under which the research findings hold.

The lack of knowledge on how to use SM professionally
represents an unmet need.’ Scientific Journals have dedicated
teams supporting and advising on the use of SM and facilitating a
target-orientated and appropriate way of using these platforms.
For example, Twitter is now used by publishers to disseminate
their latest or ‘online first” articles (see table 1). One potential
bias with journals may be the selection of more provocative/
attention-grabbing articles to be publicised, which would appeal
to a much wider base over perhaps more methodological/scien-
tific articles, which have a niche appeal but are still worthy of
SM dissemination. Furthermore, there are concerns regarding
potential information misuse.” It is paramount that we take full
responsibility to inform the society responsibly, minimising the
risk of wrong and unreliable information being disseminated.

While the lack of control of what/how information is shared
on Twitter is a limitation, the professional advantages of instant
access to a wealth of information at a person’s fingertips are
considerable. As an example, survey data suggest a significant
role of SM in knowledge acquisition by young urologists® high-
lighting the need to strive for educational content dissemination.

Although the majority of scientific accounts recognise as their
target population physicians/experts in the field, one needs to
remember that this information can also be easily accessed by
patients and the wider community. This can be problematic due
to ambiguous and misleading tweets. As with all SM, one needs to
be mindful of anonymising identifiable patient data and restrict
online discussions about patients.” The distribution of articles’
lay summaries on SM is a way of informing patients of scientific
work and allowing them to access a source they can understand
and make use of (http://promotions.bmj.com/ardsummaries/).

We have previously demonstrated the ‘power’ of Twitter
during key rheumatology conferences.” Anecdotally, this kind
of interaction enables a ‘virtual feel” of the scientific content
of a conference remotely. However, other needs remain; for
example, to understand the influence of SM on citations.” In this

Table 1

Advantages and disadvantages of the use of social media from the perspective of publishers

Advantages

Disadvantages

Enhances visibility for the scientific content of the journal

Potential to showcase scientific material of excellent quality

Fast dissemination of information and ability to reach out the wider audience (eg,
online first articles)

Provides a channel for reaching out to the journal and its content
Increases the number of article downloads

Allows publishers to identify material that is relevant to the audience
Promotion of other journal activities (podcasts, webinars, blogs and others)

Increases the readership and followers of the journal

Provides alternative ways to measure journal impact

It provides a good and discrete means of observing ‘competitor’ activity

It provides an interactive platform for the engagement of the journal during scientific
activities

Provides novel opportunities for scientific interaction (eg, Twitter journal club)

It helps to identify the target audience

It can be a port of dissemination for lay summaries

Imbalance of visibility across scientific content driven by individual choice and not
necessarily scientific credit

Potential bias to select more provocative but less scientifically robust papers
Information overload

Benefit restricted to Twitter users

Potential source of dissatisfaction if the article is not open access

Potential negative influence on publication choice by journal boards

Information overload; only appealing to a select group of individuals familiar with these
activities

Potential for scientific manuscript submission overload

Non-representative measure of scientific kudos

Potential for misinterpretation of external activity affecting marketing strategies
‘Manpower is necessary to initiate and maintain the journal presence at these events

Only relevant to a selected group ‘those who use and those who understand this’
Potential for misinterpretation by target audience
Difficult to reach out to the target audience (eg, patients)
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respect, where the impact of research is much broader than cita-
tion numbers, we advocate the use of additional and alternative
metrics that capture impact on policy and wider stakeholders.®

To conclude, Twitter and other SM are clearly becoming
increasingly used as a source of medical and scientific informa-
tion. Despite potential caveats, these platforms will continue to
provide novel ways for opinion sharing, learning and develop-
ment. They are inevitably claiming a role in modern rheuma-
tology practice and in healthcare in general.
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Discussion of Methotrexate Dosage

We thank Safy et al' for their recent article discussing clinical
outcomes in early treatment of rheumatoid arthritis with meth-
otrexate and 10mg daily of prednisolone versus methotrexate
alone. This was a post-trial follow-up of the CAMERA 1I trial,
which monitored for radiographic evidence of disease progres-
sion, use of biologic disease-modifying antirheumatic drugs
(DMARD:s) and incidence of glucocorticoid comorbidities. We
appreciate the work that went into the review of up to 11 years
worth of data; however, we feel there are outstanding issues
worth discussion.

It was noted with interest that despite the careful collection of
data for the follow-up analysis, there was no description of meth-
otrexate dosage in either study group. Are we to assume dosages
were comparable between the two groups? If so, what were the
median doses of methotrexate? Previous research has shown
improved clinical outcomes from using intensive methotrexate
treatment strategies with rapid dose increase” as compared with
lower induction doses and slower titration regimes. For this
reason, information about the methotrexate dosed must be avail-
able prior to conclusions about the additional benefit of steroid
being drawn from the data presented.

As this study collected data over an 11-year period, it should
be acknowledged that trends in methotrexate prescribing has
significantly changed over this time period. Current European
League Against Rheumatism (EULAR) guidelines advise the use
of methotrexate in doses up to 25-30 mg per week.’

This study had a number of merits, which we read with interest.
This is the first study to examine potential rebound of disease
activity following weaning of prednisolone and commencement
of bDMARDs. Although Safy et al demonstrated lower use of
bDMARD:s in the patient population studied, we would question
if these findings were affected by the close monitoring of disease

activity using a treat to target approach as opposed to the use of
prednisolone.
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Response to eletter: ‘Discussion of
methotrexate dosage’ by Maguire et a/

In their letter to the editor ‘Discussion of Methotrexate Dosage’,
Maguire et al' raised three issues regarding our recent paper.”
We appreciate their interest in our study and will address these
issues here.

First, regarding the methotrexate dosage, we reiterate what
we have discussed in the discussion section of our paper: ‘As
in the post-trial follow-up period, the controlled situation was
lost and treatment was open to the rheumatologists, long-term
outcomes in our study may have been influenced by the use of
different antirheumatic drugs’. We did not systematically record
the methotrexate dosages during the post-trial follow-up period
after the Computer Assisted Management in Early Rheumatoid
Arthritis (CAMERA)-II trial. However, since all patients were
treated to target during the post-trial follow-up period, we see
no convincing argument to assume that this lack would disqualify
our findings.

Next, Maguire et al raised the issue that it should be acknowl-
edged that trends in methotrexate prescribing have signifi-
cantly changed over the 11-year study period and that current
European League Against Rheumatism (EULAR) guidelines
advise the use of methotrexate in doses up to 25-30 mg per
week. Importantly, already in our first CAMERA trial, which
was published in 2007 and conceived several years before, the
maximum dose of 30 mg methotrexate per week was applied.’
Also in CAMERA-II and its post-trial follow-up, we applied the
maximum dose of 30 mg,* which is still recommended in the
newest EULAR guidelines.’ Finally, Maguire et al questioned
if the lower use of biological disease-modifying antirheumatic
drugs (-DMARDs) observed in the former methotrexate and
prednisone compared with the methotrexate and placebo treat-
ment strategy group was affected by the close monitoring of
disease activity utilising a treat to target approach as opposed
to the use of prednisone.

Of course, a tight control regime applying the full range of
dosing of methotrexate and of other conventional synthetic
DMARD:s could be bDMARD sparing, compared with less strict
regimes.

However, in the CAMERA-II trial, both treatment strategy
groups were tightly controlled. In the post-trial follow-up
period, all patients were treated to target; so the difference
in outcome between the two groups can only be ascribed to
the only difference between the two groups, which is the use

of prednisone or placebo during the study period, tapered
off and stopped in most patients during post-trial follow-up.

We thus hope to have answered the issues raised by Maguire
et al satisfyingly.
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Risk of invasive melanoma in patients with
rheumatoid arthritis treated with biologics: an
updated meta-analysis

We read with interest the report by Mercer et al in the
February 2017 issue of ARD' which examined the risk of
invasive melanoma in patients with rheumatoid arthritis
(RA) treated with biologics. In a collaborative analysis of
data from nine European countries (11 biologics registers),
the authors report a pooled standardised incidence ratio
(SIR) for tumour necrosis factor inhibitor (TNFi)-exposed
patients of 1.2 (95% CI 0.99 to 1.6) compared with the
general population (country specific) and an incidence rate
ratio (IRR) of 1.1 (0.8-1.6) for TNFi-exposed patients
compared with biologic naive patients. While they allowed
that an increased melanoma risk in patients with RA treated
with TNFi could not be ruled out completely, the authors
concluded that the previous signal of an increased risk of
melanoma reported by the Swedish? and Danish® registries
was not confirmed.

Just prior to the publication of this report, we had
conducted a systematic review of observational studies
reporting the risk of melanoma in patients with RA treated
with TNFi and found a 90% increased risk compared with
the general population (pooled SIR 1.9 (95% CI 1.5 to
2.3); n=6 studies) and a 60% increased risk compared with
patients treated with non-biologic disease-modifying anti-
rheumatic drugs (nbDMARDS) (pooled IRR 1.6 (95% CI 1.2
to 2.2); n=5 studies).*

We have now repeated our meta-analysis including the
estimates from the European collaborative project. Data
from two European registries included in the analysis by
Mercer et al' had been included in our meta-analysis,” *°
and so we removed the previously published estimates from
our analyses to avoid double counting.

Our updated meta-analysis showed an attenuated asso-
ciation, but the pooled SIR for TNFi-exposed patients
compared with the general population remained significant
(1.7 (95% CI 1.2 to 2.3)), with evidence of heterogeneity
(Phet 0.04). The updated pooled IRR for TNFi-exposed
patients compared with biologic naive patients was 1.4 (95%
CI 0.8 to 2.3) with no significant heterogeneity (Phet 0.18).

Thus, the aggregated evidence from observational studies
supports a 70% increased risk of melanoma in patients
with RA treated with TNFi in comparison with the general
population, and it remains possible that patients with RA
treated with TNFi are at a raised risk of melanoma in
comparison with patients treated with nbDMARDS given
the wide 95% CI around the raised IRR.

We note that a second report from the same collabora-
tive study observed similarly raised risks for patients with
TNFi-exposed spondyloarthritis compared with both the
general population and TNFi-naive patients (SIR 1.3 (95%
CI 0.7 to 2.3) and 1.4 (95% CI 0.7 to 2.6), respectively),

while patients with TNFi-naive spondyloarthritis did
not have an elevated risk in comparison with the general
population.®

Melanomas are highly immunogenic tumours, with a higher
mutation load and consequent production of more neoantigens’
than other cancers. In light of the evolving immune-modulatory
treatments for melanoma itself, further data from prospective
studies of patients with RA treated with TNFi are required. The
same premise applies to other patient populations treated with
TNFi. We therefore recommend a cautious interpretation of the
currently available data which cannot be viewed as reassuring. We
further recommend that meta-analyses on this topic be updated
frequently to include new evidence as it becomes available.
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Antisynthetase syndrome or what else?
Different perspectives indicate the need for new
classification criteria

We read with great interest the extended report by Lilleker ez
al' on the EuroMyositis registry. Our attention was particularly
addressed to antisynthetase syndrome (ASSD) because in the
last years we and all members of the AENEAS (American and
European Network of Antisynthetase Syndrome) collaborative
group strongly contributed*™ to increase the knowledge on this
peculiar disease.

We think that a comparison between our cohorts could be
of interest and useful for clinicians, even if the lack of some
data in the EuroMyositis paper does not allow us to perform
statistical analysis. Both groups collected a very large number of
patients (AENEAS collaborative group 813 cases, EuroMyositis
512 cases). The comparison of available data seems to indicate
that in the AENEAS and in the EuroMyositis cohort, patients’
age at disease onset (mean+SD: 51+14 vs 48 £15 years), female
sex (74% vs 69%), Raynaud’s phenomenon (RP) (44% vs 51%)
and mechanic’s hands (37% vs 38%) prevalence are similar,
whereas interstitial lung diseases (82% vs 71%) and, in partic-
ular, arthritis (68% vs 51%) seem to be more common in our
cohort. However, these differences are intrinsic to our different
politics: muscle involvement is the more common reason for
patients’ inclusion in the EuroMyositis registry, whereas muscle
involvement is not mandatory for the inclusion in our registry.
Thanks to this choice, we showed that muscle involvement is
not the most frequent onset finding in ASSD.*™ ¢ In fact, in
our cohort, 381 patients (47%) had no muscle involvement at
disease onset and 186 (23%) were without muscle involvement
and also without accompanying findings (RP, cutaneous mani-
festations and fever). On the other hand, we also showed that
the occurrence of ex novo clinical findings during the follow-up
is a typical hallmark of ASSD.*® However, the main problem
that involves all groups working on ASSD is the lack of well-es-
tablished clinicoserological classification criteria. This is not a
secondary issue because patients with ASSD could be classified
also as interstitial pneumonia with autoimmune features® or, by
considering clinical characteristics,” ¢ ® as rheumatoid arthritis
(RA),” thus potentially entering in clinical trials addressed to
other conditions. Also, the heterogeneity of commercially
available testing tools, and the limited use of the gold-standard
methodology, immunoprecipitation (IP), for antisynthetase anti-
bodies (ARS) determination, add further variability in disease
definition. In particular, IP is able to identify ARS positivity also
when commercially available kits are negative.'” These consid-
erations, together with the possible occurrence of other up to
now not recognised ARS,'" suggest that the practice of defining
ASSD based on simple positivity or negativity of these antibodies
may lead to patients’ misclassification. In fact, we need classifi-
cation criteria based on differential weights for various clinical,
pathological and serological variables, such as that developed by
the American College of Rheumatology and European League
Against Rheumatism for RA.” We think that this result will be
achieved by the assessment of the steadily increasing number of
patients with ASSD included in most recent reports. Thanks to
the closer collaboration among the centres and groups interested
in ASSD, the scientific community is now ready to work together
to develop these much needed classification criteria.
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Response to: ‘Antisynthetase syndrome or what
else? Different perspectives indicate the need
for new classification criteria” by Cavagna et al

We thank Cavagna et al' for their thoughtful analysis relating to our
recent publication.” Several important points are raised, many of
which we also referred to. It is of great interest and reassurance that
the demographics and clinical features of antisynthetase syndrome
(ASS) are broadly similar between the AENEAS (American and
European NEtwork of Anti-Synthetase syndrome) and EuroMyo-
sitis cohorts. Clearly the frequency of interstitial lung disease and
arthritis differs due to the sources of case ascertainment. This high-
lights the importance when evaluating the natural history and demo-
graphics of a disease presenting with heterogeneity that one must
use more than one source of case ascertainment.

The paradigm of classification of the idiopathic inflammatory
myopathies (IIM), particularly with regard to ASS, is a subject of
much debate. This reflects our developing understanding of these
disorders and the growing agreement regarding the importance of
autoantibody status in determining a phenotype. One unanswered
question relates to the heterogeneity within the ASS spectrum and
the underlying mechanisms that explain why certain antisynthetase
antibodies (ASAs) are associated with certain clinical phenotypes.
We also agree that if the shift towards disease definition according
to clinicoserological syndrome is to continue, harmonisation of anti-
body testing methodologies is required. However, exceptions are
required for patients displaying typical clinical features of ASS, but
without a detectable ASAs, in some cases almost certainly the conse-
quence of the presence of a hitherto unrecognised antibody or the
limitations of current antibody testing methodologies.

To develop a well-rounded knowledge of ASS, future collabora-
tion across multiple disease specialities is vital. Together with other
groups such as the International Myositis Assessment and Clinical
Studies Group (https://www.niehs.nih.gov/research/resources/imacs/
index.cfm) and the European Reference Network for Rare Diseases,
future standardised classification criteria will be developed. We agree
that the presence of skeletal muscle inflammation should not be a
prerequisite for the diagnosis of ASS and that labelling such patients
as having an IIM is becoming less intuitive. More accurate clinicose-
rological criteria will allow more homogeneous participant groups in
research studies, and in the future allow for more targeted therapies.

We look forward to broadening the existing collaboration between
our groups, facilitated through the recently awarded Foundation for
Research in Rheumatology grant (http://www.foreum.org/prg_13_
myositis_transition.cfm). It is only with such collaborative efforts
that we can advance our search for a more accurate diagnosis and
better treatment options in the future.
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Obesity and CRP

I commend the authors for this very important study.! There
has been an association between obesity and C-reactive protein
(CRP) levels. USA has a higher obesity rate than Europe and not
infrequently we see obese women for fibromyalgia like symp-
toms with elevated CRDP, even greater than the 30 mg/dL cut-off
in the study. It would be interesting to know what were the
weights of the inflammation of unknown origin subjects in this
study and if weight had any relation to the CRP levels? Also, if
there were obese patients in the study with elevated CRP levels,
did their scans reveal any findings, even if non-specific?
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Response to: the value of 18(F)-FDG-PET/CT in
identifying the cause of fever of unknown origin
(FUO) and inflammation of unknown origin
(IUO): data from a prospective study

We thank Dr Aslam for his thoughtful comments' regarding our
article entitled “The value of 18F-FDG-PET/CT in identifying
the cause of fever of unknown origin (FUO) and inflammation
of unknown origin (IUO): data from a prospective study’.” Dr
Aslam mentions that due to increasing prevalence of obesity
in the industrialised world, average C reactive protein levels
rise merely because of the increased volume of adipose tissue
in the body, even in the absence of concomitant inflammatory
disease. This association has been supported by epidemiolog-
ical studies® and is likely based on the proinflammatory role of
adipose tissue, which represents a source for proinflammatory
mediators such as cytokines and adipokines.* Hence, obese
individuals could have an elevated C reactive protein without
underlying inflammatory disease complicating diagnostics.

In our cohort, body weight ranged from 49kg to 131kg,
with a body mass index (BMI) range of 17.0-45.9. This range
was very similar in the group of patients with inflammation
of unknown origin group (IUO; 51-131kg; BMI 17.0-44.6).
The average body weight in the ITUO group was 74.1kg and
the average BMI was 25.6, which is rather low and per defi-
nition exactly at transition between normal body weight and
overweight. Only 19 (13.3%) patients were obese, defined as
BMI >30kg/m2. Out of these 19 patients, only 2 (1.4%) had
a BMI between 35 and 40 kg/m2 (obesity class II), and only 3
(2.1%) had a BMI of more than 40 kg/m2 (obesity class III).
The characteristics of the five patients with obesity class IT and
III are shown in table 1.

In obese patients with a BMI >30kg/m2, we had 7 patients (of a
total of 19) where positron emission tomography (PET)-CT was not
helpful in establishing a diagnosis. Two are already listed in table 1.
The other five patients are shown in table 2.

Taken together, only two obese patients (P5 and P8) with [UO
remained with no specific diagnosis and had a non-diagnostic
PET-CT. In these two patients it cannot be excluded that inflam-
mation was caused by obesity. Overall the characteristics of a rather
lean TUO population with an average BMI of 25.6 suggest that C
reactive protein elevation due to obesity is not a major issue in this

cohort. Nonetheless, the situation may be different in a population
with high prevalence of obesity, where inflammation/TUO’ may
occur more frequently due to cytokine and adipokines production
from adipose tissue. This situation is also diagnostically challenging
as one can hardly rely that obesity is the only reason for elevated
systemic inflammation markers unless the presence of underlying
disease has been thoroughly ruled out.
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Table 1 Characteristics of I0U patients with class Il or Il obesity

Number Diagnosis CRP (mg/L) Weight (kg) BMI (kg/m?) PET helpful PET finding

P1(J) Endocarditis 50.0 112 35.3 No No pathological FDG uptake

P2 (9) Femoral head necrosis and coxitis 98.8 96 35.6 Yes Coxitis and bursitis

P3 (?) Polymyalgia rheumatica 76.0 97 41.0 Yes Bursitis trochanterica

P4 (Q) Metastatic breast cancer 39.0 131 443 Yes Multiple pleural and bone lesions
P5 (?) 1UO (no diagnosis) 32.0 126 44.6 No Diffuse bone marrow activation

BMI, body mass index; CRP, C reactive protein; FDG, fluorodeoxyglucose; IUO, inflammation of unknown origin; PET, positron emission tomography.

Table 2 Characteristics of I0U patients with obesity and not helpful PET-CT
Diagnosis CRP (mg/L) Weight (kg) BMI (kg/m?) PET helpful PET finding
P6 () Erythema nodosum 92.7 94 30.3 No Axillary lymph nodes and bone marrow
P7 (3) Undifferentiated connective tissue disease 76.2 85 31.2 No No pathological FDG uptake
P8 (?) 1UO (no diagnosis) 34.2 89 32.7 No Patchy FDG uptake in the liver
P9 (J) Polymyalgia rheumatica 50.1 105 343 No No pathological FDG uptake
P10 (3) Autoimmune hepatitis 38.1 99 343 No Minimal mesenterial FDG uptake

BMI, body mass index; CRP, C reactive protein; FDG, fluorodeoxyglucose; IUO, inflammation of unknown origin; PET, positron emission tomography.
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Chondroitin sulfate is superior to placebo in
symptomatic knee osteoarthritis

I read with great interest the article by Reginster and colleagues'
regarding the effectiveness of chondroitin sulfate (CS) in
the treatment of symptomatic knee osteoarthritis (OA). This
randomised, double-blind trial demonstrated that pharmaceuti-
cal-grade CS is superior to placebo and equivalent to celecoxib
in reducing pain and improving function over 6 months in
patients with symptomatic knee OA, indicating that this formu-
lation of CS should be considered a first-line treatment in the
management of knee OA1. The results of Reginster et al are in
agreement with a recent systematic review conducted by the
Cochrane Group, which showed that CS, alone or in combina-
tion with GS, is better than placebo in improving pain in patients
with OA, as reported in short-term studies.> However, there are
some noteworthy issues in this regard. First, the duration of the
study for the symptomatic treatment of knee OA is relatively
short. In addition, published studies regarding the efficacy of
CS in knee OA beyond the 6-month duration are sparse. Long-
term prospective studies, ideally those performed over 2 or
3years or more, are warranted.”> Second, CS is most commonly
used in combination with glucosamine sulfate (GS) to treat OA.
However, a recent randomised, double-blind, placebo-controlled
study has failed to demonstrate the superiority of CS/GS combi-
nation therapy over placebo in terms of reducing joint pain and
functional impairment in patients with symptomatic knee OA
over 6 months.* Third, CS is available as pharmaceutical-grade
and nutraceutical-grade products. The results of this study were
obtained using prescription drugs containing highly purified
CS produced by pharmaceutical companies. Since nutraceuti-
cal-grade products are known to show marked variations in their
preparation, composition, content and purity, this result should
not be extrapolated to nutraceutical-grade products. Although
I respect the work done by the authors, I am unsure whether
the use of CS in routine clinical practice should be encouraged.

Considering that medication for OA is usually taken for a long
time, the findings of this study must be confirmed by a long-term
trial. T am looking forward to further evaluation to clarify the
efficacy of this agent in long-term trials.
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Differentiation between various Chondroitin
sulfate formulations in symptomatic
knee osteoarthritis

We are very grateful to Professor Lee' for his senseful comments
regarding our recently published paper showing that pharmaceu-
tical-grade chondroitin sulfate is superior to placebo and similar
to celecoxib in reducing pain and improving function in patients
with knee osteoarthritis.” We fully agree with Professor Lee that
results obtained with pharmaceutical-grade chondroitin sulfate
cannot be extrapolated to low-grade nutriceuticals, generics or
over-the-counter products. This was extensively discussed in the
recent algorithm published by the European Society for Clinical
and Economic Aspect of Osteoporosis and Osteoarthritis, for the
management of knee osteoarthritis.” This algorithm also re-em-
phasises the need for extreme caution when using combina-
tion products including chondroitin and glucosamine. The two
studies, recently conducted and combining chondroitin sulfate
and glucosamine sulfate or hydrochloride, did not use phar-
maceutical-grade products, and subsequently their negative* or
doubtful® results do not support a claim for superiority or even
equivalence of the combination treatment compared with phar-
maceutical-grade chondroitin sulfate or pharmaceutical-grade
glucosamine sulfate, used as a stand-alone treatment. We fully
agree with Professor Lee that our study encourages the use of
pharmaceutical-grade chondroitin sulfate in the management of
knee osteoarthritis but that it cannot, at any rate, be considered
as supportive of the use of low-grade formulations.
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